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RL / Heuristics

Background & Motivation
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EDA Logic Synthesis: transforms HDL to gate-level netlists by applying a sequence of logic transformations

V.S.Dynamic Sequence Generation Heterogeneous Logic Optimization 

✅ Custom optimization flows.

❌ Ignores internal structural diversity 

(Blind to the "where").

✅ Best data structure per region (AIG, 

MIG, XAG).

❌ Relies on fixed, pre-defined scripts 

(Limited in the "how").

The Missing Link: How to unify the spatial intelligence (partitioning) 

with the procedural intelligence (dynamic sequences)?



DynaOpt Framework: Overview
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Global Pre-Opt: Transformer clears 

superficial redundancies.

Smart Partitioning: Timing & structure-aware 

cuts.

DAG Selection: GNN predicts optimal 

AIG/MIG/XMG.

Dynamic Sequences: GA generates bespoke 

flows guided by global fitness.



Global Pre-Optimization
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The Problem

• Raw networks contain superficial redundancies.

• Leads to suboptimal partitioning.

The Solution
• A learning-based, decoder-only Transformer.

• Autoregressively predicts tailored optimization sequences.

• Uses a Dual-input Encoder 

(GNN for topology + MLP for features).



Timing and Structure-Aware Partitioning & Subcircuit Representation
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Partitioning

The Problem:
Standard tools fail at 

high granularity.

The Solution
• Protects Critical Paths

• Protects Reconvergent Paths

• Protects High-fanout nets

Subcircuit Representation

Goal: Maximize potential of each partition.

Method: Dual-input encoder (GNN + MLP).

Output: Predicts optimal AIG, MIG, XAG, or XMG.

Fig. 3 Best result distribution over partition 

numbers on EPFL benchmarks.



Globally-Aware Subcircuit Dynamic Optimization
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Bespoke 

Sequences

The Workflow

Fitness Function

The Trap: Local Gains ≠ Global Optimality

Fitness = Original Global NDP − Estimated New Global NDP



Experimental Results
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⚫ Best on 11/12 Benchmarks (NDP)

⚫ 24.9% Improvement over LSOracle Baseline

⚫ Lowest ADP: 0.859 @ ASAP 7nm



Experimental Results
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⚫ Lowest Average NDP: 

0.266 (Full DynaOpt)

⚫ Dynamic-Seq is the Key 

Driver (Biggest drop to 

0.377)

⚫ A Direct Trade-off: 

~4.4x runtime for 

significantly better QoR



Conclusion
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1. A New Paradigm: Replaces static scripts with fully adaptive, bespoke 

optimization sequences.

2. Holistic Framework: Unifies smart partitioning, GNN DAG selection, 

and globally-aware GA.

3. SOTA Performance: Delivers superior logic (NDP) and physical (ADP) 

Quality-of-Results.
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