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Conclusion

• ModuPlace: the first modular PCB placement 

approach, integrating expert experience via LLM.

• CCG is proposed to provide a standard format to 

guide hierarchical placement, alleviate 

hallucinations, and improve overall performance.

• ModuPlace utilizes a two-stage specialization 

method, with the implementation of SFT and 

GRPO for CCG generation enhancement.

• Experimental results demonstrate that 

ModuPlace can significantly improve the overall 

performance compared with all baselines.

Placement is a crucial aspect of PCB design, 

determining the solution space of subsequent 

routing and thus playing a significant role in the 

overall design quality. 

Previous Frameworks:

• Heuristic: SA-PCB [1], NS-Place [2].

• AI-based: DeepPCB [3], PCBAgent [4].

Existing Limitations:

• Lack of guidance from human engineers.

• Without considering modular information, the 

results are always unreasonable or even 

unusable [4, 5].

• Users cannot intervene the placement process 

through natural languages.

Methodology

Experimental Results

• Compared with the classical baseline, SA-PCB 

[1], ModuPlace shows 17.14% wirelength and 

40.51% via count reduction.

• Even compared with the SOTA baseline, 

DeepPCB [3], ModuPlace still shows significant

lower wirelength and via count.

• Compared to pre-trained LLMs, ModuPlace 

demonstrates better performance on Qwen-14B, 

illustrating the effectiveness of the framework.

• ModuPlace is flexible to adapt to users’ varying 

requirements in different applications.

An example of hierarchical PCB Placement

Comparison between existing frameworks and ModuPlace

Core Contributions:
• The first modular-designed PCB placement 

framework.

• Comprehensive Constraint Graph (CCG) is 

proposed to guide hierarchical placement.

• A two-stage specialization is utilized, including 

SFT and GRPO [6] processes.

• Experiments demonstrate that ModuPlace 

improves the overall performance compared with 

all baselines.

An example of the LLM-based PCB modular partition

1. LLM-based PCB Modular Partition:
• Hierarchical Modular Tree (HMT) is proposed to 

strengthen the effectiveness of modular partition 

through an LLM agent.

• We construct a netlist heterogenous graph [7] to 

generate a simplified format for the better 

understanding of LLM.

• The modular information in the HMT also 

enables subsequent hierarchical placement.

2. LLM-driven CCG Generation:
• Hierarchical Modular Tree (HMT) is proposed to 

strengthen the effectiveness of modular partition 

through an LLM agent.

• We construct a netlist heterogenous graph [7] to 

generate a simplified format for the better 

understanding of LLM.

• The modular information in the HMT also 

enables subsequent hierarchical placement.

The proposed two-stage specialization, including SFT and GRPO

2.1. SFT Stage

The loss function of SFT, where 𝒩 is net crossing 

and sim(. , . ) is the similarity between CCGs:

2.2. Customized GRPO Stage

The objective function:

The customized advantage function:

2.3. CCG Equivalence Determination

In actual situations, complete CCG consistency is 

extremely rare. Therefore, we proposed a CCG 

Equivalence Determination scheme to support the 

GRPO stage.

3. Hierarchical PCB Placement
Since the components have been organized into 

modules in the HMT, ModuPlace then performs 

hierarchical placement guided by the CCGs.

3.1. Place the modules hierarchically:

LLM agent takes the HMT as input, and generates CCGs layer by 

layer to support the subsequent hierarchical placement.

All the modules act as guidance for the placement 

of sub-modules in the next layer of HMT.

3.2. Detailed Placement

With the guidance from the last layer of HMT, the 

detailed placement is performed to finish placement.

ModuPlace learned from expert design experience 

and preferences, and completed the placement in a 

modular method.
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