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Objetives of the talk

» Presenting a ROM framework implemented on a powerful open source
FEM software.

FOM: u € R" ROM: g € RF¥
. POD T~ dq
. Local POD Unew = Uola + P' q
. Autoencoders u=g(q)
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Kratos Project

) GitHub-KratosMultiphy: x 4+ © - © x
&« C @ github.com/KratosMultiphysics/Kratos QA A B o :
: Apps By Traduciresta... @ eBIB @ MicrosoftWor... @ SoilelasticYo... @ Choosingand... @ http://www.d... @ YouTube @ PinyinLessons... ¢v MyAccount|E... ™M Gmail @ YouTube 9@ Maps B¢ Translate » Reading list
¥ master ~ ¥ 659 branches © 32 tags Go to file About =
Kratos Multiphysics (A.K.A Kratos) is a
@ farrufat-cimne Merge pull request #8812 from KratosMultiphysics/dem/inlet_ cef408b 32 minutes ago (Y 78,746 commits framework for building parallel multi-
disciplinary simulation software.
.github improve non-unity build CI names 15 days ago Modularity, extensibility and HPC are
) the main objectives. Kratos has BSD
applications Merge pull request #8812 from KratosMultiphysics/dem/inlet_check 32 minutes ago 8 i " i o
license and is written in C++ with
cmake_modules Remove cotire 3 months ago extensive Python interface.
documents now we have README.md as the main page 15 months ago @ www.cimne.com/kratos/
external_libraries adding origin yesterday python c-plus-plus multi-platform
llel-
kratos Merge pull request #8764 from KratosMultiphysics/core/level-set-conve. yesterday M B PREEEcompng
fem  bsd-license  numerical-methods
scripts adding valgrind 2 months ago
multiphysics ~ dem  kratos
% .gitignore adding hdf files to gitignore last month kratos-multiphysics
O .pydocstyle Trying pydocstyle config for codacy 6 days ago 0 Readme
[ cMakeLists.txt Merge branch ‘master’ into external_lib/tinyexpr-replace-python 3 months ago o5 view license
INSTALL.md remove from core install 2 months ago
[ README.md Update README.md 3 months ago Releases 32
license.txt Changing the license.txt to reflect the sub licenses 5 years ago © Kratos Multiphysics 8.1 ( Latest)
on Nov 25, 2020 :
:= README.md + 31 releases
- E. Packages
ﬂ No packages published
Contributors 112
KRATOS Multiphysics ("Kratos") is a framework for building parallel, multi-disciplinary simulation software, aiming at @ g @ e 5 é -
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Using Kratos

Graphical Interface

EASINESS

Python Interface

Applications
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How is Kratos structured?

Numerical and
Kratos |
% programming core
Fluid
Dynamics Structural
Mechanics
ﬁ o /V
i Applications can
Fde-Structure PP
: depend on other
Interaction e
applications
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Kratos Framework
Flexible License

BSD Kratos Core is BSD
Kratos and Free

Kratos main apps are also BSD

Proprietar

Fluid Closed
Dynamics Structural App Each application can have

different license
Some can be closed

Mechanics

7\ Altair  Deltares

=22 siemens  AIRBUS

THE FRENCH AEROSPACE LAB
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Proper Orthogonal Decomposition

Full Order Model (FOM) Solution manifold: M = {u(t;w) |t € (0, T, u e P} c R"
) H

Reduced Order Model (ROM)

I I

A MUCH SMALLER SYSTEM! [A% [ = [pf

Letu=®q
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Proper Orthogonal Decomposition

Solve the FOM using Finite Elements
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Proper Orthogonal Decomposition

u, |

Each column collects the temperature on all the nodes
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Proper Orthogonal Decomposition

*e Take the SVD of § = UEVT ~ U, X,V
S = U %
VT
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Proper Orthogonal Decomposition

*e Take the SVD of § = UEVT ~ U, X,V

S ~ Uk

EXCELENCIA
[ [ N—
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Proper Orthogonal Decomposition

*e Take the SVD of § = ULVT ~ U, X, V!

@ EXCELENCIA
RATOS
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Example in CFD

et ——
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Proper Orthogonal Decomposition

Full Order Model (FOM)
) H

Reduced Order Model (ROM)

Solution manifold: M = {u(t;u) |t € (0, T, u € P} c R"

Letu=®q

mi

A MUCH SMALLER SYSTEM!

A*

d

_ IElk PROBLEM: STILL EXPENSIVE TO
- MOUNT THE SYSTEM
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Hyper-reduction

|l general, a second reduction layer is required. The goal is to find a subset of elements and corresponding
weights by solving an optimization problem [1].

(E,W) = argmin || J(R,®) |I3
subjecttoW > 0

NP-HARD. Solving via greedy procedure
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Hyper-reduction

Assembly comparison ROM vs HROM:

nelem nelem
( [] Ae)u= [] 5 o) (Z <I>ZAe<l>ewe)q =) @l b0,

e=1 e=1 eEE eEeFE

FOM Simulation HROM Simulation

EXCELENCIA
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Kratos Implementati

Load FEM files

on

&>
<D

ROM HROM
: l ; l i=1
E = ; — v
: ~ : ~ e = ERea(t)
5 > l 5 > l ——
Get Element Contribution Get Element Contribution Get Element Conitribution
5 A. b, s A. b, #e be

Assemble contribution to global
system

IIA, IIb,

e+1 @

Obtain increment by solving

AAu=>

!

Add contribution to reduced system

A+ =®TA, &, bt =®Th,

e+1 @

Obtain increment by solving
AAg=0Db

|

Project increment to high
dimensional space

Au=PAgq

J

v

Add contribution to reduced system

A+ = BTA,®.w, b+ = BTbw,

t+1

Obtain increment by solving

AAg=b

Project increment to high
dimensional space

Au = PAq

)
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Link to the external world

Kratos provides an interface to retrieve data from sensors placed in situ.

web-based control panel

Sensor
I<F&ATDE%
MULTH—rHYSICS
. Simulation results Real
Device
EXCELENCIA
g -
. CIMNE® | suixo  ISBATOSHY



Kratos ROM on a Raspberry Pi
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POD weaknesses and strengths

e Straightforward procedure for training and inference

* Not ideal for certain problems(convection dominated, highly
nonlinear)
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Local POD

Full Order Model (FOM) Solution manifold: M = {u(t;w) |t € (0, T, u e P} c R"

=H
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Local POD

Full Order Model (FOM) Solution manifold: M = {u(t;w) |t € (0, T, u e P} c R"
] H

Reduced Order Model (ROM)

~ T
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Local POD

Wse an unsupervised learning method to build clusters

« 1. §; = kmeans(S) 2.AddoverlappingS; = overlap(S;) . See ref.[2]

« 1. S = fuzzy-c — means(S;). Seeref.[3]
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Local POD

Wse an unsupervised learning method to build clusters

« 1. §; = kmeans(S) 2.AddoverlappingS; = overlap(S;) . See ref.[2]

« 1. S = fuzzy-c — means(S;). Seeref.[3]
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Local POD. The importance of overlappin
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Local POD. The imp

1.0
0.5

0.0 05

=55 1.0

Synthetic 2-Manifold

ortance of overlapping

Cluster 1
Standard Ours
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Local POD. The imp
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Local POD. The imp
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Local POD. The importance of overlapping
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Local POD. Example

Clusters in 3D space

Z axis
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Local POD. Example

Train and Test trajectories

Clusters in 3D space

Z axis

Z axis

® traintrajectory
® testtrajectory

) EXCELENCIA -
CIMNE® ¢ sivixo  ISBRATOSHY



Local POD. Example

Train and Test trajectories — o Bl

Move the sliders to change the loads on the Plunger

Move the sliders to change the loads on the Plunger

STOP CONTINUE STOP CONTINUE

Z axis

@ train trajectory
¥ @ testtrajectory

X axjs

i Cluster: 0

Z axis

®

&%
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Local POD. Improved hyper-reduction

(E,W) = argmin || J(R, ®) ||3
subjecttoW > 0

350 A

Selected Elements HROM
w
o
(@]

N
o
o

150 A

# Selected Elements VS # of Clusters

250 A

200

400 600 800
Number of clusters

1000
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Local POD. Strengths and weaknesses

* Reasonable overhead in training and negligible in inference
* Smaller elements sets, therefore faster ROMs

* Easy to overfit to training trajectories
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Deep autoencoders

Full Order Model (FOM) Solution manifold: M = {u(t;w) |t € (0, T, u e P} c R"

=H

Letu ~ g(f(w)

fw
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Deep autoencoders

Full Order Model (FOM) Solution manifold: M = {u(t;w) |t € (0, T, u e P} c R"

Letu ~ g(f(w)

TT ﬂ
A Y !

EXCELENCIA —
*be careful, slight oversimplifications CIMNE?’ 9 SEVERO |<HAT”

y OCHOA MULTI—PHYSICS

I
~
N

JACY



Deep autoencoders

(1O
O

f(u)

O
Input Layer

Encoder

8(f(w)
O N
O

minimize ||lu — U3

1F TensorFlow

>

ontour Fill of VELOCITY, [VELOCITY|
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Deep autoencoders. Some comments

* Not difficult to integrate within Kratos (Python libraries)
* Long training time

e Not much literature on nonstructured meshes FEM
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General conclusions

* The ROM capabilities of Kratos
* Promising results and exciting challenges

\f(U)
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THANK YOU

GRATEFUL TO:

N\ EdgeTwins”™

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No 946009

Link to Kratos github site
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