(12 ) . X,
1 "
! n
P(Xy, o Xp)
P(B,E A J M)
B|E|A|J|M| Prob [B|E|A|J M| Prob
ylylyly|y ]| 00001 |n|y|y|y| y]|.0002
ylylyly|[n|.000025|n|y|y|y| n|.0004
. y|yly|[n|y|.000025|n|y|y|n|y|.0004
: Alarm ylyly[n|[n]| .00000 | n|y|y|n| n|.0002
" D LA (burglary) yly|[n|y|y]| 00001 |n|y|n|y| y]|.0002
(earthquake) yly|[n|y|n|.000015|n|y|n|y n|.0002
, yly[n|n|y|.000015{n|y|n|n|y|.0002
John Mary yly[n|{n|{n| 0000 {n|y|n|n|n|.0002
- . y(n|ly|y|[y | 00001l {n|{n|y|y| y].0001
y(n|ly|[y|[n|.000025|n|n|y|y| n|.0002
. : Burglary (B), Earthquake (E), Alarm (A), § : 5 : ’; 082255 : : z : 3; :gggi
JohnCalls (J), MaryCaIIs- M) yIn|nlyly| 00001 |n|nlnlyly]|oo0s
" . y|n|n|y|[n|.00001 {n|n|n|y| n|.0001
P(B' E A, M) y[(n|{nf{n|y | .0000L {n|{n|n|n| y|.0001
y(n{nfn|{n|.00000 |n|{n|nfn|n|.996
= Mary .
PB=y|M= ?
B=yl y) B[M[ Prob . Alarm
. y |y | 000115 a1
P(B, M) =2 ,PB EA I M y | n | .000075 .
= n|y|.00015 = PB=y[M=Yy) 29
- n|n| .99971 L]
= P(Xq, .o X)) 2n —
p(B: M = ) 1
P(B=yIM =y)=— IS :
P(M =y)

=0.61




*

. chain rule:

p(X)= p(%;,.... ;)
= p(Xl)p(Xz | Xl)p(X3 | X, Xz)"'

=1ii[ p(Xi [ X Xi—l)

*

PACK){Xy, 0 X, 1}
. pa(x)
X D X} - palX)
Jie.
POXG | Xq, o0 XiZq) = P(X; | pa(Xx))

*

n , P(Xy, ooy X4)
P(Xi | pa(Xy)
P(B, E, A., J, M)

=P(B)P(E|B)P(A|B,E)P(J]A,B,E)P(M|B,E,AJ)
=P(B)P(E)P(A|B,E)P(J]A)P(M]A)
= pa(B) = {}, pa(E) = {}, pa(A) = {B, E},
pa{J} = {A}, pa{M} = {A}

P(B), P(E), P(A | B, E), P(M | A), PQ | A)

*

*

X.

XX X
€ pa(xl) 1

= pa(B) = {}, pa(E) = {}, pa(A) = {B, E}, pa{J} = {A},
pa{M} = {A}

O O
(a]

Q) ™)

- X P(X; | pa(X))
. : Bayesian network

- @ ® -

GJ

P |A) POV | A)




*

Bayesian network

(DAG)

-

BN
DAG

" :BLE,JLB|AJLE|A
:J1B,JLE

. i X :
. Xy ooy X
1) pa(x;)
POX | Xy, s Xi—l)(= P(Xi | pa(xi)))
. pa(X;) X;

+*

. :B,E,A, LM
= pa(B)=pa(E)={},
pa(A)={B,E},
pa(J)={A},
pa{M}={A}

. M, J,A B E

= pa{M}={}, pa{J}={M},
pa{A}={M,J},
pa{B}={A},
pa{E}={A,B}
= M, J,E B A

VS




Bayesian Networks

+

Bayesian network,
, Bayesian network

BN
] ( )
T
. = BN
Surgeon Gen;eral (1964) " )
. H = :John Mary
X A . P(BlI=y,M=y) ?
. PQ|E=¢e)="? . PBIM=Y)
. Q " / :P(M|B=Yy)
s E = ( )
e PBIA=Yy E=Y)
. ( )

PAlJ=y,E=Yy)( )




‘ Naive

BN P(QIE=¢) naive
PQE)_ PQE)
PIQ|E)= =
QB8 S P
= BN ,
. NP-hard

*

. : P(A),P(B]A),P(C|B),P(D|C)

] . P(D) =?
= P(D) =, 5 c P(A, B, C, D)

= 2a 8¢ P(APBIAP(CIB)P(DIC) (1)
= 2cP(DIC) 25P(CIB) ZAP(A)P(BIA) - (2)

= (1) 12842242

= (2) 12+2+2
® ® ©

. NP-hard ,
tractable . , BN
(poly)-tree
(poly tree , , 2
)

*

= Fori=1ton

LX Kogi 1yr -

POX | Xpg, = Xpgi, 10+

4, X;

Random Sampling

! Xp(i, n) )

» X, m= XpGi, )

Stochastic Simulation

. PQ=gqlE=e)
. NCZE:e
= Ng:Q=gq E=e
= N:
= N
« N,/N P(E =€)
= Ng/N PQ=0qg,E=¢)
= Ng/ N, PQ=qg|E=¢)

= P(X; | pa(Xy))




= N Xl, veny Xn

m X L= IQXiI

= X 0= IQpa(Xi)I
[] :

0, =P(X =] | pa(x) = k),
i=1,...nmj=1,...,r k=1, ..,q;

| BN ML

: BN . 1,2
eijk:P(Xi =jl % k) @ @
%

fi1 = P(Xi=1),619 = P(X=2)

fhy = P(Xo=1) 3 = P(Xo=2)
p(t[Xg:‘=119311 = P(Xg=1‘Xl=l.Xg=13.9321=P(X3=Q‘X1=1.XQ=1
pa(Xs) =263 = P(ng'l‘Xl:l.Xg:QJ.HQQQ:P(XQZQ‘Xl =1,X5=2
p(t[Xg:‘=319313 = P(Xg=1‘Xl='2.Xg=1:‘.9323=P(X3=?‘X1='2.XQ=1
pa(Xs) =463y = P(ng'l‘;\'l:?.;\'g:2].9323:]7(1\’3:2‘:\’1 =2Xp=2

)
)
)
)

| BN ML

[] :D| )
: ¢ )
D=, =1, X, =2, X3 = 2)
:D={D,, ..., D}
] . 0

|BN ML @

" loglikelihood:
(0 | D) = log L(6 | D) = log P(D | 6) o
=log [, P(D, | ©) = 2, log P(D | 6)
" log P(D, | 6):
«D,= (1,2 2)
log P(D, | 0) = log P(X; = 1, X, = 2, X; = 2 | 0)
= log P(X,=1 | 8) P(X,=2 | 8) P(Xs=2 | X,=1, X,=2, )
=log 6,4, + log 0,,; + log 03y,

9:{6111’9121’9211'6221'631179312'631316314’9321'6322'6323’ 9324}

Coo [ if X =], pa(X;)=kin D,
Z(I'J’k'D')_{O otherwise
] |=4,D4:{1.212}
%(1,1,1:D,)= %(2,2,1:D,)= 1(3,2,2:D,)=1,
%(i, i, k: D) = 0 i), k
. log P(D, | 6) = 2 x(i, |, k: D) log 6y

log P(D, | 6) = X x(i, J, k: D)) log 6




‘ BN ML

. tmy =2 (L, ki DY)
X=j  pa(X)=k
. I(6 | D) =2, log P(D, | 6)

=%, % (i, J, k1 D) log 0,
=205k 2 x(i, . k2 Dy) log 6
=2,k My 109 0= 2. 2 My 10g Oy

‘ BN ML

argmax I(6| D) = argmax X 2 my, log O,
0

Oij
- DO =P =] paX) =k) B
i1 k=K
. il

argmax X;; my, log 6y,
eijk

0= P(X, = | pa(x) = k)
X=j pa(x) =k
pa(x) = k

= BN
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