
Why numerical
geometry ?



• Klee problem
• Robust predicates
• Delaunay triangulations
• Alpha-shape algorithms
• Use of my friend Claude
• And a lot of fun

• 2026-2027 : Implementation of PFEM technique
• Python only !
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The tools 



The tools 



The textbook
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Klee’s problem

How many stationary guards 
are needed to guard any 
polygonal art gallery room 
with m vertices ?
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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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A proof ! WITH NON-CROSSING
DIAGONALS
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Intersecting 
two segments



Is it easy ?
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Left ?

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

- (c[1] - a[1]) * (c[0] - b[0]))
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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 * d[0],

(1 - t) * c[1] + t * d[1])



Let us do the math ! {×
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But it does not work !

def orient2d_naive(a,b,c):
return ((c[0] - a[0]) * (c[1] - b[1])

- (c[1] - a[1]) * (c[0] - b[0]))

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)
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Computers are stupid !

def orient2d_naive(a,b,c):
return ((c[0] - a[0]) * (c[1] - b[1])

- (c[1] - a[1]) * (c[0] - b[0]))

a = (12.0, 12.0)
b = (24.0, 24.0)
eps = 7.0 / 3.0 - 4.0 / 3.0 - 1.0
c = (0.5 + i*eps, 0.5 + j*eps)

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



Permuting arguments !

def orient2d_naive(a,b,c):
return ((c[0] - a[0]) * (c[1] - b[1])

- (c[1] - a[1]) * (c[0] - b[0]))

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



Why is it not robust ?
Why order of operations breaks the associativity rules ?

(ex-ax)(cg-by) - (ey-ay)(ex-bx)
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Robust predicates

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

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

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

The goal is thus to obtain the exact sign while
avoiding the cost of full-precision arithmetic in
ordinary cases.



Robust
predicates

from geompreds import orient2d


	Slide 1: Why numerical geometry ?
	Slide 2: Numerical Geometry
	Slide 3: The tools 
	Slide 4: The tools 
	Slide 5: The textbook
	Slide 6: Klee’s problem
	Slide 7
	Slide 8: Klee’s problem
	Slide 9:  Visibility…
	Slide 10:  …and clear visibility !
	Slide 11
	Slide 12: A so exciting problem for  mathematicians !
	Slide 13
	Slide 14: The fool’s method !
	Slide 15: And so what ?
	Slide 16
	Slide 17: Chvatal’s shape !
	Slide 18
	Slide 19: A proof !
	Slide 20
	Slide 21
	Slide 22: Intersecting  two segments
	Slide 23: Is it easy ?
	Slide 24
	Slide 25
	Slide 26: Left ?
	Slide 27
	Slide 28: Predicate orient2d(a,b,c)
	Slide 29: Let us do the math !
	Slide 30: But it does not work !
	Slide 31: Computers are stupid !
	Slide 32: Permuting arguments !
	Slide 33: Why is it not robust ? Why order of operations breaks the associativity rules ?
	Slide 34: Robust predicates
	Slide 35: Robust  predicates

