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The tools
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A three-dimensional finite element
mesh generator with built-in pre- and
post-processing facilities A

Christophe Geuzaine and Jean-Frangois Remacle

Download | Documentation | Licensing | Screenshots | Links | References

Gmsh is an open source 3D finite element mesh generator with a built-in CAD
engine and post-processor. Its design goal is to provide a fast, light and user-
friendly meshing tool with parametric input and flexible visualization
capabilities. Gmsh is built around four modules (geometry, mesh, solver and
post-processing), which can be controlled with the graphical user interface,
from the command line, using text files written in Gmsh's own scripting
language (. geo files), or through the C++, C, Python, Julia and Fortran
application programming interface.

See this general presentation for a high-level overview of Gmsh and the
reference manual for the complete documentation, which includes the Gmsh
tutorial. The source code repository contains the tutorial source files as well as
many other examples.
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The tools
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D ¢« £ Définir un répertoire Python =+ & Share 3=
Q Q .
Syntaxe vérifiée.
1at G
Juests i . ) X
Ok : il faudrait mettre toutes les interactions en anglais et aussi mettre les
Jled commentaires exactement sous la méme forme que dans le script
3 interpolation.py

Worked for 37s >

iGeometrieNumerique1 ———
@ left.py est mis ajour :
5 PR E 2 « Interface entierement en anglais, avec Compute, Clean, Exit.

+ Commentaires au méme format que interpolation.py :en-téte avec # , séparateurs et repére

mainProgram .
Syntaxe vérifiée.
Dans interpolation.py, j'utilisais global pour accéder aux points définis,
tandis que cette défintion n'apparait plus dans left.py : est-ce que
arted 10f5 I'utilisation de global est inutile ?

(" Enable notifications

Oui, global estinutile dans la version actuelle de left.py , car les fonctions modifient la liste points sans
réaffecter la variable.

O Set up a daily update

O Catch me up on Linear = v
La distinction est la suivante :
() Review the latest plans &
© Furrthisspreadsheetintes O |
ehart
+  © Approve for me GPT-6 Astra Light v & @
@ vincent Legat ®




The textbook

Mark de Berg
Otfried Cheong

Marc van Kreveld
Mark Overmars

Computational
Geometry

Algorithms and Applications
Third Edition

@ Springer



Klee’s problem
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...and clear visibility !
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A so exciting
problem for
mathematicians !
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The fool’s method !
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EHPIRICAL
EXPLORATION
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Intersecting
two segments

[ ] @ Intersection Stupid

Compute Clean Exit

The segments intersect at X.
Screen coordir_\ates: (236.227, 196.384)
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[s it easy ?

/Yh,fX + [3:{_

™, = 4y - da
X[ — X
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Compute Clean Exit
L The segments intersect at X.
= am 7< + 2 Screen coordinates: (236.227, 196.384)
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Left ?

@ @ Left

Compute Clean

C is to the left of A = B (counterclockwise).
AC x BC =17445

[ ] @ Left

Compute Clean Exit

C is to the right of A = B (clockwise).
AC x BC = -46188

2

Exit

def orient2d(a,b,c):
return ((c[0] - a[0]) * (c[l] - b[1l])

- (c[1l] - a[l]l) * (c[0] - b[O]))
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int

int

AreaSign (Pointi a,Pointi b, Pointi c)

double area2;

area2 = - (bl0] = a0l ) * (double) (. cllE

el -—al0] ) * (double} bll]

/* The area should be an integer. */

if (- area2 > 0.5 ) returnl L):
else if ( area2 < -0.5 ) return(-1);
else return( 0) ;

Left (Pointi a,Pointi b,Pointi c)

return( AreaSign(a,b,c) > 0 );

—aill]
~afll

)
)




O @ Intersection Stupid

Compute Clean Exit

The segments intersect at X.
Screen coordinates: (239.432, 232.443)

Predicate
orient2d(a,b,c)

def intersect(a,b,c,d):

abc = orient2d(a,b,c)
bad = orient2d(b,a,d)
t = abc / (bad + abc)
dca = orient2d(d,c,a)
s = dca / (bad + abc)
if not (0 < £t <1 and 0 < s < 1): return None
return ((1 - t) * c¢[0] + £t * 4A[O0],

(1 - t) * c[1] + £t * d[1])
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But 1t does not work ! -

. L~
S 3/3
a = (12.0, 12.0)
b= (36.0, 36.0)
eps = 7.0 / 3.0 - 4.0/ 3.0 -1.0
c = (1.0 + i*eps, 1.0 + j*eps)

def orient2d naive(a,b,c):
return ((c[0] - a[0]) * (c[l] - b[1l])
- (c[1] - a[l]) * (c[0] - Db[O]))




Computers are stupid !

>>> eps = 7./3 - 4./3 -1
>>> eps
2.220446049250313e-16

(12.0, 12.0)
(24.0, 24.0)
eps = 7.0 / 3.0 -

4.0/ 3.0-1.0
c = (0.5 + i*eps, 0.5 +

j*eps)

def orient2d naive(a,b,c):
return ((c[0] - a[0]) * (c[l] - b[1l])
- (c[1] - a[l]) * (c[0] - Db[O]))




Permuting arguments !

Robust and naive predicates

A =(12.0,12.0), B = (24.0, 24.0), C = (0.5 + i eps, 0.5 + j eps)
Naive (b, ¢, a), n = 50 Naive (c, a, b), n = 50

[ N

Naive (a, b, ¢), n = 50

def orient2d naive(a,b,c):
return ((c[0] - a[0]) * (c[l] - b[1])
- (c[1] - a[1l]) * (c[0] - Db[O]))

Naive (a,b,c)/Naive (b,c,a) disagreements: 642 / 2500
Naive (a,b,c)/Naive (c,a,b) disagreements: 638 / 2500
Naive (b,c,a)/Naive (c,a,b) disagreements: 1004 / 2500
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Why is it not robust ?
Why order of operations breaks the associativity rules ?



Robust predicates

e = Shewchuk's algorithms use adaptive precision:
UGHe=ley Reesicn . simple cases are computed quickly using machine
precision, and the precision of the computation is
Jonathan increased when the result is too close to zero for
. Shewchuk its sign to be guaranteed.

’ m— The goal is thus to obtain the exact sign while
e avoiding the cost of full-precision arithmetic in

ety = ordinary cases.

Wilkinson Prize in Numeri
Delaunay Mesh Generati

ftware, and for his 2012 book

n with Siu-Wing Cheng and
Tamal Dey. His deepest work i in his many papers on constrained
Delaunay triangulations, especially in three and higher
dimensions. Besides the Wilkinson Prize, he is also the recipient of Updats your proftie b

search UC Berkeley Director

J. R. Shewchuk, Adaptive Precision Floating-Point Arithmetic and Fast Robust Geometric Predicates,

Discrete & Computational Geometry,

18(3), 305-363, 1997. DOI: 10.1007/PL00009321

import numpy as np
import matplotlib.pyplot as plt
from geompreds import orient2d




[ ] ® Robust and naive predicates
A =(12.0,12.0), B =(24.0,24.0),C= (0.5 +ieps, 0.5 + j eps)
Naive (a, b, c), n = 100 Robust (a, b, ¢), n = 100

Robust
predicates

Naive (c, a, b), n = 100 Robust (c, a, b), n = 100

from geompreds import orient2d
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