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Main objective:
Evaluating solutions trained by ScimBa

using Feel++ tools



The main objectiveIntroduction

• Evaluating solutions trained by Scimba using Feel++ tools .
1. Feel++ : Feel++ is a C++ and python library designed for solving partial differentialequations (PDEs) using finite element methods.
2. Scimba : ScimBa is a Python library designed to solve complex PDEs using neuralnetworks.
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https://sciml.gitlabpages.inria.fr/scimba/
https://docs.feelpp.org/user/latest/index.html
https://docs.feelpp.org/user/latest/index.html
https://sciml.gitlabpages.inria.fr/scimba/


RoadmapIntroduction

1. Create a Poisson class that uses both solvers to solve Poisson PDEs.
2. Visualize and compare the results of both solvers with exact solutions.
3. Expand the use for variable anisotropy
4. Compute L2 and H1 errors and trace their convergence for both solvers..
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Introduction to the work environmentFeel++

The work environment



CFPDE toolboxcfpde
The coefficient forms in PDE (Partial Differential Equation) toolboxes encapsulate essentialproperties such as diffusion, convection, and reaction coefficients.

−∇ · (c∇u) + au = f

1. c represents the diffusion coefficient
2. u is the unknown function
3. a is the reaction coefficient
4. f denotes the source term.
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Using PINNspinns
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Creating a Docker container and imageDocker
Creating the Docker container

1 # S t a r t w i th the Fee l ++ base image
2 FROM ghcr . i o / f e e l p p / f e e l p p : jammy
3
4 # Se t l a b e l s f o r metadata
5 LABEL ma i n t a i n e r = ” Rayen T l i l i <rayen . t l i l i @ e t u . u n i s t r a . f r>”
6 LABEL d e s c r i p t i o n = ” Docker image wi th F ee l ++ & ScimBa ”
7
8 USER roo t
9 # i n s t a l l system dependenc ies
10 RUN apt−ge t update && apt−ge t i n s t a l l −y \
11 g i t \
12 x v f b
13 # I n s t a l l Python l i b r a r i e s
14 RUN p ip3 i n s t a l l t o r c h xv fbwrapper p y v i s t a p l o t l y pane l i p y k e r n e l
15 ma t p l o t l i b t a b u l a t e nbformat gmsh

Listing: Dockerfile for Feel++, Scimba, and Python libraries.8/34



Initializing the environmentDocker
1 # C lone the Scimba r e p o s i t o r y
2 RUN g i t c l one h t t p s : / / g i t l a b . i n r i a . f r / sc imba / sc imba . g i t
3 / workspaces /2024− s tage−f ee lpp−sc imba
4
5 # I n s t a l l Sc imba and i t s dependenc ies
6 WORKDIR / workspaces /2024− s tage−f ee lpp−sc imba / sc imba
7 RUN p ip3 i n s t a l l sc imba
8
9 # Copy the x v f b s c r i p t i n t o the c on t a i n e r f o r v i s u a l i z a t i o n
10 COPY t o o l s / l o a d x v f b . sh / u s r / l o c a l / b i n / l o a d x v f b . sh
11 RUN chmod +x / u s r / l o c a l / b i n / l o a d x v f b . sh
12
13 # Se t the s c r i p t to i n i t i a l i z e the env i ronment
14 CMD [ ” / u s r / l o c a l / b i n / l o a d x v f b . sh ” ]

Listing: Dockerfile for Feel++, Scimba, and Python libraries.
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Docker container advantagesDocker

key advantages:
1. Portability
2. Isolation
3. Reproducibility
4. Dependency Management
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Container limitationsDocker

• Needs access to root user
• Slow to build
• Often have to install scimba by hand inside the container
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Setting the environmentGithub
Provided in the documentation are the steps necessary to set up the work environment.

Figure: ReadMe file in the repository12/34



Setting the environmentFeel++
Create the right environment for using the CFPDE toolbox:

1 impor t s y s
2 impor t f e e l p p
3 impor t f e e l p p . t oo l bo xe s . core as tb
4
5 from t o o l s . s o l v e r s impor t Po i s s on
6 s y s . a r gv = [ ” f e e l pp app ” ]
7 e = f e e l p p . Env i ronment ( s y s . argv ,
8 opt s = tb . t o o l b o x e s o p t i o n s ( ” c o e f f i c i e n t −form−pdes ” ,
9 ” c fpde s ” ) ,
10 c o n f i g = f e e l p p . g l o b a l R e p o s i t o r y ( ’ f e e l p p c f p d e ’ ) )

Listing: CFPDE initialization and configuration.
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Methodology and results



The Poisson classFeel++
To solve the Poisson equation, we create the environment with Feel++ and configure thesettings accordingly.

1 P = Po i s son ( dim = 2 )
2 P ( h =0 .05 , # mesh s i z e
3 orde r = 1 , # po l ynom ia l o rde r
4 name= ’ u ’ , # name of the v a r i a b l e u
5 r h s = ’ 8* p i * p i * s i n (2* p i * x ) * s i n (2* p i *y ) ’ , # r i g h t hand s i d e
6 d i f f = ’ { 1 , 0 ,0 , 1} ’ , # d i f f u s i o n ma t r i x
7 g= ’0 ’ , # D i r i c h l e t boundary c o n d i t i o n s
8 gN= ’0 ’ , # Neumann boundary c o n d i t i o n s
9 shape= ’ Re c t ang l e ’ , # domain shape ( Rec tang le , D i s k )
10 g e o f i l e =None , # geometry f i l e
11 p l o t = 1 , # p l o t the s o l u t i o n
12 s o l v e r = ’ f e e l p p ’ , # s o l v e r
13 u e x a c t = ’ s i n ( 2 * p i * x ) * s i n ( 2 * p i * y ) ’ ,
14 g r a d u e x a c t = ’ {2* p i * cos (2* p i * x ) * s i n (2* p i *y ) ,2* p i * s i n (2* p i * x ) * cos (2* p i *y ) } ’
15 )

Listing: Poisson class initialization.
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Generating visuals on the same meshFeel++scimba
By visualizing both solutions on the same graph, we can directly compare the accuracyand differences between the two methods.

Figure: mesh information visualized on the meshcoordinates.16/34



Generating visuals using ScimBaScimBaScimBa visual representation:

Figure: Visualization of Solution using ScimBa17/34



Visualizing the solution for a Laplacian problem++++++++++++
This segment focuses on visualizing the solutions to the Laplacian problem on a squaredomain. We compare the numerical accuracy and visual fidelity of the solutions usingboth Feel++ and Scimba solvers.

1 P = Po i s son ( dim = 2 )
2
3 # f o r square domain
4 u e x a c t = ’ s i n (2* p i * x ) * s i n (2* p i *y ) ’
5 r h s = ’ 8* p i * p i * s i n (2* p i * x ) * s i n (2* p i *y ) ’
6
7 P ( rh s = rhs , g= ’0 ’ , o rde r = 1 , s o l v e r = ’ f e e l p p ’ , u e x a c t = u e x a c t )
8 P ( rh s = rhs , g= ’0 ’ , o rde r = 1 , s o l v e r = ’ sc imba ’ , u e x a c t = u e x a c t )

Listing: Using the class for a Laplacian problem.

18/34



Visualizing the solution for a Laplacian problem++++++++++++

Figure: Laplacian on square domain19/34



Error convergence rate++++++++++++
1 def r u n L a p l a c i a n P k ( df , model , ve rbose = F a l s e ) :
2 ” ” ” gene ra te the Pk case ” ” ”
3 meas = d i c t ( )
4 dim , order , j s on = model
5 f o r h i n d f [ ’ h ’ ] :
6 m = l a p l a c i a n ( h s i z e =h , j s on = j son , dim=dim , verbose = verbose )
7 f o r norm i n [ ’ L2 ’ , ’ H1 ’ ] :
8 meas . s e t d e f a u l t ( f ’ P{ orde r}−Norm lap l a ce {norm}−e r r o r ’ , [ ] )
9 meas [ f ’ P{ orde r}−Norm lap l a ce {norm}−e r r o r ’ ] . append (
10 m. pop ( f ’ No rm l ap l a ce {norm}−e r r o r ’ ) )
11 df = d f . a s s i g n (**meas )
12 r e t u r n d f

Listing: Calculating L2 and H1 errors for different mesh sizes.
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Tracing the convergence rate++++++++++++

Figure: Error rate for 2D Poisson problem21/34



Absolute Error - ScimBa Solver++++++++++++

Figure: Absolute Error - ScimBa Solver22/34



Absolute Error - Feel++ Solver++++++++++++

Figure: Absolute Error - Feel++ Solver23/34



Example: Poisson Equation on a Disk Domain++++++++++++

Consider the exact solution:
uexact = 1 − x2 − y2

The Poisson equation with a source term f = 4 and Dirichlet boundary condition g = 0 issolved using ScimBa on a disk domain:
P(rhs =′ 4′, g =′ 0′, shape =′ Disk′, solver =′ scimba′, u exact = uexact)

24/34



Example: Poisson Equation on a Disk Domain++++++++++++

Figure: Absolute Error - Feel++ Solver25/34



Example: Poisson Equation on a Disk Domain++++++++++++

Figure: Absolute Error - ScimBa Solver26/34



Example with Varying Anisotropy++++++++++++
We consider the following mathematical system: The exact solution is given by:

uexact = x2

1 + x
+

y2

1 + y

The corresponding Poisson equation with a source term f and diffusion matrix D is givenby:
−∇ · (D∇u) = f in Ω

where the source term f and the diffusion matrix D are defined as:
f = − 4 + 2x + 2y

(1 + x)(1 + y)

D =

(
1 + x 0

0 1 + y

)
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Example with Varying Anisotropy++++++++++++

Figure: Example with varying anisotropy28/34



Example with Varying Anisotropy++++++++++++

Figure: Varying anisotropy loss function29/34



Example with Varying Anisotropy++++++++++++

(a) Anisotropy - Feel (b) Anisotropy - ScimBa
Figure: Comparison of varying anisotropy loss function
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Conclusion++++++++++++

This internship builds on previous work and succeeds in fixing some of the previous issuesand adding new capabilities but fails in certain aspects.
The combined tools allowed for efficient analysis, insightful visualizations, and a deeperunderstanding of machine learning and finite element methods.
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Thank you for listening!
Any questions?
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