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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnédeiEn acBevoug avniotpdPou e xprion Avicdmrag Fano

Mepiexdpeva 10ng SIANEENG

o To ©ewpnua Kwdikonoinong Kavahiol (cuvéxela)
@ Anddeitn acBevoug avrioTpdgou e xpnon Avicdtnrag Fano

9 XwpnTikdTnTa Kavaliwyv e avadpaon (feedback)
@ Eicaywyn, Opiouoi kal Movrélo
e Cmp=C
e MapatnEoEIG KAl BEWPENHATA OXETIKA e TN XWENTIKSTNTA

o Anokwdikonoinon Méyiotng Meavogdveiag kal EKBETNG LpAAIATOG
@ Anokwdikonoinon Méyiong Meavopdveiag
@ EkBETNG LpAAuATOG
e B©ewpnua Alaxwpicuou MNnyng - Kavaiiou
@ Eicaywyn
@ Anddeifn euBéog
@ AnoddeiEn avriotpdpou
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnédeiEn acBevoug avniotpdPou e xprion Avicdmrag Fano

Avrtiotoixia 10ng dIGAeENC ue BIBAia
Cover & Thomas kal El Gamal & Kim

@ BipAio Cover & Thomas (2n €ékdoon): 7.9, 7.10,7.12,7.13.
@ BiBAio El Gamal & Kim: 3.1.4, 3.1.5.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

I(X™Y") < nC

©a anodeitoupue, kar apxdg, o, yia Alakpitd Kavahia Xwpig MvrAun, n
MANPOPOPIAKN XWENTIKATNTA AvA XPron Tou kKavahiou dev autdvel edv 10
KavAN xpnoiponoinBei wg kavah yivopévou. Anhadn, I(X™; Y™) < nC yia
onoiadnnote p(x), énou C = max,y) I(X; Y).

n
I(X"Y") = H(Y") — H(Y"|X") = H(Y") = Y H(Yi|Y1,...,Yi1,X") =
i=1

@ gy -3 Hvx) 23 HY) - HYIX)

i=1 i=1

n
= I(X;Y;) < nC.

i=1

(a) To kavdN dev éxel pvrun kai de xpnoiyonoieital avadpaon. (b) H and
kolvou evrponia dev unepBaivel To ABPOoICUA TWV EVIPOMIWV.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

Aviocdtnta Fano

@ TNa mv anddeiEn Tou avrioTpdPou Tou Oewpnuarog Kwdikornoinong
Kavahiou 8a xpnoiponoiricoupe v Avicodtnta Fano.

@ Eidaue o, yia k&dBe exTiunt X = g(Y).
H(X|Y) < H(X|X) < H(P.)+P.log|X| = H(X|X) < 1+P.log |X]|,

énou P, = Pr{X # X}.
@ Edv Bewpricoupue Alakpitd Kavah Xwpig Mvriun pe BiBAio Kwdikwv
C kal opoiduop@a karaveunuéva unvuuara M,

H(M|M) < 1+ P{nR, énou PV = Pr{M # M.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou —
Anodelfn acBevoug aviicTPOPoU

@ Oa deitoupe 4m, yia kdBe kwdika (27 n) ue AW 0, npéne
va ioxUel R < C. Aedouévou ot A 5 0 kal n péon miBavotnta
OPAAUATOG Pén) — 0.

@ ‘Eotw 61 0 déktng ano@aoilel nola akohouBia petaddBnke pe Baon
kdrola cuvdpTnon anokwdikonoinong M = g(Y™). loxtel M —
X" (M) — Y™ — M.

@ 'Eotw, eniong, 4T To Urivupa Nou OTEAVETAI OTO KAVAAI EMIAEYETAI e
B&on opoIduoPPN KATAVOUR OTO CUVOAO TWV ruecvwv MNVUUATWV
{1,2,...,2"R}, Enopévwg, Pr{M # M} = P = 5® 2 A
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou —
Anodeltn acBevoug aviicTpoPou (2)

@ Luvenwg,

—

« ) @ i
nR'Y m) Y 1 51) + HM|F) < 1(M; 81) + 1+ PSVnR

d) n n n) (e) (n)
< I(XM YY)+ 1+ PSR < nC+ 1+ PYVnR.
(a) M opoidpop®n T.u., (b) oxéon apoiBaiag mMnpopopiag —

eviporiag, (¢) avicémra Fano, (d) avicémra enetepyaciag dedo-
pévwvy, (e) I(X™; Y") < nC.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou
Anodeltn acBevoug aviictpopou (3)

(n) my, 1
NnNR<1+Ps ' nR+nC=R<P;:’"R+—+C.
n

@ And nvundBeon o A O,Pén)R — Oyian — 0o. Enopévwg,
yian — oo,
R<C.
@ AUvovrag wg nNpog Pén), P((gn) >1— % — % Yuvenwg, edv R > C,

Pén) > O0vyian — 0.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou
Anodeltn acBevoug aviicTpo@ou (4)

@ To anoréhecpa autd ovoudaleral acBeveg avricTooQO Tou @ew-
pnuarog Kwdikonoinong Kavaaiou. Anodeikvuetal (Ioxupd aviioTpo-
®o0) 61, edv R > C, Pén) — 1 ekBeTiKd.

@ Luvenwg, N XxwpenTkdTNTa kavaiiou C anoteAei uia oAU cagn dia-
XWPIOTIKA ypauur: ‘Otav R < C n niBavétnTta o@AaAUaTog Teivel
ekBetikd oro 0. AvriBera, étav R > C, n niBavétnta cpdAuaTog
Teivel ekBetikda oto 1.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou
EvaAakTikry anédelifn acBevoug avtioTpd@ou

@ ©a anodeitoupe Eavd 1o AvTIOTPOPO PE Wia JIKPR NApaAAayr ot
Xpnon NG avicétrag Fano.

@ Handdeign aut eival nio yevikn. ‘Onwg 8a doupe cuvioua, unopei
va eQAPUOCTEI kal GTNV NEPINTWOoN MNoU Xpnaolyonoleital avadpaon.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou
EvaAakTikry anédeign acBevoug avtiotpd@ou (2)

o Enedi M — X*(M) — Y™ — M,
H(M|Y"™) < H(M|M).
@ Eniong, and v avicdémra Fano,
H(M|M) < 1+ P{nR, énou PV = Pr{M # M}.

@ YnoBértovrag, kal NdAI, 1 Ta unvuuata M akoAouBoUv ouoIiduopdn
Kkaravoury,

nR = HM) < 1(M; Y") + H(M|Y")

< I(M;Y") + 1+ PVnR

(a) Ixéon eviponiag-apoiBaiag MAnpogopiag, (b) avicdmra Fano.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou
EvalakTikry anédeitn acBevoug avtiotpd@ou (3)

nR < I(M; Y") + 1 + PYYnR

n

IS M vy + 1+ PnR
i=1

(d) I - (n)

< IM YT Y) 41+ PV nR
i=1

(e)

< Z (X, M, Y"1 Y) + 1+ P'VnR
i=1

(¢) kavévag aruoidag, (d)
IM,YTLY) =YL 7)) +I(M; YR YT L), (e) X; = f(M, Y1)
(loxUel akdpa kal étav xpnolJonoleiral avadpaon).
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou
EvaMakTikry anédeign acBevoug avtiotpd@ou (4)

n

nR<> I(X,M, Y™ Y:) +1+ P{VnR
i=1
n

DS 1(x: i) + 1+ PSVnR

i=1
(9) 1
<nC+1+PYR=n <c+ - +P§”)R>
n
(f) Xi = f(M, Y1) kai To kavaN Sev éxel uvApn, ondre

(M, Y1) = X; — Y;. (g) And Tov MAnpo@opiakd opIopd g
XWPENTIKOTNTAG,.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

©ewpnua Kwdikornoinong Kavaihiou
EvaMakTikry anédeign acBevoug avriotpd@ou (5)

@ Enopévwg, yia n — oo Kai Pén) — 0,
nR<n(C+e)=R<C.

@ lMapampnote on dev anayopéPape T xpron avadpaong oTov
kwdika (nepioocdtepa cuviopa). Autd onuaivel o1, oe éva Kao-
VAN XWPIG JVAUN, akOUA KAl av JNopoUle VA XPNGIoMNoINGoupue
avadpaon, n xwentkdtnTa dev autdvel (NeplocdTepa cUvToua).
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

Mari xpnoigonoioUue M ~ Unif [0, 2™ — 1];

@ XNV anddelfn Tou acBevouc aviioTPOPOoU e XPron TNG aviodTNTAG
Fano unoBéoape 1 M ~ Unif [0, 2™ — 1].

@ MAnwg autd onuaivel o1 To avrioTPoPo IoXUEl UOVO YIA KWOIKEG
4nou OAeg ol KWIIKEG AEEeIG eival iIconiBaveg;

@ ‘Oxi (autd eival éva Aermmd onueio). ©uunBeite om N xwENTIKOTTA
IcoUTal JE TO UEYIOTO ePIKTO puBuod uetadoong. O puBudg petddo-
ong icoutal pe log M /n.

@ Anhadn, via va Jeifoupe 6T 0 puBUOG LETAdOONG eVOG KWIIKA
eival R apkei va anodeitoupe 61 undpxer KwdIKag pe 2™ kwdikég
AELEIG TOV OMoio UNoPOoULE VA XPNOIUOMOINCOULE KAl VA EMITUXOUUE
P o,

@ la va deitoupe oM N xwpenTkotNTa evédg kavahiou eivarl C npénel va
Seifoupe 61 dev undpxel KWIIKAG UAKOUC N e Nepliocdteped and
2"C wdIKéC AéEelc.
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To ©ewpnua Kwdikonoinong Kavahiol (cuvéxeia)

AnddeiEn acBevoug aviioTpdPou pe xprion Avioémrag Fano

Mari xpnoigonoioUpe M ~ Unif [0, 2™ — 1]; (2)

@ H niBavdérnra pe v onoida o XxpAoTng Tou KWIKA CTEAVEl KABE KwI-
kN A€En de pag apopd (TouhdxicTov SOV aQopd TV anddeign Tou
avriotpdgou). Eueic BéNoupe pdvo va karackeudooupe 2™ kwdi-
K€G AEéEelg TIG onoieg va unopei va diakpivel o SEKTNG Je auBaipeta
MIKEr MBavAoTNTa CPANUATOC,.

@ Henioyl M ~ Unif [O, onR _ 1] yiveral anAwg kal pévo yiar yag
BoAeUel otnv anddeign Tou avrioTpdQou.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

Crp = C

XwpnTikoTNTa Kavahiwv e avadpaon (feedback)

9 XwpnTikdTnTa Kavaliwyv e avadpaon (feedback)
@ Eicaywyn, Opiouoi kal Movrélo
e Cmp=C
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Xwpnnkdmra kavaNidv pe avadpaon (feedback)

Eicaywyn, Opiopoi kai MoviéAo
Crp = C

Mapddeiyua 10.1

172

172

@ OewpoUupe 1o dIAKPITO KAVAN XWEIG WVAHN Tou oxruarog ((evBdpuBn
ypagounxaviy’).

@ H xwpnmkdmnra tou kavahiou icoutal pje C = maxI(X;Y) =
max {H(Y) — H(Y|X)} =2 — 1 = 1 bit.

@ Mnopoupe va enitixoupe Petddoon Ue puBuod IGO e TN XwENTIKOTN-
TA KAl Je pndevikn MBavatnta GRAAUATOS XPNOIMOMOIWVTAG M.X. TIG
€106doug 0 kai 2. Mpopavwg, R = 1 bit = C.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) o CEEE e

CrB = (

Mapddelyua 10.1 (cuveéxeia)

1/2

12

@ ‘O.1 kal va cupBei oto kavdaN eiacte BERalol 61 de Ba eupavioTei

o@dAua anokwdikonoinong.
@ Edv ynopoucape va xpnolgonoincouue avadpaon (feedback), n

XwPENTIKOTNTA B8a Napépeve n idia;
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

CrB = (

Mapddelyua 10.2

@ Ag Bewpnooupe, Twpa, To SUADIKO CUMIETPIKO KAVAAI.

@ Nvwpifoupe 61 C = 1 — H(p) kai én n xwpenTkdtnra enmuyxaveral
XpNoIJonolwvTag Kal Ta dUo pnvuudara ge ion nmeavomta.  Eno-
MEVWG, KABe Popd Nou cTéAvVoulEe éva and 1Ta dUo unvupara GTo
Kavahl de yvwpiloupe edv To PAvVUPA PeTadoBnke enmuxwg. H
nBavotnTa opAAuaTog avd perddoon eival un undevikn.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) o CEEE e

CrB = (

Mapddelyua 10.2 (cuveéxeia)

@ Ti cupBaivel edv xpnaoiponoicoupe avadpaon; (dnou yvwpilouue
edv éxel eppaviotei PAAUa oTo JEKTN ;)

@ Inueiwon: ‘Orav xpnoiuonoloUue avdadpaon oto BSC, o noundg
yvwpilel 611 cUVERN CPAAUA, OXI, SUWG, O SEKTNG !

@ lMapdAo nou Kaveig Ba nepipeve, iowg, To avtiBeto, 8a anodeifoupe
61, oe diakpitd Kavalia Xwpeic JuvAdn, N xpnon avadpaong dev
autdvel N xwpentkotnral



Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo
Crp = C

XwpnTikATNTa KavaiioU e avadpaon — Moviélo

i1 A
M xAM, ¥ Y; M
> Kwdikoromthg l( Z KavaAu l o | ATOK®BIKOTIOMTHAG | >
(Encoder) A = p(xly) g (Decoder)
Mivupa EKTIHOMEVO pAVUHQ

(estimate)

@ XTO JOVTENO TOU OXAUATOC BewpouUpe o1 0 DEKTNG OTEAvVEl OAa Ta
AN@Bévta cUPBoAa Y; otov nound dueca kail Xwpig opdAuara. O
Moundg xpnoidonolel TNV NMAnpo@opia nou AauBavel and 1o SEK
MPOKEIJEVOU VA ano@acicel Nwg Ba peTadwoel.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

Crp = C

Xwpnrkotnta kavaAioU e avadpaon — Opicuoi

B Opioudg 10.1. Kddikag avadpaong (feedback code) (27K n):

o ‘Evag kwdikornoinmg nou napdyer akohoubia x;(M, Y1), énou
KdBe Xx; eival cuvApTNoNn Tou TPEXOVTOG PNvUUaTog M, KaBwg Kal
TWV CNUATWVY Mou eAAPBNoav o1o SEKTN €wG KAl TN XPOVIKA OTIyuN
i—1:Y,Y,...,Y_1 ka
o ‘Evag anokwdikornoinmg g : Y™ — {1,2,..., 2™},
@ Oewpoupe o1 1a unvupara M eival ouoiduop@a KAataveunuéva.
Enoué (n) _ n . n__ ,n
pévwg, Pe ' = Pr{g(Y") # M}, énou X" = x"(M).

B Opioudg 10.2. H (\ermroupyikr)) xwpenTkotNTa e avadpaon (feedback
capacity), Crg, Tou dIAKPITOU KAVANIOU XWEIG JVAMN IC0UTAl UE TO
MEYIOTO pUBUS Nou eival ePIKTOG e XPron Kwdikwv avAadpaong.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

Cpg = C

XwpenTiKATNTA KAavaAioU e avadpaon

@ ©ewpnua 10.3. (Cover & Thomas 7.12.1):
CFB—C max()I(X Y)

@ Anddeitn Eival, kar apxdg, npopavég 6t Crg > C (euBu), dedo-
HEvVou 6T To KavAN xwpic avadpaon unopei va BewpnBei wg eidikn
nepinTwon Tou KavaAioU ye avadpaon.

@ ©a anodeitoupe 61 C > Cpg Kal, enopéevwg, C = Cpg.

@ ©a xpnoigonoioouue Kal NaAl Tnv aviodétnta Fano, énwg kal oto
avriorpo@o Tou ewpnuarog Kwdikonoinong Kavahiou. Qaordoo,
otV anddelgn npénel va AneBei unown 61 oto Kaval e avadpaon
dev ioxUel n oxéon I(X™; Y"™) < nC.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

Cpg = C

Xwpnrkotnta kavaAioU pe avadpaon (2)

@ ApKei va XpNnOoIUOoMoINCOUPE TNV €VOANAKTIKA anddeiEn Tou avri-
oTPAOPOU TNG NPonyouuevns eBdouddac.

@ H anddeitn enavaiapBdaveral autouoia yia dieukOAuvon Kal Yid va
TovioTei o1 dev ennpedleral and TNy Unapén n un avadpaong.

° Ened\ M — Y™ — M = g(Y"),
H(M|Y"™) < H(M|M).
@ Eniong, and v avicémra Fano,

H(M|M) < 1+ P{nR, énou PV = Pr{M # M.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

Cpg = C

XwpnTikdTNTa KavaiioU ye avadpaon (3)

@ YnoBértovrag, kai NAAI, o1 N T.4. M akoAoUBei ouoIdoPPN KATAVO-
Vigh
nR = HM) < 1(M; Y") + H(M|Y")
(b) n (l’l)
< I(M;Y")+ 1+ Ps'nR

(a) Ixéon eviponiag-apoiBaiag MAnpogopiag, (b) avicdmra Fano.
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

Cpg = C

XwpnTikdTNTa KavaiioU ye avadpaon (4)

nR < I(M; Y") + 1 + PYYnR

© ST YY) + 1+ PYnR

i=1

@ -1 (n)

< IM YUY 4+ 1+ PV nR
i=1

(e 1. )

< Z (X, M, YL v) 4+ 1+ PYVnR
i=1

(¢) kavévag anuoidag, (d)
IM, YY) = (YL Y:) + IM; Y| Y1), (e) Xi = f (M, Y1),
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Xwpnnkdmra kavaNidv pe avadpaon (feedback)

Eicaywyr}, Opicpoi kai MoviéAo
Crp = C

XwpnTikoTNTa Kavaiiou ye avadpaon (5)

n
nR< S I(X, M, Y"1 Y) + 1+ PR
i=1
n
DS (X Vi) + 1+ PYVnR
i=1
<

1
nC+1+P"VnR = n(c++Pe”))
n

(f) X; = xi(M, Y1) kai 10 kavdN dev éxer uvAun, ondre
(M, Y™ !) - X; — i

Anprtpng-ANéEavdpog Toupnakdpng
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Xwpnnkdmra kavaNidv pe avadpaon (feedback) Eicayey, Opiopof kai MoviéAo

Cpg = C

XwpnTikdTNTa KavaiioU ye avadpaon (6)

@ Enopévawg, I(M; Y™) < nC, kai
nR < 1+ PVnR+I(M;Y") < PR+ 1+ nC.
@ AIQip®VIaG Pe n, Kal yia n — 00,
R < C, «al, enopévwg, Cpg < C.

@ lMapdho nou n xprion avadpaong o€ JIAKPITA KAVANIA XWPEIG VAN
dev autdvel T xwpenTIKOTNTA, evOeEXeTal va JIEUKOANUVE! TN UETAdO-
on. MNa napddelyua, oto Kaval diaypa@ng, N HeTddoon
anAouocTteleral edv yvwpiloupue néte to onua eicddou diaypdgeTal.

@ QDuoikd, oty NpPdEn, unopei va unv undpxel afidnorog diaulog a-
vAadpaong 1 va éxel kdoTtog (N.x. o€ eUpog {wvng N KaBuotépnon).
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Mapamproeig kal Bewpripara oxenkd e m xwpnukémra

MaparnpenoeIg Kal BEwPENUATA OXETIKA e TN XWwENTIKOTNTA

e MapatnEoEIG KAl BEWPENHATA OXETIKA e TN XWENTIKSTNTA
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Mapamproeig kal Bewpripara oxenkd e m xwpnukémra

MeyioTtornoinon KOIANG cuvapTnong KATavoung nMBavotnTtag

@ ©ewpoupe cuvapmon f(p) : R™ — R n onoia eival koiAn N wg
npog p.

@ ‘Ectw, eniong, om 1o p eival karavoun (Sidvucpua nibavotrag), dn-
ABAp >0, i=1,...,nkay i, p=1Tp=1.

@ TéNog, BewpoUupe 6 ol pepikég napdaywyor Jf (p)/dp; opiovra
Kal o1l eival cuvexeig pe povadikn ekaipeon 1o limy, o Af (P)/Op:
Mou PNopei va eival kail +00.
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Mapamproeig kal Bewpripara oxenkd e m xwpnukémra

MeyioTtornoinon KOIANG cuvapTnong KATavoung nMBavotnTtag
(ouvéxela)

@ Anodeikvuertal 41 ol NapakATw CUVBNKEG €ival IKAVEG KAl avayKaieg
yia va peyiotoroieital n f () oro onueio (karavopr) p.
0
m = ), yia éAa 1a i yia 1a onoia p; > 0
Op;
0
M < A, yia 6Aa 1a i yia ta onoia p; = 0
Op;
yia KAMoIa Tiur ThG NApPAPETPOoU .

@ Na v anddeiEn deite n.x. Gallager Theorem 4.4.1.
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Mapamproeig kal Bewpripara oxenkd e m xwpnukémra

Meyiotornoinon auoiBaiag NANEOPOPIAG

@ Me xprion Tou nponyouUpevou BewpEnuUaTog kail Tou ot n I (X ; Y) e-
ival koiAn M cuvAPTNoN NG KaTavoung eiIcédou p(x) yia dedopévo
kavaN p(y|x). anodekvieral ém ol napakdtw SUo Cuverkeg aro-
TEAOUV IKAVIA KAl avayKaia CuvBrkn yia va enmuyxAvel Jia KAatavoun
P’ ™ xwpnmkdmNTa.

I(X =x;Y) = C, yia 6\a 1a x; yia 1a onoia p*(x;) > 0
I(X =x;Y) < C, yia 6\a 1a x; yia 1a onoia p*(x;) = 0

énou I(X = x;Y) = >y P(ylxi) log p;L(IL’;i) n apoiBaia mAn-

poopia petatu X = x; kal Y.
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Mapamproeig kal Bewpripara oxenkd e m xwpnukémra

Meyiotornoinon auoiBaiag NANnPo@opias (CUVEXEIQ)

@ To arotéheopa autd éxel pia diaioBnikry enegiynon: Edv yia x; #
x I(X = x;Y) > I(X = x;;Y), ynopolpue va auEcoupe v
I(X;Y) = Zxk pP(xi)[(X = xi;Y) XpNOIMONOIOVTAG TN X; Mo
ouxVA Kal TN X; NiydTepo ouxvd (aMa&ZovTag Tig p(x;) kar p(x;)).

o Autd éxel wg anotéheocpa va aMdgein p(y) = >, p(xi)p(y|xi).

@ Tehkkd, n diadikacia auth Ba IcoppPoMnNoel o€ onueio drou OAeg ol
I(X = x;;Y) nou xpnoiyorioloUvial 8a 1coUvial HeTaty Toug (Kal,
€MNOUEVWG, KAl e TN XwEenTKOTTa, C).
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Mapamproeig kal Bewpripara oxenkd e m xwpnukémra

‘AN\EC eVOIaPEPOUTEC IDIOTNTEC KAl ANOTEAECUATA

@ Avagépoupe, 1€hog, 3 evdiapépovia nopicuara. Na anodeiteig deite
nx. Gallager Keo. 4.5.

B Mépiopa 10.4. Na onoiadAnoTe karavopr ei06dou, p* (x), nou enmuyxdave
N XWENTIKSTNTA € JIAKPITO KAVAN XWPIG VAN, OAEG ol MIBavaTNTEG CUW-
BONwV eEdBou, p(y), elval auompg Betikég (apkel yia k&Be éEodo va
undpxel TOUAAXICTOV ia eicodog nou odnyei oe autiv).

B Noépiouya 105, H karavopry eEddou, p*(y). via mv onoia I(X;Y) =
C eival povadikr). ‘ONeg Ol Katavouég elcodou, p(x), yia TG ornoieg
>_xe|x) P(¥)p(ylx) = p*(y) enmuyxavouv m xwenrikémra.

B MNépioua 10.6. ‘Eotw m o eAdxioroc apiBudc cUUBOAWY eI6680U NoU Jno-
pPoUV va xpnaoiuonoin8ouv (ue un undevikr niBavotnTa) yia va enireuxBei
petddoon pe T xwpenmkdmnta. ‘Eotw A éva 1éroio civoro m cupBOAwY
eloddou. loxtel m < |Y|. Eniong, n karavoun p(x) ora oroixeia tou A
Mou EMITUYXAVEI TN XwENTIKOTTA €ival JOVAdIK).
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Mapamproeig kal Bewpripara oxenkd e m xwpnukémra

Mwc unoAoyilouue TN XwENTKOTNTA;

@ levikd, 0 UNoAoYICHOG TNG XWENTIKOTNTAG dev eival eUKoAn undBe-
on.

@ le PEPIKEG, eIDIKEG, NEPIMWOEICG UNOPOUE VA XPNOIMOMOINCOUNE
1ID16TNTEG ONWG, N.X. OTNV NEPIMTWON CUUUETPIKWY KAVANIWV.

@ 'AN\EC POPEC MNOPOUUE VA “WAVTIEYOUUE” TNV KAtavour €icodou
kai va deitoupe 61 entuyxdvel éva Avw PAyHa yid TN XweNTIKOTNTA
(ONWG KAVAUE YIA TO CUUUETPIKO KAVAA).

@ XN YEVIKN Nepintwon KAtapeUyoupe o€ apIBUNTIKEG NeBOdoUG e
Xprion urnoAoyiot. Mia eupéwg xpnoiponolouuevn péEBodog eival
Twv Blahut & Arimoto. Ta teheuraia xpdvia €xouv Npotabei BeAT-
WOEIG MOU CUYKAIVOUV MOAU MIO YPryopa CE OXECN HE TOV APXIKO
aAyopiBuo.
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Anokwdikonoinon Méyiomg MBavopdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog SESHISEPCANCIOS

Anokwdikornoinon Meéyiotng MBavogpdavelag kal EKBENG
YPAAUQATOG

0 Anokwdikonoinon Méyiotng MBavogdvelag kal EKBETNG pAAUATOG
@ Anokwdikornoinon Méyiotng Meavopdaveiag
@ EkBETNG LpAAuATOG
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Anokwdikonoinon Méyiomg MBavopdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog SESHISEPCANCIOS

Anokwdikornoinon Meéyiotng ek Twv Yotepwv MBavotntag
(Maximum A Posteriori Probability - MAP)

@ lNa v anddeiEn Tou Bewpnuarog Kwdikonoinong Kavahioy uno-
B8écaue o1 n anokwdikonoinon Baciletal oty 1didtnta And Koivou
AcuumwrikAg loodiauépiong (Joint AEP).

@ Aecitaue om edv n anokwdikonoinon Baciletal oto Joint AEP uno-
pouUlE va UeETadwOoouE e pUBUOUG auBaipeta Kovid otn XwEnTl-
kOTNTa e auBaipeta uiker MBavatnta CPAAUATOG.

@ Anodeitaue 61 dev pnopoule va unepBoupe TN XxwENTIKSTNTA.
Enopévwg, N anokwdikornoinon pe xpnon and Koivou TUMIKWY ako-
AOUBIWV eival QOUUNTWTIKWG BEATIOTN.
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Anokwdikonoinon Méyiomg MBavopdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog SESHISEPCANCIOS

Anokwdikornoinon Meéyiotng ek Twv Yot€pwv MBavotntag (2)

@ Edv 10 Kkpimplo eival va ehaxiotornoin8ei n méavatnta oPpAAJATOG
oto OEKTN, MPénel va xpnoiuyonoin8ei anokwdikonoinon Méyiotng ek
1wV Yorépwv MBavorntag (Maximum a Posteriori (MAP) probability
decoding).

@ Oewpoupe mMv mBavémra p(y"™|x™(m)) va \neBei n akorouBia
y" oro dékn dedopévou &1 €otdAn akohouBia x™(m) n oroia
avTioToIXel OTO PAVUPA m (N KwAIKA AEEN Tou unvUuarog m).

@ And 1o ©ewpnua ONKNG niBavomrag, Pr{m = m}(= 1—Pr{m #
m}) = Sl p(y") Pr{m = mly"} = SR p(y") Prixt =
x"|y"}.

e Eneidr) p(y™) > 0, via va peyiotonoiicoupe my Pr{m = m} apkei
va peyiororoooupe k&8e épo Pr{x"™ = x"|y"}.
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Anokwdikonoinon Méyiomg MBavopdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog SECHISTOM G

Anokwdikoroinon Méyiotng ek Twv Yorépwv MBavotnrag (3)

@ And Tov kavova tou Bayes,

p(y"|x"(m))p(m)

plmly) = PR,
M)
énou p(y") = Y p(m)p(y"|x"(m)).

@ Na va ehaxioTornoinBei n MBavotnTa CPAAUATOG, MPENEI VA eMAeyei
TO MAVUMA M TO oroio PeYIoTONoIEl TNV €K TwV UoTEPwV (a poste-
riori) mBavonTa Tou M dedopévng NG AneBeicag akohoubiag y"

(p(m|y™).
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Anokwdikonoinon Méyiomg MBavopdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog SESHISEPCANCIOS

Kavévag anokwdikonoinong MAP

Kavévag anokwdikornoinong MAP

A~

m = g(y"). 1éroio0 wore

p(mly") > p(m'[y"), via dhatam’ # m, m, m’ € M

V.

EvaA\aKTIK-) €kppaon

m = g(y") = argmax p(m'|y")
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Anokwdikonoinon Méyiomg MBavopdveiag
EkBémg EpdAparog

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog

Anokwdikornoinon Meéyiotng ek Twv Yot€pwv MBavotntag (4)

@ Me xprion Tou kavova Tou Bayes,
p(my") > p(m'|y") =
p(y"|x"(m))p(m) _ p(y"|x"(m’))p(m’)
p(y") p(y")

Y

@ Enopévwg, o kavovag MAP unopei va ypagrei wg:
Kavovag MAP
p(y"|x"(m))p(m) > p(y"|x"(m))p(m’)

@ TNa KavAN XwpIg pvAun,

Kavéovag MAP yia kavAaN Xxwpig uvipn

p(y"[x"(m Hp (yilx(m
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Anokwdikonoinon Méyiomg MBavopdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog SESHISEPCANCIOS

Anokwdikornoinon Méyiotng Meavogdveiag
(Maximum Likelihood (ML) decoding)

@ Me Bdon tov kavova MAP erniAéyetal To hrivupa Mou IKAvorolei T oxéon
p(y"[x"(m))p(m) = p(y"[x"(m))p(m’) yia Sratam’ # m.

@ Edv 6Aa 1a pnvuuara eknéunovial he v idia meavomra (ouoidpop@a),
O AMoKWJ3IKOMOINTG MNopei va anokwdikornoinoel e BAon T oxéon

p(y"x"(m)) > p(y"|x"(m')) yia drha1a m’ # m.

@ H anokwdikonoinon pe BAon Tnv napandvw oxeon ovoudleTtal PEyIoTnG
nmiBavogaveiag (Maximum Likelihood - ML). I yevikr) nepintwon (énou
Ta uNvUuAaTa dev akoAouBoUV ouoiduop@n Karavopr) de ueyiotonolei Tnv

niBavotnTa va éxel petadoBei 1o privupa m dedopévng NG akoAouBiag
n

y".
@ Qor1do0, PeyiocTonoleital n MeavomTa va exel \AngBei n Yy dedopévou Tou
m.
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Anokwdikonoinon Méyiomg MBavopdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog SESHISEPCANCIOS

MNari ML kai oxi MAP;

@ 11N vevikn nepinmwon (dnou n KAtavoun TwV JNVURATWY otny €icodo Tou
kavahioU Sev eival opoidpop®n) N anokwdikoroinon ML dev eival BENTI-
om.

@ Qoréoo, oy NpdEn, n anokwdikonoinon ML xpnoiuonoieital cuxvétepa
and v anokwdikoroinon MAP. Kanoior and toug Adyoug eival ol €€nG:

o [MoAU cuxvd, Ta unvuuara nou otélvovral eival iIconiBava (n.x. érav
éxel yivel kaNry oupnieon npiv and m perddoon), ondte N anokwdI-
kornoinon ML eival BEATiom.

o Anodeikvuetal (BA. n.x. Cioffi,
http://www.stanford.edu/group/cioffi/book/chap1.pdf) on, eav n
karavour Twv pnvupdtov p(w) eival dyvworn, n anokwdikoroin-
on ML ehaxictoriolei TV nmiBavdtnta o@ANJATOG yia T “xelpdtepn”
karavour eicédou.

@ [MoAég popég n anokwdikonoinon ML eival moAUnAokn, ondte XxpnoIUo-
nolouvtal UrnoBéATioteg péBodol. Mepiocdrepa ora padnuara Wnolakwv
Enikoivwviwv.
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Anokwdikonoinon Méyiomg Miavogdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog EKSemGERAANCIOS)

EkBETNG LPANUATOG

o To ©ewpnua Kwdikonoinong Kavahiol (cuvéxela)

9 XwpnTikdTnTa Kavaliwyv e avadpaon (feedback)

e MapatnEoEIG KAl BEWPENHATA OXETIKA e TN XWENTIKSTNTA
o Anokwdikonoinon Méyiotng Meavogdveiag kal EKBETNG LpAAIATOG

@ EkBETNG LpAAuATOG
e B©ewpnua Alaxwpicuou MNnyng - Kavaiiou
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Anokwdikonoinon Méyiomg Miavogdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog EKSemGERAANCIOS)

EkBeTng rpdauarog (Error Exponent) (eicaywyn)

@ LUupwva pe To @ewpnua Kwdikoroinong Kavahiou, eival duvardv
va PeTadwooupe o€ dIakpItd KAvAN XwPIg PvAuUn Je auBaipeta
MIKER MBavoTNTa CPANIATOG, APKEl 0 PUBUOG PJeTAdoong va unv
unepBaivel TN xwpnTikdTNTa.

@ AVTIoTPOQWG, dev undpxel KWOIKAG Ue auBaipeTta hiker méavotmnTta
OQANUATOG O OMNoioG enTuyxAavel JeETAdoon Pe pubud YeEYaNUTEPO
and TN XxwENTIKOTNTA KAVAAIoU.,

@ Anodeitaue 10 ©ewpnua Kwdikonoinong Kavahiol étav o dEKNG
anokwdikonolei pe Bdon Ty 18idtnta Andé Koivou AcuunmwrikAg lco-
dlauépiong. To Gewpnua anodeikvUeral Kal yia anokwdikonoinon
péviotng miBavogaveiag (ML - BA. n.x. Gallagen).
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Anokwdikonoinon Méyiomg Miavogdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog EKSemGERAANCIOS)

EkBeTnNg Lpdauarog (Error Exponent) (2)

@ XTnv anddeln, yia va enmruxoupe aubaipeta uikpr niéavatnta Gpdi-
HJATOC, APrIOAUE TO N va Teivel oTo Anelpo.

@ Ti cupBaivel dtav 10 n eival nenepacuévo; Mwg uetaBaNeTal n
nBavotnTa CPANJATOS WG CUVAPTNON TOU T;

@ ‘Evag 1pdnog va nocortikornoinBei n e§dpmon g néong neavarn-
TAG OPAAUaTOG and To N €ival 0 ekKBETNG oPAAuaTog (error ex-
ponent) o onoiog napéxel éva avw Ppdyua éTav XPNCIUoMNoIETal
anokwdIkoroinon PEYIoTnG nMiBavo@Avelag.
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Anokwdikonoinon Méyiomg Miavogdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog EKSemGERAANCIOS)

EkBETNG Lpdnuarog (Error Exponent) (3)

@ ©ewpnua’.7. (Gallager5.6.2 & Corollary 1): ‘EoTw SIakpITd KAVAN XWEIG IVAN e
nivaka petdpaong p(yj|xic).j=1,...,dkark = 1,..., K. Na dedopévo n kai
R Bewpoupe To SUVOANO TWV KWwdIKwV (Z”R, 1) Twv onoiwv Ta cUBOAa enNéyovral
avegdpmra pe Baon karavopr p(x). EAv o 8EKTnG xpnaoidorolei anokwdikornoinon
MEYIOTNG MIBAvO@AVEIAG, Yia TN KUECN TIMA CPAAMJATOG UMOAOYICUEVN YiIa OAOUG
TOUG TUXaioug KWBIKEG Ol oroiol napdyovral e BAon karavour) p* (x) kai yia dAa
1a NIBavd unvuuara, Ioxvel

PV < exp{—nE.(R)},
6rou E.(R) eival o ek8ETNG Tuxaiag KwdIkornoinong f ek8émg opanuarog (random

coding/error exponent)

Er(R) = max r;l(gf{Eo(p ,p(x)) — pR},

p*(x) n karavour) nou enuyxavel tov E;(R) kai
14p

Bolp.p(x) = —Tog > szk (gl /)
J=1 =
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Anokwdikonoinon Méyiomg Miavogdveiag

Anokwdikonoinon Méyiomg Meavogdaveiag kai Ek8émg IpdAparog EKSemGERAANCIOS)

EkBeTNg Zpdnuarog (Error Exponent) (4)

@ [MapdAo nMou N EKPPAcn yia Tov EKBETN CPANUATOC €ival OXETIKA MOAUMNAO-
Kn. Baoiletal ce anAa Bripara (BA. Gallager 5.6).

@ Edv pnopoupe va unohoyicoupe tov E,(R) yia dedopévo Iakpird KavaN
XWPIG PIVAUN, ANoKToUUE éva ePAyUd YIa TRV MBavotnta SPAAUATOG Yia
Sedopévo puBud perddoong kal SeDOUEVO UNKOG KWIIKA T Pé") <
exp{—nE; (R)}.

@ Anodekvieral ém,yia0 < R < C,E.(R) > 0kal, enopévwg, Pe Kardhn-
An kwdikonoinon, N MBavotnTa SPAAUATOG JUNopei va KparnBei auBaipeta
KoVTA OTO UNJEV e xpron KWOIKWV KATAMNAOU UAKOUG .

@ ‘Onwg Kal otV nepintwon anokwdikonoinong Je xprnon and koivou Tu-
MKATNTAG, TO Yeyovag o Pén) < exp{—nE,;(R)} de cuvendyeral 61 n
nMBavaTNTA CPANIATOG Pe(.”,zl nou avriotoixel otV KwdIKA AéEn x™(m) Ba
eival < exp{—nE;(R)}. Qotéco, anodekvieral (Gallager 5.6 Corollary
2) én undpxel kwdikag (2™, n) 1érolog wote Pe(\n,% < 4exp{—nE,(R)}
yvadhatam=1,2,...,2™
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Eilcaywyn

AnddeiEn eubéog

AnddeiEn aviictipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou

e B©ewpnua Alaxwpicuou MNnyng - Kavaiiou
@ Eicaywyn
@ Anddeifn euBéog
@ AnoddeiEn avriotpdpou
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Eicaywyn
AnddeiEn eubéog
AnddeiEn aviictipépou

©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpliouou Nnyng - KavaAiou — Eicaywyn

@ lvwpiloupe, MAéov, OT yid va CUUNMIECOUUE MIA MNyr ME puBuod
eviponiag H(X') xpeialéuaote R > H(X') bits/cUpporo.

@ Avriotoixa, yia va peradiooupe éva and 2™ punvduara/xpron dia-
KOITOU KAVaAIoU Xwpig uvrun npénel R < C.

@ EoTw 61 BéAloupe va PeETAdWOOUNE TA UNVUUATA NMNyAG JE pub-
po eviponiag H(X') pe xprion kavahiol xwpenmkémrag C. Eivai n
ouverkn H(X') < C kavA kal avaykaia yia va propei va yivel
METAdo0oN TwV JNVURATWY TG MNYNG;
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Eicaywyn
AnddeiEn eubéog
AnddeiEn aviictipépou

©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou NNyng - KavaAiou - Eicaywyr (2)

@ Eidikdrepa, eival BEATIOTO va GUUMIECOUE TNV MNYr KOVTA OTO
PUBUO eviponiag NG Kal JETA va PETAdWOOUE TN CUUMIECUEVN
akoAouBia o1o KavAN ) iAW undpxel nio anodoTikOG TedNog He-
1dd00n¢ (Kal, dpa, TPOMNOC VA NETAdWOOUUE e JEYONUITEPO
pouUBuo:;)

@ ©a anodeitouue 61 N PETAdOON e cudniecn TNG NMNYNG Kal, Gt
ouvéxeld, e Kwdikornoinon KavaAiou eival 1o idlo anodoTikr ue
oroladhnore AN péBodo. Anadr, edv H(X') < C, pnopoupe
VA CUUMIECOUE TNV NNy KAl VA JETASWOOUE TNV NANPOPOPIa Nou
napdyel Y€cw Tou Kavaliou. AvTIoToOQWG, MPOKEINEVOU va €ival
eIKtd N MANPOoQOPIa LIAG MNYNS va PetadoBei ye auBaipera piken
MIBavéTa SRANUATOG OTo KAVAN, Mpénel va ioxtel H(X) < C.
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Eicaywyn

AnddeiEn eubéog

AnddeiEn aviictipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou - Eicaywyry (3)

@ lMapdAo nou 1o Oewpnua Alaxwpiouou MNMnyng - KavahioUu gaiveral
MEOPAVEG, UNAPXoUV NEPIMWOEIG OTIG oroieg dev IoxUel !l (kavahia
MOAAWY XPNOTWV).

@ XTC NEPINMTWOEIG MNoU To Oewpnua IoxUel, dieukoAuveTal o oxedia-
opoG Tuotnudtwy Enikoivwviwv, dedopévou o1 o Kwdikornoinmg
MnNyng kai o Kwdikornoing KavahioU pynopouv va oxediactouv a-
vetdpmra. lNa napddelyua, o 1ednog PETAdoons C€ HIA YPOUMWNA
ADSL 1y ce éva diktuo WIFi eival o idlog, avetdpmnra and 1o €dv o
XPNOTNG OTEAVEI JOUCIKN 1 EIKOVEG N Keievo.

@ Qo1600, To Yeyovog Ot N uEBodog dUo Bnudrwy Nou cuvictaral otn
oupnieon NG NNyNG avetdptnra and 1o KavAaA Kal oTn Jetddoon NG
oupniecuévng akoAouBiag de cuvendyetal anwieleg, de onuaivel,
kar avaykn, o1 eival nAvrote Kai N Aiyotepo MoAUMAOKN.
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Eicaywyn
AnddeiEn eubéog
AnddeiEn aviictipépou

©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou

n n n
KwdIKoTroInTrig X (V )‘ Kavahi Y . | AmrokwaikomronTig 4
(Encoder) 1 pOx) - (Decoder)

@ Oewpouue nNnyr V n onoia napdyel cUuBoAa and nenepacuévo
aA@dpnro V. H nnyn ikavonolei T (yevikeupévn) 1816t Ta Acupntw-
TIKNG loodiapépiong al\G dev eival, Kar avAykn, XwpIg JvAdn. Xmn
YEVIKA nepintwon eival otdoiun kal epyodikn.

@ O noundg aneikovilel Tnv akohouBia V' = Vi, V,, ..., V,, Ing
ANYNG o€ KwdIKN A&EN X (V™) kal T petadidel o1o KavAaN.

@ O déktng napdyel exTiunon yn NG akoAouBiag TG NNyNG Ke Baon
N An@Beica akohoubia Y™ ‘Orav V" # V™ epgpaviletal cpdAua
oTo JEKTN.
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Eicaywyn

AnddeiEn eubéog

AnddeiEn aviictipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou NNyng - Kavaiiou (cuveéxeia)

@ H nmiBavornta opdAuarog icoural e

Pr{V" # V"} =Y " p(v")p(y"[x" (v")I(g(y") # v"),

o
6rou I n ouvapTnon-deiking kai g(+) n ouvapon anokwdIKonoinong.

@ Gewpnua’7.8. (Alaxwpiouou MNnyng - Kavahiol — eubu): ‘Eotw Vi, Vo, ..., V,
OTOXAOTIKN JIadIKaoia Ye nenepacpéEvo aA@ApnTo N ornoia IKavomnolei To
AEP, kai yia v ornoia 1oxdel H(V) < C, érnou C eival n xwpnmkomra
ToU BIaKPIToU KAvaNioU XwPIg MVAKN HECW Tou oroiou yivetal n uetddoon.
Yrndpxel KOJIKAG NNyNG-KavaNioU pe mBavotTta oPpAAUaTog Pr{\A/'" %
V'l — 0.

@ AVTIOTPOQWG, YIa KABe OTACIUN Kal €pyodIKr OToXAoTK diadikacia, edv
H(V) > C.n nBavdmra opdAuarog dev unopei va neploploref
auBaipeta kovid oto 0 kal, euynouévwg, dev eival duvam n ueradoon
TNG OTOXAOTIKAG diIadikaciag NEGwW Tou KavaNioU e auBaipeTa Jikpn niea-
voTNTa OPANUATOG,
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Eicaywyn

AndSeign eubéog

AnddeiEn aviictipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou
Anoddeitn eubéog

©a xpnoiJonoioouue Kwdikornoinon dUo pacewvV:
1) Kwdikonoinon nnyng (cuunieon) kai 2) Kwdikonoinon kavaAiou.

V” Kw3IKoTroInTAg Kwdikomoing | X" (V n )
—> Mnyng B KavaAiou
(Source Encoder) (Channel Encoder) |
Kavahi

pOk)

n p ;
V ATTOKWOIKOTTOINTAG ATTOKWAIKOTTOINTAG
- Mnyng le— KavaAiol —
(Source Decoder) (Channel Decoder) Y”
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Eilcaywyn

AndSeign eubéog

AnddeiEn aviictipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou
Anodeltn eubéog (2)

@ And 10 AEP, yia Jeydho 1 T TUMiké oUvolo nepiéxer < 2HH V) +e)
oroixeia kal oxeddv OAn v nBavomta. KwdikornoloUue povo TG
TUNIKEG aKoAouBieg kal ayvoouue TIG undhoineg. e KABe TUMikn
akoAouBia avriotoixifoupe pia KwdIKA AEEN and To BIBAO KWIIKWV.
Enopévwe, xpeialdpaote 1o noAd 21 V)16 wpaikée Aéters.

@ lMpokeluévou va PeTadwoouue Wia and on(H(V)+e) KWOIKEG NEEeIg
oTO KavAA Npénel va IoxUel

HV)+e=R<C.

@ O déktng anokwdikorolei e Bdon v and koivou tunikdmra. TNa
NV MBavotnTta CPAAUATOC ICXUEI

Pr{v"#V"} < Pr{V" ¢ AE")}JFPr {g(Y”) £ VNVt e AE”)}.
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Eilcaywyn

AndSeign eubéog

AnddeiEn aviictipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou
Anodeltn eubéog (3)

Pr{v" # V") < Pr{v” ¢ Ag”)} +Pr {g(Y”) 4 Vvt e A§">} :

@ Na apkoUVIwG yeydio n, and 1o AEP, Pr {V” ¢ AE”)} <e

@ Ouoiwg, and 1o Joint AEP, yia apkoUviwg UeydAo n, kal dedouévou
6mH(V) +¢=R< C,Pr {g(Y”) £ Vv e AE”)} <e

@ Tuvenwg, yia onolodnnore €, kal epocov H(V) + € < C, undpxel
HAKOG KWBIKAG AEENG N T€TOI0 WOTE, yia L > ng, Pr{ V" # \7”} <
2¢.

@ Enouévwg, xpnoiuonolwviag 1N HEBodo dUo Bnudrwy (cupnieon Kal
KwdIkornoinon KavaAiou), UNopoule Va HETAdwWOoUE e auBaipeTa
IKor) MBavétnTa oediuarog edv H(V) < C.
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Eilcaywyn

AnddeiEn eubéog

Anddeign avnioipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou
Anodeltn avriotrpd@ou

@ ©a deitoupe o, yia onoladnnore péBodo kwdikonoinong (akoua kai Tu-
xaia) X (V™) : YV — X" kal anokwdikornoinong g(Y™) : Y™ — V", edv
Pr{V" # V"} — 0,161e H(V) < C.

@ And mv avioémnra Fano,
H(V"|V") < 14Pr{V" # V"}log [V"| = 1+nPr {V" # V" } log |V|.

@ ©a unoloyicoupe avw epdyua yia v H(V)

(@ H(Vy, Vo, ..., V) H(V”)

1 .
H(V) < n - —H(V"[V") 4 (V"5 V)
() 1
< — (L4 nPr{V" £ V'}logV|) + —1(V" V")

( a) Pueuoq evIponiag yia OTACIUES OTOXAOTIKEG 6|06|Kc10|eq, (b) AvicoTn-
1a Fano
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Eilcaywyn
AnddeiEn eubéog
Anddeign avnioipépou
©empnua AlaxwpiopoU Mnyrg - Kavaiiod

©ewpnua Alaxwpiouou Nnyng - KavaAiou
Anodeltn aviicTpoPou (CUVEXEIQ)

H(V) < rll (1+nPr{V"# V"}log|V|) + rll (v vm)
(a)
< %( +nPr{V"# V'}log|V|) + rll (X" Y™
(b) 1 .
< = +Pr{V" #£V"}log|V| + C.

(a) Aviodtnra Enetepyaciag Aedopévwy, (b) 1o kavak dev éxel
pvAuN.
e Nan — oo, Pr {V” #+ V”} — 0 kal, enopévwg,

H(V) <C.
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