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PCB-Migrator: Automated PCB PnR Migration



Background: Introduction of PCB Design
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• PCB design can be divided into Placement and Routing.

• Placement is to physically position components on the board.

• Routing is the process of creating traces to connect all nets.

The scale of commercial PCB: 
>10,000 components

Multiple layers of PCB

Meanwhile, modern PCB designs are complex:

1. There may be multiple layers in modern PCB designs.

2. The large solution space of PCB PnR, both the numbers of components 

and nets are growing.

3. Several performance consideration.

The performance of existing automated PCB design frameworks is still 
unsatisfactory for actual use.



Background: The Gap between Engineers and Algorithms
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• All existing PCB layout design frameworks cannot reach the level of expert manual design.

Expert Manual Design:

1. Great performance.

2. Foresight for routing at 

the placement stage.

3. Time-consuming.

Automated Frameworks:

1. Usually short runtime.

2. Pretty good WL/Via, compared 

to the expert manual designs.

3. Unable to consider actual needs.

4. Poor performance and usability.

Thus, there is a big gap between human engineers and automated algorithms!



• Motivations:

Solution: PCB PnR Migration
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[1] PCB-PR-App, https://github.com/The-OpenROAD-Project/PCB-PR-App.

[2] DeepPCB, https://app.deeppcb.ai/.
[3] Freerouting, https://www.freerouting.app/.
[4] Cheng et al. “Net separation-oriented printed circuit board placement via margin maximization”, ASP-DAC, 2022

1. Existing automated “design-from-scratch” PCB 
design frameworks:

• Lack the foresight for routing in the placement stage.

• Difficult to reach the industrial-grade performance, 
especially EM.

2. There are already many expert PCB designs that 
can be used to guide new designs.

Comparison between previous framework and PCB-Migrator.
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Overall Flow of PCB-Migrator
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The overall flow of PCB-Migrator.

• There are two main stages in PCB-Migrator:
• Placement Migration

• Routing Migration

• Problem Formulation:

⁃ Input: referenced layout, netlist, new board 
frame.

⁃ Output: the migrated layout.

⁃ Goal: 

1. Maintain the key characteristics of 
referenced PCB.

2. Keep the expert-level performance 
(WL, via, electromagnetic, etc.) 



• To represent the relative position and rotation between components, we propose the 
Offset Constraint Graph (OCG):

Offset Constraint Graph
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Corresponding OCG

• If the component is within the distance threshold of another 
component, then add an edge between them.

• The edge weight between component i and j is calculated by the 
following formula:

𝑆𝑖𝑗: the common area between the overlapping area of component i’s 

crossing region and component j.

The relative position is stored in the edge to support the placement.



OCG-Guided Placement
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This is an MILP formulation, which aims to minimize the positional variance between components and 
rotations in new placement, and the component pairs with higher edge weight in OCG will be more 
influential.

No overlap allowed Spacing required



• Placement migration may be extremely inefficient in many situations if directly using the 

MILP solver. 

• We proposed a speed-up method for placement migration:

• Relax the rotation constraint and solve the LP problem.

• Adjust the left-bottom component for legalization and fix it.

• Perform another LP and repeat the above processes.

• Until all components are well-placed.

Placement Speed-up

Yaohui Han / CUHK 828 March 2026



• With routing path graph, routes can be represented in a rotational and 
symmetry invariance.

Convert Layout to Graph
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PCB divided by grids Corresponding routing path graph

Extraction

To more precisely preserve the characteristics 
of routing, the grid density will be higher in 
areas where pads are present.

In the routing path graph, component and 
pad nodes act as references for grid nodes 
to guide the subsequent graph matching.



• After placement, we perform routing migration to preserve the characteristics of 
reference in the new layout.

Routing Path Graph
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Routing Path Graph

Pad-dense area with fine-grained routing characteristics (shown in red). 

Regular routing area between components, with coarse-grained routing 
characteristics (shown in blue).

• We calculated the neighborhood connection between grid node and 
pad or component nodes 𝑓{𝑐,𝑝} as follows:

• 𝑡{𝑐,𝑝} is the decay coefficient and 𝑥{𝑐,𝑝} is the max BFS steps for reaching the 

components or pads.



• Since each grid has been represented by a vector, we can perform matching for 
grid nodes in routing path graph.

• Problem Formulation: The matching between placements can be formulated as 
a bipartite graph matching:

Routing Migration
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Experiment Results
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We collect benchmarks from OpenROAD 
and actual industrial applications.

[1] OpenROAD, https://github.com/The-OpenROAD-Project

[2] Gurobi, https://www.gurobi.com/

Comparison between MILP by Gurobi and PCB-Migrator on Runtime.

Comparison between MILP by Gurobi and PCB-Migrator on Cost.

PCB-Migrator can perform placement migration achieve 
highly optimal results with much shorter runtime.
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Experiment Results
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[1] PCB-PR-App, https://github.com/The-OpenROAD-Project/PCB-PR-App.

[2] DeepPCB, https://app.deeppcb.ai/.
[3] Freerouting, https://www.freerouting.app/.
[4] Cheng et al, “Net separation-oriented printed circuit board placement via margin maximization”, ASP-DAC, 2022

PCB-Migrator can migrate from expert-designed layout, saving WL and via, and showing 
great EM performance in a significantly short runtime.
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Experiment Results
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Comparison of PCB layouts from expert design, baselines and our PCB-Migrator.

PCB-Migrator can achieve excellent EM performance close 
to that of the expert results.

PCB-Migrator’s layout is highly similar to the reference and 
more reasonable, resulting in improved EM performance.

Comparison of EM performance.



Thanks for Your Attention!
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