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Ýíòðîïèÿ íà ñîîáùåíèå

Ðàññìîòðèì x = (x1, x2, . . . , xn) èç X1X2 . . .Xn = X n.

Ýíòðîïèÿ H(X1X2 . . .Xn) = H(X n) íàçûâàåòñÿ n-ìåðíîé ýíòðîïèåé ïðîöåññà.

Ýíòðîïèÿ íà ñèìâîë äëÿ ïîñëåäîâàòåëüíîñòè äëèíû n îïðåäåëÿåòñÿ êàê:

Hn(X ) =
H(X n)

n
.

Äðóãîé ñïîñîá:
H(Xn|X1, . . . ,Xn−1) = H(X |X n−1).

Ýíòðîïèÿ íà ñîîáùåíèå:

lim
n→∞

Hn(X ) è lim
n→∞

H(X |X n).
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Ýíòðîïèÿ íà ñîîáùåíèå

Òåîðåìà. Äëÿ äèñêðåòíîãî ñòàöèîíàðíîãî ïðîöåññà (èñòî÷íèêà):

A. H(X |X n) íå âîçðàñòàåò ñ óâåëè÷åíèåì n;

B. Hn(X ) íå âîçðàñòàåò ñ óâåëè÷åíèåì n;

C. Hn(X ) ≥ H(X |X n−1);

D. lim
n→∞

Hn(X ) = lim
n→∞

H(X |X n).
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Ýíòðîïèÿ íà ñîîáùåíèå

Äîêàçàòåëüñòâî.
A. Ñëåäóåò èç íåâîçðàñòàíèÿ ýíòðîïèè ñ óâåëè÷åíèåì ÷èñëà óñëîâèé.

C. H(X n) = H(X ) + H(X |X 1) + ...+ H(X |X n−1) ≥

≥ nH(X |X n−1) ≥ nH(X |X n)

B. H(X n+1)
(a)
= H(X1...XnXn+1)

(b)
= H(X1...Xn) + H(Xn+1|X1, ...,Xn)

(c)

≤ nHn(X ) + Hn(X )

(d)
= (n + 1)Hn(X ).

H(X n+1) ≤ (n + 1)Hn(X ).

=⇒ H(X n+1)

n + 1
= Hn+1(X ) ≤ Hn(X )
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Ýíòðîïèÿ íà ñîîáùåíèå

Äîêàçàòåëüñòâî.

Ä1. Hn(X ) è H(X |X n) îãðàíè÷åíû ñíèçó (≥ 0) è íå âîçðàñòàþò, ò.å., ñóùåñòâóþò
ïðåäåëû lim

n→∞
Hn(X ) è lim

n→∞
H(X |X n).

Èç C ñëåäóåò, ÷òî: lim
n→∞

Hn(X ) ≥ lim
n→∞

H(X |X n).

Ä2. Äëÿ m < n:

H(X n) = H(X1 . . .Xn) =
(a)
= H(X1 . . .Xm) + H(Xm+1|X1, . . . ,Xm) + · · ·+ H(Xn|X1, . . . ,Xn−1)
(b)

≤ 1mHm(X ) + (n −m)H(X |Xm).

Ïîñëå äåëåíèÿ íà n: lim
n→∞

Hn(X ) ≤ H(X |Xm), äëÿ ëþáîãî m.

Óñòðåìëÿåì m→∞: lim
n→∞

Hn(X ) ≤ lim
m→∞

H(X |Xm).

1Â ïðàâîé ÷àñòè ó÷èòûâàåì m ïðåäûäóùèõ ñèìâîëîâ, âìåñòî n
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Ýíòðîïèÿ íà ñîîáùåíèå

Îáîçíà÷èì H∞(X ) = lim
n→∞

Hn(X ), H(X |X∞) = lim
n→∞

H(X |X n), òîãäà

H∞(X ) = H(X |X∞)

Äâà ñïîñîáà êîäèðîâàíèÿ:

▶ Ðàñøèðåíèå àëôàâèòà: áóêâû ýòî ïîñëåäîâàòåëüíîñòè èñõîäíûõ áóêâ äëèíû n.

▶ Ó÷¼ò çàâèñèìîñòè òåêóùåé áóêâû îò n ïðåäøåñòâóþùèõ áóêâ.
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Ýíòðîïèÿ íà ñîîáùåíèå.
Äèñêðåòíûé ñòàöèîíàðíûé èñòî÷íèê áåç ïàìÿòè

▶ H(X1...Xn) = H(X1) + ...+ H(Xn).

▶ H(X n) = nH(X ).

▶ Hn(X ) = H(X ),

▶ H∞(X ) = H(X ).

▶ H(X |X n) = H(Xn+1|X1, ...,Xn) = H(X ),

▶ H(X |X∞) = H(X ).

Îòñþäà íå ñëåäóåò, ÷òî äëÿ òàêîãî èñòî÷íèêà íóæíî êîäèðîâàòü êàæäóþ áóêâó

íåçàâèñèìî îò äðóãèõ.
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Ýíòðîïèÿ íà ñîîáùåíèå.
Ìàðêîâñêèé èñòî÷íèê.

▶ H(X |X n) = H(Xn+1|X1, ...,Xn) = H(Xn+1|Xn−s+1, ...,Xn) = H(X |X s).

▶ H(X |X∞) = H(X |X s).

▶ H(X n) = H(X1 . . .XsXs+1 . . .Xn)

= H(X1 . . .Xs) + H(Xs+1 . . .Xn|X1, . . . ,Xs).

▶ H(Xs+1 . . .Xn|X1, . . . ,Xs) = H(Xs+1|X1, . . . ,Xs)+

+ H(Xs+2|X2, . . . ,Xs+1) + . . .

+ H(Xn|Xn−s , . . . ,Xn−1)

= (n − s)H(X |X s).

▶
H(X n)

n
=

sHs(X )

n
+

(n − s)H(X |X s)

n
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Ýíòðîïèÿ íà ñîîáùåíèå.
Ìàðêîâñêèé èñòî÷íèê. Ïðèìåð.

0 1β α

1− β

1− α

Π =

[
β 1− β

1− α α

]
,

{
p0 =

(1−α)
2−β−α ,

p1 =
(1−β)
2−β−α .

▶ H(X ) = −p0 log p0 − p1 log p1 = η(p0) = η(p1).
▶ H(X |X ) =

= −
∑

x1∈X

(
p(x1)

∑
x2∈X

p(x2|x1) log p(x2|x1)

)
= −

1∑
x1=0

(
p(x1)

1∑
x2=0

p(x2|x1) log p(x2|x1)

)
=

−p0p(0|0) log p(0|0)− p0p(1|0) log p(1|0)− p1p(0|1) log p(0|1)− p1p(1|1) log p(1|1) =
−p0β log β − p0(1− β) log(1− β)− p1α logα− p1(1− α) log(1− α) = p0η(β) + p1η(α).

▶ H2(X ) = H(X )+H(X |X )
2

, H3(X ) = H(X )+2H(X |X )
3

, Hn(X ) = H(X )+(n−1)H(X |X )
n .
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Âûâîäû

▶ Èíôîðìàöèîííàÿ ïðîèçâîäèòåëüíîñòü äèñêðåòíîãî èñòî÷íèêà áåç ïàìÿòè

îïðåäåëÿåòñÿ åãî ýíòðîïèåé H(X ).

▶ H(X ) ≤ log |X |, ðàâåíñòâî êîãäà âñå ñèìâîëû ðàâíîâåðîÿòíû.

▶ Ýíòðîïèÿ íà ñèìâîë äèñêðåòíîãî ñòàöèîíàðíîãî èñòî÷íèêà îïðåäåëÿåòñÿ êàê

lim
n→∞

Hn(X ) = lim
n→∞

H(X |X n)

▶ Íàèëó÷øåå ñæàòèå ìîæåò áûòü äîñòèãíóòî ëèáî êîäèðîâàíèåì äëèííûõ

áëîêîâ ñèìâîëîâ, ëèáî ñ ó÷¼òîì äëèííîé ïðåäûñòîðèè äëÿ êàæäîãî ñèìâîëà.
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Íåðàâíîìåðíîå ïîáóêâåííîå êîäèðîâàíèå
(Variable-length coding)

Ðàññìîòðèì äèñêðåòíûé èñòî÷íèê áåç ïàìÿòè.

▶ X = {1, ...,M}, {p1, ..., pM}. C = {c1, ..., cM}, êîäîâûå ñëîâà äëèíû l1, . . . , lM .

▶ Ñðåäíÿÿ äëèíà êîäîâîãî ñëîâà:

l̄ = E[li ] =
M∑
i=1

pi li

H(X ) � íèæíÿÿ ãðàíèöà äëÿ l̄ .
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Íåðàâíîìåðíîå ïîáóêâåííîå êîäèðîâàíèå.
Êîä Ìîðçå.

Áóêâà Êîäîâîå ñëîâî

e ·
a ·−
j · − −−
q −− ·−

Äåêîäèðîâàòü: · − − − ·−
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Íåðàâíîìåðíîå ïîáóêâåííîå êîäèðîâàíèå.
Êîä Ìîðçå.

Áóêâà Êîäîâîå ñëîâî

e ·
a ·−
j · − −−
q −− ·−

Äåêîäèðîâàòü: · − − − ·− → aq èëè ja ?

Äëÿ îäíîçíà÷íîãî äåêîäèðîâàíèÿ êîäà íåîáõîäèìû ðàçäåëèòåëè (�ïàóçû�) ìåæäó

êîäîâûìè ñëîâàìè.
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Ïðåôèêñíûå êîäû

Ïðèìåð: X = {a, b, c , d}

0

1 a

b

c

d

Ðèñ.: Ïðèìåð äâîè÷íîãî êîäîâîãî äåðåâà

Áóêâà Êîäîâîå ñëîâî

a 1
b 00
c 010
d 011

Äåêîäèðîâàòü: 0101001010 ...
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Ïðåôèêñíûå êîäû

Ñâîéñòâà:

▶ Êîä íàçûâàåòñÿ ïðåôèêñíûì, åñëè íè îäíî êîäîâîå ñëîâî íå ÿâëÿåòñÿ

íà÷àëîì äðóãîãî êîäîâîãî ñëîâà.

▶ Ïðåôèêñíûé êîä ÿâëÿåòñÿ îäíîçíà÷íî äåêîäèðóåìûì.

▶ Åñëè òîëüêî ëèñòüÿ äâîè÷íîãî äåðåâà ñîîòâåòñòâóþò êîäîâûì ñëîâàì, òî êîä

ÿâëÿåòñÿ ïðåôèêñíûì.

▶ Îäíîçíà÷íî äåêîäèðóåìûé êîä íå îáÿçàòåëüíî ÿâëÿåòñÿ ïðåôèêñíûì.

▶ Äðåâîâèäíûé êîä ÿâëÿåòñÿ ïðåôèêñíûì.
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Ïðåôèêñíûå êîäû.
Ïðèìåðû.

X = {0, 1, 2, 3}
Êàêîé êîä ÿâëÿåòñÿ

▶ ïðåôèêñíûì?

▶ îäíîçíà÷íî äåêîäèðóåìûì?

1. C1 = {00, 01, 10, 11};
2. C2 = {1, 01, 001, 000};
3. C3 = {1, 10, 100, 000} ;
4. C4 = {0, 1, 10, 01};
5. C5 = {0, 1, 12, 31};
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Íåðàâåíñòâî Êðàôòà

Òåîðåìà. Íåîáõîäèìûì è äîñòàòî÷íûì óñëîâèåì ñóùåñòâîâàíèÿ ïðåôèêñíîãî

êîäà îáú¼ìîì M ñ äëèíàìè êîäîâûõ ñëîâ l1, ..., lM ÿâëÿåòñÿ âûïîëíåíèå

íåðàâåíñòâà:
M∑
i=1

2−li ≤ 1.
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Íåðàâåíñòâî Êðàôòà.
Íåîáõîäèìîñòü.

Íåðàâåíñòâî âåðíî äëÿ ëþáîãî ïðåôèêñíîãî êîäà.

Âûáåðåì L, òàêîå ÷òî L ≥ max
i

li . Êîíöåâàÿ âåðøèíà èñõîäíîãî äåðåâà, ðàñïîëîæåííàÿ íà

ãëóáèíå li , èìååò 2
L−li ïîòîìêîâ íà ãëóáèíå L. Ïðè÷åì, ìíîæåñòâà êîíöåâûõ ïîòîìêîâ íå

ïåðåñåêàåòñÿ.

M∑
i=1

2L−li ≤ 2L.
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Íåðàâåíñòâî Êðàôòà.
Äîñòàòî÷íîñòü.

Åñëè íåðàâåíñòâî Êðàôòà âûïîëíÿåòñÿ, òî ñóùåñòâóåò êîä ñ çàäàííûì íàáîðîì

äëèí êîäîâûõ ñëîâ.

Ïðèìåð: l1 = 1, l2 = 2, l3 = l4 = 3.

Íà êàæäîì øàãå êîëè÷åñòâî �ñâîáîäíûõ� âåðøèí ðàâíî 2, ò.å., ìîæíî ïîìåñòèòü

ñëåäóþùåå êîäîâîå ñëîâî.
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Íåðàâåíñòâî Êðàôòà.
Äîñòàòî÷íîñòü.

▶ Ñîðòèðóåì {li} ïî óáûâàíèþ.

▶ Èç âñåãî ÷èñëà âåðøèí íà ÿðóñå l1 âûáåðåì ëþáóþ è çàêðåïèì å¼ çà ïåðâûì

êîäîâûì ñëîâîì. Ïðîäîëæèì îñòàâøèåñÿ âåðøèíû äî ÿðóñà l2. Íà ýòîì ÿðóñå

áóäåò ñâîáîäíî 2l2 − 2l2−l1 âåðøèí. Óìíîæèâ
M∑
i=1

2−li ≤ 1 äëÿ M = 2 íà 2l2 ,

ïîëó÷èì 2l2 − 2l2−l1 ≥ 1, òî åñòü êàê ìèíèìóì îäíà ñâîáîäíàÿ âåðøèíà åñòü.

▶ 2l3 − 2l3−l2 − 2l3−l1 ≥ 1.

▶ . . .

▶ 2lM − 2lM−lM−1 − 2lM−lM−2 − ...− 2lM−l1 ≥ 1
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Îäíîçíà÷íî äåêîäèðóåìûé êîä

Òåîðåìà. Äëÿ ëþáîãî îäíîçíà÷íî äåêîäèðóåìîãî äâîè÷íîãî êîäà îáú¼ìîì M ñ

äëèíàìè êîäîâûõ ñëîâ l1,. . . ,lM ñïðàâåäëèâî íåðàâåíñòâî:

M∑
i=1

2−li ≤ 1.
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Ïðÿìàÿ òåîðåìà íåðàâíîìåðíîãî ïîáóêâåííîãî êîäèðîâàíèÿ

Òåîðåìà. Äëÿ àíñàìáëÿ X = {x , p(x)} ñ ýíòðîïèåé H(X ) = H ñóùåñòâóåò ïîáóêâåííûé

íåðàâíîìåðíûé ïðåôèêñíûé êîä ñî ñðåäíåé äëèíîé êîäîâûõ ñëîâ l̄ < H + 1.

Äîêàçàòåëüñòâî.

1. Ïóñòü li = ⌈− log pi⌉. Òîãäà
M∑
i=1

2−li =
M∑
i=1

2−⌈− log pi⌉ ≤
M∑
i=1

2log pi = 1 ⇒ òàêîé

ïðåôèêñíûé êîä ñóùåñòâóåò.

2. l̄ =
M∑

m=1

pmlm <
M∑

m=1

pm(− log pm + 1) < H + 1.
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Îáðàòíàÿ òåîðåìà íåðàâíîìåðíîãî ïîáóêâåííîãî êîäèðîâà-
íèÿ

Òåîðåìà. Äëÿ ëþáîãî îäíîçíà÷íî äåêîäèðóåìîãî êîäà äëÿ äèñêðåòíîãî èñòî÷íèêà

{X , p(x)} ñ ýíòðîïèåé H, l̄ ≥ H.

Äîêàçàòåëüñòâî.

H − l̄ = −
∑
x∈X

p(x) log p(x)−
∑
x∈X

p(x)l(x)

=
∑
x∈X

p(x) log
2−l(x)

p(x)
≤ log e

∑
x∈X

p(x)

(
2−l(x)

p(x)
− 1

)

≤ log e

(
1−

∑
x∈X

p(x)

)
= 0
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Êîä Øåííîíà-Ôàíî

1. Âåðîÿòíîñòè ñèìâîëîâ ñîðòèðóþòñÿ ïî óáûâàíèþ âåðîÿòíîñòåé è çàòåì

ðàçáèâàþòñÿ íà äâà ìíîæåñòâà ñ ïî÷òè ðàâíîé âåðîÿòíîñòüþ.

2. Êàæäîå ïîäìíîæåñòâî êîäèðóåòñÿ 0 èëè 1 â äâîè÷íîì äåðåâå.

3. Êàæäîå èç ïîëó÷åííûõ ìíîæåñòâ ðàçáèâàåòñÿ åùå íà äâà àíàëîãè÷íûì

îáðàçîì.

4. Ýòîò ïðîöåññ ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà êàæäîå ïîäìíîæåñòâî íå áóäåò

ñîäåðæàòü òîëüêî îäèí ñèìâîë2.

x p(x) c(x)

a 0.35 00

b 0.20 01

c 0.15 100

d 0.1 101

e 0.1 110

f 0.1 111
2R.M. Fano, Technical Report No. 65, The Research Laboratory of Electronics, M.I.T., 1949.
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Îïòèìàëüíûé ïîáóêâåííûé êîä.

Ñâîéñòâà îïòèìàëüíîãî êîäà:

1. Åñëè pi < pj , òî li ≥ lj .

2. Íå ìåíåå äâóõ êîäîâûõ ñëîâ èìåþò îäèíàêîâóþ äëèíó lM = max
m

lm. Åñëè ó

íàñ èìååòñÿ òîëüêî îäíî êîäîâîå ñëîâî ìàêñèìàëüíîé äëèíû, òî êîä íå

îïòèìàëåí, òàê êàê ìû ìîæåì óáðàòü ïîñëåäíèé ñèìâîë òàêîãî êîäîâîãî

ñëîâà.

3. Ñðåäè êîäîâûõ ñëîâ äëèíîé lM = max
m

lm íàéäóòñÿ äâà ñëîâà, ðàçëè÷àþùèåñÿ

òîëüêî â îäíîì ïîñëåäíåì ñèìâîëå.

Ýòèìè ñâîéñòâàìè îáëàäàåò êîä Õàôôìàíà3.

3D.Hu�man, A Method for the Construction of Minimum-Redundancy Codes, Proceedings of the

IRE, 1952
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Îïòèìàëüíûé ïîáóêâåííûé êîä.

Ñâîéñòâà îïòèìàëüíîãî êîäà:

4. Ïóñòü p1 ≥ p2 ≥ ... ≥ pM .
▶ Äëÿ àíñàìáëÿ X = {1, ...,M} è êîäà C , óäîâëåòâîðÿþùåãî ñâîéñòâàì 1�3,

ââåäåì àíñàìáëü X ′ = {1, ...,M − 1}, ñîîáùåíèÿì êîòîðîãî ïðèïèñàíû
âåðîÿòíîñòè {p′

1
, ..., p′M−1

} òàê, ÷òî

p′
1
= p1,

p′
2
= p2,

p′M−1
= pM−1 + pM .

▶ Èç êîäà C ïîñòðîèì êîä C ′ äëÿ àíñàìáëÿ X ′, ïðèïèñàâ ñîîáùåíèÿì x ′
1
, ..., x ′M−2

òå æå êîäîâûå ñëîâà, ÷òî è â êîäå C , ò.å. c ′i = ci , à ñîîáùåíèþ x ′M−1
ñëîâî

c ′M−1
, êàê îáùóþ ÷àñòü ñëîâ CM−1 è CM .

▶ Òîãäà, åñëè C ′ îïòèìàëåí äëÿ X ′, òî êîä C îïòèìàëåí äëÿ X .
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Îïòèìàëüíûé ïîáóêâåííûé êîä.
Äîêàçàòåëüñòâî ñâîéñòâà 4.

Èç ñâîéñòâà 3 ñëåäóåò, ÷òî:

lm =

{
l ′m äëÿ m ≤ M − 2,

l ′M−1 + 1 äëÿ m = M − 1,M.

Òîãäà ñðåäíÿÿ äëèíà êîäîâîãî ñëîâà:

l̄ =
M∑

m=1

pmlm =
M−2∑
m=1

pmlm + pM−1lM−1 + pM lM =

=
M−2∑
m=1

pmlm + (pM−1 + pM)(l ′M−1 + 1) =

=
M−2∑
m=1

p′
ml

′
m + p′

M−1l
′
M−1 + pM−1 + pM =

=
M−1∑
m=1

p′
ml

′
m + pM−1 + pM = l̄ ′ + pM−1 + pM .

ãäå l̄ ′ =
M−1∑
m=1

p′
ml

′
m � ñðåäíåå äëèíà êîäîâîãî ñëîâî êîäà C ′.
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Êîä Õàôôìàíà

0.35
a

0.20
b

0.15
c

0.10
d

0.10
e

0.10
f

0.20

0.25

0.40

0.60

1.00

1

0

a 11

b 01

c 101

d 100

e 001

f 000

H = −
∑
x

p(x) log p(x) = 2.4016

l̄ =
∑
x

l(x)p(x) = 2.4500
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Ïîñòðîåíèå êîäà Õàôôìàíà áåç îáõîäà äåðåâà

▶ P � ìàòðèöà, â êîòîðîé õðàíÿòñÿ âåðîÿòíîñòè ïîÿâëåíèÿ ñîîáùåíèé.

▶ L � ìàòðèöà äëèí êîäîâûõ ñëîâ.

▶ C � ìàòðèöà êîäîâûõ ñëîâ ðàçìåðîì M ×M.

▶ T � ìàòðèöà ïîòîìêîâ óçëîâ M ×M.

P =


0.5
0.25
0.125
0.125

 ,C =


− − − −
− − − −
− − − −
− − − −

 ,T =


0 − − −
1 − − −
2 − − −
3 − − −

 , L =


0

0

0

0

 .
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Ïîñòðîåíèå êîäà Õàôôìàíà áåç îáõîäà äåðåâà

1. Äâà ñîîáùåíèÿ x2 è x3 ñ ìèíèìàëüíûìè âåðîÿòíîñòÿìè îáúåäèíÿþòñÿ. Âåðîÿòíîñòü
íîâîãî ñîîáùåíèÿ çàïèñûâàåòñÿ âî âòîðóþ ñòðîêó P.

2. C [2, L[2]]← 0, C [3, L[3]]← 1.

3. Âî âòîðóþ ñòðîêó ìàòðèöû T çàïèñûâàþòñÿ íîìåðà ïîòîìêîâ îáúåäèíåííîãî óçëà,
òî åñòü âñå íîìåðà óçëîâ, êîòîðûå íàõîäèëèñü â ñòðîêàõ 2 è 3.

4. L[2]← L[2] + 1, L[3]← L[3] + 1.

P =


0.5
0.25
0.25
−

 ,C =


− − − −
− − − −
0 − − −
1 − − −

 ,T =


0 − − −
1 − − −
2 3 − −
− − − −

 , L =


0

0

1

1

 .
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Ïîñòðîåíèå êîäà Õàôôìàíà áåç îáõîäà äåðåâà

▶ Îáúåäèíÿþòñÿ x1 è x23.

▶ C [1, L[1]]← 0, C [2, L[2]]← 1, C [3, L[3]]← 1.

▶ Â T [1][..] çàïèñûâàþòñÿ íîìåðà ïîòîìêîâ, êîòîðûå íàõîäèëèñü â ïåðâîé è âòîðîé
ñòðîêàõ.

▶ L[T [1][..]]← L[T [1][..]] + 1.

P =


0.5
0.5
−
−

 ,C =


− − − −
0 − − −
0 1 − −
1 1 − −

 ,T =


0 − − −
1 2 3 −
− − − −
− − − −

 , L =


0

1

2

2

 .
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Ïîñòðîåíèå êîäà Õàôôìàíà áåç îáõîäà äåðåâà

▶ Îáúåäèíÿþòñÿ x0 è x123.

▶ C [0, L[0]]← 0,
C [1, L[1]]← 1, C [2, L[2]]← 1, C [3, L[3]]← 1.

▶ Â T [0][..] çàïèñûâàþòñÿ íîìåðà ïîòîìêîâ, êîòîðûå íàõîäèëèñü â íóëåâîé è ïåðâîé.

▶ L[T [0][..]]← L[T [0][..]] + 1.

P =


1.0
−
−
−

 ,C =


0 − − −
0 1 − −
0 1 1 −
1 1 1 −

 ,T =


0 1 2 3

− − − −
− − − −
− − − −

 , L =


1

2

3

3

 .
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Êîä Õàôôìàíà.
Ðåàëèçàöèÿ äåêîäåðà.

▶ Òàê êàê äëèíà êîäîâûõ ñëîâ íå êðàòíà 8 áèòàì, êîäåð äîëæåí èñïîëüçîâàòü

ïðîìåæóòî÷íûé áóôåð â 2-4 áàéòà.
▶ Íà ïðàêòèêå èñïîëüçóåòñÿ çàðàíåå ïîäãîòîâëåííàÿ òàáëèöó äåêîäèðîâàíèÿ.

Òàáëèöà: Ïðèìåð îäíîáèòíîé òàáëèöû äåêîäèðîâàíèÿ äëÿ X = {x0, x1, x2, x3} è
C = {0, 10, 110, 111}

Àäðåñ, a bj Aäðåñ ïåðåõîäà, A[a] x[a]
0 0 � x0
1 1 2 �

2 0 � x1
3 1 4 �

4 0 � x2
5 1 � x3
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Êîä Õàôôìàíà.
Ðåàëèçàöèÿ îäíîáèòíîãî äåêîäåðà.

0x

1x

2x

3x

4x

5x

0.4

0.25

0.08

0.09

0.07

0.06

6x 0.05 0.11

0.2

0.15 0.6

0

1

10

10

10
1

0
1

0.35

0

a bj A[a] x [a]

0 0 � x0
1 1 2 �

2 0 � x1
3 1 4 �

4 0 6 �

5 1 8 �

6 0 � x2
7 1 � x3
8 0 � x4
9 1 10 �

10 0 � x5
11 1 � x6
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Êîä Õàôôìàíà.
Ðåàëèçàöèÿ äâóáèòíîãî äåêîäåðà.

0x

0

1
1x

0

1

0

1 0x

2x

0

1
4x

0

1

0

1 3x

5x

0

1 6x
0

1

0

1 5x

6x

a bjbj+1 l [a] A[a] x [a]

0 00 1 � x0
1 01 1 � x0
2 10 2 � x1
3 11 � 4 �

4 00 4 � x2
5 01 4 � x3
6 10 4 � x4
7 11 � 8 �

8 00 5 � x5
9 01 5 � x5
10 10 5 � x6
11 11 5 � x6
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Ñïàñèáî çà âíèìàíèå!

Îáðàçîâàòåëüíàÿ ïðîãðàììà: �Ïðîãðàììèðîâàíèå è èíòåðíåò-òåõíîëîãèè�


