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Motivation

Extraction

Model Order Reduction

Thousands of wires

Millions of RLC elements



RLC Circuit Equations using 
Modified Nodal Analysis (MNA)
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RLC Circuit Equations in Descriptor Form
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MOR Methods In a Nutshell

Krylov subspace based projection methods
Fast, scalable to large problem.
No global error bound. 
Less efficient for circuit with many terminals

Balanced truncation methods
With global error bound.
High computing costs

Node reduction method
Local reduction, no global error bounds.
Easy for realization.



Review of Moment-Matching-Based Approaches
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Review of Moment Matching Based Approaches
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Review of Moment Matching Based Approaches
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Review of Balanced Truncation
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Review of Balanced Truncation
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Review of Balanced Truncation
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Indicates the importance of each state in terms of energy transfer λ



Review of Balanced Truncation
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Projection based Balanced Truncation
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Projection based Balanced Truncation
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Projection Based Balanced Truncation
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Projection Based Balanced Truncation
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Hybrid Projection

Original

Balanced truncation

Moment matching

Locally accurate (DC)

Globally accurate

Composite Space Projection 0M V

0
F

Magnitude

Wideband accuracyExact DC match



PriTBR Reduction Algorithm



Two-Step Reduction

original model 
(large-size)

initial reduced model
(small-size)

final reduced model
(nearly optimal)

PRIMA

PriTBR

original model 
(large-size)

initial reduced model
(small-size)

final reduced model
(nearly optimal)

SPRIM

SP-PriTBR

Passivity Preserved MOR Structure Preserved MOR

Moment Matching :       Low Cost

Balanced Truncation:   Compact

Two-Step Reduction Process



Structure-Preserving PriTBR
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SP-PrTBR Reduction Algorithm

1



Examples

PriTBR is as accurate as standard TBR and superior to PRIMA
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Examples
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Examples
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Examples
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Conclusion

Proposed new projection-based balanced truncation method, 
PriTBR, which combines balanced truncation with projection 
framework.

Guaranteed passivity, which is  less expensive and numerically 
more stable.

Propose balanced truncation based approach SP-PriTBR to 
preserve structure information inherent to RLC circuits in addition to 
passivity.

Propose hybrid projection to generate optimal reduced model with
both wideband accuracy and exact DC behavior for large-scale RLC 
circuits.  

Can work with Krylov projection method to scale to large problems.



Questions?
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