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Chapter 14a
Bayesian Networks




< DIATHT 4% (Bayesian networks)
= 1BA

- EX

< 217 (parameterized distributions) *
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ayesi,_ ngtworks)

< RIS BU—Fh{E B & (graphical) &/ix, B TEEBEABRSHH
R HERIE

< IBE:
s — A HEEES, EIMTEMN—IRENTE
= —ANEBEFZIFE DAG (link = "directly influences")
- BT AELE—NEHBER BT S
P (X;| Parents (X))
< mBBRFRAT, FHBEALIFRRA FHHZR (conditional probability
table, CPT), BLRH T X, BT R SEHEHEST
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o MBIRIN WY

FHIRAL

—:
= -

CEDECS

< Weather 5 H b3

=AY

< Y7 Cavity 2T, Toothache 1 Catch &M
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“ I'm at work, neighbor John calls to say my alarm is ringing, but neighbor
Mary doesn't call. Sometimes it's set off by minor earthquakes. Is there a

burglar?

< A& Burglary, Earthquake, Alarm, JohnCalls, MaryCalls

< MEHINRN T ERX % (causal) #iR
= A burglar can set the alarm off
= An earthquake can set the alarm off
= The alarm can cause Mary to call

= The alarm can cause John to call
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< —> Boolean ZLE X; #XtT k 4 Boolean & @
TR CPT A 2K 1T .\ /@D

- BTEE—Ep T X = true M5 ﬁ
aREES
( X; = false FUSH#BEZR 79 1-p) @ @
e MR TENXTRBABIE KT, TEAMSEZEZE O -2¢ 1
#E

= i.e., B n & Mg, vs. TR SR T HHY O(2")
= Xt burglary PI4&, BH1+1+4+2+2=10 PMEF (vs. 25-1 = 31)
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dbal s,_ antics)

TR EMESHTEBEBFHRE S HAFAEITEN GEEN]D

P(;r.h . ,_;zfn_) = H?: 1P(:I?rg_‘p(LTﬁ?ﬂ-tS(Xi)) @

eg., P(jAmAaN-bA—e) ﬁ
= P(jla)P(m|a)P(a]=b,~¢) P(=b) P(~e) U

0.9 x 0.7 x 0.001 x 0.999 x 0.998
0.00063

2
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EIE: Local semantics < global semantics
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al Semantics)

BEfEX : BEXTR, — I TRFHAMITENHMELT

BE X NE—HMELET S
P(x;, x;|Parent(x;)) = P(x;|xj, Parent(x;))P(xj|Parent(x;)) (BA&BEIZEENX)
= P(x;|Parent(x;))P(xj|Parent(x;)) (DR HEF R £8%)

> FHIII
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‘5 'ERY Markov blanket, 1ZT RFMHRTMEFHAAEEMT R

Markov blanket = parents + children + children’s parents

http://maider.blog.sohu.com/307235658.html
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http://maider.blog.sohu.com/307235658.html

( Ma: oviblanket)

5 ER Markov blanket, 1ZT S HIMST THE TR EEHMT

25 7E X, BMarkov B2 MB(x;) = (Parent(x;),Son(x;), Parant(Son(x;))),
UREMErET =

P(x;, MB(x;),z) = P(x;|Parent(x;)) [ P(MB;(x;)|Parent(MB;(x;))) [1 P(zx|Parent(z))

P(x;IMB(x;),z) = P(x;, MB(x;),z)/ [ P(x;, MB(x;),z)dx; (FHBEEN)

_ P(xi| Parent(x;)) [1 P(MB(x;)|Parent(MB (x;)))
o P(x;| Parent(x;)) [1 P(MB(x;)|Parent(MB(x;)))

= P(x;|MB(x;)) (FKRNIEFR)
> FHm
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d 5 E (d-separation): DAG BJ=FhE A LE#

C

LR
a b *=F c &L
JIZELS$4)

a fl b %F ¢ KihaL -
SCELER

a F1 b3hsmsr, BB

$ER ¢ RIS

TTIREY

VA Y= = =

X-Ij FAS Y
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1. EE—EHET R E X, ..., X,
2. Fori=1ton
= X ARINE 4 R
= A Xy o X PEFERRT R, £S5
P (X; | Parents(X;)) = P (X; | X{, ... Xi.1)

XA T RIEFET ERIE T NAHETRNERN £ FHENX
P(Xy ....X) = TJILiP XXy oo, Xiy) (chain rule)
[T, P (X;| Parents(X,)) (by construction)
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BIEFEANEET M, J, A, B, EBIXFF

P | M) =P(J) ?
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BIZFHRINEET M, J, A, B, E BIRFF
Cloncats

PA|J,M)=P(A|J)? P(A]J, M)=P(A)?

P(J|M)=P@J)? No
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P | M) =

P(A
P(B
P(B

J, M) =

P(J)? No
P(A]J)? P(A|J, M) =
A, J, M) =
A, J, M) =

P(B|A)?
P(B)?

P(A)? No
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P(J|M)=P@J)? No

P(A
P(B
P(B
P(E
P(E

BIZFEIIEET M, J, A, B, E IR FE

Earthquake
J,M)=P(A]J)? P(A|J, M)=P(A)? No

A, J,M)=P(B|A)? Yes
A, J, M) =P(B)? No

B, A,J, M) =P(E | A)?

B, A, J, M) =P(E | A B)?
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PO M) =

P(A
P(B
P(B
P(E
P(E

A, J, M) =
A, J, M) =

B,A.J, M) =
B, A, J, M) =

P(J)? No
L,My=P(A[J)? PA|J,M)=

P(B|A)? Yes
P(B)? No
P(E|A)? No
P(E| A, B)? Yes

P(A)? No

Burglary

Earthquake
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< 7EIEFER (noncausal) 58] L FI B & I8 37
4 2 [ MERY

o MALMS, BRRBRBEMEHMIMEFRE
RIRAERERY (hardwired)!

Earthquake

@ XPMMNEZHETAZER: FEL1+2+4
+2+4=13 "H&E
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< CPTHEEXR TR EHRBRIEK
¢ MEETEXTRNTFTR, CPTRERLHK

» BRRFE: MSE5 7 (canonical distribution)
= HEMTREREEMNER:
X = f(Parents(X)) for some function f

= E.g., Boolean functions
NorthAmerican < Canadian v US N Mexican
= Eg., BT EHNHEXR

dLevel
Ot

= inflow + precipitation - outflow - evaporation
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o NHBEIFR: AL (noisy-or) BB X REEBZIE Z N ZERFA)
= XPE U, U FIHTHETENER (TRUEmERD =)
= BT EBMI A RMELE g,

= P(X|IT1 c (TJ _|(.,-"Tj+1 e _|(..-'T;t._) =1- Hf: 14i

Cold Flu  Malaria| P(Fever)| P(—Fever)

F F F 0.0 1.0

F F T 0.9 0.1

F T F 0.8 0.2

F T T 0.98 0.02 =10.2 x 0.1

T F F 0.4 0.6

T F T 0.94 0.06 = 0.6 x 0.1

T T F 0.88 0.12=0.6 x 0.2

T T T 0.988 0.012 = 0.6 x 0.2 x 0.1
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< ESEIE (subsidy? F1 Buys?) + ZE4LE (Harvest #1 Cost)

Subsiy\?

Buys? ‘
< EINL: B A] BEFEURBNIRZEME KH) CPT
ﬂ_ﬁ.ﬁz BIRBSBHIITEU IR

1) EEEE (e.9., Cost): BAHELEMRXTIS
2) BEIZE (e.g., Buys?): FEEMRT A
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v BENFEHBREREE R
= NMNBENATRENESEE, 2E TREEEXTET, FHaEE
= HEHANEE%MEESHET (Linear Gaussian, LG) 188!, e.g.,

P(Cost =c|Harvest =h, Subsidy? =true)
= N(ath + b, 0¢)(c)

1 1r_4%h+mq2
- exr ——
o 2T b 2 o

F~ T Cost fEZE Harvest BIZk 20, XILFEE2EBEEH

= 2FEEANEERREAGIER, AT, AR Harvest BYAI FESCHE
R/, ERLER
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N\
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NIRRT

\

MR
S

NN
N
R
S

5 Harvest

< BB LG B EEE ML

L)

o B+ RS LG PR R SR
» NI EHENAE, eEMESENEZTESHTH

L)
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% %A% Cost, Buys? E’]#E)’ti}"‘ W iZ & “soft” threshold HY
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< Probit 2> #r{#EF Gaussian 243

Ola) =~

N0, 1)(x)dx

12

P(Buys?=true | Cost=c) = ®((—c+ pu)/o)
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<~ CEEEAENEE Ttz
< AIIAEBIERNAE # A TRV hard threshold

& @ @

1l
®

Buys? I
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< Sigmoid (or logit) 7> T EHEWEFZFEEA
1

P(Buys?=true | Cost=c) =

c)

=false|Cost=

P(Buys?

1

09 r
0.8 r
0.7
0.6
0.5 r
04 r
03 r
0.2 r
0.1

0

1+ e;zrp(—Q—E_‘i:r )

< Sigmoid 5 Probit EBHEMIK, BEEBEKHE

0

12

USTC AUTO




< DIMERE AFMMAIM (BRI BIE‘T —MRARIEFE
< hiP + CPTs = REMB IR EBMURIE
MW ERKRR, BEESSZHWERN

<% MIBHSF (e.g., noisy-or) = CPTs B EELRIE

o EEFETE D> SENLDT (e.g., linear Gaussian) *
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