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HIERARCHICALCLUSTERING(d, n)
1 Form n clusters, each with 1 element
2 Construct a graph 7" by assigning an isolated vertex to each cluster
3 while there is more than 1 cluster

4 Find the two closest clusters C'; and C»
5 Merge C; and C5 into new cluster C with |C}| 4 |C2| elements
6 Compute distance from C' to all other clusters
7 Add a new vertex C' to 7" and connect to vertices C'; and Cs
8 Remove rows and columns of d corresponding to C'; and C5
9 Add a row and column to d for the new cluster C
10 return T
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Algorithm 8.3.1 Lloyd’s Algorithm(X, k)

Choose k points S C X arbitrarily?
repeat
for all x € X: assign x to X; so ¢g(z) = s; the closest site s; € S to x
for all s; € S: update s; = |XL,| Zzexi x the average of X; = {x € X | ¢s(x) = s;}

until (the set S is unchanged, or other termination condition)

Example: Lloyd’s Algorithm for £-Means Clustering

After initializing the sites S as k = 4 points from the data set, the algorithm assigns data points in
X to each site. Then in each round, it updates the site as the average of the assigned points, and
re-assigned points (represented by the Voronoi cells). After 4 rounds it has converged to the optimal
solution.
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Input: neighborhood graph G with n vertices, n-dimensional vector f (density estimator)

Sort the vertex indices {1,2,--- ,n} so that f(1) > f(2) > --- > f(n);
Initialize a union-find data structure (disjoint-set forest) &/ and two vectors g, r of size n;

fori =1 ton do
Let NV be the set of neighbors of 7 in G that have indices lower than i; |
if N = @ // vertex i is a peak of f within G
Create a new entry e in U and attach vertex ¢ to it;

: h-based
’I"(G) <— 1 // r(e) stores the root vertex associated with the entry e grapi-base

. hill-climbing
else // vertex i is not a peak of f within G (1976)

g(’t) < argmaxj eN f(J) // g (i) stores the approximate gradient at vertex i
e; < U.find(g(7));
Attach vertex ¢ to the entry e;;

@ng/g onen—tnd dete atach r&>







A

f extended to G




<
LVWLD

7o
JerlQ

L
ger

f

LL&H i
Lorha low
QWQ’}J (

o

]

cde
usders
PWJV\S

C




%Q/AA@ coades

Input: simple graph G with n vertices, n-dimensional vector f real parameter 7 > 0.

Sort the vertex indices {1,2,--- ,n} so that f(1) > f(2) > --- > f(n);
Initialize a union-find data structure 4 and two vectors g, r of size n;

fori =1 ton do )
Let NV be the set of neighbors of 7 in G that have indices lower than i;
if N = @ // vertex i is a peak of f within G
Create a new entry e in U and attach vertex 7 to it;
'r'(e) — 1 // r(e) stores the root vertex associated with the entry e
else // vertex i is not a peak of f within G
g(’&) — argmaxj ENf(J) // g(1) stores the approximate gradient at vertex i
e; < U.find(g(7));
Attach vertex ¢ to the entry e;;
for j € N do |
e « U.£ind(j);
if e # e; and min{f(r(e)), f(r(e;))} < f(2) + 7

U.union(e, €;);
r(eUe;) < argmaxy, (e, r(e;)} S

e; < elUe;;

Output: the collection of entries e of U such that f(r(e)) > 7.

graph-based
hill-climbing
(1976)

cluster merges

with persistence
(2013)
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