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LLM Development Timeline!
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Wayne Xin Zhao et al. (2023).
arXiv:2303.18223.

“A survey of large language models”.
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Complicated Circuit Design and EDA Flow

A typical EDA flow...2
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*Xingquan Li et al (2024). “iEDA: An Open-Source Intelligent Physical Implementation Toolkit
and Library”. In: Proc. ASPDAC. 3/18



RTL Automatic Generation



RTL Code Generation

Verilog Source o) Test Benches
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Experimental Evaluation of LLM Verilog Completions.

Shailja Thakur et al. (2023). “Benchmarking Large Language Models for Automated Verilog RTL

Code Generation”. In: Proc. DATE, pp. 1-6. 5/18



Conversational Hardware Design

Interactive design approach:
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Jason Blocklove et al. (2023). “Chip-Chat: Challenges and Opportunities in Conversational Hard-
ware Design”. In: Proc. MLCAD. 6/18



Al Accelerator Design

LLM-powered Al Accelerator Design Automation
Applications

®= X

Requirements

Non-modular Baseline
TopModule(...) {

for (..

for (=) {

input_buffering_o(args);
for

for ...
computing_units_o(args);

@ One-shot design generation
@ Coupled design parameters and
long dependency

Decoupled Accelerator Template

‘SubModuleM<micro_arch_config>(

(a)

® Reduce code size

¢ Utilize hierarchy;, easier fine-tuning

Yonggan Fu et al. (2023). “GPT4AIGChip: Towards next-generation Al accelerator design au-

tomation via large language models”. In: Proc. ICCAD.



Self-Align Verilog with C

Customized
Dataset

Open-source

Data-processing Verilog
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Align Verilog with C to generate self-supervised dataset.

Zehua Pei et al. (2024). “BetterV: Controlled Verilog Generation with Discriminative Guidance”.
In: arXiv preprint arXiv:2402.03375. 8/18



EDA Script Generation



Flow Script Generation

#1: User Requirement

For the design named “aes” on the platform "asap7", please perform synthesis with a clock period of 5, followed
by floorplan with a core utilization of 70%. Then, execute placement with a density of 0.8. Next, proceed with CTS
to fix 40% of violating paths. Finally, evaluate the performance after routing using "power" metric.

\ #2: Task Decomposition #3: Script Generation
: task1: set up the EDA tool
| func: set_up()

| args:
i
1

:tasks perform CTS i | P

design_name: "aes"
1 func: cts()

platform: “asap7”

! task2: perform synthesis 1

! func: run_synthesis() )

1

el - i 1 task6: perform routin

| clock_period: 5 ' | fanc: « p 9

___________ ge====2 , func: glob.al,routeo

o S e | ! detail_route()

| task3: execute floorplan 1

! func: floorplan() )
1
1
|

| args:
1 core_utilization: 70

1
|
|
: ‘# Perform routing
1
1

,task4 perform placement :
Ifunc placement() )
1
1
1

1
eda global route() :

args:
: density: 0.8

Zhuolun He et al. (2023). “ChatEDA: A Large Language Model Powered Autonomous Agent for
EDA”. In: Proc. MLCAD. 10/18



Fine-tuning with Self-instruct

In-Context Examples

GPT-3.5/4 Instruction Pool

11/18



Fine-tuning with Self-instruct

In-Context Examples

GPT-3.5/4 Instruction Pool
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Design and EDA Flow Debug



Verilog Debugging
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YunDa Tsai, Mingjie Liu, and Haoxing Ren (2023). “RTLFixer: Automatically Fixing RTL Syntax
Errors with Large Language Models”. In: arXiv preprint arXiv:2311.16543. 13/18



ChipNemo

Hardware-related Domain Adaptive Pretraining (DAPT):

o Domain-Adaptive
Pretraining Pretraining
Foundation Model ;
Trillions tokens of I?E;MZZI(E?B 232)8 24B tokens of chip
internet data ' design docs/code
105— 108 GPU hrs Thousands GPU hrs

Supervised
Fine-Tuning
ChipNeMo ChipNeMo
Chat Models 128K chat insts Foundation Models
(7B, 13B) + 1.1K task insts (7B, 13B)
100+ GPU hrs

Mingjie Liu et al. (2023). “ChipNeMo: Domain-Adapted LLMs for Chip Design”. In: arXiv
preprint arXiv:2311.00176. 14/18




ChipNemo Applications

Q & A: Engineering Assistant Chatbot

® Motivation: Internal studies have shown that up to 60% of a typical chip
designer’s time is spent in debug or checklist related tasks: spec, testbench,
architecture, tools, infrastructure, - - -

Code generation: EDA Script Generation

® Motivation: Learning libraries, navigating tool documentation, writing and
debugging scripts, can take up a significant amount of engineering time.

Analysis & report: Bug Summarization and Analysis

¢ Motivation: Engineering managers spend a lot of time reviewing internal issue
tracking databases to build understanding of the state of the project and help
speed their execution.

Triage (future work)

15/18



Summary: Applications of LLM

¢ RTL Automatic Generation
¢ EDA Tool Script Generation
* RTL&EDA Flow Debug

Other applications:

¢ Design and Tool Parameter
Optimization

¢ Layout-level Optimization

® Education: toward Customers or
Universities

| =B @ @




Challenges: LLM + EDA

® Understand and customize RTL

¢ Understand and customize
complicated EDA flow

¢ Security: How not to hallucinate
¢ Privacy: How not to leak IP

* Ethical use of Al




THANK YOU!
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