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 To give an idea of why certain optimizations become
necessary on such architectures and why the
architectures are designed in that way

The future is fusion
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AHow the GPU fits in the fACPUDO
/. A description of features of AMD Radeon HD5870 GPU

The future is fusion
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sampler

kd *=
return

}

mySamp

Texture2D<float3> myTex ;

float3 lightDir ;

float4 diffuseShader (float3 norm, float2 uv)
{

float3 kd;

kd = myTex.Sample (mySamp , uv);

clamp( dot( lightDir , norm), 0.0, 1.0 )i
float4( kd, 1.0 );
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implications
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sampler mySamp ;

Texture2D<float3> myTex ;

float3 lightDir ;

float4 diffuseShader (float3 norm, float2

{

float3 kd ;

kd = myTex.Sample (mySamp , uv);

kd *= clamp( dot( lightDir , norm), 0.0, 1.0

return

}

float4( kd, 1.0 );

uv )

);

sampler mySamp ;

Texture2D<float3> myTex ;

float3 lightDir ;

float4 diffuseShader (float3 norm, float2 uv)
{

float3 kd ;

kd = myTex.Sample (mySamp , uv);

kd *= clamp( dot( lightDir , norm), 0.0, 1.0 );

return float4( kd, 1.0 );

sampler mySamp ;

Texture2D<float3> myTex ;

float3 lightDir ;

float4 diffuseShader (float3 norm, float2 uv)
{

float3 kd ;

kd = myTex.Sample (mySamp , uv);

kd *= clamp( dot( lightDir , norm), 0.0, 1.0 );

return

}

floatd( kd, 1.0 );
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sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader  (

{

float threshold, float index)

float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

myTex [index J;

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader  (

{

float threshold, float index)

float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

myTex [index];

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader  (
float threshold, float index)
{
float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

myTex [index];

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader  (
float threshold, float index)
{
float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

myTex [index];
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sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader (

{

float threshold, float index)

sampler mySamp
Buffer<float> myTex ;

float diffuseShader (
float threshold, float index)

{

float brightness = myTex [index J; float brightness = myTex [index];

float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader (

{

float threshold, float index)

float brightness = myTex [index];

float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader (
float threshold, float index)
{
float brightness = myTex [index];
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;
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sampler mySamp ; sampler mySamp

Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader ( float diffuseShader (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index J; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;
} }
sampler mySamp ; sampler mySamp ;
Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader ( float diffuseShader (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index]; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;
} }
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sampler mySamp ; sampler mySamp ;

Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader ( float diffuseShader (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index J; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;

)
s

sampler mySamp ; sampler mySamp ;
Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader ( float diffuseShader (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index]; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;
} }
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sampler mySamp ; sampler mySamp ;

Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader ( float diffuseShader (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index J; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;
} }
sampler mySamp ; sampler mySamp ;
Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader ( float diffuseShader (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index]; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;
} }
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sampler mySamp ; sampler mySamp ;

Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader  ( float diffuseShader  (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index J; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;
} }
sampler mySamp ; sampler mySamp ;
Buffer<float> myTex ; Buffer<float> myTex ;
float diffuseShader  ( float diffuseShader  (
float threshold, float index) float threshold, float index)
{ {
float brightness = myTex [index]; float brightness = myTex [index];
float output; float output;
if( brightness > threshold ) if( brightness > threshold )
output = threshold; output = threshold;
else else
output = brightness; output = brightness;
return output; return output;
i }
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sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader (
float threshold, float index)
{
float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader  (
float threshold, float index)
{
float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

myTex [index J;

myTex [index];

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader (

{

float threshold, float index)

float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

myTex [index];

sampler mySamp ;
Buffer<float> myTex ;

float diffuseShader (

{

float threshold, float index)

float brightness =
float output;
if( brightness > threshold )
output = threshold;
else
output = brightness;
return output;

myTex [index];
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tructions?

Programmed
masking

Programming SIMD
with
SIMD instructions

EERS =

Programming SIMD
with
Ascal ar o

Hardware controlled
masking
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;éditionally has relatively short shaders

oL
s =0

| of branch divergence overall will not be high

> .

graphics code you can not necessarily control it

= 33

I SIMD batches are constructed by the hardware depending on the
scene properties.

/\For OpenCL code you are defining your execution space
I You choose what work is performed by which work item

I You choose how to structure your algorithm to avoid this
divergence
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Instruction 1
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~latency: logical vector

o

Lanes 8 -11 Lanes 12 -15

Instruction 0

-

The future is fusion
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e latency: ALU operations

Lanes O -3 Instruction O
Lanes 4 -7 Instruction O
Lanes 8 -11 Instruction O
Lanes 12 -15 Instruction O
Lanes O -3 Instruction 1
Lanes 4 -7 Instruction 1
Lanes 8 -11 Instruction 1
Lanes 12 -15 Instruction 1

The future is fusion
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Instruction 1
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Lanes 8 -11 Lanes 12 -15

Instruction 0

Instruction 1

HEEE
l Stall
Stall

The future is fusion
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:»,;_n the SIMD engine
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- oriented SIMD engine

Pixel Pixel Pixel
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- oriented SIMD engine

Pixel Pixel Pixel State
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A

Heavy multithreading reduces the latency requirement

i Latency is not an issue, we cover that with other
threads

I Total bandwidth still an issue, even with high
high -speed memory interfaces

-latency

The future is fusion
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Global

High latency load. Limited
bandwidth.

Local

Efficient random
accesses. Very
high bandwidth

SIMD engine
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ted SIMD engine

ALU ALU ALU

Local storage/Cache
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d SIMD engine

Local storage/Cache
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i' here are two pipes)
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Phenom Il X6
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BN E HD5870 archi

334 mm z

2.15 billion

153 GB/sec

512 bytes/ clk

1280 bytes/ clk

5.24 MB

640kB

DS Bandwidth 2560 bytes/ clk
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Concurrent Wavefronts 496
Shader (ALU units) 1600
Idle power 27T W
Max power 188 W
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15 x: SETGT_INT

17 x: SUB_INT R5.x, R3.x, R2.x
| S L Bty RESR
= rxerrrxrxxxrres il Z: LSHL - — — H R2 . X !
e — -
g Errrrrrerrerrrcil t: MOV R8_X, 0.0f
EESEEES SLIEE) 4 18 x: SUB_INT R6.x, PV17.y, PV17.z
_ y: MOV R8.y, 0.0f
rrzrzzzrrzzzze= | EEEKEEEXEEEEEE
!—_ —_! Z. MOV R8_Z’ OOf
I EEEEEEEEEEREEXEE exexxexerxceex il
I EEErEEEEEEREE XKL exxxxrxcxceex i w: MOV R8.w, 0.0f
!xxxxxxxxxxxxxxxxg x(xxxxxx(((xxxxx! 11 LOOP_DXlO io FAIL_JUMP_ADDR(]_?)
12 ALU: ADDR(73) CNT(12)
19 e - S H L 7 Cms RS5.
(GDDRS  GDDRS  GDDRS  GDDRS  GODRS  GODRS  GODRS  GODRS w: ADD_INT , R6x, Rlx VEC_120
t: ADD_I NT N R1. X,

08 ALU_PUSH_BEFORE: ADDR(62) CNT(2)

RO.x, R2.x, R4.x

S PREDNE | NT _ _ _ _, RO .
09 JUMP POP_CNT(1) ADDR(18)
10 ALU: ADDR(64) CNT(9)

13 TEX: ADDR(368) CNT(2)
22 VFETCHRO.x__, RO.y, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)
23 VFETCHR1.x__, RO.z, fc156 MEGA(4)

FETCH_TYPE(NO_INDEX_OFFSET)
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08 ALU_PUSH_BEFORE: ADDR(62) CNT(2)
15 x: SETGT_INT RO.X, R2.x, R4.x
BN PREDNE | NT RO .

09 JUMP POP_CNT(1) ADDR(18)

10 ALU: ADDR(64) CNT(9)

17 x: SUB_INT R5.x, R3.x, R2.x

i SRR e REEE
zZ: LSHL R R2. x,
Errrrrrerrerrrcil t: MOV R8.X, 0.0f
—‘-:—: 18 x: SUB_INT R6.x, PV17.y, PV17.z
g
rxzzzxzFzzzzzx Y. MOV R8y, 0.0f
B
IXIIXIFITXZILI ] | rxzzzzzzzzzzex 7: MOV R8.z, 0.0f
B zzzzzrrEzzrrrzzs rxzzzzzrzzzzex
B zzzzzzrEzzzzrrzzs zxzzzzzrzzzzzx w: MOV R8.w, 0.0f

XXX Erxxixs rxxxxxrxxxcxexex [l

11 LOOP_DX10 i0 FAIL_JUMP_ADDR(17)
12 ALU: ADDR(73) CNT(12)

MOENEE | SHL el RS .
(GDDRS  GDDRS  GDDRS  GDDRS  GODRS  GODRS  GODRS  GODRS w: ADD_INT , R6x, Rlx VEC_120
B ADD | NT RIEd R1.

13 TEX: ADDR(368) CNT(2)
22 VFETCHRO.x__, RO.y, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)
23 VFETCHR1.x__, RO.z, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)
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08 ALU_PUSH_BEFORE: ADDR(62) CNT(2)
15 x: SETGT INT RO0.x, R2.x, R4.x
16 X: PREDNE I NT Sl , RO .

09 JUMP POP_CNT(1) ADDR(18)

10 ALU: ADDR(64) CNT(9)

17 x: SUB_INT R5.x, R3.x, R2.x

i SRR e REEE
xxxxxxxxxxxxxx! Z : L S H L _—_—— R 2 ) X !
Exzrrrzrrrzzzzz i t: MOV R8.x, 0.0f
' 18 x: SUB_INT R6.X, PV17y, PV17.z
g
rxzzzxzFzzzzzx Y. MOV R8y, 0.0f
B
IXIIXIFITXZILI ] | rxzzzzzzzzzzex 7: MOV R8.z, 0.0f
B zzzzzrrEzzrrrzzs rxzzzzzrzzzzex
B zzzzzzrEzzzzrrzzs zxzzzzzrzzzzzx w: MOV R8.w, 0.0f

XXX Erxxixs rxxxxxrxxxcxexex [l

11 LOOP_DX10 i0 FAIL_JUMP_ADDR(17)
12 ALU: ADDR(73) CNT(12)

MOENEE | SHL el RS .
(GDDRS  GDDRS  GDDRS  GDDRS  GODRS  GODRS  GODRS  GODRS w: ADD_INT , R6x, Rlx VEC_120
B ADD | NT RIEd R1.

13 TEX: ADDR(368) CNT(2)
22 VFETCHRO.x__, RO.y, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)
23 VFETCHR1.x__, RO.z, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)
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15 x: SETGT_INT

17 x: SUB_INT R5.x, R3.x, R2.x
| S L Bty RESR
= rxerrrxrxxxrres il Z: LSHL - — — H R2 . X !
e — -
g Errrrrrerrerrrcil t: MOV R8_X, 0.0f
EESEEES SLIEE) 4 18 x: SUB_INT R6.x, PV17.y, PV17.z
_ y: MOV R8.y, 0.0f
rrzrzzzrrzzzze= | EEEKEEEXEEEEEE
!—_ —_! Z. MOV R8_Z’ OOf
I EEEEEEEEEEREEXEE exexxexerxceex il
I EEErEEEEEEREE XKL exxxxrxcxceex i w: MOV R8.w, 0.0f
!xxxxxxxxxxxxxxxxg x(xxxxxx(((xxxxx! 11 LOOP_DXlO io FAIL_JUMP_ADDR(]_?)
12 ALU: ADDR(73) CNT(12)
19 e - S H L 7 Cms RS5.
(GDDRS  GDDRS  GDDRS  GDDRS  GODRS  GODRS  GODRS  GODRS w: ADD_INT , R6x, Rlx VEC_120
t: ADD_I NT N R1. X,

08 ALU_PUSH_BEFORE: ADDR(62) CNT(2)

RO.x, R2.x, R4.x

S PREDNE | NT _ _ _ _, RO .
09 JUMP POP_CNT(1) ADDR(18)
10 ALU: ADDR(64) CNT(9)

13 TEX: ADDR(368) CNT(2)
22 VFETCHRO.x__, RO.y, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)
23 VFETCHR1.x__, RO.z, fc156 MEGA(4)

FETCH_TYPE(NO_INDEX_OFFSET)
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16 x: PREDNE_INT e RO
09 JUMP POP_CNT(1) ADDR(18)
10 ALU: ADDR(64) CNT(9)
) 17 x: SUB_INT R5.x, R3.x, R2.x
g os A ey s L SHL I RIS
15::_‘...4.1:.:..:.:.4;_...—77 = —_ ez
- T z: LSHL ~ R2. x,
-—, Exrxrrrreexceex il t: MOV R8.X, OOf
’ —H 18 x: SUB_INT R6.x, PV17.y, PV17.z
y: MOV R8.y, 0.0f
xrrzrrzezzzzzx z: MOV R8.z, 0.0f
B sxxvrrrrerrmaxed bexrexremex e i w: MOV R8.w, 0.0f
B zzzzzzzzzzrzzzes rxrrzzzzzzzzzzz 11 LOOP_DX10 i0 FAIL_JUMP_ADDR(17)
12 ALU: ADDR(73) CNT(12)
(RORESE: - | SHL e RS .
w:ADD_INT ___, R6x, Rlx VEC_120
BEADD 1 NT e R1. x,

08 ALU_PUSH_BEFORE: ADDR(62) CNT(2)
15 x: SETGT_INT RO.x, R2.x, R4.x

13 TEX: ADDR(368) CNT(2)
22 VFETCH RO.X___, RO.y, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)
23 VFETCHR1.x___, R0.z, fc156 MEGA(4)
FETCH_TYPE(NO_INDEX_OFFSET)

50 | GPU Architecture | November 2010 | developer.amd.com

-> OpenCLE Z(AMDn

The future is fusion



8kB
Read L1

v
Exp/Ld/Store

over 4 cycles: logical vector

I Each lane executesa 5 -way VLIW instruction
/. Lane masking and branching to support divergence

/. Hardware barrier support for up to 8 work groups per SIMD engine
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8kB
- “Addfess @ Load " Read L1

physical vector Exp/ Ld/Store

-element wavefronts over 4 cycles: logical vector

i Each lane executes a 5 -way VLIW instruction
/. Lane masking and branching to support divergence

/. Hardware barrier support for up to 8 work groups per SIMD engine
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8kB
Read L1

i v
ements: physical vector Exp/Ld/Store

g el

'Executes two 64 -element wavefronts  over 4 cycles: logical vector

I Each lane executesa 5 -way VLIW instruction

Ve

/. Lane masking and branching to support divergence

/. Hardware barrier support for up to 8 work groups per SIMD engine
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Source collectors and return data staging

e e pr—— p—— — —
BRI L L LB L

Input address cross bar

bbb il L L L L bl
LW WV WY WY W WY WYY WY W W W W LEIEIEIEIELELED
Conflict
detection
and
control
i scheduling Read data cross bar

YNV Y Y Y Y YV YV Y VYYYYYYYYYY Y
> [ \ b '
R
> Write data cross bar
YV V¥V VYV VVVVVVVVVVVVVVVVVVVVVVVVVY

anjeA uinjal do-aid
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