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Reading Assignment #8 (until Oct 26)

Read (required):

• Programming Massively Parallel Processors book, 5th edition,
Chapter 15 (Advanced optimizations for matrix multiplication)
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Semester Project (proposal until Nov 1)

• Choosing your own topic encouraged!
(see next slides for some suggestions)

• Pick something that you think is really cool!

• Can be completely graphics or completely computation, or both combined

• Can be built on CS 380 frameworks, Vulkan SDK, CUDA SDK, ...

• Write short (1-2 pages) project proposal by Nov 1 at the latest

• Talk to us before you start writing!
(content and complexity should fit the lecture)

• Submit semester project with report (deadline: Dec 13)

• Present semester project, event in final exams week: Dec 14 (tbd!)
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Semester Project Ideas (1)

Some ideas for topics

• Procedural shading with noise + marble etc. (GPU Gems 2, chapter 26)

• Procedural shading with noise + bump mapping (GPU Gems 2, chapter 26)

• Subdivision surfaces (GPU Gems 2, chapter 7)

• Ambient occlusion, screen space ambient occlusion

• Shadow mapping, hard shadows, soft shadows

• Deferred shading

• Particle system rendering + CUDA particle sort

• Advanced image filters: fast bilateral filtering, Gaussian kD trees

• Advanced image de-convolution (e.g., convex L1 optimization)

• PDE solvers (e.g., anisotropic diffusion filtering, 2D level set segmentation,
2D fluid flow)
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Semester Project Ideas (2)

Some ideas for topics

• Distance field computation (GPU Gems 3, chapter 34)

• Livewire (“intelligent scissors“) segmentation in CUDA

• Linear systems solvers, matrix factorization (Cholesky, ...); with/without CUBLAS

• CUDA + matlab

• Fractals (Sierpinski, Koch, ...)

• Image compression

• Bilateral grid filtering for multichannel images

• Discrete wavelet transforms

• Fast histogram computations

• Terrain rendering from height map images; clipmaps or adaptive tesselation



Code Example: Matrix MultiplyCode Example: Matrix Multiply















Example: Matrix Multiplication (1)

• Copy matrices to device; invoke kernel; copy result matrix 
back to host
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Example: Matrix Multiplication (2)
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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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Limits in CUDA Programming Guide
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Chapter 20.2
(CUDA 13,
Oct 2, 2025



Limits in CUDA Programming Guide
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Chapter 20.2
(CUDA 13,
Oct 2, 2025



What About Memory Performance?What About Memory Performance?



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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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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later: use carveout

use cudaFuncSetAttribute()



8-byte bank size is/was only available on Kepler !
(using the now deprecated cudaSharedMemConfig()
all other architectures so far use a fixed bank size of 4 bytes!
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Parallel Memory Architecture

• In a parallel machine, many threads access memory
– Therefore, memory is divided into banks

– Essential to achieve high bandwidth

• Each bank can service one address per cycle
– A memory can service as many simultaneous 

accesses as it has banks

• Multiple simultaneous accesses to a bank
result in a bank conflict 
– Conflicting accesses are serialized

Bank 15

Bank 7
Bank 6
Bank 5
Bank 4
Bank 3
Bank 2
Bank 1
Bank 0

now: 32 banks!



Memory Banks

all architectures
since Fermi:

32 banks

bank size:
4 bytes / bank

(only on Kepler:
optionally
configurable to
8 bytes / bank)
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How addresses map to banks on G80

• Each bank has a bandwidth of 32 bits per clock cycle

• Successive 32-bit words are assigned to successive 
banks

• G80 has 16 banks
– So bank = address % 16

– Same as the size of a half-warp
• No bank conflicts between different half-warps, only within a 

single half-warp

Fermi and newer have 32 banks,
considers full warps instead of half warps!

now: 32 banks!

now: % 32

now: full warps



full warps instead of half warps on Fermi and newer!



Thank you.


