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ADMINISTRIVIA

=Homework p 1s out, due 11/15




HomoLo6Y GROUPS

=Simplicial homology group

LX) = %, / B,X
= ker 8, / im 9,

= (ycles/Boundaries







DIMENSION
«Betti numbers p; dimH(X) Ho(T)-"2 W=7 HLT-7
Ho()=. H(0) =7 =T

= THEOREM. Betti numbers for 3d complex can be computed in linear® time.
[Delfinado-Edelsbrunner 19995]
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[Liu-Zhang-Chien-Soloman-Bommes 2018]

EULER-POINCARE FORMULA
S 0 anCal)= XX =L, (1) dim H(X)
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PROOF OF EULER-POINCARE THEOREM.
A G = o\mjr%cr A, By = g« din Br <d B
dimita= i Zn= By
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BROUWER FIXED-POINT THEOREM  imon 1904 rowwer 1500
Every map £ D* — D® has a fixed point
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EXACT SEQUENCE

hney q Ohn : :
... > A, —>AK =K, — .. 15 exact if

=kera,= ima,,, foralln
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RELATIVE HOMOLOGY

-C.(X K = C,(X) / C(R
-9,: C,(X K) — C, (X &

=THEOREM. If A 15 a closed subcomplex of X, then
H (X, B) = H(X/R) 1f n>0.
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CONNECTING MAP

3. KX B — H_ (&)
EYK & Hn (&)
GO e
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329. Witold Hurewicz: On duality theorems.

Let A be a locally compact space, B a closed subset of 4, and H»(4), H"(B),
H"(A — B) the n-dimensional cohomology groups of the sets A, B and 4 —B (with
integers as coefficients). Consider “natural homomorphisms” H"(A4)—H»(B)—
H»*1(4 —B)—H"*1(4)—H"*1(4 — B). It can be shown that the kernel of each of these
homomorphisms is the image of the preceding homomorphism. This statement con-
tains Kolmogoroff’s generalization of Alexander’s duality theorem and has many
applications. Using the preceding theorem one can prove: If 4 and B are compact
spaces of dimensions # and m respectively, the necessary and sufficient condition that
the topological product 4 XB be of dimension n-+m is the existence of an open set
UC 4 and an open set VC B such that H*(U) and H™(V) contain elements « and
B satisfying the following conditions: If the integer d is a factor of the order of «,
then 85%0 modulo d (that is, there is no element v of H™(V) satisfying =dv); if the
integer e is a factor of the order of 8, then « #0 modulo e. (Received May 3, 1941.)
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F00D FOR THOUGHT.
Hmm. Is this actually a math course in disquise? (Yes.)






SPERNER,S LEMM R [Sperner 1928] [Knaster—Kuratowski-Mazurkiewicz 1929]

Every properly [d]-colored triangulation of A®
contains a simplex with all the colors




PROOF OF 2D SPERNER’S LEMMA.




Jitri Matousek

- Using the

' Borsuk-Ulam
Theorem

@ Springer

BORSUK-ULEM THEOREM ov 1000

Every map f: §* — R has a point x where
f(x) = f(-x)




EQUIVALENT FORMULATIONS

=Every map f: §* — R" that is antipodal has a point x where f(x) = 0
= There is no antipodal map g: §* — §*1

=There is no map h: D» — S*! that is antipodal on oD




HAM SENDWICH THEOREM (5onech 1058 (stone ey 1042

R ham sandwich has a straight cut that
divides the ham and two breads evenly






hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x



9 e
o ®
» (
O @

e

NECKLACE SPLITTING THEOREM  mon vt 1060

Every (open) necklace with d colors of jewels can he
divided between two thieves using at most d cuts




PROOF OF NECKLACE SPLITTING THBOREM 9 ®

Q
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SPICY CHMICKEN THEOREM  i<umcer Hubard Awonoy 2014

R spicy fat chicken can be cut into p pieces,
each with equal amount of meat and spice




NEXT TIME.
More homology in action, on data analysis



