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Objetives of the talk
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Kratos Project



Using Kratos

Graphical Interface

Python Interface

Applications
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Kratos

Fluid 
Dynamics Structural 

Mechanics
DEM

Fluid-Structure 
Interaction

Numerical and 
programming core

Physics of the problem

Applications can 
depend on other 
applications

How is Kratos structured?



Kratos

Fluid 
Dynamics Structural 

Mechanics

Closed
App Each application can have 

different license
Some can be closed

Kratos Framework
Flexible License

Kratos Core is BSD 
and Free

BSD

BSD
BSD

Proprietary

Kratos main apps are also BSD
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Proper Orthogonal Decomposition

 



Proper Orthogonal Decomposition

Solve the FOM using Finite Elements 

 



Proper Orthogonal Decomposition
•  
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Proper Orthogonal Decomposition
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Example in CFD
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Proper Orthogonal Decomposition

 

PROBLEM: STILL EXPENSIVE TO 
MOUNT THE SYSTEM



Hyper-reduction

•  

NP-HARD. Solving via greedy procedure



Assembly comparison ROM vs HROM: 

  

FOM Simulation HROM Simulation

Hyper-reduction



Kratos Implementation



Link to the external world
Kratos provides an interface to retrieve data from sensors placed in situ. 

Sensor

Real 
Device

web-based control panel

Simulation results



Kratos ROM on a Raspberry Pi



POD weaknesses and strengths

• Straightforward procedure for training and inference

• Not ideal for certain problems(convection dominated, highly 
nonlinear)
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Local POD
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Synthetic 2-Manifold

Local POD. The importance of overlapping



Synthetic 2-Manifold

Local POD. The importance of overlapping



Synthetic 2-Manifold

Local POD. The importance of overlapping



Synthetic 2-Manifold

Local POD. The importance of overlapping



Synthetic 2-Manifold

Local POD. The importance of overlapping



Local POD. Example
Clusters in 3D space



Clusters in 3D space Train and Test trajectories

Local POD. Example



Clusters in 3D space

Train and Test trajectories

Local POD. Example



Local POD. Improved hyper-reduction

 



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
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Deep autoencoders
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*be careful, slight oversimplifications



Deep autoencoders
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Deep autoencoders. Some comments

• Not difficult to integrate within Kratos (Python libraries)

• Long training time

• Not much literature on nonstructured meshes FEM



General conclusions

• The ROM capabilities of Kratos

• Promising results and exciting challenges

 
 

   

 

 

 

 



THANK YOU

Link to Kratos github site
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