Final Project

Zack Mendez and Michael Tung

Hey, Dr. Stitt and Wes, our project works entirely! It was a fun experience; we love
digital design/FPGA development, so this whole course was really educational and fun.
Here is a short summary followed by screenshots and stuff proving our design. If you need
any more information, please let us know.

Summary:
Dram_Read (Zack)

Man, | am so glad | did not have any metastability issues when creating this design. |
just used the handshake that Michael and | submitted for lab 5, and it works like a charm,
apparently. The main issues | had were with timing, the insanely dramatic address
generator, and the FIFO reset signals.

If you look at the schematic in more detail, it is easier to see what | did. In general, |
created a sort of edge-triggered latch that takes the go signal from the software and cuts it
off immediately after one cycle. Go being asserted for a long period of time because
software is slow would have caused issues, so | added this component so that the
dram_read entity has “go” asserted for only one clock cycle at a time. This "innovation" led
to the easier implementation of the counter-go and reset signals, the FIFO "reset" logic,
and the address generator. | also handed this component to my partner to help with his
reset logic for the kernel buffer, and it worked really nicely!

The FIFO reset was annoying, but my solution seems sort of elegant. | "reset" the
FIFO when “go” is asserted by draining the FIFO's last output, only if the previous
computation used an odd signal size. If the previous computation uses an even signal size,
then the FIFO never gets "reset" as the FIFO gets fully drained on each run. Thanks for the
announcement as it helped me figure this out. The Vivado FIFO being both full and empty
was really odd.



Convolution (Michael)

During the process of debugging why all the hardware outputs were 0, | tried
numerous approaches, including hardcoding values into the buffers and modifying the
testbench to better match how the design operates on the board. Initially, | suspected an
issue with the RAM control signals, as 0 typically indicates that we were not writing to the
RAM. However, despite extensive efforts, | could not locate the error.

After many hours of debugging, my teammate and | finally recreated the issue on
board. By inspecting the waveform, we discovered that the problem originated from not
resetting the buffers. This caused the buffers to remain stuck at the first written data, which
were all 0s, ultimately leading to the entire design failing. Interestingly, the design worked
when we tested one case at a time. | guess, in other words, we created a one-shot
convolution design.

Once we identified the root cause, we rewrote the reset logic for the buffers, and the
design now works back-to-back in simulation and on the server.

Overall design

We followed the videos closely and watched them around 20 times to see if we
missed anything for the overall design. There are many things that videos did not mention,
and we have to figure out. We tested the dram_read and convolution pipelines separately.
In the end, we combine them together and create a successful design.



Part 1: dram_read

Here’s the schematic of our dram_read, fully working with no metastability or timing issues:
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Next up, this image showcases the provided VHDL testbench running our dram_read code:

Figure 1: schematic of our dram_read
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After verification via testbench, we threw our dram_rd on the server (after a lot of annoying
Vivado errors- in all honesty this project was more of a can you make Vivado work properly
project than an RTL project).

Figure 3: our dram_read on the physical board



Part 2: Convolution Pipeline

Next up after dram_rd is convolution. Here are two screenshots of our convolution
schematic, using a kernel size of 3 so it looks visually pleasing to look at.
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Figure 4: our schematic using 3 kernel size for better visual representation
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Figure 5: our schematic part 2



Here’s a snippet of the convolution pipeline working in simulation with a sample input.
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Next up is a really ugly screenshot of the project manager in Vivado holding our dram_read
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Figure 7: convolution pipeline using our dram_read



Here is a screenshot of the server running the code with the **GIVEN** dram_rd and
convolution pipeline. Note the speedup, we think it looks good!
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Figure 8: given dram_rd and our convolution code



Here is a screenshot of the server running the code with the **OUR** dram_read and
convolution pipeline (aka the whole project). Again, note the speedup.

nel with ra

Figure 9: our dram_read and convolution pipeline

Thanks!



