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Graphs
(©)

(@) (9)
N,

Mathematicallyhere
N9 0?31 23

V ={a b,c,d, e, f,g} and
E={{ab}.{a,c}.{a.d}.{b.d}. {c,d}, {c.e}, {e. F}. {e.g}. {F. 8}, {F . h} }.



Mathematically: G = (V, E) where W\=»
V ={a b,c,d, e, f,g} and
E={{a.b}.{a.c}.{a.d}. {b.d}.{c.d}. {c.e}. {e.F}. e} {F. g} {F. h} .

Matrix-Style: As a matrix with 1 if there is an edge, and 0 otherwise.
(For a directed graph, it may not be symmetric).
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Laplacian Matrix

degree

adjacency

[eNeloNelNol NeNa}

oo oo

o

o

Ll

Ll

—

o

o

i

o

o

o

Ll

Ll

o

o

o

o

o

i

—

Ll
o
o
i

o

— O O

o

i

o
o
o

O+ - 0O
[

<

1

0 0 0 O

1

0 0 0 0 O



Unnormalized Laplacian Matrix
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Unnormalized Laplacian Matrix \_..—“—«\—n-v-f
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Unnormalj
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lized Laplacian
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Laplacian Matrix
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Laplacian Matrix

normalized Laplacian

~\r ~
L=1—-D"12AD"1/2 = D < Lo D 2

1 —0.408 —0.333 —0.333 0 0 0
—0.408 1 0 —0.408 0 0 0
—0.333 0 1 —0.333 —-0.333 0 0
—0.333 —-0.408 —0.333 1 0 0 0

0 0 —0.333 0 1 —0.333 —-0.408

0 0 0 0 —0.333 1 —0.408

0 0 0 0 —0.408 —0.408 1

0 0 0 0 0 —0.577 0
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Laplacian Matrix

eigenvectors of L



Laplacian Matrix

A 0 0.724 1.00 133 142 166 1.73
14 -.09 000 071 026 -—-.32 0.16
—.27 050 000 -—-51 038 -—.18
036 —.61 000 0.03 047 —-.29
-.09 000 -71 026 -—-.32 0.16
0.48 000 0.00 -—-.57 031 033
—-.29 000 000 005 -—-.31 -—.65
0.27 050 0.00 051 038 -—.18
-61 -—-35 000 -—-.07 027 0.51




Laplacian Matrix

e by L
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