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CECH [Gech 1930s] [Alexandroff 1928]

[Ghrist 2008] @



VIETORIS-RIPS COMPLEX o oo




VR Lemma. C,(X) < VR, (X) < C,,(X)




NERVE

=Nrv(U) = {common intersections of subsets in U}
= {simplices}, naturally forming a complex




NERVE THEQREM [Borsuk 1948] [Alexandroff 1928]

Nrv(U) and UU are homotopic equivalent if all common
intersections of subsets in U are contractible




PROOF OF NERVE THEOREM.




VIETORIS-SMALE MEPPING THEOREM rvicons 1067 (smate

If : X — Y is surjective and proper, and
all preimage f'(y) is contractible,
then X and Y are homotopically equivalent.




ALPH ﬁ COMPLEX [Edelsbrunner-Kirkpatrick-Seidel 1983] [Edelsbrunner 1995]
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- Don’t quess &; take alll

[Christ 2008] @
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F00D FOR THOUGHT.
Why are common Intersections of balls contractible?
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—  BARCODES
ﬁ - Summary of homology

data at all scales of ¢

.. - Existence

— T = i — - Computation

¢ - Stability

|
> £

[Christ 2008]




PERSI STE NT H 0 M 0 L@ GY [EdelsbrunnerLetscher-Zomorodian 2002]

(degree-1 homology)
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: e (01) o (1) (61)

> k2 — -5 k2 . [Oudot 2020] @




PERSISTENT HOMOLOGY

() (01)

k—s k? —>k—>k —>k

H=i(0) = im( H,(C) — H,C))




BIRTH AND DEATH

J\
J\

is born at 1 if [y] is in H,(C') but not in H(C*!)

dies at j if [y] merges with older cycles:

= 1*[y] not in H = but in H -

T | oy ] |
——A




BARCOBE THEOREM [Zomorodian-Carlsson 2005]

Barcode exists; more precisely,
H(C) decomposes into &; Fib., d]




- Persly] = ¢-¢;




COMPUTATION
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NEXT TIME.
Stability of persistence; sketching topology



Cecr HoMoLoGY

-ﬁn(U) = (common Intersections of n+1 subsets m U) = C,(Nrv(U))
0,0y = L (1) Uy

«THEOREM. Cech homology = normal homology if
every U; are homologically trivial




