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ADMINISTRIVIA

=Homework p will be out soon

=Remember to submit your project proposal







FUNDAMENTAL GROUPS OF SURFACES

T, (2(g,0) = (a, by, ..., 3, b, | abapb,...ahahb, )

g-g7g"g

(
\
T, (E00)=(a,...,a | aa,...aa )




< a,b,c,d,e,p,q,fr,t,k ‘
10

pa = ap, pacqr = rpcaq, ra = ar,
p'0b = bp, p’adqg’®r = rp*dag?, rb = br,

pc = ep, p3begir = rp3ebg?, rc = cr,

p'0d = dp, p*bdg*r = rp*dbg?, rd = dr,

p'e = ep, p’ceq’r = rp°ecaq®, re = er,

aq'’ = qa, pPdeq®r = rpPedbq®, pt = tp,

bg'’ = gb, pedeq’r = rpledeeq”, qt = tq,

cq'" = qe, peadqdr = rpfaded,

dg'" = qd, p°da®q®r = rp°a3q’,

eq'? = ge, a3ta’k = ka3ta® ) [Collins 1986]

UNDECIDABILITY OF Tl; Diovikoy 1956) Boone 1958]
Checking 1f a 2-complex has trivial m, 1s undecidable







SPARK OF IDER

" <al, bl’ . uny ag, hg | alhlﬁl' . .aghgﬁg )

D
“Z(a, by, ...,a,by) / (M
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HOMOLOGY
EQUIVALENCE

- Two “cycles” are
homologous 1f together
they are the boundary

. of some region
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CHAIN COMPLEX

=Vector spaces over elements

“0-complex 7 <L va Y 2 V- 2V« dode
«l-complex ) <o, 0.
=2-complex 7. <A1 —ﬁ\&B
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BounDARY MAP
6= TV, . ,Vn
0 C,¥) > Cu®)  2n(0) =Y ) e, 0
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FUNDAMENTAL LEMMA oF HOMOLOGY
00 = (

‘Boundary of a region must be houndaryless”

N/
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CYCLES AND BOUNDARIES

=Cycle space 2 (X) = ker 9,

=Boundary space B,(X) = m g,

R‘J&Wﬂ L@mw« ° F%th = %v\b(B |
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HomoLo6Y GROUPS

=Simplicial homology group

,(X) = Z,(%) / B,X)
= (ycles/Boundaries
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What do vector spaces give us?
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CHRISTMAS WISHLIST

=Fast computation

= Functoriality:
= f: X—Y implies f.: H (X) — H (Y) for all n
w (feg). = f.eg., id. = id, Oef.= f.e0, ...
= [nvariance:
=f g: X—Y homotopic implies f. = g
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AXIOMATIC APPROACH TO HOMOLOGY THEORY

By SAMUEL EILENBERG AND NORMAN E. STEENROD

DEPARTMENT OF MATHEMATICS, UNIVERSITY OF MICHIGAN

Communicated February 21, 1945

1. Introduction.—The present paper provides a brief outline of an
axiomatic approach to the concept: homology group. It is intended that
a full development should appear in book form.

The usual approach to homology theory is by way of the somewhat
complicated idea of a complex. In order to arrive at a purely topological
concept, the student of the subject is required to wade patiently through a
large amount of analytic geometry. Many of the ideas used in the con-
structions, such as orientation, chain and algebraic boundary, seem arti-
ficial. The motivation for their use appears only in retrospect.

Since, in the case of homology groups, the definition by construction is
so unwieldy, it is to be expected that an axiomatic approach or definition
by properties should result in greater logical simplicity and in a broadened

SINGULER HOMOLOGY THEORY micvers sicemon 1005

“Homology group has everything you want from
Christmas.”
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DIMENSION

=Betti numbers f; dim H (X)




EULER-POINCARE FORMULA
X(X) i z:n (_l)n : dlm Hn(x)




PROOF OF EULER-POINCARE THEOREM.




ON THURSDAY.
Homology in action.
(Optional: homology groups has internal structures.)



