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Reading Assignment #6 (until Oct 12)

Read (required):

• Programming Massively Parallel Processors book,
2nd edition: Chapter 5 (CUDA Memories)
3rd edition:  Chapter 4 (Memory and Data Locality)

• Look at the “Tuning Guides“ for different architectures in the CUDA SDK

Read (optional):

• This week is NVIDIA GTC (Oct 5 – 9):

https://www.nvidia.com/en-us/gtc/

• NVIDIA Ampere (GA101) white paper:

https://www.nvidia.com/content/dam/en-zz/Solutions/geforce/ampere/pdf/
NVIDIA-ampere-GA102-GPU-Architecture-Whitepaper-V1.pdf

• NVIDIA Ampere (A100) Tensor Core GPU white paper:

https://www.nvidia.com/content/dam/en-zz/Solutions/Data-Center/
nvidia-ampere-architecture-whitepaper.pdf



NVIDIA Architectures (since first CUDA GPU)

Tesla: 2007-2009

• G80, G9x: 2007 (Geforce 8800, ...)
GT200: 2008/2009 (GTX 280, ...)

Fermi: 2010

• GF100, ... (GTX 480, ...)
GF110, ... (GTX 580, ...)

Kepler: 2012

• GK104, ... (GTX 680, ...)
GK110, ... (GTX 780, GTX Titan, ...)

Maxwell: 2015

• GM107, ... (GTX 750Ti, ...)
GM204, ... (GTX 980, Titan X, ...)
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Pascal: 2016

• GP100 (Tesla P100, ...)

• GP10x: x=2,4,6,7,8, ...
(GTX 1080, Titan X Pascal...)

Volta: 2017/2018

• GV100, ...
(Tesla V100, Titan V, ...)

Turing: 2018/2019

• TU102, TU104, TU106, TU116, ...
(Titan RTX, RTX 2070, 2080, 2080Ti, ...)

Ampere: 2020

• GA100, GA102, GA104, ...
(A100, RTX 3070, 3080, 3090, ...)



NVIDIA Pascal Architecture
2016

GP100, GP10x: x=2,4,6,7,8, ...
(GTX 1080, Titan X Pascal...)



KAUST   King Abdullah University of Science and Technology 5

NVIDIA Pascal Architecture (2016)



NVIDIA Pascal GP100 SM

Multiprocessor: SM

• 64 CUDA cores

• 32 DP units

2 partitions inside SM

• 32 CUDA cores each; 16 DP units each; 8 LD/ST units each

• Each has its own warp scheduler, two dispatch units, register file



NVIDIA Pascal GP104 SM

Multiprocessor: SM

• 128 CUDA cores

4 partitions inside SM

• 32 CUDA cores; 8 LD/ST units

• Each has its own warp scheduler,
two dispatch units, register file



NVIDIA Pascal Architecture (2016)

Total chip capacity on Tesla P100 (GP100)

• 56 SMs

• 64 CUDA cores / SM = 3,584 CUDA cores in total

• 32 DP units / SM = 1,792 DP units in total

• 28 TPCs (2 SMs per TPC)

• 6 GPCs

Maximum capacity would be 60 SMs and 30 TPCs
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NVIDIA Volta Architecture
2017/2018



NVIDIA Volta Architecture (2017/2018)



NVIDIA Volta SM

Multiprocessor: SM

• 64 FP32 + INT32 cores

• 32 FP64 cores

• 8 tensor cores
(FP16/FP32 mixed-precision)

4 partitions inside SM

• 16 FP32 + INT32 cores each

• 8 FP64 cores each

• 8 LD/ST units each

• 2 tensor cores each

• Each has: warp scheduler,
dispatch unit, register file



Tensor Cores

Mixed-precision, fast matrix-matrix multiply and accumulate

From this, build larger sizes, higher dimensionalities, ...

[+Tensor cores on later architectures add more data types/precisions!]
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NVIDIA Volta Architecture (2017/2018)

Total chip capacity on Tesla V100 (GV100 architecture)

• 80 SMs

• 64 FP32 cores / SM = 5,120 FP32 cores in total

• 64 INT32 cores / SM = 5,120 INT32 cores in total

• 32 FP64 cores / SM = 2,560 FP64 cores in total

• 4 FP16/FP32 mixed-prec. tensor cores = 650 tensor cores in total

• 40 TPCs (2 SMs per TPC)

• 6 GPCs

Maximum capacity would be 84 SMs and 42 TPCs
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Kepler – Volta
Specs



Turing (vs. Pascal)

Apart from RT cores, Volta and Turing are very similar
(and both have compute capability 7.x: Volta: 7.0, Turing: 7.5)
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NVIDIA Turing Architecture
2018/2019

TU102, TU104, TU106, TU116, ...
(RTX 2070, 2080, 2080Ti, Tesla T4, ...)



NVIDIA Turing Architecture (2018/2019)

TU 102

(Geforce:

RTX 2080 Ti,

Quadro:

RTX 6000,

RTX 8000, …)



NVIDIA Turing Architecture (2018/2019)

TU 104

(Geforce:

RTX 2080,

Quadro:

RTX 5000, …)



NVIDIA Turing Architecture (2018/2019)

TU 106 (Geforce RTX 2070, …)



NVIDIA Turing SM

Multiprocessor: SM

• 64 FP32 + INT32 cores

• 2 (!) FP64 cores

• 8 Turing tensor cores
(FP16/32, INT4/8 mixed-precision)

• 1 RT (ray tracing) core

4 partitions inside SM

• 16 FP32 + INT32 cores each

• 4 LD/ST units each

• 2 Turing tensor cores each

• Each has: warp scheduler,
dispatch unit, 16K register file



NVIDIA Ampere Architecture
2020

GA100, GA102, GA104, ...
(A100, RTX 3070, RTX 3080, RTX 3090, ...)



NVIDIA Ampere GA100 Architecture (2020)

GA 100 (A100 Tensor Core GPU) Full GPU: 128 SMs (in 8 GPCs/64 TPCs)



NVIDIA GA100 SM

Multiprocessor: SM

• 64 FP32 + 64 INT32 cores

• 32 FP64 cores

• 4 3rd gen tensor cores

• 1 2nd gen RT (ray tracing) core

4 partitions inside SM

• 16 FP32 + 16 INT32 cores

• 8 FP64 cores

• 8 LD/ST units each

• 1 3rd gen tensor core each

• Each has: warp scheduler,
dispatch unit, 16K register file



NVIDIA Ampere GA10x Architecture (2020)

GA 102 (RTX 3070, 3080, 3090) Full GPU: 84 SMs (in 7 GPCs/42 TPCs)



NVIDIA GA10x SM

Multiprocessor: SM

• 128 (64+64) FP32 + 64 INT32 cores

• 2 (!) FP64 cores

• 4 3rd gen tensor cores

• 1 2nd gen RT (ray tracing) core

4 partitions inside SM

• 16+16 FP32 + 16 INT32 cores

• 4 LD/ST units each

• 1 3rd gen tensor core each

• Each has: warp scheduler,
dispatch unit, 16K register file



Turing vs. Ampere GA102
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Turing vs. Ampere GA102
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Turing vs. Ampere GA102
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Tensor Cores: Many Mixed Precision Options
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New in Ampere: TF32, BF16, FP64

plus FP64 (new in Ampere; GA100 only)

plus INT4/INT8/binary data types (already introduced in Turing)



Tensor Cores: Sparsity Support
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Sparse MMA instructions

2:4 structured sparsity



CUDA
Compute Capabilities
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Compute Capab. – 2.0

• 1024 threads / block

• More threads / SM

• 32K registers / SM 

• New synchronization functions



Compute Capabilities 2.0 – 3.5 (Fermi – Kepler)
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Compute Capab. 5.x (Maxwell, Part 1)

Maxwell

• GM107: 5.0

• GM204: 5.2



Compute Capab. 5.x (Maxwell, Part 2)

Maxwell

• GM107: 5.0

• GM204: 5.2



Compute Capabilities 3.5 – 7.0 (Kepler – Volta)



Compute Capabilities – 8.0 (Ampere)
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Thank you.


