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T heorem 1. Given , Equation (1) describes a sequence of pdfs hav-
ing the unit -dimensional ball as support; such sequence converges uniformly to
the uniform distr ibution B in the ball 0 .



3.1 Concent rat ion of N orms
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3.2 Concent rat ion of A ngles

−

−

� �

−

−

−

−

−



T heorem 2. Given two independent random unit vectors in , chosen
from a uniform distribution on − , the concentration parameter of the VM
distr ibution describing the angle between and converges asymptotically
to the dimensionality .

Proof. Consider the following results:

i) for large concentration values , a VM distr ibution with parameters be-
comes a Gaussian distr ibution with mean and standard deviation √ [20];

i i) performing the variable substitution , the resulting random
variable converges in distr ibution to a standard normal one [35].

Combining i) and ii), it fol lows that asymptotically follows a Gaussian pdf
with mean and standard deviation √ √

, which holds only
when .
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3.3 Combining A ngle and N orm Concent rat ion
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5.1 D at aset D escr ipt ion
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5.2 Exper iment al Set t ing
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5.3 Exper iment al R esul t s



d 1 2 KL

M 12 1 � � � � � � � � � �
M 5 2 � � � � � � � � � �
M 7 2 � � � � � � � � � �
M 10 2 � � � � � � � � � �
M 2 3 � � � � � � � � � �
M 3 4 � � � � � � � � � �
M 4 4 � � � � � � � � � �
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d 1 2 KL

M DSVC1 2.26 � � � � � � � � � �
M Faces 3 � � � � � � � � � �

M Santa Fe 9 � � � � � � � � � �
M MNIST1 8-11 � � � � � � � � � �
M Isolet 16-22 � � � � � � � � � �
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