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Becurnent started

Updated, added the instruction formant, mitial block
diagrans and preliminary interlace descnplien

A more detailed description of the SP<>TEX,
RE/Sequencer <->5P interfaces.
Added the paragraph related to shader functional
limitations that the compiler needs to be aware af.
A new updated and compressed version of ALU
instruction format.

Updated the Intreducton of this document. A new
Pipeline Timing Diagram was inserted.
Merged in the Shader Hardware Spec, A more detailed
description of the interfaces with the other blocks was
added. Updated some of the diagrams to a more
correct representation of the datapatirs.

A more detailed description/definition of Shader
interfaces with the other blocks.

A more detailed desenption of the instructen
supported by Shader Processor and it's relation to
instruction set exposed at API level.
Updated the Alu instruction word definition and the bist
of the alu instruction apeedes supperted by the shader
pipe ALU unit
Updated the definition of the Extemal Interfaces

Updated the definition and naming of some of the
extemal interfaces, cearranged fhe ALU insiruchon
word definition such that the fields are chord aligned,
The instruction opoode definition was updated and
expanded.
Updated most of the diagrams. Updated the External
Interface definitions. Added a description of the
Parameter Interpolation Units. Added a diagram
description of the GPR write data paths.
Updated some of the external interface definitions.
Specified the expected behavior of hardware
implementation of some shader opcode with some
comer case Values as Inpul arguments. The MS
Reference Raslerizer shader was used as guideline
Updated some of the extemal interface definitions.

1. Changed the order of the swizzle bite per
channel in the instrection word such that the

LS8s belong to the red channel ...MSBs for
the alpha channel,

2. Extended the $0SP_Instuct bus width to 21
bits to account for the Scalar Opeode being &
bits instead of 5.

1. Modified the instruction word format.

2. Added new aprodes (DST and MUL_PREV2)
and redefined the opceoded values for both
vector and scalar instructons,

3. Updated the 50SP Instruction$interface
definition,
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Introduction

Shader Pipe (SP) serves as the central Anthmetic and Logic Linit (ALU) for the R400 Graphics Processor. There are four
identical Shader pipelines in the R400 architecture. Differently fom previous AT! architectures, the R400 Shader Pipe truly
represents a Unified Shader Architecture (USA). In R400, both vertex and pixel shading operations are implemented
through the shader units. The R400 Shader Pipe represents a Single Inetruction Multiple Data (SIMD) architecture. All the
shader units of each and every pipe execute the same ALL instruction on different sets of vertex parametersipivel values.
The building blocks of the R400 shader units execute operations on single precision IEEE floating-pomt values.
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State

1.1 Shader State

1.1.1 GPRs (Genera! Purpose Registers)
The general-purpose registers are 126 bils wide, composed of four 32-ba values. Depending on the operation these
values can be interpreted, among others, as ABGR, WZYx, ORTS, QWVU, or AUYV respectively; to simplify matters
the only ihe alias W27X will be used throughout this document.

To hide the latency of memory accesses the shader pipe will switch between different vectors. This is the same as the
idea of “microlhreading’ thal some advanced CPU's are investigating. The lange register file is split between the
vectors éxeculing in ihe shader pipe. The management of the shader register file is automatic, and mot visible to a
program executing on a vector, excepl that a program is required to declare the number of GPRsit needs to execute,
The hardware will not start a vector uni the required number of registers is available. There is a direct tradeoff
between the number of registers each program/vector needs and the number of vectors than can be simultaneously
resident. if there are too few vectors resident, lhen the latency of memory accesses can mo longer be hidden and
performance suffers.

There are a total of 128 general purpose registers. A given shader can request al most 64 GPRs, Requesting a very
lange number of GPRs will make i difficult to hide mvemery latency, but the program will still execute and generate the
comect result.

Most pixel programs are expected to have less than eight registers; verlex programs are expected to have less than
sixteen registers.

The number of registers a program needs is the mamum number of registers it meds at any instruction. a program
needs only 3 general purpose registers nearly all of the time, except fora short period when it needs &.if still needs to
allocate eight, A significant performance optimization is for the compiler to reorder the instructions to minimize the
number of needed registers.

 
Notation: ROW refers to the bits &6 to 127 of ragister one (50 does ROA).

1.1.2 Constants

There are algo (512) constant registers available lo vertex and pixel shaders in the primary command siream.

127 95 BS 31 0 Constant

 
Real-time hae it's own 256. Conatants are physically part of the Sequencer unit. As it will become clear by reading the rest
of this document, the content of the constants can be made available to the ALU units of the shader pipes in the fomm of one
of the possible ALU operation arguments. The ALU instruction word provides for that,

The constant file is shared between veriex shaders and pixel shaders, it is the drivers job to allocate one section to pixel
shaders and another to vertex shaders to match the O30 programming model: other API's may allow more freedom.

To be able te support multiple textures easily, and to save hardware area, the texture state regisiers are stored in separate
pod of constant registers. Each texture constant holds 192 bits of texture state. Rather than have four or six sets of texture
registers as we do in the R100, R200, and ROG, by storing them in constant memory we can save area by reusing the logic
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already needed to update the constant registers in order, Since any single texture instruction wall only feteh from one texture
we do not need the simultaneous access we would get with implementing this as “normal” regisiers.

1.1.3 Previous Instruction Result

(This section i6. no longer accurate and needs updating)
Within an ALU clause the result of the previous operation is explicitly available, without requiring a register read
(due to an exposed pipeline delay, the resull of the previous operation can not be read trom the registerfile without a
one-instruciion delay shot). There are two distinct previous insimctions, one scalar and one wector.
This. register is not preserved between the end of one ALU clause and the beginning of another.
fo can be weed to avoid using anoiher GPR if ihe result is not needed, Also, the output modifiers, which do affect the
result of an instruction written into GPRs, do not affect the Previous Result content,

1.2 Initial state

1.2.1 Vertex Shader

A vertex shaderinitially has ihe X value of RO sei to the vertex index. No other registers. are filled. The vertex shader
must use the index io feich the vertex data from the vertex armay(s). The pointers to the vertex arrays should be placed
in texture consiant registers by the driver.

1.2.2 Pixel Shader

The pixel shader has the interpolated values generated from the values exported by the vertex shader,

If the vertex shader exports io parameter 0, and the R400 is appropriately programmed, then GPR O in the pixel
shader contains the interpolated values for hal parameter al that piel.

2. Program Format
(This section is no longer accurate and needs updating)
A pixel or vertex shader program consists of 16 clauses, eight texture clauses and eight alu clauses.
The instroctions in a clause will be executed sequentially, If a given instruction is implementing, for example,
T*5+O0(T = texture for SRC A, 5S = Specular for Source 6, O = Diffuse for Source C}, i's ihe Sequencer's task to
resolve the dependencies between the ALU clause and the respective texture clause. In olher words, he sequencer
will not sue the ALU instruction using texture data as input to the shader pipe, until the texture request has been
issued to and serviced by the texture pipe. In general, the Shader is not aware of the origin of the SRC A, SRC B and
SRC C data (texture, diffuse, specular, verlex parameters etc), Three address pointers into the register files (one for
each operand) are all the shaders need fo fetch these operands. In reality, a5 A will become more evident later in this
document, there is mo need for the pointer values to be passed to the shader unas. This is related to ihe GPR's
Padwritée Mechanism we have chosen to implement.

3. ALU

3.1 ALU structure

ALU consist of bvo distinc! unis: the “Vector ALU and the “Scalar ALU. The Vector ALU performs operations in
parallel across a 4-component vector, while the Scalar ALU performs operations on a single component of a vector
whieh is then replicated across all components, A single instruction will ‘co-issue’ both a Vector and a Scalar
instruction, Almost all scalar insinuctions require SrcC as an operand, When the Vector operation is only using SrA
and SrcB as operands (such as in a MUL (Multiply) instruction), the scalar pipe is tree to use Srec as it wishes. When
the VEcior pipe is abo consuming SroG, such as in a three operand instruction like MULADD (Multiply and ADD), Srec
is. fixed for the scalar pipe. It's important to understand that the given scalar operation sill occurs on SoC. Under
most circumstances this will result in undesirable behavior unless the scalar operation is benign and has masked its
destination writes.

For more details on the overall iructure of he Shader ALU, refer to the figures in Section 5 of this document.
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3.2 ALU instruction format

There are two opcodes present in the ALU instruction, one for the Vector operation and one for Scalar operation, The
idea is that we can allow a 4-component vector operation (if ihe compiler permits} cossued with a Scalar Operation.
The Sealar unit may use SRC C, depending on whelher this source is being used by the vector operation, Please refer
to Section 8 of this document on the limitations of a Vector or Scalar instrvction issuing.

Select it for selecting Constant va. Register

O: conten
Selec ba for selecting Constant vs. Register

0: Constant

1: Register
Select ba tor selecting Constant vs Register

O: Constant
1: Register

‘VectorGpeode|@288_|5|Opcode for Vector instruction
SRC A Register/Consi- 87:80 Location of SRC A in the Register or Constant file
ant Polnter i Register, Bite [T]-[80] denote:

Bit [87]
0: De not execute ABS on inpul register
1: Execute ABS on input regrter

Bit (86) :
O: Logical register addressing
4: Currant Loop index relative register addressing

Bits [85)-(B0] location of SRC A in the registerfile
Hf Constant, Bits [87]-{20) denote:
_Bits [87)-(60) bocation of SRA in the constant file

SRC 8 Register/Const-|for2 Leeation of SRC 8 in the Register or Constant file
ant Pointer Refer to SRC A Reg

SRC C Register/Const- Location of SRC C in the Register or Constant file
ant Pointer Refer to SRC A Reg

Constant) The address pointer into the Constant file is relates to some base address
Logical/Relative register (works in conjunchen with Relative Addreas Register Select)

0: Legical eanatant addressing
1, Relative constant addressing

Constant The address pointer into the Constant file is relatve to some base address
Logical/Relative register (works in congunchen with Relative Addreas Reglater Select)

0: Logical constant addressing
1: Relative constant addressing

Relative This bat detenmines the address register used as base register whenRegister ener Constant indgong is relate, | is used in conjunction wih Constant)
Logical/Relative and Constant’ Logical/Relative fields.

O: Current Loop index relative
1 Address Register relative

Predicate Select Bite (60/59)
OX: No predication
10: Predicated — 1 means skip, 0 means execube
11; Predicated -— 0 means skip, 1 means execute

creas—o—h— 1a Megate_
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SRC A Swizzle 2 bite for each component
Bits (52)51] — Wi channel swirzle

OO: leave Wi
O41: x
41: ¥
W1:2Z

Bits (50)[49] — 2 channel swizzle
OO: leave 2
O1 W
10: ¥
Wy

Bits (48)[47] -— '¥ channel swale
OO: leave ¥
O1Z
10: Ww
WX

Bits (46)[45] = % channel swale
O0: leave
oy
10:2
14:

SRC 6 Swizzle ; 2 bits for each component(refer io SRC A Swizzle
SRC C Swizzile 2? bits for each component (refer to SRC A Swizzle

poode for the Scalar instruction

Scalar Clamp

Scalar Write Mask Gefines which out of 32 bet words (four of tham) in the scalar result is written
back in the Register file. There's one bit per channel.
Bit [23]

0: Leave ihe current value
1: Write Scalar Ww

Bit [22]
O: Leave ihe current value
4: Write Scalar 2

Bit [24]
O: Leave the current value
1: Wirte Scalar ¥

Bit [20]
0: Leave the current value
1: Write Scalar *

Vector Write Mask Getines which out of 32 bet words (our of ther) in the vector result is written
back in the Register file. There's ome bit per channel
Bit [19]

0: Leave the current value
1: Witte Vector W

Bit [18]
0: Leave the current value
1) Write Vector 2

Bit [17]
0: Leave the current value
4: Write Vector ¥

Bit [78]
0: Leave the current value
1: Write Wector X
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Scalar Destination|15:8 Bit [18] denotes the destnation of the ALL results
Pointer 0: Register file (Scalar and Vector]

1: Export file (Gcalar and Vector)
I Register file destination, Bite [14]-[6] denote

Bit [14] determines whether the scalar dastinaton address into Register file is
logical or ralatrve.

O: Logical register addressing
1: Current Loop index relative register addressing

Bits [13]-[8] species the address into the Register file for the result of scalar
operation.

I Export fila destination, Bite [14]-[8] denote:
Bit [14] determines parameter export masking behavior. See table in 3.2.1.4
Bits [13]-[E] ate unused, Must Be Zero

Vector Destination=70 Bit [7] determines the ABS input modifier on al constants in instruction
Peinter 0: Do not execute ABS on all constants

1: Execute ABS on all constants

Bit [6] determines whether the vector destination address into Regater ar
Export file is logical or relative,

0: Logical register addressing (Must Be cero for exports on r400)
1: Current Loop Index relative register addressing

Hf Register file destination, Bits [5]40] denote:
Bits (5)-(0) species the address into the Regester file for the result of vector
operation.

i Expert fila destinaben, Bite [5)-[0] denote:
Bits [5]-(9] specifies ihe address into the Export file for the result of vector
and scalar operations.

 
There's € total of 86 bits per instruction. The bit allocation and assignment for the different fields of ihe instruction
word was done with under the limitations that they should be DWORD (32 bit) aligned.

3.2.1 ALU Instruction Word Interpretation
3.2.1.1 Ar nt Selection and Pointers

There can be a maximum of three sources (operands) required for an ALU operation of a vector type.
The ROO ALU instrection word definition provides location pointers into the Register file (GPiRs) or Constant file for

eet of the three sources (SRC A Register/Constant Pointer, SRC B Register/Constant Pointer, SRC B Register/Constantnter}.

3211.1 Logical vs, Relative Registers
SrcA, SrcB and SrcC GPRlocations denoied by SRC A (B, C} Register/Constant Pointer fields of the ALU insinuctian
word, can be bogical as well as relative addresses. If relative, they are relative to the Current Loop Index present in the
Sequencerstate.

S102 Logical vs, Relative vs, Absolute Constants
Constants. can also be addressed in logical and relative fashions along with an absolute mode. When relative, they
Can be relative to either the Cument Loop indéx (CLI) of Address Register (AR) in the sequence state. The truth table
below shows the instrection fields that are used to decode the nature of the constant values.

Constanto a
Lagieal/Relative
0: Logical

Absolute _ Absolute Same as Consiantt

Relatve, CLI|Logical Same as Constant!
Logical | Relative, CLI|Same as Constantt

R gical Same as Constant
Sarre a6 Constanti

_ Relative, AR Same as Constant

 
Note from the table that if both Constants are relative, they are relalive to the same value, either the Cumeni Loop
Index (CLI) or Address Register (AR),
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Constant® refers to the first constant in the instneciion; Constant] and Constant2 refer to the second and third
consiants in the instruction respectively.

3.2.1.2 InputandOutput Modifiers
The R400 ALU Instruction word definition provides for only three input modifiers for each of the ihree sources,
Negate, ABS and Swizzle. When the source is a Constant value, inpul modifier ABS applies to all constants in
instruction. In all situations, ABS is ahvays applied before Negate. Input modifiers do not apply to PreviowsScalar.

The R400 ALU Instruction word provides for two output (result) modifiers: Write Mask which only affects the results
going into GPRs but not the PreviousScalar and Clamp.

3.2.1.3 GPR write-backs

The table below deseribes the precedence onder for “mined” use of Scalar Write Mask and Vector Write Mask for
GPR wrile-backs when the Scalar Destination Pointer and Vector Destination Pointer in the instrection word

speciy the same GPR. This is done per component (each MASK field is 4 bits wide, one bil per component/channel).

Result of GPR write-back

Oo Dont writerit(mask)_ _ 
3.2.1.4ExportandPredicaterelateddecoding
Exporis aré allowed from either Scalar or Vector Pipe. Similar to ihe GPR write-backs, masking of export dala is
permitted. The mask is present in the ALU instruction word. When exponiing, the export address used is ihe Vector
Destination Pointer present in the instruction word. The Scalar Destination Pointer in this case is abvays ignored.
The table below deseribes the “mixed” use of Scalar Write Mask and Vector Write Mask per component when
exports are coissued, The ability to genérate 0.0f or 1.07 during export provides one method for defaults.

Scalar Write Mask | | Resultof Export
O ‘Bit[14]

O Bont woite (mask)
4: Write 0.0f

iSenseWrite1.01
 
A few oiler export related definitions and restrictions:

1) Exporting of 'ColonFog'is a special case,
a) When exporting Fog, Color must be exported al the same time. Fog will be exported in the Scalar

pipe and Golor in the Vector pape.
bj) The SP produces a final export Color by obeying the vector/scalar mask rules for exports. The

SP does not see bit[14] so when the vecior and scalar masks for a given channel are 0 a O.0f is
generated, The SP than merges Fog (always from the scalar pipe) inte the final export color,
Finally, channel masking is applied in (20/5%) only when the scalar and vector masks for that
channel are 0 and bij14] is 0.

¢) Note for Fog to work correctly, SW should ahways output ihe same Fog factor from the sealar pipe
for all masked writes and all channels of Color should be written before ibe shader exits.

3.2.1.5 Expon Types and Addresses
The location where the data should be put in ihe event of an export is specified by in the destination pointerfield of the
ALU instrection word. Following is a list of ihe possible types of exports and the range of addresses.

Vertex Shading
0:15 +16 parameter cache
16:31 - Empty (Reserved?)
a2 - Export Address
33:37 +5 verlex exports to the frame buffer and index
38:46 - Emply
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47 - Debug Address
48:52 - S$ debug export (interpret as normal memory export)
53:59 -Emply
60 - export addressing mode
él - Empty
62 » position
63 - Sprite size export that goes wilh position export

(X = point size, ¥ = edge flag is bit 0, 7 = VtxKill is bitwise OR of bits 30-0 (any bit other than
sign means Vixkall_)

Pixel Shading
Oo ~ Colorfor buffer 0 (primary)
1 - Color for buffer 4
2 =» Color for butter 2
a - Cor for bulfer 3

4:15 -Empty
16 - Buffer 0 ColonFog (primary)
7 ~ Buffer 1 ColonFog
18 - Buffer 2 ColonFog
18 - Bulfer 3 ColonFog
20:31 - Empty
32 ~ Export Address
33:37 - 45 exports for multipass pixel shaders.
38:46 - Ermply
a7 - Debug Addmass
48:52 -§ debug exports (interpret as normal memory export)
60 > export addressing mode
61 - 2 for primary bulfer (2 exporied to "X" component)
62:63 - Empty
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3.3 ALU Opcodes
The following table represents the ALU operations/opcodes supported by the Vector unit.

Nokes
component add.
arands possible colesue.
component om.
orands possible codssue.
Component mim.

2 operand: posgible oplesue,

Por component

Pe SohT
7 operand: popalbla coisas,

Par fommonet seat gragter than.
2 operands: pogelble eoleaue,

Far-component oof qroater than
Result +f agian .

Elee 2 oporands possible coissue,Reaolt

FOr component set no equa
Rasult a i porslble mol aie.

Ela
Result

= Broa. + -FUGGR(Sroniy Fer componont “fractlonal’ part ofTrek.
1 coerands: possible. ooissue.
er. Sopanent

Srois
1 operands:

Ragulet = TRUWC(Srcal y Par component Floor Ciotis
Tf ( (8rék = 0.00) a6 (8rek l= Reeult) | 1 operand: poztible eoiseue.Ragolt += -Lsof

Srok © Srol + Srey Per component oval tip]y= ack
3 oeprandy no colazsoe,

[Srca == 0.00) Par component fomditional move
Raault = Seche Hjizh |] .

Eloe 1 operand: no colssue,
Rasult = Srocy

Tf (Srck > O.0f) Por component conditional move
Result = Spehy greater than sequal,

Elee i operands: no colssue.
Rasult = Spocy

[Sro0k > OD.) Per component comditional moahe
Retult = Brel: greater thar.

i operands: no ooissue,
Rasult = Srecy

i component dok prodiect
Aetult paplicated in all
channels.
ae possible cod
J component dot produ
Aesult feplléated insranine Lite
2 operands posstbloe ca
2 Component dct prodipct with add.
Assit Feplicated in all €
channels.
3 operands no colszsue.
Cubsimap instriction.
2 operand (8fck = AR.Zaey, Seb =

Ainate An-VREE}: potrible celserue,
eoordinatay

Remlt = man {scan HM, Sroke ky & I 1 component maximum.
Result replicated in all foue
shannelz.
l eperands possible colscue,
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nePUSH

FREDSEDGE-PUSH

EDIT GATE
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Tt { (Serene == OLOf) be

Result = d.0f%
EatPredcataReg (Execute) J

[Srckome ONT] fF |

1
Eiee {[

Basult = Spek. W # L.0ta
fat hred] Ca tebe (Shiels

C Larch f= OVE) ae
Rasult = O.oty
fatPrediearaleg (ExecutelsJ

Elaa -[
Result = Srok.W + 1.0£f1
SetPradicateneg(sklp}1

[SrcA. == Sik] 7F |

( (orense » O.0t]
Result = O.0f2
fotPredicatoneg (Executes4

Else |
Result = Srck.W + L.oty
fet Pred] catenegiSeige:

bt CSrckWee O.0f} 7 |

if [ (2ccR. wh w= OL) &e
Result = D.0Es
Sat Pred cateheg (Executeals]

Elea [
Result = Srck.W 4 Liots
SetPradicateHag iSkin);

LSrcr.,

[orca
fezult
Killed

]
Else

Rasult
Kliled1

Else
Ragult

Result .W
Reoult.é
Result. = SrcA.¥ *
Reale, x L-OFF
Result = MAKifroA, &2c8) 7
SQResultl - FLOOR (Srek.W = 0, 50)7
it (SQResultF s= -250.0f5 [

SOULE = SOResul thy

Srcn.wy
Grok. da

Eraba ty

Lem |
SOMMER = -256.08

|
Tt (80Rasu1tF > 255.08) |

SofemiLeF = =256.0£;

SQkesulth. = truncatetoExportToso (SpResul tt) 79
ALCS QRenwl cr g

ff cloned S-ble Integer

 
DOCUMENT-REV. NUM.

R400 Shader Processor Model

Fredlcats counter [acrenant equals
Update predicate register.
femuit ceplicated in all fourchannels.
2 operand: possible colsous,foe noOce below,

Predicate counter inoremant not

equals Update predicate ceglater.
Aesult fFeplicated la all fauechannels.

2 operand) possible colague.fee note below,

Freadileats counter lncrenant
greater than: Update predicate
register.
Aezult replicated in all
channels.
2 oparands possible coleoue.
fee Hoke Below.

Four

Predicate counter increment
greater than mpials Update
Predicate caglater.
Result coplicuted In all fourchangala,
2 operand: podeible codessie,See note below.

For component pixel
Set KIL] bit.
2 operands possible
fae note Below.

Per component plod
thane Sat KELL bit.
2 operand: possiblefoe note below,

K1lll groater

oolssue.

Per component pixel
than equaly Set kill bic.
2 operand: poseible celgsue,See note De lcws

Greater

OF CompheAtT pat
Set kI11 bit.
2 oparand; possible codasue.See note below.

equaur

Computes dlatance vector.
2 operands. possible colssue.

Round to tha naarost “Lategerc"s
Export to £6 address regiecter.
2 operand: poostble coissue,
Soe poke below,
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Rerult replicated in-all four
channels.

Fosult = Soot. * PreviousSoalacy Souler addition with

Pravi OASGad Ar,Aesult ceplicated Ln
channels.

Result = 8ecC.W * Spot. ey Scalar multiply.
Rerult replicated in
channé@ls,

Result = -Srcc .W * Previcusséalari Scolar multiply with
PrevlousSoalar.
Fesult replicated in
channels.

((PrevlousScalar = Ax FLOAT)|1 Sealer multiply (2) with
(Provlousscalar = -TkFTHi TH) ProviourSoalar.
(Praviouticelar la Wak) 1 Hetult faplicated im all four
(Srac.x <= O.0f} 1 channel.
[arec.4% La Hanh} -[ It ls mostlyfonly used whan

Ragult = =HAX_FLOATY SEL Sting LIT last fueron.

Sroc.W * Previcurfcalars

am Sreocsk] Scalar meat
Srcc.uy Aggult Feplicated im all

channels.

Scalar minimum.
Result = Srocsny Fasult ceplicated I

Else channels.
Result = Sroc.k)

Soalar set. equal.
Rasult = 1.0 Result replicated in all

lee channels.
Result =

i> G.0f) Scalar set qreater than.
Result = 1.02) Result replicated in all four

Else channels.
Besilt = G.0f;

Scalar set greater than equal.
Result = 1.0 Aosult replicated im all four

lee f ela.
Result =

f= p.0f) Scalar pet not equal
Rasult = 1.s0f) Result caplicated in all

lee channels.
Result = o.02,

fractions Pact
Sroc.W.
Rerult ceplicated in all
channels.

cal ar Lnteger Part of
Result replicated in all
channels.
Scalar floor fumccion.

{ (Bret. < 0.02) as (Sro00.W l= Rerult) } Reeult replicated ino all
Result += =2.08) channels.
(feet. == 2.0T) [| fcoalar Hampel exponent Function.

Rasult = 1st, Result replicated in all four
| channels.
Elza’ |

Regult = Approximatestok (Stet Wir

Gaot tar vomlar Babee log funekion.
Result = f.0f% Result replicated in all four

| #hannela.-
Else {

Rasult = LOG TERE (SecC.8) 9

/ clamp result
& ({Reruit #= -IMFIWIT?T) 1
Rasule = =HAX_ FLOAT,

|
f
1
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an |.0f) [ Stealer Hage? ley furnechen,
O.0f; Rerult replicated in all

channels.

ApprosciowteLog? (Soot ihe

tfrot.W == 1,0) | Scalar ceciprocal.
Result = 1.08; Result ceplicated in all

| channels.
Else |

Resule = RECTP TERE (3rec.W) a|
fi clamp rasule
Lf (Result == =<INFINITY!

Result = —HAX FLOATy

== +INFINITY|
*HAX FLOATY

af Cecipiota
Result ceplicated fn all fourchannels.

Result = RECIP_TEEE(Sroc.W) a

clamp result
(Hacait == -IHEINITY)

Result = =RERG:

== +7 NFINITY!
Result = #%ERGs

Solar Ceclproca
Result = : Result replicated Im all four

j shannela.
Else |

Result = Approcimatenecip(Srcc. aly

i SSRLEP SGU PHL Fare1.02; Result caplicated in all
channels.

Result = RECIPSORT TERE (Sirol ih} §|
#/ clapp cesule
l@ (Rasult == -INFINITY) |

“HAX_FLOAT?

== +]HFINITY) |
Resule = 4+HAX_FLOAT

ee T.0f) | Soalar ceociprotal square root.
Result = 1.0f) Ramult replicated Im all four

| channelo.
Else |

Result = RECTPSORT_IZEE(Srev Ws:}
f/ clasp resylt
lf (Result == =-[NFIMITY!

Result = -ZERCs

(Result == +INFINITYRamole = +2EROy

RECT RSORT : (Srec,4 oe L.6f) | Scalar peciprocal square
Basult = 1.0%; Herult ceplicated in all1 channels.

Else |
Result = Approvimatetecipsgctisroc. Wl 3

|
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ORIGINATE DATE EDIT DATE
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Result. = HAK(frecls
SQkesuler = FLOOR(Sroc.W + 0. 5f)7
Tf {SQResultf® = -254,08F) [

SCRerulth = fjpesulerr
|
Else |

SQRemItF = =-256.0f%
|
Tt (SQResulLtFr + FSS 06) |

Siteruith = =256,0f3
|
SQResulel = truncate_to_intlithesul tl:

DOCUMENT-REV, NUM,

GEN-CRAOXN-REVA

Round te the nearest “Lratemgor’}
Export to £0 addrese register.
Fasult ceplicated in all four
channels.
See note Below.

ExportTosojsoRosultlig f/ signed §-bit integerHesult = MAR Snot) 7
EGhasultr = FLO Gscoc.i
Tf (StHesaltF += -256,08) |

Stiterultl = Sohesul tke
|
Else {

SReSsulte = -256.0T7
!
Tf (sQResultf > 255.08}. |

SQRSsLItE = -256.0fy
|
SQhesultt = trumcate_to_int{SQhesultFt yj
ExportToao(Sthesultiiy /f signed t-bit
Ragult = 8rcc.W + -drcclay

Heeult = Sccl.W * + PreviousSGalacer

If (Sroc.W == f.0f) [
Ranult = O.0f%
SetPredicateReg (Execute);

|
Else |

Result = 1.08;
Sat Pradieatehag (Skips|

f bebo.
Result = 0.02)
SatPradl catehog (Execute) sI

Else |
Rasule = 1.07)
SetPradicateteg (Skip)

E (SeocC.4 > G.05) f
Regule = O.0f)
SetPredicateReg (Execute):

!
Else [

Result = 1.08;
Set Pradleatehag iSkipis

|
If (arec.e

Result = $02;
SetPradieateheq (Execute) s|

Else |
Rasalt = 1s0fs
SetPredicateheg(skipts

 Floor, Eepoct to SY address
register.
Aesult cepllecated In all four
channels.
See note Below,

irniteqar
Scalar subtract.
Result feplicated in all four
channels.
Thia tnetruction ia needed alnes
EG arfiimant modifier appiles t+all channels of the source.
Scalar subtract with
PrevilousSecalar.
Rerilt fFeplicated Im all fourchannels.
This instruction is needed aince
HES anyument modifier applies toall channels of the source.

Scalar predicate sat equaly Update
preticate raglater.,
Result ceplicated in all fourchannels.
i¢68 fore below,

Sar PCS Be ot ay
Update predicate register.
Result replicated im all four
channela.
See note below,

Soalar predicate sot greater thany
Update predicate register.
herult ceplicated In all fourchannels.
Hee note below.

COLaP PRR CHES 265 Qeeater Thar
equal; Update predicates register.
Raguit replicated im all four
channela.
See note bolow.
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FRED SET CLA

SOSET RESTORE

BILLS

EDIT GATE

[date \@"d MMMM
It (SFrec.W m= 1.0) [

Result = O.0f3
SetPredlcateRag (Executays

Rorult = Soot.

SetPredicateReg (skip) r

Hesult = S0o0.W

If (Rerilt <= 0.06) [
Result = 0.02%
SetPred cateheg (Execute):

}
Else {

asuLt = Farult}
SetPredlcateheg (kip):

|
Result = +HAx FLOAT)
SatPradicatakeg (Skip) y

Tt {Srec.e =e G.06) f
Result = 0.083
SetPredloateHag (Execute) |

}
Else |

Rasult = Srot. Wy
Set Predicateheg (SELB s

Tf (acrec.e == D.08) |
Result = Ts0f)
Killed = TRUE:

|
Elza

O.0f

Result =
Kilied =

TRUE

Dts

Resule
|
Eles |

Result = ApproximateSgrt [Brot i} 5

Rasult = SectCopet .W * Srcurn.«<

DOCUMENT-REV. NUM.

R400 Shader Processor Model

Sealer predicate counter Irvarty
Update predicate register.
Hesult ceplicated in all Four
channels.
See note Below.

Siler predicate counter popa
Update predicate register.
Rerult replicated in ali four
channels.
See note Below,

Scalar predicate counter clear;
Update predicate register.
Recult replicated in all four
channe lo.
fee note below,
calif Predicate counter Festaray
Update predicate register.
Result ceplicated in all four
channels.
fee note below.

Soalar plmel equals Set £
Bit.
Fasult ceplicated in all Four
channels.
Soe ote bejows

APeater Thay

Result caplicated in all four
channels.
See note bolow.

Scalar plxed kill groater than
equals Set Kill bit.
Result cepliocated in ail four
channels.
fee note below,

Scalar pixel kill not equaly Set
Kill Bilt.
Herult ceplicated in all fourchannels.
fee note bolow,

oGilar pied Blil ony Set Ril
Bie.
Fasult Feplicated in all fourchannels.
fee note Eoalow.

ehlar S668 Rook.
Reruit replicated In all four
channels.
Yesaful for hormal compression.

Scalar multiply with Constant,
SrocPh Isb oO.
Reeult ceplicated in all four
eh arnad La.
See note below,
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Predicateinsinctions(PRED")

In the case of a predicate instruction, the predicate register update always happens and cannot be destination
masked. For more specifies on this, please refer to the Sequencer's architecture specification document,

The vector predicate instructions expect the predicate counter to be in SrceA.W and the predicate condition to be in
Sch.W with Result representing and updated predicate counter.

The scalar predicate instructions expect (depending on the instruction) the predicate counter to be in Srec.W and the
predicate condition to be in SroC.W with Result representing and updated predicaie counter,

Kill instructions (KILL*)
The result is used to determine the visibility of the pixel A 1.0f indicates that the pixel is made not visible (ie. it's
killed). Once a pixel is killed, subsequent instructions cannot ‘unkill i. Note that vector pipe kill instruction compare is
a per channel compare. As such, if any of ihe compares yields a result of 1.00 then the kill bial is set. Updating of the
kill bit always happens and cannot be destination masked.

Moveinstructions(MOVA")
In the case of a mova instruction, the address register update always happens and cannot be destination masked. For
more specifics on this, please refer to the Sequencers architeclure specification document.

icate, Kill and Movs coissue

Predicate and kill instructions should not be colssued together in any fashion because they share an update path.
Doing so will resull in undefined behavior, bul nol a chip hang,

Mova should not be coissue with another mova, Doing so will result in undefined behavier, bul not a chip hang. Mova
may be oolssued with predicate or kill instructions,

Because the inlemal register updates cannot be destination masked, these instructions typically make poor
candidates for benign vector or Scalar instruction slot fillers,

ir wi nstant i i 1

These insinuctions are primarily provided to allow for more cossue opportunities in ihe scalar pipe. Certain vector
instructions may be able to be decomposed in a number of scalar operaiions using these instructions.
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These insinuclions operate and are programmed slightly differently than olfver scalar operations.

The follow code show how SrcGPR is selected:

SicGPR = (SRC C Swizzle >> 4) & 0x3) << 4)|
(SRC C Swizzle >> 2) & 0x3) << 2) |
(SRC C Select) & 0x1) << 1) |
(((Scalar Opeode) & Ox1) << 0):

Note that SRC C Selectis used to select SreoGPR. This means Srec is assumed to be a constant by ihe HW when
using these opoodes

Like PreviousScalar, SroGPR does not have input modifiers applied to it mor is indexed addressing penmitted. No
Such restrictions apply to SroG_Const.

Similar to other scalar instructions, the WW channel swizzle of SRC C Swizzle selects the source channel for
SroC_Const and the X channel of SRC C Swizzle selects the source channel for SroGPR,

R400 numerics and instrciion details

The RA Floating Point Numencs document (RA00numenics.doc) details how ihe R400 handles NaNs, INFINITY,
denerms along with explaining how out of domain inputs should be handled for instnections like LOWGS*, Also
documented are conversion mules and rounding conventions. Notation, arithmetic and logical truths for the R400 are as
abo established here.

In addition, a more complete pseudo-coded implementation of the R400 shader pipe and its instructions are provided
along wiih important macro instruction expansions.
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4. Shader Block Diagrams

4.1 Shader as an SIMD architecture

As shown in the diagram below, four identical processing units comprise a shader unit. There are four shader unis in
one shader pipeline. R400 has four shader pipelines. The full R400 shader pipe represents an example of a SIMD
(Single Instruction Multiple Data streams) architecture: the four shader papelines, each wilh 4 identical shader units,
executing the same pai of VectorScalar Instruction on different data streams, in this case different pixel positions
within ihe same quad, over four different quads of pixels in parallel, In figure, the shader units are named as Upper
Left, Upper Right, Lower Left and Lower Right based on the relative position within the quad of the piwels they process.
Within one shader pipe, only 4 processing units, one from each shader unit, are in the same execution sequence
(phase) at a given time. So, through the whole chip we have 4 sets of 16 processing units being al different execution
phases from one set to the other, but in the same execution phase within the same set,

 
4.2 Top-Level Diagram of a ShaderPipeline

The diagram below represents a high level description of a shader pipe, The major data sireams coming into or going
out of it are clearly shown,
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Indices.

 
4verte LJ Data
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5. Interfaces

5.1 External Interfaces

5.1.1 Naming Convention
TF -> stands for Texture Pipe.
SP-> stands for Shader Pipe
$0->stands for Sequencer Uni
§x->stands for Shader Export
$C->slands for Scan Converter
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When an % is used as a postfix in the Direction colomnof ihe interface definition tables, i means thal the bus éis. a
broadcast bus to all units with the same name. For example, if the direction of the bus is defined as SQ->5Px, that
means that Sequencer is broadcasting the same information to all Shader Pipe instances.

 

5.1.2 Shader Engine to Texture Fetch Unit Bus
Four quad's worth of addresses is transfered to Feteh Unit every Glock. These are sourced from a different pixel
within each of the sub-engines repeating every 4 clocks. The register file index to read must precede the data by 2
clocks, The Read address associated with Quad 0 must be sant 1 clock after the Instruction Start signal is sent, so
thal data is read 3 clocks atter the Instruction Start.

Four Quad's worth of Fetch Data may be written to ihe Register file every clock. These are directed to a different pixel
of the sub-engines repeating every 4 clocks. The registerfile index to write must accompanythe data. Data and Index
associated wih the Quad @ must be sent 3 clocks after the Instruction Siart signal is sent.

Name gis

-TPOSPO-data~|TP0—8P0____[S12|4texweresulsSSS
34

TP1_SP1_data P 4texture results
SP2_TP2fetchaddr sP2-> TP. 3 Fetch Addressesreadfrom the Regi:

|SP3_TP3_tetchaddr|SP3>TP3|384|3FetchAddressesreadfromtheRegisterfile

-TP3_SP3_dataTe3-5P31512,[4textweresuty
Write address into the gprs.TPxeecmask Channel mask. Supports the abilitytomaskanyof the32
bit channel of the fetch retum dala

5.1.3 Sequencer to Shader Pipe(s): Texture stall
Texture pipe signals the Sequencer that @s input bulfer 6 full. The Sequencer asserts SO_SPx_fetch_stall so that
Shader Pipe does not send new requests to the Texture Pipe.

reBit$Q_SPx_fetch_stali SQ—SPxA

 
 
 

5.1.4 ScanConverter to Shader Pipe: IJ bus
This if a bus that sends the Ll information to the IJ fifes on the top of each shader pipe. Al the same time the control
information goes to the sequencer, There are 4 of these buses over the whole chip (SPO thru 3)

eeIJ information sent ever 2 clocks (or X¥ info sent over 1clock in the lower 24 LSBs of the interface

"3¢-=5P0
SC—SP1 64

ge$c0—SPiSot:|i |iaieateeaetaeeeclock in the lower 24 LSBs of the interface

Sc q_wr_mask (SC--SP200|1|WriteMas
SCSP2det|SCSP201|Controlsthewritedestination(XYbuffer,Jbuffer)

penneeee|eeee|clock in the lower 24 LSBs of the interface

-SC_SP3awemask_}8G-=8R34WeMieyWrite MaskControlsthe write destination (A¥buffer, |Jbuffer)
“SCready tosenddata

sc
ae

-SC_SP2_a-w_mask [SCgiele| 
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5.1.5 Sequencer to Shader Pipe(s) - broadcast: Interpolator bus

This bus interface defines all the signals needed to perform the interpolation of the primitive parameters coming from
the Parameter Caches via the Sx blocks,

DescriptioNarre Direction Bits

$0_SPx_interp_prim_type $0—SPx Type of the primitive
000: Normal
011: Real Tine
100: Line AA
101: Point AA
110: Sprite

SO SPx interp flat_vix Provoking vertex for flat shading

Flat of gouraud shaded interpolation

i Which channel of the parameter being interpolated |
needstobewrapped

_ Line in theIJ/X'Y buffer to use tointerpolate41|Swap the WY buffers. al the end of the interpolation$0Seagen_lo $0—-5Px Generate 10 or not. This tells the interpolators not to
usé the parameter cache but rather overwrite the data
with interpolated 1 and 0. Qvenerite if gan_l0 is high.

5.1.6 Sequencer to Shader Pipe(s)-broadcast: Parameter Cache Read contro!
bus

This interface provides three different pointers specifying the location of the parameter values in the Parameter
Caches. Depending on the way the veriices gel mapped into primitives, i maght happen that the parameter values
come from different relative offseis in the parameter caches from one parameter cache to thé olfer across a shader
pipe. This is the reason why three different read pointers are specified. This is not true for ihe write path.
This 6 a broadcast interface.

 

 

(Name|«Direction=|Bits pti
‘SQ_SPx_ptrO. SQ—-SPx Z| ParameterPointerintoPC
$0 SPx_ptri S0—5Px r Parameter Pointer into PO 1

S0—SPx Parameter Pointer into Parameter Cache

SOSPx_pcQaddrselSs|SO3SPx|2SelectiononeofthepointersforparametercacheO
$0. 5Px_pel_addr_sel S09SPy |2|Selection one of thepointers for parameter cache 1
SQ_SPx_pe2_addr_sel SQ>SPx “Selectiononeofthepointersforparametercache2
$0 SPx pod addr sel S035Px Selection one of the pointers for parameter cache 3

(50SPOreadena|SQ—SPO|#|Read enables for the 4 memories in the SPO

Read enables for the 4 memoriesin the SP2

|SQ.SPireadena|SQ—-SP3_|4|Readenablesforthe4memoriesintheSP3—0

3.1.7 Sequencer to Shader Pipe: GPR, Parameter Cache control and auto
counter

This interface defines the control mechanism for ihe GPR readAvrite paths as well as the Parameter Cache write path.

eSwi_addr nee ie vanesaaiuan (the same bus used for writing into GPRsof Parameter Cache

-S0_SPx_gp_rd_addr|SQ—-SPx 7|Readaddess

Winte Enable for the GPRs
SQ_SPx_gpr_re_addh =SPy.
SQ_SPx_gpr_we_addr SO—SPx
$0SPx_ga_phase_mux The phase mux {arbitrates between inputs, ALU source

reads and writes
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The pivel reach

4|The pivel mask 

Wien the phase mux selects the inputs this fells from
which source io read from: Interpolated data, VTXO,
VTL, autegen counter.

Index count, common for all shader papes  

5.1.8 Shader Pipe to Shader Export (SX): Parameter data out of Parameter
Cache

There is 542-bit of data (4 x128) coming out of each shader pipe for each read oui of the parameter caches.
These data gets routed into the interpolation unis by the SX blocks.

= Ski

  

Narn rection Bits|Bese

SEU:BK 128|Parameter data 0SPO SMO datal 128|Parameter data 1

-$69_Sx0-anudsosParameter data 2
“SPO_SKO_data3—|SPO-—SX0 [128]Parameterdata3
“SPI:Sx._datad 128|Parameter data 0
(SPi_SXi_datal«|SPI—-SX1_|128|ParameterdataiSSCS

SP 1_SXi_data SP1—Sxi 128|Parameterdata 2
| 3X1 di SP1I—SX1 128|Parameterdata 3

(SP2SX0_datad——SS—=«|SP2—=SXO=|128|Parameter data 0
/SP2_SX0_datat——~=«(YSP2—SKO—~«|'128~|ParameterdatatSSCS
/SP2_SX0_data2——SS«|SP2—SXO=|‘128_|Parameter data 2
SP2_5X0_datad SP2—5X0 128=|Parameter data 3
SP3_5X1_datall SP3—Sx1 128|Parameterdata 0FSSSXi_deat|Sse[428|Parameterdet

/SP3_SX1_data2_——=—=«SP3—=SX1_—_—_—~|-128_| Parameter dataz
(SP3_SXi_data3|SPSSX1_———|128|Parameter data 3

5.1.9 Shader Export (SX) to Interpolators: Parameter Cache Return bus
This bus represents the values of a given parameter at the three vertices of the primitive.
Note: The nature of this bus might change in the future depending on where the Parameter Difference engine
physically resides (see Section of this document titled “Open Issues").

Name—__[DirectionTits
SXx—-SPx 128|Vertex data to interpolate

128 D0 vix_data_0

viz, fete 1Sxx_SPx_vix_data?|SXx—SPx_——_|128|Wertexdata to

5.1.10 Shader Pipe to Shader Export (SX): Pixel/Vertex write to SX

‘Namerection [its] Descriptia

pe airs of 32 bits channel valuesSP0—Sx0 rss ecifies one of the of up to 12 export destinations
ai | 4 pairs of 32 bits channel values

$SP1_5%1_export_det SP1—5%1 4 | Specifies one of the of up to 12 exporl destinations
256 | 4 pairs of 32 bits channel values
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/SP2—-SXO _Spe :256 rs of $2 bits channel=SPI—SX1 4 = tscifies one of the of up to 12 export destinations
SPy_SXx_ export _count SP0-—Sx0 a Each set of four pixels or vectors is exported over eight

clocks. This field specifies where the SP & in that
quence.

SPx_SxXy_ export _last SP052%0 i | Asserted on the first shader count of the last export of
the clause

SP0_SX0_ expert _pvalid SP0—S20 Result of pacel killin the shader pipe, which must be oulput for all — exports (depih ae alll color bulters).i clock

SPO_Sx0_ export _wvalid SP0—S240 z Specifies aise fo write low andor high 32-bit word
of the 64-ba export data from each of the 16 pixels or
vectors

 SP1_S241_ export _pvalid Result of pivel kill in the shader pipe, which must be

output for all pieelexports (depth and ail eolor buffers).
SP1_S41_ export_wvalidd SP1—5%1 2 Specifies whether to write low andlor high 32-bit word

of ihe 64-ba export data from each of the 16 powels or
vectors

SP2_SX0_ export _pvald Result of piel kill in the shader pipe, which must be
oulput for all pheal exports (depth and all color buffers).

____4x4because16pixelsarecomputedperclock
Specifies whether to write low andior high 32-bit word
of ihe 64-bal export data from each of the 14 pivels or
vectors

SP25X1_ export _pvalid 5P3—5x1 Result of povel kill in the shader pipe, which must be

output for all pivel exports (depth and all colorpier|ibe16pixelsarecomputed perclock
SP3_3%1_ expert _vwrvalid SPI—-S41 Specifies whether to write low andior high 32-bit word

of ihe 64-ba expor data from each of the 16 pixels or
vectors

 

 
5.1.11 Sequencer to SPx: Instruction Interface

This is the bus thal sends the instreciion and constant data to all four Shader pipe instances. Because a new
insiruction is needed only every 4 clocks, ihe width of “SO_SPx_insinuct” swh-bus is divided by 4 and both constants
and instruction are seni over those 4 clocks. SRC A (B or C) Select of SQSP_Insiruction interface is derved by
Sequencer from the SRC A (B,C) Select and SRC A (B,C) Register/Canstant Pointer (upper two bis) of the ALU
Instruction word. All the other bit-fields in the SQ5P_instruct interface bus are explicitly present in the ALU Instruction
word. Please refer to Section 3.2 of this document for more details on the R400 ALU instruction word format,

 
Bits|Descriptio |

Instruction start

$0.SPx_instruct Transheted over 4 cycles
0: SRC A Select 4:0

00: Constant

01: GPR input
10: Previous Vector Result
11: Previews Sealar Result

SRE A Negate Angunvent Modifier 2:2
SRC A Abs Argument Modifier a3
SRC A swirzle 114
VectorDst Fiz
Unused 20:18.

1: SRC B Select
 

4:0

SRC B Negate Argument Modifier 2:2
SRC B Abs Argument Modifier a:3
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SRC B swizzle 114
ScalarDst VFl2
Unused 20:18

: SRC C Select 10

SRC C Negale Argument Modifier 2:2
SRE CAbs Argument Modifier 3:3
SRO ¢C swizzle 114
Unused 20:12

3: Vector Opeode 4:0
Scalar Opcode 10:5
Vector Clamp Wii
Scalar Clamp Tzt2
Vector Write Mask 16:13
Scalar Wote Mask 20:17

Ba

er|stall Stall signal (ALU executes a Max PV,PV and Max PS.PSingtractionsa Each set of four pixels or victors is exported over eight |clocks. This field specifies where the SP is in that
eqUeNce,

La Asserted on the first shader count of the last export of |the clause
$0_SP0_export_pvalid Result of pixel kill in the shader pipe, which must be |

output for all pixel exports (depth and all color buffers). |
_ 4x4 because 16 pixels are computedper clock

60SFOexport_wvalid Specifies whether to write low and/or high 32-bitwordof |
the 64-ba export data from each of the 16 pixels or
veolors

$0SF1_ export_pvalid Result of piel kill in the shader pipe, which must

output forall pixel exports (depth aeall color buffers). |
 

Soo aaeeee eeeeeeeePerOe
Specifies whether to write low andlor high 32-bit word of
the 64-ba export data from each of the 16 pixel or

“Result ofpixelkill inthe shaderpipe,whichmustbe|
output for all pixel exports (depth and all color buffers). |
4x4 because 16 pixels are computed per clack

$0_SP2_ export_wyvalid SO—SP2 2 Specifies whether to write low andor high 32-bit word of

 
the 64-ba export data from each of the 16 pixels or
vectors

$0_SP3_ export_pvalid §0—5P3 4 Result of pixel kill in the shader pipe, which must be |
oulpul for all pixel exports (depth and all color buffers).
4x4 because 16 piels are computed per clock

$0_SP3_ expor_wyalid §0—5P3 2 Species whether ta write how andlor high 32-bit word of |
the 64-bl export data from each of the 16 pixels or |
vectors
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soars|| OKOXOKEXKT KEKEXEXEKEXE 

$60_SP_insiruci_start

sre M1270)|

an Sita <> <e>

Toa <x» <>

50.8?sssss0

£0_SP_wadel

Clock

The above diagram attempts to describe the timing relation between the signals at SQ-SP instruction imterface, Each
instruction (SQ_SP_instnuct (19:0) is broadcasted over four cycles. SQ_SP_instruct_siart is asserted ai the first cycle
of the instruction broadeast. Cycle 0 of SOSP_rd_address is “dedicated” to reading SRC A out of the Register File,
Cycle 1 to reading SRC B, Cycle 2 to reading SRC C and Cycle 3 to reading Texture Address for a teedure fetch
request. Cycle 0 of SQSPowr_address is “dedicated” to writing into Register File of Interpolated data from
Interpolation units, Cycle 1 to writing of retum data from a previously issued texture fetch and Cycle 3 to Previous
Vector resull and Cycle 3 lo Previous Scalar result,

5.1.12 Shader Pipe to Sequencer: Constant address load

 
|SP2_50_const_addr|SP2-SQ|36|Constant address load to the sequencer
SP2_50_valid $P2—50 Data valid

§P3_50_const_addr 5P3—50 86|Constant address load to the sequencer
Data valid

5.1.13 Sequencer to SPx: constant broadcast
The interface represents the constant values interface coming from the Sequencer unit, Constant values can be
selected as operands for in a given shader instruction.
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6. Parameter Interpolation
This secon was partially copied from Section 15 “lJ Format” of the “R400 Sequencer Specification” document.
There are two key feaives in R400 interpolation scheme:

a. Baryeentric coordinates are used in the interpolatbon of al parameters.
b. The interpolation & done al a different precision across a 2x2 colletion of pixels. The parameters of the upper

eft pixel of the quad are interpolated at full 20x24 mantissa precision. Then the resull along wilh the difference
in lJ barycentnic coords is used to inerpolate the parameters for the remaining pixels of the 2x2.

Assuming PO is the interpolated parameter at Pixel 0 having the barycentric cooninates WO), J(0) and so on for P1,P2
and P3. Abo assuming thal A is the parameter value at VO (interpolated with I}, B is the parameter value at V1
{interpolated with J) and C is the parameter value al V2 (interpolated with (1-I-J).

AOM = FDO)

AOL! = (1) — (0)

AOZ! = 1¢2)—1(0)

AOD! = (2) = 40)

AO3/ = 1(3) = (0) PH

AOR = J(3)— J (0)

PO=C +40) *(A-C)40) *(B-C)

Pl = P0+ AOU *(A-C)+ AOL! *(R-C)

P2= PO+ AO2 *(A-C)+A02/ *(B-C)

P3 = P04 A03/ *(4-C)+ A037 *(8-C)

PO is computed al 20x24 mantissa precision and Pi ta PS are computed at x24 mantissa precision, So far no visual
degradation of the image was seen using this scheme.

Multiples (Full Precision): 2
Multiplies (Reduced precision): 6
Subtracts. 19x24 (Parameters): 2
Adds: 8

FORMAT OF PO's i: Mantissa 20 Exp 4 forl+ Sign
Mantissa 20 Exp 4 for J + Sign

FORMAT of Delias (x3): Mantissa § Exp 4 forl + Sign
Mantissa & Exp 4 for J+ Sign

Total number of bits for one quad worth of lJ data: 20°2 + 2°6 + 4°83 + 4"2 = 128
All numbers are kept using the un-normalized floating point convention: if exponent is different than 0 the numberis
normalized if not, then the number is un-nonmalized. The maximum range for the Ws (Full precision) is +/- 63 and the
range for the Deltas is +/- 127.

ATI Ex. 2067

IPR2023-00922

Page 29 of 448



ATI Ex. 2067 
IPR2023-00922 
Page 30 of 448

ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM,

1? January, 2002 [date Vg “od MMMM, R400 Shader Processor Modalrumen —

7. Shader Limitations

The sequencer unit and compiler need to be aware of a series of limitations in the shader functionally. These are
limitations on the preel shader functionality as well as on the vertex shader funchonality. In really, the compiler does
not need to pay attention to these limitations since sequencer will detect {ham and react accordingly. However, for
compiler optimization reasons, we describe here the various lalency issues revolving around our shader pipe
implementation.

 

1) The use of Previous Vector result and Previous Scalar result (PS) values.
The follawing sequence is being executed:
ADD RO =F3, R4.
MUL R2 = RO, Ri and ihe desired RO values are the ones coming from the ADD instruction (ie a dependant
ieSirucliori.
Because of the pipeline latencies involved, ihe RO value from the ABD insiruction won't be available in GPRs until one
instruction later from the moment the MUL instrection anters the execution pipeline. The sequencerwill write the same
sequence as follows:
ADD RO =F, 4.
MULR2 =PY,R1

 

Altematively, if wanted, the compiler can force the use of the P'V register by instead using the following instruction:
MUL R2 =PV,R1 (instead ofMUL R2 = RO, R41),

The following sequence is being executed:
ADD RO.x = Ra, Ra.

MUL R2 =RO, R1 and the desired RO values is the one coming from the ADD instnection.
Because of the pipeline latencies involved, the RO.x value from the ADD instruction won't be available in GPRs until
one cycle later from the moment the MUL instruction enters the execution pipeline. The compiler can introduce a NOP
instruction in between ADD and MUL, but it does not have to. The sequencer will detect this dependency case and
insert a MOV PY, PY on the vector side and a MOY PS, PS on the scalar side as wall (MOV PYPi is the Hi
translation of a NOP).

As a conclusion: ifthe Previous Vector Result is used explicitly in the code, then the instrecion will be executed as is.
Ha dependant use of a masked register is done instead, the sequenceris going te introduce a NOP between ihe two
instructions in order to achieve the mghi behavior.

2) There is a one-instruction load-use delay between a MOVA instruction and use of a ‘indexed’ constant. If this delay
canna be honored, the MOVA instrudion should be followed by a MOV instruction.

3} General Coissue limitations, A scalar instruction may mot be coissued with a 3-argument vector instnection.
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8. Hardware Implementation Specifics 

8.1 General Information on the Shader Floating Point arithmetic
Two special cases of floating-point numbers are recognized: zero is defined as any number vith a zero exponent and
infinity (or NaN) is defined as any number with an exponent of 255. The mantissa is cleared tor both input and output
values of zero and infinity while ihe sign bil is cleared for input and oulpul zeros. The result of a multiplication
invelving Zero is always defined as zero. The result of any addition involving infinity is always defined as infinity, wilh
the added stipulation thal any addilion involving negative infinity ahways results in negative infinity, The Vector
Engine/Scalar Engine works with standard IEEE floating-point numbers. although all math operations are performed
without roundang.

8.2 Interpolators and IJ/XY Buffers

Te RB

INTERPOL ATONS 
Tu au SUL au URL||UR||BU||AUR TLL wi SLL aL ILA||GUA|MA aA m4
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The above diagram represents a high level description of |J and X¥ fifos, as well as Parameter interpolation unit
(intempelators). The dowble buffer on the left represents the |J fifo. Each of ie cells in thal bulfer represents a quad of
pixels worth of lJ interpolation data. The double buffer on the right represents the X¥ Address fifo. There is 512 bits of
data transfenmed from the imérpolators into each shader pipe (GPRS) per cyclé, a totall of 2048 bits across the whole
chip. The reading and wriling of IX'Y fifos is controlled by the sequencer via the “SO to SP: Iintepolator bus” interface
described inthe Section 5.1.4 of this document.

$.2.| Interpolators

The following diagram describes the interpolation unl for one shader pipe, There are four instances of the same in the
R400 archilecture. Parameter Difference Engine calculates the difference between the values of a given parameter at
the vertices. These deltas are inputs into the four interpolaters shown below. |J intepolation data from the IJ fifoes
would be the other required input into the interpolators. The first interpolation unit (High Precision interpolator) is used
to calculate the interpolated values for Pixel 0. the upper leit pixel of the quad. The result of this interpolator is then fed
into the lower precision interpolator (Delta Interpelators) used to calculate the parameter values for the other three
pixels of the quad. In Section 6 of this document you will find the malhematical description of the barycentric
imerpolation equations.

Parameter Gata from
Paraneier cache1G2FPDA,

Parameter Modification Uni
“S0_SP_Interpalationbus) ( Flat Shadi. ete)

' ' '

Parameter Diference Engine & Cylindrical Wirapging

pipeline delay Ppeine dalay. pptiee dey,t ' ' '

Full Inierpotator - Delta Imerpotatar 0 " Datta hilerpedator 1 l" Delta inberpobatar 2
pipeline delay

| To Shader Pipe GPA Virle Path=41 28 bits

 
8.2.1.1 InterpolationUnits
The following diagram describes the data path for & high precision interpolation unit for one 32-bit channel of the
parameter data. The diagram does not exactly describe the hardware implementation of the interpolator. In onder to
simplify ihe diagram, three denonmalize shitters are shown. In reality, only two oul of three mantissa tens aboul to be
added, néed to be denormalized to the third mantissa term with the largest éxponent. The “exponent compare™ unit
finds the largest exponent of the following three terms: C, 0) (A-C) and J(0}(B-C).
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calculation Gor 10)" (A. 2)
ane MO) * {B -G)

8.2.1.2 Parameter Selection Unit

4_5p_intarp_flat_vte

'sq_5p_inberp_flat_gouraud 1 ' '
to Parameter Difference & Cylindrical Wrap Engine

The Parameier Modification unit described in the above diagram is used to preprocess ihe vertex parameter data
coming from the Parameter Cache unit before they enter ihe Difference engine. It's in this block that the selection of
the provoking vertex parameter value, for flat shading, is done. The pertaining control signals are part of ihe “SO to
SF: Interpolaior bus" interface described in Section §.1.5 of ihis document.

8.2.1.3 Parameter Difference & Cylindrical Wrap Engine
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The purpese of ihe unit is to calculate the delta differences between the parameter values at verlices, These deltas
are then used as input values into the interpolator units. Also, it's in this wnit that cylindrical wrap adjustment of the
parameter values is done. All the functions are implemented on per channel basis. One altemative solution would be
for ihe délta differences between the parameter values to be done in the SX blocks. This way we can cut down fram 4
channels * 2 substracts/channel * 4 pipes = 32 subtractors to 8 if placed in SX blocks. This may complicaie the
Cylindrical Wrap implementation, which tin itself requires a bunch of subtracts. The controlsiate signals are part af the
“SQ_SP: Interpolator Bus” interface. Please refer to Section 5.1.5 of this document for a detailed definition of this
control interface.

8.2.2 GPR Write Path

The diagram below shows all lhe possible data paths going into the GPR write paths, their selection and routing.
The drawing shows four GPR units representing any four GPR units of a shader pipeline that are in the same phase.
From ihe pipeline-liming point of view, interpolated parameters of pixels belonging fo the same quad are flowing
through the data paths described in the drawing at any given time. As it was mentioned before, the interpolators have
two Sets of inputs, the IJ data coming out of the IJ buffers and vertex parameter data coming from the parameter
caches vis ihe SX (Shader Export) blocks, The SX blocks are responsible for multiplexing between the real time
parameters and vertex parameter data coming from the parameter caches. The outputs from the interpotatars get
merged into 12% vectors with data coming from XY and Faceness butfers. The mext level of muxing controlled by
$0SP_gpr_input_mux part of the “SQ_SP: Interpolation bus” interface is used to route between vertex dataindices
and interpolated pixel parameters. The next and last level of multiplexing is used to multiplex the writing into GPRs of
texture fetch retum data, intenpolated pixel data, previews scalar and previous vector resull.
The truth lable below describes all ihe possible “merge” combinations bebween the interpolated, XY and Faceness
data based on the SQ_SP_interp_prim_type and S5Q_SP_interp_gen_lO signals found in “SQ_5P: Interpolation
bus” interface, The above signals are also used to control the overwrile of the parameter values coming from the
parameter cache with constants 0.0 and 1.0 when doing expansion for point sprite primitive types.
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8.3 Vector Unit

8.3.1 Vector Unit Pipeline
The diagram below describes a complete set of the Vector Units present in a single shaderpipeline with interpolator
units at the top of the pipeline and the parameter caches at the bottom of it.
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The coniral of all the multiplexers present at the input and output of the GPRs, input of the TAM and output of the
parameter caches is done by the sequencer. In most cases this control represents the phase cycle relative to the ALU
instruction start. In ihe above diagram, the GPRIMAC units of ihe same row are synchronous in phase. From one row
ta the offer the execution sequence is phased out by one cycle.

$.3.2 Argument Selection and Routing
The following diagram deserbes the routing and selection logic for the ALU instruction operands. Select fields or
combination of select fields present in the ALU instruction word controls the first two levels of argument selection. The
multiplexing control logic into the SRC (4, GB or C) registers is a 4-state FSM that senalizes the red, green, blue and
alpha input arguments into the MAC uniAs mentioned before, the instrection ALU word specifies a pointer into the GPR
register Gle for each of the sources, Alea, the instruction specifies a set of select bits for the final MAC input operands A, B
and C, The possible choices that Sre 4, B and © arguments can be selected trom are: Register File Data, Constant Data,
Previous Vector Result and Previous Scalar Result. The first level of muxing selects between Previous Vector Result,
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Register File Gata and Constant Data, all 126-bit values.The second level of muxing implements the swizzling logic at 32-
bit channel granularity.

Argument Selection Logic
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8.3.3 Parameter Data Path
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Shade Export 0 ee

Was 812-bits
] Fa

Y Ps r # 128

SHADER PIPE 2 SHADER RIPE 3

The output of the vertex shader program, lansformed parameter dala is written into Parameter Cache memories.
There & one parameter cache (128*128) for each vecior uni, resulting in 4 parameter cache memories for one
shader pipe. The write data path of each parameter cache 6 time-multiplexed between the 4 MAC units of a given
shader vector unit. The 7-bit wile address inte parameter cache memory comes from Sequencerunit. This address is
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broadcasted to all the shader pipes, For more details on the parameter cache write path, please refer to Section 51,7
of this document.

The read address into parameter cache memories is a result of a muccng of three possible 7-bit address pointers
broadcasted by the Sequencer to all shader pipes, These three pointers are part of “Parameter Cache Read Control
Bus" described in Section 5.1.6 of this document.

There are 512-ba worlh of data transfered tram Shader Pipe to SX blocks for every read of the parameter cache.
Once read from the parameter caches, the parameter data & then routed by the SX units into the interpolation units al
the top of the shaderpipe.

8.4 Scalar Unit

A large portion of R400 Scalar Unit specification is based on the R300 Math Unit specifications as described in “R200
Vertex Assembler & Processor Architecture Specification” document Version 0.93. Section 3.3 of this document
describes all the math operations and their respective opcodes supported by the Scalar Unit. There are four Scalar
Units present in each shader pipe. The Scalar unit can perform one action each cycle with the result appearing after a
latency of eight cycles. In this respect, the Scalar engine is fully pipelined.

Scalar Engine Fonetions and Precision

Function 
 

  

“Range Precision |]

 
 
  

 

OO<er<10 Ter

=12815128

~-x2xen | 24
eS ——————————————————————— omen

‘Precision loses | bil cach time range is doubled

a .

The Scalar Engine also calculates —, Te log af) and 2° using sixteen 22-cntrylookup tobles with four unsignedx x

naultipliers (2 en. Lixl6, ard 2 en. 12x12) and a 26-bil unsigned adder, These fonctions also use a 24-bil floating-point multiplier

that applies the power tenn forthe 2° and @” functions (maybe we de not need this !!'7),

$.4.1 Scalar Engine Pipeline

All the opcodes (except MULTIPLY) that do not ose the power function pipeline are processed in the high precision
pipeline. The mantissa for all finciions is determined using the following hinction:

Poo f(x,)+ A(x4) 4+ B(x x, F +(x —4,)7

The terns ffcg!. A.B, and C were determined at 32 evenly spaced sample points over the range shown in Table 4-1
1 1

for cach of the hhinciioms — , a log (oc), and 2°. These terns are stored in sixteen tibles, four for eachx ax
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function, and addressed by bits 22 — [of the input value x (bits $3 - 1 fer the ae function), The fr —ay! termsx

are dling which allow third-order interpolation between the sample points, The resolution of these lookup table
vilucs foreach of the four fictions ts shown below. The largest nesalution is assumed in ihe hardware. Lookup
table values are lef justified and smaller tenn are packed with zeros, Deltas are also lef justifeed, but smaller
delins have ibe truncated bits OR‘ed with their LSB before and after being squared & cubed. The product ienns arc

truncated to the indicated precision and then night justified before being added to thefyicyl tere

High Precision Function Coefficient Resolution

[Function|fir|A_|B_|C_
24|a0

1

x

ee
ath 1s

bs 4)ptbcpEe
|Hardvaire|25|20|16|12|

 
B@Aight Precision Pipeline Fogo, Preprecessing

The wo opoodes EXPBASE?DX and EXP_BASE2FULL _DX require that the input value be prepropessed
before iLenters the main pipeline. The input exponent is first checked to determine whether the walue con be

represented withinthe IEEE single precision format (see Power Function Pipeline Log: io Real Conversion for
details). If the log: exponentfalls within the valid rnge, then the exp” preprocessor comverts the input value toa
$7.25 fonmad value:

Input Whantises (24 bits): (niin

Inpot Exponent (based): eeeeecee

Bias: O1111111

Subimet 06 get Univased paged? Exponent : SUUUMUULL

Absolute Valine of Unbiased Expenent to getbit vale: wat

Shift Input Mamicsa by att valve to get adiuted dapat (30 bitsy:

Lf Unitased pane’ Positive. shift lef: MAAAAaAAAAAAAAAaaaaa

If Untiased Expanent Negative, shift right: AAAAAAaAAAAAAAAAAADAAAAAAAnAA

Twos complement if inpul is negative to ge $7.23 value: sbbbbbbbecccecececcececeeeceece)
AOS Afieh Precision Pipeline Afantisg Calcwiation

Calculation of the high precision mantissa is the same regardless of function type. Exceptions involve the selection

of input values and are discussed in the process (lowthat follows. The multiplication of the first onder tenn (4 * x
a0) uses the power function pipeline multiplier, All other multiplications use dedicated multipliers,

EXF opcode:

Lise preprocessed $7.23 vabwe: Osbbhbbbbecrecececeeececececeerc

All other opoodes:
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Use AGME_IN_A. an JEEE floating point value: 2282Ge62eT

Dvd:

RECIP opoode:

Use LSB of exponcotand 4 MSB'sof input melissa, 0eeeDTeeereeset

All other opcodes:

Get lookup table index from $5 MSB's of input mewlissay essereee

(Geddeli:

RECIP & RECIPSORT opcodes:

Use 1% LSR*s of tepat mantissa for aelta: ddddddddddddddddddd

ALL other opoodes:

Use [8 LSB's of impat mantissa For stele: ddddddddddddddddddd

GetHoguef:

Term 4 fiom Lookup Table:PPARPPA

delta; ddddddddddddddddddd

Multiplyto get avalne: agaqaaggaaqaqqqyaasaaaqqqaqqageaqaaag

RECIP, RECIPSQRT opcodes:

Use 20 MSB's ofnewin? for Sages: aqqqqqygaqqaaqqaqaggaqga

All other opoodes:

Use 21 MSB's ofweit for Slopes; qqeqq99999qoa9999e9d

Ged alaeiter:

RECIPSORT & RECIP opcodes:

OR together 4 LSBs of dette: 1

Concatenate bits 18 — 4 of defi to wet cote: ddddddidddddddddal

RECIP, LOG opeodes:

CHR together 5 LSBs ofelie: 1

Concatenate bus 18 = § of eel to get aete lta: ddddddddddddddlo

EXP opende:

OR together &é LSB's ofdette: 1

Concalenate bits 18 — 6 of delta to get stile lie: dddddddddddddl oo

Geil deita spare:

Sqqucere cloeedver tee et mein! EEEEELTLErceeerELrrceecrecergcrccerceece

RECIPSORT opcode:

OR together bits IG - 15 of matty: 1
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Concatenate biis 31 -— 17 of ruitl to get delta aie EEIEErQeerrrrrrrel
RECIP & LOM opoodes:

OR together bits 17 - 16 of matt: 1

Concatenate bits 31 — 18 of raat! bo get dedi sqare: EFPERFEFFErrrelo

EXP opcodc:

OR together bits 18 = 17 of malts: 1

Concatenate bits 31 - 19 ofwalt! be gel ded spare: trreoreerrecrrrloo

Tenn 4 from Lookup Table: SEBBBBBBBEEBBBBE

defer separa: EEEEEQEEEEQereree

Multiplyte get melh2:

RECIPSORT opcode:

Use [6 MSB's ofnit? for Sope2:

RECIF opeode:

Use 15 MSB's ofneni? bor Sope?:

EXP opcode:

Use [4 MISB's ofmewir? for Saype?:

LOG opcode:

Use 13 MSB"s ofweit? bor Slape2;

Getciditeltia:

RECIPSORTopeode:

OR together § LSBs ofeli:

Concatenate bits 18 = 8 of deft to get edotatetiar:

RECIP opeode:

OR together 10 LSBs ofatelier:

Concatenate bits 13 = lof delta to pet dotolelta:

EXP opende:

(OR together 13 LSB's of welt:

Concatenate bits 18 — 15 of devag to wet ooledter:

LOG opcode:

OR together 11 LSB's of defta;

Concatenate bis 18 - 11 of delta to wei akeder;

Gel deli <awere:

RECIPSORT opcode:

OR together bits 20 = 19 of muffs:

SSSSS5 5 5555555 S55 555555 5555555555

BSS S565 8685889580

Osss5555555555550

O00sssessesssaas8

O0S5S5S555555555555

L

dddddddddddl

1

dddddddddl 00

1

ddddddl oood0

dddddadd1 ooo
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Concatenate bits 31 —21 of multi to getddelta syware-
RECIP opoode:

OR together bits 22 - 20 of malt:

Concatenate bits 3 — 23 ofall! bo get delta syne:

EXPopcodc:

HR bogetheer bits 23 = 24 of mutes:

Concatenate bits 31-2600wwii! to gel delta synare:

LOG opcode:

OR topether bits 23 = 22 of peli:

Concatenate blis 31 — 24 of ualt? to get defelter cqrare:

ier cunh

adeteltar :

diel square :

Multiplyto get ruins:

RECIPSORT opcode:

OR together bits 12 = 11 of muir:

Comeatenate bits 23 - 13 ofnalts bo get delta cubed

RECIF opeode:

OR together bits 14 = 13 of ples:

Concatenite bilg 23 = 15 of rawles to pet deli cubed:

EXP opcode:

OR together bits 17 - 16 of mits:

Concatenate: bis 23 = 18 afraid to get deli cwbed:

LONG opcode:

OR together bits 13 - 14 of malts:

Concatenate bits 23 — 16 of witd to get delta chen:

Get vagwes:

Term © from Loxvkupy Table:

defies cobheet

Whuliiplyte met nalte:

RECIPSORT opcode:

Use 12 MSB's ofwenitd for Stopet:

RECIP opoode:

Use LO MS's ofnnnitd for Sloped;

EXP opcode:

[date Vg "d MMMM,

DOCUMENT-REV. NUM, R400 Shader Processor Model

ETEEEEELrErrel

1

rerrrerrrl oo

i

reeerclooooo

1

Erececrrlooo

ddddddddddad

EEEEEIELEELEE

EGELTECEECECtCTCCEeeeett

1

EECETEEEeEEtl

J~

FEETEEEEELOO

1

Ettrrrlooood

1

eetttrecLooo

ccececeoccce

EEETEREREEES

DO

WML

OOunuuaYuULD
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Use 7 MSB's ofmuitd for Slopes: siied q00000uuuuuUuU
LAG opcode:

Use 9 MSB's ofmvnitd bor Sayrest: OOOCnuUUNEU

Tennffxi from Lookup Table: fEECELEEEEEEELELEE EEL ELLE

clea PVVIATIIGAITTITIA

Slope 2: SESSSSSSSs5555

Afepe3: WUUe

Add to get Pei? Jfntiiesd: MAP

Rught shifi 2 bits to get Panel Afaniissa: MMMMMMMMMEMMMMMMME

BALLS Aid Precision Pipeline LogPoot Processing

The two opeodes LOMERASE?DX and LOMsBASEFULL_OX post process the ji! manticss to produce the
final mantissa and exponcm. This step is the same as the process performed in the power function pipeline except
that the precision is higher.

Prall Avfantixen: MMBMMMMMMMEMMMMMMMBMM

Unbiased faut Expenent : SUUUUUUL

Combine Unbiawd Expert willy Mina! Menntisse: SUUUUUU UMMMMMMM

Sign tiualtiply Io et Feige Adaniicsa NELZLCLLLLLES Gee CeCee oeoeeerene

Nonmalive (using left sit 2) io get New Adenine: HNN

Biased Exponent for hifi 2 of0: 1Loooog110

Shift L: LLL

Subimct bo get Biased Log, ogni: EEEEEEEE

Nowe Afontiese (right shift by 2. drop MSE): KN ANNNNNNN

Siased Lag, Eayponent: EEEEEEEE

Unbiased! Rapctnent Sige: 5

Combine to ect final Lag, Comrersion Result: SEEEEEEEENNNNNANNNNAANNN

BALD Aligh Precision Pipeline Exparncets

Calculation of the exponents forthe LOGBASE?DN, LOGBASE?FULL_DX, ENPBASE?DX. and
EXP_BASE2DX opcodes is covered in the conmesponding pre and pool processing seclions. Exponcmts for the
RECIP_DX, RECIP_FF, RECIF_SQRT_DX. and RECIFSQRT_FF are calculated in the follawing way:

Bow Exponent:

Input Exponent (biased): Qecececec
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RECIPSORT opcode:

Use Input Exponent (biased):

RECIP opoode:

Invert Input Exponent (binsed):

Foxgrannennt lelastamerit

RECIPSORT opcode:

Input is power of 4 (bits 23 — 0 are acno):

Input is not power of 4:

RECIP opeod::

Input is power of 2 (bits 22 — 0) ane acm);

Input is nol power of 2:

Fine! Exponens:

Base Expomeni

Exponent Adjaestment

Add to get fntermediote Exponent :

ObbEDEBES

lbbbbbbbb

LO111TT111

101111101

LIIITIIIL1

LLILI1110

bbbbbbEbb

Lxllllixx

Liiiiiiiz

RECIPSORT opcodes:

Use biis 8 = | of intenmediale exponent: iiiiiiii

RECIP opeode:

Use bits 7 — 0 of intermediate exponent: ffitijiz

Aigh Preeision Special Ouipuits

The Math Engine computes or pipelines several values required by the DirectX 8.0 specification. These values
inchode partial terms for the EXP and LOG opcodes, and the diffuse lighting attribute for the LIT opeode, The EXP
opcode maquines the inpul power to be split into integer and frmectional parts, with the integer pant then mised ton
binarypower, The integer and fractional parts are readily available in the formof the $7.25 fixed-point value found
inthe EXP, preprocessing step. The integer value is already in binan power form and can be muxed onto the
oVE_WDATA output (with a sero mantissa), The fractional pant of the power term needs to be normalioed ana
converted to Moating point format. Since that is a function that is performed in the LOG, post processing circuit, the
lower 23 bits of the $7.23 value is bef shifted 10 bits and taused into that circuit, The LOG opeode requires that the
inp term bse split into exponen and mantissa pans, with the exponent commenced into a Noating-point valee, The
manlissa is casily combined with anexponenl of sero (or OxTf binsed) and muxed onto the oVE_WDATA oulpat.
Converson of the exponcet requires an additional fixed-to-float circuit to generate the result since the LOM, post
processing cincuil i already weed to convert the primary oudpul for that opcode. The diffuse lighting attribute for the
LIT opeode is camply pipelined fromthe iAGME_IN_B input and moxed onto the oVEWDATA ouput

S40 Determination ofigh Precision Coefficients

The cocilicients ised to calculate the high precision mattise: were devenmingd using third-onler Lagninee
pohnomials. Simoe the mantisea is calculated separately from the exponent, the build range for cach finetion was
chosen so thet the range of the function output values did not change drmatically (see below)

Build Ranges for Lagrangian Coeffiecients

Build Range
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vx
rial ¥21,0te 2.0

x=7.0to 4.0

The build ringes were then divided tito 32 equal segments. The coefficients for cach segment were determined
ning the two end poinis of the scemend, fi,) amdfir), .as well as bwo points on the scemecni tisclf,xp) ) andfixe),
such that the distance along the c-axis between any two adjacent pois, 4, was Ls the total length of dee boiled
range (300 figure below).

   
OUTPUT

 
 
 

 

fla) fe

fe) tt

F1x)-

INPUT

Figure 3-1: Build Range Segment

The third-order Lagrange polynomial ised to approxinale each s¢gmen of cach function at any point x along the
scement is a5 follows:

f(x)= fe} (x - Xs AT — Soo A x) Is
 

Xy = Xp Me, - Moy We, _ x; )

(re. — XN- sig Mee x, }

ss} (x—x,Mr, Me-x,) f+og he ha enNe

 

He]Efeleny
Since x,, =X, #49, X,, =e, + 2M, and x, =x, + 34, the polvnomial can be rewritten in terms of x, x, 4,
Azad. Ary 4, Mtoe I ardfixosk

Fle) =~Foes Mbe Us, +Moe Cx, + 2h)— Cs, +34)}+
spreaMe Ce, Mor (x, + 2m)or~ (x,+ 3)+

sar fsMe — (Nor (x5 + Aor Cx) +34)+
aFle, Mle Ce, ie ~ Cx, + Aor Ce, + 24)
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The polynomial is thenfactored for successive powers of the quantity (x— x, ). te. 1, (x—4,). (x — Ky ¥ and
(x = xs} . Using the notation Ax = ¥ — 2, . the polynomial can be reduced to the following form:

Ae)= Lalas)
where cach of the terms er, is:

ay = F\x,)

a, = 5 5.5fle)+9fl0,)-45f(0)+ S05)

ai =i fof(x, )- 22.5¢(x,,)+ 18/(x,.)-4.5F(x, J

ii = sal: 4.5f(x,)+13.5f,,)—13.5fl%.)+4.5f(x,)]
Using the equations above. coefficients for cach segment ofcach function were caloulved and stored with the
precision necessary to achieve 24-bit resolution

The diagmum below represenis the Scolar Engine pant of the popeline that implements the LUT (Lookop Table) wpe
scalar functions
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9. Open Issues
i. There's still to be decided the final location for differance engine ueed in calculating the delta between the vertex

parameter values. The two possible place are:
a. Next to the interpolators inside the parameter engines af the top of each shader pipe, bul replicating this

way the same logic across 4 shader pipelines.
b. &&X (Shader Exports). If this & the case, then Cylindrical Wrap logic should be propably be moved to the

5X blocks.

2. The location of the real time parameter caches as well as the routing of this data by SX units into the parameter
interpolaters.

3. Data expansion bogic in the path from the Fetch Engines into shader units/GPRs. Currently, the texture return data
into GPRs is defined as a 512-bit bus for each shader pipe (Section 4.3.3),

ATI Ex. 2067

IPR2023-00922

Page 49 of 448



ATI Ex. 2067 
IPR2023-00922 
Page 50 of 448

Xenos RBBM Shared Read Transaction “Sona.carey

 

                               Clock |

RE

CO

 

 
  

Address   

   RsO
  

   Rs1

RdO

  

  

 

  

|

: :

RatAa

RBBM_RDO i_)

i—   

RBBM_HI_RRTR :

 RBBM_CP_RRTR:

 

READ_TIMEOUT + RBBMLatency

ATI Ex. 2067

IPR2023-00922

Page 50 of 448



v. 1.80
Tom Frisinger/Jocelyn Houle R400 Texture Fetch Instruction
Name Dword Bits Size Description
OPCODE 0 4:0 5 Texture fetch instruction opcodes.

   1=FetchTextureMap
   2=Reserved for Fetch3DNoiseMap (hardware assumes 4Kx4Kx4K noise texture)
   3=Reserved for FetchShadowMap
   4=Reserved for FetchMultiSample (has slightly different texture constant layout)
   16=GetBorderColorFraction(retrieves border color contribution, X=border color fraction)
   17=GetCompTexLOD (retrieves LOD computed in texture pipe, X=computed LOD for all pixels of a quad (garbage in a vertex shader))
   18=GetGradients (retrieves slopes of SRC XY relative to screen horizontal and vertical, X=dx/dh, Y=dx/dv, Z=dy/dh, W=dy/dv)
   19=GetWeights (retrieves weights used in a bilinear fetch, X=horizontal lerp factor, Y=vertical lerp factor)
   24=SetTexLOD (sets LOD register, X=LOD to use for the current pixel)
   25=SetGradientsH (sets the horizontal gradients, X=dx/dh, Y=dy/dh, Z=dz/dh)
   26=SetGradientsV (sets the vertical gradients, X=dx/dv, Y=dy/dv, Z=dz/dv)
   27=Reserved for SetFilter4Weights (loads filter table w/ weights used for arbitrary filters)

SRC_GPR 0 10:5 6 Specifies the source GPR for the coordinates.
SRC_GPR_AM 0 11 1 Specifies the SRC_GPR addressing mode.

   0=Logical register addressing
   1=Current Loop Index relative register addressing

DST_GPR 0 17:12 6 Specifies the destination GPR for the coordinates.
DST_GPR_AM 0 18 1 Specifies the DST_GPR addressing mode.

   0=Logical register addressing
   1=Current Loop Index relative register addressing

FETCH_VALID_ONLY 0 19 1 Specifies if the sequencer can specify an optimized fetch or not.
   0=No (must fetch all the data, all pixels are going to be valid)
   1=Yes (can optimize performance, some pixels can be invalid)

CONST_INDEX 0 24:20 5 Selects which 192 bit constant holds the texture base address and other information.
TX_COORD_DENORM 0 25 1 Specifies if the texture coordinates sent are already normalized or not (i.e. pre-multiplied by texture dimension).  Unnormalized mode is only valid when 

CLAMP mode is clamp.  If it is not clamp, the coordinate will be treated as normalized.
   0=Normalized, range [0..1]
   1=Unnormalized, range [0..dimension]

SRC_SEL_X 0 27:26 2 Selects between WZYX of SRC_GPR which component goes for X in the texture fetch.
   0=GPR_X
   1=GPR_Y
   2=GPR_Z
   3=GPR_W

SRC_SEL_Y 0 29:28 2 Selects between WZYX of SRC_GPR which component goes for Y in the texture fetch.
   0=GPR_X
   1=GPR_Y
   2=GPR_Z
   3=GPR_W

SRC_SEL_Z 0 31:30 2 Selects between WZYX of SRC_GPR which component goes for Z in the texture fetch.
   0=GPR_X
   1=GPR_Y
   2=GPR_Z
   3=GPR_W

DST_SEL_X 1 2:0 3 Select what component of SRC to write to the X component of DST_GPR. This sel happens in addition to sel in constant.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

DST_SEL_Y 1 5:3 3 Select what component of SRC to write to the Y component of DST_GPR. This sel happens in addition to sel in constant.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

DST_SEL_Z 1 8:6 3 Select what component of SRC to write to the Z component of DST_GPR. This sel happens in addition to sel in constant.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

DST_SEL_W 1 11:9 3 Select what component of SRC to write to the W component of DST_GPR. This sel happens in addition to sel in constant.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

MAG_FILTER 1 13:12 2 Filter used when texture is magnified
   0=Point
   1=Linear
   2=Arbitrary (not supported on R400)
   3=Off (use value specified in constant)
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v. 1.80
Tom Frisinger/Jocelyn Houle R400 Texture Fetch Instruction
Name Dword Bits Size Description
MIN_FILTER 1 15:14 2 Filter used when texture is minified

   0=Point
   1=Linear
   2=Reserved for Arbitrary (not supported on R400)
   3=Off (use value specified in constant)

MIP_FILTER 1 17:16 2 Filter used between mipmap levels
   0=Point
   1=Linear
   2=BaseMap (None, disregard mipmapping, always use base map, ignores min_mip_level)
   3=Off (use value specified in constant)

ANISO_FILTER 1 20:18 3 Anisotropy Enable
   0=Disabled
   1=Enabled, Max 1 to 1
   2=Enabled, Max 2 to 1
   3=Enabled, Max 4 to 1
   4=Enabled, Max 8 to 1
   5=Enabled, Max 16 to 1
   …
   7=Off (use value specified in constant)

ARBITRARY_FILTER 1 23:21 3 Specifies type of arbitrary filter to use (not supported on R400)
   0=Filter2x4_Sym
   1=Filter2x4_Asym
   2=Filter4x2_Sym
   3=Filter4x2_Asym
   4=Filter4x4_Sym
   5=Filter4x4_Asym
   …
   7=Off (use value specified in constant)

VOL_MAG_FILTER 1 25:24 2 Filter used between layers of a volume when doing magnification.
   0=Point
   1=Linear
   ...
   3=Off (use value specified in constant)

VOL_MIN_FILTER 1 27:26 2 Filter used between layers of a volume when doing minification.
   0=Point
   1=Linear
   ...
   3=Off (use value specified in constant)

USE_COMP_LOD 1 28 1 Specifies if the LOD computed by the texture pipe should be used in LOD computation.
   0=No
   1=Yes (common case)

USE_REG_LOD 1 30:29 2 Specifies if the LOD register should be added to LOD computation (use SetTexLOD to set LOD register).
   0=No (common case)
   1=Yes (per pixel, full speed)
   2=Reserved
   3=Reserved

PRED_SELECT 1 31 1 Indicates to the sequencer if the instruction is predicated or not.
   0=Not predicated
   1=Predicated (see PRED_CONDITION)

USE_REG_GRADIENTS 2 0 1 Specifies if the gradients stored previously using SetGradients{H|V} must be used or not.
Affects the computed LOD value, as well as the line of anisotropy.
   0=No (common case)
   1=Yes

SAMPLE_LOCATION 2 1 1 Specifies sampling position for gradient/LOD correction.
   0=Centroid of fragment
   1=Center of fragment

LOD_BIAS 2 8:2 7 LOD bias to apply after computing the mipmap and min/mag determination, but before clamping.
Signed fixed point w/ 4 bits of fraction (3.4), and ranges from [–4..4).  This value is always summed with all other LOD's.

UNUSED 2 15:9 7 Unused bits.
   0=MUST_BE_ZERO

OFFSET_X 2 20:16 5 Value added to X component of texel address right before sampling (texel space).
Signed fixed point w/ 1 bit of fraction (4.1), and ranges from [–8..8).

OFFSET_Y 2 25:21 5 Value added to Y component of texel address right before sampling (texel space).
Signed fixed point w/ 1 bit of fraction (4.1), and ranges from [–8..8).

OFFSET_Z 2 30:26 5 Value added to Z component of texel address right before sampling (texel space).  Controls sample selection for FetchMultiSample (Point Filter).
Signed fixed point w/ 1 bit of fraction (4.1), and ranges from [–8..8).

PRED_CONDITION 2 31 1 Indicates to the sequencer what value to use for the predication.
Total 3 96 96

Notes:
1.) The mipmap LOD is computed using 4 components per direction:
     LOD = ucl*LODcomp + url*LODreg + LODinstr + LODconst
       LODcomp=LOD computed in the texture pipe
       LODreg=LOD specified in advance using the SetTexLOD
       LODinst=LOD bias specified in the instruction
       LODconst=LOD bias specified in the constants
       ucl=USE_COMP_LOD
       url=USE_REG_LOD
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Tom Frisinger/Jocelyn Houle R400 Texture Fetch Constant Fields FetchMultiSample
Name Dword Bits Size Description Name
TYPE 0 1:0 2 Constant type/state.  Used by PM4 parser/capture utilities.  HW must ignore.

   0=Invalid Constant
   1=Invalid Vertex Constant  (N/A)
   2=Valid Texture Constant
   3=Valid Vertex Constant  (N/A)

TYPE

FORMAT_COMP_X 0 3:2 2 Format of source component (X).  See Numbers page for details.
   0=Unsigned
   1=Signed
   2=Unsigned Biased
   3=Unsigned Gamma'd (NUM_FORMAT_ALL should be RF)

FORMAT_COMP_X

FORMAT_COMP_Y 0 5:4 2 Format of source component (Y).  See Numbers page for details.
   0=Unsigned
   1=Signed
   2=Unsigned Biased
   3=Unsigned Gamma'd (NUM_FORMAT_ALL should be RF)

FORMAT_COMP_Y

FORMAT_COMP_Z 0 7:6 2 Format of source component (Z).  See Numbers page for details.
   0=Unsigned
   1=Signed
   2=Unsigned Biased
   3=Unsigned Gamma'd (NUM_FORMAT_ALL should be RF)

FORMAT_COMP_Z

FORMAT_COMP_W 0 9:8 2 Format of source component (W).  See Numbers page for details.
   0=Unsigned
   1=Signed
   2=Unsigned Biased
   3=Unsigned Gamma'd (NUM_FORMAT_ALL should be RF)

FORMAT_COMP_W

CLAMP_X 0 12:10 3 Clamp mode for first texture coordinate (X)
   0=Wrap/Repeat
   1=Mirror
   2=Clamp to last texel, [0..1] normalized, [0..dimension] unnormalized
   3=MirrorOnce to last texel, [-1..1]
   4=Clamp half way to border color, [0..1] normalized, [0..dimension] unnormalized
   5=MirrorOnce half way to border color, [-1..1]
   6=Clamp to border color, [0..1] normalized, [0..dimension] unnormalized
   7=MirrorOnce to border color, [-1..1]

CLAMP_X

CLAMP_Y 0 15:13 3 Clamp mode for first texture coordinate (Y)
   0=Wrap/Repeat
   1=Mirror
   2=Clamp to last texel, [0..1] normalized, [0..dimension] unnormalized
   3=MirrorOnce to last texel, [-1..1]
   4=Clamp half way to border color, [0..1] normalized, [0..dimension] unnormalized
   5=MirrorOnce half way to border color, [-1..1]
   6=Clamp to border color, [0..1] normalized, [0..dimension] unnormalized
   7=MirrorOnce to border color, [-1..1]

CLAMP_Y

CLAMP_Z 0 18:16 3 Clamp mode for first texture coordinate (Z)
   0=Wrap/Repeat
   1=Mirror
   2=Clamp to last texel, [0..1] normalized, [0..dimension] unnormalized
   3=MirrorOnce to last texel, [-1..1]
   4=Clamp half way to border color, [0..1] normalized, [0..dimension] unnormalized
   5=MirrorOnce half way to border color, [-1..1]
   6=Clamp to border color, [0..1] normalized, [0..dimension] unnormalized
   7=MirrorOnce to border color, [-1..1]

MSAA_FILTER_FUNCTION
   0=Point Filter
   1=Box Filter (normal)

SIGNED_RF_MODE_ALL 0 19 1 Mapping to use when converting source (WZYX) signed RF (and unsigned RF biased) to float. See Numbers page for 
details.
   0=ZERO_CLAMP_MINUS_ONE
   1=NO_ZERO (see note below about filtering this format)  **UNSUPPORTED UNDER XENOS

SIGNED_RF_MODE_ALL

DIM 0 21:20 2 Texture dimensionality (transitionnal, see DWORD 5)
   0=1D texture
   1=2D texture
   2=3D texture
   3=CubeMap texture (assumes 2D textures for size determination)

DIM
(MSAA_ARRAY)
   1=MUST_BE_ONE

PITCH 0 30:22 9 Pitch in units of 32 texels. PITCH
(MSAA)

TILED 0 31 1 Tiling Enable
   0=Disabled
   1=Enabled

TILED
(MSAA_TILING)
   1=MUST_BE_ONE

DATA_FORMAT 1 5:0 6 Texture format.  See DATA_FORMAT table.  All formats permitted. RESULT_FORMAT (RB -> TC)
-See RB

ENDIAN_SWAP 1 7:6 2 Endian control
   0=ENDIAN_NONE No endian swapping 
   1=ENDIAN_8IN16 8 bit swap within 16 bit word - 0xAABBCCDD -> 0xBBAADDCC 
   2=ENDIAN_8IN32 8 bit swap within 32 bit word - 0xAABBCCDD -> 0xDDCCBBAA 
   3=ENDIAN_16IN32 16 bit swap within 32 bit word - 0xAABBCCDD -> 0XCCDDAABB

ENDIAN_SWAP
(MSAA_ENDIAN)

REQUEST_SIZE 1 9:8 2 Optimizes read request size.
   0=256 bit requests (data in FB typically)
   1=512 bit requests (data in AGP/3GIO typically)
   2=1024 bit requests (TBD)
   3=Reserved

DIM_HI 1 10 1 Bit indicating if 2D maps are stack maps or not.
  0=Normal
  1=Stack map (DIM must be set to 1=2D)

NEAREST_CLAMP_POLICY 1 11 1 Controls when nearest filtering will sample border color/texels.
   0=D3D mode - Nearest filtering samples border color/texels depending on clamping mode
   1=OGL mode - Nearest filtering will never sample border color/texels when using 'Clamp half way to border color' or 
   'MirrorOnce half way to border color' clamping modes.

NEAREST_CLAMP_POLICY

BASE_ADDRESS 1 31:12 20 Starting address for the base map, (4KB aligned, minimum).  See Features page for alignment restriction details. MSAA_BASE
-See RB

SIZE 2 31:0 32 Texture size containing all the dimensions. (if OPCODE is Fetch3DNoiseMap, HW assumes 4Kx4Kx4K)
All sizes are expressed as size-1 (0 cannot be expressed). See Features page for size restriction details.
   1D: 24 bits for width [23:0]
   2D: 13 bits for width [12:0], 13 bits for height [25:13]
   3D: 11 bits for width [10:0], 11 bits for height [21:11], 10 bits for depth [31:22]
   Cube/Stack: 13 bits for width [12:0], 13 bits for height [25:13], 6 bits for depth [31:26] (Cube needs to set depth of 6)

SIZE
(MSAA)

NUM_FORMAT_ALL 3 0 1 Indicates if source (WZYX) data is repeating fraction (RF) or integer (INT).  See Numbers page for details.
(N is the size of the component in bits derived from DATA_FORMAT and gamma)
   0=RF: a repeating fraction number (0.N) that represents a closed interval, [].
   1=INT: an integer number (N.0) that represents a half-open interval, [).

NUM_FORMAT_ALL

DST_SEL_X 3 3:1 3 Select what component of SRC to write to the X component of the returning data.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f

DST_SEL_X

RESULT_NUMBER (RB -> TC)
-See RB
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v. 1.80
Tom Frisinger/Jocelyn Houle R400 Texture Fetch Constant Fields FetchMultiSample
DST_SEL_Y 3 6:4 3 Select what component of SRC to write to the Y component of the returning data.

   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f

DST_SEL_Y

DST_SEL_Z 3 9:7 3 Select what component of SRC to write to the Z component of the returning data.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f

DST_SEL_Z

DST_SEL_W 3 12:10 3 Select what component of SRC to write to the W component of the returning data.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f

DST_SEL_W

EXP_ADJUST_ALL 3 18:13 6 Final bias for exponent applied at end of conversion to 32-bit floating point.  Signed integer with range [-32..32)  This is 
always applied to all channels (WZYX).  Set to 0 normally.

EXP_ADJUST_ALL

MAG_FILTER 3 20:19 2 Filter used when texture is magnified
   0=Point
   1=Linear
   2=Arbitrary (not supported on R400)

MAG_FILTER

MIN_FILTER 3 22:21 2 Filter used when texture is minified
   0=Point
   1=Linear
   2=Arbitrary (not supported on R400)

MIN_FILTER

MIP_FILTER 3 24:23 2 Filter used between mipmap levels
   0=Point
   1=Linear
   2=BaseMap (None, disregard mipmapping, always use base map, ignores MIN_MIP_LEVEL)

MIP_FILTER
   2=MUST_BE_TWO

ANISO_FILTER 3 27:25 3 Anisotropy Enable
   0=Disabled
   1=Enabled, Max 1 to 1
   2=Enabled, Max 2 to 1
   3=Enabled, Max 4 to 1
   4=Enabled, Max 8 to 1
   5=Enabled, Max 16 to 1

ANISO_FILTER

ARBITRARY_FILTER 3 30:28 3 Specifies type of arbitrary filter to use (not supported on R400)
   0=Filter2x4_Sym
   1=Filter2x4_Asym
   2=Filter4x2_Sym
   3=Filter4x2_Asym
   4=Filter4x4_Sym
   5=Filter4x4_Asym

MSAA_NUM_SAMPLES
-See PA

BORDER_SIZE 3 31 1 Give the border size (0 or 1). This is used for border texels. BORDER_SIZE
   0=MUST_BE_ZERO

VOL_MAG_FILTER 4 0 1 Filter used between layers of a volume when doing magnification.
   0=Point
   1=Linear

VOL_MIN_FILTER 4 1 1 Filter used between layers of a volume when doing minification.
   0=Point
   1=Linear

MIN_MIP_LEVEL 4 5:2 4 LOD index of the largest mipmap we can use (0 is largest).
MAX_MIP_LEVEL 4 9:6 4 LOD index of the smallest mipmap we can use (greater than MIN_MIP_LEVEL).

HW will use minimum of this value and total number of mipmap levels in mipmap chain.
MAG_ANISO_WALK 4 10 1 Do anisotropy walk when anisotropy filter is enabled and magnifying.

   0=Disabled (1 sample)
   1=Enabled

MIN_ANISO_WALK 4 11 1 Do anisotropy walk when anisotropy filter is enabled and minifying.
   0=Disabled (1 sample)
   1=Enabled

LOD_BIAS 4 21:12 10 LOD bias to apply after computing the mipmap and determining min/mag, but before clamping.
Signed fixed point w/ 5 bits of fraction (5.5), and ranges from [-16..16).

GRAD_EXP_ADJUST_H 4 26:22 5 Exponent adjust applied to the horizontal gradients' exponent.  Signed integer, ranges from [-16..16).
GRAD_EXP_ADJUST_V 4 31:27 5 Exponent adjust applied to the vertical gradients' exponent.  Signed integer, ranges from [-16..16).
BORDER_COLOR 5 1:0 2 Border Color.  See Border Color page for details.

   0=ABGR Black
   1=ABGR White
   2=ACbYCr Black
   3=ACbCrY Black

BORDER_COLOR

FORCE_BC_W_TO_MAX 5 2 1 Force W component of border color value to maximum value.  This overrides the W value in BORDER_COLOR.  See 
Border Color page for details.
   0=Disabled
   1=Enabled

FORCE_BC_W_TO_MAX

TRI_JUICE 5 4:3 2 Tri-linear performance tweaker.
Corresponds to the point below which mip fraction should be clamped to 0, therefore sampling a single map.  Tri-linear 
filtering remains piecewise linear and continuous.
   0=0 (normal)
   1=1/6
   2=1/4
   3=3/8

ANISO_BIAS 5 8:5 4 Anisotropic filtering performance tweaker.
The bias is a u1.3 number, range [0, 2).  It is subtracted from the computed aniso ratio, yielding a lower number of samples 
taken.  Improves performance while keeping filtering quality better than plain trilinear filtering.

DIM 5 10:9 2 Texture dimensionality.
   0=1D texture
   1=2D texture
   2=3D texture
   3=CubeMap texture (assumes 2D textures for size determination, special gradient path for proper LOD determination)

MIP_PACKING 5 11 1 Indicates whether mipmap tail packing is used or not.
   0=Disabled (every mip level starts at a 4KB boundary)
   1=Enabled (as soon as either width or height is 16 or less, mip levels are packed together)

MIP_ADDRESS 5 31:12 20 Address of start of mipmap chain, (4KB aligned, minimum).  Must be valid value when mipmapping is enabled.
See Features page for alignment restriction details.

MSAA_TILE_BASE
-See RB

Total 6 192 192

Notes:
1.) Filtering of signed repeating fractions with SIGNED_RF_MODE_ALL == NO_ZERO may not produce the correct 
results because of the implicit bias in this format.  This format is really only meant to be used with filtering off.
Programmers should only enable filtering if they understand the mathematical implications of doing so.
2.) ARBITRARY_FILTER is undefined in the constant for FetchMultiSample and should be set via instruction.
3.) MAG_ANISO_WALK and MIN_ANISO_WALK are forced to 1 (enabled) when anisotropy is enabled for FetchMultiSample. 

MSAA_FORMAT
-See RB

MSAA_CLEAR_LO
-See RB

MSAA_NUMBER
-See RB
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Name Dword Bits Size Description
OPCODE 0 4:0 5 Vertex fetch instruction opcodes.

   0=FetchVertex
SRC_GPR 0 10:5 6 Specifies the source GPR for index
SRC_GPR_AM 0 11 1 Specifies the SRC_GPR addressing mode.

   0=Logical register addressing
   1=Current Loop Index relative register addressing

DST_GPR 0 17:12 6 Specifies the destination GPR for the result
DST_GPR_AM 0 18 1 Specifies the DST_GPR addressing mode.

   0=Logical register addressing
   1=Current Loop Index relative register addressing

FETCH_VALID_ONLY 0 19 1 Specifies if the sequencer can specify an optimized fetch or not.
   1=MUST_BE_ONE

CONST_INDEX 0 24:20 5 Selects which 192 bit constant holds the vertex base/limit pair.
CONST_INDEX_SEL 0 26:25 2 Select which part of 192 bit constant holds base/limit pair.

   0=Low (bits 0-63)
   1=Middle (bits 64-127)
   2=High (bits 128-191)

COUNT_LO 0 29:27 3 Number of DWORDs to "prefetch" for Mega/Mama fetch.  [COUNT_HI][COUNT_LO] encode the total count (minus 1).
Currently, this value cannot be greater than 0x7 on R500.  Ignored for vfetches through TC.
HW will clamp minimum count to size implied in DATA_FORMAT.
   0=Prefetch 1 DWORD
   1=Prefetch 2 DWORD
   …

SRC_SEL 0 31:30 2 Select which 32bit component in SRC_GPR has index.
   0=GPR_X
   1=GPR_Y
   2=GPR_Z
   3=GPR_W

DST_SEL_X 1 2:0 3 Select what component of SRC to write to the X component of DST_GPR.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

DST_SEL_Y 1 5:3 3 Select what component of SRC to write to the Y component of DST_GPR.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

DST_SEL_Z 1 8:6 3 Select what component of SRC to write to the Z component of DST_GPR.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

DST_SEL_W 1 11:9 3 Select what component of SRC to write to the W component of DST_GPR.
   0=SRC_X
   1=SRC_Y
   2=SRC_Z
   3=SRC_W
   4=0.0f
   5=1.0f
   ...
   7=Mask (keep value in DST_GPR)

FORMAT_COMP_ALL 1 12 1 Sign of source components (WZYX).  See Numbers page for details.
   0=Unsigned
   1=Signed

NUM_FORMAT_ALL 1 13 1 Indicates if source (WZYX) data is repeating fraction (RF) or integer (INT).  See Numbers page for details.
(N is the size of the component in bits derived from DATA_FORMAT)
   0=RF: a repeating fraction number (0.N) that represents a closed interval, [].
   1=INT: an integer number (N.0) that represents a half-open interval, [).

SIGNED_RF_MODE_ALL 1 14 1 Mapping to use when converting source (WZYX) signed repeating fractions to float. See Numbers page for details.
   0=ZERO_CLAMP_MINUS_ONE (D3D)
   1=NO_ZERO (OGL)  **UNSUPPORTED UNDER XENOS

INDEX_ROUND 1 15 1 Control for converting index from float to integer.
   0=Truncate to negative infinity
   1=Round

DATA_FORMAT 1 21:16 6 Vertex format.  See DATA_FORMAT table.  Only vertex formats permitted.
COUNT_HI 1 23:22 2 Reserved for expansion.  See COUNT_LO

   0=MUST_BE_ZERO
EXP_ADJUST_ALL 1 29:24 6 Final bias for exponent applied at end of conversion to 32-bit floating point.  Signed integer with range [-32..32)  This is alway

applied to all channels (WZYX).  Set to 0 normally.
FETCH_TYPE 1 30 1 Type of Fetch.  Ignored for vfetches through TC.

   0=Mega/Prefetch/Mama fetch (COUNT_* used)
   1=Mini/Non-Prefetch/Baby fetch (COUNT_* ignored)

PRED_SELECT 1 31 1 Indicates to the sequencer if the instruction is predicated or not.
   0=Not predicated
   1=Predicated (see PRED_CONDITION)

STRIDE 2 7:0 8 DWORD stride of vertex array.  Unsigned integer
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v. 1.80
Tom Frisinger/Jocelyn Houle R400 Vertex Fetch Instruction
OFFSET_X 2 30:8 23 Which DWORD we want to fetch.  Signed integer.
PRED_CONDITION 2 31 1 Indicates to the sequencer what value to use for the predication.
Total 3 96 96
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v. 1.80
Tom Frisinger/Jocelyn Houle R400 Vertex Fetch Constant Fields
Name Dword Bits Size Description
TYPE 0 1:0 2 Constant type/state.  Used by PM4 parser/capture utilities.  HW must ignore.

   0=Invalid Constant
   1=Invalid Vertex Constant
   2=Valid Texture Constant  (N/A)
   3=Valid Vertex Constant

BASE_ADDRESS 0 31:2 30 Base address (must be DWORD aligned)
ENDIAN_SWAP 1 1:0 2 Endian control

   0=ENDIAN_NONE No endian swapping 
   1=ENDIAN_8IN16 8 bit swap within 16 bit word - 0xAABBCCDD -> 0xBBAADDCC 
   2=ENDIAN_8IN32 8 bit swap within 32 bit word - 0xAABBCCDD -> 0xDDCCBBAA 
   3=ENDIAN_16IN32 16 bit swap within 32 bit word - 0xAABBCCDD -> 0XCCDDAABB

SIZE 1 25:2 24 Size of array in DWORDs.
CLAMP_X 1 26 1 Clamp mode

   0=Clamp to last
   1=Clamp to border color

BORDER_COLOR 1 27 1 Border Color.  See Border Color page for details.
   0=ABGR Black
   1=Reserved

REQUEST_SIZE 1 29:28 2 Optimizes read request size.
   0=256 bit requests (data in FB typically)
   1=512 bit requests (data in AGP/3GIO typically)
   2=1024 bit requests (TBD)
   3=Reserved

CLAMP_DISABLE 1 30 1 Disable address clamping.
   0=Clamping enabled
   1=Clamping disabled

UNUSED 1 31 1 Unused bits.
   0=MUST_BE_ZERO

Total 2 64 64

Notes:
1.) DWORD fetch address = BASE_ADDRESS + SRC_GPR * STRIDE + OFFSET_X.
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R400 DATA_FORMAT
Value DATA_FORMAT Vertex Format? Texture Format? Degammable? Filterable? (15) Cycles Multiplier

0 FMT_1_REVERSE (X)* No Yes No Yes x1
1 FMT_1 (X)* No Yes No Yes x1
2 FMT_8 (X)* No Yes Yes Yes x1
3 FMT_1_5_5_5 (WZYX)* No Yes Yes Yes x1
4 FMT_5_6_5 (ZYX)* No Yes Yes Yes x1
5 FMT_6_5_5 (ZYX) No Yes Yes Yes x1
6 FMT_8_8_8_8 (WZYX)* Yes Yes Yes Yes x1
7 FMT_2_10_10_10 (WZYX) Yes Yes No No x1
8 FMT_8_A (X) (duplicate format, see 2)*
9 FMT_8_B (X) (duplicate format, see 2)*
10 FMT_8_8 (YX) No Yes Yes Yes x1
11 FMT_Cr_Y1_Cb_Y0_REP (Z=Cb, Y=Y, X=Cr) (Packed 422)* No Yes No Yes x1
12 FMT_Y1_Cr_Y0_Cb_REP (Z=Cb, Y=Y, X=Cr) (Packed 422)* No Yes No Yes x1
13 RESERVED
14 FMT_8_8_8_8_A (WZYX) (duplicate format, see 6)*
15 FMT_4_4_4_4 (WZYX)* No Yes Yes Yes x1
16 FMT_10_11_11 (ZYX) Yes Yes No No x1
17 FMT_11_11_10 (ZYX) Yes Yes No No x1
18 FMT_DXT1 (WZYX) No Yes Yes Yes x1
19 FMT_DXT2_3 (WZYX) No Yes Yes Yes x1
20 FMT_DXT4_5 (WZYX) No Yes Yes Yes x1
21 RESERVED
22 FMT_24_8 (X) (depth/stencil format) No Yes No Yes (14) x1
23 FMT_24_8_FLOAT (X) (depth/stencil format) No Yes No No (14) x1
24 FMT_16 (X) No Yes No Yes x1
25 FMT_16_16 (YX) Yes Yes No Yes x1
26 FMT_16_16_16_16 (WZYX) Yes Yes No Yes x2
27 FMT_16_EXPAND (X) No Yes No Yes x1
28 FMT_16_16_EXPAND (YX) No Yes No Yes x2
29 FMT_16_16_16_16_EXPAND (WZYX) No Yes No Yes x4
30 FMT_16_FLOAT (X) No Yes No No x1
31 FMT_16_16_FLOAT (YX) Yes Yes No No x1
32 FMT_16_16_16_16_FLOAT (WZYX) Yes Yes No No x2
33 FMT_32 (X) Yes Yes No Yes x1
34 FMT_32_32 (YX) Yes Yes No Yes x2
35 FMT_32_32_32_32 (WZYX) Yes Yes No Yes x4
36 FMT_32_FLOAT (X) Yes Yes No No x1
37 FMT_32_32_FLOAT (YX) Yes Yes No No x2
38 FMT_32_32_32_32_FLOAT (WZYX) Yes Yes No No x4
39 FMT_32_AS_8 (X) No Yes Yes Yes x1
40 FMT_32_AS_8_8 (X) No Yes Yes Yes x1
41 FMT_16_MPEG (X) No Yes No Yes x1
42 FMT_16_16_MPEG (YX) No Yes No Yes x1
43 FMT_8_INTERLACED (X) No Yes Yes Yes x1
44 FMT_32_AS_8_INTERLACED (X) No Yes Yes Yes x1
45 FMT_32_AS_8_8_INTERLACED (X) No Yes Yes Yes x1
46 FMT_16_INTERLACED (X) No Yes No Yes x1
47 FMT_16_MPEG_INTERLACED (X) No Yes No Yes x1
48 FMT_16_16_MPEG_INTERLACED (YX) No Yes No Yes x1
49 FMT_DXN (YX) No Yes Yes Yes x1
50 FMT_8_8_8_8_AS_16_16_16_16 (WZYX) No Yes Yes Yes x2
51 FMT_DXT1_AS_16_16_16_16 (WZYX) No Yes Yes Yes x2
52 FMT_DXT2_3_AS_16_16_16_16 (WZYX) No Yes Yes Yes x2
53 FMT_DXT4_5_AS_16_16_16_16 (WZYX) No Yes Yes Yes x2
54 FMT_2_10_10_10_AS_16_16_16_16 (WZYX) No Yes Yes Yes x2
55 FMT_10_11_11_AS_16_16_16_16 (ZYX) No Yes No Yes x2
56 FMT_11_11_10_AS_16_16_16_16 (ZYX) No Yes No Yes x2
57 FMT_32_32_32_FLOAT (ZYX) Yes No No No x3
58 FMT_DXT3A (X) No Yes Yes Yes x1
59 FMT_DXT5A (X) No Yes Yes Yes x1
60 FMT_CTX1 (YX) No Yes Yes Yes x1
61 FMT_DXT3A_AS_1_1_1_1 (WZYX) No Yes No Yes x1
…
63 RESERVED (Not for use) N/A N/A N/A N/A N/A

Notes:
1.) *'s in DATA_FORMAT indicates formats in specific locations for 2D compatibility and should not be moved.
2.) FMT_1_REVERSE is same format as FMT_1 but with bit order within a byte swapped.
3.) Texture data is expanded going into the L2 cache.
4.) Vertex data is not expanded going into the L2 cache.  Expansion/conversion is done on way to GPRs.
5.) Use DST_SEL_n  in instruction or constant to modify routes from those shown above.
6.) Compressed Texture Formats
Uncompressed to L2 cache using standard fixed decompression algorithm.  From the L2 cache POV the components are stored as unsigned RF [0..1].
TP will still do number format conversion on these formats.  Software will typically/may want to program the following conversions:
FMT_DXT1, FMT_DXT2_3, FMT_DXT4_5 = unsigned RF [0..1]
FMT_DTN = unsigned RF biased [-1..1] (ZCMO or NZ)
FMT_DXT3A = unsigned RF [0..1] - (FYI, this format aka u4)
FMT_DXT5A = unsigned RF [0..1] (perhaps also useful as unsigned RF biased [-1..1] (ZCMO or NZ)) - (FYI, this format aka ATI1N, BXT1)
FMT_CTX1 = unsigned RF [0..1] - (FYI, this format aka BXT3)
7.) Degamma only valid for unsigned RF numbers (including FMT_DXT*), since the degamma logic assume the data is unsigned RF and remaps as such.

9.) #39-48 are expected to be video/multimedia specific formats.
10.) Interlaced formats: Z=0.0f for even, Z=1.0f for odd.
11.) FMT_24_8* formats: only fetches the 24b, in either fixed or floating point format.
FMT_24_8 should be set to unsigned RF to match what the RB represents.
FMT_24_8_FLOAT will get automatically converted to the [0, 1] range.
In order to read the stencil bits, a separate constant must be used, using FMT_8_8_8_8 and reading the X channel only.

*32_FLOAT = 32 bit IEEE float, sE8M23, used directly without conversion
*16_FLOAT = sE5M10, expanded to 32_FLOAT on way to GPR
FMT_24_8 = 24 bit unsigned RF [0..1], 8 bits dropped
FMT_24_8_FLOAT = unsigned E4M20, expanded to 32_FLOAT on way to GPR and 8 bits dropped

*16_MPEG* = (16 bit signed integer, clamp to [-256..255] before filtering)
14.) FMT_24_8_FLOAT will ignore filtering for 24 bit floating point depth.  Filtering will be honored for unsigned integer stencil.
15.) Unfiltered formats only support Point as filter types (min/mag/mip), with anisotropy disabled.  Results are otherwise undefined, but HW is not permitted to crash.
16.) FMT_DXT3A_AS_1_1_1_1 is akin to DXT3A in the sense it is 4x4 elements of 4b each.  The difference is every bit represents a different channel.

13.) DATA_FORMATs with fixed numbers formats.  That is, they are hardcoded as indicated below and thus ignore

*16_EXPAND = FLOAT_16 clamped and converted to signed fixed point 16.16 [-32K..32K).  This permits filtering for 16 bit floating point components.

12.) FMT_Cr_Y1_Cb_Y0_* and FMT_Y1_Cr_Y0_Cb_* have 8 bit components.

8.) Enabling degamma in any channel does not change the format in which the data is stored in the L2 cache.  This enables software to make trade-offs between high quality 
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R400 Numbers
// Fixed to Float Conversions

float Tf;  // floating point output
unsigned int N;  // size of component in bits

unsigned integer
  // Range: [0..(1 << N))
  unsigned int Ti;
  Tf = (float)Ti;
  // ex. N=8 -> 0=0.0,  255=255.0

signed integer
  // Range: [-(1 << (N-1))..(1 << (N-1)))
  signed int Ti;
  Tf = (float)Ti;
  // ex. N=8 -> -128=-128.0,  127=127.0
  // it's expected the HW implementation will invert the high
  // order bit and treat result as an unsigned integer biased

unsigned integer biased
  // Range: [-(1 << (N-1))..(1 << (N-1)))
  unsigned int Ti;
  Tf = (float)Ti - (float)(1 << (N-1));
  // ex. N=8 -> 0=-128.0, 128=0.0, 255=127.0

unsigned integer gamma'd
  // degamma ignored, same as unsigned integer
  // Range: [0..(1 << N))
  unsigned int Ti;
  Tf = (float)Ti;
  // ex. N=8 -> 0=0.0,  255=255.0

unsigned RF
  // Range: [0..1]
  unsigned int Ti;
  Tf = (float)Ti / (float)((1 << N) - 1);
  // ex. N=8 -> 0=0.0,  255=1.0

signed RF (ZCMO - ZERO_CLAMP_MINUS_ONE)
  // Range: [-1..1]
  signed int Ti;
  Tf = (Ti == -(1 << (N-1))) ? -1.0f : (float)Ti / (float)((1 << (N-1)) - 1);
  // ex. N=8 -> -128=-1.0, -127=-1.0, 0=0.0, 127=1.0
  // it's expected the HW implementation will invert the high
  // order bit and treat result as an unsigned RF biased (ZCMO)

signed RF (NZ - NO_ZERO)
  // Range: [-1..1]
  signed int Ti;
  Tf =  (float)(2*Ti + 1) / (float)((1 << N) - 1);
  // ex. N=8 -> -128=-1.0,  0=1/255.0, 127=1.0
  // it's expected the HW implementation will invert the high
  // order bit and treat result as an unsigned RF biased (NZ)

unsigned RF biased (ZCMO - ZERO_CLAMP_MINUS_ONE
  // Range: [-1..1]
  unsigned int Ti;
  Tf = (Ti == 0) ? -1.0f : ((float)Ti - (float)(1 << (N-1))) / (float)((1 << (N-1)) - 1);
  // ex. N=8 -> 0=-1.0, 1=-1.0, 128=0.0, 255=1.0

unsigned RF biased (NZ - NO_ZERO)
  // Range: [-1..1]
  unsigned int Ti;
  Tf = ((float)Ti / (float)((1 << N) - 1)) * 2.0f - 1.0f;
  // ex. N=8 -> 0=-1.0, 128=1/255.0, 255=1.0

unsigned RF gamma'd
  // Range: [0..1]
  unsigned int Ti;
  Tf = UndoGamma((float)Ti / (float)((1 << N) - 1));
  // ex. N=8 -> 0=0.0,  255=1.0

// It is expected that the HW implementation will appromiate this function with a LUT
// Any implementation should return 0 for 0 and 1 for 1
float UndoGamma( float c )
{
    if( c <= 0.03928 )     
    {
        return (c / 12.92);     
    }
    else
    {
        return pow( (c + 0.055)/1.055, 2.4 );
    }
}

example: N=4
decimal hex binary unsigned INT signed INT unsigned INT biased unsigned INT gamma'd unsigned RF signed RF (ZCMO) signed RF (NZ) unsigned RF biased (ZCMO) unsigned RF biased (NZ) unsigned RF gamma'd
0 0 0000 0 0 -8 0 0 0 1/15 -1 -1 UndoGamma(0)
1 1 0001 1 1 -7 1 1/15 1/7 3/15 -1 -13/15 UndoGamma(1/15)
2 2 0010 2 2 -6 2 2/15 2/7 5/15 -6/7 -11/15 UndoGamma(2/15)
3 3 0011 3 3 -5 3 3/15 3/7 7/15 -5/7 -9/15 UndoGamma(3/15)
4 4 0100 4 4 -4 4 4/15 4/7 9/15 -4/7 -7/15 UndoGamma(4/15)
5 5 0101 5 5 -3 5 5/15 5/7 11/15 -3/7 -5/15 UndoGamma(5/15)
6 6 0110 6 6 -2 6 6/15 6/7 13/15 -2/7 -3/15 UndoGamma(6/15)
7 7 0111 7 7 -1 7 7/15 1 1 -1/7 -1/15 UndoGamma(7/15)
8 8 1000 8 -8 0 8 8/15 -1 -1 0 1/15 UndoGamma(8/15)
9 9 1001 9 -7 1 9 9/15 -1 -13/15 1/7 3/15 UndoGamma(9/15)
10 A 1010 10 -6 2 10 10/15 -6/7 -11/15 2/7 5/15 UndoGamma(10/15)
11 B 1011 11 -5 3 11 11/15 -5/7 -9/15 3/7 7/15 UndoGamma(11/15)
12 C 1100 12 -4 4 12 12/15 -4/7 -7/15 4/7 9/15 UndoGamma(12/15)
13 D 1101 13 -3 5 13 13/15 -3/7 -5/15 5/7 11/15 UndoGamma(13/15)
14 E 1110 14 -2 6 14 14/15 -2/7 -3/15 6/7 13/15 UndoGamma(14/15)
15 F 1111 15 -1 7 15 1 -1/7 -1/15 1 1 UndoGamma(1)
range [0..16) [-8..8) [-8..8) [0..16) [0..1] [-1..1] [-1..1] [-1..1] [-1..1] [0..1]
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R400 Border Color
ABGR Black ABGR White ACbYCr Black ACbCrY Black FORCE_BC_W_TO_MAX

unsigned / unsigned gamma'd WZYX = (0) WZYX = (1) W=(0), Z=1(0), Y=0001(0), X=1(0) W=(0), Z=1(0), Y=1(0), X=0001(0) W=(1)
signed / unsigned biased / 16_EXPAND WZYX = (0) WZYX = 0(1) WZYX = (0) WZYX = (0) W=0(1)
16_MPEG WZYX = (0) WZYX = (0)11111111 WZYX = (0) WZYX = (0) W=(0)11111111
_FLOAT WZYX = 0.0f WZYX = 1.0f WZYX = 0.0f WZYX = 0.0f W=1.0f

Notes:

2.) ()'s indicate a repeating value.

3.) There is no filtering of floating point values.

4.) Because certain number attributes like signed and unsigned are selectable per component, the border color used for each componet will be selected
appropriately.

1.) The above values indicate the values used by the filter for border texels.  Debias, gamma correction and MPEG clamping have already been applied.
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R400 Features, Functionality, Caveats, Restrictions and Notes
General Notes:

R400 Basics

Maximum Texture Sizes
w/o border, normalized w/ border, normalized w/o border, unnormalized w/ border, unnormalized

1D 8K 8K-2 16M 16M-2
2D 8Kx8K (8K-2)x(8K-2) 8Kx8K (8K-2)x(8K-2)
3D (<=64 bit texels) 2Kx2Kx1K 2Kx2Kx1K 2Kx2Kx1K 2Kx2Kx1K
3D (128 bit texels) 2Kx2Kx1K 2Kx2Kx(1K-2) 2Kx2Kx1K 2Kx2Kx(1K-2)
Cube 8Kx8K (8K-2)x(8K-2) 8Kx8K (8K-2)x(8K-2)
Stack 8Kx8Kx64 (8K-2)x(8K-2)x64 8Kx8Kx64 (8K-2)x(8K-2)x64
Noise (not supported on r400) 4Kx4Kx4K N/A 4Kx4Kx4K N/A

Addressing Support
Normalized Unnormalized

Wrap Yes Treat coord as normalized
Mirror Yes Treat coord as normalized
Clamp to last texel Yes Yes
MirrorOnce to last texel Yes Treat coord as normalized
Clamp half way to border color Yes Yes
MirrorOnce half way to border color Yes Treat coord as normalized
Clamp to border color Yes Yes
MirrorOnce to border color Yes Treat coord as normalized
Mipmapping Yes No

NP2 Texture Support
Basemap Mipmaps

Padding Next tile (32 texels) Next power of 2
Wrap Yes Yes
Mirror Yes Yes
Clamp to last texel Yes Yes
MirrorOnce to last texel Yes Yes
Clamp half way to border color Yes Yes
MirrorOnce half way to border color Yes Yes
Clamp to border color Yes Yes
MirrorOnce to border color Yes Yes

Notes:
1.) Textures with borders do not have the border size included in the width/height/depth.  This is determined by the BORDER_SIZE
field.  Eg. A 1024x1024 texture with a border would have width=1024 and height=1024 with BORDER_SIZE=1.  However, the padding
and alignment constraints are that of a NP2 texture of 1026x1026 dimensions.

2.) NP2 mipmaps are floored in size.  A texture with a 51x51 base map would have a mipmap chain of sizes 25x25, 12x12, 6x6, 3x3, 1x1.

Alignment Constraints (minimum)
1D texture 2D/3D texture Vertex

Local/Video tiled 4K bytes 4K bytes 4 bytes
System/AGP tiled 4K bytes 4K bytes 4 bytes
Local/Video linear 4K bytes 4K bytes 4 bytes
System/AGP linear 4K bytes 4K bytes 4 bytes

Notes:
1.) 2D/3D texturing from linear surfaces may incur a large performance penalty.

2.) 1D tiled and linear formats are the same.

3.) Data of different formats cannot occupy the same 4k block of memory.

Anisotropic Filtering Support
1D texture 2D texture 3D texture

Point Yes Yes No
Linear Yes Yes No
Filter2x4_Sym Yes Yes No
Filter2x4_Asym Yes Yes No
Filter4x2_Sym Yes Yes No
Filter4x2_Asym Yes Yes No
Filter4x4_Sym Yes Yes No
Filter4x4_Asym Yes Yes No

Notes:
1.) If anisotropy in enabled on 3D textures, it only happens on the X and Y dimension (we don't sample more than 2 layers in Z)

2.) L2 texture cache is 32 Kbytes on R400

1.) all specified as big endian (WZYX, W in high channel).  WZYX is interchangable with ABGR.  Anything not explictly defined, returned, or otherwise 
should be assumed to be undefined/garbage from a software perspective.  In reality, the hardware may have well defined behavior for power or 
simplictiy reasons (see HW specs), but software should avoid relying on it.

2.) all signed fixed point numbers are considered to be 2's complement

1.) Macro tile on r400 = 32x32 pixels
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R400 Open Questions
1.) Do we need to support the SGN_NORM_ZERO mode for vertex data?
Status: Closed.  In the 1/2/2 and 1/9/2 meetings with MS they agreed with us and signed normalized vertex data will map the
the same way as signed textures.
Answer: No.  Need to make sure this ends up in refrast.

2.) Do we need a bit saying if texture/vertex is in local or system memory, or can it be devined from the base address?
Status: Closed.
Answer: The TC/MH will be able to determine this.  The as specified tiling bit will be all that is needed.

3.) Do we need to support FMT_4?
Status: Closed.  Will only support if absolutely necessary for ClearType
Answer: No.  ClearType will not be using this format.

4.) Do we need to support FMT_4_4?
Status: Closed.  
Answer:  No.  Multimedia has signed off on this.  It's believed that FMT_8 with EXP_ADJUST can be used
to emulate it when necessary.

5.) Do we need to support FMT_3_3_2?
Status: Closed.
Answer:  No.  No group seems to need this anymore.

6.) How are we going to support D3D source ColorKey?
Status: Closed
Answer:  To be handled by software with shader assisted filtering if necessary.

7.) Will shadow and depth fetches with border color work correctly?  Do they have too?
Status: Closed.
Answer:  Yes mostly and Yes.  No problem with depth textures.  HW "zero" and "one" will
work as expected.  Shadows are a little different since the border color will be considered a
post shadow compare value instead of a z value.  With a bit of driver fiddling, almost every case
can be made to work for zero and one.  It's expected that the edge cases can be ignored, but if
absolutely necessary the non HW border color shader could can be used.  Further documentation
on this is coming.

8.) Do we support NP2 textures with borders?
Status: Closed.
Answer: Yes, see table on Features page.

9.) Do we include the border in texture size?
Status: Closed.
Answer: No, see table on features page.

10.) We can only support up to 8k texture sizes.  This means that we can't support an 8k texture with a border.
Is this a problem?
Status: Closed.
Answer:  No, this is a reasonable limitation.

11.) We allow the basemap and mipmap chains to be in different memories (local/system).
However, we only have one select for tiled and endian which places some restrictions.  Is this acceptable?  Note that
question 2.) may impact this.
Status: Closed.
Answer:  They must be the same.

12.) The packed pixels extensions allows for textures of format 5_5_5_1 and 10_10_10_2.
Do we want to support these?
Status: Closed.
Answer:  This is really only an issue for OGL.  The OGL driver will do a bit rotation to get into 1_5_5_5 or 2_10_10_10
format and use DST_SEL to route RGB appropriately.

13.) Do we want to remove the FetchCubeMap opcode and add CubeMap to the DIM field?
Sataus: Closed.
Answer:  Yes.  This is more consistent with the APIs and is necessary to support generic border color on a
cubemap since we can't do a fetchcube and fetchwhite at the same time.
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3. Revision History

Initial version from version 1.14 ofthe R300 CP Specification. Updated Open-Issues section. — J. Carey

Note: Version 0.01 is not formally released. Removal of TID trom MH Interlace, Added internal “helper” packets,
Added 2D implementation notes as appendix. Removed CP_STATE_SUBBI.K_CNTL register. Sub-block sizes are in
the Set State packet. Details of Multi-Pass operation added. Pre-Fetch Parser Algorithm.

Renamed 2D Scratch Memory to 2D Defaults Memory. Updated interface to Memory Hub based on Ken Correll’s c-
mails, Updated registers and added BIOSscratch registers. Renamed TIMEOUTto INTERVALin time-out counters.
Updatedinterface signals. Added dynamic clocking disable signal to the CP_DEBUGregister and added description
in the Power Management Support section of the document. Brush, Palette, and Immediate data base addresses are
quad-octword aligned. Updated information on the 2D Booleans.

Interface Updates. Added CP_MH_reqmem signal. Display“cnd of frame” counters are changedto “start of frame”
counters. Update power managementsignals to/from MH. Updatedregisters. Update register names. Updated Scratch
Memory Contents. Added 8 more biosscratch registers. DMA engine waits for MIU to Linish writes belore raising the
interrupt. Removed CP_CG_21)_Modesignal — Nolonger needed per power management meeting on 05-27-2002.
Updated initialization sequence. Added Performance Counter.

Updated CP_STAT and Added CP_RT_STATregister.

Update 2D BO Boolean Decoding for “No Brush” and Update CP_DMA_STATformat.

Set 2D B7 Boolean if Sre_Tvpe=8bpp TLU and Dst_Type==32bpp
Reverted Version 0.07.

Update CP_IB2D_BASE, CP_RB_BASE, CP_IB1_BASE, CP_IB2_BASE and CP_RT_BASEto be 31:5.

Updated Queue Thresholds and Available Counts per Memory Size Deercase.

Added note to CP DEBUGthat its unused bits should not be optimized out.

Update width of microcode write and read registers and add note on microcode loading.

Add Clock Gating Diagram. Add note that debug bus data I/O is asynchronous.

Add Pre-Fetching Disable Registers. See the Pre-Fetch Disable.doc document.

Updated width of the fields in the CP_NONPREFETCH_CNTRSregister.

Removed PREFETCH_DISABLEOVERRIDE from CP_Debugregister.

Added Seratch Compare Interrupt.

Added Boolean and loop Matching Signals to State Debug Register.

Misecllancous Updates.

Add Debug Registers for Tag Return Status from Memory Hub.

Addinterrupt for Type-0 or Type-1 packets found in an Indirect Buffer.

Clarification of Pre-Write-Timer and Pre-Wrile-Limit usage.

Added oper=comp.

June 4, 2003 Version 0.24 Added Debug bit to CP_DEBUGregister to simplify flow control in the ME pipeline.

July 1, 2003 Version 0.25 Added Section to Host Programming Considerations.

July1, 2003 Version 0.26 Min / Max FunctionClarification.
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4, Open Issues / Items to Complete (Updated: 05-10-2002)

1) What should the “Protected Modc” address range be for PM4 Error Checking? A: This is programmable with the
Me_Init packet.

2) Need to add programmable count for the number of DWORDwrites that can be issued to the Memory Hub before
sending a write confirm. This allows for multiple characters to be sent between write confirmations for
Small_Text and HostData_Blt packets. A: Thisisprogrammable with the Me Init packet.
  

3) Should there be both a “single” and “dual” ring mode for managing the Instruction Memory. A: 04-10-2002: S.
Morein, A. Gruber, M. Fowler, P. Rogers discussed this and all agreed that it is o.k. to support only one mode.
The mode will be “dual ring”.

4) Should the CP’s Micro Engine support byte enables for transactions to the RBBM? Current chips do not, so
unless told otherwise the BE from the ME will not be supported. Note that the DMA engines do use the BE to the
RBBM,so this is why the CP has the BE onits interface. A: The CP’s micro engine will net support byte enables.

5) Should “drain-o” event FIFO replace the Pipeline Store DWORD function — Need to discuss with Phil. 4: 04-03-
3002 — Discussion with Phil in Orlando. He is o.k. with the “drain-o” event replacing the pipelined store
DWORD function. But the events should also write to registers.

 

 

 
 

6) Addition of RT stream set/reset flop in the CP’s micro engine. Real-time stream sets the bit when the ME starts
ptocessing the RT stream. Event(clear_rt_busy) in the real-time streamis used to clear the bit. The bit is output to
the RBBM as CP_RBBMrtidle.

7) Define 2D support requirements for the CRAYOLACP(Le. translation of legacy 2D PM4 command packets to
shader code equivalent). 4. Documented in 2D Appendix and PM4 Specification.
 

8) Define Power Management Support Requirements in CP (i.e. Block Shutdown & Voltage/Clock Determination).
Pete P. will call a meeting for this topic. 4: Meeting held 01-18-2002. CP control ofpower managementwill be
within commandstreams.

 

9) Isita problemthat the writes to the MH take 9 clocks — Whynot separate the write data from the write address?
A: The CP writes DWORDslo communicale semaphoresback to the SWfor synchronization. There is nol a
performance requirement for this case, so it is 0.k. for this to take at least 9 clocks.

 
 

10) Does the MH handle the ordering return data from fast requests to the Video Memory that may come after slower
requests to the AGP? 4: No. Tag information helps CP to re-order the data.
 

11) Define Support of Microsoft High-Priority Streams if different from Real-Time Streams. A: Meeting with
MicroSoft indicated that this functionality is covered in the definition ofthe Real-Time Streams.

12) Define Command (PM4) Error Checking Support Requirements. A: Added. See specification.

13) Finalized Ring Buffer RPTR update mechanism for CRAYOLA.A: The CP will issue a Pipelined Store DWORD
(PSD) wrile every lime il passes a granularity threshold. When the CP gets a pulse back from the RC, it will then
write the RPTR.

 

 
 

14) The CP may be connected to the Memory Hub via a daisy chain interface. Michael Doggett with discuss this
possibility with S. Morein. Until heard otherwise, it is assumed that the CP has a dedicated interface to the
MemoryHub. 4: 0/-/4-2002. CP is a dedicated interface to theMemory Hub, but implements the DCCprotocol.
Ifthe CP is added to a DCC chain, then the DCC wrapper can be used around the CP.

 
 

15) Define de-allocation protocol for State Management. A; For Instruction (Vertex and Pixel) Memoryde-allocation
the CPreceives two 3-bit buses from the Sequencer. The contents ofthese buses are the context that the
Sequencer is processing. The CP detects a change on these buses and de-allocates the code associated with N-I
context. For Renderstate, the CP receives a 3-bit busfrom the RB and a “valid” bit, When RB pulses the valid
bit, the CP will de-allocate the contextthat is indicated on the 3-bit bus.

 
 
 
 
 

16) Define requircment to support Per-Draw Command Constants. 4: /0-29-2001 Per S. Morein: These are no
interestto the Driver folks so it is no longer a requirementfor the CP.
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7) Define Implementation of OpenGL Immediate Mode Support in CP. A: CP skips immediate data for 2D packets.
The 31) draw packets have been removed for CRAYOLA.
 

18) Phil Rogers is beginning to think about a veryradical change to the way that we give commandsto the chip. This
involves no Ring or Indirect Buffers. Instead, the commands are PIO’d to the CP to dedicated command buffers.
The writes to these buffers will spill over to buffers that are in video memory. The CP would have logic to
asscmblc the command data to the Micro-Engince(i.c. From command FIFOs or from Vidco Memory). A: This is
Optimized PIO mode which was decided not to be a requirement in the CRAYOLA.

19) Define DMAfunction requirements for CRAYOLAandresolve whetherthe CPstill contains the DMAfunction.
A: POR from the CRAYOLA Summit (09-06-2001) is that the GUI'VID DMA functionality is NOTin the design.
Real Time Streams can supportthisfunctionality and generate an interrupt via a software interrupt mechanism.

20) Define CP Output Bandwidth Requirements. (Khan output was increased to 128/bits per clock.) 4: 09-19-2001
CP output data path is 128-bits to the PA and legacy 2D unit, The output data path to the other units is 32-bits.

21) Define MC->CP interface width. 4: 09-19-2001 The Inputpath from the Memory Hub should be 128-bits to
provide for the index handwidth requirements.
 

22) Determine WAIT_UNTIL/ISYNClogic requirements and determine if they are in the CP or RBBM. A: 08-23-01
S. Morein states that they should be in the CP. The read operations will however travel down the same path as
the initiators so the readofthe status will reflect any/all initiators thatproceeded.

23) Look-Aheadprocess needs to be added to fetcher logic to find next Indirect Buffer to fetch. When the first IB’s
last read request is issucd, the next IB to be fetched will start. Data will accumulate in the respective IB memory
behind the first. 4: 09-21-2001 Documentedinthis specification.
 

24) Multi-pass Overflow Looplogic (S. Morein). A: 09-20-2001 Documented in this specification.

25) Does the CP Micro-Engine Require Floating Point or Data Conversion Hardware? 4: No per S. Morein (Q8-23-
2001: 2D code is all in fixedpoint and ifany conversions are required, the data can be pre-converted. Besides.
the CP does not handle anv ofthe data for the hardware below.

26) Addition of a 32-bit write code for the CMD field to the MH. A: The writing ofa DWORD is assumed to not be a
performance issue. Therejoreit is o.k. for this to take 9 clocks to issue from the CP. It is planned that the CP will
try to group multiple consecutive writes it has pending ifthese writes fall into the same double-octword. 
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5. Overview

The CommandProcessoris a programmable proccssorthat is mcant to provide some on-chip intclligence for a Graphics
Controller device. The CP architecture has been approachedas a special-purpose computing engine, targeted at fetching and
interpreting a PROMO4 command stream.

The Command Processortakes onseveral tasks in a typical Graphics Controller:

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 read from system memory using bus-mastering on the PCI or AGP bus

2) Parses and interprets command packets, as defined in the PM4 Specification, and writes the parsed data to internal
modulcs of the Graphics Controller.

3) State Managementfor the Graphics Controller - Managing both Real-Time and Non-Rcal-TimeState Contexts.

4) Real-Time Stream Event Engine and Command Parsing.

5.1 Assumptions

1. There is no requirement to render without the use of the CP (i.e. CP Bypass Rendering & State Managementin
Driver). There is nothing in the design of the CP or RBBMthat precludes this however.

2. Incremental and Non-Incremental State Updates from the Driver can be inter-mixed.

3. Itis assumed that Type-0 incremental updates will be written to context #0 of the GFX decode space. Furthermore,
they will not start outside and end in context #0 of the GFX decode space norwill they start inside and end outside
context #0 the GFX decode space.

4. The design of the command strcam pre-fctching logic is implcmentcd as a fixed state machine in the Crayola.It is
therefore not possible to add Type-3 packets that require pre-fetched data without modifying the RTL of the CP.

5.2. [tems Added to CP Design for Crayola

State Management Control
“Viz Query A” Support
Real-Time Stream Support
Pre-Fetching of Data Streams
2D Packet Translation to Shader Implementation
PM4Error Checking
Reg->Reg DMATransactions
Multi-Pass Command Stream Support

. Timestamp Synchronization Events
0. Implicit Syne Control for 2D/3D Switching — Function moved from RBBM
1. More Generalized Micro Engine Design

NAYRwNS
meeOC

5.3 Items Removed From CP Design for Crayola

1. GUI/ VID DMA Engines per Cravola Summit 09-06-2001. Replaced with single DMA Engine design.
“Vector Mode” -- 128-bit Immediate Data Output from CP.In all the performance cases, the CP does not supply the
immediate data to the VGT. Therefore the output from the CP through the RBBMis only 32-bits. The interface from
the Memory Hubis also reduced to 32-bits.

3. Pipelined Timestamp that was in the R300 has been replaced with the Timestamp Synchronization Events (VsDone,
PsDone, and Cache Flush).

4. Push Modc (PIO)has becn removed, caving only Bus Mastcring for the CP to fetch commandstrcams.
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5.4 Bandwidth & Performance Analysis

5.4.1 CP Requests to Memory BWAnalysis (Update: 10-22-2001)

Assumethat the dominant Read request Clientis for the Indirect Buffer Data.

Assumethat the dominant Write Client is to write Constant Data.

Assume 1.6 GBvtes/sec available bandwidth on this bus.

Assuming we need to make 400M peak Triangles/Sec with index data.

Assume 96bits of indices/triangle (32-bit indices)

So, each 256-bit read request is for ~2.67 Triangles.

Which is ~150MRead Requests/Sec.

This leaves ~250Mclocks/sec for Constant Memory writes.

It takes the CP 18 clocks/constant to write the data (Two 256-bit write transfers with address phases).

This provides a constant memory write BW of ~13.8MConstants/Sec (~888 MBytes/Sec MAX).

Data Point (From Dave Gosselin):

“The most stressing character draw from the Island demo is roughly 70 state changes a frame at about 30 frames per second so
about 2100 state changes. This for just the characters, Alex would need to tell vou aboutthe terrain since I'm not as familiar
with that side. These draws update roughly 96 constant vectors which are 4 32bit Moats”.

Island Demo Characters: 2100 State/Sec * 96 Constants/State * 16 Bytes/Constant = 3.076 MBytes/Sec

From Alex Vlachos:

Either most or none of the constant store will change between draw calls. The 2 main things (besides shaders) that break up our
drawcalls are matrix changes for characters and texture changes. However, I can see us wanting to update smaller portions as
we become more comfortable writing shaders and design more flexible shaderlibraries at the app level.

But for the majority of the time, most or none would be my answer....especially for legacy apps.

5.4.2 Packet Performance (Updated: 04-10-2002)

Type-0 packets processed through the Micro Engine (ME) can take at most 2 clocks per DWORDpertS. Morein on 04-10-
2002.

State packets should get give a DWORD perclock.

Packet Locations for Performance Cases: 

*  Set_State — Packets will be in the frame buffer (Local Memory) for the performance case. (P. Rogers)

e LoadConstant_Context — These may change frequently and be bigger, so they may be in AGPfor the
performance case. (P. Rogers)

* 2D Packets — These will either be in the Ring Buffer (AGP) or in an Indirect Buffer (Local Memory). (P.
Rogcrs)

« 3D_DRAW_INDX - This packetis for performance. This packet is important for cases with lots oflists of a
small numberof indices in eachlist. This is a commonsituation in benchmarks. (P. Rogers)
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5.4.3 Analysis for Outstanding Requests To Cover AGP Latency (Updated: 03-13-2003)

Clock Ratio = 444Mhz / 66MHz = 6.72 => AGP provides a Double Octword every 6.72 core clocks to Memory Hub

AGPLatency = 35 System Clocks * 6.72 = 235 Core Clocks

So, CP needs 235 DWORDsstorage to hide full AGP latency. However,this is not necded as a result of experiments on R300.
The following text is a summaryfrom an e-mail discussion:

Th an attem pt to summarize:
1. Table from Phil's e-mail:

Mom Depth Use

AGP 200 PM4 RingBuffer (subject to Jeffrey's testing)
AGP 200 Indirect Buffer 1

LM 150 Indirect Buffer 2

LM 150 State

AGP 300 Real ‘Time CBs

FB 70 Real Time State

2. The R300 experiment that was run for 2D showed that there was less than a 1%difference in the scores

between a ring buller setling of OXO0A (80 DWORDs) and OxSC (736 DWORDs).

3. Also, Andy commented that the AGP latencythat should be used is 30-35 clocks instead of50.

This gives a DWORDstorage requirement of 235 instead of 336.

Se wouldyou agree with this update:

Mem Depth Use
 

AGP 128 PM4 RingBuffer {Gave 512 - IB1 - [B2, which is still mere than 80 DWORDsfrom R300 experiment}

AGP 232 Indirect Buffer 1 {Adjusted up to reflect 35 clock agp latency & Rounded to multiple of 8 DWORDs}

EM 1582 Indirect Buffer 2 {Rounded to a multiple af 8 DWORDs}

= 32

EM 152 State {Roundedto a multiple of8 DWORDs}

AGP 288 Real Time CBs {Gave 512 - State - RTState, whichis greater than 235 storagefor 35 clock latency}

FB 72 Real Time State {Rounded to a multiple af 8 DWORDs}

= 512
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6. Host Programming ModelDescription

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

6.1 Pull Model

The Pull \fodel utilizes bus-mastering on the part of the graphics controller, as it actively goes out and reads from an area of
system memoryin which the host CPU has previously placed command information. This informationis in one of two forms:

1) 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 a side-effect of writing to a special “trigger” or “initiator”
register.

2) A sequence of Command Packets, which are a “compressed” way of conveying the command information to the
graphics controller, 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.

An important part of the pull model is howthe host and the graphics controller manage access to the shared buffer in system
memory. This is discussed inthe following section.

6.2 Ring Buffer Management

Whenthe Graphics Controller is set to operate in the bus-mastering mode (pull model), the host application, say a driver, has to
allocate a block of system memoryas a buffer for the commandpackets it issues to the Graphics Controller. The command
packets, or simply packets, instruct the Graphics Controller to carry oul operations such as drawing objects on the screcn. This
memory blockis treated asif it is a ring that allows the packets to be placed into and taken away from the memoryin a circular
manner, thus the name Ring Buffer.

The Ring Buffer is a shared memory space between two cooperating processors. It is used to implement one-way
communication from the Host processor (the Writer) to the Graphics Controller (the Reader). Each processor must maintain the
statc that it bclicves that the Ring Bufferis in. The state is composedof:

QO) Buffer Base: The address of the beginningofthe buffer.

Q) Buffer Sizc: The size of the buffer.

UO) Write Pointer: The address that the Host is writing to. 
QO) Read Pointer: The address that the Graphics Controller is reading from.

In order for the Ring Buffer to work properly, both processors must maintain a consistent viewof this staic. The Buffer Base
and Buffer Size are generally initialized when the system is first brought-up, and rarely changed after that point. It is a simple
task to initialize both the Reader’s and the Writer’s copies of this state. The Read and 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 Write
Pointcr, he must scnd that valuc to the Readcr’s (the Graphics Controllcr’s) copy of the Write Pointer. And similarly, when the
Reader updates the Read Pointer, he must send that value to the Writer’s copy of the Read Pointer.

Packets are placed into the memoryblock, or buffer, from the beginning towards the end, i.e., from lower addresses toward
higher addresses. Once the data placementhits the end, it starts from the beginning again. Meanwhile, the packets are
consumedfromthe head of the queue in a mannersimilar to how they were placed.

Figure 6-1 illustrates howthe ring buffer operates when combined with the bus-mastering operation.
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Figure 6-1: Ring Buffer and its Control Structure

In the figure, packets are placed into the buffer in a counter-clockwise order, forming a packet queue. Thefirst packet in the

queue is denoted by F, , and the last by P,. Thestart of the queue, F, , is pointed to by the Read Pointer(s). The memory
portion that is not occupied by packetsis called the free area, and it is pointed to by the Write Pointer(s).

Initially, both the read and write pointers maypoint to the same locationof the ring buffer, ¢.g. the start of the memory block.
The two pointers pointing to the same locationof the ring buffer generally implies one of two situations. One is that the buffer
is empty, and the otheris that the buffer is full. We wantto define this situation as an empty buffer. To resolve the ambiguity
of both pointers being equal, we must prevent the case of a full buffer from ever happening. It is the Host’s responsibility to
ensure that there is at least one free locationin the buffer.

Onthe hostside, the driver places command packetsinto 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 free-space in the buffer by comparing its Read and Write Pointers, and suspends writing if the buffer becomes (almost)
full.

On the Graphics Controllerside, packets are taken away one-by-one 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 updates its
copy of the Read Pointcr, it uscs a bus-mastcring writc to update the Host’s copy of the Rcad Pointcr, residing in a shared
memory location. The Graphics Controller has a register that holds the memory address of where the Host’s Read Pointer
resides, and uses that for the address of the bus-mastering write. The Graphics Controller tracks free-space in the buffer by
comparing its Read and Write Pointers, and suspends readingif the buffer becomes empty (i.e., Read Pointer == Write Pointer).

To reduce traffic on the system memorybus, the Graphics Controller should not update the Host’s copyof the Read Pointer
everytime it changes on the Graphics Controllcr sidc. To facilitate this, we have adopted a concept of a block of DWORDsin
the packet queue. The Graphics Controller will update the host’s copy of the Read Pointer every time it has consumed a
“block’s-worth’ of data fromthe ring buffer. The other time when the Graphics Controller will update the Read Pointeris
whenit thinks that the packet queue is empty. The size of the block is programmable, to allowthe programmer to trade-off the
amountof time the system bus spends doingreal data transfer vs the amountof time it spends on the communication overhead
of updating read/write pointers. Larger block sizes tend to reduce communication overhead,at the “expense” of reducing the
number of blocks in the queue, which reduces the amount of “slip” (or de-coupling) between the Host and the Graphics
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Controller.

To reduce traffic on the system memorybus, the driver may want to minimize the frequency of accesses to ils copies of the
Read and Write Pointers. To minimize reads of the Read Pointer, it can check them once, calculate an amount offree space,
and then decrementa local copyof the amountof free space as it adds packets to the queue. Whenit sees that the free-space 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 also has the option of updating the Graphics Controllcr’s Write Pointer on a Icss-frequent basis than
with every write he does to the packet queue, possibly on a block-basis similar to the Graphics Controller's mechanism.
However, if the buffer is running close to empty, anv delay in updating the Graphics Controller’s Write Pointer mayadd latency
to the Graphics Controller’s response to this command packet. Also, the host must be careful to update the Graphics
Controller’s copy of the Write Pointer if it wants the Graphics Controller to read from the queue until it is empty.

When the qucuc has become (almost) full, the host will have to poll the Read Pointer until space becomes available. In certain
systems (Pentium II for example), this polling will stay within the processor 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
whenthe Graphics Controller performs its bus-masiering write of the Read Pointer. It is important to note that the Read Pointer
must reside in PCI space in orderfor this snoop technique to work. AGP writes are not snooped.

6.3 Indirect Buffer Management

The Command Processorhas the capability to read commands from other locations in memory, outside of the Ring Buffer.
These locations are knownas Indirect Bufferl and Indirect Buffer2. This is accomplished as follows: there is a packet in the
Primary command stream (bcing read from the ring buffcr) which scts up the Indirect Bufferl Address and Size registcrs of the
Command Processor. The writing of the Indirect Buffer] Size register triggers the Command Processorto begin fetching the
newstream from the provided address. The last packet to be parsed from the Primary streamis the one thatsets the Indirect
Bufferl Address and Size registers. The CP thenbegins fetching data fromIndirect Bufferl. The data streamin Indirect
Buffer] may set up the Indirect Buffer2 Address and Size registers of the CommandProcessor. As before, writing of the
Indirect Bufferl Size register triggers the Command Processorto begin fetching the new stream from the provided address.
Thelast packet to be parsed fromthe Indirect Buffer1 streamis the one that sets the Indirect Buffer2 Address and Size
registers. The CP fetches the correct amountof data fromIndirect Buffer2 until The Buffer? Size is exhausted; it then returns to
its interpretation of packets from Indirect Buffer]. The CP fetches the correct amount of data from Indirect Buffer! until the
Bufferl Size is exhausted; it then returns to its interpretation of packets from the Primary Stream (being read from the ring
buffer).

Indirect State Data buffers are only supported for non-real-time command streams. 
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6.4 Data Coherency Management

6.4.1 Ring Buffer Fetching Coherency

The Rage128 product revealed a weakness in some motherboard chipsets in that there is no mechanism to guarantee that data
written by the CPU to memoryis actually in a readable state before the Graphics Controller receives an update to its copy of the
Write Pointer. In aneffort to alleviate this problem, we’ve introduced a mechanism into the Graphics Controller that will delay
the actual write to the Write Pointer for some programmable amountoftime, in order to give the chipset time to flush its
internal write buffers to memory.

There are two register fields that control this mechanism: PREWRITE_TIMER and PRE_WRITE_LIMIT.A timer-counteris
associated with the PREWRITE_TIMERanda limit-counter is associated with the PREWRITELIMIT. Theteis also a
staging regisicr placed “in front ofthe actual Writc Pointer register of the CP.

All host CP_RB_WPTRwrites go into the staging register and are held there until onc of two events occurs:

(1) The Uimer-counter of PREWRITETIMERhasexpired; or

(2) The host has writtenthe staging register PREWRITELIMITtimes — decrementing the limit-counter to zero

Whenone of these conditions is satisfied the staging regisler contents is written to the ring’s write pointer — inilialing fetch
requests.

The timer-counter is seeded with PRE_WRITE_TIMERevery time the host writes to the Write Pointer register address
(CP_RB_WPTR). The limit-counter is seeded with the PRE_WRITE_LIMIT every time the ring’s write pointer is updated or
whenever the PRE_WRITE_LIMITis writtenby the host.

This implementation does not guarantee a certain time-delay betweenthe host write to the Write Pointer, and the Graphics
Controller read of the system memory; becausc the host could flood the Graphics Controllcr with multiple writes (more than the
PRE_WRITE_LIMIT)ina short amountoftime, thus overriding the time-delay imposed by the PRE_WRITE_TIMER.

Additional Notes:

1. Programming the PRE_WRITE_TIMER and PRE_WRITE_LIMITto zero disables the delay function.

2. Itis valid to set the PRE_WRITE_LIMITto zero and the PRE_WRITE_TIMER>0. This will result in a fixed delay
without a write limit.

3. Setting the PREWRITELIMIT > 0 and the PREWRITE_TIMERto zerois invalidasthis setting may never update
the ring’s write pointer. The logic detects this case and will result in no delay being appliedto the ring’s write pointer
update. 
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6.4.2 Micro Engine Write Data Coherency (Updated: 07-20-2002)

The CP writcs data to external memory, whichis latcr read by the graphics pipclinc. The CP controls when the consumcrs of
this information can issue read requests in order to make sure that the data is written to memory before being consumed. The
CP controls the consumersofthe data by using the write confirmation signal it receives from the Memory Hub.

The following data applies:

1. 2D Brush Data — The Micro Engine issues write confirmation on the last DWORDwrite and issues a SC_WAIT_WC
event initiator to the Scan Converter (SC). The ME does not wait. Instead the eventinitiator written to the SC is used
to throttle the SC’s processing of the ncxt packct until the write confirmation occurs — the asscrtion of the
CP_SC_we_incsignal.

2. 2D Palette Data — Same as the 2D Brush.

3. 2D Immediate Data — Same as the 2D Brush.

* Constants — The Micro Engine issues the write confirmation on the last DWORDwrite. The ME doesnot wait. The
Pre-Fetch Parser will stall a Load_Constant_Context packetif its write confirm counteris not zero. The PFP’s counter
is decremented by the ME whenit receives confirmation from the Memory Hub. 
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6.4.3 VGT DMA DrawInitiator Deadlock Aveidance (Update: 02-05-2002)

The CP’s Pre-Fetch Parscr (PFP) issucs index DMA requests to the VGT by writing the VGT_DMA_BASEand
VGT_DMA_SIZEregisters for the DRAW_INDX packets. Because we desire to hide the fetch latencies of the index DMA
operations, these DMArequests are issued long before the corresponding DRAW_INITIATORis sent to the VGT. Both the
DMArequest and the DRAW_INITIATORenter the VGT throughthe sameinterface. So, care must be takenso asnot to write
so many DMArequests that the interface into the VGT is backed-up. This would block the ability for the CP to write the
DRAW_INITIATOR.If this happens then the chip is deadlocked.

To prevent this situation, the RBBMwill increment a counter everytime it writes the VGT_DMASIZE register. The counteris
decremented when the RBBMwrites to the VGT_DRAW_INITIATORregister with the SOURCESELECTfield set to “VGT
DMAData”is sent to the Global Register Bus.

The RBBMwill stop issuing index DMArequests to the VGT whenthe count value is greater than a programmable threshold. 
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6.5 Command Stream Synchronization

6.5.1 WAIT UNTH.

In the RBBM,there is an event engine that can be used to synchronize the sending of transactions to the Register Backbone
based onstatus signals from its clients. The CP also has a mechanismthat can directly provide the Host with knowledge of
command status. This mechanismis the eight “SCRATCH”registers and their associated functionality.

6.5.2 SCRATCH REGISTERS

Associated with the eight “SCRATCH?”registers in the CP is a scratch addtess register and a write mask. When a 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 scratch register. The writing of the scratch register’s value by the CP is qualified bythe
registcr’s write mask (SCRATCH_UMSK).

So, at the end of processing an Indirect Buffer, for cxample, a Type-0 packet can be inscrtcd that writcs a data pattcrn to
SCRATCH_REGI. Thedriver software can poll the external location SCRATCH_ADDR+1 and whenit changes to the value
that was inserted in the Type-0 packet, the Driver will “know”that the CP has completed parsing the indirect buffer up to that
point. Note that this status only indicates that the CP has fetched the data to that point. The data still may be being used by the
rest of the pipeline.

Aninterrupt is also associated with the scratch registers, which is asserted when the scratch register pair selected is written to
memory andis greater than or equal to the pair of values written by the Driver. The following diagram illustrates the generation
of this interrupt.

Scratch Register Compare Interrupt
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Updated: 3/26/2003
by John A. Carey
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6.5.3 Vertex Shader Done Event (Updated: 04-12-2002)

The Vertex Shader Done (VSD)cvent allows the Driverto have a pipclincd timestamp indicating the usage complction of a
vertex shader by the Sequencer.

The Driver sets-up the VSD event by sending the CP the EVENT_WRITE PM4packet. When the CP processes this packet it
initializes the write-back with the address and data supplied in the packet and sends an eventinitiator downthe pipelinetotell
the Sequencer to report whenit is done with the vertex shader.

Whenthe Sequenceris done,it sends a “vertex shader done” event back to the CP which causes the write-backof the data to
the cxternal memoryaddress supplicd in the EVENT_WRITE PM4 packct.

6.5.4 Pixel Shader Done (Updated: 04-12-2002)

The Pixel Shader Done (PSD) eventallows the Driver to have a pipelined timestamp indicating the usage completion of a pixel
shader by the Sequencer.

The Driver sets-up the PSD event by sending the CP the EVENTWRITE PM4packet. Whenthe CP processesthis packetit
initializes the write-back with the address and data supplied in the packet and sends an eventinitiator downthe pipeline to tell
the Sequencer to report when it is done with the pixel shader.

When the Sequenceris done, it sends a “pixel shader done” event back to the CP which causes the write-back of the data to the
external memoryaddress supplied in the EVENT_WRITE PM4packet.

6.5.5 Cache Flush Done (Updated: 04-12-2002)

The Cache Flush Done (CFD) event allows the Driver to have a pipelined timestainp indicating that the Renderer Common
(RC) has complctcd flushing its cache.

The Driver scts-up the CFD cvent by sending the CP the EVENTWRITE PM4packet. When the CP processes this packctit
initializes the write-back with the address and data supplied in the packet and sends an event initiator down the pipelineto tell
the RC to report whenit has completed flushing its cache.

Whenthe RC is done,it asserts the RC_CP_cache_flush signal to the CP, which causes the write-back of the data to the
external memoryaddress supplied in the EVENT_WRITE PM4packet. 
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6.5.6 Direct Semaphore Writes (Updated: 04-12-2002)

For Crayola, a direct semaphore write command packetis included - Mcm_Write. This packct contains an cxtcrnal memory
address and data. When the CP processes the packetit writes data to the specified address. See the Crayola PM4 Specification
for details of this command packet.

6.5.7 Interrupt Generation (Updated: 05-10-2002, 

The CP hasthe ability to generate interrupts from the commandsireams. Three registers - CP_INT_CNTL, CP_INTSTATUS,
and CP_INT_ACK — control operation of the interrupts within the CP. All the CP interrupts are logically OR’d to generate a
single interrupt to the RBBM.

The CP_INTERRUPT PM4packet provides the ability to generate an interrupt. The Micro Engine (ME)sets the appropriate
interrupt status flag based onthe stream (Primary, IB1, IB2, RT*) streamthat contained the CP_INTERRUPTpacket.

The CP’s DMAengine generates an interrupt, whichis reported in the CP_INT_*registers.

6.5.8 Non-Queued WAIT Until

The CP PM4specification has the “WAIT_GUI_IDLE” commandpacket. This writes to the NQOWAIT_UNTILregisterin the
RBBMthatstalls subscqucnt writes fromthe CP until the GUIis idle. Note that the stall point is before the Command FIFO and
Event Engine in the RBBM. Thestall affects both “queued” and “non-queued” data.

6.5.9 DMA Synchronization with Command Stream

The CP has a DMA engine that can be synchronized with the non-real-time command stream. A CP_SYNCbit can be set when
a DMAisinitiated which performsthis synchronization.

6.5.10 2D €> 3D Synchronization (Updated: 05-08-2002)

The CP implements auto-synchronization control between 2D and 3D switching. A 2D packet can be held-up until the 3D is
idle or a 3D packet can be held-off until the 2D is complete.

Per Andy Gruber:I'd like to see this controlled by 2 Bits - 1 for 2D > 3D and 1 for 3D < 2D.It would beniceifthese bits
could be changed ‘dynamically’ by a type 0 packet such that a 2D driver than needed to do a scaled blt (3D operation) could do:

Normal 2D PM4 packet

Packet to turn off synchronization

3D Packet for Scale Blt

Normal 2D PM4 packcts

Packct to restore synchronization

This would allow the driver to inicrmix 2D and 3D packets without suffering the synchronization penalty (but only under the
control of a sophisticated driver).

The synchronization occurs in the Micro Engine. The RBBMalso has animplicit synchronization control register for
WAIT_IDLEGUI and CPSCRATCH_IDLEGUI asin previouschips.
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6.6 State Management

6.6.1 Overview (Updated: 04-15-2002)

There is one context in the CRAYOLAwhichis applicable to both Renderstate and Constants. The CP assigns this context ina
rotating manner(i.e. 0,1,2,3,4,5,6,7,0,1,...). The instruction code (Vertex and Pixel Shaders) is associated with a context, but
the Instruction Memory (IM) pointers are managed by the CP. The IMis large enoughto store shader programs for multiple
contexts.

The context of the state is reported to the rest of the graphics pipe via the DRAW_INITIATOR. The DRAW_INITIATORis
sent for every primitive is in the context registers. By the CP writing the DRAW_INITIATORto the assigned context,it tells
the rest of the chip the assigned context.

Real-Time is always assigned state context zero. Real-Time streams are disabled as a default. The PM4 packet MEINIT can
be used to cnable/disable real-time strcams. A read-only status bit RTSENABLE in the CP_STATECNTL register can be
tead to determine if the CP has real-time streams enabled. When enabled, RTS uses context 0, which is then unavailable for

non-Real-Time stream processing. In this case, the CP will assign the following contexts for non-real-time: 1,2,3,4,5,6,7,1,...

6.6.2 Type-3 PM4 Packet State Management (Updated: 04-14-2003)

For state management via Type-3 PM4 packets, the CP has the following packets available:

1. Set_State — Sub-Block data, Vertex Shader, and Pixel Shader Updates.

2. Set_Constant — Constant Update (ALU, Texture, Loop, Boolean, and Reg)

3. Load_Constant_Context — CP fetches previously stored constants into chip.

4. Invalidate_State — Invalidates Constant Pointers, Shader Code Pointers, and one or more Sub-Block Pointers fora
given sub-block.

6.6.3 Type-3 Fetched State (Updated: 01-30-2002)

The CP fetches the following state data:

1. Shaderinstruction code (Vertex and Pixel) — The CP maintains the relative pointers to the Instruction Memory.

2. Constants — Embedded in the CommandStream (Set_Constant) or in a separate buffer (Load_Constant_Context).

3. Renderstate that is contained in sub-blocks.

The CP instructs the VGT to fetch the indices associated with the DRAW_INDXpacket and supports the legacy
3D_DRAW_INDX_2packet.

6.6.4 State Buffer Synchronization (Updated: 01-30-2002)

The CP cannotify the Driver of the consumptionof the sub-block buffers by the “store DWORD” mechanism. This is not an
automatic process however. The Driver needs to place a MEM_WRITE PM4packet after the SET_STATEpacket to generate
the semaphore DWORD write for this synchronization. 
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6.6.5 State Context Switching (Updated: 07-18-2002)

The CP managesthe context switching for the graphics pipclinc.It assigns the context and stalls updatcs to the graphics pipe if
acontext is not available. The CP supports both “incremental” and “pointer-based” updates of the state data. “Incremental”is
just a fancy termfor the use of Type-0 packets. “Pointer-Based”is another fancy termto indicate that state data is updated by
one of the following packets: Set_State, Set_Constant, Load_Constant_Context, and Im_Load. Note that Type-1 packets cannot
address the GFX decode spaces, so they cannot be used to update context-based Renderstate.

When the CP detects the need for a context switch, it docs the following:

1. Writes the V’GT_EVENTINITIATORregistcr with the “Context_Donc” ID sct. This is uscd at the cnd of the pipe for
reporting that the context is completed (i.e Causes RC to generate the RC_CP_Context_Donesignal).

2. Assigns the next available context and waits until it is available. For instruction updates, the CP also waits for enough
Instruction Memoryto be available to fit the context’s instruction code update (Vertex and Pixel Shaders).

3. The CPtells the graphics pipe to copythe prior GFX state set to the assigned GFX state set. The CP does this bv
writing to the GEX_COPYSTATEregister at the assigned context. The lower 3-bits of the GFX_COPY_STATEvalue
is the context that the state should be copied from.

4. The CP then writes the newdata to the assigned state sct by processing the “Incremental” and/or “Pointcr-Bascd”
packets.

5. After the first “state update” packet is processed, the STATE_CONTEXT_DIRTYflag is set so that consecutive “state
update” packets do not also generate new contexts. Note that the STATE_CONTEXT_DIRTY flagis visible in the
CP_STATECNTLregister.

The need for a context switch is determined by the occurrence of the first “incremental” packei to a GFX decode space (Driver
writes to context #0 by the defined protocol) after a “Draw” packetor the first “Pointer Based” packet, which does not have a
pointer matchfor priorstate, following a “Draw”packet.

Note that when the CP powers-up, the context is defaulted to ‘0’ and the STATE_CONTEXT_DIRTYflag is set. Real-Time
processing is also disabled. If real-time is subsequently enabled, the CP will issue a GFX_COPY_STATE write from0 to 1 for
the non-real-lime processing before submitting any non-real-time writes.

Then, whenthe first “Draw” packet is processed, the CP will clear ihe STATECONTEXTDIRTY flag so thal a new context
will be assigned on the next “state update” packet.

The CP recognizes the following packets as “state update” packets:

1. Type-O to the GFX decode space. CP will write the Type-0 packet’s data to assigned GFX context registers.

2. Sct_State with a Pointer Mismatch.

3. Sct_Constant.

4. Load_Constant_Context with a Pointer Mismatch.

5. ImLoad with a Pointcr Mismatch.

6. ImLoadImmediate.a
f

Set_Scissors.

8. LoadPalette.

IL is assumed that Type-0 incremental updates to the GFX decode spaces will not span outside context #0 of the GFX decode
space. Theywill not start outside and end in the GFX decode space nor will theystart inside and end outside the GFX decode
space.
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The CP recognizes the following packets as “Draw” packets:

1. Draw_Indx — Multiple can be sent per context.

2. 3d_Draw_Indx_2 — Multiple can be sentper context.

3. All 2D Packets Except:

a. Ply_NextScan

b. Set_Scissors

c. Load_Palette

d. 2D_EndianMode

4. MpegIndex

5. Viz Query

All other packets do not assign a new context when processed.

6.6.6 Constant Read/Write Coherency (Updated: 10-09-2002)

The CP issues read requests for constant data (LOADCONSTANTCONTEXT)at the Pre-Fetch Parser (PFP) and issues
external memorywritcs of constant data at the Micro Enginc (ME). Thesc read and writc opcrations however can be
consecutive in the command stream.

The CP must ensure that a read operation at the PFP gets all the constants that are written from the ME. To do this the PFP
implements a “constant write counter” that increments whenit processes a Set_Constant packet. When the ME processes the
Set_Constant packet, it wriles the last DWORDforthe constant with a “write confirmation”. When the write has completed, as
indicated from the de-assertion of the MH_CP_writeclean signal, the MIU sends a pulse to the ME, which then generates a
pulse to the PFP to decrement the “constant write counter”. The PFP stalls the processing of the
LOAD_CONSTANT_CONTEXTpacketuntil the “constant write counter”is zero. 
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6.6.7 Instruction Memory Management (Updated: 05-10-2002)

The CP managesthe loading of the shader code Instruction Memory (IM).

From the CP’s perspective, the Instruction Memory (IM)is a single memory, which is divided into sections — one for Vertex
shader code, one for Pixel shader code, and a third for Real-Time & Shared shader code. Programmable thresholds are
maintained for dividing this memory. The Micro Engine uses the Vertex and Pixel shader base addresses in determining where
to write the shaderinstructions for the Set_State, Im_Load, and Im_Load_Immediate packets. The ME_INIT packet is used to
program these partition values. See the PM4 Specification for details.

Note that free space in the Real-Time section of the IMcanalso be used for subroutines (i.e. Shared Code) if needed. Figure
6-2 shows the CP’s viewof the instruction memory.

Updated: 4/10/2002
R400 CP's View of Instruction Memory "sain.care,
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Figure 6-2: CP’s Viewof Instruction Memory.
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6.6.8 Hardware Resources for State Management (Updated: 04-14-2003)

The State Management (SM) functionality is mostly implemented in the Micro Enginc (ME)via specific command packcts. Scc
the State Management Packets section of the CRAYOLA PM4Specification fordetails.

Hardware Resources for the Micro Engine:
 

 
1. Eight Sub-Block Registers store the Sub-Block State Pointers and sizes. These are located at the Pre-Fetch Parser

(PFP) Logic. Each Sub-Block Pointer registers stores the last address pointer used in the context determination
scheme.

2. Vertex Shader Base and Size storage — Used bythe Pre-Fetch Parser to determine whether to fetch the instruction
code in the Set_State packet.

3. Pixel Shader Base and Size storage -- Used bythe Pre-Fetch Parser to determine whether to fetchthe instruction
code in the Set_State packet.

4. ALU Constant Base Address — Used by Pre-Fetch Parser to determine whether to fetch the ALU constant data
associated with a Load_Constant_Context packet.

5. Texture Fetch Constant Base Address — Same as ALU, but for Texture Constants.
6. Loop Constant Base Address — Same as ALU, but for Loop Constants.
7. Boolean Constant Base Address — Same as ALU,but for Boolean Constants.

8. Register Base Address — Same as ALU,butfor register updates using the Set_Constant and LCC packets.
9. Offsct Valucs for Each of thc Sub-Blocks within the GFX decode space — Driver programs these with the ME_INIT

packet during initialization.
10, 2D Indirect Buffer Base and Size — The Driver programs these values during initialization. The CP automatically

fetches indirect buffer for 2D state on switch from3D to 2D.

11. Instruction Memory Partioning Pointers — ME uses pointers in managing the instruction memory ring(s).
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6.7 “Viz Query A” Support (Updated: 11-05-2001)

“Viz Query A” (henccforth just “Viz Query”) support allows a number of “DRAW_INDX”packcts to be omitted from the
rendering process (by CP discard) based on the result of a prior (set of) drawpacket’s total invisibility.

The CP receives “DISARD”flags from the Scan Converter (SC), which indicate the visibility of the indices in the draw packet.

The driver issues “DRAW_INDX”packets with the VIZQ_USEflag set, which specifies that a visibility test is to be performed.
The index identifying which query to use is also provided. The CP then discards the entire packet if the DISCARDflagisset.

The CP has an interface from the Scan Converter to update the DISCARD flags. The DISCARDflags are stored internal to the
CP in registers. The Driver can use Type-0 packets to clear/invalidate the flag results.

See the VIZ_QUERYpacket definition in the CRAYOLA PM4Specification for more details on the protocols associated with
Viz Qucry.

6.8 Predicated Packet Support (Updated: 08-26-2003)

Predicated packet support allows Type-3 packets to be discarded from the command stream that fail the bin comparetest. All
Type-3 packets with bit 0 set in their header will be tested against the Binregisters (if bit 0 is cleared the packet will proceed
without the test). Ifthe test passcs, the packet will procecd through the CP for proccssing, otherwise it will be discarded if the
test fails.

The test is setup by the drivers via 2 PM4 packets. There are BIN-MASK_HI & BIN_MASK_LOregisters that represents the
current driver defined bin category and are set by the SETBINMASKpacket. There are also a BINSELECTHI &
BIN_SELECTLOregisters that represents the bin calegory of the subsequent command streamdala and are updated by the
SET_BINSELECTpacket. Once these registers are set, the CP can then compares the Bin registers for subsequent predicated
Type-3 packets.

See the PM4 Command Specification for further details.

6.9 Multi-Pass Shader Support (Updated: 02-06-2002)

The CP supports the Multi-pass shader support requirement by being able to execute a single Indirect Buffer multiple times.
The Type-3 INDIRECTBUFFER packet has a MULTIPASSflag inits definition. Whenset, the CP will stop pre-[ctching
consecutive indirect buffers until it receives confirmation from the Scan Converterthat it should either loop or continue.If a
loop is required, the Pre-Fetch Parser (PFP) in the CP will re-fetch the same Indirect Buffer. If the CP is told to continue, the
PFPwill just go to the next command packet in the command stream.

There is no restriction on the numberof times an Indirect Buffer can be re-fetched. 
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6.10 Error Checking /CommandBuffer Validation (Updated: 05-29-2002)

The goal for CRAYOLAis to have the CP perform some crror checking/validation of the fetched command strcamsin ordcr to
recognize erroneous data. This erroneous data maybe from Driver bugs, corruption due to bugs on the system bus or memory,
or evenhostile software attacking the command buffers.

All of the error checking is implemented in the Micro Engine (ME). Since the error checking degrades performance, it is
intended only for debug. To enable these features, the microcode needs to be recompiled with UCODE_DEBUGdefined.

Error Checking / Validation Options:
 

1. Checksumlogic —- Computes checksumonthe in-coming command stream data and compares to known checksum.
Performing checksums on the commandstreams may cause the performance to degrade. This option is therefore not
implemented in the CRAYOLA Command Processor.
 

2. Reserved/Unused Bit Checking — The Micro Engine looks at “reserved” or “unused” bits in the command packet
headers to determine if the headeris valid. Note that the Driver has to ensure that the “reserved”bits are alwaysset to
‘0’. This level of protection is enabled by the MEINIT packet. The RESERVEDBITERRORinterruptis asserted if
al error occurs.

a. Type-0 Packet Header — No “Reserved”bits exist to check.

b. Type-2 Packet Header — Reserved bits are 29:0 — Not Checked. Drivers Use the Reserved Bit Fields.

c. Type-3 Packet Header — Reservedbits are 7:0

3. Checking for Valid Opcodes in the Command Packet Headers -- CP has a valid Opcode table whichis part of the
microcode image. The tesi is performed in the Micro Engine (ME). This level of protection is always enabled in the
CRAYOLA CP. The OPCODE_ERRORinterrupt is asserted if an error occurs.

4. Putting Special fixed packets at the beginning of valid Command Buffers (Indirect and Real-Time) -- The CP checks
for the IB_PREAMBLEpacket before continuing on with the processing of the Indirect Buffers. This level of
protection is enabled bysetting the IBSTART_CHECKENABLEbit in the ME_INIT packet. The IB_ERROR
interruptis asserted if an error occurs.

5. A bit could be set that limits the CP’s writing to certain locations of the register map (i.e. Limiting access of the
command packetsto the first portion of the register map that re-programs the PLLsetc.). This level of protectionis
cnabled by setting the PROTECTEDMODEENABLEbit in the MEINIT packet. The
PROTECTED_MODE_ERRORinterrupt is asserted if an error occurs.

Error Recovery Options:

1. Stop and Notify Driver — Upon recognition of the error, the CP notifies the driver either via an interrupt and / or
writing a semaphore value. The notification via an interrupt is what is implemented in the CRAYOLA CP.

2. Attempt to Recover — If an error is detected in an Indirect or Real-Time Stream Buffer, the CP should skip over the
entire buffer and return control back to the Primary Command stream. An error detected in the Primary Command
Strcamshould just halt the CP. Either way; the CP should probably notify the Driver that an crror has occurred. The
CRAYOLACP does not implement any recovery algorithm.
 

Whenthe CP detects an errorit raises an interrupt and stops. The CP’s soft reset needs to be used to clear the error condition.
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6.11 System Bug Fixes with the CP (Updated: 01-30-2002)

The CP has been uscd in prior projects to work-around hangs and othcr bugsthat arisc post-silicon. The following list
highlights how the CP has been used in the past for this purpose:

1. Addition of Extra Data writes to Registers in Command Stream — Usedto reset or force constants to registers.
Constants are embedded in the microcode.

2. Re-Ordering of Command Stream Data writes.

3. Saving Data Writes for Future Use in Other Command Packets — Data typically saved to CP’s micro-code RAMthen
used by other Type-3 command packets.

4. Swapping/Data Alignment within Specific DWORDs of Command Packets — This is somewhatrestrictive in the
current CP implementation.

5. Latc Addition of Type-3 Command Packcts.

It is planned that the CRAYOLACPwill provide these same capabilitics. It is also possible to provide the following:

1. More-Gencralized Data Swapping Capabililics

2. More-General ALU Operations (Add, Subtract, Multiply)

3. Addition of Logic Operations to CP Micro Engine For Data Masking/Setling/Negation

4. Generalize Data Shifling Operations (i.e. Single-Clock Data Shifis/Rotales: Lefi/Right)
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6.12 Minimal Power-UpInitialization for the Command Processor (Updated: 10-03-2002)

The following scquencc is the minimal power-upinitialization sequence for the CP:

1) Program the CP_RB_CNTL register with the appropriate Ring Bufferscttings.

2) Program the CP_RB_BASEregister with the base address of the Ring Buffer.

3) Write the CP_RBRPTR_ADDRregister with the Ring Buffer reporting address if the CP is to write the ring
buffer read pointer back to memory (i.e. CP_RB_CNTL.RB_NO_UPDATE= 0).

4) If interrupts are to be used, then set the CP_INT_CNTLto enable the appropriate interrupts and write
OxFFFFFFFF to the CP_INT_ACKto clear all interrupts pending.

5) Ifthe scratch registers will be used for synchronization:

a) Program SCRATCH_ADDRwith the external base address.

b) Program the SCRATCH_SWAPwith the correct data swap function.

c) Set the appropriate bits in the SCRATCH_UMSKto enable write-back of data from the CP.

6) Load the CP’s Non-Real-Time microcode:

a) Clear microcode RAMstart address by writing zero to the CPMERAMWADDRregister.

b) Write the microcode to the CP_MERAM_DATAport register.

7) IfReal-Time will be enabled, Load the CP’s Real-Time microcode.

a) Clear microcode RAMstart address by writing zero to the CP_RT_ME_RAM_WADDRregister.

b) Write the real-time microcode to the CP_RT_ME_RAM_DATAport register.

8) Initialize the 2D Default State:

a) Write the 2D Indirect Buffer Base Address [31:2] register.

b) Write the 2D Indirect Buffer Size [19:0] register.

¢) Write the 2D default registers for the GUI Master Control handler (DEFAULT_PITCH_OFFSET,
DEFAULT2_PITCH_OFFSET,etc.). See the “2D Control Registers” section of this document.

d) Set the Destination Rotate 2D Boolean (B11) and any of the B31-to-B19 Booleansin the
CP_2D_BOOLEANSregisterif needed. See the “2D Control Registers” section of this document.

9) Clear the MEHALTbit in the CP_ME_CNTLregister to start the Non-Real-Time Micro Engine.

10) If Real-Time processing is desired, clear the MEHALTRTbit in the CP_MECNTLregister.

11) Issue the ME_INIT PM4packet in the Ring Buffer to programvariables that the Micro Engine uses. See the PM4
specification for details.

a) The MEINIT PM4packet includes the 2D/3D implicit synchronization controls for 2D processing.

12) If Real-Time Processing is desired, issue an ME_INIT PM4packetin a real-time stream. This will program
variables that the Real-Time Micro Engine uses. See the PM4 specificationfor details.
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If this is a recovery from a power-management shutdownandit is desired that the Ring Buffer read pointer be set to non-zero,
the following steps need to also be performed before any ring buffer submits.

1) Set the RB_RPTR_WR_ENAbit in the CP_RB_CNTLregister to enable writing of the RPTR.

2) Write the CP_RB_RPTR_WR register with the RPTR value.

3) Write CP_RBWPTR,to make it match the RPTR, causing the ring buffer to appear to be empty.

4) Clear the RB_RPTR_WR_ENAbit if no further writes of the RPTR are desired.

6.13 Soft Resetting the Command Processor (Updated: 11-06-2002)

A certain sequence of actions is required of the in order to performa “clean” sofi reset of the CP:

1) Disarmall Real-Time Streams by clearing the “ARM”bit in each of the CP_RT*COMMAND regisiers.

2) Write to the proper RBBM_SOFTRESETregister to assert and then de-assert the Soft Resetsignal to the CP.

3) Clear the MEHALTbit in the CP_MECNTLregisterto start the Non-Real-Time Micro Engine.

4) Clear the MEHALTRTbit in the CP_ME_CNTL registerto start the Real-Time Micro Engine.

5) Re-arm any Real-Time Streams by setting the “ARM”bit in their CP_RT*_COMMAND register.

Note: The durationof the soft reset signal must be long enoughto ensure that all data from the Memory Hub has been returned
to the CP. Also it would be wisc to soft resct the Memory Hub as well so as to make surc the handshaking signals on both units
are in sync. 
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6.14 Controlling Register Transactions Queued vs. Non-Queued (Updated: 05-08-2002)

The CP can control whether register writes arc qucucd or non-qucucd through the RBBM.This applicsto all register
transactions except for PFP writes and Real-Timeregister transactions. The PFP writes and Real-time register transactions have
their own dedicated paths through the RBBM.

Here is a summary of the control features:

1. PMé4Packets: The queued vs. non-queuedsetting is in the ME_INIT PM4 packet. This packetis sent to the CP after
the microcode is loaded and the ME_HALTbitis cleared.

2. DMA Engine: QUEUEDflag (bit 21) is available in the DMA Descriptor.

3. Real-Time Event Engine: Bit 15 in the RT*_COMMAND register is the "QUEUED_REGPATH"control. This bit
controls whetherthe registcr read opcrations (for polling) are qucucd or non-qucucd. 
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7. Register Descriptions

The CommandProcessorhas a serverinterface from the RBBM (Register Backbone Manager)of the chip. Throughthis
interface, any client to the RBBMcan program control registers inside the CP.

7.1 Ring Buffer Control Register (Updated: 09-25-2002)

 RB_NO_UPDATI 

Reserved

BUF_SWAP

RB_BLKSZ

RB_BUFSZ  19:18

17:16 
Enables the transfer of the Writable Read Pointer to the active Read Pointer when the
Write Pointeris written.

Default = 0 (Disabled)
Ring Buffer No Write to Read Pointer
0=Write to Host’s copy of Read Pointer in system memory.
1=Donot write to Host’s copy of Read pointer.
The purpose ofthis control bit is to have a fall-back position if the bus-mastered write
to system memory doesn't work, in whichcase the driver will have to read the
Graphics Controller’s copy of the Read Pointerdirectly, with some performance
penalty.
Default = 0

Maximum Fetch Size use to occupy this bit tocation. For CRAYOLAthefetch size is
set at 256-bits per request.
Endian Swap Control for Ring, Indirect, Real-Time, and State Data Buffer Fetches.
Onlyaffects the chip behavior if the buffer resides in system memory.
0 = No swap
1 = 16-bit swap: OxAABBCCDDbecomes 0xBBAADDCC
2 = 32-bil swap: OXAABBCCDD becomes 0xDDCCBBAA
3 = Half-DWORD swap: 0xAABBCCDD becomes 0xCCDDAABB
Default = 0

Ring Buffer Block Size (Granularity Threshold).
This defines the number of quadwords that the CommandProcessor will read between
updates to the Host’s copy of the Read Pointer.
This size is expressed in log, ofthe actual size (in 64-bit quadwords).
For example, for a block of 1024 quadwords, you would programthisfield to
10(decimal).
A value of 0 specifies a2 DWORDblocksize.
A value of 1 specifies a4 DWORD blocksize.
A value of 2 specifies a 8 DWORDblocksize.
..ete...

A value of 19 specifies a (2° — 1) DWORD blocksize.
Values greaterthan 19 specify a (2°° — 1) DWORD blocksize.
Default = 0

Ring Buffer Size.
Thissize is expressed in log, quadword size of the Ring Buller.
Valid valuesare 0 to 19.

A value of 0 is clamped to 2 and specifies an 8 DWORD ring buller.
A value of 1 is clamped to 2 and specifies an 8 DWORDring buffer.
A value of 2 specifies an 8 DWORD ring buffer.
ete...

A value of19 specifies a 27° DWORD ring butter.
Values greater than 19 specify a 2°° DWORD ring buffer.
Detault = 0
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7.2 Ring Buffer Base Register

RB_BASE 31:5 Ring Buller Base — Double Octword Aligned.
Addressof the beginning ofthe ring buffer.
Default = 0xABCDEFE0

7.3 Ring Buffer RPTR Report Address Register

 
Field Name Bit(s)

RB_RPTR_ADDR 31:2 Ring Buffer Read Pointer Address.
Address of the Host’s copy of the Read Pointer. Default = 0.

RB_RPTR_SWAP 1:0 Swap controlof the reported read pointer address. See
CP_RBCNTL.BUFSWAPfor the encoding, Default = 0.

7.4 Ring Buffer RPTR (For Polling) Register

 
Field Name Bit(s)

RB_RPTR 19:0 Ring Buffer Read Pointer.
This is an index (in DWORDs)ofthe current element being read fromthe
ring buffer. Default = 0.
Note that this status resets to zerofrom a soft/hard reset ofthe CP.

7.5 Writable Ring Buffer RPTR Register

 
 

 

 

Field Name Bit(s)

RB_RPTR_WR 19:0 Writable Ring Buffer Read Pointer.
Writable for updating the RBRPTR afler an ACPI. Default = 0.

7.6 Ring Buffer Write Pointer Register

 

Field Name Bit(s)

RB_WPTR 19:0 Ring Buffer Write Pointer.
This is an index (in DWORDs)ofthe last known element to be written to the
ring buffer (by the Host). Default = 0.
Writing to this register initiates the CP to fetch the ring buffer data.
Note that this status resets to zero from a soft/hard reset of the CP.

 
CP Spee CRAYOLA doc -~ 171521 Bytes *** © ATI Confidential. Reference Copyright Notice on Cover Page © **« nafi7ina 07-99 PME

ATI Ex. 2067

IPR2023-00922

Page 95 of 448



ATI Ex. 2067 
IPR2023-00922 
Page 96 of 448

 

ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE 13 March, 2001 | TIME \@ "d MMMM, CP Spcc: Version 0.26 34 of 

7.7 Ring Buffer Coherency Control

PREWRITETIMER Pre-Write Timer.
The numberofclocks that a write to the CP_RB_WPTRregister will be
delayed until actually taking effect.
Default = 0

PREWRITELIMIT 31:28 Pre-Writc Limit.
The numberof times that the CP_RB_WPTRtegister can be written (while
the PRE_WRITE_TIMERhasnot expired) before the CP_RB_WPTR
register is forced to be updated with the most recently writien value.
Default = 0

7.8 Indirect Buffer #1 Control Registers

 
Field Name Bit(s)

IB1_BASE 31:5 Indirect Butter #1 Base.
Address of the beginning of an indirect bufferinitiated from the Ring Buffer.

Field Name Bit(s)
IB1_ BUFSZ 19:0 Indirect Butter #1 Size.

~ This size is expressed. in DWORDs.
This field is an initiator to begin fetching commandsfrom the Indirect Bufter.
Default = 0

7.9 Indirect Buffer #2 Control Registers

 
Field Name Bit(s)

IB2_BASE 31:5 Indirect Buffer #2 Base.
Address ofthe beginning ofan indirect butter initiated from Indirect Butter #1.

Field Name Bit(s)
IB2 BUFSZ 19:0 Indirect Buffer #2 Size.

- Thissize 1s expressed in DWORDs.
This field is an initiator to begin fetching commands fromthe Indirect Buffer.
Default = 0
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7.10 Real-Time Stream Fetcher Control Registers

 

 
 

Field Name

RT_BASE 31:5 Real-Time Command Bulffcr Basc.
Addressof the beginning ofthe real-time state buffer.

Field Name Bit(s)

RT_BUFSZ 19:0 Real-Time CommandBuffer Size.
This size is expressed in DWORDs.

Field Name Bit(s)

RT_ST_BASE 31:2 Real-Time State Data Buffer Base.
Address of the beginning ofthe real-time state buffer.  
 

 

Field Name Bit(s)

RT_ST_BUFSZ 19:0 Real-Time State Data Buffer Size.
This sizc is expressed in DWORDs.

7.11 State Queue Control Registers (Updated: 09-13-2002)

Field Name Bit(s)

ST_BASE 31:2 State Data Buffer Base.
Address of the beginning of the state buffer.

Field Name Bit(s)

ST_BUFSZ 19:0 State Data Buffer Size.
This size is cxpresscd in DWORDs.
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7.12 Micro Engine Queue Control Registers (Updated: 01-07-2003)

Field Name Bit(s)
Real-Time State Data Double OctwordStart in the State Queue (Before PFP)
Detault=0x2B

Real-Time Data Double Octword Start in State Stream Queue (Before PFP)
Default=0x16

CSQ_IB2_START 13:8 Indirect Buffer #2 Data Double Octword Start in Command Stream Queue (Before
PFP)
Default=0x2B

CSQ_IBIL_START 5:0 Indirect Butter #1 Data Double Octword Start in Command Stream Queue (Betore
PFP)
Detault=0x16

Double Octword End of Reorder Queues. Default=0x40
Note: Programmable only if bit set in CP_DEBUG.

Double Octword End of PFP-to-ME Command Queue. Default=0x40
Note: Programinable only if bit set in CP_ DEBUG.

Field Name Bit(s)

Count of available DWORDsin the CS queuefor the Indirect #2 Stream.
Read Only.

Count ofavailable DWORDsin the CS queueforthe Indirect #1 Stream.
Read Only.

|CSQENTRING|80 Count of available DWORDsin the CS queue for the Primary Suream.Read Only.

Field Name Bit(s)

Count of available DWORDsin the CS queue for the Real-Time State Stream.
Read Only

Read Only.

Count of available DWORDsin the CS queue for the Non-Real-TimeState.
Read Only.
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Field Name Bit(s)

MEQCNT Count of available DWORDsin the ME queue.
Read Only.
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7.13 Micro Engine Control and Status (Updated: 12-02-2002)

The Micro Engine Control and Status registers are used to indicate the busy status of the Micro Engine, but they are
mainly used for debugging the Micro Engine (ME).

Field Name Bit(s)

Determines if CP_PROG_COUNTERis updated every 1 or 16 core clocks by
setting field to 0 or 1 respectively. Default=0.

ME_BUSYRT 30

ME_BUSY 29 Micro Engine is Busy Processing a Non-Real-Time Stream. Read-Only.

ME_HALT 28 Halt the Non-Real-Time Micro Engine.
The non-RT ME haltsat next packet boundary.
Initialization needsto clear this bit after loading the microcodeto start the CP.
Default = L.

Halt the Real-Time Micro Engine.
The RT ME halts at next packet boundaty.
Initialization needsto clear this bit after loading the microcode to start the CP.
Default = 1.

PIX_DEALLOC_FIFO_]

VIX_DEALLOC_FIFO_EMPTY 25

ME_STATMUX Selects internal registers on Micro Engine’s internal test bus.
Bit 15 = Micro Engine Select (0 => Non-RT, 1 => RT)
Bits 14:0 = Select for Signal
Data is observed by reading the CP_MESTATUSregister.

e Micro Engine GPRsand Current State (RT and nRT)
e §=Scratch Register Contents (RT and nRT)

See table in the ME Implementation of the CP Spec.

  
Field Name Bit(s)

MEDEBUGDATA 31:0 Debug Data from Micro Engine, whichis selected from the ME_STATMUX
field in the CP_ ME CNTLregister. Read-Only.

7.14 Non-Real-Time Micro Engine Command Store/Cache Control Registers

 
Field Name Bit(s)

ME_RAM_WADDR 10:0 Micro Engine RAM Write Address
Writing this register puts the RAMaccesscircuitry into “Write Mode”.
The write address auto-increments fromwrites to the data register.
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 Field Name Bit(s)

ME_RAMRADDR 10:0 Micro Engine RAMAddress
Writing this register puts the RAMaccesscircuitry into “Read Mode”.
The read address auto-increments from reads to CPMERAMDATA.

Field Name Bit(s)

 
 ME_RAMDATA 31:0 Micro Engine RAMData

Used to load the non-real-time micro code.

Field Name Bit(s)

MERDADDR 31:0 Non-RT Micro Engine Writes to this address to Generate a Read Request.
Bits 31:2: DWORD Address

Bits 1:0: Swap Codc
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7.15 Real-Time Micro Engine CommandStore/Cache Control Registers

Field Name Bit(s)

RT_MERAMWADDR Real-Time Micro Engine RAM Write Address
Writing this register puts the RAMaccesscircuitry into “Write Mode”.
The write address auto-increments from writes to the data register.

Field Name Bit(s)

RT_MERAMRADDR Real-Time Micro Engine RAM Address
Writing this register puls the RAMaccesscircuitry into “Read Mode”.
The read address auto-increments from reads to CP_RT_MERAMDATA.

Field Name Bit(s)

RT_ME_RAM_DATA 31:0 Real-Time Micro Engine RAM Data High
Used to load the real-time micro code.

 
 

 
  
 Field Name Bit(s)

RT_MERDADDR 31:0 Real-Time Micro Engine Writes to this address to Generate a Read Request.
Bits 31:2: DWORD Address

Bits 1:0: Swap Code 
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7.16 PFP Microcode RAMRegisters

Ficld Name Bit(s)

UCODE_ADDR The Addressis uscd for both reads & writcs into the PFP*s microcode RAM.
See the ‘Host Programming Considerations’ for further details.

Field Name Bit(s)

UCODE_DATA 23:0 The Datais used for both reads & writes into the PFP’s microcode RAM.See
the “Host Programming Considerations’ for further details.

 
 

 
Field Name Bit(s)

RT_UCODE_ADDR 7:0 The Address is used for both reads & writes into the PFP’s real-time microcode
RAM.See the ‘Host Programming Considerations’ for further details. 
 Field Name Bit(s)

RT_UCODEDATA 23:0 The Data is used for both reads & writes into the PFP's reak-time microcode
RAM.Scc the “Host Programming Considcrations’ for further details. 
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7.17 Miscellaneous Registers (Updated: 06-04-2003)

The CP_Debugregister is in the design for “chicken” bits — as in “I ama bit ‘chicken’ that this will actually work, so I includea signal to
bypass the function”. Note that the “Reserved”bits are preserved (i.e. Not optimized) se that they can be usedfor ECOs ifneeed.

NeName Bit)|MIU_WRITEPACKDISABLE|—__PACKDISABLE|31|Disable Packing of Write Transactions in the MIU. Default = 0 (Pack Enabled)SIMPLE_ME_FLOW_CONTROL If set, the micro-engine pipeline will stall if the data out register is stalled. No bubbles
in the pipeline will be filled. Default = 0.

DMA_DSCR_OCTW_SEL|29|Swaps Descriptor Octwords. Default = 0.

  
   

PREFETCH MATCH DISABLE Disables Matching of Prior Pointers for PM4 Packets. Default = 0 (Match Enabled).

—_CLEK_DISABLE|27|If-set the Clock GatingCircuitryin the CP will keep the clocks enabled. Default=0.FECTH PASS NOPS|26|Ifsct, the PFP will pass l'ype packets, Default=0.ASEWRTENAspitWRITEENABLE)25. If set, allows 128-bit writes, when applicable, to the MH. Default=0.
cicIfset, writes to the ROQ & MEQ end pointers become programmable. ‘These shouldbe programmed for experimental use only and otherwise Jett at their default values.
PREDICATE,DISABLEPREDICATEDISABLE_]__25___| Disables predated packetlogicso thatnepacketsare disended’
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7.18 Performance Monitoring Registers (Updated: 10-29-2002)

The CP_PERFMONCNTLis a global register that the CP instances. Other units also shadowthis register. The CP is the onlyclient that respondsto reads.

PERFMON_ENABLEMODE Control for matching perf_counter_flag
00: Always Count
01: Always Count

10: Countif pers_counter_Tiag is true11: Count if per= counter flagis not true

PERFMON_STATE Put the counters into somestate:
0: Disable and Reset
1: Enables Counting
2: Freeze- Disables Counting

Field Name Bit(s)

PERFCOUNT_SEL 5:0 Select for Inputs to the CP’s Performance Counter. See the Performance
Monitoring section of this specification.

 

Field Name Bit(s)
PERECOUNT LO LowerBits of CP's Performance Counter.

p

Field Name Bit(s)

PERFCOUNTHI UpperBits of CP’s Performance Counter.

Field Name Bit(s)
COUNTER 31:0 Increments every 1 or 16 core clocks as programmed in CP_ME_CNTL{[31].

Used with the PM4 MEM_WRITE & EVENT_WRITE packets and written to
memory (See PM4 Spec. for more detail).

  
CP Spee CRAYOLA doc -~ 171521 Bytes *** © ATI Confidential. Reference Copyright Notice on Cover Page © **« nafi7ina 07-99 PME

ATI Ex. 2067

IPR2023-00922

Page 105 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 106 of 448

 

ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE 13 March, 2001 | TIME \@ "d MMMM, CP Spcc: Version 0.26 44 of 

7.19 Synchronization & Interrupt Registers (Updated: 12-20-2001)

Ficld Name Bit(s)

SCRATCHREGO Scratch Pad Register.

Field Name Bit(s)

SCRATCHREG1 Scratch Pad Register.

Field Name Bit(s)
SCRATCH REG? Scratch Pad Register.

Field Name Bit(s)

SCRATCHREG3 Scratch Pad Register.

Field Name Bit(s)

SCRATCH_REG4 Scratch Pad Register.

Field Name Bit(s)

SCRATCHREGS Scratch Pad Register.

 
SCRATCH_REG6 Scratch Pad Register.
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Field Name Bit(s)

SCRATCH_REG7 Scratch Pad Register.

SCRATCH_SWAP Endian Swap method to use whenthe CP writes the scratch pad registers oul
to memory. Also used for Pipeline Store DWORDwrites.
The MH/MCdoesthe actual data swapping.
0 = No swap (Default)
1 = 16-bil swap: OxAABBCCDD > 0OxBBAADDCC
2 = 32-bit swap: OxAABBCCDD > 0xDDCCBBAA
3 = Half-DWORD swap: 0xAABBCCDD > 0xCCDDAABB

SCRATCH_UMSK : Update Maskfor Scratch Pad Registers.
Oncbit for cach of the pad registers.
1 = Write the contents of the respective Scratch Pad register to Memory
(using the SCRATCH_ADDRregister as a base) wheneverthat Scratch Pad
register is wrillen.
0 = No write to memory.
Default = 0

  
 SCRATCH_ADDR 31:5 MemoryAddress to whichthe contents of scratchpad registers should be

written.

SCRATCH_REGOis written to address: SCRATCH_ADDR+ 0
SCRATCH_REG1is written to address: SCRATCH_ADDR+ 4
SCRATCH_REG?is writtento address: SCRATCHADDR +8
... CtC...

Field Name Bit(s)

VS_DONE_SRC 0 Source select to be written fora Vertex Shader Done event.
Selects the source as 0-CP_MEVSEVENTDATAor1-
CP_ME VS EVENT DATA SWM.

 
 External memory address written for a Vertex Shader Done event.

Read returnslast value written to memory.

Swap used when writing the data.
Read returns last value written to memory.
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Field Name Bit(s)

VS_DONEDATA 31:0 Data to be written for a Vertex Shader Done event.
Read returns last value written to memory.

Field Name

VS_DONEADDRSWM External memory address written for a Vertex Shader Done event.
Read retumslast value written to memory.

Read returns last value written to memory.

 
 

 
 
 

Field Name Bit(s)

VS_DONEDATASWM 31:0 Data to be written for a Vertex Shader Done event.
Read retums last valuc written to memory. 

Field Name

PS_DONE_SRC 0 Source select to be written for a Pixel Shader Done event.
Selects the source as 0-CP_MEPSEVENTDATAor1-
CP ME PS EVENT DATA SWM.

Field Name Bit(s)

PS_DONE_ADDR 31:2 External memory address written for a Pixel Shader Doneevent.
Read retums last valuc written to memory.

PS_DONE_SWAP 1:0 Swap used when writing the data.
Read returnslast value written to memory.  

Field Name Bit(s)

PS_DONEDATA 31:0 Data to be written for a Pixel Shader Done event.
Read returns lasi value wrillen 10 memory.
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Field Name Bit(s)

PS_DONE_ADDR_SWM 31:2 External memory address written for a Pixel Shader Doneevent.
Read returns last value written to memory.

PSDONESWAP_SWM 1:0 Swap uscd when writing the data.
Read returnslast value written to memory.

Field Name Bit(s)

PS_DONE_DATA_SWM 31:0 Data to be written for a Pixel Shader Doneevent.
Read returnslast value written to memory.

Field Name Bit(s)

CF_DONE_SRC Source selects Data or Counter value to be written for a Cache Flush Done
cvent. Read returns last valuc writtcn to memory.

CF_DONE_ADDR 31:2 External memory address written for a Cache Flush Done event.|CRDONE_ADPR|5H Read returns last value written to memory.
Read returns lasi value wrilien to memory.

Field Name

CFDONEDATA 31:0 Data to be writtenfor a Cache Flush Done cvent.
Read returns last value written to memory.

 
 
 

Field Name Bit(s)

NRT_WRITE_ADDR External memory address written for a non-Real-Time Mem_Write.

NRT_WRITESWAP Swap used when writing the data.  
 Field Name Bit(s)

NRT WRITE DATA Data to be written for a non-Real-Time Mem_ Write.
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Field Name Bit(s)

RT_WRITE_ADDR External memory address written for a Real-Time Mem_Write.
RT_WRITE SWAP Swap used whenwriting the data.

Field Name Bit(s)

RT_WRITEDATA Data to be written for a Real-Time MemWrite.

Field Name Bit(s)
RB_INTMASK 31 Interrupt Mask for CP_INTERRUPTpacket in the Ring Buffer

The maskis used to cnable the generation of the interrupt to the Host.
0 — Disabled (Default)
1 Enabled: Interrupt will generate interrupt 10 Host.
Interrupt Mask for CP_INTERRUPTpacket in TB1 Stream (See bit 31 for definition).
Interrupt Mask for CP_ INTERRUPTpacket in IB2 Stream (See bit 31 for definition).

PROTECTEDMODEERRORMASK pl Mask for the Protected Mode Error (See bit 31 for definition).
Interrupt Mask for the Opcode Check Error (See bit 31 for definition).

Interrupt Mask for the Real-Time Protected Mode Error (Sec bit 31 for definition).
Interrupt Mask for the Real-Time Opcode Check Error (See bil 31 Lor delinition).
Interrupt Mask forthe Software Interrupt (See bit 31 for definition).

[SCRATCHINTMASK18InterruptMaskfortheScratchRegisterCompare.(Seebit31fordefinition)

Interrupt Mask for CP_II ket in t ice #15 (See bit 31 for definition).
Interrupt Mask for CP_I ket int ice #14 (Sce bit 31 for definition).
Interrupt Mask for CP_INTE T packet in t T Slice 1/13 (See bit 31 for definition).

12 pt Mask for CP_T! cet mt ice #12 (See bit 31 for definition).
pt Mask for CP II ice #11 (See bit 31 for definition).

Interrupt Mask for CP_TI ket in t ice #10 (See bit 31 for definition).
Intcrrupt Mask for CP_TI icc #9 (Sco bit 31 for definition).

PRTSSINTMASK8 Interrupt Mask for CP_l
RTS7_INTMASK pl Mask for CP_INTE "r ket in1

pt Mask for CP_T

LRTSSINTMASKS pt Mask for CP_I ketint
}RTS4INTMASKti(‘ia#;‘“C( pt Mask for CP_Il ket in t ice #4 (See bit 31 for definition).
}RTS3INTMASKti(i‘“‘ia;;: pt Mask for CPIl ket in the RTSlice #3 (Soe bit 31 for definition).

pt Mask for CP_INTE Tl packet int ‘T Slice #2 (See bit 31 for detinition).
pt Mask for CP_II [ packet int ice #1 (See bit 31 for definition).

Interrupt Mask for CP_ INTE ice #0 (See bit 31 for definition).

|;

wlan

             
Oley

    
CP Spee CRAYOLA doc -~ 171521 Bytes *** © ATI Confidential. Reference Copyright Notice on Cover Page © **« nafi7ina 07-99 PME

ATI Ex. 2067

IPR2023-00922

Page 110 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 111 of 448

 

ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE

   13 March, 2001 | TIME \@ "d MMMM, CP Spcc: Version 0.26 49 of

RBINTSTAT 31 Interrupt status for CP_INTERRUP'Tpacket in Ring Buller. Default = 0.
Read:
0 — No Event (Interrupt did not occur).
1— Even Occurred.

This will be set even if the corresponding mask is ‘0’ in the CP_INT_CNTLregister.
Write:
0 —Noaffect.
1 — SetInterrupt Status (For state restoration from power-down).
** Soft Resetting the CP will clear this register **

IB] INT STAT 30 Interrupt status for CP INTERRUPTpacketin IBL stream(See bit 31 for definition)
IB2_INT STAT 29 Interrupt status for CP INTERRUPTpacket in IB2 stream (See bit 31 for definition

DMAINTSTAT 28 Interruptstatus for the DMA Engine (See bit 31 for definition)
Interrupt status for the Indirect Buffer Start Error (See bit 31 for definition)

RESERVEDBITERRORSTAT Interrupt status for the Reserved Bil Check Error (See bit 31 for delinition)
PROTECTEDMODE_ERROR_STAT Interrupt status for the Protected Mode Error (See bit 31 for definition)
OPCODE ERROR STAT Interrupt status for the Opcode Check Error (See bit 31 for definition)
TOTlPACKETINIBSTAT Interrupt status for the Type 0/1 Packet Check in the IBs (See bit 31 for definition).
RTRESERVEDBITERRORSTAT pt status for the Real-Time Reserved Bit Check Error (Soe bit 31 for definition)
RT PROTECTED MODE ERROR STAT 21 pt status for the Real-Time Protected Mode Error (See bit 31 for definition)
RTOPCODEERRORSTAT pl status for the Real-Time Opcade Check Error (See bit 31 for definition)
SW INT 19 Interrupt status for the Software Interrupt (See bit 31 for definition).
SCRATCH INT STAT 18 Interrupt status for the Scratch Register Compare Interrupt (See bit 31 for definition).
Reserved 17:16 Reserved.

RTS15INTSTAT pt status for CP _ i ice #15 (Sce bit 31 for definition).
RTS14INTSTAT pl status for C “ERRUP’ in R'T Slice #14 (See bil 31 lor definition).
RTS13_INTSTAT Interrupt status for CP_INT IPT et i Slice #13 (See bit 31 fordefinition).
RTS12 INT STAT Interrupt status for C r i ice #12 (See bit 31 for definition).
RTS11 INT STAT pt status for C cet i ice #11 (See bit 31 for definition).
RTS10INTSTAT pt status for CPINTERRUPT cet i ice #10 (See bit 31 for definition).
RTS9_INTSTAT pt status for CP_INT i ice #9 (See bit 31 for definition).
RTS8INTSTAT pl status for C “ERRUP’ in R'T Slice //8 (See bil 31 for definition).

Interrupt status for CP_INT JP ett Slice #7 (See hit 31 for definition).
Interrupt status for C i

pt status for C [ERRUPTpacket i ice #5 (See bit 31 for definition).
pt status for CP | UPT i ice #4 (Sec bit 31 for definition).
pt status for CPINT i ice #3 (See bit 31 for definition).

RTS2INTSTAT pl status for CPINT 1 Slice //2 (See bil 31 for definition).
RTS! INT STAT Interrupt status for C eti ice #1 (See bit 31 for definition).
RTSO INT STAT pt status for C cet i ice #0 (See bit 31 for definition).

=| yn

ef[-|[-]-—
~

MTN

pwEe
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31 Interrupt acknowledge lor CP_INTERRUPYTpacket in the Ring Buller.
Write:

—Noaffect.

— Clear just this Interrupt Status Bit (Non-Persistent Write).
orrup

DMA_INTACK 2 acknowledge for Read Error (See bit 31 [or definition).
TRB ERROR 2 erupt acknowledge forthe Indirect Buffer Start Error (See bit 31 for definition).
RESERVEDBITERRORACK 2 knowl or the Reserved Bit Check Error (See bit 31 for definition).ied

2
PROTECTEDMODEERRORACK errup or the Protected Mode Error (See bit 31 for definition).

TO_T1PACKETINIBACK 23 for the ‘l'ype 0/1 Packet Check in the IBs (See bit 31 for detinition).
RT_RESERVEDBITERRORACK erupt acknowledge for the Real-Time Reserved Bit Check Error (See bit 31 for definition).
RT PROTECTED MODE ERROR ACK nowl or the Real-Time Protected Mode Error (See bit 31 for definition).
RTOPCODEERRORACK errupt acknowl or the Real-Time Opcode Check Error (See bit 31 for definition).
SW_INT ACK errupt acknowl or the Software Interrupt (See bit 31 for definition).

 
SCRATCHINTACK for the Scratch Register Compare Interrupt (Sce bit 31 for definition).

RTS1S_INTACK 5 erupt acknow! PT packet RT Slice #15 (See bit 31 for definition).
RTS14 INT ACK knowl PT packet RTSlice #14 (See bit 31 for definition).
RTS13_INTACK knowl PT packet RT Slice #13 (See bit 31 for definition).
RTS12_INTACK : PT packet RT Slice #12 (See bit 31 for definition).
RTS11 INTACK PT packet RT Slice #11 (See bit 31 for definition).
RTS10INTACK acknowledge lor CP_I PT packet RT Slice /10 (See bit 31 Lor delinition).
RTS9 INT ACK erupt acknowl or CP INTE PT packet RT Slice #9 (See bit 31 for definition).
RTS8INTACK knowl PT packetRTSlice #8 (See bit 31 for definition).
RTS?INTACK : PT packet RT Slice #7 (See bit 31 for definition).
RTS6_INT_ACK T packet RT Slice #6 (Sce bit 31 for definition).
RTSS_INTACK PT packet RT Slice #5 (See bit 31 for definition).
RTS4INTACK acknowledge for CP_I PT packet RT Slice //4 (See bit 31 for definition).
RTS3 INT ACK 3 nowl , PT packet RT Slice #3 (See bit 31 for definition).
RTS2INTACK knowl PT packet RT Slice #2 (See bit 31 for definition).
RTS1INTACK : PT packet RT Slice #1 (See bit 31 for definition).
RTSO_INTACK T packetRTSlice #0 (Sce bit 31 for definition).
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Field Name Bit(s)

SCRATCH_CMP_HIGH 31:0 Most-Significant DWORD for Scratch Register Comparison
This is programmed bythe Driver before cnabling the Scratch Compare
Interrupt in the SCRATCH_CMP_CNTLregister.

Field Name Bit(s)

SCRATCH_CMP_LOW 31:0 Least-Significant DWORD forScratch Register Comparison
This is programmed bythe Driver before enabling the Scratch Compare
Interrupt in the SCRATCHCMPCNIL register.

TEST_SELECT Test Select:
000 — A >= B (Default)
001-A<=B
010-A>B
O11-A<B

A = Scratch Register Pair
B = Driver-Supplied Pair (SCRATCHCMPHI/LO)

Reserved

PAIRSELECT : Scratch Pair Select:
00 — Scratch Registers 0 (Low) & 1 (High)
01 — Scraich Registers 2 (Low) & 3 (High)
10 — Scratch Registers 4 (Low) & 5 (High)
11 — Scratch Registers 6 (Low) & 7 (High)

   
CP Spee CRAYOLA doc -~ 171521 Bytes *** © ATI Confidential. Reference Copyright Notice on Cover Page © **« nafi7ina 07-99 PME

ATI Ex. 2067

IPR2023-00922

Page 113 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 114 of 448

 

ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE 13 March, 2001 | TIME \@ "d MMMM, CP Spcc: Version 0.26 52 of 

7.20 Command Debug Registers (Updated: 09-13-2002)

These registers are used to read the contents of the command cache queuesthat store the pre-parsed command andstate data.

CMD_QUEUE_SEL Selects queue to read:
00 -N/A

01 —CS Queue
10 — ST Queue
11 — ME Queue

CMD_INDEX 9:0 DWORDRead Address for the Command Queue.
The address in the queue where the sircamdata is stored is dependant on the
programmingofthe threshold values.
The CMD_INDEXauto-increments after the CP_CMD_DATAregisteris
read,

Sec the CPQUEUETHRESHOLDS register.

 
Field Name Bit(s)

CMD_DATA 31:0 Data from the Command Queue, from location pointed to by the
CP_CMD_ADDRregister.
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7.21 State Management Registers (Updated: 04-04-2003)

The following registers are uscd to rcad the contents of the storage clements in the CP for State Management. The following
elements are read at the listed address ranges:

ndeection

Sub-Block 2 Last Pointer[31:5] & Size [3:0]

Sub-Block 5 Last Pointer [31:5] & Size [3:0]
Sub-Block 6 Last Pointer [31:5] & Size [3:0]

Vertex ShaderLast Size [13:0]
Pixel Shader Last Base [31:5]

OxC Valid Flags:
Bit 0: Sub-Block 0 Valid (Default = 0) — Cleared on Soft Reset.
Bit 1: Sub-Block 1 Valid (Default = 0) — Cleared on Soft Reset.
Bit 2: Sub-Block 2 Valid (Default — 0) — Cleared on Soft Rosct.
Bit 3: Sub-Block 3 Valid (Delault — 0) — Cleared on Soll Reset.
Bit 4: Sub-Block 4 Valid (Delault-—0) Cleared on Soll Reset.
Bit 5: Sub-Block 5 Valid (Default = 0) — Cleared on Soft Reset.
Bit 6: Sub-Block 6 Valid (Default = 0) — Cleared on Soft Reset.
Bit 7: Sub-Block 7 Valid (Default = 0) — Cleared on Soft Reset.
Bit 8: Vertex Shader Last Valid (Default = 0) — Cleared on Soft Reset.
Bit 9: Pixcl Shader Last Valid (Default — 0) — Cleared on Soft Reset.
Bit 10: ALU Constant Base Valid (Default=0) — Cleared on Soft Reset.
Bit 11: Texture Constant Base Valid (Default(-0) Cleared on Sofi Reset.
Bit 12: Register Base Valid (Default = 0) — Cleared on Soft Reset.
Bit 13: Boolean Constant Valid (Default = 0) — Cleared on Soft Reset.
Bit 14: Loop Constant Valid (Default = 0) — Cleared on Soft Reset.
Bits 31:15 — Reserved

Bits 7:0 : Constant Coherency Counter
Bit 8 : ALU Constant Global Write Enable
Bit 9 : Texture Constant Global Write Enable
Bit 10 : Register Global Write Enable
Bit 11 : Boolean Constant Write Enable
Bit 12 : Loop Constant Write Enable
Bits 28:15 — Reserved
Bit 29 : 2D/3D ModeFlag.
Bit 30: Real-time predicated test result.
Bit 31: Non-real-time predicated test result.
Bits 19:0 : Indirect #1 Size FIFO
Bits 23:20 : Reserved
Bits 26:24 : Number of Outstanding Indirect #1 Requests
Bits 31:27 : Reserved

‘TEXConstant_Base[31:13]

LOOP_Constant_Base[31:13]
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Field Name Bit(s)

STATEDEBUGINDEX 4:0 Index. See above text for mapping.
This index register auto increments whenthe data register is read.

Field Name Bit(s)

STATEDEBUGDATA Data. See above text for interpretation.
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7.22 CP Status Registers (Updated: 03-12-2003)

|

|CSQ_RPTR_PRIMARY|__9:0__|CurrentReadPointerofthePrimaryStreamDataintheCSQ_

 
 

 
 
 

|CSQ_RPTRINDIRECTI_[|__9:0_|CurrentReadPointeroftheIB1StreamdataintheCSQ_ 

 
 
 

 

 

 
 
  Field Name Bit(s)

31:26

STQ_WPTR_ST Current Write Pointer of the State data in the STQ.

STQ_RPTR_ST Current Read Pointer of the State data in the STQ.
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  hu

Field Name Bit(s)
31:26

MEQ_WPTR Current Write Pointer in the MEQ.

MEQ_RPTR Current Read Pointer in the MEQ.

Field Name Bit(s)  
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/MIUWRBUSYiT Write Path in MemoryInterface Unit is Busy (RT and Non-R1).
1MIURDREQBUSY———“‘i<‘iSS Read Request Path in MemoryInterface Unit is Busy (RTEEF, RT, or Non-RT)

pAiefe Memory Interface Unit is Expecting Data from Memory Hub (RTEE, RT and Non-RTRBIL_BUSY The CP’s Register Bus Interface Unit is Busy.
This bit will be asserted when the CP_STATregister is read.

RCIL_BUSY Read/Wrile Interlace to RBBMis Busy with Non-RT‘Transactions.
CommandStream Fetcher has more to fetch for the Ring Buffer.

|Reserved8Reserved

CommandStream Felcher is Busy for Non Real Time.
Command Data Needs to Be Parsed for the Ring Buffer.

Pre-Fetched State Data Needs to be Taken by the Micro Engine.
Pre-Felch Parser is Busy Processing Either a Real-Time or Non-Real-Time Stream.

1MFQBUSYis Micro Engine Queue Contains Data from the PFP.

porNerbusyCP is Busy Processing Non-Real-Time Streams, DMA Operation, or Scratch Momory Write.This status bit docs ner include pending rcad/write transactions from the RBBM.

3D_BUSYP3DBUSYsis8 There is at least one context reserved lor 3D processing.
P20BUSYit There isat least one context allocated for 2D processing.

Real-Time Event Engine is Busy (Polling or Processing a Stream)

ME_WC_BUSY 29 Micro Engine is wailing lor wrile conlirmations [rom the Memory Hub or the CP/SC write confirm
counter is nat zero.

MIU WC TRACK FIFO EMPTY MIU’s Write Confirm Tracking FIFO is Empty.
CP_BUSY 31 Any block in the CP is Busy (Non-Real-Time or Real-Time).

Thisstatus bit will be asserted when the CP_STATregister is read.
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Field Name
Reserved

RCITU RT BUSY 4 Read/Write Interface to RBBMis Busy with RT Transactions.
Reserved

CSF_RT_STBUSY
CSF_RT_BUSY
Reserved

RTQUEUEBUSY 14 Real-Time Re-Ordering Queue has CommandData.
RT_ST QUEUE BUSY
Reserved

PEP_RT_BUSY,
Reserved

MEQRTBUSY Micro Engine Output Queue has Real-lime Transactions.
Reserved
ME_RT BUSY
Reserved

RTLERTBUSY 27 Real-Time Event Engine is Busy l'etching a Real-Time Stream.
Reserved 30:28 Reserved

31CP_RTBUSY CPis Processing a Real-lime Stream.

  
Field Name Bit(s) Description

0

           4 If set the MH has not returnedthis tag “P yet.
TAG 5 STAT

$ I sel the MH hasnot returnedthis tag
TAG10STAT 10 If set the MH hasnot returnedthis tag to
TAG _L STAT

TAG_12_STAT
TAG_13_STAT
TAG_14STAT

15 Iset the MH hasnot returnedthis tag
TAG_16_STAT 16 If set the MH hasnot returned this tag te P yet.
TAG_17_STAT
TAG_18_STAT
TAG19STAT 19 If sct the MH hasnotreturnedthis tag to yet.

TAG21STAT
TAG 22 STAT

TAG23STAT
TAG_24STAT
TAG_25_STAT

26 I set the MH has not returned

TAG27STAT 27 If set the MH has not returned
TAG 28 STAT

TAG_29_STAT
TAG30STAT
TAG31STAT 31 If set the MH hasnot returned this tag P yet.
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set the MH has not returnedthis tag tothe C.
set the M

f

das Not retumed this tag to yet.
et.

TAG37 ST f set the MH has not returned this tag to P yet.

32 STAT H
33 STAT H

TAT H

| STAT I
| STAT H
STAT H

H
H
H

41 STAT I
- STAT H
STAT H
|STAT H

STAT H
TAT H

STAT

TAG41 81
TAG42 S1
TAG 43.8 P set the M

set the MH hasnot returmedthis tag to the CP yet.

31 Sel if the MH ever retumsa tag 1o the CP greater than Ox2F.

has not returnedthis tag           
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7.23 Real-Time Event Engine Control Registers (Update: 05-24-2002)

There are 16 sets (0-15) ofthe following registers. These registers control the operation of the Real-Time event engine in the CP.
Note: Interrupts from the Real-Time streams ai e by submitting a CPINTERRUPTpacket in the stream

Reserved 30

EXECUTED (RO) Real-Time Stream has Executed as a Result of the Arm.
Re-Arming and Reset (Soft and Hard) clears this status.
Whenthe R''S is activated, this status is set.

TRIGGEREDWAIT (RO) Set by the CP if the RT streamhas triggered and is waiting to be executed. This status is de-
asserted when the RT stream event is executed (i.e. accepted by the RT stream fetcher). The
ACTIVEstatus thenreflects the status.
This bit status is cleared by reset (Soft and Hard).

ACTIVE (RO)
ARM 0 —> Disabled, 1—> Armed (Default is Disabled). This cnables the Real-Time stream. The ARM

flag is automatically disabled by the CP once the RTstream is executed. It slays set while the
event has triggered bul not executed (1.e. In TRIGGEREDWAIT)
It is the responsibility ofthe RT stream content to re-armitself if needed.
Clearingthis bit (i.e. writing ‘0’) disables a real-time stream that hastriggered and is waiting to
be processed (i.e. TRIGGEREDWAIT).
This bit is cleared when the CP is reset (Soft and ITard).

POLL_INTERVALSOURCE Selects One of the Programmable Polling Interval Values:
00 —RT_POLL_INTERVALO
01—RT_POLL_INTERVAL1
1x-RT_POLL_INTERVAL2
The poll counters are free running: so all RT streamsthat sclect the same counter will try to poll
at the same time. Thearbitration for acecss to the RBBM/MHwill scrialize these polling
operations.
Delault — 00.

TRIGGER SOURCE Selects source of Trigger:
000 — Signal. Need to Set SIGNAL_SOURCEand SIGNAL_CONDITIONING
001 — Register Location (Polling)
010 — Memory Location (Polling)
011 — Reserved.
100 Display //0 Endof Line /Start of Frame Counter
101 Display//1 End of Line / Start of Frame Counter
110 — VIP End of Line / End of Frame Counter
111 — Reserved.
Default = 000.

Reserved

SIGNALCONDITIONING Signal Conditioning Select
00 — None. Event will trigger if signalis asserted.
01 — Rising Edge Deteet
10 — Falling Edge Detect
11 — Invert. Event will trigger if signal is de-asserted.
Default = 00.

SIGNALSOURCE : Signal Source Select
Selects one of 32 Signals to Monitor when ‘lriggerSource = “O00”.
The programmedvalue selects the bit (0 to 31) of the CP_ris_discreles|31:0] input of the CP.
See CP_RTS_Connections.docfor the bit-to-signal mapping.
Default = 00000.

Reserved

COMPAREFUNCTION : Compare Function Select (Used for Polling Modc):
000 — Always(i.c. Do Now)
001 Masked Value Less ‘Than (<) Reference
010 Masked Value Less Than or Equal (<=) to Reference
O11 — Masked Value Equal(=) to Reference
100 — Masked Value Not Equal(!=) to Reference
101 — Masked Value Greater Than or Equal (>=) to Reference
110 — Masked Value Greater Than (>) Reference
111 — Always(i.e. Do Now)
Delault — 000
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Field Name Bit(s)

POLL_ADDRESS 31:2 Address CP Polls for Register and Memory Trigger Sourcesif polling is used
to trigger the RT stream. Note that for Register Polling, only bits 16:2 apply.

POLLSWAP Endian Swap Applicd to Polling Mcmory Read Return Data. Default = 0.

Field Name Bit(s)

REFERENCE Reference Value for Source Compare Function.

Field Name Bit(s)

MASK 31:0 Mask Applied to Source Data before Comparison with Reference.
Default = OxFFFFFFFF

 
 
 

Field Name Bit(s)

External MemoryBase addtessof the real-time stream.

 Field Name
31:20

SIZE 19:0 Size in DWORDsforthe real-time stream.

Notc: Register scts 1-15 are notlisted but have identical format to the registcr sct shown above.

RT_POLL_INTERVAL2 Programmedwith the time interval between polling operations for real-time
commands. The counter decrements every 16 core clocks, so the maximum
time is 1024 * 16 = 16384 clocks (40.96 uSec).
Default = 0x3FF.

RT_POLL_INTERVAL] Programmed with the time interval between polling operations for real-time
commands. The counter decrements every 16 core clocks, so the maximum
time is 1024 * 16 = 16384 clocks (40.96 uSec).
Default = Ox3FF.

RT_POLL_INTERVALO : Programmed with the time interval between polling operations for real-time
commands. The counter decrements every 16 core clocks, so the maximum
time is 1024 * 16 = 16384 clocks (40.96 uSec).
Default = Ox3FF.
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VIP_EOFCOUNTER End of Frame Counter for VIP.
This canbe reset to any value and is used by the Real-Time Event Engine.
It counts on cvery VIP_CP_EOFpulsc from the VIP and can count 512K
frames. The counter just rolls over at its terminal count.
Default=0.

VIP_EOLCOUNTER : End of Line Counter for VIP.
This can be reset to any value and is used by the Real-Time Event Engine.
It counts on every VIP_CP_EOLpulse from the VIP and can count up to 8K
lines. The counter resets on the VIP_CP_EOFpulse.
Default=0.

DISP1_SOF_COUNTER Start of Frame Counter for Display1.
This can be resct to any valuc and is uscd by the Real-Time Event Enginc.
It counts on every DISP1_CP_SOFpulse from the Display Engine and can
count 512K frames. The counter just rolls overat its terminal count.
Defauli=0.

DISP|EOL_COUNTER : End of Linc Counter for Display 1.
This can be reset to any value and is used by the Real-Time Event Engine.
It counts on every DISP1_CPEOLpulse from the Display Engine and can
count up to 8K lines. The counter resets on the DISP1_CPSOFpulse.
Default=0.

DISP2_SOFCOUNTER Start of Frame Counter for Display|.
This can be reset to any value and is used by the Real-Time Event Engine.
It counts on every DISP2_CP_SOFpulse from the Display Engine and can
count 512K frames. The counter just rolls over at its terminal count.
Default=0.

DISP2_EQL_COUNTER End of Line Counter for Display 1.
This can be reset to any value andis used bv the Real-Time Event Engine.
It counts on every DISP2_CP_EOLpulse fromthe Display Engine and can
count up to $K lines. The counter rescts on the DISP2_CPSOFpulsc.
Default=0.
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7.24 “Viz Query A”Registers (Update: 09-13-2002)

The following register hold the visibility results from the Scan Converter to be used by the Viz Query function. See the
VIZ_QUERYpacketin the PM4 Specification for details onthese bits.

Field Name Bit(s)
Bit 31: DISCARD (Default = 0) — Resets on Soft Reset.

Bit 30: END_RCVD (Default = 0) — Resets on Soft Reset.

See NV_15 Description.
Sec NV_15 Description.

Note: CP_NV_FLAGS.1 through CP_NV_FLAGS3 needto be added to the specification once the details of the Viz Query
are established. The 4 NV flag registers assume that 64 NV flags are supported.
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7.25 Predicate Registers (Update: 08-27-2003)

Field Name Bit(s)

BIN_MASK_LO Current driver defined bin category. Default=Oxffttfftt

Field Name Bit(s)

BINMASKHI Current driver defined bin category. Default=Oxffitir

Field Name Bit(s)

BINSELECTLO Bin category of subsequent command stream data. Default=OxMTT

 
 
 Field Name Bit(s)

BINSELECTHI Bin category of subscqucnt command stream data. Default=Ox{htt  
 Field Name Bit(s)

RTBINMASKLO Current driver defined bin category. Default=Oxftitnit

Field Name Bit(s)

RT_BINMASKHI Current driver defined bin category. Default—OxMir

Field Name Bit(s)
RT_BIN SELECT LO Bin category of subsequent commandstreamdata. Default—Oxffitffit

Field Name Bit(s)
RT_BIN SELECT HI Bin category of subsequent command streamdata. Default—Oxffittttt
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7.26 2D Control Registers (Updated: 09-26-2002)

The following registers contain information that the CP uses to process the 2D PM4 packets.

Field Name Bit(s)

IB2D_BASE 2D Indirect Bulfcr Base Address. Double-Octword-Aligned.

Field Name Bit(s)

IB2D_BUFSZ 19:0 2D Indirect Buffcr Sizc in DWORDs.
Writing to this register does notinitiate the 2D indirect buffer fetch. The CP
fetches the 2D indirect buffer when it encounters a 3D-to-2D mode switch.

DEFAULT_PITCH_OFFSET 2D Pitch and Offset Default.
Written to ME’s Scratch[0]
See the PM4 Specification for the format of this register.
Value can be read via the ME_STATMUX.

DEFAULT2_PITCHOFFSET 2D Pitch and Offset Default #2.
Written to ME’s Scratch[1]
See the PM4Specification for the format of this register.
Value can be read via the ME_STATMUX.

DEFAULT_SC_BOTTOM_RIGHT 2D Clipping Extent Default.
Written to ME’s Scratch[2]
Sec the PM4Spccification for the format ofthis register.
Value can be read via the ME_STATMUX.

pp

Field Name Bit(s)

DEFAULT2 SC BOTTOM RIGHT 2D Clipping Extent Defaults #2.
Written to ME’s Scratch[3]
Sec the PM4 Specification for the formatofthis register.
Value can be read via the ME_STATMUX.
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Field Name Bit(s)

BRUSH_BASE 31:15 Brush Base Address in External Memory.
Written to ME’s Scratch[4]
Valuc can be read via the MESTATMUX.

Field Name Bit(s)

PALETTE_BASE 31:15 Palette Base Address in External Memory.
Written to ME’s Scratch[5]
Value can be read via the ME_STATMUX.

Field Name Bit(s)

IMMD_BASE 31:19 Immediate Data Base Address in External Memorv.
Writtcn to ME’s Scratch[6]
Value can be read via the ME_STATMUX.

Field Name Bit(s)
B31_TOB19 31:19
B18 Ig
B17 7
B16 6
Bis 5

4
3 sradi “ll.
. a
: —
0

B14

Bu
B10

B9 9 Embedded Source. Set for HostBL'l’s or TextBlts packets when data is viewed as a 1D
packedarray.

B8 8 Hilite. Set when the Color Compare functionis Hilite in the CLR_CMP)_CNTL
register for the TransBitBLT packet.

BT

B6 LUT.Set whenthe source needs some kind of lookup/gammacorrection.
BS Brush Present. Set when a (non-solid) brush is used.
B4 d Source Fetch. Set when some kind of BLT or Text operationis being done.

Source Mask. Set when the source is monochrome and 0 means don't draw.
B2 Brush Mask. Set when the brush is monochrome and 0 means don't draw.

MonochromeBrush. Set when the brush is monochrome.
Solid Brush.

1
L
1
1

B13 1
B12 1

1
1

>
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7.27 DMA Control Registers (Updated: 05-09-2002)

Field Name Bit(s) SRC_ADDR 31:0 MemoryAddress or Registcr-space Address where Source data begins, for the
currently active descriptor that is being processed by the DMAengine.
Written by the Non-RT Micro Engine.

[D

Field Name Bit(s)

DST_ADDR 31:0 MemoryAddress or Register-space Address where Destination data begins,
for the currently active descriptor that is being processed by the DMA engine.
Written by the Non-RT Micro Engine.

Field Name Bit(s)

COMMAND 31:0 Command data portion of descriptor.
This register is an initiatorfor the DMA. The source and destination
addresses used will be those written to the CP_DMA_SRC_ADDRand
CP_DMADST_ADDRregisters.
Written by the Non-RT Micro Engine.

Field Name Bit(s)

SRC_ADDR 31:0 MemoryAddress or Register-space Address where Source data begins, for the
currently active descriptor that is being processed by the DMAengine.
Writtcn by the Real-Time Micro Engine.

Field Name Bit(s)

DST_ADDR 31:0 MemoryAddress or Register-space Address where Destination data begins,
for the currently active descriptor that is being processed by the DMA engine.
Written by the Real-Time Micro Engine.

Field Name Bit(s)

  
 COMMAND 31:0 Command data portion of descriptor.

This register is an initiatorfor the DMA. The source and destination
addresses used will be those written to the CP_RT_DMA_SRC_ADDRand
CP_RT_DMA_DST_ADDRregisters.
Writtcn by the Real-Time Micro Engine.
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Field Name Bit(s)

TABLEADDR 31:4 MemoryAddress where the Descriptor Table begins.
This register location is actually a port into the Descriptor Table Address
Qucuc (DTAQ)FIFO of the DMA cngince. Up to 8 pending table addresses
can be stored in the DTAQ queue.
This is a trigger register, which starts the DMA engine..

CP_SYNC 0 Synchronize with the Nen-Real-Time Micro Engine.
Indicates that the Micro Engine cannot proceed to write anything to the
register backbone while this DMAis running.

Field Name Bit(s)

SRC_ADDR 31:0 MemoryAddress or Register-space Address where Source data begins,for the
currently active descriptor that is being proccsscd by the DMAcnginc.
Read Only.

Field Name Bit(s)

DST_ADDR 31:0 MemoryAddress or Register-space Address where Source data is being
written, for the currently active descriptor that is being processed by the DMA
cngine.
Read Only.
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Field Name Bit(s)
EOL 31 End Of List.

Indicates that the currently active descriptoris the last one in the Descriptor
Table.

INTDIS 30 Interrupt Disable.
This value is a don’t care if the EOL bit is ‘0’.

1=Disable the EndOfList interrupt.
0=Don’t disable interrupt.

DAIC 29 Destination Address Increment Control.
0 = Increment the internal Destination Address with each data transfer.
1 =Noincrement.

SAIC 28 Source Address Increment Control.
0 = Increment the internal Source Address with each datatransfer.
1 =Noincrement.

DAS 27 Destination Address Space.
0 = Destination Address is a memory-space address
1 = Destination Address is a register-space address

SAS 26 Source Address Space.
0 = Source Address is a memory-space address
1 = Source Addressis a register-space address

DST_SWAP Destination Endian Swap Control.
0 = No swap
1 = 16-bit swap: OxAABBCCDDbecomes 0xBBAADDCC
2 = 32-bit swap: OxAABBCCDDbecomes 0xDDCCBBAA
3 = Half-dword swap: OxAABBCCDD becomes 0xCCDDAABB

SRC_SWAP 23:22 Source Endian Swap Control.
0 = No swap
1 = 16-bit swap: OxAABBCCDDbecomes 0xBBAADDCC
2 = 32-bit swap: OXAABBCCDD becomes 0xDDCCBBAA
3 = Half-dword swap: OxAABBCCDDbecomes 0xCCDDAABB

QUEUED Qucucd RBBM Path — Affects how DMAtransactions through the RBBMare
routed.

0 = DMAtransactions go through the Non-Queued Path
1=DMaAtransactions go through the Queued Pathand are affected by the

wait_until condition.

  
21

BYTECOUNT 20:0 NumberofBytes remaining to be transferred from Source to Destination. 
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SWAP Endian Swap Control for fetching the Descriptor Table.
0 = No swap (Default)
1 = 16-bit swap: OxAABBCCDDbecomes OXxBBAADDCC
2 = 32-bit swap: OxAABBCCDDbecomes 0xDDCCBBAA
3 = Half-dword swap: OxAABBCCDD becomes 0xCCDDAABB
Indicates that the DMA engine is currently working ona descriptor table.
The DMA engine remains active until the last write ofthe last descriptorfor
the DMAtable is pastthe point ofarbitration in theMfemory IIub.
It also indicates whether the CURRENT_TABLENUMfield is a valid entry
in the Descriptor Table Address Qucuc.
Read Only.

ABORT_EN 1 = Abort the Descriptor Table Address Queue entry indicated by the
CURRENT_TABLENUMfield, and halt operation.
0 = Re-inilialize (invalidate all entries in) the Descriptor Table Address
Queue, and allow the DMAengine to accept new commands. Note that the
programmermust wait for the ACTIVE bit to be ‘0’ before writing a ‘0’ to the
ABORTENbit; otherwise the DMA engine may hang. Default = 0.

CURRENTTABLENUM Thisis a pointcr into the Descriptor Table Address Qucuc, indicating which
queue entry the DMAengine is currently processing.
Read Only.

LAST_TABLENUM : This is a pointer into the Descriptor Table Address Queue, indicating which
qucuc cntry wasthe last onc to be writtcn.
Read Only.

DTAQAVAIL 3:0 The numberof available entries in the Descriptor Table Address Queue.
Read Only.

 
Field Name Bit(s)

TABLEADDR Memory Address of the most recently active descriptor.
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7.28 BIOS Scratch Registers (Updated: 05-27-2002)

The BIOSscratch registers havc becn moved from the VIP to the CP in the CRAYOLA.These are gencral-purposc R/W
registers.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.
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Field Name

BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch regisler used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used by the BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used bythe BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used bythe BIOS.

Field Name Bit(s)
BIOSSCRATCH Scratch register used bythe BIOS.

Field Name Bit(s)
BIOSSCRATCII Scratch register used bythe BIOS.
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Field Name

BIOSSCRATCH Scratch register used by the BIOS.
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7.29 Coherency Registers (Updated: 08-27-2003)

 Ficld Name Bit(s)
Default=0x0.

Ficld Name Bit(s)
Default=0x0. 

Field Name Bit(s)
MATCHINGCONTEXTS :
COLORO_BASE_ENA he scan logic will test the written base against all valid context for color 0

COLOR1_BASEENA he scan logic will test the written base against all valid context for color 1

COLOR2BASEENA he scan logic will test the written base againstall valid context for color 2

COLOR3_BASEENA he scan logic will test the written base againstall valid context for color 3 
 DEPTHBASEENA he scan logic will test the written base againstall valid context for depth

 

TILE.BASE ENA he scan logic will test the written base againstall valid contextfortile   

VC_ACTIONENA he Vertex Cache will get a start pulse when the PM4 Baseis written.
TC_ACTIONENA 1e Texture Cache will get a start pulse when the PM4 Base is written.
RC_ACTIONENA he Render Common will geta start pulse when the PM4 Base is written.
STATUS

 
 

    
Field Name Bit(s)

BASE Default=0x0.

Field Name Bit(s)
 

  
CP Spee CRAYOLA doe — 171521 Bytes *** © ATT Confidential. Reference Copyright Notice on Cover Page © ««« nali7ing 92-99 PVE

ATI Ex. 2067

IPR2023-00922

Page 136 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 137 of 448

 

ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE 13 March, 2001 | TIME \@ "d MMMM, CP Spcc: Version 0.26 75 of

Field Name Bit
MATCHINGCONTEXTS Corresponding bit is sct if the Base is uscd in that context (RO) Default=0x0.
COLORO_BASE_ENA , the scan logic will test the written base against all valid context for color 0

COLOR1_BASE_ENA , the scan logic will test the written base against all valid context for color 1

COLOR2_BASE_ENA 10 If enabled, the scan logic will test the written base against all valid context for color 2
bases.

COLOR3_BASE_ENA 11 , the scan logic will test the written base against all valid context for color 3

DEPTH_BASE_ If enabled, the scan logic will test the written base against all valid context for depth
bases.

TILE_BASE_ENA , the scanlogic will test the written base against all valid context fortile

VC_ACTIONENA 14 d, the Vertex Cache will get a start pulse when the PM4 Base is written.
TC_ACTIONENA 15 , the ‘lexture Cache will get a start pulse when the PM4 Baseis written.
RC_ACTIONENA 16 If enabled, the Render Commonwill get a start pulse when the PM4 Baseis written.
STATUS 31 Designates whether the surface is ready to be used.

 
 

 
  
 

 
    

Field Name Bit(s)
BASE 31:12 Default=0x0.

O

Field Name Bit(s)
31:12|Default=0x0. 
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MATCHINGCONTEXTS
COLORO_BASE] he scan logic will test the written base againstall valid context for color 0

COLOR1_BASE] ‘ , the scan logic will test the written base against all valid context for color 1

COLOR2_BASE_ENA 10 If enabled, the scan logic will test the written base against all valid context for color 2
bases.

COLOR3_BASE_ENA 11 , the scan logic will test the written base against all valid context for color 3

DEPTH_BASE_ENA 12 If enabled, the scan logic will test the written base againstall valid context for depth
bases.

TILE_BASE_ENA 13 , the scanlogic will test the written base against all valid context fortile

1¢ Vertex Cache will get a start pulse when the PM4 Baseis written.
If enal he ‘lexture Cache will get a start pulse when the PM4 Baseis written.

1¢ Render Commonwill get a start pulse when the PM4 Base is written.
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Host Programming Considerations

7.30 Starting the Indirect Streams & Restrictions (Updated: 05-08-2002)

The Indirect Buffers cannot be initiated via direct register writes. Only the Pre-Fetch Parser initiates indirect buffers.

The PFP writes to the CP_IB1BUFSZregisterto initiate fetching an indirect buffer from the Ring Buffer. The CP will fetch
commands, starting at the address in the CP_IB1_BASEregister, and continue until the CP_IB1_BUFSZ amount is exhausted.
Thenit will switch back to the Ring Buller.

The PFP writes to the CP_IB2_BUFSZregister to initiate [eiching an indirect buffer fromthe Indirect #1. The CP will fetch
commands, starting at the address in the CP_IB2_BASEregister, and continue until the CP_IB2_BUFSZ amountis exhausted.
Thenit will switch back to Indirect Buffer #1.

Hereare the valid ways for the Driverto initiate indirect buffers:

1. Type-0 Packets — Must be a single Type-0 packet where the BASE_INDEXin the headeris either the
CP_IB1_BASEor CP_IB2_BASEregister and it also writes the buffer size register. Note that initialization of an
indirect buffer cannot be part of a larger Tvpe-0 packet that writes other memory-mapped registers. Nor can il be two
single-DWORDType-0 packets. It is also assumed that the Driver will write both the base and size registers for every
initiation.

2. Indirect_Buffer Packet — Thisis the preferred mode in CRAYOLA.The Indirect Buffer packet includes a “multi-
pass” control flag that allows the indirect buffer to be fetched/executed more than once.

 

A Type-1 packet cannotbe used to initiate an indirect buffer.

7.31 Writing to the Micro Engine RAM (Updated: 01-30-2003)

In order to change a location in the Micro Engine RAM(i.e. micro code),first load the CPMERAMWADDRRegister with
the address of the RAM into whichdata is to be written. Then write all the data to the CP_MERAMDATAport. The RAM’s
write address auto increments after cach write to the data port. Notc that the numbcr of DWORDswritten must be a multiple of
the width of a micro instruction — 3 DWORDs.

7.32 Reading from the Micro Engine RAM(Updated: 06-24-2002)

In order to read a location in the Micro Engine RAM,first load the CP_MERAMRADDRRegister with the address of the
RAMfrom which data is to be read. This triggers the Command Processor to read the microcode value at that RAMlocation
and transfer it to an internal holding register. Also, the RAMRead Address Register is auto-incremented to point to the next
location in the RAM. Thenread the CPMERAM_DATAregister. Consecutive reads fromthis register will provide the data
for successive RAMlocations. If the last RAM location is read, the address will wrap back to zcro.

7.33 Writing to & reading from the Pre-fetch Parser’s microcode RAM

There is a set of address & data registers for both the real-time & non-real-time PFP - CP_PFP_(RT_)UCODE_ADDR|DATA
— for writing into and reading fromthe microcode RAMs. The HALTbit in CP_MECNTL needsbeset anytime these
registers arc being updated.

A write to the Address registers scts the ‘address’ for subscquent data writes into the RAM. Each write of the data (microcode)
will cause the current address to be incremented to the next location inthe RAM. A read will return the current address.

Reading the Data register returns the data (microcode) at the location pointed to by the current instruction pointer internal to the
RISC processor. This value can be found by reading the PFPs debug bus. The instruction pointer cannotbe set to a specific
value, so the entire RAM may need to be read to get the contents of a specific location. Each read of the data will cause the
instruction pointcr to increment to the next location in the RAMand should therefore be used only in Debug modc.

7.34 Registers Requiring CP Idling Before Writing (Update: 07-01-2003)

Writing certain registers in the Command Processor (CP) cause internal resetting to its control logic. The Host needs to ensure
that the CP is idle before writing these registers. The following registers fall under this category:
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1. CP_RBCNTL

CP_RBBASE

CPRBRPTRWR

CP_RBWPTRDELAY

CP_QUEUE_THRESHOLDS

CP_MEQTHRESHOLDS

CPDEBUG

aAwewD
~ 
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8. External Interfaces

The CommandProcessoractually does communicate with othcr modulcs of the Graphics Controller devicc.

8.1 System Interface (Completed: 08-28-2002)

 
 

 

 

 

 

 

   
Pin Name Vector|Type|Description Notes
RBBMregclk_active I Clock Gate lor Register Bus. RBBMasserts this signal for a pending

transaction. The CP uses this signal to enable its
gated clock for the logic on the register bus.

CP MH memreq oO CP has a pending request for the The CPasserts this signal whenit has a
Memory Hub. read/write request to the MemoryHub. It will

wait until the MH_CP_memelk_active signalis
asserted before issuing a request to the MII.

MH_CP_memelk_active I Clock Gate for Memory Bus The Memory Hubasserts this signal to enable
the clock to the flops connected to the memory
return bus. The CP uses this signal to cnable its
gated clock. It waits for this signal to be active
before issuing requests to the Memory Hub.

selk I Permanent Core Clock RTEE Uses for Non-Polling Logic (~190 flops)
RBIUUses for Read Return Data (66 Flops)

srst I Hard Reset — Resets all control logic Reset (Synchronized to SCLK)
andresels registers to their default
values.

CG_CP_pm_enb I Power Management Enable Active Low

   
 

8.2. CP -to- RBBMInterface (Updated: 08-28-2002)

The CP uses this interface to write to remote registers, which may reside in other functional blocks in the top-level chip. The
same interface is used to transfer both Real-Time, Pre-Fetch Parser, and Non-Real Time Data to the RBBM.

 
 
 
 
 
 

 

 
 

 
  
 
 
 
 

 

 
 
 

     
 

 Pin Name Vector Type DescriptionCP RBBMsend oO CP Send to RBBM
CP RBRBMrt send oO CP Send Real-Time Stream Transaction

CP_RBBMplsend Oo CP SendPre-Fetch Parser ‘Transaction
CP_RBBMa 16:2 oO Register Address for Read/Write transaction.
CP_RBBM_op oO Opcode. Specifics a read or write transaction.

(O=Read, 1=Write).
CP_RBBM_nq oO Use Non-Queuced Path

0 = Transaction to go through “queued” path of RBBM.
1 — Transaction to go through “non-queued” path of RBBM.

CP_RBBM_wd 31:0 oO DWORDWrite Data Bus
CP_RBBM_be 3:0 oO Byte Mask (Valid for 32-bit Transfers). Note: The byte enables are only provided for

DMA operations. The Micro Engine does not support byte write operations.
RBBM_CPrdy I Non-Real-Time Readyto Receive
RBBMCPrtrdy I eal-Time Ready to Receive.
RBBMCP pfrdy I Pre-Fetch Parser Readyto Receive (Writes Only).

RBBM_CP_valid 1 RBBMreaddata valid. Note: Only one read transaction can be active al any given
ime. CP should sample the read-return data (ORBBM RDO)the first clock that the

valid is high on a read transaction.
RBBM_rd 31:0 I Read Return Data.

RBBMCPsoft_reset I Soft Reset — Resets all control logic, but does not reset the register state. Control
registers retain their values.
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8.3. RBBM -to- CP Interface (RBIU) (Updated: 04-25-2002)

This interface is used when the Host wishesto access registcrs in the CP.

The CP’s input FIFO gencratcs the CP_RBBM_nrtrtr signal. The FIFO is decp cnoughso that up to 3 additional repeater flops
can be inserted between the RBBMand CP without modifying the CP.

The CP doesnot use the byte enables, so these do not appearas inputs.

Pin Name Vector|Type|Description Note
RBBM a 16:2 I Register Address for Read/Write Transactions.
RBBM we I Write Enable (Address and Data are Valid)
RBBM_wd 31:0 ] Write Data Bus.

CP_RBBM_ortrtr ©|Non-Real Time Ready to Receive Upto 3 repeater
flops can be

added without

modifying the
CP

RBBMte ] Read Enable (Address is Valid, Data is “Don’t
Care”

RBB rslI I Read Return Strobe from Read Daisy Chain

RBB rdl 31:0 I Read Return Data from Read Daisy Chain
RBB_rsO 0 Output Read Return Strobe to Read Daisy Chain
RBB rdO 31:0 oO Output Read Return Data to Read Daisy Chain

RBBM out a 16:2 oO Address output to be used for a repeater.
RBBM out_wd 31:0 oO Data output to be used for a repeater.
RBBM out we O Write enable output to be used for a repeater.
RBBM out_re oO Read enable output to be used for a repeater.
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8.4 CP -to- Memory Hub Interface (Updated: 03-26-2002)

84.1 Description

The CP uses this interface to read and write both the system and video (local) memories. The read return data can return out-of-
order from howit was requested. The CP has re-ordering logic to handle out-of-order data returns.

The CP reads the following through this interface:

1. Ring Buffer Data

2. Indirect Buffer #1 and #2 Data

3. Real-Time Stream Data

4. Micro Engine Wait Semaphores (WAITMEM)

5. Micro Engine Code

6. State Sub-Block, Constant, and Shader Instruction Data

 
 

 

 

  
 

 
 

       
 
 

7. DMAReads from Memory

The CP writes the following data throughthis interface:

1. Semaphores for Synchronization (Ring Buffer Read Pointer, Scratch Registers, etc)

2. Micro Engine Semaphore Writes (MEM_WRITE)

3. Constant State Data (From SET_CONSTANT PM4Packet)

4. 2D Immediate Data (Brush, etc)

5. DMAWrites to Memory

Pin Name Vector|Type__| Description Note
CP_MH_send 0 Send

Active for Duration of Transfer (Address and Dala Phases).
CP_MH_write oO Write Enable: 0 => Read, 1=> Write.

Active only during address phase ofthetransfer.
CP_MHad 31:0 O Read Address & Command / Write Data

For Address & Command:

[31:4] — Octword Address of Request
[3] -- Memory/Register

0 — Memory
1 — Register (Not Used by CP)

[2] -- Transfer Size
0 - 128-bit Transfer (Not Used by CP)
1 — 256-bit Transfer

[1:0] - Endian
00: No Swap
01: 16-bil Swap - OxAABBCCDD > 0xBBAADDCC
10 : 32-bit Swap - OxAABBCCDD > 0xDDCCBBAA
11: WORD Swap - OxAABBCCDD > 0xCCDDAABB

CP_MEH_tagbe 7:0 oO Read Tag / Write Byte Enable (BE) / Write Confirm (WC)

For read operations the 8-bit bus contains tag informationthatis
returned withthe return data. The CP puts information in tag to
identify where to store the return dala.

For write operations, the write byte cnable (BE) is the lower4 bits
(3:0). The byte enables can change per clock within a 256-bit
write in order to support DWORD writes. ‘The CP’s MIU however
will group write requestsif these fall into the same Double
Octword.
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(WC) flag that indicates to the MH that a confirmation of the
write is needed. The MITT will de-assert the MIT_CP_writeclean
signal when the wrile transaction has been writlen lo memory.
 

CP_MH_phase Phase:
0 = Data Phase
| = Address & Control Phase 

MH_CPste Readyto Receive Requests.
This is guaranteed to be at least one request. The CPwill at least
register the RTRn»before using this signal in arder to improve
timing.
 

CP_MH_red Read Combine Disable

The CPasserts this signal for all Ring Buffer read requests(i.e.
Reads from AGP). It forces the MH not to combine the read
requests so the CP does not get bad data from prior read
operations.
 

 
  
 
 

MH_CP_egrb_send Identifies CP as the Client to Receive Data 

MH_egrb_data 31:0 Read Data. 

MH_erb_tag 7:0 Tag Returned. This is the same information that was sent on the
CP_MH_tagbe interface when the read request was issued.

Wired to
lower8 bits
ofa global
16-bit bus. 

MIT_CP_writeclean Write Clean from Memory Tub (MTT).
The MH will assert this signal when il receives a write transaction
with the “write confirm” (WC) flag set in the tag. The MH will
de-asserl lhe MH_CP_writeclean signal when that wrile
transaction is written to memory. The CP will stall consecutive
write transactions with the WC flag sct until the
MH_CP_writeclean is de-asserted. Note that read operations and
write operations without the WC flag set will be processed
regardless ofthe status of the MH_CP_writecleansignal.
‘Thistlag is used tor 2D operations to confirm that Brush Data,
Palette, and Immediate data has been written to memory.It is also 
used to contirm that Constant data 18 also Written to memory. 

erb_out_data Repeated Data for use as a Repeater.
 

 
grb_out_tag

   
Repeated ‘lag for use as a Repeater.
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8.5 Renderer Common Interface (Updated 06-21-2002)

The Renderer Common (RC) sendsthe following signals to the CP for synchronization purposcs.
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Pin Name Vector|Type|Description Note
RC_CP_cache_flush T Pulse from Renderer Common (RC) to indicate that the cache flush

operation 1s done. The CP will issue a DWORD waite lo memoryas a
result fromthe “cache flush done” event logic.
The RCgenerates this signal as a result ofreceiving a
CACHE FLUSH TSeventinitiator.

RC_CP_context_done I Pulse indicates that the RC is completed with a state context. The CP uses RC de-
this to de-allocate an assigned context. The CP stalls until its assigned allocates
context is available. state in-

The RCgenerates as a result ofreceiving a CONTEXT_DONEevent order.
initiator.

8.6 Coherency Interface (Updated: 04-10-2002)

Pin Name Vector|Type Description Note
CP_RBBM_coherency_busy 0 Coherency logic busy signal that asserts whenthere is a base

matchand the matching context is still valid.
IC_STARTO 0 PMé4start signal to the TC to clean its cache of the written base.
TC_STARTI 0 RTstart signal to the TC to clcan its cache of the written basc.
TC_START2 Oo Hoststart signal to the TC to clean its cache of the written base.
RC_STARTO 0 PM4start signal to the RC to clean its cache ofthe written base.
RC_STARTI 0 RTstart signal to the RC to cleanits cache of the writtenbase.
RC_START2 0 Hoststart signal to the RC to clean its cache of the written base.
VC_STARTO oO PM4siart signal to the VC to cleanits cache of the writtenbase.
VC_START1 0 RTstart signal to the VC to clean its cache of the written base.
VC_START2 0 Host start signal to the VC to clean its cache of the written basc.
TC_CLEANO I PM4clean signal from the TC that its caches are cleanof the

written base.

TC_CLEANI I RTclean signal from the TC that its caches are clean of the
written base.

TC_CLEAN2 I Host clean signal from the TCthat its caches are clean of the
written base.

RC_CLEANO I PM4clean signal from the RC that its caches are clean ofthe
written base.

RC_CLEAN1 I RTcleansignal fromthe RC that its caches are cleanof the
written base.

RC_CT.TAN2 I Host cleansignal from the RC that its caches are cleanof the
written basc.

VC_CLEANO I PM4clean signal from the VC that its caches are cleanof the
written base.

VC_CLEANI I RTclean signal from the VC that its caches are clean of the
written base.

VC_CLEAN2 I Host clean signal from the VCthat its caches are clean ofthe
written base.

8.7 Scan Converter Interface

871 “Viz Query A” Interface (Updated: 03-22-2002,

The Scan Converter returns the “Discard” flags back to the CP throughthis interface.

Pin Name Vector|Type|Description Note
SC_CP_vq_snd I SC is returning the visibility flag now.
SC_CP_vq_index 5:0 I Index to identify onc of 64 VQ Mags stored in the CP.
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 SC_CP_vq_discard     I 0=Keep, 1=Discard   
8.7.2 Multipass Flow Control (Updated: 03-22-2002, 

The Scan Convertertells the CP to loop or continue throughthis interface. 
Pin Name Vector|Type|Description Note 
SC_CP_mp_snd I SC is sending the multi-pass command now.  SC_CP_mp_loop     I 0=Continue, 1=Loop   

87.3 Write Confirm for Embedded Data (Updated: 07-20-2002)

The CPtells the Scan Converter (SC) that the write associated with 2D embedded immediate data is completed (i.e. confirmed
by thc Memory Hub). The SC uscsthis signal to increment a counter that it tests when waiting for a wait confirm cvent — scnt
by the CP. In turn, the SC sends back a decrement signal to the CP to indicate that it has processed the write confirmation.

The CP will stall processing packets that write to memoryif its write confirm counteris at its maximum valuc. 
 

        
Pin Name Vector Type|Description Note
CP_SC_we_ine 0 Confirmation has been received by the Memory Hub for 2D immediate data

in the commandstream.

SC_CP_we_det I Confirmation has been processed by the Scan Converter.
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8.8 Status Interface (Updated: 08-05-2002)

The CP reccives and sendsstatus signals from/to othcr parts of the chip. 
 

  

  

 
  

  

     
  

 

 
 
 

 
 

 
 

       
   

Signal Name Vector Type_|Description Note
CP_rts_discretes 31:0 T Discrete Signals for Real-Time StreamInitiation. See

CP_RTS_Connections.doc
DISP1_CP_eol T End ofLine from Display Engine #1 (Pulse) Used in RTEF.
DISP2_CP_eol I End ofLine from Display Engine #2 (Pulse) Used in RTEE.
DISP1_CP_ sot’ I Start of Frame trom Display Engine #1 (Pulsc) Used in RTEE.
DISP2_CP_sof I Start of Frame from Display Engine #2 (Pulse) Used in RTEE.
VIP_CP_eol I End ofLine from VIP (Pulse) Used in RTEE.
VIP_CP_eof I End ofFrame from VIP (Pulse) Used in RTEE.
RBBM_CP_ort_idle T Non-Real-Time Processing is Done Used to clear the context

valid bils for surface

coherency.
RBBMCPrtidle I Real-Time Processing is Done Usedto clear context #0

valid bit for surface

coherencyif real-time is
enabled.

CP_RBBM_int oO Conunand ProcessorInterrupt.
CP_RBBM_ort_busy 0 Command Processor is Processing Non-Real-Time.

This is the CP_NRT_BUSYsignal in the CP_STAT with
the addition of including any pending register
transactions in the CP.

CP_RBBM_rt_busy oO Command Processoris Processing a Real-Timestream. Does not Include the RTEE
Polling Operations.

CP_RBBM_dma_busy 0 Command Processor’s DMA Engine is Busy.
CP_RBBMrtenable O Real-Time Streams are Enabled.
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8.9 Sequencer-to-CP Interface (Updated: 10-11-2002)

The invalidation of Vertex and Pixcl shader codec from the Scquenccris indicated over these interfaces. The Scquencerissucs a
pulse on the “event” signal and asserts the “eventid” signal to indicate the type of event. The encoding of the “eventid”is listed
in the table below.

The Micro Engine (ME) will de-allocate the corresponding shader memory section when it receives a “Deallocate” event. 
 
   

Signal Name Vector Type|Description
SQ CP vs event I Vertex Shader Event

SQCPvseventid 4:0 I Vertex Shader Event ID
0x00 » VsDeallocate (Result ofa VS_DEALLOCEvent Initiator)
0x02 } VsDoneEvent (Result of a VS_DONE_TSEventInitiator)

** All other Event IDs are Ignored **
SQ CP ps cvent I Pixcl Shader Event
SQCPpseventid 4:0 I Pixel Shader Event ID

0x01  PsDeallocate (Result of a PS_DEALLOCEventInitiator)
0x03 = PsDoneEvent (Result of a PS_DONE_TSEvent Initiator)

** All other Event IDs are Ignored **

 
        
 

8.10 Debug Bus Interface (Updated: 02-03-2003)

This following intcrfacc is to connect to the debug bus. 
 
   
   
    

Signal Name Vector|Type|Description Note
DEBUG bus in 11:0 I Debug Bus Input Asyne. Input
DEBUG bus out 11:0 0 Debug Bus Output Asyne. Input
DEBUG block scl 5:0 I Unit Select CP = 0x03

DEBUG_group_sel 5:0 I Selects Local Signals to Output See the CP’s Test
BusSpecification.
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9. Command Processor Implementation

9.1 Command Stream Fetcher (CSF) {Updated 05-01-2002}

The CSF for the CRAYOLAconsists of five command stream fetcher(s):

1. Ring Buffer

2. Indirect Buffers in Ring Buffer

3. Indirect Buffers in Indirect #1

4. Non-Real-Time State Data Fetcher — State data for Ring, Indirect #1, and Indirect #2 Buffers

5. Real-Time State Data Fetcher

Also in the CSFis the Ring Buffer Manager (RBM)logic. The RBM’s responsibility is to track the read and write pointers to
the Ring Buffer, andto calculate if there is any data present in the Ring Buffer. It also generates DWORD write requests to the
Memory Interface Unit (MIU) in order to update the Host’s copy of the Read Pointerto the Ring Buffer.

The fetchers keep track of the available space in the return data queues and will not issue a request to the Memory Hubif there
is no spacc for the rcturn data.

For Micro Enginc can also issuc read requests to the Memory Hub. Thesc requests do not go through the CSF and the return
data is sent directly to the Micro Engine.

For Real Time Streams, the CP has a separate data/commandcache. The reason is to prevent the Ring and Indirect Buffer data
from blocking the RTS data. Real Time streamsare fetched based on output from an Event Engine that monitors real-time
events.

Figure 9-2 showsa top-level block diagram of the Command StreamFetcher (CSF). 
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R400 Command Stream Fetcher Updated: 8/29/2002John Carey
Includes"Read Combine Disable" (CSF_MIU_red)

RBIU : Ring: Buffer Write Pointer Updates : > - Ne. #q
: Sas : Ring Buffer Fetcher [Pilat:

leat 1BALRTR .
FIFO ioe: 8x31 : Ring Indirect Fetcher ‘Pricrity.

BASE BURSZ > (4 IB Fetches) (IBs in Ring) *
ba bape oe BASE BURG. Seeree1 : :

ly ‘ IB2_RTR a , : : riro* | Double Octiord Requests |
i FIFO : Be xe :
! : : 4x31 1B1 Indirect Fetcher Phcaty: SL Selon FEC fer Timing
CL BASE. BUESZ oo soos e es spe (2 IB Fetches) , (IB2s in 1B1) poyPre-Fetch Wes

Parser t 3
(PFP) 1 : ueoeAe “je} ST-RTR FIFO ; : :Wess . 32x31 if : MIU

r oo : : 6ST Fetches) [=p State Data Fetcher [Phy|fee sBASE BUPSZ.Clase> (Ring and 1B1) :
" Mem-Based1
1 :

RRR FIFO

‘ BASE, BUESZ ‘ 8 stFetenes) Real-Time FIFO"| :-Double Gctword Requestssettee Peees . poy State Data Fetcher : *| -
Mem-Based : . SPSneHORFEC for. IElig

«—RB_Read
: : 7 . * fag —IB1_Read

{InterfacetoPEP:: : : : ee : |q 'B2_ReadClisnit.(d [3:0]Used: to: determine -déstination: queue: for Non-Real-Limeé eee : : > lq—_ST_Read|pep
Data[31:1]—-Base and Size Information... : ws eS : : oN : SES «_RT_ST_Read

CP2CSE.

Figure 9-1; Block Diagram of Command Stream Fetcher
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9.2 Real-Time Event Engine (RTEE)

9.2.1 General Description of Real-Time Streams (RTS) (Updated: 02-01-2002 

Support of Real-Time Streams is added to the CP for CRAYOLA. A Real-Time Stream (RTS)is defined as a high priority /
low latency command streamthat interrupts the non-RTS commandprocessing. One typical use is Video Overlay Scaling. All
of the CP micro-engine functionality is available and there is dedicated WAIT_UNTIL logic in the RBBM for Real-Time
streams.

The data for the RTS bypassesall the setup and is written directly to the Scan Converter via a dedicated path through the
RBBM.TheSCis interrupted to process the RTS data. The RTS can also include state data that is written to state set zero
whichis dedicated for real-time stream processing.

For Real Time Streams, the CP has a separate data/command cache from the Ring and Indirect Buffers and an independent path
through the Micro Engine (ME). A separate path is also provided through the RBBM to the Global Register Bus (GRB). The
reasonis to prevent the Ring and Indirect Buffer streams from blocking the RTS data. Note that an independent Micro Engine
for Real-Time Streams is not required. Rather, the only requirementis to have a stoppable non-RTSpipeline through the ME.

Real Time Streams are fetched based on output from an Event Engine (RTEE) that monitors real-time events. The RTEEis
armed via register writes. Up to 16 independent events are supported.

Whenanevent is triggered the CP will arbitrate that stream’s request against other pending Real-Time streams. When the RT
stream wins thearbitration, the stream will be fetched, parsed by the PFP and Micro Engine, and the resulting commands will
be sent to the rest of the graphics pipeline.

Note that even while a real-time stream is active, the RTEEisstill in operation. Multiple events maytrigger at any time. The CP
determines the RTSto activate at the time the current RTS completes. The determinationis a fixed priority where RTS #0 is the
highest and RTS #15 is the lowest. So, the order that the events trigger does not determine the order of processing. The highest-
priority RTS that has triggered at the time the fetch is readyis the onc that will be processed. The non-RTS command strcam
will onlyre-start if no Real-Time Streamsare active.

Real-Time streamsare set-up via control registers per stream in the CP. These are defined elsewherein this specification. It is
also possible for an active RT stream to re-programits control registers.

The triggers for the Event Engine canbe either unary signals (conditioned in the RTEE)or status that the CP reads (polls) from
a location elsewhere inthe chip or external memory. If polling is desired, then the real-time stream has the choice of three
different time intcrval valucs. These arc selected in the CP_RT*COMMAND register. The time interval valucs arc
programmed in the CP_RTPOLL_INTERVALregister. Note that the interval counters are free-running and if multiple RT
streams select the same counter, thenall will trigger at the same time.

The RT stream automatically disarms itself once activated. It is the responsibility of the stream to re-armitself if needed.

There are certain restrictions for PM4 command packets with a Real-Time stream. See the “Specification of PM4 Command.
Packets in CRAYOLA”documentfordetails.

A typical Real-Time Stream would containthe following:

WAIT_RTS_IDLE —- RBBMholds-off RTS writes until prior RTS is completed in the RBBM.

User’s Real-Time Code:

Set_State (or Type-0 Packets)

Set_Constant(s) (or Load_Constant_Context)

Im_Load — Usedto load Real-Time instruction code

Tvype-0 Packet(s) (Primitive)

Note that it is the responsibility of the real-time Drivers to insert the WAIT_RTS_IDLEatthe beginning of the RT command
sircam.

 
CP Spee CRAYOLA doc -~ 171521 Bytes *** © ATI Confidential. Reference Copyright Notice on Cover Page © **« nafi7ina 07-99 PME

ATI Ex. 2067

IPR2023-00922

Page 151 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 152 of 448

 

  ORIGINATE DATE

13 March, 2001

EDIT DATE

[ TIME \@ "d MMMM,

DOCUMENT-REV. NUM.

CP Spcc: Version 0.26

PAGE

90 of 

The following figure is a top-level diagramof the Real-Time Event Engine (RTEE).
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Figure 9-2: Real-Time Stream Event Engine Top-Level

9.2.2. Real-Time Stream State Management (Updated: 04-26-2001)

The CRAYOLAhasa dedicated state context for Real-Time Streams. The state context for RTS will be “0”, which will allow
increasing the numberof contexts late in the design for non-RTSstate management. Thestate set is a subset of one of the other
state sets in the chip because Real-Time Streams bypass setup and therefore do not require state associated with that portion of
the pipeline. By default, real-lime streams are disabled. A status bil in the CP_STATECNTLbit is provided to determine if
RTstreams are enabled. The ME_INIT packet is used to enabled/disable the RT stream processing.

  
  

Reurr Data

©) Rea-Tine Writes
ard Reads‘Poing)or Global Register Bus——

The beginning section (i.e. Start address = 0) of the Instruction Memoryis also dedicated to Real-Time Streams. The end of the
RTstream instruction memoryis programmable.
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9.3, Register Backbone Interface Unit (RBIU) (Updated: 03-05-2002)

The Register Backbone Interface Unit (RBIU) contains the control logic to respond to transactions on the Global Registcr Bus
(GRB) and contains a large numberof the internal registers of the CommandProcessor. Registers in the CP are distributed. The
RBIU forwards registers to other internal blocks of the CP via an internal register bus. The following diagram shows waveforms
for a wrile and read transactions onthis internal bus.

Updated: 2/14/2002
R400 CP Internal Register Bus Transactions "Schr a’ carey

Write Transaction: 

                              Clock |
 

RBIU_READ     
RBIU_WS.  
  
 
 

WR_HOLD

RBIU WD ————__—< OxDO »—_——~< OxD1>

  

  

Read Transaction:   

 RBIU_READ (4 Clocks) (4 Clocks)

RBIU_ADDR

Read Data (To REI) SA <>
Read Strabe(RBIU) (1 Clk) (1 Clk)

   
  
 

 

  

  
  

    
  CP_RBB_RS (1 Clk) (1 Clk)

CP_RBB_RD 0x00000000 xoxvo xX ox00000000 *K OxV1 x 0x00000000

Figure 9-3: Internal CP Register Bus Transactions.

 
 

Register writes to internal CP clients are held-off (via WR_HOLD)for the following conditions:

1. Write to the VSD Address/Data FIFO whenthe FIFOsare full (In the ME).

2.  Writc to the PSD Address/Data FIFO when the FIFOsare full (In the ME).

3. Write to the CFD Address/Data FIFO when the FIFOsare full (In the ME).

4. Write to the Non-Real-Time Mem_Write registers when a write is pending (In the ME).

5. Write to the Real-Time Mem_Write registers when a write is pending (In the ME).

6. Write to the CP_DMATABLEADDR whenthe DTAQFIFOis full (In the DMA).

7. Write to the CP_DMASRCADDR, CP_DMADST_ADDR, or CP_LDMA_COMMAND registers when the ME has
a DMAinit pending (in the ME).

8. cte...

Register reads from the RTEE’s base/size memoryare held-off if the RTEE fetcher is reading the memory.

The RBIUalso contains the Scratch Registers and the associated logic necessary to write their contents out to the Memory
Interface Unit (MIU).

The RBIUalso hasthe interface to the Read Data Return bus. Read data fromexternal clients is registered, bitwise OR’d with
CP internal read data, and output to the RBBM.
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R400 CP Register BackboneInterface Upniates: 10/16/2002
John A. Carey

Minimum FIFO Depth is 6 for the Transaction FIFO. (CP_RB | U )Almost Full (AF) signal asserts whenthere is 1location used becauseit takes 4 other locations to
hold transaction thatwill arrive because of the There is no flow control for read transactions, but there will be only one read transaction posted at any
registered handshake signals. Plus a 6th location to time. Therefore a location is reserved in the Transaction FIFO for a Read Operation. The RBIU control
guarantee that a Read Operation can be accepted. lagic will ensure that all write transactions are completed before allowing the read transaction to proceed.

SCLKREG
CP Outputs RBBM Inputs for U: R t ME_RBIU_WRTR: utputs Inputs for Use as Repeaters al

: RBBM_RE Transactions Not for the CP are FilteredWw8OQ_RBIYWRIRae Before Being Written into Transaction FIFO.lqiDMARBIUWRIR|
‘ A transaction in the FIFO will enable sclk_g RBIU

R RBBM_WE wes 3¢LoeerReadee)we!Control|Forward RW. Requests ta Rest of CP
RBBM_A[16:2 Address[14:0] Logic: Transaction

B RBBM_ Wd[31:0 FIFO FIFO Readae Em Internal

B CP_RBBM_nrtRTR } cP
: << Units.

M Read StrabeR bq_GP RBBM Rs DMA Data[310
: RTIEE Data[31.0

4222 [51-01] Bitwise ME Datalsi 0OR CSE Data[31:0
Bitwise: PEP & ROG Data

OR RBIU Data [31:0]

“External
“Units

1SCLK_REG..... : :

= ATI_LRBBM_INTFQ) Some DWORDWate
RBBM Scratch |__Reauesis

Registers Register CPLMIU-
Note: Logic :
* CP Does Not Implement a Real-Time RTR

Figure 9-4 ; Register Backbone Interface Unit Block Diagram
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9.4 Register Client Interface Unit (RCTU) (Updated: 03-07-2002)

The Register Clicnt Interface Unit (RCIU)arbitrates among the internal CP requesters for rcading/writing to the Global
Register Bus (via the RBBM). The requesters include (In Priority Order):

1. Real-Time Stream — Processing transactions for Real-Time Stream from the Micro Engine.

2. Real-Time Event Engine (RTEE) — Polling of Registers within the Chip (Read-Only)

3. Pre-Fetch Parser — Orders DMAsofindices to the VGT (Write Only).

4. Micto-Engine — Constants, State Data, 2D Initiators, and Register Read/Writes.

5. DMA Engine —- Mem->Reg and Reg->Reg Data Transfers.

For the ME and DMA transactions, a round-robin arbitration policy is implemented.

The RCIU also gets the read data from the RBBMand sendsit to the appropriate requester within the CP. Only one of
the unary RRTRsis asserted with the return data. The RCIU will stall consecutive read transactions to the RBBM when
a prior read operation is in-progress.

Belowis a top-level diagramof the RCIU.

R400 Register Client Interface—Upsatea: 7/2/2002
John A. Carey   

 
 

  
  
  

    
  
 
   
 

 

      
a ORCIU_ BUSY

4 oRCIU RDI31:0 RBBM_RDO
oRCIU_ RTEE VALID
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qq ORCIU_ME_VALID B 5 RBEM_CPrdy
mr oaRCIU_RTS VALID Control 5 CP_RBBM_RT_send
—ORCIU_DMA VALID leg ik|RBBM_CP_RT_rdy

ME or DMA Transaction Pending = |__CP_RBBM_PE_send
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a RCIU_ME_BUSYTransaction: [-—_-.-_—<$$<\_

* RTS — Ready-to-Send RCIU_RT BUSY+  *RTR-- Ready-to-Receive * Note: RTEE will only issue one read at R
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Figure 9-5: Register Client Interface Unit Block Diagram
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9.5 Memory Interface Unit (MIU) (Updated: 04-22-2002)

The Memory Interface Unit (MIU)arbitratcs between the internal CP’s read requestcrs (Ring Buffer, Indirect Buffers,
State Data, Real-Time Stream, Micro Engine, and DMA Engine) for reading from memoryand between the CP’s
internal write requesters (Scratch Registers, Timestamps, Ring Buffer Read Pointer, DMA Engine, and Micro-Engine
writes) for wriling lo memory.

The MIU also handles the conversionof the “flat” read/write requests fromthe internal CP units to the protocol and
formatthat is required for intcrfacing to the McmoryHub.

The MIU also helps with the coherency between data writcs and proccsscsthat read the writtcn data (i.c. Sct_Constant
and Load_Constant_Context). Writes from the micro engine can include a “write confirm” flag. The MIU will issue the
write and generate a pulse back to the Micro Engine to indicate that the write was completed past the read/write arbiter
in the Memory Hub. The MIU will stall consecutive “write confirm”transactions until there is not one in progress. Read
operations and write operations without the “write confirm” flag set can be sent to the MH while a “write confirm” write
operation is in-progress.

For write operations, the MIU has a “Data Packer” that will compress consecutive data writes that reside in the same
double-octword into a single double-octword data transfer. The data packer is enabled by default, but can be disabled by
selling a “pack disable” control bit in the CP_DEBUGregister.

The MIU alsois the receiving point of all the read return data from the Memory Hub (MH). The MIU decodes the TAG
information to determine the destination of the data (i.e. Ring buffer, Indirect Buffers, Real-Time Stream Data, etc.).

The MIU can support up to 48 outstanding read requests. This is enough to cover the expected AGP latency. See other
section of this document that discusses AGPlatency issues.

A top-level diagram of the MIU is shownbelow. 
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Figure 9-6: Memory Interface Unit Block Diagram.
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9.6 DMA Engine (Updated: 05-27-2002)

In prior CP designs, there were two DMA engines (GUI and VID). These were actually two instances of the same DMAdesign.

The CRAYOLAwill have a single DMAcnginc that has the same functionality as onc of the legacy DMA cngines. The rcasons
for keeping a DMA enginein the CPare as follows:

1. R300is considering using the DMAengine as a fast method to same chip state for an optimized Driver model. It is
assumedthat this could be used for CRAYOLA.

2. The DMAengines have been helpful for working-around bugs elsewhere in the chip.

9.61 DMA Engine Description

The DMAEngine has several processes running in parallel. First is the Descriptor Table Walker, which is an address generator,
seceded with the valuc from the bottom of the Descriptor Table Address Qucuc (DTAQ). It fetches a descriptor from memory,
and passesit along to the DMA Command Interpreter. The Descriptor Table Walker also snoops on the End-Of-List (EOL)bit
of the Descriptor’s commandto determineif it is done with the current table, and should look to the DTAQ for more work.

The DMA CommandInterpreter takes in the 4-dword Descriptor, and generates a sequence of source and destination addresses,
and keeps track of the Transfer Count for the DMA transfer.

The DMA Engine canperformthe following transfers:

1. Memory-to-Memory

2. Memory-to-Register

3. Register-to-Memory

4. Register to Registers

The DMAEngine will do byte alignment of the data fromthe source to destination surfaces if they are different.

9.6.2 Starting a DMA Operation

There arc two methodsto initiate a DMA opcration — Descriptor Tables or Direct Descriptor Entry Register Writcs.

To program a DMAopcration via Descriptor Tables, the programmerhasto build the table in the frame bufferfirst, being surc
to mark the last entrv of the list as “End Of List”. Then, the programmer can write the starting address of the descriptor table
into the Descriptor Table Address Queue (DTAQ)through the CP_DMATABLEADDRport. The actionofwriting the first
“slart” address into the DTAQwill trigger the DMA operation. The CP canstore up to 8 pending table addresses in its DTAQ.

The type of transfer operalion depends on the CPDMACOMMAND DWORDinthe Descriptor. It controls such variablesas:
the length of the transfer, whether the Source/Destination addresses are in memory -spaceor register-space, whether the
Source/Destination addresses auto-increment with each transfer, and whether an interrupt is generated whenthe entire
Descriptor Table has been processed.

The second method - Direct Descriptor Entry Register Writes — involves writing the three DMAEntryregisters directly.
Three registers are provided for each of the DMA engines (CP_DMASRCADDR, CP_DMADSTADDR,
CP_DMA_COMMAND). Thecontents of these registers have the same fields as the SRC_ADDR, DST_ADDR,and
COMMAND DWORDsofthe descriptor table entry. Except that the EOL is hard-coded TRUE in the COMMAND DWORD.
Writing to the CPDMACOMMAND tegisterinitiates a DMA operationusing the descriptor described in all three registers.
A table of descriptors can be built from multiple Typc-0 packets cach containing the SRC, DST, and COMMAND data.
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9.6.3 Overview of DMA Operation

The DMAcngince in the CommandProcessor fetches a command from the memory. This commandtclls the DMA Enginc what
to do. The command in memory is stored in a structure known as a Descriptor, having a four-DWORDformat as shown below:

Source address
Destination address

Command word. (Scc description bclow)
[ Reserved)

The COMMAND word has the following format:

 
   

31 EOL End Of List Marker

30 INTDIS EndofList Interrupt Disablc
29 DAIC Destination Address Increment Control (0 > Increment, 1 > No Increment)
28 SAIC Source Address Increment Control (0 > Increment, 1 > No Increment)
27 DAS Destination Address Space (0 > Memory, 1 > Register)
26 SAS Source Address Space (0 > Memory, 1 > Register)
25:24 DST_SWAP Destination Endian Swap Control (0 > None, 1 > 16-bit, 2 > 32-bit, 3 > Half DWORD)
23:22 SRC_SWAP Source Endian Swap Control (0 > None, | > 16-bit, 2 > 32-bit, 3 > HalfDWORD)
21 QUEUED Queued vs. Non-Queued Path Control (0 > Non-Queued, | >Queued)
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 Destinationis in the
register address space, or is programmed to be non-incrementing, then the atomic transfer unit is assumed to be a DWORD.
Namely, the bottomtwo bits of the BYTECOUNTand the Address will be ignored (assumed “00”).

Note that a BYTE_COUNTofzero will perform no operation.

Multiple Descriptors may be stored contiguously in memoryto make up a Descriptor Table (DT) (see Figure 9-8). Thelast
Descriptor in the Descriptor Table must be marked as such so thai the DMA engine knows whento stop consuming commands.

The programmer provides the DMA engine with a pointer to the beginning of the Descriptor Table, and the DMA engine
fetches one Descriptorat a time, interprets the commandto carry out a transfer, and then moves on to the next Descriptor in the
table. As mentioned above, the DMA engine will stop whenit reaches the last Descriptorin the table.

Thereis a bit called CP_SYNCin the Descriptor Address register (CP_DMATABLEADDR). If this bit is set, the DMA will
“lock-out” the micro engine (ME) fromperforming any writes onthe register backbone while the DMA isactive.

A DMAchannel may haveits operation aborted by writing a “1° to the ABORT_ENbit of the CP_DMA_STATUSregister. It
is important that the programmerthen poll the ACTIVE bit of that same regisicr, wailing for a valuc of ‘0’, before wriling a ‘0’
to the ABORT_EN bit. Once the ACTIVEbit is ‘0’, the programmeris guaranteed to read-back stable state from all DMA
registers.

The DMAengine generates an interrupt at the end of the DMAlist (table) if the INTDISis false. The DMA engine waits until
the last write associated with the DMA has been accepted by the Memory Hub (MH)and is past the point of arbitrationin the
MH before raising the interrupt. The DMA raiscs the DMA_INT_STATintcrrupt whichis listed inthe CP_INT_STATUS
register. This will generate an interrupt out of the CP if the DMA_INT_MASKis set in the CP_INT_CNTLregister.
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TABLE ADDRRegister —_

and COMMAND data. 
Memory Space

Dword 0
Dword1
Dword 2
Dword 3
Dword 4
Dword 5
Dword 6
Dword 7

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

  
 

Descriptor 0

‘Descriptor 1

‘Descriptor n (Last)

Figure 9-7; Descriptor Table Layout in Memory

An alternate method to writing the CPDMATABLEADDRregister to initiate a DMAoperationis to write the descriptors
directly to the CP. This saves the fetching of the descriptor table from memory.

Three registers are provided for each of the DMA engines (CP_DMASRC_ADDR, CP_DMADST_ADDR,
CP_DMACOMMAND). The contents of these registers have the samc ficlds as the SRC_ADDR, DST_ADDR,and
COMMAND DWORDsofthe descriptor table entry described above. Except that the EOL is hard-coded TRUEin the
COMMAND DWORD.Writing to the CPDMACOMMAND registerinitiates a DMA operationusing the descriptor
described inall three registers. A table of descriptors can be built from multiple Type-0 packets each containing the SRC, DST,
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9.7 Pre-Fetch Parser (PFP)

9.7.1 Pre-Fetch Command Stream Queues (Updated 03-06-2002)

The PFP contains the memoriesthat slore the pre-fetched Ring Buller Packets, Indirect Buffer Packels, Real-Time Stream Packets, and Stale
Data. The associated control logic also performs the re-ordering the data from the Memory Hub. The outputs of the Ring, Indirect, and Real-
Time command pre-fetch buffers go to the Pre-Fetch Parser. The output of the state data buffers go directly to the Micro Engine (ME) — they
do not need to be interpreted. Each streamhas a set priority for its access to the PFP.

Physically, there are two memories — one for Ring, Indirects in the Ring, and Indirect #2 data and a second for Ring/IndirectState, Real-
Time, and Real-Time State data. Real-time streams are expected to be about 64 DWORDsin total.

 
Programmable thresholds for these memories allow the allocation to be changed to adjust the performance of the chip. See the
CP_QUEUE_THRESHOLDSand CP_MEQ'THRESHOLDSregisters.

9.7.2 Command Buffer Pre-Fetching (Updated: 06-07-2002

The Pre-Fetch Parser (PFP) is a newfunction that is added to the CP design for CRAYOLA. Oneofthe main functions of the PFP is to parse
through the fetched commandstreamsfor future dispatches ofIndirect Butfers. It also performsthe pre-fetching ofdata for the Set_State,
Load_Constant_Context, and Im_Load packets.

Whenanindirect buffer request is found, the PFP immediately issues the fetch request lo the Command Stream Felcher (CSF). The intention
is to hide the latency of fetching indirect buffers behind the parsing of the other command streams. The PFP will continue to parse the
commandstreamspastthe first pre-fetch. It will stop when the fetched indirect data is available, it encounters a Draw Packet, it encounters a
state packet in the Ring Buffer, or the maximum numberofpre-fetches is met. The PFP also stops whenprocessing a “multi-pass”indirect
butter.

The INDIRECTBUITERpackethasa disable bit that stops the PI'P from immediately fetching the indirect buffers. When set the indirect
bufferinits are pipelined out of the CP, through the RBBM andbackto the CP. See the Pre-Fetch Disable.doc documentfor more details.

nh

a

Whenan indirect butter pre-fetch is issued, the PFP will consume the original packet that it parsed (‘'ype-0 or INDIRECTBUFFER) and
insert an IB_PREFETCH_STARTpacket into the command stream to the Micro Engine (ME). The IB_PREFETCH_STARTpackettells the
MEto start consuming the indirect data trom the next-highest-priority butier. Another packet - IB_PREFETCH_END—identities the end of
the indirect buffer for the ME.

  

 

The PFP also parses the DRAW_INDXpacketand will issue the requestfor indices to the VGT if the associaled Viz Query test passes. Il is
expected that the indices will be available in the VGT bythe time the associated DRAW_INITIATORis written by the Micro Engine (MF).
The PFP writes the INDEX_BASE and INDEX_SIZEto the VGT and writes the DRAW_INITIATORas a Type-0 packet to the ME.

 
    

For state packets (Set_State, Load_Constant_Context, and Im_Load), the PFP remembersthelast context’s fetch pointers and sizes — Sub-
Blocks, Vertex Shaders, Pixel Shaders, and constants. It compares the current pointers withthe last context’s and issues fetch requests to the
CSFfor the buffers that mismatch. Buffers that match the previous pointers are assumed to be identical and therefore will not be fetched. For
every sub-block that is fetched, the PFP will insert a SUB-BLOCK_PREFETCHpacket into the commandstreamto the ME. When
instruction data is fetched, the PI'P will insert an INSTRPRET'ETCII packet into the command stream to the ME. Whenconstant data is
fetched, the PFP will insert an CONST_PREFETCHpacketinto the command streamto the ME.

The Pre-Fetch Parser also performs the 2D state detault context fetch. When the PFP detects a 3D-to-2D transition, the 2D detault state is
fetched issuing an indirect buffer. The 2D Indirect Buffer’s Base and Size are programmedinto the CP aspart of the chip initialization. The
PFP will insert an IB_PREFETCH_STARTpacket into the commandstream to tell the Micro Engine to get data trom the appropriate
indirect buffer. See the “CP_Spec_2D_Appendix.doc” for how the PFP determines the 3D-to-2D transition.

 
  

CP Spee CRAYOLA doe — 171521 Bytes *** © ATT Confidential. Reference Copyright Notice on Cover Page © ««« nali7ing 92-99 PVE

ATI Ex. 2067

IPR2023-00922

Page 161 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 162 of 448

 

ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE  13 March, 2001 | TIME \@ "d MMMM, CP Spcc: Version 0.26 100 of 

9.7.3 PEPMulti-Pass Operation (Updated: 61-27-2002)

When the Pre-Fetch Parscr (PFP) parscs and INDIRECTBUFFERpacket with the MULTIPASS flagsct, it stops pre-parsing
the command stream and waits for a signal from the Scan Converter that indicates whether it should loop or continue. If the PFP
is told to loop,it will re-fetch the indirect buffer and the Micro Engine will then re-process its contents. If the PFP is told to
continue, the PFP will thenjust continue parsing the next instruction in the command stream.

9.7.4 PEP Constant Coherency Control (Updated: 04-22-2002)

The Pre-Fetch Parser (PFP) has an 8-bit counter that is incremented whenit processes a Set_Constant packet with the
CONST_WRITE_ENABLEbitset. A non-zero value on this counter indicates that there is a constant write pending in the
Command Processor. The PFP will stall processing a Load_Constant_Context (LCC) packetif the counter is not zero. This
ensures that the LCC packetwill [etch the correct constant data that was previously wrilicn by the Sct_Constant packet(s).

The PFP will likewisestall processing a Sct_Constant packet if the counter has reached is maximum valuc.

The Micro Engine (ME) does the actual writing of the constants (o memory and will initiate a “write confirm” for the last
DWORDofthe constant. The ME will get the write confirmation from the Memory Interface Unit (MIU) and issue a pulse ona
signal to the PFP, which will decrement the counter mentioned above.

9.7.5 PFPPacket Processing Summary (Updated: 03-06-2002)

Hereis the list of the packets that the PFP processes:

1. Type-0 Packets — If initiates Indirect Buffers they are replaced with IB_PREFETCH_STARTpacket.

Type-1 Packets — Forwarded to the Micro Engine (Indirect Buffer Requests are Not Allowed via Type-1 Packets)

Type-2 Packets — Completely Consumed by the Pre-FetchParser.+¥YNM
Type-3 Packets:

a. NOP — Completely Consumed by the Pre-Fetch Parser

b. DRAW_INDX-Discarded if Not Visible, Otherwise DMAfor Indices is Requested to the VGT

c. Set_Constant — Clear Constant Valid Flags if Write-Back is Disabled. Also increment constant
coherency counter, whichis tested by the Load_Constani_Context packet.

d. Set_State — Each Sub-Block is replaced with a SUB-BLOCK_PREFETCHpacket and the VS/PS
requests are replaced with INSTR_PREFETCHpacketsif the respective pointers mismatch.

e. Im_Load — Codeis fetched and Im_Loadpacketis replaced with INSTR_PREFETCHpacket if
pointers mismatch.

f. Load_Constant_Context — Replaced with CONST_PREFETCHpacket. The PFP waits for prior
constant writes from Set_Constant packets to be confirmed.

g. Invalidate_State — Consumed bythe Pre-Fetch Parser. Clears selected valid bits for matching.

h. Indirect_Buffer — Replaced with IB_PREFETCH packet. Also does MULTIPASSoperation.

i. ME_INIT - Clearsall valid pointers for the rematching logic.

All other packets are just forwarded to the Micro Engine.

If an Indirect Buffer #2 request is in the Ring Buffer, the PFP will fetchit as an Indirect Buffer #1.
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9.7.6 PFPDesign (Updated: 02-27-2002)

The following diagram illustrates the top-level control that the PFP implements:

R400 Pre-Fetch Parser State Machine voncreyCounte’s Keo Track o* DWORDs withir ¢ Packet for Each Stream.
The P=P cai switch streams within @ paccet exceot within 2 Real-Time Stream
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IB1 Packet DWORD Count[13:0] [31 Pack: Opeode [6:0] (IB1 BUFSZ FIFO !Enoty 8& IB1 Prefetched Data Ava lable}||{IB1 BUFSZ FIFO IE noty 8& 11B Prefete Packet™ in Ring) | sro is
iB BUFSZ FIFO = Ful) (132 BUFSZ =IFO !=tnpty &8 132 Prefetered Data Avei able|(132 BUFSZ =IFO !=mpty 88 1B Prefetch Packet" in 1B1)|
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Figure 9-8: Pre-Fetch Parser Top-Level Control Flow.

In the above drawingit is shown that the PFP must stop pre-parsing a stream underthe following conditions:

8. Stop if it encounters any packet other than an indirect buffer pre-fetch packet after an indirect buffer has already
been pre-fetched and not processed.

9. Stop pre-parsing ring when pre-fetched indirect buffer data is available.

10. Stop pre-parsing if it has filled up the pre-fetch queue in the Command Stream Fetcher (CSF).
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9.7.7 PEP Connection to the Micro Engine (Updated: 02-26-2602)

The following diagram shows the Pre-Fetch Parscr’s connection to the Micro Engine.

Updated: 1/7/2003
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9.8 Micro-Engine (ME)

9.8.1 Overview — CRAYOLA (Updated 05-03-2002)

The CP Micro-Engine (ME)is a programmable command parser. The compiled code for the ME is stored in an instruction
cache/store on the chip and is loaded during chip initialization by discrete register writes.

Like prior designs, a custom compiler will be designed to support the compilation of code into the instruction code for the CP.
The CRAYOLA CP ME designwill support a super-set of the prior implementation’s instructions and provide for a more
general-purpose processor.

The ME operates on PM4 command packets that are documented in the “Specification of PM4 Command Packets
CRAYOLA”.

Other than the general-purpose functions, the ME hasspecific logic associated with State Management and 2D operations. The
ME receives signals from the Renderer Common (RC)for de-allocating state sets and signals from the Sequencer for de-
allocating locations in the Shader Instruction Memory. The Micro Engine holds-off writing data associated with a newly
assigned state set until that state set is available. Similarly, the ME will hold-off updating the Instruction Memory until spaceis
available for the shader update.

The ME has a long-word instruction format, broken into fields which control handshaking with the input and output stream as
well as the internal functional units.

There two instances of the micro engine (ME) — one for non-real-time and one for real-time (RT) streams. The non-RT ME
reads fromthe fciched Ring, Indirect #1, and Indirect #2 dala qucucs. The real-time micro engine reads fromthe [etched real-
time data queue.

Each ME can additionally transfer pre-fetched state data (Renderstate, Shader Code, or Constants). A dedicated DMA engineis
used to perform these transfers. The ME calculates the starting address and size of the transfer and initiates the DMA engine.
The data does not flow through the core of the Micro Engine. The DMA engine also handles the wrapping of the memory-
mappcdregister addresscs for shadcr code updates.

The ME can read/write any memory-mapped register or external memorylocation. This allows the ME to poll on the contents
of an address, write semaphores to synchronize its operations with the Drivers, and to perform simple DMAsofdata.

In addition, the MEcan generate an interrupt for the purpose of synchronization with the Drivers. The interrupt is set by the
processing of the CP_INTERRUPT PM4 command packet within a command stream.

Fortransactions to the memory-mappedregisters, the ME has a 15-bit address bus [16:2], and a 32-bit data bus.

Fortransactions to the external memory locations, the CP supports a full 30-bit address A[31:2], a 2-bit swap code A[1:0], and
a 32-bit data bus.

The Micro Engine has three register spaces that it can address: the Local register space, the Memory-Mapped register space,
and the External Mcmory spacc. The Local register space includesall of the registers intcrnal to the ME. The Memory-Mapped
register space contains registers within the chip’s register map. The External Memoryspace includes memorylocations outside
the chip (i.e. Local and System Memory). Notall of the “Local Registers” appear in the chip’s register map, however an
internal test bus allowsvisibility to these locations for debug purposes.

9.8.2 ME Error Checking (Updated: 04-15-2002)

The ME does the RESERVED_BIT, IB_STARTCHECK, PROTECTEDMODE,Invalid Opcode, and Miscellaneouserror
checking. See the section on Error Checking / Command Buffer Validation elsewhere in this specification.
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9.8.3 Micro Engine Instruction Set (Updated: 07-61-2003)

Bclowis the instruction sct of the CP’s Micro Engine (ME):

Data Transfer:

1. Load/Store:

e =Read & Write External Memory, Memory-Mapped Registers, and CP Internal Registers.

i. GPR € External Memory (WAIT_REG_MEM, COND_MEM_WRITE)

ii. GPR © Memory-Mapped Register (WAIT_REG_MEM, REG_TO_MEM)

iii. GPR © Micro Engine Scratch Memory

iv. GPRa © GPRb (Implementation: SrcO=GPRa;SRC1=GPRb;Oper=shl;[mmed=0x0)

e Default Constants supported as embedded in CP machine code.

e=15-bit Memory-Mapped Addresses [16:2] supported as embedded in CP machine code immediate field.

2. Conditional Writes — Based onbits set in Booleanregister.

3. Word Swap: Swaps WORDswithin a DWORD.Needed for Swapping DST_X and DST_Yterms in most of the 2D
packets. This is implemented with a “rotate” by 16.

Integer Computations:

1. Addition/Subtraction (8-, 16-, 32-bit):

a. DST © SRCO ADD32 SRC1 —NoSign Extension

b. DST € SRCO ADD 16 SRCI - Bit 15 of Sources Sign Extended to Bit 31

c. DST © SRCO ADD8 SRC1 - Bit 7 of Sources Sign Extended to Bit 31

d. DST ¢SRCO SUB SRC1 -No Sign Extension

c. DST © SRCO SUBI6 SRC1 - Bit 15 of Sources Sign Extended to Bit 31

{ DST © SRCO SUB8 SRC1 - Bit 7 of Sources Sign Extended to Bit 31

2. Min and MaxFunctions (16-bit Signed Value Comparison, 32-bit signed result):

a. DST[15:0] © SRCO[15:0] MIN SRCI[L5:0] — Bit 15 of result is sign extended to bit 31 of DST.

b. DST[15:0] < SRCO[15:0] MAX SRC1[15:0] — Bit 15 of result is sign extended 10 bit 31 of DST. 
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3. Multiplication (14x14):

a. DST[27:0] € SRCO[13:0] MULT SRC1[13:0]

4. Logical (Bilwise):

a. AND: DST} SRCO AND SRC1

b. OR: DST} SRCO OR SRCI

c. KXOR: DST ¢ SRCO XOR SRC1

d. NOT (One's Complement): DST ¢ SRCO NOT

5. Register Shift/Rotate (Left, Right)

a. DST © SRCO shr <value>, DST © SRCO shl <value>, where value = {0,1,...,31}

b. DST © SRCO tor <value>, DST © SRCO rol <value>, where value = {0,1,...,31}

6. Increment/Decrement Register Content:

a. DST €SRCO INC dmplementation: Oper=Add32;Immed=0x00000001)

b. DST © SRCO DEC (implementation: Oper=Sub32;Immed=0x00000001)
~I

Bit Replication (bpp to 32bpp):

a. DST € SRCO REPL <value>, where value is interpreted as the bit position in SRCOto replicate (0 to 31).

8. Sign Extension

a. DST € SRCO SIGNEXT<Bit Position>, where the bit the bit indicated is replicated up throughbit 31.

9. Fix-to-Float: 8-bit integers to IEEE floating point integers — Not Normalized.

The normalization to of the numbers is performed in the graphics engine.

b. Implemented in output stage of the Micro Engine. The result can only be written to a Memory-Mapped
Register.

c. Selected by setting one of the upper bits in the ME’s output address.

10. Time-Out Timer

a. 16-bit loadable down-counter.

b. Decrements every 16 core clocks when non-zero (2.62 ms at 400MHz).

c. Microcode can test when the counteris zero via the Booleans register.

d. Used for polling interval and general-purpose timer.
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Control Transfer:

1. Subroutines — Support for up to 8 nested levels:

a. CALL[Adrs]

i, Stack < IP+1

ii. IP € Adrs

b. Return

i, IP © Stack

2. Jumps:

e=Absolute:

i. Continue IP ¢ IP+1)

ii. Goto UP © Micro)

¢ Conditional Branching & Comparisons

i. Jump Boolean[n] Set (jbit)

ii. Jump Boolean{n] Not Set (jnbit)

See the Micro Engine Register Set section fora listing of the Booleans. 
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Special Commands:

1. GMC Decode (oper = gmedecode) — Decodes the 2D GUI_CONTROL DWORDto get the following parameters:

BrushForeground Color Present — Bit 31. Brush_Types = 0x0, 0x1, 0x6, 0x7, OxD, OxE
a.

b. Brush Backgound Color Present — Bit 30. Brush_Types = 0x0, 0x6

c. Data_Format[5:0] — Bits 29:24 of Result. Based on the SRC_TYPE and DST_TYPEfields.

d. Source Clip Disable = Bit 23. Set if the ROP code does not include a source: ROP = 0x00, 0x05, Ox0A, Ox0F, 0x50,
0x55, OxSA, OxSF, OxA0, OxA5, OxAA, OxAF, OxFO, OxF5, OxXFA, and OxFF. The source clipping is disabled in the
microcodefor this condition.

c. ROP[7:4] != ROP[3:0] Flag — Bit 22. Uscd to clear the C2.x Boolen.

f. Pixcls/DWORDJ5:0] (PPDW)- Bits 21:16 of Result. Based on the SRC_TYPE and DST_TYPEficlds.

g. Linc_32x1_Brush - Bit 15 of Result is sct if Brush_Typc = 0x6 or 0x7 (32 x 1 Mono Pattcrn)

h. Number of Bish DWORDSJ6:0] - Bits 14:8 of Result.

i. Number Brush DWORDs= 0x02 for Brush_Types = 0x0 and Oxl

ut. Number Brush DWORDs = 0x01 for Brush_Typces = 0x6 and 0x7

ii. Number Brush DWORDs= Function of DST_TYPE for Brush_Type = OxA (Sce Table).

iv. Number Brush DWORDs= 0x00 Otherwise.

1. 2D Booleans — Bits 7:0 of the result are the respective 2D Booleans

The GULCONTROL DWORD is loaded as the SRCO for the instruction.

SRC_TYPE = Bils [27,13:12]

DST_TYPE = Bits [11:8]

BRUSH_TYPE=Bits [7:4]

Byte_Pix_Order = Bit [14]

The Data_Format, Pixels/DWORD (PPDW), and 2D Booleansare generated as follows:

Data_Format[5:0]:

 
 

 
 

 If (SRC_TYPE = Color) // (i.e. Bits [27,13:12] = 01x)
Data Format = ‘0’ & DST TYPE; // SRC TYPE=DST TYPE

PPDW= See Table for Calculating Based on DST_TYPE; // PPDW = Function (DST_TYPE)
// Monochrome or TLU Color
else {

If SRC_TYPE = 5 // 8bpp Source
DataFormat 0x02; // Fmt_& (TLU)
PPDW = 0x04; // 8-bpp

Else If SRCTYPE = 6 // 32bpp Source
Data Format = 0x06; // FMT 8 8 & 8 (TLU)
PPDW= OxOl; // 32-bpp

Else {
If (Byte Pix Order == 0) { \\ Mono Format (SRC TYPE = 0 or 1)

Data Format = 0x00; // Fmt 1 Reverse ~
PPDW= 0x20; // 1-bpp_

} else {
Data Format = 0x01; // Fmt 1
PPDW= 0x20; // 1-bpp

}
}

}
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Pixels/DWORDJ[5:0] (PPDW):

For Monochrome or TLU Color SRC_TYPE, see the DataFormat algorithm above.

For SRC_TYPE = DST_TYPE:      
 
 
 
 
 
 
 
 
 
 
 
 
 
 

|Wumberof BrushDWORDS|Pixels/ DWORD (PPDW)
Q :- Reserved 0x00 0x20
1 :- Reserved 0x00 0x20

2 :- 8 bpp pseudocolor Ox1l0 0x04
3 :- 16 bpp aRGRB 1555 0x20 0x02
4 :- 16 bpp RGB 565 0x20 0x02
5 :- Reserved 0x00 0x01

6 :- 32 bpp aRGB 8888 0x40 0x01
7 :- Reserved 0x00 0x01

8 :- Y8 greyscale Ox10 0x04
9 :- RGBS8 greyscale Ox10 0x04
10 :- Reserved 0x00 0x01

11 :- YUV 422 packed (VYUY) 0x20 0x02
12 :- YUV 422 packed (YVYU) 0x20 0x02
13 :- Reserved 0x00 0x01

14 :- aYUV 444 (8:8:8:8) 0x40 0x01
15 :- aRGB4444 0x20 0x02

    
 

2D Booleans [7:0]:

Boolean B4 is set by the microcode so is always output as zero.

Booleans B3, Bé and B7 are set based on the SRC_TYPE as follows:
  

   
 

       
 
 
 
 
 
 
    
  

“Source Type Bo Be
 ORSRCTYRE [27,135 121) oe -

0 :- Mono Opaque 0 0 0
1 :- Mono Transparent 1 0 0
2 :- Reserved 0 0 0

3 :-SRC_TYPE = DST_TYPE 0 ) 0
4 :- Reserved 0 0 0

5 :- 8bpp TLU 0 1 1
6 :- 32 bpp LLU 0 1 0
7 :- Reserved 0) 0 0

Boolean BO, Bl, B2, and B5 are set based on the BrushType field in the GUICONTROL: 

    
 
 
 
 
 
 
 
 
 
 
 
 
 

  

  

       
| | Beush Typel7:4] 0. BO Bl. Bo BS

Q :- 8x8 Monochrome 0 1 0 1
1 :- 8x8 Monochrome 0 1 1 1
2 :- Reserved 0 0 0 0
3 :- Reserved 0 0 0 0
4 :- Reserved 0 0 0 0
5 :- Reserved 0 0 0 0
6 :- 32x] Monochrome 0 1 0 1
7 :- 32x] Monochrome 0 1 1 1
8 :- Reserved 0 0 0 0
9 :- Reserved 0 0 0 0
10 :- 8x8 Color 0 0 0 1
11 :- Reserved 0 0 0 0
12 :- Reserved 0 0 0 0
13 :- Solid Set if SRC_TYPE != 0 or 1 0 0 0

(Set if SRC TYPE != Mono)
14 -- Solid Set if SRC_TYPE != 0 or I 0 0 0

(Set if SRC TYPE != Mono)
15:- No Brush Set if SRC_TYPE = 2,3,5,6 0 0 0
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2. Color Repack (oper = clrrepack) — Repacks colors from format in Dst_Type to ARGB8888. Thisis used for converting the
Foreground and Background packed colors when writing themto the constant memory.

SRCO = Packed_Color[31:0]

SRC1 = Dst_Type[3:0]
Result [31:0]:

If Dst_Type = 2 // 8bpp Pseudocolor

     
Result [31:24] = SRCO[7:0] // Alpha

Result [23:16] = SRCO[7:0] // Red

Result[15:08] = SRCO[7:0] // Green

Result [07:00] = SRCO[7:0] // Blue

If Dst_Type = 3 // 1l6bpp aRGB1555

Result [24] = SRCcO[15] // Alpha

Result[20:16] = SRCO[14:10] // Red

Result [12:08] = SRCO[9:5] // Green

Result[04:00] = SRCO[4:0] // Blue

If Dst_Type = 4 // 16bpp RGB5S65

Result[31:24] = 0x00 // Alpha

Result [20:16] = SRCO[15:11] // Red

Result[13:08] = SRCO[10:5] // Green

Result [04:00] = SRCO[4:0] // Blue

Else // 32bpp ARGB88é8

Result [31:0] = SRCO[31:0] // aRGB8888

** Note: All bits in result not specified should be set to zero.
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9.8.4 ME Tile Block Diagram
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Figure 9-10 Micro Engine Tile Block Diagram 
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9.8.5 ME Details Block Diagram

R400 CP Micro Engine Details Updated: {22/2002Joan A. Carey  
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Figure 9-11: Block Diagram of Micro Engine 
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9.8.6 Register Set (Updated: 12-02-2002)

The Register State of the Micro Engine (ME) is composcdof the following registers.

Ip 10 Instruction Pointer.

Packet CNT 14 Count Register
Maintains a count of the number of DWORDsremaining in a packet. Increments when a DWORDfrom the
commandsiream is consumed by the ME.

DATAOUT Data Output Bus — Common for ADRS_OUT and ADRSMMR.
ADRS OUT ADRS OUT/31:2] - DWORDaddress.

ADRS_OUT[1:0] — Swap Field.
STACK Sameas IP Instruction Pointer Stack — Tnstruction Poimteris pushed/popped fromthe stack to support micro-code subroutines.

32
32

GPRO General-Purpose Register 0 Source or Destination lor a Micro Engine Operation.

32
32

 

 

 
GPRI11 Po General-Purpose Register 11 — Source or Destination for a Micro Engine Operation.
BOOLEANS Micro Engine’s Control Flow Booleans:

User Defined:

User_Bool31..User_Bool20 — Managed bythe Microcode

Fixed Booleans:
19 — BrushDecodeIdle — Brush Support Logic is Idle
18 Pix_Dealloc_FIFO_Not_Full
17 Vix_DealloeFIFONot_Full
16-DMA Idle — The Micro Engine’s DMA engineis Idle
15 — Incremental_Update
14 -RT_Enabled — Real-Timeis Enabled
13 - Read_Return_Valid — Read Data Valid from either Memoryor Register Bus
12-Cnt_EqZero — Packet Count Equals Zero
11- 'Timer_Eq_Zero — Micro Engine’s Delay‘Timer
10 - Shift_BitO — Bit / Even (Odd) Tests
9- Alu_Sign — Sign of 32-bit ALU operation
8- Tied Low
7- Context_Dirty
6- SreO_Eq_Srel
5- SreO_Neq_Srel
4- SrcQ_Gt_Srel
3- SrceO_GiteSrl
2-Sre0 Tt Srel
1-SrcO Lte Srel
0- Tied Low

TIMER Timer usedfor poll interval and general-purpose waiting.
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9.8.7 Scratch Memory(Updated: 08-06-2002)

The Micro Enginc has access to a scratch memoryfor saving dcfault valucs and temporary valucs. The GPRscan read/write
these values. The Driverinitializes some ofthese values with the ME_INIT packet during chip initialization.

The contents of the first locations in the Non-RT ME’s scratch memory arc fixed as these locations are writicn by dircet regisicr
writes. The following table lists the contents of these fixed addresses.

Scratch Register Name Description
Memory
Address

0 DEFAULTPITCHOFFSET 2D Default Pitch Offset #1
2D Default Pitch Offset /2

2D Default Sourec Clipping Parameters #1
2D Default Source Clipping Parameters #2
Brush Base Address [31:15]

2D PALETTEBASE Palette Base Address [31:15]
2D IMMDBASE Immediate Data Base Address [31:19]

Default Boolean Values[3 1:19] to Control the 2D Shader.
Other Variables.
The location of these variables is managed by the microcode.
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9.8.8 Instruction Format (Updated: 65-29-2003)

A micro instruction has 75 bils, which are categorized into different fields. The definitionsof the fields and related bits are given in the
following table.

Num Bits ° Bit.
: ‘Position

~ Wield Name - “Description— 
“32-Lil Field
5-bit Field

5-bit Field

31:0 IMMED | Inumediale Data

for Operation.
DST € SRCO [Gunetion) SRCL]

Source 1 for Operation, See SRCO Definition

@<Addtess>
@<Valuc>
PM4
READ_RETURNGPRO

GPRIL
MICROL — Lower DWORD of uRAM
MICROM — Middle DWORD of uRAM
SCRATCH (Lo GPR Only)BOOLEAN
MRL - Micro Read Low
MRM- Micro Read Medium
CNT.
See SRCO Definition 

5-bil Field. Destinaicm Destinationregisler for operation. NONE(Default) — Fixed Booleans UpdatedGPRO

GPRI1
MICRO (Micro Code RAM)
SCRATCH (Scratch Memory)
BOOLEAN (User Booleans ¢Result)ADRS OUT
DATA_OUTTIMER
CNT

‘ield Ay Spare Spare for Future Use
5-bit Field

Abit Field

5-bit Field

CP Spee CRAYOLA doe — 171521 Bytes *** © ATT Confidential. Reference Copyright Notice on Cover Page © «««

   poration: Selcets operation to be performed on the two souress.

Instruction Pointer Select: Selects next instruction pointer. This field is modified
by the Booleans.

Selects one of 32 Booleans to control the instruction flow.

  MOV(Default) — Shifer Passes SRCOMULT
ADD32
ADD16 — Bit 15 Sign Extended
ADD8 - Bit 7 Sign Extended
SUB32 (SRCO SRC1)
SUBL6 (SRCO - SRC1) — Bit 15 Sign Extended
SUBS8(SRCO — SRC1) — Bil 7 Sign Extended.AND
OR
XOR
NOT
SHR
SHI,
ROR
ROL
REPT. -- Replicats Sclected Rit of Sted
MIN — 16-bit Signed Operation
MAX — 16-bit Signed OperationMICROREAD
SCOMP— 16-bit Signed Comparisions
COMP — Unsigned Comparision
SIGNEXT - Sign-Extend Selected Bit of Src0
GMCDECODE- See Spee for Details.
CLRREPACK — Sce Spze for Detanls.
STAY(IP © IP) -- Default
CONT (IP € IPI 1)CCOKT

Tf Bool_SclCnt_Fq_Zcro
Lf Boolean{Bool_S2lj—-1 and PEP_ME_XFC-1Then IP © IP+1
Else IP © IP

Else // Anyother Booleanis selected
Tf Boolean(Rool_Sel) — 1, TP © TP+1Else IP © IP

GOTO (IP ©Micro[8:0])
CALL AP & Micro[8:0], Stack © TP+1)
RI'N CP € Stack[8:0])
IMPSRCO (IP © SRCO — Computed Jumps)JINBIT

If Bool{Bool_Sel) — 0, IP © Micro|8:0)Flse IP © 1P+1
JBIT

IfBool{Bool_Sel) = 1, IP © Micro[8:0]Filsc 1? © 1P+1
31:18 - User_Bool31...UserBooll918—Pix Dealloc TIFO Tull
17 - Vix_Dealloc_FIFO_Full
16 -DMA_Tdle
15 — Incremental_U pdate
14 -RT_Enabled
13 - Read_Return_Valid
12 - Cnt_Eq_Zero
11- Timer_EqZero10 - Shift Bita
9- AluSign
8: Aln_Cout32
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—NomBits |Bit |. WieldName| Description Chole
oi “Position | ne ee a oe eee oe 2 

7- Context_Dirty
6- SrcO_EqSrel
5- Sre0. Neq Srel
A- SrcO_GL_Srel
3- SreQ_Gts_Srl
2 SreO_Lt_Srel
1 - Sre0_Lte_Sre]
0- MCTlalt

1-bit Field 6 Data. from PFPis needed as sourec for instruction. TREQ
1-bit Field Assert Ready-to-Receive to Pre-Fetch Parser IRDY
10-Lil Field Jump Address Jump Address

 
 
     

Figure 9-12 Micro Engine Instruction Fields 
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9.8.9 Micro Engine Debugging Features (Updated: 11-08-2002)

When the ME_HALT (or MEHALTRT)bitset in the CP_MECNTLregister, the ME is halted to allow observation ofthe
internal status.

The ME_STATMUXfield in the CP_MECNTL isaregister test bus that provides the ability to read the Non-RT and Real-

Time Micro Engine’s operating registers. The selected data is read from the CP_MEDEBUGDATAreeister. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
 

MEL_STATMUX(14:|CsDesctipticn _
0-63 Contents of the Micro Engine’s Scratch Memory at Address-ME STATMUX[14:0]

64 Packet CNT[13:0]
65 Timer[15:0

66 GPRO[31:0]

67 GPR1[31:0]

68 GPR2[31:0]

69 GPR3[31-0]

70 GPR4[3 1-0]

71 GPR5[31:0]

72 GPR6[3 1:0]

73 GPR7[31:0]

74 GPR8[31:0]

75 GPR9[3 1:0]

76 GPR10[31:0]

77 GPRII[31.0]
78

BOOLEAN[3 1:0]
79

AdrsOut[31:0]
80

Data_Out[31:0]
81

IP[9:0] Instruction Pointer
82

SP[9:0] Stack Pointer
83

uCODE INSTRI31:0]
84

uCODE INSTRI63:32]
85

uCODE_INSTR[uC_WIDTH-1:64]
86

” uCODE_RDLOW{[31:0]87
uCODE_RDMEDJ[31:0]

88
qSCRATCHI31:0]

89 .
SRCOBL0]

90 .
SRCIP31-0]

91
PRODUCT/[27:0]

92
ALUJ31:0]93
SIIPTER[3 1:0]

94
LOGIC[3 1:0]

95
GMC_DECODE[31:0]

96 .
RESULT|31:0]

97
TIMER[LS:0]

98 . .
Sign-Extended SRCO
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— MESTATMUXIIA0)=CC(Description

99
 

Sign Extended SRC1
 

100
GMC_DECODE 

101
GMC_PACKCOLOR
 

102
Read Return Data 

103
Parser Debug Signals (MSB to LSB) in cp_me_parser.v:
iME HALT

ME_IP_IDLE

iRTD_RTRN_VALID

qRD_RTRN_VALID

qME_RAM_WDATA_CNT1:0]

qME_RAM_RDATACNT[I:0]

RAM_RADDRINC

qIP_START_CNT[1:0]

PUSH_STACK_DATA
POP STACK DATA

NEXTINSTR_SEL[1:0]

NEXTRAM_IP_SEL[2:0]

iPFP_ME_RTS

ME_PEP_RTR
DATA EXEC RTR

ADRSEXEC_RTR
BOOT,

MICRO_RD_AVAIL

SUPPRESS_OQUTPUT

STALLMULTIPLY

FORWARDSRCO

FORWARDSRC1

DMA.SZ,WRITE
DMA 87, WRITE OUT

qDMA_SZ_WRITE

DMA_BUSY
 

104
Parser Debug Signals (MSB to LSB) in cp me parser.v:

INCREMENTALUPDATE

CNT_EQZERO

TIMER[LQZERO
CIN

OPERIGBIT

OPERSBIT

SRCI SFI.

OPER_SEL

REPLICATE_BIT

    
SCOMP_SEL
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MESTATMUX[140)| Description
 
 

SHIFT_OPER

ALU_OPER
LOGIC OPER

MULT_OPER

GMCDEC_OPER

ADRS_CNT_XFC
1'do

qKEEP_RESULT

PPDW_TABLE
2d0 

105
Parser Debug Signals (MSB to LSB) in cp_me_parser.v:

GPRO_LOAD
GPRI LOAD

GPR2_LOAD

GPR3_LOAD

GPR4LOAD

GPR5_LOAD

GPR6LOAD

GPR7_LOAD
GPR8 LOAD

GPR9_LOAD

GPR10_LOAD

 
GPR11 LOAD

DATAEXECLOAD

ADRSEXECLOAD

BOOLEANLOAD
CNT LOAD

TIMERLOAD

MICRO_LOAD

SCRATCI]LOAD

gEXEC_SRCO

qEXEC_SRC1

qDATA_EXECLOAD

gADRS EXEC LOAD

WAIT_MICROREAD
 

106

   
Parser Debug Signals (MSB to LSB) in cp_me_parser.v:

qEXEC DEST

qEXEC_OPER

iME_BUS_RTR

qME_OUTRTS

DATA_OUT_RTR
ADRS_OUT RIR
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 ESTATMUKIIAG==(Description 

SCRATCHREAD

SCRATCHRE
SCRATCH RADDR

SCRATCILWE

SCRATCHWADDR

RBIU_SCRATCHVALID

INSTRSEL
1'd0 

107

   
Flow Control Debug Signals
 

9.810 Micro Engine Brush Decode Support Logic (Updated: 09-12-2002)

The CP needs to expand the compressed brush for 2D and write the uncompressed data to external memory. The CP uses the
BRUSH_TYPEfield in the GUI_CONTROLregister of 2D packets to determine howto uncompressthe data.

The decompression of the data is done by support hardware to the Micro Engine. The ME just writes the data as follows:

1. Brush_External_Address — External Address where the uncompressed brush data will be written. The address includes
the current context.

2. Brush_GULControl — GUI Control DWORD fromthe 2D PM4 packet. The support hardware uses the
BRUSH_TYPEfield (bits 7:4) to determine how to uncompressthe data.

3. BrushData — The ME wriles the uncompressed’ dala to this local register to sendit to the brush supportlogic.

Refer to the 2D Implementation spec and the PM4spec for details of how the brush data is uncompressed.

** Note that for Brush Types 0x6 and 0x7 (32x1 patterns), the CP just writes the single DWORD to memory and does not
convert the pattern to 32bpp.

9.811 ME Error Checking (Updated: 02-22-2002)

The Micro Engine will raise an interruptif it detects an illegal Opcode. The ME will simply stop when this happens. Thisis
implemented entirely in the micro code’s jumptable. 
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R400 Clock Structure
 

scik_g_enable

 
in  sclk_gobal  ~

selk_p
rSG_CP_pm_enb
 

scik_reg_enable

sclk_gobal —————_____
selk_p

rCG_CP_pm_enb
 

selk_global

operations:  

 
Master

e | ClockPermanent   selk_p oe

selk_gobal ——H4H4H4—, 
 

sclk_reg_enable

selk_p
rCG_CP_pm_enb~
 

 
sclk_gobal ——H4H4H4_ 

MH_CP_memelk_active

 
ati

 
selk_p

rCG_CP_pm_enb
rMH_CP_memelk_active 

in   
Figure 10-1 CP Clock Structure

3. Reprogramming voltage regulator on board.

1. Programthe CG to turn on/off/reprogram clock branches.

2. Control of power switches to minimize leakage current in the chip.

4. Monitor an embedded temperature sensorin the chip and adjust settings of clocks.

MasterClock
Gater

_

MasterClockGater
_

MasterClockGater
~

MasterClockGater
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10. Power Management Support from CP (Updated: 02-03-2003)

The CP gets a permancnt SCLK (sclk_global) from the Clock Gencrator (CG)and intcrnally gatcs it for power management.
The common “Master Clock Gater”circuit is instantiated several times to create gated clock domains in the CP. The diagram
below showsthe clock domains in the CP.

sclk_g

sclk_reg

selk_p ~

sclk_g_reg >

sclk_mem

Eachofthe clock gaters has an “enable” which also includes the DYNAMIC_CLK_DISABLEsignal from the CP_DEBUG
register. This can be used to disable the clock gating (i.e. Keep the clocks always onin the CP).

The overall power management function of the CRAYOLA canalso be assisted by the CP. The CP receives status (i.e. “Idle”
signals) from other parts of the chip and can poll registers for the purpose ofinitiating command streams(i.e. Real-Time
Command Streams). Within these commandstreamsit is possible for the CP to do the following via register read -modify-write

There maybe other possibilities, but they all involve using the CP’s event-initiated command streams(i.e. RT streams) and its
ability to perform read-modify-write operations onregisters/memory locations within the chip.
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11. Verification Plan (Updated: 01-18-2002)

The RBBMandCPare unit-tcested with the same combincdtest bench. This test bench has a BIF modclthat snpplics host
transactions (Read & Write). The CP interfaces with a model of the Memory Hub (MB). Trackers are used at the output of the
RBBMand CPto verify the transactions from both the BIF and CP are correctly forwarded to the register backbone.

The order of CP packet bring-up shouldbe:

1. Debug with belowpackets:

Type 0,1,2 Packets

Type 3 Packets:

SET_CONSTANT

IM_LOAD

2. Continue debugging the following Type-3 packets

LOAD_CONSTANT_CONTEXT

SET_STATE
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12. Performance Monitoring

The CP has a 48-bit countcr that can be uscd to count the numberof cycles that ccrtain signals arc asscrtcd. This is uscd to
determine ifthere are any performance issues within the CP. The followingis a list of items that can be monitored by
programming the CP_PERFCOUNTER_SELECTregister:
6'h00 : // Always Count
6'hO1 : // RBIU Transaction FIFO FUII
6'hO02 : // RBIU Transaction Almast FIFO
6'hO3 : // PFP Transaction is Waiting for RBBMin RCTU
604: // Real-Time Transaction is Waiting for RBBMin RCIU
G'h0S : // Real-Time Event Engine Transaction is Waiting for RBBMin RCIU
606 : // Non-Real-Time Transaction is Waiting for RBBMin RCIU
607 : // CSF Real-Time State Fetchor Waiting on MIU
6'hO8 : // CSF Non-Real-Time State Fetcher Waiting on MIU
6'hO9 : // CSF PFP IL Request FIFO is FULL
6'hOa ; // CSF PFP 12 Request FIFO is FUII
6'hOb : // CSF PFP State Request FIFO is FUII
G'h0c : // CSF PFP Real-Time State Request FIFO is FUII
6'h0d: // Ring Reorder Queue is Full
6'hOc: // IL Reorder Queucis Full
6'hOf: // I2 Reorder Queueis Full
6'h10 : // State Reorder Queueis Full
6'h11 : // Real-Time State Reorder Queueis Full
6'h12 : // MIU Tag Memoryis Full
6'h13 : // MIU WriteCleanis In-Progress
6'h14: // Real-Time Write Request Stalled by MIU Input TIO
6'h15 : // Real-Time Read Request Stalled by MIU Input FIFO
6'h16 : // Non-Real-Time Write Request Stalled by MIU Input FIFO
6'h17 : // Non-Real-lime Read Request Stalled by MIU Input FIFO
6'h18 : // Write Confirm FIFOis FULL
6h19 : // Vertex Shader Dealloc FIFO is FULT,
Ghla: // Pixel Shader Dealloc FIFO is FULL
Ghib : // Vertex Shader Event FIFO is FULL
Ghle : // Pixel Shader Event FIFO isFULL
6hld : // Cache Flush Event FIFO is FULL
6hle : // Micro Engine's RB Processing Starved by PEP
6h1f: // Micro Engine's I] Processing Starved by PFP
6h20 : // Micro Engine's 12 Processing Starved hy PFP
6'h21 : // Micro Engine's ST Processing Starved by PFP
622 : // Anyof the RT Slices are Armed and Waiting for a Trigger
623 : // Anyof the RT Slices are Triggered and Waiting for Execution
6'h24 : // Real-Time Slice 7 is Armed and Waiting for a Trigger
6'h25 : // Real-TimeSlice 7 is Triggered and Waiting for Execution
6'h26 : // Real-Time Slice 8 is Armed and Waiting for a Trigger
6'h27 : // Real-TimeSlice 8 is Triggered and Waiting for Execution

 

13. Design for Test

Signals in the CP are connected to the Test Bus for observation at the pins of the chip. The CP decodes select 0x03. Refer to the
CRAYOLACPtest bus documentfor details onthe wiring. 
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14. Physical Aspects

14.1 Hard Macro Requirement (Updated: 09-23-2002)
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Description Memory Cycle Unit
Time (ns) Area

(umsq)

48 x 23 RAM for the Tag Memoryin the Memory Interface Unit.(MIU) risd2_48x23cm1sw0 1.055 22,374

48 x 6 RAM for the Tag Re-Use FIFO in the MemoryInterface Unit (MIU) rfsd2_48x6cm4sw0 0.924 12,454

228 x 128 RAM for the Re-Ordering Queues (CSQ, STQ, MEQ) TBD (3) TBD TD
1408 x 75 RAM for Micro Engine Micro Code. (ME) High Density 1408 x 25(3) TBD EBD

Note: Bil 74 1s not used by the Micro Engine.

384 x 74 RAM for Real-Time Micro Engine Micro Code (MF) TRD TRD TRD

48 x 32 RAM/Regisler File for Micro-Engine (ME) Scratch Memory r{sd2_48x32cemI1 sw(2) TBD TBD

32 x 32 RAM for Real-Time Stream Base/Size Pairs (RTEE) rfsd2_32x32cemlsw0 0.841 21,020

8 x 256 RAM for the DMA Engine (DMA) rfsd2_8x256cm1sw0 1,134 61,805

16 x 32 RAM for RT (MEQ) rfsd2_16x32cm1sw0 0.769 15,854

32 x31 RAM for State Data Base/Size Fetcher FIFO (CSF) TBD TBD TBD

16 x 31 RAM for Real-Time Base/Size Fetcher FIFO (CSF) TBD TBD TBD

15. Appendices

15.1 2D Implementation in CP

Refer to the CP_Spec_2D_Appendix.docfile for details of how 2D is implemented in the CP for CRAYOLA.
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4A TYPE-3 PACKET ooeccccecccssceceseveveecesevessasevecsssuvesessuvesavavessessuessasaversssucesessnsasavessesessessevssenesesesasend 10

PACKET RESTRICTIONS (UPDATED: 03-20-2003)...cccsssssccssssssssssssssssssssssssssesssescssusessensesesseeee 11

5.1 PACKET LOCATION RESTRICTIONS (UPDATED: 03-20-2003) ooo eseccccecccersesesesesssseseveveeseseseenerees 11
5.2 RESTRICTIONS FOR PACKET ADDITIONS AFTER CHIP RELEASE (UPDATED: 06-17-2002)oo. 12

DEFINITION OF TYPE-3 PACKETS. cccccscscsssssssssssssssssssssssssssesssssssssssssssssssssssssssessssuessssssesssssssessesses 13

6.1 TYPE-3 PACKET SUMMARY(UPDATED: 03-20-2003) ooo occcccccccscccecsrevessececersecevssscnsseccnasseceavensavere 13
6.2—-:2DPACKS==LEGACY .occccccccececcscssecececessscecevacecserersrcavavavevscecseacacacavavivseseseaavevevavsvsvstsusvevevevsnsesese 15

6.2.1 PAINT (Updated: 07-10-2002) ooccccccccccssccesesssssesesesssvesssvessevssssevavessesesevessevevavevessasverseveseveees 2!
6.22 SMALL TEXT (Updated: 09-18-2002)

6.2.3—BIEBLT (Updated: 04-14-2003)..ccccccccsesscssessscssssssesssssvvssssssvsssssessssasevesavevessasevessasevevenseesenes 25
6.24  HOSTDATA BLY (Updated: 04-14-2003) cccc.ccccccccccsssscsssssesssssvssessssevecssssevessissvessssevsssrieesseee 26
6.25 POLYLINE (Updated: 09-10-2002)... ccccccccccccecccssvsssssvssesssesvesssevevsssavessssrevessissvstsasevivsrsestesees 28
6.26  POLYSCANLINES (Updated: 01-29-2003)...cccccccccsscssssssscsssssssessssssssssssevessssevssassevssseesenes 30
6.2.7  NEXTCHAR (Updated: 01-20-2003) oo... 31
6.28 PLY NEXTSCAN (Updated: 01-20-2003) oocccccccccccscsssscsssssecssssssvsssssevessssvessssevesseesssrssssere 32
6.2.9 SET SCISSORS (Updated: 10-17-2002)...0ccccccccccccsssssscsssssevsvsssesesessesevssseveessevieteseieseeseveseees 33
6.2.10 PAINT MULTI (Updated: 07-10-2002)... 34
6.211  BITBLTMULTI (Updated: 04-14-2003) .ccccccccccsccccssssssssssvsssssvsevesssssvecesssssvsvevevessasvieissssevesee 35
6.212 TRANS BITBLT (Updated Q4-14-2003) ..ccccccccccsccscssssssssssesvssssesessssesesssssevessisvsssasevsvsrsesseseee 36

6.213 LOAD PALETTE(Updated: 11-21-DOOD coco vvvvvsvvvvevesisvsvsvsssssssiiessseesseisssse 38
6.3—-DD PACKETS — NEWvocccsccccccccsscsesessosesecessevacavacscseresescevavavevssscsacavavavavavssssscsvavevevanseresssessevevereesevers 39

6.3.1 HOSTDATA BLT2 (Updated: 04-14-2008)..ccccccccccssessssscsssssssssvesssssvecssssssvivevevessasvieissnsveeee 39
6.3.2  LOSTDATA BLT PNTR (Updated: 04-14-2003) oooccccccccccccccsssscsssssevsssssvsvssssevvsssesessssrsssssees 40
6.33 GRADFILL (Updated: 11-18-2002) .ccceccccccesccssssssssssssvesssssssssssssessssssevesarevessasevessaseevesseesenes 4!
6.34  ALPHABLEND (Updated: 02-11-2003)..cccccccccssssssssssssssssscssssssssssssssesssssevesssssvssasevevesseeesenes 42
6.3.5 AAPONT (Updated: 01-23-2003) oocccccccccocccsssecssssevsessvssevsssesvesssesessssasesssstevessissvsssasevsssrseseseee 45

6.3.6 2D ENDIAN MODE (Updated: 01-22-2003) .o.ccccccccccscccssssssssssssssesevssssssvevevevessesevestevecernees 47
6.3.7 DRAW 2D COHER RECT (Updated: 05-12-2003) .ccccccccscssssssssscssssevesssvesssevsseseees 47

GA BDPACKETS.o.ccccccscseccssesevessveveesssevesssseveevsessesssssvssssivessssuvsssssivessnsuensasavessariuessssuensarsvisssssensssevesessees 48

6.414 DRAWINDX(Undeated: 07-15-2002) oocccccccccscsscsscsssssessesssovsesseesessesesevsssevevevevsssasevestevecevaees 48
6.4.2 3DDRAWINDN.2oceccccccscssssesssssssesssessesesesnevessssssevereveerasesisssavsesieanneessesesnversesasavrievesevaee 49

6.5 STATE MANAGEMENT PACKETS.......ceceeeee 50

6.5.1 SET STATE(Updated: 07-1 1-2002)..cccccccscoccsssssvssssvssevsvsvssssssseessssevesevssssvivvevessasvseisssseveses 50
6.5.2 SET CONSTANT(Updated: 05-14-2003) o.ccccccccccccccsssssssesessssrssssvesessesesseseseseseeseseseseeveseee 32
653 LOAD CONSTANT CONTENT (Updated: 05-14-2003) occurences 53
6.5.4 IM LOAD (Updated: 11-13-2002) vcecccccccccsessecsssssssssssvevsssessvsssssesessasevesavevecsssevessasevevesseeesenes 55

6.5.5 IMLOAD IMMEDIATIH: (Updated: 11-13-2002) .cccccccccscscssssesssssssecssssssvssevevsssesvsssssssveees 56
6.5.6  INVALIDATE STATE (Updated 04-04-2003) o.c.cccccccccccsssecscssssvsssssesesssssevssvssvssssssevsssrvesseseee 57

6.6 WAITT-ON / SYNCIIRONIZATION PACKETSvo. cccccccccccsessecesssecsesecenscsecsrevecsacecensccevsuscnssaccnassvcsavensavere 58

6.6.4 REG RM(Updated: 01-08-2003) ..ccccccccsscscccsssssssssessvvssssssssssssessssasevesasevessasvessaseevensetseses 58
6.6.2 WAIT REG MEM (Updated: 05-21-2002)...ccccccccccccscsscccsssssssvsssssssevesevesseseversssesevreeseveseeee’58
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6.6.3 MEM WRITE (Updated: 04-01-2002). c.ccccccccccccsccccssesssctsussecs sens cnsnecrssecsvensesenecessesecesees jg
 

 
 
 

   
   
 
  

6.6.4 CONDWRITE(Updated:12-04-2002) .cccccccccceccccereeieseteieseectenneeenenesessenties og
6.6.5 EVENTWRITE (Updated: 09-26-2002) ..cccccccccccssssesssssevssssevesessesesevssssvevvevsssesvesteveceveees 60
6.6.6 REG TO MEM(Updated: 08-29-2002) ..ccccccccccsccsssssvesvssseevsssesessssesevsseseisesesevisseseiesesveveseees 61
6.6.7 WAIT FOR IDLE (Updated: 03-11-2002) .c.cccccccccssssssvsssssscsssssssessssesesssavevesssssvissasevevenseesenes 62
6.6.8  CP_INTERRUPT (Updated: 03-25-2002) cccccccsccsssssssssssssssssevessssssesessssssivevevessssevieissnsevesee 62
6.6.9 VIZ QUERY(Updated: 09-06-2002).o..c..ccccccecccsscsssssvssssssesvssssevessssesesssstevessissvstsssevivsrsesseseee 63
  
  

 

 

 
 

 

 
 
 
  
   
 

 
  

   
 
 

 
  
   
 

6.7 MPEG PACKETS woo. cececccccccccecesecscsesesessecesevsceesesesescesecsssesescssscasesauevsesesasensesssessaseasenersesssensenasena 64
6.71 MPEG INDEX (Updated: 03-06-2003) 0 ccccccccccccccccceccseccececesenseteceseetenseenentecsentenaeesenecaeeneees 64

6.8 MISCELLANEOUS PACKETS ..0.00.0..0ccccccccccccccccececeesseceesecsueseteesesesaeeesecssaeeecsseseseceseesseseceneseseseeserssaes 65
6.8.1 NOP (Updated: 03-11-2002) ....cccccccccccccccccccecces tees cece sees tbes tees tece cee eeeetcsteieceseeenstcssecuesesesensees 65
6.8.2 INDIRECT BUFFER (Updated: 03-20-2003) ..cccccccccccccceccccsetecesetteseeesaesasessnessaeesaesssesessaes 65
6.8.3 INDIRECT BUFFER PFD (Updated: 03-20-2003) .occccccccccccccccccescsesscessnsesessseesessssssesecsseaes 66

6.8.4 IB PREAMBLE (Updated: 10-02-2002) ...c.ccccccccccceccceeteesesevecececneuseesesevevsecaeneeeeseusvieeeeateaes 67
6.85 LOAD EXECUTE (Updated: 10-28-2002) Not Currently Supported.......ccceee 67
6.8.6 ME INIT (Updated: 04-21-2003) ceccccccccccecccceccstscececsencereceecnseneceseetenseeestecaeeneenacerenecaeeneees 68
68.7—FIXQELY REG(Updated: 09-24-2002) .oocccccccccceccccssesssessecsvssssssvessvestsessssssintesessesssesessueesees 70

6.9 INTERNAL CP PACKETS ooo cccccecccccccccccsscceceveceesecevessececsssevsssvensesecssstecsssecessececsuseusssserssecsiatecsasese 71
6.94 IB PREFETCH START (Updated: 12-13-2002) ..occcccccccccccccccccececetscssecveeseseeasecsseerecsnseeneees 71

6.9.2 IB PREFETCH END(Updated: 12-13-2002) .occcccccccccsccccstscscessseceresescnsetessreesenaeereeecaeeaes 71
6.9.3 SUB-BLOCKPREFICPCH(Updated: 06-10-2002) occccccccecccsccesecscsssssesssssesecssesstcesssssueseceees 71
6.9.4 CONST PREFETCH (Updated: 10-18-2002) oo. ccccccecccccecsecececeeeeeseeveteceeeeeeeseusvieseeateaes 72
6.9.5 INSTR _PREPETCH (Updated: 11-13-2002) oocccccccccccccccceccccecesecsttesacesaesasecsnessaeessesssessessaes 72
6.9.6 INSTR MATCH (Updated: 04-09-2002) cicccccccccccccecesctseccsctscscesessacesesescestersseesenaeereeecaseaee 73
6.9.7 MICRO_PREFETCH (Updated: 10-28-2002) — Not Currently Supported....00.0.00.0ccccee 73
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2 Revision History
24 Oct 2001

8 Nov. 2001
28 Feb. 2002

07 Mar. 2002

15 Mar 2002

04 April. 2002

July 2nd 2002

Oct. 3 2002

Nov. 4 2002
Nov. 5 2002
Nov. 13 2002
Nov. 18 2002

Nav. 20) 2002
Nov. 21 2002
Dec. 3 2002
Dec. 13 2002
Dec. 18 2002
Jan. 6 2003
Jan 8 2003

Jan. 13 2003
Jan. 17 2003
Jan. 20 2003
Jan. 20 2003
Jan. 22 2003
Jan. 24 2003
Jan. 29 2003
Jan. 30 2003
Feb. 11 2003
Feb. 23 2003
March 12, 2003

March 20, 2003
April 2, 2003

April 4, 2003
April 14, 2003
April 17, 2003
May 12, 2003
May 14, 2003
May 19, 2003
May 20, 2003

Version 0.01 Baseline lrom Version 1.12 from Khan (R300). Information in 0.01 CRAYOLA PM4spec1sall subject to change.
Added STATELOADand LOADEXECUTE commandpackets as a proposal. -- J. Carey.

Version 0.03 Removed packets that are no longer needed for CRAYOLA & Added Others. Version 0.02 was not officiallyreleased.
Version 0.04 SetState and Load_Constant_Context can be used within Real-Time Streams. Write-back of constants does not occur
for a Set_Constant packet within a Real-Time stream. MPEG packet needs update. Added back 3DDRAWINDX_2 packet. Updated 2D
packet description section. Added diagram for character mapping for SmallText packet. Added SMALL_TEXTCRAYOLAand
HOSTDATABLTCRAYOLApackets. Clarified sizes offields in the Set_State packet. Removed AGP_FENCEpacket; a Type-0 packet
can be used instead. Removed the R'WAIT* packets; the WAIT_* packets can just be used within a real-time stream. Removed
INVALIDATEALLSTATE;the INVALIDATESTATEcanbe usedto invalidateall of the state remembered bythe CP. Sizes of sub-
blocks are in the Set State Packet. Removed MULTIPASSstart and end packets. The multi-pass operation is performed with the
INDIRECT_BUFFER packet. Remove the DataBuffer packet. Added instruction immediate data packet for 2D processing.
Version 0.05 Renamed 2D Scratch Memoryto 2D Defaults Memory. Update to the IBPREFETCH_STARTpacket format. Set_State
and Load_Palctte packets are “2D State” packets and will only assign a newcontext if theyare the first packets after a 2D/3D “draw”packet.
Version 0.06 Updates to Internal CP Packets for the PFP-to-ME communication. Moved Type-3 NOP packetto the misecllancous
section.Added MICROPREFETCHpacket lor Load_Execute command.

Version 0.07 Updates from the PM4 Design Review and 2D Discussions with Andy Gruber.Added VGT_INDX_OFFSETto 3D
DrawPackets. Updated GUT Control with Renderer Backend registers that will be written. Update to POLLYTINE packet — CP breaks into
multiple draw packets to do brush offset modulation. Updated brush conversion table for 32x] brushes — brush is written twice to memoryto
fill the entire 64-DWORD brush. Tix equations in Load_Constant_Context packet. Clarifications for 2D GMC table w.r.t. CO and C1
constants. Updated CP_Interrupt packet to accommodate micro engine design. Updated order of invalidates for InvalidateState packet.
Remove support of “single” ring mode for Instruction Memory management. Updated packets for “write confirmation”.
Version 0.08 HostData_BlIt_Pntr only supports one BIGCHARper 2D design review. Added new2D packets from J. Cheng. Set_State
supports 8 sub-blocks with a size encoding as a multiple of 8. Added Set_CFConstant packet. Updated MEINIT packet. Instruction load
packets support a size to load the full 12,288 DWORDsof instruction memory. Updated number formats for 2D packets. Updated compare
function bit width for CondMemWrite and WaitRegMem. Text Updates to MPEGIndex packet. Updates to 2D packets for 4kByte
surface alignment. Changed CONDMEM_WRITE to COND_WRITE. Added GMC to newpackets. Set_State and Load_Constant_Context
packets should not be within the 2D streamas theyare used to determine the 2D-to-3D mode switch. Strike through out-of-date packets.

 
Vorsion 0.09 Update Draw_Indxtext for Pro-Fetch Parser algorithm. Updated ME_INIT packet. Updated pscudocoderelated to the
issuance ofthe event initiators to the Scan Converter. Updated the pitch format to be Pixels/32 and update the 2D packels with sourceto sel
the B4 (Source Fetch) 2D Boolean. Added sign extension note for lhe PLY_NEXTSCANpacket. Updates to AlphaBlend packet to add
source data format.

Version 0.10 Update format ofthe MPEG TNDX packet to support the use ofrectangle lists.
Version 0.11 Updated format of the Grad_Fill Packet.
Version 0.12 Im_Load and Im_Load_Immediate packets write the SQPSPROGRAMregister for real-time.
Version 0.13 Sct RB_BLENDCONTROL.COLOR_DITHER_MODEto DITHER_LUTfor Grad_Fill packcts with DST_TYPE !—
32bpp.
Version 0.14 Add Register Read/Mod/Write Packet. Add Note to Load_Paletie Packet.
Version 0.15 Update to Register Read/Mod/Write Packet.
Version 0.16 Update IB BASEinthe Indirect Buffer PM4 packet to be 31:5.
Version 0.17 Dummyvalues in IB_Prefetch packets are Oxdeadbeef by the pre-fetch parser.
Version 0.18 AAFont and AlphaBlend PM4 Packet Updates.
Version 0.19 Clarification to InvalidatcState packet w.r.t. use of Mem_Write.
Version 0.20 Update RegRMWpacketto include register source for and_mask and or_mask. Add note that scan_count should be
greater that zero Lor the Polyscanlines packet.

Version 0.21 Add newpacket to control endian mode for 21).
Version 0.22 Updated Booleans and Description for AlphaBlend packet.
Version 0.23 Added note to PlyNextScan and NextCharabout requiring a proceeding packet with a GMCto set-up the 2D state.
Version 0.24 Update AlphaBlend with equations and new RB_BlendControl settings. Update AAFONTforsetting the B6 Boolean.
Vorsion 0.25 Update to 2DENDIANMODEpacket. AlphaBlend update for sources without Alpha term.
Version 0.26 Add note to LCC packet for the constant write enable behavior.
Version 0.27 HostData_BIt and PolyScanLines can specily a number of zero.
Version 0.28 MEINIT in non-RTstream invalidates matching pointers and constant wrile enables.
Version 0.29 Removed SRC=DST (H/W)restriction for non-stretch Alphablend packets.
Version 0.30 Write ConfirmInterval is for Future Use Only.
Version 0.31 Add Pre-etch Disable to the Indirect_Buffer packet. Added note to the IlostData_Blt2 and IlostData_Blt_Pntr packets
indicating that the CP outputs a rectangle primitive per scan line to improve texture fetch performance.
Version 0.32 Added newIndirect_Buffer_PFD packet which does the pre-fetch disable implied instead ofa control bit in the packet.
Version 0.33 RBCLRCMPMSK_Hland RBCLRCMPDST_H1 written by 2D indirect butter and not the microcode. The
RBCLRCMP_LOformatis based onthe pixel type.

Version 0.34 Add matching logic for the Loop and Boolean Constants in the LCC packet. Set_Constant also writes to memory.
Version 0.35 Document some setting restrictions to BitBlt and HostData_Blt packets.
Version 0.36 Addition to ME_INITto allow checking for Type-0 and Type-1 packets in Indirect Buffers.
Vorsion 0.37 Added NewType-3 to view 2D coherencyrectangle generated by CP.
Version 0.38 Misccllancous Clarifications.
Version 0.39 Correct values that ME_INITsets the 2D coherency rectangle.
Version 0.40 Correction to GradFill’s primitive type lor rectangles.
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3 OpenIssues/Items to Complete (Updated: 05-07-2062)

10.

Ll.

12.

19.

20.

21.

22.

Possible addition of 2" default DSTPITCHOFFSETvalue for the CRTC #2. A: Yes.

In PM4 design review (03-13-2002) S. Morein stated that the Sub-Block size encoding may change. On 03-28-2002,
Steve Morein stated that the sub-block size issue will be resolved within 2 weeks (bv 04-24-2002). 4: 05-06-2002:
Set_State will support 8 sub-blocks & the Size encoding is (N—1)*8.
  

Maydefine more 2D packets that use the 3D engine resources so that CP doesnot initiate 2D Indirect Buffer betweenthe
2D’s use of the 3D pipe - 2D GRADFILL, 2D ALPHABLEND, 2D AAFONT.

For a POLYLINE packet with a single line segment, if XO=Y0the entire packet should be discarded (J. Cheng). 4: 04-
23-2002. No. The graphics pipeline hardware will take care offiltering this condition.

 

 

Howis the swap field supplied for Index Buffer in the Draw_Index packet? A: /tis providedas the upper bits ofordinal
#6.

A Conditional_Write_Mem packet wasdiscussed at the PM4 design review (03-13-2002) by S. Morein. 4: The
COND MEMWRITE packet has been added.

 

   

Need to determine if the Ib_Preamble packet should contain anything more complicated than a fixed signature value. A:
This will be a fixed value for CRAYOLA.
 

 
Does the CP need to perform the byles-to-pixels conversionof the pitch? A: 03-15-2002: No. The pitch supplied will be
in terms of pixels.

MPEGpacket needs update. The registers it wrote for R300 maynot exist in the CRAYOLA. 4:03-/3-2002: The MPEG
packet will be the same format as R300. The mask howeverneedsto be zero.
 

The Load_Palette packet maynot be needed. Jeffrey Cheng will look into existing Driver codeto seeif it is ever used. It
is believedthatit is not used in the 9x/NT Drivers. 4: The LOAD PALETTEpacket is usedfor bitmaps with 4bpp or
Sbpp, so il is needed.

Reasons for removal of the Data_Buffer(a.k.a. Indx_Buffer) packet: DRAW INDXcan be used to fetch indicesin
separate buffer, Im_Load can be used to fetch shader code, and Load Constant Context can be used to fetch constants.

  

 
     

Definition of a Type-3 packet that is placed at the beginning of buffers to validate the buffer as “valid”. A:
IBPREAMBLEpacket.

. Possibly the DRAW_INDX packet mayneed to support having the CP fetch the indices instead of the VGT. This will
either be a separate packet or a newbit in the 2™ ordinal of the packet. Tim Kelley will provide feedback. 4: No.

. Need a definition of the “Null” packet for Viz Query. A: Event initiators indicate Viz Query Begin and End.
 

. Need a review of the Multi-Pass packets. I think there are difficulties with these packets considering that we are now
doing pre-fetching of commandstreams. A: INDIRECT BUFFER packet has a flag to indicate multi-pass.
 

. What is the Base and Size restrictions for Index Buffers? 4: Same as prior designs.

. Get confirmation on the need fora LOADEXECUTEpacket. 4: CP will support this packet.

. Canthe sub-block sizes be a powerof 2? 4: 01-22-2002 Yes per Phil Rogers. The sizes are also embedded within the
 

Set State packet.

Do weneed scparatc Real-Time cquivalcnt packets for the WAITREG/WAIT_MEMpackct? 4: No. The packet can be
used in the Real-Time stream as well. 

Should we have a separate Set_State packet equivalent for Real-Time Streams? 4: No. The Set State packet can be used
in_a Real-Time stream with some restrictions.

  
 

Since the CP still has a general-purpose DMA engine,is there still a need for the Reg_to_Mempacket? A: Sure.

Is there a need for the “fine” grain Invalidation control (Invalidate_State packet)? A: Yes. In fact the INVALIATE STATE
packet can be usedto invalidate all state, so the INVALIDATE ALL STATE packet can be removed.
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23,

24.

25.

26.

27,

28.

29,

30.

31.

32.

Canthe Invalidate_AllState packet be removed and just use the InvalidateState packet with all its control bils set? A:
Yes.

Whichregister in the BIF does the “AGP FENCE” command packet write to? Why cannot the “AGP Fence” packet be
just replaced with a Type-O packet? 4: 4GP Fence packet removed. 

Information needs to be added to the Draw Calls to associate them to a Per-Draw-Call Constant set. A: 10-30-2001: Per

Steve Morein, there is no longer a requirement for PDCCs.
 

Command Packet Set_State_Base_Ptr should be implemented as a Type-0 command packet (E-mailed questionto S.
Morein on 10-01-2001)? A: This packet is not needed. All the sub-block pointers are full memory addresses. so they do
not need an base address.

 

Is there a need to support the Type-1 packet? A: Yes for legacyreasons.

Is there a need for the “3D_Clear_*” PM4 packets A: 11-13-2001: No. Instead. primitives will be rendered with
parameters set such that the CRAYOLA memories will be cleared. Thisis faster than discrete writes (8x8 can be
processed per clock).

What formare the 2D packets for CRAYOLA? Are they the same and the CP does the translation to shader format or
does the driver send newpackets that have the data in a nalive CRAYOLAformat? 4: The POR is that the command
packets are the same. Steve Morein will work through the PM4 conversion requirements which we will review on
September Igt

Because the Plan-Of-Record (POR)is that the CP does not have immediate data, a plan needs to be determined as to how
this data nowgets into the chip for the following packets: 3D_DRAW_IMMD & 3D_DRAW_INDX & Host_Blit &
Small Text. 4: CP would perhaps fetch the data, but then skip over the data instead ofparsing. The CP instead would
send a command do the Vertex/Index fetcher to fetch the data. Ifthe data set is too large, the CP stream fetcher mayalso

 
 

 

 
 

skip over fetching the data.

Proposed new Type-3 packet used for dispatching Indirect Buffers for the Pre-Fetch Parser in the CP. E-mail sent on 09-
24-2001. A: 09-25-2001 — Approved by Phil Rogers.
 

Canthe existing opcodes that are not being used be re-assigned to the new packets being added for CRAYOLA? A: 09-
25-2001 Yes. Per Phil Rogers.
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4 Packet Types
Whenprogramming 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 of PM4 Command Packets ineither systemor video (a.k.a. local)
memory, and let the Micro Engine to do the rest ofthe job.

Three types of PM4 command packets are currently defined. They are types 0, 2 and 3 as shownin the following figure. A PM4
command packet consists of a packet header, identified by field HEADER,and an information body, identified by IT_BODY,
that follows the header. The packet header defines the operations to be carried out by the PM4 micro-engine, and the information
body contains the data to be used by the engine in carrying out the operation. In the following, we usc brackets[.] to denote a 32-
bit field (referred to as DWORD)ina packet, and braces {.} to denote a size-varying field that may consist of a number of
DWORDs.If a DWORD consists of more than onefield, the fields are separated by *|’. The field that appears on the far left takes
the most significant bits, and the field that appears onthe far right takes the least significant bits. For example, DWORD
[HI_WORD | LO_WORD]denotes that HIWORDis defined on bits 16-31, and LO_WORD onbits 0-15. A C-stylc notation of
referencing an element ofa structure is used to refer to a sub-field of a main field. For example, MAIN_FIELD.SUBFIELDrefers
to the sub-field SUBFIELD of MAIN_FIELD.

Type-0 packet  

  
       
 

 

   
 
   

  

                                      
  

  
                               
 

 

cag S37 22722222227To. S|Bit position 7 0 gay 8 aa 32 ‘aaeea2 10 Seu
Packet header 00 COUNT a BASE_INDEX

REG_DATA_1

REG_DATA_2
IT_BODY

REG_DATA_n
fe

Type-2 packe
Bit position eeeee a

P 41019 8.7 65.4 3.2 1olgsl 76s 43. Le
Packet header 10 Reserved

Type-3 packet
Co hee eleee

Bit position qodgea7654aetogs76s43 21098 (8944:
Packet header 11 COUNT IT_OPCODE Reserved

DATA_1

DATA_2
IT_BODY
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4.1 TYPE-0 PACKET

Functionality

Write N DWORDsin the information bodyto the V consecutive registers, or to the register, pointed to by the BASE_INDEXfield
of the packet header.

Format

 

[HEADER ]
[REGDATA1]
[REGDATA2]
   

[REGDATAN]

HeaderFields

BASEINDEX The BASEINDEX[14:0] correspond to byte address bits [16:2].
The BASEINDEX is the DWORD Mcmory-mappcdaddress.
This field width supports a memory map up to 32K DWORDs(128K Bvtes).

ONEREGWR|0:- Write the data to N consecutive registers.
1:- Write all the data to the same register.

COUNT Count of DWORDsin the information body. Its valuc should be N-1 if there
are N DWORDsin the information body.

TYPE Packet identifier. It should be zero.

Note: Symbol‘:-’ reads “defined as.”

 

 

    
Information Body

 

REGDATA x_|Thebits correspond to those defined for the relevant register. Note the suffix x
of REG_DATAxstandsfor an integer ranging from 1 to N. 

Comment

The use of this packet requires the complete understanding of the registers to be written.
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4.2. TYPE-2 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 not fully filled. This allows the CP to skip the trailing space
and to fetch the next packet.

Format

 

 [HEADER |]

Headerfields

 TYPE Packetidentifier. It should be2.
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4.3) TYPE-3 PACKET

Functionality

Carry out the operation indicated by field IT_OPCODE.

Format

[HEADER |  {ITBODY}

Headerfields

PREDICATE Predicated version of packet whenbit 0 is set.
Reserved This field is undefined, andis set to zero bydefault.

** 3D Packet Additions After Chip Release must Set bit 7.

IT_OPCODE Operation to be carried out. See section 6 for details.
COUNT Number of DWORDs-] in the information body. It is N-1 if the information body

contains N DWORDs.
TYPE Packet identifier. It should be 3.

  

    
Information Body

The information body ITBODYwill be described extensively in the following scctions.
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5 Packet Restrictions

5.1 Packet Location Restrictions (

The followinglists the restrictions for the usage of the packcts:

1. Real-Time Packet Limitations:

a.

2

SET_STATE -— Allowed in a Real-Time Stream, but no pointer matching occurs. All the sub-blocks are
unconditionally fetched if not disabled. The vertex and pixel shader pointers are ignored. See Im_Load and
Im_Load_Immediate packets for loading real-time shader code.
IM_LOAD - Allowed ina Real-Time Stream, but no pointer match occurs. The shader code is unconditionally
fetched.

SET_CONSTANT-Allowed in a Real-Time Stream, but no write-back {o memory occurs.
LOAD_CONSTANT_CONTEXT -— Allowed in a Real-Time Stream, but no matching occurs. The constant data
is unconditionally fetched.

2. Packets Not Allowed in a Real-Time Stream:

romrgmoana
Any 2D Packets
DRAW_INDX
3D_DRAW_INDX_2
WAITFOR_IDLE-- No NQ WAIT function in RBBMfor Real-Time Streams
VIZ_QUERY
INDIRECT_BUFFER-- Includes Multi-Pass Operations
INDIRECT_BUFFER_PFD
MPEGPACKET
IB_PREAMBLE- Asa Result of No INDIRECT_BUFFER
INVALIDATESTATE — No “Last Pointers” for Real-Time
EVENT_WRITE

3. Packets Not Allowed in Indirect Buffer #2

a.

b.

INDIRECT_BUFFER — Not a 3" Level of Command Buffers

Any 2D Packet (Requires a 2D Indirect Buffer Fetch)

4. Packets not allowed in a 2D stream:

a.

b.

LOAD_CONSTANT_CONTEXT- Used for 2D-to-3D made switch determination.

SET_STATE - Used for 2D-to-3D mode switch determination.

5. Onlythe following packets can be used to load the instruction memory: Set_State, Im_Load, and Im_Load_Immediate.
The use of Type-0 packets to load instruction memoryis not allowed, as the Driver does not have visibility to the
pointers that the CP maintains within its microcode.

6. The following methods can be usedto initiate indirect buffers:

a.
Type-0 Packets — Must be a single Type-0 packet where the BASEINDEX in the headeris either the
CP_IB1_BASEor CP_IB2_BASEregister andit also writes the buffer size register. The Header’s COUNT
field needs to be 0x01 and the Header’s ONE_REGWR field needsto be ‘0’.

INDIRECT_BUFFERPacket — Thisis the preferred mode in CRAYOLA.The Indirect Buffer packet includes a
“multi-pass” control flag that allows the indirect buffer to be fetched/executed more than once.
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5.2 Restrictionsfor Packet Additions after Chip Release (Updated: 06-17-2002)

The programmability of the CP allows the addition of PM4 packets after the chip is produced.
Because 2D packettranslation is performed in the Command Processor, the following restrictions are imposed on new packets:

1. New Type-3 2D packets must have bit 15 set in the Header (i.e. GMC Processing Required).
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6 Definition ef Type-3 Packets
Type-3 packets have a commonformat fortheir headers. However, the size of their information body may vary depending onthe
value of field ITOPCODE.Thesize of the information bodyis indicated by field COUNT.If the size of the information isNV’
DWORDs,the value of COUNTis N-/. In the following packet definitions, we will describe the field IT_BODY for each packet
with respect to a given IT_OPCODE,and omit the header. The MSB of the IT_OPCODEidentifies whetherthis packet requires
the GUI_CONTROLfield (described later). A “1” in the MSB of the IT_OPCODEindicates that GUI control is required. A “0”
in the MSBof the IT_OPCODEindicates that the GULCONTROLshould be omitted.

Opcode assignment POR: For CRAYOLA,all packets that are used fromprior designs will keep their existing opcodes. All new
packets that are being defined for CRAYOLAwill re-use opcodes from packets that are “retired”(i.e. packets have not been used
since before Rage 6).

6.1 TYPE-3 PACKET SUMMARY

   

 

  
 
 

  
 
  

 

 
  

 

 

 

 
  

 

   
 

   
   

 

  

¢ tio
NOP Ox10 Skip N DWORDs toget to the next packet. Supported
PAINT 0x91 Paint a number ofrectangles with a color brush. Supported
SMALLTEXT 0x93 Draw a string of small characters on the screen. Supported
BITRILT Ox92 Copya source rectangle to a destination rectangle. Supported
HOSTDATABLT 0x94 Draw a string oflarge characters on the screen, or copy a number of Supported

bitmaps to the video memary.
OLYLINE 0x95 Draw_apolyline (lincs connected with their ends). Supported

aa

POLYSCANLINES Ox98 Draw polyscanlines or scanlines. Supported
NEXTCHAR 0x19 Print a character at a given sercen location using the default foreground Supported

and background colors.
PLY_NEXTSCAN 0x1D Draw polyscanlines using current settings. Supported
SET SCISSORS OxlE Set up scissors. Supported

PAINTMULTI Ox9A Paint a numberof rectangles on the sereen with one color. The difference Supported
between this function and PAINTis the representation of parameters.

BITBLTMULTI Ox9B Copy a numberof source reclangles to destination rectangles of the screen|Supporled
respectively.

TRANS_BITBLT Ox9C 2D transparent bitbIt operation. Supported

WATT_FOR_IDLE 0x26 Wait for the IDLE state of the engine. Supported

LOAD PALETTE Ox2C oad a palette for 21D scaling. Supported

3D_DRAW_INDX_2 0x36 Same as 3DDRAW_INDX,but without VAP_VWTX_FMT Modified: Draw_Initiator

 
replaces Vf_Cntl.
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MPEG_INDEX MPEGPacked Register Writes and Index Generation Format Redefined for
Crayola

REGRMW Register Read/Modify/Write ‘ew for Crayo
Initiale Feich of Index Buller

Begit/End Initiator for Viz Quceury Extent Processing ew for Crayo!
Load Custom ME Code and Execute Experimental Use Only.
Fetch State Sub-Blocks and Initiate Shader Code DMAs ew for Crayole
Load ScquenecrInstruction Memory (Pointer-Based) ow for Crayo!
Load SequencerInstruction Memory (Code Embedded in Packet) ‘ew for Crayola
Load Constant inte Chip and to Memory ew lor Crayola

0x49 Internal Packet Used Only by CP ‘ew for Crayola

INVALIDATESTATE Selective Invalidation of State Pointers ew lor Crayola
WAITREGMEM Wait Until a Register or Memory Location is a Specific Value. ‘ew for Crayo
WAITREGEQ Wait Until a Register Location is equal to a Specific Value. ‘ew for Crayola
WAIT_REG_GTE 3 Wail Until a Register Location is greater than or equal to a Specilic Value.

3 Write DWORD to MemoryFor Synchronization
COND MEM WRITE Conditional Write to Memory ‘ew for Crayola
EVENTWRITE Generate an Event that Creates a Write to Memory when Completed
EVENTWRITESHD 3 Generate a VS|PS_Done Event. Supported
EVENTWRITECFL Generate a Cach Tlush Done Event. Supported

Generate a Screen Extent Report Event.
EVENTWRITEZPD Generate a Z-Pass Done Event. Supported

EG_TOMEM Reads Register in Chip and Writes to Memory ‘ew for Crayo
INDIRECT BUFFER Indirect Buffer Dispatch — Pre-fetch parser uses this packet type in Supported

determining to pre-fetch the indirect buffer.
INDIRECT_BUFFER_PFI) Indirect Buffer Dispatch — Sameas Indirect_Buffer, but init is pipelined.

3 Generate Interrupt from the Command Stream
IOSTDATA_BLT2 Same as IOSTDATABLT, but one BIG_CILAR and CP Skips Data ‘ew for Crayola

Same as HOSTDATA_BULT, but embedded data is replaced with a pointer.
IB_PREAMBLE Preamble Packet for IBs lor Error Checking ew lor Crayola
IBPREFETCI]START Internal Packet Used Only by CP ‘ew for Crayo
IBPREFETCHEXD x17 Internal Packet Used Only by CP ‘ew for Crayo

INSTR_PREFETCH } Intcrnal Packct Used Only by CP ‘ew for Crayo
INSTR_MATCH Internal Packet Used Only by CP vew for Crayo!
MICRO PREFETCH Internal Packet Used Only by CP Experimental Use Only.
INCR_UPDATESTATE 3 Internal Packet Used Only by CP
INCRUPDATECONST Internal Packet Used Only by CP ‘ew for Crayola

internal Packet Used Onlyby CP
ME_INIT Initialize CP’s Micro Engine ew for Crayo
FIX2FLT_REG Convert Fixed Integer Value to Float (0.0 to 255.0) and Write to Register ‘ew for Crayo
GRADFILI. XC: Draw Gradient Filled Primitive vew for Crayol
ALPHABLEND Do Alpha Blending Blit ew for Crayo
AAFONT Draw an AA fontstring. ‘ew for Crayo
2D ENDIAN MODE x4 F, Jpdate the 2D SRC and DST Endian Swapping Controls vew for Crayol
DRAW_2DCOHERRECT Draw 2D Coherency Rectangle Maintained by CP (Debug Use Only) ew Lor Crayole
MEM_WRITECNTR Write CP_PROGCOUNTERvaluc to memory vow for Crayo!
SETBINMASK Sets the 64-bit BINMASKregister in the PFP ‘ew for Crayo
SET_BIN_SELECT Sets the 64-bit BINSELECTregister in the PFP ew for Crayo.

 

 

 
 

 

  
 

 
 

 

 
 

a
a
a
a
 a

a

 

 
 

 
 

 
 

 
 
 

    
ATI Ex. 2067

IPR2023-00922

Page 199 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 200 of 448

6.2 2D PACKETS -- LEGACY

The information body ITBODYof 2-D packets may have the following format:

 
Ordinal | FieldName

1 {SETTINGS}

2 {DATABLOCK}

 

 

SETTINGS

This ficld consists of 2 sub-ficlds, GUICONTROL and SETUP_BODY.

Field Name

1 [ GUL CONTROL]
2 {SETUPBODY}

° SETTINGS .GUI_CONTROL

    
This ficld will be used to sctup the register DP_GUI_MASTERCNTL,andit also decides the contcnt of
SETTINGS .SETUP_BODY.

The CP has 2D default registers. If the default is requested in the GUI_CONTROL,the CP will use the values from these
registers, otherwise the data must be supplied in the command packet. Note that values that override the defaults will not overwrite
the default values. The default values are loaded into the CP via Type-0 packets and/or direct register writes by the Driver. They
are stored in the same format as they are wriltcn.

Where the CP is writing constant data, the fields constant (ALU or Texture Fetch) do not have to be modified will have default
valucs cmbedded in the CP microcode.

Refer to the CP’s power-up initialization section of the CP unit spec for details the minimum2D initialization.

The figure belowillustrates the meaning of someofthe fields related to 2D packets:

Updated: 7/18/2002
John A. CareySRC_OFFSET

 

 

  
  
       
     
    

  
        

 

 
 

 
 
 
     
 

Palette Memory Brush Memory
(32K Bytes) (32K Bytes)

co 1-256 DWORDs[|Co|~ 255 DWORDs(8x32)
ct C1
C2 C2
C3 C3
c4 C4 ‘

ce co “ SRO_LPCCII -

= = DST_OFFS=T

Immediate Data
(612K Bytes)

co — 16K DWORDs
C1
C2
C3
c4
C5
cé
C7

     
   

2ST_PITCH

Figure 6-1: 2D Field Illustration
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SRCPITCHOFF The bit controls the pitch and offset of the blitting souree.
0:- Use the DEFAULTPITCHOFFSETfrom CP’s 2D Defaults Memory,
and ne datum [SRC_PITCH_OFFSET] is supplied in SETUP_BODY.
I:- Use the datum [SRC PITCH OFFSET] supplied in SETUP BODYto set
up a newpitchoffset.

CP writes the Pitch and Tile to DW#0 of
the ‘0 constant. It also sets the “2D
Texture” flag in TO if it is not a
Small Text or HostData Bit* packet.
The CP writes the Offset[21:0] value to
bits [31:12] of DW#1 of the TO constant.
The CPalso calculates and writes the
DATA_FORMATfield in DW#1 ofthe
‘10 constant. 

DST_PITCH_OFF

SRC_CLIPPING

Thebit controls the pitch and offsct of the blitting destination.
0:- Use the DEFAULT_PITCH_OFFSETfrom CP’s 2D Defaults Memory,
and no datum [DS'T_PITCH_OFFSET] is supplied in SETUP_BODY.
1.- Use the datum |DS'T_PITCH_OFFSET] supplied in SETUP_BODY. ‘The
pitch may mean the bitmap pitch and the offset maypoints the off-screen
area ofthe video memory.
This bit controls the clipping parameters of the blitting source.
0:- Use the default clipping parameters from the
CP_DEFAULT_SC_BOTTOMRIGHT register and no relevant clipping
data supplied in SETUP_BODY.
1:- Use datum [SRC_SC_BOTTOM_RIGIIT] supplied in SETUP_BODYto
set up the bottom and right cdgesofthe clipping rectangle.

CPwrites this valuc to the
RB2DBASEPITCHregister in the
RB.‘The CP does not change the [ormat
ofthe value that it writes to the RB.

The CP stores the
DEFAULT_SC_BOTTOM_RIGHTin the
Micro Engine’s Scratch Memory for use with
source clipping (BitBI.T, BITBI.T_MUIL.T,
and Trans_Blt packets).
  DST_CLIPPING

BRUSH_TYPE

DST_TYPE

Thisbit controls the clipping parametersof the blitting destination.
0:- Use the default clipping parameters from the
CP_DEFAULT_SC_BOTTOMRIGHT register and no relevantclipping
data supplicd in SETUP_BODY.Top/Left is sct to (0,0).
1:- Use data [SC_TOP_LEFT] and [SC_BOTTOMRIGHT] supplied in
SETUP_BODYtoset up a newclipping rectangle.

 
Types of brush used in drawing. The type code determines howto supply
data to the sub-field BRUSHPACKETin SETUPBODY.See detailed
definition of BRUSH TYPEinthe following.

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

:- 8 bpp pseudocolor
:- 16 bpp aRGB 1555
:- 16 bpp RGB 565
:- reserved

:- 32 bpp aRGB 8888
- 8 bpp RGB 332 (Not Supported in CRAYOLA..Not since R128)
:- Y8 greyscale
-- RGB8 greyscale (8 bit intensity, duplicated for all 3 channels. Green

channelis used on writes)
10 :- (reserved)
11 :- YUV422 packed (VYUY)

 The CP writes (0,0) to the
PA_SC_SCREEN_SCISSOR_TL
register and the
DEFAULT_SC_BOTTOM_RIGHT
value to the
PA_SC_SCREEN_SCISSOR_BR
register in the PA.
The CP writes the DATA_FORMAT
field of DW#1 of the Tl constant based
on the Brush Type. The CP also writes
the external memory base addressof the
brush data for the assigned Brush offset
to the BASE_ADDRESSfield in DW#1
ofthe T1 constant.
The FG and BG colors that are
associated with the brush are unpacked,
converted to floating point, and are
written to the Pixel ALU constants CO
and C1 respectively. See the Brush
Packet Content section later in this
document.
The raster data associated with the brush
18 written to external memoryat a pitch
of 32 texels This means that the brush
conversion function writes the first 8
values then skips the next 24 DWORDs
to get to the next line. See the Brush
Table later in this documentfor details.
The CPalso sets the following brush
Booleans depending on the
BRUSH Type: BO, Bl, B2, B35.
See the Brush Table later in this
document for details.
CP writes this GUI Control DWORDto
the RB 2D FORMAT ROP3register in
the Renderer Backend. This takes care of
initializing the DST_TYPE and ROP3
code.
‘The fieldis also used in determining the
DATAFORMATfield ofthat is written
to the TO constant.
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SRC TYPE

(See bit 27 for 3™ bit)

i YUV422 packed (YVYU)
:- (reserved)

14 :- aYUV444 (8:8:8:8)
15 :- aRGR4444 (Intermediate format only. Not understood by the Display
Controller)
Note: Choices 7-15 are only supported by BitBIt, BitBIt_Multi,
TransBitBlt, lostDataBlt, [lostData_Blt2, and IlostDataBltPntr.
The field indicates the pixel type of blitting source.
0:- The source data type is mono opaque,andthe fore- and back-ground
colors need to be redefined.
1:- The sourec data type is monotransparent, and only the foreground color
needs to be redefined.
2:- Reserved.
3:- The source pixel (ype is he same as that given in Held DST_TYPE.
Ifhit 27 (SRC TYPE) is one then the following sourcesare available:
4:- 4bpp source (Not Supported in CRAYOLA)
5:- 8bpp source (Boolean LUT in Shader Code)
6:- 32 bpp source (Boolean LUT in Shader Code)
7:- 64 bpp Obuffer blit (Not Supported in CRAYOLA)
Note: In mode 3, all source formats are supported as the destination formats,
where theyare supported as the sourec.

CPanalyses the SRC TYPF[2:0] and as
a result sets the following Booleans:
Set B3 (Sre Mask) if SRC_TYPE=1
(Mon Transparent)
Sct B6 (LUT) if SRC_TYPE™S or 6
Set B7 (LUTS8) if SRC_'TYPE-5

 

BYTE_PIX_ORDER

DEFAULT_SEL

The bit decides the order of bits (or pixels) in DWORDto be consumed.
Onlyapplicable to the monochrome mode.
0 :- Bits to be consumed from the Most Significant Bit (MSB)to the Least
Signiticant Bit (LSB).
1 :- Bits to be consumed from LSB to MSB.

Selects which sct of default valucs to usc when proecssing the GMC.
DEFAULTPITCHOFFSET vs DEFAULT2_PITCHOFFSET
DEFAULTSC_BOTTOMRIGHTvs. DEFAULT2_SC_BOTTOMRIGHT
Thisficld tells the GUI cngine howthe raster operation to be carried out. The
code ofthis field follows the ROP3 code defined by Microsoft. See WIN31
DDKforreference.

The CP uses the BYTE_PIX_ORDER
field in determining the
DATAFORMATfield ofthe Texture
‘TO constant.

1 —> Use Default #2

See the DST_TYPEficld defined above.

 

DP_SRC_SOURCE The ficld indicates where the souree data come from.
0,1 :- Reserved
2 :- Loaded from the video memory(reclangular trajectory)
3 :- Loaded through the HOSTDATAregisters(lineartrajectory)
4 :- Loaded through the HOSTDATAregisters(linear trajectory & byte-
aligned)
Note that during 3D/Scale Operations (whenever
SCALE_3D_FCN@MISC_3D_STATE_REGis non-zero), this field is
ignored and data is always loaded from the 3D/Scaler pipeline.

DP_SRC_SOURCE~ 4 only supported
for color sources.

CRAYOLA does not support
DP SRC SOURCE= 4 for
Monochromesources.

 

SRC_DATATYPE
CLR FCN DIS

Reserved

Third bit of SRC_TYPE
0 :- No change to CLRCMP FCN SRC and CLRCMP FCN DSTfields.
1 :- Clear CLRCMP_FCN_DST and CLRCMP_FCN_SRCto zero.

Reserved

See bits 13:12
Tf set the CP will write the

RB_CLRCMP_CONROLregister to
zero. This will clear the
CLRCMP_FCN_SRC and
CLRCMP_FCN_DSTficlds. The
CLRCMP_FCN_SELwill also be
cleared, but this is a “don* care” im thiscase.
Reserved  

WR_MSK_DIS

BRUSH_FLAG

0 :- No Change to the RB_PLANEMASKand
RB_CLRCMP_MSK._LO

1:-Set RBPLANEMASKto OxM0T
RBCLRCMPMSK_LO accordingto pixel type.

Note: RB CLRCMP MSK_ His zero’d in the 2D Indirect Buffer.

This field indicates whether there is a field BRUSH_Y_Xfield in the
SETTINGS.SETUP_BODY.
0:- Nosuch a field in SETTINGS.SETUP_BODY.
1:- There is a field in SETTINGS.SETUP BODY.

 
If set, the CP will write the
RB_PLANE_MASKand
RBCLRCMPMSKLOregislers in the
Renderer Backend (RB).

If the BRUSH_FLAGis set, the BRUSH
X and Y values are unpacked, converted
to floating point (0.0 to 31.0), and
written to the Vertex ALU CO0.xy
constant:

Brush_X = CO.x
Brush_Y = C0.y
The Brush_Offset is also initialized from
bits 20:16 in the CP.
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e SETTINGS .SETUP_BODY

Thisfield may contain the following sub-fields. Their presence depends onthe bits 0-7 of SETTINGS .GUI_CONTROL.

it 31: Select between unti ed y and tiled (1)
Bils 30:22 Pitch in (Pixels/32) {Up to 16,384 Pixels}
bits 21:0 Offset in units of IKB, 0 to 4GB-1K 

[DST_PITCH_OFFSE1 Bit 31:
Bits 30:22 Pitch in (Pixels/32) {Up to 16,384 Pixels}
Bils 21:0 Offset in units of IKB, 0 to 4GB-IK
Note: In CRAYOLA, surfaces are 4KB ned so bits 1:0 of the offset need to be zero.

[SRC_SC_BOTTOM_RIGITT]|The parameters are used to setup the clipping area of the source.
The implied coordinate ofthe top-left corner of the clipping rectangle is the sameasthe source.
Both parameters have the range: -8,192 to +8,191.
[15:0] :- X-coordinate of the right edge of the clipping rectangle (in numberofpixels).
[31:16] :- Y-coordinate of the bottom edge of the clipping rectangle (in numberof scan lines).

[SC_TOP_LEFT] The parameters are used to setup the clipping areaofdestination.
[SC_BOT_RITE] See the PA_LSC_SCREEN_SCISSOR_TL and PA_SC_SCREEN_SCISSOR_BR definitions

in the PA register specfor theformat oftheSC_TOP_LEFT and SC_BOT_RITE values
respectively.

[BRUSH_PACKET] The contentofthis field is determined by field SETTINGS . GUI_CONTROL. BRUSH_TYPE.
See the following table for the possible content.

[BRUSH_Y_X] [2:0] :- X-coordinate for brush alignment(0.0 to 7.0).
[10:8] :- Y-coordinate for brush alignment (0.0 to 7.0).
[20:16] :- BRUSIT_X Initial Value (0.0-31.0).
The CP uses the BRUSH_XInitial Value asa starting offset for the brush whenprocessing the
first line segment of a POL. Y_TINT: PM4 packet. The brush for lines is 32x1.
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e SETTINGS .SETUP_BODY.BRUSH_PACKET

All Brush Types but 6 and 7 are not available for lines, and 6 and 7 are only usable for lines.

The CP sets Booleans based on the Brush Type. The Brush Booleansare defined as follows:
BO - Solid Brush
B1 —- Mono Brush
B2 - Brush Mask
B5 — BrushPresent

For Monochrome, the brush data is converted to 32bpp and written lo external memory. Note that the pitch of the brush data is set lo 32, so
after the 8 DWORDsare written, the CP skips 24 DWORDsto the next brush line in external memory.

 

A8x8 mono pattern with the foreground
and backgroundcolors specified in the
packet. Here the matrix is represented in the
format column-by-row.

A8x8 monopattern with the foreground
color specified in the packet and the
background color the sameasthat of the area
to be painted.
Background left alone.

CP converts to 32bpp for a
total of 64 DWORDs.
Conversion is MSB to LSB
within each byte, where the
MSBofthe byte is the lefi-
most pixel.
DATA FORMAT=6in the
DW#1 of the T1 Const.

CP converts to 32bpp for a
total of 64 DWORDs.
Same conversion as
Brush_Type 0.
DATA_TORMAT=6in the
DW#1 ofthe Tl Const.

3
DWORDs

[BKGRD_COLOR]
[FRGRD_COLOR]
[MONO_BMP_1]
[MONO_BMP_2|

[FRGRD_COLOR]
[MONO BMP 1]
[MONO_BMP2]

 
2 Reserved

|38dReserved|38dReserved4

NA
Not Applicable
Not Applicable
 

; ReservedA 32x | mono pattern withthe foreground
and background colors specified in the
packet. This pattern corresponds to the PEN
of Win95 DDKandis only usable for lines.

A 32x] monopattem with the foreground
color specified in the packet and the
background color the sameasthat of the area
to be painted. This is PEN as well. And is
only usableforlines.

CP converts to 32 bpp.
Same conversion as
Brush_Type 0.
The CP writes the converted
brush Avice for a total of 64
DWORDs, where the second
32 DWORDsare identical to
the first 32 DWORDs.

DATA_FORMAT= 6 inthe
DW#1 of the T1 Const.

CP converts to 32 bpp.
Same conversion as
Brush_Type 0.
The CP writes the converted
brush Avice for a total of 64
DWORDs, where the second
32 DWORDsare identical to
the first 32 DWORDs.
DATA FORMAT= 6 inthe
DW#1 of the T1 Const.

3
DWORDs

2
DWORDs

Not Applicable
[BKGRD COLOR]
[FRGRD_COLOR]
[MONO_BMP_1]

[FRGRD COLOR]
[MONOBMP1]

NA NA Not Applicable
Reserved

vA
/A NA N/A Not Applicable
 

A 8x8 colorpattern.
The pixel type — DST_TYPE

CP just writes 16*N DWORDs
ofbrush to external memory.
DATA_FORMATin the DW
#1 of the T1 Const equals the
DST_TYPE.

16*N
DWORDs,
where N
stands for
the number
of bytes per
pixel with
exceplion,
that a 24-
BPPpixelis
still
represented
by4 bytes.

[COLOR_BMP_1]
[COLORBMP2]

[COLOR_BMP_16#N|

 
Reserved N/A

 
Not Applicable

12 Reserved NA N/A Not Applicable

 
13 Usethe color specified in the packet as the BO =1 Xo Brush Written to Memory.

  
[FRGRD_COLOR]
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8 p! ec, ATA TOR)
brush without a pattern). DW#1 of the Tl Const. 

Use the color specified in the packet as the No Brush Written to Memory. 1 [FRGRD_COLOR]
solid (plain) color for the brush(ic. a color DATA_FORMAT~ 6 in the DWORD
brush without a pattern). DW#1 of the Tl Const.
Usedfor Lines.
No brush used.    

Brush Packet Content

|BKGRD_COLOR| The backgroundcolorof the text in the DST_'TYPE format.
Formats 2 (8bpp), 3 (16bpp aRGB1555), 4 (16bpp RGB565), and 6 (32bpp aRGB8888)are supported.
Ifthe DSTTYPEis not2, 3, 4, 6, then aRGB8888 is assumed.
The CP converts each of these integer termsto floating point (0.0 to 255.0).
For the 8bpp format, the CP replicates the same value for the Red, Green, and Blue channels and sets Alpha to 255.
Forthe 16bpp RGBS565 format, the Alpha termis set to zero.
Bits [7:0] :- Intensity of Blue — Written to Pixel ALU C1: Logical #0, DW#6
Bits [15:8] :- Intensity of Green — Written to Pixel ALU C1: Logical #0, DW#5
Bits [23:16] :- Intensity of Red — Written to Pixel ALU C1: Logical #0, DW#4
Bits [31:24] :- Reserved — Written to Pixel ALU C1: Logical #0, DW#7 (ALPHA Term)
Upper bits of “Reserved”field assumed to be zero for float conversion.

[FGGRD_COLOR] The foreground color of the text in the DST_TYPH format.
Formats 2 (8bpp), 3 (l6bpp aRGB1555), 4 (L6bpp RGB565), and 6 (32bpp aRGB8888) are supported.
If the DST_TYPEis not 2, 3, 4, 6, then aRGR8888is assumed.
The CP converts each of these integer terms to Moating point(0.0 lo 255.0).
For the 8bpp format, the CP replicates the same value for the Red, Green, and Blue channels and sets Alpha to 255.
For the 16bpp RGBS565 format, the Alpha tcrm is set lo zero.
The foreground color of the text in the DST_TYPEformat.
Bits [7:0] :- Intensity of Bluc — Written to Pixel ALU CO: Logical #0, DW#2
Bits [15:8] :- Intensity of Green — Written to Pixel ALU CO: Logical #0, DW#1
Bits [23:16] :- Intensity of Red — Written to Pixcl ALU CO: Logical #0, DW#0
Bits [31:24] :- Reserved — Written to Pixel ALU CO: Logical #0, DW#3 (ALPHA Term)
Upperbits of “Reserved” field assumed to be zero for float conversion.

[MONO_BMPx] Raster data ofmonochromepixels. One bit represents one pixel. If the numberofpixels forthe field is less than 32, the
pixels take the lower bits. The remaining bits should be filled with 0’s.

[COLOR_BMP_x] Raster data of color pixels. The representation depends on the pixel type.

 
 

 

 
DATA_BLOCK

The compositionofthis field depends on the operation code IT_OPCODE givenin the header. Section B.2 gives details of
DATABLOCKwith respect to IT_OPCODE. Inthe following, the field SETTINGS may appearin the definition of a packet, but
will not be described further.
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6.2.1 PAINT (Updated: 07-10-2002)
Functionality

Paint a numberof rectangles with a color brush.

Set geometry base address to the first DWORD ofdata block, and select the paint vertex shader.

The paint vertex shader fetches two pairs of 16-bits for every vertex output, and outputs a rectangle point sprite with the fetched
coordinates.

Pseudocode:

1. Send single DRAWINITIATORto the ’GT DRAWINITIATOR register representing all of the paint rectangles inthe
packet. The primitive is set as a 2D_FILL_RECT_LIST and the NUM_INDICESis computedas follows:

a. NUM_INDICES = (COUNT + 1) = 2) *3

Where COUNTis the N-1 count of DWORDsafter the SETTINGSfield is processed.

2. For every paint rectangle, the Micro Engine (ME) computes and outputs the Upper Left, Upper Right, and Lower Left
compoundindices to the VGT. See the “Specification of the CP*s 2D Implementation in CRAYOLA”documentfor
details.

a. DST_X=LEFT
b. DST_Y = TOP
c. WIDTH = RIGHT - LEFT
d. HEIGHT = BOTTOM- TOP

 

1

{SETTINGS}
{DATA_BLOCK}

DATA BLOCK

 
 

[TOP_1 | LEFT_1] The coordinates ofthe top-left corner of the 1st rectangle to be painted.
EFT_1: [15:0]:- x-coordinate, ranging from -8192 to 8191. Bits 14 and 15 should be copiesofbit 13.
OP_1: [31:16]:- y-coordinate, ranging from -8192 to 8191. Bits 30 and 31 should be copies of bit 29.

[BOTTOM_1I|RIGHT_I]|The coordinates of the bottom-right comerof the | st rectangle to be painted.
RIGIIT_1: [15:0]:- x-coordinate, ranging from -8192 to 8191. Bits 14 and 15 should be copiesofbit
13.

BOTTOM_1: [31:16]:- y-coordinate, ranging from -8192 to 8191. Bits 30 and 31 should be copies of
bit 29.

  
 

[TOP_n| LEFT_n] The coordinates ofthe top-left corner of the n-th rectangle to be painted.
[BOTTOM_n|RIGHTn]_|The coordinates of the bottom-right cornerof the n-th rectangle to be painted.
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6.2.2 SMALL_TEXT (Updated: 09-18-2002)

Functionality

Print a string of characters on the screen in the format of the bit-packed Small Glyph.

All characters in the SMALL_TEXTpacket are processed within the same context. Because the amount of raster data per
character is cannot be determined by the HEADERofthe packet, a DRAW_INITIATORis issued for eachof the character.

Note that the Driver will never supply a brush for a Small_Text packet.

Microcode:

1. Unpack and Convert the FRGD_COLORtofloating point and write the values to the ALU CO constant.

2. Set B9 (Embedded Source) Boolean.

3. IfROP[7:4] == ROP[3:0], then set B4 and C2.x (Source Fetch Booleans).

4. Write the BASE_ADDRESSfield in the DW#1 of the Texture TO with the base address of the small text data in external memoryfor
the assigned context.

 

um Write the 2D Booleansto the assigned context.

6. For every Small Text Character:

a. Calculate and send the UL, UR, LL compoundindices to the VGT. Sce the “Specitication of the CP*s 2D Implementation in
CRAYOLA”documentfor details.

 b. Send anEVENTINITIATORwith ID = SC_WAIT_WCto the Scan Converterto tell it to wait for the write confirmation
before processing the subsequent drawinitiator.

c. Write the raster data to external memory. The last DWORD is written with a write confirmation.

d. Send single DRAW_INITIATORto the )GP_DRAWINITIATORregister. The primitive is set as a
2D_COPY_RECTLISTSRCV0. The NOT_FOPflag in the VGT_DRAW_INITTIATORisset for every initiator but the
last.

e. Calculate DST_X, DST_Y, and SRC_OFFSETfor the next character’s Uper-Left Comer.

i DST_X,,, = DST_X, + AX,,, (Accumulated per Character)

i. DST_Yiv1 = BAS_Y - AY,41, (No Accumulation)

iiii SRC_OFFSET ,) = SRC_OFFSET , + (RASTERCOUNT, * 32) (Rasler Count Accumulates per Character)

 
 

Format

 1 [HEADER ]
2 SETTINGS}
3 {DATABLOCK}

DATA_BLOCK

 
[FRGD_COLOR] The foreground color of the text in the RGBQUADformal.

BLUE:[7:0] :- Intensity of the blue component.
GREEN:[15:8] :- Intensityof the green component.
RED:[23:16] :- Intensity of the red component.
Bits [31:24] :- Reserved.

[BAS Y BAS X] The hase coordinates ofthe text rectangle in the screen coordinate system. See the following
illustration for details.
BAS_X:[15:0] :- X-coordinate. -8,192 to |8,191, Sign Extendedto 16 bits.
BAS_Y:[31:16] :- Y-coordinate, —8,192 to +8,191, Sign Extended to 16 bits.
The Ist character ofthe text.

{ SMALLCHAR _n} The n-th character ofthe text, i.c. the last character.
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e DATA_BLOCK.SMALLCHARx

[H | W JAY | AX] The geometry of the bitmap and the deviation of its top-left corner from the base
coordinates.

AX: [7:0] :- Deviation from the BAS_X-coordinate ofthe preceding glyph.
AY: [15:8] :- Deviation from the BASY-coordinate to the Upper Left Corner.
W: [23:16] :- Width of the character bitmap (Can be Zero for Space Characters).
H: [31:24] :- Height of the character bitmap (Can be Zero for Space Characters).
AX and AY have the range: -128 to 127, where the 8"bit is the sign.

[RASTER _1] The lst DWORD of the mono bitmap data.

[RASTER_m | The m-th DWORDof the mono bitmapdata.

  
Parameters H, W, AY and AX

The relationship between the parameters and the reference coordinates BASX and BAS_Yis shownin the following figure. In
the figure, the starting positionof text is al (BAS' X, BAS Y). The actual sizes of characters ‘b’, ‘o’ and ‘y’ respectively are 4 x 8,
4x5, and 6x 9. Therefore, the related parametersare:

A, =8,W, =4, Ax, = 0, and Ay; = +8

H, =5,W, =4, Av, = 6, and Ay, = +5 
AH, =9.,W,=6,Ax, =S,and Ay; = +5

(0,0)
 

  
4
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* RASTERm

Raster_mrepresents the data block of a mono bitmap. The bitmap represents the raster image of a character

The raster data is mappedas follows:

R400 Small Text Character Packing “mmacacy-

  

  

 

 

 

 
          

W=5

1 {1/1 ]0 DWO: 1100 0110 1111 1114 0110 0011 0111 0100

0(0|0\1 DWO: C6 FF 63 74
olo]ol1

1;414]4

alata}

ololo|4

0/0/0/1 DW/1: 0000 0000 0000 0000 0000 0000 0011 0001
0/0|0}1 DW1: 00 00.00 31

        
  

RASTER_COUNT,=int[((H * W) +31) /32] = ((8 *5) + 31) /32=2
SRC_X,=0

SRC_X, = 64 {RASTER_COUNT,* 32}
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6.2.3 BITBLT (Updated: 04-14-2003)

Functionality

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

Settings Restrictions:

A BitBIt with a mono opaque source, SRC_TYPE=0,or a monotransparent source, SRC_TYPE=1, and a ROP cade
set to source copy, OxCC, is not supported.

Pseudocode:

See microcodedescriptionfor BITBLTMULTI. TheBITBLT opcode jumpsto thé samemicroinstiuctions as BITBLTMULTI.

Format

2 «SETTINGS?
3 {DATABLOCK!

  
DATABLOCK

[SRC_X1|SRC_Y1]|The coordinates of the top-left corner of the 1st source bitmap.
SRC_Y1: [15:0]:- y-coordinate, ranging from -8192 to 8191. Bits 14 and 15
should be copicsofbit 13.
SRC_X1: [31:16]:- x-coordinate, ranging from -8192 to 8191. Bits 30 and
31 should be copiesofbit 29.

[DST_X1|DST_Y1]|The coordinates of the top-left corner of the Ist destination.
The definition of bits is the same as SRC_X1 and SRC_Y1.

[SRC_W1|SRC_H1]||The width and height of the Ist source bitmap, expressed in unsigned
integers.
SRC_H1: [13:0]:- Height.
SRC_WI1: [29:16]:- Width.
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6.2.4 HOSTDATA_BLT(Updated: 04-14-2003)

Functionality

Copy a numberofbit-packed bitmaps to the Video Memory. It can be used to print a string of large characters on the screen or
load texture maps.

All BIGCHARsin the HOSTDATA_BLTpacketare processed in the same context.

Settings Restrictions:

If the ROPis set to source copy, OxCC, then the “settings” portion of this packet should not include a brush.

Microcode:

J. Unpack and Convert the FRGD_COLORto Moating point values and write them to the ALU Constant CO.

2. Unpack and Convert the BKGD_COLORto floating point values and write themto the ALU Constant C1.

3. Set the B9 (Embedded Source) Boolean.

4. If ROP[7:4] == ROP[3:0], then sct B4 and C2.x (Source Fetch Booleans).

5. Write the BASEADDRESSfield of the Texture TO Constant withthe base addressof the raster data in external memory
where the BIGCHAR data will be writtcn for the assigned context. Bits [31:19] is the base address and bits [18:16] is the
current context.

6. For Every Big Character:

a. Send an EVENT_INITIATORwith ID =SC_WAIT_WCto the Scan Converterto tell it to wait for the write
confirmation before processing the subsequent drawinitiator.

b. Write the raster data to external memory. The last DWORD is written with a write confirmation. The next big
character in the packet is written to the next consecutive address.

c. Write the DRAW_INITIATORto the )’GTDRAWINITIATORregister. The PRIM_TYPEis set to
2D_COPYRECTLISTV0. The NOT_EOPflag in the VGT_DRAW_INITIATORisset for cvery initiator
but the last. Note also that the raster order is arbitrary, as the source data will not overlap the destination for this
primitive.

d. Calculate the UL, UR, LL compoundindices and send them to the VGT.See the “Specification of the CP’s 2D
Implementation in CRAYOLA”documentfordetails.

Format

 

1

2 {SETTINGS}
3 {DATA_BLOCK}

DATA_BLOCK

 
Q . 0-to color expansion only.

field is ineffective if icld SRC_TYPE at SETTINGS.GUI_CONTROLisset to a
type other than mono opaque or mono transparent (0 or 1 ).

[BKGD_COT.OR] Background color in the RGBQUADformat. For mono-to color expansion only. The

 
 

    
field is ineffective if icld SRC_TYPE at SETTINGS.GUI_CONTROLisset to a
type other than mono opaque or mono transparent (0 or 1).

3 {BIGCHAR_1} Data block of the Ist character.

mt+2 {BIGCHAR_m} Data block of the m-th character.
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e DATA_BLOCK.BIGCHAR_x
 

[BaseY | BaseX]
TBaseX: [15:0] :- X-coordinate. -8,192 to +8,191, Sign Txtended to 16 bits.
BaseY: [31:16] :- Y-coordinale. -8,192 to +8,11, Sign Extended to 16 bils.

[HEIGHT | WIDTH] The geometryof the bitmap.
WIDTH:[13:0] :- Width ofthe bitmap.
HEIGHT: [29:16] :- Heightofthe bitmap.

[ NUMBER[13:0] ] The number of DWORDsin the bitmap.It should be m in this case.
The HostData_Bit packet is limited to 16384 DWORDsby the COUNTfield in the packet header.
The maximum RASTER DWORDsfor a HostData_Blt packet with a single BIGCHAR is 0x3F97.
A value ofzero is acceptable, but this is assumed to be the end ofthe packet.

pe
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6.2.5 POLYLINE (Updated: 09-70-2002)

Functionality

Drawa polyline specified by a set of coordinates (X), Vo). (41,4). .--. (X,,¥,). where coordinate (x), Vo) is the beginning of

the polyline, and coordinate (x,,, ¥,) is the end.

Pseudocode:

1. The CP calculates the number of drawpackets that will be generated for the POLYLINE packet. A maximum of 127 line
segments (128 Indices) per drawpacket is allowed so as not to overflow the brushoffset calculation. The numberof draw
packets is computed as follows:

a. Number Draw Packets = COUNT = 128

2. Set the Line (B12) Boolean. This applies to all draw packets that are submitted. Note that the CP does not change the
state context between draw packets within a POLYLINE packet.

3. Write the 2D Booleans to the assigned context.

4. For cach drawpackct:

a. Compose the DRAW_INITIATORand writc it to the VG7T_DRAWINITIATORregistcr with the primitive type
set to 2D_LINE_STRIP.

b. Ifnot the last draw packet, the NUM_INDICESfield in the DRAW_INITIATORisset to 129 (0x81). Note that
the N-1"indice is repeated at the subsequent drawpacket. Thefirst draw packet will have the 0" indice written
twicc.

c. For the last draw packet, the NUM_INDICESfield in the DRAW_INITIATORis set to COUNT+2. This
includeseither the 0"indice replicated twice or the N-1*indice from the previous drawinitiator from this
packet.

d. Calculate and send the VGT the Line’s compound indices. See the “Specification of the CP’s 2D
Implementation in CRAYOLA” documentfor further details.

i. DSTX:
1. First line segment of 2" and Subsequent Draw Packets within POLYLINE packet:

a. DST_X,=DST_Xp-1
2. Otherwise:

a. DSX_Xn=Xn
ii, DST_Y:

lL. First line segment of 2" and Subsequent Draw Packets within POLYLINE packet:
a. DST_Yy=DST_Yp.1

2. Otherwise:

a. DSX_Yn=Yn
iii. BRUSHOFFSET = Accumulated offsct into the linc brush pattcrn.

1. First line segmentoffirst draw packet generated:
a. BRUSH_OFFSET= Bits 20:16 in the BRUSH_Y_X of the GMC.

2. First line segment of 2™ and Subsequent Draw Packets generated:
a. BRUSH_OFFSET, = BRUSH_OFFSET»-|

Second line segment of 2"° and Subsequent Draw Packets generated:
a. BRUSH_OFFSET, =BRUSH_OFFSET).; & 0x3F +MAX(\AX|, |AY])

4. Otherwise:

a. BRUSH_OFFSET, = BRUSH_OFFSET,,.; + MAX(JAX\, |AY])
e. Update DWORD Count: COUNT © COUNT- 128

Note that the VGT generates the “Line Strips” for the POLYLINE packet. The CP just sends a single “compound index”per line
coordinate.

wa
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Write Format

 

{SETTINGS}
{DATABLOCK}
 

DATA BLOCK

 

[Yo | XO] The starting coordinate of the polyline.
XO: [15:0] :- X-component of the coordinate. —8,192 to +8,191, Sign Extended to 16 bits.
YO: [31:16]:- Y-component. —8,192 to +8,191, Sign Extended to 16 bits.

LY1| x1] The 2nd coordinate of the polyline. Definition of bits is the same as above.

  
 

The ending coordinate of the polyline. Definition of bits is the same as above.
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6.2.6 POLYSCANLINES (Updated: 01-29-2003)

Functionality

Drawa numberof scanlines. The number can be one.

All scanlines in the POLYSCANLINESpackctare processed within the same context. Because the NUM_LINEs per SCAN_n
cannot be determined by the HEADERofthe packet, a DRAW_INITIATORis issued for each of the SCAN_n subsections.

It is assumed that End_n> Start_n in the microcode that processcs this packct.

Pseudocode:

1. For Every SCAN_n:

a. Send single DRAWINITIATORto the ’GT DRAWINITIATORregister representing all of the scanlines in
the SCAN_N sub-packet. The primitive is set as a 2D_FILL_RECT_LIST and the NUM_INDICESis computed
as follows:

NUM_INDICES = NUM_LINE * 3

b. Foreach scan line within the SCAN_n:

1. Calculate the UL, UR, LL compound indices and send these to the VGT. See the “Specification of
the CP’s 2D Implementation in CRAYOLA”documentfordetails.

1. HEIGHTis applied globally to each ofthe scanline primitives.

2. WIDTH = End_n- Start_n.

Format

 1 [HEADER|
2 {SETTINGS}
3 {DATA_BLOCK}

K
DATA_BLOC

  
[SCAN_COUNT] The numberof scan subpackets identified bv SCAN_x, where x denotes the ordinal

numberof a SCAN subpackct.
A mumberof zero is acceptable, but no scanlines should follow.

{ SCAN1} The Ist scanlinc/polyscanlinc.

  
The n-th scanline/polvscanline.

* DATABLOCK.SCAN_x

ip!

[| NUM_LINE[13:0] ]|The numberof linc segments in a polyscanlinc. Minimum is 0x0001, Maximum is Ox3fff.
[HEIGHT| TOP | TOP:[15:0] :- Y-coordinate of the polyscanline. -8,192 to +8,191, Sign Extendedto 16 bits.

HEIGHT: [29:16] :- The thickness of the linc mcasured in pixcls. 0 to 16,383 Pixcls
{[END_1|START_1]|START_1: [15:0] :- The starting x-coordinate ofthe 1st line segment.

-8,192 to +8,191, Sign Extended to 16 bits.
END_1: [31:16]:- The ending x-coordinate of the Ist line segment.
—8,192 to +8,191, Sign Txtended to 16 bits.

 

 

  
[END_n|STARTn]|START_n: [15:0] :- The starting x-coordinate of the n-th line segment.

END_n: [31:16]:- The ending x-coordinate of the n-th line segment.
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6.2.7 NEXTCHAR (Updated: 01-20-2003)

Functionality

Print a characterat a given screen location using the default foreground and backgroundcolors.

Note: The NextCharpacket relies on the Driver issuing one ofthe HostData_Bltpacket variants immediately before hand to
set-up the necessary 2D state. This is required because the NextChar packet does not execute the GMC microcode(i.e. the
MSBofits opcodeis not set).

Pseudocode:

1. Set the B4 (Source Fetch) and B9 (Embedded Source) Booleans. Write the 2D Booleansto the assigned context.

2. Write the BASEADDRESSfield in the Texture TO Constant (Source Texture Info) with the base address of the raster
data in external memory where the BITMAPdata will be writtcn for the assigned context. Bits [31:19] is the base address
and bits [18:16] is the current context.

3. Send an EVENT_INITIATOR with ID = SC_WAIT_WCto the Scan Converterto tell it to wait for the write
confirmation before processing the subsequent draw initiator.

4. Write the raster data to external memory. The last DWORD is written with a write confirmation.

5. Write the DRAW_INITIATORto the VGT_DRAWINITIATOR tegister. The PRIM_TYPEisset to
2D_COPY_RECT_LIST_V0. Note that the raster order is arbitrary, as the source data will not overlap the destinationfor
this primitive.

6. Calculate the UL, UR, LL compoundindiccs and scnd them to the VGT. Sce the “Specification of the CP’s 2D
Implementation in CRAYOLA” documentfor details.

[HEADER|
{DATABLOCK}

  
DATA_BLOCK

[DST_Y | DST_X] The coordinates of the top-left corner of the destination bitmap.
DST_X:[15:0]:- x-coordinatc, ranging from -8192 to 8191. Bits 14 and [5
should be copies of bit 13.
DST_Y:[31:16]:- y-coordinate, ranging from -8192 to 8191. Bits 30 and 31
should be copies of bit 29.

[DST_H|DST_W] The width and height of the destination bitmap, expressed in unsigned
integers.
DST_W:[13:0]:- Width.
DST_H [29:16]:- Height.

[BITMAPDATA1]|The lst DWORD ofthe bitmap data.

    
[BITMAPDATAnl]|The n-th DWORDofthe bitmapdata.
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6.2.8 PLY_NEXTSCAN (Updated: 01-20-2003)

Functionality

Drawa numberof scanlines or polyscanlines using the currentsettings.

Note: The Ply_NextScan packet relies on the Driver issuing a PolyScanLines packet immediately before handto set-up the
necessary 2D state. This is required because the Ply_NextScan packet does not execute the GMC microcede(i.e. the MSB of
its opcodeis not set).

Microcode Pseudopodia:

1. Send single DRAW_INITIATORto the ’GT_DRAWINITIATORregister representingall of the scanlines in the packet.

a. NUM_INDICES = COUNT* 3

Where COUNT is the N-1 count of the number of DWORDsin the HEADER (Assumes no SETTINGS).

2. For every scanline:

a. Calculate the UL, UR, LL compoundindices and send these to the VGT. See the “Specification of the CP’s 2D
Implementation in CRAYOLA”documentfor details.

1. HEIGHTis applicd globally to cach of the scanline primitives.

2. WIDTH = End_n- Start_n.

Format

 

[HEIGHT | TOP | TOP:[15:0] :- Y-coordinate of the scanline/polyscanline.
-8,192 to +8,191, Sign Extended to 16 bits.

HEIGHT: [29:16] :- The thickness of the line measured in pixels.
0 to 16,383 Pixels

[END_1|START_1] START_1: [15:0] :- The starting x-coordinate of the Ist dash.
—8,192 to +8,191, Sign Extended to 16 bits.

END_|: [31:16]:- The ending x-coordinate of the Ist dash.
—8,192 to +8,191, Sign Extended to 16 bits. 

[END_n|START_n] START_u:[15:0] :- The starting x-coordinate of the 1st dash.
END_n: [31:16]:- The ending x-coordinatc of the Ist dash.
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6.2.9 SETSCISSORS (Updated: 10-17-2002)

Functionality

Set the scissors to the given parameters.

The PA performs the operations for scissoring.

This packet is considered a “2D State” packet. A new context is assigned only if this is the first state update packet processed after
a prior 2D/3D “draw”packet.

Pseudocode:

1. Write the [TOPLEFT] value to the PA SC SCREEN SCISSOR TL register for the assigned context.
2. Write the [BOTTOM_RIGHT] value to the P4_SCSCREENSCISSOR_BR register for the assigned context.

Format

ip
[HEADER] ‘The packet header
[FOP_LEFT| Sce the PA register spec for the format ofthe PASC_SCREENSCISSORTLregister.
[BOTTOMRIGHT] See the PA register spec for the format of the PASC_SCREENSCISSORBRregister..  

ATI Ex. 2067

IPR2023-00922

Page 218 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 219 of 448

6.2.10 PAINT_MULTI (Updated: 07-10-2002)

Functionality

Paint a numberof rectangles on the screen with one color. The color used is specified in field SETTINGS while the location and
geometry of the rectangles are specified in field DATABLOCK.

The numberof rectangles can be computed from the HEADERofthe packet, so all of the paint rectangles are sent to the VGT
with a single DRAW_INITIATORusing the same context.

Pseudocode:

1. Send single DRAWINITIATORto the ’GT DRAWINITIATOR register representing all of the paint rectangles inthe
packet. The primitive is set as a 2D_FILL_RECT_LIST. The numberofindices in the DRAW_INITIATORis computed
as follows:

NUM_INDICES = ((COUNT+ 1) + 2) *3

Where COUNT is the N-1 DWORD countafter the SETTINGSsectionis processed.

2. For every paint rectangle, the Micro Engine (ME) computes and outputs the Upper Left, Upper Right, and Lower Left
compound indices to the VGT. See the “Specification of the CP’s 2D Implementation in CRAYOLA”documentfor
details.

 

| HEADER|
{SETTINGS}

  
DATA_BLOCK

[DST_X1|DST_Y1]|The coordinates of the top-left corner of the Ist rectangle.
DST_Y1: [15:0]:- y-coordinate, ranging from -8192 to 8191. Bits 14 and 15
should be copicsofbit 13.
DST_X1: [31:16]:- x-coordinate, ranging from -8192 to 8191. Bits 30 and
31 should be copiesofbit 29.

|DST_W1| The width and height of the Ist rectangle, expressed in unsigned integers.
DST_H1] DST_H1: [13:0]:- Height.

DST_WI1: [29:16]:- Width.

 

 

|DST_Xn|DST_Yn]||The coordinates of the top-left corner ofthe n-th rectangle.
DST_Yn:[15:0]:- y-coordinate, ranging from -8192 to 8191. Bits 14 and 15
should be copies of bit 13.
DST_Xn: [31:16]:- x-coordinatc, ranging from -8192 to 8191. Bits 30 and
31 should be copies of bit 29.

[DST_Wn|DST_Hn]|The width and hcight of the n-th rectangle, cxpressed in unsigned integers.
DST_Hn: [13:0]:- Height.

DST_Wn:[29:16]:- Width.
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6.2.11 BITBLT_MULTI (Updated: 04-14-2003)

Functionality

Copv a numberof source rectangles to destination rectangles of the screen respectivelv.It is assumed that the geometryof the
destinationis identical to its source.

Each of the BLIT primitives can have a different rasterization order — because of the source-to-destination relationship. Therefore
eachof the blit primitives are sent with

Settings Restrictions:

A BitBIt_Multi with a mono opaque source, SRC_TYPE=0, or a mono transparent source, SRC_TYPE=1, and a ROP
code set to source copy, OxCC,is not supported.

Microcode Pseudopodia:

1. If ROP[7:4] == ROP[3:0], then set B4 and C2.x (Source Fetch Booleans).

2. For each Bit Blit in the packet the CP does the following:

1. The Micro Engine (ME) computes and outputs the Upper Left, Upper Right, and Lower Left compound indicesto the
VGT.See the “Specification of the CP’s 2D Implementation in CRAYOLA” documentfor details.

2. Check for surface coherency overlap and issue flush request if needed.

3. Compose the DRAW_INITIATORsettings and write this value to the /GT_DRAWINITIATORregister for the assigned
context. The primitive type is sel as a2DCOPYRECTLIST_¥V*. The primitive type represents the rasterizalion order
that is determined by the CP. The NUM_INDICESfield in the DRAW_INITIATOR= 3.

Format

2 «SETTINGS?
3 {DATABLOCK}

  
DATABLOCK

[SRC_X1|SRC_Y1| Lhe coordinates of the top-left corner of the 1st source bitmap.
SRC_Y1: [15:0]:- y-coordinate, ranging from -8192 to 8191. Bits 14 and 15 should
be copies of bit 13.
SRC_X1: [31:16]:- x-coordinate, ranging from -8192 ta 8191. Bits 30 and 31 should
be copies of bit 29.

|DST_X1|DST_Y1| ‘The coordinates ofthe top-left corner ofthe 1st destination.
The definitionofbits is the same as SRC_X1 and SRC_Y1.

[SRC_W1| SRC_H1] The width and height of the 1st source bitmap, expressed in unsigned integers.
SRC_H1: |13:0[:- Height.
SRC_WI1: [29:16]:- Width.

 

 
  

[SRC_Xn|SRC_Yn] The coordinates ofthe top-left corner of the n-th source bitmap.
SRC_Yn: |15:0]:- y-coordinate, ranging trom -8192 to 8191. Bits 14 and 15 should
be copies ofbit 13.
SRC_Xn: [31:16]:- x-coordinate, ranging from -8192 to 8191. Bits 30 and 31 should
be copies ofbit 29.

[DST_Xn| DST_Yn] The coordinates of the top-left corner of the n-th destination.
The definition ofbits is the same as SRCXn and SRC_Yn.

[SRC_Wn|SRC_Hn] The width and heightof the n-th source bitmap, expressed in unsigned integers.
SRC_Hn:[13:0]:- Height.
SRC_Whn: [29:16]:- Width.
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6.2.12 TRANS_BITBLT (Updated 04-14-2003)

Functionality

Copvpixels from the source rectangle to the destination with transparency.

Settings Restrictions:

A Trans_BitBlIt with a mono opaque source, SRC_TYPE=0, or a mono transparent source, SRC_TYPE=1, and a ROP
code set to source copy, OxCC,is not supported.

Pseudocode:

1.
2.
3.
4,
5.

Format

Write [CLR_FCN_CNTL] DWORD to the RB_CLRCMP_CONTROLregister in RB.
CP will set the Source Fetch (BO) and Hilite (B8) Booleansifthe CLRCMP_FCN_SELficld in the CLR_FCN_CN'TL DWORD = 3.
Write [SRC_REF_CLR] DWORD to the RB_CLRCMP_SRCregister in RB.
Write [DS'T_REF_CLR] DWORD to the RB_CLRCMP_DST_LOregister in RB.
Jump to the BITBLT_MULTI microcode because ordinal 4-6 is the same format as the BITBLT packet.

  2 {SETTINGS}
3 {DATA_BLOCK}

KDATA BLOC

[SRC_REF_CLR] Source reference color in the RGBQUAD format. This is the color to be
stripped off fromthe source.

[DST_REF_CLR] Destination reference color in the RGBQUAD format. This is the color to be
preserved at the destination.

[SRC_X1|SRC_Y1]|The coordinates of the top-left corner of the Ist source bitmap.
SRC_Y1: [15:0]:- y-coordinate, ranging from -8192 to 8191. Bits 14 and 15
should be copies of bit 13.
SRC_X1: [31:16]:- x-coordinate, ranging from -8192 to 8191. Bits 30 and
31 should be copiesofbit 29.

[DST_X1|DST_Y1]|The coordinates of the top-left corner of the Ist destination.
The definition of bits is the same as SRC_X1 and SRC_Y1.

[SRC_W1| SRC_H1]||The width and height of the Ist source bitmap, expressed in unsigned
integers.
SRC_H1: [13:0]:- Height.
SRC_WI: [29:16]:- Width.
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e DATA_BLOCK.CLR_FCN_CNTL

This field controls how the source pixels are written to the destination, depending onthe source and destination reference colors
and comparisonscttings. The source pixcls may be fillcred against the source reference color, and the destination pixcls with a
specific color may be preserved according to field CLRCMP_FCN_DST.

CLRCMPFCN_SRC|Strip off the source reference color from the source pixel
0 :- Do notstrip off source pixcls. All source pixcls arc writtcn to the destination.
1 :- Blockthe blitting source. No source pixel is written to the destination.
2,3 :- reserved.

4 :- The source pixels whose color is NOT equalto the reference color are written to
the destination. (DRAW_ON_NEQ)
5 :- The source pixels whose color is equal to the reference color are written to the
destination.(DRAW_ON_EQ)
6 :- Reserved.

7 :- The source pixels whose coloris equal to the reference color will be XORed
with the foreground color of a mono bitmap, and then written to the destination. That
is, destPixel = srcPixel XOR foregrndColorif srcPixel is equal to the foreground
color of a mono bitmap, specifically text. This is referred to as flipping somctimces.
(FLIP_ON EQ)

Reserved Reserved

   

CLRCMP_FCN_DST|Preserve pixels at the destination.
0 :- Do not prescrve the destination pixcls. All pixcls from the source are writtcn to
the destination. (FALSE)
1 :- Preserveall the destination pixels. No source pixel is written to the destination.
(TRUE)
2,3 :- Reserved.

4 :- The destination pixels whose color is equal to the reference color are preserved.
No source pixel is written on top of the pixels. (DRAW_ON_NEQ)
5 :- The destination pixels whose color is NOT equal to the reference color are
preserved. (DRAW_ON_EQ)
6, 7 :- Reserved.

Reserved. Reserved

CLRCMPFCN_SEL|Source for Color Key
0 :- Destination: Use destination compare.
1 :- Source: Use source compare.
2 :- Source and Destination: Use AND of source and destination compare.
3 :- Hilile (CP sets Hiliic Boolcan (B8) if the CLRCMPFCNSEL = 3)

Reserved Reserved
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6.2.13 LOAD_PALETTE (Updated: 11-21-2002)

Functionality

Load a palette for future 2D operations.

This packet is considered a “2D State” packet. A new context is assigned only if this is the first state update packet processed after
a prior 2D/3D “draw”packet.

Microcode Pseudopodia:

1. The CP skips the SCALE_DATATYPEinformation.
2. The CP writes an EVENT_INITIATORwith ID = SC_WAIT_WCto the Scan Converter. The SC will wait for the write

confirmation before processing the next packet.
3. The CP writes the palctte data to external memory. The last DWORD is written with a writc confirmation.
4. The CP writes the external memory address to the BASE_ADDRESSfield in the Texture T2 constant (LUT Texture Info

Constant). This address is: BASE_-ADDRESS[31:12] = Palette_Base[31:15] & Current_Context[14:12].

 

The packet header
[SCALEDATATYPE ]|1:- The palette has 16 entries (4 bpp palette) (Not supportedin

CRAYOLA)
2:- The palette has 256 entries (8 bpp palette). 

[COLOR1] The 1” entry ofthe palette.
Data is in destination format (i.e. ARGB&888, RGB565, RGBS555.,...)

Note that l6bppformats needto bepacked to 2 entries per DWORD.
[|COLOR_2] The 2”entryof the palette. Bits are defined as above.

n+2 [COLOR n] The n-th entryof the palette.
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6.3 2D PACKETS —NEW

6.3.1 HOSTDATA_BLT2 (Updated: 04-14-2003)

Functionality

This packet has similar functionality as the legacy HOSTDATA_BLTpacket. This version has only oneset ofraster data (i.e. One
Big Character).

The CP skips overthe raster data and the graphics pipe is responsible for fetching the data from the command stream.

Driver cannot wrap the Ring Buffer within the packet.

Settings Restrictions:

If the ROPis set to source copy, OxCC, then the “settings” portion of this packet should not include a brush.

Pseudopodia:

1. Unpack and Convert the FRGD_COLORto floating point valnes and write them to the ALU Constant CO.

2. Unpack and Convert the BKGD_COLORto floating point values and write them to the ALU Constant C1.

3. Set the B9 (Embedded Source) 2D Boolean.

4. If ROP[7.4] == ROP/3:0], then set B4 and C2.x (Source Fetch Booleans).

5. Write the BASEADDRESSfield of the Texture TO Constant with bits [31:12] of the RASTERPOINTER.

6 Write the DRAW_INITIATORsto the VGT DRAWINITIATOR register for every scan line **, The PRIM_TYPEis set
to 2D_COPY_RECT_LIST_V0. Note that the raster orderis arbitrary, as the source data will not overlap the destination
for this primitive.

Calculate the UL, UR, LL compoundindices and send them to the VGT. See the “Specification of the CP’s 2D
Implementation in CRAYOLA” document for details.

sl

8. Skip over the raster data.

** Note for texture fetch performance, the CP generates a rectangle primitive for every scan line of the destination. This forces the
texture fetch requests 10 be sequential for the 1D texture map.

Format

L- [HEADER |]
2 {SETTINGS}
3 {DATA_BLOCK}

DATA_BLOCK

 
 

er GBQUAD format. For m: or exp n only.
ineffective if field SRC_TYPE at SETTINGS.GUILCONTROLisset to a type other than
mono opaque or mono transparent (0 or 1).

[BEGD_COLOR] Background color in the RGBQUAD format. For mono-to color expansion only. The field is
ineffective if field SRC_TYPE at SETTINGS.GUILCONTROLis set to a type other than
mono opaque or mono transparent (0 or 1).

[BaseY| BaseX] The coordinate ofthe top-left corner of the character’s bitmap.
BaseX: [15:0] :- X-coordinate. -8,192 to -8,191, Sign Extended to 16 bits.
BaseY: [31:16] :- Y-coordinatc, -8,192 to +8,191, Sign Extended to 16 bits.

[HEIGHT| WIDTH] The geometryof the bitmap.
WIDTH:[13:0] :- Width of the bitmap.
IIEIGIIT: [29:16] :- eight of the bitmap.

[RASTERPOINTER] Address [31:2] in the command buffer where the raster data is located.
6 to End [RASTERDATA] Embeddedbitmap data.
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6.3.2 HOSTDATA_BLT_PNTR (Updated: 04-14-2003)

Functionality

This packet has the same functionality as the HOSTDATA_BLT2 packet.

This packet however does not include the RASTERDATA. The RASTERDATAis ina separate buffer than the command
buffer. In addition, only one BIGCHAR is supported.

Settings Restrictions:

If the ROP is set to source copy, OxCC, then the “settings” portion of this packet should not include a brush.

Pseudopodia:

1. Unpack and Convert the FRGD_COLORtofloating point values and write themto the ALU Constant C0.

Unpack and Convert the BKEGD_COLORto floating point valucs and writc them to the ALU Constant C1.

Set the B9 (Embedded Source) 2D Boolean.

If ROP[7:4] == ROP[3:0], then set B4 and C2.x (Source Fetch Booleans).

Write the BASEADDRESSfield of the Texture TO Constant with bits [31:12] of the RASTERPOINTER.

Write the DRAW_INITIATORsto the’GT_DRAWINITIATORregister for each scan line **. The PRIM_TYPEisset
to 2DCOPYRECTLISTV0. Note that the raster order is arbitrary, as the source data will not overlap the destination
for this primitive.

7. Calculate the UL, UR, LL compoundindices and send them to the VGT. See the “Specification of the CP’s 2D
Implementation in CRAYOLA” document for details.

** Note for texture fetch performance, the CP generates a rectangle primitive for every scan line of the destination. This forces the
texture fetch requests to be sequential for the 1D texture map.

veSN
ae

Format

 

| HEADER|
 

{SETTINGS} 
DATA_BLOCK

ip!
|FRGD_COLOR] Foreground color in the RGBQUADformat. For mono-to color expansion

only. Thefield is ineffective if field SRC_TYPE at
SETTINGS.GULCONTROLisset to a type other than mono opaque or
mono transparent (0 or 1 ).

[BKGD_COLOR] Background color in the RGBQUADformat. For mono-to color expansion
only. Theficld is incffcctiveif ficld SRC_TYPEat
SETTINGS.GUI_CONTROLisset to a type other than mono opaque or
mono transparent (0 or 1).

|BaseY | BaseX] The coordinate ofthe top-left corner of the character’s bitmap.
BaseX:[15:0] :- X-coordinate. -8,192 to +8,191, Sign Extended to 16 bits.
BaseY: [31:16] :- Y-coordinate. —8,192 to +8,191, Sign Extended to 16 bits.

[HEIGHT | WIDTH]|The geometry of the bitmap.
WIDTH:[13:0] :- Width of the bitmap.
HEIGHT: [29:16] :- Height of the bitmap.

[RASTER PNTR] Address [31:2] of the lst DWORD ofthe mono bitmap data.
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6.3.3 GRADFILL (Updated: 05-20-2002)
Functionality

Drawgradient filled triangle or rectangle using the verlex colors supplied. The tangle or rectangle is defined by three or four vertices, each
with a format: {x, y, and color}. No source surface is used/defined.

The primitive type is set to a triangle if there are only three vertices supplied. If there are four vertices supplied the primitive type is set to be a
rectangle list.

For 16bpp mode (i.e. 5:6:5:0), the Driver expandsthe colorsto fit into the 32bpp format (i.e. 8:8:8:8). For this mode, each color cannot exceed
us ordinal resolution. — 5 bils for Red, 6 bils for Green, and 5 bils for Bluc. The Driveris responsible for ensuring that this is the case.

Also, for non-32bpp destination types, the CP sets RB_BLENDCONTROL.COLORDITHERMODE to DITHERLUT.For 32bpp
destination types, the GMC sets this field to DITHER_TRUNC.

The ROP code used for this packet should be OxCC (Source Copy).

 

Microcode Pseudopodia:

1. Set 2D Booleans BO, B13, and C2.

2. Compose and Send the DrawInitiator:

a. The Primitive Type is set depending on the numberofindices supplied:

i. 3 (Triangle): DI_LPT_2D_TRI_STRIP

li. 4 (Rectangle): DIPT2DCOPYRECTLIST. Note Color term is sent as the [SRC_X | SRC_Y] term. The
shader programinterprets the colorvalue correctly.

 

b. ‘The Num_Indices = 3. Only 3 indicesare sent for either primitive type. If it is a rectangle, the CP discards the last indice.

3. Foreachvertex, the CP writes the compound index to the VGT, where the compound index consists of the DST_X_Y and COLOR
DWORDs.

Format:

 
1

2 {SETTINGS}
3 {DATABLOCK}

DATA_BLOCK

 
[DST_X, | DST_Yi] The coordinates of the Ist vertex of the triangle strip.

DST_Y1: [15:0]:- X-coordinate, ranging from-8192 to 8191.
DST_X1: [31:16]:- Y-coordinate, ranging from -8192 to 8191.

[COLOR| 32bpp aRGB 8888
[DST_X;|DST_Y>] The coordinates of the 2nd vertex of the triangle strip.

DST_Y2: [15:0]:- X-coordinate, ranging from-8192 to 8191.
DST_X2: [31:16]:- Y-coordinatc, ranging from -8192 to 8191.

[COLOR>|] 32bpp aRGB 8888
[DST_X; | DST_Y3] The coordinates of the 3rd vertex ofthe triangle strip.

DST_Y3: [15:0]:- X-coordinate, ranging from-8192 to 8191.
DST_X3: [31:16]:- Y-coordinatc, ranging from -8192 to 8191.

[COLOR3] 32bpp aRGB 8888
[DST_X, | DST_Yu] The coordinates of the Nth vertex ofthe triangle strip.

DST_Y4: [15:0]:- X-coordinate, ranging from -8192 to 8191.
DST_X4: [31:16]:- Y-coordinate, ranging from -8192 to 8191.
Suppliedfor Rectangle Primitive Only.

[COLOR,| 32bpp aRGB 8888
Supplied for Rectangle Primitive Only.
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6.3.4 ALPHABLEND (Updated: 02-11-2003)
This packet has different functionality depending on the OPfield in the first ordinal.

For OP == 0 (STRETCHBLT):

This packct is similar to BITBLT packct with the addition of a [DST_W | DST_H] cntry. The CP will usc this to gcncrate the
[DST_X | DST_Y]register writes to the VGT. Booleansare set the same as in BITBLT (B4 and C2.x).

For OP == 1 (ALPHA_BLEND_CONSTANT):

The source bitmap has no per-pixel alpha value and the blending operation is applied to each ofthe pixels’ color channels
based on a constant source alpha value specified in Sre_Const_Alpha.

Dst.Red = Round(((Src.Red * SourceConstantAlpha) + ((255 - SourceConstantAlpha) * Dst.Red)) / 255);

Dst.Green = Round(((Sre.Green * SourceConstantAlpha) + ((255 - SourceConstantAlpha) * Dst.Green)) / 255);

Dst.Bluc = Round(((Sre.Bluc * SourccConstantAlpha) + ((255 - SourccConstantAlpha) * Dst.Bluc)) / 255);

/* Do the following calculationonlyif the destination bitmap has an alpha channel. */

Dst.Alpha = Round(((Sre.Alpha * SourceConstantAlpha) + ((255 - SourceConstantAlpha) * Dst.Alpha)) / 255);

Similar to a STRETCH_BLTpacket, but an additional 32 bit IEEE float is included that represents a constantalpha value.
This valuc is written to C2.w as well as RBBLENDALPHA.Additionally RB_~BLENDCONTROLiswritten with:
0x6E016E01. Booleans BO,B14,B15,and B19 should beset.

Note that RB_BLENDCONTROLisset back to its default value** after'rolling' the context by the GMCprocessing.

For OP == 2 (ALPHA_BLEND_SOURCE):

Each pixel in the source bitmap has an alpha value and the Src_Const_Alpha value is not used for the source (set to 255).

Dst.Red = Sre.Red + Round(((255 - Src. Alpha) * Dst.Red) / 255);

Dst.Green = Sre.Green + Round(((255 - Src.Alpha) * Dst.Green) / 255),

Dst.Blue = Src.Blue + Round(((255 - Sre.Alpha) * Dst.Blue) / 255),

/* Do the next computationonly if the destination bitmap has an alpha channel. */

Dst.Alpha = Src.Alpha + Round(((255 - Src. Alpha) * Dst.Alpha) / 255);

** Note: The request to do an ALPHA_BLEND_SOURCEoperation on a source that does not have an alpha term (i.e.
RGBS565) is invalid and will generate erroneous results.

Similar to a STRETCH_BLTpacket. Additionally RB_BLEND_ALPHAis written with a floating point 255.0 (0x437F0000)
and RB_- BLENDCONTROLiswritten with: 0x670D6701. Booleans BO,B14,B16,B19 should beset.

Note that RB_BLENDCONTROLisset backto its default value** after ‘rolling' the context by the GMC processing.
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For OP == 3 (ALPHABLENDBOTH):

Eachpixel in the source bitmap has an alpha value and the Src_Const_Alpha valueis used (a non 255 value).

Temp.Red = Round((Src.Red * SourceConstantAlpha) / 255):

Temp.Green = Round((Sre.Green * SourceConstantAlpha) / 255);

Temp.Bluc = Round((Sre.Bhuc * SourccConstantAlpha) / 255);

/* The next calculation must be done even if the destination bitmap does not have an alpha channel. */

Temp.Alpha = Round((Sre. Alpha * SourceConstantAlpha) / 255);

/* Note that the following equations use the just-computed Temp.Alpha value: */

Dst.Red = Temp.Red + Round(((255 - Temp.Alpha) * Dst.Red) / 255);

Dst.Green = Temp.Green + Round(((255 - Temp. Alpha) * Dst.Green) / 255);

Dst.Bluc = Temp.Bluc + Round(((255 - Temp.Alpha) * Dst.Bluc) / 255);

/* Do the next computationonly if the destination bitmap has an alpha channel. */

Dst.Alpha = Temp.Alpha + Round(((255 - Temp.Alpha) * Dst.Alpha) / 255);

/* The Round(x) function rounds to the nearest integer, calculated as Trunc(x + 0.5). */

Similar to an ALPHA_BLEND_CONSTANTpacket. The constant alpha is written to C2.w. Additionally
RB_BLENDALPHAis written witha floating point 255.0 (0x437F0000) and RBBLENDCONTROLis written with:
0x670D6701. Booleans BO,B14.B15,B16,B19 should beset.

Notc that RBBLENDCONTROLis sct backto its default valuc** aftcr ‘rolling’ the context by the GMC proccssing.

** Note: Thc RB_BlendControl registcr is defaulted to: Ox00010001 by the GMCprocessing in the microcode:

PLRegFicldSctS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,
PL_RegFieldSetS(RB,

RB_BLENDCONTROL, COLORSRCBLEND, GLONE):
RB_BLENDCONTROL, COLOR_COMB_FCN, COMB_DST_PLUSSRC):
RB_BLENDCONTROL, COLORDESTBLEND, GLZERO):
RB_BLENDCONTROL, COLORBLENDENABLE.DISABLE);
RB_BLENDCONTROL, COLORDITHERMODE, DITHERTRUNC);
RB_BLENDCONTROL, ALPHASRCBLEND, GLONE);
RB_BLENDCONTROL, ALPHACOMBFCN, COMBDSTPLUSSRC);
RB_BLENDCONTROL, ALPHADESTBLEND, GLZERO);
RB_BLENDCONTROL, ALPHA_BLEND_ENABLE,DISABLE):
RBBLENDCONTROL, ALPHADITHERMODE, DITHER_TRUNC);
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Format:

 

2 {SETTINGS}
3 {DATABLOCK}

DATA_BLOCK

 
[OP |SRC_DATA_FORMAT]|Blending selection and source constant alpha.

OP: [31:30]:- Blending operation:
0: No blending (STRETCH_BLT)
1: Constant Alpha Blending (ALPHA_BLEND_CONSTANT)
2: Per-pixel alpha blending (ALPHA_BLENDSOURCE)
3: Constant and per-pixel alpha blending (ALPHA_BLEND_BOTH)

SRC_DATA_FORMA|5:0]: Source Data Format. he CP writes this to the Data_Format
field of the TO Texture constant. See the TP specfor the encoding.

[SRC_CONST_ALPHA] Source Constant Alpha in IEEE floating point format.
Range is between 0.0 to 1.0, where 0.0 is transparent and 1.0 is opaque.
This ordinal is onlypresentfor blending operations:

ALPITA_BLEND_CONSTANT

 

 

ALPHA BLEND BOTH

[SRC_X | SRC_Y] The coordinates ofthe top-left corner ofthe source bitmap.
SRC_Y: [15:0]:- Y-coordinate, ranging from -8192 to 8191.
SRC_X: [31:16]:- X-coordinate, ranging from -8192 to 8191.

[DST_X |DST_Y] The coordinates ofthe top-left cornerof the destination bitmap.
‘The definition ofbits is the same as SRC_X and SRC_Y.

[SRC_W|SRC_H] The width and height ofthe source bitmap, expressed in unsigned integers.
SRC_H:[13:0]:- Height.
SRC_W: |29:16|:- Width.

6 [DST_W| DST_H] The width and heightofthe destination bitmap, expressed in unsigned integers.
The definition ofbits is the same as SRC_Wand SRC_H.
This term nust be supplied even ifthe SRC and DSTterms are equal.
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6.3.5 AAFONT (Updated: 01-23-2003)
Functionality

Drawan AA font string with a source alpha-onlv surface to a destination surface. The source surface holds the blending factor
between the foreground color and the background color for each pixel in the glyph. The following is the GDI reference rendering
of the AA font:

if (Cy = cy):
C= Cy + Oy, * (1/y) * (Cp - Ge)

if (cp < cy):

c=cy + (1 - CL - 0%) *Ay)* (ce - oy)
 

where,
c : blended color

c, : background color
c; : foreground color
ou, : k'th blending fraction. oy, = (k == 0 ? 0 : (k+1)/16)
¥ 22.33

Before submitting this packct, the driver will cache the glyph into a device surfacc with the following 16bpp format:

High 8 bits: (1 - (1 - a) * (1/y)), [0, 255] = (0.0, 1.0) Floating Point.

Low8 bits: , * (1/y), [0, 255] = (0.0, 1.0) Floating Point.

So the source surface becomes analpha surface based on the glyph. Whena character is rendered, the shader would be able to
sclect the corresponding alpha valuc in the high 8 bits or in the low 8 bit bascd on the comparison result between the two valucs
per color component(R, G, B) in the foreground and the background colors.

Note that there could be considered two different cases. In the first case, the background color is constant; in the second case, the
background coloris a bitmap. The rendering could be faster for the first case because there is no need to look-up the background
color in the frame buffer.

Microcode Pseudopodia:

AAFONTBGND:- Similar to a BITBLT packet, except that the source is assumed to be a 16 bit value made up of 2 8-bit
‘alpha’ components. The TO source constant DATA_FORMATfield should be set to Fmt_8_8 (YX) (OxA). Booleans BO, B6, B17
and B19 should be set. Note that the ‘font surface’ must respect all surface alignment requirements.

AA_FONT_DST- Similar to a BITBLT packet, except the source is assumed to be a 16 bit value made up of 2 8-bit ‘alpha’
components. The TO source constant DATA_FORMATfield should be set to 88 (YX) (OxA). Booleans BO, B6, B17, B18 and
B19 should be sct. This packct also requires that the T3 texture constant be written by the CP with the Destination Surface
parameters(i.e. set this up the same way as TO for a normal BITBLT,using the DST_PITCH_OFFSETinformation rather than
SRC_PITCH_OFFSETinfo).

RB_BlendControlis set to Dither_Round instead of Dither_Truncate for the AA_Font packet. Note that the GMC processing sets
the RB_BlendControl backto the following default value: 0x00010001.

PL_RegFicldSctS(RB, RB_BLENDCONTROL, COLORSRCBLEND, GLONE):
PL_RegFieldSetS(RB, RB_BLENDCONTROL, COLOR_COMB_FCN, COMB_DST_PLUS_SRC):
PL_RegFieldSetS(RB, RB_BLENDCONTROL, COLORDESTBLEND, GL_ZERO):
PLRegFieldSetS(RB, RB_BLENDCONTROL, COLORBLENDENABLE,DISABLE);
PL_RegFieldSetS(RB, RB_BLENDCONTROL, COLORDITHERMODE, DITHERTRUNC);
PL_RegFieldSetS(RB, RB_BLENDCONTROL, ALPHASRCBLEND, GL_ONE):
PL_RegFieldSetS(RB, RB_BLENDCONTROL, ALPHACOMBFCN, COMBDSTPLUSSRC):
PL_RegFieldSetS(RB, RB_BLENDCONTROL, ALPHADESTBLEND, GLZERO);
PL_RegFieldSetS(RB, RB_BLENDCONTROL, ALPHA_BLEND_ENABLE,DISABLE);
PL_RegFieldSetS(RB, RB_BLENDCONTROL, ALPHADITHERMODE, DITHER_TRUNC);
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Format:

 

1

{SETTINGS}
{DATA_BLOCK}

DATA_BLOCK

 
[HAS_BACKCOLOR| HASBACKCOLOR: [31]:- Constant back-ground color:
FOREGROUND_COLOR] 0: No constant backgroundcolor, the blending is between the foreground color

and a background bitmap (AA_FONTDST)
1: Has background color* (AA_FONT_BGND)

FOREGROUND_COLOR:
For 16bpp aRGB1555

15 - Alpha
14:10 - Red
09:05 - Green
04:00 - Blue

For lébpp RGB565
15:11 -Red
10:05 - Green
04:00 - Blue

For 32bpp ARGB8888
31:24 —- N/A : Alpha Not Used for AAFont Packets
23:16 - Red
15:08 - Green
07:00 - Blue

[BACKGROUNDCOLOR]|BACKGROUNDCOLOR,optional, depends on HASBACKCOLOR.
This has the same format as the FOREGROUND_COLOR.

[SRC_X1|SRC_Y1] The coordinates of the top-left corner of the Ist glyph.
SRC_Y1: [15:0]:- Y-coordinate, ranging from -8192 to 8191.
SRC_X1: [31:16]:- X-coordinate, ranging from -8192 to 8191.

|DST_X1|DST_Y1] The coordinates ofthe top-left corner ofthe destination bitmap.
The definition ofbits is the same as SRC _X1 and SRC_Y1.

[SRC_W1|SRC_H1] The width and height of the Ist glyph, expressed in unsigned integers.
SRC_H1: [13:0]:- Height.
SRC_WI1: [29:16]:- width.

 

  

   

 

[SRC_Xn|SRC_Yn] The coordinates of the top-left corner of the n-th glyph.
SRC_Yn: [15:0]:- Y-coordinate, ranging from -8192 to 8191.
SRC_ Xn: [31:16]:- X-coordinate, ranging from -8192 to 8191.

[DST_Xn | DST_Yn] The coordinates of the top-left corner of the destination bitmap.
The definition ofbits is the same as SRC _Xnand SRC_Yn.

 
   

[SRC_Wn| SRC_Hn] The width and height of the n-th glyph, expressed in unsigned integers.
SRC_Hn:[13:0]:- Height.
SRCWh: [29:16]:- Width.

  
* Tf there is a background color, assume an opaque rectangle is already painted. The supplied constant background coloris only
for the alpha selection calculation.
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6.3.6 2D_ENDIAN_MODE(Updated: 01-22-2003)

Functionality

Update the source and destination endian mode controls for 2D operations.

The DP_SRC_ENDIANinformationis uscd by the CPtofill in the Texture TO constant that is composed by the microcode whilc
processing 2D primitives.

The DP_DST_ENDIANinformation is written to the RB_Color0_Info.coloO_cndian ficld when the GMC for a 2D packctis
processed.

This packet should not be used in a real-time stream.

Format

ld c

[HEADER] The packet header.
[DP_SRC_ENDIAN| DP_SRC_ENDIAN|1:0]

00 — ENDIAN_NONE.No Endian Swapping.
01 —ENDIAN8IN16: 0xAABBCCDD > 0xBBAADDCC

 

10 -ENDIAN_8IN32: OxAABBCCDD > 0xDDCCBBAA
11 —ENDIAN_16IN32: 0xAABBCCDD > 0xCCDDAABB
This formatis defined in the CRAYOLA Texture Constant spreadsheet.
Updates to the Texture Constant formatfor this field will supercede this
specification.

[DPDSTENDIAN] DPDSTENDIAN[1:0] — Same format as the DPSRCENDIAN.

 
6.3.7. DRAW_2DCOHER_RECT(Updated: 05-12-2003)

Functionality

Drawsthe extents of the 2D coherencyrectangle that is maintained by the CP for 2D source coherency. Polylines are used to draw
the top and left extenis. No line stippling is supported and a foreground color needsto be specified in the GMC.

This packet should not be used in a real-time stream.

Format

 

[HEADER] The packet header.
[DUMMY] DummyData. Any value canbe provided. 
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6.4 3D PACKETS

This section documents the formats of the 3D draw packets after the June 15" milestone is met.

The only change to the 3D drawpackets is that the INDEX_OFFSET DWORDhas been removed.

6.4.1 DRAW_INDX

Functionality

Drawsa set of primitives using a vertex buffer(s) pointed to indices fetched or auto-generated by the VGT.

The CP tests Viz Querystatus and deterministicallv issues DMArequest of index data to the VGT. The corresponding
DRAW_INITIATORis processed through the Micro Engine as a Type-0 packet.

The VGTcan auto-generate indices. The SOURCE_SELECTfield in the DRAW_INITIATORindicates that auto-generationis
desired. See the CRAYOLA VGTspecificationfor details. The INDEXBASE and INDEX.SIZE in the DRAW_INDX packet
must not be supplied when auto-generation of indices is desired. The COUNTfield in the HEADER ofthe packet will reflect the
decreased size of the DRAW_INDXpacket and the CP will stop accordingly.

This packet cannot appear in a Real-Time Stream.

Microcode:

1. Ifthe VIZQ_USEflag is set, the CP will test Visibility results referenced by the VIZQ_ID.

2. Ifthe Viz_Query test passes (1.e. Viz Query “DISCARD”= ‘0’):

a. The PFP issues a DMA request of the index data to the VGT"s Index DMA Engine. This is accomplished by
writing the INDEX_BASEto the VGT_DMA_BASE** register and the INDEX_SIZEto the
VGT_DMASIZE** register. These wrile requests bypass the Micro Engine (ME) and go through an
independent path in the RBBMto the VGT via the Global Register Bus. The VGTis responsible for associating
the index data with the DRAW_INITIATORwrite.

b. The Pre-Fetch Parser (PFP) discards everything but the packet’s Header and DRAW_INITIATOR.It sends
these to the ME. The DWORDcount in the Headeris set to zero by the PFP. The ME subsequently writes the
DRAW_INITIATORvalue to the ’G7 DRAWINITIATORregister at the current context.

3. Ifthe VizQuery test fails (i.e. Viz Query “DISCARD”= ‘1’), then the PFP discards the entire DRAW_INDXpacket.

** Note: The CP always writes the VGT_DMA_BASE and VGT_DMASIZE to context zero. The VGT gets the
associated context from the associated draw initiator, which is written to the correct context.

Format

 

[ HEADER | Headerof the packet
[VIZQUSE| VIZQID]|Viz QueryInformation:

Bit 8 - VIZQUSE:Flag to indicate whether or not to use the visibility results for the
packet.

Bits 5:0 --VIZQ ID: ID[5:0] of which of the 64 queriesto test.
[DRAW_INITIATOR] DrawInitiator Register in the CRAYOLA.

Written to the VGT DRAWINITIATORregisterfor the assigned context.
[INDEX_BASE] Base Addtess [31:1] of Index Buffer (Word-Aligned).

Written to the VGT_DMA_BASE register (No Context Supplied).
(Must Not be Supplied if Indices are Auto-Generation)

[SWAP | INDEX_SIZE]|SWAP[31:30] — Swap code used when fetching the index buffer by the VGT. The CP
just passes the entire DWORD to the VGT. The VGTseparates-out the SWAPfield.
INDEX_SIZE = Size [23:0] of index buffcr in WORDs.
Written to the VGT_DMA_SIZIregister (No Context Supplied).
(Must Not be Supplied if Indices are Auto-Generation)
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6.4.2 3D_DRAW_INDX_2

Functionality

Drawsa set of primitives using a vertex buffer(s) pointed to indices in the packet or indices auto-generated by the VGT.

This packet is used for draw packets with a “small number”of indices. It is faster for the Driver to just put the indices into the
command buffer instead of copying themto a separate index buffer.

This packet cannot appear in a Real-Time Stream.
 

Microcode Pseudopodia:

1. Write the DRAWINITIATOR DWORDto the ’GT DRAWINITIATORregister.

2. Write the rest of the data to the Immediate Data FIFO in the VGT (’GT_IMMED_DATAregister). Note that this step is
optional if the indices arc to be auto-gencrated (Indicated in the DRAW_INITIATOR DWORD).

Format

  
  

[HEADER] Headerof the packet
[DRAW_INITIATOR] Primitive type and other control.

Written to the VGT_DRAW_INITIATORregisterfor the assigned context.
3 to End [indx16 #1 | indx16 #0]|Index Data.

 
 

  
or [indx32 #0] Written to the VGT_IMMED_DATA registerfor the assigned context.

Up to or 32K 16-bit indices or 16K 32-bit indices to vertex data pointed to bystate
registers. The INDEX_SIZEfield in the DRAW_INITIATORindicates whether the
indices arc 16-bit or 32-bit.

(Must not be supplied if indices are auto-generated as indicated in the “DrawInitiator”)
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6.35 STATE MANAGEMENTPACKETS

6.5.1 SET_STATE

Functionality

This packet scts the state for rendering operations. The parameters are the pointers to cach state sub-block and instruction code.

For sub-blocks, this command checksto see if any of the submitted sub-block pointers are alreadyresident(i.e. Pointer and Size match previous
submittal). Ifnot, the sub-blocks that miss are fetched and loaded into the CP. The Micro Engine (ME) then waits for an available context and
loadsthe fetched state data into the chip. If the sub-block pointers match, then the sub-blockis not fetched.

The address in the memory-mapped register space where the sub-block data will be written is computed as follows:

Memory-Mapped Register Byte Address [16:2] = “01”// Context[2:0] // SUBBLK_n_GFX_OFFSET[9:0]

where ‘n’ is the sub-block number {0,1,2,3,4,5,6,7}.

For instruction memory updates (Vertex and Pixel Shaders), the base address and codesize are included in the Set_State command packet. The
CP remembers the last instance of these values. If the base address or size of the shaderis different from the last occurrence, the CP will fetch
the instruction code and write these instructions to the memory-mapped Instruction Memory. The memory-mapped address is computed as
follows:

Vertex Shaders:

Addr = 8QINSTRUCTIONO_ALU_0+ VERTEXSITADER_BASE + vsRelativeDwordAddr

 

Pixel Shaders:

Addr = 8Q_INSTRUCTIONO_ALU_0 + PIXEL_SHADER_BASE+ psRelativeDwordAddr
     

The CP’s Micro Engine maintains the shader base and therelative start address for both the Vertex and Pixel instruction code. Therelative start
addresses wrap within the Instruction Memory. The CP writes the Vertex Shaderrelative start address and size to the SQ_VS_PROGRAM
register and the Pixel Shaderrelative start address and size to the SQ_PS_PROGRAMregister in the Sequenecr.‘hese valucs are the start
address in instructions and the size in instructions. Aninstruction consists of 3 DWORDs.

The instruction memoryis partitioned as a dual rig. The Vertex and Pixel shaders are independently fetched.
For instruction memory updates, the ME waits for enough available instruction space before writing the instruction code. ‘This may result in the
MEwaiting for multiple contexts to free.

‘The Set_State packet is processed in twoplaces in the CP — the Pre-Fetch Parser (PFP) and the Micro Engine (ME). ‘The PFP remembersthe
last pointer and size for each ofthe sub-blocks andlast address/size for instruction code. The PFP issues the fetch requests for the sub-blocks
and instruction codeif they are not already residentin the chip (i.e. Invalid or Mismatch Occurs). The ME keepstrack of the usage of the
contexts and will stall the commandstreamuntil the desired context (from the PFP)is available.

 

[here is a “disable” control per ilem in the Set_State packet to allow sub-block and shader code updates to be skipped. This packet can be used within a Real-Time stream to update the sub-block data, but no matching occurs. All the sub-blocks are unconditionally
loaded ifnot disabled. Vertex and Pixel shader code cannot be loaded withthis packet. The Vertex and Pixel shaderpointers are ignored.. The
Im_Load and ImLoadImmediate packets are provided for updating the real-time shader code.
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Format

[Sub_Blk0 | Disable | Size_0] Sub_Blk_0 - Sub-Block Pointer[31:5]. Address in Memory of Sub-Block Data.
Disable [4] — Disables processing of the sub-block (i.e. CP Skips).
Size_0 — Sub-Block Size[3:0]. Size in Multiple of 8 DWORDs:
A value of 0x0 specifies that 8 DWORDswill be fetched.
A value of Ox1 specifies that 16 DWORDswill be fetched.

 

A value of OxT specifies that 120 DWORDswill be fetched.
A value of OxF specifies thal 128 DWORDswill be fetched.

[Sub_Blk_| | Disable | Size_1] Sub-Block #1 Pointer and Size. Same format as Ordinal 2.
[Sub_Blk_2 | Disable | Size2] Sub-Block #2 Pointer and Size. Same format as Ordinal 2.
[Sub_Blk_3 | Disable | Size_3] Sub-Block #3 Pointer and Size. Same format as Ordinal 2.
[Sub_Blk_4| Disable | Size_4] Sub-Block #4 Pointer and Size. Same format as Ordinal 2.

]
]
]

 

[Sub_Blk_5 | Disable | Size_5 Sub-Block #5 Pointer and Size. Same format as Ordinal 2.
[Sub_Blk_6| Disable | Size_6 Sub-Block #6 Pointer and Size. Same format as Ordinal 2.
[Sub_Blk_7 | Disable | Size_7 Sub-Block #7 Pointer and Size. Same format as Ordinal 2.
[VS_INSTR_BASE| Disable] Vertex Shader Instruction Code Base Address — [31:5]

Disable [4] — Disables processing of the VS Instruction Data (i.e. CP Skips).
Reserved [3:0]

[VS_INSTR_SIZ] Vertex ShaderSize in DWORDsofthe Vertex Shader Code — [13:0]
Note that the size must also be a multiple of 3 DWORDs.

[PS_INSTR_BASE| Disable | Pixel Instruction Code Base Address — [31:5]
Disable [4] — Disables processing of the PS Instruction Data (i.e. CP Skips).
Reserved [3:0]

[PS_INSTR_SIZ] Pixel Shader Size in DWORDsofthe Pixel Shader Code — [13:0]
Note that the size mustalso be a multiple of 3 DWORDs.

   

12

=  

 
pl

5
6
7
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Ti 
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6.5.2 SET_CONSTANT

Functionality

This packet loads constant data into the chip.

The CONST_IDfield identifies which constantis being updated. The CP choosesthe starting memory-mapped register address based on the CONST_ID. The
CONST_OFFSETfield is a DWORD-offset from the starting address. All the constant data in the packet is written to consecutive register address beginning at
the starting address.

Note that the CONST_OFFSETmust be a multiple of16for ALU constants and a multiple of6for Texture Constants.

The equations below show the computation ofthe starting addresses:

ALL:—Slart_Address|16:2] — SQCONSTAN'T_0[16:2] + CONST_OFFSET.

Texture: Start_Address[16:2] = SQ_FETCH_0[16:2] + CONST_OFFSET.

Boolean: Start_Address[16:2] = SQ_CF_BOOQLEANS[16:2] - CONST_OFFSET.

Loop: Start Address[16:2] = SQ CF LOOP[16:2] +CONST OFFSET.

Register: Start_Address[16:2] — A[16:2] — 0x2000™ + CONST_OFFSET + Current_Context.

The SET_CONSTANTpacket can appearin a Real-Time stream. For real-time streams, the starting addresses are computedas follows:

ALU: Start_Address[16:2] = SQ_CONSTANT_RT_O0[16:2] | CONST_OITSET.

Texture: Start_Address|16:2| - SQ_FETCH_RT_0[16:2] + CONST_OFFSET.

Boolean: Start_Address[16:2] = SQ_CF_RT_BOOLEANS[16:2] + CONST_OFFSET.

Loop: Start_Address[16:2] — SQ_CF_RT_LOOP[16:2] + CONST_OFFSET.

   
Register: Start Address[16:2] = A[16:2] = 0x2000" + CONST OFFSET.

** Note: 0x2000 is the start of the GEX decode space (Byte Address — 0x8000).

For Non-Real-Time Constants and Incremental Register updates, the CP will write the data to external memoryif the corresponding constant write enable is set.
This allows an entire constant context to be later loaded into the chip with the LOAD CONSTANT CONTEXT(LCC) packet. The
LOADCONSTANTCONTEXTpacketcontrols the write enables. See this packet for details.

Thestarting external memoryaddress that the constant data is writtcn to is computed as follows:

ALU Mem Start Address[31:2] = CONST BASE ALU]31:13] & CONST OFFSET[10:0]
Texture_Mem_Start_Address[31:2] = CONST_BASE_TEX[31:13] & CONST_OFFSET[10:0]
Loop_Mem_Start_Address[31:2] = CONST_BASE_LOOP[31:13] & CONST_OTTSET[10:0]
Bool_Mem_Start_Address[31:2] = CONST_BASELOOP[31:13] & CONST_OITSET[10:0]
RegisterMem_Start_Address[31:2] = Register_Base[31:13] & CONST_OFFSET[10:0]

Tf the data is written to memory, the last DWORDis written with a write confirmation. The PFP uses the confirmationto throttle the processing of the
LOAD_CONSTANT_CONTEXTpacket.

If the packet is processed when the associated write cnableflag is cleared, the corresponding “base valid”flag is resct to foree the constant load on the next
LOADCONSTANTCONTEXTpacket. There is an individual “base valid Nag” lor each CONST_IDtype. Note that the “base valid Mags” can be reset by the
INVALIDATE_STATEpacket, whichis defined elsewhere in this specification.

Format

2 [CONST_CONTROL| CONST_ID CONST_CONTROL[31:24] : Reserved
CONST_OFFSET] CONST_ID [23:16] :.

0x0 — ALU Constant (Vertex and Pixel)
Oxl — Texture Constant
0x2 — Boolean Constant
0x3 — Loop Constant
Ox4 — Incremental Register Update
OxS to OxIT — Reserved

CONST_OFFSET[10:0] — Offset in DWORDsfrom the base address for the constant type as implicd by
the CONST_ID ficld. Thisfield must be a multiple of16for ALUconstants and a muitiple of6for
Texture constants.

[Constant Data] DWORDData for Constants.
Note that the mumber ofDWORDs must be a nutltiple of16forALUconstants and a multiple of 6for
Texture constants.
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6.5.3 LOAD_CONSTANT_CONTEXT

Functionality

This packet provides the ability to have the CP fetch an existing constant context into the chip instead ofusing individual SETCONSTANT packets.

The CPstores base addresses and valid flags for each CONST_ID type.

For Non-Real-Time Strcam Constant Updates: If the “valid flag”is falsc, or the “basc address” docs not match the BASE_ADDRfield in the packet, or the
FORCEMISMATCHissct, the CP will fetch “NUM_DWORDS”ofDWORDsfrom external memory. Note that iftheNUM_DWORDSfield is zere, ne
constant data will befetched.

To preserve the coherency between writes and reads, the CP first waits until all prior data has been written to memory from prior SET_CONSTANTpackets
before issuing read request(s) for the constant data.

The CP computes the DWORD-aligned external memoryaddress as follows:

Mem_Addr[31:2] = BASE_ADDR[31:13] & CONST_OFFSET[10:0]

The CP writes the constant data to consecutive register addressesstarting at the computedstarting address. The slarling address is computed as shown below.
For Non-Real-Time Streams:

ALU: Start_Address[16:2] — SQ_CONSTANT_0[16:2] + CONST_OFFSET.

Texture: Start_Address[16:2] = SQ_FETCH_0[16:2] + CONST_OFFSET.

Loop: Start_Address[16:2] = SQ_CTF_LOOP[16:2] | CONST_OTTSET.

Bool: Start_Address[16:2] - SQ_CF_BOOQLEANS[16:2] - CONST_OFFSET.

Register: Start_Address[16:2] = 0x2000™"[16:2] + CONST_OFFSET + CurrentContext.
For Real-Time Streams:

ALU: Start_Address[16:2] = SQ_CONSTANT_RT_0[16:2] + CONST_OFFSET.

Texture: Start_Address[16:2] — SQ_FETCH_RT_0[16:2] + CONST_OFFSET.

Loop: Start Address[16:2] = SQ CF RT LOOP[I6:2] + CONST OFFSET.

Bool: Start_Address[16:2] = SQ_CI_RT_BOOLEANS[16:2] | CONST_OIFTSET.

 
Register: Start_Address[16:2] = 0x2000"[16:2] + CONST_OFFSET.

 
Note: 052000is the start of the GEX decode space (Byte Address = 0x8000).

‘This packet is also used to enable the writing of the data back to memorylor SET_CONSTANTpackets.the CONST_CONTROLfield is 0x01, then the write
enableis sel lor the CONST_ID type.

Note that theME_INITpacket clears the constant write enables (ALU, Texture, Loop, Boel, and, Reg) unconditionally when processed by the Pre-Fetch
Parser. See theME_INITpacketfordetails,

The respective base addresses will be remembered from the BASE ADDRin preparation for the next occurrence of the LOAD) CONSTANT CONTEXTpacket
according to the state ofthe write enables as follows: 

 

 

 

 

PreviousWotcEnable |NewWrite Enable|Save Base Address
~ 0 ~ 0 ~ No (Valid Flag is Preserved)

0 1 Yes (Valid Flag is Ser)

1 0 No (Valid Flag is Preserved)

1 1 Yes (Valid Flag is Sef)
    
 

Note that the setting/clearing ofthe write enable is done even ifthe packet matches andis discarded.

‘The “base valid” flags can also be reset by the INVALIDATESTATE packet detined elsewherein this specification.

For Real-Time streams, no matchingof the prior base address occurs. The constant data is unconditionally fetched.
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Format

 

[ HEADER ] Header ofthe packet
[BASE ADDR| BASE ADDR [31:13] — Base address for the block in Memory from where the CP will fetch the constants. For
FORCE MISMATCH] CONST ID = 0x04 (Incremental Register Update), the BASE ADDRis the base address

for subsequent register writes when a Set_Constant is issued with Const_ID = 0x04 and
writes are enabled.

FORCE_MISMATCH[0] — Setto force the mismatch regardless of the comparison between the base address
pointers.

[CONST_CONTROL CONST_CONTROL[3 1:24]:
CONST_ID | 0x00 — None
CONST_OFFSET| 0x01 —Write_Enable - Sels Wrile Enable ‘lype Identilied by the CONST_ID field.

Ox02 to OxXFF=Reserved

 

 

CONST_ID[23:16] :.
0x00 — ATI Constant (Vertex and Pixel)
0x01 — Texture Constant
0x02 — Boolean Constant
0x03 — Loop Constant
0x04 — Incremental Register Update.
Ox05 to OXFF — Reserved

Bits 15:11 — Reserved
CONST_OFFSET[10:0] Offset in DWORDsfrom the base addressfor the constant lype as implied bythe

CONST. TD field.

[NUM_DWORDS] NUM_DWORDS[11:0] -- Number of DWORDSthat the CP will fetch and write to the constant memory in the
chip.
A value ofzero will cause no constants to be loaded. The base and valid pointers will be updated in the CP’s
matching logic and the constant write enable will be updated never the less.
This must be a multiple of 16 for ALU constants and a multiple of 6 for Texture constants.

N ** [CONST OFFSET] Bits 31:24 Reserved
Up to N=257 CONST ID[23:16] — Needs to be set to the same value as ordinal #3.

Bits 15:12— Reserved
CONST_OFFSET[10:0] — Same Definition as Above.

N+] ** [NUM_DWORDS] Bits 31:12 Reserved
Up to N+1=258 NUM DWORDSJI 1:0] — Same Definition as Above.

** Note: Ordinals #3 and #4 can be replicated in order to generate multiple requestsfor the same type ofconstant. The limit is
127 replications (N=257, N+1=258). This allows the individual loading ofall 128 16-DWORD constants that are exposed in
the register map.
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6.5.4 IM_LOAD

Functionality

This command causesa load of the Vertex, Pixel, Real-Time, or Shared instruction code. The intended use ofthis packetis for
incremental state updates of the program memory (i.e. Instead of using the Set_State packet).

This and the ImLoad_Immediate are the only packets that can be used 1o update Real-Time and Shared Instruction code.

The CP compares the address andsize inthis packet with a “valid” address and size for the streamthat is being loaded. If the
address and size are valid in the CP and they match, then no codeis loaded.

See the Set_State packet for details of where the CP writes the instruction code for Pixel and Vertex shaders.

For Real-Time and Shared code,the relative instruction starting address is included in the packet. The CP uses the following
equation to determine the memory-mapped DWORDaddress.

Addr[16:2] = SQINSTRUCTION_ALU_0 + INSTR_START[27:16] * 3.

Note that the INSTR_STARTis ignored for Vertex and Pixel shader updates. The INSTR_STARTis required howeverforreal-
time and shared code updates.

The IM_LOAD packet can be used within a Real-Time Stream. The Real-Time/Shared code is unconditionally loaded and written
to the INSTR_STARTaddress in the instruction memory.

For Real-Timeinstruction updates, the CP writes the SQ_PS_PROGRAMvalue withthe size set to Ox800 and the baseset to
INSTRSTART.

Format

 

[ HEADER ] Header of the packet
[INSTR_BASEADDR| Instruction Code Base Address — [31:5] Double Octword Aligned
CODE_ID] 4:2 -- Unused

1:0 : Instruction Code Identifier

 

00 — Vertex
O1 - Pixel
1X — Real-Time / Shared Code

[INSTR_START| INSTR_START[27:16] —Relative instruction address where the CP will start
INSTR_SIZE| writing the shader code for the real-time/shared code.

INSTR_SIZE [13:0] -- Instruction Code Size in DWORDs.
Note that the INSTR SIZE should also be a multiple of 3 DWORDs
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6.5.5 IM_LOAD_IMMEDIATE

Functionality

This command has the same functionality as the IM_LOAD packet, except that the instruction code is embedded inthe packet.

The reasonfor this packet is primarily to minimize the numberoflatencies encountered when loading 2D default state. If the
IM_LOADwere used the 3D-(o-2D transition would encounter 2 latencies — the first to get the 2D Indirect Buffer and the second
to get the instruction code.

The IM_LOAD_IMMEDIATEpacket can be used within a Real-Time Stream. The real-time code will be loaded starting at the
INSTR_STARTaddress.

For Real-Timeinstruction updates, the CP writes the SQ_PSPROGRAMvalue with the size set to 0x800 and the baseset to
INSTR_START.

Format

[CODF_ID] 31:2 -- Unused
1:0 : Instruction Code Identifier

00 — Vertex
01 - Pixel
1X — Real-Time / Shared Code 

[INSTR_START| INSTR_START[27:16] —Relative instruction address where the CP will start
INSTR_SIZE| writing the shader code for the real-time/shared code.

INSTR_SIZE [13:0] -- Instruction Code Size in DWORDs.
Note that the INSTRSIZE should also be a multiple of 3 DWORDs

INSTR CODE n Instruction Code.
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6.5.6 INVALIDATE_STATE

Functionality

This command provides for selective invalidation of the Sub-Block, Vertex Shader, Pixel Shader, Constant, and Incremental
Register “last-load” pointers.

This packet can be used as an “Invalidate All State” whenall the invalidate control bits are set.

If the Driver needs confirmationofthe state invalidation, the MEM_WRITEpacket could be used. The Driver would insert a
MEM_WRITE after the INVALIDATE_STATEpacket. The consequential semaphore write would indicate that the state pointers
have been invalidated.

The INVALIDATE_STATEpacketis not allowed within a Real-Time stream.

Format

[ HEADER | Headerof the packet
[INVALIDATE_CNTL]|Bits 31:13 — Reserved

Bit 14 — Set to Invalidate Loop Constant Base.
Bit 13 — Set to Invalidate Boolean Constant Base.

Bit 12 — Set to Invalidate Incremental Register Update Base.
Bit 11 — Set to Invalidate Texture Constant Base.
Bit 10 — Set to Invalidate ALU Constant Base.
Bit 9 — Sct to Invalidate Pixcl Instruction Code Address and Sizc.
Bit 8 — Set to Invalidate Vertex Instruction Code Address and Size.
Bit 7 — Set to Invalidate Sub-Block Pointer 7.
Bit 6 — Set to Invalidate Sub-Block Pointer 6.
Bit 5 — Sct to Invalidate Sub-Block Pointer 5.
Bit 4 — Set to Invalidate Sub-Block Pointer 4.
Bit 3 — Set to Invalidate Sub-Block Pointer 3.
Bit 2 — Set to Invalidate Sub-Block Pointer 2.
Bit 1 — Set to Invalidate Sub-Block Pointer 1.
Bit 0 — Set to Invalidate Sub-Block Pointer 0.
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6.6 WAIT-ON/SYNCHRONIZATION PACKETS

6.6.1 REG_RMW

Functionality

[he CP reads a register performsthe logic operation on its value and writes the modified valuc to the register.

Reg[Adrs] € [Reg[Adrs] & [ANDMASK |Reg[AND_Adrs] || [ORMASK | Reg[OR_Adrs] ] 
The addressis limited to byte address Ox7FFC (DWORD address Ox1FFF). The context management associated with accessing registers above
this addressis not supported.

Note that ordinals #3 and #4 can be register addresses instead of immediate values. If an addresses is supplied, the micro engine will read the
register and use its value as the appropriate mask.

This packet can be exccuted within cither a non-Real-Time or Real-Timestream.

Format

 

[HEADER] Headerofthe packet
[AND_MASK_SRC | AND_MASK_SRC[31] - 0 > Immediate, 1 > Reg[And_Adrs]
OR_MASK_SRC| OR_MASK__SRC[30] - 0 > Immediate, 1 > Reg[Or_Adrs]

 

MOD_ADRS] ADDRESS[12:0] — Register DWORD address. Maximum DWORDaddress is OxL FFF.
[AND_MASK] or AND.Mask [31:0] — Value logically and’d with register contents.
[AND_ADRS] AND_ADRS[12:0] — Register DWORDaddress for AndMask. Max is Ox1TTT.
[OR_MASK]or OR_Mask[31:0] — Value logically or’d with AND Maskresult.
[OR_ADRS] OR_ADRS[12:0] — Register DWORDaddress for OrMask. Max is 0x1 FFF.

   
6.6.2 WAIT_REG_MEM

Functionality

The CP polls either a memory or register location (indicated by MEM_SPACF.)andtests the polled value with the reference value givenin the
command packel. The test is qualified by both the specified function and mask.

If the test passes, the parsing continues. Ifit fails, the CP waits for the Wait_Interval * 16 Clocks, then tests the PollAddress again. 
This packet can be executed within either a non-Real-Time or Real-Timestream.

Format

 

[HEADER ] Header ofthe packet
[MEM_SPACE | FUNCTION] 31:5: Reserved

MEM_SPACE[4]: 0=>Register, 1=>Memory
FUNCTION[2:0]

000 — Always (Compare Passes). Still does read operation.
001 — Less Than (<) the Reference Value.
010 — Less Than or Equal (<—) to the Reference Value.
011 — Equal (—) to the Reference Valuc.
100 — Not Equal (!-) to the Relerence Value.
101 Greater ‘Than or Equal (>—) to the Reference Value.
110 — Greater Than (>) the Reference Value.
11] — Always (Compare Passes). Still does read operation.

[POLL_ADDRESS] Addresstopoll.
If the address is a memorylocation then bits [31:2] specify the address and [1:0] mdicate the swap code to
be used.
If the address is a memory-mappedregister, then bits [14:0] is the DWORD memory-mappedregister
address that the CP will read.

[REFERENCE]
[MASK] Mask lor Comparison [31:0]
[WAIT_INTERVAL] Wait_Interval[15:0]: Interval to wait between unsuccessful polling operations.

The ME will poll every 16*Wait_Interval clocks.
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6.6.3 WAIT_REG_EQ

Functionality

The CP polls a register location andtests the polled value for equality with the reference value, qualified by the mask value, given in the
command packct.

If the test passes, the parsing continues.If it fails, the CP waits for the Wait_Interval * 16 Clocks, then tests the PollAddress again. 
This packet can be executed within either a non-Real-Time or Real-Timestream.

Format

din:

FT [HEADER ] Headerofthe packet
3 [POLL_ADDRESS] Addressto poll: bits [14:0] contain the DWORD memory-mapped register address that the CP will read.

++ [RETERENCE] Reference Value [31:0].ee iASK] Mask for Comparison [31:0]
[WAITINTERVAL] Wait_Interval[15:0]: Interval to wait between unsuccessful polling operations.

‘The ME will poll every 16*Wait_Interval clocks.

6.6.4 WAIT_REG_GTE

 
Functionality

The CP polls a register location and tests the polled value to be greater than or equal with the reference value, qualified by the mask value,
given in the command packet.

If the test passes, the parsing continues.If it fails, the CP waits for the Wait_Interval * 16 Clocks, then tests the Poll_Address again. 
This packet can be executed withineither a non-Real-Time or Real-Timestream.

Format

| HEADER | Header ofthe packet
[POLL_ADDRESS] Address to poll: bits [14:0] contain the DWORD memory-mapped register address that the CP will read.

1
3

4 [REFERENCE] Reference Value [31:0].
5s [MASK] Mask for Comparison [31:0]
6 [WAIT_INTERVAL] Wait_Intorval[15:0]: Interval to wait between unsuccessful polling operations.

The ME will poll every 16*Wait_Interval clocks.
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6.6.5 MEM_WRITE

Functionality

This command packet provides the opportunity to write a single DWORD to a memorylocation. One use could be as a semaphore
write to indicate to the CPU thai an operation has completed. The data is embedded in the command packet.

This packet can be executed within either a non-Real-Time or Real-Time stream.

Format

 Q 5
2 [ADDRESS] DWORD-Aligned Address [3 1:2]

Bits [1:0] — Swap function used for data write. 
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6.6.6 MEM_WRITE_CNTR

Functionality

This command packet provides the opportunity to write the current value in CP_PROG_COUNTERto a memorylocation. The
data in the counteris incremented every | orl6 core clocks, depending onthe setting in bit 31 of CP_MECNTL.ProgCntSize.

This packet can be executed within either a non-Real-Time or Real-Time stream.

Format

 

]

2 [ADDRESS] DWORD-Aligned Address [3 1:2]
Bits [1:0] — Swap function used for data write.

6.6.7 COND_WRITE

 
Functionality

The CP polls either a memory orregister location (indicated by POLL_SPACE)andtests the polled value with the reference value
provided in the command packet. The test is qualified by both the specified function and mask.

If the test passes, the write occurs to either a register or memory depending on WRITE_SPACE.

If the test fails, the CP skips the write. In either case, the CP then continues parsing the command stream.

This packet can be executed within either a non-Real-Time or Real-Time stream.

Format

[WRITE_SPACE| 31:9: Reserved
POLL_SPACE| WRITE_SPACE8: 0=>Register, 1=>Memory
FUNCTION| 7:5 : Reserved

POLL_SPACE4: 0=>Register, 1=>Memory
FUNCTION [2:0]

000 — Always (Compare Passes). Still does read operation.
001 — Less Than (<) the Reference Value.
010 —Less Than or Equal (<=) to the Reference Value.
011 — Equal (=) to the Reference Value.
100 — Not Equal (!=) to the Reference Value.
101 — Greater Than or qual (>=) to the Reference Value.
110 — Greater Than (>) the Reference Value.
111 — Always (Compare Passes). Still does read operation.

[POLT,ADDRTSS] Address to Poll
If the address is a memory location then bils [31:2] is the address and [1:0] 1s the swap code to be
used.

Ifthe address is a memory-mappedregister, then bits [14:0] is the DWORD memory-mappedregister
address that the CP will read.

[REFERENCE] Reference Value [31:0].
[MASK] Mask for Comparison[31:0]
[WRITE_ADDRESS]|IfWRITE_SPACE = Register:

WRITE_ADDRESS[14:0] -- DWORD memory-mappedregister address that the will be written.
IfWRITE_SPACE = Memory:

WRITE_ADDRESS[3 1:2] -- DWORD-Aligned Address of destination memory location.
WRITE_ADDRESS[1:0] -- SWAP Used for Memory Write.

Write Data[31:0] that will be conditionally written to the ADDRESS.
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6.6.8 EVENT_WRITE

Functionality

The CP will generate the event given in the packet by wriling to the VGT_EVENT_INITIATORregister.

Forthe “time stamp” (_TS) events, the CP will also set up a wrile to memory(timestamp) that will occur at the completion of the
specified event. The Address & Data fields are therefore required for the time stamp events.

There's a counter select (CNTR_SEL)bit in ordinal 2 that applies to Cache_Flush_Ts, Cache Flush_and_Inv_Ts, Vs Done_Ts &
Ps_Done_Ts events only. Whenthis bit is set it will select the current value in CP_PROGCOUNTERrather than the embedded
packet data.

 

There’s also a software management select (SWM_SEL) bit that applies only to the shader done events. Whenthis bit is set, it
will write to the sofiware managed event address & data registers rather than the hardware managed registers.

Note for the Screen Extent Report event that the Address field is required, but the Data field should not be present.

Note also that only the zpass_done event effects the current context. The other events have no effect on context.

This packet is noi supported within a Real-Time stream.

Pseudopodia

 The CP decodes the EVENT_TYPE of the EVENT_INITIATOR DWORD and performsthe actions listed below:

  

 

EyentCode Event Description ActionPerformed
VS_DONE_TS Vertex Shader Done|Write ADDRESS to CP_MEVS_EVENT_ADDRFIFO

(VSD) Write DATA to CP_ME_VS_EVENT DATA FIFO
Wrile the EVENTINITIATOR to the VGT_EVEN'TINITIATORregister.
A VsDoneEventfrom the SQ will then generate a DWORD
write of the DATA to the ADDRESS.

PS_DONE_TS Pixel Shader Done Writc ADDRESS to CP_ME_PS_EVENT_ADDRFIFO
(PSD) Write DATA to CP_MEPSEVENT DATA FIFO

Write the EVENT INITIATORto the VGT EVENT INITIATORregister.
A PsDone Event from the SQ will then generate a DWORD
write of the DATA to the ADDRESS. 

CACHEFLUSHTS
CACHEFLUSHANDINVALIDATEI'S

Cache Flush Done

(CFD)
Write ADDRESS to CP_ME_CF_EVENT_ADDRFIFO
Write DATA to CP_MECF_EVENT_DATA FIFO
Write the EVENT_INITIATORto the VGT_EVENT_INITIATORregister.
A pulse on the RC_CP_cache_flush signal will then generate a
DWORD write of the DATA to the ADDRESS. 

SCREEN _EXT_RPT Screen Extent Report Sends Report signal to HZ, which responds be sending 3 pieces of Data
that are written to memory at Address, Addresst+] & Address—2. 

 

   
 

ZPASS_DONE Z-Pass Done Clears the context valid flag, which in turn will cause the context to be
rolled on the next updateto state.

Others Others CP Writes EVENTINITIATORto the VGT_EVENTINITIATORregister.

Format

 

[ HEADER | Header of the packet
 

[CNTR_SEL|
SWM_SLL|

EVENTINITIATOR] 

CNTR_SEL[31] — Applies only to the Cache_Flush_Ts, Cache_Flush_and_Inv_Ts, VS_Done_Ts
& PSDone_Ts events.

 0 - Send DATA,| - Send current CP_PROG_COUNTERvalue.
SWM_SET[30] — Applies onlyto the shader done events.
0 -CP_ME_VS|PS_EVI
EVENT_INITIATOR[5:
The CP writes this value

 
 

ENT_ADDRI|DATA, | -CP_ME_VS|PS_EVENT_ADDR|DATA_SWM
0] - Defined in the Crayola VGT Specification.
to the VGT_EVENTINITIATORregister for the assigned context.

 

 

[ ADDRESS] ADDRESS[31:2] - DWORD address in memory.
ADDRESS] 1:0] -SWAP Used for Memory Write.
Driver shouldonly supplythis ordinalfor time stamp & screen extent report events.

 
 

[ DATA ]

  
Data [31:0] value that will be written

  
Oo memory whenevent occurs.

Driver should only supplythis ordinalfor time stamp events.
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6.6.9 EVENT_WRITE_SHD - Shader Done

Functionality

The CP will generate the event givenin the packet by writing to the VGT_EVENT_INITIATORregister.

Ii will also set up a write to memory(timestamp) that will occur at the completionof the specified event.

Whenthe Source bit in ordinal 2 is set, it will wrile to the software managed event address & dala registers rather than the
hardware managedregisters.

Whenthe counter select (CNTR_SEL)bit is set in ordinal 2, it will select the current value in CP_PROG_COUNTERrather than
the embedded packetdata.

Whenthe software management select (SWM_SEL)bit is set, it will write to the software managed event address & data registers
rather than the hardware managedregisters.

This packet is not supported within a Real-Timestream.

Pseudopodia

The CP decodes the EVENT_TYPE of the EVENT_INITIATOR DWORDandperformsthe actionslisted below: 

   |EventCode ‘EventDescription Action Performed
VSDONETS|VertexShader Done | Write ADDRESStoCPMEVSEVENTADDRTITO. ~~~

(VSD) Write DATA to CP_ME_VSEVENT DATA FIFO
Write the EVENT_INITIATOR to the VGT_EVENT_INTTIATORregister.
A VsDone Eventfrom the SQ will then generate a DWORD
write of the DATA to the ADDRESS.

PSDONETS Pixel Shader Done Write ADDRESS to CP_MEPSEVENTADDR FIFO
(PSD) Write DATA to CP_MEPSEVENT _DATAFIFO

Write the EVENTINITIATORto the VGT_EVENT_INITIATORregister.
A PsDone Event from the SQ will then generate a DWORD
write of the DATA to the ADDRESS.

     
 

|1{HEADER|__| Headerofthepasket[CNTR_sy CNTRSEL-
SWM_SFT. 0 - Send DATA;1 - Send current CP_PROG_COUNTERvalue.

EVENT_INITIATOR] SWM_SEL[30] -
0—CP_MEF_VS|PS_EVENT_ADDR|DATA; 1 —CP_ME_VS|PS_EVENT_ADDR|DATA_SWM
EVENT_INITIATOR[5:0] — Defined in the Crayola VGT Specification.
The CP writes this value to the VGT_EVENTINITIATORregister for the assigned context.

| ADDRESS| ADDRESS|31:2| - DWORD address in memory.
ADDRESS[1:0] — SWAP Used for Memory Write.

[ DATA ] Data [31:0] value that will be written to memory when event occurs.
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6.6.10 EVENT_WRITE_CFL — Cache Flush

Functionality

The CP will generate the event given in the packet by writing to the VGT_EVENT_INITIATORregister. It will also set up a
write 1o memory(timestamp) that will occur at the completionof the specified event.

Whenthe counter select (CNTR_SEL)bit in ordinal 2 is set, it will select the current value in CP_PROGCOUNTERrather than
the embedded packetdata.

This packet is not supported within a Real-Time stream.

 

   

Pseudopodia

The CP decodes the EVENT_TYPE of the EVENT_INITIATOR DWORD andperforms the actions listed below:

‘EvoiCode —=—s=—s«s=sézC=zsC=—C Event Description |ActonPorfommed
“CACHEFLUSHTS ~~~———SCT | Cache Flush Done | Write ADDRESS to CPME.CFEVENTADDRFIFO

CACHEFLUSH_ANDINVALIDATETS.|(CED) Write DATA to CP_MECFEVENTDATA FIEO
Write the EVENT_INITIATORto the VGT_EVENT_INITIATORregister.
A pulse on the RC_CP_cache_flush signal will then generate a
DWORD write of the DATA to the ADDRESS.

    
 

 

[ | eader of the packe
[ CNTR_SEL| CNTR_SEL[31] — Selects between supplied data and current programmable counter value to be
EVENTINITIATOR] written out to the supplied address.

0 - Send DATA;| - Send current CP_PROG_COUNTERvalue.
EVENT_INITIATOR[5:0] — Defined in the Crayola VGTSpecification.
The CP writes this value to the VGT_EVENT_INITIATORregister for the assigned context.

[ ADDRESS] ADDRESS[31:2] - DWORD address in memory.
ADDRESS|1:0| — SWAP Used for Memory Write.

[ DATA ] Data [31:0] valuc that will be writtentomemory when event occurs.

 
 

 
 

      

ATI Ex. 2067

IPR2023-00922

Page 249of 448



ATI Ex. 2067 
IPR2023-00922 

Page 250 of 448

 

6.6.17 EVENT_WRITE_SER — Screen Extent Report

Functionality

The CP will generate the SCREEN_EXT_RPT event bywriting to the VGT_EVENT_INITIATORregister.

This packet is not supported within a Real-Timestream.

Pseudopodia

The CP decodes the EVENT_TYPE of the EVENT_INITIATOR DWORDand performsthe actions listed below:
 
EventCode| | Event Deseription|ActionPerformed | _
p SCREENEXTRPTBe “Screen Extent ‘Report Sends Report signaltoIIZ, ‘which responds be sending 3 piecesofData ~

that are written to memory at Address, Addresst+1 & Address—2.

         
 

[IIEADER ] Teaderof the packet

[EVENT_INITIATOR] EVENT_INITIATOR[5:0] - Defined in the Crayola VGTSpecification. 
The CP writes this value to the VGT_EVENT_INITIATORregister for the assigned. context.

[ ADDRESS] ADDRESS[31:2] - DWORD address in memory.
ADDRESS|1:0| — SWAP Used for Memory Write.

  
6.6.12 EVENT_WRITE_ZPD — Z-Pass Done

Functionality

The CP will generate the event given in the packet by writing to the VGT_EVENT_INITIATORtegister.

Note that the zpass_done event effects the current context.

This packet is not supported within a Real-Time stream.

Pseudopodia

The CP decodes the EVENTTYPE of the EVENTINITIATOR DWORD and performs the actions listed below:
 

    TrenCode=”*~=~C~“<~“‘“‘“‘ié‘“‘“d EeDescHIptONN | ACOPere
ZPASSDONE Z-Pass Done Clears the context valid flag, which in turn will cause the context lo be

rolled on the next updateto state. 
 

 EVENT_INITIATOR] EVENT_INITIATOR[5:0] — Defined in the Crayola VGT Specification.
The CP writes this value to the VGTEVENTINITIATORregister for the assigned context.
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ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE  

   9 November, 2001 14 June, 2017 Version 0.40 66 of 81
 

6.6.13 REG_TO_MEM

Functionality

This command packet provides the opportunity to write a memorylocation with data that is read from a memory-mapped register.
The command packet specifies the source register address and the destination memory address.

Note: As analternate or for mulliple regisier-to-memorytransfers, the DMA engine in the CP canbe used.

This packet can be executed within a Real-Time stream. The read operations will pass through the Real-Time path of ihe RBBM.

Format

 [ HEADER ] Headerof the packet
[REG_ADDR|] Bits 31:15 — Reserved

REGADDR/14:0] — Memory-Mapped DWORD Address ofregister.
[ ADDRESS] ADDRESSJ31:2] -- DWORD-Aligned Address of destination memory location.

ADDRESS[1:0] -- SWAP Code Used for Memory Write.
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ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE  
  

9 November, 2001 14 June, 2017 Version 0.40 67 of 81 
 

6.6.14 WAIT_FOR_IDLE

Functionality

Wait for the non-Real Time portionof the graphics pipe to be idle.

The WAIT_FORIDLE packet cannot be used within a Real-Timestream.

Microcode Pseudopodia:

The microcode writes a value of 0x00000001 to the NOWAIT_UNTILregister to force the RBBMto wait for graphics pipe to be
idle and the Command FIFO in the RBBM to be empty before transferring any more data to the register backbone. Command
packets placed after this one will stall until the wait condition is satisfied.

Note that this is different than using a WAITUNTILwrite because the data stall point is before the Command FIFO and Event
Engine in the RBBM.See the RBBM Specification for more details on the NOWAIT_UNTILfunction.

Format

  1 [ HEADER | Headerfield of the packet. .
2 [DummyField] Dummyfield. Any value can be placed in this field.

6.6.15 CP_INTERRUPT

Functionality

Sets the interrupt status corresponding to the stream where the CP_INTERRUPTpacket wasparsed as indicated by the INT_ID
field in ordinal 2.

This provides the ability for the Driverto identify the stream that generates the interrupt. Because the Driver puts this packet in
the commandstream, it can also use the interrupt as an “almost-finished-parsing” flag from the CPif it is placed near the end of a
command stream.

Format

 
[ HEADER] Header field of the packet.
[INT_ID] The Driver mustsel the appropriale interrupt bil.

For Non-Real-Timestreams:

Bil 31 - Interrupt for Ring Buller
Bit 30 - Interrupt for Indirect Buffer #1
Bit 29 - Interrupt for Indirect Buffer #2

it 28:0 - Reserved.
‘or Real-Time Steams:
its 31:16 — Reserved

it 15 — Interrupt for R''S#15
it 14 — Interrupt for RTS#14
it 13 — Interrupt tor RTS#13
it 12 — Interrupt for RTS#12
it 11 - Interrupt for RTS#11
it 10 — Interrupt for RTS#10
it 9 — Interrupt for RTS#9
it 8 — Interrupt for RTS#8
it 7 — Interrupt for RTS#7
il 6 — Interrupt for RTS#6
it 5 — Interrupt for RTS#5
il 4 — Interrupt for RTS#4
it 3 — Interrupt for RTS#3
il 2 — Interrupt for RTS#2
it 1 — Interrupt for RTS#1
it 0 — Interrupt tor R'TS#0
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6.6.16 VIZ_QUERY

Functionality

This packet contains Viz Query information indicating the beginning and ending of the Viz Query extent (bounding box)
processing. The CP uses this packet to set ils internal Viz Query status.

The CP maintains the following set of status for each of the 64 Viz Queries

1. A*“DISCARD”bil — Default to “0” onreset.

2. A*“EndReceived” (ENDRCVD)bit — Defaultto “0” onreset.

The CP does the following for a Viz_Querypacket for “Begin” (i.e. VIZQEND = 0):

1. Ifthe “END_RCVD”bit is alreadyset for the ID (i.e. CP is expecting status from the Scan Converter) then the CP waits.
Note: The SC must return a visibility result to the CP for cvery *Viz_Qucry End” cvent othcrwisc the chip may hang.

2. Othcrwisc:

a. The “DISCARD”bit is clearcd (KEEPis assumed)

b. The CP issucs a “Viz Query Begin” cvent. This is a write to the ’GT_EVENTINITIATORregister with the
EVENT_IDset to “Viz Query Begin” by the Micro Engine (ME).

Note that the Scan Converterresets its visibility result when it receives the “Viz, Query Begin” event.

Note that the Driver writes to the PA_SC_VIZ_QUERYregister to set the ID of the Viz Query for the Scan Converter.

The CP does the following for a Viz_Querypacket with the “VIZQEND”flag set.

1. Set the corresponding “END_RCVD”bit by the Pre-Fetch Parser (PFP). This will stall the next Viz_Query “BEGIN”
packet until the status is sent back from the SC.

2. Create a “Viz Query End” event. This is a write to the VGT_EVENTINITIATORregister with the EVENT_IDset to
“Viz Query End” by the ME.

The visibility results are sent back to the CP via a dedicated interface from the Scan Converter (SC). Whenthe CP receives a
transfer fromthe SC,it docs the following:

1. Clears the corresponding “ENDRCVD”bit for the Viz Query.

2. Sets the “DISCARD”bit to the value provided by the SC.

Note thai the PFP forwards the entire packet to the ME. The ME generates the event initiators based on the whether it is a “begin”
or “end” packet.

 

The context is marked “dirty” when this packet is processed because the Viz Query events use state when processed.

This packet cannot be included in a Real-Time Stream.

Packet Format

[ HEADER ] Header of the packet
[VIZQ_END | Viz Query Information: VI7ZQ_TD] Bit 8 - VIZQ_END:Flag indicating END of a Viz. Query Extent Processing.

0 => Begin
1 => End

Bits 5:0 --VIZQ_ ID: Event Code — 0 to 63 — ofvisibility bits to test.
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6.7 MPEG PACKETS

6.7.1 MPEG_INDEX

Functionality

Packed register writes for MPEG and Generation of Indices.

The packet format has changed since R300: Mask and “Dummy” DWORDshave been removed and the DrawInitiator is a new
format.

This packet is not allowed within a Real-Time stream. This restriction is not however because of the CP or RBBM.

Microcode Pseudopodia:

1. Write the DRAW_INITIATORto the ’GT_DR4AWINITIATORtegisterforthe assigned context.

2. For each “first index”, generate other two indices for the rectangle list and output all indices to the
VGT_IMMEDDATAregister.

3. Discard anyvaluesafter the indices in the command packet.

 
p .

[ DRAW_INITIATOR] Written Unconditional to VGT_DRAW_INITIATORregister
The Prim_Type should be a DI_PT_RECTLIST. See the VGT Specification for details.

3 [ NUM_INDICES] Numberof Index Base Values (0x0001 to Ox3FFF)
4to 4+(NUM_INDICES-1)|[ 32-Bit INDEX] First Index of Quad. (Ox00000000 to OxF FFFFFFD)

For each “First Index”, CP will generate the other 2 indices and output:
FIRST_INDEX
FIRST_INDEX+1
FIRST_INDEX+2
All indices are written to the VGT_IMMED_DATAregister.
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6.8 MISCELLANEOUS PACKETS

6.8.1 NOP

Functionality

Skip a number of DWORDsto get to the next packet.

Pseudocode:

The Pre-Fetch Parser (PFP) just discards the data in the packet. No data is sent out of the CommandProcessor (CP).

Format
 

 {DATA_BLOCK}

DATA_BLOCK

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

6.8.2 INDIRECT_BUFFER

Functionality

This packet is used for dispatching Indirect Buffers. This more easily allows the Pre-Fetch Parser (PFP) to recognize indirect
buffer dispatches.

Whetheran Indirect Buffer #1 or Indirect Buffer #2 is fetched is dependant on the context of this packet. If this packct is in the
Primary (Ring) Buffer, the Indirect Buffer #1 is fetched. If the packetis in the Indirect Buffer #1, the Indirect Buffer #2 is fetched.
The difference is only in the parsing priority of the data stream and the storage location of the pre-fetched data in the CP. Indirect
Buffer #2 commands have a higherpriority than Indirect Buffer #1 commands.

Included inthis packet is the Multi-Pass enable control. If this bit is set, the PFP will stop parsing consecutive commands and
instead wait for the Continne/Loopsignal to be asserted by the Scan Converter (See the CP Unit Specification for the signal
interface). If the Loop signal is asserted, the PFP will re-fetch the indirect buffer and it will be re-processed by the CP. If the Scan
Convertertells the CP to continue, the PFP will resume pre-parsing of the command stream.

Note that the CP still supports the dispatching of indirect buffers via Type-0 packets for legacy support. See the Packet
Restrictions section of this document for more details.

This packet is not allowed within a Real-Time Siream.

Format

  
  [ | eader of the packe

[IB_BASE] Indirect Buffer Base Address [31:5] — Double-Octword-Aligned
[MULTIPASS| IB_SIZ] MULTIPASS[31] — Set to tell the CP that this Indirect Buffer is a Multi-Pass operation.

Indirect Butter Size | 19:0] — Size ofthe Indirect Butter in DWORDs.
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6.8.3 INDIRECT_BUFFER_PFD

Functionality

This packet has the same functionality as the INDIRECT_BUFFERpacket, except that the initiation of the indirect buffer fetch is
pipelined out of the CP, through the RBBM,and thenback to the CP via the Global Register Bus. The fetching of the indirect
buffer will be notstart until the CP receives the initiation (Base and Size) from the Global Register Bus.

This allows the fetching of the indirect buffer to be stalled by WAIT_UNTIL conditions in the RBBM.Oneusageof this packet is
as follows:

1. HostData_Blt packet to move an indirect buffer from AGP to Local Memory.

2. Type-0 packet to WAIT_UNTILregister in RBBMwith the Wait_IdleCleanbit set.

3. Indirect_Buffer_PFD packetto initiate the fetching and processing of the indirect buffer packet moved in step #1.

The usage of the Indirect_Buffer_PFD packet in this case along with the Wait_IdleClean causes the CP to not fetch the indirect
buffer until after it is moved to Local Memory.

This packet is not allowed within a Real-Time Stream.

Format

=[HEADER] Headerofthe packet ~[TB_BASF] Indirect Buffer Base Address [31:5] — Double-Octword-Aligned+TIPASS |TB_SIZF] MULTIPASS[31] — Set to tell the CP that this Indirect Buffer is a Multi-Pass operation.
Indirect Buffer Size [19:0] — Size of the Indirect Buller in DWORDs.
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6.8.4 IB_PREAMBLE

Functionality

This packet should be placed at the start of Indirect Buffers if the IBSTARTCHECKENABLEbitis set in the CPMECNTL
register. The Micro Engine (ME)in the CP will checkfor this packet following an IB_PREFETCH_STARTpacket andassert an
error (IB_ERROR)interruptif this is not present.

This provides somelevel of protection against parsing of bad data representing an indirect buffer. See the Error Checking section
of the CP Unit Specification fordetails.

If the micro engine encounters this packet when the IB_START_CHECK_ENABLEbitis notset, the packet will be discarded.

The IB_PREAMBLEpacketis not allowed within a Real-Time Stream.

Format

 
   

at
[HEADER] Headerofthe packet
 

[CHECKSUMO0] Needs to be 0x12B9BOA1(a * 100,000,000)
|CHECKSUMI| Needsto be 0x1033C4D6 (e * 100,000,000) 

6.8.5 LOADEXECUTE — Not Currently Supported

Functionality

“* Experimental Use Onlyfor CRAYOLA **

Load CP executable code into the Micro Engine’s instruction RAMandbegins executing the code.

The CP’s Pre-Fetch Parser (PFP) issues the fetch request for the code to the CP’s command streain fetcher and inserts a
MICRO_PREFETCHinstruction into the command stream. The MICRO_PREFETCHinstruction tells the Micro Engine (ME)to
load the code from the state buffer into the ME’s instruction RAMand then jumpto the code.

The current instruction pointer (IP or IP_RT) is pushed onto the return stack before jumping to the packet’s code. On a return
from the executable, the CP will restore this value to the ME’s Instruction Pointer from the return stack. The last micro instruction
therefore must be: “RTN”. See the CP Unit specificationfor details.

This packet is allowed within a Real-Time stream. Separate instruction RAM is available for both normal and Real-Time
operations.

Format

 

[ HEADER ]| Headerof the packet
[| CODEADDRESS] Doublc-Octword-Aligned Address [31:5] of location of cxccutable codc in memory.

 

[ CODESIZE| Size [5:0] of executable in DWORDs.
The CP supports up to 64 micro instructions.
The loading of the micro-instructions will unconditionally write code that was
previously fetched.
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6.8.6 ME_INIT

Functionality

The ME_INIT packet should be sent to the CP immediatelyafter loading the microcode and enabling the Micro Engine (ME). The packet should be sent for both
anon-RTand the RT micro engines. This Type-3 packet is used by the MEto initialize internal state information that is used by other packets.

Whenprocessed in a non-Real-Timestream, the packet has the side affect of invalidating the matching pointers in the Pre-Fetch Parser and clearing the constant
and incremental register write enables.

Note: IftheME_INITpacket changes the MAX_CONTEXTvaluethen it needs to be proceeded with an INVALIDATE_STATEpacket with afull mask to
invalidate the matching peintersfor sub-block, instruction, and constant reuse.

The packet is usedto:
1.

N

ww

6.

Enable / Disable Real-Time streams (Non-RT ME Only):

a. _If the current non-real-time context is ‘0’, the CP will wait for context ‘1’ to be idle, then copy from ‘0’ to “I’ before allowing real-time
processing. The real-time enable flag is visible in the CP_STATE_CNTLregister.

b. Icontext ‘0’ is not the current context, but is being used as a non-real-time context, then the CP will wait for context ‘0’ to be idle.

Enabled/Disable 2D and 3D Implicit Synchronization (Non-RT ME Only):

Sub-Block Offsct Valucs -- SUBBLE_0_GFX_OFFSET,.... SUBBLK_7GFXOFFSET (Unique to cach Non-RT and RT ME).

Set-up the Instruction Memorypartitioning parameters (Unique to each Non-RT and RT ME). Nete that the pixel shader start address must be
greater than the vertex shader start address.

 

a. Write Vortex_Shadcor_Base to ME's DMAengine.
b. Write Pixel_Shader_Base-1 to ME's DMAengine (Vertex_Shader_End).
c. Write PixelShader_Base to ME's DMA engine.
d. Write the Pixel_Shader_End with the value: 0x1 FFFC (End of Memory Map)

Maximum Context {0...7} in the Chip. Writing the MAXCONTEXTalso hasthe following side affects:

a. Set the Context_Dirly Nag.
b. Sets the Current Context to:

i. Zero if Real-Time is Disabled
ii. One if Real-Time is Enabled

c. Resets the Dirty Rectangle for 2D Coherency Control (See the 2D Implementation Spec for Details):
i. Dirt_Left = Dirt_Top = -8,192

ii. Dirt_Right = Dirt_Bottom = +8,191

Write Confirm Interval — Number of DWORD writes CP should send to MC betweenissuing a Write Confirmation. ** Experimentalfor CRAYOLA.
Microcode currently discardsthis value as of 02-23-2003. Microcode may he written inthefuture to take advantage ofthis parameter. **

NQ Select and External Memory SWAPcontrol

a. NQ Select — Setting for sending transactions through the Queued/Non-Queued Path through the RBBM.
b. External Memory Swap — Swap Code that ME will use 2D Brush,Palette, and Immediate Data as well as Constant and Header Dump

writes.

Error Detection Control Booleans (Unique to each Non-R'l and RT ME). Note: Thisfeature degradesperformance andis therefore usedfor debug
only. To use, the microcode must be recompiled with UCODE_DEBUGdefined.

Reserved_CheckEnable
IB_Start_CheckEnable
Protceted_Mode_Enable

d. Protected Mode Address
e. Check for Type-0 Packets in Indirect BuLlers

ere

Header Dump Parameters — CP will write the headers of the packets to external memoryfor debug. Note: Thisfeature degrades performance andis
therefore usedfor debug only. To use, the microcode must be recompiled with UCODE_DEBUGdefined.

a. Header_Dump_Enable
b. Header Dump Base[31:12] — Base Address in External Memory where to write the packet headers.
c. HeaderDumpSwap[1:0] — Swap Control for Header Dump.
d. HeaderDump_Size[29:0] — Size of Allocated External Memory in DWORDs

Microcode Reset Control

a. Set to clear areas in micro engines scratch memory. This should onlybe set on the first MEINIT packet submitted.
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Format

cl
1 [ IIEADER] Ileader of the packet

| MASK|

Ril_ENABLE ]

ISYNC_2D_to3D |
ISYNC_3Dto_2D ]

DWORD Mask.
Bits 31:10 — Reserved
Bit 9 — Microcode Default Reset Control (No Ordinals are Associated with this Bit) (Non-RT Only)
Bit 8 —Ileader Dump Present
Bit 7 — Error Detection Control Booleans Present
Bit 6 — Non-Queued Flag and External Memory Swap Present
Bit 5 — Wait Confirm Interval Present.
Bil 4— Maximum Contexts Present (Non-RT Only)
Bit3 Instruction Memory Thresholds Present
Bit 2 — Sub-Block Offsets Present — RT can have separateoffsets than Non-RT
Bit 1 — 21ND Tmplicit Synchronization Present (Non-RT Only)
Bit 0 — Real-Time Enable/Disable Present (Non-RT Only}
Real-Time Enable / Disable
Bits 31:1 Reserved
Bit 0 — Real-Time Fnable. Set to enable, clear to disable real-time stream processing,
Bits 31:2 — Reserved
Bitl-ISYNC_2Dto_3D: Any 3D processing stalls if 2D operation is -progress.
BuO ISYNC_3Dto_2D: Any 2D processing stalls if 3D operation is in-progress. 

SUBBLK_0_GFX_OTFSET Bits 31:10 — Reserve
Bits 9:0 - DWORDOffset in GFX Decode Space for the Sub-Block. 

SUBBLK_1_GFX_OFFSET

SUBBLK_2_GFX_OFFSET

SUBBLK_3_GFX_OTFSET

Bits 31:10 — Reserve
Bits 9:0— DWORDOffset in GFX Decode Space for the Sub-Block.
Bits 31:10 — Reserve
Bits 9:0__DWORDOffset in GFX Decode Space for the Sub-Block.
Bits 31:10 — Reserve
Bits 9:0 —- DWORDOffset in GFX Decode Space for the Sub-Block. 

SURRLK 4 GFX OFFSET

SUBBLK_3_GFX_OFFSET

SUBBLK_6_GFX_OFFSET

Bits 31:10 — Reserve
Bits 9:0—- DWORDOffset in GFX Decode Space for the Sub-Block.
Bits 31:10 — Reserve
Bits 9:0 DWORD Offset in GFX Decode 8S
Bits 31:10 — Reserve
Bits 9:0 — DWORDOffset in GFX Decode Space for the Sub-Block.

@ Sub-Block

 
SUBBLK 7 GFX OFFSET

 
VERTEX_SHADER_BASE

PIXEI._SHADFR_BASF]

| MAX_CONTEXT|

[ WC_INTERVAL]

 
Bits 31:10 — Reserve
Bits 9:0—- DWORDOffset in GFX Decode Space for the Sub-Block.
Instrucuon Memory ThresholdsBits 31:28 — Reserve
Bits 27:16 — Vertex Shader Start Address in Tnstructions.
Bit 15:12 — Reserved
Bits 11:0 — Pixel Shader Start Addressin Instructions (Must be greater than the Vertex Shader Start).
These values must beprogrammedfor Real-Timefor correct operation of the Real-Time DMA Engine.
Bits 31:3 — Reserved
Bits 2:0 — Maximum Context in Chip. Values are 0 to 7
Note that if real-time is enabled, it takes Context 0 away from non-RT processing
Bits 31:8 — Reserved
Bits 7:0 — Write Conlirm Interval

  
 

[NQ_DEFAULT|
LEXTERNAL_MEM_SWAP]

Bit 31 — Non-Queued RBBMPath. Defaults to “Queued”at reset in hardware.
0=>All transactions from the Micro Engine will go through the RBBM’s Queuedpath.
1 All transactions fromthe Micro Engine will go through the RBBM’s \on-Queued Path.

Bits 30:2 — Reserved
Bis 1:0 Swap Code Used Lor the following transachions
. 2D Brush,Palette, and Immediate Data Writes
. Constant Data Writes 

[ Reserved_Check_Fnable|
IB_Start_Chock_Enable
Proteeted_Modo_Enable|
TO1_inIBInterrupt_Enable|
TOl_inIBStop_Enable|
Protected_Mode_Address ]

Bit 31 — Reserved_Check_Enable : Enable reserved bit checking (Degrades Performance)
Bit 30 —IB_Start_Check_Enable : Enable checking for pre-amble at start of IB
Bit 29 — Protected_Mode_Enable : Enable protected mode.
Bit 28 — Enable Interrupting if Type-0 / Type-1 found in Indirect Buffer (Degrades Performance).
Bit 27 — Enable Stopping if Type-0 / Type-1 Packet found in Indirect Buffer(Degrades Performance).
Bits 26:15 — Reserved
Bits 14:0 -- ProtectedModeAddress : DWORD address. All addresses below this are protected. 

[[leader_Dump_Base|
Tleader_Dump_Swap]

Ileader_Dump_Base[31:12] — Base Address of external memory location where CP will dump PM¢ Ileaders.
Bits 11:2 — Reserved: Should beset to zero.
HeaderDumpSwap[1:0] —Swap Code Used When Writing Headers to Memory. 

 
[Header Dump Enable
Tleader_Dump_Size ]

Header Dump Enable[31]— Enable Writing PM4 Headers to Memory for Debug (Degrades Performance)
Bit 30 — Reserved
Ileader_Dump_Size[29:0] — Size in DWORDsfor the [leader Dump Ring in Extemal Memery.
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6.8.7 FIX2FLT_REG

Converts an integer value (0 to 255) to IEEE floating point and writes to the specified register.

The DWORDregister address is onlyvalid up to address Ox1 FFF (Byte Address 0x7FFC). The packet cannot write into the
contcxt-bascd registers, constants, or instruction memory of the CRAYOLA.

Format

| HEADER| Header ofthe packet
[ REGISTER_ADDR] Bits 31:13 -- Reserved

REGISTER_ADDR[12:0] - DWORDaddress ofthe destination register in the address map.
[ TIXED_VALUE] Bits 31:8 — Reserved

FIXEDVALUE[7:0] — 8-bit Integer Valuc (0 to 255).
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6.8.8 SET_BIN_MASK
Used with SET_BIN_SELECTpacket to setup the predicationtest.

The SET_BIN_MASKpacket sets two consecutive 32-bit registers CP_BIN_MASK_LO and CP_BIN_MASK_HI. The
combined 64-bit value specifies the current driver defined bin category.

The CP’s Prefetch Parser compares the CP_BIN_MASK and CP_BIN_SELECTregisters to determine whether
subsequentpredicated packets are processed. The comparisontests consists of a bitwise AND operation followed by
an OR reduce operation on the result to detect if any of the bits are set.

If any bits are set, the predicated packetis processed; otherwise the predicated packetis skipped.

Format

 
[ IIEADER|] | Ileader ofthe packet
[BIN MASK LO] Set BIN MASK 1.0[31:0] register to value supplied.
[BINMASKHI] Set BINMASKHI[31:0] register to value supplied.  
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6.8.9 SET_BINSELECT
Used with SET_BIN_MASK packetto setup the predication test.

The SET_BIN_SELECTpacket sets two consecutive 32-bit registers CP_BIN_-SELECT_LO and
CP_BIN_SELECT_HI. The combined 64-bit value specifies the bin category of the subsequent commandstream data.

The CP’s Prefetch Parser compares the CP_BIN_MASK and CP_BIN_SELECTregisters to determine whether
subsequentpredicated packets are processed. The comparison test consists of a bitwise AND operation followed by
an OR reduce operation on the result to detect if any of the bits are set.

If any bits are set, the predicated packetis processed; otherwise the predicated packetis skipped.

Format

[ HEADER] Header of the packet
Set BIN SELECT LO[31:0] register to value supplied.2

[BIN SELECT HT] Set BIN SELECT HI[31:0] registerto value supplied. 
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6.9 INTERNAL CP PACKETS

The Pre-Fetch Parser (PFP) generates Type-3 packets, which are not accessible by the Driver. These packets are only used
internal to the CP for the PFP to communicate to the Micro Engine (ME).

6.9.1 IB_PREFETCH_START

The IB_PREFETCH_STARTpacket is generated by the PFP whenit detects an indirect buffer initiation in either the Ring or IB1
command sircams. The packet tclls the Micro Engine to start processing packets from the next-most priority qucuc.

If processing from Ring, start processing fromIB 1.

If processing fromIB1, start processing from IB2.

Format

Headerof the packet
The micro engine ignoresthis field.
The Pre-Fetch Parser puts Oxdeadbeefinto this field.
 

6.9.2 IB_PREFETCH_END
The IB_PREFETCH_END packetis generated by the PFP whenit detecis the end of a pre-fetched indirect buffer. The PFP
inserts this at the end of the fetched indirect buffer to tell the ME to go back to process the initiating stream (See
IB_PREFETCH_START).

Format

[| HEADER| Headerofthe packet
[DUMMY] The micro engine ignoresthis field.

The Pre-Fetch Parser puts Oxdeadbeef into this field.
 

6.9.3 SUB-BLOCK_PREFETCH

The SUB-BLOCK_PREFETCHpacket is generated by the PFP whenit is processing a SET_STATEpacket and the sub-block
necdsto be fetched. The packct identifics which sub-block is to be updated (SUBBLK_ID) and the DWORD count. The ordinal
corresponding to each sub-block id is sent only when a mismatch occurs, thus the numberof ordinals sent varies with each
Set_State packet. The last ordinal sent will have the END_PACKETbit set. The fetched data is returned to the Ring/IB state data
queue. Up to 128 DWORDscanbe fetched per sub-block as indicated in the Set_State packet.

Format

 
eader of the packe

[SUBBLK_ID| Bit 31:27 — Reserved

COUNT] SUBBLK_ID[26:24] - Sub-Block Id 0-7
Bit 23:8 — Reserved

COUNT{[7:0] — Number of DWORDsto take from the State Queue.
[END_PACK] Bit 31 -END_PACKET

Bit 30:0 — Reserved
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6.9.4 CONST_PREFETCH

The CONST_PREFETCHpacketis generated by the PFP whenit is processing a LOAD_CONSTANT_CONTEXTpacket and
the constant data necds to be fetched. The packet identifics which constant is to be updated and the DWORD count. The LCC
packet can repeat the set of CONST_OFFSET & NUM_DWORDSordinals (the other fields remain constant for the duration of
the packet). Whenthis occurs, they will be repeated also in the CONST_PREFETCHpacket. Thelast ordinal sent must have the
ENDPACKETbit set. The feiched data is returned to the stale data queue.

Format

[ HEADER] Headerof the packet
[BASE_ADDR] BASE_ADDR[31:13] — Base address for the block in Memory from where the CP will fetch the constants.
[CONSTID | Bits 31:24 — Reserved

CONST_OFFS] CONST_ID[23: 16]
0x00 — ALU Constant (Vertex and Pixel)
0x01 — Texture Constant

 

 

0x02 to 0x03 — Reserved

0x04 — Incremental Register Update.
0x05 to OxFF — Reserved

Bit 15:12 — Reserved

CONST_OFFSET[10:0] — Offset in DWORDs.
4-to-N+1||JNUM_DWORDS| Bits 31:12 — Reserved

NUMDWORDS{[11:0] — Number of DWORDsto take fromthe state data queue.
JEND_PACKET| Bits 31 -END_PACKET

30:24 — Reserved

   
6.9.5 INSTR_PREFETCH

The Instruction_Prefetch (INSTRPREFETCH)packetis generated by the Pre-Fetch Parser (PFP) whenit is processing a
Set_State or Im_Load packet and the instruction code needs to be fetched.

The packettells the Micro Engine (ME) to get “INSTR_SIZE” DWORDsofinstruction code from the Ring/IB1 state data queue.
It also identifies the code type (VS, PS, or Real-Time/Shared).

The ME maintains therelative start pointers and available counts for the Instruction Memory. The ME will throttle the instruction
update until a context is available and there is enough roomin the Instruction Memoryfor the instruction code.

For Real-Time/Shared Codeit also includes the INSTR_STARTvalue. This value represents the absolute memory-mapped
register address — bits 16:2 of the global register bus address. The start value is written to the SQPSPROGRAMregisterat
context #0 for real-time and the instructionsize is set to Ox800. The size is not used by the sequencerfor real-time so a value of
0x800 is a “don’t care”.

Format

 
Header of the packet

[ CODE ID] Bits 31:2 -- Reserved
CODE IN1:0]

00 => Vertex Shader
01 => Pixel Shader
1X —> Real-Time / Shared Code

[INSTR_START Bit 31:28 -- Reserved
INSTR_SIZE] INSTR_START[27:16] -- Start Address for Real-Time / Shared Code in Instruction Memory.

Bits 15:14 -- Reserved
INSTR_SIZE [13:0] — Number of DWORDsfor the ME to read from the Ring/IB State Data Queue.
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ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE

  
   9 November, 2001 14 June, 2017 Version 0.40 80 of $1
 

6.9.6 INSTR_MATCH

The Instruction MatchUNSTR_MATCH)packet is generated by the Pre-Fetch Parser (PFP) whenit is processing a Set_State or
Im_Loadpackct and the instruction code pointcr matchcs the prior pointers (i.c. docs not necd to be fetched).

The Micro Enginc uscs this packet to manage the Instruction Mcmory pointers.

Format

| HEADER| Header ofthe packet 2 [ CODE_ID ] Bits 31:2 -- Reserved
CODE_ID[1:0]

00 —> Vertex Shader
O1 => Pixel Shader
1X => N/A

6.9.7 MICRO_PREFETCH — Not Currently Supported

** Expcrimental Use Only for CRAYOLA**

The MICRO_PREFETCHinstructiontells the Micro Engine (ME)to load the codec from the state buffcr into the ME’s instruction
RAMand then jumpto the code.

Format

[ HEADER] Header ofthe packet
[ CODE_SIZE ] Bits 31:6 -- Reserved

CODE_SIZE[5:0] — Number of DWORDsto fetch from State Data Queue and Load Into MicroInstruction
RAM.  
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ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE  

  
9 November, 2001 14 June, 2017 Version 0.40 81 of $1 
 

6.9.8 INCR_UPDT_STATE

The Incremental Update to State packet is created by the Prefetch Parser when it encounters a Type-0 packet that writes to the
GFX_DECODEspacc (0x8000-OxFFFF). Its functionality is identical to a Typce-0 packet, cxccpt that the microcnginc writes the
data to the register address corresponding to the current context. If needed, the microengine will also update the context prior
writing out the data.

Format

 Headerofthe packet
[ONE REG WR| Bits 31:16 — Reserved
BASE INDEX ] Bit 15 -- 0:- Write the data to N consecutive registers. 1:- Write all the data to the same register.

Bits 14:0 — The BASE_INDEX[14:0] correspond to byte address bits [16:2] and is the DWORD Memory-
mapped address.

REGDATA1 Data   
REGDATAN

6.9.9 INCR_UPDT_CONST

The Incremental Update to Constants packet is created by the Prefetch Parser whenit encounters a Type-0 packet that writes to
the Constant Store regisicr space (0x10000-0x13FFF). Its functionality is identical to a Type-0 packet, except that the
microengine, if needed, will update the context prior writing out the data.

 
Format

[ HEADER] Header ofthe packet
[ONE_REG_WR| Bits 31:16 — Reserved
BASE_INDEX ] Bit 15 -- 0:- Write the data to N consecutive registers. 1:- Write all the data to the same register.

Bits 14:0 —‘The BASE_INDEX|14:0| correspond to byte address bits [16:2] and is the DWORD Memory-
mapped address.

 

REGDATA1
   

REGDATAN

6.9.10 INCR_UPDT_INSTR

The Incremental Update to Instructions packet is created by the Prefetch Parser when it encounters a Type-0 packet that writes to
the Instruction Store register space (0x14000-0x1ffff). Its functionality is identical to a Type-0 packet, except that the
microengine, if needed, will update the context prior writing out the data.

 
Format

pt [HEADER] Headerofthe packet[ONE_REGWR| Bits 31:16 Reserved
BASEINDEX] Bit 15 -- 0:- Write the data te N consecutive registers. 1:- Write all the data to the same register.

Bits 14:0 —- The BASE INDEX[14:0] correspond to byte addressbits [16:2] and is the DWORD Memory-
mapped address.

aREGDATA1
 REG.DATA_N
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Tom Frisinger
11/13/03
v.0.99q

R400 Floating Point Numerics

Red = open questions/issues, answers/opinions appreciated. Thank you in advance @

32-bit Floating Point Format (32-bit FP)
Same as single precision IEEE 754 floating point specification:

 

bit 31 = sign (1-bit)
bits 30..23 = exponent (8-bits, biased 127)
bits 22..0 = mantissa (23-bits)

normalized 32-bit floating point = (-1)*sign * 1l.mantissa * 2* (exponent + (-bias)}
denormalized 32-bit floating point = (-1)*sign * O.mantissa * 2*-126

NaNs (exponent = OxFF, mantissa != 0“0) (32-bit FP)
 

NaNs are supported and comply with IEEE 754

ONaNs (quiet)
SNaNs (signaling)

bit 22 = 1, bits 21..0 == any
bit 22 = 0, bits 21..0 != 0x0

SNaNs and ONaN are referred to collectively as NaNs

NaNs propagate unmodified (except for NaN * 0 = 0 and 0 * NaN = 0).
SNaNs are not converted to ONaNs during arithmetic operations.

Source modifiers (abs/neg) do affect NaNs sign (see note in LoadVectord(} routine below).
Clamping/saturation does not affect NaNs.

Clever software is free to do what they choose with the mantissa bits.

The following NaN codes are currently supported:
R400FPNAN = OxFFCOQ000 -- indefinite floating point operation (fyi, this is a ONaN)

ZERGs {exponent = 6x0, mantissa = 0x0) (32-bit FP)
+2ZERO and -ZERO are supported and comply with IEEE 754

 

+ZERO Ox00000000 (bit 31 = 0) (aka 0.0£, ZERO)
-ZERO = Oxe0000000 (bit 31 = 1)

Non-gZERO Denorm Support (exponent=0x0, mantissa != 0x0) (32-bit FP)
32-bit floating point denorms are not supported on R400 for arithmetic and logical operations.

R400 will use a flush to zere policy for 32-bit floating point denorms. Sign will be preserved:
-denorm > -ZERO
+denorm > +ZERO

IEEE requires denorms to be supported.

Supporting denorms guarantees that for all real numbers the following property (cf real numbers) is
preserved:

X=Y¥ €9 X¥+ (-¥) = 0

Flushing denorms to zero does not preserve this relationship. It’s important to understand and
appreciate this because unexpected results could be produced. For example, two non-equal normalized
floating point numbers may be subtracted producing a result that it too small to be represented in the
normalized range. Without denorms, such a result will be flushed to zero, which may introduce a zero
where one is not expected potentially affecting downstream computation.

The design decision of not supporting 32-bit floating point denorms was based on several facts. First,
adding denorm support is not with out cost in both area and schedule. Second, it’s believed that
normal graphics operations would not take advantage of the 32-bit floating point denorm range.

32-bit floating point denorms are however preserved during move operations.

ONEs (for reference, not special) (32-bit FP)
+ONE = Ox3F800000 (bit 31 = 0) (aka 1.0f, ONE}
-ONE = OxBFS00000 (bit 31 = 1)

 

MAX/MIN (for reference, not special) (32-bit FP) 
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+MAKFLOAT =
“MAXPLOA'L —

INFINITYs (2x 

  
XTFTFEEFE (bit =0

‘EUR bRRE (bit 1

aol — OxFP, mantis 

) (aka MAXFLOAT)

— CxO) (32-bilL FP) 
+INFINITY

+INFINITY =
-INFINITY =

Roundirg ¢
Roundire is 

 

-INFINITY are supported ard concly with IEEE 754

UxTk890090 (biz 31 = G3
oOxFF399990 (biz 31 = 1)

it FE)
rplermented using a zoun

(aka _KEINITY, +1NE, LN=)
(aka -=KT)

d to zero solicy only.
 

This is equivalent to truncation. Note
this is an IBS rounding mode, but rourd to ngarest even is The default rounding mode for IEEE.

 
Ove “flaw
Follows

32
reund

> +MAXFLOAT
< MAR_PTOAT

Undez=low
Flush

120(32
Fol lows

2
Smaller Lhan +21
Smeller than

 
SENNZ> =

<f£> =
<fnz> =
<tt> -
<+inzg> =
<-f> -
<-fnz> —

 

Avithmetic Co

 
_ negative <f>

 elemeaLl

ail FR)
toward zero convention.

> +MAX_FLOAT
> -MAX_FTLOAT

-oit FE)
to zere convention.

52 
32-bit floating point
32-bit floating point
flcating poinz numbers

 

finite 32-biz floating
finite 32-biz floating
positive <f> including
positive <f> including
nogalLive <f> exeluding

> excluding
 

 alia
ent in set

ia

<KNNS
<xnn>

<[>gel

erations (32-biz IP) 

 

 
 

number
rime

including |/-ZERO,
 

|\/-INFIN- Y and NaNs
inslauding +/-TN*TNTTY erd -/-7FRG bat  luding NeNs

including +/-INFINITY but excludirg NaNs and +/-ZERO

point nunser including +/-ZERO but
poirt nu s but excluding 

 +ARRO, cluding -ARRO
+2ZERO, excluding -ZERO
+/-ZERO
+/-ZERO

ooriate ZERO.

below.adeiticn rules
es below.adeitioen rul

adeition rules below.

Denorms are treated as and obey

—(F4EKRO} — -ZERO -- Applies to e
—(-2ERO} = -ZERO -- Applies to 4

Addition t FE)
NaN + <xnn> = NaN
<xmnn> + Kah = NaN
NaNl | Kan2 = NaN

(A + B} == (B + A) -- Applies to
(A - B) == (A + -3) -- Applies to

Af | -Af = ZERO -- Applies to 4

+INFINITY + <f£> = +INFINITY
-INFINITY + <> = -INFINITY
+INEBINITY + +1NEINITY -— +L N21N1L'PY
-INFINITY + -=NFINITY = -INTINITY

+TNFTNTTY + -NFINTTY — R200*P_NAN

-ZERO + <f> = <f>
+4HRO + <finz> —- <f
+Z2ERO + -ZEPRO = +24

Multiplicatic
NaN * <xnn
<xmnnz> * NaN
NaN1 * Nan2Z

 

(B

 
a

 
= NaN

* A) -- Applies to 4 ll multiclication rules below.

2

 | /-INF=
xcluding +/-INFINITY end NaNs

NaNs and |/-ZERO
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+/-ZERO * <x> = +ZERO -- This is not IEEE 754 compliant. IEEE rules states +/-ZERO * NaN = NaN, +/-
ZERO * +/-INFINITY = NaN and all other multiplication by +/-ZERO obey sign rules for multiplication.

Breaking this IEEE rule was not taken lightly. Legacy 1.x shaders require this behavior so not
Supporting it in some fashion was not an option. Also, in fixed point texture filtering and alpha
blending a weight of zero specifies that the multiplicand should be ignored. This no longer holds true
if you follow IFEF. Even worse, following IEEE rules when filtering and alpha blending limits
important optimizations because source and destination reads are always required. If fact, we aren’t
even sure it’s ever desirable to follow IEEE when filtering or alpha blending.

While the R400 will still do all texture filtering in fixed point, the R400 has the ability to alpha
blend 16-bit floating point surfaces.

Given the above and the desire to make all floating point operations in the R400 consistent,
the R200 and R300 follow this rule too.adopting the rule +/-ZERO * <x> = +ZERO.

+INFINITY * <+inz> = +INFINITY
+INFINITY * <-fnz> = -INFINITY
-INFINITY * <+inz> = -INFINITY
-INFINITY * <-fnz> = +INFINITY
+INFINITY * +INFINITY = +INFINITY
-INFINITY * -INFINITY = +INFINITY
+INFINITY * -INFINITY = -INFINITY

+ONE * <x> = <x> (except when <x> is -ZERO which always produces +ZERQ)

Logical Operations (3 2-bit FP) 

Denorms are

 

 

treated as and obey rules of appropriate ZERO.

A ==, 35, <= A is TRUE
A !=, >, < A is FALSE

== (B == A) is TRUE
== (B != A) is TRUE

NaN != NaN is TRUE
NaN <=, >, >= NaN is FALSE
NaN <xnn> is TRUE
NaN <=, >, >= <xnn> is FALSE
<xnn> NaN is TRUE
<xnn> <=, >) >= NaN is FALSE

+ZERO ==, >=, <= -ZERO is TRUE
+ZERO !=, >, < -ZERG is FALSE
-2ZERO ==, >=, <= +ZERO is TRUE
-ZERO '!=, >, € +ZERO is FALSE

-INFINITY ==, >=, <= -INFINITY is TRUE
-INFINITY !=, >, < -INFINITY is FALSE

+INFINITY ==, >=, <= +INFINITY is TRUE
+INFINITY !=, >, < +INFINITY is FALSE

-INFINITY <, <=, != -MAX_FLOAT is TRUE
“INFINITY ==, >, >= -MAX_FLOAT is FALSE

+INFINITY >, >=, != +4MAX_FLOAT is TRUE
+INFINITY ==, <, <= +MAXFLOAT is FALSE

16-bit Floa ting Point Format (16-bit FP) 

For what it’s worth,
Had more time been available we might have considered supporting both multiplication rules.
anticipate any compatibility issues with this decision.
fact that +/-ZERO * NaN = +ZERO, which will terminate NaN propagation.

led te us

We do not
One should perhaps only be cautious of the

Bik 1s = sign (1-bit)
bits 14..10 = exponent (5-bits, biased 15)
bits 9..0 = mantissa (10-bits)

normalized floating point (-1)*sign * l.mantissa * 2*%(exponent + (-bias))
denormalized floating point = (-1)*sign * O.mantissa * 2°-14

NaNs (N/A) (16-bit FP)
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NaNs do net exist in 16-bit floati nq poirt format.

& power of

Ox} (1lé-cit FE)  
ll 9

+ZERO_16 = 0x9900 {bit 15
-PARRO_1@ — 0x8909 {bit lo — 1)

 Non-ZERO Denern Supp  (exponent=

ke C.Cf, ZDRC 26)

 
Qx0, mantissa '= 9x0) (16-bit FP} 

16-bit tloating ooint denorms are

 Soo sacl”
implications.

larger in magnitude thar nunoers with an exponent of 3C.

suppertes on R490 for arithmetic ard _cgical operations.

an Non-”4420 donorm support ir 32-cil Floaling point seccliar above for

 

 
ONKs (Zor reference, not special) (16-bit FP)
+ONE16 = Ox3C90 (bit 15 = 0) (ONE16)
-ONE 16 ~— 0x3090 (bil 15 - 1)

MAX/MIN (for reference, not specia 
 +MAX_FLOAL ~6 — Ox7EEE (biz 15 —

-MAXFLOAT26 = OxFIEF (biz 15 =

INFINITYs ( \) s-bit |'P)
INFINITYs oo not exist in 16-bit f 
An exponent of 31 encodes numbers

Roundirg (_6-cit FF)
Roundire is

 

Notation (16-s1it FE)

1) (lé-bit FP)
G) (aka VAXFLOA''16)1

loatinge point format.

and

a power of 2 larger in magnitude thar numsers with an exponent of 3C.

 
<> — all 16-bil. floating poinl number “neluding +/-7RRO_16
<fnz> = all 16-bit floating point numbers cut excluding +/-ZERO 1é
<l£> = all sitive <f> including | ZERO, cluding ZERO16  
 

$ <f> ineludi
negative <f> excludi
nogalive <f> oxeludi

AH& Loe Hook vou
q yv

odd ® | \

  

 
 Lions (16-bi_ FP) 

-(+ZERO16) = -ZERG_16 -- Applies
—(-4ERO16) = +4b20 16 -- Applies

Addition (i6-sit

 

 

(A + Bi —— {[B -- Applies
(A B}) == (A -- Applies

A+ -A = -ZERO16 -- Applies
-ZERO 1é + <f> = <f>

|ZERO16 | <fnz> = <fnz>
+FFRO_16 + 47=RO_°6 — +7FRO_16

Mulliplic: (26-bil FP)
(A * B) — (B * A) -- Applies

+49RO 16 —-- Sa

 

rations (16-bit T>)  is TRUE
TALSE

-— A) is TRUE
A) is TRUE

+ZERO16 ==, >=, <= -ZERO_16 is
+ZERO16 '=, >, < -ZERO_16 is

ney +ARRO
ng +/-2E
nq +/-ZERG2

 clacding -Z2RRO_16 

to all rules below.
to all rules below.

to all additicn rules below.
to all addition rules below.

 

to all acciticn rules below.

to all multislication rules below.

 CG “LOFP soclion for juslificelior.

‘x> Le -ZERG26 waich always produces -ZERG76)

TRUE
FALSE

irplerented using a round to nearest (round towards plus infinity) policy only.
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-2ERO_16 ==, >=, <= +ZERO_16 is TRUE
-ZERO.16 !=, >, <  +2ERO16 is FALSE
R400 Conversion Numerics

16-bit / 32-bit Floating Point To Fixed Point Conversions
I believe IEEE specifies that converting to fixed point must cbey round mode for finite floating point
numbers. Behavior is undefined for +/-INFINITY, NaNs and out of range values under IFEE rules.

 

When converting to fixed point (any time fixed point hardware has floating point sources, e.g.
rasterization and texture filtering) R400 will use a round to nearest policy (basically: (int) (floor(fBr}
+ 0.5f)) when converting to integers).

 In cooperation with Micr
fleating point values to f

 ft, R400 will use the following rules when converting 16-bit and 32-bit
xed point: 

MAXFIXED = Largest value for given fixed point format
MINFIXED = Smallest value for given fixed point format

+INFINITY > MAXFIXED
INFINITY > MINFIXED

+NaN > MAXFIXED
-NaN > MINFIXED

> MAXFIXED > MAXFIXED
< MINFIXED MINFIXED
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16-bit Floating Point To / 
 

The following tasle represenzs 16-oit floating poincz ranges:

 
 

 

 

 

 

 

 

 

 

 

  

Valuos soar. clamping Lo -/-MAX_FLOAT_16

Z27+1E [ 28 [sx exponent 31
27415 EE | 30
27 6 15

1s -14 “in axponent 1

Denormalized 0

Denormalized 0

Denormalized 0    
 

  
 

G9 -1é benormalized 9

GE | -193 benormalized 0
107 | 20 bencrmalized 0 0.,00000G1x 
 
 
 
 
 

 

 

Janorma |i zac 0 0.000000 xxx

Janormal i 2ac 0 0.00000001xx

Denormalized 0 yOaCCGGLx  

   
 Denorma ocaccal 

Values svarc clamping te -/-ZaR0_ 16

 
  
 

   
 

+ZERO €> -ZERC16
-ZERO €% -ZERO_16

When corverting from 32-biz floating poirt to 26-bit floating point the following rules also apply:

Roundirge is done using round to nearest.

+INFINITY > +MAXFLOAT16
-INFINITY > -MAXFLOAT16

+NeN >
-NeN > 
> +MAX_FLOAT“6 > 4+MAK_FUORT_16
< -MAX_FLOA716 > -MAX_FUOAT_16
R400 PA Numerics

24CC has the ability to x<ill primitives that nave positions containing NANs and |/-INFINITY. Three
cartre! tais funehionaliczy. One bit ki lls if any XYs are NANs or -/-"NFINTTY, a socond bit

controls killing if any 4s are NANs or +/-INFINITY and the third bit contrels killing the primitive if
any Ws are NANs or +/-INFINITY.

 

 
The R4CC shou_c always be programmed to ki
and +/-TNFORTY, One should nol be Lemple
bufferirg cecause clip tescing and the li

 
 

riritives that have ary XYZW cositions conzaining NaNs
© Laings lise diseblirg k’ ling or 4% when nol. 4

ce may lead to unexpected behavior.
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Clipping is done using 32-bit floating point. The clipping HW may not follow the conventions in this
document when presented with positions containing NaNs and +/-INFINITY. Clipping of normal finite
floating point values do however. For this reason, it is strongly encourage that the chip be always
programmed to kill positions containing NaNs and +/-INFINITY.

Clay to provide more detail on what happens when clipping and rasterizing with NaNs and +/-INFINITY.
Also what happens with point size?

R400 Interpolator Numerics

All computations are done in 32-bit floating point and follow rules described above.

R400 will do barycentric interpolation. Interpolation equation for a parameter will be: P(i,j,k) =A+
(B - A) * j + (C - A} * i where i,j,k represents the barycentric position and i+ j+k=1.0f. Note,
the equation used on R400 is derived from P(i,j,k) = (A * k) + (B * j) + (@ * i).

R400 Texture Pipe Numerics

Texture filtering computations are done in fixed point.
Texture gradient computations are done in 16-bit floating point.
All conversions follow the given rules.

The texture pipe cannot filter floating point textures and only allows point-sampled fetches into 16-
bit (DATAFORMATs *16FLOAT) and 32-bit (DATAFORMATs *32FLOAT) floating point textures (and vertex
arrays).

Fetched 32-bit floating point data is presented to the GPRs unmodified.

Fetched 16-bit floating point data is converted to 32-bit floating point using the above conversion
rules before being stored in the GPRs.

Textures with DATA_FORMATs of *16_EXPAND allow 16-bit floating point textures to be filtered by first
converting the 16-bit floating point data to a 16.16 signed fixed point (2's complement)
representation. The conversion takes place in the texture cache and follows the rules above for
converting floating point to fixed point. Note that this fixed point representation has a range of +/-
32K while 16-bit floating point has a range of +/-64K so some dynamic range will be lost along with the
obvious precision loss.

Gradients set through SetGradientsH and SetGradientsV are converted to and stored as 16-bit floating
point.

Values are stored in the texture LOD register as 5.5 signed fixed point (2's complement). The texture
LOD register is set through SetTexLOD at which point the 32-bit fleat pointing to fixed point
conversion takes place.

R400 RB Numerics

All conversions from 32-bit floating point coming from shader pipe to the internal format follow
conversion rules.

All internal computations (alpha blending) are done in 16-bit floating point as described ahove. {In
fact, the actual format may have addition mantissa bits. Details to come. However, for the purposes
of this document it can be thought of as 16-bit floating point.)

Alpha blending is supported for 16-bit floating point render targets.

Given our rules, one lssue does arise when alpha blending 1é-bit floats. Given the following alpha
blending equation:

(+ONE_16 * SRC) + (+ZERO_16 * DST) = OUT_COLOR

One might assume that SRC and OUT_COLOR will have the same bit pattern (also assuming SRC can be
represented with out clamping in 16-bit FP). This WAS how we were going to effectively disable alpha
blending. However, consider when SRC=-ZERO016. In this case +ONE_16 * -ZERO16 = +ZERO16 and
+ZERO_16 * DST always equals +ZERO16. Resulting in:
+ZERO16 + +ZERO_16 = +ZERO16 = OUT_COLOR.

What this means is that the bit pattern of -ZERO_16 cannot be outputted from the RB when alpha
blending. Bummer.

To work around this issue, an alpha blend disable bit is provided. When alpha blending is disabled,
16-bit and 32-bit floating point values pass through the alpha blending logic unmodified.

Alpha blending is not supperted for 32-bit floating point render targets as is required to be disabled.
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Conversion to the render target formet =o
R400 car se orograrmed to round to nearest, truncate, or dichez wher doing the conversion.

 

R400 Shader Pipe Numerics

All computations are done in 32-bit fleating coint as d

 (
In the pseudsa code below, all

sribed ebove. 

 ways in hign channelctively. al )
actions are done as negated edditiors.

respe

Execution Macaine

 

 
 

Edofine 0
fdefine a
ftdefine QO
tdefine x

/
// Thirk of tnese as globals
fi
floet PreviousScalar;
booleer KillEixel; // 1-bit stored in
boolean - ff i-bil slored Ln
int /f/ 9-bit signed integer stored in SQ  
/* ExecuteShader */
void ExecuteSnader (Instructions instructions, unsigned inz counti

{
  

Yectord SRC A, SRO 3, SRC C;
VYectord sca_arResult, vectorResult;
unsicned shert swizzlePazcernA, swizzlePattern3, swizzlePactternc; 

 
 

 

boolean doAssA, doNegA, doAbsB;
boolear d yR, AoAbsC, doNeqc;
unsicned int vectorOpcode, scalarOpcode;
unsicred byte vectorWriteMasx, scalarWriteMask; 

 

boo lear chorclamp, doScala-Clemp;

— “JNDEFINED;
— FALSE;

Predicatekeg = JNDEFINED;
AddresskReg — JNDEELNED;

while (carnl > 0) { 

currerntinst = get_next_instruction (instructions) ;

 
  

 

/ /
// SROLA
é é
SRC A =
Swizz ePatternA =
doAbsA = (currentInst};
doNesA = (currentiInst};
SRC A = swizzlePattern, cdcAbsA, doNegA);

f éfg
 

act and load SRC B(currertIrst);
act_swizzlepat ern_SRC_B(currentInst);
acl _abs_SRC_B(currenttnst}¢
act_negSRC_B(currentInst};

or3B(SRC_B, swizzlePalLlern, ooAbs3, doNegB) ;

ePattern2 =

  
 
  
 

 = extract_and_load_SRC_C(currertirst};
— extrac izzlep rn_SRC_C(currentinst);
= 6X c *C(currentinst} ;x yCourrenttnst) 7

swizzlePattern, ccAbst, doNegC);
 I

oD oO

ews conversion rules for that format. Additionally, the
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// Software should note that there is only one abs modifier bit for constants
// ard that its state applies to all constants in the instructior.

f{/ Vector

   

 

 

 

ffii

vyootorone — extract_vootor_opcode (cuvvortTrset) ?
doVectorc_ans = extract vector clamp(curzentInst);
vectorwWriteMask = extractvectorwritemask(currertinst);

/ /f

 
    

 = tract_scalaropcode (currentInst);
doScalarc x xtract_scalar_clamp(cusszentirst);
scalarwWriteMask = extractscalarwritemask(currertinst);
f¢éff
// Execute Instructionff/ /

Executelnstruction{(vectorOpcode, scalardeco
doVec _orClamp, carClamp,
SRC_A, SRC_B, SRO_S);

 
 

--count;
}

// Dore
return;

}

/* ExecuteInstruction */
void ExecuteInstruction(unsigned short vecterGoced unsigned short scalarocede,e,

lean doScalazClamp, boolean doVectorc_ams, sao
byte vecto-WriteMask, oyte scalarWriceMesk,
Veczor4d SRC_A, Vector4 SRC_3, Vectord SRC_C}

Vector’ vectorResult, scalazResult;
VYectord vectorDsT, scalarDST?
ff

of Lhis // In EW, S@ probably handles mo

// Veoter instruction

switch (vectorOpcode) [

ASS_V(SRC_A, SRC_B}; 
MUL V(SRC A, SRC B);

t = MAX V(SRC A, SRC B}?

 MINV{SRC_A, SRC_B};}

// 9x4
| = SETEV(SRC_A, SRC_B);

// 9x5
= SETGTV(SRC_A, SRC_B};

 
t — SKIIGKV(SRC_A, SRC_B);

Jf Ox?
t = SETNE_V(SRC_A, SRC_B);

     
ATI Ex. 2067

IPR2023-00922

Page 284 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 285 of 448

case FRAGT: // 4x8
t — ERACTV(SRC_A);

 

 

 
 

 
 

/ 9x9
t = TRUNC V(SRC Aj}?

SRC_E,  

e

CNDEV(SRC_A, SRC_B, SRC);

Ox

t — CNSGE V(SRC A, SRC B,  

/f Ox
source

L = CNSCTV(SRC_A, SRC_B, SRC_C);

 

vector boreV(SRC_A, SRC_B}}reak;
case DOT3: 9x19

vectorKesult = DOT3 V(SRC A, SRC B);
break;

DOT2ADD: // 9x11
// Note 3 source

|. — DOTPADD_V(SRC_A, SRC

a 9 tr QD

 
 
 
 
 
 
 

 
 
 

 

 
Ix12

t = CURRV(SRC_A, SRC_B);

Q ity

 V(SRC A)?

// Ox14
SETE_PUSILV(SRC_A,

Oo 9

  
PJSH: // Ox15

PREDSETNEPUSHV(SRC_A, SRC_3);

Oo 0

[GTPUSH: // 0x16
t = PRED_SETGT_PUSH_V(SRC_A, SRC_3)+

PISH: // Ox17
PRED_SETGR_PUSH_V(SRC_A, SRCO_3);

XILLE V(SRC A, SRC B); vecto ;
wreak

case Ko
vecto ;
mraak F

case KILLM~: // 9x1B
: i

 
 

 
= DST_V(SRC_A, SRC_B};

 dx 1D

t — MOVAV(SRC_A, SRC_B};

    
 

} // switch (vectorOpcode)

10
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te calar instruction

  // SW should ne ealar inslLruclion Ls always coissued. This means when ising a 3 source
// vector instruction SRC C is shared. Tvyoically this won't be useful and SW will wanz
// to mask scalar pipe in this case. Mere details below.

 

switch (scalarCpcode) {

 

case ADD: // 9x)
sca_arResult = ADS_S(SRC_C);sreak;

case ADD PREV: // Oxl1
sca ark |. — ADD_PRRV_S(SRC_C};reak;

case MUL: // 0x2
sca_arkesult — MULS(SRC_C)?;
reak;

case // 0x3
t — MUL PREV S(SRC C)}; 
 case MULPREV2: // UX

sca_arResult = MULPREV2S(SRC_C)};break;
case MAX: // 9x5

sca Result = MAX S(SRC C);
eak

ETE_S(SRC_C)+

ETGE S(SRC C)? 
 
 

 

SETGTS(SRC_C};

case SETKE: // OXA
Ss kes = RC Ch;

RC Ch;

RUNCS(SRC_C)?
  

BLOORS(SRC_C);

OXF

2XP_IEEE_S(SRC_C};

Q %

rinwy
f/f Ox11

P_CUAMPRD_S(SRO_C);

Q 9

io aOM 

 
 

5
p
=’S(SRC_C}?

         ak;
e RECLP_IBSa: /, c13

sca_arResult = RECIP_IEEES(SRC_C};preak;
case REC_PSOR'!CLAMPEKO: // 0x14

sca_arResult = RECIPSQORTCLAMPEDS(SRC_C);ay

case TFE: // 0x15
sc t = RECIPSQRT_FF_S(SRC_S}; 

11
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preak;

case RBC_PSORLlaak: // 0x16
sca_arKesult = RECIPSORT IEEE S(SRU 7);
orcak; — — —

case MOVA: // 9x17
sca_arResult = MOVA_S(SRC_C);oreak;

case MO /f 0x18
MOVA_=OOR_S (SRC_C};

 SUB_S(SRC_C}?

OxXTA
SUB PREV S(SRC C)};

// Ox1B
PREDSETE_S(SRC_C};

Oo

Oo

 Q

PRE SHIGHS(SRC_C);

INV S(SRC CO);
Q 
  
 
 

 

 

     
 

case
sc oy
sre

case PR

sca_a ) SET_CLR_S(SRC_°};reak;
case PRED /f 0x22

gs ar ET RESTORE S(SRC
~ a —

case
sca Lhk S(SRC_C);
re - —

= Le ff Be  
t — ALLLGTS(SRC_C};

a 
6 D »

Oo a
mwt

 
 aontaeQ %

in
0x28

RT_TRRR_S(SRC_C};

    
 

CONST 1: // Dx?b 
 

 Oo a
bbCONS! 0: //

Q ity

   
   
 1: /f Ox2t

12
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break;

Son: //
s acResull — SIN_S(SRC_C);
break;

case COs: // 9x31
scalar sult = COS_S(SRC_C)?;
break;

dowau ti
break;

} f/f switch (scalarCpcode)

 

 

/f Clampingféfi

// Clamping dene nere so I can call instructions from instructions, HW would likely
// do it in tne snader instruction coce, sut tne resulis should be the same.

i= (doVectorClamrp) {
esull — ClampVec_ord (veclLorResull); 

i= (deScalarClarp) |
sca_arkesult = ClampVectord (scealarResult);

ff

// SW sheuld note that 2reviousScalar/
/ é

 not get masxed but dees get clamped.

PreviousScalar = scalarResult.w;

/ /
// Destination wasking/wricting, for mew net dealing with exports, just GPRsffi}

// Vector Mask/Cutput

{f/f Note thor pipe update heppens “irst. Tais is only impocthert when
// scalar and vector destinations are the same GPR.

 

vyectorDS. -— read reg(/*stuff*/);

i= (vecterwriteMask & 8) {
vectorDST.w = vectorResult.w;

i= (vectorwriteMask & “) {
vectorDST.z = vectorResult.z;

}
12 (vectorWriteMask & 2) {

vectorDsST.v = vectorResult.y;
}
i2 (vectorWriteMask & 1) {

vectorNST.x = vactorResult.x;
}

write reg(vectorLST, /*situff*/};

f/f Soa ar Mask/Gaitput

scalarDS> - re Vrog(/*s-ull*/);

12 (scealarWriteMask & 8) {
sea arhST.w 7 scalarRasull..w?;

  
writereg(scalarDsT, /*stuff*/};

13
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// VYirnally handle exporting AddressReg,
 

and kill ins-rucliong st 

 
 

but not a chip hand.
- result in undefined be

// predicate or kill inscructions.

 

for
tais means

acpropriate
yerera_, That

 

inplementation

// Done
Seturn;

}

/* ExportPredicateReg */

 

void ExpertPredicateReg (boolean action)
{

// Called from predicate insczuctions

if (action
Predicate

} else
PredicateKeg = 2X2CUTE;

}

return;
}

/* ExportKillPixel */
 boolear ExoortXillPixel (Vector

{
Scesult}

Boolear dokill — FALSE;

// Tesl Cloer cixel kill

if (result.w == 1.9f) [
doKkill = “RUE;

}
if (result.z == 1.9f) [

dokil= -— “RUE;
}
if (resu t.y == °.9f) {

doKil_ = TRUE;
}
if (result.x == 1.9f) {

doKill = TRUE;

 
}

/* ExportAddressReg */
int ExportAddressReg {float m
{

vaVeli

esult;
// 3-biz signed intecer

// movaVa_ NaN oris an “integer” float,

if if
// Valid accress range is
/f Sirce we
// that when addressRegtcons tantofffe

 
are (15

 SUL
n secause they share ean update sath.

Msva

 

saculd also be aware that while tne resulis of PRED*,
writing into the GPRs,

these instructions
pipe when rot coissusing.

 

PredicateReg and PixelKill to So.
nol be sued LoqeLlher Ln any

Doing so will vesult in undefined
should not be coissue with another mova.
sut not a chip hang. Mova may

  
 co 

 

MOVA™,
results sent to the $O are never mask
should never be used as “filler”
 

ert of PredicateReag, AddressKksg and Kill-ixel done from instructions

(ERED*)

-/-INF at this point

rep,
0 causing absoluze constart 0 te se used.

use -256 for out-of-range waica wil |

14

 

Doing
@ coissued with

KILL* instructions
d.

instructions
In

insuve
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ff

 
// Clamp Range
// Basically: alar_resul. — MAX (movaVa_, -256.9£) Lollowed by
ff scalar result = CNDGT((resu_t + -255.0f), -256.0f, sca_ar result);fe

// Dore this way to send NaNs to -256.Cf

  

 
 

 
 
    
  

   
 

  
 

if (movaVa  >- -2b6.0fF) f
scalar result = movaVal.

} else
scalarresult = -296.0f3

}

if (scalar result > 255.0ff) {
scalarresult = -255.0f;

+} else ¢
scalarresult = scalarresult;

}

// scalarresult is now within range [-256..255]

addressReg = truncatetoini(scalar_result); // just truncate to $-bit signed integer az this point

return adoressReg;

// Special siderations (per comporert)
// 1.) ExportAddressReg (+/-ZERO} c*)
ff 23 rtAddressReg (+NaN) ea
// 3.) srtAde (-NaN) *)
f/f 4.3 goortAddres (| INFINITY} ct
f/f Oa} 38 Or)
f/f
ff (8) — Sven our floating point de above will produce Lhese resulls wi chou. special
if hancling and are shown only for clarity.

}

/* abs */
Voclord
{

Vector4d

// Aesolute value input modifiesff‘i

// Note that while the “sign” of ¢ NaN may change, it remains ¢ NaN at the end of the day.

result.w = IXTE'E
sesult.2 = OxTDTT
result.y = IxT EE
result.x — IMT E'E

eeaturr resi t;

// Special siderations (pez component}
ff ) abs ( = +NeN (*)
if abs ( | ZERO (*)
ff ats (-/-¢ srt) — t¢denorm (*)
f/f abs (-/-INFINITY) = +INFINITY (*)
ff abs (-/-MAX_FLOAT) — +MAX_FLOAT (*)fe

/f (*} = Given cur floating point rules, the code above will produce these results without special
ff hanoling and are shown only “or clarily.

}

/* neg */
Vectord neg
{

Vectord r

ffff
ffve
ffif

Necate

Note ¢

sesult. Ww

WVectcor4d src)

esult;

ineut redifier

hat while the “sign” of ¢ NaN may change, if remains ¢ NaN at the end of the day.

SEC.W duBOOOOOOO?
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 siderations (per comporert)
 

 
 

‘i
{// 1.3 (+NaN) = -NaN ion
ff 2d sy (-NaN) — +NaN Cs
// 3.) (-ZERC) = +ZERO C
ff 403 4 (1 ZERG) = -ZERO (3
ff od g (+4dernorim) = -denozm (*
// 6.3 (-dencrm) = I|denozm (>
ff ta} (+TNFINTTY) — -TNFTNTTY (>
// 8.) neg (-INFINITY) = +INFINITY (>
// 9.) reg(IMAXFLOAT) = -MAXFLOAT (*)
/f 1C.) neg (-MAX_FLCAT) — +MAX_FLOAT Cof¢fi

ff (83) -— Given oar Cloaling poinl rules, Lhe da
if handling and are shown only for clarity.

/* LoadVector4 */
Veclord LoadVe ord (Vecloré sre, ungiec
{
  ed sherl swizzlePa__ern, boolear

Vector4 result;
boolear doAcs, doNeg; 

if
// Apply scurce swizzlefefi

cesult = ooswizzle(sre, swizzlePettern) ;
f/ffi

// Apply scurce redifiersff‘i

// Apso ute value fabs) and Negete (res ar defined to only modity s*
 

aai?

if (doAbs)
// ABS - clute value

resill);
 
 

if (deNeg) <
// NES - negate value
result = neg(result);

eeaturr resi t;
}

/* ClampVector4 */
Vectord ClamoVectord (Vect
{

Vector4d
Voeclord
Vector
boolean dstClazpinabled;

oO 6 ws D 6 Q

0.0£f, O.0£, C.CE, 0.0f };
C, 1.0£, 1.0£, 1.00 }3 

result.w = sre.w;
mullLee =

Sresult.y - src.y;
cesult.x = ;
  

 
 

 // Apply cestination clamping (ssturati

range [19.o0f, 1.0f] - Needs to be cone like this so NeNs ar PD 7

= VAXVilew_bound, result);
= MINV(aign_bound, result}; 

16

 

 

ony
// apply to +/-ZaR0, NaNs, denorms or -/-<NPFINITY. Note chat while the “sign” of a NaN may cherce,
f/f tl cemalLns a NaN al Lhe end of Lhe day.

o Dy

ait.

boolean doNeg)

No special

® above will produce Lhese resalls wi-hou_ special

“ules
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return result; // destination masking needs to be coded elsewhere

// Special Considerations (per component)
 

// 1.) ClampVector4 (+/-ZERO) = +ZERO (*)
f/f 2.) ClampVectord4 (+/-denorm) = +Z2ERO (*)
// 3.) ClampVector4(+INFINITY) = +ONE (*)
// 4.) ClampVectord (-INFINITY) = +ZERO (*)
// 5.) ClampVectord (NaN) = NaN (Fy
ie
// (*) = Given our floating point rules, the code above will produce these results without special
if handling and are shown only for clarity.

}

Shader Pipe Helper Functions

/* Normalize */
Vectord Normalize(Vectord sre)
{

Vectord result;

result.w = src.w;
result.z = sre.z}
result.y = src.y;
result.x = srce.x}

// Flush denorms to +/-ZERO
// Note, -denorm -> -ZERO and +denorm -> +ZERO {+/-ZERO remain unchanged)
// I like to call this demoralized floating point @

// Check for zero exponents
if ((result.w & Ox7F800000) == 0) {

result.w 6&= O0x80000000;
}

if ((result.z & Ox7F800000) == 0} {
result.z &= OxB0000000;

}

if ((result.y & Ox7F800000) == 0) {
result.y &= Oxd0000000;

}

if ((result.x & Ox7F800000) == 0) {
result.x &= Oxs0000000;1}

return result;

 // Special Considerations (per component)
// 1.) Normalize (+ZERO) = +4ERO (*)
ff 2.) Normalize (=-2ERG6) = “ZERO (*)
// 3.) Normalize(+denorm) = +ZERQ  (*)
// 4.) Normalize(-denorm) = -ZERO (*}
// 5S.) Normalize (NaN) = NaN ce)
fd
// (*) = Given our floating point rules, the code above will produce these results without special
// handling and are shown only for clarity.}

Vector Instructions

/* ADDV - vector pipe */
Vectord ADDV(Vector4 SRCA, Vector4 SRC_B){

Vectord inputl = SRCA;
Vectord input2 SRC_B;Vectord result;

inputl
input?

Normalize (inputl);
Normalize (input2) ;

result.w = inputl.w + input2.w:
result.z = inputl.z + input2.z;

17
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result
result 
solurrn resull;

// Specia_ Considerations (per comporernt)
  

/f 1.) None - follows floating point rules
}

/* MUL_V - vector pipe */
Vectord MULV(Vector4 SRC_A, Vectord SRO_B)
{

Vector4d input =
Veclor4  npul2 —
Vectord result;

20a NMbd |TO ws

inputl Khornali
input? = Nornaliz

 
 

result.z
result
result.»

 

return resu_t;

// Special siderations (per comporert)
/f/ 1.) None - follows floating point rules
 

)

/* MULADDV - vector pipe */
Vector4 MULADDV (Vector¢ SRC_A, Vectord SRC_B, Vectoré SRC_C)
{

Veolor4 Onpul? SRCO_Ag
Vectord input? = SRC B;
Vectord input3 = SRC_C;
Vector4 result;

 
 

inpull -
inputZ —
input? =

(inoutl.w * input3.w
(insull.z * inpul 3.27
(inoutl.y ~ input3.v;
(insutl.x input3.x; 

seturrn resu_t;

mnsiderations (per comporert)
)V{SRC_A, SRC_B, SRC_C}
 
 
 

 

   
DDV(MJL_V(SRC_A, SRC_B), SRC_C) is quaranteed for allod  

sotwhere The multiply out of range and the add “ngs it back within -ende
}

/* MAXV - vector pipe */
Vectord MAXV(Vector4d SRC_A, Vectord SRoO_B)
{

Vectord input. = SRC A;
Voclord Lneul2 — SRC_B;
Vector’ result, sub result;

Voclor4 (npul”norn — Normalize (inpuldi;
Normalize (input2};Vectord input2norm

result.w —
vcesult.z =
cesult.y
result.x 

 sub_result.w - inputlnorm.w + -inputZrorm.wi
subresult.2 = inputinorm.z | -input2rorm.2z;tee Sl: 
subor
sub_resu_t.y =

   
Inpahilnerin + -inputerorn. x7
inputinorm.y + -inputZrorm.v;
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if (sub_result.w >= 0.0f) [

 

 

vesult.w - inputl.w;
}
if (gibresull.z >7 0.0L) {

vesult.z = inputl.z;
}
if (sub_result.y >= 0.0f) {

vesult.y = inputl.y;
}
if (sub result.x >= {

vesult.x = inputl.x;
}

eahurre resu lz

// Specia_ Considerations (pez component}
// 1.) None - follows floating point rules

}

/* MINV - vector pipe */
Vectord MINV(Vector4d SRC_A, Vectord SRC_B)
{

Vectord input. =
Veclord Lnpul2 SRO B;
Vectord result, sub_resulz;

 
 

 
 

 sralize (inp
ormalize (inpu 2Oorm =

w = inout2.w;
Z = insut2 

sub result.w = inputinorm.w
sub_resu_t. japutinorm.z
sub_resu tf. inputinorm.y ¢
sub_result.x = inputinorm.x + -input2r
 

if result.w < 9.0f) {ub
ult.w = inputl.w;

(s
res

}
if (sub_result.z < 0.0f) {

cestll.z = inpall.z;
}
if (sub_result.y < 9.0f) [

cesult.y = inputl.y;
}
if (sub_result.x < 9.0f) [

vesult.x - inputl.x;
}

 

ceturr resu_t;

 // Special Considerations (pez component)
/f/ 1.) None follows floating point rues
 

}

/* SETE_V - vector pipe */
Vector’ SETE Vivector4d SRC A, Vectord SRC EB)
{

Voclor4  npul”
Vectord input? =
Veclor4 resull, sab_ 

 
inputl = malizefinput1);
input2 = ralize(input2);

ow o= inputi.w + -input2.w;
-Z — inputil.z + -input2.z;   y = inputl.y | -inpu yt
2X = inputil.x + -input2.x;

vesult.w = (sus_result.w == 0.0f) 7 1.Cf : 0.0f;
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= (sus_result.z == : 0.0f;
(sus_result.y —— : OOF;

c= (suc_resalt.x == O.0f;

ceturr resu_t;

// Special siderations (per comporert)
/f/ 1.) None - follows floating point rules

}

/* SETGT_V - vector pipe */
Vector4 SPIGTVi(Vectord SRC_A, Vector4d SRC_B)
{

Voclor4  npul” — SRCO_Ag
Vectord input? = SRC B;
Vectord result, sub_resulz;

 inputi = Nornalize(finputil) 

 

inpul2 Nernalize (inpul2)

subreesult.w = inputl.w + -input2.w;
sub_result.z -— inputl.z + -input2.z;

“t.y = inputl.y + -input2.y;
Lex = Llnpall.x + -inpul2.x; 

result.w =
result.z =
result.y =
cesult.x =

O.0f) ? 1.cf : 0.0f;
0.08) 1.Cfh : O.O8;
0.0£) 1.Cf : 0.0f;
0.08) 1.cf : O.O0f; 

veturn resu_t;

// Special Considerations (per comporert)
f/f 1.4) None - follows floa.ing poink reoes

  

}

/* SETGEV - vector pipe */
Vectord SPIGEViVectord SRC_A, Vectord SRC_B)
{

Vector’ input — SRC A;
Vectord input2 = SRC_B;
Vector4 result, sub_resulz;

inpull Keenalize (inpul1l) ;
input2 — hornalizefinput2);

    
subresult.w = inputl.w + -input2.w;
subresult.2 = inputl.z + -input2
subreeult.y = inputl.y + -input
subresult inputi.x + -input2.x; 

     
vresult.w = (sus_result.w Cf) F 1.0Ff : O.Of;
vesult.z = (sus_result.z O.CG£) ? 1.CE : O.Of;
vesult.y = (sus_resilt.y O.0£) 1.cf : O.0f;
cesult.x = (suc result.x >= 0,.0f) +» 1.CE : O.Of;

eoturr resi tz
 
 {/f/ Specla_ Censideralions (pez compernerL}

// 1.) None - follows floating point rules
}

 

/* SETNE_V - vector pipe */
VeclLord SPINEV(Veclord SRC_A, Veclor4d SRC_B)
{

Vectord inputl = SRC_A;
Vector4 input2 = SRC_B;
Vectord result, sub_resulz;

  inputl - Kernalize
input? Nernalize

7
(input2) ;

sub_resesub resi
t.ew = inputi.w +
t.2 daputl.z + 
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japutl.y + -input2.y;
inputi.x + -input2.x

sub result

sub_resu_t.:
  
  

 
 

cesull.w !— 0.0£) 7 1.00 0.0L;
cesult.z = {= 0.0f) ? 1.Cf O.0f;
result.y = '= 0.0f) 7 1.cft O.0f;
cesult.x = f= 0,CG£) ? 1.CE O.O£E;

eoturr resi tz

// Specia_ Considerations (pez comporent}
/f 1.) None - follows floating point ru_es

}

/* TRUNC_V - vector pipe */
Vectord CRUNCVi(Vectord SRC_A)

  

 
 

 
  

 

 
 

 
 

 

{
Vector4d input~ = SRC A;
Veelord resull; -

inputl = Nernalize (input) ¢

/ /
/f/ Leore(}) relurnas inleger pazl of Sloeallnyg al. Sign is pe
// txrurne (3.0) 3.98
/f trurnc(3.4f) 3.0£
ff pure (3 = 3.0f
if 2c ( = 3.0f
if La ( = -3.0f
if ( -3.0f
if 1c ( = -3.0f
ff o = -3.0f
f f

ewo= trunc(inputl.w);
-Z = trunc(inputl.z);
2y = trune (inputl.ey);
.X = trunc(inputi.x);

return resu_t;

fi Considerations (per comporert)
if V (NaN) = NaN
if C_V(+INFINITY) = +INFINITY
// 3 -RUKC_V(-LINEINLTY)  -— -LNEINI'TY
// 4 SRUKC_V (+2220) = +ZERO
{/ 8 2 V (-4220) = -4nRO
ff 6 V (t+denorm) = +Z2ERO (*3
f/f 7.3 Cc_V(-denorm) = -ZERQ (*}
/ /
// (*} = Given our floating point rules, the code above will produce these results wicthout special
ff oling and are shown only *or clarity.

}

/* FLOOR_V - vector pipe */
Vectord FLOORVi(Vectord SRC_A)
{

Vectord input. = SRC A;
Veelord resull;

input Normalize(inputl); // This will also nappen in TRUNC_V, but it ceesna’t hurt

result TRUNCV(inputl)+

if ( (irputi.w < 9.0f) && (inputl.w !- result.w) )
result.w -= -L.oOf;

if ( (Girputl.z < 9.0f) && (inputl.z != result.z) )
eesult.z -= -L.Of;

if ( (irnputi.v < 9.9f) && (inputl.y '= result.v) )
result.y -- -L.of;

if ( (irnputi.x < 9.9f) && (inputl.x != result.x) )
wesult.x -= - .Of;

veturn resu_t;
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// Special Considerations (pez component)
// 1.) See TRUNC_V
// 2.) FPLOOR_V (NaN) — NaN (ry
// 3.) FLOOR V(+INEINITY) = +INFINITY (*)
// 4.) FLOOR_V{-INFINITY) = -INFINITY (*)
ff Se} FLOORV (+4420) = +4hHRO (*)
// 6.) PLOOR V(-ZiRC) = -ZERO (*)
/f 't.) FLOORV (tdonorm) — +2RRO (*)
// ©.) FLOOR V(-denorm) = -ZERO (*)fffi

/f (*} = Given our floating point rules, the co
if hancling and are shown only for clarity.

/* FRACT_V - vector pipe */
Vectord F'K _ViVectord SRC_A) 
{

Voclord Lneull — SRC_A;
Vectord result;

inputl - hermalizefinputl); // ‘his will also nappen in

sulL = FLOOR V{inpul1) - 

-resulz.w?eesult.w = inoutl.w +
+ -resulz
+
+

result.z
result.y
result.x

 -resulzt.y?
-result.x?  

  

 
// Special Considerations (per comporert)
{/ 1.) See FLOOR_V
// 2.) FRAGT V (NaN) = NaN *)
{f/f 3.) FRASTV(1/-INFINITY) = R400_FP_KAN *)
/f 4.) FRAGTVi4/-73RO) = +2RRO ory
// 8.) PRACTV(+/-denorm) = +ZERO ory
ff
/f (*} -— Given cur floating point rules, the code abo
ff hancling and are shown only for clarity.

/* CNDE_V - vector pipe */

#IOOR_V, but 2

will produce th

Vectord ONDEv(vecterd SRC_A, Vectord SRC_B, Vecteord SRC_C)

 
  

Vector4 inputl = SAC_A;
Vectord input2 = SRc_B;
Vectord ineut3 = SRC_C;
Vector4’ result;

input?) = Nernalizefinputl);

vesult.w = (inoutl.w == 0.0f) ? input? :
vesult.z = (inoutl.z O.0f) ¥ input? :
result.y = (inoutl.y O.0f) F input2 :

sult.x — Cingutl.x ~~ 0.0f) F input?  
solurrn resull;

// Specia_ Considerations (pez comporert}
{f/f 1.) None - follows Ploa.ing poinl ru es

 

}

/* CNDGE V - vector pipe */
Vectord CNDGL_V(Vectord SRC_A, Vectord SRO_B, Vector4 SRC_C){

Vectord inputl = SRC_A?
Vectord ineut2 = SRC_B;
Vectord input3 -— SAC_C;
Vector4 result;

 inputi = Nernali
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vesult.w = (inoutl.w >= 0.0f) ?F input2
vesult.z -— (inoutl.z >— 0.0f) F inputZ
result.y = (inoutl.y >= 0.0f) ? input2

-X > (inoull.x >- 0.00) ? inpil2 

 

/* CNDGTV - vector pipe */

 
nsiderations (per comporert}

— follows floating point ru cs

Vectord CNDGTVi(Vectord SRC_A, Vectord SRO_B, Vector4 SRC_C)
{

Vectord input = SRC A
Vectord input2 = Src B
Vectord input3 - L
Vector4d result;

o

inputl -— Nernalizefinputl);

result.w (inoutl.w > O.0f
vesult.z2 = (inoutl.z > 0.0f

(
(

 sully inoull.y > 0.008
vesult.x -— (inoutl.x > 0.0f

 

return resu_t;

)
)
)
)

«BF
adVector4 (SRC_C};

input2 :; ineut3;
input2 inout3;
dnpul2 : Lneul3;
input2 :; ineut3;

 
 
 mEeo

// Specia_ Considerations (pez comporert} 
// 1.) None - follows floating point rules

/* DOT4_V - vector pipe +f
VoclLor4 noT4Vivoclor4d SRC_A,
{

 

 
 

 

Vectord inputl = SRC_A;
Veotor4 *nput2? = SRC_Be
Vectord result;
Cloak

inputl = Nernalizefinputl) +
input2 — hornalizelinput2);

slarresull = (inpull.w 4
(inputil.z *
(inputl.y *
(inputi.x *

result .w scalar_result;
cesult.z -— scalarresult;
vesult.y = scalarresult;wesult.x = so   

veturn resu_t;
  

/* DOT3_V - vector pipe */
Vectord DOT3Vivectcr4 SRC_A,
{

Vectord inputl = 3 ;
erd Lopeul2 SRC Be

Vector4’ result;
float scalarresult;

 Vec

 inputl = Normalize {inputl);
input2 = Nernalize (input?) ¢

scalar resu_t = (inputl.z *
Giaputl.ey *
(inputi.x *

VYoclor4 SRO_B)

inpul2.wi -
input2.z) -
input2
input2Z.

 
y
Xie

nsiderations (per comporert}
} None - follows floating point ru cs

Vectord SRO_B)
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result .w

 

 

Il a 0 w fan m 6|5 » 2 c a +

 

 
 
 

sesult.z —- larresult;
result.y = lar_result;

X lar_resull;

eeturn resu_t;

// Specia- nsiderations (per comporert}
{f 1.) None - follows floating point ru cs

/* DOTZADDV - vector pipe */
Vectord DOT2ZADDViVector4 SRC_A, Vectord SRC_B, Vector SRC_C)
{

Vector4d
Vector4d
Vector
Vector4d
Cloak

inputl
inputZ
input3

larse o

 
ohare

r

r

inputl = SRO A;
Enput2 = SRC_B;
input3 -— S2C_C;
result;
 

car_resall;

hornalize (input)
Kornalize(input2)
Nornalize (input2)

 
 

esu_t -— (inputl.y
(inputl.
inputs.

= scalar_result;
= scalar result;
= scalar_result;
= scalar_result;

esu Ll;

Considerations

 

(pez comporert}
 

 

/* MAX4V - vector pipe */
Vectord MAX4 ViVectord SRC_A)
{

Vectord
Lord Vec

r

fa

— follows floating point ru es

inputl = SRC_A?
cesull;

order is important

VMAXVtinputl.xxxx, MAXV(irputl.yyyy, MAXV(inputl.zzzz, inputl.wwww)));

esu_t;

onsiderations (per comporert)  

ee MAXV rules

/* CUBE_V - vector pipe */
Vootor4 CURR VV

 

 

 

  

{
f/f Nole:
ff ease of hardware
if uming for a given
ff Lhe bo seordinale and
if operancs to tne cube
ff SROLA = Rn. 2zxy
ff SRO_B -— Rn. yxzz  

ar4 SRC_LA, Vootord SRC_R;

 
errands.

rdinate, y channel contairs
veclor, Lhen in inpul

implementation the cube instruction tek
input register Rn: x cnannel conzains th

chennel corlains Lae r coordinale of
instruction shoulc Se setup/swizzled es

  
// The swizzling below pucts che coordinates sack into the canonical str ters to show che cube
// algorithm in a sane fashion for software. Tae actual implementation of tne algorichm in hardware
// is

 

// below cn_y uses some components of SKC_A all components of SRC_A anc $
somewhat different but will produce the same results as the alsoriths below. While the code

 3 are used by the Hw ard
/f mest contain the appropriate data as cescribed above.

Vectord input =
Vectord input2  

// put in strr form
// put in strr form
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float ma, faceid, se, te;
Vector4 result;

VECTOR4 lnoeullinerm — Normalize (inpull);
VECTOR4 inputinerm abs = abs (inputirorm);

// similar te MAX
if (input

{f/f 2weNS, Now compare against x

 

 

i= (inputinerrabs.z >= inputlnorm_abs.x)ffos *

5®

12 (ineutinerr.z < 0) {

 
// neg z
face — 5.0f; // NEG4
se = -inoutl.x;
Le - -inoull.y;

} else ¢
// pos Z
= ff 208 4
: _ 

-inoull.y;

wins
inout.
 
 
 

12 (ineutinerr.x < 0) {
f/
Fac /{ NEG&sc
Le

} e_se
f/
Face 2.9%; ff 208_%
se = -inoutl.z;
Le - -inoull.y;

t
}

+} else
// yy wins

i= (irnputinorr_abs.y >- inputlnorm_abs.x)
// ¥ wins, now compare against x
ma = incutl.y:

12 (inputinorm.y < 9) {
// neg y

// NEG_Y

 
ma — 'neul .x;

it

 // NEGX
yout. Zz

te = -inoutl.y;

 WW oS wwQ.0f; //
-inoutl. 7%

te = -inoutl.y;

8.zZ >= inputinorm_abs.y) {

{
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 // Specialy nsiderations (per comporert}

{f/f 1.) None - follows Ploa.ing poinl ru es
 

}

/* PREDSETEPUSH_V - vector pipe */
Vectord PREDS2iTLPISV(Vecztor4d SRC_A, Vector4d SRC_B)
{

Vector’ input. - 3 AG
Vectord input2 = SRC B;
Vector4 result;
float scalarresult;

 // Vector Predicate instructions desicresa f
// Predicate counter in SRC_A.w
{f/f Condition in SRC_Bew
// Return result is updated predicate counter

 
 

  inputl = Nernali
input2 mali

inputl);
zefinput2); 

 
  

if ( (input2.w == 9.0f) && (inputl.w == 0.0f) ) {

 
ExportPr cateReg (EXECUTE);
scalaror O.0FF

} else
 ExporlPres LoRog (SKID);

scalar result - inputl.w + 1.0f

lar_result;
lar_resull;

alar_result;
alar_result;

 sc 
seturrn resu_t;

 mnsiderations (per comporert)  
  

// 1.) PREDSETSPUISH_V(NaN, <xnn>} = Kak, evaluates to SKIP ()
ff 2.4) PREDSATSPISH_Vi<xnn>, NeN} = va io result, evaluates to SKP (*)
// 3.) PREDSETSPISH_V(NaN1, NaN2Z} = Naki, evaluates to SKIP (*)laa‘i

// (*} = Given cur floating point rules, the code above will produce these results wiczhouz special
f/f hancling and are shown only for clarity.

/* PREDSETNE_PUSH_V - vector pipe */
VYector4 PRED S2TNS PUSH V(Vecrtor4 SRC A, Vecterd SRC B)
{

Voclor4  npul”
Vectord input?
Veclord resull;
float sca_arresult;

2ca
Z

}

lg=
ll UL

// Vector Predicate instructions desicnec for:
// Predicate counter in SRC_A.w
// Condition in S2C_B.w
// Return result is updated predicate counter

  
 

inputl = Nernalize (input) ¢
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input2 = Nernalize (input?) ¢

 if ( (input2.w '= 9.0f) && (inputi.w == 0.0f) ) { 
  ExporlPr aRog (EXECUTE) ;

scalar result = 9.0f;
} else

hxportPrecdicatereg (SKL);
scalarresult = inputl.w + 1.0f

}

vesult.w = scalarresult;
cesult.z = scalarresult;

-y = scalar_result;
ox 7 scalar _rosull¢ 

//f Specia_ Considerations (pez comporert}
// 1.) PREDSETN=PJSH_V(NaN, <xnn>} — Kak, ovaliaales .o SKIP

 

 
 

// 2.) PRED SETN= PUSH Vi<xnn>, NeN}i - on <xnn>
// 3.) PREDSETN=PJSH_V(NaN1, NaN2} = avaluates to SKIPif‘i

//f (*} = Given cur floating point rules, the code above will produce
ff haneling and are shown only lor clarily.

/* PREDSETGTPUSH_V - vector pipe */
Vectord PREDSiTGTPUSILV(Veczor4d SRC_A, Vector4 SRC_B)

Vectord input =
Vectord input2 =
Vector4 result;
float scaLarresult;

RC
iethUs ww3A

c

  

fefi

// Vector Predicate instructions desicrec fer:
f/f Pred? ca mmter in SRC_A.w 

 // Condit in SRC_B.w
/f/ Relurn resull is upda_ed predicale unlesr 

 inputl -— her inputl)
input? = Normalize (input2)

if ( (Ginput2.w > 9.0f) && (inputl.w -- 0.0f) ) qj
ExportPrecicateReg (EXECUTE) ;
scalarresult = 9.0f;

} else
ExpertPrecicateReg (SKI2);
scalarresult - inputl.w + 1.¢f

}

vesult.w = scalarresult;
vesult.z = scalarresult;
~esult.y = scalar result;
vesult.x = scalarresult;

ceturr resu_t;

  // Spec mnsiderations (per comporert)
// 1.) PRED_SETGTPIJSH_V(NaN, <xnn>} = Nak, evaluates to SKIP
ff 2.) PREDSATGTPISH_V(<xnn>, NeN} — valid resull, ovaluales
// 3.) PRED_SLTGTPUJSILV(NaN1, NaN2} = Nak, evaluates <to SKIPff‘i

/f (*} -— Given cur floating point rules, the code above will produce th
if hancling and are shown only for clarity.

/* PRED_SETGE_PUSH_V - vector pipe */
Vector4 PREDSa'GaPUSH_V(VYectozr4 SRC_A, Vecterd SRC_B)
{

Vector4 “nputy = SRCLA
Vectord input? = SRC B
Vectord result; -

27
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float scalarresult;

 {f/f Veelorc Predi ® lnslruc_ions des
// Predicate counter in SRC A.w
/f Condit in SRC_B.w
// Return

 

 

  inputl = Nernal
input2 = Nernalize

inputl)
(input2)

if ( (input2.w >= 9.0f) e& (inputl.w == 0.0f)
Rxpark Pros LoRoag (RXRCUTE) ¢
scalar result = 9.0f;

} el :
hxportPrecicatereg (SK19);
scalarresult = inputl.w + 1.0f

  
 

sé 

larresult;
lar_result;
lar_resull; 
 

 
 

PJSH_V(NaN, <xnn>} = Kah,PRED SET

// Special Considerations (pez comporert)

) PREDSETGSPUSH_V(NaN1, NaN2) = NaNi,

 en cur floating point rules, the
ff haneling and are shown only “or ola

/* KILLE_V - vector pipe */
Vectord KILLEViVector4d SRC_A, Vectord SRC_B)
{

Vector’ input. - 3
Vector4d input? = 5
Yector4 result, su

 inpull = Kernalize (inpull);
input2 — hornalizefinput2);

works same
inputi.w
japutl.z

— inputl.y
oX japutl.x

// Basica
sub_resu_
subresu_
sub_resuL
subresu_

im et

metlt s
 N  

het
ctoct  

cesult.w = ( result.w == 0.0f}
result.z = ( 7

(
(

0.0f)  
 

result.y =
cesult.x = YoDoO

 if (ExportKi11Fixel{resulz) == TRUE} {
KillBlxe_ - TRIS;

eahurre resu lz

 // Specla_ CensideraLions (pez compererL}
// 1.) None - follows floating point rules

}

 

/* KILLGT_V - vector pipe +f
Vector4d KILLGTV(Vectoré SRC_A, Vector4d SRC_B)
{

Vectord input = 8
Vector4 “nput2 = SRC B
Vectord subresult;

 

ult is updated predicate counter

evaluates
PUSH V(<xnn>, NeaN) = valid result,

evaluates
44evaluates 2

0.0f;
: O.0f;
: 0.0f;
: O.Of;

code above will produce these results without special
rity.
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inputl ho
inputZ -— he

malize (inputl) ¢
nalize(input2);

 
 

 // Basically works
sub result.w = inputl.w
subresult.2 = inputl.z
subresult.y = inputl.y
subresult. inputl.x

Samoa as

44 lI

 
 

cesult.w = (s > O.0f) v L.Ct O.0£;
(s > 0.0f) F 1.ct 0.0f;
(s > 0.0f) 7 1.0L 0.0t;

result.x (suc_result.x > 0.0f) ? 1.Cf O.0f;

if (ExportKi11Fixel{resulz) == TRUE} {
KillP

}
 = TRUS;

solurrn resull;

// Specia_ Considerations (pez comporert} 
/f 1.) None - follows floating

}

/* KILLGE V - vector pipe */

point rules

Vector4 KILLCE_V (Vectoré SRC_A, Vectord SRC_B)

 

 

  

 

 

 

 

 

{
Vectord input~ = SRC A;
Vectord input2 = S= By
Vectord sub result;

inputl = Nernalize(inputl);
input2 = Normalize {(input2);

// Basical_y works same
subresult.w = inputl.w
subresi t.7 = inputl.z
subresult.y = inputl.y
subreenll.x 7 Lapall.x

result.w = Cf) F 1.C£ O.0f;
Scesult.z —-— CH) FP 1.CE O.O£E;
vesult.y = .Gf) F 1.ct O.0f;
esull.x = O.0£) 7 1.0L 0.0L;

if (ExportKillPixel(resulz) == TRUE) [
Killbixel = IRs;

}

return resu_t;

/f Specta Considerations (pe > comperert)
// 1.) None - follows floating point rules

}

/* KILLNE_V - vector pipe */
Vootor4d KTLINA_¥ (ve
{

 

 Veclord Loeull —
Vector’ input? — 32
Vectord sub_result;

neAy
> Be
 
 

inputl = Normalize {inputl);
inpul2 Kernalize (inpul2);

 
  

// Basical 5 same
subresu_t. inputl.w
sub_result.2 = inputl.z
subresult = inputli.y
subresult.x - inputl.x
mvesult.w

t  
vesult.z = (suc_result.2
vesult.y = (sus_

 
 

toré SRC_A, Voctor4d SRO_R)

 
(sus_result.ew f= 0.0f) ? 1.0f : 0.0T;

O.0f) ? 1.Cf£ : 0.0f;
esault.y != 0.0f) 7 1l.cf : 0.0f;
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}

vesult.x = (sus_result.x != 0.0f) 7 1.Cf : 0.0f;

if (Exportki11Fixel{resulz) == TRUE} {
KillBlxe_ - TRIS;

return resu_t;

 {f/f Speeta Considerations (pe 7 comperert)
// 1.) None - follows floating point rules
 

/* DST_V - vector pipe */
Voclord DST_V(Voeclor4 SRC_A, Voclo-4d SRO_R;
{

}

Vectord inputl = SRC_A;
Vectord input2 -— S2C_B;
Vector4d result;

inputlrorm — Normalize (inpuzl); 

 

input2rnorm = Normalize (input2)};

= inout2.w;
=! ~2}

sut_naorm.ey * inputZnorm.y; 
1.0;result.x

seturr resu_t;

// Special nsiderations (per comporert)
// 1.) None follows floating point rues

  

/* MOVA_V - vector pipe */
VYector4’ MOVA Vivecteor4 SRC A, Vectord SRC B)
{

Veotor4 input’ = SRC_A;
Vectord result;
floal scalarres

 
sill;

// SRC_A.w only fer address

inputl = Normalize {inputl);

 

  

éif
// De rouna to neares
ff
scalarresult = inputl.w + 0.58;

cesult.w - scalarresult;
vesult.z = scalarresult;
result.y = calar_result;  

 
vesult.x = scalarresult;

cesult = FLOOR Viresult);

 AddressRog — FxportAddrassRog (vosult.w) ;

like a mov // ecluen max. Nole if SRC_LA — SRC_B Lhen Lhis
Scesult — YAX V(SRC A, SRC B)?;

 

eahurre resu lz

 
 // Specla_ CensideraLions (pez compererL}

f/f 1.3 See
f/f 2.3 See
{// 3.) See sReg() for corversion to signed $3-bit integer

Sceler Instructions

/* ADDS - scalar pipe */
Vectord ADDS(Vectcr4 SRC_C

{
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Vector4d inputl SRC_C?

inputil = Nernalize (input);

   
  

 

scélarresult = inputl.w + inputl.x;

osult.w 7 lar silty
cesult calar result;

ult scalar_result;
result.x scalarresult;

 

eolure resu law;

 
nsiderations (per comporert)// Speci

1.) None - follows floating point rules

/* ADDPREV_S - scalar pipe */
Vectord ADDPREV_S(Vectoré SRC_C)
{

Vectord input.
erd resull;

float scalarresult;

BRC_CF
Vec   

inputl = hernali input);

scalarresu_t = japutl.w + PreviousSca_ar;

vesult.w = scalarresult;
cesult.z = s sult;

result.y = scalarresult;
-osull.x 7 scalar _resull;

»O 

veturn resu_t;

// Specia_ Considerations (pez comporert}
f/f 1.3 None - follows Cloa_ing poink rules

}

/* MUL_S - scalar pipe */
Vectord ADDS(Vectcor4d SRC_C)

{
Vectord inputl - S2C_C;
Vector4 result;
floet scalarresult;

inputl = Nernalize (input) ¢

a calar resu_t = inputl.w + inputl.x;

vesult.w = scalarresult;
vesult.z = scalarresult;
~esult.yv scalar result;
result.x scalar_result;

ceturrn resu_t.w;
  

Ss mnsiderations (per comporert)
// 1.) None follows floating point rules

/* MUL_PREV_S - scalar pipe */y
{
ectord MULPRaV_S(Vector’ SRC_C)

Vector4 inputl =
Vectord result;
float sca_ar_result;

SRC_Ce

inputl = Nernalize (input):

scalarresult = inputl.w * PreviousScalar;
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vesult.w = scalarresult;
sesult.z —- lar_result;

lar_result;
 
result.y =  lar_resull;

 nsiderations (per comporert}  
{f 1.) None - follows floating point ru cs

/* MUL_PREV2_8 - scalar pipe */
Vectord MULPR2V2S{(Vectoré SRC_C)
{

// All shader mod
Vectord inputl =
Vector4’ result;
float sca_ar_result;

// Used to enulate LIT instruction

inputl - Kernalizefinputl);

NaN) 
(inputl.x is NaN) ) {

scalarresult = -MAXFLOAT;
} else <

scalarresult = inputl.w * Pez
}

-osull.w 7 scalar _resull;
cesult.z = scalar result;
vesult.y = scalarresult;
  

nsiderations (per 

-MAXFLOAT)

// alternatively, could return -INFIN-7Y

-eylousSca_ar}

component} 

/* MAXS - scalar pipe */
Vectord MAXS(Vector4d SRC_C)
{

Vectord input® = SRC Ce
Vectord result; -
floet sca_ar_result, sub_result;

Veoctor4 “nput nerr = Normalize (inputl);

scalarresult = inputl.x;

sub result = inputinorm.w | -inputirorm.x;

if (sub result >= 9.0f) {
scalarresull — Llapull.w;

scalar _rosull;
Z scalarresult;

rullLey = lar_resull;
sesult.x — scalarresult;

 
 

Seturr resu_t;

// Specia_ Considerations (pez comporert} 

/f 1.) None - follows floating
}

/* MIN_S - scalar pipe +f
Vectord MINS(Vector4d SRC_C)

point rules
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Vectord inputl - SAC_C;
Vectord result;
floal scalar_resall, sub_resull;

inputirnorm = Norralize(inputl);

scalarresult = inputl.x;

sub result = inputlinorm.w + -inputlrorm.x;

if (sub_result < 9.9f) {
scalarresult = inputl.w;

}

vesult.w = scalarresult;
cesult.z -— scalarresult;
result.y = scalar_result; suL.x - lar_resull;

return resu_t;

// Specia_ Considerations (pez comporert}
// 1.3 None - follows Cloa_ing poink riies

 

/* SETE_S - scalar pipe */
Vectord SPIES(Vectcor4d SRC_C)
[

Vectord input. = SRC Cc;
Vector4 result;
floet sca_ar_result;

inpuld — Nernalizefinpuld)-z

resu_t = (inputl.w == 0.0f} PF 1.0f : O.Of;

scalarresult;
lar_resull;
lar result;

alar_result;
 
seturr resu_t;

 a mnsiderations (per comporert)
) None - follows floating point rues

 

/* SETGT_S - scalar pipe */
Vectord SELIGS(Vectord SRC_C)
{

Veotor4 ¢nputy = SRO_Ce
Vectord result;
float sca_ar_result;

inputl = Nernalize{finputl) ¢

scalar resu_t = (inputl.w > 0.0f) 7? 1.Cf : O.0f;

result.w — alar result;
result alar_result;a

a
   “GSUllL.y 7 saF
result.x lar _rosull;

scalarresult;
 

return resu_t;

// Specia_ Considerations (pez comporert)
// 1.) None - follows floating point rules

)

 
 

/* SETGE_S - scalar pipe */
Vector4 SPTGR_S (Vector4 SRC_C)
{

Vectord inputl = SRC_C;
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inpull -

  
ceturn resu_t;

 
None

mnsiderations

Nernalize (inpul1)

(inputl.w >= 0.0f}

 
 

w = scalarresult;
z s lar sult;
v scalar result;

scalar_result;

/* SETNE_S - scalar pipe */
Vector4d SETNE SiVectord SRC C)

{

}

Vectord inputl - SAC_C;
Vectord result;
floal s aac_resill;

inputl = Kernalize(inputl) -

scalarresu_t =

cesult.w =
sesult
 

cesult.y = scalarir

(inputi.w != 0.0f}

scalar result;
scalar_result; 

sult; 

vesult.x = scalarresult;

ceturr resu_t;

 // Spec a
 snsiderations

7 o1.0f : 0.90f;

(per comporent)
follows floating point rues

Po 1.0f : 0.0f;

(per comporert) 
ff 1.)

/* TRUNC_S - scalar pipe */
Vector4 _RUNC_S{Vector4 SRC_C)
{

Veclord Lneull
Vector4’ result;

SRC_C;

None - follows floating point rules

float sea

{/ SRC_S

a_ar_result;
>

-w only
¢

inputl -— hernalizelinputl);

scalarcr

cesult.w =

) ret
3.0f) = 3.9f
3.4f) = 3.0f
3.5f) = 3.0f
3.6F) 3.0F
-3.0f) = -3.0f
-3.4f) — -3.00£
-3.5f) - -3.0f
-3.6f) = -3.0f

esu_l =

scalarresult;

 

urns integer part of

Lrane (inpu lew);

 
 

cesult.z = scalarresult;
vesult.y = scalarresult?
vesult.x = scalarresult;

veturn resu_t;

// Special Considerations (per comporert)
ff 1 c_S (NaN) = NaN

preserved. oh O
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// 2.) TRUKC_S(+INFINITY) = +INFINITY
// 3.) (TLNELNIVY)==-— -LNELNI'TY
// 4.) (+Z2R0) = +ZERO
/f 5.) 7B (-2RR0) — -2ERO
// 6.3) TRUNG 3 (¢denorm) = +ZERO (*)
// 7.) TRUKC_S(-denorm) = -ZERO (*)
/ /
{/ (*i = n our floating point rul
ff aling and are shown only 

/* FLOOR_S - scalar pipe */
Vectord FLOORS{Vectord SRC_C)
{

Vector4d input. = SRC C;
Vector4 result;
float scalarresult;

{// SRC Cow only

inputl = Nermalize(inputl); // Alsa, done in TRINC_S, but does not kurt

vesult = TRUNC_S(inputl);

scalarresu_t — result.w;

if ( (inputl.w < 9.0f) && (inputl.w != scalarresult) )
scalarresult += -1.0f;

cesult.w = scalar result;
result scalar_result;
cesult.y = scalarresult;
vesult.x = scalarresult;

 
   

ceturr resu_t;

 
 

 

 

/f Specta Considerations (pe > comperert)
// 1.) See TRUNC_S
/{ 2.) FLOOR_S (NaN) — NeN (*)
// 3.) FLOOR S(+INEINITY) -— +INFINITY (*)
// 4.) FLOOR_S(-INFINITY) = -INFINITY (*)
{f/f Se} FLOORS (+4420) — +4HRO (*)
{// 6.) FLOORS(-Z2 = -ZERO (*)
/{ 7.) FLOORS (te = +ZERO (*)
// 8.) FLOORS (-denorm) — -4ERO (*)fefi

// (*} = Given our floating point rules, ths sde above will produce these results without special
if hancling and are shown only

}

/* FRACT_S - scalar pipe */
Vector4 FRACTS&S (Vector4 SRC_C)
{

Vectord inputl = SRC_C;
Vectord result;
float sca_ar_result;

// SEC C.w only

inputl -— Nernalizefinputl);

easullo FLOORSCinpul..)+

scalarresull = lapall.w + -resull.w;

vesult.w = scalarresult;
cesult.z = scalarresult;

N

vesult.y = scalarresult?
vesult.x = scalarresult;

(per comporent)
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// 2.) FRACT_S (NaN) = NaN th)
f/f 3.) FRAC. SU4/-INEINI'NY) — R4GG FP RAK *)
// 4.) PRACT $(+/-Z2R0) = +ZERO ce)
// 5.) PRACTS (+/-donorm) — +2ZERO CF)ff

// (*} = Civen our floating point rules, the code above will produce these results without special
if handling and are shown only for clarity.

/* EXPIEEES - scalar pipe */
Vectord EXPT5223S(Vectoré SRC_C)
{

// All skacer models.
f f
// No IEEE rules for EXP, but this couls ce thougat of as IEEE version.
// EXP plays nice around |/-ZERO so ro neesc for clamped version.

Vectord inputl = SRC_C;
Veelord resull;
float sca_ar result;

inputl - Kernalizefinputl);
  

 
  

// Base 2
L£ (irnputl.w —— 9.9f) I

// Otr aporoximation has others nice accuracy properties, but for row just ensure this
/f Zor non-fringe input. Also see s sorsiderations below.
scalar result = 1.0f;

} else
scalar result = Approximate2ToX(irputl.w); // IEEE lixe behavior

cesult.w scalar result;

eosull.w 7 sealarr sull}
~esult.y = scalar result;

scalar_result;

 

ls ® io} e = ct be
]

vceturn resu_t;

 

 
 

 
 

// Speci siderations (pers comporert)
// 1.) EXP "PEES (NaN) = NaN
f/ 2.) £8 (+4hRO) -— 1.05 i*)
// 3.) EXP "CLL8 (-ZERO) =1.C= (*)
f/f 4.) (4¢denorm) = 1.02 Cr)
ff 5a Si-denorm) — 1.C= Ce)
f/f 6.3 (+ INFINITY) = +INFIN_- Y
ff 7A) S(-LNELNILTY) = 0.CE
// Ge) S(+MAXTLOAT) = +INFINIZTY // Note this returns same result as +INTINITY
f/f Gad (-MAX_FLOAT) = 0.C= /f Note this retusns same result as -INFINITYff

f/f (4) = n cur floating point rules, the code above will produce these results without special
ff hanoling and are shown only “or clarity.

/* LOGIEEES - scalar pipe */
Vectord LOGTS22S(Vectoré SRC_C)
{

// Shader mecels >= 3.0
/ /
// No IEEE rules for LOG, but this could se thought of as IEEE version.

Voolor4 (npul” — SRO}
Vectord result;
floal scalar_resall;

inputl = Normalize finputl);

// Base
if (inputi.w  2.9f) [

imation has others ni // Our apor ice accuracy properties, but for now just ensure this
// Zor non-fringe inpuc. Also see special considerations below.
scalar_result = 9.0f?

} else
scalarresult = ApproximateLog2 (inpitl.w); // IEEE lixe behavior

36
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= scalar_result;
_ lar_resull;
= scalar result;
= scalar_result;  

seturr resu_t;

 
 
 

 

  
 

 

Specia_ nsiderations (per comporert)
// 1.) LOS "PEES (NaN) = NeN
f/ 2.3 —PEB8 (+ZERO) = -INFIN--Y
f/f 3.) “EEE5 {-ZERO) = -INFIN- TY
ff 4a} “PRR 8S (+danorm) — -TNFTINUY O*)
(f/f 3.3 TEEE 3 {-denorm) = -INFIN_-TY CF)
// 6.) “EEES{!INFINITY) = |INFIN- TY
f/f 7,3 -PRE S{-LNELNIY) — RIGCHPRAR
ff &.) TELE8 {(<-fnz>) = Rd0C_FPNAN
f f
/f (*} -— Given cur floating point rules, the code above will produce these results without special
if hancling and are shown only for clarity.

/* LOG_CLAMPEDS - scalar pipe */
Vectord LOG CLAMP=DSiVectord SRC_C}
{

 

 // Shader tw

Vectord ineutl = SRC_C;
Vectord result;
float sca_ar_result;

inputil = Nernalize (input);

// Base 2
if (inputi.w 1.0f) {

{// Quria jiration has othev nice accuracy properties, but for row just ensure this
/ for non-fringe inpuz. Also see special considerations below.
scalarresull — 9.0L;

 

  
 

oN

oHMls@t
eo.

ult = LOGT=z2S(inputl)+;
lar_result — result.w?

// clamp result
if (scalarresult == -INFINITY) [

scalarresult = -MAX_f_OA';
}

alar_result;
alar_result;

calar_result;
scalarresult;

result.w - sc
result.z = sc
-esult
cesult.x  
ceturr resu_t;

  
  

 
   
 

 
 

// Spo a ic ations (po 7 comporert)
// 1.3) See LOG IZ2= 5
ff 2.) CLAMP=SD8 (NaN) — NaN
// 3.) AMPSD 3 {+ZERO) — -MAX FLOAT i*)
f/f 4.) i{-ZERO) = -MAX_FLOAT i*)
ff a3 )8(4donorm) - (*)
// 6.) LOG CLAMPID3 (-denorm) = i*)
ff 7.) CLAMPSD S(+INPINITY) =
// 8.) ) S(-LNO'LNITY) — RICC_EPRAN
// 9.) LOGCLAMPID8 (<-fnz>) = R4CC_FPNAN
f é
// (*} = Given cur floating point rules, the code above will produce these results without special
if hancling and are shown only for clarity.

/* RECIP_IEEES - scalar pipe */
Vectord RECIP_IZE=3(Vectoré SRC_C)

{
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// Shader meaels >= 3.0

Vectord inputl = SRC_C;
Veelord resull;
float sca_ar result;

inputl = hernalizelinputl);

if (irputl.w -
// Our a
// Zor non-fringe inpuc.

lof)
imation has other nice

Alsa see 

scalarresult = 1.0f;
} else <

scalarresull. — Approxima.oRcci proc
}

cesult.w - scalarresult;
 scalarresult;

lar_resull;
scalar result;

sul Ley
  result.x —

  

accuracy properties, but for row just ensure this
special considerations below.

a ('nsul’ sw); f/f TRRR like bebav’ or

ern} 

 

 
 

 

return resu_t;

// Sp a_ CensideraLions (pez compor
ff 1.) RBCLPLE SiNaN) — NaN
// 2.) RECIP_IBZS=_S(+ZERO) =
ff Se} ReO_Plh {-4ERO) = -1N
// 4.3 5 {+denorm) =
f/f Bad a S(-denorm) =
// 6.) Si{+INPFINITY) = +2ZE
// 7.) RECIPTERSS(-INFINITY) = -ZE
/ /
// (Fi = en cur floating point rul
ff hancliag and are shown only

/* RECIPCLAMPEDS - scalar pipe */
Vectord RECIP_CLAMPIDS(Vecziord SRC_C}
{

// Shader mocels <- 2.0

Vectord inputl - SAC_C;
Vectord result;
floal scalar_resall;

inputl = Nernalize (input) -

if (irnputi.w == 1.9f) {
// Our aporoximation has other ni
/f Zor non-fringe input. Also see
scalarresult = 1.0f;

} else
scalarresult = RECIPIEEE53 (inputl
scalarresult = japutl.w?

}

// clamp result
if (scalar result =

ecalarresull —
}
if (scalarresult == |INZINITY) {

+MAKPOAT?

 -INFINITY) [
_FLONT; 

scalar_resull. >

 
 

}

cesult.w - scalarresult;
vesult.z = scalarresult;
result = scalarresult;
result.x scalarresult;

return resu_t;

{f/f Specta < siderations

+INFIRKIOY
BFLUKLLY

+INPIKITY (*)
-INFIKICY (4)

RO
RO

és, thealaslarily.Tor

accuracy properties, but for row just ensure this
special considerations below.

af

 

See RECIPEI=ZE 5
// 2.) RECID_CLAMPED_S (NaN) = Nak

code above will produce these results without special
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Sf Bd (+ZERO) = +MAKFLO (*)
// 4a) S (-4ERO) — “MAX \ i*)
f/f 5.3 (+denorm) = +MAX_PLCA' i*)
f/f 6.) (-denorm) — -MAXFLOAT (*)
f/f 7.3 (+INZFINITY) = +ZERO
//f 83 Z -ED_S(-INFINITY) = -ZERO
ff
f/f (*} = n our floating point rul the code above will produce these results without special
ff aling and are shown only 

/* RECIPFF_S - scalar pipe */
Vectord RECIFFFS(Vectoré SRC_C)
{

// Usezul for emulating paris of fixed functicn pipeline

Vectord inputl - S2C_C;
Vector4d result;
floal scalarrosall;

inputl = Nernalize (input) ¢

   

 

if (irnputi.w == 1.9f) {
// Ove ¢ oxiralton has o_hes properLies, bul for jusl ensure Lhis
// Zor non-fringe input. Also see special considerations below.
scalarresult = 1.0f;

} else
scalarresult = RICIPIELES(inputl);
scalarresult = daputl.w?

}

// clamp result
if (scalar result == -INTFINITY) {

scalarresull — -”ARRO;}
if (scalarresult == |INFINITY) {

scalar_result = +A@RROz
}

result.w -— scalar result;
result scalar result;
sesult.y — scalar_result;
result scalarresult; 

return resu_t;

   

  

// Special siderations (per comporert)
// 1.) See RECIEI@3E8
// 2.) RECIEFF_§ (NaN) = NaN
{f/f Se} RECURBES(+4ERO) — +4BRO (7)
// 4.) RECTPFFS(-ZERO) = -ZERO (*}
/{ 5.) PROTP_FF_8{4denorm) = +2RRO  (*3
// 6.) RECIPEFF3(-denorm) = -ZERO (3
// 7.) RECIPEFF_S(+INEFINITY) = +4ERO
// &.)} RECLE FF S{-INFINITY) = -ZEROfg‘i

ff (#} — Sven oir floating point rules, the » above will produce the alts without special
if hancling and are shown only for clarity.

 

/* SQRT IEEE S - scalar pipe */
VocloraSORTTAPS (Vocloré SRC_C}{

/f All 3 models
// Car be useful for normal compression

c KB

Vector4 input = SRC_C;
Vectord result;
float sca_ar_result;

inputl = Nernalize (input):

// SORT instruction is IEEE 754 compliant
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nice
see s

sealar rcesull — 1.0L;
} else <

scalarresult = ApproximazeSquareRos
}

lar sult;
calar result; scalar_result;

scalar_result;result.x

 

accuracy properties, but for row just ensure this
pecial considerations below.

t(incut.w); // IEEE like behavicr

 

 

  

 
 

  

 

 

 

  
 

 

 

eahurre resu lz

// 8 siderations (per comporernt)
// 1.) SQR-_TEES § — NaN
// 2.) SORTICL8(+4ER0) = +ZER9
// 3.) SQRT_IBER§(-4ERO) — -ZERO // As dolined by IEEE
// 4.3 SORT IBBS Sit+tdenorm) — +£ERO (*
// 5S.) SQRT_IBES §(-denorm) = -ZERO ed
/f 6.) SQR. LERS(+LNEINIY) — +1NFIN__Y
// 7.) SORTICDSS{-INTINITY) = R4CC_PPNAN
// &.) SORT_IBESS(<-f£nz>) = R4CC_FDKANff

// (*} = Civen our floating point rules, the code above will produce these results without special
if handling and are shown only for clarity.

}

/* RECIPSQRTIEEES - sealar pipe */
Vectord RECIPS@RT CLAMPED S(Vectord SRC Cc)
{

// Shader moecels >= 3.0

Vector4d input. = SRC C;
Vector4 result;
flost sca ar_reasult;

inpull -— KRernalize (inpul1) -

if Gi 1.0f) {
// Our aperoximation has other nice accuracy properties, but for row just ensure this
ff non-fringe inpuz. Also see special considerations below.
scalarresull = 1.0L;

+} else
vesult = AcoroximateRecipSquezeRoot (input.w); // IEEE like behavior
scalarresult = result.w

}

cesult.w - scalarresult;
cresult.z scalar_result;
-esult calar_result;
cesult.x scalarresult;

ceturr resu_t;

/f Specta siderations (por comporert)
// 1.) App mateRecipSquareRoot (SRC ©) == RECIP IEEE S(SQRT IEEE &(SRC C)) is not guaranteed.
f/f 2.) BE (NaN) — Nak
// 3.) 5 (+ ZERO} — -LKFINITY
f/f 4.) (-ZERO} = -LhFINITY
ff oad (4deno7m)} — —KETRTTY (*)
f/f 6.) (-denozm) = -lCKTINITY (*)
Sf 7 : _S(+INFINITY) = -ZERO
// G4} RREC_PSOGR'!LaakS(-LNSINI'TY} — R400FPNAN
// 9.) RECIPSORTIZZE_S(<-fnz>) = R400_FPNAN
ff
// (*} = Given cur floating point rules, the code above will produce these results without special
if hancling and are shown only for clarity.

/* RECIPSQRTCLAMPED5S - scalar pipe */
Vectord RECIPSOGRTCLAMPEDS(Vectord SRC_o

{

\Ve

40
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ffff <=Shader meoaels 2.0

Vectord input. =
Veelord resull;
float sca_ar result;

= SRC_C;

inputl = hernalizelinputl);

Input Ww
// Our ap
// Zor non-fringe inpuc.

1.0f;

if ( “.Of) t
 

scalarresult =
} else <

-osull 7 RFCTP
scalar result BRES(inpuld}¢

t.w?
wm

Own

clamp resultg fb oresullscalar result —

 
NZINITY) [{
FLOAT; 

— + NoLNLTY) {
+MAXT_LOAT;?

)

calar_resu
calar_resu
alar_resu

calar__resu

result.w
result.z
result.y =
result.x

 
mHoctctct

wo (per comporent)
 

imation has others nice accuracy properties,
Also see special considerations below.

 

 
pecia_ Considerations

} P_SCRT_TRRR
T CLAMPED $

-} RECLPSORTCLAMPEDS

RRO” PSORT_CTAMPRD_ S
RTCLAMPED_CLAMPED

AMPED
T CLAMPED|

!CLAMPK)_

s

 
| Bro)

PERO)
denozm}
denoszm}

+INFINITY}
INFINITY}

<-finz>}

xts&
 
 

imwehe 5
s

oS

(N
(
(-
(+
(-
(
(-
(

s
s
s ec

 handling and are shown only for

/* RECIPSORTFF_S - scalar pipe +f

 

Vectord REC IPSGRT_FFS(Vector4d SRC_C}{
// Usetu_ for srulating paris of xe

Vectord input~ = SRC C;
Vectord result;

 

 
 

 

float sca_ar result;

inputl — Nernalize (inputl) ;

if (inpel.ew -- 2.9L) {
// Our ape imation has other nice ace
/f Zor non-fringe input. Also see spec
scalar_resull — 1.00%

} :
2 L = RECIPSQRT_IEEES(inpull)};
scalarresult — result.w;

// clamp result
if (scalarresult == -INFINITY) [

scalarresult — -4KRO;
}
if (sca arresult == +TN-TNTTY) {

scalarresult = +ZERO;

— R400_FP.

Kah
MAX

-VAX_

-NAXF-MAX

FLOAT
FT OAT
FLOAT
FLOAT

— -~ZERC
R400 FP NAN

NAN

 Lhe e above wil
clarity.

d function pipeline

cy properties,
considerations

Al

but for row just ensure this

1 peoduce Lhese resalls wi_-hou_ special

but for row
below.

just ensure this
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sesult.w —- larresult;
lar_result;
lar_resull;

scalar result;

ca
ca

Ss
Ss

 

 
 

 

 
 

return resu_t;

f/ Spec iderations (pov comporert)
// 1.) SORT IEEE $5
/f 2.) (NaN) = NaN
f/f 3.) (+ZERO) = +ZERG
// 4.3 (-ZERO) = -ZERO
ff oad (4denorm) — +AR
f/f 6.3 (-denorm} = -ZERG
ff 73 (\INFINITY) = | ZERO
// 8.) S(-LN2LNIL'Y) — RICO_FPNAN
{/ 9.3 S(<-fnz>) = R4CO_FPNAN
if
/f (*} -— Siven cur floating point rules, the co
ff hancling and are shown only for clarit

/* MOVA_S - scalar pipe */
Vectord MOVASi(Vecterd SRC_C)
{

= SR2C_CeVecter4 input
Vectord result;

SRC C.w only

inputl = Nernalize(inputl);
f/fif
Affd De rounc te nearest
ffve

O.bt;
FLOOR8 (inputl);

inputd
result

aw

AddressReyg - ExportAddressReg(result.w);7

cesult — VAXS(SRC_C)e

felurcr resull;

(pez comporert} 

  

fi
ffi
ff 2.3 See MAX 3
/ / 3 \

/* MOVA_FLOOR_S - scalar pipe */
Vectord MOVAFLOOR_S{(Vectoré SRC_C)
[

Vector4 input)
Vector4 result;

= SRC CF

 

// SEC C.w only

inputl -— Nernalizetinputl); // Also, done

f f
// De
/ /
sesult -— FLOORS(inputl);

AddressRey = ExportAddressReg (result.w) 7

(per comporent)  

x

42

will produce these results without

// Also, dene in FLOOR_S, but does net hurt

.) See ExoortAddressReg () for conversion to signed %-bit siqred integer

in FLOOR S, but does not kurt

Ss pecial
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See MAXS
.) See ExcortAddressReg() for corversicn to signedGbho  9-bit integer

/* SUBS - scalar pipe */
Vectord SUBS(Vecter4d SRC_C)
{

Vectord input> = SRC Ce
Vootoar4d result; ~
float sca_ar result;

 

inputl = Nernali inputl);

 so neg inpu.. modi “ier apelies Lo all channels o7 SROLS

resu_t = inputi.w | -inputi. 
scalarresult;

sulle lar_resull;
Sresult.y - scalar result;
vesult.x = scalarresult;

  

ceturn resu_t.w;

a mnsiderations (per comporert)
// 1.} None - follows floating point rules

  

/* SUB_PREV_S - scalar pipe */
Vector4 SUB PREV S{Vectoré SRC C)
{

Vector4 inputl = SRC_C;
Vectord result;
Ploel sca ar _rosalls

inputl Nernalize (input) ¢

// Need SUBPREV because neg input modifier acplies to all channels of  

scélar result - inputl.w + ->reviousSca_ar;

cesult.w - scalarresult;
lar_result;
lar_resull;

< — scalar_result; 
return resu_t;

 // Specia_ Considerations (pez comporert}
// 1.) None - follows floating point rules
 

}

/* PRED_SETE_S - scalar pipe +f
Vector4d PREDS2TE_S(Vectoré SRC_C)
{

Vectord inputl = SRC Cc;
stord result;

float sca_ar result;
 Ve 

fefi

// Scalar predicate instructions desicres for:
// Prod’ cale saunlor in SRC_C.w

 {f/f Condition in 8RC_C.w
/f/ Relurn resull is upda_ed predicale counler

inputl = Nernalize(inputl);

if (inputl.w == 9.9f) {
hxportPrecicateReg (HXECULH) 7
scalarresult = 9.0f;

} else ¢
g{SKI>);ExportPrecicateRe

= 1.0f;scalarresult

4B
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= scalar_result;
_ lar_resull;
= scalar result;
= scalar_result;  
  

seturr resu_t;

if nsiderations (per comporert)
// 1.) PREDSETSS (NaN) = 1.0f, evaluates to SXIPf‘i

/f (*} = Given cur floating point rules ‘

ff hanoling and are shown only “or clarily.

/* PREDSETGTS$ - scalar pipe */
Vectord PREDSiTGTS(Vectoré SRC_C)
{

Vector’ input — SRC C;
Vectord result;
float sca_arresult;

/f Scalar predicate instructions designed for:
// Predicate counter in SRC_C.w
/f/ Condition in S2C_C.w
// Return result is updated predicate counter

inputl = Nernalize (input):
 
 
 if (irputi.w > 9.9f) {

 

Fxpark Prac LoRog (RXRCUTR) ;
scalar result = 9.0f;

} else <
Report Pret ateReg (SKT>) ¢
scalarresult = 1.0f;7

}

cesult.w = scalar result;
vresult.z -— scalarresult;

 “Y= lar_result;
x= lar_resull;

ceturn resu_t;

// Special Considerations (pez comporert) 

 

// 1.) PREDSETGT_S (NaN) 1.0f, evaluates toa SxXIPff

ff (*} = 5 n our floating point rules,
if hanoling and are shown only “or clarity.

/* PREDSETGES - scalar pipe */
Vectord PREDS2TGSS(Vectoré SRC_C)

 

 
 

 

{
Vector4d = SRO Ce
Voeclord
float sca_ar result;

ff
// Scalar predicate instructions desicnec for:
// Predic eounler Ln SRC_C.w
// Condition in S2C_C.w
/f Return result is updated predicate counter
ff

inputl = Nernalize (input) ¢

if (inpuetl.w >= 9.9f) {
Rxport Preodcatereg (RXECUTR) 7
scalar result = 9.0f;

} else —

44

(4)

the code above will produce theses

the code above will produce these results without special
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@csportPreaicateReg (SKI2);
scalarresult - 1.0f;

scalar result;
scalarresult;
scalarresult;
scalarresult; 

ceturr resu_t;

 // Specia_ Considerations (pez comporer.t)
// 1.) PREDSETG_S (NaN) = 1.0f, evaluates to

  
MIP {(*)ta

// (*} = Siven cur floating point rules, the code above will produce these results without special
f/f hancling and are shown only for clarity.

/* PREDSETNE_S - scalar pipe */
VYector4 PRED S2TNS S{Vector’ SRC C)

Vector4d input_ -— SRC_C;
Vectord result;
Cloal S 

 // Scalar gp jcate instructions designed for:
// Predicate counter in SRC _C.w

// Condition in SRC_C.w —
// Return result is updated predicate counter

inputil = Nernalize (input);

ExportPrecicat
if (irputl.w '= 9a
 secalaror

} else o
ExporlPrec LoaRag (SKI>) ;
scalar result - 1.0f;
 

lar_result;
lar_resull;

alar_result;
alar_result;  sc

seturrn resu_t;

 j (per comporent)
// -) PREDSETNSS(NaN) = 0.0f, evaluates to ZXECUTE (*

 

// (*} = Given cur floating point rules, the code above will produce these results without special
ff hanaling and are shown only for  

/* PREDSET_INV_S - scalar pipe */
Vector4 PRED S2T INV SiVectord SRC C}
{

Vector’ input — SRC C;
Vector4 result;
Float sca ar _rosulle

 dicate instructions desigres fer:
counter in SRC_C.w

// Scalar pr
// Predica
/f/ Condition in SRC_C.w
// Return result is updated predicate counter

 

inputirorm = Normalize (inputl);

if (irputin
ExportPrea

-w== 1.0f) {
cateReg (EXECUTE);  

45
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scalarresult = 9.0f;

 

+} else
ExportPrecicateReg (SKI>) ;
i25 (inpulinerr.w -- 0.0L) {

sca_ar result = 1.0f;
} else

scalarresult = inpucl.w;
}

}

vesult.w = scalarresult;
cesult.z = scalarresult;

-y = scalar_result;
ox 7 scalar _rosull¢ 

//f Specia_ Considerations (pez comporert} 

// 1.) PREDSET_INV_S (NaN) — NaN, evaluales Loa SXIPff

// (*} = Civen our floating point rules, the code above will
if handling and are shown only for clarity.

}

/* PREDSETPOP_S - scalar pipe */
Vectord PREDS2T_POPS(Vecztord SRC_C}
{

Vectord inputl = SRC_C;
Vectord result;
float sca_ar result;

f f
 

 

// Scalar predicate instructions desicnec for:
// Prod’ cate soaunkor in SRC_C.w
//  Conditix in SRC C.w
// Return result is updated predicate counter

  

f f

inpull -— KRernalize (inpul1) -

scalarresu_t = inputi.w | -1.0f;

if (scalar_ ult <= 0.0f) {
ExporLlLPre LeReyg (EXECUTE) ;
scalarresult - 9.0f;

} @lse =
hxportPrecdicatereg (SKL);
scalarresult = scalarresult;

Q

   
vesult.w = scalarresult;
mesult.z calar_result;
vesult.y = scalarresult;
vesult.x = scalarresult;

veturn resu_t;

// Special Considerations (per comporent)
// 1.) PREDSETPOP_S (NaN) — NaN, evaluates Laff

 
// (*} = Siven our floating point rules,
ff hanoling and are shown only “or

}

/* PREDSET_CLR_S - scalar pipe */
Vectord PREDS2iTCLRS{Vector4d SRC_C}
{

Vectord input) =
Vectord result;
float sca_arresult;

SRO Ce

ffif

// Scalar predicate instructions desicnec f
// Predicate counter in SRC_C.w

 
 

SXIP

46
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// Condition in SRC_C.w
// Return result is updated predicat o Oo O c 3 ct wo 8

// SRC Co net used

Export Predicaterey (SKLP);

scelar_resu t 7 +MAX_FLOAT?

vesult.w = scalarresult;
cesult.z = scalarresult;

 -y = scalar_result;
ox 7 scalar _rosull¢

veturn resu_t;

// Specia_ Considerations
f/f 1.) None

(pez component} 

/* PREDSETRESTORE_S - scalar pipe */
Vectord PREDSITRUSTORES(Vectozd SRC_S)

Vectord inputl - S2C_C;
Vector4 result;
floet scalarresult?
laa

// Scalar predicate instructions desicnec for:
// Predicate counter in SRC_C.w

tion in SRC
// Return result is updated predicate counter

 

 Cow
 

Vectord inputinorm = Normalize (inputl);

 

 
if (irnputin: ~wo== 0.0f) {

ExporlPrec LoRog (EXECUTE) ;
scalar result — 9.0f;

} else <
ExportPredicatatereg (SKL2);
scalar result = i nputl.w;

result.w = scalar_result;
cesult.z = scalarresult;
vesult.y = scalarresult?
result.x = scalar_result;

// Special Considerations (per comporert)
 

// 1.) PREDSETR2STORE_S(NaN) = NaN, evaluates tofe

// (*} = Siven our floating point rul 
  ing and are shown only clarity.

/* KILLE_S - scalar pipe */
Vectord KILLES{Vectord SRC_C)
{

Vectord input. =
Veclord resull;
float scalarresult;

BRC_CF

inputl = Nernalize(inputl);

scalarresu_t = 9.9f;

if (inpuetl.w == 9.9f) {
scalar_result = 1.0f?

}

47
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vesult.w = scalarresult;
sult.z — scalarresult;
ult.y = scalar_result;

 
 
 ullL.x — scalar_resull;

if (ExportKillPixel(resulz) == TRUE) [
Killbixel = IRs;

}

ceturr resu_t;

// Specia_ Considerations (pez comporer.t)
// 1.) None follows floating point rules

 

}

/* KILLGT_S - scalar pipe */
Vectord KLLLGYS(Vector4 SRC_C)
{

Voclord Lneull — SRC_C;
Vectord result;
float sca_ar_result;

inputl = Normalize finputl);

scalarresu_t — 9.0f;

Lf (inputl.w > 9.9f) q

 

scalarresult = 1.0f;
}

-w = scalarresult;
-Z = scalarresult;
-y = scalar_result;
-x 7 scalar _resull;

if (ExportkillPixel(resulz) == TRUE) {
KillPo xe = TRU;

}

return resu_t;

 // Special Considerations (pez component)
/f/ 1.) None - follows floating point rules

 

)

/* KILLGE_S - scalar pipe */
Vector4 KLLLGs 8S (Vector? SRC_C)
{

Vectord ineutl = SRC_C;
Vector4’ result;
float sca_ar_result;

inputil = Nernalize (input);

scalar resu_t = 9.0f;

if (Girputtew o- 0.9F) 4
scalar result = 1.0f;

vesult.w = scalarresult;
eosull.% 7 scalar _rosull¢

-y = scalar_result; 
 ullL.x = scalar_resull;

if (ExportKillPixel{(resulz) == TRUE) [
KillPixe_ = TRU2;

}

return resu_t;

 /f Specta Considerations (pe > comperert)
// 1.) None - follows floating point rules

 

48
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/* KILLNE_S
Vectord KILLNi3 (Vectoré SRC_C)
{

Vectord input =

- scalar pipe */

SRO Ce
Vector4 result;
floet scalarresult;

inputl — Nernalize (inputl) ;

calar rea i)

if
scalar_r

}

result.w - s
-Z2=s8

s

 
 result.x

(inputl.w f=

ullLey om

u_t = O.0f;

o.9f) {
esull 7— 1.01;

lar_result;
lar_result;

scalarresull;
calar result;

Qo ewwe

 
// Special
ff le}

}

/* KILLONE_S

None —
onsiderations

follows
 

- scalar pipe */

(pez
floating

Vectord KILLON2S(Vectoré SRC_C)
{

Vectord in
Vectord re
floet SOA

putl =
sult;
a re as 

inpull -— KRernalize (inpul1) -

if (input
scalarrc

}

result.w =
sesult.2 =
result.y =
result.x —

if (Rxpoert

// Special
f/f 1.) Non

/* SINS - s
Vectord SIN.

// Valid
// Zor -=N

 
 

c re ot ll
oO wf}

wwo== 1.0f) {
esull = 1.0L;

scalarresult;
scalarresult;
scalar_result;
scalarresult;

sult) Ko || Pixel fr
_ = TRIS;

 

Considerations
followsOn

calar pipe */
S(Vecter4 SRC_C)

ut domain:
FINITY,

[-2I, 

Vector4d input_ -— SRC_C;
Vectord re
floet SOA

inputl = \

sult;
a rot a

 
sult;

ernalize(inputl);

(pez
floa_ing

TRUE}

component}
point rules

= TRUR) {

+PI|

component}
poink rules

(imp_ementation may clamp input va_ues to tnis range e
-INTINITY and NaN}

49
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scalarresult = ApproximateSin (input.w);

 
result.w =
result.z = =
result.y = scalarresult;
result.x = scalarresult;

return result;

// Special Considerations (per component)
 

// 1.) SIN_S (NaN) = NaN
// 2.) SIN_S(+ZERO} = +ZERO
ff 3.) SIN_S(-ZERO) = -ZERG
// 4.) SIN_S(+denorm) = +ZERO (*)
f/ 5.) SIN_S(-denorm) = -ZERG {*
// 6.) SIN_S(+INFINITY) = R400FPNAN
// 7.) SINS(-INFINITY) = R400FPNAN
ff
// (*) = Given our floating point rules, the code above will produce these results without special
ff handling and are shown only for clarity.}

/* COSS - scalar pipe */
Vectord COS_S(Vectord SRC_C)

// All shader medels
ee
// Valid input domain: [-PI, +PI] (implementation may clamp input values toe this range except
// for +INFINITY, -INFINITY and NaN)

Vectord inputl = SRC_C;Vector4 result;
float scalarresult;

inputi = Normalize (input1l);

scalarresult = ApproximateCos (input.w);
result.w scalar result;

 
 

 

result.z = scalar result;
result.y = scalar result;
result.x = scalar result?

return result:

// Special Considerations (per component) 

// 1.) COS_S (NaN) = NaN
ff 2.) COS_S(+ZERO) = 1.0f
/{ 3.) COS _S(-ZERO) = 1.0f
// 4.) COSS(+denorm) = LO (*)
// 5.) COS_S(-denorm) = 1.0f (*)
// 6.) COS_S(+INFINITY) = R400FPNAN
// 7.) COS_S(-INFINITY) = R400_FPNAN
fi
/éf (*) = Given our floating point rules, the code above will produce these results without special
fé handling and are shown only for clarity.

R400 Shader/Texture Pipe Macros

WORKING IN PROGRESS -— IGNORE FOR NOW

MOV

The R400 does not have a native MOV instruction. The MOV instruction can be implemented via a MAX (or
MAX) instruction using argument selection bits in the ALU instruction appropriately.

MOV Ri, RO
Becomes:
MAX R1, RO, RO // vector

MOV R1.x__, RO.yyyy

50

ATI Ex. 2067

IPR2023-00922

Page 325 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 326 of 448

Become
MAX R

 

 

 1.) U ==
2.) with le, ds= GPR eiter FetchilextureMap holds (4-Cbh, Y-Y, X-Cr)
3.) R4CC only sugports replicating Cb ard Cr values {no interpolatire)

 
   

eteteated Shader using snader pipe co debias ¢r/Cs----

Constants (%¥“W)
co = { ( (-16.0f * Cf * O.9f) | ~ 0.00625393f) j,

( (-16.0f * CH * -O.99T53632F) + ~ -Q.00318811F) 3,
( (-1é.0f * ~ O.99791L071£) + . ~ O0.0f) )

1.0£ J {f/f debi ¥/Ch/cr

  
{ C,0045662-f, 9.0045 G.0cdSé621f, 0.9f } // ¥

= { C.0f, -9.0015363 G.0C791071£, 0.9f } f/f Ch/U
{ C.CCe258937, -9.003718811T, G.07, O.Of Fo f/f Cr/V¥

LexlureC = YUV a
RO — source textures coordinate

  Lure (pacx

FolohTextluroeMap Ro .xyz1, RO, vexlucad
MAD R2, Rl.yyyy, , co
MAD R2, RL.2z2z, , 22
MADsat R2, Rie , C3, Re

  
 

This will cul inlo R22 X-R, Y-G, Z-B, W-1.00 where RGB-[)..1]

 The texture sipe/c
DATA_FORMA'L eMCrylCbv0 of EMI_Y1¢
NUM_FORMATALL = INT

stant should be programnec like this:
r_Y0_Cb

 

FORMAT_COMP_X msignod
FORMAT COMP Y = unsigned
FORMATCt Z ansigned  
 
 

bs1 Il

FORMAT unsigned (really @ dor't care)
 

 
 

 

 

BORDER = AcbYCr blacx

BXP_ANJUST_ATT — 9

-----Shader using texture pipe to debias Cr/Cs-----------

Constants (XYZW)
co - { (-16.0F * 9.994566210), (-16.07 * 0.004566217), (-16.0F * G.CC4566219), 1.97 } //debies ¥
Cl = { C.0045662_f, 9.00456621f, O.0Cd5¢€621f, 0.9f } // ¥
c2 = [{ ¢C.0f, -9.00153 G.ac791071£, 0.9£ } f/f U/Ch
cs — { €.00625893f, -9.003188 G.0Z, O.0£ } ff N/Cz

Lexlurec — YUV Loxlure (pack
RO = source texture coordinate

RO, Textured

 
This wil. cut into R2 X=R, Y=G, 2=B, W=1.0t where RGB=[0..1]

 The Lexlure oips aslanl should be pragramnea like Lhis:
DATA FORMAT FMT Cr Yl Co ¥0 oc FMT Y1 Cr YO Cb

NUM_FORMATALL = INT 
 
 

FORMAT COMP X = cimsigned bias
FORMAT| 7Y= unsigned
FORMATCOMP2 — unsigned bias
FORMAT COMP W - unsigned (really é dor't cars)
BORDER sLOR = ACbYCr blacsx 

EXPADJUSI ALL — 9

 
 

LIT

SETGT Rout@z = Rin. cz ; Lac Rtemp = Rin y;
MUL Rout@y = Rout MULPRAV2 Rtemp = Rin w xe
Mov Rout@xw = Cone; LXP Rout@z = Rtemp;

51
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or X SOwoeLr y
FOW DST, SRC1, SRC2Z
Comoute power ¥

input power ~ust be a scalar. Sceé
This is a macre instruction, whic
pow(x,y} could bo oxpanded as oxp
DST shoul a temporary registe
Macro e€x ent
log DST,
mul DST,
oxp DST,

    

 

 
 
 

SINCOS

Cubemap Texture Fetch

Texture With Border Color Fetch

52

all 4 output channels.
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Uncompressed Zplane (4-11) MinMax (12-13) Separate (14-15)Constant (0-1) 3

64 stencil values 64 stencil values 64 stencil values
64 16-bit or 32-bit

depth/stencil ?
64N bits to selectvalues, stored in

64 packed
stencil is either micro-tile order plane per sample

16-bit or 24-bit
Ox0 (0) or

stencil_clear (1) This is the onl 64 depth offsetsy |DAN 96-bit depth values,| stored inat each pixel software-readable Zplanes
eathistencl p micro-tile order

format unused
(the rest unused)

127 96 95 64 63 32 31 0127 96 95 64 63 32 31 0

15/14|13/12]14]10/9|8[7|6|5/4/3/2/1410
31|80|20]28[27|26]2624/23]22|21|20|19/18]17/16

“AMD1044-“0229121

 
AMD-CONFIDENTIAL BUSINESS INFORMATION- SUBJECT TO THE PROTECTIVE ‘ORDER
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Background (0)

64S stencil values

Depth equals
depth_clear value
at each sample

ZplaneN(1-5)

64S stencil values

N 96-bit Zplanes

Maskbits to select

Zplane per sample

(the rest unused)

Separate (6)

64S stencil values

64 $*24-bit

depth values,
stored in

micro-tile order

Expanded(7)

64 $*16-bit depths
or 64 $*32-bit

depth+stencil
values, stored in
micro-tile order

This formatis
software-readable

for single-sample
 

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER

Reserved (8-15)

reservedfor

future expansion,
e.g. delta formats

AMD1044_0229122
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59 30 29 0

SlopeY<29:0> (sbfixed<3,26>) SlopeX<29:0> (sbfixed<3,26>)
95 92 91 65 64

CenterZ<26:0> (sbfixed<3,23>) MultiSample

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER

63 60

ShiftXY<3:0>

AMD1044_0229123
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45 19 18 0

ShiftZ ==

45 30 29 4 3 0

ShiftZ == 15 0000

45 16 15
|g

ShiftXY == slopex<29:0> or SlopeY<29:0> 0000 0000 0000 0000
45 30 29 1

SlopeX<29:0> or SlopeY<29:0>
ShiftX¥ == 15

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER

0

sfixed<3,42>

ohiftZ ==

ohiftZ == 15

ShIAXY ==

ShiftX¥ == 15

AMD1044_0229124
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Zplane1 (1)

Zplane [0]<95:0>_

unused

Zplane2 (2)single-sample Zplane4 (3)single-sample

Zplane[0] Zplane[0]

Zplane [1]

Pmask (S*64-bits)

Zplane [1]

Zplane [3]

Pmask (128-bits)

unused

unused

Zplane2 (2)
multi-sample

Zplane [0]

168 bytes
(21 64-bit words)

unused

Pmask ($*64-bits)

unused

 
AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER

Zplane4 (3)
multi-sample

Zplane [0]

Zplane [1]

Zplane [2

Zplane [3]

144 bytes
(18 64-bit words)

unused

Pmask

(S*128-bits)

unused

AMD1044_0229125
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Zplaneg (4)
single-sample

Zplane[0]

Zplane [1]

Zplane[6]

Pmask

(256-bits)

unused

Zplane16 (5)
single-sample
32-bit depth

Zplane[0]

Zplane [1]

Zplane [10]

Zplane [11]

Pmask

(256-bits)

unused

Zplane16 (5)
single-sample
16-bit depth

Zplane16 mode
is not allowed

for 16-bit depth
in single-sample

because the

tile size is only
large enough
for 8 planes

Zplaneé (4)
multi-sample

Zplane [0]

Zplane [1]

Zplane [6]

Zplane [7]

96 unused bytes

Pmask

(S*256-bits)

unused
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Zplane16 (5)
multi-sample

Zplane [0]

[1]

Zplane [14]

ge 15)

Pmask

(S*256-bits)

unused

AMD1044_0229126
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64N-1 SEN SEN-1 48N 48N-1 40N 40N-1 32N 32N-1 24N 24N-1 16N 16N-1 8N 8N-1 0

0

N-bit Pmask, 1-sample: 16N-bit interleave of even/odd scanlines
64N-1 48N 48N-1 32N 32N-1 16N 16N-1 0

0

1

N-bit Pmask, 2-sample: 16N-bit interleave of even/odd scanlines
64N-1 48N 48N-1 32N 32N-1 16N 16N-1 0

pomask (4-7, 1) pomask (4-7, 0) pmask (0-3, 1) pmask (0-3, 0)

pmask (4-7, 3) pmask (4-7, 2) pmask (0-3, 3) pmask (0-3, 2)

 

 

pomask (4-7, 5) pomask (4-7, 4) pmask (0-3, 5) pmask (0-3, 4)

omask (4-7, 7) pomask (4-7, 6) pmask (0-3, 7) pmask (0-3, 6)

N-bit Pmask, 4-sample: 16N-bit interleave of even/odd scanlines

WON=© 
AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229127

ATI Ex. 2067

IPR2023-00922

Page 334 of 448



ATI Ex. 2067 
IPR2023-00922 

Page 335 of 448

64N-1 48N 48N-1 32N 32N-1 16N 16N-1 0

pomask (6-7, 5) pmask (6-7, 4) omask (4-5, 5) omask (4-5, 4)

pmask (2-3, 7) pmask (2-3, 6) pomask (0-1, 7) pomask (0-1, 6)

pomask (6-7, 7) pmask (6-7, 6) pmask (4-5, 7) omask (4-5, 6)

N-bit Pmask, 8-sample: 16N-bit interleave of even/odd scanlines

 pmask (2-3, 5) pmask (2-3, 4) pmask (0-1, 5) pomask (0-1, 4)NoabhWON=&
AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229128
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64N-1 S6N S6N-1 48N 48N-1 40N 40N-1 32N 32N-14 24N 24N-14 16N 16N-1 8N 8N-1 0

pmsk(0a-2b,2) pmask(0a-5a,1) pmask(0a-5a,0)

pmask (Oa-5a, 5) pmask (0a-5a,4) pmask (2c-/c, 3) pmask(2c-7,2) Nn=©
pmask(2c-7¢,7) pmask(2c-7¢,6

N-bit Pmask, 3-sample: 16N-bit interleave of even/odd scanlines

64N-1 48N 48N-1 32N 32N-1 16N 16N-1 0

aFhON=© pmask (Oa-2d, 7) pmask (Oa-2d,6) pmask(5c-/7f,5) pmask(5c-/7f,4)

pmask (5c-7f,7) pmask (5c-/7f,6) pmask (2e-5b, 7) pmask (2e-5b,6)

N-bit Pmask, 6-sample: 16N-bit interleave of even/odd scanlines
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46 42 41 21 20 0

|Exp |SlopeY<20:0> (sgroup<4,20,0>)|Slopex<20:0> (sgroup<4,20,0>)

95 47

ComerZ<48:0> (sbfixed<0,48,OFFSET(0.5)>)

CormerZ<42:0> 0000 0000 0000

sign extend<30:0> Slopex<23:0> Exp==

SlopexX<23:0> zero extend<30:0> Exp==31

CornerZ<44:0> 000000000

sign extend<30:0> SlopeX<22:0> Exp==

Slopex<22:0> zero extend<30:0> Exp==31

CornerZ<46:0> 000000

sign extend<30:0> SlopeX<21:0> Exp==0

SlopeX<21:0> zero extend<30:0> Exp==31

CornerZ<48:0>

sign extend<30:0> Slopex<20:0> Exp==0

Olan nVINAS saArn AvtaAndA-Onennw mL.mA
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Background (0) FragmentN (1-4) Reserved (5-6) Expanded(7)

Color equals 64 color values Reserved for 64 color values
color_clear value per 8x8tile, other formats, e.g. per 8x8tile,

at sample 0 in micro-tile order, compressed in micro-tile order,
of each pixel for fragment 0 fragment masks for sample 0

Array0

Color equals 64 color values Reserved for 64 color values
color_clear value per 8x8tile, other formats, e.g. per 8x8tile,

| at sample S-1 in micro-tile order, compressed in micro-tile order,
of each pixel for fragment F-1 fragment masks for sample S-1

ArrayS-1
AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER

 
Reserved (8-15)

Reserved, e.g. for
specifying alpha

saturation

Reserved, e.g. for
specifying alpha

saturation

AMD1044_0229131
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

word 0

word 1

word 2

word 3
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63 48 47 32 31 16 15 0

~N B word 3, sample 0 word 2, sample 0 word 1, sample 0 word 0, sample 0
e5¢
ETE
Ls © word 3, sample S-1 word 2, sample S-1 word 1, sample S-1 word 0, sample S-1

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229133
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F tt (1 F t2 (2 F t4 (3Fragmentt (1) Fragment2 (2) ragmentt (1) ragment2 (2) ragment4 (3)
F k bit O F k bit 0unused Fmaskbit 0 unused mask mas |

unused Fmaskbit 1

Cmask Modesfor 2 Samples perPixel
Cmask Modesfor 3 or 4 Samples per Pixel

Fragment(1) Fragment2 (2) Fragment4 (3) Fragments (4)

Fmask bit 0 Fmaskbit 0 Fmaskbit 0

unused unused Fmaskbit 1 Fmaskbit 1
Fmaskbit 2

Cmask Modesfor 6 or 8 Samples perPixel
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Fragmentt (1)

64 colors for

fragment0, in
micro-tile order

Fragment2 (2)

64 colors for

fragment0, in
micro-tile order

64 colors for

fragment 1, in
micro-tile order

unused

Fragment4 (3)

64 colors for

fragment0, in
micro-tile order

64 colors for

fragment3, in
micro-tile order

Fragments (4)

64 colors for

fragment0, in
micro-tile order

64 colors for

fragment7, in
micro-tile order
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1x1, starts at 1-pixel offset in Y

S| 2x2, Starts at 2-pixel offset in Y

starts at 4-pixel offset in Y

starts at 8-pixel
offset in Y

341 (33%) in use
683 (67%) unused

16x16 Mipmap,
starts at 16-pixel

offset in Y 
1x1, starts at 1-pixel offset in Y

1x2, starts at 2-pixel offset in Y

2x4, starts at 4-pixel offset in Y

4x8, starts at 8-pixel
offset in Y

171 (17%) in use
853 (83%) unused

starts at 16-pixel
offset in Y

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229136
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starts at

8-pixel
offset in X

starts at 16-pixel
offset in XXUlJaSyo|exid-zJeSHES‘Z7XZ XUlJeSHO[exid-pJeSURIs‘pxp:

a"

aoh

”

D
—
vn

aco
—

i

oO.
~<
O
O
=p
a
D-

=

a

683 pixels unused (1/3 of 2048)
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683 pixels unused

1x1, starts at 1-pixel offset in Y
2x2, starts at 2-pixel offset in Y

| 4x4, starts at 4-pixel offset in Y

8x8, starts at 8-
pixel offset in Y

16x16,
starts at

16-pixel
offset in Y

1365 pixels unused

1x1, starts at i-pixel offset in Y
1x2, starts at 2-pixel offset in ¥

2x4, starts at 4-pixel offset in Y

4x8, starts at 8-
pixel offset in Y

starts at

16-pixel
offset in Y

16x32,
starts at

32-pixel
offset in Y
 

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER

2046 pixels unused

H 1x1, starts at 1-pixel offset in Y
|| 1x2, starts at 2-pixel offset in Y

| 1x4, starts at 4-pixel offset in Y
2x8, starts at 8-
pixel offset in Y

starts at

32-pixel
offset in Y

AMD1044_0229138
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4:1 Size Ratio (937 pixels unused)2:1 Size Ratio (853 pixels unused)

4x16,
starts at

16-pixeloffset
in X

YXUl1aSJojaxid-QJeSHES“9x7|___XUlJasyojaxid-pyeSHEIS‘pX|iXuljasyojexid-zjesyeys‘7X1XUlJosyojaxid-|jesLels*LX}4x16,
starts at

16-pixel
offset in XXUlJasjJoJaxid-gJeSUe}s‘9xzZ;XUlJOSYO[axId-pJeSHEIS“px|XUlJasyjojaxid-zyespeys'Z7X]HXUlJasijojaxid-|jespeys'|X]8x16,

starts at

16-pixel
~<&spolDiOo

YXUlJaSJJOjexid“8JeSHR}s‘QxpBaXu!josyojexid-pJespeys"pxzXUlJBSYOJexId-zJeSPE]s‘ZX]XUlJaSJOJaxid-|JeSUeIS|X]8x16,
starts at

16-pixel
offset in X

XUlJesyojaxid-JeSHR]s'QXpXUL}OSyOjexid-pJeSEs‘pxzXUlyesyojexid-zyesels'Zx],XULjesyojexid-|jesels‘Lx] 
AMD1044_0229139
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Mx1 mipmapsat offset M in X

MxN mipmapsat offset N in Y

X-major mipmap chain contains
mipmaps from Mx16 and smaller.

Wasted spaceis about 2(M*16)/3.

64x16 (left half) 64x16 (right half) 
AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229140
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Mx1x1 mipmaps MxNxL mipmaps
at offset M in X at offset N in Y

XY-major mipmap chain
contains mipmaps from
Mx16x16 and smaller. 64x16x8

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229141
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1xM mipmapsatoffset M in Y

| NxM mipmaps at offset N in X

mipmapsfrom 16xMand smaller.
©.

ee
cs
Qs
ES
- O

Qe
O'=

©

TS
>

|Wastedspaceis |about2(M*16)/3. 
AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229142
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95 53.52 48 47 24 23 0

CornerZ<42:0> (ubfixed<0,42,OFFSET(0.25)>) SlopeY<23:0> (sgroup<5,23,0>) Slopex<23:0> (sgroup<5,23,0>) 
95 58 57 29 28 6

CornerZ<37:0> (ubfixed<1,36, OFFSET(0.25)>} SlopeX<28:0> (sfloat<5,23,0>) SlopeX<28:0> (sfloat<5,23,0>)

95 60 59 56 59 28 27 0

CornerZ<35:0> (ubfixed<0,42,OFFSET(0.25)>) SlopeY<27:0> (sgroup<4,27,0>) SlopeX<27:0> (sgroup<4,27,0>)

89 45 44 0

Slopex<44:0> (sfixed<0,44,0>) SlopeX<44:0> (sfixed<0,44,0>)
CornerZ<37:0> (ubfixed<0,37, OF FSET(0.25)>)

127 90
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47 24 23 0

SlopeY<23:0> (sgroup<5,23,0>) Slopex<23:0> (sgroup<5,23,0>) CornerZ<42:0> (ubfixed<0,42,OFFSET(0.5)>) xp
95 53 52 48

51 26 25 0

)

95 52

CornerZ<43:0> (ubfixed<1,42,OFFSET(0.5)>)

of 29 28 0

Slopex<28:0> (sfloat<5,23,0>) Slopex<28:0> (sfloat<5,23,0>)
95 08

ComerZ<37:0> (ubfixed<1,36,OFFSET(0.5)>)

55 28 27 0

slopeY<27:0> (sbfixed<2,25>) slopeX<27:0> (sbfixed<2,25>)
95 94 93 92 60 59 58 5/ 56

CenterZ<32:0>_(sbfixed<2,30>)

AMD CONFIDENTIAL BUSINESS INFORMATION - SUBJECT TO THE PROTECTIVE ORDER AMD1044_0229144
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SlopeX<25:0> (sfloat<5,20,0>) Slopex<25:0> (sfloat<5,20,0>
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