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Generating Points Uniformly at Random from a Ball

1. Generate x1, x2, . . . , xd usinf a zero mean, unit variance
Gaussian;i.e.

1√
2π

exp(−x2/2)

on the real line.

2. Then, the pdf of x is

p(x) =
1

(2π)
d
2

exp(−
x21 + x22 + . . . ,+x2d

2
)

3. Normalize the vector x = (x1, x2, . . . , xd) to a unit vector

x

|x|
4. To generate a point y uniformly over the ball, scale the point

x
|x| by a scalar ρ ∈ [0, 1].
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Gaussians in High Dimensions

The d dimensional spherical Gaussian with 0 mean and σ2 variance
in each coordinate has the density function

p(x) =
1

2πd/2σd
exp(−|x|

2

2σ2
)
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Gaussians in High Dimension

Gaussian Annulus Theorem
For a d-dimensional spherical Gaussian with unit variance in each
direction, for any β ≤

√
d , all but at most 3ecβ

2
of the probability

mass mass lies within the annulus
√
d − β ≤ |x| ≤

√
d + β where c

is a fixed positive constant.
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