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Introduction to Simplicial Homology
MATH 348

1. Consider the following simplicial complex K.

E‘I q (o]

XY
(a) What are Cy and C1? What are their dimensions?

(o lass (alcd,  dim (=3
C( boss z[“""]f [“"']) ('b'clgl dim C("B

(b) What is the dimension of Z;? (Hint: What is the only nontrivial 1-cycle?)
\" 1 “c 7(.’ es

{oop'- [qlkjal- (_Lan‘-]* [“/‘j /"M Z, = L

O{I'MC 2 _= o

OA(;/ nontrivial
(c) What is B;?
Ak1-h<md rec
“ d.'p\ B‘ = O

Nong

(d) What vector space is H1(K)? What is its dimension?

2,
Hl = 5

TATER PRETATION
B - 2‘ - Z/Z' die (Hl) =1 e nosbo- of
l hiles w K
(e) What is the dimension of Im§;? (Hint: rank-nullity theorem)
Sl: Cl — Co \L
i s A 3 4 () = e Ko (5) + dinTn(S)
Jm Ko (8) =4 3

= 1 +t 2
(f) What vector space is Ho(K)? What is its dimension?

2. (4™ 3
Ho= & =

-

= _ NTA :
Bv B° Z/Z J,M ( Hb ) - 3 ‘2 - i I rRErA'TMM
oot en (b 1
© ™ Oy Comec fed
(g) Why is H;(K) =0 for all i > 17 Cw«fw*'
Hl = %_I =0 Since 2i =0, Siace thace  are

ho

(_y‘,les of  dimersa >1

w K
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2. Consider the following simplicial complex K, which is a hollow tetrahedron.

Y ([a,&]} = pa+h
S, (wD: a+c
§, ((0,d]) = a+d
8, (Co.) = bec
b ([wd]) = bed
5 ((ad)= crd

$o((a0ed) = [o, 04 [0 [
§ (o)) = ek 45+ @2
6, (o, ) = (el ) L]
Se ([8ed) \ =z [b,]4 Condle 65‘/“]

b

(a) What are the dimensions of C; for all nonnegative integers i?
dim Co = Y dim C‘L = 4 alse dim C; = O
d'|M C| = é d;b‘\ C3 = D (Q( i 2 2 .

(b) What is the dimension of Im §;7
= -

g‘ C' C dt’r\(lm 8.3 =2 = (Q°>

Siace M a exady 2 Va «'.J-Q‘;. vectys in Lu 8,.

(c) What is the dimension of Hy(K)?

2
Ho= & 1) = doe (2 = din(82) = e (&) - o (8
= Y -3=1
Nate: 20 = (o she Jesthkes have ns \:bumfay, A
(d) What are the dimensions of Ker §; and Im d2? K “";1 Cﬂ";e“u
din (C) = din(Te 8N t dim (Ke-§,) din(15)= 2 p
6 = 3 + %
(e) What is the dimension of Hy(K)? K has no
= 3'_- |o<1°.S
H' - 8‘ Al'm (H:) = Jl‘h (2.) - A"M(B') \l/

= din (ke §) = dim (10 &)= 3-3 =0

(f) What are the dimensions of Ker do and Im d37

Aim(C) = din (Tm (52)) + din (Ko ) 4.-M(1M gs) =D

('l = 3 + 1
(g) What is the dimension of Ho(K)? K has e
= veid
HL < B Hira (Hz.) = J"M(z‘) = Jin (8") \
D v
= din (ke §2) ~ o (In S3) = 1-0 =1
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Computing Simplicial Homology

MATH 348
Consider the following simplicial complex K.
e f
c d
a b

1. What are the dimensions of Cy, C1, and C5?

d.""@"): é A;f’\ (QX:q d/'f«((:z,) = Z
2. Write a matrix representing the map 01.

g|.‘ C\_b C_o

8]; 11 | ||} i ronk (S,)= g

3. What is the dimension of Hy(K)?

2 f\onbf/' °'F
Hom & dn .= din(C) — 2 (rk € Qe crpeet?
) - é - S =

4. Write a matrix representing the map ds.

T ]
.- l rank (Sz\ =9

A

£
UMLU o
5. What is dimension of H;(K)? : poles tn K

d;"" H\ = d"/‘“(kff g‘\ ~ raak g,_ = “l-—Z"@

6. What are the dimensions of H,(K) for n > 17
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