
 

AMAT584 Lecture 3 1 27 20

Lasttime Simplices
today Simplicial complexes

Review For k O a k simplex in IR is the
convex hull of KH pointingeneral position
If these points are Xo xp wewrite the simplex as Xo Xk

Geneal position means these do not lie on a Lk 2 dim
affine subspace

For f x xn34Nfinite the convex hull of X is
Cow c x that t cut 450 Ci I

Definition 4412 is carves if tf x y XX containsthe
line segment connecting and y

Remarle Conult is the smallest convex set contains X

A O simplex is a point Technically a singleton set
A 1 simplex is a line segment
A Z simplex is a triangle
A 3 simplex is a tetrahedron
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Definition A fate of a simplex Xo ok
is the simplex spanned by a non empty
subset of Xi Xk

Exercise List all the faces of the simplex
Co Dc IR

Definition A geometric simplical complex is a set 5 of
simplices in LR for some fixed n such that

12
each face of a simplex in S is contained in5
The intersection of two simplices in X is a
face of each of them if non empty

Let ABCD c1122Example
B

µ D be as sham

This illustrates the simplicial complex
LA CB K CD CAB CAD CBCT CADTCABED



Exemple For AB E R as shown

A CAT CAB is net a simplical
Comptex property 1 is violated

O
B

Example For A B CD E R2 as shown
A B

CAT LB KJLD CADJCBC

is nitated.simplial complex property 2
D

Remarki As the examples share a simplical complex is
specified by set of points in 1124 together with a collection

of finite subsets of these satisfying certain conditions

Wesay X is K dimensional if the largest dimensionof
a simplex in X is K

Definition For 5 a simplicial complex we call the
f the simplices in 5 the geometric realization

of S and denote this 151

Abstract simplicial complexes



Motivation It turns out that up to homeomorphism
ISI doesn't depend on the position of the O simplices
of 5

examples
p athist

1st451 Recall that I means is homeomorphicto

Let's make this precise

Proposition Let S and S be
simplicialcomplexes and suppose there is a

bijection f from the O simplices of S to the
O simplices of S such That

to xD e S iff fCto FCK E S

Then 1st IS l
Det Anlabstract simplicial complex is a set4 of
non empty finitesets such that if o cX and Ico is
non empty then TEX



I

Given a geometric simpt.at complex Y we obtain
an abstract simplicial complex Abs Y by

Absci to xn IGo x a simplex in Y

In this sense abstract simplicial complexes generalizegeometric
ones

This conne.ctian motivatesthe following notation
A set aB in an abstractsimplicial complex ofsize Ktl
is called a Esimplex and is denoted go a k

An abstract simplicial complex is called kdimensional
if the largest dimension of a simplex is k

Example X La BI KI Ca b b c Ca D
is a l dimensional simplicial complex

Neon example X La b b D la c is not an
abstract simplicial complex

Theconnectarbetweenabstractgeometric
simplicialcomplexest



We just described a map Abs fran geometric
simplicial complexes to abstract simplical complete

we now describe a map in the other direction

This allows us to think of an abstract simplicial
complex in geometricterms

Abs

Geo.simp.com exesTAbs.Simp.Compexes
K

Geo

Let X be a finite abstract simplicial complex
Order the 0 simplices of t arbitrarily anddenote
them 013 Gm

Letting e i E IR
m
be given by O O l O o 0

9
its entry

we define

Geo X Lejo ej ejDKxjo Xj Xj k
A
X 3
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