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Why CDMATH Library ?
• Observation

I Industrial Context:
I We need: 3D, complex domain (e.g. non-connex), complex boundary conditions, hybrid meshes, rich

physical models, standard data model, ...
I Consequence: complex industrial code may not be easy to test new numerical methods by

researchers and not adapted for teaching

I Academic Context:
I New numerical methods are tested often on "simple" configurations: 1D, 2D, rectangular domain,

limited boundary conditions, one type of cell (e.g. cartesian OR triangular meshes), ...
I Consequence: research code may be easy to use but far from the industrial world

• Objectives of CDMATH Library

I Industrial Context : Reduce the gap between mathematical research and industry

I Academic Context: easy industrial tools for teaching and research

I Facilitated the use by non-computer specialist (Easy-C++, and Python)

I Open source library to promote collaborations:
https://github.com/PROJECT-CDMATH/CDMATH
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CDMATH prerequisites
Product Description

HDF5 is a set of file formats designed to store and organize large
amounts of data.
https://www.hdfgroup.org/HDF5

SWIG (optional) is a tool used to connect programs or libraries written
in C or C++ with scripting languages like Python.
http://www.swig.org

CppUnit (optional) CppUnit is a unit testing framework module for the C++
programming language.
http://cppunit.sourceforge.net

PETSc (optional) is a suite of data structures and routines for the scalable
(parallel) solution of scientific applications modeled by partial dif-
ferential equations.
http://www.mcs.anl.gov/petsc

Salome Products (MEDFile, InterpKernel, MEDCoupling and MEDLoader) de-
fines the data structures exchanged by codes. The modeled data
concern meshes and the resulting fields.

MED data model http://www.salome-platform.org
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Data Toolbox
Vector and Matrix (dense, sparse) : Declaration and some features

C++

#i n c l u d e <Matr ix . hxx>
#i n c l u d e <SparseMatr ix . hxx>
/ / Dense Matr i x
i n t nRows=2 ;
i n t nColumns=2 ;
Matrix dMat ( nRows , nColumns ) ; / / o r dMat ( nRows )
A ( 0 , 0 )= 1 . ; . . . A ( 1 , 1 )= 4 . ;

cou t << " Matr i x dMat : " << endl << dMat ;
cou t << " de te rm inan t o f m a t r i x dMat : "

<< dMat . de terminan t ( ) << endl ;

Matrix tdMat=dMat . t ranspose ( ) ;
Vec to r X ( 2 ) ;
X(0 )=1 . ; X(1 )=2 . ;
Vec to r tdMat_X=tdMat∗X ;

cou t << " tdMat∗X : " << endl ;
cou t << tdMat_X ;

/ / Sparse Matrix , by d e f a u l t nnz =5.
SparseMatrix sMat1 ( nRows , nColumns ) ;
/ / use setBlocNNZ method to change nnz
sMat1 . setValue ( 0 , 0 , 1 . ) ;
. . .
sMat1 . setValue ( 1 , 1 , 4 . ) ;
i n t nnz=3 ;
/ / recommended d e c l a r a t i o n
SparseMatrix sMat2 ( nRows , nColumns , nnz ) ;

Python

impo r t cdmath
# Dense Matr i x
nRows=2
nColumns=2
dMat=Matrix ( nRows , nColumns ) #or dMat ( nRows )
A [ 0 , 0 ] = 1 . . . . A [ 1 , 1 ] = 4 .

p r i n t " Matr i x dMat : " , dMat ;
p r i n t " de te rm inan t o f m a t r i x dMat : " , dMat . determinan t ( )

tdMat=dMat . t ranspose ( )
X=Vec to r ( 2 )
X [ 0 ] = 1 .
X [ 1 ] = 2 .
tdMat_X=tdMat∗X

p r i n t " tdMat∗X : "
p r i n t tdMat_X

# Sparse Matrix , by d e f a u l t nnz =5.
sMat1 SparseMatrix ( nRows , nColumns ) ;
#use setBlocNNZ method to change nnz
sMat1 . setValue ( 0 , 0 , 1 . )
. . .
sMat1 . setValue ( 1 , 1 , 4 . )
nnz=3
# recommended d e c l a r a t i o n
sMat2 SparseMatrix ( nRows , nColumns , nnz )
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Mesh Toolbox (1/4)
Declaration of Mesh

C++

#i n c l u d e <Mesh . hxx>
. . .
x i n f =0.0 ; y i n f =0.0 ;
xsup =1.0 ; xsup =1.0 ;
nx=100 ; ny=100 ;
Mesh car tes ianMesh ( x i n f , xsup , nx ,

y i n f , ysup , ny ) ;
Mesh meshByMEDFile ( " mesh . med " ) ;

Python

impo r t cdmath
x i n f =0.0 ; y i n f =0.0 ;
xsup =1.0 ; xsup =1.0 ;
nx=100 ; ny=100 ;
car tes ianMesh = cdmath . Mesh ( x i n f , xsup , nx ,

y i n f , ysup , ny )
meshByMEDFile = cdmath . Mesh ( " mesh . med " )
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Mesh Toolbox (2/4)
Some Mesh Features

C++

#i n c l u d e <Mesh . hxx>
#i n c l u d e <Ce l l . hxx>
#i n c l u d e <Face . hxx>
. . .

myMesh . writeMED ( " mesh_med_f i le " ) ;
myMesh . writeVTK ( " m e s h _ v t k _ f i l e " ) ;
i n t nbCe l l s=myMesh . getNumberOfCells ( ) ;
f o r ( i n t i=0 ; i<nbCe l l s ; i ++)
{

Ce l l Ci=myMesh . ge tCe l l ( i ) ;
double x = Ci . x ( )
i n t nbFaces=Ci . getNumberOfFaces ( ) ;
f o r ( i n t j =0 ; j <nbFaces ; j ++)
{

i n t i ndexFace j=Ci . getFacesId ( ) [ j ] ;
Face Fj=myMesh . getFace ( i ndexFace j ) ;
double normalVectorX=Ci . getNormalVector ( j , 0 ) ;
double normalVectorY=Ci . getNormalVector ( j , 1 ) ;
double s u r f a c e = Fj . getMeasure ( ) ;
i f ( ! F j . i sBorder ( ) )
{

i n t indexC1=Fj . g e t C e l l s I d ( ) [ 0 ] ;
i n t indexC2=Fj . g e t C e l l s I d ( ) [ 1 ] ;
. . .

}
e l s e
{

i f ( F j . getGroupName ( ) . compare ( " INLET " )==0)
. . .
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Mesh Toolbox (2/4)
Some Mesh Features

Python

impo r t cdmath
. . .

myMesh . writeMED ( " mesh_med_f i le " )
myMesh . writeVTK ( " m e s h _ v t k _ f i l e " )
nbCe l l s=myMesh . getNumberOfCells ( )
f o r i i n xrange ( nbCe l l s ) :

Ci=myMesh . ge tCe l l ( i )
x = Ci . x ( )
nbFaces=Ci . getNumberOfFaces ( )
f o r j i n xrange ( nbFaces ) :

i ndexFace j=Ci . ge tFaces Id ( ) [ j ]
F j=myMesh . getFace ( i ndexFace j )
normalVectorX=Ci . getNormalVector ( j , 0 )
normalVectorY=Ci . getNormalVector ( j , 1 )
s u r f a c e = Fj . getMeasure ( ) ;
i f ( no t F j . i sBorder ( ) ) :

indexC1=Fj . g e t C e l l s I d ( ) [ 0 ]
indexC2=Fj . g e t C e l l s I d ( ) [ 1 ]
. . .

e l s e :
i f ( F j . getGroupName()== " INLET " ) :

. . .
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Mesh Toolbox (3/4)
Declaration of Field

C++

#i n c l u d e <Fie ld . hxx>
. . .
nbComp = 2 ;
Fie ld v e l o c i t y ( " v e l o c i t y " ,FACES , myMesh , nbComp ) ;
Fie ld p re s su r e ( " p r e s su r e " ,CELLS , myMesh , 1 ) ;
Fie ld dens i t y ( " d en s i t y " ,NODES, myMesh , 1 ) ;

Python

impo r t cdmath
. . .
nbComp=2
v e l o c i t y=cdmath . Fie ld ( " v e l o c i t y " , cdmath . FACES , myMesh , nbComp )
p r e s su r e=cdmath . Fie ld ( " p r e s su r e " , cdmath . CELLS , myMesh , 1 )
den s i t y=cdmath . Fie ld ( " d en s i t y " , cdmath .NODES, myMesh , 1 )
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Mesh Toolbox (4/4)
Some Field Features

C++

#i n c l u d e <Fie ld . hxx>
. . .
v e l o c i t y . writeVTK ( " v e l o c i t y _ m e d _ f i e l d " ) ;
v e l o c i t y . writeMED ( " v e l o c i t y _ v t k _ f i e l d " ) ;
v e l o c i t y . writeCSV ( " v e l o c i t y _ c s v _ f i e l d " ) ;

t ime =0. ; i t =1 ; v e l o c i t y . setTime ( t ime , i t ) ;
f o r ( i n t i =0; i<v e l o c i t y . getNumberOfElements ( ) ; i ++)

f o r ( i n t j =0; j <v e l o c i t y . getNumberOfComponents ( ) ; j ++)
v e l o c i t y ( i , j ) = . . . ;

. . .
/ / some o p e r a t i o n s : +, −, =, +=, −=, ∗=, /=
v e l o c i t y +=. . . / / Un+1=Un + . . .
Fie ld t o t a l E n t h a l p y=Fie ld ( " t o t a l E n t h a l p y " ,CELLS ,

myMesh , 1 ) ;
/ / rho i s cons tan t , s p e c i f i c E n t h a l p y and
/ / p r e s su r e are f i e l d s
t o t a l E n t h a l p y=s p e c i f i c E n t h a l p y−p re s su r e / rho ;
. . .
t ime =0.5 ; i t =10 ; v e l o c i t y . setTime ( t ime , i t ) ;
v e l o c i t y . writeVTK ( " v e l o c i t y _ m e d _ f i e l d " , f a l s e ) ;
v e l o c i t y . writeMED ( " v e l o c i t y _ v t k _ f i e l d " , f a l s e ) ;
v e l o c i t y . writeCSV ( " v e l o c i t y _ c s v _ f i e l d " ) ;

cou t << " X component o f the v e l o c i t y : " << endl ;
cou t << v e l o c i t y . getValuesOnComponent ( 0 ) ;
cou t << " V e l o c i t y i n c e l l 10 : " << endl ;
cou t << v e l o c i t y . getValuesOnAllComponents ( 1 0 ) ;

Python

impo r t cdmath
. . .
v e l o c i t y . writeVTK ( " v e l o c i t y _ m e d _ f i e l d " )
v e l o c i t y . writeMED ( " v e l o c i t y _ v t k _ f i e l d " )
v e l o c i t y . writeCSV ( " v e l o c i t y _ c s v _ f i e l d " )

t ime =0. ; i t =1 ; v e l o c i t y . setTime ( t ime , i t )
f o r i i n xrange ( v e l o c i t y . getNumberOfElements ( ) ) :

f o r j i n xrange ( v e l o c i t y . getNumberOfComponents ( ) ) :
v e l o c i t y [ i , j ] = . . . ;

. . .
# some o p e r a t i o n s : +, −, =, +=, −=, ∗=, /=
v e l o c i t y +=. . . / / Un+1=Un + . . .
t o t a l E n t h a l p y=Fie ld ( " t o t a l E n t h a l p y " ,CELLS ,

myMesh , 1 )
# rho i s cons tan t , s p e c i f i c E n t h a l p y and
# pres su r e are f i e l d s
t o t a l E n t h a l p y=s p e c i f i c E n t h a l p y−p re s su r e / rho
. . .
t ime =0.5 ; i t =10 ; v e l o c i t y . setTime ( t ime , i t )
v e l o c i t y . writeVTK ( " v e l o c i t y _ m e d _ f i e l d " )
v e l o c i t y . writeMED ( " v e l o c i t y _ v t k _ f i e l d " , f a l s e )

p r i n t " X component o f the v e l o c i t y : "
p r i n t v e l o c i t y . getValuesOnComponent ( 0 )
p r i n t " V e l o c i t y i n c e l l 10 : "
p r i n t " v e l o c i t y . getValuesOnAllComponents ( 1 0 ) ;
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Linear Solver Toolbox
Declaration and some features

C++

#i n c l u d e <L i n e a r S o l v e r . hxx>
. . .
t o l e r a n c e = 1 .E−5 ; nbI terMax = 50 ;
method = "GMRES" ; precond = " ILU " ;
L inearSo lve r LS ( mat r i x , secondMember ,

nbIterMax , t o l e r ance , method , precond ) ;
Vec to r s o l=LS . so l ve ( ) ;
i f ( LS . ge tS ta tus ( ) )
{

cou t << " Convergence in " << LS . getNumberOfI ter ( )
<< " i t e r a t i o n s . " << endl ;

cou t << " Convergence r e s i due : " << LS . getResidu ( ) << endl ;
}

Python

impo r t cdmath
. . .
t o l e r a n c e = 1 .E−5 ; nbI terMax = 50
method = "GMRES" ; precond = " ILU "
LS=L inearSo lve r ( ma t r i x , secondMember ,

nbIterMax , t o l e r ance , method , precond )
s o l=LS . so l ve ( )
i f ( LS . ge tS ta tus ( ) ) :

p r i n t " Convergence in " , LS . getNumberOfI ter ( ) , " i t e r a t i o n s . "
p r i n t " Convergence r e s i due : " , LS . getResidu ( )
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• Compilation, installation and tests sources
I Cmake
I CppUnit

• Download binary CDMATH from repositories

I Ubuntu 14.04
I Fedora 20, 21 or 22

• Documentations
I Installation guides
I Source code documentation with Doxygen

• External tools
I Salome platform: to build meshes and

visualize data (MED format)
I Paraview: to analyze and visualize data

(VTK format)
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Examples of use (1/2)
Salome-CDMATH-Paraview

Examples provided with CDMATH Library and soon Courses at SupGalilée -

Paris13 University

T. Aid Abdekader, M. Ndjinga. Simulation environment for boiling flows in parallel

channels heated differentially. Internship at CEA.

M. Ndjinga, K. Nguyen. Courses at African Institute of Mathematical Sci-

ences - Next Einstein Intiative

S. Kouraichi, A. Mekkas. Numerical algorithm of the drift-flux model of two-phase

flow in a porous media on staggered grid. Internship at CEA.
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Examples of use (2/2)
Salome-CDMATH-Paraview

K. Herilus, S. Dellacherie ,A. Mekkas. Présentation de la librairie libre CDMATH

couplée à SALOME et PARAVIEW. Application à la résolution de systèmes de

loi de conservation dans des domaines complexes. Internship at CEA.

J. Jung. Euler equations.....
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Perspectives

• More tests

• Continuous integration (CDASH, Travis-CI, ...)

• Improve and parallelize the LinearSolver toolbox (MUMPS, HYPRE, ...)

• AMR ToolBox
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Thank you for your attention
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