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Reading Assignment #6 (until Oct 11)

Read (required):

• CUDA NVCC doc (https://docs.nvidia.com/cuda/pdf/CUDA_Compiler_Driver_NVCC.pdf)
Read Chapters 1 – 3; Chapter 5; get an overview of the rest

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

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

Read (optional):

• PTX Instruction Set Architecture 7.4 (https://docs.nvidia.com/cuda/pdf/ptx_isa_7.4.pdf)
Read Chapters 1 – 3; get an overview of Chapter 12;
browse through the other chapters to get a feeling for what PTX looks like

• CUDA SASS, Chapter 4: https://docs.nvidia.com/cuda/pdf/CUDA_Binary_Utilities.pdf



NVIDIA Volta Architecture
CC 7.0, 2017/2018



NVIDIA Volta Architecture (2017/2018)



Instruction Throughput

Instruction throughput numbers in CUDA C Programming Guide (Chapter 5.4)
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see NVDIA CUDA C Programming Guides (different versions)
performance guidelines/multiprocessor level; compute capabilities

Instruction Latencies and Instructions / SM
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NVIDIA Volta SM

CC 7.0 Multiprocessor

• 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
CC 7.5, 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, …)



Instruction Throughput

Instruction throughput numbers in CUDA C Programming Guide (Chapter 5.4)
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see NVDIA CUDA C Programming Guides (different versions)
performance guidelines/multiprocessor level; compute capabilities

Instruction Latencies and Instructions / SM
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NVIDIA Turing SM

CC 7.5 Multiprocessor

• 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
CC 8.0/8.6, 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)



Instruction Throughput

Instruction throughput numbers in CUDA C Programming Guide (Chapter 5.4)
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see NVDIA CUDA C Programming Guides (different versions)
performance guidelines/multiprocessor level; compute capabilities

Instruction Latencies and Instructions / SM
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NVIDIA GA100 SM

CC 8.0 Multiprocessor

• 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

CC 8.6 Multiprocessor

• 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



Comparison CC 3.5 – 8.6
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NVIDIA Ampere GA102 Architecture (2020)

GA 102 (RTX 3070, 3080, 3090, A40) Full GPU: 84 SMs (in 7 GPCs/42 TPCs)

• 64K 32-bit registers / SM = 256 KB register storage per SM

• 128 KB shared memory / L1 per SM

For 84 SMs on full GPU [RTX 3090: 82 SMs]

• 21 MB register storage, 10.5 MB shared mem / L1 storage =
31.5 MB context+”shared context” storage !

• L2 cache size on A40, RTX 3090: 6 MB

• 10,752 FP32 cores (128 FP32 cores per SM) [RTX 3090: 10,496]

• 129,024 max threads in flight (max warps / SM = 48) [RTX 3090: 125,952]



NVIDIA Ampere GA100 Architecture (2020)

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

• 64K 32-bit registers / SM = 256 KB register storage per SM

• 192 KB shared memory / L1 per SM

For 128 SMs on full GPU [A100: 108 SMs]

• 32 MB register storage, 24 MB shared mem / L1 storage =
56 MB context+”shared context” storage !

• L2 cache size on A100: 40 MB

• 8,912 FP32 cores (64 FP32 cores per SM) [A100: 6,912]

• 262,144 max threads in flight (max warps / SM = 64) [A100: 221,184]



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.


