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Proving that an equation has no solution

S" = {(x,y) € [-10;10)? | f'(x,y) = x*> + y? + xy + 10 < 0}
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Proving that an equation has no solution

S' = {(x,y) € [-10;10]? | f'(x,y) = x*> 4+ y? + xy + 10 < 0}
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Coordinates of A

xa = 2 cos(a)
ya = 2sin(«)
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A robot

Constraints

Feasible configuration set
Path connected space

Motivation - topological recall

Coordinates of A
{ xa = 2 cos()

ya = 2sin(«)

v

Coordinates of B

{ xg = 2cos(a) + 1.5 cos(a + f3)

yg = 2sin(a) 4+ L.5sin(a + ()
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Motivation - topological recall

ya € [0, yo

4

yB €] — 00, yo

Constraints about « and 3

a € [-m, 7], B € [-m, 7]
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A robot

Constraints

Feasible configuration set
Path connected space

Motivation - topological recall

Feasible configuration set
(a7/8) € [—71',71']2 /

fi(a, B) = 2sin(a) — yo
f(a, B) = —2sin(«a)
f3(a, B) = 2sin(a) + L.5sin(a + 3) — yo
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o
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A robot
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Feasible configuration set
Path connected space

Motivation - topological recall

Definition (path-connected set)

A topological space S is path-connected if and only if for every two
points x, y € S, there is a continuous function f from [0,1] to S
such that £(0) = x and (1) = y.
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Motivation - topological recall

F1G.: Examples.
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The point v* is a star for a subset X of an Euclidean space if
Vx € X, the segment [x, v*] is include in X.
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Path connected space

Motivation - topological recall

(star-shaped set)

If there exists v* € X such that v* is a star for X, then we say
that X is star-shaped or v*-star-shaped.
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A star-shaped set is a path-connected set.
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Proposition 2

Let X and Y two v*-star-shaped set, then X N Y and X U Y are
also v*-star-shaped.
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

Theorem

Let S = {x€ D CR" /f(x) <0} where f isa C' function from
D toR, D a convex set, v* be in S. If

f(x) =0, Df(x).(x —v*) <0, xe D

is inconsistent then v* is star a for S.

Nicolas Delanoue
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea

Theorem
An example and the solver CIA

Let us prove that v* = (0.6, —0.5) is a star for the set defined by

S = {(x,y) € R?, such that f(x,y) =x>+y? +xy —2 < 0}
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Theorem
An example and the solver CIA

Let us prove that v* = (0.6, —0.5) is a star for the set defined by

S = {(x,y) € R?, such that f(x,y) =x>+y? +xy —2 < 0}

1S inconsistent
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An example

Computing the number of connected components The idea
Theorem

An example and the solver CIA

Let us prove that v* = (0.6, —0.5) is a star for the set defined by

S = {(x,y) € R?, such that f(x,y) =x>+y? +xy —2 < 0}

= =0 is inconsistent
Of(x).(x —v*) <0
X +y?+xy—-2=0 is inconsistent
=
Oxf(x,y).(x —0.6) + 0, f(x,y).(y +0.5) <0
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea

Theorem
An example and the solver CIA

Let us prove that v* = (0.6, —0.5) is a star for the set defined by

S = {(x,y) € R?, such that f(x,y) =x>+y? +xy —2 < 0}

= =0 is inconsistent
Of(x).(x —v*) <0
X +y?+xy—-2=0 is inconsistent
=
Oxf(x,y).(x —0.6) + 0, f(x,y).(y +0.5) <0

x4+ y’+xy—2=0 is inconsistent
(2x+y)(x —0.6) + (2y + x)(y + 0.5) <0
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An example
Computing the number of connected components The idea

Theorem
An example and the solver CIA
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

The idea

To divide it with a paving P such that, on each part p, SNp is
star-shaped.

*
*
*
E3
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

The idea

Let us define the notion of star-spangled graph with the relation :
Snpnaqg#0.

*
*
*
*
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

The idea

Let us define the notion of star-spangled graph with the relation :
Snpnaqg#0.

Iy 2

*
5t
P
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

Definition

A star-spangled graph of a set S, noted by Gs, is a relation R on a
paving P where
e P = (pi)ics, for all pof P, SNp is star-shaped. And S C Up,-
i€l
@ R is the reflexive and symmetric relation on P defined by
pRg&SNpNg#0.

{%%
fs
=

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

Theorem

Let Gs be a star-spangled graph of a set S.
S is path-connected < s is connected .

*
*
*

e Js
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

Corollary

Let Gs be a star-spangled graph of a set S.
Gs has the same number of connected components than S. i.e.

m0(S) = mo(Fs)-

*

N
1
.
.
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea

Theorem
An example and the solver CIA

Feasible configuration set, yo = 2.3

2sin(a) € [0, ]
2sin(a) + 1.5sin(a+3) € |- oo,yq]

S= ¢ (a,p) €] = m,a*/
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A sufficient condition for proving that a set is star-shaped
An example
Computing the number of connected components The idea
Theorem
An example and the solver CIA

The solver CIA (path-' onnected via Interval /\nalysis)

Feasible configuration set, yo = 2.3

B 2sin(«) € [0, yo]
S= {(a,ﬂ) €] —”’“[2/{ 2sin(a) + 1.5sin(a+8) € ]— o0,y }

Feasible configuration set, yo = 2.3

(o, 8) €] —m,7[* /

fi(a, B) = 2sin(a@) — yo < 0
f(o, f) = —2sin(«) < 0
f3(a, B) = 2sin(a) + 1.5sin(a+B) —y < 0
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topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

topological invariant

number of connected components
Let g be :

mo: { ”Nice” sets } — N

X — number of connected components off X
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information ngulation
Create a triangulation

o - — 1

F1G.: mo(X) and mo(Y).

Nicolas Delano Guaranteeing the homotopy type of a set d



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information angulation
Create a triangulation

o - — 1

Y

F1G.: mo(X) and mo(Y).
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More topological information Triangulation
Create a triangulation

o — 1

Il Il

Y

F1G.: mo(.) is a topological invariant.
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

mo(.) is a topological invariant since

If X=2Y then mo(X)=mo(Y)
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

mo(.) is a topological invariant since

If X=2Y then mo(X)=mo(Y)

If X and Y are such that mo(X)#mo(Y)
then X22Y.
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

There exists sets such that

X 22Y and mo(X) = mo(Y)
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

There exists sets such that

X 2Y and mp(X) = mo(Y)

o : — 1

F1a.: mp(.) is not enough strong.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a

Definition - Homeomorphism

A function f between two topological spaces X and Y is called a
homeomorphism if it has the following properties :

O fis a bijection (1-1 and onto),
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Definition - Homeomorphism

A function f between two topological spaces X and Y is called a
homeomorphism if it has the following properties :

O fis a bijection (1-1 and onto),

@ f is continuous,
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Create a

Definition - Homeomorphism

A function f between two topological spaces X and Y is called a
homeomorphism if it has the following properties :

O fis a bijection (1-1 and onto),
@ f is continuous,

© the inverse function f—! is continuous.
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topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Definition - Homeomorphism

A function f between two topological spaces X and Y is called a
homeomorphism if it has the following properties :

O fis a bijection (1-1 and onto),
@ f is continuous,

© the inverse function f—! is continuous.

Definition - homeomorphic spaces

Two spaces X and Y with a homeomorphism f : X — Y between
them are called homeomorphic. From a topological viewpoint they
are the same.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information ngulation

Create a triangulation

X Y A

FiG.: Example.

Nicolas Delano Guaranteeing the homotopy type of a set d
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The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Example.
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topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Example.

g the homotopy type of a set defined by
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topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation
Create a tri

@ Create a triangulation to obtain more topological properties.

o homotopy type, fundamental group (71(S)).
e homology groups (H1(S), H2(S),...).
o Betti numbers.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Analyse par intervalles

g the homotopy type of a set defined by



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a tri

Definition - homotopy between the two functions

Two continuous functions f, g : X — Y are homotopic, f ~ g
if the exists a continuous function F : X x [0,1] — Y/, such that :
F(x,0) = f(x) and F(x,1) = g(x), Vx € X.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

colas Delano
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

f ~ fO

colas Delano anteeing the homotopy type of a set defined by n
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

FiG.:

g the homotopy type of a set defined by



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

: m of a set

Let Y be a path connected space and yy € Y,

m(Y, %) ={f:S1 — Y, f continuous , f(x0) = yo}/ ~

7
o

S1

Fia.: f and 7°.

Poincaré, H. 'Analysis situs’, J. Ecole polytech. (2)1, 1-121 (1895).

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

: m of a set

Let Y be a path connected space and yy € Y,

m(Y, %) ={f:S1 — Y, f continuous , f(x0) = yo}/ ~

7
o

S1

Fic.: f2

Poincaré, H. 'Analysis situs’, J. Ecole polytech. (2)1, 1-121 (1895).

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Property

m1(Y, yo) is a group.

O x L~ L

Nicolas Delan Guaranteeing the homotopy type of a set defined by
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topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Property

m1(Y, yo) is a group.

f1x f~1 ~ f0

Nicolas Delan Guaranteeing the homotopy type of a set defined by



homotopy_oppose.swf
Media File (application/x-shockwave-flash)


topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information angulation
Create a triangulation

e — {0}

F1G.: m1(.) is a topological invariant.

Nicolas Delan Guaranteeing the homotopy type of a set defined by



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

e — {0}

Y

F1G.: m1(.) is a topological invariant.

Nicolas Delan Guaranteeing the homotopy type of a set defined by



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Y

F1G.: m1(.) is a topological invariant.
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Create a triangulation

F1G.: m1(.) is a topological invariant.

Nicolas Delan Guaranteeing the homotopy type of a set defined by



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a tri

Definition

Two spaces X and Y are homotopy equivalent or of the same
homotopy type if there exist continuous maps f : X — Y and
g:Y —>Xsuchthat gof~1lxetfog~ly. X>Y.

One writes X ~ Y.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Definition

Two spaces X and Y are homotopy equivalent or of the same
homotopy type if there exist continuous maps f : X — Y and
g:Y —>Xsuchthat gof~1lxetfog~ly. X>Y.

One writes X ~ Y.

Fig.: X~ Y

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Spaces that are homotopy equivalent.

Nicolas Delan Guaranteeing the homotopy type of a set defined by
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topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Definition

Spaces that are homotopy equivalent to a point are called
contractible.

X~Y.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Proposition

Two homeomophic spaces are of the same homotopy type.

X2Y=>X~Y

Nicolas Delanoue

nteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a

Proposition

Two homeomophic spaces are of the same homotopy type.

X2Y=>X~Y

Remark

Most of the topological invariant can not distinguished two spaces
that are homotopy equivalent.

F1G.: X ~ Y = m(X) = m(Y)

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangula
Create a triangulation

A triangulatio

g the homotopy type of a set defined by
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Definition - Abstract triangulation

Let A\ be a finite set of symbols {(a°), (a'),...,(a")}
An abstract triangulation K is a subset of the powerset of N

satisfying : 0 € K = Voo C 0,00 € K

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

F1G.: A realisation of K.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group

homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

K = {(@ )(al)( );
(&%a), (a', &%),
(a07al’aZ)}

This will be denoted by a%a‘a® + a3a*

F1G.: A realisation of K.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea




topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

If |K1| and |K>| are two realisations of an abstract triangulation £,
then |Ki| and |K2| homeomorphic.

4. T

| K1 | Ko

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Let IC be an abstract triangulation, an (x) a symbol. One notes by
C(x, K) the set :

C(x,K) ={()}uKku ] (x,0)

oe

where (x,0) := (x,a%,...,a") with o = (al,...,a") € K.
C(x,K) is the cone with x as apex and K as base.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

a

C(x,K) = {(X)}UICU{(X,ao),(x,al),(x,az),(x,a3),(x,a4),

(x,a% al), (x, al,a%), (x,a% &%), (x,a%, a*), (x, % at, 32)} .

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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a

C(x,K) = {(X)}UICU{(X,ao),(x,al),(x,az),(x,a3),(x,a4),
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Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

a

C(x,K) = {(X)}UICU{(X,ao),(x,al),(x,az),(x,a3),(x,a4),

(x,a% al), (x, al,a%), (x,a% &%), (x,a%, a*), (x, % at, 32)} .
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topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

C(x,K) = {(X)}UICU{(X,ao),(x,al),(x,az),(x,a3),(x,a4),

(x,a% al), (x, al,a%), (x,a% &%), (x,a%, a*), (x, % at, 32)} .

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



between spaces

More topological information

Create a triangulation

C(x.K) = {()puku{( ,a°)7 a'), (x,2%), (X a°), (x,a%),

(x,a% a'), (x, at 32),(x %, a%), (x,a%, a%), (x,a°, a a2)}

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

C(x,K) = {(X)}UICU{(X,ao),(x,al),(x,az),(x,a3),(x,a4),

(x,a% al), (x, al,a%), (x,a% &%), (x,a%, a*), (x, % at, 32)} .
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The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

C(x,K) = {(X)}UICU{(X,ao),(x,al),(x,az),(x,a3),(x,a4),

(x,a% al), (x, al,a%), (x,a% &%), (x,a%, a*), (x, % at, 32)} .
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topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

a

C(x,K) = {(X)}UICU{(X,ao),(x,al),(X,a2),(x,a3),(X,a4),

(x,a% a"), (x,a", %), (x,a% a%), (x, %, a%), (x, a°%, a', %) } .

C(x,K) x(a%a'a® + a3a*)

= xa%alad? + xa’a*

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Property of a cone

A cone is contractile.

Nicolas Delan eeing the homotopy type of a set defined by



topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Main goal :

Create a triangulation homotopy equivalent to :

r

S=[J[){x e R%fij(x) <0} where f,; € C'(R",R)
i=1j=1

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

2 2
x+y°+xy—-2 < 0
S = R?
(X7y)6 ‘ —x2—y2—xy—|—1 < 0
S Ks
F1G.: Example of a set S and a triangulation generated by the algorithm
Homotopy via Interval Analysis.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

@ Create a covering {S;};c; de S such that

vJCI, ﬂ S; is contractile or empty
JjeJ

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

@ Create a covering {S;};c; de S such that

vJCI, ﬂ S; is contractile or empty
JjeJ

@ Create a triangulation homotopy equivalent to S.

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Divide S with a paving {pi}ics, (Si := SN p;) such that

VJ C I, () S; is contractible of empty
Jjed

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by ni



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Divide S with a paving {pi}ics, (Si := SN p;) such that

VJ C I, () S; is contractible of empty
Jjed

S1

So

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Divide S with a paving {pi}ics, (Si := SN p;) such that

VJ C I, () S; is contractible of empty
Jjed

S1

N

%r\ 84/ \

8{1’4} :=$1 NSy

So

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Divide S with a paving {pi}ics, (Si := SN p;) such that

VJ C I, () S; is contractible of empty
Jjed

S{gv4'5} = ng n S,1 n Sr,

S1

S3

%r\ 84/

N D

So

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

Let F = {S,,J C I, such that S, is contractible }.

S{31415} =S3NS4NSs.

St

S3

%r‘\ 84/

N

So

Nicolas Dela Guaranteeing the homotopy type of a set d
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More topological information Triangulation
Create a ngulation

Order F with inclusion

Sy
3
% A s{ | \
O
Sp1.43
So
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a ngulation

Order F with inclusion

Nicolas Delano Guaranteeing the homotopy type of a set d
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topological invariant

The fundamental group

homotopy equivalence between spaces
Triangula

Create a triangulation




topological invariant

The fundamental group

homotopy equivalence between spaces
More topological information iangulation
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topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

Nicolas Delan Guaranteeing the homotopy type of a set defined by



topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

a(fm+gm)+b(gm+h(m+n)+in)+

+c(fm+h(m4n)+jintk)+d(in+jn+l)+e(k+1)

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea



topological invariant
The fundamental group

homotopy equivalence between spaces
More topological information Triangulation

Create a triangulation

a(fm+gm)+b(gm+h(m+n)+in)+

+c(fm+h(m4n)+jintk)+d(in+jn+l)+e(k+1)

afm-+agm~+bgm~+bhm~+bhn+bin+

+cfm+chm+chn—+cjn+ck+din+djn+dl+ek+el

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

@ CIA : Connected components via Interval Analysis
http://www.istia.univ-angers.fr/~delanoue/

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea


http://www.istia.univ-angers.fr/~delanoue/
http://www.istia.univ-angers.fr/~delanoue/

topological invariant
The fundamental group
homotopy equivalence between spaces

More topological information Triangulation
Create a triangulation

@ CIA : Connected components via Interval Analysis
http://www.istia.univ-angers.fr/~delanoue/

@ HIA : Homotopy type via Interval Analysis
http://www.istia.univ-angers.fr/~delanoue/

Nicolas Delanoue Guaranteeing the homotopy type of a set defined by non-linea
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What | am doing now

@ Merci pour votre attention ! J

Nicolas Delano teeing the homotopy type of a set defined by non-linea



Theorem

IfS={xe€ D CR" /f(x) <0} where f isa C* function from D
toR, D a convex set, v* be in S and if

f(x) =0, Df(x).(x —v*) <0, xe D

is inconsistent then v* is star a for S.

(1) est inconsistent < Vx € D, f(x) = 0 = 0f(x).(x —v*) >0
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Corollaire

Let Gs be a star-spangled graph of a set S.
Gs has the same number of connected components than S. i.e.

m0(S) = mo(Gs).
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