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ÅSIMD = Single Issue Multiple Dispatch 
ÅTP = Thread Processor 
ÅSC = Scalar Core 
ÅSP = Single Precision 
ÅDP = Double Precision 

ÅFMA = Fused Multiply/Add 
ÅSF = Special Function (transcendental: 

sin, cos, arc tan, sqrt, pow, etc) 
ÅSM = Streaming Multiprocessor 
ÅOpenCL = Open Compute Language 

ÅCAL/IL = Compute Abstraction Layer / 
Intermediate Language 
ÅCUDA = Compute Unified Device 

Architecture 
ÅPTX = Parallel Thread eXecution 

Å Up to 1600 SCs @ 725 - 850MHz Å ¦Ǉ ǘƻ рмн /¦5!ϰ ŎƻǊŜǎ Ϫ мΦмр - 1.4GHz 

Å 1600 SP, 320 DP, 320 SF Å 512 SP, 256 DP, 64 SF 

Å 20 SIMDs * 16 TPs * 5 SCs issuing 
4 SP or 2 SP FMA or 2 DP or 1 DP FMA 
and 1 SP or 1 SF every cycle 

Å 16 SMs each with 32 SP units, 
16 DP units, 4 SF units, 
and 16 L1 Cache Load / Store units 

Å 32KB Local Memory 
8KB L1 Cache per SIMD 

Å 16 KB / 48 KB or 48 KB / 16 KB selectable 
L1 Cache / Shared memory per SM 

Å hǇŜƴ/[ϰ -> CAL/IL software stack Å CUDA + OpenCL -> PTX software stack 

Å 2.72 TFLOPs SP / 544 GFLOPs DP 
(Theoretical maximum, Radeon HD5870 
@ 850MHz, 1600 Cores) 

Å 1.03 TFLOPs SP / 515 GFLOPs DP 
(Theoretical maximum, Tesla C2050 
@ 1.15GHz, 448 Cores) 



Architecture Competes with 
NVIDIA 

Architecture 

GPU Chip 
(Card Name) 

SIMD Engines 
(Thread Processors) 

Compute Cores 
SP / DP / SFU 
(5/1/1 per TP) 

Max TFLOPs 
(SP / DP) 

R600 Family G80 RV670 (HD3870) 4 (64) 320 / 64 / 64 .496 / .099 

R700 Family 
GT200 

RV770 (HD4870) 10 (160) 800 / 160 / 160 1.20 / .24 

Evergreen 
Family 

Juniper (HD5770) 10 (160) 800 / 0 / 160 1.36 / 0 

GF100 
Cypress (HD5870) 20 (320) 1600 / 320 / 320 2.72 / .544 

Hemlock (HD5970) 20 x2 (640) 3200 / 640 / 640 4.64 / .928 
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Diagrams and information from sources including: GPU Computing: Past, Present, and Future, ATI Stream SDK OpenCL Programming Guide, AMD: 
Unleashing the Power of Parallel Compute, The RV870 Story: AMD Showing up to the Fight, Wikipedia 

http://developer.amd.com/gpu_assets/GPU Computing - Past Present and Future with ATI Stream Technology.pdf
http://developer.amd.com/gpu_assets/ATI_Stream_SDK_OpenCL_Programming_Guide.pdf
http://sa09.idav.ucdavis.edu/docs/SA09_AMD_IHV.pdf
http://sa09.idav.ucdavis.edu/docs/SA09_AMD_IHV.pdf
http://www.anandtech.com/show/2937
http://en.wikipedia.org/wiki/Comparison_of_AMD_graphics_processing_units


ÅCompute Units 
ïSIMD Engines 

ïBU = Branch Unit 

ïSFU = Special Function Unit 

ïSC = Stream Core 
Group of 4 {/Ωǎ Ŏŀƴ ǇǊƻŘǳŎŜ ǇŜǊ ŎƭƻŎƪΥ 

4x 32-bit FP Fused MUL + ADD 

or 2x 64-bit DP MUL or ADD 

or 1x 64-bit DP Fused MUL + ADD 

or 4x 24-bit Integer MUL or ADD+ 

Å20 SIMD Engines * 16 Thread 
Processors * 5 SCs = 1600 
SIMD Stream Cores 
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Ultra-Threaded 
Dispatch Processor 

Instruction Cache 

Constant Cache 

128KB L2 128KB L2 128KB L2 128KB L2 
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Thread Generator Command Processor 

SIMD Engine 
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Fetch Unit 

8KB L1 Cache 

Thread Processor 

SC SC SC SC SC/SFU BU 

General Purpose Registers 
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1600 cores in 20 SIMD Engines 

850 MHz core clock 

32KB Registers per SIMD 

8KB L1 Cache per SIMD 

32KB * 20 = 640KB local memory 

8KB * 20 = 160KB L1 cache 

64 KB Shared memory (total) 

128 KB * 4 banks = 512KB L2 cache 

1 GB global memory 

GDDR5 ς 1200 MHz, 153.6 GB/s 

2.15 Billion transistors 
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CUDA 
Compute 
Capability 

GPU Chip Series 
TPCs (Fully 
populated) 

MPs per 
TPC (see note) 

Compute cores per 
Multiprocessor: 

Warps (Groups of 
32 Threads) 

active per MP 

Atomic 
Operations 

Memory 
Access and 
Coalescing 

Compute cores per GPU 
(Fully populated) 

SP DP SFU SP DP SFU 

1.0 G80 8 2 8 0 2 24 None 16 thread 
alignment or 
penalty incurred 

128 0 32 

1.1 G84/G92 8 2 8 0 2 32 32-bit 128 0 32 

1.3 GT200 10 3 8 1 2 32 
32 and 
64-bit 

Degrades 
gracefully if 
unaligned 

240 30 60 

2.0 GF100 16 1 
32 16 4 64 (2 Warp 

Schedulers 
per MP) 

32 and 
64-bit 

Cache used to 
prevent 
degradation 

512 256 64 

16 Load / Store 256 Load / Store 

Note: Thread Processing Clusters (TPCs) in the GPU units below combine MultiProcessors (MPs) in the ά{ŎŀƭŀōƭŜ Processor !ǊǊŀȅέ 
Framework with other graphics related units to do graphics processing. Some of these units are repurposed with different names 
to do High Performance Computation (HPC), and some new units are added. The number of TPCs in each product implementation 
as well as computational features may vary by market segment (budget, gaming, HPC, CAD, etc). For example, the GTX 260 has 9 
of the 10 TPCs Ą 27 of 30 MPs Ą 216 of the 240 cores, and the GTX 480 has 15 of 16 TPCs Ą 15 of 16 MPs Ą 480 of 512 cores.  
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Diagrams and information from sources including: Getting Started with CUDA, CUDA Optimization, NVIDIA CUDA Programming Guide 3.0, NVIDIA Fermi 
Compute Architecture Whitepaper, Wikipedia 

http://www.nvidia.com/content/cudazone/download/Getting_Started_w_CUDA_Training_NVISION08.pdf
http://www.nvidia.com/content/cudazone/download/Getting_Started_w_CUDA_Training_NVISION08.pdf
http://www.nvidia.com/content/cudazone/download/Getting_Started_w_CUDA_Training_NVISION08.pdf
http://www.nvidia.com/content/GTC/documents/SC09_Optimization_Micikevicius.pdf
http://developer.download.nvidia.com/compute/cuda/3_0/toolkit/docs/NVIDIA_CUDA_ProgrammingGuide.pdf
http://www.nvidia.com/content/PDF/fermi_white_papers/NVIDIA_Fermi_Compute_Architecture_Whitepaper.pdf
http://www.nvidia.com/content/PDF/fermi_white_papers/NVIDIA_Fermi_Compute_Architecture_Whitepaper.pdf
http://en.wikipedia.org/wiki/Comparison_of_NVIDIA_graphics_processing_units


ÅCompute Unified Device Architecture 

Å1 Warp = 32 Threads 

Å32 max warps active per Warp Scheduler 
1024 threads active at once per Scheduler 
Actual number of threads managed depends on 
amount of memory used per thread 

ÅCompute and Memory Units 
ï SP = Streaming Processor - CUDA Core 

ï LD/ST = Load/Store Unit 

ï SFU = Special Function Unit 

ï DP = Double Precision Logic Unit 

ÅGlobal memory latency is on the order of 
400 to 800 cycles. Optimal HPC performance 
is achieved by hiding latency in calculations 
by organizing warps in a memory coherent 
manner. 
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L1 Cache / Shared Memory 
Switchable 16 KB / 48 KB or 48 KB / 16 KB 

Dispatch Dispatch 

Warp Scheduler Warp Scheduler 

Instruction Cache 


