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Dynamic Mode Decomposition

e Represent field of interest as a linear combination of DMD modes
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Optimal Amplitudes
e Least-squares problem for optimal amplitudes D, := diag{a}

minimize J(a) := |G — L D, R|%
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e AN EXAMPLE

x~ unstructured LES of a screeching supersonic jet
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e CHALLENGE
quality of approximation

number of DMD modes

IDI

* desirable tradeoff between {




Outline
@ SPARSITY-PROMOTING DMD

*~ Performance vs sparsity

*~ Tools from optimization and compressive sensing

A ALGORITHM

~ Alternating direction method of multipliers

® AN EXAMPLE

*x Screeching supersonic jet

® SUMMARY



Sparsity-promoting DMD

minimize J(a) + v card (a)
least-squares sparsity-promoting
approximation penalty function

x card (a) — number of non-zero elements

o :=[1400 -81 0] = card(a) = 2

* v > 0 — performance vs sparsity tradeoff



Convex Relaxation of card (a)




Convex Optimization Problem

e Step 1: structure-identification

minimize J(a) + 9 Z |a;|
1=1
least-squares proxy for
approximation cardinality minimization

e Step 2: polishing

minimize J(a)

subject to Fa = 0



e Outcome: parameterized family of optimal amplitudes
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An example: Screeching Supersonic Jet
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e UNSTRUCTURED LES OF A RECTANGULAR JET
*x Aspect ratio 4:1; Mach 1.4

x 45M control volumes (CharLES)
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e PRESSURE AT TWO LOCATIONS
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Performance vs Sparsity

least-squares approximation:
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e SPECTRUM
* N, = 47

t

imaginary par

0

real part

13



14

e AMPLITUDE VS FREQUENCY

* N, = 47
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e AMPLITUDE VS FREQUENCY

* N, = 5
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e AMPLITUDE VS FREQUENCY

* N, = 3
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Algorithm: Alternating Direction Method of Multipliers
minimize J(a) + vg(a)

e Step 1: introduce additional variable/constraint

minimize J(a) + v¢g(b)

subjectto a — b = 0

benefit: decouples J and ¢

e Step 2: introduce augmented Lagrangian

L,(a,b,A) == J(a) + 79(b) + (\a—b) + 5lla— b3



e Step 3: use ADMM for augmented Lagrangian minimization

Lo(a,b,A) = J(a) + 79(b) + (Aa —b) + Slla = |3

ADMM:
a*tt = argmin £,(a, b, \¥)
pPtl = argmin L,(a"Tt b, \F)
b
)\k—l—l P )\k s p(ak—l—l . bk—l—l)

e Step 4: Polishing — structured optimal design

~ ADMM: tool for identifying sparsity patterns
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