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1. Overview

The sequencer first arbitrates between vectors of 64 vertices that arrive directly from primitive assembly and vectors
of 16 quads (64 pixels) that are generated in the raster engine.

The vertex or pixel program specifies how many GPR’s it needs to execute. The sequencer will not start the next
vector until the needed space is available.

The sequencer is based on the R300 design. It chooses two ALU clauses and a fetch clause to execute, and
executes all of the instructions in a clause before looking for a new clause of the same type. Two ALU clauses are
executed interleaved to hide the ALU latency. Each vector will have eight fetch and eight ALU clauses, but clauses do
not need to contain instructions. A vector of pixels or vertices ping-pongs along the sequencer FIFO, bouncing from
fetch reservation station to alu reservation station. A FIFO exists between each reservation stage, holding up vectors
until the vector currently occupying a reservation station has left. A vector at a reservation station can be chosen to
execute. The sequencer looks at all eight alu reservation stations to choose an alu clause to execute and all eight
fetch stations to choose a fetch clause to execute. The arbitrator will give priority to clauses/reservation stations
closer to the bottom of the pipeline. It will not execute an alu clause until the fetch fetches initiated by the previous
fetch clause have completed. There are two separate sets of reservation stations, one for pixel vectors and one for
vertices vectors. This way a pixel can pass a vertex and a vertex can pass a pixel.

To support the shader pipe the raster engine also contains the shader instruction cache and constant store. There
are only one constant store for the whole chip and one instruction store. These will be shared among the four shader
pipes. The four shader pipes also execute the same instustioninstruction thus there is only one sequencer for the
whole chip.
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1.1 Top Level Block Diagram
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There are two sets of the above figure, one for vertices and one for pixels.

Depending on the arbitration state, the sequencer will either choose a vertex or a pixel packet. The control packet
[ consists of 243 bits of state, 6-7 bits for the base address of the Shader program and some information on the
coverage to determine fetch LOD plus other various small state bits.
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On receipt of a packet, the input state machine (not pictured but just before the first FIFO) allocated enough space in
the registers to store the interpolated values and temporaries. Following this, the input state machine stacks the
packet in the first FIFO.

On receipt of a command, the level 0 fetch machine issues a texuretexiure request and corresponding register
address for the fetch address (ta). A small command (tcmd) is passed to the fetch system identifying the current level
number (0) as well as the register write address for the fetch return data. One fetch request is sent every 4 clocks
causing the texturing of sixteen 2x2s worth of data (or 64 vertices). Once all the requests are sent the packet is put in
FIFO 1.

Upon recept of the return data, the fetch unit writes the data to the register file using the write address that was
provided by the level O fetch machine and sends the clause number (0) to the level O fetch state machine to signify
that the write is done and thus the data is ready. Then, the level O fetch machine increments the counter of FIFO 1 to
signify to the ALU 1 that the data is ready to be processed.

On receipt of a command, the level 0 ALU machine first decrements the input FIFO counter and then issues a
complete set of level 0 shader instructions. For each instruction, the state machine generates 3 source addresses,
one destination address (3 cycles later) and an instruction. Once the last instruction as been issued, the packet is put
into FIFO 2.

There will always be two active ALU clauses at any given time (and two arbitrersarbiters). One arbitrerarbiter
will arbitrate over the odd instructions (4 clocks cycles) and the other one will arbitrate over the even
instructions (4 clocks cycles). The only constraints between the two arbitrersarbiters is that they are not
allowed to pick the same clause number as the other one is currently working on if the packet is not of the
same type (render state).

If the packet is a vertex packet, upon reaching ALU clause 3, it can export the position if the position is ready. So the
arbitrerarbiter must prevent ALU clause 3 to be selected if the positional buffer is full (or can’t be accessed). Along
with the positional data, the location where the vertex data is to be put is also sent (parameter data pointers).

{ISSUE: How do we handle parameter cache pointers (computed, semi-computed or not computed)?}

A special case is for HOS surfaces wich can export 12 parameters per last 6 clauses to the output buffer. If the output
buffer is full or doesn’t have enough space the sequencer will prevent such a vertex group to enter an exporting
clause.

Regular pixel and vertex shaders can export 12 parameters to memory from the last clause only (7).

All other level process in the same way until the packet finally reaches the last ALU machine (7). On completion of the
level 7 ALU clause, a valid bit is sent to the Render Backend which picks up the color data. This requires that the last
instruction writes to the output register — a condition that is almost always true. If the packet was a vertex packet,
instead of sending the valid bit fo the RB, it is sent to the PA so it can know that the data present in the parameter
store is valid.

Only two ALU state machine may have access to the register file address bus or the instruction decode bus at one
time. Similarly, only one fetch state machine may have access to the register file address bus at one time. Arbitration
is performed by three arbitrerarbiter blocks (two for the ALU state machines and one for the fetch state machines).
The arbitrersarbiters always favor the higher number state machines, preventing a bunch of half finished jobs from
clogging up the register files.
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| 1.2 Data Flow graph

to Primitive Assembly Unit or RenderBackend
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The gray area represents blocks that are replicated 4 times per shader pipe (16 times on the overall chip).

1.3 Control Graph

Clause # + Rdy
Weadr | IS SEQ | CST rar
CMD
csT
L
Phase | | | | [
CMD CST'C_STECSTIDX A B CWrYec;
RdAddr | [ Wiscal wiagar
* v v I S S
"
|
WrAddr »|

In green is represented the Fetch control interface, in red the ALU control interface, in blue the Interpolated/Vector
control interface and in purple is the output file control interface.

2. Interpolated data bus

The interpolators contain an IJ buffer to pack the information as much as possible before writing it to the register file.
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Above is an example of a tile we might receive. The IJ |nformat|on is packed in the IJ buffer 2 quads at a time. The
sequencer allows at any given time as many as four quads to interpolate a parameter. They all have to come from the
same primitive. Then the sequencer controls the write mask to the register to write the valid data in.

3. Instruction Store

There is going to be only one instruction store for the whole chip. It will contain 4096 instructions of 96 bits each.

b i sl pevieve dey by rdrol inetr ntion ebe falze 2BB51 0 NE
k= t= AS 7 v
1 - The-instrustion-stors-is-loaded byt TP using-th b2,
he d-bandwith-f ithis ig-082 bite/-4-closcks-(48 bits/closky-It is likely to be a 1 port memory,; we use 1

clock to load the ALU instruction, 1 clocks to load the Fetch instruction, 1 clock to load 2 control flow instructions and
1 clock to write instructions.

The instruction store is loaded by the CP thru the INSTRUCTION DATA INSTRUCTION INDEX PORT control
registers. The INSTRUCTION INDEX PORT is auto-incremented on both reads and writes to the
INSTRUCTION DATA register,

The next picture shows the various modes the CP can load the memory. The Sequencer has to keep track of the
loading modes in order to wrap around the correct boundaries, The MSE of the INSTRUCTION INDEX PORT
register contains the packet type for the sequencer to know where it must wrap around. The wrap around points are
arbitrary and they are specified in the VERTEX SHADER BASE and PIXEL SHADER BASE regisiers.
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4. Sequencer Instructions

All conirol flow instructions and move instructions are handled by the sequencer only. The ALUs will perform NOPs
during this time (MOV PV,PV, PS,PS).

5. Constant Stores

he-constan re-is-managed-by-the-GR-The sequencer is aware of where the constants are using a remaping
table-alee-mana by-the-GR. A likely size for the constant store is 542x128-1024x128 bits. The-censtant-store-is
a lan to-be-shared--The read BW from the constant store is 128 bits/clock and the write bandwith is 32/4
bits/clock.

In order to do constant store indexing, the sequencer must be loaded first with the indexes (that come from the
GPRs). There are 144 wires from the exit of the SP to the sequencer (9 bits pointers x 16 vertexes/clock). Since the
data must pass thru the Shader pipe for the float o fixed convertion, there is a latency of 4 clocks (1 instruction)
between the time the sequencer is loaded and the time one can index into the constant store. The assembly will look
like this

MOVA R1.XR2.X /I Loads the sequencer with the content of R2.X, also copies the content of R2.X into R1.X
NOP /l latency of the float to fixed conversion
ADD R3,R4,CO[R2.X]// Uses the state from the sequencer to add R4 to CO[R2.X] into R3

Note that we don't really care about what is in the brackets because we use the state from the MOVA instruction.
R2.X is just written again for the sake of simplicity.

The storage needed in the sequencer in order to support this feature is 2*64*9 bits = 1152 bits.

The texture state is also kept in a similar memory. The size of this memory is 192x128. Which lets us load a texture
state in 2777

The control flow constant memory doesn't sit behind a renaming table. It is register mapped and thus the driver must
relpad its content each fime there is a state change,

6. Looping and Branches

Loops and branches are planned to be supported and will have to be dealt with at the sequencer level. We plan on
supporting constant loops and branches using a control program.

6.1 The controlling state.

As per Dx9 the following state is available for control flow:

Boolean[15:0]
loop_count{7:0][7:0]
In addition:
loop_start [7:0] [7:0]
loop_step [7:0] [7:0]
Exist to give more control to the controlling program.

We will extend that in the R400 to:

Boolean[255:0]

Loop_count[7:0][15:0]

Loop_Start[7:0] [15:0] times 2-3 (one for constant,registert], register?)
Loop_Step[7:0] [15:0] times 2.3 (one for constant, registert], registerZregister)
Loop_End[7:0] [15:0]
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{ISSUE: How is the controlling state loaded and how many contexts do we have?}

We have a stack of 4 elements for calling subroutines and 4 loop counters to allow for nested loops.

6.2 The Control Flow Program

The R300 uses a match method for control flow: The shader is executed, and at every instruction its address is
compared with addresses (or address?) in a control table. The “event” in the control table can redirect operations in
the program.

The Method chosen for the R400 is a “control program”. The control program has ten basic instructions:

Execute

Conditional_execute
Conditional_Execute_Predicates
Conditional_jump

Call

Return

Loop_start

Loop_end

End_of_clause

NOP

Execute, causes the specified number of instructions in instruction store to be executed.

Conditional_execute checks a condition first, and if true, causes the specified number of instructions in instruction
store to be executed.

Loop_start resets the corresponding loop counter to the start value on the first pass after it checks for the end
condition and if met jumps over to a specified address.

Loop_end increments (decrements?) the loop counter and jumps back the specified number of instructions.

Call jumps to an address and pushes the IP counter on the stack. On the return instruction, the IP is poped from the
stack.

Conditional_execute_or_Jump executes a block of instructions or jumps to an address is the condition is not met.
Conditional_execute_Predicates executes a block of instructions if all bits in the predicate vectors meet the condition.
End_of_clause marks the end of a clause.

Conditional_jumps jumps to an address if the condition is met.

NOP is a regular NOP

NOTE THAT ALL JUMPS MUST JUMP TO EVEN CFP ADDRESSES. Thus the compiler must insert NOPs where
needed to align the jumps on even CFP addresses.

Also if the jump is logically bigger than pshader_cntl_size (or vshader_cntl_size) we break the program (clause) and
set the debug registers. If an execute or conditional_execute is lower than cntl_size or bigger than size we also break
the program (clause) and set the debug registers.

We have to fit instructions into 48 bits in order to be able to put two control flow instruction per line in the instruction
store.

Execute
47 } 46... 42 41 .. 24 23 .12 | 11..0
Addressing | 00001 \ RESERVED | Instruction _count | Exec Address

Execute up to 4k instructions at the specified address in the instruction memory.

NOP
47 [ 46 ... 42 I 41...0
Addressing | 00010 | RESERVED
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kg1 e-a-forward-jump-This is a regular NOP.
Conditionnal_Execute
47 | 46..42 41...34 i 33 [ 32..24 23...12 [ 11..0

Addressing | 00011 | Boolean address | Condition | RESERVED | Instruction_count | Exec Address

If the specified boolean (8 bits can address 256 booleans) meets the specified condition then execute the specified
instructions (up to 4k instructions)

Conditionnal_Execute_Predicates

47 | 46 .42 \ 41..38 [ 37 36...24 23...12 1.0

Addressing | 00100 Predicate vector | Condition | RESERVED Instruction_count Exec Address

Check the AND/OR of all current predicate bits. If AND/OR matches the condition execute the specified number of
instructions. We need to AND/OR this with the kill mask in order not to consider the pixels that aren’t valid.

Loop_Start

47 46 ... 42 41...16 15... 4 3..0

00101 RESERVED Jump address Loop ID

Addressing

Loop Start. Compares the loop count with the end value. If loop condition not met jump to the address. Forward jump
only. Also computes the index value.

Loop_End

47 46 ... 42 41...16 15...4 3..0

00111 RESERVED Start address Toop ID

Addressing

Loop end. Increments the counter by one and jumps BACK only to the start of the loop.

The way this is described does not prevent nested loops, and the inclusion of the loop id make this easy to do.

Call

47 46 ... 42 41...12 1..0

01000 RESERVED Address

Addressing

Jumps to the specified address and pushes the [P counter on the stack.

Return

47 46 ... 42 41..0

01001 RESERVED

Addressing

Pops the topmost address from the stack and jumps to that address. If nothing is on the stack, the program will just
continue to the next instruction.

Conditionnal_Jump

47 46 ... 42 41...34 33 32..13 12 11..0

01010 Boolean address Condition RESERVED FW only Address

Addressing

If condition met, jumps to the address. FORWARD jump only allowed if bit 12 set. Bit 12 is only an optimization for the
compiler and should NOT be exposed to the APIL.
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End_of Clause
47 46 ... 42 41..0
01011 RESERVED
Addressing

Marks the end of a clause.

To prevent infinite loops, we will keep 9 bits loop counters instead of 8 (we are only able to loop 256 times). If the

counter goes higher than 255 then the loop_end or the loop_start instruction is going to break the loop and set thde
debug registers. The seguencerwillkeep-twoloop ralues:

TaNT % st VITaYs XV 9 {8 byt )

LRy e ricl ing %}
T|\VWF XY Hme. s, oop-an i I—\‘J L ? .l $. Lo nd-the giste;_m"rh
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El e -
Index-=Loop-countertLoon o P
L - -
h or-const acing turn 0L it is-out-of the con trange ind aoin b he-nrogram-i
k- g N & Ll =

i de the numberof real dreaiah

The basic model is as follows:

The render state defined the clause boundaries:

Vertex_shader_fetch[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located
Vertex_shader_alu[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located
Pixel_shader_fetch[7:0][7:0] /I eight 8 bit pointers to the location where each clauses control program is located
Pixel_shader_alu[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located

The control program for a given clause is executed to completion before moving to another clause, (with the
exception of the pick two nature of the alu execution). The control program is the only program aware of the clause
boundaries.

6.3 Data dependant predicate instructions

Data dependant conditionals will be supported in the R400. The only way we plan to support those is by supporting
three vector/scalar predicate operations of the form:

PRED_SETE_# - similar to SETE except that the result is 'exported’ to the sequencer.
PRED_SETGT_# - similar to SETGT except that the result is 'exported’ to the sequencer
PRED_SETGTE_# - similar to SETGTE except that the result is ‘exported’ to the sequencer

For the scalar operations only we will also support the two following instructions:
PRED_SETEO_# -~ SETEO
PRED_SETE1_# - SETE1

The export is a single bit - 1 or O that is sent using the same data path as the MOVA instruction. The sequencer will
maintain 4 sets of 64 bit predicate vectors (in fact 8 sets because we interleave two programs but only 4 will be
exposed) and use it to control the write masking. This predicate is not maintained across clause boundaries. The #
sign is used to specify which predicate set you want to use 0 thru 3.

Then we have two conditional execute bits. The first bit is a conditional execute “on” bit and the second bit tells us if
we execute on 1 or 0. For example, the instruction:

PO_ADD_# RO,R1,R2
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l Is only going to write the result of the ADD into those GPRs whose predicate bit is 0. Alternatively, P1_ADD_# would
only write the results to the GPRs whose predicate bit is set. The use of the PO or P1 without precharging the
sequencer with a PRED instruction is undefined.

{Issue: do we have to have a NOP between PRED and the first instruction that uses a predicate?}

6.4 HW Detection of PV,PS

Because of the control program, the compiler cannot detect statically dependant instructions. In the case of non-
masked writes and subsequent reads the sequencer will insert uses of PV,PS as needed. This will be done by
comparing the read address and the write address of consecutive instructions. For masked writes, the sequencer will
insert NOPs wherever there is a dependant read/write.

The sequencer will also have to insert NOPs between PRED_SET and MOVA instructions and their uses.

6.5 Register file indexing

Because we can have loops in fetch clause, we need to be able to index into the register file in order to retrieve the
data created in a fetch clause loop and use it into an ALU clause. The instruction will include the base address for
register indexing and the instruction will contain these controls:

Bit7 Bit 6

0 0 ‘absolute register’
0 1 'relative register’
1 0 ‘previous vector'
1 1 ‘previous scalar'

In the case of an absolute register we just take the address as is. In the case of a relative register read we take the
base address and we add to it the loop_index and this becomes our new address that we give to the shader pipe.

The sequencer is going to keep a loop index computed as such:

Index = Loop_counter*Loop iterator + Loop init.

The index is going to return O if it is out of the range.

6.6 Predicated Instruction support for Texture clauses

For texture clauses, we support the following optimization: we keep 1 bit (thus 4 bits for the four predicate vectors)
per predicate vector in the reservation stations. A value of 1 means that one ore more elements in the vector have a
value of one (thus we have to do the texture fetches for the whole vector. A value of 0 means that no elements in the
vector have his predicate bit set and we can thus skip over the texture fetch. We have to make sure the invalid
pixels aren’t considered with this optimization.

‘[ Formatted

6.7 Debugging the Shaders

In order to be able to debug the pixelivertex shaders efficiently, we provide 3-2 methods.

6.7.1 Method 1: Debugging registers

Current plans are to expose 2 debugging, or error notification, registers:
1. address register where the first error occurred
2. count of the number of errors

The sequencer will detect the following groups of errors:
- count overflow
- jump error
relative jump address > size of the control flow program
relative jump address > length of the shader program
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- constant overflow

- register overflow

- call stack
call with stack full
return with stack empty

With two of the errors, a jump error or a register overflow will cause the program to break. In this case, a break
means that a clause will halt execution, but allowing further clauses to be executed.

With the other errors, program can continue to run, potentially to worst-case limits.

If indexing outside of the constant range, causing an overflow error, the hardware is specified to return the value with
an index of 0. This could be exploited to generate error tokens, by reserving and initializing the Oth register (or
constant) for errors. I

{ISSUE : Interrupt to the driver or not?}
6.7.2 Method 2: Exporting the values in the GPRs (12)

The sequencer will have a count register and an address register for this mode and 3 bits per clause specifying the
execution mode for each clause. The modes can be :

1) Normal

2) Debug Kill

3) Debug Addr + Count

R
Under the normal mode execution follows the normal course. Under the kill mode, all control flow instructions are
executed but all normal shader instructions of the clause are replaced by NOPs. Only debug_export instructions of
clause 7 will be executed under the debug kill setting. Under the fwo-other modes, normal execution is done until we
reach an address specified by the address register erand instruction count (useful for loops) specified by the count
register.-Aftersywe-have hitd addras k3 3 re-chang ot il rmoels for e roed e oo After we have

hit the instruction n times (n=count) we switch the clause fo the kill mode.-
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7. Pixel Kill Mask

A vector of 64 bits is kept per group of pixels/vertices. lts purpose is to optimize the texture fetch requests and allow

the shader pipe to kill pixels using the following instructions:

MASK_SETE
MASK_SETGT
MASK_SETGTE

8. HOS surfaces

HOS surfaces are able to export from the 6 last clauses but to memory ONLY. If they want to export to the parameter

cache they have to do it in the last clause (7). They can also export position in clause 3.

9. Reaqister file allocation

The register file allocation for vertices and pixels can either be static or dynamic. In both cases, the register file in
managed using two round robins (one for pixels and one for vertices). In the dynamic case the boundary between
pixels and vertices is allowed to move, in the static case it is fixed to VERTEX_REG_SIZE for vertices and 256-

VERTEX_REG_SIZE for pixels.
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Above is an example of how the algorithm works. Vertices come in from top to bottom; pixels come in from bottom to
top. Vertices are in orange and pixels in green. The blue line is the tail of the vertices and the green line is the tail of
the pixels. Thus anything between the two lines is shared. When pixels meets vertices the line turns white and the
boundary is static until both vertices and pixels share the same “unallocated bubble”. Then the boundary is allowed to
move again.

10. Fetch Arbitration

The fetch arbitration logic chooses one of the 8 potentially pending fetch clauses to be executed. The choice is made
by looking at the fifos from 7 to O and picking the first one ready to execute. Once chosen, the clause state machine
will send one 2x2 fetch per clock (or 4 fetches in one clock every 4 clocks) until all the fetch instructions of the clause
are sent. This means that there cannot be any dependencies between two fetches of the same clause.

The arbitrator will not wait for the fetches to return prior to selecting another clause for execution. The fetch pipe will
be able to handie up to X(?) in flight fetches and thus there can be a fair number of active clauses waiting for their
fetch return data.

11. ALU Arbitration

ALU arbitration proceeds in almost the same way than fetch arbitration. The ALU arbitration logic chooses one of the
8 potentially pending ALU clauses to be executed. The choice is made by looking at the fifos from 7 to 0 and picking
the first one ready to execute. There are two ALU arbitrers, one for the even clocks and one for the odd clocks. For
exemple, here is the sequencing of two interleaved ALU clauses (E and O stands for Even and Odd sets of 4 clocks):

Einst0 Oinst0 Einst1 Oinst1 Einst2 Oinst2 Einst0 Oinst3 Einst1 Oinst4 Einst2 Oinst0...
Proceeding this way hides the latency of 8 clocks of the ALUs.

Exhibit 2018, = 3168 Byes*** © ATI Confidential. Reference Copyright Notice on Cover Page © »+»
PRMAHAS/01-10:17- AMIOAS/01- 8140 P

08/04115 1 % :

AMD1044_0256932

ATI Ex. 2106
IPR2023-00922
Page 21 of 223



ORIGINATE DATE EDIT DATE R400 Sequencer Specification PAGE
t 24 September, 2001 4 September, 201518 22 0f 35
£

| 12. Handling Stalls

When the output file is full, the sequencer prevents the ALU arbitration logic to select the last clause (this way nothing
can exit the shader pipe until there is place in the output file. If the packet is a vertex packet and the position buffer is
full (POS_FULL) then the sequencer also prevents a thread to enter the exporting clause (437). The sequencer will
set the OUT_FILE_FULL signal n clocks before the output file is actually full and thus the ALU arbitrerarbiter will be
able read this signal and act accordingly by not preventing exporting clauses to proceed.

13. Content of the reservation station FIFOs

21 bits of Render State 7 bits for the base address of the GPRs, some bits for LOD correction and coverage mask
information in order to fetch fetch for only valid pixels, quad address and 1 bit to specify if the vector is of pixels or
vertices. Since pixels and vertices are kept in order in the shader pipe, we only need two fifos (one for vertices and
one for pixels) deep enough to cover the shader pipe latency. This size will be determined later when we will know
the size of the small fifos between the reservation stations.

14. The Qutput File

The output file is where pixels are put before they go to the RBs. The write BW to this store is 256 bits/clock. Just
before this output file are staging reglsters with write BW 512 bits/clock and read BW 256 bits/clock.-Ferthis-reasen
oRly-—ON ogra lavuse-8-( oring s5e)-4 roaram-—h not- The staging
registers are 4x128 (and there are 16 of those on the whole chip).

5. IJ Format
The IJ information sent by the PA is of this format on a per quad basis:
We have a vector of IJ’s (one 1J per pixel at the centroid of the fragment or at the center of the pixel depending on the
mode bit). The interpolation is done at a different precision across the 2x2. The upper left pixel's parameters are

always interpolated at full 20x24 mantissa precision. Then the result of the interpolation along with the difference in IJ
in reduced precision is used to interpolate the parameter for the other three pixels of the 2x2. Here is how we do it:

Assuming PO is the interpolated parameter at Pixel O having the barycentric coordinates 1(0), J(0) and so on for P1,P2
and P3. Also assuming that A is the parameter value at VO (interpolated with ), B is the parameter value at V1
(interpolated with J) and C is the parameter value at V2 (interpolated with (1-1-J).

A0 =I(1)-1(0)
AOLT =J () - J(0)
A02I = I(2)-I(0) PO P1
AO2J = J(2)-J(0)
AO3I =1(3)-1(0)
AO3J =J(3)-J(0) P2 P3

PO=C+I(0)*(4=C)+J(0)*(B-C)

Pl=P0+A01I*(4-C)+A01J *(B-C)
P2=P0+A02I *(4~C)+A02J *(B-C)
P3=P0+A03I*(A-C)+A03J *(B-C)

PO is computed at 20x24 mantissa precision and P1 to P3 are computed at 8X24 mantissa precision. So far no visual
degradation of the image was seen using this scheme.

Multiplies (Full Precision): 2
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At b A

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

FORMAT OF P0's IJ: Mantissa 20 Exp 4 for | + Sign
Mantissa 20 Exp 4 for J + Sign

FORMAT of Deltas (x3):Mantissa 8 Exp 4 for | + Sign
Mantissa 8 Exp 4 for J + Sign

Total number of bits : 19*2 + 8*6 + 4*8 + 4*2 = 128
The Deltas have a leading 1, the Full precision IJs don't. This means that in the case of the deltas we MUST be able

to shift 8 right (exponent value of 0 means number = 0, exponent value of 1 means shift right 8). This means that the
maximum range for the IJs (Full precision) is +/- 64 and the range for the Deltas is +/- 128.

16. The parameter cache

The parameter cache is where the vertex shaders export their data. It consists of 16 128x128 memories (1R/1W).
The reuse engine will make it so that all vertexes of a given primitive will hit different memories.

17. Vertex position exporting

On clause 4-{er-53 the vertex shader can export to the PA both the vertex position and the point sprite. It can also do
so at clause 8-7 if not done at clause 43._-Aleng-wil pesitionis-exporded-apeinteriothe parameter cache-whar
the-data-will-be-once-th ex-shader-expors--The storage needed to perform the position export is at least 64x128
memories for the position and 64x32 memories for the sprite size. It is going to be taken in the pixel output fifo_from
the SX blocks.

18. Exporting Arbitration

Here are the rules for co-issuing exporting ALU clauses.
1) Position exports and position exports cannot be co-issued.
2) Position exports and memory exports cannot be co-issued.
3) Position exports and Z/Color exports cannot be co-issued.
4) Memory exports and Z/Color exports cannot be co-issued.
5 Memory exports and memory exports cannot be co-issued.
6) Z/color exports and Z/color exports cannot be co-issued.
7) Parameter exports and Z/Color exports CAN be co-issued.
8) Parameter exports and parameter exports CAN be co-issued.
9) Parameter exports and memory exports CAN be co-issued.

19. Real time commands

We are unable to use the parameter memory since there is no way for a command stream to write into it. Instead we
need to add three 16x128 memories (one for each of three vertices x 16 interpolants). These will be mapped onto the
register bus and written by type 0 packets, and output to the the parameter busses (the sequencer and/or PA need to
be able to address the reatime parameter memory as well as the regular parameter store. For higher performance we
should be able able to view them as two banks of 16 and do double buffering allowing one to be loaded, while the
other is rasterized with. Most overlay shaders will need 2 or 4 scalar coordinates, one option might be to restrict the
memory to 16x64 or 32x64 allowing only two interpolated scalars per cycle, the only problem | see with this is, if we
view support for 16 vector-4 interpolants important (true only if we map micreseft'sMicrosoft's high priority stream to
the realtime stream), then the PA/sequencer need to support a realtime-specific mode where we need to address 32
vectors of parameters instead of 16.
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20. State management

Every clock, the sequencer will report to the CP the oldest states still in the pipe. These are the states of the
programs as they enter the last ALU clause,

21. XY Address imports

The 8C will be able to send the XY addresses to the GPRs. it does so by interleaving the writes of the 1Js (fo the iJ
buffer) with XY writes (to the XY buffer). Then when writing the data to the GPRs, the seguencer is going fo
interpolate the |J data or pass the XY data thru a Fix—float converter and expander and write the converted values o
the GPRs. The Xys are currently SCREEN SPACE COORDINATES . The values in the XY buffers will wrap.

20-22. Registers
20122 1 Control

DYNAMIC_REG
VERTEX_REG_SIZE
PIXEL_MIN_SIZE
VERTEX_MIN_SIZE
ARBITRATION_policy
CST_SIZE_P
CST_SIZE_V
INST_STOR_ALLOC
VERTEX_WRAP

Dynamic allocation (pixel/vertex) of the register file on or off.

What portion of the register file is reserved for vertices (static allocation only)
Minimal size of the register file's pixel portion (dynamic only)

Minimal size of the register file's vertex portion (dynamic only)

policy of the arbitration between vertexes and pixels

Size of the constant store for pixels

Size of the constant store for vertexes

interleaved, separate, interleaved+shared,separate+shared

start point for the vertex instruction store (RT always ends at vertex_wrap and

Begins at 0)
PIXEL WRAP - start point for the pixel shader instruction stor £ ! e
atb)
SHA AEAL tartpoint-for the-shared-instruction-stere
RTWERAR art-point-for 2T instruction-st T ends-atthe-end-ofthe I

NO_INTERLEAVE
NO_INTERLEAVE ALU

debug state register. Only allows one program at a time into the GPRs
debug state register. Only allows one ALU program at a time to be executed (instead

of 2)
NO PRED OPTIMIZE furns off the predicate bit optimization (conditional execute predicates is always
executed.

INSTRUCTION INDEX
PORT

This is where the CP puls the base address of the instruction writes and type (auto-
incremented on reads/writes)

This is where the CP puts the actual data going to the instruction memory

This is where the CP puts constant data

INSTRUCTION DATA
CONSTANT DATA

20-222 2 Context N

Vshader_fetch[7:0][7:0]
Vshader_alu[7:0][7:0]
Pshader_fetch[7:0][7:0]
Pshader_alu[7:0][7:0]
PSHADER

VSHADER
Vshader_cnti_size
Pshader_cntl_size
Pshader_size
Vshader_size
REG_ALLOC_PIX
REG_ALLOC_VERT
FLAT_GOURI0...15]
CYL_WRAP[0...63]
P_export_mode

eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
base pointer for the pixel shader

base pointer for the vertex shader

size of the vertex shader (# of instructions in control program/2)

size of the pixel shader (# of instructions in control program/2)

size of the pixel shader (cntl+instructions)

size of the vertex shader (cntl+instructions)

number of registers to allocate for pixel shader programs

number of registers to allocate for vertex shader programs

which parameters are to be gouraud shaded

for which parameters (and channels (xyzw)) do we do the cyl wrapping.

Oxxxx : Normal mode
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Yat v
TXXXX : Multlpass mode
If normal, bbbz where bbb is how many colors (0-4) and z is export z or not
If multipass 1-12 exports for color.
vshader_export_mask which of the last 6 ALU clauses is exporting
vshader_export_mode 0: position (1 vector), 1: position (2 vectors), 3:multipass
vshader_export_count[6] # of interpolated parameters exported in clause 7 OR
# of exported vectors to memory per clause in multipass mode (per clause)
Control_Flow 24 Dwords that cortain the control flow constants kilb-veet £ Ba-rrasie-di

:nnmy’e ad.-oobimize.t 5’3 Fnal’\ mtaéhwym
ymedt, pibyi, i dhe nebe inate ety leeyy ross-clause houndart
¥ o4 K o4
- -
2123 DEBUG registers
o ni # ik ol v\i,pfr atbod 0. 864
P o L e
P W Y ingt: SATatat TRToL BT i1 o3 ' Saatate Y
Dword—sol channel-sel oemethod-3
Mode— tina-mode-for-method
=
p 4. ;“ 'e!'aton’: %h BT %i gnn
A/ Fa Aux t ey |vv3ha !« el [_u oy r{;
212231 Context
PROB_ADDR instruction address where the first problem occurred
PROB_COUNT number of problems encountered during the execution of the program
Count instruction counter for debug method 2
Addr break address for method number 2

Clause_mode[3]

2224 Interfaces

clause mode for debug method 2

22124 1 External Interfaces

Whenever an X is used, it means that the bus is broadcast to all unifs of the same name, For example, fa bus is

named SQ-—8Px it means that 8Q is going 1o broadeast the same information 1o all 8P instances.

221124 1.1 PA/SC to SPO : IJ bus

This is a bus that sends the |J information to the IJ fifos on the top of each shader pipe. At the same time the control
information goes to the sequencer. There are 4 of these buses over the whole chip (SPO thru 3)

-| Formatted: Bullets and Numbeting }

{ Formatted: Bullets and Numbering

Name Direction Bits | Description

Ws8C 8P0 data PASC—SPO 64 IJ information sent over 2 clocks_{or XY info sent over 1
clock in the lower 24 L8Bs of the interface)

MaskSC SP0O g wr mask PASC—SPO 1 Write Mask

SC 8PP0 dest SC-8P0 1 Controls the write destination (XY buffer, 1J buffen)

S5C 8P1 data SC--8P1 64 IJ information sent over 2 clocks (or XY info sent over 1
clock in the lower 24 LSBs of the interface)

SC 8P1 g wr _mask SC8P1 1 Write Mask

SC 5P1 dest SC--8P1 1 Controls the write destination (XY buffer, 1J buffer

SC _SP2 data SC-8P2 84 I information sent over 2 clocks {or XY info sent over 1
clock in the lower 24 L SBs of the interface)

SC_8P2 g wr_mask SC--5P2 1 Write Mask

SC_SP2 dest SC-»8P2 1 Controls the write destination (XY buffer, 1J buffer)

SC 8P3 data SC--8P3 64 IJ_information sent over 2 clocks (or XY info sent over 1
clock in the fower 24 L 5Bs of the interface)

SC_SP3 g wr mask SC-8P3 1 Write Mask

SC_8P3 dest SC--8P3 1 Controls the write destination (XY buffer, |J buffer)
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221224 12 PA/SC to SEQ : IJ Control bus

This is the control information sent to the sequencer in order to control the IJ fifos and all other information needed to
execute a shader program on the sent pixels. This information is sent over 2 clocks, if SENDXY is asserted the next
control packet is going o be ignored and XY information is going to be sent on the 1J bus (for the quads that where

Formatted: Bullets and Numbering

-

just sent).
Name Direction Bits | Description
Write- MaskSC _85Q g wr_mask PASC—SEQEH) 4 Quad Write mask left to right
LOB-CORRECTSC 8Q lod correct SC—80PASEQER | 24 LOD correction per quad (6 bits per quad)
3
EVTXEC 8Q flat vertex SC-E0PASEQER | 2 Provoking vertex for flat shading
)
PRTROSC _8Q param pirQ SC—SQRA-SEQESE | 11 P Store pointer for vertex 0
¥
8C _8Q param phlPRRTY SC—SQPA-SEQER | 11 P Store pointer for vertex 1
)
SC_8Q param ph2RPRTR2 SC—EQPASEQERE | 11 P Store pointer for vertex 2
3
SCE-OFEMECTOR 8Q end of vec | SC—S0RPABEQER |1 End of the vector
t )
DEALLOCSC 8Q store dealloc SC—SQPA-SEQESP | 1 Deallocation token for the P Store
)
BTATESC 8Q state SC--8QRA-SEQER | 243 | State/constant pointer (6*3+3)
3
VALIDSC 8Q valid pixel BC—-80PA-BEQERP | 16 Valid bits for all pixels
)
MULLSC 8CQ null prim SC—EQPASEQER |1 Null  Primitive (for PC deallocation
3 purposes)
8C 8Q end of primeE OFF_PRIM SC—SQPASEQSP |1 End Of the primitive
)
EBEACESC 8Q fbface SC—8QRASEQSRE |1 Front face = 1, back face = 0
3
8C 80 send xy 8C—8Q 1 Sending XY information [XY information is
going to be sent on the next clock]
TYRESC 80 prim type SC—SQRPASEQUSR | 3 Stippled line and Real time command need
3} to load tex cords from alternate buffer
000 : Normal
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite
3C _8G RTRn BEQ—PABQ-8C 1 Stalls the PA in n clocks
SC_8Q RTS PASC—-SEQERISQ 1 PASC ready to send data ; : = S
Formatted: Bullets and Numbering :
221324 1.3 SEQ to SPG-: Interpolator bus N SEsemssse e esRReseET
Name Direction Bits | Description
TYPESQ $Px interp prim type SEQ-SPxG 3 Type of the primitive
000 : Normal
001 Stippled-line/Poly
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite
BAIXS8Q SPx interp flat vix SEQ-SPOx 2 Proveoking vertex for flat shading
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477

Al
G 8P interp flat gouray

FLAT-GOURAUDS SEQ-SPOx 1 Flat or gouraud shading

d

SQ 8Px interp oyl wrapS¥lWRAR SEQ—-SPOx 4 Wich parameter needs to be cylindrical
wrapped

SQ _8Px_interp_ijlineld--Line number SEQ-SPxB 2 Line in the /XY buffer to use to
interpolate

8Q 8Px interp buff swapSwap-Buffers SEQ—-SPox 1 Swap the [J/XY buffers at the end of the
interpolation

SQ _SPx interp | xv SQ-»SPx 1 Read from the IJ buffer or from the XY
buffer

85Q 8P interp paramOParam-0 SEQ-8PBx 1 We are interpolating parameter 0

221424 1.4 SEQ to SPO-: Parameter -Cache_Read control bus
The four following interfaces (8Q-—-8P, 808X 8P--38X and SX—Interpolators) are all SYNCHRONIZED together.

22462417 SX0@ to SPO-Interpolators: Parameter Cache Return bus

f{ Formatted: Bullets and Numbering

Name Direction Bits | Description
SQ_SPx Pptr01 SEQ—-SPxB 79 Pointer of PC {7 LSBs-of Pointer) S
SQ SPx Ppiri2 SEQ--SPxRO s Pointer of PC (#L8 } S
5Q _8Px_Pptr32 SEQ--SPxB 97 Pointer of PC (7-L.5Bs of Pointer} S
SQ 8PO read ena SQ--8P0 4 Read enables for the 4 memories in the SPQ -
5Q _8P1 read ena SQ--8P1 4 Read enables for the 4 memories in the §P1 ~
8Q _8P2 read ena SQ--5P2 4 Read enables for the 4 memories in the SP2 o
SQ 8P3 read ena SQ--8P3 4 Fead enables for the 4 memories in the 8P3 i
22452415 SEQ to SX0-: Parameter Cache Mux control Bus “1 )
Name Direction Bits | Description
SQ_SXx_MmuxD1 SEQ-SXx0 4 Mux control for PC (4 MSbs of Pointer)
SQ_SXx Mmux21 SEQ--SXxB 4 Mux control for PC (4 MSbs of Pointer)
SQ_SXx Mmux32 SEQ--SXxB 4 Mux contrel for PC (4 MSbs of Pointer) : S 5
Formatted: Bullets and Numberin

24.1.6 SP fo SX: Parameter data I . }
Name Direction Bits | Description
SPO SX0 datal SPO-SX0 128 | Parameterdaia 0
SP0_SX0 datat SP0--SX0 128 | Parameter data 1
SPO SX0 data2 SPO--8X0 128 | Parameterdata 2

128 | Parameter data 3 s

128 | Parameter data 0 [

128 | Parameterdata 1 Lo

128 |

128 L

128 Lo

128 | Parameter data 1 -

128 | Parameter data 2 [

128 | Parameterdata 3 [

128 | Paramster data 0 Lo

128 | Parameter data 1 Lo

128 | Parameter data 2 [

SP3--8X1 128 | Parameter data 3 [

Name Direction Bits | Description

SAx_SPx Mvix_data_10 SXx0-8Px0 128 | Vertex data to interpolate
SXx EPx Mvix_data_21 SXxB8-8PxB 128 | Vertex data to interpolate
SAx_SPx Vvix_data_32 SXx0--8Px8 128 | Vertex data to interpolate
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224724 1.8 VGT to SPBY/SEQ : Vertex Bus

Name Direction Bits | Description
VYGT SPO_wiix indexesVertex VGT—-SPO 128 | Pointers of indexes or HOS surface information
indexes
VGT SPO end of veclECOE westor | VGT--SPOSEQ 1 End of the vector
VGT SP0 viix formatinpuis.vert | VGTSPOSEQ 1 0: Normal 128 bits per vert
1: double 256 bits per vert
VGT SQ end of vect VGT--8Q 1 End of the vector
VGT SQ vt format VGT--85Q 1 0: Normal 128 bits per vert
1; double 256 bits per vert
VGT S0 stateSTATE VGT--SEQ 213 | Render State (6*3+3 for constants)

“[ Formatted: Bullets and Numbering j

18

20

JE- How A/ v

2} § £.4h 1y

BS-£3

- MH-to-SEQ-Instruction-store-Load

2419 SEQ to CP: State report

- —*{ Formatted: Bullets and Numbering

i = {Formatted: Bullets and Numbering )

- , —{f&ormél‘ted: Bul!ets and Numbgring }

Name Direction Bits | Description

8Q_CP wvrix_state SEQ-CP 3 Oldest vertex state still in the pipe

SQ CP pix state SEQ-CP 3 Oldest pixel state still in the pipe

22-4-14224.1.10 SPO to SXO : Pixel/Vertex read-from-RBswrite fo SX -

Name Direction Bits Description

S5P0_5X0 _Export_data SP0--8X0 64716256 | 432 pairss of 32 bits channel values

SPO_SX0 Shader Dest SPO--8X0 4 Specifies one of the of up o 12 export destinations

SP1 SX1 Export data SP1--8X1 256 4 pairs of 32 bits channel values

SP1_8X1 _Shader Dest SP1--8X1 4 Specifies one of the of up to 12 export destinations

S5P2 SX0 Export data SP2-8X0 256 4 pairs of 32 bits channel values o

SP2 _§X0 Shader Dest SP2-»8X0 4 Specifies one of the of up to 12 export destinations | =~

SP3_85X1 Export data SP3-»5X1 256 4 pairs of 32 bits channel values G

$P3 SX1 Shader Dest SP3-28X1 4 Specifies one of the of up 1o 12 export destinations

5Px 8Xx Shader_Count SP0—-SX0 3 Each set of four pixels or vectors is exported over
eight clocks. This field specifies where the SP is in
that sequence.

SPx_SXx_Shader_Last SP0—-SX0 1 wrrent f-cla IE-a for-on
Sl
Th st a4 instrystion-creates-*buox P’
the RB. This-neede-to-be-set-on-orafter the last R
Jllﬂ’\:ﬂ"cr\r‘ ol s dhe lne pr&‘ ’nrr»ﬁn7
bt 7aY .. 5 R _eue £ ik fire: B
nstruction-of-the-p ause-Asserted on the first
shader count of the last export of the clause

SPO SX0 Shader_PixelValid SP0—-SX0 4x4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock
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SPO,

SX0_Shader_WordValid

SP0—SX0

2

Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or vectors

SP1_SX1

Shader PixelValid

SP1-28X1

s

Result of pixel kill in the shader pipe, which must be

output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

5P 8X1

Shader WordValid

SP1-»8X1

Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 186
pixels or vectors

SP2

SX0 Shader PixelValid

SP2--8X0

£

Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are compuled per
clock

SP2

SX0_Shader WordValid

»SX0

Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or vectors

SP3_SX1

Shader PixelValid

SP3-»8X1

(B

Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are compuled per
clock

SP3_SX1

Shader WordValid

SP3-»8X1

Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16

7| Formatted: Bullets and Numbering

Name Direction Bits | Description
8G 8Xx _Export_Pixel SEQ—-SXxB 1 1: Pixel

0: Vertex
SQ SXx_Export_ SEND SEQ—-SXx0 1 Raised to indicate that the SQ is starting an export
3@ _8Xx_Export_Clause SEQ-->SXxB8 3 Clause number, which is needed for vertex clauses
SQ_SXx_Export_State SEQ—-SXx0 2173 | State ID, which is needed for vertex clauses

These fields are sent synchronously with SP export data, described in SPO—SX0 interface
{ISSUE: Where are the PC pointers}

24 1.12 SX0to SEQ : Output file control

;{Formatted: Bullets and Numbering

Name Direction Bits | Description

8Xx S0 Export_RTScount rd | SXBEXx—SEQ 1 Raised by SXO to indicate that the following two fields
y reflect the result of the most recent export

SXx_8Q Export_Position SXx0-SEQ 1 Specifies whether there is room for another position.
8Xx 85Q Export_Buffer SXox—SEQ Specifies the space availbleavailable in the output

buffers.

0: buffers are full

1: 2K-bits available (32-bits for each of the 64
pixels in a clause)

64: 128K-bits available (16 128-bit entries for each of
64 pixels)
65-127: RESERVED
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2211624 1.13 Shader Engine to Fetch Unit Bus-{FastBus)

Four quad's worth of addresses is transferred to Fetch Unit every clock. These are sourced from a different pixel within
each of the sub-engines repeating every 4 clocks. The register file index to read must precede the data by 2 clocks. The
Read address associated with Quad 0 must be sent 1 clock after the Instruction Start signal is sent, so that data is read

3 clocks after the Instruction Start.

Four Quad's worth of Fetch Data may be written to the Register file every clock. These are directed to a different pixel
of the sub-engines repeating every 4 clocks. The register file index to write must accompany the data. Data and Index
associated with the Quad 0 must be sent 3 clocks after the Instruction Start signal is sent.

Name Direction Bits Description
| Tex RegFile_Read -Data8P0 TPQ fetch addr | SPO->TEXPD 2048512 | 16-4 Fetch Addresses read from the

Register file

TexRegFile Write DataTP0 SP0 data TPOEX--SPO 2048512 | 164 texture results

SP1_TP1 fetch addr SP1->TP1 512 4 Fetch Addresses read from the
Fegister file

TP1 SP1 data TP1--8P1 812 4 texture results

SP2_TP2 fetch addr SP2->TP2 812 4 Fetch Addresses read from the
Register file

TP2 SP2 data TP2--8P2 812 4 texture results

SP3 TP3 fetch addr SP3->TP3 512 4 Fetch Addresses read from the
Register file

TP3 SP3 data TP3--8P3 512 4 texture resulls

TPx &SPx gpr dst TPx-—-SPx 7 Write address into the gprs

TPy 5P« _gpr cmask TRx-—SPx 4 Channel mask

X « -| Formatted: Bullets and Numbering }

2211724 1 .14 Sequencer to Fetch Unit bus (Slew-Bus)

Once every four-clock, the fetch unit sends to the sequencer on wichwhich clause it is now working and if the data in

the registers is ready or not. This way the sequencer can update the fetch counters for the reservation station fifos.
[ The sequencer also provides the intructioninstruction and constants for the fetch to execute and the address in the

register file where to write the fetch return data.

Name Direction Bits | Description
Fex—ReadyTPx_85Q_data rdy TEXPx— SEQ 1 Data ready
TPx_8Q clause numTex-Clause-Num TEXPx— SEQ 3 Clause number
SQ TPx_consiFex—est SEQ-TEAPX 1084 | Fetch state address—310—bits—sent
over 4 clocks
| Fex-tnetSQ TP instuct SEQ-TEXPxX 4224 | Fetch instruction address—izZ2—bits
sent over 4 clocks
5Q TPx_end of clauseECQ-CLAUSE SEQTEXPX 1 Last instruction of the clause
BPHABSESQ TPx phase SEQ-TEXPx 12 Write phase signal
SQ _TPO lod correcttOD CORRECT SEQ-TEXPO 895 | LOD correct 3 bits per comp 2
components per quad “18-quads
Mask8Q TPO pmask SEQ-TEXPO €44 | Pixel mask 1 bit per pixel
$SQ_TP1 lod correct SQ--TP1 g8 LOD correct 3 bits per comp 2
components per quad quads
SQ_TP1 _pmask SQ-TP1 4 Pixel mask 1 bit per pixel
SQ _TP2 lod correct SQ-TP2 6 LOD cormrect 3 bits per comp 2
components per quad quads
SQ_TP2 pmask SQ--TP2 4 Pixel mask 1 bit per pixel
SQ_TP3 lod correct SQ-TP3 <] LOD correct 3 bits per comp 2
components per quad gquads
SQ_TP3 pmask SQ--TP3 4 Pixel mask 1 bit per pixel
Tex Clause NumSQ_TPx_clause num SEQTEXPx 3 Clause number
frite-Regi Ind Q TPx_write_gpr_index | SEQ->TEXPx 7 | Index into Register file for write of
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24.1.15 Sequencer to SP: GPR control +| - | Formatted: buets and Numbering____)

Name Direction Bits | Description

SQ _8SPx_gpr wr_addr SQ--»8Px 7 Write address

SQ_SPx_gpr_rd_addr SQ--8Px 7 Read address

SQ_SPx_gpr re_addr SQ-»8Px 1 Read Enable

SQ_SPx_gpr_we addr SQ--8Px 1 Write Enable

SQ_SPx_gpr phase mux 5Q--5Px 2 The phase mux

SQ_SPx _gpr channel mask | SQ-—-8Px 4 The channel mask

8Q SPO_gpr_pixel mask SQ--»SP0 4 The pixel mask

SQ_8P1_gpr_pixel mask SQ--8P1 4 The pixel mask

$Q 8P2Z gpr pixel mask $Q--8P2 4 The pixel mask

SQ_8P3 gpr pixel mask 5Q--5P3 4 The pixel mask - : S =

. R s '[ Formatted: Bullets and Numbering
24.1.16 Sequencer to SPx: Parameter cache write control N -

Name Direction Bits | Descriplion

SQ_SPx_pc wr_addr SQ-8Px 7 Write address

SQ_8SPx_pc we_addr SQ--»8Px 1 Write Enable

SQ SPx pc phase mux SQ--8Px 1 The output selector mux (gpr vs parameter cache

i f‘ ‘[ Formatted: Bullets and Numbering

24 117 Sequencer to SPx: Instructions

Name Direction Bits | Descripiion [ S
SQ_8Px instruct start SQ--8Px 1 instruction start o
8Q 8P _instruct SQ-»SPx 20 instruction sent over 4 clocks :
SQ_SPx stall SQ -»SPx 1 Stall signal
SQ _8Px_Shader Count SQ-8Px 3 Each set of four pixels or vectors is exported over

eight clocks. This field specifies where the 8P is in

that sequence.
SQ $Px Shader Last S80--8Px 1 Asserted on the first shader count of the last export

of the clause

SO _SP0 Shader PixelValid 8Q--8P0 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

5Q _8P0 Shader WordValid | 8Q--8P0 2 Specifies whether to write low and/or _high 32-bit

word of the 64-bit export data from each of the 16
ixels or vectors

SQ _8P1 Shader PixelValid SQ--8P1 4 Result of pixel kill in the shader pipe, which must be

output for all pixel exports (depth and all color

buffers). 4x4 because 16 pixels are computed per

clock

$Q _8P1_Shader WordValid | $Q-»8P1 2 Specifies whether 1o write low and/or high 32-bit

word of the 64-bit export data from each of the 16
ixels or vectors

SQ _8P2 Shader PixelValid | $Q-»SP2 4 Result of pixel kill in the shader pipe, which must be

output for all pixel exports (depth and all color

buffers). 4x4 because 16 pixels are computed per

clock

SQ _8P2 Shader WordValid | 8Q—-8P2 2 Specifies whether to write low and/or high 32-bit

word of the 64-bit export data from each of the 16
ixels or vectors

SQ_8P3 Shader PixelValid 5Q-SP3 4 Result of pixel kill in the shader pipe, which must be

output for all pixel exports (depth and ail color

buffers), 4x4 because 16 pixels are computed per

clock
SQ 8P3 Shader WordValid | 8Q—-8P3 2 Specifies whether to write low and/or high 32-bit
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i i word of the 64-bit export data from each of the 16
| | pixels or vectors

Formatted: Bullets and Numbering

24.1.18 SP to Sequencer: Constant address load

Name Direction Bits | Description [ -
SPO SQ const addr, SP0--8Q, 36, Constant address load to the sequencer, | Formatted :
SPO_SQ valid SP0--»5Q 1 Data valid Ay ——— ‘
SP1 80 const addr SP1--380 36 Constant address load fo the sequencer :
SP1_8Q valid SP1--8Q 1 Data valid : Formatted
8PZ_8Q const addr SPZ2--80 36 Constant address load to the sequencer 5 Formatted }
SP2 8¢ valid SP2--8Q 1 Data valid - T g s
SP3 8Q const addr SP3--8Q 36 Constant address load o the sequencer
SF3 8Q valid SP380 1 Data valid
Formatted: Bullets and Numberin
24 1.19 Sequencer to SPx: constant broadcast - [ S e
’&me | Direction | Bits | Description . L :
SQ_8Px_constant | 8Q-8Px | 128, | Constant broadcast, - | Formatted }
ANEE
24.1.20 SPO to Sequencer: Kill vector load “ :°’“‘““°: }
2Ao) Formatte
Name Direction Bits | Description ;\;\;‘\‘ P :
SPO_SQ kill vect SPO-8Q 4 Kill vector load
SP1 5Q kill vect SP1--80Q 4 Kill vector load S { Formatted: Bullets and Numbering j:
SP2_SQ kill_vect SP2-8Q 4 Kill vector load Lo na a o
SP3_8Q kil vect SP3--8Q 4 Kill vector load Shanay 55 B
. : Bullets and Numbering
24121 $Qto CP: RBBM bus T
Name Direction Bits | Description
8Q RBEB rs e 1 Read Strobe
SQ RBB rd SQ—CP 32 Read Data
SQ RBBM nrirtr 8Q-»CP 1 Optional
SQ REBBM rr S5Q-CP 1 Real-Time (Optional) : o B
Bk { Formatted: Bullets and Numbering ]
24.1.22 CPto SQ: RBBM bus . — e
MName Direction Bits | Description f
rhbm_we CP-8Q 1 Write Enable
rbbm & CP-8Q 18 Address -- Upper Extent is TBD
rbbm_wd CP-—-8Q 32 Data
rbbm be CP-8Q 4 Byte Enables
rbbm_re CP-8Q 1 Read Enable
rbb_rsQ CP-»5Q 1 Read Return Strobe O
rbb rsl CP-8Q 1 Read Return Strobe 1
rbb rd0 CP--85Q 32 Read Data O
rbb rd1 CP--5Q 32 Read Dala O
RBBM 8Q soft reset CP--5Q 1 Soft Reset

Formatted: Bullets and Numbering }

23-25  Examples of program executions

23442511 Sequencer Control of a Vector of Verfices

1. PA sends a vector of 64 vertices (actually vertex indices — 32 bits/index for 2048 bit total) to the RE’s Vertex FIFO
¢ state pointer as well as tag into position cache is sent along with vertices
¢ space was allocated in the position cache for transformed position before the vector was sent
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do

i 4

¢ also before the vector is sent to the RE, the CP has loaded the global instruction store with the vertex
shader program (using the MH?)
¢ The vertex program is assumed to be loaded when we receive the vertex vector.
e the SEQ then accesses the IS base for this shader using the local state pointer (provided to all
sequencers by the RBBM when the CP is done loading the program)

2. SEQ arbitrates between the Pixel FIFO and the Vertex FIFO — basically the Vertex FIFO always has priority
¢ at this point the vector is removed from the Vertex FIFO
¢ the arbitrerarbiter is not going to select a vector to be transformed if the parameter cache is full unless the
pipe as nothing else to do (ie no pixels are in the pixel fifo).

3. SEQ allocates space in the SP register file for index data plus GPRs used by the program
¢ the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer that came down with the vettices
¢  SEQ will not send vertex data until space in the register file has been allocated

4. SEQ sends the vector to the SP register file over the RE_SP interface (which has a bandwidth of 2048 bits/cycle)
¢ the 64 vertex indices are sent to the 64 register files over 4 cycles
e RF0of SUQ, SU1, 8U2, and SU3 is written the first cycle
e RF1of SUQ, SU1, SU2, and SU3 is written the second cycle
¢ RF2ofSUQ, SU1, SU2, and SU3 is written the third cycle
e RF3of SUQ, SU1, SU2, and SU3 is written the fourth cycle
e the index is written to the least significant 32 bits (floating point format?) (what about compound indices)
of the 128-bit location within the register file (w); the remaining data bits are set to zero (x, y, z)

5. SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
¢ the control packet contains the state pointer, the tag to the position cache and a register file base pointer.

6. TSMO accepts the control packet and fetches the instructions for fetch clause 0 from the global instruction store
¢ TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause 0 are issued by TSMO

8. the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO
FIFO)
¢ TSMO does not wait for requests made to the Fetch Unit to complete; it passes the register file write index for
the fetch data to the TU, which will write the data to the RF as it is received
¢ once the TU has written all the data to the register files, it increments a counter that is associated with ASMO
FIFO; a count greater than zero indicates that the ALU state machine can go ahead start to execute the ALU
clause

9. ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

10. all instructions of ALU clause O are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

11. the control packet continues to travel down the path of reservation stations until all clauses have been executed
e position can be exported in ALU clause 3 (or 47); the data (and the tag) is sent over a position bus (which is
shared with all four shader pipes) back to the PA’s position cache
¢ A parameter cache pointer is also sent along with the position data. This tells to the PA where the data is
going to be in the parameter cache.
¢ there is a position export FIFO in the SP that buffers position data before it gets sent back to the PA
¢ the ASM arbiter will prevent a packet from starting an exporting clause if the position export FIFO is full
¢ parameter data is exported in clause 7 (as well as position data if it was not exported earlier)
¢ parameter data is sent to the Parameter Cache over a dedicated bus
e the SEQ allocates storage in the Parameter Cache, and the SEQ deallocates that space when there is no
longer a need for the parameters (it is told by the PA when using a token).
o the ASM arbiter will prevent a packet from starting on ASM7 if the parameter cache (or the position buffer
if position is being exported) is full
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12. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program

i { Formatted: Bullets and Numbering _]:

23-1.225.1.2 Sequencer Control of a Vector of Pixels

1. As with vertex shader programs, pixel shaders are loaded into the global instruction store by the CP

e At this point it is assumed that the pixel program is loaded into the instruction store and thus ready to be read.

2. the RE’s Pixel FIFO is loaded with the barycentric coordinates for pixel quads by the detailed walker
e the state pointer and the LOD correction bits are also placed in the Pixel FIFO
¢ the Pixel FIFO is wide enough to source four quad’s worth of barycentrics per cycle

3. SEQ arbitrates between Pixel FIFO and Vertex FIFO — when there are no vertices pending OR there is no space
left in the register files for vertices, the Pixel FIFO is selected

4. SEQ allocates space in the SP register file for all the GPRs used by the program
¢ the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer
e  SEQ will not allow interpolated data to be sent to the shader until space in the register file has been allocated

5. SEQ controls the transfer of interpolated data to the SP register file over the RE_SP interface (which has a
bandwidth of 2048 bits/cycle). See interpolated data bus diagrams for details.

6. SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
e note that there is a separate set of reservation stations/arbiters/state machines for vertices and for pixels
e the control packet contains the state pointer, the register file base pointer, and the LOD correction bits
[ ¢ all other informationsinformation (such as quad address for example) travels in a separate FIFO

7. TSMO accepts the control packet and fetches the instructions for fetch clause 0 from the global instruction store
e  TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

¢ TSMO does not wait for fetch requests made to the Fetch Unit to complete; it passes the register file write
index for the fetch data to the TU, which will write the data to the RF as it is received

e once the TU has written all the data for a particular clause to the register files, it increments a counter that is
associated with the ASMO FIFO; a count greater than zero indicates that the ALU state machine can go
ahead and pop the FIFO and start to execute the ALU clause

10. ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

11. all instructions of ALU clause 0 are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

12. the control packet continues to travel down the path of reservation stations until all clauses have been executed
e pixel data is exported in the last ALU clause (clause 7)
¢ jtis sent to an output FIFO where it will be picked up by the render backend
e the ASM arbiter will prevent a packet from starting on ASM?7 if the output FIFO is full

13. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program

- ,_‘;;“[‘Form‘atted‘: Bul!et; and Numbe‘ring N ]:

231325 1.3 Notes

14. The state machines and arbitrersarbiters will operate ahead of time so that they will be able to immediately start
the real threads or stall.
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15. The register file base pointer for a vector needs to trav
instruction store base pointer does not - this is because the RF pointer is different for all threads, but the IS

el with the vector through the reservation stations, but the

pointer is only different for each state and thus can be accessed via the state pointer

16. Waterfalling still needs to be specked out.

24.26. Open issues

There is currently an issue with constants. If the constants are not the same for the whole vector of vertices, we don't
have the bandwithbandwidth from the fetch store to feed the ALUs. Two solutions exists for this problem:
1) Let the compiler handie the case and put those instructions in a feich clause so we can use the

bandwithbandwidih there to operate. This requires a significant amount of temporary storage in the [

register store.

2) Waterfall down the pipe allowing only at a given time the vertices having the same constants to operate in

parrallelparaliel. This might in the worst case slow us down by a factor of 16.

Need to do some testing on the size of the register file as well as on the register file allocation method (dynamic VS

static).

Saving power?
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First draft.

Changed the interfaces to reflect the changes in the
SP. Added some details in the arbitration section.
Reviewed the Sequencer spec after the meeting on
August 3, 2001.

Added the dynamic allocation method for register
file and an exampie (written in part by Vic) of the
flow of pixels/vertices in the sequencer.

Added timing diagrams (Vic)

Changed the spec to reflect the new R400
architecture. Added interfaces.

Added constant store management, instruction
store management, control flow management and
data dependant predication.

Changed the control flow method to be more
flexible. Also updated the external interfaces.
Incorporated changes made in the 10/18/01 control
flow meeting. Added a NOP instruction, removed
the conditional_execute_or_jump. Added debug
registers.

Refined interfaces to RB. Added state registers.

Added SEQ—SPO interfaces. Changed delta
precision. Changed VGT—SPO interface. Debug
Methods added.

Interfaces greatly refined. Cleaned up the spec.

Added the different interpolation modes.
Added the auto incrementing counters, Changed

the VGT—S8Q interface. Added content on constant
management. Updated registers.
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1. Qverview

The sequencer is based on the R300 design. It chooses two ALU clauses and a fetch clause to execute, and
executes all of the instructions in a clause before looking for a new clause of the same type. Two ALU clauses are
executed interleaved to hide the ALU latency. Each vector will have eight fetch and eight ALU clauses, but clauses do
not need to contain instructions. A vector of pixels or vertices ping-pongs along the sequencer FIFO, bouncing from
fetch reservation station to alu reservation station. A FIFO exists between each reservation stage, holding up vectors
until the vector currently occupying a reservation station has left. A vector at a reservation station can be chosen to
execute. The sequencer looks at all eight alu reservation stations to choose an alu clause to execute and all eight
fetch stations to choose a fetch clause to execute. The arbitrator will give priority to clauses/reservation stations
closer to the bottom of the pipeline. It will not execute an alu clause until the fetch fetches initiated by the previous
fetch clause have completed. There are two separate sets of reservation stations, one for pixel vectors and one for
vertices vectors. This way a pixel can pass a vertex and a vertex can pass a pixel.

To support the shader pipe the sequencer also contains the shader instruction cache, constant store, control flow
constants and texture state. The four shader pipes also execute the same instruction thus there is only one
sequencer for the whole chip.

The sequencer first arbitrates between vectors of 64 vertices that arrive directly from primitive assembly and vectors
of 16 quads (64 pixels) that are generated in the scan converter.

The vertex or pixel program specifies how many GPRs it needs to execute. The sequencer will not start the next
vector until the needed space is available in the GPRs.
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1.1 Top Level Block Diagram
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There are two sets of the above figure, one for vertices and one for pixels.

Depending on the arbitration state, the sequencer will either choose a vertex or a pixel packet. The control packet
consists of 3 bits of state, 7 bits for the base address of the Shader program and some information on the coverage to
determine fetch LOD plus other various small state bits.

On receipt of a packet, the input state machine (not pictured but just before the first FIFO) allocated enough space in
the registers to store the interpolated values and temporaries. Following this, the barycentric coordinates (and XY
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screen position if needed) are sent to the interpolator buffers which are going to use these barycentric coordinates to
interpolate the parameters and place the interpolated values into the GPRs. Then, the input state machine stacks the
packet in the first FIFO.

On receipt of a command, the level 0 fetch machine issues a texture request and corresponding register address for
the fetch address (ta). A small command (tcmd) is passed to the fetch system identifying the current level number (0)
as well as the register write address for the fetch return data. One fetch request is sent every 4 clocks causing the
texturing of sixteen 2x2s worth of data (or 64 vertices). Once all the requests are sent the packet is put in FIFO 1.

Upon receipt of the return data, the fetch unit writes the data to the register file using the write address that was
provided by the level O fetch machine and sends the clause number (0) to the level O fetch state machine to signify
that the write is done and thus the data is ready. Then, the level O fetch machine increments the counter of FIFO 1 to
signify to the ALU 1 that the data is ready to be processed.

On receipt of a command, the level 0 ALU machine first decrements the input FIFO counter and then issues a
complete set of level 0 shader instructions. For each instruction, the state machine generates 3 source addresses,
one destination address (3 cycles later) and an instruction. Once the last instruction as been issued, the packet is put
into FIFO 2.

There will always be two active ALU clauses at any given time (and two arbiters). One arbiter will arbitrate
over the odd instructions (4 clocks cycles) and the other one will arbitrate over the even instructions (4
clocks cycles). The only constraints between the two arbiters is that they are not allowed to pick the same
clause number as the other one is currently working on if the packet is not of the same type (render state).

If the packet is a vertex packet, upon reaching ALU clause 3, it can export the position if the position is ready. So the
arbiter must prevent ALU clause 3 to be selected if the positional buffer is full (or can't be accessed). Along with the
positional data, if needed the sprite size and/or edge flags can also be sent.

{ISSUE: How do we handle parameter cache pointers (computed, semi-computed or not computed)?}

A special case is for multipass vertex shaders-whiehghaders, which can export 12 parameters per last 6 clauses to
the output buffer. If the output buffer is full or doesn't have enough space the sequencer will prevent such a vertex
group to enter an exporting clause.

Multipass pixel shaders can export 12 parameters to memory from the last clause only (7).

All other level process in the same way until the packet finally reaches the last ALU machine (7). Upon-completion-of
sarh det-a-bit tio-the-SCtodetit A i begin-sending-pixels-of this-group-to-th HONCEE

Only two ALU state machine may have access to the register file address bus or the instruction decode bus at one
time. Similarly, only one fetch state machine may have access to the register file address bus at one time. Arbitration
is performed by three arbiter blocks (two for the ALU state machines and one for the fetch state machines). The
arbiters always favor the higher number state machines, preventing a bunch of half finished jobs from clogging up the
register files.
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The gray area represents blocks that are replicated 4 times per shader pipe (16 times on the overall chip).
1.3 Control Graph
Clause # + Rdy
WrAddr | IS SEQ csT WrAddr
CMD
csT
7
Phase | | | 3 3 !
CMD CST'CSTZCST 10X A B C WrYec i
RdAddr | . L Wiseal yyoagr
k4 k4 2 v v vy v
le.t
»
FETCH SP ) OF
WrAddr »{

In green is represented the Fetch control interface, in red the ALU control interface, in blue the Interpolated/Vector
control interface and in purple is the output file control interface.

2. Interpolated data bus

The interpolators contain an IJ buffer to pack the information as much as possible before writing it to the register file.
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Above is an example of a tile we might receive. The IJ information is packed in the 1J buffer 2 quads at a time. The
sequencer allows at any given time as many as four quads to interpolate a parameter. They all have to come from the
same primitive. Then the sequencer controls the write mask to the register to write the valid data in.

3. Instruction Store

There is going to be only one instruction store for the whole chip. It will contain 4096 instructions of 96 bits each.

It is likely to be a 1 port memory; we use 1 clock to load the ALU instruction, 1 clocks to load the Fetch instruction, 1
clock to load 2 control flow instructions and 1 clock to write instructions.

The instruction store is loaded by the CP thru the INST DATA RUCTION-DATA  INST INDEX PORT
INSTRI ION-INDEX-RPORT-control registers. The INST INDEX PORTINSTRUCTION JINPDEX-RPORT is auto-
incremented on both reads and writes to the INST DATAINSTRUGTION-DATA register.

The next picture shows the various modes the CP can load the memory. The Sequencer has to keep track of the
loading modes in order to wrap around the correct boundaries. The MSB of the INST INDEX PORT
INSTRUCTION-INDEX-PORT-register contains the packet type for the sequencer to know where it must wrap
around. The wrap around points are arbitrary and they are specified in the YERTEX-SHADERVSE BASE and
PIXEL-SHADERX BASE registers.

For the Real time commands the slory is guite the same but for some small differences. The CFP will use the
INST INDEX PORT RT and INST DATA RT register pair instead of the regular ones and there are no wrap around
poinis for real time so the driver must be careful not to overwrite regular shader data. The shared code (shared
subroutines) uses the same path as real time.
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4. Sequencer Instructions

All control flow instructions and move instructions are handled by the sequencer only. The ALUs will perform NOPs
during this time (MOV PV PV, PS PS).

5. Constant Stores

{_F‘ormatted: Bullets and Numbering

5.1 Memory organizations -

guencer-is-aware-of where the-constanis-are-using-a-remaping-table-A likely size for the ALU constant store is
1024x128 bits. The read BW from the_ALU constant store is 128 bits/clock and the write bandwidth is 32 bits/clock
(directed by the CP bus size not by memory ports)3244-bits/clock.

The maximum logical size of the constant store for a given shader is 256 constants. Or 512 for the pixel/vertex shader
pair. The size of the remaping table is 128 lines (each line addresses 4 constants). The write granularity is 4
constants or 512 bits, It takes 16 clocks fo wiite the four constants.

The texiure state is also kept in a similar memeory, The size of this memory s 192x128. The memory thus holds 128
texture states (192 bits per state). The logical size exposed 32 different states total, which are going to be shared
between the pixel and the vertex shader. The size of the remaping table to for the texture state memory is 16 lines
{each line addresses 2 texture state lines in the real memory). The write granularity is 2 texture state lines (or 384
bits). The driver sends 512 bits but the CP ignores the top 128 bits. It thus takes 12 clocks to write the two texture
states.

The control flow constant memeory doesn’t sit behind a renaming table. It is register mapped and thus the driver must
reload s content each time there is a slate change. its size is 256*32 because it must hold 8 copies of the 32 dwords
of control flow constants,

The CP is loading the constant store using the CONST DATA and CONST ADDR registers. It does so by writing to
the CONST ADDR register the logical address for the constant block it wants to update and then writes 16 times to
the CONST DATA register. The CONST ADDR is auto-incremented on both reads and writes to the CONST DATA
register,

. B ;A — -| Formatted: Bullets and Numbering }
5.2 Management of the remaping tables 1 r———
The sequencer is responsible to manage two remaping tables (one for the constant store and one for the texiure ‘

state). On a state change (by the driver), the sequencer will broadside copy the contents of its remaping tables to a
new one. We have 8 different remaping tables we can use concurrently. More details and a diagram to come....

5-15.3 Constant Store Indexing

In order to do constant store indexing, the sequencer must be loaded first with the indexes (that come from the
GPRs). There are 144 wires from the exit of the SP to the sequencer (9 bits pointers x 16 vertexes/clock). Since the
data must pass thru the Shader pipe for the float to fixed conversion, there is a latency of 4 clocks (1 instruction)
between the time the sequencer is loaded and the time one can index into the constant store. The assembly will look
like this

*‘: :L*{ Forma@ed: Bullets and Numper?ng .

MOVA R1.X,R2.X // Loads the sequencer with the content of R2.X, also copies the content of R2. X into R1.X
NOP /] latency of the float to fixed conversion
ADD R3,R4,CO[R2.X]/ Uses the state from the sequencer to add R4 to CO[R2.X] into R3

Note that we don't really care about what is in the brackeis because we use the state from the MOVA instruction.
R2.X is just written again for the sake of simplicity and coherency.

The storage needed in the sequencer in order to support this feature is 2*64*9 bits = 1152 bits.
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5.5 Real Time Commands

The real time commands constants are written by the CP using the CONST DATA RT and CONST ADDR RT
registers. It works is the same way than when dealing with reqular constant loads BUT in this case the CP is not
sending a logical address but rather a physical address and the reads are not passing thry the remaping table but are
directly read from the memory. The boundary between the two zones is defined by the CONST EO RT confrol

register,

CONST_EO_RT

RT SECTON
(Reads/Writes are direct)

REGULAR SECTION
(Reads/\VWrites are passing
thru a remaping table)

ot L state.i [PV ot iry sirni FaTeYaV BN i o} i £ i oeTet i5-192x128 . Which lets-1 o kY e
state-in2-clocks e-memory-thus-holds 86 texture stales (22128 bits per-state)

he-control flow.constan nory-doesn’t-sit behind a renaming table. It is register mapped-and thus the driver-m
reload.-its content each i here.i ate-change. lis size is 19232 ause.-it-must hold-8 copies of the 24 dwords
of.control-flow-constants.

6. Looping and Branches

Loops and branches are planned to be supported and will have to be dealt with at the sequencer level. We plan on
supporting constant loops and branches using a control program.

6.1 The controlling state.

The R400 controling state consists of,

As-per-Dx8.the-following-state-is-available-for-control-flow:

Boolean[15:0]
loop.-count[7:0}[7:0}
Inaddition:
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Existto-give-moere-control-to-the-controlling-program.

WAL il ond.that ind RADC to:
Boolean[255256:0]
Loop_count[7:0][34:031:0
Loop_Start[7:0]-[{34:631:0]
Loop_Step[7:0]{34:31.0]

That is 256 Booleans and 32 loops.

We have a stack of 4 elements for nested callings of subroutines and 4 loop counters to allow for nested loops.

6.2 The Control Flow Program

RANDO- Uses match-method trol flow. The shader.is.o tedand.-a £ iy sedinm. i 2l
} £ FEIW o 7 s f

. . “ " diract
comp with-addr or-address?) control-table.-The “event’inthe-control-table-can

The basic mbdei is as follows:

The render state defined the clause boundaries:

Vertex_shader fetch[7:01[7:0] _// eight 8 bit pointers to the location where each clauses control program is located
Vertex_shader aluf7:01[7:0] /[ eight 8 bit pointers to the location where each clauses control program is located
Pixel shader fetchi7:017:0] / eight 8 bit pointers to the location where each clauses control program is located
Pixel shader al[7:0117:01 // eight 8 bit pointers fo the location where each clauses control program is located

A pointer value of FF means that the clause doesn’t contain any instructions.

The control program for a given clause is executed to completion before moving to another clause, (with the
exception of the pick two nature of the alu execution). The control program is the only program aware of the clause
boundaries,

Fhe-Method-chosen-forthe R400-is-a-“control-program™-The control program has ten-eleven basic instructions:

Execute
Conditional_execute
Conditional_Execute_Predicates
Conditional_jump

Call

Return

Loop_start

Loop_end

End_of_clause
Conditional_End_of_clause
NOP

Execute, causes the specified number of instructions in instruction store to be executed.

Conditional_execute checks a condition first, and if true, causes the specified number of instructions in instruction
store to be executed.

Loop_start resets the corresponding loop counter to the start value on the first pass after it checks for the end
condition and if met jumps over to a specified address.

Loop_end increments (decrements?) the loop counter and jumps back the specified number of instructions.

Call jumps to an address and pushes the IP counter on the stack. On the return instruction, the IP is popped from the
stack.

Conditional_execute_or_Jump executes a block of instructions or jumps to an address is the condition is not met.
Conditional_execute_Predicates executes a block of instructions if all bits in the predicate vectors meet the condition.
End_of_clause marks the end of a clause.
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Conditional End of clause marks the end of a clause if the condition is met,
Conditional_jumps jumps to an address if the condition is met.
NOP is a regular NOP

NOTE THAT ALL JUMPS MUST JUMP TO EVEN CFP ADDRESSES. Thus the compiler must insert NOPs where
needed to align the jumps on even CFP addresses.

Also if the jump is logically bigger than pshader_cntl_size (or vshader_cntl_size) we break the program (clause) and
set the debug registers. If an execute or conditional_execute is lower than cntl_size or bigger than size we also break
the program (clause) and set the debug registers.

We have to fit instructions into 48 bits in order to be able to put two control flow instruction per line in the instruction
store.

Note that whenever a field is marked as RESERVED, it is assumed that all the bits of the field are cleared (0

Execute
47 46... 42 41...24 23 .12 11...0
Addressing 00001 RESERVED Instruction Exec Address
—count
Execute up to 4k instructions at the specified address in the instruction memory.
NOP
47 [46.. 42| 41..0
Addressing | 00010 | RESERVED
This is a regular NOP.
Conditionnal_Execute
47 46 ... 42 | 414134 40 ... 33 3332 3231..24 23..12 11..0
Addressing | 00011 | RESERVED | Boolean Condition | RESERVED Instruction Exec Address
Boolean address —count
aderass

If the specified boolean (8 bits can address 256 booleans) meets the specified condition then execute the specified
instructions (up to 4k instructions)

Conditionnal_Execute_Predicates
47 46 ... 42 41...35 4134 ... 3732 3631...24 23 .12 11...0
3833 -
Addressing 00100 | RESERVED | Predicate | Condition | RESERVED Instruction— Exec Address [ﬁ :
vector count

Check the AND/OR of all current predicate bits. If AND/OR matches the condition execute the specified number of
instructions. We need to AND/OR this with the kill mask in order not to consider the pixels that aren't valid.

Loop_Start
47 46 ... 42 41 .17 16516 .. 12 4011 ... O
00101 RESERVED darnp Loop-Jump
Addressing addressioop |D address

Loop Start. Compares the loop count with the end value. If loop condition not met jump to the address. Forward jump
only. Also computes the index value.

‘ Loop_End F
47 (46 .42 | 41..17 [ 16..512 | 4—011..0 | =
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Loop end. Increments the counter by one and jumps BACK only to the start of the loop.

The way this is described does not prevent nested loops, and the inclusion of the loop id make this easy to do.

Call
47 46 ... 42 41..12 11..0
01000 RESERVED Jump
Addressing addresshddres
s

Jumps to the specified address and pushes the IP counter on the stack.

Return

47 46 ... 42 41..0

01001 RESERVED

Addressing

Pops the topmost address from the stack and jumps to that address. If nothing is on the stack, the program will just
continue to the next instruction.

Conditionnal_Jump

47 46 ... 42 | 414134 | 40 . 33 3332 321331 1230 .12 11...0
01010 | RESERVED | Boolean Condition Fw RESERVEDRFW Jump
Addressing Boolean address onlyRESE only addressAddres
address RMED &

If condition met, jumps to the address. FORWARD jump only allowed if bit 42-31 set. Bit 42-31 is only an optimization
for the compiler and should NOT be exposed to the API.

Conditional_End_of_Clause

47 46 ... 42 | 414934 | 40 ... 33 3332 32:31..0
01011 RESERVED | Boolean Condition RESERVED
Addressing Boolean address
address

This is an optimization in the case of very short shaders (where the control flow instruction can't be hidden anymore
and thus are not free. In this case, if the condition is met, the clause is ended, else we continue the execution of the
clause.

End_of_Clause

47 [46.. 42 ] 41..0

Addressing | 01011 | RESERVED

Marks the end of a clause.

To prevent infinite loops, we will keep 9 bits loop counters instead of 8 (we are only able to loop 256 times). If the
counter goes higher than 255 then the loop_end or the loop_start instruction is going to break the loop and set the
debug registers.

io-modelis-as-follows:
he-ren ate-defined-the-cl d

Vertex_shader fetchl7:017Z:01 /L sight 8 & o-theocat here-e lauses-control-program-is-located
Verex—sha Al Z:047:0 L eight- 8-bit-pointers-to-th ation-where-each-clauses-control-program-is-located
Ri by el 7::’\} Laight-8-bi 4 o-th abinn whore.soach oley trol-progn 3-i6-4 +
P - Y. ) rain) r?;n} Laight-8 i{'p irsd o-thelocat biesre gy 1 i onk FOOLE i ated
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6.3 Data dependant predicate instructions

Data dependant conditionals will be supported in the R400. The only way we plan to support those is by supporting
three vector/scalar predicate operations of the form:

PRED_SETE_# - similar to SETE except that the result is ‘exported’ to the sequencer.
PRED SETNE # -similarto SETNE except that the result is 'exported’ to the sequencer.
PRED_SETGT_# - similar to SETGT except that the result is 'exported’ to the sequencer
PRED_SETGTE_# - similar to SETGTE except that the result is 'exported’ to the sequencer

For the scalar operations only we will also support the two following instructions:
PRED_SETEO_# —~ SETEO
PRED_SETE1_# —~ SETE1

The export is a single bit - 1 or O that is sent using the same data path as the MOVA instruction. The sequencer will
maintain 4 sets of 64 bit predicate vectors (in fact 8 sets because we interleave two programs but only 4 will be
exposed) and use it to control the write masking. This predicate is not maintained across clause boundaries. The #
sign is used to specify which predicate set you want to use 0 thru 3.

Then we have two conditional execute bits. The first bit is a conditional execute “on” bit and the second bit tells us if
we execute on 1 or 0. For example, the instruction:

PO_ADD_# RO,R1,R2

Is only going to write the result of the ADD into those GPRs whose predicate bit is 0. Alternatively, P1_ADD_# would
only write the results to the GPRs whose predicate bit is set. The use of the PO or P1 without precharging the
sequencer with a PRED instruction is undefined.

{Issue: do we have to have a NOP between PRED and the first instruction that uses a predicate?}

6.4 HW Detection of PV,PS

Because of the control program, the compiler cannot detect statically dependant instructions. In the case of non-
masked writes and subsequent reads the sequencer will insert uses of PV,PS as needed. This will be done by
comparing the read address and the write address of consecutive instructions. For masked writes, the sequencer will
insert NOPs wherever there is a dependant read/write.

The sequencer will also have to insert NOPs between PRED_SET and MOVA instructions and their uses.

6.5 Register file indexing

Because we can have loops in fetch clause, we need to be able to index into the register file in order to retrieve the
data created in a fetch clause loop and use it into an ALU clause. The instruction will include the base address for
register indexing and the instruction will contain these controls:

Bit7 Bit 6

0 0 ‘absolute register’
0 1 ‘relative register’
1 0 ‘previous vector'
1 1 ‘previous scalar’

In the case of an absolute register we just take the address as is. In the case of a relative register read we take the
base address and we add to it the loop_index and this becomes our new address that we give to the shader pipe.
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The sequencer is going to keep a loop index computed as such:

Index = Loop_counter*Loop_iterator + Loop_init.

The index is going to return 0 if it is out of the range.

6.6 Predicated Instruction support for Texture clauses

For texture clauses, we support the following optimization: we keep 1 bit (thus 4 bits for the four predicate vectors)
per predicate vector in the reservation stations. A value of 1 means that one ore more elements in the vector have a
value of one (thus we have to do the texture fetches for the whole vector. A value of 0 means that no elements in the
vector have his predicate bit set and we can thus skip over the texture fetch. We have to make sure the invalid
pixels aren’t considered with this optimization.

6.7 Debugging the Shaders

In order to be able to debug the pixelivertex shaders efficiently, we provide 2 methods.

6.7.1 Method 1: Debugging registers

Current plans are to expose 2 debugging, or error notification, registers:
1. address register where the first error occurred
2. count of the number of errors

The sequencer will detect the following groups of errors:
- count overflow
- jump error
relative jump address > size of the control flow program
relative jump address > length of the shader program
- constant overflow
- register overflow
- call stack
call with stack full
return with stack empty

With two of the errors, a jump error or a register overflow will cause the program to break. In this case, a break
means that a clause will halt execution, but allowing further clauses to be executed.

With the other errors, program can continue to run, potentially to worst-case limits.

If indexing outside of the constant range, causing an overflow error, the hardware is specified to return the value with
an index of 0. This could be exploited to generate error tokens, by reserving and initializing the Oth register (or
constant) for errors.

{ISSUE : Interrupt to the driver or not?}
6.7.2 Method 2: Exporting the values in the GPRs (12)

The sequencer will have a count register and an address register for this mode and 3 bits per clause specifying the
execution mode for each clause. The modes can be :

1) Normal

2) Debug Kill

3) Debug Addr + Count
Under the normal mode execution follows the normal course. Under the kill mode, all control flow instructions are
executed but all normal shader instructions of the clause are replaced by NOPs. Only debug_export instructions of
clause 7 will be executed under the debug kill setting. Under the other mode, normal execution is done until we reach
an address specified by the address register and instruction count (useful for loops) specified by the count register.
After we have hit the instruction n times (n=count) we switch the clause to the kill mode.
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Under the debug mode (debug kill OR debug Addr + count), it is assumed that clause 7 is always exporting 12 debug
vectors and that all other exports to the SX block (position, color, z, ect) will been turned off (changed into NOPs) by
the sequencer (even if they occur before the address stated by the ADDR debug register).

7. Pixel Kill Mask

A vector of 64 bits is kept by the sequencer per group of pixels/vertices. Its purpose is to optimize the texture fetch [
requests and allow the shader pipe to kill pixels using the following instructions: )

MASK_SETE
MASK_SETNE
MASK_SETGT
MASK_SETGTE

8. HOS-surfacesMultipass vertex shaders (HOS)

9. Register file allocation

The register file allocation for vertices and pixels can either be static or dynamic. In both cases, the register file in
managed using two round robins (one for pixels and one for vertices). In the dynamic case the boundary between
pixels and vertices is allowed to move, in the static case it is fixed to VERTEX_REG_SIZE for vertices and 256-
VERTEX_REG_SIZE for pixels.
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R400 Sequencer Specification

Above is an example of how the algorithm works. Vertices come in from top to bottom; pixels come in from bottom to
top. Vertices are in orange and pixels in green. The blue line is the tail of the vertices and the green line is the tail of
the pixels. Thus anything between the two lines is shared. When pixels meets vertices the line turns white and the
boundary is static until both vertices and pixels share the same “unallocated bubble”. Then the boundary is allowed to
move again.

10. Fetch Arbitration

The fetch arbitration logic chooses one of the 8 potentially pending fetch clauses to be executed. The choice is made
by looking at the fifos from 7 to O and picking the first one ready to execute. Once chosen, the clause state machine
will send one 2x2 fetch per clock (or 4 fetches in one clock every 4 clocks) until all the fetch instructions of the clause
are sent. This means that there cannot be any dependencies between two fetches of the same clause.

The arbitrator will not wait for the fetches to return prior to selecting another clause for execution. The fetch pipe will
be able to handie up to X(?) in flight fetches and thus there can be a fair number of active clauses waiting for their
fetch return data.

11. ALU Arbitration

ALU arbitration proceeds in almost the same way than fetch arbitration. The ALU arbitration logic chooses one of the
8 potentially pending ALU clauses to be executed. The choice is made by looking at the fifos from 7 to 0 and picking
the first one ready to execute. There are two ALU arbitrers, one for the even clocks and one for the odd clocks. For
exemple, here is the sequencing of two interleaved ALU clauses (E and O stands for Even and Odd sets of 4 clocks):

Einst0 Oinst0 Einst1 Oinst1 Einst2 Oinst2 Einst0 Oinst3 Einst1 Oinst4 Einst2 Oinst0...
Proceeding this way hides the latency of 8 clocks of the ALUs.
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12. Handling Stalls

When the output file is full, the sequencer prevents the ALU arbitration logic to select the last clause (this way nothing
can exit the shader pipe until there is place in the output file. If the packet is a vertex packet and the position buffer is
full (POS_FULL) then the sequencer also prevents a thread to enter the exporting clause (37). The sequencer will set
the OUT_FILE_FULL signai n clocks before the output file is actually full and thus the ALU arbiter will be able read
this signal and act accordingly by not preventing exporting clauses to proceed.

13. Content of the reservation station FIFOs

21-3 bits of Render State 7 bits for the base address of the GPRs, some bits for LOD correction and coverage mask
information in order to fetch fetch for only valid pixels, quad address and 1 bit to specify if the vector is of pixels or
vertices. Since pixels and vertices are kept in order in the shader pipe, we only need two fifos (one for vertices and
one for pixels) deep enough to cover the shader pipe latency. This size will be determined later when we will know
the size of the small fifos between the reservation stations.

14. The Output File

The output file is where pixels are put before they go to the RBs. The write BW to this store is 256 bits/clock. Just
before this output file are staging registers with write BW 512 bits/clock and read BW 256 bits/clock. The staging
registers are 4x128 (and there are 16 of those on the whole chip).

15. 1J Format

The IJ information sent by the PA is of this format on a per quad basis:

We have a vector of IJ’s (one 1J per pixel at the centroid of the fragment or at the center of the pixel depending on the
mode bit). The interpolation is done at a different precision across the 2x2. The upper left pixel's parameters are
always interpolated at full 20x24 mantissa precision. Then the result of the interpolation along with the difference in 1J
in reduced precision is used to interpolate the parameter for the other three pixels of the 2x2. Here is how we do it:

Assuming PO is the interpolated parameter at Pixel 0 having the barycentric coordinates 1(0), J(0) and so on for P1,P2
and P3. Also assuming that A is the parameter value at VO (interpolated with ), B is the parameter value at V1
(interpolated with J) and C is the parameter value at V2 (interpolated with (1-I-J).

A0 =I(H—-1(0)
AOLT =J () - J(0)
AO27 =I(2)-1(0) Y P1
A02J = J(2)-J(0)
A3 =1(3)-1(0)
A03J =J(3)-J(0) P2 P3

PO=C+I(0)*(A=C)+J(0)*(B=C)

Pl=P0+A01I*(4-C)+A0LT *(B-C)
P2=P0+A02I *(A~C)+A02J *(B-C)
P3=P0+A03I*(A-C)+A03J *(B-C)

PO is computed at 20x24 mantissa precision and P1 to P3 are computed at 8X24 mantissa precision. So far no visual
degradation of the image was seen using this scheme.

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

FORMAT OF P0's IJ:  Mantissa 20 Exp 4 for | + Sign
Mantissa 20 Exp 4 for J + Sign

FORMAT of Deltas (x3):Mantissa 8 Exp 4 for | + Sign
Mantissa 8 Exp 4 for J + Sign

Total number of bits : 4820%2 + 8284+ 438 4 4228%0 + 478 + 4*2 = 128

The Deltas have a leading 1, the Full precision IJs don't. This means that in the case of the deltas we MUST be able
to shift 8 right (exponent value of 0 means number = 0, exponent value of 1 means shift right 88). This means that the
maximum range for the IJs (Full precision) is +/- 634 and the range for the Deltas is +/- 1287.

15.1 Interpolation of constant attributes ‘“

Because of the floating point imprecision, we need to take special provisions if all the interpolated terms are the same
or if two of the barveentric coordinates are the same.

Formatted: Bullets and Numbering }

We start with the premise that ifA=Band B=Cand C=A then P01.23= A Since one or more of the 1J terms
may be zero, so we extend this fo:

if (A=B and B=C and C=A)
P01.23=A;
ese f((l=0ror(d=0)) and
{(J=0or (1--J =00 and
(-1 =Qyor {=0{

if(li=001
PO = A
yelse if( = 0)
PO =B
} else {
PO =C;
/frest of the quad interpolated normally
H
else
{

normal interpolation

P

16. The parameter cache

The parameter cache is where the vertex shaders export their data. It consists of 16 128x128 memories (1R/1W).
The reuse engine will make it so that all vertexes of a given primitive will hit different memories.

17. Vertex position exporting

On clause 3 the vertex shader can export to the PA both the vertex position and the point sprite. It can also do so at
clause 7 if not done at clause 3. The storage needed to perform the position export is at least 64x128 memories for
the position and 64x32 memories for the sprite size. It is going to be taken in the pixel output fifo from the SX blocks.
The clause where the position export occurs is specified by the EXPORT LATE register. If turned on, it means that
the export is going to occur at ALU clause 7 if unset position export occurs at clause 3.

18. Exporting Arbitration

Here are the rules for co-issuing exporting ALU clauses.
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1) Position exports and position exports cannot be co-issued.

2) Position exports and memory exports cannot be co-issued.
3) Position exports and Z/Color exports cannot be co-issued.

4) Memory exports and Z/Color exports cannot be co-issued.

5) Memory exports and memory exports cannot be co-issued.
6) Z/color exports and Z/color exports cannot be co-issued.

7) Parameter exports and Z/Color exports CAN be co-issued.

8) Parameter exports and parameter exports CAN be co-issued.
9) Parameter exports and memory exports CAN be co-issued.

19. Export Types

The export type (or the location where the data should be put) is specified using the destination address field in the

ALY instruction. Here is a list of all possible export modes:

19.1 Vertex Shading

0:15 - 16 parameter cache

16:31 - Empty (Reserved?)

32:43 - 12 vertex exports to the frame buffer and index

44:47 - Empty

48:59 - 12 debug export (interpret as normal vertex export)

80 - export addressing mode

61 - Empty

62 - sprite size export that goes with position export
{point_h point_w edgeflag, misc)

63 - position

19.2 Pixel Shading

0 - Color for buffer O (primary)

1 - Color for buffer 1

2 - Color for buffer 2

3 - Color for buffer 3

4.7 - Empty

3 - Buffer O Color/Fog (primary)

g - Buffer 1 Color/Fo

10 - Buffer 2 Color/Fo

11 - Buffer 3 Color/Fo

1215 - Emply

16:31 - Emply (Reserved?)

32:43 - 12 exports for multipass pixel shaders.

44:47 - Empty

48:59 - 12 debug exports (interpret as normal pixel export)
80 - export addressing mode

61:62 -Empty

83 - £ for primary buffer (Z exported to 'alpha’ component)

19.20. Special Interpolation modes

19.120.1 Real time commands

Formatted: Bullets and Numbering

- 7| Formatted: Bullets and Numbering }f

We are unable to use the parameter memory since there is no way for a command stream to write into it. Instead we
need to add three 16x128 memories (one for each of three vertices x 16 interpolants). These will be mapped onto the
register bus and written by type 0 packets, and output to the the parameter busses (the sequencer and/or PA need to
be able to address the reatime parameter memory as well as the regular parameter store. For higher performance we
should be able able to view them as two banks of 16 and do double buffering allowing one to be loaded, while the

oo,

Formatted: Bullets and Numbering B

: j[ Formatted: Bullets and Numbering ]
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S
other is rasterized with. Most overlay shaders will need 2 or 4 scalar coordinates, one option might be to restrict the
memory to 16x64 or 32x64 allowing only two interpolated scalars per cycle, the only problem | see with this is, if we
view support for 16 vector-4 interpolants important (true only if we map Microsoft's high priority stream to the realtime
stream), then the PA/sequencer need to support a realtime-specific mode where we need to address 32 vectors of
parameters instead of 16. This mode is triggered by the primitive type: REAL TIME.

. . . . . i1 Formatted: Bullets and Numbering
192202 Sprites/ XY screen coordinates/ FB information e { Eipe s ssanes e
When working with sprites, one may want to overwrite the parameter 0 with SC generated data. Also, XY screen
coordinates may be needed in the shader program. This functionality is controlled by the gen_l0 register (in SQ) in
conjunction with the SND_XY register (in SC). Also it is possible to send the faceness information (for OGL front/back
special operations) to the shader using the same control registers. Here is a list of all the modes and how they
interact together:

Gen_st is a bit taken from the interface between the SC and the SQ. This is the MSB of the primitive type. If the bit is
set, it means we are dealing with Point AA, Line AA or sprite and in this case the vertex values are going to bs-read
from-the - r= - T-state-rogi instead-of-beingread-from-the-pa reachegenerated between O
and 1.

Param_Gen_lO disable, snd_xy disable, no gen_st — 10 = No modification

Param_Gen_lO disable, snd_xy disable, gen_st - 10 = No modification

Param_Gen_lO disable, snd_xy enable, no gen_st — 10 = No modification

Param_Gen_lO disable, snd_xy enable, gen_st — 10 = No modification

Param_ Gen_l0 enable, snd_xy disable, no gen_st - 10 = garbage, garbage, garbage, faceness
Param Gen_lO enable, snd_xy disable, gen_st — 10 = garbage, garbage, s, t

Param_Gen_l0 enable, snd_xy enable, no gen_st — |0 = screen x, screen v, garbage, faceness
Param _Gen_l0 enable, snd_xy enable, gen_st — |0 = screen x, screeny, s, t

20.3 Auto generated counters

In the cases we are dealing with multipass shaders, the sequencer is going to generate a vector count to be able to SN
both use this count to write the 1 pass data to memory and then use the count to retrieve the data on the 2° pass. = —{ Formatted
The count is always generated in the same way but it is passed to the shader in a slightly different way depending on = ;‘[Formatted
the shader type (pixel or vertex), This is foguled on and off using the GEN INDEX register, While there is only one e
count broadcast to the registers, the LSB are hardwired fo specific values making the index different for all elements
in the vector,

20.3.1 Vertex shaders

In the case of vertex shaders, if GEN INDEX is set, the data will be put into the x field of the third register (it means
that the compiler must allocate 3 GPRs in all multipass vertex shader modes).

20.3.2 Pixel shaders

In the case of pixel shaders, if GEN_INDEX is set, the data will be put in the x field of the 2”? register 4100, ,(4[ r;ormatte«i

{ Formatted: Bullets and Numbering

- *[ Formatted: Bullets and Numbering
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STG O

AUTO INTERPOLATORS

COUNT

STG1

¥
‘ AUTO COUNT | 000000

N

The Auto Count Value is
broadcast to all GPRs. ltis
loaded into a register wich has
its LSBs hardwired to the
GPR number (0 thru 63). Then
if GEN_INDEX is high, the
mux selects the auto-count
value and it is loaded into the
GPRs to be either used to
retrieve data using the TP or
sent to the SX forthe RB to
use it to write the data to
memory

GPRO

20-21. State management

Every clock, the sequencer will report to the CP the oldest states still in the pipe. These are the states of the
programs as they enter the last ALU clause.

2122 XY Address imports -

The SC will be able to send the XY addresses to the GPRs. It does so by interleaving the writes of the IJs (to the IJ
buffer) with XY writes (to the XY buffer). Then when writing the data to the GPRs, the sequencer is going to
interpolate the IJ data or pass the XY data thru a Fix—float converter and expander and write the converted values to
the GPRs. The Xys are currently SCREEN SPACE COORDINATES. The values in the XY buffers will wrap. See
section 20.248:2 for details on how to control the interpolation in this mode.

22.1 Vertex indexes imports *

In order to import vertex indexes, we have 84x2x96 staging registers. These are loaded one at a time by the VGT
block, They are loaded in floating point format and can be fransferred in 4 or 8 clocks to the GPRs.

2223 Registers

22123 1 Control
DYNAMIC-REG_DYNAMIC

VERTEX REG SIZE
REG SIZE PRI

Dynamic allocation (pixel/vertex) of the register file on or off.

Wifbyz dion.of i { $oki

MIN..S1

frevetl v file i vy o Fiovry ool

£
= SMinimal-size of the register file's pixel portion_ (minimal size when
dvramic allocation turned on) i

ERTEA-MIN-3] Minimal-eSize of the register file's vertex portion_(minimal
size when dynamic allocation turned on){dynamic-only)
ARBITRATION_palicyPOLICY policy of the arbitration between vertexes and pixels
INST_STORE_ALLOC interleaved, separate

for et iy

REG_SIZE VTX

;, - Formatted: Bullets and Numbering

VERTEX-BASEINST BASE VTX
vertex_base and

start point for the vertex instruction store (RT always ends at

e { Formatted: Bullets and Numbering J

% Formatted: Bullets and Numbering

> ‘[¢ Formatted: Bullets and Numbering
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rax

fmY
Begins at 0)
RIXEL-BASEINST BASE PIX start point for the pixel shader instruction store
NO-INTERLEAVEONE _THREAD debug state register. Only allows one program at a time into the
GPRs
NOINTERLEAVE-ALUONE ALU debug state register. Only allows one ALU program at a time to be executed
(instead of 2)

INSTRUCTION_INDEX

_PORT This is where the CP puts the base address of the instruction writes and type (auto-
incremented on reads/writes)

INSTRUCTION_DATA This is where the CP puts the actual data going to the instruction memory

CONSTANT_DATA This is where the CP puts constant data (32 bits)
CONSTANT_ADDR This is where the CP puts the logical constant address (9 bits)
INSTRUCTION INDEX .
PORT RT This is where the CP puts the base address of the instruction writes and type for =~ ’{Formatted
Real Time (auto-incremented on reads/writes) SR TNinann
INSTRUCTION DATA RT This is where the CP puts the actual data going to the instruction memory for
Real Time

CONSTANT DATA RT This is where the CP puts constant data for Real Time (32 bits)
CONSTANT ADDR RT  This is where the CP puls the logical constant address for Real Time (9 bits)

CONSTANT EO RT This is the size of the space reserved for real time in the constant store (from O to
CONSTANT EO RT). The remaping table operates on the rest of the memory
EXPORT LATE Controls whether or not we are exporting position from clause 3. If set, position

exports occur at clause 7.

Formatted: Bullets and Numbering

222232 Context . -
Vehaderfeteh{Z0JZ0VS FETCH {0...7 eight 8 bit pointers to the location where each clauses e
control program is located
Mehader—alulZOZ0IVE ALY {0...7 eight 8 bit pointers to the location where each clauses

control program is located

PS_FETCH {0...7} Pshader-feteh[Z:0][7:0} eight 8 bit pointers to the location where each clauses control

program is located

i PS_ALU (0.7} Pehader-all7:007:0]  eight 8 bit pointers to the location where each clauses control

program is located

RSHADERPS BASE base pointer for the pixel shader in the instruction store
VEHADERVS BASE base pointer for the vertex shader in the instruction store
Mehader-enil-sizeVS CF_SIZE size of the vertex shader (# of instructions in control program/2)
Pshader—entl-sizePS CF SIZE size of the pixel shader (# of instructions in control program/2)
Pehader-sizePS SIZE size of the pixel shader (cntl+instructions)

Mehader-sizeVS SIZE size of the vertex shader (cntl+instructions)
REG-ALLOC-PIXPS NUM REG number of registers to allocate for pixel shader programs
REG-ALLOG-MERTVS NUM REG number of registers to allocate for vertex shader programs

ELAT-GOURIO.-4B]PARAM SHADE One 16 bit register specifying which parameters are to be
gouraud shaded (0 = flat, 1 = gouraud)

CYLANRARID.-63] PARAM _WRAP 64 bits: for which parameters (and channels (xyzw)) do we
do the cyl wrapping (O=linear, 1=cylindrical).

Pexport-moedePS EXPORT _MODE Oxxxx : Normal mode
Txxxx : Multipass mode
If normal, bbbz where bbb is how many colors (0-4) and z is export z or not
If multipass 1-12 exports for color.

vehaderexpord-maskVS EXPORT _MASK which of the last 6 ALU clauses is exporting (multipass only)

veshader—expord-medeVS EXPORT MODE 0: position (1 vector), 1: position (2 vectors), 3:multipass
3 derexportcountB]VS EXPORT
COUNT {0...6 Six 4 bit counters representing the ——## of interpolated parameters exported in

clause 7 (located in V8 EXPORT COUNT 8) OR
# of exported vectors to memory per clause in multipass mode (per clause)

Control-Flow 24-Dworde-that-contaln-the-controlf stante.

PARAM _GEN_T Max-Value-interpolate I rdinate-field(sprites)

GEN AaxValue-interpolated-inthe S coordinate field (sprites)
N terp
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2, ks Talalsbe?
GEN_IO Do we overwrite or not the parameter 0 with XY data and generated T and S values
GEN_INDEX Auto generates an address from 0 to 00 Puts the results into R1 for pixel shaders

and R3 for verfex shaders
CONST BASE VTXMIX-CST-BASE (9 bits)
RI-CET-BASECONST BASE PIX (9 bits) Logical Base address for the constants of the Pixel shader
RX-CST-SRZECONST SIZE PIX (8 bits) Size of the logical constant store for pixel shaders
VIX-CET--SIZECONST SIZE VTX (8 bits) Size of the logical constant store for vertex shaders

INST_PRED OPTIMIZE __ Tumns on the predicate bit optimization (if of, conditional _execute predicates is

always executed).

256 boolean bits

32x8 bit counters (number of times we traverse the loop)
32x8 bit counters (init value used in index computation)
32x8 bit counters (step value used in index computation

CF_BOOLEANS
CF_LOOP COUNT
CF_LOOP START
CF_LOOP STEP

2324 DEBUG registers

23124 1 Context

DB_PROB_ADDR——
DB_PROB_COUNT——
CountDB_INST_COUNT
AddrDB_BREAK_ADDR

instruction address where the first problem occurred

number of problems encountered during the execution of the program
instruction counter for debug method 2
break address for method number 2

Logical Base address for the constants of the Vertex shader

DB _CLAUSE

MODE ALU {0... 7iCleuse—mode[3] clause mode for debug method 2 (0: normal, 1: addr, 2: kill

DB CLAUSE

MODE FETCH {0...7 clause mode for debug method 2 (O: normal, 1: addr, 2; kili

N - c:n“n T!NI'? 31 Ff !« d 17 bt - jzoti oy pgﬂ‘n a~ s - d} a+ a "3,
exRacubed.

2425 Interfaces
24125 1 External Interfaces

Whenever an x is used, it means that the bus is broadcast to all units of the same name. For example, if a bus is

named SQ—SPx it means that SQ is going to broadcast the same information to all SP instances.

241425 1.1 SCto SP: IJbus

This is a bus that sends the IJ information to the |J fifos on the top of each shader pipe. At the same time the control

information goes to the sequencer. There are 4 of these buses over the whole chip (SPO0 thru 3)

Name Direction Bits | Description

SC_SPO_data SC—-SPO 64 IJ information sent over 2 clocks (or XY info sent over 1
clock in the lower 24 LSBs of the interface)

SC_SPO_q_wr_mask SC-SPO 1 Write Mask

SC_SP0_dest SC—SPO 1 Controls the write destination (XY buffer, |J buffer)

SC_SP1_data SC—-SP1 64 IJ information sent over 2 clocks (or XY info sent over 1
clock in the lower 24 LSBs of the interface)

SC_SP1_g_wr_mask SC--SP1 1 Write Mask

SC_SP1_dest SC—>SP1 1 Controls the write destination (XY buffer, IJ buffer)

SC_SP2_data SC—-8P2 84 IJ information sent over 2 clocks (or XY info sent over 1
clock in the lower 24 LSBs of the interface)

SC_SP2_qg wr_mask SC—-8P2 1 Write Mask

SC_SP2_dest SC-8P2 1 Controls the write destination (XY buffer, I1J buffer)

SC_S8P3_data SC—-8P3 64 IJ information sent over 2 clocks (or XY info sent over 1
clock in the lower 24 LSBs of the interface)

SC_SP3_qg wr_mask SC—SP3 1 Write Mask

SC_8P3_dest SC—-8P3 1 Controls the write destination (XY buffer, |J buffer)
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24122512 SCto SEQ : IJ Control bus

This is the control information sent to the sequencer in order to control the IJ fifos and all other information needed to
execute a shader program on the sent pixels. This information is sent over 2 clocks, if SENDXY is asserted the next
control packet is going to be ignored and XY information is going to be sent on the IJ bus (for the quads that where

: ‘[Formatted: Bullets and Numbering

just sent).

Name Direction Bits | Description

SC_SQ_g_wr_mask SC—-8Q 4 Quad Write mask left to right

SC_8Q_lod_correct SC—-8Q 24 LOD correction per quad (6 bits per quad)

SC_SQ_flat_vertex SC-8Q 2 Provoking vertex for flat shading

8C_8Q_param_ptr0 8C—8Q 11 P Store pointer for vertex 0

SC_8Q_param_ptr1 SC—-8Q 11 P Store pointer for vertex 1

SC_S8Q_param_ptr2 SC-8Q 11 P Store pointer for vertex 2

SC_8Q_end_of vect S3C—-8Q 1 End of the vector

SC_8Q_store_dealloc 5C—8Q 1 Deallocation token for the P Store

SC_8Q_state SC—-8Q 3 State/constant pointer (6*3+3)

SC_SQ_valid_pixel SC—-8Q 16 Valid bits for all pixels

SC_8Q_null_prim SC—-8Q 1 Null Primitive (for PC deallocation purposes)

8C_8Q_end_of prim SC—-8Q 1 End Of the primitive

SC_8Q_fbface SC—8Q 1 Front face = 1, back face =0

SC_SQ_send_xy 8C-8Q 1 Sending XY information [XY information is going to be
sent on the next clock]

SC_8Q_prim_type SC—-8Q 3 Real time command need to load tex cords from
alternate buffer. Line AA, Point AA and Sprite reads
their parameters from GEN_T and GEN_S registers.
000 : Normal
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite

SC_5Q new veclor 8C—-8Q 1 This_primitive comes from a new veclor of vertices,
Make sure that the corresponding vertex shader has
finished before starting the group of pixels,

SC_SQ_RTRn SQ—-8C 1 Stalls the PA in n clocks

SC_S8Q_RTS 8C—8Q 1 SC ready to send data

Name Direction Bits | Description
SQ_SPx_interp_prim_type SQ—-SPx 3 Type of the primitive

000 : Normal

011 : Real Time

100 : Line AA

101 : Point AA

110 : Sprite
SQ_SPx_interp_flat_vix SQ—-SPx 2 Provoking vertex for flat shading
SQ_SPx_interp_flat_gouraud | SQ—»SPx 1 Flat or gouraud shading
SQ_SPx_interp_cyl_wrap 50-8Px 4 Wich parameter needs to be cylindrical wrapped
SQ_SPx_interp_ijline SQ—-8Px 2 Line in the 1J/XY buffer to use to interpolate
SQ_SPx_interp_buff_swap SQ—SPx 1 Swap the [J/XY buffers at the end of the interpolation
SQ_SPx_interp_gen_I0 SQ—-SPx 1 Generate 10 or not. This tells the interpolators not to

use the parameter cache but rather overwrite the dala
with interpolated 1 and 0. Qverwrite if gen 10 is high.
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25.1.4 SQ to SP: GPR Input Mux select

This interface is synchronized with the Interpolator bus. This controls the input mu to the GPRs. The three types of

P

data are: generated index, Interpolated data, vertex index data (coming from the staging registers).

i Q‘{ Formatted: Bullets and Numbering

25.1.5 8SQ to SPx: Parameter cache write control

Name Direction Bits | Description

SQ _SPx_pc_wr_addr SQ-»8Px 7 Write address

SQ 8Px pec we addr SQ--8Px 1 Write Enable

SQ_SPx_pc phase mux SQ-»5Px 1 The output selector mux {gpr vs parameter cache)

24-1-4251.6 8Q to SP: Parameter Cache Read control bus
The four following interfaces (SQ—8P, SQ—8X,8P—SX and SX—Interpolators) are all SYNCHRONIZED together.

Name Direction Bits | Description

80 _SPx data type, BO-—8Px, 2 00 interpolated data ]
01: Staging register data }
1 Count :

8Q_8Px_index_count SQ--8Px 127 | Index gount, cormon for all shader pipes °| Formatted J

$Q_SPx stage addr SQ--8Px 1 Staging register address { Formatted j
0: First staging reqister - :
1: second staging register

E ’[ Formatted: Bullets and Numbering

e -{ Formatted: Bullets and Numbering ‘

Name Direction Bits | Description

SQ_S8Px_ptr0 SQ--»8Px 9 Pointer of PC

SQ_SPx_ptrt SQ--»SPx 9 Pointer of PC

SQ_SPx_ptr2 SQ—-SPx 9 Pointer of PC

SQ_SP0_read_ena SQ--SP0 4 Read enables for the 4 memories in the SPQ
SQ_8P1_read_ena SQ—-SP1 4 Read enables for the 4 memories in the SP1
SQ_8P2 _read_ena SQ--SP2 4 Read enables for the 4 memories in the SP2
SQ_SP3 read_ena SQ-8P3 4 Read enables for the 4 memories in the SP3

241575 1.7 8Q to SX: Parameter Cache Mux control Bus

Name Direction Bits | Description

SQ_SXx_mux0 SQ-8Xx 4 Mux control for PC (4 MSbs of Pointer)
SQ_SXx_mux1 SQ—-8Xx 4 Mux control for PC (4 MSbs of Pointer)
SQ_8Xx_mux2 SQ--»8Xx 4 Mux control for PC (4 MSbs of Pointer)

l - ‘[ Formatted: Bullets and Numbering

24-1-625 1.8 SP to SX: Parameter data

Name Direction Bits | Description

SPO_SX0_datal SP0--8X0 128 | Parameter data 0
SPO_SX0_datat SP0—-SX0 128 | Parameter data 1
SPO_SX0_data2 SPO--8X0 128 | Parameter data 2
SPO_SX0_data3 SP0—-SX0 128 | Parameter data 3
SP1_SX1_data0 SP1->8X1 128 | Parameterdata 0
SP1_SX1_datat SP1-8X1 128 | Parameter data 1
SP1_8X1_data2 SP1--8X1 128 | Parameter data 2
SP1_SX1_data3 SP1-8X1 128 | Parameter data 3
SP2_SX0_data0 SP2--8X0 128 | Parameterdata 0
SP2_SX0_datat SP2-SX0 128 | Parameter data 1
SP2_SX0_data2 SP2--8X0 128 | Parameter data 2
SP2_SX0_data3 SP2-8X0 128 | Parameter data 3
SP3_SX1_datal SP3-8X1 128 | Parameter data O
SP3_SX1_data1l SP3--8X1 128 | Parameter data 1
SP3_SX1_data2 SP3--8X1 128 | Parameter data 2
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[SP3_SX1_data3

- )
TSP3SX1

| 128 | Parameter data 3

24-1-725.1.9 SXto Interpolators: Parameter Cache Retum bus

—— ‘{ F°’“?attfd: fj\ullefs a‘nd Numbérir}g _ ]

Name Direction Bits | Description

SXx_SPx_vix_data_0 SXx-—8Px 128 | Vertex data to interpolate

SXx_SPx_vtx_data_1 SXx—SPx 128 | Vertex data to interpolate

SXx_SPx_vix_data_2 SXx-»8Px 128 | Vertex data to interpolate e Shn s :

. R R - ’[ Formatted: Bullets and Numbering
25.1.10 8Q to SPO: Staging Register Data L e e
Mame Direction Bits | Description
SQ_SPO vgt vsisr_data SQ--SP0 96 Pointers of indexes or HOS surface information
SQ_8SPO vgt vsisr_double SQ--SP0 1 O: Normal 96 bits per vert 1: double 192 bits per vert
SQ _8PO data valid SQ-—-8P0 1 Data is valid

25 1.11 PA fo 8Q : Vertex interface

25.1.11.1 Interface Signal Table

The area difference between the two methods is not sufficient to warrant complicating the interface or the stale

requirements of the VSISRs. Therefore, the POR for this interface is that the VGT will transmit the data to the

VEIERs (via the Shader Sequencer) in full, 32-bit floating-point format. The VGT can transmit up to six 32-bit

floating-point values to each VSISR where four or more values require two fransmission clocks. The data bus is 96

bits wide,

Name Bits Description

PA SQ vgt vsist data 96 Pointers of indexes or HOS surface information
PA_8Q vgt vsisr_double 1 0: Normal 96 bits per vert 1: double 192 bits per vert

PA_8Q vgt end of vector i

Indicates the last VSISR data set for the current process vector (for double vector

PA_85Q vot state 3 Render State (673+3 for constants), This signal is guaranteed to be correct when
"PA 8Q vgt end of vector”is high.

PA_SQ vat send 1 Data on the VGT 3Q is valid receive (see write-up for standard R400 SEND/RTR
interface handshaking)

SQ _PA vgt rir 1 Ready fto receive (see write-up for standard R400 SEND/RTR interface

handshaking)

25.1.11.2 Interface Diagrams
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24 1.8 VGT to SROSQ - Medex Bus

7

2419

= *[Formatted: Bullets and Numbering

Name Direction Bits | Description
SQ_CP_vrtx_ state SEQ--CP 3 Oldest vertex state still in the pipe
SQ_CP_pix_state SEQ--CP 3 Oldest pixel state still in the pipe

2411025 113 SPto SX : PixelNertex write to SX

Name Direction Bits Description

SPO_SX0_Export_data SPO--8X0 256 4 pairs of 32 bits channel values

SPO_SXO_Shader_Dest SP0—SX0 4 Specifies one of the of up to 12 export destinations

SP1_SX1_Export_data SP1--8X1 256 4 pairs of 32 bits channel values

SP1_SX1_Shader_Dest SP1-SX1 4 Specifies one of the of up to 12 export destinations

SP2_SX0_Expert_data SP2--8X0 256 4 pairs of 32 bits channel values

SP2_SXO0_Shader_Dest SP2—-SX0 4 Specifies one of the of up to 12 export destinations

SP3_SX1_Export_data SP3--8X1 256 4 pairs of 32 bits channel values

SP3_SX1_Shader_Dest SP3—-SX1 4 Specifies one of the of up to 12 export destinations

SPx_SXx_Shader_Count SP0—-SX0 3 Each set of four pixels or vectors is exported over
eight clocks. This field specifies where the SP is in that
sequence.

SPx_SXx_Shader_Last SP0—-SX0 1 Asserted on the first shader count of the last export of
the clause

SP0_SXO0_Shader_Pixelvalid | SPO—-SX0 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color buffers).
4x4 because 16 pixels are computed per clock

SP0O_SXO0_Shader_WordValid | SPO0—-SX0 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each of the 16 pixels or
vectors

SP1_8X1_Shader_PixelValid | SP1—-8X1 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color buffers).
4x4 because 16 pixels are computed per clock

SP1_SX1_Shader_WordValid | SP1-8X1 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each of the 16 pixels or
vectors

SP2_SXO0_Shader_Pixelvalid | SP2—-SX0 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color buffers).
4x4 because 16 pixels are computed per clock

SP2_SX0_Shader_WordValid | SP2-8X0 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each of the 16 pixels or
vectors

SP3_SX1_Shader_Pixelvalid | SP3—-8X1 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color buffers).
4x4 because 16 pixels are computed per clock

SP3_SX1_Shader_WordValid | SP3—-8X1 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each of the 16 pixels or
vectors

24111251 14 8Q to SX: Control bus

e

[ Name

| Direction

[ Bits | Description
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l SQ_SXx_exp_Pixel SQ—SXx 1 1: Pixel
0: Vertex
SQ_SXx_exp_start SQ—8Xx 1 Raised to indicate that the SQ is starting an export
SQ_8Xx_exp_Clause SQ--»>8Xx 3 Clause number, which is needed for vertex clauses
SQ_SXx_exp_State SQ—SXx 3 State ID, which is needed for vertex clauses

These fields are sent synchronously with SP export data, described in SP0—8X0 interface
{ISSUE: Where are the PC pointers}

== Formatted: Buliets and Numberin
24-11225.1.15 SX to SQ : Output file control <~ - {Formatted: Bules and —
Name Direction Bits | Description
SXx_SQ_Export_count_rdy SXx—8Q 1 Raised by SXO to indicate that the following two fields
reflect the result of the most recent export
SXx_SQ_Export_Position SXx-8Q 1 Specifies whether there is room for another position.
SXx_SQ_Export_Buffer SXx—8Q 7 Specifies the space available in the output buffers.

O: buffers are full
1: 2K-bits available (32-bits for each of the 64
pixels in a clause)

64: 128K-bits available (16 128-bit entries for each of
64 pixels)
65-127: RESERVED

2411325 .1.16 Shader Engine to Fetch Unit Bus -

Four quad's worth of addresses is transferred to Feich Unit every clock. These are sourced from a different pixel within
each of the sub-engines repeating every 4 clocks. The register file index to read must precede the data by 2 clocks. The
Read address associated with Quad 0 must be sent 1 clock after the Instruction Start signal is sent, so that data is read
3 clocks after the Instruction Start.

{Formatted: Bullets and Numbering

Four Quad's worth of Fetch Data may be written to the Register file every clock. These are directed to a different pixel
of the sub-engines repeating every 4 clocks. The register file index to write must accompany the data. Data and Index
associated with the Quad 0 must be sent 3 clocks after the Instruction Start signal is sent.

Name Direction Bits | Description

SPO_TPO_fetch_addr SPO->TPO 512 | 4 Fetch Addresses read from the Register file

TPO_SPO_data TPO—>SPO 512 | 4 texture resulls

SP1_TP1_fetch_addr SP1->TP1 512 | 4 Feich Addresses read from the Register file

TP1_SP1_data TP1-58P1 512 | 4 texture results

SP2_TP2_fetch_addr SP2->TP2 512 | 4 Fetch Addresses read from the Register file

TP2_SP2_data TP2-58P2 512 | 4texture results

SP3_TP3 fetch_addr SP3->TP3 512 | 4 Fetch Addresses read from the Register file

TP3_SP3 data TP3—>SP3 512 | 4 texture results

TPx_SPx_gpr_dst TPx—8Px 7 Wirite address into the gprs

TPx_SPx_gpr_cmask TPx—8Px 4 Channel mask . S

; -1 Formatted: Bullets and Numberin E

2414425 1.17 Sequencer to Fetch Unit bus T { T T )

Once every clock, the fetch unit sends to the sequencer on which clause it is now working and if the data in the
registers is ready or not. This way the sequencer can update the fetch counters for the reservation station fifos. The
sequencer also provides the instruction and constants for the fetch to execute and the address in the register file
where to write the fetch return data.

Name Direction Bits | Description

TPx_SQ_data_rdy TPx— SQ 1 Data ready

TPx_SQ_clause_num TPx— SQ 3 Clause number

SQ_TPx_const SQ—>TPx 64 Fetch state sent over 4 clocks
SQ_TPx_instuct SQ--TPx 24 Fetch instruction sent over 4 clocks
SQ_TPx_end_of clause SQ-TPx 1 Last instruction of the clause
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SQ_TPx_phase SQ—-TPx 2 Write phase signal
SQ_TPO_lod_correct SQ-TPO 6 LOD correct 3 bits per comp 2 components per quad
SQ_TPO_pmask SQ--TPO 4 Pixel mask 1 bit per pixel
SQ_TP1_led_correct SQ-TP1 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP1_pmask SQ-TP1 4 Pixel mask 1 bit per pixel
SQ_TP2_lod_correct SQ—-TP2 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP2_pmask SQ--»TP2 4 Pixel mask 1 bit per pixel
SQ_TP3_lod_correct SQ--TP3 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP3_pmask SQ-TP3 4 Pixel mask 1 bit per pixel
SQ_TPx_clause_num SQ-->TPx 3 Clause number
SQ_TPx_write_gpr_index SQ->TPx 7 | Index into Register file for write of returned Fetch Data

2411525 1.18 Sequencer to SP. GPR control

e ;\{Formatted: Bullets and Numbering ]

Name Direction Bits | Description

SQ_8Px_gpr_wr_addr SQ--SPx 7 Write address

SQ_SPx_gpr_rd_addr SQ—->SPx 7 Read address

SQ_SPx_gpr_re_addr SQ--»8SPx 1 Read Enable

SQ_SPx_gpr_we_addr SQ—8Px 1 Write Enable

SQ_SPx_gpr_phase_mux SQ—SPx 2 The phase mux

SQ_SPx_gpr_channel_mask | SQ-»8Px 4 The channel mask

SQ_SP0O_gpr_pixel_mask SQ—-SPO 4 The pixel mask

SQ_SP1_gpr_pixel_mask SQ--+SP1 4 The pixel mask

SQ_S8SP2_gpr pixel_mask SQ—-SP2 4 The pixel mask

SQ_S8SP3_gpr_pixel_mask SQ—-8P3 4 The pixel mask : 3 S : 3 2

R s {Formaﬂed: Bullets and Numbering

Seguencerto-SPx-Parametercache-white-control

2414725 1,19 Sequencer to SPx: Instructions

Name

Direction

Bits

Description

SQ_SPx_instruct_start

SQ—SPx

1

Instruction start

SQ_SP_instruct

SQ-»SPx

20

Instruction sent over 4 clocks

SQ_SPx_stall

SQ—-SPx

1

Stall signal

SQ_SPx_Shader_Count

SQ—SPx

3

Each set of four pixels or vectors is exported over
eight clocks. This field specifies where the SP is in
that sequence.

SQ_SPx_Shader_Last

SQ—8Px

Asserted on the first shader count of the last export
of the clause

SQ_SP0_Shader_Pixelvalid

SQ—SPO

Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

SQ_SP0_Shader_WordValid

SQ-SP0

Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or vectors

SQ_SP1_Shader_PixelValid

SQ—-SP1

Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

SQ_SP1_Shader_WordValid

SQ-8P1

Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or vectors

SQ_SP2_Shader_PixelValid

8Q—-SP2

Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

SQ_8P2_Shader_WordValid

SQ—-SP2

Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
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SQ_SP3_Shader_Pixelvalid | 8Q—-SP3 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock
SQ_SP3_Shader_WordValid | SQ—S8P3 2 Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or vectors

24-1-1825.1.20 SP to Sequencer: Constant address load

‘[ Formatted: Bullets and Numbering }

Name Direction Bits | Description

SPO_SQ_const_addr SP0--5Q 36 Constant address load to the sequencer
SPO_SQ_valid SP0-8Q 1 Data valid

SP1_SQ_const_addr SP1--8Q 36 Constant address load to the sequencer
SP1_8Q_valid SP1-8Q 1 Data valid

SP2_SQ_const_addr SP2-38Q 36 Constant address load to the sequencer
SP2_8Q_valid SP2--8Q 1 Data valid

SP3_SQ_const_addr SP3-8Q 36 Constant address load to the sequencer
SP3_SQ_valid SP3-8Q 1 Data valid

I 24449251 21 Sequencer to SPx: constant broadcast

[ Name

| Direction

[ Bits | Description

| SQ_SPx_constant

| SQ-»8Px

| 128 | Constant broadcast

matted: Bullets and Numbering

i 24-1-20251.22 SPO to Sequencer: Kill vector load
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Name Direction Bits | Description
SPO_SQ_kill_vect SP0-8Q 4 Kill vector load
SP1_SQ_Kkill_vect SP1-38Q 4 Kill vector load
SP2_SQ_kill_vect SP2-3Q 4 Kill vector joad
SP3_8Q _kill_vect SP3-8Q 4 Kill vector load S . .
-+ Formatted: Bullets and Numberin
24-121251.23 SQ to CP: RBBM bus " Formatted: bulet nd e
Name Direction Bits | Description
SQ_RBB_rs SQ-->CP 1 Read Strobe
SQ_RBB_rd SQ—-CP 32 Read Data
SQ_RBBM_nrirtr SQ--CP 1 Optional
SQ_RBBM_rir SQ-»CP 1 Real-Time (Optional) . = :
- ‘[ Formatted: Bullets and Numbering }
24142295 1.24 CPfo SQ: RBBM bus . e e :
Name Direction Bits | Description
rbbm_we CP-8Q 1 Write Enable
rbbm_a CP—-SQ 18 Address -- Upper Extent is TBD
rbbm_wd CP--5Q 32 Data
rbbm_be CP—-8Q 4 Byte Enables
rbbm_re CP—-8Q 1 Read Enable
rbb_rsO CP-8Q 1 Read Return Strobe 0
rbb_rs1 CP—-SQ 1 Read Return Strobe 1
rbb_rd0 CP—-5Q 32 Read Data 0
rbb_rd1 CP-8Q 32 Read Data O
RBBM_S8Q_soft_reset CP—-8Q 1 Soft Reset
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25.26. Examples of program executions

23-+426.1.1 Sequencer Control of a Vector of Vertices

1.

10.

11.

PA sends a vector of 64 vertices (actually vertex indices — 32 bits/index for 2048 bit total) to the RE’s Vertex FIFO
* state pointer as well as tag into position cache is sent along with vertices
e space was allocated in the position cache for transformed position before the vector was sent
¢ also before the vector is sent to the RE, the CP has loaded the global instruction store with the vertex
shader program (using the MH?)
¢ The vertex program is assumed to be loaded when we receive the vertex vector.
¢ the SEQ then accesses the IS base for this shader using the local state pointer (provided to all
sequencers by the RBBM when the CP is done loading the program)

SEQ arbitrates between the Pixel FIFO and the Vertex FIFO — basically the Vertex FIFO always has priority

¢ at this point the vector is removed from the Vertex FIFO

o the arbiter is not going to select a vector to be transformed if the parameter cache is full unless the pipe as
nothing else to do (ie no pixels are in the pixel fifo).

SEQ allocates space in the SP register file for index data plus GPRs used by the program

¢ the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer that came down with the vertices

¢ SEQ will not send vertex data until space in the register file has been allocated

SEQ sends the vector to the SP register file over the RE_SP interface (which has a bandwidth of 2048 bits/cycle)
e the 64 vertex indices are sent to the 64 register files over 4 cycles
¢ RFOof SUQ, SU1, SU2, and SU3 is written the first cycle
¢ RF1of SUQ, SU1, SU2, and SU3 is written the second cycle
¢ RF2of SUQ, SU1, SU2, and SU3 is written the third cycle
¢ RF3of SUQ, SU1, SU2, and SU3 is written the fourth cycle
e the index is written to the least significant 32 bits (fioating point format?) (what about compound indices)
of the 128-bit location within the register file (w); the remaining data bits are set to zero (x, y, z)

SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
¢ the control packet contains the state pointer, the tag to the position cache and a register file base pointer.

TSMO accepts the control packet and fetches the instructions for fetch clause 0 from the global instruction store
e  TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

¢ TSMO does not wait for requests made to the Fetch Unit to complete; it passes the register file write index for
the fetch data to the TU, which will write the data to the RF as it is received

e once the TU has written all the data to the register files, it increments a counter that is associated with ASMO
FIFO; a count greater than zero indicates that the ALU state machine can go ahead start to execute the ALU
clause

ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

all instructions of ALU clause 0 are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

the control packet continues to travel down the path of reservation stations until all clauses have been executed

e position can be exported in ALU clause 3 (or 47); the data (and the tag) is sent over a position bus (which is
shared with all four shader pipes) back to the PA’s position cache

¢ A parameter cache pointer is also sent along with the position data. This tells to the PA where the data is
going to be in the parameter cache.
o there is a position export FIFO in the SP that buffers position data before it gets sent back to the PA

PRT206/04-04: 88 DMUASIAI0ATAM

3

,‘[ Formatted: Bullets and Numbering E
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1A

&
e« the ASM arbiter will prevent a packet from starting an exporting clause if the position export FIFO is full
¢ parameter data is exported in clause 7 (as well as position data if it was not exported earlier)

¢ parameter data is sent to the Parameter Cache over a dedicated bus

¢« the SEQ allocates storage in the Parameter Cache, and the SEQ deallocates that space when there is no
longer a need for the parameters (it is told by the PA when using a token).

e the ASM arbiter will prevent a packet from starting on ASM7 if the parameter cache (or the position buffer
if position is being exported) is full

12. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program

. R B »:; ‘[ Formattéd: Bullets and Numbering
25-4+-226.1.2 Sequencer Control of a Vector of Pixels T e e——
1. As with vertex shader programs, pixel shaders are loaded into the global instruction store by the CP

e At this point it is assumed that the pixel program is loaded into the instruction store and thus ready to be read.

2. the RE’s Pixel FIFO is loaded with the barycentric coordinates for pixel quads by the detailed walker
¢ the state pointer and the LOD correction bits are also placed in the Pixel FIFO
e the Pixel FIFO is wide enough to source four quad’s worth of barycentrics per cycle

3. SEQ arbitrates between Pixel FIFO and Vertex FIFO - when there are no vertices pending OR there is no space
left in the register files for vertices, the Pixel FIFO is selected

4. SEQ allocates space in the SP register file for all the GPRs used by the program
¢ the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer
e SEQ will not allow interpolated data to be sent to the shader until space in the register file has been allocated

5. SEQ controls the transfer of interpolated data to the SP register file over the RE_SP interface (which has a
bandwidth of 2048 bits/cycle). See interpolated data bus diagrams for details.

6. SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
¢ note that there is a separate set of reservation stations/arbiters/state machines for vertices and for pixels
¢ the control packet contains the state pointer, the register file base pointer, and the LOD correction bits
¢ all other information (such as quad address for example) travels in a separate FIFO

7. TSMO accepts the control packet and fetches the instructions for fetch clause O from the global instruction store
¢ TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

¢ TSMO does not wait for fetch requests made to the Fetch Unit to complete; it passes the register file write
index for the fetch data to the TU, which will write the data to the RF as it is received

¢ once the TU has written all the data for a particular clause to the register files, it increments a counter that is
associated with the ASMO FIFO; a count greater than zero indicates that the ALU state machine can go
ahead and pop the FIFO and start to execute the ALU clause

10. ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

11. all instructions of ALU clause 0 are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

12. the control packet continues to travel down the path of reservation stations until all clauses have been executed
e pixel data is exported in the last ALU clause (clause 7)
e it is sent to an output FIFO where it will be picked up by the render backend
¢ the ASM arbiter will prevent a packet from starting on ASM7 if the output FIFO is full

13. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program
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25-4326.1.3 Notes T

14. The state machines and arbiters will operate ahead of time so that they will be able to immediately start the real
threads or stall.

15. The register file base pointer for a vector needs to travel with the vector through the reservation stations, but the
instruction store base pointer does not — this is because the RF pointer is different for all threads, but the IS
pointer is only different for each state and thus can be accessed via the state pointer

16. Waterfalling still needs to be specked out.

26-27. Open issues

There is currently an issue with constants. If the constants are not the same for the whole vector of vertices, we don't
have the bandwidth from the fetch store to feed the ALUs. Two solutions exists for this problem:
1) Let the compiler handle the case and put those instructions in a feich clause so we can use the
bandwidth there to operate. This requires a significant amount of temporary storage in the register store.
2) Waterfall down the pipe allowing only at a given time the vertices having the same constants to operate in
parallel. This might in the worst case slow us down by a factor of 16.

Need to do some testing on the size of the register file as well as on the register file allocation method (dynamic VS
static).

Saving power?
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1. Qverview

The sequencer is based on the R300 design. It chooses two ALU clauses and a fetch clause to execute, and
executes all of the instructions in a clause before looking for a new clause of the same type. Two ALU clauses are
executed interleaved to hide the ALU latency. Each vector will have eight fetch and eight ALU clauses, but clauses do
not need to contain instructions. A vector of pixels or vertices ping-pongs along the sequencer FIFO, bouncing from
fetch reservation station to alu reservation station. A FIFO exists between each reservation stage, holding up vectors
until the vector currently occupying a reservation station has left. A vector at a reservation station can be chosen to
execute. The sequencer looks at all eight alu reservation stations to choose an alu clause to execute and all eight
fetch stations to choose a fetch clause to execute. The arbitrator will give priority to clauses/reservation stations
closer to the bottom of the pipeline. It will not execute an alu clause until the fetch fetches initiated by the previous
fetch clause have completed. There are two separate sets of reservation stations, one for pixel vectors and one for
vertices vectors. This way a pixel can pass a vertex and a vertex can pass a pixel.

To support the shader pipe the sequencer also contains the shader instruction cache, constant store, control flow
constants and texture state. The four shader pipes also execute the same instruction thus there is only one
sequencer for the whole chip.

The sequencer first arbitrates between vectors of 64 vertices that arrive directly from primitive assembly and vectors
of 16 quads (64 pixels) that are generated in the scan converter.

The vertex or pixel program specifies how many GPRs it needs to execute. The sequencer will not start the next
vector until the needed space is available in the GPRs.
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1.1 Top Level Block Diagram

vertex/pixel vector arbitrator
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There are two sets of the above figure, one for vertices and one for pixels.

Depending on the arbitration state, the sequencer will either choose a vertex or a pixel packet. The control packet
consists of 3 bits of state, 7 bits for the base address of the Shader program and some information on the coverage to
determine fetch LOD plus other various small state bits.

On receipt of a packet, the input state machine (not pictured but just before the first FIFO) allocated enough space in
[ the registereGPRs to store the interpolated values and temporaries. Following this, the barycentric coordinates (and
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XY screen position if needed) are sent to the interpolator buff which are-geing-tewill use

these-barysentris
soordinatesthem to interpolate the parameters and place the interpolated-valueresults into the GPRs. Then, the input
state machine stacks the packet in the first FIFO.

On receipt of a command, the level O fetch machine issues a texture-fetch request to the TP and corresponding
register-GPR address for the fetch address (ta). A small command (tcmd) is passed to the fetch system identifying the
current level number (0) as well as the register-GPR write address for the fetch return data. One fetch request is sent
every 4 clocks causing the texturing of sixteen 2x2s worth of data (or 64 vertices). Once all the requests are sent the
packet is put in FIFO 1.

Upon receipt of the return data, the fetch unit writes the data to the register file using the write address that was
provided by the level O fetch machine and sends the clause number (0) to the level O fetch state machine to signify
that the write is done and thus the data is ready. Then, the level O fetch machine increments the counter of FIFO 1 to
signify to the ALU 4-0 that the data is ready to be processed.

On receipt of a command, the level 0 ALU machine first decrements the input FIFO 1 counter and then issues a
complete set of level 0 shader instructions. For each instruction, the ALU state machine generates 3 source
addresses, one destination address {3-eysles-latery and an instruction. Once the last instruction has been issued, the
packet is put into FIFO 2.

There will always be two active ALU clauses at any given time (and two arbiters). One arbiter will arbitrate
over the odd instructions (4 clocks cycles) and the other one will arbitrate over the even instructions (4
clocks cycles). The only constraints between the two arbiters is that they are not allowed to pick the same
clause number as the other one is currently working on if the packet is not of the same type (render state).

If the packet is a vertex packet, upon reaching ALU clause 3, it can export the position if the position is ready. So the
arbiter must prevent ALU clause 3 to be selected if the positional buffer is full (or can't be accessed). Along with the
positional data, if needed the sprite size and/or edge flags can also be sent.

{ISSUE: How do we handle parameter cache pointers (computed, semi-computed or not computed)?}

A special case is for multipass vertex shaders, which can export 12 parameters per last 6 clauses to the output
buffer. If the output buffer is full or doesn't have enough space the sequencer will prevent such a vertex group to
enter an exporting clause.

Multipass pixel shaders can export 12 parameters to memory from the last clause only (7).

All other clauseslevsl process in the same way until the packet finally reaches the last ALU machine (7).

Only twe-one pair of interleaved ALU state machines may have access to the register file address bus or the
instruction decode bus at one time. Similarly, only one fetch state machine may have access to the register file
address bus at one time. Arbitration is performed by three arbiter blocks (two for the ALU state machines and one for
the fetch state machines). The arbiters always favor the higher number state machines, preventing a bunch of half
finished jobs from clogging up the register files.
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The gray area represents blocks that are replicated 4 times per shader pipe (16 times on the overall chip).
1.3 Control Graph
Clause # + Rdy
WrAddr | IS SEQ csT WrAddr
CMD
csT
7
Phase | | | 3 3 !
CMD CST'CSTZCST 10X A B C WrYec i
RdAddr | . L Wiseal yyoagr
k4 2 v v v vy v
L
»
FETCH SP ) OF
WrAddr »{

In green is represented the Fetch control interface, in red the ALU control interface, in blue the Interpolated/Vector
control interface and in purple is the output file control interface.

2. Interpolated data bus

The interpolators contain an IJ buffer to pack the information as much as possible before writing it to the register file.
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Above is an example of a tile we-the seguencer might receive from the SC. The write side is how the data get stacked
into the XY and IJ buffers, the read side is how the data is passed to the GPRs. The IJ information is packed in the 1J
buffer 24 quads at a time_or fwo clocks. The sequencer allows at any given time as many as four quads to interpolate
a parameter. They all have to come from the same primitive. Then the sequencer controls the write mask to the
register-GPRs to write the valid data in.

3. Instruction Store

There is going to be only one instruction store for the whole chip. It will contain 4096 instructions of 96 bits each.

It is likely to be a 1 port memory; we use 1 clock to load the ALU instruction, 1 clocks to load the Fetch instruction, 1
clock to load 2 control flow instructions and 1 clock to write instructions.

The instruction store is loaded by the CP thru the INST_DATA, INST_INDEX_PORT control registersregister. The
INST_INDEX_PORT is auto-incremented on both reads and writes to the INST_DATA register.

The next picture shows the various modes the CP can load the memory. The Sequencer has to keep track of the
loading modes in order to wrap around the correct boundaries. The MSB of the INST_INDEX_PORT register contains
the packet type for the sequencer to know where it must wrap around. The wrap around points are arbitrary and they
are specified in the VS_BASE and PIX_BASE registersregisters.

For the Real time commands the story is quite the same but for some small differences. The CP will use the
INST_INDEX_PORT_RT and INST_DATA_RT register pair instead of the regular ones and there are no wrap around
points for real time so the driver must be careful not to overwrite regular shader data. The shared code (shared
subroutines) uses the same path as real time.
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4. Sequencer Instructions

All control flow instructions and move instructions are handled by the sequencer only. The ALUs will perform NOPs
during this time (MOV PV,PV, PS,PS).

5. Constant Stores

5.1 Memory organizations

A likely size for the ALU constant store is 1024x128 bits. The read BW from the ALU constant store is 128 bits/clock
and the write bandwidth is 32 bits/clock (directed by the CP bus size not by memory ports).

The maximum logical size of the constant store for a given shader is 256 constants. Or 512 for the pixel/vertex shader
pair. The size of the remapingre-mapping table is 128 lines (each line addresses 4 constants). The write granularity is
4 constants or 512 bits. It takes 16 clocks to write the four constants.

The texture state is also kept in a similar memory. The size of this memory is 192x128. The memory thus holds 128
texture states (192 bits per state). The logical size exposed-exposes 32 different states total, which are going to be
shared between the pixel and the vertex shader. The size of the remapingre-mapping table to for the texture state
memory is 16 lines (each line addresses 2 texture state lines in the real memory). The write granularity is 2 texture
state lines (or 384 bits). The driver sends 512 bits but the CP ignores the top 128 bits. It thus takes 12 clocks to write
the two texture states.

The control flow constant memory doesn't sit behind a renaming table. It is register mapped and thus the driver must
reload its content each time there is a state change. Its size is 256320*32 because it must hold 8 copies of the 32
dwords of control flow constants and the loop construct constants must be aligned.

The CP is loading the constant store using the CONST_DATA and CONST_ADDR registersregisters. It does so by
writing to the CONST_ADDR register the logical address for the constant block it wants to update and then writes 16
times to the CONST_DATA register. The CONST_ADDR is auto-incremented on both reads and writes to the
CONST_DATA register.

5.2 Management of the remapingre-mapping tables

The sequencer is responsible to manage two remapingre-mapping tables (one for the constant store and one for the
texture state). On a state change (by the driver), the sequencer will broadside copy the contents of its remapingre-
mapping tables to a new one. We have 8 different remapingre-mapping tables we can use concurrently. More-detaile

and-a-diagramto-come.
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-

=~ Formatted: Bullets and Numberin -
5.2.1 Dirty bits | ormatted Bt Mg )
Two sets of dirty bits will be maintained per logical address. The first one will be setf to zero on reset and set when
the logical address is addressed. The second one will be set to zero when ever a new context is written and set for
each address written while in this context. The reset dirty is not set, then writing to that logical address will not
require de-allocation of whatever address stored in the renaming table. If it is set and the context dirty is not set, then
the physical address store needs to be de-allocated and a new physical address is necessary to store the incoming
data, If they are both set, then the data will be written into the physical address held in the renaming for the current
logical address, No de-allocation or allocation takes place. This will happen when the driver does a sel constant
twice to the same logical address between context changes. NOTE: It is important to detect and prevent this, failure
to do it will allow multiple writes to allocate all physical memory and thus hang because a context will not fit for
rendering to start and thus free up space.

5.2.2 Free List Block

A free list block that would consist of a counter (called the IFC or Initial Free Counter) that would reset to zero and
incremented every time a chunk of physical memory is used until they have all been used once, This counter would
be checked each time a physical block is needed, and if the original ones have not been used up, Us a new one, else
checl the free list for an available physical block address. The count is the physical address for when gelling a
chunk from the counter.

Storage of a free list big enough to store all physical block addresses.

Maintain three pointers for the free list that are reset to zero. The first one we will call NTF (Next To Free). This
pointer will identify the next location to write the physical address of a block to be de-allocated. Note: we can never
free more physical memory locations than we have. Once recording address the pointer will be incremented to walk
the free list like @ ring.

The second pointer will be called YTF (Yet To Free). The YTF pointer will be advanced by the number of address
chunks de-allocates when a context finishes. The address between the YTF and NTF cannot be reused because
they are still in use. But as soon as the context using then is dismissed the YTF will be advanced.

The third peointer will be called NTA {(Next To Allocate). This pointer will point will point to the next address that can
be used for allocation as long as the NTA does not equal the YTF and the IFC is at its maximum count.

5.2.3 De-allocate Block N

This block will maintain a free physical address block count for each context. While in current context, a count shall
be maintained specifying how many blocks were written into the free list at the NTF pointer. This count will be reset
upon reset or when this context is active on the back and different than the previous context, It is actually a count of
blocks in the previous context that will no longer be used. This count will be used fo advance the NTF pointer fo
make available the set of physical blocks freed when the previous context was done. This allows the discard or de-
allocation of any number of blocks in one clock.

P ;:"{Format‘ted:‘ Bullets gnd Numbering e —}

Formatted: Bullets and Numbering

5.2 4 Operation of Incremental model

The basic operation of the model would start with the NTF_YTF, NTA pointers in the free list set to zero and the free
list counter is set to zero. Also all the dirty bits and the previous context will be initialized to zero, When the first set
constants happen, the reset dirty bit will not be set, so we will allocate a physical location from the free list counter
because its not at the max value, The data will be written info physical address zero, Both the additional copy of the
renaming table and the context zeros of the big renaming table will be updated for the logical address that was written
by set start with physical address of 0. This process will be repeated for any logical address that are not dirty until
the context changes. If a logical address is hit that has its dirty bits set while in the same context, both dirty bits
would be set so the new data will be over-written to the last physical address assigned for this logical address.
When a sel constant comes with a different than last context, the previous context stored in the additional renaming
table will be copied to the larger renaming table in the current (new) context location. Then the set constant logical
address with be loaded with a new physical address during the copy and if the reset dirty was set, the physical
address it replaced in the renaming table would be entered at the NTF pointer location on the free list and the NTF
will be incremented. The de-allocation counter for the previous context (zero) will be incremented. This as sef states
come in for this context one of the Tollowing will happen:

1.3 No dirty bits are set for the logical address being updated. A line will be allocated of the free-list counter or+ ~- Fo;matted: Bullets and Numbering
the free list at NTA pointer f NTA =10 YTF . R R
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2.} Reset dirty set and Context dirty not set. A new physical address is allocated, the physical address in the
renaming table is put on the free list at NTF and it is incremented along with the de-allocate counter for the
last context,

3.) Context dirty is set then the data will be written into the physical address specified by the logical address.

This process will continue as long as set stales arrive. This block will provide back pressure o the CP when ever he
has not free list entries available (counter at max and YTF == NTA). The command stream will keep a count of
contexts of constants in use and prevent more than max constants contexts from being sent.

Now preferable when the constant context leaves the last ALY clause it will be sent to this block and compared with
the previous context that left. (Init to zero) If they differ than the older context will no longer be referenced and thus
can be de-allocated in the physical memory.  This is accomplished by adding the number of blocks freed this context
to the YTF pointer. This will make all the physical addresses used by this context available to the NTA allocate
pointer for fulure allocation.

This device allows representation of multiple contexts of constants data with N copies of the logical address space. It
also allows the second context to be represented as the first set plus some new additional data by just storing the
delta’s. It allows memory to be efficiently used and when the constants updates are small it can store multiple
context. However, if the updates are large, less contexts will be stored and potentially performance will be degraded,
Although it will still perform as well as a ring could in this case,

5.3 Constant Store Indexing

In order to do constant store indexing, the sequencer must be loaded first with the indexes (that come from the
GPRs). There are 144 wires from the exit of the SP to the sequencer (8 bits pointers x 16 vertexes/clock). Since the
data must pass thru the Shader pipe for the float to fixed conversion, there is a latency of 4 clocks (1 instruction)
between the time the sequencer is loaded and the time one can index into the constant store. The assembly will look
like this

MOVA R1.XR2.X // Loads the sequencer with the content of R2.X, also copies the content of R2.X into R1.X
NOP // latency of the float to fixed conversion
ADD R3,R4,CO[R2.X])// Uses the state from the sequencer to add R4 to CO[R2.X] into R3

Note that we don't really care about what is in the brackets because we use the state from the MOVA instruction.
R2.X is just written again for the sake of simplicity and coherency.

5.4The storage needed in the sequencer in order to support this feature is 2*64*9 bits = 1152 bits. - « fj[ Formatted: Bullets and Numbering j

5554 Real Time Commands

The real time commands constants are written by the CP using the CONST_DATA_RT and CONST_ADDR_RT
registersGPRs. It works is the same way than when dealing with regular constant loads BUT in this case the CP is
not sending a logical address but rather a physical address and the reads are not passing thru the remapingre-
mapping table but are directly read from the memory. The boundary between the two zones is defined by the
CONST_EO_RT control register.
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CONST_EC_RT

RT SECTON
(Reads/Writes are direct)

REGULAR SECTION
(Reads/Writes are passing
thru a remaping table)

6. Looping and Branches

Loops and branches are planned to be supported and will have to be dealt with at the sequencer level. We plan on
supporting constant loops and branches using a control program.

6.1 The controlling state.

The R400 controling state consists of:

Boolean[256:0]

Loop_count[7:0][31:0]

Loop_Start[7:0][31:0]

Loop_Step[7:0][31:0]

That is 256 Booleans and 32 loops.

We have a stack of 4 elements for nested calls of subroutines and 4 loop counters to allow for nested loops.

This state is available on a per shader program basis.

6.2 The Control Flow Program

Examples of control flow programs are located in the R400 programming guide document.

The basic model is as follows:

The render state defined the clause boundaries:
Vertex_shader_fetch[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located
Vertex_shader_alu[7:0][7:0] /f eight 8 bit pointers to the location where each clauses control program is located
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Pixel_shader_fetch[7:0][7:0] /1 eight 8 bit pointers to the location where each clauses control program is located
Pixel_shader_alu[7:0][7:0] /1 eight 8 bit pointers to the location where each clauses control program is located

A pointer value of FF means that the clause doesn’t contain any instructions.

The control program for a given clause is executed to completion before moving to another clause, (with the
exception of the pick two nature of the alu execution). The control program is the only program aware of the clause
boundaries.

The control program has eleven basic instructions:

Execute
Conditional_execute
Conditional_Execute_Predicates
Conditional_jump

Call

Return

Loop_start

Loop_end

End_of_clause
Conditional_End_of_clause
NOP

Execute, causes the specified number of instructions in instruction store to be executed.

Conditional_execute checks a condition first, and if true, causes the specified number of instructions in instruction
store to be executed.

Loop_start resets the corresponding loop counter to the start value on the first pass after it checks for the end
condition and if met jumps over to a specified address.

Loop_end increments (decrements?) the loop counter and jumps back the specified number of instructions.

Call jumps to an address and pushes the IP counter on the stack. On the return instruction, the IP is popped from the
stack.

Conditional_execute_or_Jump executes a block of instructions or jumps to an address is the condition is not met.
Conditional_execute_Predicates executes a block of instructions if all bits in the predicate vectors meet the condition.
End_of_clause marks the end of a clause.

Conditional_End_of_clause marks the end of a clause if the condition is met.

Conditional_jumps jumps to an address if the condition is met.

NOP is a regular NOP

NOTE THAT ALL JUMPS MUST JUMP TO EVEN CFP ADDRESSES since there are two control flow instructions per
memory line. Thus the compiler must insert NOPs where needed to align the jumps on even CFP addresses.

Also if the jump is logically bigger than pshader_cntl_size (or vshader_cntl_size) we break the program (clause) and
set the debug registersregisters. If an execute or conditional_execute is lower than cnti_size or bigger than size we
also break the program (clause) and set the debug registersregisters.

We have to fit instructions into 48 bits in order to be able to put two control flow instruction per line in the instruction
store.

Note that whenever a field is marked as RESERVED, it is assumed that all the bits of the field are cleared (0).

Execute
47 [ 46... 42 | 41..24 [ 23..12 [ 11..0
Addressing | 00001 | RESERVED | Instruction count | Exec Address

Execute up to 4k instructions at the specified address in the instruction memory.

\ NOP

[ 47 4647 1.0
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U Addressing | 00010 | RESERVED

This is a regular NOP.
| Conditionnal_Execute

47 46 ... 42 41 40 ... 33 32 31..24 23...12 11...0
Addressing | 00011 RESERVED | Boolean Condition | RESERVED | Instruction count | Exec Address
address

If the specified beoleanBoolean (8 bits can address 256 booleansBooleans) meets the specified condition then
execute the specified instructions (up to 4k instructions)

Conditiornal_Execute_Predicates

47 46 ... 42 41...35 34..33 32 31..24 23 .12 11...0
Addressing 00100 | RESERVED | Predicate | Condition | RESERVED | Instruction count | Exec Address
vector

Check the AND/OR of all current predicate bits. If AND/OR matches the condition execute the specified number of
instructions. We need to AND/OR this with the kill mask in order not to consider the pixels that aren’t valid.

Loop_Start
47 46 ... 42 41...17 16 ... 12 11...0
00101 RESERVED loop 1D Jump address
Addressing

Loop Start. Compares the loop seurtiierator with the end value. If loop condition not met jump to the address.
Forward jump only. Also computes the index value.value. The loop id must match between the start to end, and also
indicates which control flow constants should be used with the loop.

Loop_End
47 46 ... 42 41..17 16 ... 12 11...0
00111 RESERVED loop ID start address
Addressing

Loop end. Increments the counter by one, compares the loop count with the end value, If loop condition met
continue, else, -apd-jumps BACK enly-to the start of the loop.

The way this is described does not prevent nested loops, and the inclusion of the loop id make this easy to do.

Call
47 46 ... 42 41..12 11..0
01000 RESERVED Jump address
Addressing

Jumps to the specified address and pushes the IR-control flow program counter on the stack.

Return

47 46 ... 42 41...0

01001 RESERVED

Addressing

Pops the topmost address from the stack and jumps to that address. If nothing is on the stack, the program will just
continue to the next instruction.

Conditionnal_Jump

47 46 ... 42 41 40 ... 33 32 31 30..12 11...0
01010 | RESERVED | Boolean Condition FW only RESERVED Jump address
Addressing address
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If condition met, jumps to the address. FORWARD jump only allowed if bit 31 set. Bit 31 is only an optimization for the
compiler and should NOT be exposed to the API.

Conditional_End_of_Clause

47 46 ... 42 41 40..33 32 31..0
01011 RESERVED | Boolean Condition RESERVED
Addressing address

This is an optimization in the case of very short shaders (where the control flow instruction can't be hidden anymore
and thus are not free. In this case, if the condition is met, the clause is ended, else we continue the execution of the
clause.

End_of Clause
47 146 .42 1 41..0

Addressing | 01011 | RESERVED

Marks the end of a clause.

To prevent infinite loops, we will keep 9 bits loop counters instead of 8 (we are only able to loop 256 times). If the
counter goes higher than 255 then the loop_end or the loop_start instruction is going to break the loop and set the

debug registersGPRs. [

6.3 Data dependant predicate instructions

Data dependant conditionals will be supported in the R400. The only way we plan to support those is by supporting
three vector/scalar predicate operations of the form:

PRED_SETE_# - similar to SETE except that the result is 'exported’ to the sequencer.
PRED_SETNE_# - similar to SETNE except that the result is 'exported’ to the sequencer.
PRED_SETGT_# - similar to SETGT except that the result is 'exported’ to the sequencer
PRED_SETGTE_# - similar to SETGTE except that the result is ‘exported’ to the sequencer

For the scalar operations only we will also support the two following instructions:
PRED_SETEO_# - SETEO
PRED_SETE1_# -~ SETE1

The export is a single bit - 1 or O that is sent using the same data path as the MOVA instruction. The sequencer will
maintain 4 sets of 64 bit predicate vectors (in fact 8 sets because we interleave two programs but only 4 will be
exposed) and use it to control the write masking. This predicate is not maintained across clause boundaries. The #
sign is used to specify which predicate set you want to use 0 thru 3.

Then we have two conditional execute bits. The first bit is a conditional execute “on” bit and the second bit tells us if
we execute on 1 or 0. For example, the instruction:

PO_ADD_# RO,R1,R2

Is only going to write the result of the ADD into those GPRs whose predicate bit is 0. Alternatively, P1_ADD_# would
only write the results to the GPRs whose predicate bit is set. The use of the PO or P1 without precharging the
sequencer with a PRED instruction is undefined.

{Issue: do we have to have a NOP between PRED and the first instruction that uses a predicate?}

6.4 HW Detection of PV,PS

Because of the control program, the compiler cannot detect statically dependant instructions. In the case of non-
masked writes and subsequent reads the sequencer will insert uses of PV,PS as needed. This will be done by
comparing the read address and the write address of consecutive instructions. For masked writes, the sequencer will
insert NOPs wherever there is a dependant read/write.
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l The sequencer will also have to insert NOPs between PRED_SET and MOVA instructions and their uses.

6.5 Register file indexing

Because we can have loops in fetch clause, we need to be able to index into the register file in order to retrieve the
data created in a fetch clause loop and use it into an ALU clause. The instruction will include the base address for
register indexing and the instruction will contain these controls:

Bit7 Bit6

0 0 ‘absolute register’
0 1 ‘relative register’
1 0 ‘previous vector'
1 1 ‘previous scalar'

In the case of an absolute register we just take the address as is. In the case of a relative register read we take the
base address and we add to it the loop_index and this becomes our new address that we give to the shader pipe.

The sequencer is going to keep a loop index computed as such:
[ Index = Loop_seurteriterator*Loop_iteraterstep + Loop_iriistart.

The index is going to return O if it is out of the range. We loop until loop_iterator = loop _count. Loop step is a signed

value [-128...1271.
6.6 Predicated Instruction support for Texture clauses

For texture clauses, we support the following optimization: we keep 1 bit (thus 4 bits for the four predicate vectors)
per predicate vector in the reservation stations. A value of 1 means that one ore more elements in the vector have a
value of one (thus we have to do the texiure fetches for the whole vector. A value of 0 means that no elements in the
vector have his predicate bit set and we can thus skip over the texture fetch. We have to make sure the invalid
pixels aren’t considered with this optimization.

6.7 Debugging the Shaders

In order to be able to debug the pixelivertex shaders efficiently, we provide 2 methods.

6.7.1 Method 1: Debugging registersreqgisters

Current plans are to expose 2 debugging, or error notification, registersregisters:
1. address register where the first error occurred
2. count of the number of errors

The sequencer will detect the following groups of errors:
- count overflow
- jump error
relative jump address > size of the control flow program
relative jump address > length of the shader program
- constant overflow
- register overflow
- call stack
call with stack full
return with stack empty

With two of the errors, a jump error or a register overflow will cause the program to break. In this case, a break
means that a clause will halt execution, but allowing further clauses to be executed.

With the other errors, program can continue to run, potentially to worst-case limits.
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If indexing outside of the constant range, causing an overflow error, the hardware is specified to return the value with
an index of 0. This could be exploited to generate error tokens, by reserving and initializing the Oth register (or
constant) for errors.

{ISSUE : Interrupt to the driver or not?}
6.7.2 Method 2: Exporting the values in the GPRs (12)

The sequencer will have a count register and an address register for this mode and 3 bits per clause specifying the
execution mode for each clause. The modes can be :

1) Normal

2) Debug Kill

3) Debug Addr + Count
Under the normal mode execution follows the normal course. Under the kill mode, all control flow instructions are
executed but all normal shader instructions of the clause are replaced by NOPs. Only debug_export instructions of
clause 7 will be executed under the debug kill setting. Under the other mode, normal execution is done until we reach
an address specified by the address register and instruction count (useful for loops) specified by the count register.
After we have hit the instruction n times (n=count) we switch the clause to the kill mode.

Under the debug mode (debug kill OR debug Addr + count), it is assumed that clause 7 is always exporting 12 debug
vectors and that all other exports to the SX block (position, color, z, ect) will been turned off (changed into NOPs) by
the sequencer (even if they occur before the address stated by the ADDR debug register).

7. Pixel Kill Mask

A vector of 64 bits is kept by the sequencer per group of pixels/vertices. Its purpose is to optimize the texture fetch
requests and allow the shader pipe to kill pixels using the following instructions:

MASK_SETE
MASK_SETNE
MASK_SETGT
MASK_SETGTE

8. Multipass vertex shaders (HOS)

Multipass vertex shaders are able to export from the 6 last clauses but to memory ONLY.

9. Reaqister file allocation

The register file allocation for vertices and pixels can either be static or dynamic. In both cases, the register file in
managed using two round robins (one for pixels and one for vertices). In the dynamic case the boundary between
pixels and vertices is allowed to move, in the static case it is fixed to VERTEX_REG_SIZE for vertices and 256-
VERTEX_REG_SIZE for pixels.
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Above is an example of how the algorithm works. Vertices come in from top to bottom; pixels come in from bottom to
top. Vertices are in orange and pixels in green. The blue line is the tail of the vertices and the green line is the tail of
the pixels. Thus anything between the two lines is shared. When pixels meets vertices the line turns white and the
boundary is static until both vertices and pixels share the same “unallocated bubble”. Then the boundary is allowed to
move again.

10. Fetch Arbitration

The fetch arbitration logic chooses one of the 8 potentially pending fetch clauses to be executed. The choice is made
by looking at the fifos from 7 to O and picking the first one ready to execute. Once chosen, the clause state machine
will send one 2x2 fetch per clock (or 4 fetches in one clock every 4 clocks) until all the fetch instructions of the clause
are sent. This means that there cannot be any dependencies between two fetches of the same clause.

The arbitrator will not wait for the fetches to return prior to selecting another clause for execution. The fetch pipe will
be able to handie up to X(?) in flight fetches and thus there can be a fair number of active clauses waiting for their
fetch return data.

11. ALU Arbitration

ALU arbitration proceeds in almost the same way than fetch arbitration. The ALU arbitration logic chooses one of the
8 potentially pending ALU clauses to be executed. The choice is made by looking at the fifos from 7 to 0 and picking
the first one ready to execute. There are two ALU arbitrersarbiters, one for the even clocks and one for the odd
clocks. For exaemple, here is the sequencing of two interleaved ALU clauses (E and O stands for Even and Odd sets
of 4 clocks):

Einst0 Oinst0 Einst1 Oinst1 Einst2 Oinst2 Einst0 Oinst3 Einst1 Oinst4 Einst2 Oinst0...
Proceeding this way hides the latency of 8 clocks of the ALUs._Also nole that the interleaving also occurs across
clause boundaries.
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12. Handling Stalls

When the output file is full, the sequencer prevents the ALU arbitration logic te-selectfrom selecting the last clause
(this way nothing can exit the shader pipe until there is place in the output file. If the packet is a vertex packet and the
position buffer is full (POS_FULL) then the sequencer also prevents a thread fe-enierfrom entering the exporting
clause (37). The sequencer will set the OUT_FILE_FULL signal n clocks before the output file is actually full and thus
the ALU arbiter will be able read this signal and act accordingly by not preventing exporting clauses to proceed.

13. Content of the reservation station FIFOs

The reservation FIFOs contain the state of the vector of pixels and vertices. We have two sets of those: one for
pixels, and one for vertices. They contain 3 bits of Render State 7 bits for the base address of the GPRs, some bits
for LOD correction and coverage mask information in order to fetch fetch for only valid pixels, the quad address-and-4

bit-t i it Y 2 ig.of oivels @ . & I'" sls-and-vertices-ar tin-orderin-i byl pin
oply-nee L2 fifoy { 3 orert -0 v 5% v = e verthe-sha I i{? astancy—his-size- il
be-determined-laterwhen-we-will know-the-size-of the-smallfifo v the ion-stations.

14. The Qutput File

The output file is where pixels are put before they go to the RBs. The write BW to this store is 256 bits/clock. Just
before this output file are staging registersregisters with write BW 512 bits/clock and read BW 256 bits/clock. The
staging registersregisters are 4x128 (and there are 16 of those on the whole chip).

15. 1J Format

The IJ information sent by the PA is of this format on a per quad basis:

We have a vector of lJ’s (one IJ per pixel at the centroid of the fragment or at the center of the pixel depending on the
mode bit). The interpolation is done at a different precision across the 2x2. The upper left pixel's parameters are
always interpolated at full 20x24 mantissa precision. Then the result of the interpolation along with the difference in IJ
in reduced precision is used o interpolate the parameter for the other three pixels of the 2x2. Here is how we do it:

Assuming PO is the interpolated parameter at Pixel O having the barycentric coordinates 1(0), J(0) and so on for P1,P2
and P3. Also assuming that A is the parameter value at VO (interpolated with 1), B is the parameter value at V1
(interpolated with J) and C is the parameter value at V2 (interpolated with (1-1-J).

A0 =I(H)-I1(0)
A0 =J(1)y-J(0)
AO2I =1(2)-1(0) PO P1
AO2J =J(2y-J(0)
AO3I =1(3)-1(0)
AO3J =J(3)-J(0) P2 P3

PO=C+I(0)*(A-C)+J(0)*(B-C)

Pl=P0+A01*(A~C)+A0LT *(B-C)
P2 = P0+A02I *(A~C)+A02J *(B-C)
P3=P0+A03I*(A~C)+A03J *(B-C)

PO is computed at 20x24 mantissa precision and P1 to P3 are computed at 8X24 mantissa precision. So far no visual
degradation of the image was seen using this scheme.
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Multiplies (Full Precision): 2
Multiplies (Reduced precision): 6
Subtracts 19x24 (Parameters): 2
Adds: 8

FORMAT OF PU's IJ:  Mantissa 20 Exp 4 for | + Sign
Mantissa 20 Exp 4 for J + Sign

FORMAT of Deltas (x3):Mantissa 8 Exp 4 for | + Sign
Mantissa 8 Exp 4 for J + Sign

Total number of bits : 20*2 + 8*6 + 4*8 + 4*2 = 128

Deltas-hav ading-1-4 precisi ls-dont-This-means-that i s the-deltas-we-MUST be-abl
to-ghift-8-right Ak £ nurmber= ntvaly 1-means-shift-right-8).All numbers are kept

using the un-normalized floating point convention: if exponent is different than O the number is normalized if not, then
the number is un-normalized. -This-means-that-{The maximum range for the s (Full precision) is +/- 63 and the
range for the Deltas is +/- 127.

15.1 Interpolation of constant attributes

Because of the floating point imprecision, we need to take special provisions if all the interpolated terms are the same
or if two of the barycentric coordinates are the same.

We start with the premise that if A=Band B = C and C = A, then P0,1,2,3 = A. Since one or more of the IJ terms
may be zero, so we extend this to:

if (A=B and B=C and C=A)
P0,1,23= A,
else if (1 = 0) or (J = 0)) and
((J = 0y or (1-1-J = 0)) and
((t-d-I=0)or (1 =0))) {

if(1 1= 0) {
PO =A;
}else if(d 1= 0) {
PO =B;
}else {
PO =C;
/Irest of the quad interpolated normally
}
else
{
normal interpolation
}

16. The parameter cache

The parameter cache is where the vertex shaders export their data. It consists of 16 128x128 memories (1R/1W).
The reuse engine will make it so that all vertexes of a given primitive will hit different memories.

17. Vertex position exporting

On clause 3 the vertex shader can export to the PA both the vertex position and the point sprite. It can also do so at
clause 7 if not done at clause 3. The storage needed to perform the position export is at least 64x128 memories for
the position and 64x32 memories for the sprite size. It is going to be taken in the pixel output fifo from the SX blocks.
The clause where the position export occurs is specified by the EXPORT_LATE register. If turned on, it means that
the export is going to occur at ALU clause 7 if unset position export occurs at clause 3.
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18. Exporting Arbitration

Here are the rules for co-issuing exporting ALU clauses.
1) Position exports and position exports cannot be co-issued.
2) Position exports and memory exports cannot be co-issued.
3) Position exports and Z/Color exports cannot be co-issued.
4) Memory exports and Z/Color exports cannot be co-issued.
5) Memory exports and memory exports cannot be co-issued.
6) Z/color exports and Z/color exports cannot be co-issued.
7) Parameter exports and Z/Color exports CAN be co-issued.
8) Parameter exports and parameter exports CAN be co-issued.
9) Parameter exports and memory exports CAN be co-issued.

19. Export Types

The export type (or the location where the data should be put) is specified using the destination address field in the

ALU instruction. Here is a list of all possible export modes:

19.1 Vertex Shading

0:15 - 16 parameter cache
16:31 - Empty (Reserved?)
32:43 - 12 vertex exports to the frame buffer and index

44:47 - Empty

48:59 - 12 debug export (interpret as normal vertex export)

60 - export addressing mode

61 - Empty

62 - sprite size export that goes with position export
(point_h,point_w,edgeflag,misc)

63 - position

19.2 Pixel Shading

- Color for buffer O (primary)
- Color for buffer 1
- Color for buffer 2
- Color for buffer 3

7 - Empty
- Buffer 0 Color/Fog (primary)
- Buffer 1 Color/Fog

10 - Buffer 2 Color/Fog

11 - Buffer 3 Color/Fog

12:15 - Empty

16:31 - Empty (Reserved?)

32:43 - 12 exports for multipass pixel shaders.

COEWN=O

44:47 - Empty

48:59 - 12 debug exports (interpret as normal pixel export)
60 - export addressing mode

61:62 - Empty

63 - Z for primary buffer (Z exported to ‘alpha’ component)

20. Special Interpolation modes

20.1 Real time commands

We are unable to use the parameter memory since there is no way for a command stream to write into it. Instead we
need to add three 16x128 memories (one for each of three vertices x 16 interpolants). These will be mapped onto the
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register bus and written by type 0 packets, and output to the the parameter busses (the sequencer and/or PA need to
be able to address the reatime parameter memory as well as the regular parameter store. For higher performance we
should be able able to view them as two banks of 16 and do double buffering allowing one to be loaded, while the
other is rasterized with. Most overlay shaders will need 2 or 4 scalar coordinates, one option might be to restrict the
memory to 16x64 or 32x64 allowing only two interpolated scalars per cycle, the only problem | see with this is, if we
view support for 16 vector-4 interpolants important (true only if we map Microsoft's high priority stream to the realtime
stream), then the PA/sequencer need to support a realtime-specific mode where we need to address 32 vectors of
parameters instead of 16. This mode is triggered by the primitive type: REAL TIME.

20.2 Sprites/ XY screen coordinates/ FB information

When working with sprites, one may want to overwrite the parameter 0 with SC generated data. Also, XY screen
coordinates may be needed in the shader program. This functionality is controlled by the gen_l0 register (in SQ) in
conjunction with the SND_XY register (in SC). Also it is possible to send the faceness information (for OGL front/back
special operations) to the shader using the same control registereregister. Here is a list of all the modes and how they
interact together:

Gen_st is a bit taken from the interface between the SC and the SQ. This is the MSB of the primitive type. If the bit is
set, it means we are dealing with Point AA, Line AA or sprite and in this case the vertex values are going to generated
between O and 1.

Param_Gen_lO disable, snd_xy disable, no gen_st — 10 = No modification

Param_Gen_|O disable, snd_xy disable, gen_st — 10 = No modification

Param_Gen_l0 disable, snd_xy enable, no gen_st — 10 = No modification

Param_Gen_|0 disable, snd_xy enable, gen_st — 10 = No modification

Param_Gen_l0 enable, snd_xy disable, no gen_st -~ 10 = garbage, garbage, garbage, faceness
Param_Gen_l0 enable, snd_xy disable, gen_st — I0 = garbage, garbage, s, t

Param_Gen_l0 enable, snd_xy enable, no gen_st — [0 = screen x, screen y, garbage, faceness
Param_Gen_I0 enable, snd_xy enable, gen_st — 10 = screen x, screeny, s, t

20.3 Auto generated counters

In the cases we are dealing with multipass shaders, the sequencer is going to generate a vector count to be able to
both use this count to write the 1% pass data to memory and then use the count to retrieve the data on the 2™ pass.
The count is always generated in the same way but it is passed to the shader in a slightly different way depending on
the shader type (pixel or vertex). This is toggled on and off using the GEN_INDEX register. While there is only one
count broadcast to the registersGPRs, the LSB are hardwired to specific values making the index different for all
elements in the vector.

20.3.1 Vertex shaders

In the case of vertex shaders, if GEN_INDEX is set, the data will be put into the x field of the third register (it means
that the compiler must allocate 3 GPRs in all multipass vertex shader modes).

20.3.2 Pixel shaders
In the case of pixel shaders, if GEN_INDEX is set, the data will be put in the x field of the ond register (11.x).
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STG O
AUTO INTERPOLATORS
COUNT
STG1

¥
‘ AUTO COUNT | 000000

¥ 3 The Auto Count Value is
\ MUX / broadcast to all GPRs. ltis
loaded into a register wich has
its LSBs hardwired to the
GPR number (0 thru 63). Then
if GEN_INDEX is high, the
mux selects the auto-count
value and it is loaded into the
GPRs to be either used to
retrieve data using the TP or
GPRO sent to the SX forthe RB to
use it to write the data to
memory

21. State management

Every clock, the sequencer will report to the CP the oldest states still in the pipe. These are the states of the
programs as they enter the last ALU clause.

21.1 Parameter cache synchronization “ :}

In order for the sequencer not to begin a group of pixels before the associaled group of verlices has finished, the
seguencer will keep a 8 bit count per state (for a total of 8 counters). These counters are initialized to 0 and every
time a vertex shader exports its data TO THE PARAMETER CACHE  the corresponding pointer is incremented.
When the SC sends a new vector of pixels with the S3C_SQ new vector bit asserted, the sequencer will first check if
the count is greater than O before accepting the transmission (it will in fact accept the fransmission but then lower its
ready to receive). Then the seguencer waits for the count to go to one and decrements it The sequencer can then
issue the group of pixels fo the interpolators, Every time the state changes, the new state counter is initialized to O,

22. XY Address imports

The SC will be able to send the XY addresses to the GPRs. It does so by interleaving the writes of the IJs (to the IJ
buffer) with XY writes (to the XY buffer). Then when writing the data to the GPRs, the sequencer is going to
interpolate the |J data or pass the XY data thru a Fix—float converter and expander and write the converted values to
the GPRs. The Xys are currently SCREEN SPACE COORDINATES. The values in the XY buffers will wrap. See
section 20.2 for details on how to control the interpolation in this mode.

22.1 Vertex indexes imports

In order to import vertex indexes, we have 64x2x96 staging registersregisiers. These are loaded one at a time by the
VGT block. They are loaded in floating point format and can be transferred in 4 or 8 clocks to the GPRs.

23, RegistersReqgisters

23.1 Control
REG_DYNAMIC Dynamic allocation (pixel/vertex) of the register file on or off.

Formatted: Bullets and Numbering j
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l REG_SIZE_PIX Size of the register file's pixel portion (minimal size when dynamic allocation turned
on)
REG_SIZE_VTX Size of the register file's vertex portion (minimal size when dynamic allocation turned
on)

ARBITRATION_POLICY
INST_STORE_ALLOC
INST_BASE_VTX

INST_BASE_PIX
ONE_THREAD
ONE_ALU

INSTRUCTION_INDEX
~PORTADDR

INSTRUCTION_DATA
CONSTANT_DATA
CONSTANT_ADDR
INSTRUCTION_INDEX
PORTADDR_RT

INSTRUCTION_DATA_RT

CONSTANT_DATA_RT
CONSTANT_ADDR_RT
CONSTANT_EO_RT

EXPORT_LATE

2372 Context

VS_FETCH_{0...7}
VS_ALU_{0...7}
PS_FETCH_{0...7}
PS_ALU_{0...7}
PS_BASE
VS_BASE
VS_CF_SIZE
PS_CF_SIZE
PS_SIZE

VS_SIZE
PS_NUM_REG
VS_NUM_REG
PARAM_SHADE

PARAM_WRAP

PS_EXPORT_MODE

VS_EXPORT_MASK
VS_EXPORT_MODE
VS_EXPORT
_COUNT_{0...6}
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policy of the arbitration between vertexes and pixels

interleaved, separate

start point for the vertex instruction store (RT always ends at vertex_base and
Begins at 0)

start point for the pixel shader instruction store

debug state register. Only allows one program at a time into the GPRs

debug state register. Only allows one ALU program at a time to be executed (instead
of 2)

This is where the CP puts the base address of the instruction writes and type (auto-
incremented on reads/writes)

This is where the CP puts the actual data going to the instruction memory

This is where the CP puts constant data (32 bits)

This is where the CP puts the logical constant address (9 bits)

This is where the CP puts the base address of the instruction writes and type for
Real Time (auto-incremented on reads/writes)

This is where the CP puts the actual data going to the instruction memory for
Real Time

This is where the CP puts constant data for Real Time (32 bits)

This is where the CP puts the logical constant address for Real Time (9 bits)

This is the size of the space reserved for real time in the constant store (from O to
CONSTANT_EO_RT). The remapingre-mapping table operates on the rest of the
memory

Controls whether or not we are exporting position from clause 3. If set, position
exports occur at clause 7.

eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
base pointer for the pixel shader in the instruction store

base pointer for the vertex shader in the instruction store

size of the vertex shader (# of instructions in control program/2)

size of the pixel shader (# of instructions in control program/2)

size of the pixel shader (cntl+instructions)

size of the vertex shader (cnti+instructions)

number of registersGFPRs to allocate for pixel shader programs

number of registersGPRs to allocate for vertex shader programs

One 16 bit register specifying which parameters are to be gouraud shaded (0 = flat, 1
= gouraud)

64 bits: for which parameters (and channels (xyzw)) do we do the ¢yl wrapping
(O=linear, 1=cylindrical).

Oxxxx : Normal mode

Ixxxx : Multipass mode

If normal, bbbz where bbb is how many colors (0-4) and z is export z or not

If multipass 1-12 exports for color.

which of the last 6 ALU clauses is exporting (muiltipass only)

0: position (1 vector), 1: position (2 vectors), 3:multipass

Six 4 bit counters representing the # of interpolated parameters exported in clause 7

(located in VS_EXPORT_COUNT_6) OR
# of exported vectors to memory per clause in multipass mode (per clause)

Pr208/04- 0227 QMA0B0-04:58- P

AMD1044_0257023

ATI Ex. 2106
IPR2023-00922

Page 112 of 223



ORIGINATE DATE
24 September, 2001

EDIT DATE
4 September, 201511

e fatar]

DOCUMENT-REV. NUM.
GEN-CXXXXX-REVA

PAGE
350f48

PARAM_GEN_IO
GEN_INDEX

&y
Do we overwrite or not the parameter 0 with XY data and generated T and S values
Auto generates an address from 0 to XX. Puts the results into R1 for pixel shaders

and R3 for vertex shaders

CONST_BASE_VTX (9 bits)Logical Base address for the constants of the Vertex shader
CONST_BASE_PIX (9 bits) Logical Base address for the constants of the Pixel shader
CONST_SIZE_PIX (8 bits) Size of the logical constant store for pixel shaders
CONST_SIZE_VTX (8 bits) Size of the logical constant store for vertex shaders

Turns on the predicate bit optimization (if of, conditional_execute_predicates is

INST_PRED_OPTIMIZE

CF_BOOLEANS
CF_LOOP_COUNT
CF_LOOP_START
CF_LOOP_STEP

always executed).
256 boolean bits

32x8 bit counters (number of times we traverse the loop)
32x8 bit counters (init value used in index computation)
32x8 bit counters (step value used in index computation)

24 DEBUG registersReqisters

241 Context

DB_PROB_ADDR
DB_PROB_COUNT
DB_INST_COUNT
DB_BREAK_ADDR
DB_CLAUSE
_MODE_ALU_{0...7}
DB_CLAUSE

_MODE_FETCH_{0...7}

25. Interfaces

instruction address where the first problem occurred

number of problems encountered during the execution of the program
instruction counter for debug method 2
break address for method number 2

clause mode for debug method 2 (0: normal, 1: addr, 2: kill)

clause mode for debug method 2 (0: normal, 1: addr, 2: kill)

25.1 External Interfaces

Whenever an x is used, it means that the bus is broadcast to all units of the same name. For example, if a bus is
named SQ—SPx it means that SQ is going to broadcast the same information to all SP instances.

- in.g by i, sends-the-lL)-informati to-the-Ll-fifo o 2 129 pf’ﬁ‘& OS2
infon i Poravoy i) yencer-—fh o vmee e whole i B2 dbym g AY

25122511 SCto SQ : IJ Control bus

This is the control information sent to the sequencer in order to control the IJ fifos and all other information needed to
execute a shader program on the sent pixels. This information is sent over 2 clocks, if SENDXY is asserted the next
control packet is going to be ignored and XY information is going to be sent on the IJ bus (for the quads that where

just sent). All pixels from the group of quads are from the same primitive, all quads of a vector are from the same

render state.

i "LFormatted: Bullets and Numbering

{ Formatted: Bullets and Numbering
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8C_8Q_q_wr_mask 8C—-8Q 4 Quad Write mask left to right

SC_8Q_lod_correct SC—8Q 24 LOD correction per quad (6 bits per quad)

SC_8Q_flat_vertex SC—-8Q 2 Provoking vertex for flat shading

SC_8Q_param_ptr0 SC—-8SQ 11 P Store pointer for vertex 0

SC_SQ_param_ptr1 8C—8Q 11 P Store pointer for vertex 1

SC_SQ_param_ptr2 SC—-8Q 11 P Store pointer for vertex 2

SC_8Q_end_of vect SC—-8Q 1 End of the vector

SC_8Q_store_dealloc SC—-8Q 1 Deallocation token for the P Store

[ SC_8Q_state SC—-8Q 3 State/constant pointer (823435

SC_SQ_valid_pixel SC-8Q 16 Valid bits for all pixels

SC_8Q_nuil_prim SC—-8Q 1 Null Primitive (for PC deallocation purposes)

SC_8Q_end_of prim SC—-8Q 1 End Of the primitive

SC_8Q_fbface SC—8Q 1 Front face = 1, back face =0

SC_8Q_send_xy 8C-8Q 1 Sending XY information [XY information is going to be
sent on the next clock]

SC_SQ_prim_type SC—-8Q 3 Real time command need to load tex cords from
alternate buffer. Line AA, Point AA and Sprite reads
their parameters from GEN_T and GEN_S

| registersGPRs.
000 : Normal
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite

SC_SQ_new_vector SC-8Q 1 This primitive comes from a new vector of vertices.
Make sure that the corresponding vertex shader has
finished before starting the group of pixels.

SC_S8Q_RTRn SQ—-8C 1 Stalls the PA in n clocks

SC_SQ_RTS SC—-8Q 1 SC ready to send data = i

Formatted: Bullets and Numberin

254325 1.2 8Q fo SP: interpolator bus - T )

Name Direction Bits | Description

SQ_SPx_interp_prim_type SQ—-SPx 3 Type of the primitive
000 : Normal
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite

SQ_SPx_interp_flat_vix 5Q--8Px 2 Provoking vertex for flat shading

SQ_SPx_interp_flat_gouraud | SQ—8Px 1 Flat or gouraud shading

SQ_SPx_interp_cyl_wrap SQ--SPx 4 Wich parameter needs to be cylindrical wrapped

SQ_SPx_interp_ijline SQ—SPx 2 Line in the 1J/XY buffer to use to interpolate

SQ_SPx_interp_buff_swap 5Q—-8Px 1 Swap the IJ/XY buffers at the end of the interpolation

SQ_SPx_interp_gen_I0 SQ—-S8Px 1 Generate 10 or not. This tells the interpolators not to
use the parameter cache but rather overwrite the data
with interpolated 1 and 0. Overwrite if gen_I0 is high.

Exhibit 2021 docRAB0. Sequencer.doc

25442513 8Q to SP: GPR Input Mux select

This interface is synchronized with the Interpolator bus. This controls the input mux to the GPRs. The three types of
data are: generated index, Interpolated data, vertex index data (coming from the staging registersregisters).
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Name Direction Bits | Description
SQ_SPx_data_type SQ—-SPx 2 00: Interpolated data
01: Staging register data
1x: Count
SQ_SPx_index_count SQ--»SPx 12?7 | Index count, common for all shader pipes
SQ_SPx_stage_addr SQ—-SPx 1 Staging register address
0: First staging register
1: second staging register
25-4-5-8Q o ~Parametercache-write-control -
= = b0 t

25.1.675 14 SQ to SP: Parameter Cache Read control bus

The four following interfaces (SQ—8P, SQ—8X,SP—8X and SX—Interpolators) are all SYNCHRONIZED together.

Name Direction Bits | Description

SQ_SPx_ptr0 SQ—-8SPx 9 Pointer of PC

SQ_SPx_ptrt SQ--»8Px 9 Pointer of PC

SQ_SPx_ptr2 SQ—-SPx 9 Pointer of PC

SQ_SP0_read_ena SQ-»SP0 4 Read enables for the 4 memories in the SPO
SQ_SP1_read_ena SQ—-SP1 4 Read enables for the 4 memories in the SP1
SQ_SP2_read_ena SQ-SP2 4 Read enables for the 4 memories in the SP2
SQ_SP3 _read_ena SQ—-SP3 4 Read enables for the 4 memories in the SP3

{ Formatted: Bullets and Numbering _J

251725 1.5 8Q to SX: Parameter Cache Mux control Bus

Name Direction Bits | Description
SQ_8Xx_mux0 SQ—-SXx 4 Mux control for PC (4 MSbs of Pointer)
SQ_SXx_mux1 SQ--8Xx 4 Mux control for PC (4 MSbs of Pointer)
SQ_8Xx_mux2 SQ--8Xx 4 Mux control for PC (4 MSbs of Pointer) : :
S ?[ Formatted: Bullets and Numbering
Iy ,‘{ Formatted: Bullets and Numbering
25108l to-Interpolators- Farameter Cache-Relurm-bus N = S

25-+1+825.1.6 SQ to SPO: Staging Register Data

Name Direction Bits | Description

SQ_SP0O_vgt vsisr_data SQ—-SPO 96 Pointers of indexes or HOS surface information
SQ_8P0O_vgt vsisr_double SQ--SP0 1 0: Normal 96 bits per vert 1: double 192 bits per vert
SQ_SPO_data_valid SQ-8P0 1 Data is valid

SQ _8P1 vgt vsisr data SQ--8P1 968 Pointers of indexes or HOS surface information

SQ _8P1 vgt vsisr_double SQ-8P1 1 0: Normal 96 bits per vert 1: double 192 bits per vert
5Q SP1_data valid Q8P 1 Data is valid

SQ _SP2 vgt vsisr data SQ-8P2 96 Pointers of indexes or HOS surface information

5Q _8P2 vgt vsisr_double SQ-8P2 1 0: Normal 96 bits per vert 1: double 192 bits per vert
SQ_8P2 data valid SQ-8P2 1 Data is valid

SQ_8P3 vgt vsisr_data SQ8P3 96 Pointers of indexes or HOS surface infermation
SQ_8P3 vgt vsisr_double SQ--SP3 1 O: Normal 96 bits per vert 1: double 192 bits per vert
SQ _8P3 data valid SQ-->5P3 1 Data is valid

25125 1.7 PA to 8SQ : Vertex interface

2531 311-125.1.7.1 Interface Signal Table

The area difference between the two methods is not sufficient to warrant complicating the interface or the state

requirements of the VSISRs. Therefore, the POR for this interface is that the VGT will transmit the data to the

Exhibit 2021.docRABS_Sequencer.doc
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£y, £
VSISRs (via the Shader Sequencer) in full, 32-bit floating-point format. The VGT can transmit up to six 32-bit
floating-point values to each VSISR where four or more values require two transmission clocks. The data bus is 96
bits wide.

Name Bits Description

PA_SQ_vgt vsisr_data 96 Pointers of indexes or HOS surface information

PA_SQ_vgt_vsisr_double 1 0: Normal 96 bits per vert 1: double 192 bits per vert

PA_SQ_vgt_end_of vector 1 Indicates the last VSISR data set for the current process vector (for double vector
data, "end_of_vector" is set on the second vector)

PA_SQ_vgt_state 3 Render State (6*3+3 for constanis). This signal is guaranteed to be correct when
“PA_SQ_vgt_end_of vector” is high.

PA_SQ_vgt_send 1 Data on the VGT_SQ is valid receive (see write-up for standard R400 SEND/RTR
interface handshaking)

SQ_PA_vgt_rtr 1 Ready to receive (see write-up for standard R400 SEND/RTR interface
handshaking)

l 251114225 1.7.2 Interface Diagrams «- =~ o Formatted: Bullets and Numbering
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25-11225.1.8 8Q to CP: State report T
Name Direction Bits | Description
SQ_CP_vrtx_ state SEQ-CP 3 Oldest vertex state still in the pipe
SQ_CP_pix_state SEQ--CP 3 Oldest pixel state still in the pipe

25 113 SR fo-SX.- PixelMedexwiite-t0-SX

251142519 8Q to SX: Control bus

Formatted: Bullets and Numbering

Name Direction Bits | Description
SQ_SXx_exp_Pixel SQ—->SXx 1 1: Pixel

0: Vertex
SQ_S8Xx_exp_start SQ—»8Xx 1 Raised to indicate that the SQ is starting an export
SQ_SXx_exp_Clause SQ—->SXx 3 Clause number, which is needed for vertex clauses
SQ_SXx_exp_State SQ—-SXx 3 State ID, which is needed for vertex clauses

These fields are sent synchronously with SP export data, described in SPO0—SX0 interface
{ISSUE: Where are the PC pointers}

25343525 1.10 SXto SQ : Qutput file control

Name Direction Bits | Description

SXx_SQ_Export_count_rdy SXx—8Q 1 Raised by SXO to indicate that the following two fields
refiect the result of the most recent export

SXx_SQ_Export_Position SXx—S8Q 1 Specifies whether there is room for another position.

SXx_SQ_Export_Buffer SXx—8Q 7 Specifies the space available in the output buffers.

0: buffers are full
1: 2K-bits available (32-bits for each of the 64
pixels in a clause)

64: 128K-bits available (16 128-bit entries for each of
64 pixels)
65-127: RESERVED

25-1-16-Shader Engine-to-Fetch-Unit Bus
EFour-guad s-worth-of-a is-tra to-Fotoh-Linit-ay kY leves .2 e o) oiff i Athin
sach-ofthe JW Q’H" VAL o Th AM ined read-m o} data e 2 b o
Reoad il i aith CuadOomyst o o %Y ki W e cond that-data-i o
3ol tor-the-lnshuction-Stark.

Four-Quad's-worth-of Feleh-Data-may-bewilten-to-the Register file-every clock- These-are-directed lo-a-different-pixel

of the sub-engines repe ook he-register-file-ind e-data.-Data-and-index
iated-with-th g b 3.l after-the-lnst

every-4 $o- i

o) =
¥ ¥ 1y

ot

Start-sig s-sent

2511725 1.11 SequencertoFetch-UnithusSQ to TP: Control bus

Once every clock, the fetch unit sends to the sequencer on which clause it is now working and if the data in the
registersGPRs is ready or not. This way the sequencer can update the fetch counters for the reservation station fifos.
The sequencer also provides the instruction and constants for the fetch to execute and the address in the register file
where to write the fetch return data.

f{ Formatted: Bullets and Numbering

i fr: ?[ Formatted: Bullets and Numbering ‘

L

[ Name | Direction | Bits | Description

| TPx_SQ_data_rdy | TPx— SQ 1 | Data ready

sa782 Byes*** © ATI Confidential. Reference Copyright Notice on Cover Page © »+»
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TPx_SQ_clause_num TPx— SQ 3 Clause number

SQ_TPx_const SQ—-TPx 64 Fetch state sent over 4 clocks

SQ_TPx_instuct SQ--TPx 24 Fetch instruction sent over 4 clocks
SQ_TPx_end_of clause SQ-TPx 1 Last instruction of the clause

SQ_TPx_phase SQ--»TPx 2 Wirite phase signal

SQ_TPO_lod_correct SQ—-TPO 6 LOD correct 3 bits per comp 2 components per quad
SQ_TPO_pmask SQ--»TPO 4 Pixel mask 1 bit per pixel

SQ_TP1_lod_correct SQ--TP1 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP1_pmask SQ-TP1 4 Pixel mask 1 bit per pixel

SQ_TP2_lod_correct SQ--»TP2 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP2_pmask SQ-TP2 4 Pixel mask 1 bit per pixel

SQ_TP3 led_correct SQ--TP3 <) LOD correct 3 bits per comp 2 components per quad
SQ_TP3_pmask SQ-TP3 4 Pixel mask 1 bit per pixel

SQ_TPx_clause_num SQ-TPx 3 Clause number

SQ_TPx_write_gpr_index SQ->TPx 7 | Index into Register file for write of returned Fetch Data

25.1.12 TP to SQ: Texture stall

The TP sends this signal to the 8Q when its input buffer is full. The 8Q is going to send it to the 8P X clocks after

“{ Formatted: Bullets and Numbering J:

reception (maximum of 3 clocks of pipeline delay).

| Direction

| Bits [ Description P

TP 50

il

25.1.13 8SQ to SP: Texture stall

-

.= = 7| Formatted: Bullets and Numbering

Name | Direction

| Bits | Description i:f:‘

SQ_SPx_fetch stall | 8Q>8Px

1 | Do not send more texture request if asserted |

2511825114 SeguencerQ to SP:

o ‘«:‘ Forﬁaued: Bullets and Numbering

GPR and Parameter cache control

Name Direction Bits | Description
SQ_SPx-gpr wr_addr SQ—-SPx 7 VWrite address
SQ_SPx_gpr_rd_addr SQ--SPx 7 Read address
SQ_SPx_gpr_re_addr SQ—-SPx 1 Read Enable
SQ_SPx_gpr_we_addr SQ--+SPx 1 Write Enable for the GPRs
SQ_SPx_gpr_phase_mux SQ—8Px 2 The phase mux
SQ_SPx_gpr-channel_mask | 8Q-»8Px 4 The channel mask
SQ_SPO_gpr.pixel_mask SQ—-SPO 4 The pixel mask
SQ_SP1_gpr.pixel_mask SQ-8P1 4 The pixel mask
SQ_SP2_gp+pixel mask SQ--»8P2 4 The pixel mask
SQ_SP3_gprpixel_mask SQ-»SP3 4 The pixel mask

SQ SPx _pec we addr SQ-—8PX 1 Write Enable for the parameter caches

Exhibit 2021 docRAB0. Sequencer.doc
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2514925 1,15 SeqguencerSQ. to SPx: Instructions N = S
Name Name DirectionBirection | BitsBits | DescriptionPescription
SQ_8Px_instruct_startS5Q.-SPxinstruct.start S5Q-SPx8Q—8Px | 11 Instruction _ startinstruction
start
SQ_SP_instructSQ—-SP-instruct SQ-5SPx8Q--8Rx | 2020 Instruction sent over 4
clocksinstruction-sent-over-4
clocks
5Q 8P« staliSQ-SPx-stall SQ--5Px8Q—8Px | 1% Stall signalStali-sigaal
SQ_8Px_export countSQ-8Px-Shader-Count SQ--8PxSQ--8Px | 33 Each set of four pixels or

vectors is exported over
eight clocks, This field
specifies where the 8P is in
that seguence Each-set- of

exported-over- eight ctocks

This -fiel pecifies-wher
the SP s inthal sequence.
5Q 8Px export lastSQ- 8Py Shader-Last S5Q-8Px8a--8Px | 1% Asserted on the first shader

count of the last export of
the clauseAssered-on-the

first shader.ooun d
last axoord-ofthe ¢l &
£

SQ_SPO export pvalid8Q-SRO-ShaderRixelali SQ--8P0SQ--SP0 | 44 Result of pixel Kill in the
shader pipe, which must be
output for all pixel exports
(depth and all color
buffers). 4x4 because 16
pixels are computed per

clockﬁ%uva;xemm

the el

pHpe;

exporte ldenth an i
perE-taepm-an 4

buffors)—d4xd sauee—3
pixele—ar mputed—pe
clogk

SQ _8PO export wvalidSQ-SPO Shader WordWall | 5Q--8P08Q—-8R0 | 22 Specifies whether to write

d low and/or high 32-bit word

of the 64-bit export data
from each of the 16 pixels
or vectorsSpecifies
whether to-write low and/or
high-32-bit- word -of the 64~
bit-export data-from-each-of
§a? 8 nixels orveotorn

SQ_SP1_export pvalidSQ-SP1-ShaderPixelMalid | SQ-SP18Q—-8R1 | 44 Result of pixel kill_in the
shader pipe, which must be
output for all pixel exports
(depth _and all color
buffers). 4x4 because 16
pixels are computed _per

SQ_SP1 SQ--8P15Q--8R1 | 22 Specifies whether to write
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export wyalidSa, Shader- WordValid

low and/or high 32-bit word
of the B4-bit export dala
from each of the 16 pixels

or vectorsSpecifies
whether-to-write-low-and/or
hiak. 2250 rebof 4

bit-export-data-from-each of
the 18 pixels orvectors

SQ_8P2 export pvalidSQ-SP2-Shader

Pixelalid | 80 -8P250~SE2

Result of pixel Kill in the
shader pipe, which must be
output for all pixel exports
(depth _and all  color

buffers). 4x4 because 16

5Q 5P2

export_wvalidSQ-SP2_Shader WordValid

5Q-EP25Q—8P2

Specifies whether o write
low and/or high 32-bit word
of the 64-bit export dala
from_each of the 16 pixels
or vectorsSpecifies
whether-to-write-low-and/or
high-32-bi d-of

bit-export-data-from

the-186 pixels-orvectors

i

=
B

SQ_8P3 export pvalidSQ-SP3-Shader

8Q-8P38Q-8R3

Result of pixel kil in the
shader pipe, which must be
output for all pixel expors
(depth  and all  color
buffers). 4x4 because 16
pixels are compufed per

clockResult-of pixel-kill-in
o)

hader which

iy
Py

expors-(depth-and-all.-color
¥ A
buffers)—dxd-because—16

moited o

pixel
closk

8Q _5P3

export_ wvalidSQ-8P3-Shader-WordValid

§Q--5P35Q-8RP3

Specifies whether to write
low and/or high 32-bit word
of the B4-bit export dala
from each of the 16 pixels
or vectorsSpecifies
whether-to-write-low-and/or
i-}“nh 237, :'lr f tho £,

hit ;} t d 12 Fr o
the-16-pixels-orvectors

Name Direction Bits | Description

SPO_SQ_const_addr SP0O-—-3Q 36 Constant address load to the sequencer
SP0O_SQ_valid SP0—-SQ 1 Data valid

SP1_SQ_const_addr SP1-8Q 36 Constant address load to the sequencer
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SP1_SQ_valid SP1-8Q 1 Data valid
SP2_SQ_const_addr SP2-8Q 36 Constant address load to the sequencer
SP2_SQ_valid SP2--8Q 1 Data valid
SP3_SQ_const_addr SP3-8Q 36 Constant address load to the sequencer
SP3_SQ_valid SP3—-SQ 1 Data valid
Z=7| Formatted: Bullets and Numberin
2512125117 SeguencerSQ to SPx: constant broadcast I 3;‘[”“ s o
[ Name [ Direction [ Bits | Description |
| SQ_SPx_constant | SQ-5Px | 128 | Constant broadcast | ~ :
25.1.18 SPO to SequencerSQ: Kill vector load | T e )
Name Direction Bits | Description
SPO_SQ_kill_vect SP0-3Q 4 Kill vector load
SP1_SQ_Kkill_vect SP1-38Q 4 Kill vector load
SP2_SQ_kill_vect SP2-8Q 4 Kill vector load fe .
SP3_SQ_kill_vect SP3--5Q 4 Kill vector load .
. |2 Formatted: Bullets and Numbering
25.1.2325.1.19 SQ to CP: RBBM bus | Lrometted bt ord tarbery___J
Name Direction Bits | Description mimaaan e
SQ_RBB_rs SQ-CP 1 Read Strobe
SQ_RBB_rd SQ—-CP 32 Read Daia
SQ_RBBM_nrirtr SQ--CP 1 Optional
SQ_RBBM_rir SQ-»CP 1 Real-Time (Optional) SRER =
25;}-2425 1 20 CP f SQ RBBM b 4_»[ _ -~ -| Formatted: Bullets and Numbering
Name Direction Bits | Description L
rbbm_we CP-8Q 1 Write Enable
rbbm_a CP—-8Q 18 Address -- Upper Extent is TBD
rbbm_wd CP--58Q 32 Data
rbbm_be CP—-8Q 4 Byte Enables
rbbm_re CP—-8Q 1 Read Enable
rbb_rsO CP-8Q 1 Read Return Strobe 0
rbb_rs1 CP—-8Q 1 Read Return Strobe 1
rbb_rd0 CP—-8Q 32 Read Data 0
rbb_rd1 CP—-8Q 32 Read Data O
RBBM_S8Q_soft_reset CP—-8Q 1 Soft Reset

26. Examples of program executions

26.1.1 Sequencer Control of a Vector of Vertices

1. PA sends a vector of 64 vertices (actually vertex indices — 32 bits/index for 2048 bit total) to the RE’s Vertex FIFO
¢ state pointer as well as tag into position cache is sent along with vertices
¢ space was allocated in the position cache for transformed position before the vector was sent
¢ also before the vector is sent to the RE, the CP has loaded the global instruction store with the vertex
shader program {(using the MH?)
¢ The vertex program is assumed to be loaded when we receive the vertex vector.
« the SEQ then accesses the IS base for this shader using the local state pointer (provided to all
sequencers by the RBBM when the CP is done loading the program)

2. SEQ arbitrates between the Pixel FIFO and the Vertex FIFO - basically the Vertex FIFO always has priority
¢ at this point the vector is removed from the Vertex FIFO

e the arbiter is not going to select a vector to be transformed if the parameter cache is full unless the pipe as
nothing else to do (ie no pixels are in the pixel fifo).

Exhibit 2021 docR400_Sequencordoc 64782 Bytes*** @ ATI Confidential. Reference Copyright Notice on Cover Page © *»* g0,/ uflzl .

Pr208/04- 0227 QMA0B0-04:58- P

AMD1044_0257034

ATI Ex. 2106
IPR2023-00922
Page 123 of 223



ORIGINATE DATE

l 24 September, 2001 4 September, 201511

EDIT DATE

R400 Sequencer Specification

PAGE
46 of 48

0o Ta
l 3. SEQ aliocates space in the SP register file for index data plus GPRs used by the program
¢ the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer that came down with the vertices
e  SEQ will not send vertex data until space in the register file has been allocated

4. SEQ sends the vector to the SP register file over the RE_SP interface (which has a bandwidth of 2048 bits/cycle)

¢ the 64 vertex indices are sent to the 64 register files over 4 cycles

¢ RFO of SUQ, SUT, SU2, and SU3 is written the first cycle

¢ RF10of SUQ, SU1, SU2, and SU3 is written the second cycle

¢ RF2of SUQ, SU1, SU2, and SU3 is written the third cycle

¢ RF3of SUQ, SU1, S8U2, and SU3 is written the fourth cycle

¢ the index is written to the least significant 32 bits (floating point format?) (what about compound indices)
of the 128-bit location within the register file (w); the remaining data bits are set to zero (x, y, 2)

5. SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of

fetch state machine 0, or TSMO FIFO)

¢ the control packet contains the state pointer, the tag to the position cache and a register file base pointer.

6. TSMO accepts the control packet and fetches the instructions for fetch clause 0 from the global instruction store
e TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

¢  TSMO does not wait for requests made to the Fetch Unit to complete; it passes the register file write index for

the fetch data to the TU, which will write the data to the RF as it is received

¢ once the TU has written all the data to the register files, it increments a counter that is associated with ASMO
FIFO; a count greater than zero indicates that the ALU state machine can go ahead start to execute the ALU

clause

9. ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU

clause O from the global instruction store

10. all instructions of ALU clause O are issued by ASMO, then the control packet is passed to the next reservation

station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

11. the control packet continues to travel down the path of reservation stations until all clauses have been executed
¢ position can be exported in ALU clause 3 (or 47); the data (and the tag) is sent over a position bus (which is
shared with all four shader pipes) back to the PA’s position cache

¢ A parameter cache pointer is also sent along with the position data. This tells to the PA where the data is

going to be in the parameter cache.

¢ there is a position export FIFO in the SP that buffers position data before it gets sent back to the PA
o the ASM arbiter will prevent a packet from starting an exporting clause if the position export FIFO is full

e« parameter data is exported in clause 7 (as well as position data if it was not exported earlier)

¢ parameter data is sent to the Parameter Cache over a dedicated bus

¢ the SEQ allocates storage in the Parameter Cache, and the SEQ deallocates that space when there is no

longer a need for the parameters (it is told by the PA when using a token).

¢« the ASM arbiter will prevent a packet from starting on ASM7 if the parameter cache (or the position buffer

if position is being exported) is full

12. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another

shader program

26.1.2 Sequencer Control of a Vector of Pixels

1. As with vertex shader programs, pixel shaders are loaded into the global instruction store by the CP

e At this point it is assumed that the pixel program is loaded into the instruction store and thus ready to be read.

2. the RE's Pixel FIFO is loaded with the barycentric coordinates for pixel quads by the detailed walker

e the state pointer and the LOD correction bits are also placed in the Pixel FIFO
¢ the Pixel FIFO is wide enough to source four quad’s worth of barycentrics per cycle
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3. SEQ arbitrates between Pixel FIFO and Vertex FIFO — when there are no vertices pending OR there is no space
left in the register files for vertices, the Pixel FIFO is selected

4. SEQ allocates space in the SP register file for all the GPRs used by the program
¢ the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer
¢ SEQ will not allow interpolated data to be sent to the shader until space in the register file has been allocated

5. SEQ controls the transfer of interpolated data to the SP register file over the RE_SP interface (which has a
bandwidth of 2048 bits/cycle). See interpolated data bus diagrams for details.

6. SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
* note that there is a separate set of reservation stations/arbiters/state machines for vertices and for pixels
¢ the control packet contains the state pointer, the register file base pointer, and the LOD correction bits
¢ all other information (such as quad address for example) travels in a separate FIFO

7. TSMO accepts the control packet and fetches the instructions for fetch clause 0 from the global instruction store
e  TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

¢ TSMO does not wait for fetch requests made to the Fetch Unit to complete; it passes the register file write
index for the fetch data to the TU, which will write the data to the RF as it is received

e once the TU has written all the data for a particular clause to the register files, it increments a counter that is
associated with the ASMO FIFO; a count greater than zero indicates that the ALU state machine can go
ahead and pop the FIFO and start to execute the ALU clause

10. ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

11. all instructions of ALU clause O are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

12. the control packet continues to travel down the path of reservation stations until all clauses have been executed
e pixel data is exported in the last ALU clause (clause 7)
e itis sent to an output FIFO where it will be picked up by the render backend
o the ASM arbiter will prevent a packet from starting on ASM7 if the output FIFO is full

13. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program

26.1.3 Notes

14. The state machines and arbiters will operate ahead of time so that they will be able to immediately start the real
threads or stall.

15. The register file base pointer for a vector needs to travel with the vector through the reservation stations, but the
instruction store base pointer does not — this is because the RF pointer is different for all threads, but the IS
pointer is only different for each state and thus can be accessed via the state pointer,

2l ing-stillneeds-io kad.out
G -

27. Open issues

There-is-currently-an-issue-with-constants.-if-the constants-are-not-the-same-for-the-whole vector-of verices, we-don’t
have-t width fro fotoh st f he ALUs. Ty lutions-exists for-thi blom:

4 the mciler-hand & anc b4 o inst ions-in-a-fo 2 owe-can-use-the-bandwicthe-

there to-operate. Thisrequires a-significant amount of temporary-storage-inthe registerstore.
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Need to do some testing on the size of the register file as well as on the register file allocation method (dynamic VS

static).

Saving power?
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1. Qverview

The sequencer is based on the R300 design. It chooses two ALU clauses and a fetch clause to execute, and
executes all of the instructions in a clause before looking for a new clause of the same type. Two ALU clauses are
executed interleaved to hide the ALU latency. Each vector will have eight fetch and eight ALU clauses, but clauses do
not need to contain instructions. A vector of pixels or vertices ping-pongs along the sequencer FIFO, bouncing from
fetch reservation station to alu reservation station. A FIFO exists between each reservation stage, holding up vectors
until the vector currently occupying a reservation station has left. A vector at a reservation station can be chosen to
execute. The sequencer looks at all eight alu reservation stations to choose an alu clause to execute and all eight
fetch stations to choose a fetch clause to execute. The arbitrator will give priority to clauses/reservation stations
closer to the bottom of the pipeline. It will not execute an alu clause until the fetch fetches initiated by the previous
fetch clause have completed. There are two separate sets of reservation stations, one for pixel vectors and one for
vertices vectors. This way a pixel can pass a vertex and a vertex can pass a pixel.

To support the shader pipe the sequencer also contains the shader instruction cache, constant store, control flow
constants and texture state. The four shader pipes also execute the same instruction thus there is only one
sequencer for the whole chip.

The sequencer first arbitrates between vectors of 64 vertices that arrive directly from primitive assembly and vectors
of 16 quads (64 pixels) that are generated in the scan converter.

The vertex or pixel program specifies how many GPRs it needs to execute. The sequencer will not start the next
vector until the needed space is available in the GPRs.
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1.1 Top Level Block Diagram
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There are two sets of the above figure, one for vertices and one for pixels.

Depending on the arbitration state, the sequencer will either choose a vertex or a pixel packet. The control packet
consists of 3 bits of state, 7 bits for the base address of the Shader program and some information on the coverage to

determine fetch LOD plus other various small state bits.

On receipt of a packet, the input state machine (not pictured but just before the first FIFO) allocated enough space in
the GPRs to store the interpolated values and temporaries. Following this, the barycentric coordinates (and XY
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screen position if needed) are sent to the interpolator which will use them to interpolate the parameters and place the
results into the GPRs. Then, the input state machine stacks the packet in the first FIFO.

On receipt of a command, the level O fetch machine issues a fetch request to the TP and corresponding GPR
address for the fetch address (ta). A small command (tcmd) is passed to the fetch system identifying the current level
number (0) as well as the GPR write address for the fetch return data. One fetch request is sent every 4 clocks
causing the texturing of sixteen 2x2s worth of data (or 64 vertices). Once all the requests are sent the packet is put in
FIFO 1.

Upon receipt of the return data, the fetch unit writes the data to the register file using the write address that was
provided by the level O feich machine and sends the clause number (0) to the level O fetch state machine to signify
that the write is done and thus the data is ready. Then, the level O fetch machine increments the counter of FIFO 1 to
signify to the ALU O that the data is ready to be processed.

On receipt of a command, the level 0 ALU machine first decrements the input FIFO 1 counter and then issues a
complete set of level O shader instructions. For each instruction, the ALU state machine generates 3 source
addresses, one destination address and an instruction. Once the last instruction has been issued, the packet is put
into FIFO 2.

There will always be two active ALU clauses at any given time (and two arbiters). One arbiter will arbitrate
over the odd instructions (4 clocks cycles) and the other one will arbitrate over the even instructions (4
clocks cycles). The only constraints between the two arbiters is that they are not allowed to pick the same
clause number as the other one is currently working on if the packet is not of the same type (render state).

If the packet is a vertex packet, upon reaching ALU clause 3, it can export the position if the position is ready. So the
arbiter must prevent ALU clause 3 to be selected if the positional buffer is full (or can't be accessed). Along with the
positional data, if needed the sprite size and/or edge flags can also be sent.

{!Q = ¥ XY. sie-biaretd 23 by i £ mp*nd‘ i viotied 73 Lited )7

& R G 3

A special case is for multipass vertex shaders, which can export 12 parameters per last 6 clauses to the output
buffer. If the output buffer is full or doesn't have enough space the sequencer will prevent such a vertex group to
enter an exporting clause.

Multipass pixel shaders can export 12 parameters to memory from the last clause only (7).
All other clauses process in the same way until the packet finally reaches the last ALU machine (7).

Only one pair of interleaved ALU state machines may have access to the register file address bus or the instruction
decode bus at one time. Similarly, only one fetch state machine may have access to the register file address bus at
one time. Arbitration is performed by three arbiter blocks (two for the ALU state machines and one for the fetch state
machines). The arbiters always favor the higher number state machines, preventing a bunch of half finished jobs from
clogging up the register files.
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The gray area represents blocks that are replicated 4 times per shader pipe (16 times on the overall chip).

1.3 Control Graph

Clause # + Rdy
Weadr | IS SEQ | CST rar
CMD
csT
L
Phase | | | | [
CMD CST'C_STECSTIDX A B CWrYec;
RdAddr | [ Wiscal wiagar
* v v I S S
"
|
WrAddr »|

In green is represented the Fetch control interface, in red the ALU control interface, in blue the Interpolated/Vector
control interface and in purple is the output file control interface.

2. Interpolated data bus

The interpolators contain an IJ buffer to pack the information as much as possible before writing it to the register file.
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Above is an example of a tile the sequencer might receive from the SC. The write side is how the data get stacked
into the XY and IJ buiffers, the read side is how the data is passed to the GPRs. The IJ information is packed in the IJ
buffer 4 quads at a time or two clocks. The sequencer allows at any given time as many as four quads to interpolate a
parameter. They all have to come from the same primitive. Then the sequencer controls the write mask to the GPRs
to write the valid data in.

3. Instruction Store

There is going to be only one instruction store for the whole chip. It will contain 4096 instructions of 96 bits each.

It is likely to be a 1 port memory; we use 1 clock to load the ALU instruction, 1 clocks to load the Fetch instruction, 1
clock to load 2 control flow instructions and 1 clock to write instructions.

The instruction store is loaded by the CP thru the | —DATANSTINDEX-RORT-control-register. e
INSTINDEX_RORT is-aufo-i mented-on-both—reads—and writes—to_the IN T“r‘\ATA i register mapped
registers.

The next picture shows the various modes the CP can load the memory. The Sequencer has to keep track of the
loading modes in order to wrap around the correct boundaries. ~The-MSB-of-the—INSTIN ~RORT-register
cortatne-th ot-type-for-the-seglence ki i AR ~The wrap-around-points-arewrap

around points are arbitrary and they are specified in the VS_BASE and PIX_| BASE registers.

For the Real time commands the story is quite the same but for some small differences. The-CR-will-use-the
IMST IMDENY DT BT aeed IRIGT ATH L I g{cf ' i ireh o o Tatnito nes..angd Tthere are no wrap
around pomts for real time so the driver must be careful not to overwrite regular shader data. The shared code
(shared subroutines) uses the same path as real time.
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4. Sequencer Instructions

All control flow instructions and move instructions are handled by the sequencer only. The ALUs will perform NOPs
during this time (MOV PV PV, PS,PS) if they have nothing else fo do.

5. Constant Stores

5.1 Memory organizations

A likely size for the ALU constant store is 1024x128 bits. The read BV from the ALU constant store is 128 bits/clock
and the write bandwidth is 32 bits/clock (directed by the CP bus size not by memory ports).

The maximum logical size of the constant store for a given shader is 256 constants. Or 512 for the pixel/vertex shader
pair. The size of the re-mapping table is 128 lines (each line addresses 4 constants). The write granularity is 4
constants or 512 bits. It takes 16 clocks to write the four constants.

The texture state is also kept in a similar memory. The size of this memory is 192x128. The memory thus holds 128
texture states (192 bits per state). The logical size exposes 32 different states total, which are going to be shared
between the pixel and the vertex shader. The size of the re-mapping table to for the texture state memory is 16 lines
(each line addresses 2 texture state lines in the real memory). The write granularity is 2 texture state lines (or 384
bits). The driver sends 512 bits but the CP ignores the top 128 bits. It thus takes 12 clocks to write the two texture
states.

The control flow constant memory doesn't sit behind a renaming table. It is register mapped and thus the driver must
reload its content each time there is a state change. lts size is 320*32 because it must hold 8 copies of the 32 dwords
of control flow constants and the loop construct constants must be aligned.

[ » TN} ‘hs o ¢ sltors-Usino-d CONST DATA R AN S te—tt-doss-so-bv-wariting &
the OOMNST ADDE ieterthel g al-ad o forihe.-oon ntbloclk.i uodate-and-th it A6t k2
iy MET AT A g rThe LoNS AR ik deonboth e and it 3.4 a1y DA

pegisteﬁrThé'canstan’r re-mapping tables for texture state and ALU constants are logically register mapped for?egu!ar
mode and physically register mapped for RT operation,

5.2 Management of the re-mapping tables

The sequencer is responsible to manage two re-mapping tables (one for the constant store and one for the texture
state). On a state change (by the driver), the sequencer will broadside copy the contents of its re-mapping tables to a
new one. We have 8 different re-mapping tables we can use concurrently.

The constant memory update will be incremental, the driver only need to update the constanis that actually changed
between the two state changes,

For this model to work, the requirement is that the physical memory MUST be at leas! twice as large as the logical
address space. In our case, since the logical address space is 512, the memory must be of sizes 1024 and above.
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5.2.1 Dirty bits

Two sets of dirty bits will be maintained per logical address. The first one will be set to zero on reset and set when
the logical address is addressed. The second one will be set to zero when ever a new context is written and set for
each address written while in this context. The reset dirty is not set, then writing to that logical address will not
require de-allocation of whatever address stored in the renaming table. If it is set and the context dirty is not set, then
the physical address store needs to be de-allocated and a new physical address is necessary to store the incoming
data. If they are both set, then the data will be written into the physical address held in the renaming for the current
logical address. No de-allocation or allocation takes place. This will happen when the driver does a set constant
twice to the same logical address between context changes. NOTE: It is important to detect and prevent this, failure
to do it will allow multiple writes to allocate all physical memory and thus hang because a context will not fit for

rendering to start and thus free up space.

5.2.2 Free List Block

A free list block that would consist of a counter (called the IFC or Initial Free Counter) that would reset to zero and

incremented every time a chunk of physical memory is used until they have all been used once, This counter would

be checked each time a physical block is needed, and if the original ones have not been used up, us a new one, else

checl the free list for an available physical block address. The count is the physical address for when

etting &

chunk from the counter.
Storage of a free list big enough to store all physical block addresses.

Maintain three pointers for the free list that are reset to zero. The first one we will call write plr. This pointer will

identify the next location to write the physical address of a block to be de-allocated. Note: we can never free more

physical memory locations than we have. Once recording address the pointer will be incremented to walk the free list

like a ring.

The second pointer will be called stop plr. The stop plr pointer will be advanced by the number of address chunks

de-allocates when a context finishes, The address between the stop pir and write plr cannot be reused because

they are still in use, But as soon as the context using then is dismissed the stop ptr will be advanced.

The third pointer will be called read pir. This pointer will point will point to the next address that can be used for
allocation as long as the read ptr does not equal the stop plr and the IFC is at its maximum count.
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5.2.3 De-allocate Block

This block will maintain a free physical address block count for each context. While in current context, a count shall

be maintained specifying how many blocks were written into the free list at the write ptr pointer. This count will be

reset upon reset or when this context is active on the back and different than the previous context. It is actually a
count of blocks in the previous context that will no longer be used, This count will be used o advance the write pir

poirter fo make available the set of physical blocks freed when the previous context was done, This allows the

discard or de-allocation of any number of blocks in one clock,

his-block-will-maintain-a r’h inml ol inl ount fo a0 eyt While-i rrant ) PR -y et 1]
b rmamintsi aoifi howmamebloo AL orn-into-th 23 ok ot T noin . his 11y ik L
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ion-of amv-numberofbl j k.
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5.2.4 Operation of Incremental mode!

The basic operation of the model would start with the write plr, stop ptr, read pir pointers in the free list set to zero
and the free list counter is set to zero. Also all the dirty bits and the previous context will be initialized to zero. When
the first set constants happen, the reset dirty bit will not be set, so we will allocate a physical location from the free list
counter because its not at the max value. The data will be written into physical address zero. Both the additional
copy of the renaming table and the context zeros of the big renaming table will be updated for the logical address that
was written by set start with physical address of Q. This process will be repeated for any logical address that are not
dirty until the context changes. If a logical address is hit that has its dirty bits sef while in the same context, both dirly
bits would be set so the new data will be over-written to the last physical address assigned for this logical address.
When the first draw command of the context is detected, the previous context stored in the additional renaming table
will be copied to the larger renaming table in the current (new) context location. Then the set constant logical
address with be loaded with a new physical address during the copy and if the reset dirly was set, the physical
address it replaced in the renaming table would be entered at the write plr pointer location on the free list and the
write ptr will be incremented. The de-allocation counter for the previous context (eight) will be incremented, This as
set states come in for this context one of the following will happen:

1.3 _No dirty bits are set for the logical address being updated. A line will be allocated of the free-list counter or*w‘ij

the free list at read plr pointer if read _pir = 1o stop _pir .

2.) Reset dirty set and Context dirty not set. A new physical address is allocated, the physical address in the
renaming table is put on the free list at write ptr and it is incremented along with the de-allocate counter for
the last context.

3. Context dirty is set then the data will be written into the physical address specified by the logical address.

This process will continue as long as set states arrive. This block will provide backpressure to the CP whenever he
has not free list entries available (counter at max and stop_plr == read pir). The command stream will keep a count
of contexts of constants in use and prevent more than max constants contexts from being sent.

Now preferable when the constant context leaves the last ALU clause it will be sent to this block and compared with
the previous context that left. (Init to zero) If they differ than the older context will no fonger be referenced and thus
can be de-allocated in the physical memory. This is accomplished by adding the number of blocks freed this context
to the stop plr pointer. This will make all the physical addresses used by this confext available fo the read plr
allocate pointer for fulure allocation,

This device allows representation of multiple contexts of constants data with N copies of the logical address space. It
also allows the second context to be represented as the first set plus some new additional data by just storing the
delta’s. It allows memory to be efficiently used and when the constants updates are small it can store multiple
context. However, if the updates are large, less contexts will be stored and potentially performance will be degraded.
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5.3 Constant Store Indexing

In order to do constant store indexing, the sequencer must be loaded first with the indexes (that come from the
GPRs). There are 144 wires from the exit of the SP to the sequencer (9 bits pointers x 16 vertexes/clock). Since the
data must pass thru the Shader pipe for the float to fixed conversion, there is a latency of 4 clocks (1 instruction)
between the time the sequencer is loaded and the time one can index into the constant store. The assembly will look
like this

MOVA R1.XR2X /I Loads the sequencer with the content of R2.X, also copies the content of R2.X into R1.X
NOP // latency of the float to fixed conversion
ADD R3,R4,CO[R2.X]// Uses the state from the sequencer to add R4 to CO[R2.X] into R3

Note that we don't really care about what is in the brackets because we use the state from the MOVA instruction.
R2.X is just written again for the sake of simplicity and coherency.

The storage needed in the sequencer in order to support this feature is 2*64*9 bits = 1152 bits.

5.4 Real Time Commands

The real time commands constants are written by the CP using the CONST-DATA-RT-and -CONST-ADDR-RT
GPRsregister mapped registers allocated for RT. It works is the same way than when dealing with regular constant
loads BUT in this case the CP is not sending a logical address but rather a physical address and the reads are not
passing thru the re-mapping table but are directly read from the memory. The boundary between the two zones is
defined by the CONST_EO_RT control register.

5.5 Constant Waterfalling “

In order o have a reasonable performance in the case of constant store indexing using the address register, we are
going to have the possibility of using the physical memory port for read only. This way we can read 1 constant per
clock and thus have a worst-case waterfall mode of 1 vertex per clock. There is a small synchronization issue related
with this as we need for the SQ o make sure that the constants where actually written to memory (not only sentio the
seguencer) before it can allow the first vecior of pixels or vertices of the state to go thru the ALUs. To do so, the
sequencer keeps 8 bits (one per render state) and sels the bits whenever the last render state is written to memory
and clears the bit whenever a siate is freed,

i { Formatted: Bullets and Numbering B
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CONST_EC_RT

RT SECTON
(Reads/Writes are direct)

REGULAR SECTION
(Reads/Writes are passing
thru a remaping table)

6. Looping and Branches

Loops and branches are planned to be supported and will have to be dealt with at the sequencer level. We plan on

supporting constant loops and branches using a control program.

6.1 The controlling state.

The R400 controling state consists of:

Boolean[256:0]

Loop_count[7:0]{31:0]

Loop_Start[7:0][31:0]

Loop_Step[7:0][31:0]

That is 256 Booleans and 32 loops.

We have a stack of 4 elements for nested calls of subroutines and 4 loop counters to allow for nested loops.

This state is available on a per shader program basis.

6.2 The Control Flow Program

Examples of control flow programs are located in the R400 programming guide document.
The basic model is as follows:

The render state defined the clause boundaries:

Vertex_shader_fetch[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located
Vertex_shader_alu[7:0][7:0] /f eight 8 bit pointers to the location where each clauses control program is located
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Pixel_shader_fetch[7:0][7:0] /1 eight 8 bit pointers to the location where each clauses control program is located
Pixel_shader_alu[7:0][7:0] /1 eight 8 bit pointers to the location where each clauses control program is located

A pointer value of FF means that the clause doesn’t contain any instructions.

The control program for a given clause is executed to completion before moving to another clause, (with the
exception of the pick two nature of the alu execution). The control program is the only program aware of the clause
boundaries.

The control program has eleven basic instructions:

Execute
Conditional_execute
Conditional_Execute_Predicates
Conditional_jump
Corditionnal Call

Return

Loop_start

Loop_end

End_of_clause
Conditional_End_of_clause
NOP

Execute, causes the specified number of instructions in instruction store to be executed.

Conditional_execute checks a condition first, and if true, causes the specified number of instructions in instruction
store to be executed.

Loop_start resets the corresponding loop counter to the start value on the first pass after it checks for the end
condition and if met jumps over to a specified address.

Loop_end increments (decrements?) the loop counter and jumps back the specified number of instructions.

Corditionnal_Call jJumps to an address and pushes the IP counter on the stack if the condition is met. On the return | . -

instruction, the IP is popped from the stack.

Conditional_execute_or_Jump executes a block of instructions or jumps to an address is the condition is not met.
Conditional_execute_Predicates executes a block of instructions if all bits in the predicate vectors meet the condition.
End_of_clause marks the end of a clause.

Conditional_End_of_clause marks the end of a clause if the condition is met.

Conditional_jumps jumps to an address if the condition is met.

NOP is a regular NOP

NOTE THAT ALL JUMPS MUST JUMP TO EVEN CFP ADDRESSES since there are two control flow instructions per
memory line. Thus the compiler must insert NOPs where needed to align the jumps on even CFP addresses.

Also if the jump is logically bigger than pshader_cntl_size (or vshader_cntl_size) we break the program (clause) and
set the debug registers. If an execute or conditional_execute is lower than cntl_size or bigger than size we also break
the program (clause) and set the debug registers.

We have to fit instructions into 48 bits in order to be able to put two control flow instruction per line in the instruction
store.

Note that whenever a field is marked as RESERVED, it is assumed that all the bits of the field are cieared (0).

Execute
47 [ 46... 42 | 41..24 [ 23..12 [ 11..0
Addressing | 00001 | RESERVED | Instruction count | Exec Address

Execute up to 4k instructions at the specified address in the instruction memory.

\ NOP ]

[ 47 4647 4.0
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U Addressing | 00010 | RESERVED

This is a regular NOP.

Conditional_Execute

47 46 ... 42 41 40 ... 33 32 31..24 23...12 11...0
Addressing | 00011 RESERVED | Boolean Condition | RESERVED | Instruction count | Exec Address
address

If the specified Boolean (8 bits can address 256 Booleans) meets the specified condition then execute the specified
instructions (up to 4k instructions)

Conditional_Execute_Predicates

47 46 ... 42 41...35 34..33 32 31..24 23 .12 11...0
Addressing 00100 | RESERVED | Predicate | Condition | RESERVED | Instruction count | Exec Address
vector

Check the AND/OR of all current predicate bits. If AND/OR matches the condition execute the specified number of
instructions. We need to AND/OR this with the kill mask in order not to consider the pixels that aren’t valid.

Loop_Start
47 46 ... 42 41...17 16... 12 11...0
00101 RESERVED loop 1D Jump address
Addressing

Loop Start. Compares the loop iterator with the end value. If loop condition not met jump to the address. Forward
jump only. Also computes the index value. The loop id must match between the start to end, and also indicates which
control flow constants should be used with the loop.

Loop_End
47 46 ... 42 41..17 16...12 1.0
00111 RESERVED loop 1D start address
Addressing

Loop end. Increments the counter by one, compares the loop count with the end value. If loop condition met,
continue, else, jump BACK to the start of the loop.

The way this is described does not prevent nested loops, and the inclusion of the loop id make this easy to do.

Conditionnal_Call

|
k 47 46 ... 42 41 ... 34 ... 33 32 31..12 1.0
354t
t 01000 | RESERVED | Predicate | Condition RESERVED Jump address
Addressing vector

If the condition is met, [Jumps to the specified address and pushes the control flow program counter on the stack.

Return
47 46 ... 42 41...0
01001 RESERVED

Addressing

Pops the topmost address from the stack and jumps to that address. If nothing is on the stack, the program will just
continue to the next instruction.

Conditionnal_Jump
\ 47 146 ... 42 | 41 [ 40..33 | 32 3 30..12 | 11..0
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address |

! A4 A
01010 ‘RESERVED Boolean | Condition ' FW only ‘ RESERVED Jump address

i Addressing ‘

If condition met, jumps to the address. FORWARD jump only allowed if bit 31 set. Bit 31 is only an optimization for the
compiler and should NOT be exposed to the API.

Conditional_End_of_Clause
47 46 ... 42 41 40 ... 33 32 31..0
01011 RESERVED | Boolean Condition RESERVED
Addressing address

This is an optimization in the case of very short shaders (where the control flow instruction can't be hidden anymore
and thus are not free. In this case, if the condition is met, the clause is ended, else we continue the execution of the
clause.

End_of Clause

47 1 46..42 | 41..0

Addressing | 01011 | RESERVED

Marks the end of a clause.

To prevent infinite loops, we will keep 9 bits loop counters instead of 8 (we are only able to loop 256 times). If the
counter goes higher than 255 then the loop_end or the loop_start instruction is going to break the loop and set the
debug GPRs.

6.3 Data dependant predicate instructions

Data dependant conditionals will be supported in the R400. The only way we plan to support those is by supporting
three vector/scalar predicate operations of the form:

PRED_SETE_# - similar to SETE except that the result is 'exported' to the sequencer.
PRED_SETNE_# - similar to SETNE except that the result is 'exported’ to the sequencer.
PRED_SETGT_# - similar to SETGT except that the result is 'exported’ to the sequencer
PRED_SETGTE_# - similar to SETGTE except that the result is ‘exported’ to the sequencer

For the scalar operations only we will also support the two following instructions:
PRED_SETEO_# -~ SETEO
PRED_SETE1_# —~ SETE1

The export is a single bit - 1 or 0 that is sent using the same data path as the MOVA instruction. The sequencer will
maintain 4 sets of 64 bit predicate vectors (in fact 8 sets because we interieave two programs but only 4 will be
exposed) and use it to control the write masking. This predicate is not maintained across clause boundaries. The #
sign is used to specify which predicate set you want to use 0 thru 3.

Then we have two conditional execute bits. The first bit is a conditional execute “on” bit and the second bit tells us if
we execute on 1 or 0. For example, the instruction:

PO_ADD_# RO,R1,R2
Is only going to write the result of the ADD into those GPRs whose predicate bit is 0. Alternatively, P1_ADD_# would
only write the results to the GPRs whose predicate bit is set. The use of the PO or P1 without precharging the

sequencer with a PRED instruction is undefined.

{Issue: do we have to have a NOP between PRED and the first instruction that uses a predicate?}

6.4 HW Detection of PV,PS

Because of the control program, the compiler cannot detect statically dependant instructions. In the case of non-
masked writes and subsequent reads the sequencer will insert uses of PV,PS as needed. This will be done by
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ANDAA

i
l comparing the read address and the write address of consecutive instructions. For masked writes, the sequencer will
insert NOPs wherever there is a dependant read/write.

The sequencer will also have to insert NOPs between PRED_SET and MOVA instructions and their uses.

6.5 Register file indexing

Because we can have loops in fetch clause, we need to be able to index into the register file in order to retrieve the
data created in a fetch clause loop and use it into an ALU clause. The instruction will include the base address for
register indexing and the instruction will contain these controls:

Bit7 Bit 6

0 0 ‘absolute register’
0 1 'relative register’
1 0 ‘previous vector'
1 1 ‘previous scalar’

In the case of an absolute register we just take the address as is. In the case of a relative register read we take the
base address and we add to it the loop_index and this becomes our new address that we give to the shader pipe.

The sequencer is going to keep a loop index computed as such:
Index = Loop_iterator*Loop_step + Loop_start.

The index is going to return Q if it is out of the range. We loop until loop_iterator = loop_count. Loop_step is a signed
value [-128...127].

6.6 Predicated Instruction support for Texture clauses

For texture clauses, we support the following optimization: we keep 1 bit (thus 4 bits for the four predicate vectors)
per predicate vector in the reservation stations. A value of 1 means that one ore more elements in the vector have a
value of one (thus we have to do the texture fetches for the whole vector). A value of 0 means that no elements in the
vector have his predicate bit set and we can thus skip over the texture fetch. We have to make sure the invalid
pixels aren’t considered with this optimization.

6.7 Debugging the Shaders

In order to be able to debug the pixelivertex shaders efficiently, we provide 2 methods.

6.7.1 Method 1: Debugging registers

Current plans are to expose 2 debugging, or error notification, registers:
1. address register where the first error occurred
2. count of the number of errors

The sequencer will detect the following groups of errors:
- count overflow

Iding,

i
E
lative-jump-address G z GFam
- ~constant overflow

ey d P izeofih ortrol flovinrooram
Lidhd
1

Zm EE ‘{Formatted: Bullets and Numbering }
- register overfiow i - = e

~register-overfiow
~gall-stack

~athwith-etask-full

Compiler recognizable errors:
- {ump errors

Exhibit 2022 docR430. Sequencerdos 67798 Bytes™** @ ATl Confidential. Reference Copyright Notice on Cover Page © »* 00051057
PrGHO4/02 0267 PIMAOBIH-02:27 P S

AMD1044_0257063

ATI Ex. 2106
IPR2023-00922
Page 152 of 223



ORIGINATE DATE EDIT DATE DOCUMENT-REV. NUM. PAGE
24 September, 2001 4 September, 20157 GEN-CXXXXX-REVA 27 of 47
Y

relative jump address > size of the control flow program
relative jump address > length of the shader program
- call stack
call with stack full
return with stack emply

With two of the errors, a jump error or a register overflow will cause the program to break. In this case, a break
means that a clause will halt execution, but allowing further clauses to be executed.

With the other errors, program can continue to run, potentially to worst-case limits.

If indexing outside of the constant range, causing an overflow error, the hardware is specified to return the value with
an index of 0. This could be exploited to generate error tokens, by reserving and initializing the Oth register (or
constant) for errors.

{ISSUE : Interrupt to the driver or not?}
6.7.2 Method 2: Exporting the values in the GPRs (12)

The sequencer will have a count register and an address register for this mode and 3 bits per clause specifying the
execution mode for each clause. The modes can be :

1) Normal

2) Debug Kill

3) Debug Addr + Count
Under the normal mode execution follows the normal course. Under the kill mode, all control flow instructions are
executed but all normal shader instructions of the clause are replaced by NOPs. Only debug_export instructions of
clause 7 will be executed under the debug kill setting. Under the other mode, normal execution is done until we reach
an address specified by the address register and instruction count (useful for loops) specified by the count register.
After we have hit the instruction n times (n=count) we switch the clause to the kill mode.

Under the debug mode (debug kill OR debug Addr + count), it is assumed that clause 7 is always exporting 12 debug
vectors and that all other exports to the SX block (position, color, z, ect) will been turned off (changed into NOPs) by
the sequencer (even if they occur before the address stated by the ADDR debug register).

7. Pixel Kill Mask

A vector of 64 bits is kept by the sequencer per group of pixels/vertices. Its purpose is to optimize the texture fetch
requests and allow the shader pipe to kill pixels using the following instructions:

MASK_SETE
MASK_SETNE
MASK_SETGT
MASK_SETGTE

8. Multipass vertex shaders (HOS)

Multipass vertex shaders are able to export from the 6 last clauses but to memory ONLY.

9. Reagister file allocation

The register file allocation for vertices and pixels can either be static or dynamic. In both cases, the register file in
managed using two round robins (one for pixels and one for vertices). In the dynamic case the boundary between
pixels and vertices is allowed to move, in the static case it is fixed to VERTEX_REG_SIZE for vertices and 256-
VERTEX_REG_SIZE for pixels.
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R400 Sequencer Specification

Above is an example of how the algorithm works. Vertices come in from top to bottom; pixels come in from bottom to
top. Vertices are in orange and pixels in green. The blue line is the tail of the vertices and the green line is the tail of
the pixels. Thus anything between the two lines is shared. When pixels meets vertices the line turns white and the
boundary is static until both vertices and pixels share the same “unallocated bubble”. Then the boundary is allowed to
move again.

10. Fetch Arbitration

The fetch arbitration logic chooses one of the 8 potentially pending fetch clauses to be executed. The choice is made
by looking at the fifos from 7 to O and picking the first one ready to execute. Once chosen, the clause state machine
will send one 2x2 fetch per clock (or 4 fetches in one clock every 4 clocks) until all the fetch instructions of the clause
are sent. This means that there cannot be any dependencies between two fetches of the same clause.

The arbitrator will not wait for the fetches to return prior to selecting another clause for execution. The fetch pipe will
be able to handie up to X(?) in flight fetches and thus there can be a fair number of active clauses waiting for their
fetch return data.

11. ALU Arbitration

ALU arbitration proceeds in almost the same way than fetch arbitration. The ALU arbitration logic chooses one of the
8 potentially pending ALU clauses to be executed. The choice is made by looking at the fifos from 7 to O and picking
the first one ready to execute. There are two ALU arbiters, one for the even clocks and one for the odd clocks. For
example, here is the sequencing of two interleaved ALU clauses (E and O stands for Even and Odd sets of 4 clocks):

EinstO Oinst0 Einst1 Oinst1 Einst2 Oinst2 Einst0 Oinst3 Einst1 Oinst4 Einst2 Oinst0...
Proceeding this way hides the latency of 8 clocks of the ALUs. Also note that the interleaving also occurs across
clause boundaries.
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12. Handling Stalls

When the output file is full, the sequencer prevents the ALU arbitration logic from selecting the last clause (this way
nothing can exit the shader pipe until there is place in the output file. If the packet is a vertex packet and the position
buffer is full (POS_FULL) then the sequencer also prevents a thread from entering the exporting clause (37). The
sequencer will set the OUT_FILE_FULL signal n clocks before the output file is actually full and thus the ALU arbiter
will be able read this signal and act accordingly by not preventing exporting clauses to proceed.

13. Content of the reservation station FIFOs

The reservation FIFOs contain the state of the vector of pixels and vertices. We have two sets of those: one for
pixels, and one for vertices. They contain 3 bits of Render State 7 bits for the base address of the GPRs, some bits
for LOD correction and coverage mask information in order to fetch fetch for only valid pixels, the quad address.

14. The Output File

The output file is where pixels are put before they go to the RBs. The write BW to this store is 256 bits/clock. Just
before this output file are staging registers with write BW 512 bits/clock and read BW 256 bits/clock. The staging
registers are 4x128 (and there are 16 of those on the whole chip).

15. 1J Format

The IJ information sent by the PA is of this format on a per quad basis:

We have a vector of IJ's (one IJ per pixel at the centroid of the fragment or at the center of the pixel depending on the
mode bit). The interpolation is done at a different precision across the 2x2. The upper left pixel's parameters are
always interpolated at full 20x24 mantissa precision. Then the result of the interpolation along with the difference in 1J
in reduced precision is used fo interpolate the parameter for the other three pixels of the 2x2. Here is how we do it:

Assuming PO is the interpolated parameter at Pixel O having the barycentric coordinates 1(0), J(0) and so on for P1,P2
and P3. Also assuming that A is the parameter value at VO (interpolated with 1), B is the parameter value at V1
(interpolated with J) and C is the parameter value at V2 (interpolated with (1-1-J).

AU =1()-1(0)
AOLT =J(1)-J(0)
AO2I =I(2)-1(0) PO P1
AO2J =J(2)-J(0)
AO3I =1(3)-1(0)
AO3J =J(3)-J(0) P2 P3

PO=C+I(0)*(A-C)+JOY*(B-C)

P1=P0+A01T*(A-C)+AOLT *(B=C)
P2 =P0+A02I *(A=C)+A02J *(B-C)
P3=P0+A03I *(A=C)+A03J *(B-C)

PO is computed at 20x24 mantissa precision and P1 to P3 are computed at 8X24 mantissa precision. So far no visual
degradation of the image was seen using this scheme.

Multiplies (Full Precision): 2
Multiplies (Reduced precision). 6
Subtracts 19x24 (Parameters): 2
Adds: 8
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l FORMAT OF P0's IJ :  Mantissa 20 Exp 4 for | + Sign
Mantissa 20 Exp 4 for J + Sign

FORMAT of Deltas (x3): Mantissa 8 Exp 4 for | + Sign
Mantissa 8 Exp 4 for J + Sign

Total number of bits : 20*2 + 8*6 + 4*8 + 4*2 = 128

All numbers are kept using the un-normalized floating point convention: if exponent is different than O the number is
normalized if not, then the number is un-normalized. The maximum range for the 1Js (Full precision) is +/- 63 and the
range for the Deltas is +/- 127.

15.1 Interpolation of constant attributes

Because of the floating point imprecision, we need to take special provisions if all the interpolated terms are the same
or if two of the barycentric coordinates are the same.

We start with the premise that if A= B and B=C and C = A, then P0,1,2,3 = A. Since one or more of the IJ terms
may be zero, so we extend this to:

if (A=B and B=C and C=A)
P0,1,23=A;
else if (I=0)or (4 =0)) and
((J =0) or (1-I-J = 0)) and
({(1-d-1=0)or (1=0)) {

if(l t=0) {
PO = A;
}else if(d 1= 0) {
PO =B;
}else {
PO=C;
/rest of the quad interpolated normally
}
else
{
normal interpolation
}

16. -Staging Registers

In order for the reuse of the vertices to be 14, the sequencer will have to re-order the data sent IN ORDER by the
VGT for it to be aligned with the parameter cache memory arrangement. Given the following group of vertices sent by
the VGT:

01234567891011 121314151/ 1617 18192021 22 2324 25 26 27 28 29 30 31 1| 32 33 34 35 36 37 38 39
40 41 42 43 44 45 46 47 || 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

The sequencer will re-arrange them in this fashion;

01231617 181932333435484950511/4567202122233637383952535455(189 101124252627
404142 435657 5859 |1 12 13 14 15 28 29 30 31 44 45 46 47 60 61 62 63

The || markers show the SP divisions. In the event a shader pipe is broken, the VGT will send padding to account for
the missing pipe. For example, fSP1 is broken verlices 4 56 7 20271 22 23 36 37 38 38 52 53 54 55 will still be sent

-

;,‘ ‘{ Formatted: Bullets and Numbering }

by the VGT to the SQ BUT will not be processed by the SP and thus should be considered invalid (by the SU and
VGT).

- {Formansa
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The most straightforward, non-compressed interface method would be to convert, in the VGT, the data to 32-bit

floating point prior to transmission to the V8ISRs, In this scenario, the data would be transmitted to (and stored in) the

V8IBRs in full 32-bit floating point. This method reguires three 24-bit fixed-to-floal converters in the VGT.

Unfortunately, it also requires and additional 3,072 bits of storage across the VSISRs. This interface is illustrated in

Figure 2. The area of the fixed-to-float converters and the V8ISRs for this method is roughly estimated as 0.75%sgmm

using the R300 process. The gate count estimate is shown in Figure 1.

Basis for 8-deep Latch Memory (from R300)
S 24-bit 11631,7° 80.57813 u* per bit
rea of 96x8-deep Latch Memory 46524 ‘Lf
Area of 24-bit Fix-to-float Converter 4712 u* per converter
Method 1 Block Quantity Area
F2F 3 14136
8x96 Latch 18 744384

Figure 1:Area Lstimate for VGT to Shader Interface

e

VT BLOCK
(IN PA)

SHADER
SEQUENCER

VECTOR ENGINE

o

Y

VECTOR ENGINE

Figure 2:VGT to Shader Interface
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16-17. The parameter cache

The parameter cache is where the vertex shaders export their data. It consists of 16 128x128 memories (1R/1W).
The reuse engine will make it so that all vertexes of a given primitive will hit different memories._The allocation
method for these memories is a simple round robin. The parameter cache pointers are mapped in the following way;
4MSBs are the memory number and the 7 LSBs are the address within this memory.

MEMORY NUMBER | ADDRESS 1
4 bits 7 bits i

The PA generates the parameter cache addresses as the positions comes from the 8Q. All it needs 1o do is keep a
Current _Location pointer (7 bits only) and as the positions comes increment the memoery number. When the memory
number field wraps around, the PA increments the Current Location by V8 EXPORT COUNT 8 (a snooped register
from the 8. As an example, say the memories are all emply to begin with and the vertex shader is exporting 8
parameters per vertex (V8 EXPORT COUNT 6 = 8). The first position received is going to have the PC address
00000000000 the second one 00010000000, third one 00100000000 and so on up to 11110000000, Then the next

{ Formatted: Bullets and Numbering ]

position received (the 17,) is going to have the address 00000001000, the 18] 00010001000, the 19" 00100001000 _
and so on. The Current location is NEVER reset BUT on chip resets. The only thing 1o be careful about is that if the

8X doesn't send vou a full group of positions (<84 then vou need to fill the address space so that the next group
starts correctly aligned (for example if vou receive only 33 positions then vou need fo add 1*V8 EXPORT COUNT &

Formatted

Y Formatted

‘| Formatted

to Current_Location and resel the memory count fo O before the next veclor begins).

17-18. Vertex position exporting

On clause 3 the vertex shader can export to the PA both the vertex position and the point sprite. It can also do so at
clause 7 if not done at clause 3. The storage needed to perform the position export is at least 64x128 memories for
the position and 64x32 memories for the sprite size. It is going to be taken in the pixel output fifo from the SX blocks.
The clause where the position export occurs is specified by the EXPORT_LATE register. If turned on, it means that
the export is going to occur at ALU clause 7 if unset position export occurs at clause 3.

18-19. Exporting Arbitration

Any type of exporting clause can be co-lssued. The seguencer will have o make sure back o back memory exporis
(position/straight memory exports) are interleaved with NOPs as we don't have the bandwidih to service them al full
speed.

Here-are-the-rules-for-co-issuir orting-ALU-clat . : S :
o > A . -

HPositio ports-and-posi ok & 1ed *’fﬁ‘[Formatted: Bullets and Numbering )
o) itio nd-memory-expors cannot be-co-issue e et

Posit t ZIColor-expors-¢ t be-co-issued

Y) exports-and-Z re-cannot-be-co-issued
B3 exnode-and e be comsi

L4 ¥

8)Zicolorexports-and-Zicolorexports cannot b issusd.

=99 ot and 20 olorexnots OAN b co-iseusad

JRara LE3tp = ) -

8)RParameterexpors-and-parameterexpors-CAN-be-co-issued.
9)Parameter-expors.and-memony.-exports CAN o-issued.

19.20. Export Types

The export type (or the location where the data should be put) is specified using the destination address field in the
ALU instruction. Here is a list of all possible export modes:

*

LS, N, S— L

: Bullets and Numbering ]i

; / ;{ Formatted: Bullets and Numbering
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19120.1 Vertex Shading
0:15 - 16 parameter cache §

16:31 - Empty (Reserved?)
32:43 - 12 vertex exports to the frame buffer and index

44:47 - Empty
48:59 - 12 debug export (interpret as normal vertex export)
60 - export addressing mode
61 - Empty
62 - sprite size export that goes with position export
(point_h,point_w,edgeflag,misc)
63 - position
19.220.2 Pixel Shading )
o} - Color for buffer O (primary)
1 - Color for buffer 1
2 - Color for buffer 2
3 - Color for buffer 3
4:7 - Empty
8 - Buffer O Color/Fog (primary)
9 - Buffer 1 Color/Fog
10 - Buffer 2 Color/Fog
11 - Buffer 3 Color/Fog
12:15 - Empty

16:31 - Empty (Reserved?)
32:43 - 12 exports for multipass pixel shaders.

44:47 - Empty

48:59 - 12 debug exports (interpret as normal pixel export)
60 - export addressing mode

61.62 - Empty

63 - Z for primary buffer (Z exported to ‘aipha’ component)

#

20-21. Special Interpolation modes

20-121.1 Real time commands

We are unable to use the parameter memory since there is no way for a command stream to write into it. Instead we
need to add three 16x128 memories (one for each of three vertices x 16 interpolants). These will be mapped onto the
register bus and written by type O packets, and output to the the parameter busses (the sequencer and/or PA need to
be able to address the reatime parameter memory as well as the regular parameter store. For higher performance we
should be able able to view them as two banks of 16 and do double buffering allowing one to be loaded, while the
other is rasterized with. Most overlay shaders will need 2 or 4 scalar coordinates, one option might be to restrict the
memory to 16x64 or 32x64 allowing only two interpolated scalars per cycle, the only problem | see with this is, if we
view support for 16 vector-4 interpolants important (true only if we map Microsoft's high priority stream to the realtime
stream), then the PA/sequencer need to support a realtime-specific mode where we need to address 32 vectors of
parameters instead of 16. This mode is triggered by the primitive type: REAL TIME.

When working with sprites, one may want to overwrite the parameter 0O with SC generated data. Also, XY screen
coordinates may be needed in the shader program. This functionality is controlled by the gen_lO register (in SQ) in
conjunction with the SND_XY register (in SC). Also it is possible to send the faceness information (for OGL front/back
special operations) to the shader using the same control register. Here is a list of all the modes and how they interact
together:
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) LUV A

Gen_st is a bit taken from the interface between the SC and the SQ. This is the MSB of the primitive type. If the bit is
set, it means we are dealing with Point AA, Line AA or sprite and in this case the vertex values are going to generated
between O and 1.

Param_Gen_lO disable, snd_xy disable, no gen_st — 10 = No modification

Param_Gen_IO disable, snd_xy disable, gen_st ~ 10 = No modification

Param_Gen_lO disable, snd_xy enable, no gen_st — 10 = No modification

Param_Gen_l0 disable, snd_xy enable, gen_st — 10 = No modification

Param_Gen_l0 enable, snd_xy disable, no gen_st - 10 = garbage, garbage, garbage, faceness
Param_Gen_l0 enable, snd_xy disable, gen_st ~ I0 = garbage, garbage, s, t

Param_Gen_l0 enable, snd_xy enable, no gen_st — |0 = screen x, screen y, garbage, faceness
Param_Gen_I0 enable, snd_xy enable, gen_st — 10 = screen x, screeny, s, t

20-321.3 Auto generated counters

In the cases we are dealing with multipass shaders, the sequencer is going to generate a vector count to be able to
both use this count to write the 1% pass data to memory and then use the count to retrieve the data on the ond pass.
The count is always generated in the same way but it is passed to the shader in a slightly different way depending on
the shader type (pixel or vertex). This is toggled on and off using the GEN_INDEX register. The sequencer is going to
keep two counters, one for pixels and one for vertices, Every time a full vector of vertices or pixels is written fo the
GPRs the counter is incremented. Every time a state change is detected, the corresponding counter is reset. While
there is only one count broadcast to the GPRs, the LSB are hardwired to specific values making the index different for
all elements in the vector.

20-3-121.3.1 Vertex shaders

In the case of vertex shaders, if GEN_INDEX is set, the data will be put into the x field of the third register (it means
that the compiler must allocate 3 GPRs in all multipass vertex shader modes).

20322132 Pixel shaders

In the case of pixel shaders, if GEN_INDEX is set and Param _Gen 10 is enabled, the data will be put in the x field of
the 2™ register (R .x), else if GEN [INDEX is set the data will be put into the x field of the 1* register (RO.X).

{Formatted: Bullets and Numbering
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COUNT
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T !
’ AUTO COUNT | 000000 |
¥ 3 The Auto Count Valug is
ML‘L_/ broadcast to all GPRs. Itis
loaded into a register wich has
its LSBs hardwired to the
GPR number (0 thru 63). Then
if GEN_INDEX is high, the
mux selects the auto-count
value and it is loaded into the
GPRs to be either used to
retrieve data using the TP or
GPRO sent to the 8X forthe RB to
use it to write the data to
memory
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2122 State management

Every clock, the sequencer will report to the CP the oldest states still in the pipe. These are the states of the
programs as they enter the last ALU clause.

21122 1 Parameter cache synchronization

In order for the sequencer not to begin a group of pixels before the associated group of vertices has finished, the
sequencer will keep a 6 bit count per state (for a total of 8 counters). These counters are initialized to 0 and every
time a vertex shader exports its data TO THE PARAMETER CACHE, the corresponding pointer is incremented.
When the SC sends a new vector of pixels with the SC_SQ_new_vector bit asserted, the sequencer will first check if
the count is greater than O before accepting the transmission (it will in fact accept the transmission but then lower its
ready to receive). Then the sequencer waits for the count to go to one and decrements it. The sequencer can then
issue the group of pixels to the interpolators. Every time the state changes, the new state counter is initialized to 0.

2223 XY Address imports

The SC will be able to send the XY addresses to the GPRs. It does so by interleaving the writes of the IJs (to the IJ
buffer) with XY writes (to the XY buffer). Then when writing the data to the GPRs, the sequencer is going to
interpolate the IJ data or pass the XY data thru a Fix—float converter and expander and write the converted values to
the GPRs. The Xys are currently SCREEN SPACE COORDINATES. The values in the XY buffers will wrap. See
section 21.221:220.2 for details on how to control the interpolation in this mode.

22123 1 Vertex indexes imports v

In order to import vertex indexes, we have 64x2x96-16 8x86 staging registers. These are loaded one line at a time by
the VGT block {96 bits). They are loaded in floating point format and can be transferred in 4 or 8 clocks to the GPRs.

23-24. Registers
23124 1 Control

REG_DYNAMIC Dynamic allocation (pixel/vertex) of the register file on or off.

REG_SIZE_PIX Size of the register file's pixel portion (minimal size when dynamic allocation turned
on)

REG_SIZE_VTX Size of the register file's vertex portion (minimal size when dynamic allocation turned
on)

ARBITRATION_POLICY  policy of the arbitration between vertexes and pixels

Exhibit 2022 docRABS_Sequencer.doc

INST_STORE_ALLOC
INST_BASE_VTX

INST_BASE_PIX
ONE_THREAD
ONE_ALU
INSTRUCTION_ADDR

INSTRUCTION_DATA

CONSTANT-DATA——

interleaved, separate

start point for the vertex instruction store (RT always ends at vertex_base and

Begins at 0)

start point for the pixel shader instruction store

debug state register. Only allows one program at a time into the GPRs

debug state register. Only allows one ALU program at a time to be executed (instead
of 2)

This is where the CP puts the base address of the instruction writes and type (auto-
incremented on reads/writes)

This is where the CP puts the actual data going to the instruction memory

This-is-where-the GP-puts-constant-data-(32-bits)

CONSTANT_ADDR his—is-where -the CP-puts-the logica stant -address (9 bits)CONSTANTS
512*4 ALU constants + 32*6 Texture state 32 bits registers (logically
mapped)

INSTRUCTION_ADDR_RT

INSTRUCTION_DATA_RT

CONSTANT-DATA-RT—
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Real Time
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CONSTANT_EO_RT

EXPORT_LATE

t 23224 2 Context

VS_FETCH_{0...7}
VS_ALU_{0...7}
PS_FETCH_{0...7}
PS_ALU_{0...7}
PS_BASE
VS_BASE
VS_CF_SIZE
PS_CF_SIZE
PS_SIZE

VS_SIZE
PS_NUM_REG
VS_NUM_REG
PARAM_SHADE

PARAM_WRAP

PS_EXPORT_MODE

VS_EXPORT_MASK
VS_EXPORT_MODE
VS_EXPORT

_COUNT _{0...6}

PARAM_GEN_IO
GEN_INDEX

A
bitsCONSTANTS RT 256*4 ALU constants + 32*6 texture states? (physically
mapped)

This is the size of the space reserved for real time in the constant store (from O to
CONSTANT_EO_RT). The re-mapping table operates on the rest of the memory
Controls whether or not we are exporting position from clause 3. If set, position
exports occur at clause 7.

eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
base pointer for the pixel shader in the instruction store

base pointer for the vertex shader in the instruction store

size of the vertex shader (# of instructions in control program/2)

size of the pixel shader (# of instructions in control program/2)

size of the pixel shader (cntl+instructions)

size of the vertex shader (cntl+instructions)

number of GPRs to allocate for pixel shader programs

number of GPRs to allocate for vertex shader programs

One 16 bit register specifying which parameters are to be gouraud shaded (0 = flat, 1
= gouraud)

64 bits: for which parameters (and channels (xyzw)) do we do the ¢yl wrapping
(O=linear, 1=cylindrical).

Ooo : Normal mode

Ixxxx : Multipass mode

If normal, bbbz where bbb is how many colors (0-4) and z is export z or not

If multipass 1-12 exports for color.

which of the last 6 ALU clauses is exporting (multipass only)

Q: position (1 vector), 1: position (2 vectors), 3:multipass

Six 4 bit counters representing the # of interpolated parameters exported in clause 7
(located in VS_EXPORT_COUNT_6) OR

# of exported vectors to memory per clause in multipass mode (per clause)

Do we overwrite or not the parameter 0 with XY data and generated T and S values
Auto generates an address from 0 to XX. Puts the results into R4-R0-1 for pixel
shaders and R3-R2 for vertex shaders

CONST_BASE_VTX (9 bits)Logical Base address for the constants of the Vertex shader
CONST_BASE_PIX (9 bits) Logical Base address for the constants of the Pixel shader
CONST_SIZE_PIX (8 bits) Size of the logical constant store for pixel shaders
CONST_SIZE_VTX (8 bits) Size of the logical constant store for vertex shaders

INST_PRED_OPTIMIZE

CF_BOOLEANS
CF_LOOP_COUNT
CF_LOOP_START
CF_LOOP_STEP

Turns on the predicate bit optimization (if of, conditional_execute_predicates is
always executed).

256 boolean bits

32x8 bit counters (number of times we traverse the loop)

32x8 bit counters (init value used in index computation)

32x8 bit counters (step value used in index computation)

2425 DEBUG Registers

24125 1 Context

DB_PROB_ADDR

DB_PROB_COUNT

DB_INST_COUNT

DB_BREAK_ADDR

instruction address where the first problem occurred

number of problems encountered during the execution of the program
instruction counter for debug method 2

break address for method number 2
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DB_CLAUSE

_MODE_ALU_{0...7}

DB_CLAUSE

_MODE_FETCH_{0...7}

25.26. Interfaces
25.126.1 External Interfaces

clause mode for debug method 2 (0: normal, 1: addr, 2: kill)

clause mode for debug method 2 (0: normal, 1: addr, 2: kill)

Whenever an x is used, it means that the bus is broadcast to all units of the same name. For example, if a bus is
named SQ—SPx it means that SQ is going to broadcast the same information to all SP instances.

25-1-126.1.1 SCto &Q : IJ Control bus

This is the control information sent to the sequencer in order to control the 1J fifos and all other information needed to
execute a shader program on the sent pixels. This information is sent over 2 clocks, if SENDXY is asserted the next
control packet is going to be ignored and XY information is going to be sent on the IJ bus (for the quads that where
just sent). All pixels from the group of quads are from the same primitive, all quads of a vector are from the same

render state.

= = f[ Formatted: Bullets and Numbering }
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Name Direction Bits | Description

SC_8Q_qg_wr_mask SC—-8Q 4 Quad Write mask left to right

SC_8Q_lod_correct 3C—-8Q 24 LOD correction per quad (8 bits per quad)

SC_8Q_flat_vertex SC—-8Q 2 Provoking vertex for flat shading

SC_8Q_param_ptr0 SC—-8Q 11 P Store pointer for vertex 0

SC_8Q_param_ptr1i SC—-8Q 11 P Store pointer for vertex 1

8C_SQ_param_pir2 8C—8Q 11 P Store pointer for vertex 2

SC_8Q_end_of vect SC—-8Q 1 End of the vector

SC_S8Q_store_dealloc SC—-8Q 1 Deallocation token for the P Store

SC_8Q_state SC—-8Q 3 State/constant pointer

SC_8Q_valid_pixel 8C—-8Q 16 Valid bits for all pixels

SC_8Q_null_prim SC-—-8Q 1 Null Primitive (for PC deallocation purposes)

SC_8Q_end_of _prim SC—-8Q 1 End Of the primitive

SC_SQ_send_xy SC-8Q 1 Sending XY information [XY information is going to be
sent on the next clock]

SC_SQ_prim_type S5C-8Q 3 Real time command need to load tex cords from
alternate buffer. Line AA, Point AA and Sprite reads
their parameters from GEN_T and GEN_S GPRs.

000 : Normal
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite

SC_SQ_new_vector SC-8Q 1 This primitive comes from a new vector of vertices.
Make sure that the corresponding vertex shader has
finished before starting the group of pixels.

8C_8Q_RTRn 8Q—8C 1 Stalls the PA in n clocks

8C_SQ_RTS 8C—8Q 1 8C ready to send data

25-1226.1.2 SQ to SP: Interpolator bus )

Name Direction Bits | Description

SQ_SPx_interp_prim_type SQ—-SPx 3 Type of the primitive
000 : Normal
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite
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l SQ_SPx_interp_flat_vix SQ—-SPx 2 Provoking vertex for flat shading
SQ_SPx_interp_flat_gouraud | SQ—8Px 1 Flat or gouraud shading
SQ_SPx_interp_cyl_wrap SQ—-8Px 4 Wich parameter needs to be cylindrical wrapped
SQ_S8Px_interp_ijline SQ--8Px 2 Line in the 1J/XY buffer fo use to interpolate
SQ_SPx_interp_buff_swap SQ—-SPx 1 Swap the IJ/XY buffers at the end of the interpolation
SQ_SPx_interp_gen_I0 SQ—SPx 1 Generate 10 or not. This tells the interpolators not to
use the parameter cache but rather overwrite the data
with interpolated 1 and 0. Overwrite if gen_I0O is high.

- E , (‘{ Formatted: Bullets and Numbering‘

Fhis-interface-is-synchronized-with-the-Interpolator-bus- This-controls-the-input-mux-io-the GRPRs.-The-three-types-of

data-are:-generated-index, rpolated-data, ver ¢! ata-(coming-from-the-staging isters).

. B 4;«‘ f[ Formatted: Bullets and Numbering
25-1-426.1.3 SQ to SP: Parameter Cache Read control bus T T T
The four following interfaces (SQ—38P, SQ—-8X,5P—8X and SX—lInterpolators) are all SYNCHRONIZED together.
Name Direction Bits | Description
SQ_SPx_ptr0 SQ—-SPx 9 Pointer of PC
SQ_SPx_ptrt 5Q-»8Px 9 Pointer of PC
SQ_SPx_ptr2 SQ—-SPx 9 Pointer of PC
SQ_SP0_read_ena SQ—>SPO 4 Read enables for the 4 memories in the SPO
SQ_8P1_read_ena SQ--SP1 4 Read enables for the 4 memories in the SP1
SQ_SP2 read ena SQ-SP2 4 Read enables for the 4 memories in the SP2
SQ_SP3 _read_ena SQ—-SP3 4 Read enables for the 4 memories in the SP3 .

e {Formatted: Bullets and Numbering
25152614 5Q to SX: Parameter Cache Mux control Bus e T :
Name Direction Bits | Description .
SQ_S8Xx_mux0 SQ—8Xx 4 Mux control for PC (4 MSbs of Pointer)
SQ_SXx_mux1 SQ-->8Xx 4 Mux control for PC (4 MSbs of Pointer)
SQ_8Xx_mux2 SQ -»8Xx 4 Mux control for PC (4 MSbs of Pointer) o & . B
25.1.626.1.5 SQ to SP: Staging Register Data g [T .
This is a broadcast bus that sends the VSISR information to the staging registers of the shader pipes. o e
Name Direction Bits | Description
|| SQ_SPxD_vgt_vsisr_data SQ-8Px0 96 Pointers of indexes or HOS surface information
|| SQ_SPOx_vgt_vsisr_double SQ->SPx0 1 0: Normal 96 bits per vert 1: double 192 bits per vert

SQ_SPO_data_valid SQ—-SPO 1 Data is valid
SQ_8P1_data_valid SQ--8P1 1 Data is valid
SQ_SP2_data_valid SQ—-SP2 1 Data is valid
SQ_8P3_data_valid SQ—-8P3 1 Data is valid

’[ Formatted: Bullets and Numbering }

25-1-726.1.6 PA to SQ : Vertex interface
25-17-426.1.6.1 Interface Signal Table

The area difference between the two methods is not sufficient to warrant complicating the interface or the state
requirements of the VSISRs. Therefore, the POR for this interface is that the VGT will transmit the data to the
VSISRs (via the Shader Sequencer) in full, 32-bit floating-point format. The VGT can transmit up to six 32-bit
floating-point values to each VSISR where four or more values require two transmission clocks. The data bus is 96
bits wide.
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Name Bits Description
PA_SQ_vgt vsisr_data 96 Pointers of indexes or HOS surface information
PA_SQ_vgt_vsisr_double 1 0: Normal 96 bits per vert 1: double 192 bits per vert
PA_SQ_vgt_end_of_vector 1 Indicates the last VSISR data set for the current process vector (for double vector
data, "end_of vector" is set on the second vector)
PA_SQ_vgt_state 3 Render State (6*3+3 for constants). This signal is guaranteed to be correct when
“PA_SQ_vgt end_of vector” is high.
PA_SQ_vgt_send 1 Data on the VGT_SQ is valid receive (see write-up for standard R400 SEND/RTR
interface handshaking)
SQ_PA_vgt_rtr 1 Ready to receive (see write-up for standard R400 SEND/RTR interface

handshaking)

251.7.226.1.6.2 Interface Diagrams
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g { Formatted: Bullets and Numbering
25-1-826.1.7 8Q to CP: State report . e
Name Direction Bits | Description
SQ_CP_vrix_ state SEQ-CP 3 Oldest vertex state still in the pipe
5Q_CP_pix_state SEQ-CP 3 Oldest pixel state still in the pipe L i R
{Formatted: Bullets and Numbering
25-4+926.1.8 SQ to SX: Control bus Ml s
Name Direction Bits | Description
SQ_SXx_exp_Pixel SQ—-SXx 1 1: Pixel
0: Vertex
8Q_SXx_exp_start SQ—8Xx 1 Raised fo indicate that the SQ is starting an export
SQ_8SXx_exp_Clause SQ—-8Xx 3 Clause number, which is needed for vertex clauses
SQ_SXx_exp_State SQ-->SXx 3 State ID, which is needed for vertex clauses

These fields are sent synchronously with SP export data, described in SP0—8X0 interface

{ISSUE: Where are the PC pointers}

254162619 SXto SQ : Output file controf

Name Direction Bits | Description

SXx_SQ_Export_count_rdy SXx—8Q 1 Raised by SXO0 to indicate that the following two fields
reflect the result of the most recent export

SXx_SQ_Export_Position SXx—8Q 1 Specifies whether there is room for another position.

SXx_SQ_Export_Buffer SXx—8Q 7 Specifies the space available in the output buffers.

0: buffers are full
1: 2K-bits available (32-bits for each of the 64
pixels in a clause)

64: 128K-bits available (16 128-bit entries for each of
64 pixels)
65-127: RESERVED

25-4-1H26.1.10 8Q to TP: Control bus

Once every clock, the fetch unit sends to the sequencer on which clause it is now working and if the data in the GPRs
is ready or not. This way the sequencer can update the fetch counters for the reservation station fifos. The sequencer
also provides the instruction and constants for the fetch to execute and the address in the register file where to write

the fetch return data.

Name Direction Bits | Description

TPx_SQ_data_rdy TPx— SQ 1 Data ready

TPx_SQ_clause_num TPx— SQ 3 Clause number

SQ_TPx_const SQ--TPx 6448 | Fetch state sent over 4 clocks (192 bits total)
SQ_TPx_instuct SQ-TPx 24 Fetch instruction sent over 4 clocks
SQ_TPx_end_of_clause SQ--»TPx 1 Last instruction of the clause

SQ_TPx_phase SQ-TPx 2 Wirite phase signal

SQ_TPQO lod_correct SQ--TPO 6 LOD correct 3 bits per comp 2 components per quad
SQ_TPO_pmask SQ—-TPO 4 Pixel mask 1 bit per pixel

SQ_TP1_lod_correct SQ-TP1 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP1_pmask SQ--TP1 4 Pixel mask 1 bit per pixel

SQ_TP2_lod_correct SQ—-TP2 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP2_pmask SQ--TP2 4 Pixel mask 1 bit per pixel

SQ_TP3_lod_correct SQ-TP3 6 LOD correct 3 bits per comp 2 components per quad
SQ_TP3_pmask SQ--»TP3 4 Pixel mask 1 hit per pixel

SQ_TPx_clause_num SQ-TPx 3 Clause number

SQ_TPx_write_gpr_index SQ->TPx 7 Index into Register file for write of returned Fetch Data
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2511226 1.11 TP to SQ: Texture stall

P

The TP sends this signal to the SQ when its input buffer is full. The SQ is going to send it to the SP X clocks after

reception (maximum of 3 clocks of pipeline delay).

[ Name [ Direction

[ Bits | Description E

[ TP_SQ_fetch_stall (TP 5Q K

| Do not send more texture request if asserted o

P

[ Name | Direction

[ Bits | Description |

| SQ_SPx_fetch_stall | SQ-S8Px 1

| Do not send more texture request if asserted E

1-1426.1.13 SQ to SP: GPR, and-Parameter cache control and auto counter — *

Formatted: Bullets and Numbering )

S ;[ Formatted: Bullets and Numbering

Name Direction Bits | Description .
SQ_SPx_wr_addr SQ—SPx 7 Write address -
SQ_SPx_gpr_rd_addr SQ-—-SPx 7 Read address F
SQ_SPx_gpr_re_addr SQ—->SPx 1 Read Enable Habma
SQ_SPx_gpr_we_addr SQ--»8Px 1 Write Enable for the GPRs P
SQ_SPx_gpr_phase_mux SQ—-8Px 2 The phase mux_(arbitrates between inputs, ALU SRC l S
reads and writes o
SQ_S8Px_channel_mask SQ—>SPx 4 The channel mask e
SQ_SPO_pixel_mask $Q--»SP0 4 The pixel mask
SQ_SP1_pixel mask SQ—-5P1 4 The pixel mask
SQ_SP2_pixel mask SQ--»8P2 4 The pixel mask
SQ_SP3_pixel_mask SQ—-SP3 4 The pixel mask
SQ_SPx_pec_we_addr SQ--5Px 1 Write Enable for the parameter caches
SQ 8Px_gpr input mux SQ-»8Px 2 When the phase mux selects the inputs this tells from
which source to read from: Interpolated data, VTXO
YTX1, autogen counter.
SQ_8Px_index count SQ-»SPx 127 | Index count, common for all shader pipes
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| 251 1526.1.14 SQ to SPx: Instructions {Formatted: bl ond mberng__)
Name Direction Bits | Description
SQ_SPx_instruct_start SQ—->SPx 1 Instruction start
SQ_SP_instruct SQ--SPx 20 Instruction sent over 4 clocks
SQ_SPx_stall SQ—-SPx 1 Stall signal
SQ_SPx_export_count SQ—SPx 3 Each set of four pixels or vectors is exported over
eight clocks. This field specifies where the SP is in
that sequence.
SQ_SPx_export_last SQ—-SPx 1 Asserted on the first shader count of the last export
of the clause
SQ_SP0_export_pvalid SQ—SPO 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock
SQ_SP0_export_wvalid SQ—-SPO 2 Specifies whether to write low and/or high 32-bit

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

SQ_SP1_ export_pvalid SQ—-SP1 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

SQ_SP1_ export_wvalid SQ-8P1 2 Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or veclors

SQ_SP2_ export_pvalid SQ—-8P2 4 Result of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

SQ_SP2_ export_wvalid SQ—-SP2 2 Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or vectors

SQ_SP3_ export_pvalid S5Q—-SP3 4 Resuit of pixel kill in the shader pipe, which must be
output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
clock

SQ_SP3_ export_wvalid SQ—-SP3 2 Specifies whether to write low and/or high 32-bit
word of the 64-bit export data from each of the 16
pixels or vectors

. . ,‘—[ Formatted: Bullets and Numbering }
2544626115 SP to SQ. Constant address load M e ~
Name Direction Bits | Description
SPQO_SQ_const_addr SP0-SQ 36 Constant address load to the sequencer
SPO_SQ_valid SP0-SQ 1 Data valid
SP1_SQ_const_addr SP1--8Q 36 Constant address load to the sequencer
SP1_SQ_valid SP1-8Q 1 Data valid
SP2_SQ_const_addr SP2--8Q 36 Constant address load to the sequencer
SP2_SQ_valid SP2—-8Q 1 Data valid
SP3_SQ_const_addr SP3--8Q 36 Constant address load to the sequencer
SP3_8Q_valid SP3--8Q 1 Data valid
L +_;«, ’[ Formatted: Bullets and Numbering
l 25-11726.1.16 8SQ to SPx: constant broadcast T
[ Name | Direction | Bits | Description |
| SQ_SPx_constant | sQ—-8Px | 128 | Constant broadcast |
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Yoy T N N
25.1.1826.1.17 SPO to SQ: Kill vector load +] - Cormatad Dol Mg
Name Direction Bits | Description
SP0_SQ_kill_vect SP0—-SQ 4 Kill vector load
SP1_SQ_kill_vect SP1--8Q 4 Kill vector load
SP2_SQ_kill_vect SP2-8Q 4 Kill vector load
SP3_SQ_kill_vect SP3-8Q 4 Kill vector load : : ot S
. . P '{ Formatted: Bullets and Numbering
25-41926.1.18 8Q to CP: RBBM bus * ST
Name Direction Bits | Description
SQ_RBB_rs SQ-CP 1 Read Strobe
SQ_RBB_rd SQ-CP 32 Read Data
SQ_RBBM_nrirtr SQ-CP 1 Optional
SQ_RBBM_rir SQ—-CP 1 Real-Time (Optional) e i i
. . - *[ Formatted: Bullets and Numbering
2542026119 CP fo SQ: RBBM bus l Te——
Name Direction Bits | Description
rbbm_we CP—-S8Q 1 Write Enable
rbbm_a CP—-8Q 18 Address -- Upper Extent is TBD
rbbm_wd CP-—-5Q 32 Data
rbbm_be CP—-8Q 4 Byte Enables
rbbm_re CP-8Q 1 Read Enable
rbb_rs0 CP—-8Q 1 Read Return Strobe 0
rbb_rs1 CP-8Q 1 Read Return Strobe 1
rbb_rd0 CP—-8Q 32 Read Data O
rbb_rd1 CP--8Q 32 Read Data O
RBBM_SQ_soft_reset CP-8Q 1 Soft Reset

~/[ Formatted: Bullets and Numbering

26-27. Examples of program executions

26-1-127.1.1 Sequencer Control of a Vector of Vertices

1. PA sends a vector of 64 vertices (actually vertex indices — 32 bits/index for 2048 bit total) to the RE’s Vertex FIFO
¢ state pointer as well as tag into position cache is sent along with vertices
e space was allocated in the position cache for transformed position before the vector was sent
« also before the vector is sent to the RE, the CP has loaded the global instruction store with the vertex
shader program (using the MH?)
¢ The vertex program is assumed to be loaded when we receive the vertex vector.
e the SEQ then accesses the IS base for this shader using the local state pointer (provided to all
sequencers by the RBBM when the CP is done loading the program)

2. SEQ arbitrates between the Pixel FIFO and the Vertex FIFO — basically the Vertex FIFO always has priority
¢ at this point the vector is removed from the Vertex FIFO
¢ the arbiter is not going to select a vector to be transformed if the parameter cache is full unless the pipe as
nothing else to do (ie no pixels are in the pixel fifo).

3. SEQ allocates space in the SP register file for index data plus GPRs used by the program
¢ the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer that came down with the vertices
e SEQ will not send vertex data until space in the register file has been allocated

4. SEQ sends the vector to the SP register file over the RE_SP interface (which has a bandwidth of 2048 bits/cycle)
e the 64 vertex indices are sent to the 64 register files over 4 cycles
¢ RFO0 of SUQ, SU1, SU2, and SU3 is written the first cycle
¢ RF10of SUQ, SU1, SU2, and SU3 is written the second cycle
¢ RF2of SUQ, SU1, SU2, and SU3 is wriften the third cycle
¢ RF3of SUQ, SU1, SU2, and SU3 is written the fourth cycle
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TONIA

10.

11.

12.

26-1+-227 1.2 Sequencer Control of a Vector of Pixels

1.

Exhibit 2022 docRAB0. Sequencer.doc

i
¢ the index is written to the least significant 32 bits (floating point format?) (what about compound indices)
of the 128-bit location within the register file (w); the remaining data bits are set to zero (x, v, z)

SEQ constructs a control packet for the vector and sends it o the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
¢ the control packet contains the state pointer, the tag to the position cache and a register file base pointer.

TSMO accepts the control packet and fetches the instructions for fetch clause O from the global instruction store
e  TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

¢ TSMO does not wait for requests made to the Fetch Unit to complete; it passes the register file write index for
the fetch data to the TU, which will write the data to the RF as it is received

e once the TU has written all the data to the register files, it increments a counter that is associated with ASMO
FIFO; a count greater than zero indicates that the ALU state machine can go ahead start to execute the ALU
clause

ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

all instructions of ALU clause O are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

the control packet continues to travel down the path of reservation stations until all clauses have been executed
e position can be exported in ALU clause 3 (or 47); the data (and the tag) is sent over a position bus (which is
shared with all four shader pipes) back to the PA’s position cache
¢ A parameter cache pointer is also sent along with the position data. This tells to the PA where the data is
going to be in the parameter cache.
o there is a position export FIFO in the SP that buffers position data before it gets sent back to the PA
¢ the ASM arbiter will prevent a packet from starting an exporting clause if the position export FIFO is full
e parameter data is exported in clause 7 (as well as position data if it was not exported earlier)
e« parameter data is sent to the Parameter Cache over a dedicated bus
¢ the SEQ allocates storage in the Parameter Cache, and the SEQ dealiocates that space when there is no
longer a need for the parameters (it is told by the PA when using a token).
¢ the ASM arbiter will prevent a packet from starting on ASM7 if the parameter cache (or the position buffer
if position is being exported) is full

after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program

As with vertex shader programs, pixel shaders are loaded into the global instruction store by the CP
e At this point it is assumed that the pixel program is loaded into the instruction store and thus ready to be read.

the RE’s Pixel FIFO is loaded with the barycentric coordinates for pixel quads by the detailed walker
¢ the state pointer and the LOD correction bits are also placed in the Pixel FIFO
¢ the Pixel FIFO is wide enough to source four quad’s worth of barycentrics per cycle

SEQ arbitrates between Pixel FIFO and Vertex FIFO — when there are no vertices pending OR there is no space
left in the register files for vertices, the Pixel FIFO is selected

SEQ allocates space in the SP register file for all the GPRs used by the program

e the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer

¢« SEQ will not allow interpolated data to be sent to the shader until space in the register file has been allocated

SEQ controls the transfer of interpolated data to the SP register file over the RE_SP interface (which has a
bandwidth of 2048 bits/cycle). See interpolated data bus diagrams for details.
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7
6. SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
¢ note that there is a separate set of reservation stations/arbiters/state machines for vertices and for pixels
¢ the control packet contains the state pointer, the register file base pointer, and the LOD correction bits
¢ all other information (such as quad address for example) travels in a separate FIFO

7. TSMO accepts the control packet and fetches the instructions for fetch clause O from the global instruction store
¢  TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

¢ TSMO does not wait for fetch requests made to the Fetch Unit to complete; it passes the register file write
index for the fetch data to the TU, which will write the data to the RF as it is received

¢ once the TU has written all the data for a particular clause to the register files, it increments a counter that is
associated with the ASMO FIFO; a count greater than zero indicates that the ALU state machine can go
ahead and pop the FIFO and start to execute the ALU clause

10. ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

11. all instructions of ALU clause O are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

12. the control packet continues to travel down the path of reservation stations until all clauses have been executed
e pixel data is exported in the last ALU clause (clause 7)
e it is sent to an output FIFO where it will be picked up by the render backend
o the ASM arbiter will prevent a packet from starting on ASM7 if the output FIFO is fuil

13. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program

-| Formatted: Bullets and Numbering J

26-1327 1.3 Notes 1

14. The state machines and arbiters will operate ahead of time so that they will be able to immediately start the real
threads or stall.

15. The register file base pointer for a vector needs to travel with the vector through the reservation stations, but the
instruction store base pointer does not — this is because the RF pointer is different for all threads, but the IS
pointer is only different for each state and thus can be accessed via the state pointer.

; = ;[ Formatted: Bullets and Numbering

*

27.28. Open issues

Need to do some testing on the size of the register file as well as on the register file allocation method (dynamic VS
static).

Saving power?
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1. Qverview

The sequencer is based on the R300 design. It chooses two ALU clauses and a fetch clause to execute, and
executes all of the instructions in a clause before looking for a new clause of the same type. Two ALU clauses are
executed interleaved to hide the ALU latency. Each vector will have eight fetch and eight ALU clauses, but clauses do
not need to contain instructions. A vector of pixels or vertices ping-pongs along the sequencer FIFO, bouncing from
fetch reservation station to alu reservation station. A FIFO exists between each reservation stage, holding up vectors
until the vector currently occupying a reservation station has left. A vector at a reservation station can be chosen to
execute. The sequencer looks at all eight alu reservation stations to choose an alu clause to execute and all eight
fetch stations to choose a fetch clause to execute. The arbitrator will give priority to clauses/reservation stations
closer to the bottom of the pipeline. It will not execute an alu clause until the fetch fetches initiated by the previous
fetch clause have completed. There are two separate sets of reservation stations, one for pixel vectors and one for
vertices vectors. This way a pixel can pass a vertex and a vertex can pass a pixel.

To support the shader pipe the sequencer also contains the shader instruction cache, constant store, control flow
constants and texture state. The four shader pipes also execute the same instruction thus there is only one
sequencer for the whole chip.

The sequencer first arbitrates between vectors of 64 vertices that arrive directly from primitive assembly and vectors
of 16 quads (64 pixels) that are generated in the scan converter.

The vertex or pixel program specifies how many GPRs it needs to execute. The sequencer will not start the next
vector until the needed space is available in the GPRs.
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1.1 Top Level Block Diagram
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Figure 2: Heservation stations and arbiters

There are two sets of the above figure, one for vertices and one for pixels.

Depending on the arbitration state, the sequencer will either choose a vertex or a pixel packet. The control packet
consists of 3 bits of state, 7 bits for the base address of the Shader program and some information on the coverage to
determine fetch LOD plus other various small state bits.
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T el o)

i Y
On receipt of a packet, the input state machine (not pictured but just before the first FIFO) allocated enough space in
the GPRs to store the interpolated values and temporaries. Following this, the barycentric coordinates (and XY
[ screen position if needed) are sent to the interpolator-whichinterpolator, which will use them to interpolate the
parameters and place the results into the GPRs. Then, the input state machine stacks the packet in the first FIFO.

On receipt of a command, the level O fetch machine issues a fetch request to the TP and corresponding GPR
address for the fetch address (ta). A small command (tcmd) is passed to the fetch system identifying the current level
number (0) as well as the GPR write address for the fetch return data. One fetch request is sent every 4 clocks
causing the texturing of sixteen 2x2s worth of data (or 64 vertices). Once all the requests are sent the packet is put in
FIFO 1.

Upon receipt of the return data, the fetch unit writes the data to the register file using the write address that was
provided by the level O fetch machine and sends the clause number (0) to the level O fetch state machine to signify
that the write is done and thus the data is ready. Then, the level O fetch machine increments the counter of FIFO 1 to
signify to the ALU 0 that the data is ready to be processed.

On receipt of a command, the level 0 ALU machine first decrements the input FIFO 1 counter and then issues a
complete set of level O shader instructions. For each instruction, the ALU state machine generates 3 source

[ addresses, one destination address -and an instruction. Once the last instruction has been issued, the packet is put
into FIFO 2.

There will always be two active ALU clauses at any given time (and two arbiters). One arbiter will arbitrate
over the odd instructions (4 clocks cycles) and the other one will arbitrate over the even instructions (4
clocks cycles). The only constraints between the two arbiters is that they are not allowed to pick the same
clause number as the other one is currently working on if the packet is not of the same type (render state).

If the packet is a vertex packet, upon reaching ALU clause 3, it can export the position if the position is ready. So the
arbiter must prevent ALU clause 3 to be selected if the positional buffer is full (or can't be accessed). Along with the
positional data, if needed the sprite size and/or edge flags can also be sent.

A special case is for multipass vertex shaders, which can export 12 parameters per last 6 clauses to the output
buffer. If the output buffer is full or doesn't have enough space the sequencer will prevent such a vertex group to
enter an exporting clause.

Multipass pixel shaders can export 12 parameters to memory from the last clause only (7).

All other clauses process in the same way until the packet finally reaches the last ALU machine (7).

Only one pair of interleaved ALU state machines may have access to the register file address bus or the instruction
decode bus at one time. Similarly, only one fetch state machine may have access to the register file address bus at
one time. Arbitration is performed by three arbiter blocks (two for the ALU state machines and one for the fetch state
machines). The arbiters always favor the higher number state machines, preventing a bunch of half finished jobs from
clogging up the register files.
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Figure 3: The shader Pipe
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' The gray area represents blocks that are replicated 4 times per shader pipe (16 times on the overall chip).
1.3 Control Graph
Clause # + Rdy
WrAddr IS SEQ CST WrAddr
CMD
CsT
3
Fhes oMD éstT'CSTgcsf IDX A B C WrYe |
RdAddr | . L WiSeal \yrader
v v v ¥ ¥ % v v , A2
ol
FETCH SP OF
WrAddr s
Figure 4: Sequencer Control interfaces

In green is represented the Fetch control interface, in red the ALU control interface, in blue the Interpolated/Vector

control interface and in purple is the output file

2. Interpolated data bus

control interface.

The interpolators contain an IJ buffer to pack the information as much as possible before writing it to the register file.
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Figure 5: Interpolation buffers
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Above is an example of a tile the sequencer might receive from the SC. The write side is how the data get stacked
into the XY and IJ buffers, the read side is how the data is passed to the GPRs. The IJ information is packed in the 1J
buffer 4 quads at a time or two clocks. The sequencer allows at any given time as many as four quads to interpolate a
parameter. They all have to come from the same primitive. Then the sequencer controls the write mask to the GPRs
to write the valid data in.

{ISSUE : Do we do the center + centroid approach using both |J buffers?

3. Instruction Store

There is going o be only one instruction store for the whole chip. It will contain 4096 instructions of 96 bits each.

It is likely to be a 1_-port memory; we use -1 clock to load the ALU instruction, 1 clocks to load the Fetch instruction, 1
clock to load 2 control flow instructions and 1 clock to write instructions.

The instruction store is loaded by the CP thru the register mapped registers.

The next picture shows the various modes the CP can load the memory. The Sequencer has to keep track of the
loading modes in order to wrap around the correct boundaries. The wrap--around points are arbitrary and they are
specified in the VS_BASE and PIX_BASE conirol registers. The VS BASE and PS BASE context registers are used
to specify for each context where its shader is in the instruction memory,

For the Real time commands the story is quite the same but for some small differences. There are no wrap--around
points for real time so the driver must be careful not to overwrite regular shader data. The shared code (shared
subroutines) uses the same path as real time.
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4. Sequencer Instructions

All control flow instructions and move instructions are handled by the sequencer only. The ALUs will perform NOPs
during this time (MOV PV,PV, PS,PS) if they have nothing else to do.

5. Constant Stores

5.1 Memory organizations

A likely size for the ALU constant store is 1024x128 bits. The read BW from the ALU constant store is 128 bits/clock
and the write bandwidth is 32 bits/clock (directed by the CP bus size not by memory ports).

The maximum logical size of the constant store for a given shader is 256 constants. Or 512 for the pixel/vertex shader
pair. The size of the re-mapping table is 128 lines (each line addresses 4 constants). The write granularity is 4
constants or 512 bits. It takes 16 clocks to write the four constants._Real time requires 256 lines in the physical
memory (this is physically register mapped).

The texture state is also kept in a similar memory. The size of this memory is 482x128128x192 bits. The memory thus {
holds 128 texture states (192 bits per state). The logical size exposes 32 different states total, which are goingto be =
shared between the pixel and the vertex shader. The size of the re-mapping table to for the texture state memory is
16-32 lines (each line addresses 2-1 texture state lines in the real memory). The CP write granularity is 2-1 texturee
state lines (or 384-192 bits). The driver sends 512 bits but the CP ignores the top 428-320 bits. It thus takes 126
clocks to write the-twe texture states. Real time requires 32 lines in the physical memory (this is physically register

mapped).

The control flow constant memory doesn't sit behind a renaming table. It is register mapped and thus the driver must
reload its content each time there is a state change. lts size is 320*32 because it must hold 8 copies of the 32 dwords
of control flow constants and the loop construct constants must be aligned.

The constant re-mapping tables for texture state and ALU constants are logically register mapped for regular mode
and physically register mapped for RT operation.

5.2 Management of the re-mapping tables

S /LFormatted: Bullets and Numbering } ¢

5.2.1 R400 Constant management

The sequencer is responsible to manage two re-mapping tables (one for the constant store and one for the texture
state). On a state change (by the driver), the sequencer will broadside copy the contents of its re-mapping tables to a
new one. We have 8 different re-mapping tables we can use concurrently.

The constant memory update will be incremental, the driver only need to update the constants that actually changed
between the two state changes.

large as the logical address space + the space allocated for Real Time. In our case, since the logical address space
is 512_and the reserved RT space can be up to 256 entries, the memory must be of sizes 4024-1280 and above.
Similarly the size of the texture store must be of 32*2+32 = 96 entries and above.

521522 Proposal for R400LE constant management “1=

To make this scheme work with only 512+256 = 768 entries, upon reception of a CONTROL packet of state + 1, the
sequencer would check for SQ_IDLE and PA_IDLE and if both are idle will erase the content of state to replace it with
the new state (thls is depicted in Figure 9. De-allocation mechanismEigure-9:-De-allocation-mechanismFigure-2:-De-~
allocation-mech ig ~Pealocation-mechanism). Note that in the case a state is cleared a value of 0 is
written to the correspondlng de-allocation counter location so that when the SQ is going to report a state change,
nothing will be de-allocated upon the first report.

For this model to work_in_its simplest form, the requirement is that the physical memory MUST be at least twice as ;‘:: ‘

{ Formatted: Bullets and Numbering
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Figure 8: Constant management
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Figure 9: De-allocation mechanism for R400LE
52452 3 Dirty bits “

Two sets of dirty bits will be maintained per logical address. The first one will be set to zero on reset and set when
the logical address is addressed. The second one will be set to zero when-ever a new context is written and set for
each address written while in this context. The reset dirty is not set, then writing to that logical address will not
require de-allocation of whatever address stored in the renaming table. If it is set and the context dirty is not set, then
the physical address store needs to be de-allocated and a new physical address is necessary to store the incoming
data. If they are both set, then the data will be written into the physical address held in the renaming for the current
logical address. No de-allocation or allocation takes place. This will happen when the driver does a set constant
twice to the same logical address between context changes. NOTE: It is important to detect and prevent this, failure
to do it will allow multiple writes to allocate all physical memory and thus hang because a context will not fit for
rendering to start and thus free up space.

522572 4 Free List Block

A free list block that would consist of a counter (called the IFC or Initial Free Counter) -that would reset to zero and
incremented every time a chunk of physical memory is used until they have all been used once. This counter would
be checked each time a physical block is needed, and if the original ones have not been used up, us a new one, else
check the free list for an available physical block address. The count is the physical address for when getting a
chunk from the counter.

Storage of a free list big enough to store all physical block addresses.

Maintain three pointers for the free list that are reset to zero. The first one we will call write_ptr. This pointer will
identify the next location to write the physical address of a block to be de-allocated. Note: we can never free more
physical memory locations than we have. Once recording address the pointer will be incremented to walk the free list
like a ring.

The second pointer will be called stop_ptr. The stop_ptr pointer will be advanced by the number of address chunks
de-allocates when a context finishes. The address between the stop_ptr and write_ptr cannot be reused because
they are still in use. But as soon as the context using then is dismissed the stop_ptr will be advanced.

The third pointer will be called read_ptr. This pointer will point will point to the next address that can be used for
allocation as long as the read_ptr does not equal the stop_ptr and the IFC is at its maximum count.

U f = {Formatted: Bullets and Numbering } 3

T ’{ Formatted: Bullets and Numbering
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5235 2 5 De-allocate Block 1

This block will maintain a free physical address block count for each context. While in current context, a count shall
be maintained specifying how many blocks were written into the free list at the write_ptr pointer. This count will be
reset upon reset or when this context is active on the back and different than the previous context. It is actually a
count of blocks in the previous context that will no longer be used. This count will be used to advance the write_ptr
pointer to make available the set of physical blocks freed when the previous context was done. This allows the
discard or de-allocation of any number of blocks in one clock.

Formatted: Bullets and Numberin

5245 2 6 Operation of Incremental mode! { 0 e J
The basic operation of the model would start with the write_ptr, stop_ptr, read_ptr pointers in the free list set to zero
and the free list counter is set to zero. Also all the dirty bits and the previous context will be initialized to zero. When
the first set constants happen, the reset dirty bit will not be set, so we will allocate a physical location from the free list
counter because its not at the max value. The data will be written into physical address zero. Both the additional
copy of the renaming table and the context zeros of the big renaming table will be updated for the logical address that
was written by set start with physical address of 0. This process will be repeated for any logical address that are not
dirty until the context changes. If a logical address is hit that has its dirty bits set while in the same context, both dirty
bits would be set, so the new data will be over-written to the last physical address assigned for this logical address.
When the first draw command of the context is detected, the previous context stored in the additional renaming tabie
will be copied to the larger renaming table in the current (new) context location. Then the set constant logical
address with be loaded with a new physical address during the copy and if the reset dirty was set, the physical
address it replaced in the renaming table would be entered at the write_ptr pointer location on the free list and the
write_ptr will be incremented. The de-allocation counter for the previous context (eight) will be incremented. This as
set states come in for this context one of the following will happen:

1.) No dirty bits are set for the logical address being updated. A line will be allocated of the free-list counter or
the free list at read_ptr pointer if read_ptr != to stop_ptr .

2.) Reset dirty set and Context dirty not set. A new physical address is allocated, the physical address in the
renaming table is put on the free list at write_ptr and it is incremented along with the de-allocate counter for
the last context.

3.) Context dirty is set then the data will be written into the physical address specified by the logical address.

This process will continue as long as set states arrive. This block will provide backpressure to the CP whenever he
has not free list entries available (counter at max and stop_ptr == read_ptr). The command stream will keep a count
of contexts of constants in use and prevent more than max constants contexts from being sent.

Whenever a draw packet arrives, the content of the re-mapping table is written to the correct re-mapping table for the
context number. Also if the next context uses less constants than the current one all exceeding lines are moved to the
free list to be de-allocated later. This happens in parallel with the wriling of the re-mapping table to the correct
memory,

Now preferable when the constant context leaves the last ALU clause it will be sent to this block and compared with
the previous context that left. (Init to zero) If they differ than the older context will no longer be referenced and thus
can be de-allocated in the physical memory. This is accomplished by adding the number of blocks freed this context
to the stop_ptr pointer. This will make all the physical addresses used by this context available to the read_ptr
allocate pointer for future allocation.

This device allows representation of multiple contexts of constants data with N copies of the logical address space. It
also allows the second context to be represented as the first set plus some new additional data by just storing the
delta’'s. It allows memory to be efficiently used and when the constants updates are small it can store multiple
context. However, if the updates are large, less contexts will be stored and potentially performance will be degraded.
Although it will still perform as well as a ring could in this case.

5.3 Constant Store Indexing

In order to do constant store indexing, the sequencer must be loaded first with the indexes (that come from the
GPRs). There are 144 wires from the exit of the SP to the sequencer (9 bits pointers x 16 vertexes/clock). Since the
data must pass thru the Shader pipe for the float to fixed conversion, there is a latency of 4 clocks (1 instruction)
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between the time the sequencer is loaded and the time one can index inte the constant store. The assembly will lock
like this

MOVA R1.X,R2.X /I Loads the sequencer with the content of R2.X, also copies the content of R2.X into R1.X
NOP / latency of the float to fixed conversion
ADD R3,R4,CO[R2.X)// Uses the state from the sequencer to add R4 to CO[R2.X] into R3

Note that we don't really care about what is in the brackets because we use the state from the MOVA instruction.
R2 X is just written again for the sake of simplicity and coherency.

The storage needed in the sequencer in order to support this feature is 2*64*3 bits = 1152 bits.

5.4 Real Time Commands

The real time commands constants are written by the CP using the register mapped registers allocated for RT. It
works is the same way than when dealing with regular constant loads BUT in this case the CP is not sending a logical
address but rather a physical address and the reads are not passing thru the re-mapping table but are directly read
from the memory. The boundary between the two zones is defined by the CONST_EO_RT control register. Similarly
for the fetch state, the boundary belween the two zones is defined by the TSTATE EC RT confrol register,

5.5 Constant Waterfalling

In order to have a reasonable performance in the case of constant store indexing using the address register, we are
going to have the possibility of using the physical memory port for read only. This way we can read 1 constant per
clock and thus have a worst-case waterfall mode of 1 vertex per clock. There is a small synchronization issue related
with this as we need for the SQ to make sure that the constants where actually written to memory (not only sent to the
sequencer) before it can allow the first vector of pixels or vertices of the state to go thru the ALUs. To do so, the
sequencer keeps 8 bits (one per render state) and sets the bits whenever the last render state is written to memory
and clears the bit whenever a state is freed.

CONST_EO_RT

RT SECTON
(Reads/Writes are direct)

REGULAR SECTION
(Reads/Writes are passing
thru a remaping table)

Fisure 10: The instruction store
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6. Looping and Branches

Loops and branches are planned to be supported and will have to be dealt with at the sequencer level. We plan on
supporting constant loops and branches using a control program.

6.1 The controlling state.

The R400 controling state consists of:

Boolean[256:0]
Loop_count[7:0][31:0]
Loop_Start[7:0][31:0]
Loop_Step[7:0][31.0]

That is 256 Booleans and 32 loops.

We have a stack of 4 elements for nested calls of subroutines and 4 loop counters to allow for nested loops.

This state is available on a per shader program basis.

6.2 The Control Flow Program

Examples of control flow programs are located in the R400 programming guide document.

The basic model is as follows:

The render state defined the clause boundaries:
Vertex_shader_fetch[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located

Vertex_shader_alu[7:0]{7:0] // eight 8 bit pointers to the location where each clauses control program is located
Pixel_shader_fetch[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located
Pixel_shader_alu[7:0][7:0] // eight 8 bit pointers to the location where each clauses control program is located

A pointer value of FF means that the clause doesn’t contain any instructions.

The control program for a given clause is executed to completion before moving to another clause, (with the
exception of the pick two nature of the alu execution). The control program is the only program aware of the clause
boundaries.

The control program has eleven basic instructions:

Execute
Conditional_execute
Conditional_Execute_Predicates
Conditional_jump
Conditionnal_Call

Return

Loop_start

Loop_end

End_of_clause
Conditional_End_of_clause
NOP

Execute, causes the specified number of instructions in instruction store to be executed.

Conditional_execute checks a condition first, and if true, causes the specified number of instructions in instruction
store to be executed.

Loop_start resets the corresponding loop counter to the start value on the first pass after it checks for the end
condition and if met jumps over to a specified address.

Loop_end increments (decrements?) the loop counter and jumps back the specified number of instructions.
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Conditionnal_Call jumps to an address and pushes the IP counter on the stack if the condition is met. On the return
instruction, the IP is popped from the stack.
Conditio - sute rwx . aouio 1 instructinm r)i: unne bo an addrese ie dh it i mel.
Conditional_execute_Predicates executes a block of instructions if all bits in the predicate vectors meet the condition.
End_of_clause marks the end of a clause.
Conditional_End_of_clause marks the end of a clause if the condition is met.
Conditional_jumps jumps to an address if the condition is met.
NOP is a regular NOP

NOTE THAT ALL JUMPS MUST JUMP TO EVEN CFP ADDRESSES since there are two control flow instructions per
memory line. Thus the compiler must insert NOPs where needed to align the jumps on even CFP addresses.

Also if the jump is logically bigger than pshader_cntl_size (or vshader_cntl_size) we break the program (clause) and
set the debug registers. If an execute or conditional_execute is lower than cntl_size or bigger than size we also break
the program (clause) and set the debug registers.

We have to fit instructions into 48 bits in order to be able to put two control flow instruction per line in the instruction
store.

Note that whenever a field is marked as RESERVED, it is assumed that all the bits of the field are cleared (0).

Execute
47 | 46... 42 | 41..24 [ 2312 | 11..0
Addressing | 00001 | RESERVED | Instruction count | Exec Address

Execute up to 4k instructions at the specified address in the instruction memory.

NOP

47 [46 .. 42 ] 41..0

Addressing | 00010 | RESERVED

This is a regular NOP.

Conditional_Execute

47 46 ... 42 41 40 ... 33 32 31..24 23...12 11..0
Addressing | 00011 RESERVED | Boolean Condition | RESERVED | Instruction count | Exec Address
address

If the specified Boolean (8 bits can address 256 Booleans) meets the specified condition then execute the specified
instructions (up to 4k instructions)

Conditional_Execute_Predicates

47 46 ... 42 41...35 34..33 32 31..24 23...12 11..0
Addressing 00100 | RESERVED | Predicate | Condition | RESERVED | Instruction count | Exec Address
vector

Check the AND/OR of all current predicate bits. If AND/OR matches the condition execute the specified number of
instructions. We need to AND/OR this with the kill mask in order not to consider the pixels that aren't valid.

Loop_Start
47 46 ... 42 41...17 16 ... 12 11...0
00101 RESERVED loop ID Jump address
Addressing

Loop Start. Compares the loop iterator with the end value. If loop condition not met jump to the address. Forward
jump only. Also computes the index value. The loop id must match between the start to end, and also indicates which
control flow constants should be used with the loop.
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Loop_End .
47 46 ... 42 41..17 16...12 11...0
001101 RESERVED loop ID start address !
Addressing

Loop end. Increments the counter by one, compares the loop count with the end value. If loop condition met,
continue, else, jump BACK to the start of the loop.

The way this is described does not prevent nested loops, and the inclusion of the loop id make this easy to do.

Conditionnal_Call

47 46 ... 42 41...35 34..33 32 31..12 11...0 o
0101110 | RESERVED | Predicate | Condition RESERVED Jump address ||
Addressing 00 vector =

If the condition is met, jumps to the specified address and pushes the control flow program counter on the stack.

Return
47 46 .. 42 41..0 -
0100000 RESERVED ‘ Lo
Addressing 3 ;

Pops the topmost address from the stack and jumps to that address. If nothing is on the stack, the program will just
continue to the next instruction.

Conditionnal_Jump

47 46 ... 42 41 40...33 32 31 30...12 11...0
0100140 | RESERVED | Boolean Condition FW only RESERVED Jump address
Addressing address

If condition met, jumps to the address. FORWARD jump only allowed if bit 31 set. Bit 31 is only an optimization for the
compiler and should NOT be exposed to the API.

Conditional_End_of_Clause
47 46 ... 42 41 40 ... 33 32 31...0 i
010104 | RESERVED | Boolean Condition RESERVED l i
Addressing address :

This is an optimization in the case of very short shaders (where the control flow instruction can't be hidden anymore
and thus are not free. In this case, if the condition is met, the clause is ended, else we continue the execution of the

clause.
End_of_Clause
47 46 ... 42 41..0
Addressing | 010110 RESERVED
14

Marks the end of a clause.

To prevent infinite loops, we will keep -9 bits loop seunters-iterators instead of 8 (we are only able fo loop 256 ‘ k
times). If the counter goes higher than 255 then the loop_end or the loop_start instruction is going to break the loop
and set the debug GPRs.

6.3 Data dependant predicate instructions

Data dependant conditionals will be supported in the R400. The only way we plan to support those is by supporting
three vector/scalar predicate operations of the form:

PRED_SETE_# - similar to SETE except that the result is ‘exported’ to the sequencer.
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' PRED_SETNE_# - similar to SETNE except that the result is 'exported’ to the sequencer.
PRED_SETGT_# - similar to SETGT except that the result is 'exported’ to the sequencer
PRED_SETGTE_# - similar to SETGTE except that the result is ‘exported’ to the sequencer

For the scalar operations only we will also support the two following instructions:
PRED_SETEO_# —- SETEO
PRED_SETE1_# -~ SETE1

The export is a single bit - 1 or O that is sent using the same data path as the MOVA instruction. The sequencer will
maintain 4 sets of 64 bit predicate vectors (in fact 8 sets because we interleave two programs but only 4 will be
exposed) and use it to control the write masking. This predicate is not maintained across clause boundaries. The #
sign is used to specify which predicate set you want to use 0 thru 3.

Then we have two conditional execute bits. The first bit is a conditional execute “on” bit and the second bit tells us if
we execute on 1 or 0. For example, the instruction:

PO_ADD_# RO,R1,R2

Is only going to write the result of the ADD into those GPRs whose predicate bit is 0. Alternatively, P1_ADD_# would
only write the results to the GPRs whose predicate bit is set. The use of the PO or P1 without precharging the
sequencer with a PRED instruction is undefined.

{Issue: do we have to have a NOP between PRED and the first instruction that uses a predicate?}

6.4 HW Detection of PV,PS

Because of the control program, the compiler cannot detect statically dependant instructions. In the case of non-
masked writes and subsequent reads the sequencer will insert uses of PV,PS as needed. This will be done by
comparing the read address and the write address of consecutive instructions. For masked writes, the sequencer will
insert NOPs wherever there is a dependant read/write.

The sequencer will also have to insert NOPs between PRED_SET and MOVA instructions and their uses.

6.5 Register file indexing

Because we can have loops in fetch clause, we need to be able to index into the register file in order to retrieve the
data created in a fetch clause loop and use it into an ALU clause. The instruction will include the base address for
register indexing and the instruction will contain these controls:

Bit7 Bit6

0 0 ‘absolute register’
o} 1 ‘relative register’
1 0 ‘previous vector'
1 1 ‘previous scalar'

In the case of an absolute register we just take the address as is. In the case of a relative register read we take the
base address and we add to it the loop_index and this becomes our new address that we give to the shader pipe.

The sequencer is going to keep a loop index computed as such:

Index = Loop_iterator*Loop_step + Loop_start.

The-index-is-going-to-return-0-if it is-out-of the range.

We loop until loop_iterator = loop_count. Loop_step is a signed value [-128...127]. The computed index value is a 10
bit counter that is also signed. Its real range is [-256,256]. The tenth bit is only there so that we can provide an out of
range value to the “indexing logic” so that it knows when the provided index is out of range and thus can make the
necessary arrangements,
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6.6 Predicated Instruction support for“T(éxture clauses

For texture clauses, we support the following optimization: we keep 1 bit (thus 4 bits for the four predicate vectors)
per predicate vector in the reservation stations. A value of 1 means that one ore more elements in the vector have a
value of one (thus we have to do the texture fetches for the whole vector). A value of 0 means that no elements in the
vector have his predicate bit set and we can thus skip over the texture fetch. We have to make sure the invalid
pixels aren’t considered with this optimization.

6.7 Debugging the Shaders

In order to be able to debug the pixelivertex shaders efficiently, we provide 2 methods.

6.7.1 Method 1: Debugging registers

Current plans are to expose 2 debugging, or error notification, registers:
1. address register where the first error occurred
2. count of the number of errors

The sequencer will detect the following groups of errors:
- count overflow

-- constant indexing overflow -
- register indexing overflow 2

Compiler recognizable errors:
- jump errors
relative jump address > size of the control flow program

—- call stack
call with stack full
return with stack empty

With-bwe-ef-the-errors~aA jump error er-a-register-overflowewill_always cause the program to break. In this case, a ( T :

break means that a clause will halt execution, but allowing further clauses to be executed.

With all the other errors, program can continue to run, potentially to worst-case limits. The program will only brealk if ‘:ki

the DB PROB BREAK register is set.

relative-iumn.adds lenath-ofthe-shad am ‘
L

= 1 Formatted: Bullets and Numbering

If indexing outside of the sonstant-constant or the register range, causing an overflow error, the hardware is specified ( -

to return the value with an index of 0. This could be exploited to generate error tokens, by reserving and initializing
the Oth register (or constant) for errors.

{ISSUE : Interrupt to the driver or not?}
6.7.2 Method 2: Exporting the values in the GPRs (12)

The sequencer will have a count register and an address register for this mode and 3 bits per clause specifying the
execution mode for each clause. The modes can be :

1) Normal

2) Debug Kill

3) Debug Addr + Count
Under the normal mode execution follows the normal course. Under the kill mode, all control flow instructions are
executed but all normal shader instructions of the clause are replaced by NOPs. Only debug_export instructions of
clause 7 will be executed under the debug kill setting. Under the other mode, normal execution is done until we reach
an address specified by the address register and instruction count (useful for loops) specified by the count register.
After we have hit the instruction n times (n=count) we switch the clause to the kill mode.
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Under the debug mode (debug kill OR debug Addr + count), it is assumed that clause 7 is always exporting 12 debug
vectors and that all other exports to the SX block (position, color, z, ect) will been turned off (changed into NOPs) by
the sequencer (even if they occur before the address stated by the ADDR debug register).

7. Pixel Kill Mask

A vector of 64 bits is kept by the sequencer per group of pixels/vertices. Its purpose is to optimize the texture fetch
requests and allow the shader pipe to kill pixels using the following instructions:

MASK_SETE
MASK_SETNE
MASK_SETGT
MASK_SETGTE

8. Multipass veriex shaders (HOS)

Multipass vertex shaders are able to export from the 6 last clauses but to memory ONLY.

9. Register file allocation

The register file allocation for vertices and pixels can either be static or dynamic. In both cases, the register file in
managed using two round robins (one for pixels and one for vertices). In the dynamic case the boundary between
pixels and vertices is allowed fo move, in the static case it is fixed to 128-VERTEX_REG_SIZE for vertices and 256~
VERTEXPIXEL REG_SIZE for pixels.
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Above is an example of how the algorithm works. Vertices come in from top to bottom, pixels come in from bottom to
top. Vertices are in orange and pixels in green. The blue line is the tail of the vertices and the green line is the tail of
the pixels. Thus anything between the two lines is shared. When pixels meeis vertices the line turns white and the
boundary is static until both vertices and pixels share the same “unallocated bubble”. Then the boundary is allowed to
move again. The numbering of the GPRs starts from the bottom of the picture at index 0 and goes up to the top at
index 127.

10. Fetch Arbitration

The fetch arbitration logic chooses one of the 8 potentially pending fetch clauses to be executed. The choice is made
by looking at the fifos from 7 to 0 and picking the first one ready to execute. Once chosen, the clause state machine
will send one 2x2 fetch per clock (or 4 fetches in one clock every 4 clocks) until all the fetch instructions of the clause
are sent. This means that there cannot be any dependencies between two fetches of the same clause.

The arbitrator will not wait for the fetches to return prior to selecting another clause for execution. The fetch pipe will
be able fo handle up to X(?) in flight fetches and thus there can be a fair number of active clauses waiting for their
fetch return data.

11. ALU Arbitration

ALU arbitration proceeds in almost the same way than fetch arbitration. The ALU arbitration logic chooses one of the
8 potentially pending ALU clauses to be executed. The choice is made by looking at the fifos from 7 to 0 and picking
the first one ready to execute. There are two ALU arbiters, one for the even clocks and one for the odd clocks. For
example, here is the sequencing of two interleaved ALU clauses (E and O stands for Even and Odd sets of 4 clocks):

Einst0 Oinst0 Einst1 Oinst1 Einst2 Oinst2 Einst0 Oinst3 Einst1 Oinst4 Einst2 Oinst0...
Proceeding this way hides the latency of 8 clocks of the ALUs. Also note that the interleaving also occurs across
clause boundaries.

Exhibit 2003 docR400_Sequencerdoc 71490 Bytes*** @ ATI Confidential. Reference Copyright Notice on Cover Page © *** 500 00570

AMD1044_0257113

ATI Ex. 2106
IPR2023-00922
Page 202 of 223



ORIGINATE DATE EDIT DATE R400 Sequencer Specification PAGE
24 September, 2001 4 September, 20154 30 of 50
I

LaYatataYel

12. Handling Stalls

When the output file is full, the sequencer prevents the ALU arbitration logic from selecting the last clause (this way
nothing can exit the shader pipe until there is place in the output file. If the packet is a vertex packet and the position
buffer is full (POS_FULL) then the sequencer aiso prevents a thread from entering the exporting clause (37). The
sequencer will set the OUT_FILE_FULL signal n clocks before the output file is actually full and thus the ALU arbiter
will be able read this signal and act accordingly by not preventing exporting clauses to proceed.

13. Content of the reservation station FIFOs

The reservation FIFOs contain the state of the vector of pixels and vertices. We have two sets of those: one for
pixels, and one for vertices. They contain 3 bits of Render State 7 bits for the base address of the GPRs, some bits
for LOD correction and coverage mask information in order to fetch fetch for only valid pixels, the quad address.

14. The Output File

The output file is where pixels are put before they go to the RBs. The write BW to this store is 256 bits/clock. Just
before this output file are staging registers with write BW 512 bits/clock and read BW 256 bits/clock. The staging
registers are 4x128 (and there are 16 of those on the whole chip).

15. 1J Format

The IJ information sent by the PA is of this format on a per quad basis:

We have a vector of IJ's (one [J per pixel at the centroid of the fragment or at the center of the pixel depending on the
mode bit). The interpolation is done at a different precision across the 2x2. The upper left pixel's parameters are
always interpolated at full 20x24 mantissa precision. Then the result of the interpolation along with the difference in IJ
in reduced precision is used to interpolate the parameter for the other three pixels of the 2x2. Here is how we do it:

Assuming PO is the interpolated parameter at Pixel 0 having the barycentric coordinates 1(0), J(0) and so on for P1,P2
and P3. Also assuming that A is the parameter value at VO (interpolated with ), B is the parameter value at V1
(interpolated with J) and C is the parameter value at V2 (interpolated with (1-I-J).

AO1T = I(1)-I(0)
AOLJ = J(1) - J(0)
A02T =1(2)-I(0) PO P1
A02J = J(2)-J(0)
A03I =1(3)-1(0)
A03J =J(3)—J(0) P2 P3

PO=C+I(0)*(A-C)+J(0)*(B=C)

Pl=P0+A01I*(4~C)+A0LJ *(B-C)
P2 = P0+A02I *(4-C)+A02J *(B-C)
P3=P0+A03I*(A-C)+A03J *(B-C)

PO is computed at 20x24 mantissa precision and P1 to P3 are computed at 8X24 mantissa precision. So far no visual
degradation of the image was seen using this scheme.

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

FORMAT OF PO's IJ: Mantissa 20 Exp 4 for | + Sign
Mantissa 20 Exp 4 for J + Sign

FORMAT of Deltas (x3): Mantissa 8 Exp 4 for | + Sign
Mantissa 8 Exp 4 for J + Sign

Total number of bits : 202 + 8*6 + 4*8 + 4*2 = 128

All numbers are kept using the un-normalized floating point convention: if exponent is different than O the number is
normalized if not, then the number is un-normalized. The maximum range for the IJs (Full precision) is +/- 63 and the
range for the Deltas is +/- 127.

15.1 Interpolation of constant attributes

Because of the floating point imprecision, we need to take special provisions if all the interpolated terms are the same
or if two of the barycentric coordinates are the same.

We start with the premise that if A= Band B =C and C = A, then P0,1,2,3 = A. Since one or more of the IJ terms
may be zero, so we extend this to:

if (A=B and B=C and C=A)
P0O,1,23 = A;
elseif (1=0)or(J =0)) and
((Jd =0)or (1-I-d =0)) and
((1=d-1=0)or (1=0)) {

if(l1=0){
PO = A;
lelse if(J 1=0) {
PO = B;
}else {
PO=C;
/frest of the quad interpolated normally
}
else
{
normal interpolation
}

16. Staging Registers

In order for the reuse of the vertices to be 14, the sequencer will have to re-order the data sent IN ORDER by the
VGT for it to be aligned with the parameter cache memory arrangement. Given the following group of vertices sent by
the VGT:

0123456789101112131415{|161718192021222324252627 28293031/ 3233343536373839
40 4142 43 44 45 46 47 || 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

The sequencer will re-arrange them in this fashion:

0123161718193233343548495051(/4567202122233637383952535455(/8910 1124252627
4041424356575859 (11213141528 29030 3144 45 464760616263

The || markers show the SP divisions. In the event a shader pipe is broken, the VGT will send padding to account for
the missing pipe. For example, if SP1 is broken, vertices 4 56 7 20 21 22 23 36 37 38 39 52 53 54 55 will still be sent
by the VGT to the SQ BUT will not be processed by the SP and thus should be considered invalid (by the SU and
VGT).
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The most straightforward, non-compressed interface method would be to convert, in the VGT, the data to 32-bit
floating point prior to transmission to the VSISRs. In this scenario, the data would be transmitied to (and stored in) the
VSISRs in full 32-bit floating point. This method requires three 24-bit fixed-to-float converters in the VGT.
Unfortunately, it also requires and additional 3,072 bits of storage across the VSISRs. This interface is illustrated in
Figure 12Figure—12Figure-2. The area of the fixed-to-float converters and the VSISRs for this method is roughly
estimated as 0.759sgmm using the R300 process. The gate count estimate is shown in Figure 11Figure-14Figure-1.

8x24-bit

Basis for 8-deep Latch Memory (from R300)

11631 2

60.57813 2 per bit

Area of 96x8-deep Latch Memory
Area of 24-bit Fix-to-float Converter

Method 1

Block

46524,

4712 1% per converter

Quantity

Area

F2F
8x96 Latch

3
16

14136
744384

Figure 1114:Area Estimate for VGT to Shader Interface
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Figure 12422:VGT to Shader Interface

17. The parameter cache

The parameter cache is where the vertex shaders export their data. It consists of 16 128x128 memories (1R/1W).
The reuse engine will make it so that all vertexes of a given primitive will hit different memories. The allocation
method for these memories is a simple round robin. The parameter cache pointers are mapped in the following way:
4MSBs are the memory number and the 7 LSBs are the address within this memory.

MEMORY NUMBER | ADDRESS
4 bits | 7 bits

The PA generates the parameter cache addresses as the positions comes from the SQ. All it needs to do is keep a ( :
Current_Location pointer (7 bits only) and as the positions comes increment the memory number. When the memory o
number field wraps around, the PA increments the Current_Location by VS_EXPORT_COUNT_&7 (a snooped ]i S
register from the SQ). As an example, say the memories are all emply to begin with and the vertex shader is =
exporting 8 parameters per vertex (VS_EXPORT_COUNT_8-7 = 8). The first position received is going to have the ]1
PC address 00000000000 the second one 00010000000, third one 00100000000 and so on up to 11110000000. S
Then the next position received (the 17™) is going to have the address 00000001000, the 18" 00010001000, the 19"
00100001000 and so on. The Current_location is NEVER reset BUT on chip resets. The only thing to be careful
about is that if the SX doesn't send you a full group of positions (<64) then you need to fill the address space so that
the next group starts correctly aligned (for example if you receive only 33 positions then you need to add S
12°VS_EXPORT_COUNT_&-7to Current_Location and reset the memory count to O before the next vector begins). [ s
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| 18. Vertex position exporting

On clause 3 the vertex shader can export to the PA both the vertex position and the point sprite. It can also do so at
clause 7 if not done at clause 3. The storage needed to perform the position export is at least 64x128 memories for
the position and 64x32 memories for the sprite size. It is going to be taken in the pixel output fifo from the SX blocks.
The clause where the position export occurs is specified by the EXPORT_LATE register. If turned on, it means that

the export is going to occur at ALU clause 7 if unset position export occurs at clause 3.

19. Exporting Arbitration

Here are the rules for co-issuing exporting ALY clauses,

1) Position exports and position exports cannot be co-issued.

All other types of exports can be co-issued as long as there is place in the receiving buffer.

{ISSUE: Do we move the parameter caches to the SX7?

i
YR

spead:

20. Export Types

BeE faxnort olaus 3 s - Ya RN .1 e
pof & b

rill-have-te-make sure-back lo-back memory-exporis
{position/straight-memory-expors)-are-interleaved-with-NOPs-as-we-don't-have-the-bandwidth-to-service-therm-at-full

The export type (or the location where the data should be put) is specified using the destination address field in the
ALU instruction. Here is a list of all possible export modes:

20.1 Vertex Shading

015 - 16 parameter cache
16:31 - Empty (Reserved?)

32:43 - 12 vertex exports to the frame buffer and index

44:47 - Empty

48:59 - 12 debug export (interpret as normal vertex export)

60 - export addressing mode

61 - Empty

62 -QOSmOﬁ i P ri-that-aoe: siths e itio Ta3
p i *‘_ . i 4\_xny ol i ’m'o )

63 - positionsprite size export that goes with position export

point h.point wedgeflag misc)

20.2 Pixel Shading

- Color for buffer 1
- Color for buffer 2
- Color for buffer 3
7 - Empty

©ORWN-=SO

- Buffer 1 Color/Fog
10 - Buffer 2 Color/Fog
11 - Buffer 3 Color/Fog
12:15 - Empty

16:31 - Empty (Reserved?)

- Color for buffer O (primary)

- Buffer 0 Color/Fog (primary)

32:43 - 12 exports for multipass pixel shaders.

44:47 - Empty

48:59 - 12 debug exports (interpret as normal pixel export)
60 - export addressing mode

61:62 - Empty

63 - Z for primary buffer (Z exported to ‘alpha’ component)
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21. Special Interpolation modes

21.1 Real time commands

We are unable to use the parameter memory since there is no way for a command stream to write into it. Instead we
need to add three 16x128 memories (one for each of three vertices x 16 interpolants). These will be mapped onto the
register bus and written by type 0 packets, and output to the the parameter busses (the sequencer and/or PA need to
be abie to address the reatime parameter memory as well as the regular parameter store. For higher performance we
shouid be able able to view them as two banks of 16 and do double buffering allowing one to be loaded, while the
other is rasterized with. Most overlay shaders will need 2 or 4 scalar coordinates, one option might be to restrict the
memory to 16x64 or 32x64 allowing only two interpolated scalars per cycle, the only problem | see with this is, if we
view support for 16 vector-4 interpolants important (true only if we map Microsoft’s high priority stream to the realtime
stream), then the PA/sequencer need to support a realtime-specific mode where we need to address 32 vectors of
parameters instead of 16. This mode is triggered by the primitive type: REAL TIME. The actual memories are inthe in
the 8X blocks, The parameter data memories are hooked on the RBBM bus and are loaded by the CP using register

mapped memory.

21.2 Sprites/ XY screen coordinates/ FB information

When working with sprites, one may want to overwrite the parameter 0 with SC generated data. Also, XY screen
coordinates may be needed in the shader program. This functionality is controlied by the gen_l0 register (in SQ) in
conjunction with the SND_XY register (in SC). Also it is possible to send the faceness information (for OGL front/back
special operations) to the shader using the same control register. Here is a list of all the modes and how they interact
together:

Gen_st is a bit taken from the interface between the SC and the SQ. This is the MSB of the primitive type. If the bitis
set, it means we are dealing with Point AA, Line AA or sprite and in this case the vertex values are going to generated
between O and 1.

Param_Gen_l0 disable, snd_xy disable, no gen_st — 10 = No modification

Param_Gen_l0 disable, snd_xy disable, gen_st - 10 = No modification

Param_Gen_l0 disable, snd_xy enable, no gen_st — 10 = No modification

Param_Gen_l0 disable, snd_xy enable, gen_st - 10 = No modification

Param_Gen_l0 enable, snd_xy disable, no gen_st — 10 = garbage, garbage, garbage, faceness
Param_Gen_l0 enable, snd_xy disable, gen_st — 10 = garbage, garbage, s, t

Param_Gen_l0 enable, snd_xy enable, no gen_st — |0 = screen x, screen v, garbage, faceness
Param_Gen_lIO enable, snd_xy enable, gen_st — 10 = screen x, screeny, s, t

21.3 Auto generated counters

In the cases we are dealing with multipass shaders, the sequencer is going to generate a vector count to be abie to
both use this count to write the 1 pass data to memory and then use the count to retrieve the data on the 2 pass.
The count is always generated in the same way but it is passed to the shader in a slightly different way depending on
the shader type (pixel or vertex). This is toggled on and off using the GEN_INDEX register. The sequencer is going to
keep two counters, one for pixels and one for vertices. Every time a full vector of vertices or pixels is written to the
GPRs the counter is incremented. Every time a state change is detected, the corresponding counter is reset. While
there is only one count broadcast to the GPRs, the LSB are hardwired to specific values making the index different for
all elements in the vector.

21.3.1 Vertex shaders

In the case of vertex shaders, if GEN_INDEX is set, the data will be put into the x field of the third register (it means
that the compiler must allocate 3 GPRs in all multipass vertex shader modes).

21.3.2 Pixel shaders

In the case of pixel shaders, if GEN_INDEX is set and Param_Gen_|0 is enabled, the data will be put in the x field of
the 2™ register (R1.x), else if GEN_INDEX is set the data will be put into the x field of the 1 register (RO.x).
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STGO
AUTO INTERPOLATORS
COUNT
! STGH !

T
AUTO COUNT 000000

[ ¥ The Auto Count Value is
MUX / broadcast to all GPRs. ltis
loaded into a register wich has
its LSBs hardwired to the
GPR number (0 thru 63). Then
if GEN_INDEX is high, the
mux selects the auto-count
value and it is loaded into the
GPRs to be either used to
retrieve data using the TP or
GPRO sent to the SX forthe RB to
use it to write the data to
memory

Figure 13: GPR input mux Control

22. State management

Every clock, the sequencer will report to the CP the oldest states still in the pipe. These are the states of the
programs as they enter the last ALU clause.

22.1 Parameter cache synchronization

In order for the sequencer not to begin a group of pixels before the associated group of vertices has finished, the
sequencer will keep a 6 bit count per state (for a total of 8 counters). These counters are initialized to 0 and every
time a vertex shader exports its data TO THE PARAMETER CACHE, the corresponding pointer is incremented.
When the SC sends a new vector of pixels with the SC_SQ_new_vector bit asserted, the sequencer will first check if
the count is greater than O before accepting the transmission (it will in fact accept the transmission but then lower its
ready to receive). Then the sequencer waits for the count to go to one and decrements it. The sequencer can then
issue the group of pixels to the interpolators. Every time the state changes, the new state counter is initialized to 0.

23. XY Address imports

The SC will be able to send the XY addresses to the GPRs. It does so by interleaving the writes of the s (to the |J
buffer) with XY writes (to the XY buffer). Then when writing the data to the GPRs, the sequencer is going to
interpolate the |J data or pass the XY data thru a Fix—float converter and expander and write the converted values to
the GPRs. The Xys are currently SCREEN SPACE COORDINATES. The values in the XY buffers will wrap. See
section 21.2 for details on how to control the interpolation in this mode.

23.1 Vertex indexes imports

In order to import vertex indexes, we have 16 8x96 staging registers. These are loaded one line at a time by the VGT
block (96 bits). They are loaded in floating point format and can be transferred in 4 or 8 clocks to the GPRs.
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24. Registers

Control

REG_DYNAMIC
REG_SIZE_PIX

REG_SIZE_VTX

ARBITRATION_POLICY

INST_STORE_ALLOC
INST_BASE_VTX

INST_BASE_PIX
ONE_THREAD
ONE_ALU

INSTRUCTION_ABDR

Dynamic allocation (pixelivertex) of the register file on or off.

Size of the register file's pixel portion (minimal size when dynamic allocation turned
on)

Size of the register file's vertex portion (minimal size when dynamic allocation turned
on)

policy of the arbitration between vertexes and pixels

interleaved, separate

start point for the vertex instruction store (RT always ends at vertex_base and

Begins at 0)

start point for the pixel shader instruction store

debug state register. Only allows one program at a time into the GPRs

debug state register. Only allows one ALU program at a time to be executed (instead
of 2)

This is where the CP puts the base address of the instruction writes and type (auto-
incremented on reads/wrltes) Register mapped

MNETR i N_AA This. s whore thi ] o Aqaga ok inst on.rnorm

CONSTANTS 512*4 ALU constants + 32*5 Texture state 32 bits registers (Ioglcally mapped)

INSTRUCTION _ADDR.RT This-ls-where-the CF puts-the base -addr f-the-instruction iy r
Real-Time-(auto-incremented-on-reads/writes)

NSTRUCTION_DATA RT._This is-where the CP puts the actual data going to the instructi emony for
Real-Time

CONSTANTS_RT
CONSTANT_EO_RT

TSTATE EQ RT

256*4 ALU constants + 32*6 texture states? (physically mapped)

This is the size of the space reserved for real time in the constant store (from O to
CONSTANT_EO_RT). The re-mapping table operates on the rest of the memory
This is the size of the space reserved for real time in the fetch state store (from Oto

EXPORT_LATE

24.2 Context

VS_FETCH_{0...7}
VS_ALU_{0...7}
PS_FETCH_{0...7}
PS_ALU_{0...7}
PS_BASE
VS_BASE
VS_CF_SIZE
PS_CF_SIZE
PS_SIZE

VS_SIZE
PS_NUM_REG
VS_NUM_REG
PARAM_SHADE

PARAM_WRAP

PS_EXPORT_MODE

VS_EXPORT_MASK
VS_EXPORT_MODE
VS_EXPORT

TSTATE _EO RT). The re-mapping table operates on the rest of the memory
Controls whether or not we are exporting position from clause 3. If set, position
exports occur at clause 7.

eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
eight 8 bit pointers to the location where each clauses control program is located
base pointer for the pixel shader in the instruction store

base pointer for the vertex shader in the instruction store

size of the vertex shader (# of instructions in control program/2)

size of the pixel shader (# of instructions in control program/2)

size of the pixel shader (cntl+instructions)

size of the vertex shader (cntl+instructions)

number of GPRs to allocate for pixel shader programs

number of GPRs to allocate for vertex shader programs

One 16 bit register specifying which parameters are to be gouraud shaded (0 = flat, 1
= gouraud)

64 bits: for which parameters (and channels (xyzw)) do we do the cyl wrapping
(O=linear, 1=cylindrical).

Oxxxx : Normal mode

Txxxx : Multipass mode

If normal, bbbz where bbb is how many colors (0-4) and z is export z or not

If multipass 1-12 exports for color.

which of the last 6 ALU clauses is exporting (multipass only)

0: position (1 vector), 1: position (2 vectors), 3:multipass
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' _COUNT_{0...6} Six 4 bit counters representing the # of interpolated parameters exported in clause 7

(located in VS_EXPORT_COUNT_6) OR
# of exported vectors to memory per clause in multipass mode (per clause)
PARAM_GEN_IO Do we overwrite or not the parameter 0 with XY data and generated T and S values
GEN_INDEX Auto generates an address from 0 to XX. Puts the results into R0O-1 for pixel shaders
and R2 for vertex shaders
CONST_BASE_VTX (9 bits)Logical Base address for the constants of the Vertex shader
CONST_BASE_PIX (9 bits) Logical Base address for the constants of the Pixel shader
CONST_SIZE_PIX (8 bits) Size of the logical constant store for pixel shaders
CONST_SIZE_VTX (8 bits) Size of the logical constant store for vertex shaders
INST_PRED_OPTIMIZE  Turns on the predicate bit optimization (if of, conditional_execute_predicates is
always executed).

CF_BOOLEANS 256 boolean bits

CF_LOOP_COUNT 32x8 bit counters (number of times we traverse the loop)
CF_LOOP_START 32x8 bit counters (init value used in index computation)
CF_LOOP_STEP 32x8 bit counters (step value used in index computation)

25. DEBUG Reugisters
25.1 Context

DB_PROB_ADDR instruction address where the first problem occurred
DB_PROB_COUNT number of problems encountered during the execution of the program
DB PROB BREAK break the clause if an error is found.

DB_INST_COUNT instruction counter for debug method 2

DB_BREAK_ADDR break address for method number 2

DB_CLAUSE

_MODE_ALU_{0...7} clause mode for debug method 2 (0: normal, 1: addr, 2: kill)

DB _CLAUSE

_MODE_FETCH_{0...7} clause mode for debug method 2 (0: normal, 1: addr, 2: kill)

:{Forma’tted: Bullets and Numbering }

25.2 Control S s

DB ALUCST MEMSIZE Size of the physical ALU constant memory

DB _TSTATE MEMSIZE Size of the physical texture state memory

26. Interfaces

26.1 External Interfaces

Whenever an x is used, it means that the bus is broadcast to all units of the same name. For example, if a bus is
named SQ—SPx it means that 3Q is going to broadcast the same information to all SP instances.

26.1.1 SCto SQ : IJ Control bus

This is the control information sent to the sequencer in order to control the IJ fifos and all other information needed to
execute a shader program on the sent pixels. This information is sent over 2 clocks, if SENDXY is asserted the next
control packet is going to be ignored and XY information is going to be sent on the IJ bus (for the quads that where
just sent). All pixels from the group of quads are from the same primitive, all quads of a vector are from the same
render state.
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Name Direction Bits | Description
SC_8Q_g_wr_mask 8C—8Q 4 Quad Write mask left to right
SC_SQ_lod_correct SC—8Q 24 LOD correction per quad (6 bits per quad)
SC_S8Q_flat_vertex SC—-8Q 2 Provoking vertex for flat shading
SC_S8Q_param_ptr0 SC—-8Q 11 P Store pointer for vertex 0
SC_SQ_param_ptr1 SC—8Q 11 P Store pointer for vertex 1
SC_SQ_param_ptr2 SC—-8Q 11 P Store pointer for vertex 2
SC_8Q_end_of vect SC—-8Q 1 End of the vector
SC_SQ_store_dealioc SC—-8Q 1 Deallocation token for the P Store
8C_SQ_state SC—8Q 3 State/constant pointer
SC_SQ_valid_pixel SC—3Q 16 Valid bits for all pixels
SC_8Q_null_prim SC—-8Q 1 Null Primitive (for PC deallocation purposes)
SC_S8Q_end_of prim SC—-8Q 1 End Of the primitive
SC_8Q_send_xy SC—-8Q 1 Sending XY information [XY information is going to be

sent on the next clock]

SC_SQ_prim_type SC-8Q 3 Real time command need to load tex cords from
alternate buffer. Line AA, Point AA and Sprite reads
their parameters from GEN_T and GEN_S GPRs.

000 : Normal

011 : Real Time

100 : Line AA

101 : Point AA

110 : Sprite

SC_SQ_new_vector SC—-SQ 1 This primitive comes from a new vector of vertices.
Make sure that the corresponding vertex shader has
finished before starting the group of pixels.

SC_SQ_RTRn S5Q—8C 1 Stalls the PAin n clocks
8C_SQ_RTS 8C—8Q 1 SC ready to send data
26.1.2 8Q to SF: Inferpolator bus
Name Direction Bits | Description
SQ_SPx_interp_prim_type SQ—-8Px 3 Type of the primitive
000 : Normal
011 : Real Time
100 : Line AA
101 : Point AA
110 : Sprite
SQ_SPx_interp_ijline SQ—SPx 2 Line in the IJ/XY buffer to use to interpolate
8Q_SPx_interp_buff_swap SQ—-SPx 1 Swap the J/XY buffers at the end of the interpolation
SQ_SPx_interp_gen_I0 SQ—S8Px 1 Generate 10 or not. This tells the interpolators not to

use the parameter cache but rather overwrite the data
with interpolated 1 and 0. Overwrite if gen_IO is high.

) A = ‘Formatted: Bullets and Numbering T }
26.1.3 8Q fo SX: Interpolator bus T e :
Name Direction Bits | Description
SQ_SPx_interp flat vix S0-8Px 2 Provoking vertex for flat shading

S5Q 8P interp flat gouraud | SQ--8Px 1 Flat or gouraud shading
5Q SPx interp cyl wrap 5Q-»8PX 4 Wich channel needs to be cvlindrical wrapped
. - . Formatted: Bullets and Numbering
26-1-326.1.4 8Q fo SP: Parameter Cache Read control bus L e )
The four following interfaces (SQ—SP, SQ—-8X,SP—S8X and SX—Interpolators) are all SYNCHRONIZED together. :
Name Direction Bits | Description =
5Q_SPx_ptr0SQ-SEx-ptid S5Q--EPx8Q—8Ex | 78 Parameter Pointer into PC PointerofRPC =
SQ_SPx phr1S0-SPx—phrt SQSPxSG—8Px | 78 Parameter Pointer into PC Pointerof PG f
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SQ_8Px ptr28Q-8Px-ptr2 SQSPx8Q—-8Px | 79 Parameter Pointer info Parameter
CachePointerefPC

SO 8Px pcl _addr selSQ-38P0-read-ena | SQ>8Px8Q--8P0 | 24 Selection one of the pointers for parameter
cache ORead enables for the 4-memories.inthe

SFO

80 _8Px pcl addr sel8Q-8Plyead-o SQ2>8Px8Q 24 Selection _one of the pointers for parameter
cache 1Read enables forthe 4-memoties nthe
SR

SQ 8Px pc2 addr selSQ-8P2 read-ena | SQ28PxS8Q--8R2 | 24 Selection_one of the pointers for parameter
cache ZRaad ! for -1 OL innthe
SkB2

SQ _8Px pc3 addr sel8Q-8R3-read-ena | SQ-28PxEQ8R 24 Selection one of the pointers for parameter
cache ablag-for ¥ Hes-Ha-
BR3

SQ_8PO read ena SQ--8P0 4 Read enables for the 4 memories inthe SPO
8Q_SP1 read ena 8Q--»SP1 4 Read enables for the 4 memories in the SP1
SQ_8P2 read ena SQ--5P2 4 Read enables for the 4 memories inthe 8P2
8Q_8P3 read ena SQ-8P3 4 Read enables for the 4 memories inthe SP3 o e H . .

- . i ;{ Formatted: Bullets and Numbering )
26-1-426.1.5 8Q to SX: Parameter Cache Mux control Bus N -
Name Direction Bits | Description
SQ_SXx_mux0 SQ—-8Xx 4 Mux control for PC_or RT (4 MSbs of Pointer_in_the PC

case)
SQ_SXx_mux1 SQ—-8SXx 4 Mux control for PC or RT (4 MSbs of Pointer_in the PC
case)
SQ_SXx_mux2 SQ—-»8Xx 4 Mux control for PC or RT (4 MSbs of Pointer_in_the PC
case)
SQ _SXx RT switch SQ-SXx 1 Selects between RT and Normal data S :

. . R R g , »‘[ Formatted: Bullets and Numbering
26-1-526.1.6 SQ to SP: Staging Register Data : TTTTETTEeeee—
This is a broadcast bus that sends the VSISR information to the staging registers of the shader pipes. - -
Name Direction Bits | Description
SQ_SPx_vgt _vsisr_data SQ—-8Px 96 Pointers of indexes or HOS surface information
SQ_SPx_vgt_vsisr_double SQ-»8Px 1 0: Normal 96 bits per vert 1: double 192 bits per vert
SQ_SPO _data_valid SQ-HS8P0 1 Data is valid
SQ_SP1_data_valid SQ—SP1 1 Data is valid
SQ_SP2_data_valid SQ--SP2 1 Data is valid
SQ_SP3 data_valid SQ-»8P3 1 Data is valid : g S S

- { Formatted: Bullets and Numbering }

26-1-626.1.7 PA to SQ : Vertex interface .
26.1.6.126.1.7.1 Interface Signal Table ‘

The area difference between the two methods is not sufficient to warrant complicating the interface or the state
requirements of the VSISRs. Therefore, the POR for this interface is that the VGT will transmit the data to the
VSISRs (via the Shader Sequencer) in full, 32-bit floating-point format. The VGT can transmit up to six 32-bit
floating-point values to each VSISR where four or more values require two transmission clocks. The data bus is 96
bits wide.
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Name Bits Description
PA_SQ_vgt vsisr_data 9988 | Pointers of indexes or HOS surface information
PA_SQ_vgt_vsisr_double 1 0: Normal 96-96 bits per vert 1: double 482-192 bits per vert
PA_SQ_vgt_end_of_vector 1 Indicates the last VSISR data set for the current process vector (for double vector
data, "end_of_vector" is set on the second vector) E
PA SO vat vsisr valid 1 Vsisr data is valid } S
PA_SQ_vgt_state 3 Render State (6*3+3 for constants). This signal is guaranteed to be correct when
“PA_SQ_vat _end of vector” is high.
PA_SQ_vgt_send 1 Data on the VGT_SQ is valid receive (see write-up for standard R400 SEND/RTR
interface handshaking)
SQ_PA_vgt_rir 1 Ready to receive (see write-up for standard R400 SEND/RTR interface
handshaking)
261-6226.1.7.2 Interface Diagrams < - - { Formatted: Bullets and Numbering )
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26-1726.1.8 SQ to CP: State report

-

g = { Formatted: Bullets and Numbering }

These fields are sent synchronously with SP export data, described in SP0—S8X0 interface

{ISSUE: Where are the PC pointers}

26-1-926 1 10 SX to SQ : Cutput file control

-

Name Direction Bits | Description

SXx_SQ_Export_count_rdy SXx—8Q 1 Raised by SXO to indicate that the following two fields
reflect the result of the most recent export

SXx_SQ_Export_Position SXx—8Q 1 Specifies whether there is room for another position.

SXx_SQ_Export_Buffer SXx—8Q 7 Specifies the space available in the output buffers.

0O: buffers are full
1: 2K-bits available (32-bits for each of the 64
pixels in a clause)

64: 128K-bits available (16 128-bit entries for each of
64 pixels)
65-127: RESERVED

26110726 1.11 8Q fo TP: Control bus

-+

Once every clock, the fetch unit sends to the sequencer on which clause it is now working and if the data in the GPRs
is ready or not. This way the sequencer can update the fetch counters for the reservation station fifos. The sequencer
also provides the instruction and constants for the fetch to execute and the address in the register file where to write

the fetch return data.

o S '{ Formatted: Bullets and Numbering 3

Name Direction Bits | Description
TPx_SQ_data_rdy TPx--» 8Q 1 Data ready
| TPx_8Q clause num TP 5Q 3 Clause number
TPx _SQ_TypeTPx-8Q clause-num | TPx— SQTPx— | 13 Type of data sent (O:PIXEL, TVERTEX)Clause
8Q araber
SQ_TPx_const SQ-TPx 48 Fetch state sent over 4 clocks (192 bits total)
SQ_TPx_instuct SQ-TPx 24 Fetch instruction sent over 4 clocks
SQ_TPx_end_of clause SQ--»TPx 1 Last instruction of the clause
| 8Q TPx Type SQ-TPx 1 Type of data sent (Q:PIXEL, T.VERTEX
SQ_TPx_phase SQ—-TPx 2 Wirite phase signal
SQ_TPO_lod_correct SQ-TPO 6 LOD correct 3 bits per comp 2 components per
quad
SQ_TPO_pmask SQ--»TPO 4 Pixel mask 1 bit per pixel
SQ_TP1_lod_correct SQ-TP1 6 LOD correct 3 bits per comp 2 components per
quad
SQ_TP1_pmask SQ-TP1 4 Pixel mask 1 bit per pixel
SQ_TP2_lod_correct SQ-TP2 6 LOD correct 3 bits per comp 2 components per
quad

éxmm 2023.docR400_Bequencer.doc

Name Direction Bits | Description
SQ_CP_vrtx_ state SEQ-CP 3 Oldest vertex state still in the pipe
SQ_CP_pix_state SEQ-->CP 3 Oldest pixel state still in the pipe : . Same :
. 2= Formatted: Bullets and Numberin
26-1-826 1.9 SQ to SX: Control bus ! ST J
Name Direction Bits | Description
SQ_SXx_exp_Pixel SQ—->SXx 1 1: Pixel
0: Vertex
SQ_SXx_exp_start SQ-—-8Xx 1 Raised to indicate that the SQ is starting an export
SQ_SXx_exp_Clause SQ—-8Xx 3 Clause number, which is needed for vertex clauses
SQ_SXx_exp_State SQ-->8Xx 3 State ID, which is needed for vertex clauses

B ,_ - '{ Formatted: Bullets and Numbering }
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SQ_TP2_pmask SQ-TP2 4 Pixel mask 1 bit per pixel
SQ_TP3_lod_correct SQ-TP3 6 LOD correct 3 bits per comp 2 components per

quad
SQ_TP3_pmask SQ--TP3 4 Pixel mask 1 bit per pixel
SQ_TPx_clause_num SQ-TPx 3 Clause number
SQ_TPx_write_gpr_index SQ->TPx 7 Index into Register file for write of returned Feich

Data : i
oy g -y _|iz7] Formatted: Bullets and Numbering

26-1-H26.1.12 TP to SQ: Texture stall ‘1 ~ S e ~ )

The TP sends this signal to the SQ when its input buffer is full. The SQ is going to send it to the SP X clocks after
reception (maximum of 3 clocks of pipeline delay).

[ Name | Direction | Bits | Description |
| TP_SQ_fetch_stall | TP— SQ 1 | Do not send more texture request if asserted |
26-+1226.1.13 SQ to SP: Texture stall *" - {romatod: s and oty )
| Name | Direction | Bits | Description |
| SQ_SPx_fetch_stall | SQ»SPx 1 | Do not send more texture request if asserted F
Y P g - ‘*{‘Formatted: Bullets and Numbering ‘ }
26-1-1326.1.14 SQ to SP: GPR, Parameter cache control and auto counter M =
Name Direction Bits | Description
SQ_SPx_wr_addr SQ-SPx 7 Wirite address
SQ_SPx_gpr_rd_addr SQ—->SPx 7 Read address
SQ_SPx_gpr_re_addr SQ--»8Px 1 Read Enable
SQ_SPx_gpr_we_addr SQ—-SPx 1 Write Enable for the GPRs
SQ_SPx_gpr_phase_mux SQ-8Px 2 The phase mux (arbitrates between inputs, ALU SRC

reads and writes)

SQ_S8SPx_channel_mask SQ—-SPx 4 The channel mask

SQ_SPO_pixel_mask SQ—-SP0 4 The pixel mask

SQ_SP1_pixel_mask SQ--SP1 4 The pixel mask

SQ_SP2_pixel mask SQ-HSP2 4 The pixel mask

SQ_SP3_pixel_mask SQ-—-8P3 4 The pixel mask

SQ_SPx_pc_we_addr SQ—-SPx 1 Write Enable for the parameter caches

SQ_SPx_gpr_input_mux SQ—-SPx 2 When the phase mux selects the inputs this tells from
which source to read from: Interpolated data, VTXO,
VTX1, autogen counter.

SQ_8Px_index_count SQ—-SPx 127 | Index count, common for all shader pipes
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26-1-1426 1,15 SQ to SPx: Instructions . Se e = J
Name Direction Bits | Description
SQ_SPx_instruct_start SQ—-SPx 1 Instruction start
SQ_SP_instruct SQ—-SPx 2120 | Transferred over 4 cycles
Q: SRC A Select 20
SRC A Argument Modifier 3.3
SRC A swizzle 114
Unused 20:12
1. 8SRC B Select 2:0
SRC B Argument Modifier 3.3
SRC B swizzle 11:4
Unused 2012
2: SRC C Select 2:0
SRC C Argument Modifier  3:3
SRC C swizzle 11:4
Unused 2012
3: Vector Opcode 4.0
Scalar Opcode 10:8
Vector Clamp 1111
Scalar Clamp 12:12
Vector Write Mask 16:13
Scalar Write Mask 20:1 Tinstruction-sent-over
4-elocks
SQ_SPx_stall SQ—-SPx 1 Stall signal
SQ_SPx_export_count SQ—-SPx 3 Each set of four pixels or vectors is exported over

eight clocks. This field specifies where the SP is in
that sequence.

SQ_SPx_export_last SQ—-SPx 1 Asserted on the first shader count of the last export
of the clause
SQ_SP0O_export_pvalid SQ—SPO 4 Result of pixel kill in the shader pipe, which must be

output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per

clock

SQ_SP0_export_wvalid SQ—-SPO 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each of the 16 pixels or
vectors

SQ_SP1_export_pvalid SQ—-8P1 4 Result of pixel Kill in the shader pipe, which must be

output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per

clock

SQ_SP1_ export_wvalid SQ—-8P1 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each of the 16 pixels or
vectors

5Q_SP2_ export_pvalid SQ—-SP2 4 Result of pixel kill in the shader pipe, which must be

output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per

clock

SQ_SP2_ export_wvalid 5Q-5P2 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each of the 16 pixels or
vectors

SQ_SP3_ export_pvalid SQ—-SP3 4 Result of pixel kill in the shader pipe, which must be

output for all pixel exports (depth and all color
buffers). 4x4 because 16 pixels are computed per
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clock
SQ_SP3_ export_wvalid S5Q-8P3 2 Specifies whether to write low and/or high 32-bit word
of the 64-bit export data from each ofthe 16 pixelsor | i
vectors - Sana
{227 Formatted: Bullets and Numbering
26-1-14526.1.16 SP to SQ: Constant address load/ Predicate Set 1 { G ‘*)
Name Direction Bits | Description :
SPO_SQ_const_addr SP0—-8Q 36 Constant address load / predicate vector load (4 bits only) ||
to the sequencer
SP0_SQ_valid SP0-SQ 1 Data valid .
SP1_SQ_const_addr SP1-8Q 36 Constant address load / predicate vector load (4 bits only) ||
to the sequencer S
SP1_SQ_valid SP1-58Q 1 Data valid F
SP2_SQ_const_addr SP2-S8Q 36 Constant address load / predicate vector load (4 bits only) ||
to the sequencer .
SP2_5Q_valid SP2-8Q 1 Data valid i
SP3_SQ_const_addr SP3-8Q 36 Constant address load / predicate vector load (4 bits only) !
to the sequencer .
SP3_SQ_valid SP3-8Q 1 Data valid

Formatted: Bullets and Numbering ] :

26-1-1626.1.17 SQ to SPx: constant broadcast

[ Name [ Direction | Bits | Description
| SQ_SPx_constant | 8Q-SPx | 128 | Constant broadcast - : : : :
26.1.1726.1.18 SPO to SQ: Kill vector load Formatted: bulets and tumbery )
Name Direction Bits | Description
SPO_SQ_kill_vect SP0-SQ 4 Kill vector load
SP1_SQ_kill_vect SP1-8Q 4 Kill vector load
SP2_SQ_kill_vect SP2--8Q 4 Kill vector load
SP3_8Q_kill_vect SP3-8Q 4 Kill vector load : : : G :
:‘{Formatted: Bullets and Numbering
26-1-1826.1.19 8Q fo CP: RBBM bus *T T :
Name Direction Bits | Description :
SQ_RBB_rs SQ--CP 1 Read Strobe
SQ_RBB rd SQ-CP 32 Read Data
SQ_RBBM_nrtrir S5Q-CP 1 Optional
8Q_RBBM_rtr 5Q--CP 1 Real-Time (Optional) . - -
) e '{ Formatted: Bullets and Numbering j
26-1-14926.1.20 CPto SQ: RBBM bus 1 o = =
Name Direction Bits | Description
rbbm_we CP--8Q 1 Write Enable
rbbm_a CP-8Q 1815 | Address -- Upper Extent is TBD (16:2)
rbbm_wd CP-SQ 32 Data
rbbm_be CP—-S8Q 4 Byte Enables
rbbm_re CP—-8Q 1 Read Enable
rbb_rs0 CP-»8Q 1 Read Return Strobe 0
rbb_rs1 CP—-8Q 1 Read Return Strobe 1
rbb_rd0 CP-8Q 32 Read Data 0
rbb_rd1 CP—-SQ 32 Read Data O
RBBM_SQ_soft_reset CP—-8Q 1 Soft Reset
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i 27. Examples of program executions

27.1.1 Sequencer Control of a Vector of Vertices

1.

10.

11.

éxmm 2023.docR400_Bequencer.doc

PA sends a vector of 64 vertices (actually vertex indices — 32 bits/index for 2048 bit total) to the RE’s Vertex FIFO
o state pointer as well as tag into position cache is sent along with vertices
e space was allocated in the position cache for transformed position before the vector was sent
e also before the vector is sent to the RE, the CP has loaded the global instruction store with the vertex
shader program (using the MH?)
¢ The vertex program is assumed to be loaded when we receive the vertex vector.
« the SEQ then accesses the IS base for this shader using the local state pointer (provided to all
sequencers by the RBBM when the CP is done loading the program)

SEQ arbitrates between the Pixel FIFO and the Vertex FIFO — basically the Vertex FIFO always has priority

e at this point the vector is removed from the Vertex FIFO

e the arbiter is not going to select a vector to be transformed if the parameter cache is full uniess the pipe as
nothing else to do (ie no pixels are in the pixel fifo).

SEQ allocates space in the SP register file for index data plus GPRs used by the program

e the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer that came down with the vertices

¢  SEQ will not send vertex data until space in the register file has been allocated

SEQ sends the vector to the SP register file over the RE_SP interface (which has a bandwidth of 2048 bits/cycle)
o the 64 vertex indices are sent to the 64 register files over 4 cycles
¢ RFOof SUQ, SU1, SU2, and SU3 is written the first cycle
e RF10of SUQ, SU1, SU2, and SU3 is written the second cycle
e RF2of SUQ, SU1, SU2, and SU3 is written the third cycle
¢ RF30of SUQ, SU1, SU2, and SU3 is written the fourth cycle
e the index is written to the least significant 32 bits (floating point format?) (what about compound indices)
of the 128-bit location within the register file (w); the remaining data bits are set to zero (x, vy, z)

SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
o the control packet contains the state pointer, the tag to the position cache and a register file base pointer.

TSMO accepts the control packet and fetches the instructions for fetch clause 0 from the global instruction store
o  TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause 0 are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

o TSMO does not wait for requests made to the Fetch Unit to complete; it passes the register file write index for
the fetch data to the TU, which will write the data to the RF as it is received

e once the TU has written all the data to the register files, it increments a counter that is associated with ASMO
FIFO; a count greater than zero indicates that the ALU state machine can go ahead start to execute the ALU
clause

ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

all instructions of ALU clause 0 are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

the control packet continues to travel down the path of reservation stations until all clauses have been executed

e position can be exported in ALU clause 3 (or 4?); the data (and the tag) is sent over a position bus (which is
shared with all four shader pipes) back to the PA’s position cache

e A parameter cache pointer is also sent along with the position data. This tells to the PA where the data is
going to be in the parameter cache.
o there is a position export FIFO in the SP that buffers position data before it gets sent back to the PA
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2
o the ASM arbiter will prevent a packet from starting an exporting clause if the position export FIFO is full
o parameter data is exported in clause 7 (as well as position data if it was not exported earlier)
¢ parameter data is sent to the Parameter Cache over a dedicated bus
e the SEQ allocates storage in the Parameter Cache, and the SEQ deallocates that space when there is no
longer a need for the parameters (it is told by the PA when using a token).
o the ASM arbiter will prevent a packet from starting on ASM7 if the parameter cache (or the position buffer
if position is being exported) is full

12. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program

27.1.2 Sequencer Control of a Vector of Pixels

1. As with vertex shader programs, pixel shaders are loaded into the global instruction store by the CP

e At this point it is assumed that the pixel program is loaded into the instruction store and thus ready to be read.

2. the RE's Pixel FIFO is loaded with the barycentric coordinates for pixel quads by the detailed walker
e the state pointer and the LOD correction bits are also placed in the Pixel FIFO
e the Pixel FIFO is wide enough to source four quad’s worth of barycentrics per cycle

3. SEQ arbitrates between Pixel FIFO and Vertex FIFO - when there are no vertices pending OR there is no space
left in the register files for vertices, the Pixel FIFO is selected

4. SEQ allocates space in the SP register file for all the GPRs used by the program
e the number of GPRs required by the program is stored in a local state register, which is accessed using the
state pointer
e  SEQ will not allow interpolated data to be sent to the shader until space in the register file has been allocated

5. SEQ controls the transfer of interpolated data to the SP register file over the RE_SP interface (which has a
bandwidth of 2048 bits/cycle). See interpolated data bus diagrams for details.

6. SEQ constructs a control packet for the vector and sends it to the first reservation station (the FIFO in front of
fetch state machine 0, or TSMO FIFO)
e note that there is a separate set of reservation stations/arbiters/state machines for vertices and for pixels
¢ the control packet contains the state pointer, the register file base pointer, and the LOD correction bits
e all other information (such as quad address for example) travels in a separate FIFO

7. TSMO accepts the control packet and fetches the instructions for fetch clause O from the global instruction store
e  TSMO was first selected by the TSM arbiter before it could start

all instructions of fetch clause O are issued by TSMO

the control packet is passed to the next reservation station (the FIFO in front of ALU state machine 0, or ASMO

FIFO)

e TSMO does not wait for fetch requests made to the Fetch Unit to complete; it passes the register file write
index for the fetch data to the TU, which will write the data to the RF as it is received

e once the TU has written all the data for a particular clause to the register files, it increments a counter that is
associated with the ASMO FIFO; a count greater than zero indicates that the ALU state machine can go
ahead and pop the FIFO and start to execute the ALU clause

10. ASMO accepts the control packet (after being selected by the ASM arbiter) and gets the instructions for ALU
clause 0 from the global instruction store

11. all instructions of ALU clause 0 are issued by ASMO, then the control packet is passed to the next reservation
station (the FIFO in front of fetch state machine 1, or TSM1 FIFO)

12. the control packet continues to travel down the path of reservation stations until all clauses have been executed
e pixel data is exported in the last ALU clause (clause 7)
e jtis sent to an output FIFO where it will be picked up by the render backend
o the ASM arbiter will prevent a packet from starting on ASM7 if the output FIFO is fuil

13. after the shader program has completed, the SEQ will free up the GPRs so that they can be used by another
shader program
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| 27.1.3 Notes

14. The state machines and arbiters will operate ahead of time so that they will be able to immediately start the real
threads or stall.

15. The register file base pointer for a vector needs to travel with the vector through the reservation stations, but the
instruction store base pointer does not — this is because the RF pointer is different for all threads, but the IS
pointer is only different for each state and thus can be accessed via the state pointer.

28. Open issues

Need to do some testing on the size of the register file as well as on the register file allocation method (dynamic VS
static).

Saving power?

Parameter caches in SX?

Using both 1J buffers for center + centroid interpolation?
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