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1. Introduction

1.1 Introducing the R5xx Family

The R5xx family provides the fastest and most advanced 2D, 3D, and multimedia graphics performance for desktop
PCs in the performance mainstream markets. The R5xx family supports Shader Model 3.0, advanced memory
interface techniogy, a brand new display controller and a consumer electronics (CE) quality TV (NTSC/PAL)
encoder The R5xx f amis2Xggenemton RC$ Expreésstechndayy product and leverages a brand
new graphics architecturéhe R5xx family builds on #1 R3xx architecture. As such, much of this guide is

applicable to R3xx and R4xx chips as well wsthme caveats. Where applicalgenerational differences are noted.

1.2 Feature Highlights
1.2.1 Shader Technology

Support for Microsoft® DirectX® 9.0 programmlalvertex and pixel shaders in hardware.
Shader Model 3.0 veex and pixel shader support.

Full speed 3ait floating point processing.

High dynamic range rendering with floating point blergdand antialiasing support.

High performance dynaimbrancling and flow control.

Complete feature set also supported in OpenGL® 2.0.

= =4 =4 -4 -4 -4

1.2.2 Anti-Aliasing

2x/4x/6x AntiAliasing modes.

Sparse multsample algorithm with gamma correction, programmable sampierps, and centroid
sampling.

New Adaptive AnttAliasing mode.

Temporal AntiAliasing.

Lossless Color Compression (up to 6:1) at all resolutions, apddncluding widescreen HDTV.

=a =4

= =4 =

1.2.3 New Ring Bus Memory Controller

Programmable arbitration logic maximizes memory efficiency, software upgradeable.
New fully associative texte, color, and Z cache design.

Hierarchical ZBuffer with Early Z Test.

Lossless Buffer Compression (up to 48:1).

Fast ZBuffer Clear.

Z Cache optimizedolr reattime shadow rendering.

Optimized for performance at high display resions, up to and including widescreen HDTV.

=4 =8 =8 =8 -8 -89

1.3 Features in Detall

1.3.1 2D Acceleration Features

1 A highly optimized 12&it engine, capable of processing multiple pixels/clock.

© 2010 Advanced Micro Devices, Inc.
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Hardware acceleration provided for BitBLT, line drawing, polygon and rectaitig|ebft masking,
monochrome expansion, panning and scrolling, scissoring, and full ROP support (including ROP3).

Optimized handling of fonts and text using ATI proprietary techniques.

Game acceleration including support for Microsoft's DirectDraw: Do@hiffering, Virtual Sprites,
Transparent BLT, and Masked BLT.

Acceleration in 8/15/16/3Bpp modes.
Support for WIN 2000 & WIN XP GDI extensions: Alpha BLT, Transparent BLT, Gradient Fill.

Hardware cursor support up to 64x64x32p, with alpha channédr direct support of WIN 2000 & WIN
XP alpha cursor standard.

= =4 = = = =

1.3.2 3D Acceleration Features

Fully DirectX 9.0 compliant, including full speed-&& floating point per component operations.
Shader Model 3.0 support with programmable vertex shaders jffeland and operation support) allowing
up to 1024 instructions and 256 vectors of constant store. This includes vertex shader loops, branches, and
subroutines, whichli@w support of the following:

0 1024 vertex shader instruction store.

0 261,888 istructians with a single loop.

0 4+ trillion instructions with nested loops.

o Dynamic flow control.

o 8full vertex processing units.
1 Advanced pixel shadsmwith the following features:

o New advanced shader design, with uttieeading sequenceoifhigh efficiencyoperations.

o Full Pixel Shader 3.0 support.

o0 Advanced, higtperformance branching support.

0 32-bit floating point support for gh dynamic range computations.
Full antialiasing on render surfaces up to and includiddpit floating point formats.
Suppot for 2xAA, 4xAA and 6xAA subsamples, with littleefformance loss in most cases.
Advanced AA quality algorithms, generating visuals that are superior to other solutions eithiealent
number of samples.
1 New adaptive antaliasing modes dynamicallgkect between fast mulsampling and high quality super
sampling per polygon, deliveringetbenefits of both techniques.

=a =4

= =4 =

1.4 Changes from R3xx/4xx

Changes from R3xx to R4xx

Support forl, 2, 3 and 4 quad pixel pipes

Support fo 1 to 6 vertex shader pipes

HDTYV resolution support for HiZ

Support of 16x16 and 32x32 pixel tile sizes (32x32 should now be the preferred amount)
Vastly redesigned Memory controller, with new client interfaces

Suppat for 8b of subpixel precision

Native support of 4Kx4K raster teety

PS instruction support now at 512 each for Scalar, Vec3 and Texture (1536 total instructions)
VS native support for Sin/Cos

TX Component swizzling

Enhanced texture performance

MRT and wide pixel performance fixes

=4 =8 = =4 -4 -8_8_8_9_9_9-_°9
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=A =4 =4 =4 -4

Fog alpha rounding matches RGB

Line stipple fixes; SU texture stuffingnprovements

LOD Clamp/bias reorder

2D support for larger pixels (Pitch at 16b)

4x AA buffer tiling is changed when memory mapping is not used

Changes from R4xx to R5xx

=4 =48 =888 -8_0_0_8_4_4_4_49_49_-°

New Memory controller

Support of VS3.0 features, extdyertex fetch

Support of all PS3.0 features, including extended GPRs and Constants, all branching and predication
New FP32 US, including most IEEE NANSs, INFs behavior corrected (still TRUNC rounding mode)
Support of new Z ranged,2], with per pixel clarmping in SC

Support of up to 11 texture sets (10 explicit), or 44 iterators

Support of color to texture mappings, and texture to color mappings (for performance improvements)
New IS_IP for better mapping of components from VS to PS

Color now in FP20 modénstead of S3.12 mode

New HiZ compression mode, allows high precision Z values to be stored

New FP16 render surfaces support, including blending and all backend functions, but not texture filtering
Fully set associative caches for Texture, Cadod Z

New more efficientfifos for all MC clients

New Filter4 mode for Texture unit

New 1b texture mode for texture unit

© 2010 Advanced Micro Devices, Inc.
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2. Tiling
2.1 Overview
R3xx-R5xx supporttwo types of blocks

1 Micro block
T Macro block

Each block type can either be linear or tiled.

2.2 Micro Blocks

A micro block refers to a 3Byte consecutive data in memory. It is aligned to-#32 boundary, which means that
the 5 LSBs of a micrblock address are zeros. Micro blocks can be linear or tiled. Linear maps a 1D area of an
image to the block. Tiled mag 2D area of an image to a block. The following table shows the different type of
micro blocks and the region of the 2D image that maps to it (x X y)

Micro -linear Micro -tiled
8 bit pixel 32x1 pixels (x=32 , y=1) 8x4 pixels (x=8 , y=4) supported bytx/cb/hdp
16 bit pixel 16x1 pixels (x=16 , y=1) 4x4 pixels (x=4 , y=4) supported by : tx/cb/zb/hdp
16 bit pixel 16x1 pixels (x=16 , y=1) 8x2 pixels (x=8 , y= 2) supported by: tx/cb/hdp/disp
32 bit pixel 8x1 pixels (x=8, y=1) 4x2 pixels (x=4 , y=2 supported by: tx/cb/zb/hdp/disp
64 bit pixel 4x1 pixels (x=4,y=1) 2x2 pixels (x=2 , y=2) supported by: tx/hdp
128 bit pixel 2x1 pixels (x=2, y=1)

2.3 Macro blocks

A macro block refers to a 2Kyte consecutive data in memory. Matrocks loosty refer to the size a DRAM
page. How micro tiles are arranged in a madeois controlled by whether the maebtock is linear or tiled. Linear
macro block maps-rrder sequential array of mictdocks to a macrdlock. When the end of the current scen
reached, the mactolock continues with data from the next migiie in the next scan. The alignment for Linear
macroblocks is 32 bytes. An image can generally be more compact using-limeseng but it is typically slower in
rendering performance. [€d macreblocks map a 2D region of micitdocks into a macrblock. Tiled macre
blocks are aligned to a 2Byte boundary, which means that the 11 LSBs of a rAalorck address are zeros

There are 64 micrblocks in a macrdlock (2k divided by 32 byteshn a tiled macreblock these 64 micrblocks
are arranged as an 8x8. The number of pixels in x and y that map into a tiledbhoa&rs based on pixel size and
micro-block type. Multiplying the data from the previous table by 8 can do this:

© 2010 Advanced Micro Devices, Inc.
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Macro-tiled Macro-tiled
Micro -linear Micro -tiled

8 bit pixel 256x8 64x32

16 bit pixel (8x2) | 128x8 64x16

16 bit pixel (4x4) | 128x8 32x32

32 bit pixel 64x8 32x16

64 bit pixel 32x8 16x16

© 2010 Advanced Micro Devices, Inc.
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3. Surface Formats

This section describes all of tearface formats usduly the R3xxR5xx texture unis and frame buffex These
formats are first listed in summary, together with a list of features (fog, blend etc.) supported by each format

8-bit Formats

Format Layout Range | Display |Blend| Fog |Dither| Filter

C_8 |7 654321 OI 0.0 to 1.0 (unsigned)| Yes Yes | No | Yes | Yes
-1.0 to +1.0 (signed)

C2 4 |7 &5 4| 32 OI 0.0to 1.0 Yes No [ No [ No | Yes

cC332 | e 5| B 2| 1co°| 0.0to 1.0 Yes No | No | No | Yes

16-bit Formats

Layout Range Display | Blend| Fog | Dither| Filter
C_16 15141312111 L 4.3 21 0.0 to 1.0 (unsigned)| No No | No | No | Yes
-1.0 to +1.0 (signed)
C_16_MPEG WM%MJ—Z—J-JI -1.0to +1.0 No No | No | No | Yes
C_16 FP 15141312111 L 4.3 21 -2™%t0 +2'° No No | No | No | No
C2_8 |15 1413 1%11 10 9 8| 7 6 5 4(:03 2 1 OI 00 to 10 (unsigned) YeS Yes NO Yes Yes
-1.0 to +1.0 (signed)
C565 15141312111 = 4321 0.0to 1.0 Yes Yes | Yes | Yes | Yes
C655 1 = e 0.0to1.0 (un;igned) No No [ No [ No | Yes
-1.0 to +1.0 (signed)
C4 4 el 0 s 2 0.0to 1.0 Yes Yes | Yes | Yes | Yes
C1555 15141312111 = 4321 0.0to 1.0 Yes Yes | Yes | Yes | Yes

32-bit Formats

Format Layout Blend | Fog | Dither| Filter
C4_8 s 2‘|‘ = 1f|3 = 8| % °| 0.0 to 1.0 (unsigned)| Yes Yes | Yes | Yes | Yes
-1.0 to +1.0 ¢igned)
C4 8 GAMMA s 2‘|‘ = 1f|3 = 8| % °| 0.0to 1.0 Yes Yes | Yes | Yes | Yes
C_11_11_10 | =4 | ez) | = OI 0.0to1.0 (un;igned) No No [ No | No | Yes
-1.0 to +1.0 (signed)
C_10_11 11 = 24 | L | are OI 0.0t0 1.0 (uns_igned) No No | No | No | Yes
-1.0 to +1.0 (signed)
C_2.10_10_10 &l 2 | e | = °| 0.0 to 1.0 (unsigned)| Yes No | No | No | Yes
-1.0 to +1.0 (signed)
C2_16 | 2 1T & °| 0.0t01.0 (un;igned) No No | No | No | Yes
-1.0 to +1.0 (signed)
C2_16_MPEG | 24 1f|3 & °| -1.0to +1.0 No No [ No | No | Yes

© 2010 Advanced Micro Devices, Inc.
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C2_16_FP | 24 4 g 9| -2°t0+2° No No | No |No | No
C_32_FP | 2 18 g 7 |20 +27 No No | No [No | No
C_AVYU % 2‘|1 7 1<|5 7 8| ¥ OI 0.0to 1.0 Yes Yes | Yes | Yes | Yes
C VYUY v 2‘|‘ = 1? 7 8| ~ OI 0.0to 1.0 Yes Yes | Yes | Yes | Yes
C_YVYU v 2‘|‘ v 1? 7 8| 5 OI 0.0to 1.0 Yes Yes | Yes | Yes | Yes

64-bit Formats

Format
C4_16 | % 4|8 4 3|2 4 1|6 & (i 0.0to 1.0 (unsigned)| No No | No [ No | Yes|
-1.0 to +1.0 (signed)
C4_16_FP - e -2™%t0 +2'° No No |No | No | No
C2_32_FP [ e e bl | 2510 2% No No [No [ No | No

128-bit Formats

Blend | Fog | Dither| Filter

Format

C4 _32_FP

v

96

80 64

48 32 16 (0]

Cc2 |

Display

No

No

No

No

Depth Formats

Format Layout Write Read
24 16 8 0 4
W_24 | A Tnas i ) OtoZ2™1 Yes No
24 16 8 0 263 3
W_24_FP | — | | [ 2P0 +2 Yes Yes

© 2010 Advanced Micro Devices, Inc.
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4. Texture Memory Layout

4.1 Macro - Linear / Micro - Linear

The starting address of an image is aligned to-Bya2 boundary specified by registEX_OFFSET[31:5]. The
texels that make up the image are stored incolumn order. Each row of an image is aligned to 32 Bytes. The
image is stored contiguously memory. This is illustrated in the following figure.

Image Memory
S
0 ——— > N

32B Alligned —> 0
0
T=0 lS
TJ/ 328 Aligned —> N
T=1 ls
M - N

Texel l

4.2 Macro - Linear / Micro - Tiled

The starting address of an image is aligned to-Bya2 boundary specified by registEX_OFFSET[31:5].

The MicroTiles that make up the imagee stored in roveolumn order. Each row of Micfdiles is aligned to

32 Bytes. The image is stored contiguously in memory. This format is very similar to Linear/Linear with the
exception that MicreTiles are stored in rowwolumn order, while texels ariéed within each MicreTile. This is
illustrated in the following figure.

Image Memory
S
0 MICRO ; A
32B Alligned —> 0
0

Twicro =0 Sicro

. A

TMICROJ/ 32B Alligned —> 0
Twicro =1 \LSMICRO

B v \ A

Texel MicroTile l

4.3 Macro - Tiled / Micro - Linear

The starting address of an image is aligned to -#82t€ boundary specified by registEK_OFFSET[31:5].
The MacroTiles tha make up the image are stored in roslumn order. Each row of Macfbiles is aligned to

2K Bytes. Each image is stored contiguously in memory. This is illustrated in the following figures:Tilésro
are reordered within a Macrd'ile to improve dram loality.
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MacroTile : MxN Texels

MxN-1

— 0

8x256x 8b Byte2K-1 <

ByteO

8x 128 x 16b
8x 64x32b
8x 32x64b

2KB Alligned —>
T,

0

TMACROJ/
Tiacro=1
D

MacroTile = MxN Texels

=0

MACRO

2KB Alligned —>

Texel

Memory

%) o

MACRO

MACRO

0&520

4.4 Macro - Tiled / Micro - Tiled

The starting address of an image is aligned to 82t boundary specified by registEX_OFFSET[31:5].
8x8 Micro-Tiles are storeavithin a MacroTile. The MacraeTiles that make up the image are then stored in row
column order. Each row of MaciTiles is aligned to 2K Bytes. Each image is stored contiguously in memory.
This is illustrated in the following figures. MicfBiles are reordered within a Macrdile to improve dram

locality.

MacroTile : 8x8 MicroTiles

3F

— 0

Byte2K-1 «

ByteO

MicroTile
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Image Memory
S,
0 MACRO ; C
2KB Alligned —> 0
0

Tuacro=0 Smacro

TMACR{ 2KB Alligned —> ¢
Tuacro =1 J/SMACRO

D X &

MacroTile = 8x8 MicroTiles \L
MicroTile

4.5 MipMaps

For a MipMap pyramids, the levels are stored contiguously in memory. The ordering of the images is from
largest to smallest. Each level of a mipmap pyramid must followatme @lignment and padding restrictions as
a planar image. If Macrdiled, once image size drops below size of MaEile, the hardware switches to
Macro-Linear to minimize memory use.

Memory
MipMaps stored contiguously from largest to smallest.
Level 0
Level 1
Level 2
Level 3
l * Not Drawn To Scale

4.6 Cube Maps

Cube map faces must be power obtim width and height, and must be square. Cube maps can be planar or
mipmapped. All six cube faces must have the same dimensions as Face0.

The faces of a cube map are stored contiguously in memory from Face0 to Face5. If mipmapped, levels 1 thru N
are tha stored from largest to smallest. If Ma€Fded, once image size drops below size of MakEile, the
hardware switches to Macidnear to minimize memory use.

© 2010 Advanced Micro Devices, Inc.
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Memory
Face0
Facel
Cube faces stored contiguously from 0 to 5.
MipMaps stored contiguously from largest to smallest.
Face2
E— MipLevel O
Face3
Face4
Face5
Face0
Facel
Face2 .
MipLevel 1
Face3
Face4
Face5
l * Not Drawn To Scale

4.7 3D Textures

3D textures must be power of two in width, height, dedth, however they can be nsquare. 3D textures can
be planar or mipmapped.

The layers of a 3D texture are stored contiguously in memory from Layer0 to LayerM. If mipmapped, levels 1
thru N are then stored from largest to smallest. If Mddhed, on@ image size drops below size of Madiite,
the hardware switches to Maekinear to minimize memory use.
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Memory

LayerO

Layers stored contiguously from O to N.
Layerl MipMaps stored contiguously from largest to smallest.

MipLevel O

Layer2

Layer3

LayerO

MipLevel 1
Layerl

J’ * Not Drawn To Scale
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5. Command Processor

5.1 Overview

The Command Processor is a programmable processor that is meant to provide-sbipentéligence for a
Graphics Controller device. The CP architecture has been approached as gspgas®E computing engine,
targeted at fetching and interpreting a PROMO4 command stream.

The Command Processor takes on several tasks in a typical Graphiasi@ont

1 Acts as a receiver of command streams from the video and graphics device driver(s) running on the host
CPU. These command streams are either read from system memory usingsbeisng on the PCI or
AGP bus, or directly written to the CP from thest CPU using the PCI or AGP (fagtite) bus. Three
streams are supportédne Ring Buffer and two Indirect Buffers.

T Parses and interprets a command stream, and writes
Graphics Controller device; faxample, a 3D graphics processor, a 2D graphics processor, a Video
Processor, or an MPEG Decoder. The data writes can be 32, 64, 96, or 128 bits per clock. The 64, 96, and

12

8 bit writes wild.l o \¢ectar writefmode is fralidevhame strea(PQt1@1, Mo d e 0 .

1Q02) is in Pull Mode. Push mode will only write DWORDSs (i.e. Lowef®2® of the 12&it data bus will

be

valid with a DWOH&AG arkd o4t bviites wikkonl§i @c@ubwhite the alignment of

the data is not on a 128t boundary.

1 There are two generglurpose DMA engines inside the CP, one for @&lated tasks, and one intended for
Video Capture tasks. The DMA engines do byte alignment between the source and destination surfaces.

5.2 Host Programming Model Description

This section describes the manner in which the host CPU communicates with the graphics controller chip.

5.3 Push vs Pull Model

ThePush Models also referred to as Programmed 1/O (PIO). In this model the host CPU is writing to the graphics
controllerchipacrose i t her t he PCI or AGP bus. That is, the host
graphics controller. This information is in one of two forms:

1)

2)

A sequence of register writes to setup the state of a processing engine on the graphics controller, and
then starting the engine running. Typically, engines are started as-effadeof writing to a special
Atriggero or Ainitiatorodo register.

A sequence o€ommand Packets whi ch are a ficompressedod way of
information to the graphics caotler, relying on an intelligent processor in the graphics controller to
convert the command packets into register writes to other processing engines in the graphics controller.

It is expected that option (1) above will only be used for debug purposes.

The Pull Modelutilizes busmastering on the part of the graphics controller, as it actively goes out and reads from an
area of system memory in which the host CPU has previously placed command information. An important part of
the pull model is how the hband the graphics controller manage access to the shared buffer in system memory.
This is discussed in the following section.

The pull model allows more slip between the CPU and the graphics controller than does the push model, assuming
that the commantuffer for the push model is limited to -@hip storage.

The push model may have some advantage when the overall system performance is taken into account as it lightens

the bandwidth demand on system memory as compared to the pull model. The push madeehbiato makep
for its limited slip by implementinganemnh i p command bouvfefredor itnhtact tfhsepiflrlasme
this of course begins to place a demand on the frame buffer bandwidth to write and read the command buffer.

© 2010 Advanced Micro Devices, Inc.
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The Command f@cessor will support both the push and pull models; however, switching between these two models
must be carefully controlled. It is intended that switching is not done often; most likely the model is chosen at reset
time, and never changed once the systerunning. The pull model is the preferred choice for systems that allow
busmastering, and whose API allows concurrent processing between the host CPU and the graphics controller,
primarily because of its superior capability for overlapped proces3ihg.push model is available for systems that

are not weHsuited to using the pull model.

5.4 Ring Buffer Management

When the Graphics Controller is set to operate in thentastering mode (pull model), the host application, say a
driver, has to allocateldock of system memory as a buffer for tenmand packeisissues to the Graphics

Controller. The command packets, or simply packets, instruct the Graphics Controller to carry out operations such
as drawing objects on the screen. This memory blogkatdd as if it is a ring that allows the packets to be placed

into and taken away from the memory in a circular manner, thus theRiagn&uffer

The Ring Buffer is a shared memory space between two cooperating processors. It is used to implemagnt one
communication from the Host processor (the Writer) to the Graphics Controller (the Reader). Each processor must
maintain the state that it believes that the Ring Buffer is in. The state is composed of:

1 Buffer Base: The address of the beginning of tinkée.

1 Buffer Size: The size of the buffer.

1 Write Pointer: The address that the Host is writing to.

1 Read Pointer: The address that the Graphics Controller is reading from.

In order for the Ring Buffer to work properly, both processors must maintain astrisiiew of this state. The
Buffer Base and Buffer Size are generally initialized when the system is first bugugdntd rarely changed after

that point. I't is a simple task to initi ahdaade bot h
Write Pointers, on the other hand, change quite frequently as the Ring Buffer is in operation. In order to achieve
consistency, when the Writer (the host) updates the

Gr aphi cs sXtopyof thoWritedPoirGer. And similarly, when the Reader updates the Read Pointer, he must
send that value to the Writerés copy of the Read Poi

Packets are placed into the memory block, or buffer, from the beginning towards the end, i.ew&oattiresses
toward higher addresses. Once the data placement hits the end, it starts from the beginning again. Meanwhile, the
packets are consumed from the head of the queue in a manner similar to how they were placed.

Figureillustrates how the ring buffer operates when combined with thenassering operation.

© 2010 Advanced Micro Devices, Inc.
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Host start of buffer = end of buffer Graphlcs
- - : Controller
Write Pointer Address !
Buffer Base - , : - Write Pointer -
Buffer Size o Read Pointer
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Figure: Ring Buffer and its Control Structure

In the figure, packets are placed into the buffer in a cowntdekwise order, forming packe queue The first
packet in the queue is denotedBy and the last byP, . The start of the queuds, , is pointed to by the Read

Pointer(s). The memory portion that is not occupied by packets id thdfree area and it is pointed to by the
Write Pointer(s).

Initially, both the read and write pointers may point to the same location of the ring buffer, e.g. the start of the

memory block. The two pointers pointing to the same location of the riffier ljenerally implies one of two

situations. One is that the buffer is empty, and the other is that the buffer is full. We want to define this situation as

an empty buffer. To resolve the ambiguity of both pointers being equal, we must prevent tifeadatibuffer

from ever happening. I't is the Hostds responsibility i

On the host side, the driver places command packets into the free area of the ring buffer, and informs the Graphics
Controller of any changes to the Write Pointer by writing directly to the Write Pointer register inside the Graphics
Controller. The host tracks frespace in the buffer by comparing its Read and Write Pointers, and suspends writing
if the buffer becomes [@most) full.

On the Graphics Controller side, packets are taken awapywoae from the head of the packet queue, pointed to

by its Read Pointer, through the Host Bus Interface, and placed into the Command Packet Buffer. As the Graphics
Controller update its copy of the Read Pointer, itusesammsst er i ng write to update the
Pointer, residing in a shared memory location. The Graphics Controller has a register that holds the memory address
of where the Hos s, amnsl usBsehatdor tRecaddnessefrtherbastsringdweite. The Graphics

Controller tracks frespace in the buffer by comparing its Read and Write Pointers, and suspends reading if the

buffer becomes empty (i.e., Read Pointer == Write Pointer).

Toredue traffic on the system memory bus, the Graphics Co
Pointer every time it changes on the Graphics Controller side. To facilitate this, we have adopted a concept of a
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blockof dwords in the packetqueue The Graphics Controller wild.l update t
time it has conmsutumeédod fiatacKdeom the ring buffer. The
will update the Read Pointer is when it thinks that the pgamplieue is empty. The size of the block is

programmable, to allow the programmer to traffethe amount of time the system bus spends doing real data

transfer vs the amount of time it spends on the communication overhead of updating read/write jphairgers.

bl ock sizes tend to reduce communication overhead, at |
which reduces t he -caupliog)betveen the Hhst dnd thedGraphice Contalier.

To reduce traffic on the system mery bus, the driver may want to minimize the frequency of accesses to its copies

of the Read and Write Pointers. To minimize reads of the Read Pointer, it can check them once, calculate an amount
of free space, and then decrement a local copy of thergrobfree space as it adds packets to the queue. When it

sees that the fregpace is small (queue nearly full), it can start this procedure over again. (Its copy of the Read

Pointer may have changed since the last time he read it.) The host alse dyatiothh of updating the Graphics

Controll er 6s Wrfiequent bBsisithantwéhreveoy mriteahe toesstasthe packet queue, possibly on a

blockbasi s similar to the Graphics Controll ermpty,ammec hani sn
delay in updating the Graphics Controllerds Write Poinf
this command packet . Al so, the host must be careful t

if it wants theGraphics Controller to read from the queue until it is empty.

When the queue has become (almost) full, the host will have to poll the Read Pointer until space becomes available.
In certain systems (Pentium Il for example), this polling will stay withéngtocessor cache, thus avoiding traffic

on the system bus, and the snoop logic of the host CPU will take care of maintaining consistency between the main
memory and the processor cache when the Graphics Controller performsritadtesing write of the &d Pointer.

It is important to note that the Read Pointer must reside in PCI space in order for this snoop technique to work.

AGP writes are not snooped.

5.5 Chipset Coherency Issues

The Ragel28 product revealed a weakness in some motherboard chipsstthieréhis no mechanism to guarantee

that data written by the CPU to memory is actually in a readable state before the Graphics Controller receives an
update to its copy of the Write Pointer. éansmiatatheef f ort 1
Graphics Controller that will delay the actual write to the Write Pointer for some programmable amount of time, in

order to give the chipset time to flush its internal write buffers to memory.

There are two register fields that control tiiechanism: PRE_WRITE_TIMER and PRE_WRITE_LIMIT. There

is also a staging register placed Ain front ofo the act
staging register and are held there until one of two events occurs: thecdaomtar of PRE_WRITE_TIMER has

expired; or the host has written the staging register PRE_WRITE_ L-tivti@s, forcing the contents of the staging

register into the actual Write Pointer register. The doaunter is seeded with PRE_WRITE_TIMER every time

the ost writes to the Write Pointer register address, and expires when it reaches zero. This implementation does not
guaranteea certain timalelay between the host write to the Write Pointer, and the Graphics Controller read of the

system memory; because thest could flood the Graphics Controller with multiple writes (more than the
PRE_WRITE_LIMIT) in a short amount of time, thus overriding the tohe&y imposed by the

PRE_WRITE_TIMER. However, since the normal operation of this system is to increasdtth@dihter by some

significant amount with each write, it is likely that by the time the PRE_WRITE_LIMIT has been reached, the data

has in fact been fipushedd through the chipsetds write |
memory.

Note that programming the PRE_WRITE_TIMER and PRE_WRITE_LIMIT to zero allows the chip to behave just
as the Rage128 did.

The above solution is based otirae delay, the assumption being that if the chipset is given enough time, the write
buffer will be flusked to memory, and become available for a coherent read.

5.6 Indirect Buffer Management

The Command Processor has the capability to read commands from other locations in memory, outside of the Ring
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Buffer. These locations are known as Indirect Bufferl anddotiBuffer2. This is accomplished as follows: there

is a packet in the Primary command stream (being read from the ring buffer) which sets up the Indirect Bufferl
Address and Size registers of the Command Processor. The writing of the Indirect BaHegSter triggers the
Command Processor to begin fetching the new stream from the provided address. The last packet to be parsed from
the Primary stream is the one that sets the Indirect Bufferl Address and Size registers. The CP then begins fetching
data from Indirect Bufferl. The data stream in Indirect Bufferl may set up the Indirect Buffer2 Address and Size
registers of the Command Processor. As before, writing of the Indirect Bufferl Size register triggers the Command
Processor to begin fetclgrthe new stream from the provided address. The last packet to be parsed from the

Indirect Bufferl stream is the one that sets the Indirect Buffer2 Address and Size registers. The CP fetches the
correct amount of data from Indirect Buffer2 until The Bu¥ Size is exhausted; it then returns to its interpretation

of packets from Indirect Bufferl. The CP fetches the correct amount of data from Indirect Bufferl until the Bufferl
Size is exhausted; it then returns to its interpretation of packets fromithay? Stream (being read from the ring

buffer).

5.7 Overview of DMA Operation

The DMA engines in the Command Processor fetch commands from the frame buffer memory which tell them what
to do. The command in memory is stored in a structure knowmasaipta, having a fomdoubleword
(DWORD) format as shown below:

Ordinal Name Bit Function

0 SRC_ADDR 31:0 | Source address

1 DST_ADDR 31:0 | Destination address

2 COMMAND 31:0 | Command word. (See description below)
3 (Reserved) 31:0

The COMMAND word has théllowing format:

31 EOL End Of List Marker

30 INTDIS Interrupt Disable

29 DAIC Destination Address Increment Control
28 SAIC Source Address Increment Control

27 DAS Destination Address Space

26 SAS Source Address Space

25:24 DST_SWAP Destination Endian Sap Control

23:22 SRC_SWAP Source Endian Swap Control

20:0 BYTE_COUNT[20:0] Byte Count of Transfer

There are some constraints on the programming of the Descriptor, as follows: If either the Source or the Destination
is in the register address space,sgpriogrammed to be néncrementing, then the atomic transfer unit is assumed to

be a DWORD. Namely, the bottom tviaits of the BYTE_COUNT and the Address will be ignored (assumed

A000) .

Note that a BYTE_COUNT of zero will perform no operation.

Multiple Descriptors may be stored contiguously in memory to makeDgsariptor Table (DT)seeFiguré. The
last Descriptor in the Descriptor Table must be marked as such so that the DMA engine knows when to stop
consuming commands.

Theprogrammer provides the DMA engine with a pointer to the beginning of the Descriptor Table, and the DMA

© 2010 Advanced Micro Devices, Inc.
Proprietary 22



AMDH Revision 1.5 June 8, 201C

engine fetches one Descriptor at a time, interprets the command to carry out a transfer, and then moves on to the
next Descriptor in the table. As ntemed above, the DMA engine will stop when it reaches the last Descriptor in
the table.

There is a bit called CP_SYNC in the Descriptor Address register (DMA_xxx_TABLE_ADDR). If this bit is set,
t he DMA wiultld filhoec kmi ¢ r o e n g iwntes ol theaayistgr backbome while thg DMArisy
active. This mechanism can be used to synchronize a-0iNi&n stream of register writes to the command FIFO.
among other things.

A DMA channel may have its oper atBNdbinoftleeDbA kxg STABYS wr i t i n
register. It is important that the programmer then poll the ACTIVE bit of that same register, waiting for a value of

606, before writing a 606 to the ABORT_EN bitead Once t|
back stable state from all DMA registers.

Memory Space

| TABLE ADDR Redistel—* Dword 0
Dword 1
Dword 2
Dword 3
Dword 4
Dword 5
Dword 6
Dword 7

Descriptor 0

Descriptor 1

Dword (n*4)
Dword (n*4)+1
Dword (n*4)+2
Dword (n*4)+3

Descriptor n (Last)

Figure: Descriptor Table Layout in Memory

An alternate method to writing the DMA_XXX_TABLE_ADDR register to initiate a DMA operation is to write the
descriptors directly to the CFhis saves the fetching of the descriptor table from memory.

Three registers are provided for each of the DMA engines (CP_XXX_SRC_ADDR, CP_XXX_DST_ADDR,
CP_XXX_COMMAND). The contents of these registers have the same fields as the SRC_ADDR, DST_ADDR, and
COMMAND DWORDs of the descriptor table entry described above. Except that the EOL -sdud TRUE in

the COMMAND DWORD. Writing to the CP_XXX_COMMAND register initiates a DMA operation using the
descriptor described in all three registers. A table ofrifgers can be built from multiple Typ@ packets each

containing the SRC, DST, and COMMAND data.
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5.8 Resetting the Command Processor

To support recovery from a powdown state the read pointer (CP_RB_RPTR) is writable. The read pointer is
initialized by witing the writable read pointer (CP_RB_RPTR_WR). Then, when the write pointer

(CP_RB_WPTR) is subsequently written the contents of the writable read pointer (CP_RB_RPTR_WR) are
transferred to the active read pointer (CP_RB_RPTR). As a precaution, am leihaflist be set in the control

register (CP_RB_CNTL) to allow the contents to transfer to the active read pointer (CP_RB_RPTR). Note that the
read pointer still resets to zero to ensure starting at the beginning of the buffer if the host doeslizettimitia

writable read pointer (CP_RB_RPTR_WR).

Therefore, a certain sequence of actions is required of
1) Write CP_CSQ_CNTL and CP_CSQ_MODE to zero, effectively disabling the CP.
2) Write to the propeRBBM register to assert and thenaksert the Soft Reset signal to the CP.

3) Setthe RB_RPTR_WR_ENA bit to enable writing of the RPTR if desired not to start from the
beginning of the buffer.

4) Write the CP_RB_RPTR_WR register if it is desired not to stattie beginning of the buffer.

5) Write CP_RB_WPTR, to make it match the RPTR, causing the ring buffer to appear to be empty.
6) Clearthe RB_RPTR_WR_ENA bit if no further writes of the RPTR are desired.

7) Write CP_CSQ_CNTL or CP_CSQ_MODE to set the mode baakhtdever you want.

5.9 Command Stream Synchronization

In the RBBM, there is an event engine that can be used to synchronize the sending of transactions to the Register
Backbone based on status signals from its clients. The CP however has a mechanism itieatlggralide the

Host with knowledge of command status. This mechani sm |
functionality.

Associated with the eight ASCRATCHO registers in the CI
scratch register is written, the CP will subsequently write its value to a location equal to what is programmed in the

SCRATCH_ADDR register plus the number (0 to 7) of the
value by the CP is qualifiddy t he regi sterds write mask (SCRATCH_UMSK)

So, at the end of processing an Indirect Buffer, for example, a0 gaeket can be inserted that writes a data

pattern to SCRATCH_REGL1. The driver software can poll the external location SCRATCH_ADDR+1emit wh

changes to the value that was inserted inthe-Dypepac ket , t he Driver wil/ Aknowo t
parsing the indirect buffer up to that point. Note that this status only indicates that the CP is done to that point, the

data still may béeing used by the rest of the pipeline.
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ForR5xx an interrupt is added associated with the scratch registers, which is asserted when the scratch register pair
selected is written to memory and is greater than or equal to the pair of values written hiyehe D

The CP can receive sync pulses from the bauk of the pipeline (CBA_CP_SYNC, CBB_CP_SYNC,
CBC_CP_SYNC, and CBD_CP_SYNC). When a pulse feathis received (pulse pair), the CP will write the
targeted scratch register with the corresponding CISYREC DATA value. The targeted scratch register is
determined by the-Bit CP_RESYNC_ADDR which is a scratch register offset from the SCRATCH_ADDR base
address.

Because this function uses the SCRATCH_ADDR and SCRATCH_UMSK values, they must be initiddizéal pr
its use. The CP_RESYNC_ADDR and CP_RESYNC_DATA regigterstalso be programmed with the target
scratch register offset and the appropriate data respectively before the pulses are received. Both the
CP_RESYNC_ADDR and CP_RESYNC_DATA values aretemtinto 8deep FIFOs so that multiple
synchronization events can begmeued in the CP.

If the sync pulses from the CB are asserted before programming the CP_RESYNC_ADDR and

CP_RESYNC_DATA, the logic will still worlprovidingthat Dynamic Clocking for th CP is disabled. Receipt of

the sync pulses by the CP does not cause the clocks to be enabled to the CP, so knowledge of these pulses may not

be remembered if Dynamic Clocking is enabled. Writing the CP_RESYNC_ADDR and CP_RESYNC_DATA
registerdoesenablee he c¢cl ocks to the CP. The fAbusyo signal to the
RESYNC data in the ADDR and DATA FIFQskeeping the clock enabled to the CP.

5.10 Starting the Indirect Streams

A write to the CP_IB_BUFSZ register triggers the ComchBnocessor to start fetching the command stream from
the Indirectl buffer, instead of from the Primary buffer. The CP will continue to fetch from the Indirectl buffer,
starting at the address in the CP_IB_BASE register, and continuing until the CP_IBZRintount is exhausted.
Then it will switch back to the Primary stream.

A write to the CP_IB2_BUFSZ register triggers the Command Processor to start fetching the command stream from
the Indirect2 buffer, instead of from the Indirectl buffer. The CPagittinue to fetch from the Indirect2 buffer,

starting at the address in the CP_IB2_BASE register, and continuing until the CP_IB2_BUFSZ amount is exhausted.
Then it will switch back to the Indirectl stream.

Note that there are some important rules tmfelwhen starting an indirect stream. Firstly, the write to the
CP_IB_BUFSZ or CP_IB2_BUFSZ register must beldést registerwrite of a Type 0 or Type 1 packet. The very
next packet that is delivered to the Command Stream Interpreter is the firstglaticetespective indirect buffer.
The second rule is that the respective CP_IB_BASE or CP_IB2_BASE register must have been setup with the
proper value before the appropriate CP_IB_BUFSZ or CP_IB_BUFSZ register is written.

In PIO mode, the BUFSZ registstill needs to be written with the size of the indirect buffer. Care must be taken to
write this register before the command queue fills in the CP.
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5.11 Writing Host Data to the Command Stream Queue

Either or all of the Primary, Indirectl and Indirect2 strearan be delivered to the Command Processor via host
programmed writes to the Graphics Controller device. There is a range of regteraddresses assigned to each

of the three streams, that is, one aperture for the Primary Stream, one for théllr&tireem, and one for the

Indirect2 Stream. The act of writing to a location in the aperture causes that data to be enqueued to the Command
Stream Queue. Note that the actual address of the written data is inconsequential; the data will be endiireued into
Command Stream Queue in tieler in which it was received from the host.

Note that each of the three streams can be in one of three delivery modes, resulting in nine possible combinations.
The three modes are:

1) OFF: The stream is disabled.

2) PUSH: Thehost is writing the stream data to the Command Processor. (also known as Programmed
I/0, or PIO mode)

3) PULL: The Command Processor is actively fetching the command stream from memory. (also known
as Bus Master, or BM mode)

Note that the BUFSZ registermdste wr i tten to initiate indirect buffer
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5.12 Writing to the MicroEngine RAM

In order to change a location in the MicroEngine RAM, first load the CP_ME_RAM_ADDR Register with the
address of the RAM into which data is to be writtenxtiNthe host performs two writes; the first must be to the
CP_ME_RAM_DATAH port, and the second to the CP_ME_RAM_DATAL port. Internally, the Command
Processor maintains a-bt holding registers which concatenates the lowbit8 of the DATAH value tolte top of
the 32bit DATAL value, and at the end of the write of the DATAL value, theb#Gsalue is written to the RAM at
the location specified by the RAM Address Register. The RAM Address Register is thémcagmoented to point

to the next locatioin the RAM. This process of writing two data values may be repeated to write to successive
RAM locations without rdoading the RAM Address Register.

5.13 Reading from the MicroEngine RAM

In order to read a location in the MicroEngine RAM, first load the CB_RIAM_RADDR Register with the

address of the RAM from which data is to be read. This write triggers the Command Processor to rehd the 40
data value at that RAM location and transfer it to an interndid@olding register. Also, the RAM Address

Regster is auteincremented to point to the next location in the RAM. Next, the host performs two read cycles, the
first from the DATAH port, and the second from the DATAL port. At the end of the DATAL cycle, the next

location of the RAM is transferred the 4G@bit holding register, and the RAM Address Register is again auto
incremented. This process of reading two values may be repeated to read from successive RAM locations without
re-loading the RAM Address Register.
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5.14 Starting a DMA Operation
There arewo methods to initiate a DMA operatiérDescriptor Tables or Direct Descriptor Entry Register Writes.

To program a DMA operation via Descriptor Tables, the programmer has to build the table in the frame buffer first,

being sure to mark the lastentrybfé¢ | i st as AEnd Of Listo. Then, the pro
the descriptor table into the Descriptor Table Address Queue (DTAQ) through the xxx_ DMA_TABLE_ADDR port.

The action of writing the first starting address into the DTAQ triiger the DMA operation.

The type of transfer operation depends on the DMA_COMMAND DWORD in the Descriptor. It controls such
variables as: the length of the transfer, whether the Source/Destination addresses are irspagaanyregister
space, whethehe Source/Destination addresses antoement with each transfer, and whether an interrupt is
generated when the entire Descriptor Table has been processed.

The second methodDirect Descriptor Entry Register Writédnvolves writing the three DMA Bry registers.
Three registers are provided for each of the DMA engines (CP_XXX_SRC_ADDR, CP_XXX_DST_ADDR,

CP_XXX_COMMAND). The contents of these registers have the same fields as the SRC_ADDR, DST_ADDR, and
COMMAND DWORDs of the descriptor table entry. d&pt that the EOL is harcbded TRUE in the COMMAND
DWORD. Writing to the CP_XXX_COMMAND register initiates a DMA operation using the descriptor described

in all three registers. A table of descriptors can be built from multiple-Oypeckets each contamg the SRC,

DST, and COMMAND data.
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6. PM4
6.1 Packet Types

When programming in the PM4 mode, we do not need to write directly to registers to carry out drawing operations
on the screen. Instead, what we need to do is to prepare data in the format@bPRé&ndPacketdn the system
memory, and let the hardware (Microengine) to do the rest of the job.

Four types of PM4 command packets are currently defined. They are types 0, 1, 2 and 3 as shown in the following
figure. APM4 command packet consists qlaaket leader identified by field HEADER, and ainformation body
identified by IT_BODY, that follows the header. The packet header defines the operations to be carried out by the
PM4 micreengine, and the information body contains the data to be used by the #ngarrying out the

operation. In the following, we use brackets [.] to denote-kiBfeld (referred to as DWORD) in a packet, and

braces {.} to denote a sizgarying field that may consist of a number of DWORDs. If a DWORD is shared by more
thanoe fi el d, the fields are separated by 6] 6. The field
the field that appears on the far right takes the least significant bits. For example, DWORD [HI_WORD |
LO_WORD] denotes that HI_WORD isfined on bits 181, and LO_WORD on bits-05. A Gstyle notation of
referencing an element of a structure is used to refer to a subfield of a main field. For example,
MAIN_FIELD.SUBFIELD refers to the subfield SUBFIELD of MAIN_FIELD.

Type-0 packet

— 33222222222 1111
Bit position 1009876 54321009876543210287¢549334°
Packet header 00 COUNT al BASE_INDEX
REG_DATA 1
REG_DATA_2
IT_BODY
REG_DATA n
Type-1 packet
—— 222222 2 2 U U 411
Bit position 10/ 98 7165143 210098765 4321028994344 °
Packet header 01 Reserved REG_INDEX2 REG_INDEX1
REG_DATA_1
IT_BODY
REG_DATA_2
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Type-2 packet
... 32222 2 2 2 2 2 2 Uy 4111 T
Bit position 100/ 9/ 8| 7/ 6| 5/ 4/ 3/ 2/ 1] 0] o 8| 7| 6| 5/ 4/ 3/ 2{ 1] 0| *| & 7| € O 4 F Y °
Packet header 10 Reserved
Type-3 packet
— 32222222 2 2 2 Y U a1t
Bit position 10/ 9l 8| 7/ 6| 5| 4/ 3/ 2/ 1] 0| 9| 8| 7| 6| 5| 4/ 3 2| 1] 0] °| & 7| ¢ 9 4 33 Y ©
Packet header 11 COUNT IT_OPCODE Reserved
DATA 1
DATA 2
IT_BODY
Data n

6.1.1 TypeO Packet

Functionality

Write N DWORDs in the information body to ticonsecutive registers, or to the register, pointed to by the
BASE_INDEX field of the packet header.

Format
Ordinal Field Name
1 [ HEADER ]
2 [REG_DATA 1]
3 [REG_DATA 2]
N+1 [REG_DATA N]

Header Fields

Bit(s) Field Name Description

12:0 BASE_INDEX The BASE_INDEX[12:0] correspond to byte address bits [14:2]. So the
BASE_INDEX is the DWORD Memorynapped addres
The BASE_INDEX field width supports up to DWORD address: Ox7FFF.

14:13 Reserved Reserved for future expansion of address space.

15 ONE_REG_WR | 0:- Write the data to N consecutive registers.

1:- Write all the data to the same register.

29:16 COUNT Couwnt of DWORDs in the information body. Its value should bé& Nthere
are N DWORD:s in the information body.

31:30 TYPE Packet identifier. It should be zero.

Note:Sy mb edl

réezads

Information Body

Adef i

ned

as. o
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Bit(s) Field Name Description

31:0 REG DATA _x | The bits correspond to those defined for the relevant register. Note the sy
of REG_DATA_ x stands for an integer ranging from 1 to N.

Comment

The use of this packet requires the complete understanding of the registers to be written.
6.1.2 Typel Packet

Functionality

Write REG_DATA 1 and REG_DATA 2 in the information body respectively to the registers pointed to by
REG_INDEX1 and REG_INDEX2. Note that this packet cannot address the entire address space. It is recommended
that Type 0 packets be usiedtead.

Format
Ordinal Field Name
1 [ HEADER ]
2 [REG_DATA 1]
3 [REG_DATA 2]

Header fields

Bit(s) Field Name Description

10:0 REG_INDEX1 | The field points to a memomnapped register that REG_DATA 1 is written to.

21:11 REG_INDEX2 | The field pointdo a memorymapped register that REG_DATA 2 is written to.

29:22 Reserved

31:30 TYPE Packet identifier. It should be 1 (one).

Information Body

Bit(s) Field Name Description

31:0 REG_DATA_x | The bits correspond to those defined for the relevant ezgist

6.1.3 Type2 Packet
Functionality
This is a filler packet. It has only the header, and its content is not important except for bits 30 and 31. It is used to

fill up the trailing space left when the allocated buffer for a packet, or packets, is notlkedly This allows the
microengine to skip the trailing space and to fetch the next packet.

Format
Ordinal Field Name
1 [ HEADER ]

Header fields

Bit(s) Field Name Description

29:0 reserved
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[ 31:30 | TYPE | Packet identifier. It should be 2.

6.1.4 Type3 Packet
Functionality

Carry out the operation indicated by field IT_OPCODE.

Format
Ordinal Field Name
1 [ HEADER ]
2 {IT_BODY}

Header fields

Bit(s) Field Name Description
7:0 Reserved This field is undefined, and is set to zero by default.
15:8 IT_ OPCODE Operation to be carried out. See section B.2 for details.
29:16 COUNT Number of DWORDsL1 in the information body. It is M if the information body|
contains N DWORDs.
31:30 TYPE Packet identifier. It should be 3.

Information Body

The information bodyT_BODY will be described extensively in the following section.

© 2010 Advanced Micro Devices, Inc.
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6.2  Definition of Type-3 packets

Type-3 packets has a common format in their headers. However, the size of their information body may vary
depending on the value of field IT_OPCODE. The size ofriftrmation body is indicated by field COUNT. If the

size of the information il DWORDSs, the value of COUNT i-1. In the following packet definitions, we will

describe the field IT_BODY for each packet with respect to a given IT_OPCODE, and omiadlee. héhe MSB

of the IT_OPCODE identifies whether this packet requires the GUI_CONTROL field (described later). A 1 in the
MSB of the IT_OPCODE indicates that GUI control is required. A 0 in the MSB of the IT_OPCODE indicates that
the GUI_CONTROL shoulthe omitted.
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6.2.1 Summary of packets

Packet Name IT OPCODE | Description

NOP 0x10 Skip N DWORDs to get to the next packet.

PAINT 0x91 Paint a number of rectangles with a colour brush.

BITBLT 0x92 Copy a source rectangle to a destination rectangle.

HOSTDATA BLT 0x94 Draw a string of large characters on the screen, or cop
number of bitmaps to the video memory.

POLYLINE 0x95 Draw a polyline (lines connected with their ends).

POLYSCANLINES 0x98 Draw polyscanlines or scanlines.

NEXTCHAR 0x19 Print a diaracter at a given screen location using the
default foreground and background colours.

PAINT_MULTI Ox9A Paint a number of rectangles on the screen with one
colour. The difference between this function and PAIN]
the representation of parameters.

BITBLT_MULTI 0x9B Copy a number of source rectangles to destination
rectangles of the screen respectively.

TRANS BITBLT 0x9C 2D transparent bitblt operation.

PLY NEXTSCAN 0x1D Draw polyscanlines using current settings.

SET_SCISSORS Ox1E Set up scissors.

PRED EXEC 0x20 Predicated execute wrapper for a sequence of packets

COND_EXEC 0x21 Conditional execute wrapper for a sequence of packets

WAIT_SEMAPHORE 0x22 Wait in the CP micreengine for semaphore to be zero

WAIT_MEM 0x23 Wait in the CP micreengine fo GPU-accessible memory
semaphore to be zero

3D_DRAW_ VBUF 0x28 Draw primitives using vertex buffer

3D_DRAW_IMMD 0x29 Draw primitives using immediate vertices in this packet

3D_DRAW_INDX Ox2A Draw primitives using vertex buffer and indices in this
packet

LOAD PALETTE 0x2C Load a palette for 2D scaling.

3D _LOAD_VBPNTR Ox2F Load pointers to vertex buffers

INDX BUFFER 0x33 Load Indices Using Indirect Buffer #2

3D_DRAW_VBUF_2 0x34 Same as 3D_DRAW_VBUF, but without
VAP_VTX_FMT

3D_DRAW_IMMD_2 0x35 Same a8D_DRAW_IMMD, but without
VAP_VTX_FMT

3D_DRAW _INDX_2 0x36 Same as 3D_DRAW_INDX, but without
VAP _VTX_FMT

3D _CLEAR_HIzZ 0x37 Clear portion of the Hierarchal Z RAM

3D_DRAW 128 0x39 Draw packet to write to 12Bit VAP data port.

MPEG_INDEX 0x3A MPEG PackeRegisters and Index Generation

6.2.2 2D Packets

The information body IT_BODY of-D packets may have the following format:

Ordinal Field Name
1 {SETTINGS}
2 {DATA_BLOCK}
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SETTINGS
This field consists of 2 subfields, GUI_CONTROL and SETUP_BODY.

Ordinal Field Name

1 [GUI CONTROL ]

2 {SETUP_BODY}

1 SETTINGS.GUI_CONTROL

This field will be used to setup the register DP_GUI_MASTER_CNTL, and it also decides the content of
SETTINGS.SETUP_BODY

Bit(s)

Field Name

Description

Status

0

SRC_PITCH_OFF

The bit contra$ the pitch and offset of the blitting source.

0:- Use the default pitch and offset, and no datum
[SRC_PITCH_OFFSET] is supplied in SETUP_BODY.

1:- Use the datum [SRC_PITCH_OFFSET] supplied in SETUP_BOD
to set up a new pitch offset.

DST_PITCH_OFF

The bit controls the pitch and offset of the blitting destination.

0:- Use the default pitch and offset, and no datum
[DST_PITCH_OFFSET] is supplied in SETUP_BODY.

1:- Use the datum [DST_PITCH_OFFSET] supplied in SETUP_BOD
The pitch may mean the bitmaggh and the offset may points the-off
screen area of the video memory.

SRC_CLIPPING

This bit controls the clipping parameters of the blitting source.

0:- Use the default clipping parameters, and no relevant clipping dat
supplied in SETUP_BODY.

1:- Use datum [SRC_SC_BOT_RITE] supplied in SETUP_BODY to
up the bottom and right edges of the clipping rectangle.

DST_CLIPPING

This bit controls the clipping parameters of the blitting destination.
0:- Use the default clipping parameters, and no releglpping data
supplied in SETUP_BODY.

1:- Use data [SC_TOP_LEFT] and [SC_BOTTOM_RIGHT] supplied
SETUP_BODY to set up a new clipping rectangle.

74

BRUSH_TYPE

Types of brush used in drawing. The type code determines how to s|
data to the suldld BRUSH_PACKET in SETUP_BODY. See detailed
definition of BRUSH_TYPE in the following.

11:8

DST_TYPE
{Not Used by uCode}

The pixel type of the destination.
0--1 - (reserved)

- 8 bpp pseudocolor

- 16 bpp aRGB 1555

- 16 bpp RGB 565

- reservel

- 32 bpp aRGB 8888

- 8 bpp RGB 332

- Y8 greyscale

- RGB8 greyscale (8 bit intensity, duplicated for all 3 channels. Grg
channel is used on writes)

10 = (reserved)

11 = YUV 422 packed (VYUY)
12 = YUV 422 packed (YVYU)

© 00 ~NO Ol WN

13 - (reserved)

7 through 15
not supported in
3D pipe
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14 - aYUV 444 (8:8:8:8)

15 :aRGB4444 (intermediate format only. Not understood by the
Display Controller)

Note: choices 715 only valid in 3D mode.

13:12 | SRC_TYPE The field indicates the pix¢ype of blitting source.
{Not Used by uCode} | 0:- The source data type is mono opaque, and the dok background
colours need to be redefined.
1:- The source data type is mono transparent, and only the foregroun
colour needs to be redefined.
2:- Reserved.
3:- The source igel type is the same as that given in field DST_TYPE
If bit 27 (SRC_TYPE) is one then the following new sources are
available:
4:- 4bpp source clut translation (May not be supported, value reserve
5:- 8bpp source clut translation
6:- 32 bpp source cturanslation (gamma correction)
7:- 64 bpp Obuffer blit
14 | PIX_ORDER The bit decides the order of bits (or pixels) in DWORD to be consum
{Not Used by uCode} | Only applicable to the monochrome mode.
0 - Bits to be consumed from the Most Significant @SB) to the Leas
Significant Bit (LSB).
1 - Bits to be consumed from LSB to MSB.
15 COLOR_CONVT Reserved Not supported
{Not Used by uCode} in 2D pipe
23:16 | WIN31_ROP This field tells the GUI engine how the raster operation toarged out.
{Not Used by uCode} | The code of this field follows the ROP3 code defined by Microsoft. §
WIN31 DDK for reference.
26:24 | SRC_LOAD The field indicates where the source data come from.
{Not Used by uCode} | 0,1 - Reserved
2 - loaded from the video memory (taagular trajectory)
3 - loaded through the HOSTDATA registers (linear trajectory)
4 - loaded through the HOSTDATA registers (linear trajectory & byte
aligned)
Note that during 3D/Scale Operations (whenever
SCALE_3D_FCN@MISC_3D_STATE_REG is naero), ths field is
ignored and data is always loaded from the 3D/Scaler pipeline.
27 SRC_TYPE Third bit of SRC_TYPE Compatible 128
{Not Used by uCode} code must write
zero to this
register.
28 GMC_CLR_CMP_FCN|] 0 - No change to CLR_CMP GN_SRC and CLR_CMP_FCN_DST TBD
_DIs 1 - clear CLR_CMP_FCN_DST and CLR_CMP_FCN_SRC 0 0
{Not Used by uCode}
29 Reserved Reserved Reserved
{Not Used by uCode}
30 | GMC_WR_MSK_DIS | 0 - No Change to DP_WR_MSK/CLR_CMP_MSK
{Not Used by uCode} | 1 :-Set DP. WR_MSK/CLR_CMP_MSK to Oxfffffff
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31 BRUSH_FLAG This field indicates whether there is a field BRUSH_Y_X field in the
SETTINGS.SETUP_BODY.

0:- No such afield in SETTINGS.SETUP_BODY.

1:- There is a field in SETTINGS.SETUP_BODY.

1 SETTINGS.SETUP_BODY

This field may contain the followingubfields. Their presence depends on the bit0
SETTINGS.GUI_CONTROL

Ordinal Field Name Description
1 [SRC_PITCH_OFFSET] | Bit 30: Select between untiled(0) and tiled (1)
Bit 31: select between no microtiling(0) and microtiling(1

Bits 29:22  Pitch in units of 64 bytes, 64 to 16384 bytes acro
bits 21:00ffset in units of 1KB, 0 to 4GBK

2 [DST_PITCH_OFFSET] | Bit 30: Select between untiled(0) and tiled (1)

Bit 31: select between no microtiling(0) and microtiling(1
Bits 29:22  Pitch in units of 64 fates, 64 to 16384 bytes acros
bits 21:0 Offset in units of 1KB, 0 to 4GBK

3 [SRC_SC_BOT_RITE] [ The parameters are used to setup the clipping area of the sou
The implied coordinates of the tdgft corner of the clipping
rectangle is the same as gwurce.

[13:0] - x-coordinate of the right edge of the clipping rectanglg
number of pixels).

[29:16] - y-coordinate of the bottom edge of the clipping
rectangle (in number of scanlines).

4 [SC_TOP_LEFT] The parameters are used to pethe clipping area of destination.
[SC_BOT_RITE] SC_TOP_LEFT:

[13:0] - x-coordinate of the left edge of the clipping rectangle
number of pixels).

[29:16] - y-coordinate of the top edge of the clipping rectangle
number of scanlines).
SC_BOT_RITE:
[13:0] - x-coordinate of the right edge of the clipping rectanglg
number of pixels).

[29:16] - y-coordinate of the bottom edge of the clipping
rectangle (in number of scanlines).

5 { BRUSH_PACKET } The content of this field is determined by field
SETTINGS.GUI_CONTROL.BRUSH_TYREee the following
table for the possible content.

6 [BRUSH_Y_X] [4:0] :- x-coordinate for brush alignment.

[12:8] - y-coordinate for brush alignment.

[20:16] = Initial value used for BRUSH_X pointer in drawing
Lines. When POLY_LINEs off, it is reloaded from BRUSH_X
at the end of the line. When POLY_LINEas, it is reloaded
from the current Brush pointer at the end of the line. Wheneve
BRUSH_X is updated, the field should be written with the sam
value.

1 SETTINGS.SETUP_BODY.BRISH_PACKET
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Note that all but 6 and 7 are not available for lines, and 6 and 7 are only usable for lines.

BRUSH_TYPE | Description of the brush Packet size Packet content
0 A 8 x 8 mono pattern with the foreground | 4 DWORDs [BKGRD_COLOR]
and background colours specified in the [FRGRD_COLOR]
paclet. Here the matrix is represented in th [MONO_BMP_1]
formatcolumnby-row. [MONO_BMP_2]
1 A 8 x 8 mono pattern with the foreground | 3 DWORDs [FRGRD_COLOR]
colour specified in the packet and the [MONO_BMP_1]
background colour the same as that of the [MONO_BMP_2]
areato be painted.
2 Reserved not applicable
3 Reserved not applicable
4 Reserved not applicable
5 Reserved not applicable
6 A 32 x 1 mono pattern with the foregroung 3 DWORDs [BKGRD_COLOR]
and background colours specifigdthe [FRGRD_COLOR]
packet. This pattern corresponds to the PH [MONO_BMP_1]
of Win95 DDK. And is only usable for lines
7 A 32x1 mono pattern with the foreground | 2 DWORDs [FRGRD_COLOR]
colour specified in the packet and the [MONO_BMP_1]
background colour the samethsat of the
area to be painted. This is PEN as well. An
is only usable for lines.
8 Removed, see 32x32 in 3D pipe not applicable
9 Removed, see 32x32 in 3D pipe not applicable
10 A 8x8 colour pattern. The pixelpg is given | 16* N DWORDs, | [COLOR_BMP_1]
by field where N stands | [COLOR_BMP_2]
SETTINGS.GUI_CONTROL. for the number of | ...
DST_TYPE. bytes per pixel [COLOR_BMP_16*N]
with exception
that a 24BPP
pixel is still
represented by 4
bytes.
11 Reserved not appli@able
12 Reserved not applicable
13 Use the colour specified in the packet as tif 1 DWORD [FRGRD_COLOR]
solid (plain) colour for the brush, i.e. a colo|
brush without pattern.
14 Use the colour specified in the packet as tif 1 DWORD [FRGRD_COLOR]
solid (plain) colour fothe brush, i.e. a coloy
brush without pattern.
15 No brush used. 0
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Brush packet content

Field Name Description

[FRGRD_COLOR] | The foreground colour of the text in the RGBQUAD format.
bits [7:0] - intensity of Blue;

bits [15:8]:- intensity of Green; and

bits [23:16] : intensity of Red.

bits [31:25] : reserved.

[BKGRD_COLOR] | The background colour of the text in the RGBQUAD format.
bits [7:0] - intensity of Blue;

bits [15:8] : intensity of Green; and

bits [23:16] : intensty of Red.

bits [31:25] : reserved.

[MONO_BMP_Xx] Raster data of monochrome pixels. One bit represents one pixel. If the
number of pixels for the field is less than 32, the pixels take the lower b
The remaining bits should be fil

[COLOR BMP_x] Raster data of colour pixels. The representation depends on the pixel ty

DATA_BLOCK

The composition of this field depends on the operation E6d®@PCODEgiven in the header. Section B.2 gives
details ofDATA_BLOCHKuith respect tdT_OPCODE In the following, the fieldSETTINGSmay appear in the
definition of a packet, but will not be described further.

6.2.2.1 NOP
Functionality

Skip a number of DWORDs to get to the next packet.

Format
Ordinal Field Name
1 [ HEADER ]
2 {DATA BLOCK}
DATA_BLOCK

Thisfield may consist of a number of DWORDs, and the content may be anything.

6.2.2.2 PAINT
Functionality

Paint a number of rectangles with a colour brush.

Format
Ordinal Field Name
1 [ HEADER ]
2 {SETTINGS}
3 {DATA BLOCK}
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DATA_BLOCK
Ordinal Field Name Desciiption
1 [TOP_1|LEFT_1] | The coordinates of the tdpft corner of the 1st rectangle to be painted.

LEFT_1: [15:0]: x-coordinate, ranging fror8192 to 8191. Bits 14 and 15
should be copies of bit 13.
TOP_1: [31:16F y-coordinate, ranging fror8192 t08191. Bits 30 and 31
should be copies of bit 29.

2 [BOTM_1| RITE_1] | The coordinates of the botteright corner of the 1st rectangle to be paints
RITE_1: [15:0]: x-coordinate, ranging fror8192 to 8191. Bits 14 and 15
should be copies of bit 13.

BOTM_1: [31:16]: y-coordinate, ranging fror8192 to 8191. Bits 30 and

31 should be copies of bit 29.

2nl [TOP_n| LEFT_n] The coordinates of the tdpft corner of the #ih rectangle to be painted.

2n [BOTM_n| RITE_n] | The coordinates of the botteright corner of the #th rectangle to be
painted.

6.2.2.3 HOSTDATA BLT
Functionality

Copy a number of bipacked bitmaps to the video memory. It can be used to print a string of large characters on the
screen. In other words, the function supports the LARGEBNEH structure of Windows95 DDK.

Format
Ordinal Field Name
1 [ HEADER ]
2 {SETTINGS}
3 {DATA_ BLOCK}
DATA_BLOCK
Ordinal Field Name Description
1 [FRGD_COLOUR] | Foreground colour in the RGBQUAD format. For metoacolour expansior

only. The field is irffective if field SRC_TYPE at
SETTINGS.GUI_CONTROL is set to a type other than mono opaque o
mono transparent (O or 1).

2 [BKGD_COLOUR] | Background colour in the RGBQUAD format. For metaocolour
expansion only. The field is ineffective if field SRC_PFE at
SETTINGS.GUI_CONTROL is set to a type other than mono opaque o
mono transparent (0 or 1).

3 {BIGCHAR 1} Data block of the 1st character.

m+2 {BIGCHAR _m} Data block of the nth character.

1 DATA_BLOCK.BIGCHAR_x

Ordinal Field Name Description

1 [BaseY | BaseX] The coordinate ofthetepe ft corner of the ch
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BaseX: [15:0] : x-coordinate.
BaseY: [31:16]- y-coordinate.

2 [HEIGHT | WIDTH] | The geometry of the bitmap.
WIDTH: [15:0] :- width of the bitmap.
HEIGHT: [31:16] : height of the bitmap.

3 [ NUMBER[13:0] ] The number of DWORDSs in the bitmap. It shouldnb& this case. The ma]
value is Ox3FFF.
4 [RASTER_1] The 1st DWORD of the mono bitmap data.
m+3 [RASTER m] The mth DWORD of the mono bitmap data.

6.2.2.4 POLYLINE

Functionality

Draw a polyline specified by a set of coordinafes, Y,) , (X, Y,), - (X,, ¥,) . Where coordinatéx,, Y,) is the
beginning of the polyline, and coordinaf, , Y, ) is the end.

Format
Ordinal Field Name
1 [ HEADER ]
2 {SETTINGS}
3 {DATA BLOCK}
DATA BLOCK
Ordinal Field Name Description
1 [YO | XO] The starting coordinate of the polyline.
X0: [15:0] - x-component of the coordinaté0: [31:16]- y-component.
2 [Y1 ]| X1] The 2nd coordin of the polyline. Definition of bits is the same as above
n+1 [Yn | Xn] The ending coordinate of the polyline. Definition of bits is the same as
above.

6.2.2.5 POLYSCANLINES
Functionality

Draw a number of scanlines and polyscanlines. The number careb&he difference between a scanline and a
polyscanline is that a scanline has only one startingotdinate and one endingcwordinate while a polyscanline
has a number of startirending xcoordinate pairs.

Format

Ordinal Field Name

1 [ HEADER ]

2 {SETTINGS}
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3 | {DATA BLOCK}
DATA_BLOCK
Ordinal Field Name Description
1 [SCAN_COUNT] The number of scan subpackets identified by SCAN_x, where x denote
ordinal number of a SCAN subpacket.
2 {SCAN 1} The 1st scanline/polyscanline.
n+1 {SCAN n} The nth scanline/polyscanline.

1 DATA_BLOCK.SCAN_X

Ordinal Field Name Description
1 [ NUM_LINE[13:0]] | The number of line segments in a polyscanline. Maximum is Ox3fff.
2 [HEIGHT | TOP ] TOP: [15:0] : y-coordinate of the polyscanline.
HEIGHT: [31:16] - The thickness of the line measured in pixels.
3 [END_1 | START_1]| START_1: [15:0] : the starting xcoordinate of the 1st line segment.
END_1:[31:16]: the ending xcoordinate of the 1st line segment.
n+2 [END_n |START_n] | START_n: [15:0] :- the starting xcoordinate of the4th line segment.

END_n: [31:16]: the ending xcoordinate of the 4th line segment.

6.2.2.6 NEXTCHAR

Functionality

Print a character at a given screen location using the default foreground and background colours.

Format
Ordinal Field Name
1 [ HEADER ]
2 {DATA_ BLOCK}
DATA_BLOCK
Ordinal Field Name Description
1 [DST_Y | DST_X] The coordinates of the tdpft corner of the destination bitmap.
DST_X: [15:0]+ x-coordinate, ranging fror8192 to 8191. Bits 14 and 15
should be copies of bit 13.
DST_Y: [31:16]: y-coordinate, ranging fron8192 to 8191. Bits 30 and 3]
should be copies of bit 29.
2 [DST_H | DST_W] | The width and height of the destination bitmap, expressed in unsigned
integers.
DST_W: [15:0]: width. DST H [31:16]- height.
3 [BITMAP_DATA 1] | The 1st DWORD of the bitmap data.
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N+2 | [BITMAP DATA n] | The nth DWORD of the bitmap data.

6.2.2.7 PAINT_MULTI
Functionality

Paint a number of rectangles on the screen with one colour. The colour used is speifi@ GETTINGS while
the location and geometry of the rectangles are specified in field DATA_BLOCK.

Format
Ordinal Field Name
1 [ HEADER ]
2 {SETTINGS}
3 {DATA BLOCK}
DATA BLOCK
Ordinal Field Name Description
1 [DST_X1 | DST_Y1] | The coordinatesfdhe topleft corner of the 1st rectangle.

DST_Y1: [15:0]: y-coordinate, ranging fror8192 to 8191. Bits 14 and 11
should be copies of bit 13.

DST_X1: [31:16]: x-coordinate, ranging fron8192 to 8191. Bits 30 and
31 should be copies of bit 29.

2 [DST_W1 | DST_H1]| The width and height of the 1st rectangle, expressed in unsigned intege
DST_H1: [15:0]: height.
DST_W1.: [31:16}: width.

2nl [DST_Xn | DST_Yn] | The coordinates of the tdpft corner of the fih rectangle.
DST_Yn: [15:0]: y-coordinate, ranging fror8192 to 8191. Bits 14 and 11
should be copies of bit 13.

DST_Xn: [31:16]: x-coordinate, ranging fror8192 to 8191. Bits 30 and
31 should be copies of bit 29.

2n [DST_Wn | DST_Hn]| The width and height of the-th rectangle, expesed in unsigned integers.
DST_Hn: [15:0]: height.
DST Whn: [31:16]: width.

6.2.2.8 BITBLT
Functionality

Copy a source rectangle to a destination rectangle of the screen. It is assumed that the geometry of the destination is
identical to its source.

Format

Ordinal Field Name

1 [ HEADER ]

2 {SETTINGS}
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3 | {DATA BLOCK} |
DATA_BLOCK
Ordinal Field Name Description

1 [SRC_X1 | SRC_Y1]| The coordinates of the tdpft corner of the 1st source bitmap.
SRC_Y1:[15:0}: y-coordinate, ranging fror8192 to 8191. Bs 14 and 15
should be copies of bit 13.
SRC_X1:[31:16F x-coordinate, ranging fror8192 to 8191. Bits 30 and
31 should be copies of bit 29.

2 [DST_X1 | DST_Y1] | The coordinates of the tdpft corner of the 1st destination.
The definition of bits ishe same as SRC_X1 and SRC_Y1.

3 [SRC_W1| SRC_H1]| The width and height of the 1st source bitmap, expressed in unsigned
integers.
SRC_H1: [13:0F height.
SRC_W1:[29:16}: width.

6.2.2.9 BITBLT_MULTI
Functionality

Copy a number of source rectangles to destinaectangles of the screen respectively. It is assumed that the
geometry of the destination is identical to its source.

Format
Ordinal Field Name
1 [ HEADER ]
2 {SETTINGS}
3 {DATA_BLOCK}
DATA_BLOCK
Ordinal Field Name Description
1 [SRC X1 | SRC_Y1] | The coordinates of the tdpft corner of the 1st source bitmap.
SRC_Y1: [15:0): y-coordinate, ranging fror8192 to 8191. Bits 14 and 1§
should be copies of bit 13.
SRC_X1:[31:16F x-coordinate, ranging fron8192 to 8191. Bits 30 and
31 should k copies of bit 29.
2 [DST_X1 | DST_Y1]| The coordinates of the tdpft corner of the 1st destination.
The definition of bits is the same as SRC_X1 and SRC_Y1.
3 [SRC_W1| SRC_H1]| The width and height of the 1st source bitmap, expressed in unsigned
integers.
SRC_H1: [13:0F height.
SRC_W1: [29:16} width.
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3nl

[SRC_Xn | SRC_Yn]

The coordinates of the tdpft corner of the fih source bitmap.

SRC_Yn: [15:0}: y-coordinate, ranging fror8192 to 8191. Bits 14 and 14
should be copies of bit 13.

SRC_Xn: [31:16F x-coordinate, ranging fror8192 to 8191. Bits 30 and
31 should be copies of bit 29.

3an2

[DST_Xn | DST_VYn]

The coordinates of the tdpft corner of the #th destination.
The definition of bits is the same as SRC_Xn and SRC_Yn.

3n

[SRC_Wn| SRC_Hn]

The width and height of theth source bitmap, expressed in unsigned
integers.

SRC_Hn: [13:0F height.

SRC_Whn: [29:16}: width.

6.2.2.10 TRANS_BITBLT

Functionality

Copy pixels from the source rectangle to the destination with transparency.

Format
Ordinal Field Name

1 [ HEADER ]

2 {SETTINGS}

3 {DATA BLOCK}

DATA_BLOCK
Ordinal Field Name Description

1 [CLR_CMP_ CNTL] | This field decides how the transparent blitting is done. See following fo
details.

2 [SRC_REF_CLR] Source reference colour ihe RGBQUAD format. This is the colour to be
stripped off from the source.

3 [DST_REF_CLR] Destination reference colour in the RGBQUAD format. This is the colou
be preserved at the destination.

4 [SRC_X1 | SRC _Y1]| The coordinates of the tdpft comer of the 1st source bitmap.
SRC_Y1: [15:0}: y-coordinate, ranging fror8192 to 8191. Bits 14 and 14
should be copies of bit 13.
SRC_X1:[31:16} x-coordinate, ranging fror8192 to 8191. Bits 30 and
31 should be copies of bit 29.

5 [DST_X1 | DST_Y1]| The coordinates of the tdpft corner of the 1st destination.
The definition of bits is the same as SRC_X1 and SRC_Y1.

6 [SRC_W1| SRC_H1]| The width and height of the 1st source bitmap, expressed in unsigned
integers.
SRC_H1: [13:0F height.
SRC_W1: [®:16]- width.

1 DATA_BLOCK.CLR_CMP_CNTL

This field controls how the source pixels are written to the destination, depending on the source and destination

reference colours and comparison settings. The source pixels may be filtered against the smnce celeur,
and the destination pixels with a specific colour may be preserved according to field CLR_CMP_DST.

Bit(s)

Bit-Field Name

Description

2:0

CLR_CMP_SRC

Strip off the source reference colour from the source pixels.
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0 - Do not strip off sourceipels. All source pixels are written to the destination.
1 - Block the blitting source. No source pixel is written to the destination.

2, 3 - reserved.

4 - The source pixels whose colour is equal to the reference colour are written
destination.

5:- The source pixels whose colour is NOT equal to the reference colour are W
to the destination.

6 - Reserved.

7 - The source pixels whose colour is equal to the reference colour will be XO
with the foreground colour of a mono bitmap, and tiveitten to the destination.
That is, destPixel = srcPixel XOR foregrndColor if srcPixel is equal to the
foreground colour of a mono bitmap, specifically text. This is referred to as flip
sometimes.

7:3 Reserved

10:8 CLR_CMP_DST Preserve pixels at ¢hdestination.
0 - Do not preserve the destination pixels. All pixels from the source are writte
the destination.
1 - Preserve all the destination pixels. No source pixel is written to the destina]
2, 3 - Reserved.
4 - The destination pixels wdse colour is equal to the reference colour are
preserved. No source pixel is written on top of the pixels.
5 - The destination pixels whose colour is NOT equal to the reference colour g
preserved.
6, 7 - Reserved.

23:11 | Reserved

25:24 | CMP_ENABLE The bits controls what type of operation to be carried out.
0 - Enable function CLR_CMP_DST.
1 - Enable function CLR_CMP_SRC
2 - Enable both CLR_CMP_SRC and CLR_CMP_DST. The final decision is b
on the agreement between decisions made separately.
3 - Reserved.

31:26 | Reserved

6.2.2.11 PLY_NEXTSCAN

Functionality

Draw a number of scanlines or polyscanlines using the current settings.

Format
Ordinal Field Name Description

1 [HEADER] The packet header

2 [HEIGHT | TOP ] TOP: [15:0] : y-coordinate of the scéine/polyscanline.
HEIGHT: [31:16] = The thickness of the line measured in pixels.

3 [END_1 | START_1]| START_1:[15:0] : the starting xcoordinate of the 1st dash.
END_1: [31:16]: the ending xcoordinate of the 1st dash.

n+2 [END_n |START_n] | START_n: [15:0] = the starting xcoordinate of the 1st dash.

END_n: [31:16]: the ending xcoordinate of the 1st dash.
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6.2.2.12 LOAD_PALETTE
Functionality

Set up the 3D engine scaler and load a palette for a consequent 2D scaling operation.

Format
Ordinal Field Name Description

1 [HEADER] The packet header

2 [SCALE_DATATYPE ] | 1:- The palette has 16 entries (4 bpp palette).
2:- The palette has 256 entries (8 bpp palette).

3 [ COLOR_1] The F'entry of the palette.
Data is in destination format (i.e. ARGB8888, BG 6 5 , RGB5

4 [ COLOR_2] The 2% entry of the palette. Bits are defined as above.

n+2 [ COLOR_n] The nth entry of the palette. n = 16 (4bpp) or 256 (8bpp)

6.2.2.13 SET_SCISSORS
Functionality

Set the scissors to the given parameters.

Format
Ordinal Field Name Description

1 [HEADER] The packet header

2 [TOP_LEFT] [13:0] - x-coordinate of the left edge of the clipping rectangle (in numbg
pixels).
[29:16] - y-coordinate of the top edge of the clipping rectangle (in numi
of scanlines).

3 [ BOTTOM_RIGHT] | [13:0] - x-coordinate of the right edge of the clipping rectangle (in numy
of pixels).
[29:16] - y-coordinate of the bottom edge of the clipping rectangle (in
number of scanlines).

© 2010 Advanced Micro Devices, Inc.
Proprietary a7



AMDH Revision 1.5 June 8, 201C

6.2.3 3D Packets
6.2.3.1 3D_DRAW_VBUF
Functionality

Draws a set gprimitives using a vertex buffer(s) pointed to by state data.

Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 [VAP_VTX FMT] ** Not Written to Hardware, Microcode Throws Away **
3 [VAP_VF _CNTL] Primitive type and other contrdiSee VAP_VF_CNTL register in register spec)
Number of Vertices is bits: 31:16

6.2.3.2 3D_DRAW_IMMD
Functionality

Draws a set of primitives using vertices stored in packet.

Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 [VAP_VTX_FMT] ** Not Written to Hardware, Microcode Throws Away **
3 [VAP_VF_CNTL] Primitive type and other control (See VAP_VF_CNTL register in register spec)
Number of Vertices is bits: 31:16
4toend | Vertex data Up to 16,380 DWORDSs of vertex data.
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6.2.3.3 3D_DRAW_INDX
Functionality

Draws a set of primitives using a vertex buffer(s) pointed to by state data, index from indices in packet. Indices are
either 16bit or 32bit.

Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 [VAP_VTX_FMT] ** Not Written to Hardware, Microcode Throws Away **
3 [VAP_VF_CNTL] Primitive type and other control (See VAP_VF_CNTL register in register spec)

Number of Vertices is bits: 31:16

4toend | [indx16 #2 |indx16 #1] | Up to or 32,760 1it indices or $,380 32bit indices to vertex data points
or [indx32] to by state registers. The INDEX_SIZE field in the VAP_VF_CNTL regis
indicates whether the indices areli6or 32bit. See INDX_BUFFER
packet for support of more indices.

6.2.3.4 3D_DRAW_VBUF_2
Functionality
Drawsa set of primitives using a vertex buffer(s) pointed to by state data.

Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 [VAP_VF_CNTL] Primitive type and other control (See VAP_VF_CNTL register in register spec)
Number of Verttes is bits: 31:16
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6.2.3.5 3D_DRAW_IMMD_2
Functionality
Draws a set of primitives using vertices stored in packet.

Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 [VAP_VF_CNTL] Primitive type and other control (See VAP_VF_CNTL regjish register spec)
Number of Vertices is bits: 31:16
3toend | Vertex data Up to 16,381 DWORDs of vertex data

6.2.3.6 3D_DRAW_INDX_2
Functionality
Draws a set of primitives using a vertex buffer(s) pointed to by state data, index from indices in packet.

Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 [VAP_VF_CNTL] Primitive type and other control (See VAP_VF_CNTL register in register spec)

Number of Vertices is bits: 31:16

3toend | [indx16#2 |indx16 #1]| Up to or 3762 16bit indices or 16,381 3Bit indices to vertex data pointe
or [indx32 #1] to by state registers. The INDEX_SIZE field in the VAP_VF_CNTL regif
indicates whether the indices areldi6or 32bit. See INDX_BUFFER
packet for support of more indices.
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6.2.3.7 3D_DRAW_128
Functionality

Draws a set of primitives using a vertex buffer(s) pointed to by state data, index from indices in packet. Data/Indices
are written to 12&it VAP vector data port to take advantage of the-i28ata path for sending data. The packet
shouldonly be used in bus master mode.

Vector mode operates as follows:

1. Data will be written to the destination register (VAP_POR_DATA IDX_128) one DWORD at a time until
the source address of the data is aligned to a vector (128 bits).

2. Once aligned, the data Mbe written 128bits per clock to the destination register. The CP does grouping
of the data such that it will wait until a full vector is available if the MC is slow in returning the data that

was requested.

3. If the last DWORDs of a packet do not filvactor, they will still be written in one clock, but the DWORD
write mask will be set accordingly.

Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 [VAP_VF_CNTL] Primitive type and other control (See VAP_VF_CNTL register ifstegspec)
Number of Vertices is bits: 31:16
3toend | Dataor Indices See other 3D_DRAW packets for details.
6.2.3.8
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6.2.3.9 3D_LOAD_VBPNTR
Functionality

Load the vertex arrays pointers.

Format
Ordinal Field Name Description

1 [ HEADER ] Header of the packet
2 VTX_NUM_ARRAYS Number of arrays
3 VTX_AOS ATTRO1 Control for the first two arrays
4 VTX_AOS_ADDRO Pointer to first array
5 VTX_AOS_ADDR1 Pointer to second array
6 VTX_AOS_ATTR23 And so oné.
7 VTX_AOS_ADDR2
8 VTX_AOS_ADDRS3
9 VTX_AOS_ATTR45
10 VTX_AOS_ADDR4
11 VTX_AOS_ADDRS5
12 VTX_AOS_ATTR67
13 VTX_AOS_ADDRG6
14 VTX_AOS_ADDRY
15 VTX_AOS_ATTR89
16 VTX_AOS_ADDRS
17 VTX_AOS_ADDR9
18 VTX_AOS ATTR1011
19 VTX_AOS_ADDRI10
20 VTX_AOS ADDRI11

6.2.3.10 3D_CLEAR_HIZ

Functionality

Clear HIZ RAM.
Format
Ordinal Field Name Description
1 [ HEADER ] Header of the packet
2 START Start
3 COUNTI13:0] Count[13:0]i Maximum is Ox3FFF.
4 CLEAR_VALUE The value to write into the HIZ RAM.

6.2.3.11 INDX_BUFFER

Functionality

Initiates Indirect Buffer #2 (IB #2) to fetahata that is written to the destination address. The main reason for this
packet is to fetch indices from an index buffer. The packet however can be used to fetch any type of data and write it
to destination address(s) in the chip.

To process an index bfef, first issue a 3D_DRAW_INDX packet with only the VAP_VTX_FMT and
VAP_VF_CNTL DWORDs (i.e. count = 1). Then process an INDX_BUFFER packet to supply the indices that
would have otherwise been in the 3D_DRAW _INDX packet. Note: For a 3D_DRAW_INDX_2 pHuket,
VAP_VTX_FMT is not present and the count in the header should be zero.
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The maximum size of the Indirect #2 Buffer is 8,192K DWORDs determined by the BUFFER_SIZE field. So
the maximum number of indices supported is 8,192Ki82r 16,384K 16bit indices. These maximums may be
further limited by the design of the Vertex Fetcher/Vertex Cache. See the VAP specification for details.

Format
Ordinal Field Name Description

1 [ HEADER ] Header of the packet

2 [ONE_REG_WR | ONE_REG_WRi Bit 31 (Set for uppeword-aligned buffers)
SKIP_COUNT | SKIP_COUNTI Bits 18:16: Number of DWORDSs to discard at start of data buf
DESTINATION] DESTINATION Address Bits 12:0

3 BUFFER_BASE[31:2] | Base Address of Buffér Written to CP_I1B2_BASE

4 BUFFER_SIZE[22:0] Size of Buffer in DWORDS$ Written to CP_IB2_BUFSZ to initiate the Indirect

Buffer #2. Note that the (BUFFER_SIZEL) also overwrites the CNT register in
the micro engine so that the parser will not finish with this packet until all the d;
from the IB #2is transferredEor misaligned data, this number must be increasei
1.
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6.2.3.12 MPEG_INDEX

Functionality

Packed register writes for MPEG and Generation of Indices.

Format

Ordinal

Field Name

Description

1

[ HEADER ]

Header field of the packet.

2

[MASK]

DWORDwr i t e Mas k : Bits 15:

write the register:
bitf0)] VAP_PVS_CODE_CNTL_O present
bit[l] VAP_PVS_CODE_CNTL_1 present

bit2] VAP_PROG_STREAM_CNTL_O present
bit3] VAP_PROG_STREAM_CNTL_1 present

bit{4] VAP_PROG_STREAM_CNTIL_2 present
bitf5] VAP_PROG_STREAM_CNTL_3 present
bit[6] VAP_OUT_VTX_FMT_O present

bit[7] VAP_OUT_VTX_FMT_1 present

bit[8] VAP_VTX_NUM_ARRAYS present
bitf9] RS_COUNT present

bit{10] RS_INST_COUNT present

bit[11] TX_ENABLE present

bit[12] US_CODE_ADDR_0 preent

bit{13] US_CODE_ADDR_1 present

bit{14] US_CODE_ADDR_2 present

bit[15] US_CODE_ADDR_3 present

bit[16] US_CONFIG present

bit{17] RB3D_DSTCACHE_CTLSTAT present
bit{18] RB3D_COLOROFFSETO present

bit[19] RB3D_COLORPITCHO present

Conditional

[Register Values]

Values to Write into Registers. Only present in packet if corresponding
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3upto 22 Aipresento bit is set in the MASK
Next [VF_CNTL] Written Unconditional to VAP_VF_CNTL register
Next+1 [NUM_INDICES] | Number of Index Base Values (0x3FFF Maximum)
Next+2 to [FIRST_INDEX] First Index of Quad. (0x0000 to OXFFFC)
Next+2+
For each #AFirst Indexo, CP wildl
NUM_INDIC
ES FIRST_INDEX
FIRST_INDEX+1
FIRST_INDEX+2
FIRST_INDEX+3
Last Values | [DUMMY] Any value is fine. Any numér of dummy values are supported.
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6.2.4 PRED EXEC
Functionality
Perform a predicated execution of a sequence of packets (type 0, 2, and type 3) on select devices.

Format
Ordinal Field Name Description
1 [ HEADER ] Header field of the packet.
2 [DEVICE_SELECT]| DEVICE_SELECT: [31:24] bitfield to select one or more device upo

EXEC_COUNT] which the subsequent predicated packets will be executed
EXEC_COUNT: [22:0] total number of DWORDs of subsequent
predicated packets. This count wraps the packets thabevifedicated
by the device select.

6.2.4.1 WAIT_SEMAPHORE
Functionality

Wait for a semaphore to be zero before continuing to process the subsequent command stream. There are four
microcode ram slots set aside for use as semaphores. These are at offd@tfFC

Notes

The driver/application executing on the CPU can write-p@mo values at any time to semaphore memory. The
application can write a nerero value to cause the CP mi@ogine to pause at the next WAIT_SEMAPHORE
packet in the command stream. This the affect of pausing all GPU rendering that is queued in the indirect and
ring buffers. The application can then write a zero to the semaphore to allow theemgame to proceed.

The application can write to the semaphore memory by a direct (Rji3)aewrite to two registers:
1. Write the semaphore offset (OxFC, OxFD, OxFE, or OxFF) tCeME_RAM_ADDRregister.
2. Write the semaphore value (zero or remm0) to the CP_ME_RAM_DATAL register.

Format
Ordinal Field Name Description
1 [ HEADER ] Headeffield of the packet.
2 Semaphore offset This is the desired semaphore to test in the wait loop. This can be any
0xFC, OxFD, OxFE, OxFF.
3 Semaphore reset Optional. This value, if present, is written to the semaphore offset oncg
wait loop hadeen satisfied (i.e., once the semaphore is zero).
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6.2.5 Miscellaneous Packets

6.2.5.1 COND_EXEC
Functionality

Perform a conditional execution of a sequence of packets (type 0, 2, and type 3) based on a boolean stored in GPU
accessible video memory.

This packet use #Indirect Buffer #2 (1B2) to read the boolean in memory. Therefore, this packet can not be
initiated from an 1B2.

Notes

Care must be taken to make certain that EXEC_COUNT contains the exact number of DWORDs for the subsequent
packets that are to be conditally executed. The microengine will start parsing the DWORD immediately
following EXEC_COUNT DWORDs. If this is not a packet header, the device will encounter corruption or hang.

Format
Ordinal Field Name Description
1 [ HEADER ] Header field of the acket.
2 TWO This value must be 2
3 EXEC_COUNT EXEC_COUNT: [22:0] total number of DWORDs of subsequent
conditional packets. This count wraps the packets that will be
conditionally executed.

6.2.5.2 WAIT_MEM
Functionality

Wait for a GPUaccessible memory saphore to be zero before continuing to process the subsequent command
stream. The semaphore can reside in any @&t¢ssible memory (local or ndocal). The base address of the
semaphore must be aligned to a DWORD boundary. The semaphore in memorg cdsistDWORDSs.

This packet has no ability to increment, decrement or otherwise change the contents of the memory semaphore.

The memory semaphore consists of two DWORDs: the actual semaphore and an extra DWORD with a fixed value
of two. The extra DWORD isequired and guarantees that the command processor-enigioe can loop properly
in order to repeatedly test the semaphore value as necessary. The semaphore is organized as follows:

Semaphore value

Fixed value of 2

This packet use the Indirect Buffé? (IB2) to read the memory semaphore. Therefore, this packet can not be
initiated from an 1B2.

Notes

If both ordinal 3 (SEM_LEN) and the DWORD in memory following the semaphore value is not equal to two, the
CP micreengine will become confused and ultilg hang the hardware.

The driver/application executing on the CPU can write-p@mo values at any time to semaphore memory. The
application can write a nerero value to cause the CP mi@wogine to pause at the next WAIT_MEM packet in the
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command straa. This has the affect of pausing all GPU rendering that is queued in the indirect and ring buffers.
The application can then write a zero to the semaphore to allow the-enigitoe to proceed.

Format
Ordinal Field Name Description

1 [ HEADER ] Header feld of the packet.

2 SEM_ADDR[31:2] Memory semaphore device address (DWORD aligned)
This value is written to the CP_I1B2_BASE in order to read the semaphd

3 SEM_LEN Memory semaphore length
This value MUST be 2
This value is written to the CP_IB2_BUFSiZorder to read the semapho
the first time
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7. Vertex Shaders

7.1 Introduction

The VAP includes the Vertex Fetcher and Vertex Cache which take commands and vertex data from a command
stream and formats it into vertices and primitives. Typically, the comsnare stored in a ring buffer and the

vertex data is stored as a separate array in memory, although there are other possibilities described later. The VAP
begins operation when a command to render a set of primitives is received. Depending on thelctmervaP

will either expect vertex data to be sent, or it will perform the memory accesses to read the vertex data on its own.
The format of the vertex data is described later in this section.

The VAP includes a Programmable Vertex Shader (PVS) Endimghwerforms programmable operations on

vertices which are then subsequently assembled and clipped. This programmable processing path will also be used
to perform all FixeeFunction vertex processing after driver generation of a shader fromftiretion state

settings.

The VAP includes a Clip Engine which will clip primitives (using the RM8cessed vertices) to the 6 frustum

planes as well as to 6 Usbefined Clip Planes. The VAP includes a Viewport Transform Engine (VTE) which
performs the perspeéce divide and viewport transformation operations on the vertex data and a Reciprocal Engine
(RCP) which performs an IEEE 28t mantissa accurate 1/X function.

7.2 Input

The input to the VAP is @ommand Packethich contains two parts: a command to rerstene set of primitives

(like a list of triangles), and a set of vertex data. As described later, the vertex data may be sent to the VAP or the
Vertex Fetcher may fetch the data. There are a number of different data formats which are possible. @ata may b
stored as an array of structures (AOS), a structure of arrays (SOA), or in a strided vertex format. The AOS mode is
what has been used up to DX6. In AOS mode, all of the data for a vertex is stored sequentially as one contiguous
block of memory as shawin Figure In SOA mode, the data for each parameter (like x or w) is stored as a separate
array. To get all of the data for a vertex, one must look into several different arrays. For example, assume that we
have eight vertices which have the parameters X, Y, W, S, and T. In SOA mode the data would be stored in five
different arrays as shown Figure In the strided vertex format, data is stored in several differemgsar Each

array holds a variable number of parameters. For example, the first array might hold the x, y, and z coordinates. A
second array might hold the diffuse color, a third array might hold the S and T coordinates for a textUfigarap.
shows how a strided vertex with x, y, z, w, S, and T might be stored. The holes in the xyz array are not required but
are shown to indicate the flexibility allowed with the strided vertex format.

dword O 1 2 3 4

Base Address —» | X0 | YO |wO| SO| TO
X1]Y1l|W1| S1| T1
X2 Y2|W2| S2| T2
X3 Y3|W3| S3| T3

Figure: AOS Vertex Data Storage
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dword 0 1 2 3

Base Address ——» | X0 || X1 | X2 | X3|

Base Address ——» | YO0 || Y1 | Y2 | Y3|

Base Address ——» |WO|| W1|W2|W3|

Base Address ——» | SO || Sl| 82| 83|

Base Address ——» | TO || T1| T2| T3|

Figure: SOA Vertex Data Storage
dword o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Base Address — [xo] o[ zo [ xa [ va| zs ] x2[ v2 [ z2 ] x3] v3[ zzs [
Base Address —» |WO|W1|| W2|W3|

Base Address —» | so| o] s1| 1] s2] 12] s3] T3]

Figure: Strided Vertex Data Storage

To represent all of these formats, the Vertex Fetcher architecture allows for a vertexgortidesnultiple

arrays of structures Each array is described wittbase addressacountand astride. The base address points to

the beginning of the array. The count indicates the number of dwords of vertex data in this array. The stride gives
the number of dwords to the next structure in the array of structures. The AOS vert@&iduoewith 5 parameters

would be represented with a single array which consists of 5 dwords with a stride of 5 dwad@&OA kertex

from Figurewould be represented with 5 arrays. Each array would have a count of 1 and a stride of 1. The strided
vertex fromFigurwould be represented withree arrays. The first array would have a count of 3 and a stride of 4.
The second array would have a count of 1 and a stride of 1. The third array would have a count of 2 and a stride of
2. A given implementation of this architecture may have &wifft maximum number of arrays of structures. If

only AOS is supported, then only one array is required. To support a strided vertex format with three textures, 7
arrays would be required (xyz, w, diffuse, specular, SOTO, S1T1, S2T2.) To suppors®&urode, each

parameter would require its own array.

The access to vertex data may be immediate or by an index. In immediate mode, the base address of an array of
vertex data is provided. The vertex data should be read in the order in which it idsimeduce the desired

primitives. In indexed mode, a base address to the beginning of the vertex data is provided along with a set of
indices. The indices are used to access vertices in any order.

The vertex indices are clamped between a minimum amxihmen state value which is supplied by the driver. This
prevents making requests to illegal or unavailable memory addresses.

Finally, the vertex data can be embedded as part of the command stream, or it can be stored in a sepdrage array.
figure belowshows all of the possible vertex data storage modes along with implementation details for each mode.
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The table below describes the parameters that may be in a vertex, as supplied to the graphics controller

device.

NOTE: With the R300 PVS-only vertex processing path and PS&nly input vertex data mapping path, the

TCL (or PVS) input memories have no predefined mapping to vertex values. This is completely determined
by the driver FF->PVS conversion process. Due to this fact, the table below is fairly am@ngless to the vertex
process. ltis retained as a guide to help describe the fixédnction possibilities for vertex data.

Type Param Description Format Applicable
eter Interface
(PRE-TNL/
POST-TNL
/ BOTH)**
Position0 XY X0 The x coordinate of the viex IEEE floating point BOTH
YO The y coordinate of the vertex IEEE floating point BOTH
Position0 Z Z0 The z coordinate of the vertex IEEE floating point BOTH
Position0 W WO W or RHW (1/Homog W) coordinate of the | IEEE floating point BOTH
vertex
Vertex Blending | BWO0-4 | 0-4 Blend Weights IEEE floating point PRETNL
Weight(s)
PerVertex Matrix | PVMS | Vertex Blending Matrix Selects 8888 packed fixed point PRETNL
Select
Vertex Normal O NxO | The x coordinate of the vertex normal IEEE floating point PRETNL
NyO The y coordinate of the vertex normal IEEE floating point PRETNL
NzO | The z coordinate of the vertex normal IEEE floating point PRETNL
Point Size Modifier| PS Point Size Modifieii Point Sprite§ Post IEEE floating point BOTH
TCL only
Discrete Fog F Fog value' Post TCL only IEEE floating point POSTFTNL
Shininess0 Shine0 | Used for GL Material Pevertex Support IEEE floating point PRETNL
Shininess1 Shinel | Used for GL Material PeYertex Support IEEE floating point PRETNL
Color 0 ARGB | Typically Diffuse color and alpha weight Usually 8888, but can be BOTH
three or four separate IEEE
floating point values **
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Color 1 ARGB | Typically Specular color and fog/alpha weig| Usually 8888, but can be BOTH
three or four separate IEEE
floating point values **
Color 2 ARGB | Typically Used for GL Material Pevertex Usually 8888, but can be PRETNL
Support three or four separate IEEE
floating point values **
Color 3 ARGB | Typically Used for GL Material Pevertex Usually 8888, but can be PRETNL
Support three or farr separate IEEE
floating point values **
Color 4 ARGB | Typically Used for GL Material Pevertex Usually 8888, but can be PRETNL
Support three or four separate |IEEE
floating point values **
Color 5 ARGB | Typically Used for GL Material Pevertex Usually 8888, but can be PRETNL
Support three or four separate IEEE
floating point values **
Color 6 ARGB | Typically Used for GL Material Pevertex Usually 8888, but can be PRETNL
Support three or four separate IEEE
floating point values **
Color 7 ARGB | Typically Used for GL Material Pevertex Usually 8888, but can be PRETNL
Support three or four separate IEEE
floating point values **
Texture Coordinatg SO The 1st coordinate for texture number O IEEE floating point BOTH
Set 0
(usually the single dimension horizontal
compaent S)
TO The 2nd coordinate for texture number O IEEE floating point BOTH
(usually the two dimension vertical
component T)
RO The 3rd coordinate for texture number O IEEE floating point BOTH
(The 3" & 4™ components can have many
uses)*
Q0 The 4th coordinate for texture number 0 IEEE floating point BOTH
(The 3° & 4™ components can have many
uses)*
Texture Coordinatg S1 The 1st coordinate for texture number 1 IEEE floating point BOTH
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Setl

(usually the single dimension horizontal
component §

T1

The 2nd coordinate for texture number 1

(usually the two dimension vertical
component T)

IEEE floating point

BOTH

R1

The 3rd coordinate for texture number 1

(The 3° & 4™ components can have many
uses)*

IEEE floatingpoint

BOTH

Q1

The 4th coordinate for texture number 1

(The 3" & 4™ components can have many
uses)*

IEEE floating point

BOTH

Texture Coordinatg
Set5

S5

The 1st coordinate for texture number 5

(usually the single dimerm horizontal
component S)

IEEE floating point

BOTH

T5

The 2nd coordinate for texture number 5

(usually the two dimension vertical
component T)

IEEE floating point

BOTH

R5

The 3rd coordinate for texture number 5

(The 3° & 4™ components can have ma
uses)*

IEEE floating point

BOTH

Q5

The 4th coordinate for texture number 5

(The 3" & 4™ components can have many
uses)*

IEEE floating point

BOTH

Position1 XY

X1

The x coordinate of the vertex for blending

IEEE floating point

PRETNL

Y1

The y coadinate of the vertex for blending

IEEE floating point

PRETNL

Positionl Z

The z coordinate of the vertex for blending

IEEE floating point

PRETNL
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Position1 W w1 W or RHW (1/Homog W) coordinate of the | IEEE floating point PRETNL
vertex for blending

Vertex Normal 1 Nx1 | The x coordinate of the vertex normal IEEE floating point PRETNL

Nyl The y coordinate of the vertex normal IEEE floating point PRETNL

Nzl | The z coordinate of the vertex normal IEEE floating point PRETNL

** The Applicable Interface column is provided to specify which values are inputs to the TCL process and/or the

Figure: Vertex Parameters

Raster Process. All of the values can appear in the FVF at the same time, BiXlPR&ues are ignored by the
raster process and POSNL values are ignored by the TCL process. In the unlikely circumstance that-PRIST
values are provided in the FVF as inputs to the TCL process, there will be the ability to pass these values around the

TCL process.

7.3Vector

With the moveo a PSGonly and PVSonly Vertex Process, there is no fixed definition of data (or location of data)

Order and Vector

D6 s

in the input vertex memory. Therefore, the destination vector locations in the PSC are fully flexible and map
directly into the corresponding locatiamthe input vertex memory. The PSC also allows for write_mask and
swizzle capabilities to allow for more complex fixkdction and/or shader usage.

The special vector known as the NULL vector is used to keep the pipeline flow the same when thereamgsno v
to be processed. ltis a sortf

fispecial 06 vector

t hat each

engi ne

but it is used because we need to send some kind of token down the pipeline for synchronization purposes.

The NULL vector isa vector that is not to undergo vector processing, but which will carry information in its
associated flags, such as endOfPacket . Itis used when a vertex has been deleted (for culling, clipping, or other
potential reasons) and there is no valid vettelse sent with the control information.

For the case of TCL_BYPASS (or when there is no TCL present in the HW), the PSC destination vector locations
shall map directly to the semantically defined locations of the GA input memories. In this mode,rite thgc
and point size terms can use the write_enable and or swizzle capabilities of PSC to get the terms into the appropriate

channels.
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7.4 VAP Reqisters

7.4.1 VAP Vertex Data Port Reqisters

The DATA and IDX PORT registers are written with either primitive eedata or primitive vertex indices after a
Atriggerodo write has occurred. A Atri ggerzéropuam.itypee 1 s

The correct (expected) number of data words or index words must be written to these registgesioed
behavior will result.

For R300, there is a new DATA/IDX port register added for-hi2&ccess. This register is only accessible via a
PM4 Type3 packet and can only be used for indexed TRI_LIST and LINE_LIST. Other than thgpaim
limitations, using this 128it register (or PM4 Type 3 packet opcode) is identical to using the standard method.

The PRIM_WALK field in the VAP_VF_CNTL register defines what method of vertex data or indx updates are to
occur.

1 =Indexes (Indices embedded immoand stream; vertex data to be fetched from memory)

In this mode, vertex indices are written to the DATA/IDX port registers. Data is fetched using the AOS registers
corresponding to the indices in the input list. The number of indices expected is
VAP_VF_CNTL.NUM_VERTICESI 1. This mode does not use the VAP_VTX_SIZE register. The size of the
vertices is determined by the AOS register setup.

2 = Vertex List (Vertex data to be fetched from memory)

This mode does not require any vertex data or verttigds written to the DATA/IDX port registers. Data is
fetched using the AOS registers for the indices from 0 to VAP_VF_CNTL.NUM_VERTICESIdentical to
Indexes mode, except indices are internally generated.

3 = Vertex Data (Vertex data embedded imomand stream)
In this mode, the vertex data is written to the DATA port registers. The number of DWORDS expected is

VAP_VTX_SIZE.DWORDS_PER_VTX * (VAP_VF_CNTL.NUM_VERTICESB 1). The VAP_VTX_SIZE
register is new to R300.In R100 / R200, this size wasrdeed from the VAP_VTX_FMT_0/1.

7.4.2 VAP Control Register

The PVS_NUM_SLOTS should be set to the minimum of
1 the MAX_SLOTS, (POR is 10)
1 the INPUT_VTX_MEM_SIZE / INPUT_VECTORS_PER_VTX (POR is 128 / Var)
1 the OUPUT_VTX_MEM_SIZE / OUTPUT_VECTORS_PER_VTX (PORLR8 / Var)

These equations assume the input and output vertex data has been packed. If not, use the
MAX_INPUT_VECTOR_USED instead of INPUT_VECTORS_PER_VTX

The PVS_NUM_CNTLRS should be set to the minimum of
§ the MAX_CNTLRS, (POR is 6)
1 the TEMP_VTX_MEM_SIZE TEMP_VECTORS_PER_VTX (POR is 128 / Var)
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These equations assume the temp vertex data has been packed. If not, use the MAX_TEMP_VECTOR_USED
instead of TEMP_VECTORS_PER_VTX.

When modifying either of PVS_NUM_SLOTS or PVS_NUM_CNTLRS, a flush must betéasprior to the
update.

The PVS_NUM_FPUS will typically remain constant for a given chip, but can be used for performance testing.

The Shader HW will support up to a max of 32 vecfmesvertex of input data and 3&ctorspervertex of temp
data as log as the NUM_SLOTS and NUM_CNTLRS are set to obey the atdeseribed rules.

New R5xx Fields

The TCL_STATE_OPTIMIZATION bit enables a hardware optimization to improve small batch and
multiple instance performance. The TCL_STATE_OPTIMIZATION is a bit which should be set all the time.
The bit can be reset to return operation to preR5xx status.

7.4.3 R300 Edge Flag Support Description

Edge Flags refers to the bits which are provided, generated and/or modified during the primitive process which
affect which edgedines) or points of a triangle are drawn when in a wireframe or point fill mode. Edge Flags are
not applicable to line or point primitive types, but are applicable to all 3 or-sided primitives (i.e quad, polygon,
etc). R300 will support edge flafmr wireframe rendering as follows

1. Prim Type initialization of edge flags is done by the vertex fetcher logic. Edge flags are initialized
by the vertex fetcher based on the VAP_VF_CNTL.PRIM_TYPE field. The edge flags values for
points and lines are hased during the triangle fill process, so are irrelevant. The edge flags for all
triangle primitive types are all 3 set. For more complex prim types like quads and polygons, only
the exterior of the primitive is supposed to be drawn, so the vertdrefeipplies the edge flags in a
way which only sets the bits which correspond to an external edge of the supplied primitive.

2. Clipping modification of edge flags is done by the clipping processor according to the OpenGL
specification. Basically, the rule that edges introduced by clipping (which would lie along a clip
plane) will always have thier corresponding edge flag set and edges which are fragments of initial
edges would retain thier original edge flags. The boundary edges introduced by clipgibg m
either always set or never based on the VAP_CLIP_CNTL.BOUNDARY_EDGE_FLAG_ENA bit.

7.4.4 Input Vertex Format Registers
The VAP_VTX_FMT_0 and VAP_VTXFMT _1 registers were used for@asons on R200:

1. Decoding / Data Conversion / Data Direction of Vertex @trdata from output of Cache to Vector
| D6 s

2. Computation of Dwords/Vitx for Command Stream load of vertex data.
These registers will no longer exist for R300. They are replaced as follows:

1 The Decoding / Data Conversion / Data Direction will be controltedpetely by the Programmable
Stream Control logic. R300 will contain the additional functionality of component swizzle and write
mask specification to ensure full control of input stream.

1 The computation of Dwords/Vtx will be replaced by the VAP_VTX_Stggister which must be
loaded by the driver when using command stream vertex data.

7.4.5 TCL Output Vertex Format Registers

The purpose of these controls is to indicate which vertex data should be transmitted from the PVS output vertex
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memories, and from whickector locations they come. The PVS output vertex memories are not directly mapped to
semantic values to enable the spbttex mode described later. The RASTER_VTX_FMT_0/1registers define
which values will be transmitted from PVS to CLIP/Setup to @Raster.

The locations of the vectors in the PVS output memory must be packed based on the VAP_OUT_VTX_FMT_0/1
register settings. Only the fields which are present in the OVFRs should be packed in the output memory. The
packing order is as follows: oBition is always in location 0, Point Size (if present) is next (Point Size consumes an
entire vector in the memory, thec¢hannel is the value used by the raster), Colof®) @e next (if present), and
Textures (67) are next (if present). For examfflthe OVFR specified POS, PNT_SIZE, CO, C2, T1 and T5, these
vectors should be mapped (by the shader output operand offsets) to Output Memory loeatiesigettively.

For Points (Sprites) using Tex Gen (GB_ENABLE.TEX#_ SOURCE == STUFF), the

VAP_OUT_VTX_ FMT_1.TEX# should not be set. This is because, in general, there is no texture coordinate data
transferred from VAP to GA for this case. In the case of point clipping with tex gen, VAP will send these texture
coordinates to the GA even though the OVHRnNot set, as follows:

OVFR COUNT STUFF TEX DESIRED CHANGED RESULT

0 0 No texture ever

0 >0 Clipper and/or GA creates (stuffs)
texture

>0 0 Normal texture (use vertex/pvs
texture)

>0 >0 Normal texture (use vertex/pvs
texture)

There is also thebdity to pack 2 2dimensional textures into a singlecdmponent texture for the VAPGA
interface by only specifying one texture and mapping the raster state to think it is two textures.

7.4.6 Vertex State Control

This vector controls how the peertex statés processed. This input method is designed for OpenGL Immediate
Mode and Display List Processing.

UPDATE_USER_COLOR_0/1_ENA are deleted from R300 since they are not needed, only one user color is
required.

The COLOR_# ASSEMBLY_CNTL change frombht fields on R200 to -bit fields on R300 since there is only 1
USER COLOR.

7.4.7 Programmable Input Stream Control Registers

These registers control the pastrtexcache mapping of input vertex stream data to the vector ids for TCL or SE

input memories. These ragers replace the R200 Input Vertex Format Registers. Terminology: A vertex is
composed of multiple (up to 16 for R300) streams. A stream can be composed of multiple elements (where an
element is pos or norm or texcoord). The control data is arrandesisets of element control data. There is not
necessarily a onfr-one mapping of stream to element. The stream control shall be set up in the order that the data
is received (or fetched).

The DataType specifies the number of DWORDS and format foriepahelement.
The SkipDwords specifies the number of DWORDS to skip (discard from the input stream) after the corresponding
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element has been processed. This allows multiplecnatiguous elements to reside within one stre&Al®TE:
There is not suppot for skipping DWORDS prior to the first element, the assumption is that the driver can
prevent this from occurring.

There are two sets of PSC control registers, the VAP_PROG_STREAM_CNfTardidentical to the R200

registers of the same name. R300 addP PROG_STREAM_CNTL_EXT {7 which are extensions to the first

set of registers to allow a swizzle and write_mask capability. The expectation is that the EXT registers will not be
updated frequently, bilhey must be updated at least once to provide deftiicontrol.

The DstVecLoc specifies the destination vector location (TCL / SE input vector address) for the given element.

The data type of FLOAT_8 has been added to R300 to permit using input vertices greater than 16 vectors. By
making sure that theAP_CNTL.PVS_NUM_SLOTS and VAP_CNTL.PVS_NUM_CNTLRS are appropriately
sized, it is possible to use up to 32 vectors for the input vertex representation.

7.4.8 PVS State Flush Register

Since the driver is given control over mestate updates to PVS Code and Ganmsmemories, there is the need for

the driver to be able to force a Aflushodo of the state
force a flush of TCL processing so that both versions of TCL state are available before updatesemsed. This

register is write only, and the data that is written is unused.

7.4.9 PVS Vertex Timeout Reqgiste

A condition can occur in the HW, in pathological vertex reuse cases, where when many primitives are sent which do
not use any new verts, the HWuld hang. The solution for this hang is to wait a programmable number of clocks
when in the condition of primitive buffer full and waiting on vertices. After this number of clocks has passed

without receiving any new vertex data, the accumulated vdex(less than 4 vertices) will be submitted to the

PVS engines. This register defaults to OXxFFFFFFFF.

7.4.10 VECTOR Indx/Data Update Register Pair

The Vector Indx Data pair is used to update all TCL vector state memories.

There are basically 2 vector menesj the PVS Constant Memory and the PVS Code Memory.

The index register contains the octword offset to write to (or read from) on the subsequent DATA_REG write/read. All
writes/reads must start octword aligned. An internal Dword counter is incremenketine@ a write or read occurs

to/from the DATA_REG. The Dword counter is reset when the index register is written (or read). When the dword
counter rolls from 3 back to 0, the index register value (octword address) is incremented. (Writes to the DB TIR&RE
register do not use or affect the dword counter. The DATA_REG_128 register is not readable.

The VAP_PVS_VECTOR_DATA_ REG_128 register is very similar to the VAP_TCL_VECTOR_DATA_REG, but
allows 128bit writes into the vector memory. There may bes restrictions when writing to this register (i.e. only-128
bit aligned, 12&it updates allowed).

The vertex shader instruction store increased from 256 to 1024 for R5xx VS3.0.

To account for the increased shader instruction stioeeQffsets Used toeg to the various memories (and elements of
memories) are as follows:

#define VERTEX_SHADER_CONST_VECS 256
#define VERTEX_SHADER_CODE_LINES 1024  // R¥EH

#define PVS_CODE_START 0
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#define PVS_CONST_START 1024  // R30612
#define UCP_START_OFFSET 1536  // R300.024

#define POINT_VPORT_SCALE_OFFSET 1542  // R300030
#define POINT_GEN_TEX_OFFSET 1543  // R300031

7.4.11 StateVector Engine State Data

The input vector state data required for TCL is listed in the table below. Each entry will consist of 4 single precision
IEEE floating-point vector values. The entire StVe_Vector memory is accessed via an index/data register pair. When
updating multite DWORDS through this path, the PM4 packet bit which preventsiactementation should be used so
that all words are written to the data register.

UCPO XYZW User clip plane 0 4 |IEEE fp
UCP1 XYZW User clip plane 1 4 |IEEE fp
UCP5 XYZW User clipplane 5 4 |EEE fp
Point Sprite XYZW Viewport scaling parameters for Point Sprite Expansion in Clip Coq 4 IEEEfp
Viewport Scale /
Misc X = X-Radius Expansion

Y = Y-Radius Expansion
Z = State Size Multiply Constant

W = Culling Radius Expansion (SQRT(XRadExp *"¥radExp "2)

Point Tex Gen XYZW Texture values to apply to points when tex gen is on 4 |EEEfp
Corner Values
X = Lower Left Corner S/alue

Y = Lower Left Corner TValue
Z = Upper Right Corner-S¥alue
W = Upper Right Corner-Value

** These values may be dpted using the

VAP_PVS VECTOR_DATA_ REG or via the
GA_POINT_S0,T0,S1,T1 Registers. Note that updates using the
VAP_PVS_VECTOR_DATA_REG will not update the GA registers

VECTOR MEMORY DESCRIPTIONS

There are two vector memories.

The vertex shadenstruction store increased from 256 to 1024 for R5xx VS3.0.
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The PVS_CODE memory which will be 1024 entries deep and can operate as a ring (similar to R200), is linearly
addressed using offsetsl023. Auteincrementing writes to this memory segmenit aiito-wrap back to 0 from
1023.

The PVS_CONST memory will be 256+8 entries deep. The first 256 entries of this memory will operate as a ring
(similar to R200/R300), and are linearly addressed using offsets1BB5 Auteincrementing writes to this
memory segment will autavrap back to 1024 from 1535.

The last 8 entries of this memory are used for Clipping data which currently includes thelips&ianes , Point
Sprite Viewport Scale vector, and Point Sprite Gen Tex Corner values. Theseweiithesupdated starting at
address 1536 through 1543. Since the PVS_CONST wilharap at 1535 for constant updates, the UCP writes
must start with an index update to 1536 or above. #drementing writes will autevrap back to 1536 from 1542
(NOT 1543). This wraparound probably will never be used, but, note that the-arapnd intentionally excludes
the Point Gen Tex vector since it is considered raster state.

These memories are not doubleffered in the code and constant range of addresseghd-code and const

memories, it is expected that the driver will insert a flush if the currently feaaed shader code or const overlaps

the immediately preceding shader code or const. Updates to the UCP / PS_VPORT_SCALE / Point Gen Tex values
are dublebuffered and therefore no flush is required.

7.4.12 Scalar Indx / Data Reqisters

These memories and registers no longer exist for R300. The only data in them that is still relevant is the guard band
data which now resides in dedicated registers as tesichielow.

7.4.13 VAP _GB VERT CLIP ADJ

The VAP_GB_* registers will only be singleuffered which means thahbAP_PVS STATE FLUSH REG
write must precede updates to these registers.

7.4.14 Programmable Vertex Shader Control Registers

The VAP_PVS_CNTL register allowsontrol over which instructions in the PVS code store are executed with
respect to the current shader.

The VAP_PVS CONST_CNTL register allows control over which address ranges in the PVS const store (STVE)
are used with respect to the current shader.

7.4.15 Vertex Blending Control Reqister

The COLOR2_IS TEXTURE and COLOR3_IS_TEXTURE bits enable the R5xx VAP VS3.0 to support 10 general
output vectors. For prB5xx, VAP supported 4 color vectors and 8 texture vectors to output to the pixel shader.
During new clp vertex generation, the color interpolation supported color clamping and flat shading and the texture
interpolation supported point texture coordinate generation and cylindrical wrap. In order to create general output
vectors, color vectors required pbtexture coordinate generation and cylindrical wrap processing while texture
vectors required color clamping and flat shading.
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7.4.16 Texture to Color Control Registers

The TEX_RGB_SHADE_FUNC_(J), TEX_ALPHA SHADE_FUNC_(&7), and TEX RGBA CLAMP_ (&)

bits enale the R5xx VAP VS3.0 to support 10 general output vectors. FeRpx&, VAP supported 4 colors and 8
textures to output to the pixel shader. During new clip vertex generation, the color interpolation supported color
clamping and flat shading and thatigre interpolation supported point texture coordinate generation and cylindrical
wrap. In order to create general output vectors, color vectors required point texture coordinate generation and
cylindrical wrap processing while texture vectors requirddradamping and flat shading.

The TEX_RGB_SHADE_FUNC_J), TEX_ALPHA_SHADE_FUNC_(@r), and TEX_RGBA_CLAMP_ (&)

bits enable the R5xx VAP VS3.0 to support color type interpolation during clipping on texture vectors. The bits
enable flat shading or colatamping selectively on all 8 texture vectors. These bits only support clipper
functionality of flat shading. The rasterizer has separate register bits to enable flat shading at pixel interpolation.

7.4.17 VAP VTE CNTL

This register is used to control the ftinoality of the VAP Viewport Transform Engine.

7.4.18 GA COLOR CONTROL

This register is used by the clipper to control flat shading of all 4 colors and alphas based off of the provoking
vertex.

7.4.19 GA ROUND MODE

This registespecifies the rouding mode for geonyefr color SPFP to FP conversian®nly the RGB and
ALPHA_ CLAMP fields are used by VAP.

7.4.20 GA POINT SO0/T0/S1/T1

These registers are used to control the texture coordinates for texture coordinate generation. These are only used by
VAP for point clipping

7.4.21 GB ENABLE

This register is used by VAP to control when and how point textures are generated for clipping.

7.4.22 SU TEX WRAP

This register is used by VAP when clipping in order to perform cylindrical wrap clipping calculations.

7.5 R3xx-R5xx Programmable Vertex Shaler Description

7.5.1 OVERVIEW
The R300 PVS model is a superset of the R200 PVS model. Differences are noted below.

R200->R300 Notable Shader Model Differences at Shader Definition Level
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NouhrwhE

Constant Store Size Increase from 192 to 256

Code Store Size Increasefnid 28 to 256

Ability to increase Input Size from 16 to 32 vectpes-vertex

Ability to increase Temp Register Size from 12 to 32 veegb@mvertex

Increase support from 6 Output Textures to 8

Increase support from 2 Output Colors to % ¢élor only use for 2-sided lighting)
Ability to perform flow control instructions of jump, loop and subroutine

R200>R300 Notable Shader Model Differences at Driver Compilation Level

The R5xx VS3.0 PVS model is a superset of the R300 PVS VS2.0 model. Differences are noted below:

The programmable vertex steadPVS) is a model which replaces the standard DirectX / @&Bexprocessing

1.

©CoNOO AW

1.

Noohkwn

Requirement to Manage NUM_SLOTS & NUM_CONTROLLERS based on Input, Output

and Temp Reigter sizes relative to the respective vecimesvertex.
Requirement to fipacko output vectors
Discrete Fog resides in one of ColeB@lpha.

based

Addition of Alternate Temp Memory. Can be used as additional standard Temp Memory.
Addition of Dual-Op Vector/Math Capability along with Alternate Temp Reg Memory

Ability to write back into Input Memory from Shader (For HOS Evaluation Shader)

Ability to use address register with Input, Output, and Temp registers as src and dest

operands. There is natcurrent known use for this, but it was simple to add.

Ability to support dynamic flow control through the use of predication opcodes, predication bit,
predicated writes, and a nested false count maintained in a temporary memory location.

Ability to support predication register through predication opcodes, predication bit, and

predicated writes or use CONDITIONAL vector opcodes where sources are conbyitvaritaén
or conditionally selected.

Code store size increase from 256 to 1024.
Temporary memory size increase from 72 to 128 (supports 4 threads and 32 vectors per thread).
Input memory size increase from 72 to 128 (supports 4 threads and 32 vectbrsaut.
Output memory size increase from 72 to 128.

Static control flow nested loops and subroutines (4 deep loops and 4 deep subroutines)
Ability to access input, temporary, and output memories with inner most loop index.
Added new loop repeat type whehe fixedpoint loop index is not loaded at loop initialization.
FLI is inherited from parent loop.

10. Added new source input modifier (absolute value).

11. Added new instruction modifier saturate to clamp outputs between 0 and 1.

pipeline. It replaces only the peertex operations (i.e. transformation, lighting, texture coordinate generation,

texture transform, fog), but does not replace any of timitpre operations (i.e. primitive assembly, clipping,

backface culling, &ided lighting. The functional model for the PVS HW is as shown in the following diagram. For
R300, 2sided lighting is achieved by writing up to 4 output colors (both front acl bolor results) and allowing
the setup engine to select the appropriate color(s) based on the facedness of the triangle.

The general model of the PVS is that all operands are of a vector type (4 floating point values). When there are
scalar operationgienerally they emit the scalar result on all 4 channels of the output vector.

The input vertex memory (IVM) represents the data which is provided onveegex basis (i.e. position, normal,
color, etc). This vertex data does not have any semantitiataat from the perspective of the shader HW. All

© 2010 Advanced Micro Devices, Inc.

Proprietary

72

on



AMDH Revision 1.5 June 8, 201C

vertex attributes are generighere is a total of 128 vectors of IVM memory where up to 32 vectors (16 is
typical) may be used per vertex. (See description of slot/controller dependencies below).

The corstant state memory (CSM) represents the constant values which are used in the shader process (i.e rotation
matrices, light positions, etc). This data also has no semantic attachment from the perspective of the shader HW.
There are 256 vectors of constannemory available.

The temporary register memory (TRM) represents the intermediate storage of temporary values computed during the
shader processThere are a total of 128 vectors of TRM memory where up to 32 vectors (12 is typical) may be
used per vertex (See description of slot/controller dependencies below).

The alternate temporary register memory (ATRM) was added to R300 to allow both a vector engine operation and a
math engine operation to output unique results simultaneously. The ATRM can lie theedame manner as the

TRM for regular vector operations except there is only a single read port on the ATRM memory, thus only 1 unique
source operand of an instruction may come from ATRM memory. The ATRM memory is the only memory that the
math portionof a duaimath operation can writeThere are a total of 20 vectors of ATRM memory where up to

20 vectors (4 is typical) may be used per vertex. (See description of slot/controller dependencies below). (See
description of dual math op for ATRM limitati ons).

There are 4 address registers arranged as a vector (A0.x,y,z,w) which are signed integer fixed point values. The
address registers can only be used as an offset to the address into the constant memory. The address registers are
loaded using a MOVhstruction from any of the IVM, CSM, TRM or ATRM. This special MOV instruction will

perform a floating point to fixed point conversion of the selected source vector. There are two separate MOV
instructions for unique float to fix conversion. One isumtate to minus infinity (the floor() C function), the other

is a round and truncate to minus infinity ( val + 0.5f, followed by floor() C function. The value is clamped between
the range of 256 and 255. When this value is added to the constant additbescurrent operation, the result is

tested for in the range of 0 to MAX_SHADER_CONST where MAX_SHADER_CONST is determined by the

driver as the maximum constant address provided by the shader declaration. If the resultant address is out of the
range o MAX_SHADER_CONST, (0,0,0,0) is returned on the data path. There-Btaaédress register select

for each source operand which is used to select between the x,y,z,w components of the address register vector. Only
a single address register (compaenay be used for CSM offsets across all of the source operands of a given
instruction. If the address registers are used for offsets to IVM, TRM, ATRM, or OVM, there is no limitation on the
number of address registers which can be used.

The output verte memory (OVM) represents the data that is computed or passed by the shader program. These
locations have semantics attached since they are passed through the clipping, viewport transform, rasterization
process. The locations in the OVM are as follows:

PVS_OUT_POS The output x,y,z,w position. This output vector must be written to by all
shaders.

PVS OUT_PT_SIZE The output scalar point sprite size modifier-comp only.
PVS OUT_CLR(83) The output r,g,b,a colors. Support for 4.
PVS OUT_TEX(Q7) The outpt s,t,r,q textures. Support for 8.

PVS_OUT_FOG The output scalar discrete fog.-cémponent only.

© 2010 Advanced Micro Devices, Inc.
Proprietary 73



AMDH Revision 1.5 June 8, 201C

There are a total of 128 vectors of OUT memory. These values are mapped based on the compression
described below. (See description of slot/controller depdencies below).

For R300, the driver must remap the shader output memo.!
vectors based on the OVFR register definition. For example, if the only attributes present in the OVFR are Pos,

Pt SizeClIrl and Tex 2, then these values must be written to output veeBord bBe order of the vectors, when

present, is as listed above. Note that Fog does not have an associated vector, it can be placed in ang of color 0

alpha channel. There is a GB ISECT.FOG_SELECT setting in the raster to control where fog comes from.

Operations are defined generally as

PVS_OP DST_OP.write_mask SRC_OP_A.modifier = SRC_OP_B.modifier
SRC_OP_C.modifier

Different PVS ops have differing numbers of source operamtlse.number of source operands for each instruction
is specified below with the function descriptions.

One strict limitation of the PVS model is that a single operation may only use one unigue address from the IVM,
CSM, or ATRM. One, Two, or Three addses may be used from the TRM (although 3 unique addresses from the
TRM on a single instruction will take 2 cycles in the HW). More than one source operand may utilize the IVM,
CSM, or ATRM memory as long as they all access the same vector address.

Each sarce operand has a modifier which can be applied on-aqmeponent basis. There are two basic types of
source operand modification, Swizzle and negation. The swizzle operation is performed first. For each component
X,¥,Z,W it is possible to define indendently which component gets mapped to these components, including a 0.0 or
1.0 value. So for each component you can select from (X, Y, Z, W, 0.0, 1.0). Following the swizzle operation, it is
possible to specify a negation of the value on acpemponat basis.

The destination operand has a write mask which allows any or all of the vector components to be updated. This is
particularly useful when performing scalar output operations to pack the result into a single component of a vector
value (sincehe scalar results are generally emitted on all component channels).

7.5.2 SLOT AND CONTROLLER MANAGEMENT

For R5xx, the input memory size, the temporary memory size, and the output memory size have been increased from
72 to 128 vectors. As stated below, witinger memories, the PVS design can run more efficiently with more
NUM_SLOTS and more NUM_CNTRS.

The R300 PVS design has a degree of flexibility which allows the driver to increase the effectigggesizes of
the IVM, TRM, ATRM, and OVM memories alh¢ expense of reduced performance. There are two variables in this
performance tradeoff for R300: (NOTE: a vertex group is 8 vertices per group for R5xx since 8 vector engines)

a. the number of slots (NUM_SLOTS): the max number of vertex groups that can
redde from the input of vertex data to the IVM to the output of vertex data
from the OVM, and

b. the number of controllers (NUM_CNTLRS): the max number of vertex groups
that are available for vector engine processing at any given time.
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The IVM and OVM memorylexibility is affected by NUM_SLOTS, while the TRM and ATRM memory flexibility
is affected by the NUM_CNTLRS. In general, the higher the values for NUM_SLOTS and NUM_CNTLRS, the
more efficient (higher performance) the PVS engine will run. The valueéglft SLOTS and NUM_CNTLRS

are restricted by the vectepervertex required for the active vertex shader program.

The equations for determining valid values for these terms are as follows:

NUM_SLOTS <= MIN(10, IVM_SIZE / IVM_VEC_PER_VTX, OVM_SIZE /
OVM_VEC_PER_VTX)

Where IVM_SIZE = 128, OVM_SIZE =128 and IVM_VEC_PER_VTX and
OVM_VEC_PER_VTX are vertex shader dependent values.

NUM_CNTLRS <= MIN(5, TRM_SIZE / TRM_VEC_PER_VTX, ATRM_SIZE /
ATRM_VEC_PER_VTX)

Where TRM_SIZE =128, ATRM_SIZE = 20, and TRM_VBEER_VTX and
ATRM_VEC_PER_VTX are vertex shader dependent values.

Note that NUM_SLOTS and NUM_CNTLRS are permitted to be set too low, but there is a performance penalty for

setting them lower.

Note that when changing NUM_SLOTS or NUM_CNTLRS, a flush oRKW& engine is required by writing the

VAP_PVS_STATE_FLUSH_REG.

7.5.3 VS3.0 DYNAMIC FLOW CONTROL USING R5xx PREDICATION LOGIC

VS3.0 dynamic flow control is implemented on R5xx in a mamsirailarto R400 where vector engine operations
and math engine operatioage used to manipulate a predication bit to mask writes to the temporary memory, the

output memory, the input memory, the alternate temporary memory, and the address register.

The operations are

designed to use a temporary memory location as a stacketda keep the count of false branches. For nested

if/else/endif branches, the operations receive as input the stack counter as well as the boolean operation to determine

whether the predication bit is set and whether the stack counter is incremethéedeonented. Within the
if/felse/endif construct, the ALU operations are predicated which kills the writes if the predication bit is not set.

A possible implementation of nested if/else/endif constructs is as follows:

if( Ax==0){ TEMP.w = ME_PRED_SET_EQ AXXXX
if(Ay>0){ TEMP.w = VE_PRED_SET_GT_PUSH TEMP.000w, A.000y
B=C; B = C with pred_enable =1 and pred_sense =1
}else { TEMP.w = ME_PRED_SET_INV TEMP.000w
B =D; B =D with pred_enable =1 and pred_sense =1
} TEMP.w = ME_PRED_SET_POP TEMP.000w
}else { TEMP.w = ME_PRED_SET_INV TEMP.000w
If (Az>=0){ TEMP.w = VE_PRED_SET_GTE_PUSHTEMP.000w, A.000z
B=E; B =E with pred_enable = 1 and pred_sense =1
}else { TEMP.w = ME_PRED_SET_INV TEMP.000w
B=F; B =F with pred_enable = 1 and pred_sense =1
} TEMP.w = ME_PRED_SET_POP TEMP.000w
} TEMP.w = ME_PRED_SET_POP TEMP.000w

Firstifbesehtaments turn in to ME_PRED_SET_ERQ,

ME_PRED_SET_NEQ dependingontheobbean expr essi on. The

f

r st

ME_PRED_.

| evel
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the predication bit and false branch counter to 0 or 1 depending on the result of the boolean expression. Second

| evel or deeper Al fo statement sPREDUSET GTrwPUSHp VE_ PRED_SET.
VE_PRED_SET_GTE_PUSH, or VE_PRED_SET_NEQ_PUSH. These |
counter as an additional input to determine the final status of the predication bit and the output false branch counter.

For t he sments) thd pbedication hit @ill only be set if the input false branch counter is 0 and the boolean
expression is true. AEl sed statements turn into ME_PR|
an input and only set the predication bithis counter is 1. If the input false branch counter is 0, the

ME_PRED_SET_INV sets the output false branch counter to 1 for later nesting and resets the predication bit.

AEndi fo statements turn into ME_PRED b&tAcolm®rRoOifwhi ch de
negative.

The ME_PRED_SET_CLR and ME_PRED_SET_RESTORE operations can be used for loop break statements.
The ME_PRED_SET_CLR resets the predication bit and outputs maximum float to set the false branch counter to
an extremely highumber to disable successive operations in a breaked loop. The ME_PRED_SET_RESTORE
operation can be used to restore the predication bit and the false branch counter after exiting a breaked loop.

In the R300 architecture, the best performance is achieveglibyg to interlace computations so that an operations

source is not the destination of the preceding operation. In the above example, the false branch stack counter stored
in TEMP.w is a very popular source and destination operand, and R5xx perfom@andeoe better optimized by

finding other operations to interlace between them.

7.5.4 VS3.0 PREDICATION AND SIMPLE DYNAMIC FLOW CONTROL USING R5xx CONDITIONAL
OPCODES

In a manner similar to R400, R5xx has conditional moves, writes, or muxes to support k&g atjpn and simple
dynamic flow control. For predication support in VS3.0, a temporary memory vector can be used in place of a
predication bit. VE_COND_WRITE_EQ, VE_COND_WRITE_GT, VE_COND_WRITE_GTE, and
VE_COND_WRITE_NEQ have two input vector souoperands where the first source operand is a conditional
component write mask for the writing of the second source vector into the destination vector. An example of VS3.0
predication being supported with a conditional move or write is as follows:

P = pral_set_gt(A.xyzw,Bxyzw); TEMPxyzw = VE_SET_GREATER_THAN(A.xyzw,Bxyzw);
(P) Cxyzw = Dxyzw; Cxyzw = VE_COND_WRITE_NEQ(TEMPxyzw,Dxyzw);
('P) Cxyzw = Exyzw; Cxyzw = VE_COND_WRITE_EQ(TEMPxyzw,Exyzw);

Conditional mux opcodes include VE_COND_MUX_EQ, VE_COMMJX_GT, and VE_COND_MUX_GTE

have three input vector source operands where the first source operand is a component mux select selecting between
the second and third source vectors to write the destination vector. The above example can simplified to the
following:

TEMPxyzw = VE_SET_GREATER_THAN(A.xyzw,Bxyzw);
Cxyzw = VE_COND_MUX_EQ(TEMPxyzw,Exyzw,Dxyzw);

The primary limitation of the conditional mux opcodes is that only two of the three source operands can come from
temporary memory since the temporarymaogy has only two read ports. A possible solution is using the input

memory as a temporary location for one of the three source operands (the input memory can be written by the vector
and math engine). Also, VE_COND_MUX operations could be revertedvat&E_ COND_WRITE

opcoderations as above.
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