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Introduction

The R400 will be the high end standalone graphics chip product when it is introduced
It will be followad wery rapkily with two vanants

The RVAOD, ainved at the volume PC space

The R450, aimed at a voluma high end market

The targets for the three chips are

Pat | Clock [poelsiclk | texture akiopsiclk  Memory Mesmory
[ I|Speed | | feschesiclk _ widih | speed
R400 | 400 MHz | & 18 32 256 [ A00MHz
[ RVa00 | 500 MMz | 4 I 3 128 B00 MMz
R480 |[AOOMMz |8 | 16 » 260657 00 MMz

die sixe

Tapeout

j July 2002

Nov 2002
Feb 2003
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|. Fealures
L1 AGP 8x

The chip will support the 32 bit AGP interface a1 speeds up 10 8x. | expect that we will need to support AGP 1x and 2x
which reguire 3.3 Vot 1D (AGP 4x & 1.5v and AGP 8x is 750mv). AGR fasl wrtes are suppodted for access 1o the
frame butfer

Open issue: 64 bt address space support

| 2 256 Bit Memory Interface

The R400 and R450 support four mermory channeds, which can be 32 or 64 bils wade, the maximum memory bus width
is & total of 256 bits. The RVA00 supports two memory channels and a maxinum fotal width of 128 bits

All channeds need to be configured identically, 1, 2 or 4 channels can be canfigured

Memory standands supporied )
o Violtage Memosy type Speed

[SSTL25 |28 [ODR | 100 to 500 MHz
S5TLa 14 OCAAnfineon | 300 to 500 MHz
Eipida | 18157 | Eipida | 300 to 400 MHz
Infngon 12,10V Infinicon e-dram | 500 MHz

No suppart for S5TLA A, or SDRAM (LVTTL = 3.3V) is planned

.3 Unified Processing pipe

The most ambiticus feature in this design is the “truly unfied pipe” | a single programmabie pipeline s used for 20,
Video, 3D vertex, and 30 phied operations. The unied pipelne does all of Bs caloulations in 32 bt floating point, the
sama a4 the axisling veriex transtorn in previcws chip, and the noxt slep n the precsion of the color'pixel calculations
which have increased from B bis (R100), through 16 bas (R200), to the 20 bits in the R300

There is an area cost to the unified pipeline since we are forced 10 go to 32 bt precision for colior, when application
requirements may neod loss (22 1o 24 bits) However the unifed pipoling resilts in a single mathiregister struchuse
compared 1o the separate siruciures in 3 more traditional design. It is hoped hal by only neading 1o design the one
structurg we can make the investment in design time and effort to really optimae the area

Scene of the banefls 1o merging the pipelines include slowing the vertex operations 1o do fexture fetches, which we
could not affoed add logic to the transfcrm pipe 10 do, a single programming mode! Tor both cpenations, mare precsion
on color than we would normaly provide, and the abiity 10 suppoa significantly more registers and instructions in pooed
shaders

Ore important benafil is load balancing. In the current pipeling whan the app it iransfoem Bound the pixel pipoline s
Wie some significant partion of the time, and when the app is mster bound the ranaform hardware idie. The unified
pipeline presented here dynamically aliocates s processing power between bransform and raster

| 4 Front end scaling

We will remove the back end scaling capabiity froem the dsplay, and replace # with a non-scaling overlay This will
require us to be ablke %o implement scaling using the unied pipeline. Key features that wil need to be supporied are
large filter kemels, de-infedacing, frame rate conversion, and good support for YUV and color corversion

| 5 Real-Time drawing command ability

To abow for the emulation of backend scaling as wel as support new featunes we need to be able to interrupt the 3D
pipe and be able 1o execule high prionty commands with low Istency. The point of interruption is in the primive
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mbly. the mncywibcamwmnumwmmmu The real time commands are
inserted inlo the 30 pipelne after transform, cipping, and setup. Those function need to be performed by the drver
There are also §mits on the number of constant registers avaitable

|.6 3D Features

There are a number of new 30 features we are consderning for nclusion. Additional features mary be added, and some
of these may be dropped

| 61 Noise Textures

Porin style neise s uselud for & number of applcations. It & generated on chip and consUMes NO gxiemal memary
bandwidth. It also langer than any physical texture can be 288x256x256 lattice points, and stif has detall when the
resolution is 4Kxdkx4K. There is an opportursty 1o get thes adopted as part of dxB.

.62 Shadowing-bulfers

Theeo arg two main lpchriques for iendenng shadows shadow butiprs and shadow volumes John Carmiack is using
shadow wolumes 1o generate shadow effects in doom3. Shadow volumes use the stencll buter to compute whether a
pixel is 18, This areis veny poorway-Sousecostly on modern 3D pipelnes, but the use of shadow volumes = vl
erfrenched. RA00 Wikl suppert i shpdow volume optimization thid keeps frick of whathar the stencil valyes o gn BxB
indicate that any of the plols ane &t

Ouwr prefemed shadowing method s (wil add more dolad heco laler). Sghadow buffers, which siore the front depth
value &l al an amay of pos#ions, relative %o sach Sght Shadow buffers hinve bwo key EmEstionsissues: very high
resolutions are required 1o avold alasing, and traditional mpmp Meearing canncd be appied o shadow Duflers-oan
ow improved ant-akasing Z compression. and a new mmbd_;f.lﬁmlunemm the shadow map probe. YWe plan 1o
solve the second probiem by dediraling the set of rive compuied i the highar rescluicn map $0 produce the Kragr
[esolution map

1.6.3 Sort independent Transparency

We are currently looking info how best fo support sort independent transparency. Our curment plan invoives two sicps
Fist, render the cpague pixels and store tansiucent pixels info a st in local memory, Second, 'epa, that list mubipic
times o BUCLUE Rty cenchar and ¢ remove the backmos) AL p':r.'lo e the ist . en‘pty The cost of this
technique & relgtive only to the number of ansiucent pacels and Bhair dogree of overtap, not 10 e 2o of the framg
50 it will be highly efficient for images that contain @ small percentage of tansiucent pixeis,

The two plans are ether-the dual Z-bulles appeoach o the approach deecised @-<need 10 decide whom he amad
whcaikd be pacnd ko Gl G bee »

| 6.4 Anti-Aliasing

The changes fom the R300 incude an increased number of samplos pev pixel, probably aight, and suppont for an
allocated frame buffer size smaller than the warst case maximum. Our goal for antl-alasing & for it to cost 1 5« to 2
the Sme and 24 8o dx frame buffer that alased rendering regures. R400 will store and process ant-alised piools as
Jeaments’ whote sach frsament s o color jogether with o mask o the sampdes that £ apgiies 1o within s pixel As 8
resull, anti-alissod rendaring onty tequines exiry time ot piugis that contan tmltiple fragments If storing el of the
frngmgnts for an 8«8 tike weuld reque more than the avalabie storgge. RA00 will discaed the fmgenents that cover the
fewest samples. Tesling suggests that thes reduction does not introduce artdacts

| 6.5 Texture compression

To further reduce bandwidlh we need (o improve lexture compression. We need 1o acheve both better compeession
that S3TC, and have a high enough quality that textures thal would iose 100 mych detall with S3TC can be
compressed. Both of these goals do not need o be achieved simutancously on all textures. We also need to ook at
compression of nonviraditional surfaces such as normal maps. Advances here are dependent on the availabiity of
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adndll.
resoLrces 1o work on (his, B we are unabie to ind resowrces we will Suppon only he s30-S3TC compression curmently
In O30

1.6.6 £6Depth Compression

<Hery needs 1o Gve Me & paiagraph 'wvo'&mmmmgmmmm I
RBCO For @ach frangle ma! at intersocts a the ths !cf.'wquo stores a & valuo and slopes in X and Y tt_:ggmor with a

of specifying the plane (possibly weh more bits per Zplane], &« tiles instoad of 4x4 bies, and @ larger r_n_-u._'_rm__'n
mumbet of Zpianes (pethaps 16) before faling back 1o a Z vahe per sampde. B400 wit probably also support mnmax
depih compresson in the MIBeck case.

1.6.7 Texture Filtenng

The texture pipes can fetch a 2x2 region from the texture map and fiter it

The data per pivel can either be four eight b values, two sivbeen bt values, or one 32 value. Al data needs to be fixed
poirt.

Lingar fiters are complebely budt in, and £ takes 1 cycie for bi-ingar, 2 for bri-ineas, four for quadra-Anear (fkered mip-
mapping of volume textures). Vanable depth anisotropy is supporied in hardware with the texture pipe calculating the
number of samples needed, Optionally the pixel shader can caiculate the number of samples, and how %o increment
e toxture addross, and provide this 1o the lexture pipe.

| 6.8 Curved Surface Support

Wao will suppant cunvod surtaces through combination of vanex shader code and & 03sallation engine 1o generale N
Vertices.

The tesscilation engine genersted new vertex indices from a input vertex index aray. The new indices contan bath
e cocedinate in parametric Space of the vertex, and the ndices 10 the surface. of to data from wihich the surface can
be derived, More information is available in the programming guide.

| 69 Displacement maps

The tesseilation engine for curved surfaces can dice tiangies imto micropolygons, the vertex shaders for the vertices
can then access into o deplacement map and change the location of the paints.

1.7 High color depth

We will support a 64 bit color buffer (16:16:16:18), we will support two formats; scRGE (3« a. sRGBE4) and a floating
point format..

“need 1o ineen lormat detabs SRODEI ynes 16-bts 1o mpresart 8 fixed point yalue in the mnge 1-4. 4) The flagting
poant frmpl usas & wymkn_—mnzxm@_;ﬂé an 11 'QLW’M#J&’QQ‘“MQHM_LQ_M mrge (138 128),

with @ step size of 2 or smalier over the range 10 1] and a siep size of 4 ™ near pemo 'l’n:a.mﬂﬂae\ur\sq‘m-:ﬂ;)cmv4 4—{m
very bright ights and accurate products of color and apha (opacity-weighled colors). [ Pormatted j
= - ; |1 rormatted: nutets and Wumbenng
+7++1.8 Bepth-Color CompressionGCompression J
R400 RA00-will support @ compressed format for storing antkaliased picels in the frame buffer, An 8x8 array stores the

first fragment color ko gach pivel The & followed by the exim colors st each pael, If any, with control bits 0 specify
which samplos each okl covers, YWrke-only colar operatioers must raad e axing coloes §nd control bty bed &0 nol
nead to read tha ntial Bx8 hiock of colors

R400 may sugpon g second form ol color compression on both alissed and anthalissed piugls This would use
yaradie-bit-size difforance codes 1o compeess the colors, Such i schoma may be able %0 compress typks! scanes by
2x o dx, bt would raguirg reading the 8x8 bie oo wige-only operations, which roduces e BeneSt Japthn Compassion
a0 asterdion OF the Jpane lechnague weed « RI00. 506 8ach 11aagie that THeEacts 3 146 e 10cHaqus 6loree 3 4
value and siopes N and ¥ ogether wah 3 mask thal specilios wiich plane 40 vea al each sampie posi- Changos
from e R3O0 sckwime wlude & dilprent way of specifyeng the plare (possibly wilh moie bés pe Jplsne) Sad Lies
nstaad of 4xd s Aand 8 Beger maximum numbar of Zpianes (pehaps 16} bafore fallng back W0 & £ value pe
pla. R400 will p Iy aleo support meenas deplh comprasson in tha fallback caso
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2. Performance

The basic performance s

R400 MHZ  Sllrade bi-ineas equiv  peak trisec

Mz Fil rate Bi-inear texture Peak trisec
fafchos
R400 a00 32 gigapied 5.4 Billon 400 Milion
RV400 500 20 40 500 Mikon
R450 §00 40 80 500 Mition

Under normal canditions, and when not further limited by memaory bandwidth we expect 1o be » 75% efficient

3. Schedule

| Tapoout Samples Produchon
R400 Justy, 2002 Cet, 2002 Dec, 2002
RValo Nov, 2002 Jan, 2003 March_ 2003
Rasa _dan, 2003 Apri] 2003 May 2003

4. Process

Al the moment this looks like an casy choxe: .13 will be in production for over & year, and .10 does not show up unti
the very end of 2002 sccanding 1o the TSMC and UMC roadmaps

We will probabdy want to be in a fip chip packaging approach o meet power distnbution goals. With the 258 bit bus we
will have 2t least 500 signad 1'O's (404 In memory) We may be as much as 10& at 1V for average power, which wil
require very good power distnbotion, area bond flip chip s probably the only option

5. General Chip operation
5.1 Unified Shader

The unified shader is a simdvector engine that performs the same instructions on four sets of four {16 total) elements.
For piwel shader operations the slements are pixels with the sels of lowr reguired 1o be 262 foctprints. For verlex
shader cperations the sudeen elements are sideen venices The basic clement B 8 4 value vector — froguently
interpreted as xyzworrgba

The user moded for the unified shader is composed of a variable number of general purpose regsters, a subset of
which are usually intalined with data An ALU can do el math, conditional moves, and permutations on the
registers, and the abilty to do a lmaed number of memory reads using the texture cache, The number of register Is
varable, and the number of registers required for an operation are specified when the task s submitied to the unified
shader. The uniSed shader will not start the task until there is encugh free ream for the task's registers

The unified shader s based on the R300 pixel shader

5.2 3D Rendering

For 30 rendering data is p d twice through the unified shader- cnce to transtorm the vertices and a second time fo
determine the color of the pixels

el Top Liwed Sgac DO a1t yweess @ AT -llcunct Copyright Notice on Cover Page © ««
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The input fo the 30 pipe s expected to be indexed vertex arays. Linear veriex asrays can easlly be supported by the
CP generating sequential indices. Indine vertex data s an apen msue, | would preder bo write it to memory and then
fedch f a8 a veriex array rather than add a direct path.

The stream of indices Is sent to the Primitive Assembly biock by the CP, The fromt of the primitive assembly block
mairtains the tag for the vertex cache, The vertex cache stores transformed vertioes. As misses are detected in the
tag, the indices that miss ane placed into 16 entry vectors. Each vector conlaing & slate pointer. 8 poirter 10 the veriex
shador to be used, and the 16 indices 10 vertices that need 10 be transformed. When either @ vector s ilied with 16
entries or a stale change happens (so that the next veriex does not share the state and veriex shader with the
previous vertex) the vector is issued to one of the "shader” pipelines for tansformation. Which of the four shader
pipelines it is issued bo determined ether by some effort of load balancing or & smple round robin. All that is submitted
o the picel pipeing is the state, the vorex program, and the indices. The shader pipelne will fetch the verex amay
data through the cache infrastructure that s also used for texbure fetches. After the tag the indices (actually now the
indices into the vertex cache) are placed into a latency FIFO to hide the lalency of transforming the vertices.

The shadaer pipaling recaives the vector of 16 indices from the prmithe assembly block. The shader pipeline cperates,
when rendeting picels, by processing a vector of four 2x2 poced foctprints, a total of 18 pcels. For vertex processing
cach of the puels s replaced with a vertex. The vertex program inciudes infoemation of how many local variables £ will
need. The rasberiner waits until that many local varables are free, (a8 each executing thread in the shader pipeline
termirates i froed i local varkables) With the proposed shader data path the macimum number of lccal variables per
vertex B 256 Howewer this leaves no abilty to hide latency, 16 to 32 local variables will probably madimze latency
hiding and therefore performance. The vertex shader program can use all the capabilties of the shader pipeline
including texture felches and dependert lockups. Al the end of the verlex program, the transfarmed coordinates must
be cutput. One autpul wil be the = v, z, w pasition which we be stoned in the posiion cache of the vertex cache The
vanex program may aled oulpal & number of parameter vakies (colors, texluns cocedinates, othar interpoiated mpuls
inte the pecel shader). The parameter values must be culput as a muliple of four 128 bit words, as the pammeter
cache s designed for this

The prmang assambly bk reads the ndices back out of the Bency FIFD ang he pasd b portion
of the veriex cache. i assembles the vertices info primitives (knes, triangles, mmngln qt.ndl? points, 7}
Baricentric values arc assigned to the vertices, and will be used later in the rasterizer o interpoiate the parameters.
The parameters are nol accessed by the pimiive assembly logic. which only works from the posiion data The
primitive i clipped agairst both the viewing volume a& wel a8 mer clip planes, with Factional baricentrs coordinales
assigned to the clipped peimitive sections. The primitive goes through the perspective divide and the viewport
transform, The resuling screen space primitive is sctup (plane equations for 144, Z, and the baricentric coordinates),
The resuling primitive data, inchuding the indices back info the parameter portion of the vertes cache are broadcast o
the Towr pipas. Th final time that an index is oulput that accies o okleal varlex cache ling, a token is also san
When all of the four pipelines retum the token the priméve assembly block can free that cacheling and adow it %o be
used for @ new vector of vertices. The performance goal in the primitive assembly block is a briangie overy two clocks.
An alternative option is for the vertex shader 1o generate screen coondinates and clip codes. If a primitive needs 1o be
clipped. which can nol be determined until primitive assembly, then the vertices are reverse transformed back into cip
space by logic in the pemitive assembly block, clipped. and then tmrsdormad back Inlo scroen SEace.

To help meet marketing BS numbers we can look into doing backface culing at a rate of one tiangle per clock. This
will boost us 10 peak bs number of SO0 milkon anghes per $econd.

Each pipe has a FIFO in front of the rasterizer fo lcad balance. Each pipe will handle 16x16 tiles of the screen which
are Interieaved bebween the pipes. To maximize the efective size of the FIFO we will probably cull the tnangle st
bedore the FIFO. The rasterizer will request the parameter data from the parameber cache for the primitives. A smal
Iatency hiding FIFD will hida the fatency of the acoess 1o the paramelor cacha. The parameter cache s 512 bits wide,
and the Interfaces from the parameter cache o the rasterzer are 128 bits wide, this allows the parameter cache %0
cutput ane pipelines request per clock, which is serialzed over four clocks, keeping all four interfaces busy. The
rasterzer keeps 8 smalk cache of three to four vertices, this allow anly the new parameder 1o be fetched when adjacent
triangles are processed. The parameler cache inlorface mposas 3 seccnd pefomance mits. in the worst case each
podygon covars all four pipefings and there e no vertices shaned dom Iriangle %0 tiangie. In this case the peak
performance s (500 MMz / {4 pipefines * 3 vertices) = (500/12) = 41.6 milion tnangles per second. in the best case
triangles are perfectly siripped and never cross over pipeine boundaries. in this case the peak performance (If we
ignore the setup bt} is SO0 milion triangles per second. As & praciical mannar we should be able to approach the
sebup bt of 250 Mdkon trangles per second
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The msberzer also contains a partion of the herarchical 2 memary. We ane loking Into moving this into a cache
based approach, but that is far for certain at this point. We would ke to be able to do hierarchical z culing at a speed
in excess of 64 picel per clock per pipefines (256 pivels per clock total) We are slso going 1o consider some of the
improved isency hierarchical Z options o improve culling effciency.

The rasterzer will generate four pixels per clock If there are no more than eight interpolated parameters. The
rasterizer generates vectors of four 262 footprirts (16 pixels). Each 2x2 foolprint must be screen aligned and from the
same tiangle (with a single shared 2 siope). The four footprints anly newd 1o share the same state and shades
program

Bedore starting the perocessing of a vector the rasterzer (which includes the sequencer for the shader pipeline) checks
o make sure that there are enough fee registers in the shader pepadine for the pivel shader program. If not, it stalls
urtl there ane anough. The rastorzer a0 needs 1o abirate between the throe streants of veciors 1o be shaded: the
vertex stream, the pleed stream, and the real e stream | think it will be sufficlent for the real time stream 10 have
priority over the vertex stream which has priority over the pixel stream. This will meet the real-ime demands, and keep
the vertex cache flled.

The vector is then processed by the shader pipeline. Wie will probabdy support up %o eight sequenbally dependent
texture fetches. (20 use the R300 terminology, eight clauses). 16 (87} lexhures are supported, but each texture can be
accessed multiple bmes by a single pixel shader which can provide a derent addeess each time. This s especially
usetul for complen ftars.

The cutput of the paiel shader is the final color of the fragment. The poiel shader may also replace the Z value. Fog
and stippling mus! be done in the pxel shader program

Tha rarsdor backond dows the 2 compare, stencll oparaton and color alpha bland

The texture fetch path has a number of design opbicns. One opbion is an approach where the local, multiported,
texture cache & amall (1 1o 4 KB), and contsirs uncompressed color in a canonical format (32 bits per pixed) and uses
& 452 or 4xd cacholng Ths & backed up by a large (>16XE) LI cache which also stored uncompiosssd SxB
cachefines. The decompresson logic Sves between the memory controlier and the L2 cache,

An alternative design uses the L2 cache to contain data in memory format (compressed) which & decompressed as
rpeded o fulfil L1 lexhure cache misses This wil increase the effective size of the L2. The L2 cache is datributed,
with 1/4 of | residing In each memory controlier, The Texlwre decompreason logic can either be located In gach
shader pipeline, or cxist as a shared block{s) that receive data from all four memory controller and send the
decompressed d4xd cachelnes to each shader pipeline. The unified decompeession block will result in beller
pesformance, 8nd postbly loss anea, o the cost of some of the scalabiny.

Assuming that we chose the L2 in memary controlier and the unified decompression logic, the texture path would work
as follows:

In & fouwr pipaling design thore ae two texture decompresson blocis, cnp for the Teft” texture units N each shader
pipeling, and the sccond for the “right” texture units. in the two pipeiing, lower cost, version of the chip only a single
decompression ppeline is used, serving the le® and right texture units.

The L1 texture cache receives a texture request from 25 shader pipeling, The usuad tag and latency FIFO is used to
genarate the misses. These are sent to the shared texture decompression block, which looks up the texture o find the
physical address and then sends the request to the L2 cache in the memaory controller. The L2 also has a latency
FIFO and tag, and will returm the data in ceder (bt there is no order guananioed between the data returming from each
LZ). The decompeassion block has a buffer which is used 10 place the data fram e momory conroliens dack in ceder
The decompression logc decompresses the texture and retumns, in order, the dx4 cacheiines that the L1 caches are
requesting. Most of the compression techniques we are considering are based on an 8x8 Sle (or 4xdx4), when
necessary the decompression loges will decompress an entite 64 piel Sle ard anly nebum the requested 16 pixels %o
the L1 cache, This will tend o increase the bandwsdth betwaen the decompression gic and the L2 cache as BxB
blecks are repaatedly requested to provide differert 4xd subtiles 10 the L1, The L2 cache will prevert the repeated
reads from going 1o memoery, and we will probably implement an "LO" style cache in front of the L2 o also catch the
redundant requests.

Each memary controlier will have two 64 bit read retum buses, one 1o each of the two decompression blocks, each
decompression biocks drives a separate 128 bt bus %o cach of the four shader pipelines. This will tend to have betber
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ubigaton and load balancing than having the memaory controlier dnve a 32 bt bus 1o the decompression iogc in each
shader pipefine. While the total number of wires s similar (128 bits per memory controlier, 128 bits into each texture
cache) we are less lkely 1o leave the texture pipes starved when there is some imbalance

53 Real Time Rendering

The real tme rendenng interface allows prmitives o be inserted info the rendering pipeline at a very ate stage
theredone providing very kow lsdency. The expected use is for scale bids timed by the dsplay refresh. this suggests a
smad number of large prmigves. We take advantage of this 1o simplity hardware by forcing the inerface 1o be post
satup, @ reat-lime primitive needs 10 Be transfoemed and setup by sofwan,

Real tme primtives also do not have access to the state management hardware used by non-realtime 30
commands. A single sed of state registers, some cormtant registers, and cne full parameter set is available. The real-
time command stroam will genarally need 10 wait for the current real-time deawing cperation to complete before # can
start the next real-time command. The driver can statically allocate some of the physical constant registers o the real
time stream, these are not available to the RBBM for renaming use, and are wiitten by the real-ime command stream,
and read by the 30 pipe at the direct physical addresses. There are bwo oplions for the parameter memory. The
parameber memory M nol viside 1o non-real-time commands, for normal eporation it W entinely managed by hardware
For read time rondenng there will be dedicated space for throe vertices, cach with sixteen 128 bit interpolants. ¥ the
real-bme primitive requires more than eight mterpolants there wil ondy be enough room for one primitive at a tme,
even if they need the same state and corstants, if less than eight imerpolants are needed then there is room to
manualy double bdler the inerpolants. and allow pipelning of prirdives. The real time command stream will still
need 1o manually check that the pepeine has finished with the provious primitive, before wiiting new data to the
parameter memary for the next primitive, whiie the pipeline works on the current primitive

Faor example, the a drawing Sommand in a real-frme command buffer mighl ook e This.

Walt_for_realtime_pipe_idic # make sure no realtime command s in the pipeline
Wiite state reg m in conbext 7 with data 4 set rendering stabe for command
Wite si#le reg m in conbext 7 with data Jaet eondering stale for command
Wite state rog m in conbiat 7 with data A et rordening stale for command
Write stale reg m in context 7 with data 4 set rencenng state for command
White const reg at physical address k Jwrite constant register

White const reg at physical address k+1 / write cormtant register

Wit consd reg 8t physacal address k2 e

Wiite veriex 0, parameder O, in real tme parameter store
Wiite vertex 1, parameter 0, in real ime parameter store
Wiite verlex 2, parameter 0, in real lime parameter slore
Write sstup primilive 1o primitive assembly (scan cormerder)
Wiite intialor register, 1ag command with O

Wite vertex 0, parameter B, in real ime parameter store
Write vertex 1, parameter 8 in real bme parameter store
Write vertax 2, paramater B, in meal i paramaeter store
Wiite setup peimitive to primitive assembly (scan corverter) U ths assumes we doubide buer the primitive registers
Write intiatcr register, tag command with 1
Wait_for_realtime_command _0_not_in_pipe

Write vertex O, parameter O, in real ime parameter siore
Write veelex 1, paramier O, in real ime parameter slore
Write vertex 2, parameter O, In real tme parameter store
Write setup primitive 1o primitive assembly (scan converter)
Wiite iritialoe register, tag command with 0
Wait_for_realtima_command_1_nal_in_pipe

Wiite vertex 0, parameder 8, in real bme parameter siore
White vertex 1, parameder 8, in real bme parameter store
Wiite vertex 2, parameter 8, in real ime parameter store
Wiite setup primilive 1o primitive assombly (scan cormarer) ' this assumos we double bufer the primitive registon
Write intiator register, tag command with 1
Walt_for_realtime_command_0_not_in_pipe
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54 State Management
State managemant differs from previcus ATI chips,

There are cight sobs of stale registers in the chip. Each pixel or triangle s tagged with which stale # is supposad %o
use. Most of this is hidden feom the programener by the RBEM, which implamaents the in-order semantics that are
noemally used, States O 0 6 are managed by the RBBM for high performance 3D20DWdeo rendering State 7 &
reserved for read Bme commands, and the real Sme command stream must ensune that the state is not changed whie
the pipeline is active.

Each register is therefore mapped in to the register space nine times: once for the curent state, plus eight additionad
times o provide access to all existing state. Ths is only true for the nomal pipedine state regsters, the constant
registers used by the picelvertex shaders are handled by a sepasate, refated mechanism.

There are two options for the update of the state regsters. The first aplion is %0 implement 8 breadside state copy,
which coples the contents of the previous curment state fo the new current stabe bedore the first state write happens 1o
the new stale. This is somewhat costly in hardware. The second opbon is for the state updates done by the driver fo
be “complote”, wiile the minimum set of state registers thal completely defines the new rendenng stale, this avoids the
naed far the w broadside copy

The constant registers are implemented using a renaming scheme that avoids the need fo do a broadside copy when
changing state. N also does not use storage for each stale when two stabe cordexts have the same value in the same
register, the renaming kgic points thawm at the samae physical register

Since the registers that are most frequently changed are located in the constant memory of the R400 (vertex armay
poirders, and bextune pointers) we My wish 1o saparabe updates 16 the coratan regsiers from general atale regsier
updates.

55 Bad Data

Bad data can exist for & number of reasces. When 8 vertex shader doos an access o an address which & nol
permited (or dodrs not ust] we need @ way to avaid hanging. and make debugging possible; A similar issue exists for
pixel shaders that do bad texture accesses

Wae currently hardie 8 imiled form of ths. a triangle han contain & vetex which contars {or generales) & Nal ar INF
5 not drawn, it s slmply cullod at setup

We will extend this as follows:

For a vertex felch that goes out of range (or Smes out) a flag in the verfex s set which will cause that vertex to be
treated as if # cortained & NaN. A debugging fag will also be seb. and ¥ we can find an easy vway 1o do il, the index of
the afending vertex will also be sbaned

For a tendure fedch o simiar strategy will apply. A bad access will sel a flag thal will cause the pixel 1o be dropped. The
debugging mada 'wil Torce the pixel 1o pass the Z tes!, and override the color aulpt from the pieeishadaer with an ugly
shade of green

56 Display operation
The Gsplay must be able to deplay from microtiled surfaces and overtays. This wil generally force us 1o adopt line
butfers
The display should support at least teo outputs, ideally we will be abke to support two high resclution outputs and a low
resolution catput [TV out)

We will drop support for overlay scaiing, and therefore supporting an overlay on all displays becomes aMordable, fSxing
2 "bug” that cur curnent dual display products sufer from

The memcey for the kng budlers is shared with the L2 texbere cache. This allows use 8 memory s@e that is cioser the
maximum requinement of ether function instead of the sum of the maximum reguirement
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The maximum resclution color format is 64 B color for the primary surtace and 32 bt color for the overlay
For two 2560 phoel wide line buffers we need

2560 pixols 2560

wa nes 2

two displays 2

£6 bits of color 96 (32 overlay + 64 bits pnmary)
total bits DE0K bits_ 120 Kbytes

The L2 memory will probably be 128Kbytes, which will leave only BKE for the texture L2 cache when driving the above
display. Mowever, the above case is driving two multi-megapied displays with the worst case color depth. it works, but
30 performance sutfers

A slightly more noemal case miaght be two 1600x 1200 displays, with the same color depth:
2560 pixels 1600

twao lres 2

two displays 2

95 bits of color 96 (32 cverlay + 64 bits primary)
total bits SO0, bits

which leaves *54Kbyies for the L2 Cache

A benchmark case, one display no overlay, 32 b color
2450 pocels 1280

twao lnes 2

tweo displays 1

96 bits of color 32 (32 cvariay + 64 bits primary)
1otal DEs 81K bits

which leaves *110Kbytes for the L2 cache.
The ing bulfers asg bwo scan ings Fgh

At beginning of an even scan ine {scan lne 0) 122 of line buffer is filed,

The upper half of the buffer is read oud, at the same tme as the second ha¥ of the bufler 1= filled. When the scanout
reaches the midpain 34 of the buffer & filled When the scancet reaches the end of the scan the buMer & filed. The
spaed at which the buler & filled must be greater than 1.2 of the rate at which the buffer & scanned out

For the odd scanlines, the bufer is completely Siled at the start of scanout (as a result of the even scanine finishing
propedy). As the kwer hal is scanned oul, reads are issued ta feich the data for the next pars of scanines. Al the
end of the odd scan ling, the buffer s expected 1o contain hat of the data Tor the next scan ling

Ancther way of looking af this is as foliows:

AL the bogimning of the odd scan line the scan Buffer is Bled, As each word s read from the bufer and sent o the
display logec, o request is made to the memory controfier to fill iIn the data. i is not necessary for all the data for the
next scan line pair fo be fetched by the time that the scan ine reaches the end, the real requirement is for the last
ward in the scan ke buffor 1o ged theve just Befoce it is read,  the end of the next even scan line.

The dsplay ives mostly In the core clock domain, There & a FIFO per ploel clock that crosses into the DAC/TMDS
clock domain

If we are able 10 iImglemaent the time intecloaved disglay block then the display will mvge and color corvert two pinels
per clock In the core clock domain, Whichever display FIFO Is closest 1o empty will get the prionty to be flled in the
next time siod. The sum of the pixel clocks (dsplay0, display 1, tvout) must be less than 2x the core clock. We should
be able bo chead sightly and use some of the harizontad retrace Bme to il the display $0's, this will relax sightly the 2x
o clock mit

Since the 30 pipe s capable of real-tme events, such as display tnggered scale-bits, we may wish o reconsider the

location of several operations that are currently in the display. TV out scaling. and ratiometric scaling for LCD panels
iy be moane cheaply mplamented Lsing the 30 pipe nstesd of dedicabed Pardware
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6. Block Diagram
R0 Top Level Block Thagren
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7. Blocks

HBIU - host bus interface uni

CP = control processor

RBBM - regster interface manager
CLE - clock genaralor

TC - o8t contralor

VIP ~ video inpit pon

ROM = boot rom

12C = 12C intertace

DU — Display

MH — Memarny Hub

HOP - Host Data Path

IDCT = Mpeg decoder

PA — Primitive Assembly

TD = Textune Decomprassion

RE ~ Raster Engine

SP -~ Shader Pipe

TP - Texture Ppe

REB - Render Backoend

NC « Memory Controlier

The blocks are combined into a smaller number of biocks for layout

Layout block subbiocks ] inslances | Inslances | Notos
R400:450  RVE00

all HI 1 1

cP CP 1 1
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RBEM
CLK
Resol | ! J
Misc VIF 1 ]
ROM
123G
TC * 4
Du | DU L L Display
D TD 1 ' L:2 Cache
MH
HDP
PA [ala) 1 1
RE RE 4 2
5P 5P 16 8
TP TP 4 |2 | ]
1] HE 4 2 |
MC MG 4 2 |

8. Block descriptions

% 1 HBIU - host bus interface unit
The HBIU imerfaces the graphics chip to the system AGP bus

8 1.1 Description

The HBIU implements the followirg buses
PCI slava

PCI master

AGP fast writes

AGP reads

AGP writes

4 bt support?

8.1.2 Majorinterfaces
The foliowing busses connect the HBIU 10 the rest of the chip

Bus Chip ¢ham Bus chart Description
| Host register CP/REBM PCI Siave CPU reads and writes to chip registers
Most Data MDP PCi Slave CPU reads and writes bo video memory
AGP fast write
AIC Wiile MmC PCI Master (writes) | Primanly bits o sysiern memory, and control semaphore
AGP writes writes
AIC Read TO/VMH PCI Master (reads) | CP PMJ reads
AGP reads PA index noads
State/veriex program kading
Vertex loads
| AGP bexture
Oddtes for WEA
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8.1.3 Block diagram

P CLK ; ComCIK
| > AGH Read "
| ) ,n)u MH
| » POT Bas Muster Bead .
< , AGP Write :
PCT Hus Master Wte
Jhpads - *
- A{F Fast Write
‘ Video memeey read ‘wite
- XY Slave Wi : {HD&
g egisterread mnite
: {REISNT
- I Shwve Read - I

82 CP - control processor

8.2.1 Description

The contrpl procassor execules the pmd dsplay lst from memory, driving the operation of the rest of the chip it also
implements the real-time event commands

Currertly the CP s based on & custom processce, which has 8 very Imibed instruction set and is really only capable of
eXOCUANg the existing program. It i not expectad 10 be capable of doing the transiation of 20 pacikeds 1o the preferred
hasdware inlerface, or be abke 10 iImpiement the real ime commands

An alternatve s 1o base the CP on a more genenc RISC processor. It appears that this will save area, and make i
possibio 1o write the CF control program in C. The ARC core. for example, is kess than 20K gates

One oy change thal enables us 1o consider a processor core instead of the custom PM4 engine is that data s no
longer embedded in the command stream. In the R128 to RI00 index, vertex, and host-bit data is embedded in the
primary ring bufer and the indrect buMer. In the RE00 index data is fedched by o dedicated DMA engine in the PA
block, and vortex and host bt data is letched through the fexiuee cache. This adows us o optimized & single path for
the data rather than need to optimize both the OMA and PM4 paths. With the CF no langer needing %o be able to copy
data at 32 bits per instruction (read and weite), a less specialzed processor can be used.
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8.2.2 Major interfaces

Hus . Description
RBBM->CP Regsier read wite,
. Used for reset and debugging of CP, and access o control registers
CPR>REBM Regster wiiles, and reads
— Register access thal occur as a result of executing the corftrol program
CPMH Memory reads and writes
| Read PM4 buflers, wiite semaphores (o communicale with drives
Dsplay+CP Source of real bme events to trigger real tme commands, also delays in command queue based on
| display status. Current scan kne s most comman type of data
All block < CP | Blocks status
Usod for wail Sor idle and powar down

823 Block diagram

Datn cache
{raay he 1.2 Meomory

- 'JU!““

Mm—.. Comtrolregn ters

Prooess oe core

:

Instructon Cache
OF WS EIUCEROR TR TR Y

83 RBEBM - register interface manager

8.3.1 Description

The RESM of the R400 s vastly simpified compared 10 provious versicns

The key diMferences are

1) A much simpler register decoding scheme that does not need the REEBM 1o be aware of autoreg files

2) A simpler register bus protocod that (for most registers) does nal involve amy feedback signats to the RBEM

3)  Support Tor smple pipelining of the regster bus 10 meet Bming goals

4) Much of the synchronization iogic that was in the REEM is now the domain of the CF, this means that bypassing
the CP is not a viable production driver mode. but it really is not viabée now

S) Power Saving needs some adjustment (since the REBM is no longer aware of when a block is activated

6) AN rogishr bus connections ane now single cycho, register %o registor wihich will ssmplity bming
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However the management of state changes has been moved from the biocks in the 30 pipe to the REEM. The REEM

detects when a stale block Is no longer in use, tracks the blocks that are not s use, and allccates them 1o new
primitives as needod

8.3.2 Majorinterfaces

Bus . Descrpbon

HBIU-3RCBM_ | Regsier readiwnte

CP>RBEBM Regster weites resulting from imterpretation of command packets
RBEM-rogater  The purpose of the block

bus
REBEM-CLE  Power management
RBEM-»al Sofhend neset

83.3 Block diagram
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8.3 .4 RBBM operation
This is copied from the curment REBBM spec, at some point most of & will be moved back there

The RBEM has merges rogister writes and reads from the HBIU and the CP and brosdcasts tham 1o the rest of the
blocks in the chip, That i all & needs o do
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Registers can gither be queved of un-quewsd. In general gueued register wites ane INR@or regsbors. of orser criical
state registers, The RBBM distinguishes between the two types of registers by their address only. The upper 7Kbytes
of the registor space are queved registers, the remainder is un-queued

Both the CF and the hoat can generate both types of register witles

Un-queued register wiites can and will pass queued registers writes. If it is important for un-queued register wites fo
be held off by 8 quowed register wiite the hast or ¢p must not send the un-quesed egmber wiile until the host of ¢p has
determinad that the queued register wiite has compietad (usualy by & Spin lock on a semaphore)

Queued registers are mantained in order from the viewpont of each onginator. |.e. all of the CP's queued writes will
complete in arder, and all of the hosts will complete in order. There is no cedering betwoen the CP and host- the writes
from both chorts may become intedeaved

The global register bus is as follows:

Name | Direction | bits | Description _

WE RBEM> 1 Wile enable, address and data ane vakd

Addr19:2] REBM=> | 18 Register address

Wm{30] | RBBM3 |4 | Register write mask_should be gnored by most chents
W31 0§ REBBMS |32 |Data

 RE REEM> |1 Read Enable, address s valid

RA[31 0] SRBBM | 32 | Read dala relumed

RREn *REBM 1 Read return strobe (Bciive Iow)

The protacol for @ wail Is simpie

On a rising edge |, If WE is high then the data and address is vald
There are na completion signals, there i no way 1o abort a write.
Handshaks sighals for gueund nigalers will be descrided ater and aro separalo Fom he regster bus

The read protocod is somewhat more complex
A read request s sert out when RE is high. The address holds the address of the read request
RE and addr will anly be valid Tor one clock cycle

Some number of clock cycles lxter the RESM will recelve the retumn data back, when RE s fow

The read return “bus” {Rd and RRnj is the logical AND of all the cherts that can respond 1o & read request

All clients but the client that is responding to the read request drive a logical 1 on the bus. The wiring of the read
relurn bus i & row of poird 10 point connactions. and each node ond of Mo sub-busses are AND'Y logether,
registered, and driven an to the RBEM. This s the same as an OR trew, but the signal is inverted. Since a read return
cycle is surmrounded by idie cycles the only crtical ransition is high to low for the Rd signals (possbie timing help, at
the cost of needing 1o bell static timing %o ignore low to high transiions)

Only one read is oulstanding at any time. Reads will pass queued wiites, (shouidican they pass all wiites?)
The RBEM will timeout on a read afler 847 clocks It is critical that no ciert respond latier than 84 clock as the RBBEM
may timeowt on the read, issue ancther and interpret the very &ate response of the first read as the second read

If & read tlimes 0wt Ihe REBM wil return dummy data (such @8 ThDEADBEEF) to the requestor and mark in a debug
regisier tham an ermor happened

Both quowsd and nor-queued register writes am broadcast on the same bus, To implemant the queued regnberns the
RBBM woks at the status of all of the RTR signals from the clients that contain quoued registers. Ordy If all are high
will any queved regaster be aliowed bo issue from the RBEM  Note that these signals are registered on the boundary of
the RBBM, and the register bus is also registered. This means that there is at least a bwo clock latency responding %o a
RTR signal dessseding. Since the cherts wil also be registered this mears thal 8 cbhent will receive four or more
quoued ragsber witds afler asking them o stop. 1t i the chents responsibdity bo have enough buffenng &0 that no
register wntes ane kst
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84 CLK - clock generator .

8.4 1 Description
The clock generator block generates the many clocks used by the R400

Clock | speed range e —

AGP 133 to 533 AGF clock

Sclw | 330 500 Mhz | Caore cleck

Meik | 33 bo 500 Maemory clock

POk 10 b 400 Pivel chock for primary display (Sx faster for TMOSULVDS)
Picik 10 bo 400 Pinel chock Sor secondary display (5x faster for TMDS/LVDS)

8.4.2 Majorinterfaces

ABBM-3CLK contral

843 Block diagram

85 TC - test controller
8.5.1 Deseription

8.5.2 Major interfaces

8.5.3 Block diagram

8 6 VIP - Video input port
8.6.1 Description

862 Major interfaces

VIP-» MM DA, transiors
| REEM-3VIP Controd

863 Block ciagram
87 ROM - boot rom

On powerup the graptcs chip reads the straps from the rom. The ram s then used for responding 1o bool rom read
requests from the PG| bus

We will only support senal roms
The st of supported roms s TBD.

8.7.1 Description
7.2 Major interfaces
[ Bus | Descripbion
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ROM=>HBIU Bool rom read interface
RBBM-ROM __ Flash'esprom boot rom write interface
ROM-=*chip Decoded straps

8.7.3 Block diagram
8.8 12C ~ 12C interface

8.8.1 Description
The 2C bus i @ 2 wire bus usad 10 communcate with othar multimedia devices (such as tv buners)
8 8.2 Major interfaces

| Bus Descripbon
| RBEM=12C Readiwrite interface

8 8.3 Block diagram
89 DU - Display

The R400 display drives up fo three displays: two moniors and a TVOUT

The chip can have as much as two analog RGE DAC's. tao duad channel TMDS outputs, and one dual channel LVDS
ocuiput

All support for the scaling overlay is removed. The dispiay supports a non-scaling owerlay on each display
Sod display cparalion secticn above for more Selails

891 Description

HopeXily we have th resources 10 move 1o the tme interieaved dsplay design
The foliowing frame butfer formats are suppoarted

Primary surface:

8bpp index

160pp 4444 565 555 RGB

Iopp 8888 RGH

B4opp 16:16:16:16, cither sRGE or the R400 floating point format

Overiay

Lopp 8888 RGA

4232 YUYy

the color conversion for the overlay is controled by a programmable matrix, 8o the choloe of color space s arbitrary.
The maximum display plogl ciock is greater than 400 MHz

If we build the time intevieaved design, then the maximum number of display picels wil be 2x the core diock speed
This wik be divided among the bwo dsplays and tvout

892 Majorinterfaces

Bus | Dcscnpbon
TD>DU Memary read intertace
RBEBM-=DU Regster witesreads
DU=CP Synehionization intormation
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8.93 Block diagram
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810 MH - Memory Hub

8.10.1 Description

The mamory hub S018 88 8 SwWich betaaen the many small ciants of the mamary contrellers, and the two or four
memary controdiens. This aliows most biccks to not have any dependencies on the number of memery controliers

8.10.2 Majorinterfaces

The memory hub has a 32 bit read and a 32 bl write bus to each of the memory comollers. i we co-Jocate the MH
and the L2 cache in the laxhure decompression biock, then the 128 bR read relurn bus fram the MC 1o the L2 cache
can be used o rebam read data to the MH instead of a prvate bus

The clients of the MH

HOP

cP

vie

PA- ndoex bufler reading

RE-  Venex/pioel program loads, Nerarchcal Z

10CY
?

8.10.3 Block diagram
811 HDP - Host Data Path

The host data path allow the host cpu to access video memory. i provides eight “surfaces” that provide endian and
tikng transistion, making the target area of memory look ke a linear surface in the processcrs rative endian

The HOP also implements most of the legacy VGA functionaity
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8.11.1 Description

8.11.2 Majorinterfaces

| Bus Descrpbicn
HI=»HDP . Memaory readiwnte requests to HOP
HDPMH HDP reada/writos 1o iocal momory

8 11.3 Block diagram
812 IDCT - Mpeg decoder

8 12.1 Description

The R400 uses the same implementation of IDCT/MPEG as the R300. This block decodes the compressed stream,
placing the resulting IDCT data n orne buffer in memory, and the motion vedtors in andther. The 3D pipe = then
programmad 1o fead thr metion vectors and IDCT data and complets the decoding aperation

8 12.2 Major interfaces

[ Bus Desciphon

| IDCT=>MH Read command siream, write IDCT results and mobion veciars

8. 12.3 Block diagram
813 PA — Primitive Assembly
8.13.1 Description

The primitive assambly block fetches or creales the ndices 10 vonlices, possbly creating extra ventices with the
tessciation engine. It determines which vestices have not been recently seen (and will therefore not be located in the
post transform verlex cache ), assembles vectors of sibeen vertices than need 1o be transformed, and submits them to
a raster engint/shaders pipe set 1o be transformed. B then receives the lramsformed vertex postion data from the
shader pipes. The wertex cache 139 alsd culputs the sequence of cache addressss ganerated fram the ncaming
indices, The primitve assembly subbiock then creates primitives (lines, points, rectangies, triangles) from the vertices
It also implements the line counter for styled ines. The pnmiives are setup in the setupiclip block, bat first clipped to
the view frustum and optionally the user ¢ip planes. The scan converied does B course walk of the primitive using an
Bx8 grd. Tho scan comerted also determines whaen the hierarchical Z data neoded for culling will not be in the local
higrarchicad z cache in @ach rastenzer and makes the needed memary fead requests. An artitrator, centrally lccated
in the PA block arbitrales each rasterizers reads from the post transform vertex parameter cache, which is distnbuted
among the shader pipes

8 13.2 Major interfaces

—

Bus - Descrpbon

RBEM3PA | Stale changes, and intiator register writes

PA-MH index Setch path

FA- RE | Vertex transform packets

PA- MH Hierarchical Z read roquest

PA~»RBn Coverage mask. poston, triangle Zmund Zmax and 2 siope
PA=»SPn Sull liles 1o be rasterized
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8.13.3 Block diagram
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814 TD - Texture Decompression

Hnl ine ooregad mierixe

8.14.1 Description

The texture decompression block converts the memory fexture formats inlo the uncompressaed texture formats

supported by the texfure pipes. Il cormists of the L2 texiure cache, the lexiure decompression logic. & set of output
butfers, and the baxiure addnessing loge

The decompressed lormats supported are

32 bpp (B588) unsigned

32 bpp (ES88) signed

32 bpp (15, 16) unsigned and signed
32 bpp (32) unsigned and signed
16 bpp for bandwidih meduction

we may also support & Sbpp mono format to improve the performance of shadow buffenng
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The texture decompression block, which is co-located with the memorny hub contains the large L2 cache
The L2 Cache is 64KB in size, and is made fom 32 2KB memaries, each 32 bits by 512 words.
A partion of the L2 memory s allocaled 1o be the display line butfers

The L2 cache lines are 256 ploels, armmaged as a 1816 20 block or as a Bxéed 30 block The cachelines are partialy
loadable on a 4xd subword basis. Simulations need %o be done fo verily that a smaller cachelne is not needed o
mirsmize thrashing.

TED how the 8 bit and 16 bt formats are supporied

8.14.2 Majorinterfaces

Bus Descrpbon

TP=2T0 Teature requests and retumed data

TO>MCn | Momary read requests

TD>Display  Data path for display which uses the L2 cache a4 its line bullars
MNCh=3TD Invaldate snoop bus for cache coherency

8 14.3 Block diagram

815 RE - Raster Engine
8.15.1 Description

The raster engine performs two duties: it does the detail walk of Bx8 tiles of primitves, and #t cortains the sequencer
for the shader pipe.

The shader pipe has the FIFO to allow for balance between the pipelines in the chip, it appears that this FIFD is 64
Bx8 ties decp. Only tles that are owned by this pipeline are stored in the FIFO, others are immediately rejected. When
an 8xB tie is read out of the FIFO, it is chedkad against the heir-Z fal data that has arfved in the local heir-Z cache If
the primtve tais, il is regeciod and the RB @ informd that the tle has beon kiled

We are going to support huerarchical Z object cullng within the command stream. To suppart this we have the abilty 1o
draw a bounding object, heir-Z test &, bad kil it before we rasterize . The raster engine will receive bles that are
marikoed indicating that they are pant of an occiusion quary, and besd tham against the heir-z memary. AR the tiles are
rejected, bt if any of them pass the heir-Z test then i then a fag is sef. When the marker {which is an i) changes.
indicating the end of this ooclusion query, the RE will signal back 1o the primitive assembly if the flag was set or not.

If the tile passes the heir-2 lost we need 1o ensure that the parameler data needed 1o rterpolate the tnangle is ether
in the local 1) parameter cacha, or on &5 way thare. I ot 8 reques! nedds 1o B madae 1o the arbdrator in the PA to get
the needed data/

A FIFC on the oulput of the HZ cull and parameter cache tag buffers the passing tiles while wating for the parameter
data 50 arwe Al the cache, I aso provides buffenng so that the rest of the pipeling can stay busy dunng a long string
of ties that fad the higrarchical Z test

The next step s a detall waler that generates the coverage mask for each polentialy covered 2x2 quad in the 8x8,
We may nood a path from this resul 10 the render backend 10 ad In its detormination as to what 1o feich The
pamametric coordinates are calculated, and used to drver the interpolalor, We need 1o be abie to do both perspectvly
comecton imerpolation and non-corecied interpolation

The raster enging braaks 1he stream of picels into 4 guad voctors (16 pioels) and will wal until the reeded space is
available in the shader pipe, and then stan the sequencer runming the picel shader program

The second part of the raster engine & the sequencer
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The sequencer first arbilnates between vectors of 16 vertices that amive directly from primitive assembly and veciors of
4 quads (16 phoeds) that are generated in the raster engine

The vertex or piosd program species how many GPR's £ needs 10 execate. The sequancer wil not start the next
vector Lot the needod Space & avaiabie

The sequencer is based on the R300 design. 1t chooses an ALU clause and a texture clause fo execuste, and execute
all of the instructions in & clause before looking for @ new clause of the same type. Each vector will have eight lexture
and eight ak clauses, but clauses do not need to contain nstructions. A vecior of pixels or vertices ping-pongs akang
the sequencer FIFO, bouncing from sexture reservation station o alu reservation station. A FIFO exists between each
reservation stage, holding up vectors until the vector currently ocoupying @ reservation station has left.. A vector at a
reservation station can be chosen o execule. The sequencer lockes at o eight alu reservation stations to chose a alu
clause 10 execube and all eight texbure stations 1o chose & hexture clause 10 execute. The arbiratar will give pricrity 1o
clauses/reservation stations closer to the top of the pipeline. It will not cxecute an alu clause untll the texture fetches
intiated by the provious texture clause have completed.

To support the shador pipe the raster engine also contains the shadaer instruction cache and constant storg
8 152 Majorinterfaces

Bus Description

PA{sc)y» RE Bromdcast bus for 8x8 shces of primtves. | J K plane equations, fromt most Z far heir-Z culling,
pointer for location of parameter data in verlex pararmneber cache

MH=RE | Returmed Merarchical Z data for local cache

PASRE Parameter request port

SCHRE . Retumed parameter data_ i ]

PARE Reguests to tmnsform packets of vertices

RBEM—3HRE | State regsier readsiwiiles

RE3EC Interpolated paramaetar data

RE#3C bradructions, constants, register fie addressos

RE-ZREB | Heir-Z pasaital information 2

RE3RE Sequencing information for avadabilty of pixels

RE3PA Sequencing interface for returming transformed vertces. it

RE-=FA Swclusion guery results

MH-3RE | Shader | Cache fils

8153 Block diagram
BA55.1 RE Block diagram
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8 16 SP -~ Shader Pipe

8.16.1 Descnption

The shader pipe implements the math pipelne of the R400. It has no sequencing'contral logic, the control is located in
the rastor enging
The shader pipe contains four fioating poirt MAC's. and an

8.16.2 Majorinterfaces

RE=5P imerpolated data
RE*SP Controd
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SPTX Texture requests « vertex paramedars + pixels 1o render backend
TX33P Returned texbure data
RE=5F Constants
SP35P _ Local w bus for derhvative opcode
E‘-‘--’Rﬁ l"elm and Ur[.vn results 2x2 locations within BxB u'n;‘u MAsks. and vertces |

8 16,3 Block diagram
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817 TP — Texture Pipe

8.17.1 Description

The texbure pipe is the entry point o the total texbure path. Each bexture pipwe p four pxels per clock, with
each pixel textured with a 2x2 filter (or filter segment)

The L1 cache & vary small. The cacheline & a single pixd, and (here ane 16 logical cachelines and 16 renaming lnes
All data in the L2 cache s in X2 b#t color format

The L1 mmsses are pushed through a “Siter” 10 reduce the number of L1 peobwes needed Tmmmlbﬂmmonﬂo
four ines deep. The Mer lines are the same sze as the L2 allocation unit 16x16. The L1 misses ame checked

the lnes in the Aker. For each ine the fiter maintains the texture addressing data, andamofvmmnbwdsm
needed. A line is either pushed out by @ miss or forced out by an autofiush. The L2/TD block receives the line, and
checks to see il he line has been keded imo the L2 cache, if 2 has nol & allocates space. The L. 2TD also checks to
00 that the sublines have boen kaded, if not requests are made 1o bad the subings into the L 2cache. The texiure
pipe also sends the requasts for data from within the L2 Snes. the comect pysical address for the L2 ine is appled in
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the L2 cache, The purpose of al of the is o reduce the bandwidth necded into the L2 cache tag, and reduce the
number of wires bebween the Texture pipes and the L2 cache

There are three posible types of texture Sters appied

A 10 10 mip 20 20 mip 30 30 mp
Linear _ Lingar | Béinear Bilrear | Triinoas Trikrear  Quad-inear
Bi-cubic Cubic Cubic + incar | BiCubic BeCubic+ ? ?

i | _inoar !
Programable  Yes Yes

The programabie fiter fetches the fiter coaficents from & lexture map.

TO. T1 texture termporaries

AniSo + programabie Aker

8 17.2 Majorinterfaces

SP3TX XYE bexiune cocrdinates

RE3TX | Command and texture addresing information
TX*5P Taobung Bakup rasults

TX=TD Past fiker bexture requests

TX=TD . Past fiker baxture word requests (x4)
TDS3TX Retumned tewture data

8.17.3 Block diagram

£ 18 RBE — Render Backend
8.18.1 Description

The Render Backend (R performs all of the fxco-function aperations on depth and color values. These operations
include depth/siencil checks alpha test aipha blending. color formal convension rasterops. and possibly aiso fog
erdng,

The RS also performs a ramber of cther operations on copth and colce datn, il coMpresses and decompresspd depth
and_color data, on s way 1o and from the frame buffer. & performs hievarchical £ tests on 8x8 ties. |t also performa
shadow butfer comparisans and anti-akased Mlerng for the fexture pipe. These latier transfers are mediated through
i mameey controlpe, which can roubs 49t bebwaan the Momary HuhTaxhee Unil and the RE

8 18.2 Majorinterfaces

Bug Dy rpton
PAscI REn | Covarnge mask poslion trigngle ZrundZmas, g 2 ghoos
RB+*RE B8 block cull best result
SP3RE Cotor and depth results. 2x2 locations within Bx2 sample masks, and vertces
| LA2RE B . O
SP-MC Hoad Wiite data and requests
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8.18.3 Block diagram

RE Out

SCATUl  Tike Logiez o » Depthilogk [ { Depth Decempressen | — 4 »

(stages 142) |¢ » (stage 3)

4 — | Cotor Decempressicn |
y M x Depth Comn
| prosson
e Thos & 242 Stamps |""| Colorlogic [ g’ )
Low  (stage d) #{_Cokor Compression fe_

RS, TU and Shades

819 MC - Memory Controller
8.19.1 Description

The Memory Comtrolies (M) sccepls memory acoess requests from the Memory Hub'Texture Unft and from the
Rondet Backand 1 ranafem ¢8ln betenen these blocks and Betwaen them and the local frame buffer memory It a%o
Iranafers data fo the AGP inferface

ictetmaly, the MC cormists of Shree majot sub-biocks Tha Oidering Engine accepts memany readwrse requests and
palects the onder in which they wil be performed The Protacol Ergrm pedonms the reads and wites soecifind by the
Orderirg Enging The Routing Engng artirales beteween Mo dala busses and modates access 1o the dats buflers in
the Protocol Enging.

8192 Majorinterfaces

| REZNC Roadwrite reguests and wite data
_EC—"RB R i xlﬂ TEiuts 3nd (e TS 19gs
| MH->MWMC R b e gy requests &nd wile d;!n
NC - MH | Road date results 40d qeacarde ligs
MC=2AKC(T Data o the AGP
NC3Pirs Address, control,_and wite data
Pins->MC Heoad data

8193 Block diagram

moar Ma RB  noar the momory pins
Teture Rogeests >
Ordering | RAW emds | Ackdress
Render Requosts - Engme * Prot o ’&C ool
Shared Requosts ™ TR °.°°'
Result Tags < Routing = Engine 1, p S4-bR
v Engine Oata Bin
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9 Common Foundations

9.1 Logic Design
9.1.1 Data formats

As much &8 possitile, data should be stared and processed identically 10 x58 (or sparc) conventions. This will, for
examplo, aliow the emulater to use nommal 32 bit foats and the processors native multiply, add and other operations. |
This will have a significant effect on the achieved simulation performance compared to being “almost” identical which

requires the emulator take several operations 1o maich the hardware bit-exact
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9.1.2 Register Bus
Issues
32 ve. 54 bit
Do rendering stabe updates happen on ths bus or over a dedcated path from memory?
Flow control
9 1.3 Block Communication protoco/

We want 1o specty a imited number (one Is probably not possible) number of different ways that blocks are
interconneciod bo smplty verScabon and ematation

92 Software
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