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Reading Assignment #14 (until Dec 6)

Read (required):

• Warp Shuffle Functions
– CUDA Programming Guide 11.5, Appendix B.22

• CUDA Cooperative Groups

– CUDA Programming Guide 11.5, Appendix C
– https://developer.nvidia.com/blog/cooperative-groups/

• Programming Tensor Cores
– CUDA Programming Guide 11.5, Appendix B.24 (Warp matrix functions)
– https://developer.nvidia.com/blog/programming-tensor-cores-cuda-9/

Read (optional):

• CUDA Warp-Level Primitives
– https://developer.nvidia.com/blog/using-cuda-warp-level-primitives/

• Warp-aggregated atomics
– https://developer.nvidia.com/blog/

cuda-pro-tip-optimized-filtering-warp-aggregated-atomics/



GPU Parallel Prefix Sum
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Courtesy John Owens
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Down-Sweep Variant 1: Exclusive Scan
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Down-Sweep Variant 2: Inlusive Scan
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32 for full warps!

32-thread full warp!



Use Padding to Reduce Conflicts













CUDA Memory
Continued
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Memory and Cache Types

Global memory

• [Device] L2 cache

• [SM] L1 cache (shared mem carved out;  or L1 shared with tex cache)

• [SM/TPC] Texture cache (separate, or shared with L1 cache)

• [SM] Read-only data cache (storage might be same as tex cache)

Shared memory

• [SM] Shareable only between threads in same thread block

Constant memory: Constant (uniform) cache

Unified memory programming: Device/host memory sharing
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Map higher-dimensional space to 1D

• Z-order: Equivalent to quadtree (octree in 3D) depth-first traversal order

Space-Filling Curves: Morton Order (Z Order)
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• CUDA “surfaces” are writeable textures!
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Global Memory Accesses

• Memory coalescing

• Cached memory access
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Memory Coalescing

• When accessing global memory, peak performance 
utilization occurs when all threads in a half warp (full 
warp on Fermi) access continuous memory locations.

• Requirements relaxed on >=1.2 devices; L1 cache on Fermi!
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Thread 2
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Global Memory Acc.

CUDA 6.5 (cc. 1.0 – 3.x)

Cached on Fermi (cc. 2.x)
and higher

L1 cache per SM

Global L2 cache

Compile time flag can choose:

• Caching in both L1 and L2

• Caching only in L2

Cache line size (L1, L2):

• 128 bytes



Global Memory Access Arch. Differences (1)
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Global Memory Access Arch. Differences (2)
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Global Memory Access Arch. Differences (3)
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Compute Capab. 3.x (Kepler, Part 3)
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Global Memory Access

all recent
compute capabilities
(- 8.x)

Beware:

Uncached here means 
not cached in L1

the L2 cache is
always used!















Compute Capab. 3.x (Kepler, Part 4)



Vectorized Memory Access

See   https://devblogs.nvidia.com/cuda-pro-tip-increase-
performance-with-vectorized-memory-access/

SASS
LD.E.64, LD.E.128,
ST.E.64, ST.E.128



Vectorized Memory Access

See   https://devblogs.nvidia.com/cuda-pro-tip-increase-
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Thank you.

• Hendrik Lensch, Robert Strzodka

• NVIDIA


