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Content

1. Three major ideas that make GPU processing cores run
fast

2. Closer look at real GPU designs

I NVIDIA GTX 580
I AMD Radeon 6970

3. The GPU memory hierarchy: moving data to processors

4. Heterogeneous Cores



Part 1: throughput processing

AThree key concepts behind how modern GPU
processing cores run code

AKnowing these concepts will help you:

1. Understand space of GPU core (and throughput CPU core) designs
2. Optimize shaders/compute kernels

3. Establish intuition: what workloads might benefit from the design of
these architectures?



What 60s 1 n a GPU?

A GPU Is a heterogeneous chip multi-processor (highly tuned for graphics)

HW
or
SW?




A diffuse reflectance shader

sampler mySamp;
Texture 2D<float 3> myTex;

float 3 lightDir; Shader programming model.
float 4 diffuseShader(float 3 norm, float 2 uv) Fragments are processed
{ﬂ . independently,
t ; : ..
od but there is no explicit parallel
kd = myTex.Sample(mySamp, uv); coarammin
kd *= clamp( dot(lightDir, norm), 0.0, 1.0); progra ing

return float 4(kd, 1.0);



Complle shader

1 unshaded fragment input record [ ]

sampler mySamp; l
Texture 2D<float 3> myTex;

float 3 lightDir; <diffuseShader>:
sampler O,v 4,t 0,s O

_ mul r 3,v O,cb O[O
float 4 diffuseShader(float 3 norm, float 2 uv) madd r3,v 1,cb O[1],r 3
{ ) madd 13,v 2,cb 0[2]¢ 3
float 3 kd: clmpr 3,r 3,I( 0.0),I( 1.0)
_ . mul o O,r O,r 3
kd = myTex.Sample(mySamp, uv); mul o Lr Lr 3
kd *= clamp( dot(lightDir, norm), 0.0, 1.0); mul 0 2.1 2.1 3
return float  4(kd, 1.0); mov 03,I( 1.0)

| !

1 shaded fragment output record .



Execute shader

|
!

<diffuseShader>:
sampler O,v 4,t 0,s O
mul r 3,v 0,cb O[O
maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb O[2],r 3
clmpr 3,r 3,I( 0.0),I( 1.0)
mul o O,r O,r 3

mul o 1,r 1,r 3
mul o 2,r 2,r 3
mov o03,I( 1.0)

!
|




Execute shader

|
!

<diffuseShader>:

sampler O,v 4t 0,s O

mul r 3,v 0,cb O[O
maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb O[2],r 3
clmpr 3,r 3,I( 0.0),I( 1.0)
mul o O,r O,r 3

mul o 1,r 1,r 3
mul o 2,r 2,r 3
mov o03,I( 1.0)

!
|




Execute shader

|
!

<diffuseShader>:
sampler O,v 4,t 0,s O

mul r 3,v O,cb O[O0
maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb O[2],r 3
clmpr 3,r 3,I( 0.0),I( 1.0)
mul o O,r O,r 3

mul o 1,r 1,r 3
mul o 2,r 2,r 3
mov o03,I( 1.0)

!
|




Execute shader

|
!

<diffuseShader>:
sampler O,v 4,t 0,s O

mul r 3,v 0,cb O O]
b maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb O[2],r 3

clmpr 3,r 3,I( 0.0),I( 1.0)
mul o O,r O,r 3

mul o 1,r 1,r 3
mul o 2,r 2,r 3
mov o03,I( 1.0)

!
|




Execute shader

|
!

<diffuseShader>:

sampler O,v 4,t 0,s O

mul r 3,v 0,cb O O]
maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb O[2],r 3
clmpr 3,r 3,I( 0.0),I( 1.0)
mul o O,r O,r 3

mul o 1,r 1,r 3

mul o 2,r 2,r 3

mov o03,I( 1.0)

!
|




Execute shader

|
!

<diffuseShader>:
sampler O,v 4,t 0,s O
mul r 3,v 0,cb O[O
maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb O[2],r 3
clmpr 3,r 3,I( 0.0),
mul o O,r O,r 3

mul o 1,r 1,r 3
mul o 2,r 2,r 3
mov o03,I( 1.0)

!
|




Execute shader

ALU
(Execute)

|
!

<diffuseShader>:
sampler O,v 4,t 0,s O

mul r 3,v O,cb O[O
maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb 0[2],r 3
clmpr 3,r 3,I( 0.0),I( 1.0)
mul o O,r O,r 3

mul o 1,r 1,r 3

mul o 2,r 2,r 3

mov o03,I( 1.0)

!
|




NCRUt yl eo cores




Slimming down

ALU
(Execute)

il
| 1

ldea #1.
Remove components that

help a single instruction
stream run fast




Two cores (two fragments in parallel)

fragment 1

|
!

ALU
(Execute)

ALU
(Execute)

fragment 2




Four cores (four fragments In parallel)
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Sixteen cores (sixteen fragments in parallel)

ALU

ALU |

ALU

ALU

s [l | s [l =

16 simultaneous Instruction streams

16 cores



Instruction stream sharing
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But ... many fragments
should be able to share an
Instruction stream!

<diffuseShader>:
sampler O,v 4,t 0,s O
mul r 3,v O,cb O[O
maddr3,v 1,cb O[1],r 3
maddr3,v 2,cb 0[2],r 3
clmpr 3,r 3,I( 0.0),I( 1.0)
mul o O,r O,r 3

mul o 1,r 1,r 3
mul o 2,r 2,r 3
mov o0 3,l( 1.0)



Recall: simple processing core




Add ALUSs

Amortize cost/complexity of

aw ] [aug] [ aud managing an instruction
e [awd [ [a stream across many ALUS

SIMD processing




Modifying the shader

<diffuseShader>:

sampler O,v 4,t 0,s O

ALU 1| ALU 2| [ALU 3| ALU 4 mul v 3,v 0,cb 0[O0
maddr3,v 1,cb O[1],r 3
I

maddr3,v 2,cb 0[2],r 3
ALU 5| [ALU 6| [ALU 7| |ALU 8 cmpr 3.1 3,1 0.0),1( 1.0)
.

mul o O,r O,r 3
mul o 1,r 1,r 3

mul o 2,r 2,r 3
mov o03,I( 1.0)

Original compiled shader:

Processes one fragment using

scalar ops on scalar registers



Modifying the shader

<VEG_diffuseShader>:

VE@ samplevec r O,vec v 4,t O,vec s O
VE@ mul vec r 3,vec v 0,cb O[O

ALU 2 |ALU 3| ALU 4 VE® madd vec r3,vec v 1,cb 0[1], vec r 3

VE@ mado vec r3,vec v 2,cb O] 2],vec r 3

VE@ clmpvec r 3,vecr 3,I( 0.0),I( 1.0)

VE@ mul vec o O,vecr O,vec r 3

VE@ mul vec o 1,vecr 1,vec r 3

VE@ mul vec o 2,vec r 2,vec r 3
VE@ mov 0 3,I( 1.0)

o
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New compiled shader:

Processes eight fragments using

vector ops on vector registers



Modifying the shader

1] (2)(s]4]
i]ﬁ]‘ilﬁl

<VEG®_diffuseShader>:
VE@ samplevec r 0,vec v 4,t O,vec s O

VE@G mul vec r 3,vec v 0,cb O[O0
ALU 1| ALU 2| ALU 3| (ALU 4 VE® madd vec r3,vec v 1,cb 0[1], vec r 3
VE@ madd vec r3,vec v 2,cb O] 2],vec r 3
ALU 5| ALU 6l |ALU 7| ALU 8 VE@ clmpvec r 3,vecr 3,I( 0.0),I( 1.0)
VE@ mul vec o O,vecr O,vec r 3

VE@G mul vec o0 1,vec r 1,vec r 3
VE@G mul vec 0 2,vec r 2,vec r 3
VE@G mov 03,I( 1.0)

!
.
] ]




128 fragments In parallel
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16 cores = 128 ALUs - 16 simultaneous Instruction streams



| In parallel

vertices/fragments
primitives
OpenCL work items
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But what about branches?

Time (clocks)

ALU 1ALU 2. .. ... ALU 8

<unconditional
shader code>

If (x > 0) {
y = pOwW(X, exp);
y *= KSs;
refl =y + Ka;
} else {
X = 0;
refl = Ka,
}

<resume unconditional
shader code>



But what about branches?

Time (clocks)

ALU 1ALU 2. ..

... ALU 8

<unconditional
shader code>

f(x> 0){

y = powzx, exp;;

y *= KSs;

refl =y + Ka;
} else {
X = 0;

refl = Ka;

}

<resume unconditional
shader code>




But what about branches?
OO OO0OEE

ALU 1ALU 2. .. ... ALU 8

Time (clocks)

Not all ALUs do useful work!
Worst case: 1/8 peak
performance

<unconditional
shader code>

if(x> 0){

x= 0;

refl = Ka:

b

<resume unconditional
shader code>




But what about branches?

Time (clocks)

ALU 1ALU 2. ..

... ALU 8

<unconditional
shader code>

if(x> 0){

x= 0;

refl = Ka:

b

<resume unconditional
shader code>




Clarification

SIMD processing does not imply SIMD Instructions

A Option 1: explicit vector instructions
I X86 SSE, AVX, Intel Larrabee

A Option 2: scalar instructions, implicit HW vectorization

I HW determines instruction stream sharing across ALUs (amount of sharing
hidden from software)
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In practice: 16 to 64 fragments share an instruction stream.




Stalls!

Stalls occur when a core cannot run the next instruction
because of a dependency on a previous operation.

Texture access latency =1000 s 10 s of cycl ec

WeoOve removed the fancy caches a



But we have LOTS of independent fragments.

ldea #3:

Interleave processing of many fragments on a single
core to avoid stalls caused by high latency operations.



Hiding shader stalls

Time (clocks) Fragle 8
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