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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B S T

Mepiexdpeva 5ng kai 6ng dIAAEENG

o H I3i1otnta And Koivou Acupmmwrikng loodiauépiong (Joint AEP)
@ loxupny And Koivou Tunikétnra

e To ©ewpnua Kwdikonoinong Kavaiiou
@ Eicaywyn kar Opicpoi
@ Anddeitn euBéog (eikToU) ue xprion And Koivou Tunikdtntag
@ Anodeitn acBevoug avTioTpo@ou Ue xprnon Avicdtntag Fano
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B S T

Avtiotoixia 5ng kal 6ng JIAAEENG Ke BIBAIa
Cover & Thomas kai El Gamal & Kim

@ BiBAnio Cover & Thomas (2n ékdoon): Kep. 7.4-7.7,7.9 - 7.10.

@ BiBAio El Gamal & Kim: Keg. 2.5, 3.1.1-3.1.2, 3.1.4 - 3.1.5. Mpoar-
PETIKA 1O 3.2.
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

Anod Koivou loxupwg Tunik€ég AkoAouBieg

@ O1 IoXUPWG TUMIKEG akoAouBieg dUo T.J. opilovral e avTioToIXO
TPOMO ONWG KAl Ol IOXUPWGS TUMIKEG AKOAOUBIEG WIAG T.U.

@ Opiopdg 5.1, ‘EoTw i.i.d. akoAouBia {euywy T.4. MOU NAipVOUV TINEG
O€ MenepPAcpEVo ouvolo X X ). ¥Tn yevikr) nepinmwon, ol T.J. Mou
anoreholv 1o Levyog eival efapmuéves: (X,Y) ~ p(x,y). To
otvoro T (X,Y) 1wv and kolvoU IoXup®G' €—TUNIK@V akoAouBI-
v (x™, y") opitetar wg

T(X, Y) 2 {(x", y") : |7(x, ylx™, y") — p(x, )| < eplx, y)
yiaorata (x,y) € (X,))},

onou m(x, y|x™, y") eival o and koivou 1Unog (n anod koivou epner-
Pk MBavaTNTa) Tou Zelyous (X, y).

'Yreveupitetar 4 xpnoiuonoioUpe GBevapr TUMIKSTTA.
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

Id161NTEC lIoXUP WS TUNIKWV AKOAOUBIWV

o Eorw p(x™, y") ~ [T, px.v(x:, yi). Eav (x™, y") € TLV(X, Y),

1 xte 7 (X)kary" € TE(")(Y).
2. p(x", y") = 27 HXY) (q, = 2™ edv undpxer §(¢) Téroio woTe
on(b=8(e)) < g, < onb+3(e))y

3. p(x") =27 yai p(y") = 2-"H ),
4. p(x"|y") = 27HEY) ka p(ytxt) = 27X (yiariy

@ Na apkouviwg peydio n,

T (%, ¥)| = 210,
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

IB161TNTEC lIoXUp WS TunIKWV AKOAOUBILYV (2)

@ Opiopdcg 5.2. To cUvoro ’72(”) (Y|x™) twv akorouBiwv Y™ nou eival
uné ouvenkn 10XuUpwe €—TunikéG (conditionally e-typical) pe v
akolouBia x™ opilertal wg

7O & {ym: ey e T Y)

@ Anodeikvieral 61 yia onoiadrinore akohouBia x™ (&xi kar avAaykn

TUMIKA)
|7;(n)(y|xn)| < gn(HYX)+5(e))

onou d(€) = e- H(Y|X).
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H 1816m1a And Koivoi Acupniwnkrig loodiapépiong (Joint AEP)

loxupr} Ané Koivou Tunikémia

Conditional Typicality Lemma

AAuua 5.3. (und ocuverikn TunikoTTAG )

Conditional Typicality Lesnma

‘Eotw X" € 7?“) (X) kar Y™ ~ [T, pyix(uilx:).
Ma onolodnnote € > €,

Pr {(x", ") e TV (X, Y)} — 1yian — oco.

Na v andédeign deite El Gamal & Kim, Chapter 2.
Mapartnpriore 6t 1a Y; eival i.i.d. dedopévwy Twv X;.
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

Conditional Typicality Lemnma (2)

@ Enopévwg, yia d\eg Tic akolouBieg x™ € 7;@ (X)pe € <e,
|7;(n)(y‘xn)‘ > (1— e)zn(H(Y\X)—é(e)),

YIQ APKOUVTWG MEYAAO M.
@ AnodekvUeral, eniong, T, yia k&Be x™ € 72(”) (X) kanyia
APKOUVTWG PHeYdNo Nn,

17 (v]x™)| > 2nHY)=0"()

yia kénoio ¢’ (€) — 0 kaBwg € — O.
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

Conditional Typicality Lemnma (3)
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

Fevikeuon yia NePICOOTEPEC T.U.

@ ‘OAa 1a napandvw yevIKeEUoVTal YIa NEPICOOTEPEG T.J.

@ ©a avagpepBouue povo oro Anupa And Koivou Tunikémnrag (Joint
Typicality Lemma).

@ Nanepiocdtepeg Aemmopépeleg deite, yia napddelyua, A. El Gamal
& Y.-H. Kim, Network Information Theory.
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) T AT G

Afupa Anod Koivou Tunikétntag

Joint Typicality Lemmma

Afuua 5.4. (Anod Koivou Tunikotrag)
‘Botw (X,Y,Z) ~ p(x,y,z). Ynapxel 6(e) — O kaBwg € — O 1ér1010
WOTE va IoXUoUV TA NAPAKATW
1. Edv (X", ") eival ZeUyog akoAouBIkv Kal n akohouBia Z™ akohou-
Bei karavopn [[iL, Pzx(Zi|X;) (Bnhadn eivar avetdpmnmn mng J"
dedopévng NG XM,
Pr {(5& gL Zn e 74 (X,Y, Z)} < 9~ n(I(YiZ|X)=6())

2. Eav (X", y") € ’T ( Y), € < exa Z" ~ [, pyx(zilx).
TéTE, YIA QPKOUVIWG HEYEAO 11,

Pr {(xn’ y", Zn) = 7;(n) (X, Y, Z)} > o —n(I(Y;Z|X)+6(e))
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

AfUpa Ano Koivou Tunikétntag — Anodeiin

MNa v 1n oxéon,

Pe{ (3. .2") € TV (X.¥.2)}
= Y pEEY

7eT " (2|7, 5m)
(%) ‘7;(”)(Z|5c”,gn) . 9 —n(H(z|X)—eH(Z|X))
()

2 Qn(HEZIX.Y)+eH(Z|X.Y)) g ~n(H(ZIX)—cH(Z|X))

< g n(I(¥iZ|x)=8(e)).

(a), (b) and TG IBIBTNTEG TWV IOXUPWG TUMIKWOV AKONOUBIV
MapampnoTe 61 dev anarreital TunikédTa Tou {edyoug (X, ).

Anprtpng-ANéEavdpog Toupnakdpng
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

Afupa Anod Koivou Tunikétnrag — Anodeiin (2)

Ma 1N 2n ox€on, yia apKoUVIWG Jeydlo n,
Pr { (x",y", 2") € TV (X,Y, Z)}

= Y pENY

znefre(") (len7yn)
(@)
> |T(Zlx, )

Y (1 = eygnl(ax.)ern(zlx.)) g -n((ZIx) +ert(zlx)

. 9~ n(H(Z|X)+eH(Z|X))

© gnaerzxtae)

(a). (b) and TG 1IBIGTTEG TWV ICXUPWGS TUMIKOV AKOAOUBIWV. (c¢) yiar;
Mapatnpnote 61 yia 1o (b) anarreitar Tunikémra Tou {evyoug (x™, y™)
kal yia 1a (b) kai (¢) anareital apkoUVIwg JeYGAo n.

Anprtpng-ANéEavdpog Toupnakdpng
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H 1516m1a Ané Kovol Acupmriknig loodiapépiong (Joint AEP) B A S T

TUNIKECG akoAouBieg MOANWV PETABANTWV

@ Me Tov idIo TPdMNo UNoPOoUHE VA OPICOUUE TUMIKEG AKOAOUBIEG Mne-
plocdtepwyv and 3 T.u4.

@ O118161NTEG €ival MAPOUOIEG.

@ Acite nx. Cover & Thomas | El Gamal & Kim.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

To ©@ewpnua Kwdikoroinong Kavaiiou

e To ©ewpnua Kwdikonoinong Kavaiiou
@ Eicaywyn kar Opicpoi
@ Anddeitn euBéog (eikToU) ue xprion And Koivou Tunikdtntag
@ Anodeitn acBevoug avTioTpo@ou Ue xprnon Avicdtntag Fano
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Eicaywyr ka1 Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou — eicaywyn

@ To ©ewpnua Kwdikornoinong Kavaiiou (Channel Coding Theorem)
anoteAei 1o nio Bacikd Kal To Mo SIAcNKO AnoTEAECHA TG Oewpiag
M\npopopiag.

@ LUuowva e 1o @ewpnua Kwdikonoinong Kavahiou, eival eikm
n MeTddoon oe KaAvANa XWPIG PvAWN he puBud auBaipeta kovrd
oTN XWPENTIKOTNTA KAl Je auBdipeTta uiKker meavatnta GPAAUATOC,.
AVTIOTPOPWCG, dev eival ePIKT) JeTddoon e auBdipeTta piker nia-
voTNTa GPANUATOG €AV 0 PUBUSG petddoong unepBaivel Tn xwpenTi-
KOTNTA TOU KAVANIOU.
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Eicaywyr ka1 Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou — eicaywyn (2)

@ Xt ouvéxela, Ba dIATUNWOOUUE UE TNV anapaitnTn AENToUEPEIA KAl
B8a anodeitoupue 10 O©ewpnua Kwdikonoinong Kavaiou.

@ To ©ewpnua Kwdikornoinong Kavahiou (euBu - achievability) pno-
pei va anodeixtei eite pe xprion anokwdikonoinong Méyiotng Mea-
vo@avelag (Maximum Likelihood decoding - Gallager) r ue xprion
And Koivou Tunikwv akoiouBiwv (Cover).

@ X1o udBnua Ba eterdooupe v anddelfn ue xpron And Koivou
TunikdTNTAg N onoia eival JAAOV Mo anAn.

@ Eniong, o 1pdnog autdg anddeiEng éxel xpnoiuonoinBei yia va Bpe-
Bei N xwENTIKSATNTA AAWV KAVOANIWY (M.X. MOAWV XPNOTWVY).

@ To (aoBevég) aviioTpo@o Tou @cewpnuarog Kwdikonoinong Kava-
NoU Ba anodeixtei pe xprion g avicodtntag Fano.
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Eicaywyr ka1 Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou — eicaywyn (3)

@ To Baocikd epwinua (kal, ek NPWTNG oWews, Napddoto) eival 1o
etng: MNwg eival duvardv va PYeTadWOooUUE e auBaipeTa MIKEN
nBavotnTa oPAAIATOG o€ €va KAVAM Mou eIcAyel GPAAUATA UE N
undevikn MBavatnTta Kai Je Tuxaio Tpono;

@ Na va anavinoel 1o epwtnua, o Shannon xpnoidonoince éva dia-
@OopPETIKS TPdMO OKEYNG:

e AevnpoondBnoe va ekundevicel TNV NIBavotNTa OCPAAUATOG, ANAWG
va TNV neplopicel oe auBaipeTa UIKPEG TIMEG.

o Baoiotnke ce MoMég dIadoxIKEG XpnoeIg Tou KavalioU woTe va
ekperaleurei 1o Nouo Twv MeydAwv ApiBu®V.

e Xpnoiuonoinoe KWIIKEG ol onoiol dNUIoUPYOUVTAl TUXAIA KAl UNMOAOYI-
oe TN Jéon NIBavotnTa CPAAUATOG.

@ AUTOG 0 TPdNoG okéPNng diénel Toco TV anddelEn ue xprnon Tuni-
kotNTag 6co Kal TNV anddeiEn pe anokwdikonoinon Méyiotng Mea-
vo@Aveiag.
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Eicaywyr ka1 Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou — Opicuoi

Opiopdg 5.5. ‘Evag khdikag (M, n) yia 1o Alakpitd Kavah Xwpig Mvrun
(X, p(y|x),Y) anorereital and

1. ‘Eva oUvoho dektdv (unvupdtov) {1,2, ..., M}.

2. Mia ouvdpton kwdikoroinong x™ : {1,2,..., M} — X n onoia
avniotoixi¢er TNV Kwdikr) AéEn (codeword) x™(m) oro pivupa m €
{1,2,...,M}. To cUvolo Twv KWBIKOV AéEewv ovopdieral BiRNo
Kwdikwv (codebook).

3. Mia cuvdpmon anokwdikornoinong g : V™" — {1,2,...,M}U{e},
n onoia anoteAei éva vouoteAelakd kavova o oroiog avricToixiel
éva exTNWPEVo deiktn HeTadoBéviog uNvUUAToG, M,  TO Prvuua
o@ANUaTOG e, o€ KdBe An@Beica akolouBia y™.
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Eicaywyr ka1 Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou — Opicuoi (2)

B Yné ocuvenkn mBavénra oparuarog Sedouévou o1 €0TANN TO UrVU-
pa pe deikin m:

Am = Pr{g(Y") # m|X" = x"(m)}
=Y P X" (m)I(g(y") # m),

énou I(+) n ouvapmon deiking (coutal pe 1 érav 1o dpIoud Mg
aAnBeuel, aNIwg e 0).

B H Méyiom MiBavémra Epdiuarog A khdika (M, n) opitetal wg
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Eicaywyr ka1 Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou — Opicuoi (3)

B H (0pBuNTIKWG) péon MBavATNTa CPAAUATOG P,S”) kOdka (M, n)

iooutal he

m_ 1<
P = Z)\m.

@ ‘Orav o deiking unvuparog W akoAouBei ouoiduopdn Katavoun,

P = Pr{W # g(Y™)}, 6nou Y" n akolouBia nou Aaupave-
Tal otnv €080 KavahioU érou éxel uetadobei N akohouBia X =
x"(W).

e Eriong, PV < AW,
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Eicaywyr ka1 Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou — Opicuoi (4)

B Opiopdg 5.6. O pududg (rate) R kddika (M, n) icoural ye

og M i i
R = bits ava ueradoon.
n

B Opioudg 5.7. ‘Evag puBudg R eival epiktdg (achievable) drav u-
ndapxel akoAouBia Kwdikwv ((Z”R} , n) yla Tnv onoia n Y€yioTtn niea-
VvOTNTA OPANUATOG A1 1eivel oo O KaBWG To N Teivel oto dneipo.?

B Opioudg 5.8. H xwpnrkdtnta Aermoupyiag (operational capacity)
€vOG KavaAioU IooUTal e TO PEYIOTO puBud o onoiog €Ival EQIKTOG.

@ To @ewpnua Kwdikonoinong MNMnyng anodeikvuel o1 N XxwenTikotta
Aermoupyiag max EPIKTOC R 1coutal ye TNV NANPOQOPIAKA XWwENT-
KOTTA Max () [(X; Y).

25uxvd N enmeuEIudTNTa 0EIETAl JE XPRoN TG KECNS MIBAVATNTAG GPAAUATOC, Pé").
Q1 dUo opiouoi dev eival IcodUvapol.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeltn ©ewpnuarog Kwdikornoinong Kavaiiou — Eicaywyn

@ ©a avagpepBouue otnv anddeiEn n onoia xpnoiuonolei Ty 1didtnta And
KoivoU Acuummwrikng loodiapépiong (Joint AEP).

@ Hi1déa:

@ Aedopévou Tou pnvuuarog W, otélvoupe oto KavaN akoloubia X" =
x" (W) prikoug n.

@ Imv éEodo Tou kavahiol Aaupdvoupe akohoubBia Y n onoia eEaptdral and
™M X", kaBq kal and Tov nivaka petdpaong, p(y|x). Tou kavaniou.

@ Yro déktn avalnrouue akohouBia X™ n oroia avrikel o1o BIBAO KWdIKWV Kal
eival and kovou tunikr) e v Y. Edv undpxel, o déking Bewpei 61 n X"
eival n akoAouBia rnou PeTédwoe o Nounadg.

@ Anod my 1diétnta and koivou Acupnwiikng loodiapépiong, ue ueydan nia-
votnTa n AneBeica akohoubia Ba eival and koivou Turikn e T uetadoBeioa.

@ Qordoo, undpxel N NiBavémra N Y™ va unv eival and koivoU Tunikf Je
kapia and Tg kKwdikég Aéteic x" i) va eival and koivoU Tunikf he AN
akolouBia and aut nou PetaddBnke. IV nepimmwon aut eugavileral
OPANUA peTAdooNG.

@ O©a anodeifoupue 61, edv R < C, kaBwg 10 n 1eivel 610 Aneipo, n niéavotnra
o@dAuarog teivel oto 0.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeitn ©ewpnuarog Kwdikornoinong Kavaiiou

@ ©ewpnua 5.9. (Bewpnua Kwdikonoinong Kavahiou)

o Xe éva Aiakpirtd Kavdn Xwpig Mvrun, éAol ol puBuoi ol oroiol eivail
MIKpATEPOI and TNV MANPOPOPIAKN XWENTIKOTNTA €ival ePIkToi. AnAa-
31 yia kdBe puBud R < C, undpxel akohoudia kwdikwv ([2R], n)
Je héyioTn miBavotnTa OCPAAUATOG A(M 5 0,

o AVTIoTpSQWG, Yia onoladArore akohoubia and kwdikeg ([2™R], n)
pe A(W — 0 npénel va ioxtel R < C.

@ AnddeiEn (eubu).
MNa anAonoinon Kai Xwpic anwAelia NG YEVIKSOTNTAG UnoBeTouue o
0 apIBUBG KwdIKGV AéEewv [2"R] eival aképaiog.
|. Anuioupyia Tuxaiou BiBiou Kwdikwv: Anuioupyoupe 2™ tuxaieg
kal avegdpinreg akohoubieg iid. x™ ~ [[iL,; pk(x:). drnou pk(x)
n karavopr nou peyiororolei mv I(X; Y).
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Eicaywyrj kai Opiopoi
To @edpnpa Kwdikonoinong Kavaniod Anc?&elin €uUB€og (ePIKTOU) !Je xpnon Ar,|o Kowotf Tunikémrag
Anoddeign acBevoug avnotpopou pe xpnon Avicomrag Fano

Anodeitn ©ewpnuarog Kwdikornoinong Kavaiiou (2)

o O1 2™ kwdikég AéEeig anoTehoUV TIG YOAUUES Tou MiVaKa

Xl(l) Xg(l) xn(l)
o x1(2) x2F2) xn(2)
x1(2™) xp(2™) L xu(2™R)

@ H nmiBavdmra va dnuioupynBei €vag CUYKEKPIUEVOG TUXAIOG KWII-
kag (mivakag) C iooural pe Pr(C) = annil [TL, p(xa(m)).

@ O KWIIKAG AvVAKOoIVWVETAl OTov Nound kail oto dékm. Eniong, 1éco
0 nopnodg oo Kal o SEKNG Yvwpi{ouv Tov nivaka Petdpacng Tou
kavahiou, p(y|x).
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeitn ©ewpnuarog Kwdikornoinong Kavaiiou (3)

Il. Kwdikonoinon: Mpokeluévou va OTeilel TO Privupa

me {1, 2,..., 2“R} 0 NoUNAG petadidel TNV kwdikA A& x™(m) (n
m—ot ypauur Tou nivaka C).

lIl. AiéAeuon and 1o kavaN: O déktng AauBdvel akohoubia y" pe und
ouvenkn karavopn p(y"|x™"(m)) = [, p(yi|x(m)).

IV. Anokwdikonoinon: O 3éKiNg ekTiuA nolo Prvupa €xel otalei and tov
rnound. O BéATioTog DEKTNG Xpnoluonolei avixveuon Méyiotng
Meavopdaveiag (av Bewprooule OPOIGUOPPN KATAVOMN NVUPATWY).
QoT1600, 6NWG avapePBNKe, yia TNV anddelfn Ba Bewprnoouue
avixveuon pe Baon v and Koivou TunikaTNTaA.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikornoinong Kavaiiou (4)

Mapdho nou n anokwdikonoinon he xprion and Kolvou Tunikotntag dev
eival BEATIOT, Ba anodeitoupue 4T, kal e autv TNV NepinTwon,
A 50 yia n — oo (o &ékng eival aouunrwrikd BEANoTog). O 5EKNG
anogaociler (exmud) én eotéAn 1o pAvuparm € {1,2,...,2"%} nou
IKavonolei Tautdxpova TG €Eng dUo CUVBNKEG:

1. To Zelyog akohouBiv (x™(m), y") eivar and kovou Turiké.

2. Aev undpxel AMog deiking unviuarog m’ # m yia Tov onoio va
ioxer (x"(m'),y") € A§”). AnAadry, dev undpxel AN KwIKN
AEEN ektdC and autr Mou €xel NPayuaTka oTaAei n onoia va eivai
and kolvou TUniknA pe v y™.

Edv m # m, epgaviferal cpdiua avixveuong. ‘Eotw £ 10 evdexduevo
{m # m}. Ze autd nepAapBAveTal KAl TO EVEEXOUEVO 1M = e.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikornoinong Kavaiiou (5)
AvAAuon TG nBavatntag opdaAuarog — Eicaywyn

V. AvéAuon tou I@AAuarog Avixveuong:

@ Hidéa: Avri va unohoyicoupe Tnv niBavotnta CPAAMJATOG YId €va
OUYKEKPIUEVO KWIIKA, Ba UNoAoyicouue TN éon nmBavatnTa OpaA-
MAToG Yyia Tuxdia dnuioupyia KwdiKwv Kal yia dAoug Toug niBavous
KWOIKEG.

@ '‘Orav xpnoiponoleital anokwdikonoinon e xprion and koivou Turi-
KéTNTAG, undpxouv dUo MnNyég opdAuarog: Eite n é¢odog Yy dev
eival and koivoUu TUMIKA JE TNV akoAouBia nou eknéunel o nounog
N Undpxel TOUAAXIOTOV JIa akoua KwdIKA AEEN n onoia eival and
KoIvoU Turikr) Je v y™.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikornoinong Kavaiiou (6)
AvAAuon TG nBavatntag opdaAuarog — Eicaywyn

@ And v 1didtnta And Koivold Acuunmwrikng loodiauépiong, n neo-
votnNTa n AngBeica akoAouBia va eival and Koivou TUMIKA JE TV
ekneu@Beioa teivel oo 1 yia n — oo. Enmiong, n mBavémnra n
An@Beica akoAouBia va eival and koivou TUnikr ue akohouBia dia-
@opPeTIKA and TNV ekneu@Beica Icoutal nepinou ue 2~ N(XY) Eqo.
HEVWS, UMopoUpe va xpnaiuonorooupe nepinou 2M5Y) kdikée
AEEelg Kal, Tautdxpova, va dIac@alicoupe Uikpn MBavotnta opai-
MaTog,.

@ X1n ouvéxela Ba anodeifouue Ta NApAnNAvw Kal Je TNV anapaittn
MABnuarTikr) auotnEdTNTA.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anokwdikornoinon Pe xprion and Koivou TURIKOTNTAG
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikornoinong Kavaiiou (7)
YnoAoyiouog Meavorntag XedAuarog (I)

@ ©a unoloyicoupe TN péon NIBavaTnTa CEANJATOG Yia SAa Ta MIBava
BIBAIC KWOIKWV.

pr{c} = Pr(C)P{"(C) =
C

@ Zpr(C)zinR 3 (€)= 2% > D Pr(0A(C).
c m=1 m=1 C

(a) and Tov opioud Mg Pé”) (C).
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeitn ©ewpnuarog Kwdikornoinong Kavaiiou (8)
YnoAoyiouog Meavornrag pdAuarog (I 1)

@ Aedopévou 4T n avToToIXIoN MNVUUATWY O KWIIKEG AEEEIG YiveTal
TUXaia kal eneidr yia OAoUG Toug MIBavous KWAIKEG TO urivuua m 8a
avriotoixi¢etal KdBe popd oe diapopeTKA KWIIKN AEEN, N nocdtnTa
> ¢ Pr(C)Am(C) eivar avetdpmm tou pnviuarog m. Erouévag,
MnopoUPe va UNoBECOUNE, XWPIG ANWAEIA TNG YEVIKOTNTAG, OTl €-
OTAAN N KWAIKN AEEN ue deiktn m = 1.

@ Tuvenwg, n Pr(&) icovrar ye

Pr{c} = 2% S S Pr(C)AR(C)
m=1 C

= Pr(C)A1(C) = Pr(£[M =1).
C
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeitn ©ewpnuarog Kwdikornoinong Kavaiiou (9)
YnoAoyiouog Meavorntag pdAuarog (II11)

@ OpiCloupe 1a evdexdueva E,,, = {(x”(m), y") € AE”)} ,

m e {1,2,...,2"R}, dnradr 1a evdexdueva n kwdikA AéEn X (m)
(nou avTioToIxei oTo Prvupa m) va eival and kolvou TUMIKA e TN An-
@Beica akolouBia y™ n onoia NPoNABe and PETAdooN G KWIIKAG
NENG x™(1).
@ Luvenwg,
Pr(€) =Pr(éM =1) = P(ES UE, UE3 U ... U Eyw|M = 1)
(a) .
< P(E{IM=1)+ Y  P(Ey|M=1).

m=2

2n.R

(a) ané 1o epdyua évwong evdexopévwy (union of events bound).
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikoroinong Kavaiiou (10)
YnoAoyiouog Meavotntag edAuarog (IV)

2n.R

Pr(£) < P(ESIM =1)+ ) P(Eq|M = 1).

m=2

@ Anod v 1316NTa And Koivou AcCUumwTIKAG lcodiauépiong, n niea-
vétra n Y™ va pnv eival ané koivou tunik pe  x™ (1) teiver oto
0 yia n — o0: Enouévwg, yia kdBe € > 0 undpxel ng TET0I0 WoTe
P(Ef|IM = 1) < ¢, yilan > no.

@ Eniong, and tov tuxaio 1pdno dnuioupyiag Tou KWIIKA, O KWOIKEG
Aételg x”(l) Kal x”(m) eival avetdpinreg Petaty Toug yia m #
1, ye anotélecpa n y" va eivar avetdpmm and ng x™"(m) yia
m #£ 1. Ané v I18i6nTta And Koivou Acupmwrikig lcodiapépiong,
n mBavémra of x™(m) kar y" va eivar and kovou TUMIKEG eve

enéxBnkav avefdpmra eival < 9~ (I(X;Y)=3¢),
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeitn ©ewpnuarog Kwdikoroinong Kavaiiou (11)
YnoAoyiouog Meavorntag XedAuarog (V)

@ Yuvdudlovrag OAa Ta Napandvw,

ZYLR 2nR
Pr(6) <P(EfIM =1)+ Y P(EpM=1) <e+ » 2 "0X¥)=39
m=2 m=2

S <2r1R . 1) 27n(I(X;Y)7Se) S €+ 27T1(I(X;Y)7367R) S %.
H teAeuraia aviodra ioxdel epdoov n > ny kal R < I(X;Y) — 3e.

@ Enopévwg, edv R < I(X;Y), unopolpe va enizéEoupe n 1é1oio @ote n
Héon MBavoTnTa CRAMNIATOG UMOAOYICUEVN ENAvw Oe OAOUG TOoug MmBa-
voUG KWOIKEG KAl 0€ OAEG TIG NMIBAVEG KWIIKEG AEEEIC va PNV unepBaivel
10 2€, YIa onolodnrote € > 0.

@ Eneidn ol kwdikég AéEelg dnuioupynBouv e BAon Ty karavour p*(x) n
onoia peyiotonolei v auoiBaia nnpogopia, I« (X;Y) = C kai, eno-
MEVWG, urnopoupe va petadwooupe ue R < C.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikoroinong Kavaiiou (12)
Eridoyn BIBAiou kwdikwv (I)

@ Aev Teleiwoaue akoua... Mpénel va deifouue 61 n uéyiotn neao-

vOTNTA OPANUATOG A 5 0 ka, eniong, o1 UndpExel TOUAAXICTOV
évag KWdIKAG Pe A(M s 0.

@ Aedopévou o1 n puéon NIBavatnTa CPAAUIATOG YIA OAOUG TOUG
TUXaioug KWIIKEG dev unepBaivel To 2€, UNAPXEI TOUAAXIOTOV €va Bi-
BAio kwdikwv (KWdIKa) C* yia 1o onoio N yéon MeavétnTa SPANUa-
ToG dev uneppaivel 1o 2¢: Pr(E|C*) < 2¢e. O C* pnopei va BpeBei
pe avalmon péoa oe dGhoug Toug 2™ kdikeg. Enopévag,

Pr(£|C*) HRZA ) < 2e.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikornoinong Kavaiiou (13)
Eridoyn BIBAiou kwdikwyv (I I)

@ To yeyovdg om n péon nmiBavémra opaiuarog Tou kwdika C* eival
< 2¢, dev eyyudral 61 n MNIBAvOTNTA CPANJIATOG MOU AVTICTOIXEl OTN
METAdO0N EVOG OUYKEKPIUEVOU UNVUUATOC M (KAl, EMOPEVWG, UIAG
OUYKEKPINEVNG KWBIKNAG AEENG x™(m)) Ba eivar < 2e.

@ Edv Béloupue va diacpaiicoupe Uikpr nMBavotnta CPAAUATOG YId
kdBe kwdIKA AEEN (kal, dpa, yia KABe UrRvUuQ) JNopoUlE VA agal-
PECOULE TIG HICEG XEIPOTEPEG KWIIKEG AEEEIG ToU KWDIKA (dnNAadr
16 2™~ 1 kwdikég AéEeig e T ueyalUTepn MBavaTnTa OPAAUATOC).

@ Aedopévou ot N uéon niBavotnta opdnuarog eival < 2¢, n
MEYIOTN MIBavATNTA OPANUATOG TWV JICWV KAAUTEPWV” AEEEWV Mou
anopévouv de Ba unepBaivel 1o 4e.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

Anodeifn ©ewpnuarog Kwdikoroinong Kavaiiou (14)
Eridoyny BIBAiou kwdikwv (ITTI)

@ O véog kwdikag éxel 271 kwdikég Aéteig kal, dpa, pubud R =
R— % MNa peydAa n, n anwieia pubuou petddoong eival aueAntéal.

@ Enopévwg, deitape on ynopoupe va enmuxoupe onolodnnore
PUBUO petddoong rnou dev uniepBaivel TN XwENTKOTNTA Kal, Tau-
TOXPOVA, N PEYIOTN NMIBAVATNTA CPAAIATOG () < 4e.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou (EuBu) — Avakepalaiwon

lNa va anodeifoupue To Oewpnua Kwdikonoinong Kavaiiou

@ Anuioupynoaue 6Aoug Toug MiBavous KWIIKES (BIBANA KwIIKwV) e KwI-
KEG AEEEIG HEYANOU WUNKOUG 1.

@ H dnuioupyia Twv KwdIKOV AéEewv éyive e Bdon v karavour p*(x) nou
peyioronolei v I(X; Y).

@ Kpamoape tov kaAUtepo and Toug Tuxaioug kwdikeg C* (Tov KOBIKA oTov
onoio avricToixei N HIKpdTEPN PHECN MIBAVATNTA CPAAUATOR).

@ Aeitaue 41, yia apkoUuvIwg PeYAAa JNKN KWIIKWV Aéfewv n, edv R <
I(X; Y), n mBavdinta n akohouBia €Eddou va unv eival Tunikg Je
petadobeica kwdikr AEEN 1) va eival TUMIKR e KWIIKA AEEN SIaQOPETIKN
and aut nou petadodBnke teivel oto 0. Enopévwg, n yéon meavomnta
oPAANUATOG Jnopei va neplopiotei auBaipeta kovtd oto 0.

@ Me tpononoinon Tou KwdIKa (Kal auBaipeTta UK AnwAeia puBuou Je-
1ado0ong) deikape On Oxi yOvo N PEON, aN\A Kal N PEYIoTN mBavornta
oPAANUATOG Jnopei va neploploTei auBaiperta kovtd oro O.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou (EuBuy) — IxoNa

@ H dnuioupyia Tuxainwv kwdikwv odnyei yev ce (uia) anddeign Tou
€uBéog Tou Oewpnuarog Kwdikonoinong KavanioU, aA\d dev aro-
TeAei NpakTkd TPOMO PeTddoong.

@ [Mpdkerral yia pia anddeign unaping (existence proof). Aev eivail
KATAOKEUAOTIKA anddeign (constructive proof).

@ H dnuioupyia Tou KWdIKA, Av KAl MOAUMNAOKN, UMOPEi va yivel pia
@opaG urnoBéroviag &1 o nivakag JETERacng Tou kavaNiol p(y|x)
dev aN\dlel.

@ lMaparmpnorte oém o BEATIOTOC KWIIKAG unopei va BpeBei and tov
rnound kal and 1o déktn avetdpTnra, Xxwpic cuvevvonon, edv yvw-
piCouv kal ol dUo ToV Nivaka PETABACNG KAVAAIOU Kal av dnuioup-
yAGouvV SA0UG Toug MIBavoug KWIKES (KAl KOATHCOUV TOV KAAUTEDO
and dnoyn eAAxiIoTnG MiBavotNTag GPAAMIATOG).
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou (EuBu) — IxdNa (2)

@ Me xpnion g avicoémtag Markov pnopei va anodeixtel KAt akoua
nio 1Ioxupod: N enapkws JEYANO N, évag TUXAioG KWDIKAG MouU Ka-
TackeudleTal Ue ToV TPOMOo Mou MPoAvVAPEPAE UNOPEl va eMTUXE!
auBaipeta uikpr nBavétnta cpdiuarog oxedov BERala (deire, n.x.
R. W. Yeung, A First Course in Information Theory).

@ AnAadn, de xpeidletal va eridiouue OAOUG ToUG KWIIKEG Kal va
dlanéfoupe évav KalNd. APKel va KartaokeuAooule Tuxaia évav
kwdika (pUOIKA To n Ba Npénel va eival MoAU ueyAio).

@ Xdpn o10 VOUO TwV PeYAAWV apIBU®V, N enKAAUYN Twv Und Cuv-
BrAKN TUMIKWV AKOAOUBIWV ﬁ(n) (Y™x™(m)) apxiCel ka yiverar ape-
ANT€Q KABWC To N au&dvel (apKei va un XpNoIUoMNoINCoUNE NeEPIo-
odrepec and ~ 2™ kwdikég AéEeld).
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou (EuBu) — IxéNa (3)

@ Maparmnpriore ém (oxeddv OAeG) ol kwdIkEG AéEeig x™ (m) (Ta olp-
BoAa TwV oroiwv akohouBouv katavopr p*(x)) eival Tunikég.

101

@ Aurtdg eival évag and toug AOyoug yia TOUG ornoioug anAoi” KWIIKEG
(6nwg, yia napdadelyua, o KWAIKAG enavAAnng) dev eival KaAo.

@ lMaparnprore, eniong, o1, yia évav eEwTepikd NapamenTr nou de
yvwpilel Ta Opia Twv KwIIKWY AéEewV, Ta CUUBOAA Mou eicépxovTal
o10 KavAN @aivovral ii.d. pe karavour p(x). Qoréoo, yia Tov aro-
KwdIkoroIiNT Mou yvwpilel Ta Opid Twv AéEewv Ta cUPBoAa dev eival
Tuxaia, yiat avikouv oe pia and 2R Aékeig Tou BINOU KwdiKwV.
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Elcaywyn kai Opiopoi
AnddeiEn euBéog (eiktol) pe xprion Ané Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AnédeiEn acBevoug avniotpd@ou pe xprion Avicdémrag Fano

©ewpnua Kwdikonoinong KavaAiou (EuBu) — IxéNa (4)

@ To onuavtikétepo NPdBANUAa BEiokeTal oTnV anokwdikonoinon, Kabwg o
APIBUSG TWV KWIIKWV AEEEWV Twv onoiwv N and KoIvou TUMIKOTNTA JE TV
y" Ba npénel va eheyxBei auEavel ekBeTIKA e To N.

@ To npdBANUAa autd Napapével akdpa kal étav n anokwdikonoinon yiveral
He xprion AANwV Kpitnpiwv (n.x. avixveuon Méyiotng MBeavogpdaveiag).

@ H eniteufn puBUWV HETABOONG KOVTA GTN XWwENTIKOTNTA TOU KAVOAIoU JE U-
AOMoINCINOUG TPOMNOUG anoTeAei avTikeiuevo TG Oewpiag Kwdikonoinong.
IAUEPA, UNAPXOoUV NEPIMTWOEIG KAVANWY KAl anaimcewy o€ nmiBavornTa
OPANUATOC VIA TIG OMoiEG N METAdOON KOVIA OTn XwenTIKATNTA €ival eQl-
KT} Je noAunAokAOTNTa rMou dev eival anayopeuTikr) yia TNV uAonoinon Twv
KwdIKoMmoINTWV Kai Twv anokwdikornointwv (n.x. Turbo Codes/LDPC). ‘Evag
AOyog xdpn oTov ornoio eival eQIKT) N Kwdikoroinon/anokwdikornoinon
eival o1 ol KWIIKEG NoU XpNnoiJonolouvral eival YoaQuUIKOI.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

Anodelfn acBevoug aviioTPOPouU We xprion Avicdtntag Fano

o H I3i1otnta And Koivou Acupmmwrikng loodiauépiong (Joint AEP)

e To ©ewpnua Kwdikonoinong Kavaiiou

@ Anodeitn acBevoug avTioTpo@ou Ue xprnon Avicdtntag Fano
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

I(X™Y") < nC

©a anodeitoupe, Kar apxdg, o, yia Alakpird Kavdiia Xwpig MvrAun, n
MANPOPOPICKN XWENTIKATNTA avA Xpron Tou Kavaiiou dev autavel edv 1o
KavAN xpnolponoinBei wg kavah yivopévou. Aniadn, I(X™; Y™) < nC yia
onoiadnrote p(x). énou C = maxy(, I(X;Y).

I(X™Y") = H(Y") — H(Y"|X") = H ZH Yi|Yy,. .., Yo, X") =
@ u ZH (vi[xq) Z (Yi)—ZH(Yi\Xf)

= ZI(Xi; Y;) < nC.
i=1

(a) To kavaN dev éxel pvrun kai de xpnoiyonoieital avadpaon. (b) H and
kolvou evrporia dev unepBaivel 1o ABPOICUA TWV EVIPOMIWV.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

Avicdtnta Fano

@ TNa mv anddeifn Tou avrioTpdPou Tou Oewpnuarog Kwdikornoinong
KavahioU B8a xpnoiponoirjcoupue v Avicdtnta Fano.

o Eidape 41, yia kéBe exnunmy 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 Bewpricoupe Aiakpird Kavdh Xwpig MvAun pe BIBAo Kwdikwv
C kai opoiduopga karaveunuéva unviuara M,

H(M|M) < 1+ PR, énou PV = Pr{M + I}.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong Kavahiou —
Anédelfn acBevouc aviioTpOPouU

@ Oa deifoupe 4, yia kdBe kwdika (27, n) pe MM 0, npénel
va ioxvel R < C. Aedopuévou ot AW 5 0 kal n uéon niBavdmnra
OPAANUATOC Pén) — 0.

@ ‘Eotw 61 0 déktng anogaoilel nolia akohouBia petaddBnke pe Baon
kdrola cuvdaptnon anokwdikoroinong M = g(Y™). loxtet M —
X"(M) = Y™ = M.

@ 'EocTw, eniong, 4T TO Urvuld Nou OTEAVETAI OTO KAVANI EMIAEYETAI e
BAon ouoIdPOEPN KATAVOUr) OTO CUVONO TWV nleovwv MNVURATWV
{1,2,...,2™}. Enopévwe, Pr{M # M} = P = o i At
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong Kavahiou —
Anédelfn acBevoug aviicTpdPou (2)

@ Luvenwg,

—

a . . (9 .
nR'Y H() Y 1 51) + H(M|B) < 1(M; 81) + 1+ PSVnR

d) n) (e) (n)
< I(XM YY) 4+ 1+ PR < nC+ 1+ PYVnR.
(a) M opoiduopen T.4., (b) oxéon apoiBaiag Mnpogopiag —

eviporiag, (¢) aviodra Fano, (d) avicémnra enetepyaciag dedo-
pévav, (e) I(X™; Y™) < nC.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong KavaAiou
Anédeitn acBevoug avriotpd@ou (3)

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

@ And v undBeon ot AW s 0, Pén)R — Ovyian — 0o. Enopévwg,
yla n — oo,
R < C.
@ AUvovtag wg Npog Pen), Pen) >1- % — % Luvenwg, edv R > C,
Pén) > 0 yian — oo.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong KavaAiou
Anédeitn acBevoug aviictpo@ou (4)

@ To anoréhecua autd ovopdletal acBevéC avTicTPOPO Tou Oew-
pruarog Kwdikonoinong Kavaiiou. AnodeikvueTal Ioxupd aviictpo-

()

@0) 61, edv R > C, Pe ' — 1 ekBeTKA.

@ Yuvenwg, N xwpentkdtnta kavahioU C anotelei uia noAd cagn dia-
XWPEIOTIKA ypoauur: ‘Otav R < C n niBavdTa o@AAUaTog Teivel
ekBetikd oro 0. AviiBera, étav R > C, n niBavéTta opdAuarog
Teivel ekBetikd oto 1.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong KavaAiou
EvaAakTikry anédelifn acBevoug avrioTpo@ou

@ ©a anodeitouue Eava 1o AvTiIoTPOPO PE Wia JIKE NAapalAayr oTn
xpnon 1ng avicdémrag Fano.

@ H anddeign aum eival mio yevikn. ‘Onwg 8a douue cuvroua, urnopei
VA EQAPUOCTEI KAl GTNV NEPINTWOoN MNoU Xpnaolgonoleital avadpaon.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong KavaAiou
EvaAlakTikry anédeifn acBevoug avriotpo@ou (2)

o Enedi M — X“(M) — Y™ — M,
H(M|Y™) < H(M|M).
@ Eniong, and v avicémra Fano,
H(M|M) < 1+ PR, énou PV = Pr{M + I1}.

@ YnoBértovrag, kai NdA, o1 Ta nvuuata M akoAouBoUv ouoIiduopdn
Karavourj,

nR = H(M) < 1(M; Y") + H(M|Y™)

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

(a) Ixéon eviponiag-apoiBaiag NAnpogopiag, (b) avicdmra Fano.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong KavaAiou
EvaAlakTikry anédeign acBevoug avriorpdpou (3)

nR < I(M;Y") + 1+ P{"nR

n

O3S 1M vy + 1+ POnR
i=1

(@) & .

<> M YT Y) 41 +P{VnR
i=1

(e .
< Y 16, M, Y'Y ) + 1+ P{YnR
i=1

-~

(¢) kavévag aruoidag, (d)
IM,YTLY) =YL 7)) +I(M; YR YT, (e) X; = f(M, Y1)
(loxUel akdpa kal dtav xpnoluonoleiral avadpaon).
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong KavaAiou
EvaAakTikry anédelign acBevoug avriotpd@ou (4)

Z (X, M, Y"YY) + 1+ P{VnR

=

Z (X:Y) + 1+ PR

C+1+P(n)nR:n<C+l+P(n)>
e n e

(f) Xi = f(M, Y1) kai To kavaN Sev éxel uvAun, ondre
(M, Y"1 = X; — V5
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

©ewpnua Kwdikonoinong KavaAiou
EvaAakTikry anédeign acBevoug avriotpod@ou (5)

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

@ lMapampnorte o1 dev anayopéPaue ™ xprnon avadpaong otov
kwdika (nepioocdtepa cuviopa). Autd onuaivel om, oe éva Ka-
VAN XWPEIG MVAMN, akdua Kal av JnopoUle va XpNnoIUonoioouue
avdadpaon, n xwenTmkdoTa dev autdvel (NepIccOTEPA GUVTOUQ).
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

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

@ XNV anddelfn Tou acBevouc aviioTpOQOU HE XPron TNG avicATNTAG
Fano unoBéoape 1 M ~ Unif [0, 2™ — 1].

@ MANwg autd onuaivel 1l To aviicTPOPO IoXUE! UOVO YIA KWIIKEG
Snou OAeg ol KWDIKEG AEEeIg eival iIconiBaveg;

@ ‘Oxi (autd eival éva Aermd onueio). ©uunBeite o1 N xweENTKOTTA
IooUTal E TO PEYIOTO ePIKTO puBuod uetddoong. O puBudg petddo-
ong 1ooural pe log M/ n.

@ Anhadn, yia va deifoupe 6T 0 puBuOG LETAdOONG eVOG KWIIKA
eival R apkei va anodeitoupe 61 undpxel KwdIKag pe 2™ kwdikég
AEELEIG TOV OMoio JNoPOoULE VA XPNOIUOMOINCOUE KAl VA EMITUXOUUE
P o,

@ la va deitoupe om N xwpenTkotNTa evdg kavahiou eival C npénel va
Seikoupe 61 dev undpxel KWIIKAG UAKOUG N UE NeEPICCOTEPES and
21C kwdIkéC AEEEIC.
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Eicaywyrj kai Opiopoi
AndSeiEn euBéog (e@iktou) pe xprion And Koivou Tunikémrag

To ©ewpnia Kwdikonoinong Kavahioy AndSeign acbevoug aviiorpdgou pe xpron Avioémrag Fano

Mari xpnoiponoioupe M ~ Unif [0, PR _ 1; @

@ H niBavdrnra pe v onoia o XpHoTnG Tou KWAIKA OTEAVEI KABE KwI-
K AéEn e pag apopd (Touldxiotov dcov apopd TV anddeign Tou
avriorpdgou). Epeic BéNoupe pdvo va karackeudooupe 2™ kwdi-
KEG AEEelg TIG onoieg va unopei va diakpivel o SéKTNG e auBaipera
MIKEr MBavAoTNTa CPAANUATOC,.

@ Henhoyn M ~ Unif [0, QnR _ 1] yiveral anAwg Kail ovo yiar uag
BoAeUel otnv anddeign Tou avricTPOPOouU.
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