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Typically,w
e

are
interested

in
the

posterior
jointdistribution

ofthe
q

u
ery

variab
les�

given
specific

values�

for
the

evid
en

ce
variab

les�

Letthe
h

id
d

en
variab

les
be� �

� �
� �
�

T
hen

the
required

sum
m

ation
ofjoint

entries
is

done
by

sum
m

ing
outthe

hid-
den

variables:
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�� �
� �

h �� �� � �
�� � �
��

T
he

term
s

in
the

sum
m

ation
are

joint
entries

because�

,�

,
and�

together
exhaustthe

setofrandom
variables

O
bvious

problem
s:

1)
W

orst-case
tim

e
com

plexity�� �"!�
w

here�

is
the

largestarity
2)

S
pace

com
plexity�� �#!�

to
store

the
jointdistribution

3)
H

ow
to

find
the

num
bers

for�� �"!�
entries???
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Tw
o

random
variables

G
H

are
(absolutely)

in
d

ep
en

d
en

t
iff

I� G� H� �
I� G�

or I� G� H� �
I� G� H� I� H� �
I� G� I� H�

e.g.,

G

andH

are
tw

o
coin

tosses

IfJ

B
oolean

variables
are

independent,the
fulljointis

��LKM� NNN� K!� �
O
P ��LKP�

hence
can

be
specified

by
justJ

num
bers

A
bsolute

independence
is

a
very

strong
requirem

ent,seldom
m

et
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C
onsider

the
dentistproblem

w
ith

three
random

variables:

TUUVWX
YWZ

,[ X\]V^ ,[ XVYW

(steelprobe
catches

in
m

y
tooth)

T
he

fulljointdistribution
has _a`�

b

=
7

independententries

IfIhave
a

cavity,the
probability

thatthe
probe

catches
in

itdoesn’tdepend
on

w
hether

Ihave
a

toothache:
(1)I� [ XVYW� TUUVWX

YWZ
� [ X\]V^� �
I� [ XVYW� [ X\]V^�

i.e.,[ XVYW

is
co

n
d

itio
n

ally
in

d
ep

en
d

en
t

ofTUUVWX
YWZ

given[ X\]V^

T
he

sam
e

independence
holds

ifIhaven’tgota
cavity:

(2)I� [ XVYW� TUUVWX
YWZ
�dc[ X\]V^� �
I� [ XVYW� c[ X\]V^�
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E
quivalentstatem

ents
to

(1)

(1a) I� TUUVWX
YWZ
� [ XVYW� [ X\]V^� �
I� TUUVWX
YWZ
� [ X\]V^�

W
h

y??

(1b) I� TUUVWX
YWZ
� [ XVYW� [ X\]V^� �
I� TUUVWX
YWZ
� [ X\]V^� I� [ XVYW� [ X\]V^� W

h
y??

F
ulljointdistribution

can
now

be
w

ritten
as

�� TUUVWX
YWZ
� [ XVYW� [ X\]V^� �
�� TUUVWX
YWZ
� [ XVYW� [ X\]V^� �� [ X\]V^�

=�� TUUVWX
YWZ
� [ X\]V^� �� [ XVYW� [ X\]V^� �� [ X\]V^�

i.e.,2
+

2
+

1
=

5
independentnum

bers
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