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European Community 
BRITE-EURAM III Thematic 
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Balanced Truncation Appr.
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Linear Systems
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Linear Systems
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ypical case: 

Do not compute : Bad idea
Find  such that 

y LU Decomposition:

Two fast triangle solves 

♦ By 
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♦ Iterati
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Linear Systems
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Method for Reduced-Order Modelling
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Large 

amples from EE
4 Pin RF IC: Padé via Lanczos:

D Player: Comparison

♦ PEEC

Pin 1 Error

Source: Z. Bai, R. Freund, A Partial Padé-via-Lanzcos
Method for Reduced-Order Modelling

Source: Antoulas, Sorenson, Gugercin, A Survey of
Model Reduction Methods for Large Systems
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Large 

tional Krylov
xpansion usually accurate 
bout .

his suggests:
Multiple expansion points 
Matching transfer function 
moments at all points

hallenge: Where to place 
xpensive solves (Many LU or 
R decompositions)

s0

si

si

Source: E. Grimme:
Methods for Model
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Linear Systems

So
Eq
♦ P

g
K

♦ S
♦

♦

♦ V

al remedy: Low rank 
ximation of grammians.

ns trix 
rs trix 
o ov-based, also for 
an .

A K (Matlab based)
e .org/lyapack

 O n2( )∼
 O n( )∼
e ma
e ma
Kryl
cing

PAC
tlib
nyi – AISEM tutorial, Trento 2003 

Large 

lving Lyapunov 
uations
adé approximants do not have 
lobal error estimates ... SVD-
rylov.

teps:
Solve Lyapunov equations 
for Grammians  and .
Eigen-decompose .

ery expensive: 
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plitting linear and nonlinear 
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ALij f L0 ∂ f Li ∂xj⁄+=

f NL =
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---x+
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f x u,(
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♦ Form 
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♦ For re
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♦ Ful

♦ Ho
♦ Som

f x u,( )= y g x( )=
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linear Systems

PO

e: J. Chen, S. Kang
iaues for Coupled Circuit and MEMS Simulation

R itch:
FD  nonlinear beam
in ing squeeze film
& rodynamic force
K en-Loève + Galerkin

 20
Sourc
Techn

F Sw
 for

clud
 elect
arhun

 kHz
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Non

D Example: MEMS

15 V,

7.4 V, Step input
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pplication-oriented 

implifications exist, but:
May need symbolic 
manipulations.
May need expensive 
evaluations.

OD is general, and works, but:
Computationally expensive.
Requires user interaction.

onlinear MOR is tough.
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Conclusions
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all Linear
xcellent state: complete 
nowledge.
or accuracy goal, automatic 
uaranteed reduced model.

rge Linear
easonably good choices.
rnoldi more stable.
anczos matches more 
oments.
hen to stop reducing?

adé local, nonoptimal for wide 
ange. Remedy: rational Krylov.

♦ Futur
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