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1. V3XE 3D Engine Overview

1.1. V3XE 3D Pipeline

V3XE supports DirectX9.0b API, the H/W pipeline implementation is illustrated in
Figure 1.

Command N Geometry N Scan
Parser Engine Converter

A 4

Texture Stage

Pixel Shader N Post
Unit Operation

Figure 1-1 : 3D Pipeline

The brief function description of each functional block is as follows

1. Command Parser Decode various command types. Translate commands into
H/W register setting, and pass the vertex information to
succeeding stages.

Vertex on AGP or Vertex Vertex Data
Frame Buffer >

4

Command 3D Internal
Parser Engines

Commands Register Setting

3D Commands
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Figure 1-2: Command Parser

2. Geometry Engine  Process triangle-based operation for triangle setup. (V3XE
doesn’t support H/'W TnL, the TnL functions is performed by
S/W TnL in V3XE driver). The Setup functions include
shading setup, rasterization, AA line, AA point, jitter AA,
polygon offset, culling line stipple, fill mode, flat shading, W
normalization, super-sampling AA, stereo, wrap correction, Z
scaling, zero testing, trivial reject.

Vertex #0 data —————»| Triangle Attribute

Geometry Gradient Data

Engine

v

Vertex #1 data —

Vertex #2 data ————

Figure 1-3: Geometry Engine

3. Scan Converter Transfer triangles to pixels, generate the 2D coordinate (X,Y)
of each pixel.

Triangle Attribute Intersection Point
Gradient Data Scan
- >
Converter

Grid Point

Figure 1-4: Scan Converter
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4. Texture Stage Generate necessary information for pixel shader unit. The key
functions are shading, texture sampler and texture fetch.

Texture Stage

Diffuse
) . Specular
Triangle Attribute - Shading R Texture . Fog
Gradient Data d Engine d Fetch " TexO0
Tex 1

! Texture i
i (In AGP or '
' Frame Buffer) |

Figure 1-5: Texture Engine

5. Pixel Shader Programmable pipeline supports Shader Model 2.0

Texture Stage |

Texture Pixel Shader
> Fetch Unit >
ry
| B :
Texture E
(In AGP or !
i

Figure 1-6: Pixel Shader Unit
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6. Post Operation Final Z test, stencil test, alpha test and alpha blending
operation.

Post Operation

Alpha Test

Z Test
Stencil Operation

\ 4

Alpha Blending

A r y

. SRR . SR

; 3
5 ! i i
: ' i\ Destination '
E Z Buffer ' : Buffer !
' 1 ' 1
: ! , !

1 ! 1

Figure 1-7: Post Engine
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1.2. Hardware feature Summary

B Built-in a high performance 3D engine

— Support 16/32 bits wide of index on vertex buffers.

— Support 16 multi-stream sources.

— Built-in 32-bit floating point format triangle setup engine

— Built-in 1 set of Pixel Shader (2.0) HW capable of processing 24 bits
floating point. Each set is equipped with 32 multi-threads to avoid data
dependent hazard.

— Built-in 2 pixel rendering pipelines

— Built-in hardware stereo auto rendering engine

— Supports AGP 4X 266 MHz for texture fetch

— Supports AGP 4X 266 MHz for vertex fetch

— Peak polygon rate: 50M polygon/sec @ 1 pixel/polygon with Gouraud
shaded, point-sampled, linear and bilinear texture mapping

— Peak fill rate: 500 M pixel/sec, 1000M texture/sec @ 10,000
pixel/polygon with Gouraud shaded and two bilinear textured@ 250MHz

— Support Polygon stipple.

— Support Line width > 1

— Support Line Pattern

— Support Point/Line Anti-alias.

— Fully compliant Direct3D 9.0 Vertex Shader ver. 2.0. (DirectX 9)

— Fully compliant Direct3D 9.0 Pixel Shader ver. 2.0. (DirectX 9)

— Support Bump Mapping, Mipmapped Cubic Mapping and Volume
Texture Supports flat and Gouraud shading

— Support Nearest, Bi-linear, Tri-linear, Anisotropic filter.

— Support 96 bits floating point of color format in MET/MRT to preserve
data precision during multi-pass.

— Capable of processing Max. to 2 pixels with 2 textures in one clock.

— Supports high quality dithering function

— Supports Z-test, stencil test, Alpha-test, and scissors clipping test

— Supports ROP

— Supports Z-buffer, stencil buffer and alpha buffer

— Supports 16/24 bits integer Z buffer format and 16/24/32 bits floating

point Z format

— Supports 16/32/64/128 BPP render buffer format

— Supports 1/4/8 stencil buffer format

— Supports 2-side stencil.

— Supports 1/4/8 stencil buffer format

— Supports per-pixel texture perspective correction

— Supports 1-tap, 2-tap, 4-tap and 8-tap texture filtering

— Supports up to 4096x4096 texture size

— Supports rectangle structure texture

— Supports non power of two texture size

— Supports 8/16/24/32/64/128 bpp texture format.
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— Supports ARGB/ABGR, YUY2/AYUV, DXT1/DXT2/DXT3,
UBVE/L6VSUS, R16f/R32 texture formats.

— Supports unsigned fixed, signed fixed, floating point of texture format.

— Supports 1/2/4 bpp palletize texture

— Supports 16/24/32 bpp RGB/ARGB texture format

— Supports DTX1, DTX2, DTX3 texture compression formats

— Supports texture transparency, blending, wrapping, mirror, and clamping

— Supports fogging, alpha blending

— Supports vertex fogging and fog table and T/L based vertex fog range

— Supports specular lighting

— Supports 2X/4X full scene anti-aliasing(FSAA)

— Supports back face culling

— Supports auto-stereo rendering
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2. Programming guide

2.1. 3D command architecture

An overview of 3D commands for drawing a primitive:

128 bits alignment End of last List Enable Setting
[0010:032F00Z0]|26809FE4 00000003 368 4 JEFEOODZO

0010:032F0030 |36808804 6B808E04 3EFEOOZ0
0010:032F0040 | 368086804 Jd6808E04 3EF20020
0010:032F0050 | 7TeBASBO00 — 62100004 00000000 04000000

aE0E - 0010:032F0060 |0F100000 00000000 76849400  62100006| _
7 Write —U0I0:032F0070 |DO0DDOD0 00600800 0OODDODDOD OOOODOZ6 Front Enable Setting
Enable, Bolid 0010:032F0080 |FCOOOOOO 00000000 768ABE40 62100004
Fill Mode 0010:N32FO0S0 [NC301400 FFFFFFFF O0DE4000  OOODOOOO| — Destinstion

. 0010:032FO0AC |36BNACDC  0ODDODO0 36808BE0 _Figiigop|  Luffer Address
Texure Setling —7010:032FO0BO |36808BBE  OOEC4000 36B0BBAC 3FE00000] — 7 huffer rslated

0010:032F00CO |36808BB0 F1611400 3680BBEE OOEC4000 stting
_ DD10:032FO0DD |36B09898 437A0000 76BA9578 62100002
0010:032FO0ED |23790000 43780000 768ABAS8 62100002 | Clipping Window
0010:032FO00F0 |DOD0DOOFS OO0DOOOFS  768A0508 62100002
0OD10:032F0100 |DOF90000 OOFSODDD <768A9SE0_ 62100006
0010:032F0110 |(3aFE00000 49400000 3FS00000 4
O010:032F0120 |3FE00000 00000000 368FO000 3s8Fo00n| - 14 Transform
DD10:032F0130 |36809F04 0ODDODDE B6EEADDDD 62100028
0010:032F0140 |3FE00000 00000000 O00000O0 00000000
0010:032F0150 |00000000 3FB00000 00000000  00000000| (o) ¢
DD10:032F0160 (DODDDODDD OODOODDD AFOODDDD 3F0O0000O
0010:032F0170 [DODDOO0DO 00000000 00000000 3Fe00000
0010:032F0160 (3FE00000 OO0D0ODOD OOOODOOD OO0OOO0OO
0D010:032F0190 (DODDDODD 3FB00000 OOOODDODD OO0ODDOO
0010:032F01A0 (DO00D0000 00000000 AFS00000 00000000
0010:032F0160 [3FE00000 0O00ODOD OOOODOOD OO0O0O0OO
0D010:032F01C0 (DODDDODD 3FB00000 OOOODDODD OO000ODOO
0010:032F01D0
Copy Type _ 0010:032F01EQ |36809520 10658040 76BA9560 62100006
0010:032FO01F0 (000000OF 00000000 00000000 00000008 | pypie Type
0010:032F0200 |0OD10004 00000001 3 6BO0BARC —OOUDOO0O | {Podnt List)
0010:032F0210 (36809540 00D0O0DDZ 36803844 _0OOO00B0| 1.1 Setting
0010:032F0220 |36B09ES0  000DO0O0O0 3 6EFO000  368FO000

0010:032F0230 7 Daka
0010:032F0240 |42F30000 42FS0000 3FS00000 00000000

[0010:032F0250|[36605F84 OO0D00003] 36808504 3EFEOD2O Lo 4 points
64 bits alienment it End

Point Bize

T1 Transform

Commands

Commands start and end at 128 bit alignment address. First adding the global
commands for the engine state setting, then follow the primitive vertex data and cascade
a List End.
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2.2. Parser setting

Parse decodes various types of commands in the Command Queue (CQ) to 3D inputs
(See Figure 22). Commands can contain the globals or vertex data. There are four types
of commands: Null Command, Single Command, Burst Command and Packet
Command. Null command is just used for memory alignment, Single and Burst
commands can only contain the global information, and the Packet Command can issue
the globals or the vertex. Different from the MMIO, these commands should be issue by
the Parser Fire (0x8 ADO[3:0]).

from AGP/LFB VTXFIFO
128x128
HITFIFO || HIT VLDFIFO | | VLD
64x9 BUF 4x5 BUF

to
AAFIFO
T Yoo 32X32
4x31 Stage Buffer Mode [
Pre RenderReg
IDXADDR Controller Control
IDXFIFO =
2x20
Vertex Queue g Front
GlobalREG
VIDFIFO
Vertex Cache = Vertex —»
v Stream
from CQ Ql Decoding
Q2 Parser Q3 Vertex
B e = ; "
MCLK6:1 3>3RCLK 1x144 Decoding ™™ 3x189 Shader

> Stack

Figure 2-1: Parser architecture

eXtreme Graphics Innovation www.xgitech.co




Taking more detail description on the Command Type in the Command Queue (CQ):

Single command | 3680(addr) | data

Burst command | 768A(addr) | 621(length)

Packet command | 36809F04 (type)(offset)8 | B68A0000 621(length)
Null command 368F0000

All data in CQ must be 64 or 128 boundary, especially for Burst and Packet mode. We
use Null command to fill the unused memory for alignment. Let’s look some memory

dump in the CQ:

|z26209898  44160000| 76849578 62100002
4415C000 44164000 | 76549880 62100006
SFS00000 49400000 SFS00000 49400000
5FES00000 00000000
S6E09F04 OO000005 EBEGAODOOO 6z 100026
sFES00000 00000000 00000000 00000000
00000000 3FS00000 00000000 00000000
OO000000 00000000 SFO00000  3F000000
00000000 00000000 00000000 3FS00000
sFS00000 00000000 00000000 00000000
OO000000 3FS00000 00000000 00000000
00000000 00000000 SFS00000 00000000
sFS00000 00000000 00000000 00000000
OO000000 3FS00000 00000000 00000000
DO000000 00000000 SFS00000 00000000

The red one is the single command, the green one is the burst command for the
continuing six register setting, the blue one is the null command, and the brown one is
the packet command.

XG40 classify the globals into the Addressed Globals and the Packet Globals.

Addressed Globals are issued by MMIO(PCI), Single and Burst commands(AGP).
Packet Globals are issued by Packet Commands(AGP). Related Registers are as the

following:

— 0x8ADO: Parser Fire
— Ox8AFS, 0x8AFC: Engine Status

— 0x8B70 - 0x8b7C: DMA Status

— 0x8B80, 0x8B&4: Zmax, Zmin

—  0x8D60, 0x8D64: ListEnd and ParserEnd

Using Packet command to issue global, you should:
1. Issue Parser Fire 0x8 ADO[3:0] to Packet Globals mode, and setting packet type an

packet offset that also at 0x§ADO.
2. Issuing a Packet Header with a serious of Packet Globals.

0x8ADO format is: )
D[31:24] D[23:16] D[3:0]
packet type packet offset e mode
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The Packet Type use 5 bits currently. Packet type D[4] is O represented for Front, and 1
represented for Back. Fire Modes settings are at the following :

— 0001: Index Mode

— 0010: Buffer Mode

— 0100: Packet Vertex

— 1000: Packet Global

For vertex data, you could issue vertex via Packet Vertex Mode, Index Mode or Buffer
Mode. Before issue Vertex, you need to set the following globals:

— Primitive Type

— 0x9400 D[31]: EnMultiStream

— 0x9440 - 0x947C: Stream Base

—  0x94C0 - 0x94DC: Stream Stride

— 0x9500 - 0x950C: Stream DWORD

— 0x9520 - 0x953C: Copy Type

— 0x9560, 0x9564: Active Bits

— 0x9570, 0x9574: Vertex Vector Num, DOWRD, Total Vertex

The Copy Type setting tells the parse how to figure out the vertex data. The register
format is:

D[13:12] D[11:7] D[6:5] D[4:0]
CopyDW CopyFMT Modify Dest

CopyDW[1:0] setting:
— 00:Copy | DW
— 01 :Copy 2 DW
— 10 : Copy 3 DW
— 11:Copy 4 DW

CopyFMT [4:0] setting:
— DJ[4]: OpenGL (signed normalization)
— D[3:2]: HW path select
— DJ[1:0]: HW fix2fp select and normalization select

More detail CopyFMT [4:0] setting:

— x00xx : Direct Copy

- x0I xx : FP to Fix(8)

- x1000 : Fix(8) to FP

- x1001 : Fix(s15) to FP

- x1010 : Fix(16) to FP

— 01100 : Fix(8) to FP Normalized(1/255)

- 01101 : Fix(s15) to FP Normalized(1/32767)

- 01110 : Fix(16) to FP Normalized(1/65535)

- 11100 : 2Fix(s7)+1 to FP Normalized(1/255)

- 11110 : 2Fix(s15)+1 to FP Normalized(1/65535)

Modify [1:0] setting:
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- 00:X001

- 01:XYO01

- 10:XYZ1

- 11:XYZW
In Dest [4:0] setting, D[4] is reserved, and D[3:0] decide which kind of vertex attribute
for vertex shader or the fixed function pipeline (decided by other globals). For the fixed
pipe line, the combinations are:

00000: XYZW
00001: DiFF2
00010: Spec2
00011: NxNyNz
00100: Point Size
00101: Diffl
00110: Specl
00111: TXO
01000: TX1
01110: TX7
01111: Fog (for OpenGL)

For Vertex Shader scenario:

000001: Blend Weight
000010: Blend index
others: same as fixed pipeline D[3:0] mapping to VO - V15

If you enabled vertex shader, you also need to specify the output attribute by setting
0x9800 and 0x9804. 0x9800 D[16:19] represent the output vector num. 0x9804
represent the output attribute(address) for two different vertex shader mode(XG40 Core
specific: normal VS or Cascade VS). 0x9804 D[0:15] (D[16:31] the same order )setting:

D[0]: D3DVSDE_POSITION

D[1]: D3DVSDE DIFFUSE2 (for OpenGL)

D[2]: D3DVSDE_SPECULAR?2 (for OpenGL)

D[3]: D3ADVSDE NORMAL

D[4]: D3DVSDE_PSIZE

D[5]: D3DVSDE_ DIFFUSE

D[6]: D3DVSDE _SPECULAR

D[7]: D3DVSDE_TEXCOORDO

D[8]: D3ADVSDE _TEXCOORDI

D[9]: D3DVSDE TEXCOORD2

D[10]: D3DVSDE_TEXCOORD?3

D[11]: D3DVSDE TEXCOORD4

D[12]: D3DVSDE _TEXCOORDS

D[13]: D3DVSDE _TEXCOORD6

D[14]: D3DVSDE_TEXCOORD7

D[15]: D3DVSDE FOG (for OpenGL)
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2.3. Setup setting

Line Stipple, Polygon Stipple, Line AA by extra texture
Line stipple and polygon stipple are applied by using texture transparency.

Line Stipple Polygon Stipple
16x1 ARGB1555 32x32 ARGBI1555
0~15=>0~1 0~31=>0~1

The globals we have to set:

Line Stipple Polygon Stipple

8b08 D[30] Line stipple enable 8b08 D[31] Polygon stipple enable
8b08 D[29] OGL Line Counter enable
9600 D[31] Clear Line Counter

9604 D[31:4] Repeat factor s[8].19

8b0c D[15:0] texture transparency enable
8c60 D[28:30] Stipple texture select
8cdc front texture number++, back texture number ++.
8e00~8e10 no perspective, wrap, nearest, format, depth, size.
8el4 transparency high threshold = 0x80808080

8elc transparency low threshold = 0x00000000

9104 packet command texture base, texture pitch.

Notel: texture blending (8d20~, 8d60~) is not necessary for texture transparency.
Note2: we have to set 8b04 MSK _En_TexMap 340 and MSK_En_FastText 340

2.4. Texture Stage

Texture turbo mode
»  The setting about Texture Turbo Mode : 0x8CDCJ[21:20]
o 4P2T
e Can handle Tri-Linear
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* Canuse (s, t,1,q) of one tex. stage for user clip plane

o 4P4T

* Can handle Tri-Linear

*  Only can use (s, t) for user clip plane
= 4P8T

* Can handle Bi-Linear

e Only can use (s, t) for user clip plane

Texture Come From & Coordinate Size

Case 1- Fixed pixel shader, or PS1.0~1.3
0x9620

(used by setup engine )

TH

Determined by
1.FVF format
(come from

2D/3D | 2D/3D

2D/3D

2D/3D

stream or VS)

0x8ce4
(used by shading engine )

Determined by
1. FVF

0x8e00

eXtreme Graphics Innovation

Determined by
1.VS output 1:1?
2.Stage state

2D/3D

AOP s-=>tmust 1 to 1

mapping
texld r0, s0, t0
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Case 2- PS1.4~2.0

0x9620
(used by setup engine )

TH

2D/3D | 2D/3D
4D/1D | 4D/1D

Determined by
1.FVF format
(come from

stream or VS)

Itol mapping
0->A, 1->B, 2->C,
3->D

0x8ce4

(used by shading engine )
from from H

T7

2D/3D | 2D/3D
4D/1D | 4D/1D

Determined by
1. FVF

Determined by AOP
texld r0, s0, t3

0x8e00

2.5. Supported texture format

3 bit txfm[31:29]
000: reserved
001: 8 bpp
010: 16 bpp
011: 32bpp
100: 64 bpp
101: 128 bpp
110: DXT1 format

111: DXT2/DXT3 format
. degamma not include Alpha,
I'bit xfin{23] 8b00 D[20] enable degamma correction

1 bit txfm[22] METuselndex 0: not MET format, use destination to index
1: MET format, use global index to select

I bit txfm[21] Element bit 0: MET format with 2 channels
1: MET format with 4 channels

format Extract filter Fix Pipe P.S. Convert
L8 No Yes Yes fix8=>float24
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A8

No Yes Yes fix8=>float24
A4L4 No Yes Yes fix8=>float24
AS8LS8 No Yes Yes fix8=>float24
L16 No Yes No fix16=>float24
D16 No Yes No fix16=>float24
R5G6B5 No Yes Yes fix8=>float24
A4RAGA4B4 No Yes Yes fix8=>float24
X4R4G4B4 No Yes Yes fix8=>float24
XIR5G5B5 No Yes Yes fix8=>tloat24
A1R5G5BS5 No Yes Yes fix8=>float24
B5G6RS No Yes Yes fix8=>float24
A4B4G4R4 No Yes Yes fix8=>float24
X4B4G4R4 No Yes Yes fix8=>float24
X1B5G5R5 No Yes Yes fix8=>float24
A1B5G5R5 No Yes Yes fix8=>tloat24
V8US No Yes No fix8=>tloat24
L6V5US No Yes No fix8=>float24
R16(F) No No No IEEE floatl 6=>float24
SiS_R16(F) No No No SiS_float16=>float24
ExV8U8 No No Ne fixg=>float24
YUYV(MSB to LSB) No Yes Yes fix8=>float24
UYVY(MSB to LSB) No Yes Yes fix8=>float24
A8R8G8B8 No Yes Yes fix8=>float24
X8R8GEBS No Yes Yes fix8=>tloat24
A8B8G8RS No Yes Yes fix8=>float24
X8B8GERS No Yes Yes fix8=>tloat24
X8L8V8US No Yes No fix8=>float24
Q8WSVSUS No Yes No
A8X8VEUS No Yes No fix16=>float24

(Yes,

V16U16 No Yes truncate)  fix8=>float24
L8X8V8US NG Yes No
Reserved Reserved Reserved Reserved ~ Reserved
AYUV No Yes Yes IEEE floatl6=>float24
G16R16(F) No No No SiS_float16=>float24
SiS_G16R16(F) No No No fix16=>float24
Gl6R16 No Yes No fix24 => float24
X8D24 No No No IEEE float32 => float24
R32(F) No No No None
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SiS_R32(F)

No No No SiS _float32=>float24

SiS Z32(F) No No No

fixed=> float 24
Ql6W16V16U16 No No No fix8=>float24
SiSCxWC(like R5G5B5) Yes Yes Yes

fix8=>float24
DXTI Yes Yes Yes

fix8=>float24
DXT2 Yes Yes Yes fix8=>float24
DXT3 Yes Yes Yes

For border color assignment, please following the succeeding rules

1. Nornal case (all ARGB channel length little equal 8)

Special case (any one of ARGB channel length exceeds 8 bit, but S3TC and

SiSCxCW and MET format excludes) , those texture fomat includes V16U16, L16,

D16, G16R16,

R16(F),SiS_R16(F),G16R16(F),SiS_G16R16(F),G16R16,X8D24,R32(F),SiS_R32

(F)

<Case 1>: safe mode=0 (Reg(8b04) DI[5])

=  VI6UI16 : assign border color from A,R,G,B unsigned-8 format A_unsign§,
R unsign8, G _unsignu8, B unsigng) to
(Ulow16bit,Uhigh16bit,Vhigh16bit,Vlow16bit) format, where we store
Ulow16bit into A channel and Vlow16bit into B channel

= L16: assign border color from A,R,G,B unsigned-8 format
(A_unsign8,R _unsign8,G_unsignu8,B unsign8) to
(A_unsign8,Llow16bit,Lhigh16bit,B unsign8,) format, where we store
Llow16bit into R channel

» DI16: stuff into border color A,R,G,B channel just like L16 format

=  GI16R16: stuffinto border color A,R,G,B channel just like V16U16

=  RI6(F) : assign border color from A,R,G,B unsigned-8 format (A_unsign8,
R unsign8, G unsignu8, B unsign8) to (A_unsign8, Rhigh16bit, Rlow16bit,
B_unsign8,) format

= SiS RI16(F): stuffinto border color A,R,G,B channel just like R16F, except
substitude

=  RI16F(s5.10) with SiS float 16 (SiS_R16F) format

»  GI16RI16(F) : stuff into border color A,R,G,B channel just like
V16U16,except substitude fix16 (U16/V16) with float 16 (R16F/G16F s5.10)
format

= SiS G16R16(F) : stuff into border color A,R,G,B channel just like
V16U16,except substitude fix16 (U16/V16) with SiS float 16
(SiS_R16F/SiS_G16F) format

=  X8D24 : assign border color from A,R,G,B unsigned-8 format (A _unsign8,
R unsign8,G unsignu8,B unsign8) to
(A_unsign8,D24[23:16],D24[15:8],D24[7:0]) format
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=  R32(F) : assign border color from A,R,G,B unsigned-8 format (A _unsign8,
R unsign8,G unsignu8,B unsign8) to
(R32F[31:24],R32F[23:16],R32F[15:8],R32F[7:0]) format

=  SiS R32(F) : assign border color from A,R,G,B unsigned-8 format
(A_unsign8, R _unsign8,G_unsignu8,B unsign8) to SiS_R32F[31:24],
SiS _R32F[23:16], SiS_R32F[15:8], SiS_R32F[7:0]) format

<Case 2>: safe mode=1 (Reg(8b04) DI[5])

. V16U16 : assign border color from A,R,G,B unsigned-8 format (A _unsign§,
R unsign8, G _unsignu8,B unsigng) to
(A_default=0xff,R unsign8,G unsign8,B_default=0xff) format

=  L16: assign border color from A,R,G,B unsigned-8 format (A _unsign8,
R unsign8,G_unsignu8,B unsign8) to (A_default=0xff, R unsigneds,
G _unsigned8, B unsigned8) format

= DI6: assign border color from A,R,G,B unsigned-8 format (A_unsign§,
R _unsign8, G _unsignu8, B unsigny) to
(A_default=0xff,R _default=0x0,G_unsigned8,B_default=0x0) format

= GI6R16: stuff into border color A,R,G,B channel just like V16U16

=  RI16(F) : assign border color from A,R,G,B unsigned-8 format (A _unsign8,
R _unsign8, G _unsignu8, B unsigny) to
(A_default=0xff,R unsigned8,G default=0xff,B default=0xff) format

=  SiS RI16(F) : stuff into border color A,R,G,B channel just like R16F
=  G16RI16(F) : stuff into border color A,R,G,B channel just like V16U16

=  SiS GI16R16(F) : stuff into border color A,R,G,B channel just like V16U16
=  X8D24 : assign original border color(A default=0xff, R default=0x0,
G_unsign8, B _default=0x0)
=  R32(F) : assign original border color to (A_default=0xff,
R unsign8,G_default=0xff, B default=0xff)
=  SiS_R32(F) : stuff into border color A,R,G,B channel just like R32F

3. For 4pxt and filter mode assignment, some restitutions should be considered
+ Normal texture (exclude V16U16, L16, D16 ,G16R16, Q16W16U16V16,
X8D24,MET, or channels contains floating element )
=  4p2t could support only the subsequent filter modes : nearest, bilinaer,
trilinear (bilinear with mipomap), anisotropic w/o mipmap , anisotropic
with mipmap, volumn texture w/o mipmap, volumn texture with mipmap

= 4p4t could support only the subsequent filter modes : nearest, bilinaer,
trilinear (bilinear with mipomap)
= 4p8t could support only the subsequent filter modes : nearest, bilinaer
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+ 16-bit format texture (V16U16, L16, D16 ,G16R16)

= 4p2t could support only the sequent filter modes : nearest, bilinaer filter

mode

*  4p4t doesn't support
*  4p8&t deson't support
4 Special format (Q16W16U16V16, X8D24,MET, or any channels (A/R/G/B)
contain floating element)

*  4p2t could support only : nearest filter mode

*  4p4dt doesn't support
=  4p8t deson't support

2.6. Supported texture filtering mode

format Trii- Remark | format Tri-linear | Remark
linear

L8 f V1eul6 f

A8 f L8X8V8US f

A414 f AYUV f

Al m 1-bit G16R16(F) FP16

AS8LS8 f G16R16 f

L16 f X8L24

D16 f X8D24

R5G6B5 f R32(F)

A4R4G4B4 f D32F

X4R4G4B4 f S8D24

X1R5G5B5 f A2B10G10R10 f

A1R5G5B5 f A2R10G10B10 f

B5G6R5 f A2WI10V10U10 f

A4B4G4R4 f Ql6W16VI16eU16 f

X4B4G4R4 f SiSCxWC(like f CwWC

R5G5B5)

X1B5G5R5 f A16B16G16R16 f

A1B5G5R5 f A16B16G16R16f FP16

V8U8 f A16R16G16B16 f

L6V5U5 f A16R16G16B16f FP16

R16(F) FP16 G32R32f

YUYV(MSB to LSB) | f A32B32G32R32f

UYVY(MSBto LSB) | f A32R32G32B32f

G8R8_G8BS f CWClosslessAlpha f CWC

R8G8 B8GS f CWClossyAlpha f CWC

A8R8G8B8 f DXTI f

X8R8G8BY f DXT2 f

A8B8G8RS3 f DXT3 f

X8B8G8RSY f DXT6 f 3Dc: ATI2

X8L8V8US f

Q8WS8VSUS f

A8X8V8US f

f: fixed-point, FP16:16-bit floating-point, m: monochrome filtering
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Limitation
1. Do not support gamma correction or de-gamma correction for floating-point texture.
However, this can be dome by pixel shader.

2.7. Post setting

Z Test/ Z Bias
= Relative Globals

Z Test

8B08[19] EGenZT Enable Z test
8BB0[18:16] EGZTMD Z test mode

Z Bias Test

8B08[21] EGenZBias Enable Z bias test
8BB0[31:28] EGZBiasL Z Bias Level

=  Hardware Structure

EGenZBias (global) -
. Z Test
EGZBiasL (global) Stencil Test
Source 7 : Z Bias test
Z Shading
Destination Z
Destination Z Bias
Frame Buffer
=  Formula
7 test Pass
EGZTMD Z test Pass (ZTPass)
b000 Z never pass
B001 Pass if Zsrc < Zdst
B010 Pass if Zsrc = Zdst
b011 Pass if Zsrc <= Zdst
b100 Pass if Zsrc > Zdst
b101 Pass if Zsrc != Zdst
b110 Pass if Zsrc >= Zdst
bll1 Always ass

*Z Pass
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if (EGenZBias=1)
{

if (EGZBiasL < ZbiasLdst)
ZPass = 1;

else if (EGZBiasL = ZbiasLdst)
ZPass = ZTPass;

else

ZPass = 0;

else

ZPass = ZTPass;

Note: Above the Z Bias define is DX5 Spec. 330 has another z bias function implentation

which use polygon offset function at setup stage. This implentation is post transparency.

Stencil Test

Relative Globals

8B00[9] EGenStT Enable stencil test

8b00[10] EGenStTCCW Enable ccw Stencil Test

9410[20] RGXEnClipDet Enable Clipping to caculate Det

8B20[30:28] EGStTMD Stencil test mode

8B20 [27:20] EGStRef Stencil reference value

8B20 [19:12] EGStMASK Stencil mask value

8B20 [10:8] EGStFAIL Stencil test fail operation

8B20 [6:4] EGStZFAIL Stencil test pass and z test fail
operation

8B20 [2:0] EGStZPASS Stencil test pass and z test pass
operation

8B24[30:28] EGStTMD CCW Stencil test mode

8B24 [27:20] EGStRef CCW Stencil reference value

8B24[19:12] EGStMASK CCW Stencil mask value

8B24 [10:8] EGStFAIL CCW Stencil test fail operation

8B24 [6:4] EGStZFAIL CCW Stencil test pass and z test
fail operation

8B24 [2:0] EGStZPASS CCW Stencil test pass and z test
pass operation
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Hardware Structure

EGStMask (global)
Z Test
Stencil Test
EGStRef (global) . ~ Bias test
Destination Stencil |
Frame Buffer
Formula
Stencil Pass
EGStTMD Stencil Pass (StPass)
b000 Stencil never pass
b001 Pass if (EGStRef & EGStMask) < (StBuf & EGStMask)
b010 Pass if (EGStRef & EGStMask) = (StBuf & EGStMask)
b011 Pass if (EGStRef & EGStMask) <= (StBuf & EGStMask)
b100 Pass if (EGStRef & EGStMask) > (StBuf & EGStMask)
b101 Pass if (EGStRef & EGStMask) != (StBuf & EGStMask)
b110 Pass if (EGStRef & EGStMask) >= (StBuf & EGStMask)
bl11 Always pass
If (EGenStT = 0) { StPass =1}
*Stencil Update
If ( STPass = 0)
ST update mode = EGStFAIL;
else if (STPass = 1 and ZPass = 0)
ST update mode = EGStZFAIL;
else if (STPass = 1 and ZPass = 1)
ST update mode = EGStZPASS;
ST _update_mode New Stencil value
b000 KEEP (Stnew = StBuf)
b001 ZERO ( Stnew = 0)
b010 REPLACE ( Stnew = StRef)
b011 INCRSAT( if(Stbuf != Stmax) {Stnew = Stbuf + 1}
b100 DECRSAT( if(Stbuf != Stmin) {Stnew = Stbuf - 1}
b101 INVERT (Stnew = ~Stbuf)
b110 INCR ( Stnew = Stbuf + 1)
bl11 DECR ( Stnew = Stbuf— 1)

Description

When Stencil test turns on, coarse z can not drop any valid point even if the pixel is
coarse z test fail. We should update stencil value of every valid point.

When two-side stencil turns on, 0x9410 D[20] should be enable for HW calculating
which side to select.
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Alpha test

Relative Globals

8B00[11] EGenAT Enable alpha test
8B34[26:24] EGATMD Alpha test mode
8B34[23:16] EGAREF Alpha reference value

Hardware Structure

- TRSW
Texture Blending Source Alpha

< Alpha
_EGenAT (globa) ] Test
EGATMD (global)
EGARef (global) >
Formula
EGATMD Alpha test Pass (ATPass)
b000 Alpha test never pass
b001 Pass if Asrc < EGARef
b010 Pass if Asrc = EGARef
b011 Pass if Asrc <= EGARef
b100 Pass if Asrc > EGARef
b101 Pass if Asrc != EGARef
b110 Pass if Asrc >= EGARef
blll Always ass

If (EgenAT =0 and TRSW !=0) { ATPass =1}
TRSW is pass form texture for fuction texture transparency and pixel shader command texkill.
When a pix kill by those functions at texture, the TRSW will set to 0.

Z Pixel Write and Color Pixel Write

Z Pixel Write
If (EgenZW =1)
{
if (EGenStT = 1 or Fist touch pixel)
ZPixWr = PixelValid;
else
ZPixWr = ZPass and StPass and PixelValid and ATPass;
}
else
{
ZPixWr=0
}
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Note: Driver won’t clear frame buffer z for first touch case. We need to write Z even
when z test fail for first touch point.

If (First touch pixel)
{ If(ZT pass and ATP pass)
{ write new z value}

else
{write initial Z value}

}
Color Pixel Write

ColorPixWr = ZPass and StPass and PixelValid and ATPass;

Write Mask and Color Equal Not Write

Relative Globals

8B00[2] EGENDsEqSrNoCW Enable No color write when
Cdst=Csrc
8B00[1] EGenCWrMask Color write mask enable
8B00[1] EGenZWrMask Z write mask enable
8BB4 EGZWrMASK Zwrite mask
8BBC EGZWrExtMASK Zwrite mask for Extended case,
i.e. stereo or FSAA
8B44 EGDOCWrMASK Destination 0 color write mask
8B50 EGD1CWrMASK Destination 1 color write mask
8B5C EGD2CWrMASK Destination 2 color write mask
8B68 EGD3CWrMASK Destination 3 color write mask
Formula
If (enmask)
{
For (i=0;i<format length;i++)
{
if mask{[i]
out[i]=scr[i]
else
out[i]=dst[i]
}
}

if (Egencwmask and cmask=allzero) or (Csrc=Cds)
Color pixvalid =0
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W Buffer

Relative Globals

8B08[22] EGenWhbuffer Enable W buffer as depth
comparison

Hardware Structure

A 4

) Winverse | 5 W2Ptodp .
Z shading (4P) 2P) and mux  —Finalou (4P)

» final out

Formula

If (EgenWhbufter)
{ Zscr =1/Zshading} Zshading now is RHW shading value

Note:1. For the cost of the hardware, 330 only has two pixel inverse .
2. If Whuffer is enable. The coarse z can not turn on.
3. W buffer value can large then one. Since only the floating z format can be use
when W buffer turn on.
4. When W buffer enable, the w normalize can not turn on. This situation will
cause color perspective error at 330 hardware. Since when w buffer turn on, 330 can not
tuen on color perspective.

Alpha Blending/Transparency Blending

Relative Globals

Alpha Blending

8B00[8] EGenBLEND Blending enable

8B00[6] EGenABLSepSet Enable alpha blending separate
setting

8B28[26:24] EGCBLEgMode Color blending equation mode

8B28 [8:4] EGCBLsrc Color Source blending mode

8B28 [3:0] EGCBLdst Coloe destination blending mode

8B30[23:21] EGABLEgMode Alpha blending equation mode

8B30 [8:4] EGABLsrc Alpha Source blending mode

8B30 [3:0] EGABLdst Alpha destination blending mode

Transparency Blending

8BOC[15] EGenTX0TR Texture 0 transparency enable

8B0C[14] EGenTX1TR Texture 1 transparency enable

8BOC[13] EGenTX2TR Texture 2 transparency enable

8BOC[12] EGenTX3TR Texture 3 transparency enable

8BOC[11] EGenTX4TR Texture 4 transparency enable

8BOC[10] EGenTX5TR Texture 5 transparency enable
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8BOC[9] EGenTX6TR Texture 6 transparency enable
8BOC[8] EGenTX7TR Texture 7 transparency enable
8B0OC[7] EGenTX8TR Texture 8 transparency enable
8BOC[6] EGenTX9TR Texture 9 transparency enable
8BOC[5] EGenTX10TR Texture 10 transparency enable
8B0C[4] EGenTX11TR Texture 11 transparency enable
8B0OC[3] EGenTX12TR Texture 12 transparency enable
8BOC[2] EGenTX13TR Texture 13 transparency enable
8BOC[1] EGenTX14TR Texture 14 transparency enable
8BOCJ0] EGenTX15TR Texture 15 transparency enable

Hardware Structure

Fog Blending Source Color
TR blending weighting Alph_a —>
Texture Blending
Destination Color
Frame Buffer
Formula
*Blending Factor
DoTR = (EGenTXO0TR or EGenTX1TR or EGenTX2TR or EgenTx3TR)
If (EGenBLEND)
AFSrc = CFsrc = EGCBLsrc;
AFdst = CFdst = EGCBLdst;
else if (DoTR)
AFsrc=1;
AFdst=0;
CFsrc = TR_Blending_Facror;
CFdst = (1- TR_Blending_Facror);
else
AFsrc=1;
AFdst=0;
CFsrc=1
CFdst=0;
*Alpha

If (EGenABLSepSet = 1)

Alpha _eq mode = EGABLEqMode;
else

Alpha eq mode = EGCBLEqMode;

If (Alpha_eq_mode == 0x0)

Aout = Asrc * AFsrc + Adst * AFdst
else if (Alpha eq mode == 0x1)

Aout = Asrc * AFsrc - Adst * AFdst
else if (Alpha _eq mode == 0x2)

Aout = Max(Asrc, Adst)
else if (Alpha_eq mode == 0x3)

Aout = Min(Asrc, Adst)
else if (Alpha_eq mode == 0x4)

Aout = -(Asrc * AFsrc - Adst * AFdst)
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*Color (RGB)
If (EGCBLEgMode == 0x0)
Cout = Csrc * CFsrc + Cdst * CFdst
else if (EGCBLEqMode == 0x1)
Cout = Csrc * CFsrc - Cdst * CFdst
else if (EGCBLEqMode == 0x2)
Cout = Max(Csrc, Cdst)
else if (EGCBLEqMode == 0x3)
Cout = Min(Csrc, Cdst)
else if (EGCBLEqMode == 0x4)
Cout = -(Csrc * CFsrc - Cdst * CFdst)

Description
=  Cout: Color after alpha blending (8-bit)
»=  Csrc : Source color, after fog blending.(8-bit)
=  Fsrc: Source color blending factor (8-bit)
= (Cdst : Destination color read form frame buffer (8-bit).
=  Fdst : Destination color blending factor (8-bit)

ROP

Relative Globals

8B40[27:24] EGDSTOROP Destination O[L] raster operation
8B4C[27:24] EGDST1ROP Destination 1[R] raster operation
8B00[21] EGenStereo Enable automatic stereo

Hardware Structure

Source Color
Alpha Blending ROP > Dither

Dest. Color

Frame buffer

Formula
If ( EgenStereo )
{
If (left_eye triangle )
DSTROP = EGDSTOROP
Else
DSTROP = EGDST1ROP
}
Else
{
DSTROP = EGDST1ROP
}
Aout = Asrc
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Cout = DSTROP(Csrc, Cdst)

EGDSTOROP(EGDST1ROP) Function
b0000 Cout=0
b0001 Cout = ~(Csrc | Cdst)
b0010 Cout = (~Csrc) & Cdst
b0011 Cout = ~Csrc
b0100 Cout = Csrc & (~Cdst)
b0101 Cout = ~Cdst
b0110 Cout=Csrc  Cdst
b0111 Cout = ~(Csrc & Cdst)
b1000 Cout = Csrc & Cdst
b1001 Cout=~(Csrc  Cdst)
b1010 Cout = Cdst
b1011 Cout = (~Csrc) | Cdst
b1100 Cout = Csrc
b1101 Cout = Csrc | (~Cdst)
b1110 Cout = Csrc | Cdst
bl111 Cout =1

Dither and Inverse Dither

Relative Globals

8B00[5] EGenDith Enable dither
8B00[4] EGDithldxSel Turbo dither mode
8B00[3] EGenlnvDith Enable inverse dither

Hardware Structure

Source Color >
— | Alpha > ROP Dither
Dither Blending

A

Destination Color

Frame Buffer

Dither
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Dither function can be turned on when destination color format is 16-bit mode. There
are total 16 tables for dither (DitherTable[16]). These tables are pre-defined and
implemented in H/W. The 16 tables are as follows :

Pattern 0 Pattern 1 Pattern 2 Pattern 3
0]0]01]0 Oofo0of[0]|O ofo|0]O ofo|0]O
0]0]01]0 ofof[0]|O Oofo0|0]O ofo|1]0
0]0]01]0 ofof[0]|O Ofo0|0]O ofo|O0]|O
0]0]01]0 110[0]O0 110110 110110

Pattern 4 Pattern 5 Pattern 6 Pattern 7
0]0]01]0 ofo0of[0]|O ofofo0|1 ofofoO0|1
1101160 110110 110110 110110
0]0]01]0 of1(01]O0 ofo0o|O0]|O oOf1(0{|1
110110 110110 110110 110110

Pattern 8 Pattern 9 Pattern 10 Pattern 11
011101 0O]1(10]1 0|1 (10]1 0O]1(10]1
110110 110[11]0 11011 11011
0]1]0]1 of1(0]|1 oOf1(0]|1 of1(0{|1
110110 11110 111110 1111

Pattern 12 Pattern 13 Pattern 14 Pattern 15
0Ol11]10]|1 0O|]1(10]1 o1 (1]1 o] 1(1]1
111171 1111 11 ]1]1 11111
0]1]0]1 111101 111101 111 1]1
111171 1111 11 ]1]1 1111

How to select an appropriate table for each color channel of a pixel is depending on the
destination color format. The selection criterion is as follows

Color Format Dither Table No| Dither Table No| Dither Table No
RGB444 R&OxF G&O0xF B&OxF
RGBS555 (R&0x7)<<1 (G&0x7)<<I1 (B&0x7)<<1
RGB565 (R&0x7)<<1 (G&0x7)<<2 (B&0x7)<<1

For example, if color format is RGB555 and RGB is (0x33, 0x44, 0x55), the
corresponding dither table number for each channel is

Dither Table No of R = ((0x33)&0x7) <<1 = 0x6;
Dither Table No of G = ((0x44)&0x7) <<1 = 0x8;
Dither Table No of B = ((0x55)&0x7) <<1 = 0xA;

Once a table is chosen, the next step is to decide if each channel needs to be dithered.
We can see that there are 16 elements in each dither table. If we choose a element “1°, it
indicates this channel needs dither. The question is , how to choose ? Suppose we have

chosen a dither table as follows.

Pattern 9
A1 ]00[01]10]11
00011011
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oOrf1f{o|1]1
10JO|1([0]1
111 ]1(1

In this pattern, each element is indexed by index i and j, the selection criterion of i/j will
give various dither effect. The criterion we use is relative to the coordinate of each pixel.
If the coordinate of a pixel is (X, y), the index 1 and j are given as following formula:

Index 1= (x[1], y[2] xor x[0])
Index j = (y[1], x[2] xor y[0])

For example, if ( x, y) = (0x33, 0x45), according to the formula, the index (i, j) =(bl11,
b00), and we have an element “1°. This indicates the pixel needs dither.

However, we have another index selection criterion, it’s easier but loses image quality.
This mode is turned on by the global signal EGDithldxSel. The index selection is re-

defined as:
If (EGDithldxSel)
{
Index i = (x[ 1], x[0])
Index j = (0, 0)
}

The final step is to dither RGB channel of each pixel. We must do dither according to
different color formats. Three cases need to be considered:

1. &-bit to 6-bit : Cdith = Cold + 0x04;
2. 8-bit to 5-bit : Cdith = Cold + 0x08;
3. 8-bit to 4-bit : Cdith = Cold + 0x10;

For example, suppose the color of a pixel is (R, G, B) = (0x77, 0x99, 0xF8), and the
destination is RGB565, the dither is performed as follows :

R’ =R + 0x08 = b0111 0111 +b0000_1000 = b0111 1111
G’ = G + 0x04 = b1001_1001 + b0000_0100 = b1001 1101
B’ =B+ 0x08 = b1111_1000 + b0000_1000 = b1111_1000 (clamped)

After dither, the color of pixel becomes (0x7F, 0x9D, 0xF8) and the final color write the
DRAM is RGB565=b(0111 1)(100 _111)(1_1111) = 0xFCFF.

Summary of the description above, the dither steps are:

1. Select an appropriate pattern
2. Select a element from the pattern

eXtreme Graphics Innovation www.xgitech.co




3. Do dither on pixel if necessary, and , do not forget to clamp the color to the
maximum range.

Inverse Dither

Inverse dither is mainly to solve the issue of color deviation when multiple blending in a
scene. The steps of inverse dither are similar to steps of dither and this function is
controlled by the global signal EGenlnvDith.

The first step is select an appropriate inverse dither pattern according to the color format
of each channel, total three cases:

1. 4-Bits Inv-Dither to 8-bits
Pattern 4to8
\iJ00]01[10](11
00 |+7]-1|+5]-3
01 1-5]+3]-7|+1
10 |+4] -4 [+6| -2
11]1-8]10([-6]+2

2. 5-Bits Inv-Dither to &-bits
Pattern 5to8
\iJ00]01[10](11
00 [+3]-1]+2]-2
01 ]-3[|+1|-4]+0
10 | +2 -2 [+3] -1
111-4]10|-3]|+1

3. 6-Bits Inv-Dither to 8-bits
Pattern 6to8
j\iloolot]10]11
00 |+1]-1]+1]-1
011-2{101]-210
10 |+1]-1|+1]|-1
111-2]10([-2]10

For example, for a color format RGB565, you must perform inverse dither on R and B
channel according to pattern 5to8 and G channel according to pattern 6toS8.

The second step is to select an element from the chosen pattern. The index selection is
the same as we do in dither:

Index 1= (x[1], y[2] xor x[0])
Index j = (y[ 1], x[2] xor y[0])

The final step is to do inverse dither on each channel according to the selected elements.
Suppose the elements we select for each channel are (InvDithR, InvDithG, InvDithB),
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the destination color is OxFCFC and the coordinate is (0x33, 0x45) the inverse dither is
performed as:

Color Original Color (InvDithR, Color after inverse
Format InvDithG, dither
®,G.B) InvDithB)

RGB444 | (0xCO, 0xF0, 0xC0)| (-3,-3,-3) (0xBD, 0xFD, 0xBD)
RGB555 | (OxFS,0xC8, 0xE0)| (-2, -2, -2) (0xF6, 0xC6, 0xDE)
RGB565 | (OxFS,0x9C, 0xE0)| (-2,-1,-2) (0xF6, 0x9B, 0xDE)

Summary the steps of inverse dither:

1. Select an appropriate inverse dither pattern.

2. Select an element from pattern.

3. Do the inverse dither and do not forget to clamp the final color between the
maximum and minimum color range.
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