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Although they are standard, for completeness and the convenience of the reader interested in the details of the

calculations we provide equations and derivations for all distributions used in the paper. As a prior on the variance we

use the scaled Inv-χ2(ν0, σ
2
0) = Inv-Gamma(ν0/2, ν0σ

2
0/2) distribution

pICh(σ2 | ν0, ρ
2
0) =

(ν0ρ
2
0/2)ν0/2

Γ(ν0/2)
(σ2)−(ν0/2+1)e−ν0ρ2

0
/(2σ2)

with shape parameterν0 and variance parameterρ2
0. A d-dimensional multivariatet-distribution with meanµ,

variance ν
ν−2Σ and degrees of freedomν is

pt(θ | µ, ν, Σ) =
Γ((ν + d)/2)

Γ(ν/2)νd/2πd/2
|Σ|−1/2(1 +

1

ν
(θ − µ)′Σ−1(θ − µ))

In this section we will make repeated use of the following integration. Assume the joint probability of some

d-dimensional parameterθ and varianceσ2 is

p(θ, σ2 | µ, m, Σ, s2) ∝
1

(σ2)(m+d)/2+1
exp(−

(θ − µ)′Σ−1(θ − µ) + s2

2σ2
)

Using the definitions of theχ2 and of thet distribution the following integral overσ2 is easily calculated.

∫
∞

0

p(θ, σ2 | µ, m, Σ, s2) d(σ2) = pt(θ | µ, m, s2Σ) (1)

Assume datay = (y1, . . . , yk) are distributed normally around meanµ, with varianceσ2 under a Inv-χ2(ν0, ρ
2
0)

prior. Integrating over the variance we obtain

p1(y | µ, ν0, ρ
2
0) =

∫
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2
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∝

∫
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= pt(y | (µ, . . . , µ), ν0, ν0ρ
2
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(2)
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The hyperparameterν0 has the function of a pseudocount expressing confidence in the prior onσ2. If the joint

probability ofy andµ is required with a Gaussian prior onµ we have withµ2 = µ1κ1/(κ1 + k − 1)

∑
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=
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1

(3)

and so

p2(y, µ | µ1, κ1, ν0, ρ
2
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∫
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2
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(4)

whereDk+1 is the identity matrix except for the last row and column which consists of the vector

(−1, . . . ,−1, κ1 + k). Here,κ1 has the function of a pseudocount expressing the confidence in the prior meanµ1.
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