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A
sim

ple,graphicalnotation
for

conditionalindependence
assertions

and
hence

for
com

pactspecification
offulljointdistributions

S
yntax:a

setofnodes,one
per

variable
a

directed,acyclic
graph

(link Z

“directly
influences”)

a
conditionaldistribution

for
each

node
given

its
parents:

[\^]_`^abcdefg\^]_hh

In
the

sim
plestcase,conditionaldistribution

represented
as

a
co

n
d

itio
n

alp
ro

b
ab

ility
tab

le
(C

P
T

)
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I’m
atw

ork,neighbor
John

calls
to

say
m

y
alarm

is
ringing,butneighbor

M
ary

doesn’tcall.
S

om
etim

es
it’s

setoffby
m

inor
earthquakes.

Is
there

a
burglar?

V
ariables: mnco pbc

, qbcfrs nbtd

, upbcv

,w xrey bppg

, z
bc{ y bppg

N
etw

ork
topology

reflects
“causal”

know
ledge:

BTTFF

E|TF }TF}

P
(A

)

.95

.29
.001

.001

P
(B

)

~

.002

P
(E

)

~

A
larm

E
arthquake

M
aryC

alls
JohnC

alls

B
urglary

A�
P

(J)

TF }
.90
.05

A
P

(M
)

~TF
.70
.01
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“G
lobal”

sem
antics

defines
the

fulljointdistribution
as

the
productofthe

localconditionaldistributions:

[\^]�� ���� ]�h��
�

�_ �� [\ ]_` abcdefg\ ]_hh

e.g., a\ w� z� u� �
m� �
qh

is
g

iven
by??

=
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E
ach

node
is

conditionally
independentofallothers

given
its

M
arkov

b
lan

ket:
parents

+
children

+
children’s

parents

. . .

. . .
U

1

X

U
m

Y
n

Z
nj

Y
1

Z
1j

/01234 567869 :;321 <= 9 >? @112 ::0 53 A>B4 CD ;E F GHHI

J K0L M2 CGN >G OP
N RN

� � �Y� ���� ��� � �� V
��W
� �X
Y

N
eed

a
m

ethod
such

thata
series

oflocally
testable

assertions
of

conditionalindependence
guarantees

the
required

globalsem
antics

1.
C

hoose
an

ordering
ofvariables ]�� ���� ]�

2.
F

or�

=
1

toe

add ]_ to
the

netw
ork

selectparents
from]�� ���� ]_ ��

such
that

[\^]_`^abcdefg\^]_hh��
[\^]_` ]�� ���� ]_ ��h

T
his

choice
ofparents

guarantees
the

globalsem
antics:

[\^]�� ���� ]�h��
�

�_ �� [\^]_` ]�� ���� ]_ ��h

(chain
rule)

= �
�_ �� [\^]_`^abcdefg\^]_hh

by
construction
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Initialevidence:
engine

w
on’tstart

Testable
variables

(thin
ovals),diagnosis

variables
(thick

ovals)
H

idden
variables

(shaded)
ensure

sparse
structure,reduce

param
eters

lights

no oil
no gas

starter
broken

battery age

�

alternator
  broken

fanbelt
broken

battery

�  dead
no charging

battery

�    flat

engine w
on’t

       start
gas gauge

fuel line
blocked

oil light
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P
redictclaim

costs
(m

edical,liability,property)
given

data
on

application
form

(other
unshaded

nodes)
SocioE

con
A

ge
G

oodStudent

E
xtraC

ar
M

ileage

V
ehicleY

ear
R

iskA
version

SeniorT
rain

D
rivingSkill

M
akeM

odel

D
rivingH

ist

D
rivQ

uality
A

ntilock

A
irbag

C
arV

alue
H

om
eB

ase
A

ntiT
heft

T
heft

O
w

nD
am

age

P
ropertyC

ost
L

iabilityC
ost

M
edicalC

ost

C
ushioning

R
uggedness

A
ccident

O
therC

ost
O

w
nC

ost

/01234 567869 :;321 <= 9 >? @112 ::0 53 A>B4 CD ;E F GHHI

J K0L M2 CGN >G OPI RI

� � k
l ����
� �� �� �� �� �� �Y� ����� �� �Y

C
P

T
grow

s
exponentially

w
ith

no.ofparents
C

P
T

becom
es

infinite
w

ith
continuous-valued

parentor
child

S
olution:

can
o

n
icaldistributions

thatare
defined

com
pactly

D
eterm

in
istic

nodes
are

the
sim

plestcase:

] �
�\ abcdefg\ ]hh

for
som

e
function�

E
.g.,B

oolean
functions

�xcfr uvdc��be�y beb��be���
� zd�
��be

E
.g.,num

ericalrelationships
am

ong
continuous

variables

  ¡d¢dp  f
�

inflow
+

precipation
-

outflow
-

evaporation
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N
o

isy-O
R

distributions
m

odelm
ultiple

noninteracting
causes

1)
P

arents�� ����¤

include
allcauses

(can
add

leak
n

o
d

e)
2)

Independentfailure
probabilitys _

for
each

cause
alone
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N
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ber
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num
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Instantiate
som

e
nodes

(evidence
nodes)

and
query

other
nodes.

BTTFF

E |TF}TF }

P
(A

)

.95

.29
.001

.001

P
(B

)

~

.002

P
(E

)

~

A
larm

E
arthquake

M
aryC

alls
JohnC

alls

B
urglary

A �

P
(J)

TF }

.90
.05

A
P

(M
)

~TF
.70
.01

.94
a\ B

u
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lary` Jo
h

n
C

allsh ??
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D
iagnostic

C
ausal

M
ixed

Intercausal
(E

xplaining A
w

ay)

EQ
E Q

Q
E

QE E

1.ÌÍÎÏ ÐÑÒÓ ÍÔ :
From

effects
to

causes

a\ B
urglary` JohnC

allsh��
Õ �Õ ¨Ö

2.× ÎØÒÎ Ù

:
From

causes
to

effects

a\ JohnC
alls` B

urglaryh��
Õ �ÚÖ

3. ÛÐÓÜ
ÝÔÎØÒÎ Ù

:
betw

een
causes

ofcom
m

on
effect

a\ B
urglary`

A
larmh �

Õ �ÞßÖ ,
but a\ B

urglary`
A

larm� E
arthquakeh �

Õ �ÕÕÞ .
4. àÍáÜ

â ã

C
om

binations
of1.-3.

a\ A
larm` JohnC

alls� �

E
arthquakeh��

Õ �ÕÞ
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Q
u

eries:
com

pute
posterior

m
arginal[\^]_`^ä �Ü

h

e.g., a\ �xå bg` å bno d �dv
æ f{ � ¡�o rfg �xe� � fbcfg �
� bpgdh

O
p

tim
ald

ecisio
n

s:
decision

netw
orks

include
utility

inform
ation;

probabilistic
inference

required
fora\ xnf�xvd` b�f�xe� d¢��de�dh

V
alu

e
o

f
in

fo
rm

atio
n

:
w

hich
evidence

to
seek

next?

S
en

sitivity
an

alysis:
w

hich
probability

values
are

m
ostcritical?

E
xp

lan
atio

n
:

w
hy

do
Ineed

a
new

starter
m

otor?
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