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Topological data analysis (TDA) can broadly be described as a collection of data 
analysis methods that find structure in data. These methods include clustering, 

manifold estimation, nonlinear dimension reduction, mode estimation, ridge estimation 
and persistent homology. 
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Higher
- Dimensional

Constructions :

• Continuing gives
the le - th Homotopy Group

.

. .  -

which is very
hard to compute .

• A closely
related

construction
is the k . th

HOMOLOGY GROUP

.
.  -

which is easier
to compute .

-
. .

and carries the intuition that

O -

dimensional Homology ← Clusters

I -

dimensional Homology
← Circles

2 - dimensional Homology
-4 Void

?



HOMOLOGY ( over a field )
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Torus or Wedge
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Detecting
the Circle !

Thicken by E

→

.

in

Po
-

- I

Inter

g
Circular

pi
= I

pz=0
structure !



Niogi ,
SMALE and Weinberger

C 2006 ) '

at good enough sample gives
you

the right
homology

"

But what is e ?
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PERSISTENT HOMOLOGY

. Introduced by
E dels brunner et  al to study

Voids and cavities  in

proteins .

• Generalizes single
- linkage clustering .

•
Uses the fact

that homology is fanctonial ,
i

. e .

if TET

'

,

then
there is a

linear map

Hpct
) → Hpct
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Data -1 > HOMOLOGY

A simplicial complex
is a topological space

built from simple pieces
:

vertices
, edges , triangles ,

tetrahedra , - - .
.  -

Simplicial Complex

Not a simplicial complex



A SIMPZICAL COMPLEX
FROM DATA :

THE Tech complex
 

at scale E :

① Add edge
Xi to fj

 if dcxiixj ) Eac

②
Add triangle E xiixj.tn } if the E - balls

around Xi
,

xj
 and Xu triple

intersect

③ Add tetrahedron Exi
,

xj , Xu ,x , } if the e - balls

quadruple
intersect .

④ and so forth .  - .



THE NERVE THEOREM

The union of c - balls is

"

topologically equivalent

"

to Cc
.

=

FROM  Rob  GHRIST 's  SURVEY !

Hi ( Y Becxil )
= Hike )

I
can

be computed

with linear algebra
!
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In 1971, John O’Keefe discovered the first component of this positioning system. He 
found a type of nerve cell in an area of the brain called the hippocampus that was 

always activated when a rat was at a certain place in a room. Other nerve cells were 
activated when the rat was at other places. O’Keefe concluded that these “place cells” 

formed a map of the room.




— The Nobel Committee, October 2014
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Spreemann, Dunn, B., Baas 2018 (Phys. Rev E)

PLACE FIELDS





Firing data ! intersection data ! space

(Embedding is of course not known)
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Obstruction

Betti numbers = (1, 1, 0, . . . )

Time
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(Illustration only)

Neuroscientists

observe

Construct from cofiring

Betti numbers = (1, 1, 0, . . . )
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But what qualifies as “cofiring”?
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The End


