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today Single linkage clustering continued

Dendrograms

Review of Single Linkage

oIYpI tf fineEIY spa nlhdllweHassumedisNi
valued

pa assumed discreteforsimplicity

Def A hierarchical partition of X is a collection Pa
of portions of X such that if Lsp and
A cPx Then ACB for some BEPp
the followingvariantwill be convenient forexpositorypurposes

Jel Adiscretehierarchicalpartition of X is a collectionPER
of portions of X such that if Lsp and

N

A cPx then ACB for some BEPp

Recall An undirected graph G is a pair G CVE
V is a set
E is a set of two element subsets of V

I



For G CV E an undirected graph and v w eV
a path 8 from V to W is a sequence of n31 vertices
vs Vi Va V n

s w such that for Is is h l
Vi Viti c E

If v w and all edges are distinct i.e Vi Viti Vjhit
for il j we call 8 a cycle

k 1 j f f EABCDA is a cycle

Det If G has no cycles it is called a forest

Define a relation on V by taking V w iff F a path
from V to W

Propi is an equivalence relation

A subgraph of a graph G CUE is a graph G's V E with
V eV E CE

Def A connected component of G is a subgraph G'sCV E suchthat

1V is an equivalence class of re
2 E w w cEl v w e V f That is every edgeinG between

vertices in V is included in G



Det If G is called connected if it has one path component

Def A connected graph with no cycles is called a tree

For4 afinitemetricspace andzc.IN let Nz bethegraphwith itshis
Vertexset X called
An edgeGoy included iff d toy 42 the

neighborhood

graph ofX
Definition The single linkage clustering of f is at scale 2

the discrete hierarchical partition Sux LO z zc.my

SLG E X411X is the vertexsetof a connectedcomponentofNzX

Example X 0,0 Q2 C O d de themanhattan distance

ii
0,0 4,0

NoG

003 Cbo

SLA o 0,013 11,033 0,213
Juster Juster Juster



N
co

c o

SLA 0,034,0 0,213

jouster Tuster

NID f
co

o

SLA 0,034,033,10 2 3Z

cosy
cluster

1
0,0

SLG SLIM E 3
cluster
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Summarizing

0,013 11,033 0,213 if 2 0SUD
cops no 0,213 if 2 I
0,034,0 0,213 if 232

DendrogramI
A standard way of visualizing a hierarchical clustering

Let F Pz zc.my be a discrete hierarchical partition

The unlabeled dendrogram of P consists of

An infinite graph D P CVE
A function L V IN

Specifically Vs 2 IzeIN SePz
so every element of every partition Pz corresponds
to one vertex in the graph

E KS z CT ztt 2e INI S CT

L is defined by LCS 2 2



Proposition ftYi is metrictapestie DGLHD
is a tree

I'll skip the proof but some examples should give
a felt for this



Trimming thedendrogram

Foranyfinitemetric space4 there will be some smallest 261N
such that 5L X


