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Preface

A macro-architecture {or block level) specification serves muny parposcs.

®  The micro-architecture specification is wsed by design verification teams to build block and system level
venlicaton environments (kest benches, test soemarios, test cases and testing methodologies/strmegies)
Athough. & document is clearly not the ONLY vehicke used by design venfication teums, it s a cnitical
piece of the venfication planning process in that it provides valuable dag to supporn the test plan meetings
between design and verilication teams

¢ The micro-archilecture specification is also a nseful tool for peer and block design reviews, Interfacing
blocks require explicit details of contml and handling of data being transferred. tmnsformed bebween
blocks. The specification 15 the obwious resource Lhal peer teams o o for this tvpe of informution

o Tlus specilication s also used by post<salicon venfication teams and in the creation of documentation (such
as programmeng giidelings, cic. ) that must be prepared for exteral customers,

o This docwmentmion 1s also nseful when designs are transfemed to other teams, For example, derivatives of
a graphics core are wsed in mamy other products that include an integrated core, hand held devices, eic

Euch new major architecture should comain a micro-archilecture specification for each block in the subsystem. In
thie case where a design 1s derived from a previous project. thal previous project specification would be updated and
checked into the new project revision comtmol documentition arca, All the delia features would be described in the
feature seetion of the micro-architeciure specification and (he decument in general should be updated to match the
new project updated block design.

A tlemplute i provided as a means of descnbing Lhe detail requaned by all teams that use the mcro=arcileciune
specification amd to drive consistency between the specificaions from one block 1o anotler. This lemplie wis
created by the Design Verification Workgroup which is comprised of representatives across all AMDBusiness Units
This template has been and will be distributed to other Bisiness Undis and Design Design Verification and
Architeciure teams for review and feedback. This tenaplate was created from a review of many of the cxisting micro-
archilecture specifications. Examples wre pulled from these documents and presented here o illustrate the ppe of
information that is reguired, To distnguish between 1he descriptions of contem and examples, all examples apgear
in i,
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1

Introduction

The SX (shader expon) block 1s resporsible 1o receve and re-order color and position expons from the shader
core and forward them to the correet clicat: PA Tor position, and the correct DB for color. The SX is alse
conduil for pamnscter and GDS exponts and in this role forwards the data unchanged to the PC (parameler

cache) block.

The mxabn taput for the SX block 15 the shader ouput bus wiich is 2 busses each 16x32 bits wide, The 8X

ouitpurl biesses are:

1y 128 bits wide bus to the PA (primitive assembler) block supporting | position per clock

1) 256 bits to cach DB (supposting up to 4 DB per SX) thus supporting 4 “compressed™ pixels per clock (64
bpp) or 2 uncompressed pisels per clock {128 bpp).

) 16x32 bit bus o PC/GDS

1.1 Definitions / glossary of terms

Thread - one instance of a shader program being execubed on a veclor of pivels, verfices, or primilives
Ench thread has tts own state which & unigie from auy other thread

Clause - a group of msteuctions all of the same type (all ALU, all texiure-fetch, eic.) execnted as a group,;
part of a threa.

Wave - one insfrivciion operates on a wave af pivelsveriices primifives over 4 clock cveles. Thes ts the baxie
wnil of work. The yize of a vector deperds om the svsten configuration, but is always 4 clock evoley,

SIMD - Surgle Tnstraction, Maltple Data. Here, o SIMD refers to one sltce of the SP machine which afl
recenes the same instrrction and operates on a veetor of dafa. Most aplementanions will iave multiple
SINDs. Each SINDY recenves a separale irsirrction froar the SO

1.2 Top Level Diagram

YR P SR MRS dock - 3TN Bytey

13/O1JRE 1303 AN

AMD1044_0104742

ATI Ex. 2025
IPR2023-00922
Page 5 of 35



ORIGINATE EDIT DATE DOCUMENT-VER. NUM, PAGE
29-Nov-11 12-Feb-14 1.0 6 of 35
A A " Y
SX
- - A -
: ’ ! R RIE SRR IR -
= > — u - 0 — o — TATIITCR TATOTCE |
" o g e | - 20 - oA g ENTDCR TATOTCS :
» > L2 Rt WO SO 18 (SMOIA |
L1
’ \ — — - | - [~} b - m i ~MA
I
, : o e | ™ | = aoys o TATONCR ThIICR
. | r— r g |- w5 - roig 5~ LT TAYDACH
— = (= | a Ly s TATCe | mevroe

Figure 1: 53X in chip context

This is the SX block in full chip context. The SX sits at the bottom of the SH armay and s such there will be
as many SX blocks as there are SH blocks (there can be one SH block or 2 SH blocks per SE depending on

the configurtion chosen). Up to 4 DBs can be comectied 1o a single SX block and 2 512 input busses are

the sole data inpats to the block. The outputs of the SX, other than the DBs are the PA for position and the
PC/GDS for parameter/GDS transactions,
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Requeremenss (Delta Requircments)

For more details, please sce GFXIP Ux_ SX deltadoc

13 R9x uired Features

131 Support RB+ feature for 2RB setting
a. Motivation: gfx9 9.87, Enable dual RB+ per SE (Scalable pixel rate per shader array)
b, Area: 35%
c. Schedule: 2 week EMU, 4 week RTL, 6 week DV
d. Impacted blocks: SP1SX 5C etc
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1 Detailed Change Description

1.1 SX support for 2 PC/GDS redirect busses instead of 1in 1 or 2 SE
configurations (1 SH per SE only)

SX will decode the SQ_SX_expomd bus and replicate the control data for 4 clocks on 2 separate
SX_PC_expcmd busses. This is to make this change transparent to the PC blocks.

- Expernd bus

The 2 SX busses configuration is enabled when GPU__GC__DUAL_PC_EXPORT_BUS == 1. This feature
should only be enabled if NUM_SE <= 2 and NUM_SH_PER_SE == 1. In this case only 1 of the vdata

busses can carry GDS information at a time as the GDS will only have 2 input ports to the actual logic
(the other ports are just pass through for the PC).

4.8.2 Testing

1. Test with lots of paramciers and no pavels and HW coverage assert to make sure SPI is able 10 use both
busses at the same time for PC transfers
2, Test with lots of parameiers and GDS ops 1 make sure SPL doesn't allow 2 GDS imansactions at the same

1.2 SX support for 4 RBs.
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This featere is controlled by:
gpugc num_rb_per sxe4/4  / gpo.gcnum_thper s/ gpu.ge num_sh_per se

Evenvihing should be already ready in the SX 1o support this but we need o test this and make sure everything
works as expecled as the 4 RB per SX option was nod 1ested much

4.8.2 Testing

1) PERF: Fill sests with vanous lormats to nuke sure we can peg the export busses. With 4 RB per
SX we are balanced so we need o ully utilize the export busses to crable all 4 RBs s once.

1.3 SX support for deeper Position buffer, Color buffers and position alloc
storage

Thosc feaures arc all controlled by feature flngs.

gpu.sx.color_scorcbonrd_slols=64 // munber of color waves

gpusxpos scorchoard slots=32 // number of verex waves

Epusxcolor_expont_buller size=256 (/ this is the depth of e memory in the SX

gpusx.pos_export_buffer sizsc=3512 // this is the depth of the memory in the SX

gpwsx.color_export_reg badfer size=1024 ( this is the logical size of the buffer should be 4x
color_export_buller_size

EpiLsx.pos_export_rcg buffer size=2048  this is the logical size of the bulfer should be 4x
pos_cxpon_bulffer size

bcase [Thebe
The knyplos projoct is using the above seitings.
#endcase

We need 1o support vilues of 16, 32 and 64 for gpu.sx.pos_scorchoard_slats, 256 and 512 lor

gpusx.color expon buffer size and 256 and 512 for gpa s pos_expor_bulfer_size Those affect memary depth
anl pointer widihs and wrap poins in the SX, The List 2 sertings affect the SPI but must be changed o always be 4x
of the above values.

Right now, we are not planning to make the color buffer any deeper than it i for area reasons but we will wake the
position buller deeper so (o emable the same mumbser oF V'S waves per SE than Tahiti used 10 have

2 Performance

The SX has peak data input and omput rale requireiments
*  Sustain the receipt of shader data expons at the maximum rate of 1024 bits per clock.
*  Sustain {2-4} paxels per clock peak output cach DB’s depending on surface format
¢ Suskun position exports fo maintain | privative per clock operations in the PA per SX

3 Power

We have picked out 4 main busy sigmals to genere the CAC signal which will be used by the power team
They have same weight and be added together. the MSB will be used as CAC output.
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ardware Implementation: Top Level

The SX works on 3 classes of expons from the shader: Color. Pesition and redirect expons. We will not explain
all 3 classes in detail.

4.1 Top Level Drawing
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Figure 2: SX Top Leved Diagram
4.2 Addressing the buffers

Before we go in the detals of how cach export mode works il is important (o understand how the vanons
expon buffers are addressed. The SPI is the master controller for all the export buffers, it controls the
allocation and supplics the base addresses for cach wave front and docs so on every expont. The addresses
supplicd by the SPI are always per 128 bit chunks and as such (since the export buffers really consist of 4

128 bit memones sade by side) it takes an increment of 4 an the bul¥er address before a new adkbress 18 used in
the memornies. This is done so we can pack maltiple expons on a single memory address, Here is the fomual
of the address as supplied by the SP1;

| Memory address (10:2) | Memory ID (1:0) |
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4.3

4.4

The 2 LSBs are used 1o address which memany vou want 1o write to and the upper 9 bits are the memorny
address itsell. As such the computed address needs 10 wirap

GPU_SX_{COL/POS} EXPORT BUFFER_DEPTH®*4. The SP1 will take carc of wrapping the base
addresses bat the SX is responsible of wrappang any indernal address it computes (within the wave).

Format of the data

The shader core. becanse of its scalar nature changed & kot from the previous architectures. Becanse of this it
will expon 1he dow differently than it used to. The native form of exports will now be per companent inssead
of per pixel. So nstead of receiving 4 XY ZW pixels, the SX will receive 16 X components from 16 dillferent
pixeds, followed by 16 Y's and w0 on (uneil all the required companemts, not necessanly all 4, are expened).
The render backends still expect 1o see the data in the same 4 XYZW format so the SX must now reformm
the data that was sent from the shader

For color we wre plannimg 10 suppon 3 tative stecs across 6 formats (all specified in the
SPl_SHADER COL FORMAT and SP1_ SHADER 2 FORMAT registers). Those formids are:

00 - SPI_SHADER_ZEROC Mo exports done (0C)

M - SPI_SHADER_32 R: Can be FP32 or SINT32/UINT32 Red Component (1C)

02 - SPI_SHADER_32_GR: Can be FP32 or SINT32UINT32 GR Components (2C)

03 - SPI_SHADER_32_AR Can be FP32Z or SINT32/LINT32 AR Components (2C)

(4 - SPI_SHADER_FP16_ABGR. FP16 ABGR components (2C)

05 - SPI_SHADER_UNORM16_ABGR UNCRM16 ABGR Components (2C)

06 - SPI_SHADER_SNORM16_ABGR: SNORM16 ABGR Components {2C)

07 - SPI_SHADER_UINT16_ABGR: LINT 18 ABGR Components (2C)

04 - SPI_SHADER_SINT16_ABGR: SINT 18 ABGR Components (2C)

09 - SPI_SHADER_32_ABGR Can be FP3Z or SINTI2UINT32 ABGR Components (4C)

For Positson, the formats are a little more simple and we stored i the SP1_SHADER_POS FORMAT:
They are:

00 - SPI_SHADER_NONE: SPI_SHADER_NONE (0C)

D1 - SPI_SHADER_1COMP: SPI_SHADER_1COMP (1C)

02 - SP|_SHADER_2COMP: SPI_SHADER_2COMP (2C)

03 - SP|_SHADER_4COMPRESS: SPI_SHADER_4COMPRESS (2C)
04 - SP|_SHADER_4COMP. SPI_SHADER_4COMP (4C)

Thas format can be different per MRT. it is the responsibility of the shader to output the data in the nght
fiormat as specified by the SP1_SHADER_*_FORMAT registers. Wiale the regster hists all those modes (for
ftnre compatibility ), currently only modes O or 4 are suppoarted by te HW for position expons.

There will be a maximam of 2 312 bit dma busses supported, controlled by 1 SPI expaddr bus (phase 0, bus
0, phase 2, bus 1) and 1 SQ expemd bus (same rbes as SP1 bus).

Controls of an export

Anexport to the SX whether it is color, position or redirect always starts with an SPL_SX_ expaddr
transaction. This 1 clock mmansaction is telling the SX aboul the state of the export and which daga bus will
Gy the data, the simd lield & used Tor this purpese (simd (/1 are telling the SX to look at vdata bas 0 and
st 2/3 serting is for vdada bus 1),

A fived number of clocks kater. the SQ SX_expemd buas will trigger. This is also a | clock bus and also
obeys the same simd rales than the SPI bus. This bus further qualifics the state for the export 1o happen.
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Amexport trmansaction 15 concluded with a 4 clock tmnsaction on cither SP_SX_vdata{0,1} busses. This bus
carries the dista 10 be written and the write enable nasks

Color export

Because the shader core now expons all of its data per component. there was an opporiunity 1o compress the
export buffers, Before room for 4 components was always reserved even if we were using only | or 2 of
them. Now 11 only the components (hat are being used are exported (and the shader is responsible to make
sure the format of the shader export & consisten with the format specified in the SP1SHADER * FORMAT
registers), we can compress the buffers and only write the needed data (without holes). This has maltiple

advantages:

1) Since only the valid channels ans written, the same bulfer depth that we used to have in older

architectures, will hide more shader Liency with the saume depth in the compressed lormal cases,
) Ouly the used dota s watien/read =0 we will save power and always read/write as st as we can
3)  All converters and alpha fest can be moved 10 shader code (o save area and some more power,

In onder (o correctly pack the data 1o the color/posilion bufTer the SX will have to rely on som state in onder
1 lsive enough room in between componems in onder 1o wrle the next components of the sine pixel. Same
15 true for MRTs, since the DB expects the MRTs of a given qusad 1o be all sent before we move 1o the next
quad, the data needs 1o be writien in consecutivie (or close 1 conseculive) memony locations, In onder to
achicve this. the SX will implement the following address equation (per DB).

451 The color scoreboard

Since the wave 15 coming from shader out=-ol-=order. we have a scorcboard 1o maantain the order of 1he incoming
wave, Only those waves which have been tagged in scorcboard (SPI_EXPADDR bus will contain scorchoard id
information) and will be sent out of sx from small to bigger range. And the scoreboard should be crawled one
by one. The scorchoard size is different due to diffcrent project.

452 Export bufTer address computation

21 Before gfx8 1

Address « base (from the S21) + MRT_FULL_SIZE + quad# in phase(compressed)'MRT_CUR_SIZE + MRT_PREV _SIZE +

COM®

Where:

MART_FULL_SIZE = SUM_FORMATS" # guads in prev_phases
MRT_CUR_SIZE = se of current MRT per SP1_SHADER_*_FORMAT register

MRT_PREV _SIZE = # quads in phase” {(sum of prew MRTS per SPI_SHADER_*_FORMAT register (have to use DST to know))

M (MRT_FORMAT = 1C)
COMP=0
M (MRT_FORMAT = 2C)
COMP = [component +quad#/2)'s2
M (MRT_FORMAT = 4C)
COMP = (component +quadil) %4
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For example, let’s say that we examine DEO"s export buffer (cach DE has its own export bafTer and is
wmquely wddressed). Let say the SPI_SHADER COL FORMAT is programmed as 0x1291 so 4 MRTS are
exported by the shader and their form s

MRTO1C

MRTY 4C

MRT2 2C

MRT31C
Let"s further say that DBO will get | quad in phase (1, 3 in phase 1, 4 in phase 2 and | in phase 3. Then,
starting at address 0, the expont buffer would book like:

Figure 3: An example of addressing the export buffer

The SP1 always allocates # quads written to this DB * SUM of all MRT formats so in this case ¥ quads * 8C
= T2 locations.

4522 Gix8.1 and later
Inorder to support RB+, we shightly modify buffer management behavior The address calculation way is
changed from Loop phase > Loop MRT -> Loop Quaad (Figure 4)
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Figure 5§ New memory address calculation
By such a new memory organcztion way. we will avoid some bank conflict issue due (o suppornt new RB-+
feature. More detail could be found through document PIL SX LinkQuad _investigation docx
4.6 Position exports
Position expons work in a similar fashion than the old color exports bt since there is ondy | position buffer
(4 memories 128 bits wide cach) and | clicnt reading the baffer (the PA), it makes its management slightly
casier
I the currerd plan of record, the SPI will alwany s ilbocime 64 positions and the SX will always free 64, no

matter how many vertices are actually in the buller, The deallocation will be done once a position expon for
the full vector is completed.

4.7 Redirect exports

Since the parameter caches moved outside of the X block and the SX is the datapath for the GDS wiites, the
SX needs to redirect some of the data it receives from the shader to the PC/GDS blocks. 1t knows what 1o
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redirect and when o do so by looking at the SPI_SX_cxpaddr_passthrough bit and the

S50 SX_expemd_target ficld. When set to o location outside the SX (PC or GDS) the SX will wrise the input
data on ihe SX_PC_expemd/vdata buesses instend of processing the tmnsaction internally

What is different from C1 to ST is we can have 2 redirect buses when the feature dual_pe bus is on

4.8 RB+ feature

The daa bus between SX and DB are 2356bit and i one quad is 32bpp. it can be trnsfer 2 quads i fully wtilize the
bus. Theat's what we want o improve in RE+ femure,

SX will receive pixel waves export information (onc wave include 16 quads) from SPI like previous project. In order
to support RE+ feature. SX will look at the relationship of adjacent quads. 11 they are tagged as paired which means
there 1s potential chance 1o enter 8 pinel per clock mode, We will see source data detection (see the expont data and
do a comparison acconding some pre-defined neles) result and check the down-comen table. I both operation are
passed. Then those 2 quads will be sent 1ogether in one 256bit trnsaction

481 Source data detection
The first step of source data detection s used 10 genemited some chock result between the export data and reference
value (0/1), For exampbe, if the sctiing is to sec the value is 0, the export data will be checked 1o see if itis 0. 17t is.
we regand the chieck result is pass,
For different formal, a saall value epsilon will be used o judge it is close 1o 0 or 1 (regard it as 0 or 1), this is also
defined in g register

Per Context Per MRT Register: Add the following registers per stale set and per cach of the 8 MRTs:

BLEND_CPT_EPSILON Enatie the detection of 0.0 or 1.0 when the value is within 2*-N of the requsred value
to match the precision detection of the source data with the format of the destination
a5 well as allow parformanca tuning:

00 — Must be exactly 0.0 ar 1.0 (set for FP16 or FP32 formats)

01— Must be within 1 5*2%-12 (set for 11 bet alpha formats)

02 - Must be within 1.0°2%11

03 = Must be within 1.5°2%-11 (set for 10 bit alpha formats)

04 = Must be within 1.0"2%-10

05 — Must be within 152410

05 — Must be within 1.0°2%-8

07 — Must be within 1.5°24-8 (set for & bit formats)

08 — Must be within 1.0°2%8

08— Must be within 1.5*2%-8

e e DR b Y iy (oo e}

12— Must be within 'ﬁ.‘ll'Z'!‘-G‘“t

13 - Must be within 1.5°2%-6 (set for 5 bit formats

14 — Must be within 1.0°2-5

15 = Must be within 1,5°2%-5 {set for 4 bit formats)

TODO: Do we want to ged rid of this and have a single bt that says if the source data
optimizations are detected bafore or after the format down-conversion?

The detection of 0.0 or 1.0 can be done via a compare on the unbiased exponent only of the FP16 or FP32 channels

andl the MSEB of the mantissa or else the upper bits of norms. The intention is 10 mach the precision of the zeno ad

one detection o the precision of the destimation format, For example if a vadoe of 27412 is being added into an §
bit surface which can only represent 2°-8. there will be ne change to the destination result even though the source
data is non-rero,

Source data detection 1s needed for these SP1 SHADER export formats:

SPIL_SHADER export format | Math operation using epsilon
FP16_ABGR Compare unbinsed Exponent and MSB of mantissa
FP32 ABGR (2 pix) Compare unbiased Exponent and MSB of mantissa
FP32_ R Compare unbiased Exponent and MSB of mantissa
FP32_AR Compare ynbiased Exponent and MSE of nuantissa
UNORMI16_ABGR Compare top N+1 bits from the 2*-N Epsilon
GNP v IR MRS dock -~ AT Bytes 12/010E 11-L0 ABR
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| SNORM16_ABGR

| Compare top N+1 bits from the 2°-N Epsilon skipping the sign bit |

The resull is 2 set of masks of which pixels bave “alpha” andfor “color” close enough to 0.0 and'or 1.0, I Alpha
does i exist in the shader expon formet, it can be considered 1.0, Ifall of ihe shader exponed color channels are

close to 0.0 or 1.0, then “color”™ is 1.0 or 0.0, otherwise it is neither.

Such a check is done on color and alpha independently. Then the second step is 1o generte byvpass/don’_rd_dst
check result by below niles:

Per Contest Per MRT Registers: Add SX_MRT# BLEND OPT per statc sct and per cach of the 8
MRTs which controls how to detect specific optindzations on source and destination data and how to combine those
opmnmmmmm«dm andoolot

GNP P SH M gocx -~ 1IN Byt
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After 0.0 and 1.0 are detected for alpha and color, the above BLEND OPT tests are exccmed 1o get “PreserveSec™,
“IgnoreSnc”, “PreserveDst”, and “IgnoreDst™ flags for cach of color and alpha. In A0.CO,ALCIH, A means Alpha, C
means Color, and 0 means ==0.0 while | means ==1. For the alpha blend opt tests, color is treated as alpha as well
alinsing 2 and 3 with 4 and 5.

Then combine the Src and Dst of cach of these with the COMB _FCNs and

CB_COLOR#_INFONUMBER_TYPE to get “Blend_Bypass™, “Don’t_rd_dst”, and “Discard_pixel” flags for cach
of cabor and alph

COME FON

Don't Rd Dest

NP o S MRS dock — DITEN Bytey
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(Presenve Sro || SRC==01) &&  Ignore Dst (Ignore Srg | SRC==0)) &
Ignore Dst
@ , s 2 ) . . B & - =X - Bt o P
OPT_ COMB MIN SRC==0 && uncrm Igmare Dst || (Preserve Src && SRC==1)

orr COMB_SAFE_AD g 7 3 ey ey Ignore S1c && Preserve Dst

Add SX_MRT#_BLEND OPT_CONTROL per state set which controls when to pay atiention to cach of
the coler and alpha optimizations per MRT

Combine the independent optimizations for color and alpha depending on the above controls which say which ones
to pay attention 1o 1f both collor and alpha tests are disabled. the MRT is treated as Bypass=true. Dont_nd_dst=tme,
anel discard=false. 1M only one of alpha or color ane enabled, the results are taken from the enabled resulls.

If both are cmabled, for cach of OVERWRITE, DONT _RD_DEST. and DISCARD_PIXEL, both
COLOR_* and ALPHA_* optimizations miest 1cst true fmlhcownnumtobccmbledfotﬂnpml

Config Registers: Add the following configurstion time regisiers for debug and performance
experimemation which il setto | overnide all other tests 1o diseble the optimization.

GNP x5SR MBS docd -~ 1Y Bytew L3OLIE 11:00 AN
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NP T T MRS dock — 330 Bytes

LIJ_:. mml( ity 0.’3 Resat m _-.—__l_mm( gy

DISCARD _PIXEL: If detected, clear the exp_enable bits so that these pixels may be dropped,

BYPASS: If not detected on remumining pixels, do not allow format comversion away from FPI16 or FP32
because the blender cannot understand amvthing clse. If it is detected on all remaining pixcls, sct the
SX DB _quad_bypass interfisce bit and allow formal down-comversion,

DONT_RD_DST: If detested. sct the SX_DB_quad_dom_rd_dst interface bit

4.8.2 Down convert
1Call the pixels with an EXP_ENABLE bit st have BLEKD OPT _BYPASS detected. formal down-comversion will

happen. If both quads paired up vsing the “last_quad=0" bil can be down-converted, then they may pack together.
Otherwise, the SX must still down-conven the quads that can be even iF ol paired up for validation consistency .
This guaramtees that regardless of how queads are packed or not in the SC and DB, their data formats will always be
the same since it is solely decided on based on the formeats and source data inside the quad. The down-conversion
format 1s chosen via this per MRT per comiext regisier.

The (R " SPI_SHADER_COL_FORMAT COL# EXPORT FORMAT,
mmmmmmmeTmmwwmmmam
which SX_DB_LQuad output format o use:

Down-conversion Contral Tahle

1HOLIRE 12:10 208
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SPISHADER * | NUMBER_TYPE | RI-ENPORT_ | & e Conversion | Output LQuad Format
FP16_ABGR UNORM TR FPI6--UNORMS | 32BPP 8PIX
FPI6_ABGR SNORM 8888 FP16-SNORME | 32BPP KPIX
UINTI6_ABGR | UINT 5888 f"""""" UINTIG | oppp gpix
SINT16_ ABGR | SINT 8888 e ¢ T & 32BPP SPIX
FP16_ABGR SRGB AR FP16--Gamma8 | 32BPP_8&PIX
FP 16--UNORMS .
FP16_ABGR UNORM 565 teonunrer | 21000 X
FPI6_ABGR SNORM 5.6.5 T anonMa | azmwe_gpix
, FPI6~UNORMI | .
FPI6_ABGR UNORM 1558 EPICoUNORMS, | VIR I
FPl6-=UNORMI1 v
FP16_ABGR SNORM 1.5.5.5 FPIGSSNORMS | 2BPP_SPIX
FP16_ABGR UNORM 1444 FPI6—UNORMS | 32BPP BPIX
FPi6_ABGR SNORM 1444 FP16~SNORMA | 32BPP SPIX
o UINTSINTFLOA | SHADER 32| ¢ AIHN SR
FP32_AR oottt ol | 32BPP KPIX
UNORMIS_ABG | xomm e G 16_16_UNSIGNED_tF
gmumu_m s AR P }I{G_IG‘UNSIGHED_SPI
.:Nnmm__uc SNORM 16_16_GR Copy {GR} 16 16 SIGNED SPIX
3 ORMIEABG | snorm 16_16_AR Copy (AR} 1616 SIGNED 8PIX
UINTI6_ABGR  UINT 16_16_GR Copy {GR} ;“—“‘-"NSIGNED-"”
VINTI6_ABGR | UINT 16_16_AR Copy {AR] e
SINT16 ABGR | SINT 16 16 GR Copy {G.R} 16_16_SIGNED_8PIX
SINTI6_ABGR | SINT 16 16 AR Copy (AR} 16_16 SIGNED 8PIX
FP16_ABGR FLOAT 16 16 GR Copy {GR} 16 16 FLOAT 8PIX
FP16_ABGR FLOAT 16_16_AR Copy (AR} 16 16 FLOAT $PIX
. FP16->FP11
FPI6_ABGR FLOAT TRIRL FPIGoFPIO 32BPP KPIX
FPI6_ABGR UNORM 2303010 | FPITRORME | 32mpp spix
FP 16->SNORM2
FP16_ABGR SNORM 210 10 10 | EI6CONORME [ 328ep_six
Unigue Data Converters
Source Destination
FPle 15U INORME 1,2.4.568.10)
FP16 it
FP16 FP{LLI0}
[USJINTI6 | {US}INTS
X Tx 3 MBS dock -~ 1IN Byt 1OLEE 1L AN
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The comversion code for this 1s defined in the blender spec,
L Adocidesignblocks/chyblenderBlenderMicroArchitesture doc, under section 5.7.1 Blend format with the source
codde under |, fsre/nlichblender/ch blend formar v and submodules,

l6bpp formats pit O°s on the MSHs of each pixel's DWord

After daa down conversion, now 2 quads data could be pat 1o SX_DB bus since the result are all 32bpp case and no
nesd to do blend operstion.

483  Interface change

SP1will give SX one bit per quad 1o 12l could this quad be paired with the following one. Totally 16bil inlerface
named last_quad will be added between SPLand SX. For 8X and DB inerface change. see detnil description in the
doc Jgfxip/efxs. |idoc/designinterfaces/sx_db doc

484 Register change
Mainly all the register chnnE: is add register to guide SX how 1o do source data detection. They are:

5 Hardware Implementation: Interface

5.1 Shader Core Interfaces (SPI/SQ/SP)
SX Buffer Allpcation

Position and Pammeter-cache SX buffer space is allocated by SP1 prior to launching a VS wave.

Pixel allacation occurs while a wavefront is mnning. SPI sends an alloc message to the wave nxdicating that it may
now export ils color data a any time. SH won't 1ssue the pisel export until it has received the alloc.

GDS allocaion occurs when the export instruction 15 ready 1o execite. The allocation request comes with the 8X -
bus request and the bus geam implies the allocation has been gramed.

Pixel Exports
Previowsly pixed exports sent i separate valid mask and write nask. Now 1 S.1. the SQ only sends a1 singlhe
combied mask and 1 is up 1o the shader o combine all color exponts. The exec mask on dunng the fiml MRT

expon will be imerpreted as the valid nask. 11 necessary, and null export (no data) can be used to convey the final
valid mask.

Export Busses
The mumber of export busses (1, 2 or 4) will be configumble via a feature.

GNP 2 A MAS docs -~ 2N By 13/O1JRE 1303 AN
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#case! Thebe

The Knvplos project will have 2 export busses

Hendease

Specifically, there are oqual numbers of these busses:
SH_SX_VDATA
SH_SX_EXPCMD
SPI_SX _EXPADDR
SH_SPI_EXPREQ
SPl_SH_EXPGRANT
SP1L_SO_OMD (carmies the pix-alioc messige)

Exports ke 4 clocks, with the exception of GDS which may use 4-20 clocks.
Note that (he onby mask semt 1o the SX is the SH SX_DATA WR_EN which comes from EXEC MASK &

PRED MASK

I ‘When SH wants 10 exccite an expon. it serds i BUS REQ 1o SPI and places the expon instriaction in i

badTer in SO

a  GDS: as part of the bus-request, GOS exports request allocation of 1-5 slots in the SX buffer

2. 5Pl considers all bus roquests and picks the Gest and returns a BUS_GRANT. sepamtely per

SH_SX_DATA bus
This bus grant also implics GDS-alloc completed.
3, SH receives the bus-grani and responds in 3 fixed number of eyveles and drives SH SX CMD and causes
the SIMD to dnve SH_SX_DATA. This is timed 1o coincide with SPI_SX _ADDR.
Nole that bus-grands may be retumed owl of onder with respect (o requests. SO musi respond 1o a bus-granl.

The SP1 grants the bus for 4 cvcle mlervals and may interdeave grmnts for multiple requests

Eg. If the SQ requests a 16¢vele color export amd 2 16 cvele parameter export, the SPI nay grant 4 ¢veles
of color, then 4 cyveles of parameter, then the next 4 cyveles of color, cie

C = )
“ HX Des Roguest 1 bes par S94_SX_vats bus
X Burs Oraet vata
% Export Acer vak? 83 e waenlD) (ol colurma), lag
Ak SV i) saport type (param. oS, 0ot Gas)
aapon-aisrre g Aduw A Court 48321620 chs.
Dase i DI warve ch—" (L= . ——
e shond for 4 ax —_— el L] |-—- w ‘ ‘ &P (] ‘ L
SuAsas oot 4 i ,_— =4 y 1 : N E
\\ ¥ g R o
— . = | | = F=1 =
" C.:‘\ e J""ml"‘ﬂ
8 Expeat Cost ‘ el
target. cme2
som |
- i 4 13 "
{f o J
511 SH_SPI_EXPREQ
@R Px SA MBS docs — 2370 Byt AI/OLJEE 1303 AM
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Request use ol the export bus

Every 4 80 shares 1, 2 or 4 request busses (one request bus per SH_SX DATA bus). Each SO drives the bus on
fixed phese

There is no backpressure from SP1but the number of outstanding bus-requests is imited by cach S0Os inlermil
request buller,

a

vilud 1 | ow vahid sigaal

cu_id 4 | o identifv which Compute Unit is requesting

winve_id 4 | oul which winve 18 noquesting

sind_id 2 | ow

ug 4 | om umguely identilies the export request (in SOQ. it's the address within Lhe
export buffer)

CXp_type 2 | oul O=color. | = paran, 2 = position, 3 = gds

connt 3 | oul mimber of expores in the transaction (4-32 oveles)

Connectivify

One EXPREQ bus per export-data bus (sh_sx_vdaa). Pipelined from last CU up to first and on up to SPI

Timing
Ay 50 can place a request on 1he bus i the s k= unused that cvele, Not plase aligned

512 SPI_SH _EXPGRANT
Grant wse of the 5X bus for 4 cyvcles - scpamte gramd per SH_SX_DATA bus. Asseried for 1 cycle per gram

Thas bus is time sliced: one phase per SX export bus
Once granted, the SO will expon for 4 eveles. The grnt nnest occur a fixed number of cveles abead of ExportAdde

and ExponiDala. When SO receives the granl. it must respond 1o it and drive the busses in a fixed number of cycles.

The 5PI is free to interleave granis for different exponts rather than complete one entire export request.

Logically this is 4 separate buses each driven once per 4 clks but pha sically it can be a single bus driven everny clock

Pin Name Bits Di  Deseription
r
Yalid 1 | ow | valid signal
cu_id 4 | owt | identifv which Compate Unit can dove the bus
wive id 4 | omt | which wave can drive the bus. mode that wave 1d] 1)0] implies PIHASE (SP
oM
sind wd 2 | oul
tag 4 | out | tag back to S0 indicating which expon is being granded
cyele 3 | out | which sct of 4 ovcles should the CU export
E.g. the S0 may request 12 eyveles of export and the SPI grants 4 1 9 tin
This signald iells SO whether it's the first 4, second 4 or therd 4 ¢veles
being gransed
fittsire 5 | ow | What exopart will occur 4 cyeles from now
Assists SO in scheduling texture requests (want 8 clocks without
inerruption)
Lekelv: walid, cu ddf3:04
AP N S MRS dock 139 by 12/O1JEE 1300 AN
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Connectivity
One EXPGRANT bus carmes gmnts for all export data busses (sh_sx_vdata), pipelined from SPIhrough all CU's

Timing

EXPGRANT s phase aligned. In a 2 export bus system, phased carmics grants for SIMDs 0 and 1, phase? for
SIMDs 2 and 3

Phases | and 3 are unnsed. Ina 4 expon bus svstem, all 4 plases would be used, one per SIMD

NEEDS EXACT DEFINITION

Generally, EXPGRANT arrives at a CU N cyeles before the CU issues the VGPR-read 1o drive the

SH SX VDATA bus and before the CU drives the SH_SX_EXPCOMD bus

513 SO SX_EXPCMD

Export comrol info from SO pipelined down fo SX. Separibe bos per SH_SX_DATA bus. SP1will ondy gt |
cxpon poaition or (GDSAesscllation/parameter ) o a lime (i.¢. vou cannol have 2 position expons at once or 2
(GDSEAessellmion/parmeter )).

Pin Name Bits i Description
r

Walid out | valid signal

cu_id oul | wsed anly by GIDS fo retirn “read done " to SO

winve id ot | wused onfy by GIS to returs ‘read done " to SO

state il out | State [D

Done oul | last expornt. Used for pixel. position and GDS.

|
I
R}
simd od 2 | out | wsed only by GIXS fo refurn read done” to SO
4
1
1

we_mask s valid
valid mask (we ane catside of predication)

Target & | ow | SX export buffer target:
0.7 [ MRT 0.7
8 | Z
9 | Null (no dat)
12-15 | Position 0.3
24-28 | GDS 0.4
3263 Param 0.31
Compressed 1 | om | For MRT (1% - fpl6 or wsnorm
Target_congp 2 low | O lcompressed ? X D yx.
| =¥ 'compressed 7 v @ wa
1
3w
Ll s for GD'S, set 1o 0.
gds_data 47 | out | |7:0] ofMsctl

A GWS operstion offset0]5:0] w resource_index|5:0)]
M IE ordered append operation oflsetd)|7:2] is

ordered append index]S:0f (in DW)

15:8] offsct )

18 wave _done|0)

Aofsetl| 2] s pixel wawe]0] offserh|3] is vertex winve || and
offsetl]5:4) is ord idx_opcodef1:0)
123:16] apoode

oul | When this 15 set, 1he write enable mask on the vdala interface 15 also the

NIF ondered append transaction offsct1]0] s wave _release|0]. offsetl] 1]

AP I SR MRS dock 1398 i
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[32:24] gpr_dst

[34:33) pipeid

[36:33] ds_sdx_dmoede (dnonm Mush bit for the DS opemtions)
|38:37) meid

[42:39] vinid

4543 ] quencid

[46:46] perf_cn

(4847 pke_ o

pds_base 16 | o | Geds base addmess

IFGWS operation gds base]5:0] ks resource_bise| 50|

1M ordered append transaction gds base]15:2] is

ordered append base| 13:0] (in DW)

pds sine 16 | om | Size of the chank of memory in the GDS (used for clamping)

I ardered append transaction gds size] 10.0] is logical wave id]| 10|
IF ardered append in the gfx pipeline (pipelined), the logical wave id per
SC packer is logical wave _id|10:2] and the SC packer ad| 1:4)] is
logecal_wave i |0}

Conntetivi
One EXPCMD bus, time sliced between SX expon data busses. Pipelined [rom Grest CU through last and on o SX
A CU can drve this bus only in response io an SPI SH_EXPGRANT

Timing
Plase 1) carmes SIMDO, 1 export comaunds, phese 2 carnes SIMD2.3 commands,

514 SPI_SX _EXPADDR

SP1 daea 10 indicate where 10 store expon data in the 58X bufler. Armves a fixed delay after SX-bus-grant and N
clocks before data from the GPRs. Single baus that controls the 2 export busses
This bus is time shiced: SIMDs 0 & | on phase ¢, SIMDS 2 & 3 on phase 2 (for a 2-expori-bus systcm).

Pin Name i Descrigtion
r
Valid 1 | ot | valid ssgnal
Wave Ivpe 1 | ow | O0-dbd dbl wave

| —db2 dbi wave

Note: on configuration that arc receiving waves from dbiV 1 and db2/3, SP1
will onby enable np to | wave of cach type at once on the bus pair,

Only wsed lor color exports

base addr) 11 | ow | SX dbnbuffer base address per wave, On position, only (his base addr is
used. On PC exponts, base_addr) is PC_addr for phasc(), other phases anc
denved using state

Unused on GOS trnsactions. Base address is provided i incremends of
128 bits for color and position bullers

base_addrl 11 | ot | SX dbnt | buffier base address per wave. Base address is providied in
increments of 128 bits

On PC expons:

[4:0) ve_export_mem (mamber of exported parameters)

Unused on GDS transactions

qd lype 16 | out | Eachbit identifics widch DB the quad belongs 10. Only used For cobor
CXPOTTS
WP P SE MRS doce - 13000 Byt \I/OLIEE 13:09 AN
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qd mask 16 | Ou | Eachbit idennlies i the quad is valid or not. All valid quads need 1o be

| senl o the CB/DE - Ondy used lor color exports
scorchd id 6 | ol | Emtry inscore bd
scocbdvpe | 1jout ]0db. | posiiion !
Simd _id 2 | ouwt | Simd _id, simd (11 are exported on export bus O and sinwd2/3 on export bus

|

Passthmough 1 | Ou | Daea destined 1o Parameter cache or GDS

1

Canmectivity
Logically sent directly From SPT to SX, bat phasically pipelined once per CU to muintin timing relationship with
EXPOMD and SH SX VDATA

5.1.5 SX _SPI Free Signals

SX _SPI_DB SCBD FREF

Walid

l | J o | valid u&rull Iree dbb) scorcboarc entry

SX_SPl_POS SCBD _FREE
Fin Name DI Description

Valid 1 | om | valid signal —free dbl scorcboard entry

SX_SPI_DBil_FREE

Pin Name i Description
Valid 1 | out | valid signal
Num 1 | out | O - free 128 bals of color buller,
| = Iree 256 bas of colar buller
bus_id 1 | 0- bus (F buffer
| | ~bas | buller

SX SPI_DB1_FREE

Pin Name i Description
YVahd 1 | owt | valid signal
Num I | ow | O~ [ree 128 bits of color buffer,
| | = lree 256 bits of color buffer
bus il | | O - bus O buler
‘_ | - bus 1 bulfer

SX_SPI_PMOS FREE
Pin Name D Descrigiion
r

il o "VL._llAld__\"_l_EHil'l -
Num 1 | om i (¢ ~ free 128 bits of pos bufler,
|~ free 256 bils of pos buller

FAP P S MAS.Go0s — 1300 Byte 120158 1343 A
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516 SH_SX_VDATA

Ome bus for cach SIMD pair of the CU= this bus is daisy chaimed thru all CUs so only | CU can expon at any given
tme on each bus  Drven over 4 chocks

alid 1 1out | valid signal ___ = —r
wr_en 16 | out | 64 bil wrile erable, sent over 4 clks (doubles as valid mask on linal
export)
datn 512 | ow | 16 dwords per clock for 4 clks

Connectivity
A svstean may love | 2 or 4 VOATA busses (current plan is 2§ This bus is pipehined though CU's to 8X
A CL can drive this bus only in response (o an SPI SH EXPGRANT

Timing
The bus is drven in 4-cx cle blocks, with one dword per thread.

Cyelel - data]S11:0) = § thread 153 1:0), thread 14[31:0], .. thread]31:0) |
Cyele | threads 3116
Cyele 2; threads 47-32
Cycle 3 threads 6345

ISSUES / TO-M
I, Define actual delays from grant to doving vanous busses
2 Deline contents of DATA for GDS expons
3. Anmy resinctions on what tvpe of exporis ¢an ocour in parallel on the SH 5X _DATA busses?

5.2 SXto PC interfaces

SX_PMC_EXPOMD

Export control info from SX pipelined down 10 POG. | clock of transfer for 4 clocks of SX_PC_vdiata tmns{ers
My be semt N clock before data

Pin Name Di
r

Descrigtion

Valid | | owt | valid signal
Done 1 | ot | last export. (Used for GDS)
Target 6 | ow | Targel nSu——
[0.23 UNUSED
| 2528 | GDSO.4
| 32463 Param 0,31
Data 45 | ont | Parameter cache Transfers:
| 1) Target comp
0=»y
19y
29
el B

|| 14:4] PC base address
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[20:16] vs_export_sum
[69:21] UNUSED ()

GDS transfer:
|3:00 cu_id

|7 4) wave id
|56:8] gds_data
|38:57) simd_id

For MEG, pipeid 1s not used. we use “pixel_wave|0]™ o drve data (o 1he
PS pipelines, “vertex winve[0]” to drive data 10 the ventes pipeling and
when no s are set and meid == 0. data is daven 1o the GEXICS) pipeline
Gds_base 16| Ou | Gds base address

1 IF GWS operation gds_base|50] Is resource_base| 50|

I ardered appeixd transaction gds base[15:2] is

ordered append base]15:0] (in DW)

Gds_size 16 | Ou | Size of the chunk of memory in the GDS (used for chinnpiimg)

1 If ordered append transaction gds_size] 10.0] 15 logieal_wanve_id| 1iki]

IF ordered apperd in the gfx pipeling (pipeline?), (he fogical wave al per
SC packer is logical_wave id[10:2] and the SC packer sd| 1:0] is

logecal wave id| 1:0]

SX_PC_DATA

Ome bus driiven over 4 chocks

Pin Mume i Description

vald 1 | oant | valid signal

WE e 16 | owl | 64 bt wrile erable, sent over 4 clks
dia 512 | owl | 16 dwords per clock for 4 clks

5.3 SXto PA interfaces

The SX=>PA imerface provides the post-vertex shader position, point size and edge flag data to the Clipper (and
subscquently the sctup engine and scan converter), The vertex data (in scts of 64) 15 owtpat from the verex shader
aad stored in the Shader Expont BufTers.

The PA will know how many vertioes were processed in i venex vector (up to 64) and how mach daa per verex is
neoded (Position alway s, point_stze or edge flags arc optional) and make requests to the SX for the appropriaie
amounl of data

The side buffer busses comtam auxthany daa when doing optimized transfers 10 the PA. More detisils are at the end
of the SX specification

Each request made by the PA will result in 4 1 28-bit tansfers from the Shader Expornt block (SX). If there is

extrancous information (due to a partially filled vertex vector), the PA will discard it. The PA will indicate the
“Tost” repuest al the approprme time, based on the amonnt of data needed (verts in the vector and sizeol verex)
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‘PA_Sx_req_side_bus_ena
<Eﬁ.§,’§-@ﬂ-§_€0ﬁ. =
‘FA_SX_req_bank_id
PA_SX_req_offset
.‘..__"_.v,-._. e e ——
_‘FA_SX_req_aux
< PA_SX_req_last
SX PA
SX_PA_pos_send >
SX_PA_pos_data .
SX_PA_pos_side_bus_valig
SX_PA_pos_side_bus_x
SX_PA_pos_side_bus_y
SX_PA_pos_side_bus_z
SX_PA_pos_side_bus_w :
A )
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PA to SX request Interface:

Name Bits | Description

PA_SX req send 1 PA request SX 1o send 4 more octwords of data Trom the current exponed
Pixel Vector

PA_SX_req bank i 2 Specily wlach memon bank o read the 4 positions from (each memory
basik (s & quad (4 verex))

PA SN reg ollsel 2 Specily Verex Yector expont phase (o read

PA_SX_req aux 2 Read from expon (buffer ptr + aux) mod 4 for an suxilian expon vector
(point sprite size and edge Nags). Requires up o 4 exports vegtors to be

preserd i SX o be serviced
PA_SX_req st | Signifies st request of this vertex vector. Instructs SX (o increisent bulfer

read pur and send 2 pipeline free buf 1o the SO

PA_SX side_bus_cna

Optimized side bus mode to send anx® data 0 PA

PA to SX position return Interface:

SX_PA_pos_send 1 This bit indscaies that the SX is tmnsferring valid data on the comesponding
clock on the daa bus, The SX will always send in groups of 4 consccutive
clocks. The PA is guaranteed to always have space for the data

SX_PA_pos_data 128 | Venex Dia -

Position Moating pat [127:0] or

Edge Mag[127] Poim Sprite size|31:0] or

5 culling/clip distances. the viewport index. and 1the render langet army
index,

SX PA pos side bus valid 1 Side bus has valid data

SX PA pos side bus x 32 X channc] of AUXO

SX_PA_pos side bus y 2 Y channed bits [ 1.0]

SX_PA_pos sade bus z 12 Z clhannck:

Bit 11 OR ol |31:01]
Bits] 10.0] £ channel bits [106:0]

SX_PA_pos side_bus_w

W channel:
Bit 4 OR of [31:4)

Bits[3:0] W channel bits [3:0]

54 SXto DB interfaces
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The SX_DB_quad interface is used by the SX 1o send quad shader exports to the DB, Tyvpically a given 8X
instance will drive 2 DB blocks

SX <> DB overview (n DB system)

S
SX_08 _quad_* (2 clocks ped 242 quad)
I | |
[ | |
| | 1
| | 1
| | 1
| | |
5X | | I
| | 1
1 1 1
| | 1
| | 1
| | |
| | |
sx o8 * (2 clocks per 22
08 _quad " (2 par 202 quad) B>
o —

SX to DB Quad Interface (SX_DB_quad_*):

Name: Description:

Send send sigmal, SX must iake sure that DB has a free count =~ (1
{[rec) free pulse, asseried by DB cach time an entry in the pixel inpa quee is freed
confext i Context id

fommal Specifies the “Format”™ of the interface for tansfers

|l | -

-
=

RESERVED - DO NOT USE (for DB intermal use only)
- EXPORT _32_R (1 DCWORD/pixel) — (1clk: FP32 or SINTINUINTS2)
EXPORT 32 GH (2 DWORD/pixel) - (1clk; FP32 or SINTILUINTA2)
EXPORT_31_AR (2 DWORD/pixel) - (lclk; FP32 or SINT3LUINT32)
EXPORT _FP16_ABGR (2 DWORD/pixel) - (1¢1k: FP16)
EXPORT _LINSIGNEDI16_ABGR (2 DWORDypixely — | 1clk: UINT 16 or
UNORM16)
6: EXPORT SIGNEDIG ABGR (2 DWORD/pixel) - (1cik: SINT 16 or
SNORM [6)
7 EXPORT 32 ABGR (4 DWORD/pixel) - (2clks; FP32 or SINTAZUINT32)
8 EXPORT _32HPP - (1 DWORD/pixel) ~ (1 clk for a 4x2 of pixels)
9 EXPORT 16 16 UNSIGNED KPIX- (! clk for a 4x2 of paxels)
10 EXPORT _16_16_SIGNED _SPIX- (1 ¢IK for a 4x2 of pixels)
1 EXPORT 16 16 FLOAT RPIX- (1 ¢lk fora 4x2 of pixels)
12: AVAILABLE
13: AVAILABLE
14: AVAILABLE
15 AVAILABLE
lnst_expont 1 | last expon of a quad, valid for both halves of a two clock transaction
This signal will be true for the last expont of any quad,
last_quad 1 | Last quad of the group of quads rasterized together before moving to the nexi

AP I T S
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RT. s non«cero when a 4x2 of pixels is broken up imo 2 quads die o the data
rmte or split pixel wive packing
pix_ecnable 8 | Per pixel crabke bat that is used for entire quad (2 and all cxpons),

This cnable must be the same for all exports of quad. The SX generates this
mask from the pisel shader DiscardKill instniction.
11 this quad is the second halfl of a split double quad. only the lap 4 bils may be
DO 0-2CT0.
All farmats |
10 = pix 0,0 1] = pix 10 [2] = pix 0.1 [3] = pix 1.}
[4] = pix 2.0 | 5] = pix 3.0 |6] = pix 2,1 |7] = pix 3.1
exp_cnable 8 Per pixnel enable bit that is used for the current export onby, 1's bits ane aligned
with the data being scnt on this cycle, not the overall quad group as pix_ciable
is.

Format 7 clock 0: |0] = exp 0.0 crable, [1] = exp 1.0 cnable | 7:2] = 0,

Format 7 clock 10 |0] = exp 0,1 enable, [1] = exp 1,1 ¢rable |7:2) = 0,

Format 146: [(] =cxp 0.0 [1]=exp LO[2] =exp 0.1 [3] =exp LL[T4] =0

Format 8+ [0] =exp 0,0 [1] = cxp L0 [2] = exp 0.1 [3] = cxp 1] 4] = exp
10 [3] = exp 300 6] = exp 2,1 [7] = exp 3.1 Since the pix_enable and
exp_cnsble during formud 8+ are both an ¥ pixel mask wnd the expornt mast be
albgned to the 452 i this format for the RB, no exp_enable bit will be 5 that
isn’( in the pix_cnable

Lroup_size 1 Indicates (he bog2 number of quads from which the current runsaction was
extracted. For example, if the current single quad was orviginally part of a
dul queanid, then this it will be 1.

data 256 | Color render trget daa and oDepihvoMask data |

formai = 7. 4 x 4 % 32b trmmsfers (2 clocks)

1st clock
Pixel (0.0 s color 15 bits [127:0].
Pixel (1,0)'s color is bits |255:128],

2nd clock
Piclih. 1)"s cobor is bits [127:0)
Pixel( 1.1)'s color 15 bits [255:128]
Each color is four 32 bit values (ABGR), with red being the least sig

format = 4. 5.6, 4 x 4 x 16b tmansfers (1 clock)
Pixel{ 0,0} is bits [63:0]
Pisel( 1.0} is bits [ 127:64]
PO 1) is bins | 191:128),
Pixel( 1, 1) is bies [255:192),
Each color ks four 16 bit values (ABGR), with red being the least sig

format = 12,5, 4 % 2 x 32b trnsfers (1 clock)
Pisel(0,0) is bits [63.0]
Pixel 1,0 is bits | 127:64)
Pixel(0,1) is bits [191:128],
Pisel( 1, 1) is bits |255:192],
Each color s two 32 bit values (GR), with red being the least sig

Formast = 8+, § x 32b tmnsfors (1 clock)
Picel(0,0) is bigs |31:0)
Pl 1,0} is bigs |63:32)
Piseh, 1) is bies |45:64].
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Pixeld 1, 1) is hits | 127.96],
Pixeld 2,00) is bits | 159:128]
Picel{ 3.0} is bits [191:160]
Pieli2.1) i bies [223:192]
Pisel{3, 1) is bies |255:224],
Jobpp formans use lower 16 bits of cach pixel with Os on MSBs

blend_bypass 1 This transfer may be written without any blending to the destination
dont_nl_dest 1 This transfer may be blended without reading the destination bufer. Must be st
if blend by pass ==

NOTE: The following examples are provided for elanfication and are not all-

inclusive of all possible modes of operation.

Example of a 452: pix_cnable == OxIT (or at least § Wl 1000 )

gronp_size  last_guad  last_expor  pis_enable  exp_enabl  Rate | Expd Quad
1 [
1 I 0 i} 1} 8 0 Both
1 0 0 r ) 1 1 First (Left)
I | 0 ir 0o 4 1 Second (Right)
1 0 | 1} 03 2 2 Top First
1 0 | i (] 2 2 Bottom First
1 | | i 03 2 2 Top Second
1 \ | i 03 2 2 Bottom Seconid

If the 2 quads need to be sent in 2 clocks becaunse they il the blend by pass check wd one of the 2 quads can still
be compaessed. il should stifl be compressed and the blend _bypass bit should be sei for it and only cleared for the
quad 1het faiked the check. Similarly, dont_rd_dest bit should also be se1 on a per quad basis whenever the 2 joint
quads Fal the 1est globally and need 10 be seml over 2 clocks:

Example of a 432: pix_enable == 0xiT but only half of a 4x2 is optimized and down converted.

_group siee  last_gquad  last_esport  piv_enahle  eup enable  Rate | Exp#  Quad

1 0 ] i ur 4 0 First (Lefiy Sot apiindzed, =0 sent
as 4 pludk

1 i 0 i 1] 8 0 Second (Righty Optimbeed, bus fts
pair wasn'L

1 0 0 ir 0f 4 1 First (Left)

I 1 0 i ) 4 1 Second (Right)

1 0 I i 03 2 2 Tep Fird

1 1] I i n3 2 2 Teottoms First

1 1 I i 03 2 2 Top Second

1 I I i n 2 2 Bettom Second

Whenever the quads are not split. the pix_cnable ficld must represent the status of both quads all the tinse and for all
the MRTs and remain constant.

Example of a split 432 which comes on two different waves: pis_enable = Ox0f, then (xfi

group size last_quad _last_export Eix enable exp cnable  Rate Mad Comment

I 0 0 of or R 0 First Can alsa be A prix
(Lefy)y

1 n 0 o or 4 1 Flrst
(Left)

1 0 I nr n3 2 2 Teop
Flest

1 0 I of 0 2 2 Rottom
Flest

| | ] U (0] 8 0 Second SN remembers that prev
(Righ}
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O (1] g 4 1 Second  usd ws lavt quasl
{ Bighty
1 | | 1 ni 2 2 Top
Second
1 I I 1 i 2 2 Dot tom
Second

Whenever the SX reaches the end of o wave and last_gquad is clearced for the last quad. SX needs (o remember that
the first quand of the next wave is actually the second quad of a joint trmnsaction. It needs 1o tell the DB by nsing the
upper bits of the pix_enable ficld in this case, The second quad of 2 split quad can only use the upper 4 biis of the
pix_enable field, The data and exp enable is aligned o the quad on the MSBs for the last quad=1 when there is'wag
a last_quad=0 that came before it such that the data is aligned the same way as if it were senl at the sane Lime as the
first quad.

Example of a 4x2 with first quad discarded: pix_enable=0sf) means second quad, last_quad=1 leaves the Mrst
emply.

Same i split or nod. 17 split, SX can swallow the first, then remeinber the first was dropped 1o set the pix_cnable 10
be the upper 4 and aligrs the data as it would have had both quads been available for the ® pixel rate fonmat.

_Lroup skee  last quad  last esport  pix enable  esp cnable  Rate | Expé Quad
1 | 0 m 1] 8 0 Second (Right)
1 [ 0 1 of 1 1 Second (Right)
1 1 | 10 i 2 2 Top Second
1 I | i n3 2 2 Bottom Second

Example of a 432 with second quad discarded; pisx_enables0s0f means first quad, last_guad=1 leaves the

seoond cmpiy.
_group size  last_guad last export  pis enable  exp enable  Rate | Exp#  Quad
1 1 0 nr or b n First (Lefi)
1 1 0 of nf 4 1 First (Left)
I I I or 03 2 2 Top First
1 1 I of 03 A 2 Bottom First

Example of a sphit 4x2 with second quad discarded: Same as above, but split across two waves.

_group size  last_quad last_export  pix_enable _exp enable  Rate | Expd  Quad Comment
| ] ] 0f or 8 M First (Left) Dioesn't vet know that quad ) o kalled
| 0 0 0f ny 4 1 Fiest (Lel)
I 0 I of ni 2 2 Teop Fird
| 0 ] 0nf 03 2 2 Bottom Flest
1 1 1 00 (K} 8 |x Y Nt vernd fast i) mnd lase cxpoet

Must send scoond quad for “last quad”
Itis optional that the SX collapse the second quad to one cvele. but the DB and CB should handle it casily.

Example of the same 452 which the DB sent as 2 independent 2x2s: last_guad is always 1, pis_enable never

0xfo
_group size  last_guad  last_export  piv_enable exp enable  Rate | Exp#  Quad Comment

0 1 0 of oy 4 0 Fiest (Left)  Can't Be B pos muks

il 1 0 of ur 4 1 First (Lefy)

i I I 0f o 2 2 Top Firs

il 1 1 i 03 2 2 Thettam
First

| 0 o nr 4 n Scevnl Fiest quaad of nesa

(Right) PR S gl

0 1 0 of of 4 1 Secomd
(Right)

0 I I nf ny 2 2 Top
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Sccoiul
] | I (1 ni 2 Teottatin
Secunud

Example of split or son-sphit 432 that is totally discarded: pis_enable=0x0, last_gquad=1 leaves all.

_group siee  bast_quad  last_esport  piv_enable  exp enable  Rate

Exp¥  Quaul

1 I

00

1

X All of the sent 442
DB_SC_quad

Example of 2x2 that is totally discarded: pis_enahle=0x0, last_guad=1 leaves all,
_group siee last quadd  last esport  piv enable  exp cnable  Rate | Expé  Quad
0

GFP X SR MRS docs -~ 1370 Bytey

0

L)

x Allof the sent 232
DB_SC_quad
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