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Notation

= notation

RV distributed as dist_name( parameters )

Y

pdf or pf:

f( 2| parameters) = ¢ x k(x)

normalization constant

-/X

1
kE(x)dr = —

C




Moments

mean = E(X) = /If)\( v)d
X

var (X)

/X< E(X)fx (o) / 2 fy (a)de — (X))

cov (X, X;) / / (@; —&(Xi)) 25 — E(X;)) f (2, 25)daide;
JX;JX

. i YA

= / / / (2; — E(Xi))(z; — E(X;)) fx (21,20, .., 2p)dzy - - dmpdis
v -\'I L _\'_1 L _\'r,
var (Xy) cov (X1,X2) ... cov(Xy,X;) ... cov(Xy,Xp) |
cov (Xo., X1) var (Xs) aws, GOV X Xq)  sow €00 (KXgyXyp)
DX : : e _— —_ :
) cov (X;,X1) cov(X;,Xa) -+ cov(X;,X;) ... cov(X;,Xp)
| cov(Xp, X1) cov(Xp,X2) -+ cov(Xp, Xj) ... var (Xp)

Moments

= calculation of the dispersion matrix
E(X) = (E(X1),E(X),...,E(X,))

D(X)=E(XX') - EX)EX)
= using conditional expectation and dispersion

E(X1) = E(E(X1]X2))
var (X1) = E(var (X1|X2)) + var (E(X;1|X2))
E(X1) = E(E(X1]Xy))
D(X)) = E£(D(X1|X2)) + DEX|X2))




Posterior Variance

var (X7) = &E(var (X1|X2)) + var (E(X1]|X2))

Xl — 0 Xz_'X

Ex|var(0|X)] = var() —var|E(0

X))

Mode of pdf

= mode = value of RV at which pdf is maximum.

d fx(x) 0 or d log fx(x) 0
d d x
J flr,y) dflzr,y)

0

5 0 and T




Bernoulli

= notation X ~ Bernoulli(m)
| pf

flz|m) =71 —m)t~=
= moments

EX)=mn var (X) =7n(1 — )
Binomial
= notation X ~ Bin(n,)
| pf

o
flxn,m)=p,Co x 7" (1 —m)"" " = .'1'!('/1”; o) X (1—m)" "

= moments

E(X) = nm var (X) = nn(1l — )
mode(X) = [(n+ 1)7]




Multinomial

notation X ~ Multin(n, )
[ | pf Z?ZI _’Ijj —n Zle T — 1

k
n! N : n! oy
f(w‘”, T‘_) — 7_‘_.[,17_‘_:[,2 o T(-J;k s : . T 1
21lzal. . . 23l o . H?—l ;! 1_1—[1 1
= moments
E(X;) = nm; var (X;) = nm;(1 — m;)

Poisson

= notation X ~ Poisson(u)
u pf

flaln) = exp(—p)x 5

= moments
Xy = var (X) = u
mode = pu—1 it p>1

= comment

']L! ij T lj’ n—a
T\W) = —F | — 1~ _)
f(z|w) z!(n — x)! (n) ( n
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Normal

notation X ~ N(u, o°)

7
= pdf
s 2y 1 - _1(1’_11-')2
flz|p,e”) = Ny X oexp | —5——j
= moments
EX) = pu var (X) = o?

1

Multivariate Normal

= notation X~ MVN(u, )
= pdf
1 _—
Tl ) = s exp (3@~ w)'S (@~ )
= example

1 (72 ad19
1 ) s e -
H2 012 05 P 0102
i 1 r— (i = r— fi T Y — I .
= _)x eXpl —=x 5 ( }l> Bp(" ll)('j '1‘2)4»('} ;2>
2m4/1 — p? 2(1=p7) g o1 032 )

= moments
E(X) 0 DX)=X
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Multivariate Normal (cont.)

= linear combinations

AX +b~ N(b+Au, ATA)

= from conditional and marginal
Yalyy ~ MVN(y,+ Gy, ¥)
y, ~ MVN(v,,®)

Yy, ~ MVN(y,+ Gy, G®G + W)
= distribution of the quadratic form

]. ) 1 9 ’
Q ;(m—u)’z (x — p) ~x“(p.1)

13

= notation X~ tv, v, ¢

= pdf

| TR T A 1 —gwER
oo = St (14 L)
I(EI(E} e
= moments
E(X) 0 ifvr>1
var (X)) v ( if v 2
v—2

distribution of the quadratic form

1 5 o
Q=-(X-9) ~ F(1,v)
=
14




Multivariate t

= notation X~ MVi(v. v C)
s pdf

Fiw+p) _L 1 1 !
f(z|v,5,C) ——— ) |C] 2 «x <1+—(;zz— )C “(z- ))

= momentis

E(X) L. D(X)

= distribution of the quadratic form

_ 1
Q=>(x—7)C (x—v) ~ F(p.v)
P
15

Gamma

notation X ~ I'(a, B)
= pdf

, | €T
f(;,;‘(,}y’gj) — = ¥ ;1,:“_1exp <i>

I'a) = / 2 Lexp(—x) dx
Jo

= moments

E(X) a3 var (X) = a2
mode(X) = p[la—1)
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Chi Squared

= notation A r(g.z) s X~ 2()
= pdf
flolpy = F(%1)2% x 2 lexp (—é)
= moments
EX) = vk’ var (X) = 2v(k?)?
mode(X) = k(v —2)

= relationship
X/~ X(v),

17

Inverted Chi Squared

= notation x~ x ?*(v,x%) K2/ X ~ x*(v)
= pdf

= moments
H’Q 2(#{,2)2
8 X —_ var X = .
(X) 5 var (X) —2P( — 1)
H,z
mode(X) =
v+ 2
= relationship
L () =~ v i) VX ~ X (R2)
X X ’ X KA X K
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Inverted Chi

= notation x~yx (v,K? K2/ X?% ~ x3(v)
= pdf
% 2
- 2 . (h’ )2 vr—1 Kk
el &%y = 2%_1F(%) X exp (W)
= moments )
kD (452) K K 2
E(X) = —F=F = var (X) = — - (E(X
e~ T W)= ;5 E)
K K2
mode(X) = = .
(%) Vv +1 2(v - 2)(v — 3)
= relationship
2
K a2 2 . 5 1 ) 1
F ~ (1/)* X° ~ X (Va"‘ )7 X PR )&(V H_2) o
: |
= notation X~ F(v1,19) )—( ~ F(vy, 1)
= pdf
v1/2. v2/2 L . |
V. x2
flzlvy,vy) ~ = 2 ‘
( ’ 1 2) B(%le %VZZ) (1/2 3 1/1.,1:)(1/1+1/2)/2
= moments
2 2v5 (11 +vo — 2)
ElX) = var (X) = ‘
( ) Vo — ( ) 1/1(1/2 — 2)‘2(1/2 = 4)
: —2
mode(X) = = i
V9 -+ 1 1741
= relationship
z1 ~x 2 (v1, K2) ﬁ X %
_ 9 9 & = ;L‘; 1
ro ~ X ~(12,K3) w2 X or 20




Normal-Inverted Chi

[ | nOtatlon ( Z ) = inl("/. b, v, Hz)
= pdf
f(p,oly,é,v, H2) = h(plo)h(o)

= definition
plo ~ N(v,0°0) 2

o~ X_l(y. k%) v

52/02 ~ X2(1/)
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Normal-Inverted Chi (cont.)

= marginal
h(p) =

- > ‘ 1 (1 P
/ h(p,o)do / o "% exp !—2 (—,(/1; — o} 4 h‘2>](1(7
J0 JO 20 )
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Normal-Inverted Chi (cont.)

= moments
L
E{pu)y = v var (@) = re
v— 2
joint mode(p) = marginal mode(p) =~
2
K K
E(o) =~ var (o) ~ .
(0) v— 3 () 2(v —2)(v — %)
oint le(o) K o al le(o) K
joint mode(o) = marginal mode(o) =
J v+ 2 I v+1

2
Multivariate Normal-Ilnverted Chi
= notation ( 5) ~ MVNx (v, ®, v, 1?)
= pdf
hB,0) x —mew(-g(-1)e 8-
g () (0
- 25_1}(3) ﬁem g (8- E B )| (o

x | o (BB ) 42| o
= definition
Blo ~ MVN(y,0°®)
-1 2 K2
o ~ x (k") B~ tv,v,—P)
> 7 y 124
Ko ~ X (v)
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Multivariate Normal-Inverted Chi (cont.)

= marginal

h(B) = /U.h,(,ﬁ,o)da

1
- —5(v+p
< [B-we -] T
r " F —.l(f/'hu)
x |56 (2e)-m |
H2
B~ tv,vy, —2)
25
Beta
= notation X ~ Beta( v, 3 )
= pdf O<x<1
1
zla, B) = 21— z)!
f(T’OK?[) B(a,[j) X L ( T)
I'(a)['(B)
a,3) =
= moments Bl f) I'(a+B)
E(X) = - var (X) = p
a+f (a+P)2(a+B+1)
— 1
mode(X ) = -
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Dirichlet

= notation X~ Dir( @ )
p
= pdf QA< d=012,,..,p X, <1
i=1
1
f(=la) = HP+1 T(q, H 3 1=z
F=1 j=1
= moments
o ; — . o (l,’((}() — (}l')
ELX;) = e par (X; ) = (}.(2)(”0 o
mode(X;) = (:' — i
0o — 2

o Ot

a(ap + 1)
v; — 1
jointmode(X) = { a }

ag —p— 1

cov (X;, X;) = —

Dirichlet (cont.)

marginal is beta.

X;~ Blag,m)s 1=1,2,...;p+1

p+1

Of() — E (13

j=1




Wishart

[ nOtation X ~ T/V(Z/, 2) X is p x p positive definite matrix.
= pdf
1
f( Xy, X) = X

DO =

22P) rir(r-1) |27 [P, T(A (v + 1 —14))

1 _
\X’Q(”_p_l) exp (—%tr <Z 1X)>

= moment
E(X) =rvX

var{x:;) = z/(ofj + 04i0;)
mode(X) =(v—p—1)%

cov (Tij, k1) = V(Oik0j1 + Til0jk) 29

Inverted Wishart

= notaton X~ W (1) X 'n Wsh
- pdf X 1s p x p positive definite matrix.
1!
=2
[(X[y,X) = —— : ’ X
22Ppar(p-O TP T(3(v+1 - 1))

1 .
7 exp (;tr (EX 1))
‘X‘Q(V-HJ-%U

= moment | 1

2(0};5,)2
(v—p-—1)(r—p-—3)

1
mode(X) = ———3%
Bt P + 1 30

par { ) =




