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Announcements (12/01)
❑ Project responses given - be sure to check your group slack to ensure that you see 

expectations
❑ HW3 Due Yesterday
❑ HW4 Released (Due Dec 7)

o Profiling a convolutional kernel
o Done in Colab

❑ HW5 Released (Due Dec 18)
o Group Assignment
o Batch GEMM algorithm in CUDA
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Convolutions
❑ Convolutional filters are arrays (1-d), 

matrices (2-d) and higher dimensional 
tensors (3-d) applied to input data

❑ These filters are also called kernels 
(we will use filters in later slides to 
avoid the confusion with cuda kernels)

❑  Have different uses
o 1-D (Audio)
o 2-D (Images)
o 3-D (Video)
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Convolutions in 1-D

❑ Consider input data x of length 
n, filter f of length 2r +1

❑ r is often considered the radius  
of the convolution filter

❑ The output is some vector of 
data y
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1-D examples
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1-D examples
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How do we handle the data on the edge?
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How do we handle the data on the edge?
Pad the inputs with 

zeros.
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1-D examples
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2-D Convolution
❑
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2-D Convolution
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2-D Convolution

Similar to the 
1-d case, we 

pad with zeros 
for the edge 

cases
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2-D Convolution

How should we 
parallelize this?
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2-D Kernel without Constant Memory
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2-D Kernel without Constant Memory
Issues with this approach?
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2-D Kernel without Constant Memory
Issues with this approach?

Divergence, no constant memory, potentially low arithmetic intensity 
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Revisiting Constant Memory
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Revisiting Constant Memory
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Revisiting Constant Memory
❑ Constant memory is a read-only memory on each SM
❑ Allows for reduced logic in hardware as coherence is not necessary
❑ Access is faster than global and shared across all threads
❑ Useful for convolutions, where the filter is constant in execution
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2-D Kernel with Constant Memory
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2-D Kernel with Constant Memory

Same kernel 
as before - 
now using 
constant F 
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2-D Kernel with Constant Memory

This line inside of main

Same kernel 
as before - 
now using 
constant F 
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2-D Kernel with Constant Memory

This line inside of main

Same kernel 
as before - 
now using 
constant F 

How is memory 
loading from N 
working here?
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How else can we implement this?

Shared Memory Tiling
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Tiled Kernel
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Tiled Kernel Assume we launch 4x4 threadblocks. 
(What is the problem with this size of 

threadblock?)
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Tiled Kernel We have to choose either to tile by input or by output. In other 
words, either every thread loads and only some compute 

(input) or every thread computes and loads more than once 
(output)
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Tiled 
Kernel
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Tiled 
Kernel

All load, some 
compute
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Tiled Kernel (previous slide ) Approach
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Alternative Tiled Kernel
We can also use a kernel which has every thread load in one 
entry, and compute one entry - then load all outside entries 
directly from global memory (this assumes we rely more heavily 
on L2 cache to store values across threadblocks)
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Alternative Tiled Kernel
We can also use a kernel which has every thread load in one 
entry, and compute one entry - then load all outside entries 
directly from global memory (this assumes we rely more heavily 
on L2 cache to store values across threadblocks)
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Connecting to HW4
❑ HW4 deals with all three of the discussed implementations using constant 

memory (+ 1 additional implementation)
❑ You will have to profile each of these & see what practical speedups look 

like
❑ So far, we have discussed that we should expect speedups when using 

shared memory → You have to verify whether this is true in practice for this 
kernel


