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Part 3 : conditioning H= move toward
-

1-= move backward

Two scenarios random walk

(1) Forward PCAIB)

y=×H ×

p(X++i=yl×t=× ) = { Éz y=x -1
0 others

Transition probability 1- (x,y)

✗ ttl
= ✗

t
+ Et

↳ 1- ×
. pr%¥

ex) Dynamics
P ( ✗ + +1 / ✗ t / at )

action

policy
P( at 1kt

ex) A : alarm

B : tire

PCA / B) = 99.9% can be estimated by frequencies

p( A / B.) =
.

001 % under B or Bc



PLAN B) = p (B)PCA / B)
how often how often when B happens,

both happen B happens how often doesA happen

①

Cause→ effect(2) Inverse inference
←

subjective
belief ② : inference

Ai alarm
B- . fire

PCB /A)

^

randomly sample point from -2

prior belief
PCA) = T! Now you are

told the point falls in B.

PCA / B) - Pyp,B_ posterior
belief

axiom 4

Re - imagine as if we randomly
throw point in B

PCAI B) = 1%1^1-1=1,Aj⇒☒.

' like new~
= F•%EY- =

Panic
PCB)

P(A) = P(AIR)

rewrite as :

P(An B) = PCB) P (AIB)

wave function 41×7

f (x ) = / 41×712
If we observe ✗ = × p(✗ =x) = I

f( × / ✗ =x)= fx



Meta rule: Insert
the same condition into any equations

P (AUB = PCA) + P(B)
- PCAnB)

PLAUDK)=PCAI)
+ PCBK) - PCAUBI

subregion
sub pops

P (A (B)
= PEB

PLB

PCAIBul) = PCANBIK) = **C
#BK P(BnC)

↑AMBIC) = 4(B12) PCA) Brd
=

PCa PC

*A B F
= PSANB) = PLA) PLB)

B

,
= PSAIB) = tr) = TDD): PCA)

P (BIA) = #uB = PPC) = PCD)



Conditional Independence

A 1- BIC

(1) PCANBI
c) =P (AK) PCB / c)

(2) PCAIBNC)
= PCAIC)

(1)
a
parent

↓ ↳
Behindchild A

shared cause

(2) B → c → A

past present future

Markovian process

switch notation to random variables

Dte (KY ) - Pcxiy)
= P(X=x&Y=y)

Y hair color

×

:er⇔÷:
"

Marginalization
"

play ) =
area of all

paid = area
of zone/ Ey area

of all (yy)
rl"

w, peg, = § pay
)

= { P' "9)



"conditioning
"

plxly )
= pc

plylx ) = P¥# ply]

among sub population of eye
color 2

what is the proportion of these w/ hair color
3

⑤
2 2

P(alarm/ fire)=t

P( fire / alarm)≈ 0

"

Factorization
"

pcxry ) = pcx ) ply
/×) =p (g)pcxly)

continuous (×, 4) ~ fcxiy)

P( ✗ c- (x
,
+sx) & Y c- (y.ytsyD-fcx.gl sxsy

scatterplot
Y ^ sx, ay

- o

%

"
→

+ getaensi-yotx.pr.int
points onto ✗ axis . Same

-

' .
- - ¥ . . ×

for y

ncx,g) =# points in (4×+0×7 • ly, ytsy)

nlx) = # points in ly, iytsy ) =§n(×,y )
"(×) = # of points in (xixtsx)

= § ncxiy)



1- (x) = n!¥n_ = proportion
size

= §% = §ᵗ"¥" =/ tap dy
"marginalization

"

similarly
f-(g) =/flay)dx

flay )
= nl€
sxsy

fly / ×) = p3P?% =

← normalizing over
size

=n¥¥
=flxipsjyI.lt#x=fgy;YflxlgI=f¥%

" conditioning
"

=

Jm%a,
Marginalization

fcx )= / fix,g) dy
plx) = Ey pcxiy)

fly) = fflxiydxply) = ⇐ play
)

conditioning /
normalization

pcylx ) = P¥# fly 1×1 = ᵗ¥-
pally ) = plj flxlyl = ᵗ¥y
Factorization

pcxiy ) = p (x) ply 1×7
= ply ) plxly)

f- G. y) = flx) fly / × ) = fly)f( × /y)



CY /x=x]y=px
Bivariate Normal

[× ] ~ N( 011)

( Y / ✗=×]~N(p× , ↳ , ?÷l×H=y
]

↓µ tfz

f-G) = ¥
e-
¥

t.ly/x)--#.e-&F-= e-¥¥É

flxiy) - tlxflylx)
= ÷g÷e-±(

✗
'
+ Y% )

i-x-s-y-cttx-xtys.ci?#Y--EE-elx1Y--yJ-N(py,l-p2
) ^

varak-xt.rs
.

"""

fly / x=x)=px

conditional expectation
E- ( Y / ✗ = ×)=h(× )

var(Y1×=x)

Y=h(Ate


