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Introduction
Problem: Fixed optimization sequences yield suboptimal results for diverse circuits. Two advanced

research frontiers attempt to solve this, but each has a critical blind spot:

Frontier 1: Dynamic Sequence Generation

Generates superior, circuit-specific optimization flows. Treats circuits monolithically, ignoring

internal structural diversity (masters the "how", blind to the "where").

Frontier 2: Heterogeneous Logic Optimization

Partitions circuits to apply the best-fit data structures (AIG, MIG, XAG) to different regions. Relies on

static, pre-defined optimization scripts for each partition (masters the "where", limited in the "how").

Our Solution: DynaOpt Bridges this critical gap by unifying the spatial intelligence of heterogeneous

partitioning with the procedural intelligence of dynamic sequence generation, crafting bespoke

strategies for every sub-circuit.

Overall Workflow. DynaOpt refines networks via

model-based pre-optimization and timing/structure-

aware partitioning. A GNN selects the optimal DAG

per partition. A GA then generates custom sequences

using a global fitness function, before unifying all

partitions into XMG.

DynaOpt is an adaptive heterogeneous logic optimization framework. It combines

timing/structure-aware partitioning, GNN-based DAG selection, and a Genetic

Algorithm guided by a globally-aware fitness metric to generate custom optimization

sequences per sub-circuit. DynaOpt significantly outperforms SOTA baselines,

establishing a highly adaptive new paradigm for logic synthesis.

Global Pre-Optimization. To eliminate superficial

redundancies, a decoder-only Transformer autore-

gressively generates and applies tailored

optimization sequences. This refines the netlist and

enhances downstream partitioning quality.

Timing and Structure-Aware Partitioning. A

customized hypergraph partitioner minimizes

connectivity (fewer PIs/POs). To prevent severing

critical structures, we dynamically assign higher

weights to preserve: (1) critical paths (timing), (2)

reconvergent paths, and (3) high-fanout nets.

Globally-Aware Dynamic Optimization. A GA

generates bespoke sequences per partition. To avoid

suboptimal local gains, we introduce a lightweight,

globally-aware fitness function. It estimates the global

Node-Depth Product (NDP) by projecting local changes,

explicitly accounting for critical paths to maximize true

circuit quality.

Sub-Circuit Representation. A GNN classifier

automates optimal DAG selection. A dual-input

encoder (3-layer GAT for topology, MLP for scalar

features) predicts the best representation to

maximize each partition's potential.
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Methodology

DynaOpt significantly outperforms LSOracle and the SOTA HeLO. It reduces average 

normalized NDP to 0.511 (best on 11/12 benchmarks), achieving a 24.9% improvement 

over baselines. Post-mapping to ASAP 7nm confirms these logic-level gains, delivering 

the lowest ADP of 0.859. Finally, ablation studies confirm dynamic sequence discovery 

is the primary performance driver.

Evaluation

Conclusion
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