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Background and Related Works 



Challenges in Delivering Better Chips

IC Design Cost is Skyrocketing 

(Not including manufacturing)

Increasing IC design complexity

Apple A15

15B transistors

Apple A11

4B transistors

Apple M3 Max

92B transistors

IC complexity

• Increasing IC design cost

• Increasing time to market
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Background: AI for EDA Paradigm Shift

• Supervised learning     Circuit Foundation Models

Our Survey Paper

Wenji Fang et al. A Survey of Circuit Foundation Model: Foundation AI Models for VLSI Circuit Design and EDA  



Type II: Foundation AI Techniques for EDA 

 (Circuit Foundation Model) 

Paradigm 1: Encoder-based

Paradigm 2: Decoder-based
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Background: Circuit Foundation Models
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Paradigm 1: Encoder-based circuit foundation models
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Background: Circuit Foundation Models
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Encoder-based Circuit Foundation Model
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Paradigm 2: Decoder-based circuit foundation models
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How AI Assists EDA/Chip Design

Wenji Fang et al. A Survey of Circuit Foundation Model: Foundation AI Models for VLSI Circuit Design and EDA  



Decoder-based Circuit Foundation Model
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Limitation: Gap between Encoders and Decoders

• Developed independently, operated in distinct latent space

• Encoder: graph space, circuit embeddings for prediction

• Decoder: text space, text embeddings for generation
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Can we align them together?
- Integrate encoded circuit information into decoder LLMs



GenEDA Method and Application
- Overview



GenEDA: Bridging Gap Between Encoder-Decoder 

• An Encoder-Decoder alignment framework with connectors

• Communicate circuit graph & text latent space
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Key Idea: Encoder-Decoder Cross-Modal Alignment

• Encoder: pre-trained netlist encoder – capture netlist info.

• Decoder: commercial and open-source LLMs – generative capability 
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Application: Netlist Functional Reasoning

• Existing netlist functional reasoning

• 1. Formal analysis
• Formal reasoning (SAT, BDD)

• Limited scalability
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[2] Robust Boolean Reasoning for Equivalence Checking and 
Functional Property Verification. In TCAD 2002
[3] Template-based circuit understanding. In FMCAD 2014

• 2. GNN-based gate function prediction
• Gate node-level classification w. label

• No entire circuit function

• Cannot handle unseen functions

[4] GNN-RE: Graph neural networks for reverse engineering 
of gate-level netlists. In TCAD 2021
[5] Gamora: Graph learning based symbolic reasoning for 
large-scale Boolean networks. In DAC 2023



Application: Generative Functional Reasoning

• GenEDA enables generative netlist functional reasoning

• Input: netlist (graph & text)

• Output: specification and RTL code of netlist

• Advantages: full circuit generative reasoning, both spec and RTL code
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GenEDA Method and Application
- Details



Benchmarking Generative Functional Reasoning

• Task 1 & 2: specification reasoning from netlists

• Input: netlist (graph & text)

• Output: specification text

• Evaluation: NLP scores + GPT score
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Benchmarking Generative Functional Reasoning

• Task 3: arithmetic RTL code reasoning from netlists

• Input: netlist (graph & text)

• Output: RTL code

• Evaluation: simulation for syntax and function, GPT score
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GenEDA Encoder-Decoder Alignment

• Two alignment paradigms

• 1. Embedding-based for tunable open-source LLMs → Task 1 & 2

• 2. Prediction-based for frozen commercial LLMs → Task 3
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GenEDA Encoder-Decoder Alignment

• Paradigm 1: embedding-based alignment

• Introduce modality connector

• Fine-tune connector & LLM with instruction tuning
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GenEDA Encoder-Decoder Alignment

• Paradigm 2: prediction-based alignment

• Predict gate function w. encoder

• Annotate gate predictions on netlist text

• RTL code reverse generation w. LLM decoder
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Experimental Results



Experimental Setup

• Circuit dataset
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• Model and training

• Encoder: NetTAG[6]

• Decoder:

• Open-source: DeepSeek-Coder (1/7B)

• Commercial: GPT-4o, DS-V3

• Training:
• DeepSpeed ZeRO and LoRA

[6] Wenji Fang et al. NetTAG: A Multimodal RTL-and-
Layout-Aligned Netlist Foundation Model via Text-
Attributed Graph, DAC’25. 



Experimental Results: Task 1 & 2

• Task 1 & 2: specification reasoning from netlist

• Evaluation metrics
• NLP scores: including BLUE, ROUGE, and embedding similarity

• GPT scores to evaluate spec similarity via LLMs

• GenEDA embedding-based alignment improves open-source LLMs
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Experimental Results: Task 1 & 2

• Case study for Task 1
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Experimental Results: Task 3

• Task 3: arithmetic RTL code reasoning from netlist

• Evaluation metrics
• Testbench + VCS simulation: syntax and function correctness

• GPT score to evaluate code similarity

• GenEDA prediction-based alignment improves commercial LLMs
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Experimental Results: Task 3

• Case study for Task 3
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Ablation Study

• Effectiveness of alignment for Task 1 & 2

• Impact of encoder quality for Task 3
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• GenEDA: Encoder-Decoder Alignment

• Cross-modal alignment for two types of Circuit Foundation Models

• Enable generative netlist functional reasoning
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Conclusion

Paper Code



Thanks!
Questions?

Contact: wfang838@connect.ust.hk
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