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CLI Command Line Interface
GUI Graphical User Interface
CUI Conversational User Interface

From CLI to GUI to CUI

2/30



2020

2023

2021
1-4

5-8

9-10

1-3

7-10

11-12

T5

GPT-3

WebGPT

BLOOMZ

Galatica

mT0

2019

FLAN

InstructGPT

GPT-NeoX-20B

CodeGen

OPT

OPT-IML

MT-NLG

T0

Tk-Instruct

GPT-4

GShard

UL2

PaLM Flan-T5

Flan-PaLM

Sparrow

ChatGPT

Ernie 3.0 Titan

Yuan 1.0

Gopher

GLaM

mT5 PanGu-𝛂

PLUG

LaMDA
CPM-2

HyperCLOVA

Codex

Jurassic-1

Ernie 3.0

Anthropic

NLLBCohere

Luminous

YaLM

11-12

2022

GLM

AlexaTM

BLOOM

WeLM

AlphaCode

Chinchilla

CodeGeeX

Falcon

CodeGen2

5-8

LLaMA2

StarCoder

PaLM2

Baichuan

RWKV MPT

InternLM

XVERSE

QWEN

Skywork

9-11

Publicly Available

4-6

1-4

LLaMA

PanGu-Σ

Bard

Pythia

Vicuna Baichuan2

Aquila2

Grok-1

FLM

1Wayne Xin Zhao et al. (2023). “A survey of large language models”. In: arXiv preprint
arXiv:2303.18223.

LLM Development Timeline1
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2Jingfeng Yang et al. (2024). “Harnessing the power of LLM in practice: A survey on ChatGPT
and beyond”. In: ACM TKDD 18.6, pp. 1–32.

LLM Structure2
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3Shervin Minaee et al. (2024). “Large language models: A survey”. In: arXiv preprint
arXiv:2402.06196.

LLM Capabilities3
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Correct Ans: 1.2766, 0.0329
6.1799, −2.6547
−0.8886, 0.1450
0.8300, −0.1394



Challenges and Improvements
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R-CNN: Region-Based CNN

Input 
image

Girshick et al, “Rich feature hierarchies for accurate object detection and 
semantic segmentation”, CVPR 2014.
Figure copyright Ross Girshick, 2015; source. Reproduced with permission.

Slides from Justin Johnson

Machine Learning is to Fit A Function f (x)

How Machine Can Understand Picture?
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R-CNN: Region-Based CNN
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R-CNN: Region-Based CNN

Warped image 
regions (224x224)

Regions of 
Interest (RoI) 
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Input 
image
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R-CNN: Region-Based CNN
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Forward each 
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Warped image 
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Bbox
Bounding box regression:
Predict “transform” to correct the 
RoI: 4 numbers (tx, ty, th, tw)Bbox

Bbox

Slides from Justin Johnson
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How Machine Can Understand Picture?
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Machine Learning is to Fit A Function f (x)

How Machine Can Understand Text?
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• Combinatorial Problem (e.g. Coloring)

• Handling Complicated Rules

(a) Graph Coloring (b) Design Rule Checking

Challenges to AI
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A typical EDA flow...4

System Specifications

Functional  Design

Logic Synthesis

Tech Mapping

Physical Design

Physical Verification

Sign Off

Layout Processing

Fabrication

Architectural Design

Package and Test Floorplan Placement Routing Layout

Floorplan: init Die and
Core, place IO cell/pad, 
Macro and physical cell,
plan PDN

Placement: place std 
cell, optimize timing, 
congestion, wirelength

CTS：design clock 
network, optimize skew, 
power, latency, route 
clock net

Routing：connect 
signal net, optimize drc, 
timing, power, reliability 
manufacturability

Evaluation and Analysis (timing, power, congestion, DRC, wirelength)

4Xingquan Li et al (2024). “iEDA: An Open-Source Intelligent Physical Implementation Toolkit
and Library”. In: Proc. ASPDAC.

Complicated Circuit Design and EDA Flow
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EDA problems

AI Model?

Know the Boundary!
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EDA problems

AI Model?

Math 
Formualtion

Concrete 
Modeling

Dynamic 
Programming

Approximate 
Algorithm

SAT / SMT

LP / ILP

Min-cost Flow

Heuristic

Search based

Know the Boundary!
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1 RTL Generation and Debug

2 Flow Script Generation

3 Documentation QA

LLM Application Cases
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RTL Generation and Debug



6

Verilog Source

Pre-Trained 
     Model

 FineTuning 

Code 
Completions

Test Benches

Accepted 
Completions

Rejected 
Completions

Training Corpus

Prompt

1

2

3

4

8

7

Fine-Tuned 
    Model

5

Experimental Evaluation of LLM Verilog Completions.

5Shailja Thakur et al. (2023). “Benchmarking Large Language Models for Automated Verilog RTL
Code Generation”. In: Proc. DATE, pp. 1–6.

RTL Code Generation [DATE 2023]5
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module example(

    input [31:0] x,

    output [31:0] y,

    output [31:0] z,

    output [31:0] w

);

assign y = 9 * x ;

assign z = 23 * x ;

assign w = 81 * x ;

endmodule

Before rewriting

module example(

    input [31:0] x,

    output [31:0] y,

    output [31:0] z,

    output [31:0] w

);

assign y = 8 * x + x;

assign z = 32 * x - 9 * x;

assign w = 8 * (9 * x) + 9 * x;

endmodule

After rewriting

module example(

    input wire s,

    input wire [31:0] A, B, C, D,

    output reg [32:0] Z

);

always @(s, A, B, C, D) begin

    if (s)

        Z <= A + B;

    else

        Z <= C + D;

end

endmodule

Before rewriting

module example(

    input wire s,

    input wire [31:0] A, B, C, D,

    output reg [32:0] Z

);

reg [31:0] Z1, Z2;  // Intermediate values

always @(s, A, B, C, D) begin

    if (s) begin

        Z1 <= A;

        Z2 <= B;

    end else begin

        Z1 <= C;

        Z2 <= D;

    end

end

always @(Z1, Z2) begin

    Z <= Z1 + Z2;

end

endmodule

After rewriting

6Xufeng Yao et al. (2024). “RTLRewriter: Methodologies for Large Models aided RTL Code Opti-
mization”. In: Proc. ICCAD.

RTLRewrite [ICCAD 2024]6

15/30



checksum_basic

checksum

in0
A

B

$2
$add

Y

in1

in2

A

B

$3
$add

Y

in3

A

B

$4
$add

Y

RTL Input 

Diagram Input 
Critical Path 

LMM COT

Program 

analysis

Optimization Pattern

Verifcation Pattern

checksum_basic

sum2

sum1

checksum

in3

A

B

$3
$add

Y

in2

in1

A

B

$2
$add

Y

in0

A

B

$4
$add

Y
PROC $1

optimized1.v:6.5-10.8

Critical Path Optimized 

RTLRewrite: Multi-Modality

16/30



Pre-trained 
Model

Code Knowledge Transfer

Verilog Autocompletion

Fine-tuned 
Model

Customized 
Dataset

Desired Verilog

Undesired Verilog
EDA-Tools

Data-processing

Instruct-tuning

Discriminator training Generative
Discriminator

Guidance

Data Augmentation

FilteringOpen-source
Verilog

Verilog-C

Definition-Body

Align Verilog with C to generate self-supervised dataset.

7Zehua Pei et al. (2024). “BetterV: Controlled Verilog Generation with Discriminative Guidance”.
In: Proc. ICML.

BetterV: Self-Align Verilog with C [ICML 2024]7
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Open-source
Verilog

Verilog

C

V2C
LLM

Instruct-tuning

• Tool V2C to convert the Verilog into C

• Verilog-C pairs are used for LLMs
instruct-tuning

• Alignment from C to Verilog.

System Prompt:
You are an experienced Verilog engineer. 

Instruction:
You are supposed to translate the 
following Verilog into C program.

Answer:

module d_latch(
    input d,         
    input en,          
    input rstn,        
    output reg q
);     

always @ (en or rstn or d)
    if (!rstn)
        q <= 0;
    else
        if (en)
            q <= d;
endmodule

#include <stdio.h>
#include <stdbool.h>

void d_latch(
    int d, 
    bool en, 
    bool rstn, 
    int *q) {

    if (!rstn) {
        *q = 0; 
    } else if (en) {
        *q = d; 
    }
}

BetterV: Code Knowledge Transfer
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Flow Script Generation



AutoMage

Requirement

API Specifications

Task Planning

Script Generation

EDA Tools
Task Execution

Results

8Haoyuan Wu et al. (2024). “ChatEDA: A Large Language Model Powered Autonomous Agent
for EDA”. In: IEEE TCAD.

ChatEDA Overall Flow [TCAD’24]8
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#3: Script Generation

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

task4: perform placement
func: placement()
args: 
   density: 0.8 

task1: set up the EDA tool
func: set_up()
args: 
   design_name: "aes"
   platform: “asap7”

task2: perform synthesis
func: run_synthesis()
args: 
   clock_period: 5

task3: execute floorplan
func: floorplan()
args: 
   core_utilization: 70

task5: perform CTS
func: cts()
args: 
   tns_end_percent: 40

task6: perform routing
func: global_route()
         detail_route()

task7: evaluation
func: get_metric()
args: 
   stage: "route"
   metrics: ["power"]

#1: User Requirement

# Initialize
eda = chateda()

# Set up the EDA tool
eda.setup(design_name="aes", platform="asap7")

# Perform synthesis
eda.run_synthesis(clock_period=5)

# Execute floorplan
eda.floorplan(core_utilization=70)

# Perform placement
eda.placement(density=0.8)

# Perform CTS
eda.cts(tns_end_percent=40)

# Perform routing
eda.global_route()
eda.detail_route()

# Evaluate the performance after routing
Performance = eda.get_metric(“route”, ["power"])

Task Planning and Script Generation
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Our defined API specifications
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Llama2

AutoMage

In-Context Examples

Instruction PoolGPT-3.5/4

QLoRAL1L1

L2L2
WW

XX

YY

0 20 40 60 80 100
% Percentage

GPT-3.5

Claude2

GPT-4

AutoMage

32.0

44.0

58.0

88.0

16.0

38.0

34.0

8.0

52.0

18.0

8.0

4.0 Grade A
Grade B
Grade C

• Grade A: correct in planning and script

• Grade B: correct only in planning

• Grade C: fault in both

Instruction Tuning & Evaluation
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Documentation QA



Chunking
&

Indexing

Data resources Vector database

？
user question

!
answer

Relevant 
documents

Retriever (with 
embedding model) Reranker

model

Retrieved 
documents

Generator 
(LLM)

9Yuan Pu et al. (2024). “Customized Retrieval Augmented Generation and Benchmarking for EDA
Tool Documentation QA”. In: Proc. ICCAD.

Retrieval Augmented Generation (RAG) [ICCAD’24]9
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Question: What is the role of Primary 
Input in logic synthesis?

Doc2: This section explains the role of 
Primary Output in logic synthesis.

Doc1: Primary Inputs are external 
inputs to the circuit.

Similarity: 0.88

Similarity: 0.91

General 
Text

Embedding 
Model

Text Embedding Model: Failure Case

26/30



Rationale: improve semantic understanding for domain terminologies and
concepts

• xi: EDA-related query

• x+i (pos sample): answer to xi

• x−i (neg sample): Query with another
EDA term

• Loss function (in-batch negative+hard
negative):

− log
esim(xi,x

+
i )/τ∑M

j=1(e
sim(xi,x

+
j )/τ

+ esim(xi,x
−
j )/τ

)

query (      ): What is the significance of the clock period in EDA, and how 
does it impact STA (static timing analysis)?

<latexit sha1_base64="AXT9Oh6wmS9/vantioQFAkieeyU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+rxXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNjfo3h</latexit>xi

positive sample
     : Clock period  is the maximum 
time for signals to propagate through 
the circuit during each clock cycle.

<latexit sha1_base64="ZFuGsa0SaZU/CyEvxjER7pYLODs=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPVY9OKxgtsW2rVk02wbmk2WJCuWpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4upn6rUeqNJPi3owTGsR4IFjECDZW8p967OGsV664VXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdBVkTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPq95FtXZXq9Sv8ziKcATHcAoeXEIdbqEBPhBg8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwB/4Y5+</latexit>

x+
i

hard negative sample
      : What is the significance of the 
clock skew in EDA, and how does it 
impact STA (static timing analysis)?

<latexit sha1_base64="KWQDIHUJbhZ2kjZpaeksz6X5Eno=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiQsksJJu6UJDt920XSPZ8Bu8eNAYr/4gb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91iNVmklxb8YJDWI8ECxiBBsr+U899nDWK1fcqjsDWiZeTiqQo9Erf3X7kqQxFYZwrHXHcxMTZFgZRjidlLqppgkmIzygHUsFjqkOstmxE3RilT6KpLIlDJqpvycyHGs9jkPbGWMz1IveVPzP66QmugoyJpLUUEHmi6KUIyPR9HPUZ4oSw8eWYKKYvRWRIVaYGJtPyYbgLb68TJrnVe+iWrurVerXeRxFOIJjOAUPLqEOt9AAHwgweIZXeHOE8+K8Ox/z1oKTzxzCHzifP4LpjoA=</latexit>

x�
i

Text Embedding Model: Contrastive Fine-tuning
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Conclusion



• 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

Summary: Applications of LLM
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• Understand and customize RTL

• Understand and customize
complicated EDA flow

• Security: How not to hallucinate

• Privacy: How not to leak IP

• Ethical use of AI

Challenges: LLM + EDA
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