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Reading Assignment #6 (until Oct 21)

Read (required):

• Programming Massively Parallel Processors book (4th edition),
Chapter 5 (Memory architecture and data locality)

Read (optional):

• Programming Massively Parallel Processors book (4th edition),
Chapter 20 (An introduction to CUDA streams)

• Programming Massively Parallel Processors book (4th edition),
Chapter 21 (CUDA dynamic parallelism)
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Example: Matrix Multiplication (3)

• Multiply matrix block-wise

• Set BLOCK_SIZE for efficient hardware
use, e.g., to 16 on cc. 1.x or
16 or 32 on cc. 2.x +

• Maximize parallelism
– Launch as many threads

per block as block elements

– Each thread fetches one
element per block

– Perform row * column
dot products in parallel
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Example: Matrix Multiplication (4)
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__global__ void MatrixMul( float *matA, float *matB, float *matC, int w )
{

__shared__ float blockA[ BLOCK_SIZE ][ BLOCK_SIZE ];
__shared__ float blockB[ BLOCK_SIZE ][ BLOCK_SIZE ];

int bx = blockIdx.x; int tx = threadIdx.x;
int by = blockIdx.y; int ty = threadIdx.y;

int col = bx * BLOCK_SIZE + tx;
int row = by * BLOCK_SIZE + ty;

float out = 0.0f;
for ( int m = 0; m < w / BLOCK_SIZE; m++ ) {

blockA[ ty ][ tx ] = matA[ row * w +   m * BLOCK_SIZE + tx       ];
blockB[ ty ][ tx ] = matB[ col     + ( m * BLOCK_SIZE + ty ) * w ];
__syncthreads();

for ( int k = 0; k < BLOCK_SIZE; k++ ) {
out += blockA[ ty ][ k ] * blockB[ k ][ tx ];

}
__syncthreads();

}

matC[ row * w + col ] = out;
}

Caveat: for brevity, this code assumes matrix sizes 
are a multiple of the block size (either because 
they really are, or because padding is used; 
otherwise guard code would need to be added) 
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Running on a V100 (Volta) SM

courtesy Kayvon Fatahalian

(sub-core == SM partition)



Limits in CUDA Programming Guide
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What About Memory Performance?
(more to come later…)

What About Memory Performance?
(more to come later…)
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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!

Md Nd
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Thread 1
Thread 2

Not coalesced coalesced
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CUDA Memory:
Overview

CUDA Memory:
Overview



cached on Fermi or newer!

cached on Fermi 
or newer!



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
(Hopper/CC 9.x: also thread block clusters)

Constant memory: Constant (uniform) cache

Unified memory programming: Device/host memory sharing
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Memory Configurations and Types

for Different Compute Capabilities
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NVIDIA Architectures (since first CUDA GPU)

Tesla [CC 1.x]: 2007-2009

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

Fermi [CC 2.x]: 2010 (2011, 2012, 2013, …)

• GF100, ... (GTX 480, ...)
GF104, ... (GTX 460, ...)
GF110, ... (GTX 580, ...)

Kepler [CC 3.x]: 2012 (2013, 2014, 2016, …)

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

Maxwell [CC 5.x]: 2015

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

Pascal [CC 6.x]: 2016 (2017, 2018, 2021, 2022, …)

• GP100 (Tesla P100, ...)

• GP10x: x=2,4,6,7,8, ...
(GTX 1060, 1070, 1080, Titan X Pascal, Titan Xp, ...)
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Volta [CC 7.0, 7.2]: 2017/2018

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

Turing [CC 7.5]: 2018/2019

• TU102, TU104, TU106, TU116, TU117, ...
(Titan RTX, RTX 2070, 2080 (Ti), GTX 1650, 1660, ...)

Ampere [CC 8.0, 8.6, 8.7]: 2020

• GA100, GA102, GA104, GA106, ...
(A100, RTX 3070, 3080, 3090 (Ti), RTX A6000, ...)

Hopper [CC 9.0], Ada Lovelace [CC 8.9]: 2022/23

• GH100, AD102, AD103, AD104, ...
(H100, L40, RTX 4080 (12/16 GB), 4090, RTX 6000, ...)

Blackwell [CC 10.0]: coming in 2024/25

• GB200/GB202, GB20x, ...?
(RTX 5080/5090, GB200 NVL72, HGX B100/200, ...?)

see https://en.wikipedia.org/wiki/List_of_Nvidia_graphics_processing_units
and https://en.wikipedia.org/wiki/CUDA



GK104 SMX

Multiprocessor: SMX (CC 3.0)

• 192 CUDA cores
(192 = 6 * 32)

• 32 LD/ST units

• 32 SFUs

• 16 texture units

Two dispatch units per warp
scheduler exploit ILP
(instruction-level parallelism)

Can dual-issue ALU instructions!
(“superscalar”)



GK110 SMX

Multiprocessor: SMX (CC 3.5)

• 192 CUDA cores
(192 = 6 * 32)

• 64 DP units

• 32 LD/ST units

• 32 SFUs

• 16 texture units

New read-only
data cache (48KB)



Compute Capab. 3.x (Kepler, Part 1)



Compute Capab. 3.x (Kepler, Part 2)



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



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



Maxwell (GM) Architecture

Multiprocessor: SMM (CC 5.x)

• 128 CUDA cores

• 4 DP units; 32 LD/ST units; 32 SFUs

• 8 texture units

4 partitions inside SMM

• 32 CUDA cores each

• 8 LD/ST units; 8 SFUs each

• Each has its own register file,
warp scheduler, two dispatch units
(but cannot dual-issue ALU insts.!)

Shared memory and L1 cache now
separate!

• L1 cache shares with texture cache

• Shared memory is its own space



Compute Capab. 5.x (Maxwell, Part 1)
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Compute Capab. 5.x (Maxwell, Part 2)
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Compute Capab. 5.x (Maxwell, Part 3)
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Compute Capab. 5.x (Maxwell, Part 4)
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NVIDIA Pascal GP100 SM

Multiprocessor: SM (CC 6.0)

• 64 CUDA cores

• 32 DP units

• 16 LD/ST units

• 16 SFUs

• 4 texture units

2 partitions inside SM

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

• Each has its own register file, warp scheduler, two dispatch units
(but cannot dual-issue ALU (single precision core) insts.!)



NVIDIA Pascal GP104 SM

Multiprocessor: SM (CC 6.1/6.2)

• 128 CUDA cores

• 32 LD/ST units

• 32 SFUs

• 8 texture units

4 partitions inside SM

• 32 CUDA cores; 8 LD/ST units; 8 SFUs

• Each has its own register file,
warp scheduler, two dispatch units
(but cannot dual-issue ALU insts.!)



Compute Capab. 6.x (Pascal, Part 1)
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Compute Capab. 6.x (Pascal, Part 2)
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NVIDIA Volta SM

Multiprocessor: SM (CC 7.0)

• 64 FP32 + 64 INT32 cores

• 32 FP64 cores

• 32 LD/ST units; 16 SFUs

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

4 partitions inside SM

• 16 FP32 + 16 INT32 cores each

• 8 FP64 cores each

• 8 LD/ST units; 4 SFUs each

• 2 tensor cores each

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



NVIDIA Turing SM

Multiprocessor: SM (CC 7.5)

• 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; 4 SFUs each

• 2 Turing tensor cores each

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



Compute Capab. 7.x (Volta/Turing, Part 1)
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Compute Capab. 7.x (Volta/Turing, Part 2)
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Compute Capab. 7.x (Volta/Turing, Part 3)
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Compute Capab. 7.x (Volta/Turing, Part 4)



Compute Capab. 7.x (Volta/Turing, Part 5)



NVIDIA GA100 SM

Multiprocessor: SM (CC 8.0)

• 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; 4 SFUs each

• 1 3rd gen tensor core each

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



NVIDIA GA10x SM

Multiprocessor: SM (CC 8.6)

• 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

• 32 (16+16) FP32 + 16 INT32 cores

• 4 LD/ST units; 4 SFUs each

• 1 3rd gen tensor core each

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



NVIDIA AD102 SM

Multiprocessor: SM (CC 8.9)

• 128 (64+64) FP32 + 64 INT32 cores

• 2 (!) FP64 cores (not in diagram)

• 4x 4th gen tensor cores

• 1x 3rd gen RT (ray tracing) core

• ++ thread block clusters, FP8, … (?)

4 partitions inside SM

• 32 (16+16) FP32 + 16 INT32 cores

• 4x LD/ST units; 4 SFUs each

• 1x 4th gen tensor core each

• Each has: warp scheduler,
dispatch unit, 16K register file
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Compute Capab. 8.x (Ampere/Ada, Part 1)
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Compute Capab. 8.x (Ampere/Ada, Part 2)
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Compute Capab. 8.x (Ampere/Ada, Part 3)
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NVIDIA GH100 SM

Multiprocessor: SM (CC 9.0)

• 128 FP32 + 64 INT32 cores

• 64 FP64 cores

• 4x 4th gen tensor cores

• ++ thread block clusters, DPX insts., FP8, TMA

4 partitions inside SM

• 32 FP32 + 16 INT32 cores

• 16 FP64 cores

• 8x LD/ST units; 4 SFUs each

• 1x 4th gen tensor core each

• Each has: warp scheduler,
dispatch unit, 16K register file
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Compute Capab. 9.x (Hopper, Part 1)
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Compute Capab. 9.x (Hopper, Part 2)
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CUDA Memory:
Shared Memory
CUDA Memory:
Shared Memory



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
(Hopper/CC 9.x: also thread block clusters)

Constant memory: Constant (uniform) cache

Unified memory programming: Device/host memory sharing
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L1 Cache vs. Shared Memory

Different configs on Fermi and Kepler; carveout on Maxwell and newer

• More shared memory on newer GPUs (64KB, 96KB, 100KB, 164KB, ...)

Carveout from unified L1/read-only data cache

(See CUDA C Programming Guide!)



NVIDIA GH100 SM

Multiprocessor: SM (CC 9.0)

• 128 FP32 + 64 INT32 cores

• 64 FP64 cores

• 4x 4th gen tensor cores

• ++ thread block clusters, DPX insts., FP8, TMA

4 partitions inside SM

• 32 FP32 + 16 INT32 cores

• 16 FP64 cores

• 8x LD/ST units; 4 SFUs each

• 1x 4th gen tensor core each

• Each has: warp scheduler,
dispatch unit, 16K register file
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Compute Capab. 9.x (Hopper, Part 2)
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later: use carveout

use cudaFuncSetAttribute()





Memory Banks

Fermi/Kepler/Maxwell
and newer:

32 banks

default:
4B / bank

Kepler or newer:
configurable
to 8B / bank
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Thank you.


