
1 1 1

2 1

1 2

cares(X,Y ) :� person(X), person(Y ), neighbor(X,Y ).

0.8 :: neighbor(X,Y ) X Y
0.8

person(X) person(Y ) cares(X,Y )
0.8

0.8 :: cares(X,Y ) :� person(X), person(Y ).

�
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X,Y, . . . r, s, . . . a, b, . . .
r(t

1

, t
2

, . . . , tm)
r m ti

A notA
H :� B

1

, . . . , Bn. H
Bi B

1

, . . . , Bn H :� .

hA,Bi
A B

p :: F. p 2 [0, 1] F

hP,PFi P PF

P

A
{0, 1} P |= A = 1 P |= A = 0

A A P

T = hP,PFi {pi :: Fi.|1  i  n} PF

p
1

, . . . , pn 2 [0, 1] F = {F
1

, . . . , Fn} T
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·
PPR(P [ F 0) =

Q
Fi2F 0

pi
Q

Fi2F\F 0
(1 � pi) F 0

F T = hP,PFi PT

Q = {Q
1

, . . . , Qn} q = hq
1

, . . . , qni 2 {0, 1}n Q = q PPR

PT (Q = q) =
X

{PPF(P [ F 0) | P [ F 0 |= Q = q} .

E = e E e
Q = q PT (Q = q|E = e) = PT (Q = q, E =

e)/PT (E = e) Q P (Q)

T

0.2 :: Burglary. 0.3 :: Fire. Alarm :� Burglary. Alarm :� Fire.

PT (Alarm = 1)
F 0 ✓ {Burglary,Fire} P = {Alarm :� Burglary.,Alarm :� Fire.} P [ F 0 |= Alarm = 1

F 0 PT (Alarm = 1) = 0.2⇥ 0.3 + 0.2⇥ 0.7 + 0.8⇥ 0.3 = 0.44

p :: H :� B
1

, . . . , Bn.
T = hP,PRi P

PR

{pi :: Ri.|1  i  n} R = {R
1

, . . . , Rn}
R0 ✓ R PPR((P [ R0)) =Q

Ri2R0
pi

Q
Ri2R\R0

(1�pi) Q

q

PT (Q = q) =
X

{PPR(P [ F 0) | P [ F 0 |= Q = q} .

p :: H :� B
1

, . . . , Bn. H :�
B

1

, . . . , Bn, prob(id). p :: prob(id). id
prob(id)

p :: H :� B
1

, . . . , Bn. H :� B
1

, . . . , Bn, prob(id). p :: prob(id).

hP,PFi P PF

At(T )
T = hP,PFi E = e E ✓ At(T )

e 2 {0, 1}|E|

P {F
1

, . . . , Fn}
Tp = hP,PFi PF = {pi :: Fi, 1  i  n}

p = hp
1

, . . . , pni D = {E
1

= e
1

, . . . , Em = em}
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·
p̂ = hp̂

1

, . . . , p̂ni

p̂ = argmaxpPTp(D) = argmaxp

mY

i=1

PTp(Ei = ei) .

E = e E = At(Tp) D

T = hP,PFi pi :: Fi 2 PF

pi :: Fij . PF

P Fij PT (Fij = 1)
pi :: Fi. 2 PF PT (Fij = 1) = pi

p̂
pi :: Fi

F = {F
1

, . . . , Fn} {Fij | 1  j  Zi}
Fi 1  i  n D = {E

1

= e
1

, . . . , Em = em}
p̂ = hp̂

1

, . . . , p̂ni 1  i  n

p̂i =
1

mZi

mX

k=1

ZiX

j=1

�ki,j �ki,j =

⇢
1 Fij 2 Ek;
0

mZi Fi

D Zi = 1 1  i  n
D = {E = e}

Zi >> 1 pi :: Fi

Ek pt

Fij Ek �ki,j
�ki,j pt+1

P

{F
1

, . . . , Fn} D = {E
1

= e
1

, . . . , Em = em} Fi1, . . . , FiZi

Fi i Tp = hP, {p
1

:: F
1

, . . . , pn :: Fn}i
hp

1

, . . . , pni pi 2 [0, 1]

PTp(D)

1
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·
hi, j, ki 1  i  n, 1  j  Zi, 1  j  m �ki,j = PTp(Fij = 1|Ek = ek)

1  i  n pti =
1

mZi

mP
k=1

ZiP
j=1

�ki,j

Fij Ek PTp(Fij = 1|Ek = ek) 1 0
PTp(Fij = 1|Ek = ek)

Fij

Ek PTp(Fij = 1|Ek = ek) = pi

Tp D
p :: H :� B

1

, . . . , Bn. H :� B
1

, . . . , Bn, prob(id). p :: prob(id).
prob(id)

p :: H :� B
1

, . . . , Bn.

D prob(id)

p :: H :� B
1

, . . . , Bn.
H :� B

1

, . . . , Bn, prob(id). p :: prob(id).
prob(id)

B
1

H
prob(id)

p
1

:: H :� B
1

. p
2

:: H :� B
2

H,B
1

, B
2

prob(id)

Tp = hP,PRi PR = {pi ::
Ri. | 1  i  n}

Tp E = e PTp(E = e)
pi

P {R
1

, . . . , Rn} D = {Ei = ei |
1  i  m} hp

1

, . . . , pmi
Tp = hP,PRi PR = {pi :: Ri | 1  i  n} PTp(D)

{A
1

=
a
1

, . . . , Ao = ao} E = e

PTp(E) PTp(E = e) =
oQ

i=1

PTP (Ai = ai|Pa(Ai))

Pa(Ai) ✓ E Ai

{Ai} [ Pa(Ai) Ai D = {E
1

= eq, . . . , Em = em}

PTp(D) =
mQ

k=1

PTp(Ek = ek) PTp(Ek = ek)

PTp(Ai = ai|Pa(Ai)) PTp(D)
Ai Aj Ai
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PTp(Ai|Pa(Ai)) PTp(Aj |Pa(Aj))

A = {A
1

, . . . , An} r A[{Pa(Ai) | Ai 2 A}
r PTp(Ai = ai|Pa(Ai))

PTp(D)

Tp r
0

(·)
p
1

:: r
0

(X) :� r
1

(X),not r
2

(X). p
2

:: r
0

(X) :� not r
1

(X), r
2

(X).
E = e r

0

(·) r
0

(·) r
1

(·) r
2

(·)
X r(X) = hr

0

(X), r
1

(X), r
2

(X)i
a
0

X r(X) = h1, 1, 0i 2 E b
1

X r(X) = h0, 1, 0i 2
E b

0

X r(X) = h1, 0, 1i 2 E b
1

X r(X) = h0, 0, 1i 2 E
PTp(E = e) pa0

1

(1 � p
1

)a1pb0
2

(1 � p
2

)b1 r
0

p
1

= a
0

/(a
0

+a
1

) p
2

= b
0

/(b
0

+b
1

) hp
1

, . . . , pni PTp(E = e)

hp
1

, . . . , pni

Tp = hP,PRi E = e Z = At(Tp) \ E
E = e, Z = z

p = hp
1

, . . . , pni
Z E = e

Z
D = {E

1

= e
1

, . . . , Em = em}
pi = 0.5 pi

p Ek = ek 2 D PTp(Z = z|Ek = ek)

z 2 {0, 1}|Z|

argmaxp0

mX

k=1

X

z2{0,1}|Z|

PTp(Z = z|Ek = ek) ln(PTp0 (Ek = ek, Z = z)).

PTp(Z = z|Ek = ek)
Ek = ek z F(Ai)

Ai c 2 {0, 1}|Q| Q
Q = c cQ0 2 {0, 1}|Q0|

Q0 ✓ Q Ek = ek
X

Ai2At(Tp)

X

c2{0,1}|F(Ai)|

PTp(F(Ai) = c|Ek = ek) ln(PTp0 (Ai = cAi |Pa(Ai) = cPa(Ai)
)).
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PTp(F(Ai) = c|Ek = ek) c PTp0 (Ai = cAi |Pa(Ai) = cPa(Ai)
)

H p :: H :� B
1

, B
2

.
c H {H,B

1

, B
2

}
c = h0, 1, 1i c = h1, 1, 1i c

PTp0 (H = cH |Pa(H) = cPa(H)

) = 1 PTp(F(H) = c|Ek = ek) = 0

0.3 :: fire(X) :� person(X).
0.4 :: burglary(X) :� person(X).
0.7 :: alarm(X) :� fire(X).

0.9 :: alarm(X) :� burglary(X).
0.8 :: cares(X,Y) :� person(X), person(Y).
0.8 :: calls(X,Y) :� cares(X,Y), alarm(Y),not samePerson(X,Y).

c person(c) samePerson(c, c)

1⇥ 10�3

1⇥ 10�3
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