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The Gamma distribution

@ The Gamma distribution is defined by:
p(6] | o, B) = B ga-tgps 6>0
' M) ' '

where I'(a) = [;° x> 'e * dx is the Gamma function.

For integer o

M) = (n—1)!

E[f] =
Var(0) = 5
Special cases:

a = 1 is the exponential distribution
(a,B) = (v/2,1/2) is the x? distribution with v degrees of freedom.

a
B
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The Inverse-Gamma distribution

@ The Inverse-Gamma distribution is defined by:

p(6 | . B) = B (e exp <—§) . 6>0,

o) 0
e Eff]=-L;, a>1
2
o Var(X):W@w, a>2

@ If X has the Gamma distribution the 1/X has the inverse-Gamma distribution
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The Beta distribution

The Beta distribution is defined by

pBlo,B) = z——=6%"'(1-6)°", 6€[0,1]

1
B(a, 5)
where B(a, 8) = {20
For o, B integers,

E[X] = 3 W
_ aof
Var(X) = Gippiarern
For a = B3 = 1 we obtain the uniform distribution
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The Dirichlet distribution

@ The Dirichlet distribution is defined by

_ r(ao) l aj—1
PO @) = oy LIO

K K
OLo:Za,', 9,‘20, Z@,‘:'I.
i=1 i=1
o E[f|a]l= C‘j—(’)
) _ aj(ap—ay)
@ Var(f | a) = ag(o?oﬂ) .
aja; . .
° Cov(66)| @) =~ s £
] Marginal 6; ~ Beta (OL,', g — Ol,') , Qg = ZJK:1 (e 7]
@ Summing components entails to sum parameters, e.qg.

(91 05,03, 94) ~ Dirichlet(a1 , Oo, 3, 054)
— (91 +92,93,94) ~ Dirichlet(a1 —|—a2,a3,a4)
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The Binomial distribution

@ The Binomial distribution is defined by

where (;) = x!(:ix)!
o E[X|6]=nd
@ Var(X |0) = no(1 —6)

@ n =1 gives a Bernoulli trial
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The Geometric distribution

The distribution is defined by
p(x|6)=(1-6)9  x=0,12 ...

E[X | 6] = 12,

Var(X | 0) = 19;29.

Number of failures until the first success

Alternative:
Number of trials until the first success: Y = X + 1

plyl6)=(1-6)Y"6, y=12 ..

® O
< =
< E
A X
=
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The Poisson distribution

@ The Poisson distribution is defined by

o*e~?
plx[6)=— "1
e E[X|6] =6,

@ Var(X | 0) =6.
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The negative binomial distribution

@ The negative binomial distribution is defined by

p(yla,ﬁ)zr(y+a)( p )a( ! )y, y=012, .

Fa)y! \B+1 B+1
@ For « integer rr((y;)f.) =) = (H;_1)'

°

°
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The Normal distribution

@ The Normal distribution is defined by
2y 1 _ (x —w)?
p(X|M,U)—\/27T7€Xp|: 20_2 i
° E[X|p 0% =p,
@ Var(X | u,0?) = o?
@ Sum of two independent Normal variables :

X € R.

X ~ N(ux, 0%)and Y ~ N (uy, 0%)

= X+ YNN(uxﬂw, a)2<+03).
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The Multivariate normal distribution

@ The Multivariate normal distribution A/(u, X) is defined by

1 1 _
p(x | X)= WGXP {—E(X—M)Tz 1(X—M)} ’ x € R,

E[X] = p, and Cov(X) = X.
Linear transform:

Y=AX+b — YNNq(Au+b,A):AT)

Conditional distribution:
Xy |23 ) PR XPY
<=Ll ~v (L) 2 =2)

X1 | X2 ~ N (12, Zep2)

@ Where
P12 = 1 + 12X (X — p2), and qp = Tqq — E12X5 o1
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The Multivariate normal distribution, precision

@ The Multivariate normal distribution is defined by:
1 1 _
p(x| 1. @) x Q" exp |~ X' Qx +x"n— jn"@"'n] . x B,

EX]=Q 'n, Cov(X)=Q 'with(n=Qu, @=%")
Linear transform:

Y=AX+b = Y~A\, (Au+b,Ao—‘AT)
@ Conditional distribution:
—1
_ X [ Qi Qi
el (l] & &)
@ Then
X1 | X2 NN(NHZv 01_11) .

@ Where

B2 = 1 — 01_11 012(X2 — [.Lz). Note: ):1|2 = 01_11
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