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NetTAG: A Multimodal RTL-and-Layout-Alignhed
Netlist Foundation Model via Text-Attributed Graph
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Hong Kong University of Science and Technology

Background: Circuit Foundation Model 1 Model: Multimodal Encode & Pre-train

D paradigm Shift of Al for EDA - Two-phase netlist encoding: gate text (LLIM) + circuit graph (GT)
- Two-step multimodal pre-training: functional & physical

Step 1: ExprLLM Pre-Training Step 2: TAGFormer Pre-Training & Cross-Stage Alignment

(enhancing gate Boolean logic understanding) (fusing gate semantic & graph structure) (awaring func. & phys.)
'

- Widely adopted: task-specific supervised learning

- New trend: general self—supervised Circuit Foundation Model
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] Netlist Representation Learning (Encoder)

- Most actively explored type of circuit encoders EXperimental Results

- Limitation: graph-only for AIG ) By 1 Support Various Largely Different EDA Tasks
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- Structure over function O e —— . . . . L
Netlist Encoder - Functional tasks: reasoning earlier RTL function (classification)

supervised

- Need functional supervision
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- No physical encoding, PPA?  :cssn > s

v’ Task 1: Comb. gate function v Task 2: Seq. state/data register
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d Circuit Foundation

1 Process: Netlist as Text-Attributed Graph D T
- TAG: gate text semantics (local) + circuit graph structure (global) Model Scaling Law & <, i
- Functional: gate symbolic logic expression - Performance scaling up fzz “\-\ §20 .- &
- Physical: gate physical characteristic vector with model/data size = o 1e . e o 1
(8) Increasing model size (b) Increasing data size

- Advantages:
- Various gate types &structure independence &LLM compatible

Conclusion and Future Work
u NetTAG Graph Only = LLM + Graph Fusion

Entire Netlist Function
Reasoning from LLM
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iplier\. Netlist w/ Gate Function

Reasoning by NetTAG The design seems to
conditionally combine bits

Netlist Text \ o° .0 from a and b to create the
o LLM % output Out, using both logical
R etbdgaibs e T operations and multiplexing.
NOR3 adder UO1 ..
o This module compares two 2-
'Ef@{fff/ bit values a and b, performs

2 Y L
R addition and multiplication on
them, and selects the result

based on the outcome of the
comparison.
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