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Abstract

The fc_simesh Python package allows to use simplices meshes gen-
erated from gmsh (in dimension 2 or 3) or an hypercube triangulation (in
any dimension). The fc_simesh_mayavi Python package presented in
this report is an add-on to the fc_simesh Python package. A particular
care was taken to the graphics representations of meshes and datas on
meshes by using mayavi package.
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1 Functions of the fc_simesh_matplotlib

package

1.1 function plotmesh

The plotmesh function displays the mesh or parts of the mesh de�ned by an
siMesh object.

Syntaxe

simlab.plotmesh(Th ,)

simlab.plotmesh(Th ,Key=Value , ...)

Description

simlab.plotmesh(Th,) displays all the Th.d-dimensional simplices elements.

simlab.plotmesh(Th,Key=Value, ...) speci�es function options using one or more

Key,Value pair arguments. Options of �rst level are

‚ d : to specify the dimension of the simplices elements (default : Th.d)

‚ labels : to select the labels of the elements to display,

‚ color : to specify the color of the displayed mesh elements. (default
: use one color by displayed mesh elements),

‚ legend : add a legend to graph if True (default : False)

‚ cute_planes' : cut mesh by n plans given by a list of Plane objects
(only in dimension 3). The Plane constructor is Plane(origin=[x,y,z ], normal=[nx,ny,z])

which de�ned the plane coming through point origin and orthogonal
to the vector normal. The normal vector pointed to the part of the
mesh not displayed. (only in dimension 3) default : [] (no cut).

The options of second level depend on the type of elementaries mesh ele-
ments to represent.
One can use any option of the following functions according to the type
of d-simplex to be represented.
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• In dimension 3,

‚ if d ““ 3,mlab.pipeline. surface function is used with tvtk.UnstructuredGrid

and tvtk.Tetra().cell_type

‚ if d ““ 2,mlab.pipeline. surface function is used with tvtk.UnstructuredGrid

and tvtk.Triangle() .cell_type

‚ if d ““ 1,mlab.pipeline. surface function is used with tvtk.UnstructuredGrid

and tvtk.Line().cell_type

‚ if d ““ 0, not yet implemented

• In dimension 2,

‚ if d ““ 2, mlab.triangular_mesh function is used,

‚ if d ““ 1, if d ““ 1, mlab.pipeline. surface function is used with
tvtk.UnstructuredGrid and tvtk.Line().cell_type

‚ if d ““ 0, not yet implemented

• dimension 1, not yet implemented

1.1.1 2D example

The following example use the .geo �le condenser11.geo which is in the direc-
tory geodir of the toolbox ....
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mesh f i l e=gmsh . buildmesh2d ( ' condenser11 ' ,25)
Th=siMesh ( mesh f i l e )
mlab . f i g u r e (1 )
s imlab . plotmesh (Th, legend=True )
mlab . view (0 , 0 )
mlab . f i g u r e (2 )
s imlab . plotmesh (Th, l a b e l s =[10 ,20 ] , l egend=True )
s imlab . plotmesh (Th, l a b e l s = [2 , 4 , 6 , 8 ] , c o l o r=' black ' ) # , ' L i n e s t y l e ' , ' : ' )
mlab . view (0 , 0 )
mlab . f i g u r e (3 )
s imlab . plotmesh (Th, c o l o r=' LightGray ' )
s imlab . plotmesh (Th, d=1, legend=True , l ine_width=2)
mlab . view (0 , 0 )
mlab . f i g u r e (4 )
s imlab . plotmesh (Th, c o l o r=' LightGray ' )
s imlab . plotmesh (Th, d=1, legend=True , l a b e l s = [1 ,3 , 5 , 7 , 20 ,101 ,102 ,103 ,104 ] )
mlab . view (0 , 0 )

Listing 1: 2D plot mesh

1.1.2 3D example

The following example use the .geo �le cylinderkey.geo which is in the direc-
tory geodir of the toolbox. This �le contains description of a 3D mesh with
simplices of dimensions 1, 2 and 3.
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mesh f i l e=gmsh . buildmesh3d ( ' cy l i nde rkey ' ,15)
Th=siMesh ( mesh f i l e )
mlab . f i g u r e (1 )
s imlab . plotmesh (Th, legend=True )
s imlab . plotmesh (Th, d=1, c o l o r=' black ' , l ine_width=3)
mlab . f i g u r e (2 )
s imlab . plotmesh (Th, d=2, legend=True )
mlab . f i g u r e (3 )
s imlab . plotmesh (Th, d=2, l a b e l s =[1 ,1000 ,1020 ,1021 ] , c o l o r=' LightGray ' , opac i ty =0.1)
s imlab . plotmesh (Th, d=2, l a b e l s =[10 ,11 ,31 ,2000 ,2020 ,2021 ] , l egend=True )
mlab . f i g u r e (4 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.1)
s imlab . plotmesh (Th, d=1, legend=True , l ine_width=3)

Listing 2: 3D plot mesh
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mesh f i l e=gmsh . buildmesh3d ( ' cy l i nde rkey ' ,15)
Th=siMesh ( mesh f i l e )
mlab . f i g u r e (5 )
from f c_too l s . g raph i c s import Plane
P=[Plane ( o r i g i n =[0 , 0 , 1 ] , normal =[0 ,0 , ´1]) , Plane ( o r i g i n =[0 , 0 , 1 ] , normal=[0 ,´1 ,´1]) ]
s imlab . plotmesh (Th, d=1, c o l o r=' black ' )
s imlab . plotmesh (Th, cut_planes=P, c o l o r='DarkGrey ' )
s imlab . plotmesh (Th, d=2, cut_planes=P, legend=True )
mlab . view ( ´146 ,67 ,6)
mlab . f i g u r e (6 )
P=Plane ( o r i g i n =[0 , 0 , 1 ] , normal =[ ´1 ,0 ,0])
s imlab . plotmesh (Th, d=1, c o l o r=' black ' )
s imlab . plotmesh (Th, cut_planes=[P] , c o l o r='DarkGrey ' )
s imlab . plotmesh (Th, d=2, cut_planes=[P] , l egend=True )
mlab . view (118 ,45 ,6 )

Listing 3: 3D plot mesh,

1.1.3 3D surface example

The following example use the .geo �le demisphere5.geo which is in the direc-
tory geodir of the toolbox. This �le contains description of a 3D surface mesh
with simplices of dimensions 1 and 2.
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from f c_too l s . c o l o r s import check_color
me sh f i l e=gmsh . buildmesh3ds ( ' demisphere5 ' ,20)
Th=siMesh ( mesh f i l e )
mlab . f i g u r e (1 )
s imlab . plotmesh (Th, legend=True )
mlab . f i g u r e (2 )
s imlab . plotmesh (Th, c o l o r=' LightGray ' , opac i ty =0.1)
s imlab . plotmesh (Th, d=1, legend=True , l ine_width=2)
mlab . f i g u r e (3 )
s imlab . plotmesh (Th, l a b e l s = [1 ,10 ,13 ,12 ] )
vp=simlab . plotmesh (Th, l a b e l s =[11 ] , r e p r e s en t a t i on=' su r f a c e ' )
vp [ 0 ] . a c to r . property . e d g e_v i s i b i l i t y=True
mlab . f i g u r e (4 )
vp=simlab . plotmesh (Th, legend=True , l a b e l s =[10 ,13 ,12 ] , r e p r e s en t a t i on=' su r f a c e ' )
for i in range ( len ( vp ) ) :

vp [ i ] . a c to r . property . e d g e_v i s i b i l i t y=True
vp [ i ] . a c to r . property . edge_color=check_color ( ' LightGray ' )

s imlab . plotmesh (Th, l a b e l s =[1 ,11 ] , c o l o r=' LightGray ' , opac i ty =0.1)

Listing 4: 3D surface mesh : plot function

1.2 function plot

The plot function displays scalar datas on the mesh or parts of the mesh
de�ned by an siMesh object.

Syntaxe

simlab.plot(Th ,u)

simlab.plot(Th ,u,Key=Value , ...)

Description

simlab.plot(Th,u) displays data u on all the Th.d-dimensional simplices ele-

ments. The data u is an 1D-array of size Th.nq or Th.nqGlobal or Th.nqParent.
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simlab.plot(Th,u,Key=Value, ...) speci�es function options using one or more

Key,Value pair arguments. Options of �rst level are

‚ d : to specify the dimension of the simplices elements (default : Th.d)

‚ labels : to select the labels of the elements to display data,

‚ plane : if True, (default : False)

The second level options depend on the type of elementaries mesh elements
on which we want to represent datas.
One can use any option of the following functions according to the type
of d-simplex.

• In dimension 3,

‚ if d ““ 3,mlab.pipeline. surface function is used with tvtk.UnstructuredGrid

and tvtk.Tetra().cell_type

‚ if d ““ 2, mlab.triangular_mesh function is used.

‚ if d ““ 1,mlab.pipeline. surface function is used with tvtk.UnstructuredGrid

and tvtk.Line().cell_type

• In dimension 2,

‚ if d ““ 2, mlab.triangular_mesh function is used.

‚ if d ““ 1,mlab.pipeline. surface function is used with tvtk.UnstructuredGrid

and tvtk.Line().cell_type.

• Dimension 1 : not implemented.

1.2.1 2D example

The following example use the .geo �le condenser11.geo which is in the direc-
tory geodir of the package.
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import numpy as np
mesh f i l e=gmsh . buildmesh2d ( ' condenser11 ' ,25)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y : 5∗np . exp(´3∗(x∗∗2+y∗∗2) ) ∗np . cos ( x ) ∗np . s i n (y ) )
mlab . f i g u r e (1 )
s imlab . p l o t (Th, u , colormap=' v i r i d i s ' )
mlab . view (0 , 0 )
mlab . co l o rba r ( )
mlab . f i g u r e (2 )
s imlab . p l o t (Th, u , l a b e l s =[10 ,20 ] , colormap=' v i r i d i s ' )
vp=simlab . p l o t (Th, u , l a b e l s = [2 , 4 , 6 , 8 ] , colormap=' v i r i d i s ' )
mlab . view (0 , 0 )
vp . ac to r . property . e d g e_v i s i b i l i t y=True
vp . ac to r . property . l ine_width=0.5
mlab . f i g u r e (3 )
s imlab . p l o t (Th, u , colormap=' v i r i d i s ' , p lane=False )
mlab . co l o rba r ( )
mlab . f i g u r e (4 )
s imlab . p l o t (Th, u , l a b e l s =[10 ,20 ] , colormap=' v i r i d i s ' , p lane=False )
vp=simlab . p l o t (Th, u , l a b e l s = [2 , 4 , 6 , 8 ] , colormap=' v i r i d i s ' , p lane=False , merge=False )
for i in range ( len ( vp ) ) :

vp [ i ] . a c to r . property . e d g e_v i s i b i l i t y=True
vp [ i ] . a c to r . property . l ine_width=0.5

mlab . f i g u r e (5 )
s imlab . p l o t (Th, u , d=1, colormap=' v i r i d i s ' , l ine_width=2)
s imlab . plotmesh (Th, c o l o r=' LightGray ' , opac i ty =0.05 ,merge=True )
mlab . co l o rba r ( )
mlab . f i g u r e (6 )
s imlab . p l o t (Th, u , d=1, colormap=' v i r i d i s ' , l ine_width=2, plane=False )
s imlab . plotmesh (Th, c o l o r=' LightGray ' , opac i ty =0.05 ,merge=True , z=u)
mlab . co l o rba r ( )

Listing 5: 2D mesh : plot function

1.2.2 3D example

The following example use the .geo �le cylinderkey.geo which is in the direc-
tory geodir of the toolbox. This �le contains description of a 3D mesh with
simplices of dimensions 1, 2 and 3.
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mesh f i l e=gmsh . buildmesh3d ( ' cy l i nde rkey ' ,15)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
mlab . f i g u r e (1 )
s imlab . p l o t (Th, u , colormap=' j e t ' , l ine_width =0.5)
mlab . co l o rba r ( )
mlab . f i g u r e (2 )
s imlab . p l o t (Th, u , d=2, l a b e l s =[2000 ,2020 ,2021 ] )
vp=simlab . p l o t (Th, u , d=2, l a b e l s =[31 ] , r e p r e s en t a t i on=' wireframe ' )
vp . ac to r . property . l i g h t i n g=False
vp . ac to r . property . l ine_width=0.5
vp=simlab . p l o t (Th, u , d=2, l a b e l s =[10 ,11 ] , merge=Fal se )
for i in range ( len ( vp ) ) :

vp [ i ] . a c to r . property . e d g e_v i s i b i l i t y=True
vp [ i ] . a c to r . property . l ine_width=0.5

s imlab . p l o t (Th, u , d=1, l a b e l s =[1075 ,1077 ,1078 ,1081 ] , l ine_width=3)
mlab . co l o rba r ( )

Listing 6: 3D mesh : plot function

1.2.3 3D surface example

The following example use the .geo �le demisphere5.geo which is in the direc-
tory geodir of the toolbox. This �le contains description of a 3D surface mesh
with simplices of dimensions 1 and 2.

mesh f i l e=gmsh . buildmesh3ds ( ' demisphere5 ' ,30)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
mlab . f i g u r e (1 )
s imlab . p l o t (Th, u , colormap=' j e t ' , l ine_width =0.5)
mlab . co l o rba r ( )
mlab . f i g u r e (2 )
s imlab . p l o t (Th, u , l a b e l s =[10 ,12 ] , opac i ty =0.5)
vp=simlab . p l o t (Th, u , l a b e l s =[1 ,11 ] , r e p r e s en t a t i on=' wireframe ' ,merge=False )
for i in range ( len ( vp ) ) :

vp [ i ] . a c to r . property . l i g h t i n g=False
vp [ i ] . a c to r . property . l ine_width=0.5

s imlab . p l o t (Th, u , d=1, l ine_width=3)
mlab . co l o rba r ( )

Listing 7: 3D surface mesh : plot function
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1.3 function plotiso

The plotiso function displays isolines from datas on the mesh or parts of the
mesh de�ned by an siMesh object. This function only works with 2-simplices
in space dimension 2 or 3.

Syntaxe

simlab.plotiso(Th ,u)

simlab.plotiso(Th ,u,Key=Value , ...)

Description

simlab. plotiso (Th,u) displays data u on all the 2-dimensional simplices ele-

ments as colored isovalues. The data u is an 1D-array of size Th.nq or
Th.nqGlobal or Th.nqParent.

simlab. plotiso (Th,u,key=value, ...) speci�es function options using one or more

key,value pair arguments. Options of �rst level are

‚ contours : to specify the number of isolines (default : 10) or a
list/numpy array of isovalues (default : empty)

‚ labels : to select the labels of the elements to display data,

‚ plane : if False draw 3D isovalues with data u as z values. (default
: True)

‚ color : to specify one color for all isolines (default : None))

The second level options are the options of the mlab.pipeline.iso_surface

which we use to draw the isovalues.

1.3.1 2D example

The following example use the .geo �le condenser11.geo which is in the direc-
tory geodir of the toolbox.
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import numpy as np
mesh f i l e=gmsh . buildmesh2d ( ' condenser11 ' ,50)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y : 5∗np . exp(´3∗(x∗∗2+y∗∗2) ) ∗np . cos ( x ) ∗np . s i n (y ) )
mlab . f i g u r e (1 )
s imlab . p l o t i s o (Th, u , contours=25, colormap=' v i r i d i s ' )
s imlab . plotmesh (Th, d=1, c o l o r=' black ' )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , r e p r e s en t a t i on=' su r f a c e ' , opac i ty =0.4)
mlab . view (0 , 0 )
mlab . co l o rba r ( )
mlab . f i g u r e (2 )
s imlab . p l o t i s o (Th, u , contours=np . arange ( ´1 ,1 ,0 .1) , l a b e l s =[10 ,20 ] ,

colormap=' v i r i d i s ' )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , r e p r e s en t a t i on=' su r f a c e ' , opac i ty =0.4 ,

l a b e l s =[10 ,20 ] )
mlab . view (0 , 0 )
mlab . co l o rba r ( )
mlab . f i g u r e (3 )
s imlab . p l o t i s o (Th, u , contours=15, colormap=' v i r i d i s ' , l a b e l s = [2 , 4 , 6 , 8 ] )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , r e p r e s en t a t i on=' su r f a c e ' ,

opac i ty =0.4 , l a b e l s = [2 ,4 , 6 , 8 ] )
s imlab . p l o t i s o (Th, u , contours=15, c o l o r=' white ' , l a b e l s =[10 ,20 ] )
s imlab . p l o t (Th, u , l a b e l s =[10 ,20 ] , colormap=' v i r i d i s ' )
mlab . view (0 , 0 )
mlab . co l o rba r ( )
mlab . f i g u r e (4 )
s imlab . p l o t i s o (Th, u , contours=15, colormap=' v i r i d i s ' , l a b e l s = [2 , 4 , 6 , 8 , 20 ] ,

p lane=False )
s imlab . p l o t (Th, u , l a b e l s = [2 , 4 , 6 , 8 , 20 ] , colormap=' v i r i d i s ' , opac i ty =0.5 , plane=False )
s imlab . p l o t i s o (Th, u , contours=15, c o l o r=' white ' , l a b e l s =[10 ] , p lane=False )
s imlab . p l o t (Th, u , l a b e l s =[10 ] , colormap=' v i r i d i s ' , p lane=False )
mlab . co l o rba r ( )
mlab . view ( ´41 ,71 ,7)

Listing 8: 2D mesh : plotiso function

1.3.2 3D example

The following example use the .geo �le cylinderkey.geo which is in the direc-
tory geodir of the toolbox. This �le contains description of a 3D mesh with
simplices of dimensions 1, 2 and 3.
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mesh f i l e=gmsh . buildmesh3d ( ' cy l i nde rkey ' ,15)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
mlab . f i g u r e (1 )
s imlab . p l o t (Th, u , d=2, l a b e l s =[10 ,11 ,31 ] , opac i ty =0.5)
s imlab . p l o t i s o (Th, u , d=2, l ine_width=2)
s imlab . plotmesh (Th, d=2, l a b e l s =[1000 ,1020 ,1021 ,2000 ,2020 ,2021 ] , c o l o r=' LightGray ' ,

opac i ty =0.1)
mlab . co l o rba r ( )
mlab . f i g u r e (2 )
s imlab . p l o t (Th, u , d=2, l a b e l s =[10 ,11 ] , opac i ty =0.5)
s imlab . plotmesh (Th, d=2, l a b e l s =[31 ,2000 ,2020 ,2021 ] , c o l o r=' LightGray ' ,

r e p r e s en t a t i on=' su r f a c e ' )
s imlab . p l o t i s o (Th, u , d=2, l a b e l s =[10 ,11 ,31 ,2000 ,2020 ,2021 ] , contours=15,

l ine_width=2)
mlab . co l o rba r ( )
mlab . view (65 ,74 ,7 )

Listing 9: 3D mesh : plotiso function

1.3.3 3D surface example

The following example use the .geo �le demisphere5.geo which is in the direc-
tory geodir of the toolbox. This �le contains description of a 3D surface mesh
with simplices of dimensions 1 and 2.
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mesh f i l e=gmsh . buildmesh3ds ( ' demisphere5 ' ,30)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
mlab . f i g u r e (1 )
s imlab . p l o t (Th, u , opac i ty =0.7)
s imlab . p l o t i s o (Th, u , l ine_width =1.5)
mlab . co l o rba r ( )
mlab . f i g u r e (2 )
#simlab . p lotmesh (Th , d=2, l a b e l s =[1 ,1000 ,1020 ,1021] , c o l o r='LightGray ' , opac i t y =0.1)
s imlab . p l o t (Th, u , l a b e l s =[13 ] )
s imlab . p l o t i s o (Th, u , l a b e l s =[13 ] , c o l o r=' white ' , l ine_width =1.5)
s imlab . p l o t (Th, u , l a b e l s =[10 ,12 ] , opac i ty =0.4)
s imlab . plotmesh (Th, l a b e l s =[1 ] , r e p r e s en t a t i on=' su r f a c e ' , c o l o r=' LightGray ' )
s imlab . p l o t i s o (Th, u , l a b e l s =[1 ,10 ,12 ] , l ine_width =1.5)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' , l ine_width =1.5)
mlab . co l o rba r ( )

Listing 10: 3D surface mesh : plotiso function

1.3.4 function quiver

The quiver function displays vector �eld datas on the mesh or parts of the
mesh de�ned by an siMesh object.

Syntaxe

simlab.quiver(Th ,V)

simlab.quiver(Th ,V,Key=Value , ...)

Description

simlab.quiver(Th,V) displays vector �eld V on each vertices of the d-dimensional

simplices elements in dimension d “ 2 or d “ 3. The data V is an 2D-array
numpy array of size dim-by-Th.nq .

simlab.quiver(Th,V,Key=Value, ...) speci�es function options using one or more

Key,Value pair arguments. Options of �rst level are

‚ labels : to select the labels of the elements to display data,

‚ scalars : to set quivers color to a numpy array of size Th.nq (default
: empty and use colors of the mesh elements).

‚ color : to specify one color for all quivers.

For key/value pairs, one could also used those of the mlab.quiver3d function.
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1.3.5 2D example

The following example use the .geo �le condenser11.geo which is in the direc-
tory geodir of the toolbox.

import numpy as np
mesh f i l e=gmsh . buildmesh2d ( ' condenser11 ' ,50)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y : 5∗np . exp(´3∗(x∗∗2+y∗∗2) ) ∗np . cos ( x ) ∗np . s i n (y ) )
w=[lambda x , y : y∗np . cos (´(x∗∗2+y∗∗2) /10) , lambda x , y : ´x∗np . cos (´(x∗∗2+y∗∗2) /10) ]
W=np . array ( [Th . f e v a l (w [ 0 ] ) ,Th . f e v a l (w [ 1 ] ) ] )
mlab . f i g u r e (1 )
s imlab . qu iver (Th,W, s ca l e_ fa c t o r =0.05 , l ine_width=1, mask_points=Th . nq//2000)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' )
mlab . vectorbar ( )
mlab . view (0 , 0 )
mlab . f i g u r e (2 )
s imlab . qu iver (Th,W, s c a l a r s=u , s c a l e_ fa c t o r =0.05 , l ine_width=1,

mask_points=Th . nq//2000)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' )
mlab . s c a l a rba r ( )
mlab . view (0 , 0 )
mlab . f i g u r e (3 )
s imlab . qu iver (Th,W, l a b e l s = [2 ,4 , 6 , 8 , 20 ] , s c a l e_ fa c t o r =0.05 , l ine_width=1,

mask_points=Th . nq//2000)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' )
mlab . vectorbar ( )
mlab . view (0 , 0 )
mlab . f i g u r e (4 )
s imlab . qu iver (Th,W, l a b e l s = [2 , 4 , 6 , 8 , 20 ] , s c a l a r s=u ,

s c a l e_ fa c t o r =0.05 , l ine_width=1, mask_points=Th . nq//2000)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' )
mlab . s c a l a rba r ( )
mlab . view (0 , 0 )

Listing 11: 2D mesh : quiver function

1.3.6 3D example

The following example use the .geo �le cylinderkey03.geo which is in the
directory geodir/3d of the toolbox. This �le contains description of a 3D mesh
with simplices of dimensions 1, 2 and 3.
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import numpy as np
mesh f i l e=gmsh . buildmesh3d ( ' cyl inder3dom ' ,15)
mlab . c l o s e ( a l l=True )
Th=siMesh ( mesh f i l e ) ;
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
w=[lambda x , y , z : y∗np . cos (´(x∗∗2+y∗∗2) /10) , lambda x , y , z :

´x∗np . cos (´(x∗∗2+y∗∗2) /10) , lambda x , y , z : z /5 ]
W=np . array ( [Th . f e v a l (w [ 0 ] ) ,Th . f e v a l (w [ 1 ] ) ,Th . f e v a l (w [ 2 ] ) ] )
mlab . f i g u r e (1 )
s imlab . qu iver (Th,W, l ine_width=1, mask_points=Th . nq//3000)
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
mlab . vectorbar ( )
mlab . f i g u r e (2 )
s imlab . qu iver (Th,W, s c a l a r s=u , l ine_width=1, mask_points=Th . nq//3000)
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
mlab . s c a l a rba r ( )
mlab . f i g u r e (3 )
s imlab . qu iver (Th,W, l a b e l s =[10 ,11 ] , l ine_width=1, mask_points=Th . nq//3000)
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
mlab . vectorbar ( )
mlab . f i g u r e (4 )
s imlab . qu iver (Th,W, s c a l a r s=u , l a b e l s =[10 ,11 ] , l ine_width=1,

mask_points=Th . nq//3000)
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
mlab . s c a l a rba r ( )

Listing 12: 3D mesh : quiver function

1.3.7 3D surface example

The following example use the .geo �le demisphere5.geo which is in the direc-
tory geodir of the toolbox. This �le contains description of a 3D surface mesh
with simplices of dimensions 1 and 2.
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import numpy as np
mesh f i l e=gmsh . buildmesh3ds ( ' demisphere5 ' ,30)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
w=[lambda x , y , z : y∗np . cos (´(x∗∗2+y∗∗2) /10) , lambda x , y , z :

´x∗np . cos (´(x∗∗2+y∗∗2) /10) , lambda x , y , z : z ]
W=np . array ( [Th . f e v a l (w [ 0 ] ) ,Th . f e v a l (w [ 1 ] ) ,Th . f e v a l (w [ 2 ] ) ] )
mlab . f i g u r e (1 )
s imlab . qu iver (Th,W)
simlab . plotmesh (Th, c o l o r=' LightGray ' , opac i ty =0.05)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' , l ine_width=2)
mlab . vectorbar ( )
mlab . f i g u r e (2 )
s imlab . qu iver (Th,W, s c a l a r s=u)
s imlab . plotmesh (Th, c o l o r=' LightGray ' , opac i ty =0.05)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' , l ine_width=2)
mlab . s c a l a rba r ( )
mlab . f i g u r e (3 )
s imlab . qu iver (Th,W, l a b e l s = [1 ,10 ,12 ] )
s imlab . plotmesh (Th, c o l o r=' LightGray ' , opac i ty =0.05)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' , l ine_width=2)
mlab . vectorbar ( )
mlab . f i g u r e (4 )
s imlab . qu iver (Th,W, s c a l a r s=u , l a b e l s = [1 ,10 ,12 ] )
s imlab . plotmesh (Th, c o l o r=' LightGray ' , opac i ty =0.05)
s imlab . plotmesh (Th, d=1, c o l o r=' black ' , l ine_width=2)
mlab . s c a l a rba r ( )

Listing 13: 3D surface mesh : quiver function

1.4 function slicemesh

The slicemesh function displays intersection of a plane and a 3D mesh or parts
of a 3D mesh de�ned by an siMesh object.

Syntaxe

simlab.slicemesh(Th ,)

simlab.slicemesh(Th ,Key=Value , ...)
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Description

simlab.slicemesh(Th,) displays intersection of a plane and all the 3-dimensional

simplices elements. By default the plane is given by an origin point p0, 0, 0q
which lies on it and a normal vector p0, 0, 1q which is orthogonal to the
plane.

simlab.slicemesh(Th,Key=Value, ...) speci�es function options using one or more

Key,Value pair arguments. Key could be:

‚ origin : to specify a point lying on the plane (default is p0, 0, 0q)

‚ normal : to specify a vector orthogonal to the plane (default is
p0, 0, 1q)

‚ labels : to select the labels of the elements to intersect,

The other Key/Value pair options are those of scalar_cut_plane function
from mayavi.mlab.pipeline.

The following example use the .geo �le cylinder3dom.geo which is in the
directory geodir of the toolbox. This �le contains description of a 3D mesh
with simplices of dimensions 1, 2 and 3.
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mesh f i l e=gmsh . buildmesh3d ( ' cyl inder3dom ' ,15) ;
mlab . c l o s e ( a l l=True )
Th=siMesh ( mesh f i l e )
mlab . f i g u r e (1 )
s imlab . plotmesh (Th, legend=True )
s imlab . plotmesh (Th, d=1, c o l o r=' black ' , l ine_width=3)
mlab . f i g u r e (2 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
s imlab . s l i c emesh (Th, o r i g i n =(0 ,0 ,1) , normal=(´1 ,0 ,1) )
mlab . view (132 ,53 ,7 )
mlab . f i g u r e (3 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for normal in [ ( 1 , 0 , 0 ) , ( 0 , 1 , 0 ) , ( 0 , 0 , 1 ) ] :

s imlab . s l i c emesh (Th, o r i g i n =(0 ,0 ,1) , normal=normal )
mlab . view (155 ,66 ,7 )
mlab . f i g u r e (4 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for normal in [ ( 1 , 0 , 0 ) , ( 0 , 1 , 0 ) , ( 0 , 0 , 1 ) ] :

s imlab . s l i c emesh (Th, l a b e l s =[10 ,11 ] , o r i g i n =(0 ,0 ,1) , normal=normal ,
c o l o r=' LightGray ' )

s imlab . s l i c emesh (Th, l a b e l s =[1 ] , o r i g i n =(0 ,0 ,1) , normal=normal )
mlab . view (155 ,66 ,7 )

Listing 14: 3D mesh : slicemesh function

1.5 function slice

The slice function displays datas on the intersection of a plane and a 3D mesh
or parts of a 3D mesh de�ned by an siMesh object.

Syntaxe

simlab.slice(Th ,u)

simlab.slice(Th ,u,Key=Value , ...)

Description
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simlab.slice(Th,u) displays u data on the intersection of a plane and all the

3-dimensional simplices elements. By default the plane is given by an
origin point p0, 0, 0q which lies on it and a normal vector p0, 0, 1q which
is orthogonal to the plane. The data u is an 1D-array of size Th.nq or
Th.nqGlobal or Th.nqParent.

simlab.slice(Th,u,Key,Value, ...) speci�es function options using one or more

Key,Value pair arguments. Key could be:

‚ origin : to specify a point lying on the plane (default is p0, 0, 0q)

‚ normal : to specify a vector orthogonal to the plane (default is
p0, 0, 1q)

‚ labels : to select the labels of the elements to intersect,

The other Key/Value pair options are those of scalar_cut_plane function
from mayavi.mlab.pipeline.

1.5.1 3D example

The following example use the .geo �le cylinder3dom.geo which is in the di-
rectory geodir/3d of the toolbox. This �le contains description of a 3D mesh
with simplices of dimensions 1, 2 and 3.
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mesh f i l e=gmsh . buildmesh3d ( ' cyl inder3dom ' ,15)
mlab . c l o s e ( a l l=True )
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
mlab . f i g u r e (1 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
s imlab . s l i ce (Th, u , o r i g i n =(0 ,0 ,1) , normal=(´1 ,0 ,1) )
mlab . view (132 ,53 ,7 )
mlab . f i g u r e (2 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for normal in [ ( 1 , 0 , 0 ) , ( 0 , 1 , 0 ) , ( 0 , 0 , 1 ) ] :

s imlab . s l i ce (Th, u , o r i g i n =(0 ,0 ,1) , normal=normal )
mlab . view (155 ,66 ,7 )
mlab . f i g u r e (3 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for normal in [ ( 1 , 0 , 0 ) , ( 0 , 1 , 0 ) , ( 0 , 0 , 1 ) ] :

s imlab . s l i ce (Th, u , l a b e l s =[1 ] , o r i g i n =(0 ,0 ,1) , normal=normal )
mlab . view (155 ,66 ,7 )
mlab . f i g u r e (4 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for z in [ 0 , 0 . 5 , 1 , 1 . 5 ] :

s imlab . s l i ce (Th, u , l a b e l s =[1 ] , o r i g i n =(0 ,0 , z ) , normal=(´1 ,0 ,1) , opac i ty =0.6)
mlab . view (110 ,71 ,7 )

Listing 15: 3D mesh : slice function

1.6 function sliceiso

The vtk_sliceiso function displays isolines of data on the intersection of a
plane and a 3D mesh or parts of a 3D mesh de�ned by an siMesh object.

Syntaxe

simlab.sliceiso(Th ,u,P)

simlab.sliceiso(Th ,u,Key=Value , ...)

Description
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simlab. sliceiso (Th,u) displays u data as isolines on the intersection of a plane

and all the 3-dimensional simplices elements. By default the plane is given
by an origin point p0, 0, 0q which lies on it and a normal vector p0, 0, 1q
which is orthogonal to the plane.

simlab. sliceiso (Th,u,key=value, ...) allows additional key/value pairs to be used

when displaying u. The key could be

‚ labels : to select the labels of the elements to intersect,

‚ contours : to specify the number of isolines (default : 10) or a
list/numpy array of isovalues (default : empty)

‚ color : to specify one color for all isolines (default : empty)

For key/value pairs, one could also used those of the iso_surface function
from mayavi.mlab.pipeline.

1.6.1 3D example

The following example use the .geo �le ball8.geo which is in the directory
geodir of the toolbox. This �le contains description of a 3D mesh with simplices
of dimensions 1, 2 and 3.
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mesh f i l e=gmsh . buildmesh3d ( ' cyl inder3dom ' ,15)
Th=siMesh ( mesh f i l e )
u=Th . f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
mlab . f i g u r e (1 )
s imlab . s l i c e i s o (Th, u , o r i g i n =(0 ,0 ,1) , normal=(´1 ,0 ,1) , colormap=' v i r i d i s ' )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
s imlab . s l i c emesh (Th, o r i g i n =(0 ,0 ,1) , normal=(´1 ,0 ,1) , c o l o r='Gray ' )
mlab . co l o rba r ( )
mlab . view (132 ,53 ,7 )
mlab . f i g u r e (2 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for normal in [ ( 1 , 0 , 0 ) , ( 0 , 1 , 0 ) , ( 0 , 0 , 1 ) ] :

s imlab . s l i c emesh (Th, o r i g i n =(0 ,0 ,1) , normal=normal , c o l o r=' LightGray ' )
s imlab . s l i c e i s o (Th, u , contours=20, o r i g i n =(0 ,0 ,1) , normal=normal , l ine_width=2)#,

w_enabled=True )
mlab . co l o rba r ( )
mlab . view (155 ,66 ,7 )
mlab . f i g u r e (3 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for normal in [ ( 1 , 0 , 0 ) , ( 0 , 1 , 0 ) , ( 0 , 0 , 1 ) ] :

s imlab . s l i c emesh (Th, o r i g i n =(0 ,0 ,1) , normal=normal , c o l o r=' LightGray ' )
s imlab . s l i c e i s o (Th, u , contours=20, l a b e l s =[1 ] , o r i g i n =(0 ,0 ,1) , normal=normal )

mlab . view (155 ,66 ,7 )
mlab . co l o rba r ( )
mlab . f i g u r e (4 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
for z in [ 0 , 0 . 5 , 1 , 1 . 5 ] :

s imlab . s l i ce (Th, u , l a b e l s =[1 ] , o r i g i n =(0 ,0 , z ) , normal=(´1 ,0 ,1) )
s imlab . s l i c e i s o (Th, u , l a b e l s =[1 ] , o r i g i n =(0 ,0 , z ) , normal=(´1 ,0 ,1) , c o l o r=' white ' )

mlab . co l o rba r ( )
mlab . view (110 ,71 ,7 )

Listing 16: 3D mesh : sliceiso function

1.7 function streamline

The streamline function allows to draw streamlines for given vector data and
colorized by scalar data on a 3D mesh or parts of a 3D mesh de�ned by an
siMesh object. This supports various types of seed objects (line, sphere, plane
and point seeds). It also allows to draw ribbons or tubes and further supports
di�erent types of interactive modes of calculating the streamlines.
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Syntaxe

simlab.streamline(Th ,u,V)

simlab.streamline(Th ,u,V,Key=Value , ...)

Description

simlab.streamline(Th,u,V) displays streamlines computed from the vector data

V and colorized by the scalar data u

simlab.streamline(Th,u,V,Key=Value, ...) speci�es function options using one

or more Key,Value pair arguments. Key could be:

‚ labels : to select the labels of the siMeshElt on which to draw the
streamlines.

‚ seed_options :

‚ seed_widget_options :

‚ streamtracer_options :

The other Key/Value pair options are those of streamline function from
mayavi.mlab.pipeline.

The following example use the .geo �le cylinder3dom.geo which is in the
directory geodir of the toolbox. This �le contains description of a 3D mesh
with simplices of dimensions 1, 2 and 3.
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import numpy as np
mesh f i l e=gmsh . buildmesh3d ( ' cyl inder3dom ' ,20)
mlab . c l o s e ( a l l=True )
Th=siMesh ( mesh f i l e )
U=Th. f e v a l (lambda x , y , z : 3∗x∗∗2´y∗∗3+z∗∗2+x∗y )
w=[lambda x , y , z : y∗np . cos (´(x∗∗2+y∗∗2) /10) , lambda x , y , z :

´x∗np . cos (´(x∗∗2+y∗∗2) /10) , lambda x , y , z : z /5 ]
W=np . array ( [Th . f e v a l (w [ 0 ] ) ,Th . f e v a l (w [ 1 ] ) ,Th . f e v a l (w [ 2 ] ) ] )
mlab . f i g u r e (1 )
s imlab . s t r eaml in e (Th,U,W)
simlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
mlab . co l o rba r ( )
mlab . f i g u r e (2 )
s_options={ ' v i s i b l e ' : True}
sw_options={ ' normal ' : ( 0 , 0 , 1 ) , ' r e s o l u t i o n ' : 6}
st_opt ions={ ' i n t e g r a t i on_d i r e c t i on ' : ' both ' }
s l=simlab . s t r eaml in e (Th,U,W, seedtype=' plane ' , l i n e t yp e=' tube ' ,

seed_options=s_options ,
seed_widget_options=sw_options ,
s t reamtracer_opt ions=st_opt ions )

s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)
mlab . co l o rba r ( )

mlab . f i g u r e (3 )
sw_options={ ' c en te r ' : ( 0 . 9 , 0 , 1 ) , ' r ad iu s ' : 0 . 1 , ' ph i_re so lu t i on ' : 8 ,

' the ta_re so lu t i on ' : 1 2 , ' enabled ' : Fa l se }
st_opt ions={ ' i n t e g r a t i on_d i r e c t i on ' : ' both ' }
s l 1=simlab . s t r eaml in e (Th,U,W, seed_widget_options=sw_options ,

s t reamtracer_opt ions=st_options , colormap=' j e t ' )
sw_options [ ' c en t e r ' ]=(0 ,0 ,1 )
sw_options [ ' r ad iu s ' ]=0.3
s l 2=simlab . s t r eaml in e (Th,U,W, seed_widget_options=sw_options ,

s t reamtracer_opt ions=st_options , colormap=' j e t ' )
mlab . s c a l a rba r ( )
mlab . view ( 4 6 . 6 , 5 8 , 6 . 7 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)

mlab . f i g u r e (4 )
sw_options={ ' o r i g i n ' : (0 , ´1 ,0) , ' po int1 ' : (0 , ´1 ,2) , ' po int2 ' : ( 0 , 1 , 0 ) ,

' enabled ' : True , ' r e s o l u t i o n ' : 6}
st_opt ions={ ' i n t e g r a t i on_d i r e c t i on ' : ' both ' }
s l 1=simlab . s t r eaml in e (Th,U,W, seedtype=' plane ' ,

seed_widget_options=sw_options ,
s t reamtracer_opt ions=st_options , colormap=' j e t ' )

mlab . s c a l a rba r ( )
mlab . view ( 4 6 . 6 , 5 8 , 6 . 7 )
s imlab . plotmesh (Th, d=2, c o l o r=' LightGray ' , opac i ty =0.05)

Listing 17: 3D mesh : streamline function
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