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● Verilog used to design digital systems
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The Verilog HDL

Implementation
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The Digital Design pipeline

● Specification → Implementation is hard



2021-2023: ML-written code by Large Language Models
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2022-2023 “Conversational” LLMs



How do LLMs work?
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How are LLMs made?

● LLMs are trained over large text datasets to “learn” to predict the next tokens

● Can be fine-tuned for specific tasks, 
○ e.g. code-writing:

Fine-TuneTrain



Prompt: (code, comments → tokens)

int main (

How do LLMs "generate"? (simplified)

Token Probability

92%

) 6%

argv 1%

* 0.1%

{ 0.1%

\n 0.04%

argc

Suggestions:

int
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Generating Hardware with LLMs



● DAVE - Deriving Verilog Automatically from English (2020)
○ Finetuned GPT-2 over textbook problems

○ Was good with syntax, but had no “creativity” and wouldn’t create any new variables 

● VeriGen (2023)
○ Finetuned Codex model

○ Trained over a large corpus of Verilog from both GitHub and from textbooks

○ Outperformed state of the art general models at the time
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Verilog-specific LLMs



Chip-Chat
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● Human feedback (a “conversation”) leads to design success
● How complex a design can we go?
● Let’s try make an (8-bit) processor
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● What we have done up to this point is “chip-chat”, talking with the LLMs to 
generate 100% of our Verilog

● Is this practical? 

○ Scalability concerns

○ Third party models

○ Human component

○ Correctness?
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Evaluating LLMs via “Script”-ed design flows

Structured conversation flow

J. Blocklove, S. Garg, R. Karri, and H. Pearce, “Chip-Chat: Challenges and Opportunities in Conversational Hardware Design,” Sep. 2023, 
doi: https://doi.org/10.1109/mlcad58807.2023.10299874.
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● ChatGPT4 Passes most tests with only tool feedback



Automating the process
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● Human feedback is nebulous and costly, can we reduce it?

● Can LLMs understand tool feedback if the testbenches are explicit enough?

S. Thakur, J. Blocklove, H. Pearce, B. Tan, S. Garg, and R. Karri, “AutoChip: Automating HDL Generation Using LLM Feedback,” arXiv.org, 
Nov. 08, 2023. https://arxiv.org/abs/2311.04887 (accessed Mar. 26, 2024).



● HDLBits
○ A website for teaching Verilog

○ Selected 120 prompts from

different categories

21

Benchmarking
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Results
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Results



Thank you to our sponsors!
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