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The aim of this webinar

ÁTo provide a general background to modern GPU 
architectures

ÁTo place the AMD GPU designs in context:

ïWith other types of architecture

ïWith other GPU designs

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

ÁTalk about GPUs as graphics processing devices

ïWhat they are designed for

ïWhat this means architecturally

ÁThe implications of SIMD execution on application 
development

ÁLDS and latency hiding

ÁHow the GPU fits in the ñCPUò design space.

ÁA description of features of AMD Radeon HD5870 GPU
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What is a GPU?
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In a nutshell

ÁThe GPU is a multicore processor optimized for graphics 
workloads
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Processing pixels
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sampler mySamp ;
Texture2D<float3> myTex ;
float3 lightDir ;
f loat4 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 );

}
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SIMD execution and its implications
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SIMD pixel execution
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Branches that diverge
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SIMD execution: SIMD instructions?

Programming SIMD 
with 

SIMD instructions

Most vector instructions 
sets:

SSE, AVX

Intelôs Larrabee and 
Knightôs Corner

Programming SIMD 
with 

ñscalarò instructions

GPU shader languages

GPU intermediate 
languages

OpenCL

Programmed 
masking

Hardware controlled 
masking

OpenCL compiling to SSE

Pixel shaders compiling to 
Larrabee .

Current generation GPUs
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Why does this matter for Compute?

ÁGraphics code traditionally has relatively short shaders
on large triangles

ïThe level of branch divergence overall will not be high

ÁWith graphics code you can not necessarily control it

ïSIMD batches are constructed by the hardware depending on the 
scene properties.

ÁFor OpenCL code you are defining your execution space

ïYou choose what work is performed by which work item

ïYou choose how to structure your algorithm to avoid this 
divergence
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Throughput execution and latency hiding
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Covering pipeline latency

Stall

Instruction 0

Instruction 1

Lanes 0 -3
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Covering pipeline latency: logical vector
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Covering pipeline latency: ALU operations

Lanes 0 -3 Instruction 0

Lanes 4 -7 Instruction 0

Lanes 8 -11 Instruction 0

Lanes 12 -15 Instruction 0

Lanes 0 -3 Instruction 1

Lanes 4 -7 Instruction 1
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Lanes 12 -15 Instruction 1
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Covering memory latency
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Covering memory latency: we still stall
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Covering memory latency: another wavefront

Instruction 1

Instruction 0

Lanes 0 -3 Lanes 4 -7 Lanes 8 -11 Lanes 12 -15

Instruction 0
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Latency hiding in the SIMD engine
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A throughput - oriented SIMD engine
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A throughput - oriented SIMD engine
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Adding the memory hierarchy

ÁUnlike most CPUs, GPUs do not have vast cache 
hierarchies. 

ïCaches on CPUs allow primarily for lower access 
latency

ÁHeavy multithreading reduces the latency requirement

ïLatency is not an issue, we cover that with other 
threads

ïTotal bandwidth still an issue, even with high - latency 
high -speed memory interfaces
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Texture caches and local memory

ÁDesigned to support sharing between work items

ïReduce bandwidth, not latency

Global

High latency load. Limited 
bandwidth.

Local

SIMD engine

Efficient random 
accesses. Very 
high bandwidth
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A throughput - oriented SIMD engine
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A throughput - oriented SIMD engine
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The GPU shader cores
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The design space
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The AMD Phenom Ê II X6

Á6 cores

ÁOne state set per core

Á4-wide SIMD (actually there are two pipes)
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The Intel i7 6 - core variants

Á6 cores

ÁTwo state sets per core (SMT/ Hyperthreading )

Á4-wide SIMD

Phenom II X6
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Sun UltraSPARC T2

Á8 cores

ÁEight state sets per core

ÁNo SIMD

Phenom II X6
Intel i7 6 -core
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The AMD HD5870 GPU

Á20 cores

ÁUp to 24 logical 64 -SIMD wide state sets per core 
(number depends on register requirements)

Á16 -wide physical

Phenom II X6
Intel i7 6 -core UltraSPARC T2
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The AMD Radeon HD5870 GPU
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Features of the RadeonÊ HD5870 architecture

Area 334 mm
2

Transistors 2.15 billion

Memory Bandwidth 153 GB/sec

L2-L1 Rd Bandwidth 512 bytes/ clk

L1 Bandwidth 1280 bytes/ clk

Vector GPR 5.24 MB

LDS Memory 640kB

LDS Bandwidth 2560 bytes/ clk

Concurrent Wavefronts 496

Shader (ALU units) 1600

Idle power 27 W

Max power 188 W

ATI Radeon Ê HD 5870

2.72 Teraflops architecture
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High level view
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Clause execution
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08 ALU_PUSH_BEFORE: ADDR(62) CNT(2) 

15  x: SETGT_INT   R0.x,  R2.x,  R4.x      

16  x: PREDNE_INT  ____,  R0.x,  0.0fé

09 JUMP  POP_CNT(1) ADDR(18) 

10 ALU: ADDR(64) CNT(9) 

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

y: LSHL        ____,  R3.x,  (é).x      

z: LSHL        ____,  R2.x,  (é).x      VEC_120 

t: MOV         R8.x,  0.0f      

18  x: SUB_INT     R6.x,  PV17.y,  PV17.z      

y: MOV         R8.y,  0.0f      

z: MOV         R8.z,  0.0f      

w: MOV         R8.w,  0.0f      

11 LOOP_DX10 i0 FAIL_JUMP_ADDR(17) 
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19  x: LSHL        ____,  R5.x,  (é).x      
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t: ADD_INT     R7.x,  R1.x,  (é).y

13 TEX: ADDR(368) CNT(2) 

22  VFETCH R0.x___, R0.y, fc156  MEGA(4) 

FETCH_TYPE(NO_INDEX_OFFSET) 

23  VFETCH R1.x___, R0.z, fc156  MEGA(4) 

FETCH_TYPE(NO_INDEX_OFFSET) 
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Clause execution
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8 channel memory controller
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08 ALU_PUSH_BEFORE: ADDR(62) CNT(2) 

15  x: SETGT_INT   R0.x,  R2.x,  R4.x      

16  x: PREDNE_INT  ____,  R0.x,  0.0fé

09 JUMP  POP_CNT(1) ADDR(18) 

10 ALU: ADDR(64) CNT(9) 

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

y: LSHL        ____,  R3.x,  (é).x      

z: LSHL        ____,  R2.x,  (é).x      VEC_120 

t: MOV         R8.x,  0.0f      

18  x: SUB_INT     R6.x,  PV17.y,  PV17.z      

y: MOV         R8.y,  0.0f      

z: MOV         R8.z,  0.0f      

w: MOV         R8.w,  0.0f      

11 LOOP_DX10 i0 FAIL_JUMP_ADDR(17) 

12 ALU: ADDR(73) CNT(12) 

19  x: LSHL        ____,  R5.x,  (é).x      

w: ADD_INT     ____,  R6.x,  R1.x      VEC_120 

t: ADD_INT     R7.x,  R1.x,  (é).y

13 TEX: ADDR(368) CNT(2) 

22  VFETCH R0.x___, R0.y, fc156  MEGA(4) 

FETCH_TYPE(NO_INDEX_OFFSET) 

23  VFETCH R1.x___, R0.z, fc156  MEGA(4) 

FETCH_TYPE(NO_INDEX_OFFSET) 
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Clause execution
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08 ALU_PUSH_BEFORE: ADDR(62) CNT(2) 

15  x: SETGT_INT   R0.x,  R2.x,  R4.x      

16  x: PREDNE_INT  ____,  R0.x,  0.0fé

09 JUMP  POP_CNT(1) ADDR(18) 

10 ALU: ADDR(64) CNT(9) 

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

y: LSHL        ____,  R3.x,  (é).x      

z: LSHL        ____,  R2.x,  (é).x      VEC_120 

t: MOV         R8.x,  0.0f      

18  x: SUB_INT     R6.x,  PV17.y,  PV17.z      

y: MOV         R8.y,  0.0f      

z: MOV         R8.z,  0.0f      

w: MOV         R8.w,  0.0f      

11 LOOP_DX10 i0 FAIL_JUMP_ADDR(17) 

12 ALU: ADDR(73) CNT(12) 

19  x: LSHL        ____,  R5.x,  (é).x      

w: ADD_INT     ____,  R6.x,  R1.x      VEC_120 

t: ADD_INT     R7.x,  R1.x,  (é).y

13 TEX: ADDR(368) CNT(2) 

22  VFETCH R0.x___, R0.y, fc156  MEGA(4) 

FETCH_TYPE(NO_INDEX_OFFSET) 

23  VFETCH R1.x___, R0.z, fc156  MEGA(4) 

FETCH_TYPE(NO_INDEX_OFFSET) 
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The SIMD Engine

Á16 processing elements: physical vector

ÁExecutes two 64 -element wavefronts over 4 cycles: logical vector

ï Each lane executes a 5 -way VLIW instruction

ÁLane masking and branching to support divergence

ÁHardware barrier support for up to 8 work groups per SIMD engine
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Exp/ Ld/Store
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The SIMD Engine

Á16 processing elements: physical vector

ÁExecutes two 64 -element wavefronts over 4 cycles: logical vector

ï Each lane executes a 5 -way VLIW instruction

ÁLane masking and branching to support divergence

ÁHardware barrier support for up to 8 work groups per SIMD engine
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The Local Data Share

SIMD Engine

Conflict 
detection

and
control 

scheduling

Source collectors and return data staging

Input address cross bar

Read data cross bar

Write data cross bar
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