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6=
W

}
=

P
(n

)
e

=
1

2
n

R

∑

i λ
i .

5



Je¸rhmaKwdikopo�hsh
KanalioÔ�Apìdeixhantistrìfou

(2)

•Sunep¸
,n
R

(a
)

=
H

(W
)

(b)
=

H
(W

|Ŵ
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Je¸rhmaKwdikopo�hsh
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Je¸rhmaKwdikopo�hsh
KanalioÔ

Apìdeixhantistrìfou(4)

•Toapotèlesmaautìonom�zetaiasjenè
ant�strofotouJewr mato


Kwdikopo�hsh
KanalioÔ.ApodeiknÔetai(isqurìant�strofo)ìti,e�n

R
>

C,
P

(n
)

e
→

1ekjetik�.
•Sunep¸
,hqwrhtikìthtakanalioÔ

Capotele�miapolÔsaf diaqwristik 

gramm :'Otan
R

<
Chpijanìthtasf�lmato
te�neiekjetik�sto0.

Ant�jeta,ìtan

R
>

C,hpijanìthtasf�lmato
te�neiekjetik�sto1.8



Parathr sei
kaijewr matasqetik�methqwrhtikìthta

•ApìdeixhJewr mato
Kwdikopo�hsh
(ant�strofo)

•Parathr sei
kaijewr matasqetik�methqwrhtikìthta

•Qwrhtikìthtakanali¸nmean�drash
•Apokwdikopo�hshMègisth
Pijanof�neia
kaiEkjèth
Sf�lmato


•Je¸rhmaDiaqwrismoÔPhg 
-KanalioÔ

9



Megistopo�hshko�lh
sun�rthsh
katanom 
pijanìthta


•JewroÔmesun�rthsh
f
(p

)
:
R

n
→

Rhopo�ae�naiko�lh

∩w
pro


p.

•'Estw,ep�sh
,ìtito
pe�naikatanom (di�nusmapijanìthta
),dhlad 

p
i
≥

0,
i
=

1,...,nkai
∑

ni=
1
p

i
=

1
T
p

=
1.

•Tèlo
,jewroÔmeìtioimerikè
par�gwgoi
∂
f
(p

)/∂
p

i or�zontaikaiìti

e�naisuneqe�
memonadik exa�reshto
lim

p
i →

0
∂
f
(p

)/∂
p

i poumpore�na

e�naikai

∞.

10



Megistopo�hshko�lh
sun�rthsh
katanom 
pijanìthta


(sunèqeia)

•ApodeiknÔetaiìtioiparak�twsunj ke
e�naiikanè
kaianagka�e
giana

megistopoie�taih
f
()stoshme�o(katanom )

p.

∂
f
(p

)

∂
p

i
=

λ
,giaìlata

igiataopo�a

p
i
>

0

∂
f
(p

)

∂
p

i
≤

λ
,giaìlata

igiataopo�a

p
i
=

0

giak�poiatim th
paramètrou
λ.

•Giathnapìdeixhde�tep.q.

G
allager

T
h
eorem

4.4.1.

11



Megistopo�hshamoiba�a
plhrofor�a


•Meqr shtouprohgoÔmenoujewr mato
kaitouìtih

I
(X

;Y
)e�nai

ko�lh
∩sun�rthshth
katanom 
eisìdou

p
(x

)giadedomèno

kan�li
p
(y
|x

),apodeiknÔetaiìtioiparak�twdÔosunj ke
apoteloÔn

ikan kaianagka�asunj khgianaepitugq�neimiakatanom 

p
∗th

qwrhtikìthta.I
(X

=
x

i ;Y
)

=
C

,giaìlata
igiataopo�a

p
∗x

i
>

0

I
(X

=
x

i ;Y
)
≤

C
,giaìlata

igiataopo�a

p
∗x

i
=

0

ìpou

I
(X

=
x

i ;Y
)

=
∑

y
∈
|Y

| p
(y
|x

i )
log

p
(y

|x
i )

p
(y

) hamoiba�aplhrofor�a

metaxÔ

X
=

x
i kai

Y.

12



Megistopo�hshamoiba�a
plhrofor�a
(sunèqeia)

•Toapotèlesmaautìèqeimiadiaisjhtik epex ghsh:E�ngia

x
i
6=

x
j

I
(X

=
x

i ;Y
)

>
I
(X

=
x

j ;Y
),mporoÔmenaaux soumethn

I
(X

;Y
)

=
∑

x
k
p
(x

k )I
(X

=
x

k ;Y
)qrhsimopoi¸nta
th

x
i piosuqn�kaith

x
j

ligìterosuqn�(all�zonta
ti

p
(x

i )kai

p
(x

j )).

•Autìèqeiw
apotèlesmanaall�xeih
p
(y

)
=

∑

x
k
p
(x

k )p
(y
|x

k ).

•Telik�,hdiadikas�aaut jaisorrop seiseshme�oìpouìle
oi

I
(X

=
x

i ;Y
)ektì
,�sw
,apìk�poie
pouantistoiqoÔnsekakè
eisìdou
,ja

isoÔntaimetaxÔtou
(kai,epomènw
,kaimethqwrhtikìthta,

C).
13



'Alle
endiafèrouse
idiìthte
kaiapotelèsmata

•Anafèroume,tèlo
,3endiafèrontapor�smata.Giaapode�xei
de�tep.q.

G
allagerKef.4.5.

•Pìrisma1:Giaopoiad potekatanom eisìdou,

p
∗(x

),pouepitugq�neith

qwrhtikìthtasediakritìkan�liqwr�
mn mh,ìle
oipijanìthte


sumbìlwnexìdou,
p
(y

),e�naiausthr¸
jetikè
(arke�giak�jeèxodona

up�rqeitoul�qistonm�ae�sodo
pouodhge�seaut n).

•Pìrisma2:Hkatanom exìdou,
p
∗(y

),giathnopo�a

I
(X

;Y
)

=

Ce�naimonadik .'Ole
oikatanomè
eisìdou,
p
(x

),giati
opo�e


∑

x
∈
|X

| p
(x

)p
(y
|x

)
=

p
∗(y

)epitugq�nounthqwrhtikìthta.
14



'Alle
endiafèrouse
idiìthte
kaiapotelèsmata(sunèqeia)

•Pìrisma3:'Estw
moel�qisto
arijmì
sumbìlwneisìdoupoumporoÔn

naqrhsimopoihjoÔn(memhmhdenik pijanìthta)gianaepiteuqje�met�-

doshmethqwrhtikìthta.'Estw
AènatètoiosÔnolo

msumbìlwn

eisìdou.IsqÔei
m

≤
|Y

|.Ep�sh
,hkatanom 

p
(x

)stastoiqe�atou

Apouepitugq�neithqwrhtikìthtae�naimonadik .

15



P¸
upolog�zoumethqwrhtikìthta?

•Genik�,oupologismì
th
qwrhtikìthta
dene�naieÔkolhupìjesh.

•Semerikè
,eidikè
,peript¸sei
mporoÔmenaqrhsimopoi soumeidiìthte


ìpw
,p.q.sthnper�ptwshsummetrik¸nkanali¸n.

•'Alle
forè
mporoÔmena``mantèyoume''thnkatanom eisìdoukaina

de�xoumeìtiepitugq�neièna�nwfr�gmagiathqwrhtikìthta(ìpw
k�name

giatosummetrikìkan�li).
•Sthgenik per�ptwshkatafeÔgoumesearijmhtikè
mejìdou
meqr sh

upologist .Miaeurèw
qrhsimopoioÔmenhmèjodo
e�naitwn

B
lah

u
t

&
A

rim
oto.Tateleuta�aqrìniaèqounprotaje�belti¸sei
pousugkl�noun

polÔpiogr gorasesqèshmetonarqikìalgìrijmo.

16
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QwrhtikìthtakanalioÔmean�drash(4)
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V
n
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n
∈

A
(n

)
ǫ

}
≤

ǫ.

•Sunep¸
,giaopoiod pote
ǫ,kaiefìson

H
(V

)
+

ǫ
<

C,up�rqeim ko


kwdik 
lèxh


n
0 tètoio¸ste,gia

n
>

n
0 ,

P
r{V

n
6=

V̂
n
}
≤

2ǫ.

•Epomènw
,qrhsimopoi¸nta
thmèjododÔof�sewn,mporoÔmenametad¸-

soumemeauja�retamikr pijanìthtasf�lmato
efìson
H

(V
)
<
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Je¸rhmaDiaqwrismoÔPhg 
-KanalioÔ

Apìdeixhantistrìfou

•Jade�xoumeìti,giaopoiad potemèjodokwdikopo�hsh
(akìmakaituqa�a)

X
n
(V

n
)

:

V
n
→

X
nkaiapokwdikopo�hsh


g
(Y

n
)
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Y

n
→

V
n,e�n

P
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V̂
n
6=

V
n
}
→

0,tìte

H
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)
≤

C.
•Apìthnanisìthta

F
an
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H

(V
n
|V̂

n
)
≤
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+

P
r{

V̂
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V
n
}
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g
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n
|
=
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+

n
P

r{
V̂

n
6=

V
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}

lo
g
|V
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•Jaupolog�soume�nwfr�gmagiathn
H
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)

H
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)
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≤
H
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V
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.
.
.
,
V

n
)

n
=

H
(V

n
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n
=

1n
H

(V
n
|V̂

n
)
+

1n
I
(V

n
;
V̂

n
)
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≤
1n
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+

n
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r{
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V
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}
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g
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)

+
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I
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;
V̂

n
)

(a
)Rujmì
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giast�sime
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anel�xei
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(b)Anisìthta
F
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o
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Je¸rhmaDiaqwrismoÔPhg 
-KanalioÔ

Apìdeixhantistrìfou(sunèqeia)

H
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)
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(
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n
P
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6=
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n
}
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)

+
1n
I
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n
;V̂

n
)

(a
)

≤
1n

(

1
+

n
P

r{V̂
n
6=

V
n
}

log
|V
|
)

+
1n
I
(X

n
;Y

n
)

(b)

≤
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+
P
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n
6=

V
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(a
)AnisìthtaEpexergas�a
Dedomènwn,

(b)tokan�lidenèqeimn mh.

•Gia

n
→

∞,

P
r{V̂

n
6=

V
n
}
→

0kai,epomènw
,
H

(V
)
≤

C
.

50



Anakefala�wshmaj mato


•Je¸rhmaKwdikopo�hsh
KanalioÔ(giaDiakrit�Kan�liaQwr�
Mn mh)

�Ant�strofo:Meqr shth
anisìthta


F
an

ode�xameìtidenup�rqeik¸dika
me

P
(n

)
e

→
0pounaepitugq�nei

R
>

C.
•QwrhtikìthtaDiakrit¸nKanali¸nQwr�
Mn mhmeAn�drash.

�HqwrhtikìthtadiakritoÔkanalioÔqwr�
mn mhdenaux�neie�nqrhsimopoi soume

an�drash!
•Je¸rhmadiaqwrismoÔphg 
-kanalioÔ

�Sediakrit�kan�liaqwr�
mn mhhkwdikopo�hshphg 
kaihkwdikopo�hshkanalioÔ

mporoÔnnag�nounanex�rthta,qwr�
naephreaste�tomègistoposìplhrofor�a
th


phg 
poumporoÔmenametad¸soumemeqr shtoukanalioÔ.
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Proepiskìphshepìmenoumaj mato


•Suneqe�
t.m.kaikan�liadiakritoÔqrìnouall�suneq¸ntim¸n.

•Posìthte
Jewr�a
Plhrofor�a
giasuneqe�
t.m.:Diaforik Entrop�a,

Sqetik Entrop�akaiAmoiba�aPlhrofor�agiasuneqe�
t.m.

•Idiìthte
Diaforik 
Entrop�a
.
•

A
E
Pgiasuneqe�
t.m.

•H(polumetablht )Gkaousian katanom kaihentrop�ath
.
•ToGkaousianìkan�li.QwrhtikìthtakaiJe¸rhmaKwdikopo�hsh
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