
Vietoris–Rips complexes of circles and ellipses

Henry Adams
Colorado State University

Joint with Micha l Adamaszek (University of Copenhagen)
and Samadwara Reddy (Duke University)

0

S1 S3 S5 S
7

1
3

2
5

3
7
4
9



In[55]:= Demo[data1, 0, .41]

Out[55]=

Cech simplicialcomplex

Appearance

draw one simplices

draw Cech complex

draw Rips complex

Filtrationparameter

t 0.

CechRips.nb     3

Definition

For metric space X and scale r ≥ 0, the
Vietoris–Rips simplicial complex VR≤(X ; r) has

vertex set X

finite simplex σ when diam(σ) ≤ r .
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Theorem (Hausmann, 1995)

For M a compact Riemannian manifold and r sufficiently small,

VR<(M; r) ' M.

Theorem (Latschev, 2001)

For X ⊆ M sufficiently dense and r sufficiently small,

VR<(X ; r) ' M.
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Let S1 be the circle of unit circumference.

Theorem (Adamaszek, HA)

VR≤(S1; r) '

{
S2`+1 if `

2`+1 < r < `+1
2`+3 for some ` ∈ N.
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For any r1 < r < r2, ε > 0, and i ≥ 1, there exists an ε-dense
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Future work

1 VR<(E ; r) for larger r .

2 VR<(Sn; r)?

3 For M a Riemannian manifold do we have
VR<(Xsuff. dense; r)

'
↪−→ VR<(M; r)?

False for M = E (not Riemannian).

4 Is conn(VR<(M; r)) a non-decreasing function of r?

5 Ambient Čech complexes.
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Theorem (Hausman, 1995)

Let M be a Riemannian manifold with r(M) > 0.
If 0 < r ≤ r(M), then VR≤(M; r) ' M.

Definition

Let r(M) be the largest satisfying:
(a) If d(x , y) < 2r(M), then ∃! shortest geodesic between x and y .

(b) u

x

y
z

<r(M)

(c)

�(ts)

�0(ts0) �0(s0)

�(s)�(0)

�0(0)

=

The n-sphere with great circle circumference 1 has r(Sn) = 1
4 .

r(M) > 0 if M has positive injectivity radius and bounded
sectional curvature (in particular if M compact).
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