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Device and System Level Simulation

ÁHow to make a model at system level from that at device level?
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Compact Modeling: Transistor Compact Model

Figure from J. Lienemann, E. B. Rudnyi and J. G. Korvink. MST MEMS model 

order reduction: Requirements and Benchmarks. Linear Algebra and its 

Applications, v. 415, N 2-3, p. 469-498, 2006. 



Compact Thermal Models

ÁLooks understandable ïbut how to do it in practice?

Figure from the book ñFast Simulation of Electro-Thermal MEMS: Efficient Dynamic 

Compact Models.ò Springer, 2006.4



Comparison: Electrical vs. Thermal

ÁThermal phenomena are much more distributed, it is hard to lump 

them.

Figure from the book ñFast Simulation of Electro-Thermal MEMS: Efficient Dynamic 

Compact Models.ò Springer, 2006.
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Electrical flow
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Heat flow

  cond / ins 102

Conductor

Insulator



Content

ÁSystem level simulation and 

compact modeling

ÁModel order reduction

ÁCase studies with MOR for 

ANSYS

ÁExperience with MUMPS solver

6



7

Model Order Reduction

ÁRelatively new technology:

ÁIt is not mode superposition;

ÁIt is not Guyan reduction;

ÁIt is not CMS.

ÁSolid mathematical background:

ÁApproximation of large scale 

dynamic systems

ÁDynamic simulation:

ÁHarmonic or transient simulation

ÁIndustry application level:

ÁLinear dynamic systems
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Linear Model Order Reduction

Linear Dynamic 

System, ODEs

Control Theory 

BTA, HNA, SPA

O(N3)

Moment Matching 

via Krylov subspaces.

Iterative, based on

matrix vector product.

Low-rank 

Grammian,

SVD-Krylov 

one-side

Arnoldi process

double-side

Lancsoz algorithm

MOR for ANSYS
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Model Reduction as Projection

ÁProjection onto low-

dimensional subspace

ÁHow to find 
subspace?

ÁMode 
superposition is 
not the best way 
to do it.
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Hankel Singular Values

ÁDynamic system in the state-

space form:

ÁLyapunov equations to 

determine controllability and 

observability Grammians:

ÁHankel singular values (HSV):

Ásquare root from eingenvalues 

for product of Grammians.

Cxy

BuAxx#
H(s) C(sI A) 1B

AP PAT BBT 0

ATQ QA CTC 0

i i (PQ)
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Global Error Estimate

ÁInfinity norm

ÁGlobal error for a reduced model 

of dimension k

ÁModel reduction success 

depends on the decay of HSV.

ÁLog10[HSV(i)] vs. its number. 

ÁFrom Antoulas review.

H(s) Ĕ H (s)

maxs abs(H(s) Ĕ H (s))

H(s) Ĕ H (s)

2( k 1 n)
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Implicit Moment Matching

ÁPadé approximation

ÁMatching first moments for the 

transfer function

ÁImplicit Moment Matching:

Ávia Krylov Subspace
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Second Order Systems

Cxy

BuKxxExM ###

Ignore the damping 

matrix during MOR:

Proportional Damping

Transform to 1st

order system.

Use Second Order

ARnoldi.

default
-1 -2
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Error Indicator

ÁKey question :

What is a suitable order of the reduced 

system for a desired accuracy?

ÁñRule of thumbò: r = 30-50

ÁProposed engineering approach:

Ácomparison of reduced systems of order 

r and r + 1

System of

n ODEs

Reduced 

System of

r << n ODEs
MOR

r

User

r = ?

error estimate:

a way to automate MOR
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Convergence of Relative Error
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R R(T) R0 (1 T T 2 )
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TR

tU
FTtQFTKTC #

Input function does not 

participate in MOR 

Q(t,T) Q(TN (t)) Q(V* z)

Nonlinear input

Control temperature is a 

single node temperature TN

Uheater=14V

),( * zVtQFVzKVVzCVV TTT #

Nonlinear Input



Information on ModelReduction.com
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MOR for ANSYS: http://ModelReduction.com

FULL files

Linear Dynamic 

System, ODEsCxy

BuKxxExM ###
MOR Algorithm

Small dimensional

matrices

Current version 2.5

ANSYS Model

Simulink, 

Simplorer, VerilogA,

é 

http://modelreduction.com/

