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INTRODUCTION

HE recent development of various methods of modulation such as PCM

and PPM which exchange bandwidth for signal-to-noise ratio has in-
tensified the interest in a general theory of communication. A basis for
such a theory is contained in the important papers of Nyquist' and Hartley®
on this subject. In the present paper we will extend the theory to include a
number of new factors, in particular the effect of noise in the channel, and
the savings possible due to the statistical structure of the original message
and due to the nature of the final destination of the information.



Informa&ni obsah (jevu) a entropie (ndhodné veliciny)

Tvrzeni 3.37. Pro tFi ndhodné veliciny XY , Z plati
(1) HX,Z)+H(Y,Z)-H(X.Y.Z)— H(Z) > 0 (submodularita entropie);

(2) H(X,Y | Z)<H(X | Z)+H (Y | Z) (subaditivita podmin&né entropie);

Z|x.Y

/
/ (3) H(X | Y,Z) < H (X | Z) (monotonie entropie vzhledem k podmince);

\\ /Z (4) I(X : Z)<I(X :(Y,Z)) (monotonie vzijemné informace).



Asymptoticky rovnomérné rozdéleni (AEP)

Definice 4.4. Rekneme, Ze ndhodny proces X = (X,),w, s entropii md asymptoticky
rovnomérné rozdéleni, pokud v.p. plati

lim 1S, = H(X).

n—oo M

Pokud konvergence plati s.j., Fekneme Ze X md silné asymptoticky rovnomérné
rozdéleni.

Tvrzeni 4.10. KaZdy i.i.d. proces md silné asymproticky rovnomérné rozdéleni.

Tvrzeni 4.15. Je-li X = (X n)”eN souvisly markovsky proces, pak md silné asympto-
ticky rovnomérné rozdéleni.



Komprese 1 (Huffmaniv kdd)

Tvrzeni 5.19. Pro ndhodnou velicinu X s hodnotami v konecné mnoziné M vraci
Huffmaniiv algoritmus optimdlni kéd f : M — {0, 1}* pro X av Kraftové nerov-
nosti plati rovnost, tedy
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Komprese 2 (zip)

(1'%, = (£,0,00,01,1,001,11,0011,00110, 111,00)
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0 1 1 0 2 4 5
r 1 T 1T e T 1 T 1T 1
vw)y= 0 01011010111 0 110121102121102211
7 6 1

110111110102221 10110

Optimalita Lempelova-Zivova kodu (nepovinné)

Véta 7.15. Pro kazZdy proces X s hodnotami v abecedé A, ktery je staciondrni nebo

homogenni markovsky, je bodovy kompresni pomér roven skoro jisté bodovému in-
formacnimu obsahu na symbol. Z toho plyne, e

L(X,v)=H,(X).



Kanal se Sumem
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Kanal se Sumem

Definice 8.1. Rekneme, e kandl dosahujerychlostipFenosu r > 0 (anglicky , rate ),
pokud existuje posloupnost n-kodii (M. g,), n € N, pro néZ maximdlni pravdépo-
dobnost chyby prenosu timto kandlem konverguje k nule a |M,| > 2™, n € N (1.
pFenosovd rychlost kédii je alespori r).
Kapacita kandlu C(I') je supremum dosaZitelnych rychlosti pFenosu danym ka-
ndlem.
Definujme Shannonovu mez pro kanal I" nasledovné:
Cg,(I') = liminf C(I),
kde {
cM=~ sup I(S:T(S).
N §:Q—AnS1T
Véta 8.12 (Shannonova véta o nepropustnosti kanalu). Pro kandl T plati C(T') <

(D).

Véta 8.22 (Shannonova Véta o propustnosti kandlu). Kapacita bezpamétového ka-
nalu I je vétsi nebo rovna nez Cqy (1)



... adal?

The field of chamnel codmg started with Claude Shannon's 1948 landmark paper [1]. For the next half century
its central objective was to find practical coding schemes that could approach channel capacity (hereafter called
“the Shannon limit”) on well-understood channels such as the additive white Gaussian
This goal proved to be challenging, but not 1

noise (AWGN) channel.
In the past decade, with the advent of turbo codes and the
rebirth of low-density parity-check codes. it has finally been achieved. at least in many cases of practical mterest.




