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 c
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en
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 c
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 =
  1 k –  l x
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  1 k 

∑ i 
 l x

,i 
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)

w
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re
  p
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i|x

) 
=
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n+
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1

n
=
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1
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l r
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  1 k ∑ x 
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=
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.
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n
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 c
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=
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 c
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1
n
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1
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 ∑ i 
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lo
g 2
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i|x
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py

 o
f  

X
n+
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w
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 X
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 p
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ve
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ge
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H
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  R
* k|

m
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k|
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 1 k 
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w
he

re
  R

* k|
m

  d
en

ot
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 th
e 

le
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t r
at

e 
of

 a
ny
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k|

m
) 

co
nd

iti
on

al
 b

lo
ck

 c
od

e 
en

co
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ng

so
ur

ce
  X

, a
nd

  H
k|

m
  =

  1 k 
H

(X
n+

k-
1

n
|X

n-
1

n-
m

) 
 is

 th
e 

(k
|m

)-
th

 o
rd

er
 e

nt
ro

py
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M
or

eo
ve

r,
 lim k→

∞
R

* k|
m

  =
  H

∞
 , 

   
fo

r a
ny

  m

H
∞

  ≤
   lim m

→
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R
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m
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∞
 +
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r a
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 g
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hi
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 s

ho
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∞
H

k|
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∞
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H
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∞
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∞
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 b
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 c
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at

  k
+m

 =
 K

,  
th

er
eb

y 
fix

in
g 

th
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at
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it
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n
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ti
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E
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tr
o

p
y

F
o

r 
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w
o

 R
an

d
o

m
 V

ar
ia

b
le

s

D
ef

in
it

io
n

s:

(a
) 

T
he

 e
nt

ro
py

 o
f a

 p
ai

r 
of

 r
an

do
m

 v
ar

ia
bl

es
 X

 a
nd

 Y
  (

so
m

et
im

es
 c

al
le

d 
th

ei
r 

"jo
in

t"
en

tr
op

y)
 is H

(X
,Y

)  
= 

 -
∑ x,

y 
 p

(x
,y

) 
lo

g 2
 p

(x
,y

) 
,  

w
he

re
  p

(x
,y

) 
=∆  

 P
r(

X
=x

 a
nd

 Y
=y

).

T
hi

nk
 o

f  
(X

,Y
) 

as
 o

ne
 r

an
do

m
 v

ar
ia

bl
e 

w
ith

 a
n 

al
ph

ab
et

 c
on

si
st

in
g 

of
 p

ai
rs

.  
T

he
n 

th
e

ab
ov

e 
is

 ju
st

 th
e 

us
ua

l d
ef

in
iti

on
 o

f e
nt

ro
py

, a
nd

 h
as

 th
e 
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ua

l p
ro

pe
rt

ie
s.
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T
he

 c
on

di
tio

na
l e

nt
ro

py
 o

f r
an
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m

 v
ar

ia
bl

e 
 X

  g
iv

en
 a

 p
ar

tic
ul

ar
 v

al
ue

 o
f r

an
do

m
va

ria
bl

e 
 Y H

(X
|Y

=y
) 

 =
  -

∑ x 

 p
(x

|y
) 

lo
g 2

 p
(x

|y
),

   
 

w
he

re
  p

(x
|y

) 
=

 P
r(

X
=

x|
Y

=
y)

.

T
hi

s 
is

 a
n 

or
di

na
ry

 e
nt

ro
py

 -
- 

na
m

el
y 

th
e 

en
tr

op
y 

of
  X

  w
he

n 
a 

sp
ec

ifi
c 

va
lu

e 
of

  Y
  i

s
gi

ve
n 

--
 a

nd
 a

s 
su

ch
 it

 h
as

 a
ll 

th
e 

us
ua

l p
ro

pe
rt

ie
s 

of
 e

nt
ro

py
.

(c
) 

C
on

di
tio

na
l e

nt
ro

py
 o

f r
an

do
m

 v
ar

ia
bl

e 
X

 g
iv

en
 a

 r
an

do
m

 v
ar

ia
bl

e 
Y

H
(X

|Y
) 

 =
  ∑ y 

 p
(y

) 
H

(X
|Y

=y
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 =
  -

∑ x,
y 

 p
(x

,y
) 

lo
g 2

 p
(x

|y
)

T
hi

s 
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n 
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e 
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ev
io

us
 k

in
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of
 c
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di

tio
na

l e
nt
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py
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P
ro

p
er

ti
es

: 
 (

el
em

en
ta

ry
 in

 in
fo

rm
at

io
n 

th
eo

ry
)

1.
H

(X
|Y

) ≥
 0

  
w

ith
 e

qu
al

ity
 if

f  
X

  i
s 

a 
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 p
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∑ x,

y 
 p

(x
,y

) 
lo

g 2
 p

(x
) 

 -
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= 
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H
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H
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= 
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H
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 b
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 c

al
le

d 
th

ei
r 

"jo
in

t e
nt

ro
py

")

H
(X

1,
...

,X
k)

  =
  -
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in

ks
 o

f  
(X

1,
…

,X
k)

  a
nd

  (
Y

1,
…

,Y
m

) 
 e

ac
h 

as
 a

 s
in

gl
e 

ra
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…
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 c
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at

 o
f F

ac
t 3

.

8.
H

(X
1,

...
,X

k)
  ≤

  H
(X

1)
 +

 H
(X

2)
 +

 ..
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e 
ch

ai
n 

ru
le

 a
nd

 th
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P
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at
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P
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 c
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H
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 b
y 

P
ro

p.
 9

.

= 
 H

1|
k-

1 
 ≥

  H
1|

k 
  b

y 
P

ro
p.
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 b
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H
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