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Figure 1: Relative speedup with respect to Lloyd’s algorithm.



Llo
yd

Elk
an

Elk
an

A

Elk
an

B

H
am

er
ly

H
am

er
ly

A

H
am

er
ly

B

H
am

er
ly

C
H
ea

p

H
ea

pA

H
ea

pB

A
nn

ul
us

A
nn

ul
us

A

104

106

108

D
is

ta
n

ce
ca

lc
u

la
ti

o
n

s

BIRCH Covertype
MNIST-50 MNIST-784

Llo
yd

Elk
an

Elk
an

A

Elk
an

B

H
am

er
ly

H
am

er
ly

A

H
am

er
ly

B

H
am

er
ly

C
H
ea

p

H
ea

pA

H
ea

pB

A
nn

ul
us

A
nn

ul
us

A

104

106

108

1010

D
is

ta
n

ce
ca

lc
u

la
ti

on
s

Clustered d = 2 Clustered d = 3
Clustered d = 5 Clustered d = 7
Clustered d = 10 Clustered d = 15

Llo
yd

Elk
an

Elk
an

A

Elk
an

B

H
am

er
ly

H
am

er
ly

A

H
am

er
ly

B

H
am

er
ly

C
H
ea

p

H
ea

pA

H
ea

pB

A
nn

ul
us

A
nn

ul
us

A

106

108

1010

D
is

ta
n

ce
ca

lc
u

la
ti

on
s

Uniform d = 2 Uniform d = 3 Uniform d = 5
Uniform d = 7 Uniform d = 10 Uniform d = 15

Figure 2: Number of distance calculations made by different algorithms. Note that the vertical axis uses a logarithmic scale.
The bottom stacks of the bars show the number of inner products needed by proposals presented in this paper.
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Figure 3: Average lower bound update per bound. The values depend on magnitude of data and are therefore normalized.


