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Counting number of connected components using homology
Y \Y;
2 5

Hy=2,/B, =<V, V,, V3, V,, Ve, Vg iV +V, =0, v, +v3=0,
Vy+ve=0,ve+v,=0,v,+v,=0>

Hy=2,/B,=<[v,], [v,]>where[v,] = {v,, Vv,, v5}

and [v,] = {v,, v;, v}



Counting number of connected components using homology
Z4/By =<V, Vy, Vg, Vg, Ve, VeV, +V, =0, v, + v, =0,
V,+ve=0,ve+v,=0,v,+v,=0>

Use matrices:
vp VU2 V3 Vg4 Uz Vs

{vi,v2} /1 1 0 0 0 O
{vo,v3} | O 1 1 0 0 O
{vg,v5} 1 0O 0 O 1 1 O
{vs,v6} | O 0O O O 1 1
{vg,v6} \O O O 1 0 1

See Computing Persistent Homology by Afra Zomorodian, Gunnar Carlsson



Counting number of connected components using homology
Y \Y;
2 5

d(e,) =v,+v; | Extend linearly:

O(€5) = vy + s o(Znie) = n;Z9d(e))
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Counting number of connected components using homology
Y \Y;
2 5

Extend linearly:

d(Zne) = n.Z9(e)
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Counting number of connected components using homology
Y \Y;
2 5

Hy=2,/B, =<V, V,, V3, V,, Vi, Vg iV, +V, =0, v, +v3=0,
Vy+Vve=0,ve+v,=0,v,+v,=0>

H,=2,/B,=<[v,], [v,]>where[v,] = {v,, v,, v5}

and [v,] = {v,, v;, v}
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Row operations

“1‘65

83—|—€4

€4

€3 + €4 + €5

€3 €4

€2




Row operations

€1 €2 €3 €4 €3+ €e4+e;5 er ez es3 e4 esz+eq+es

v1 ( 1 0 0 O 0 \ vy + vy ( 1 0 0 0 0 \
v 1 1 0 O 0 Vo O 1 0 0 0
v3| O 1 O O 0 U3 O 1 0 O 0
val O 0O 1 O 0 U4 o 0 1 0 0
vs| 0 0 1 1 0 Vs O 0 1 1 0
V6 \ 0 0 0 1 0o ) 6 \0 0 0 1 o)

e1 ey €3 €4 e3-+eq+es €4 €3+ eq4+e;
v, + Vg ( 1 0 0 0 \ 0 0 \
Vo + U3 0 1 0 0 0
U3 O 0 O 0 0
V4 + Vs 0O O 1 0 0
Vs 0O 0 O 1 0
s \0 0 0 0 0o )




Row operations using arbitrary coefficients

€1 €92 €3 €4 €3 + €4 + €5

V) vy (=1 0 0 0 0 )
V2 1 —1 0 0 0
vs| 0 1 0 0 0
€ 2 w| 0 0 -1 0 0
vs| 0 0 1 -1 0
Vi V3 v\ 0 0 0 1 0o )

vi—vy [—1 0 0 0 0 \
Vs 0 -1 0 0 0
V3 0O 1 0 0 0
v 0 0 -1 0 0
Vs 0o 0 1 -1 0
V6 \0 0 o0 1 0o )




Counting number of connected components using homology
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Counting number of connected components using homology
Y \Y;
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= {x: 9,(x) = 0}

= Cp=2Z,lvy, vy, V3, Va) Vs, Vel



Counting number of connected components using homology
Y \Y;
2 5

Z,= kernel of 3, = null space of M, =

{x: 8,y(x) =0}

= Cp=2Z,lvy, vy, V3, Vy) Vs, Vel
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Counting number of connected components using homology
Y \Y;
2 5

Hy=2,/B, =<V, V,, V3, V,, Ve, Vg iV +V, =0, v, +v3=0,
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Counting number of connected components using homology
Y \Y;
2 5

Hy=2,/B, =<V, V,, V3, V,, Ve, Vg iV +V, =0, v, +v3=0,
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o 9
c,> C, > C,

€1 €9 €3 €4 €3 + €4 + €5

1 0 0 0 0 1 -

I 1 0 O 0 o

O 1 0 0 0

0 0 1 0 0 s

0 0 1 1 0 e

O 0 0 1 0 - 15 -
Z, = kernel of 0, = null space of M,

=<e;+e,+e>



2 1
c,> C, > C,

{U4,U5,U6}
{Ul,vz} 0
{vo, v3} 0
{04,U5} d
{vs,v6}
{v4, v6}

B, = image of d, = column space of M,



B,

{’Ul, ’UQ} 0
{’02, ’Ug} 0
{v4,v5} “
{vs,v6}
{v4,v6}

= image of d, = column space of M,

=<{v,, Vet +{ve, Vet +{v,, V}> =<e; + e, + >



\@ Vs
e e, e, e,

V3 V4 e5 V6
H, = Z,/B, = (kernel of 3, )/ (image of 3, )

null space of M,

column space of M,

<e;+e,+e>

<e;+e,+e>

Rank H, =RankZ,—RankB; =1-1=0



B, = image of d, = column space of M,

=<{v,, Vet +{ve, Vet +{v,, V}> =<e; + e, + >



= image of 8, = column space of M,
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\@ Vs
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