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1) shared cause

2 parent

↓J
X ↑ children

(2) Machovian

x - z
- Y

past present future

remote cause Immediate
cause

markov chain/random walk
X- X. -X=-... - x+ -X+ + 1

-...

*d>x
markorian property:
2x ++(X+,X1 -x...,X]=(X ++.(X +)

& XEx only depends on

x++
=F(x+,2+) previes slep

2+ 2X0..-.X+)



joint density:

P(X0,X,...,X+) =p(x)p(x,(x)p(xn(x,)....
-p(x) F p(x+(X(-1) notation

t =1

Transition probability:

x(x,y) =P(Xz+ =y(X +
= x) notation a

↓ d ↓
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Notation 3
I L

L j ↓

tTij
-

re computation
notation 3

p+(i) =P(X+ =i)

population migration interpretation
↑(i): # of people estate: a time t

Tij: fraction
of people in state; who will go to state;

notation

P(X + +1) =EPCXxXrtEmarginalizateintern
*t



notation 2

Pt + , (g) = § Pth) 1- (×, y) or PÉ↓)=p¥)Tqy )

notation 3

Ptt , ( j ) =L Pt ( i )
. Tij or plttl )

j =§P¥Tiji

Pt =

'

I 21
"

- 1¥#
' "

I
"

j
T =

i
.

. .
-

-
- _ . .

Pttl Pt matrix

lil = 1 ,

←
mark"

Each row sum =/

F- + I
= Pt T

①

^
pi②-③

Pt = Po Tt -¥
stationary

distribution

ex) it after diagonalization [ 1.99
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ex) O with prob I stay

- with prob to go
to one of the

0-0
remaining a

states,
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Multivariate Normal/ Gaussian
#

Mco,z =did)FpSymmetriC
wo(x2,x)cdv(x2,x2) =var(x2)



(x21x1] - N(E22nx., [ea-922,,'[,n)
E(Xc)x.) var (x2(x1)

proof:

2 = x2- Ax

x2 =Ax + E
-> like regression

d d
regression reg

ression
&efficient error

we want X, to be independent of a

cor(2,X1 =0

cor(xz -Ax,,x,)
=c0v(Xz,x) - (a(Ax,x)

= Ex - A2, =
0

A = 22,2,,

var(d) =(w(d,s)
=cov(Xx -Ax,,d)

- cov(X2,s)-c
E)

O

= cor(X2,Xz-Axi)
=[ex-CovCX2, AX

-E2x-Cor/Y2,X.AT
= 22x-12.2.,"Ein



rector perspective

exa]

oraquerportin soft
INIvillArtis

I
HW
*

still need to prove that transformation (i)
istill normal.

buse change of variable & Jacobian

recall:
var(x) = E x-N(0,E)

var (AX) = ACAT Y =AXrNCO,ACAT)

Oracobian @



r
belief

Baye's Rule
~
prior
-

prior: Xvp(x)X carse

⑳ ↓ O physical generation: (Y(x=x)
- pCy(x)

mental ... generation
inference " effect

·sint posterior: (x14=y) vp(xly)
generation -

~ updated belief

p(x(y) =y) -> conditioning/normalization

=
y)

-

&.p(xy) - marginalization

=>ply(x) -> factorization
f(3)x)

2p(x) p(y(x) y

I
ex) rare disease

example,if
*discrete Y: discrete

x =30,13 #aso isnot dare
disease disease

test

-
Ya[+,- 3 Foodorre-take

for positive negative
↓isease



pÉiÉ) = Y;!%÷ññ=¥
✗

'
C- {0,1 } = Ya

I 000 people

du-sea.se/)no disease

10 990

Y- + A-
1 9 99 881

ex) Asian example background

ask patient i visit Asia smoking example

↓ ↓
Tuberculosis

lung cancer
bronchitis

←
Tor L

Tuberculosis or 1mgcan
✓ <

medical test: ✗ ray
Dyspnea

P(T=l / × -4,0=0, V=1 , 5--0)

probability that patient
has tuberculosis given

that they
have a

positive ✗ ray, no dyspnea ,
visit asia, nonsmoking
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↓ • pcxtopldlo, b)
marginal factorization

P(T= I / × -4,0=0, V= 1
, 5--0) = pltlxid.us)

= PpY¥
conditioning


