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Fevikég NMAnpogopieg

@ AIdAokwv: AnuATENG - ANéEavdpoc Touunakdpng.
dtouba@upatras.gr

@ lpageio: 20¢ dépopog Néag Mépuyag. TnA: 2610-99-6468.

@ YKkondg Tou paBnuarog: Eupdtuvon oe Béuara @ewpiag MAnpogo-
piag, yeyaAUtepn PJaBnUATKr) auoTnEdTNTa, €Icaywyr ot ©ewpia
M\npopopiag AIKTUWV.

@ Eidikdrepa, otdxol Tou JaBhiuaTog eivai:

o Na eupaBivel oe évvoleg/anotehécuara NG Oewpiag MAnpogo-
piag Nou NapoucIAcTNKav oTo udanua “"@ewpia MAnpogopiag” .

o Na napoucidoel i anodeiteig kanolwv and autd Ta anoTeEAECUATA.

o Na enekraBei ota kavdNia noMwv xpnotwv (Network Information
Theory) kai, edv o xpdvog 10 enmpéel, oe Oewpia
PuBuouU-Napaudppwoncg (Rate Distortion Theory) ri/kai MoAurnio-
KOTNTA Katd Kolmogorov.
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Fevikég NMAnpogopiecg (2)

@ [MpoanamoUueves yVwoelG:
o Oewpia MBavotATWV Kal APXEG LUVOUAOTIKAG
e Mvwon NG UANG Tou paBnuarog "Oewpia MAnpogopiag” (Mnv NG
BOewpiag Kwdikornoinong) f didBeon yia ekudénon NG kard ) di-
dpkela Twv NPWTwV eBOouAdwy diIdacKaNiag.
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Fevikég NMAnpogopiecg (2)

@ Mapaddoeic: Tpitn 3:15 — 6 .., EET. 3 45Nenra napaddoewy kai 2
15A\enta diaieiyuara.

@ ‘Qpec ypageiou: Tetdpmn 11 Ny, = 1 ., Néunm 11 Ay, = 12 .
1 karoniv cuvevvonong.

@ lMapakahw ypagreite oto eclass (EE728) yia va AapBdverte 11 ava-
KOIVWOEIG OXETIKA JE TO udBnua.

@ Tpdnog etéraong:

e ‘Idiog T1pdnog eEETaong yia NPOMTUXIAKOUG KAl UETAMTUXIAKOUG Ol

rég.
e louviog 2013: Mpanr TeNKr) €§€Taon, avoixtd BIBAIA KAl CNUEINCEIG,.
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BiBAia/Xuyypdupara

@ To udenua Ba Baciotei oe peydho BaBud oto BiBAo Twv T. Cover &
J. Thomas, Elements of Information Theory, 2nd Ed., Wiley 2006.

@ ‘Eva avrituno 1ng 1ng ékdoong kai éva avrituno NG 2nG ékdoong
Tou BIBAiou Twv Cover & Thomas Ba napapével ot BIBMNoBKN (de
daveilerar). Eniong, 1o BIBAio Ba diariBetal yia oAydwpo daveioud
and 1o diddokovra.

@ ITig dlaAételg Ba xpnoiuonoinBouv dIapAveleg.
@ AvrioToixia paBrjuarog - BiBAiou Cover & Thomas (2n ékdoon).

o Evrponia kai Kwdikonoinon Mnyng. Kepdiaia 2, 3, 4 kai 5.

o XwpnTkdtta kal Kwdikornoinon Kavahiou. Kepdiaia 7, 8 kai 9.
©ewpia NMnpogopiag AikTuwv kai Karavepunuévn Kwdikonoinon Mn-
yNG. Kepdhaio 15.

Bewpia PuBuou-NMapapdppwong. Kepdiaio 10.
MoAurAokdTNTa Katd Kolmogorov. Kepdhiaio 14.
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BiBAia/Xuyypdupara (2)

o Na mg diapdveleg éxel xpnoiuonoinBei, eniong, To BIBAN0O Twv A.

El Gamal & Y.-H. Kim, Network Information Theory, Cambridge
University Press, 2012.

@ Mianpoyevéotepn ékdoon eivaidiaBéoiuncrohttp: //circuit.
ucsd.edu/~yhk/lnit.html.

@ [Mpdkerral yia éva noAU Koo BIBAIO nou nepléxel TIG TeAeuTaieg ete-
N&eig otn ©ewpia Mnpogopiag. Qotdco, eival mio dUckoho and
10 BIBAIO Twv Cover & Thomas, apoU okonog Tou TEAeUTaiou eival
va anoteAéacel dIBAKTKS CUyyPaPHA.
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BiBAia/Xuyypdupara (3)

@ R. G. Gdllager, Information Theory and Reliable Communication.
lotopikd BIBAIo. Kahunrel Niydtepecg NAeUpEG TNG ©ewpiag MNMAnpo-
@opiag oe oxéon e 1o BiBAo Twv Cover & Thomas, ald unel-
OEpXeTal o€ Peyalutepo BABog. ‘Emiong, kaAUMTel Kal UEPOG TNG
Bewpiag Kwdikonoinong.

@ D. McKay, Information Theory, Inference, and Learning Algorithms,
Cambridge University Press, 2003. AiariBetal dwpedv o1o Aladiktuo
apkei va pnv 1o Tunwoete.  Aivel apketd napadeiyuara. Eniong,
EMIKEVIPWVETAI APKETA OTN ©ewpia Kwdikonoinong, KaBwg Kai 6TV
etaywyn ocuunepacpdrwy (inference).
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BiBAia/Xuyypduuara (4)

@ D. Tse & P. Viswanath, Fundamentals of Wireless Communication,
Cambridge University Press, 2005. Aev eivail BiBANio @ewpiag MAn-
pogopiag. Qordco, avapépeTal CUXVA GE anoTeAécuaTa NG Oe-
wpiag NMnpoeopiag kal nepiéxel evilapépouces culnTNoeEIS yia
B8éuara nou anrovral Twv AcUpuaTwy YUSTNUATWY TNAEMIKOIVWVIWV.
AiariBeral kal autd dwpedv o1o AIadIKTUO. EKTUMWOIUO APXEID).

@ 'Evag nio nArpng katdioyog BiBNoypagiag divetal oto DUANGDIO 2.
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YUVvOEGCOI O€ NapouoIla JaBAUAaTa AAAWVY MAVENIOTNHIWY

@ Stanford University: EE 376A/B/Stat 376A/B: Information Theory.
http://www.stanford.edu/class/ee376akaee376b.

@ Stanford University: EE 478: Network Information Theory
http://eeclass.stanford.edu/eed478/

@ University of Minnesota: EES581: Information Theory and Coding
http://www.ece.umn.edu/users/nihar/ee5581_fall05/index.
html

@ UIUC: ECE 563, Information Theory
http://courses.ece.uiuc.edu/ece563/

@ Hebrew University, Information Theory of Wideband Communication Systems
(67891)
http://www.cs.huji.ac.il/~dporrat/WidebandCourse.html

@ Brown University, AM 193/272/IT3: Information Theory I/II/Ill
http://www.dam.brown.edu/people/yiannis/IT1/index.html
yiannis/272/index.html, yiannis/IT3/index.html

@ [MoAurexveio Kontng, THA 412, ©ewpia NMAnpneopiag kal Kwdikwy,
http://www.telecom.tuc.gr/courses/teldl12/.
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YANn Maenuarog

@ EnavaAnyn Baoikwv Evvoiwv/Anotehecudiwv Tou pabnuarog “Qewpia
Mnpopopiac” (7ou etaurivou).

@ 3161Ta Acupunmwikig loodiauépiong (AEP). H evrponia eival o BéAtioTog
PUBUOG cupnieong. Kwdikonoinon otaBepou Kal JETABANTOU UNKoug (ne-
PIANMTIKA, BewPwVTIag YVWOoTd Ta nepi Kwdikwv Mou avapeépBnkav oTn
“"©ewpia NM\npogopiag”).

@ Xwpnmkdmra Kavahiou. 18idtta And Koivou Acuummwrikig loodiauépiong
(Joint AEP). ©ewpnua XwpnTkdtntag Kavahiou yia Alakpitd Kavahia Xwpig
MvnAun (anddeiEn).

@ Yuvexeic T.u. Alagopikr Eviponia. Xwpnrkdotnta Mkaouoiavou Kavahiou.
MapdMnAa lNkaouciavd Kavahia. Nkaouoiavé kavdah pe avadpaon.

@ Kavdaha MoMwv Xpnotwv: Kavdah MoAraning Mpdopaong (MAC), Ka-
VAN Eupueknounng (BC), Kavan Metaywyng (Relay), Kavan MNapeuBorwv
(Interference). Karaveunuévn cuunieon kal @ewpnua Slepian-Wolf.

@ Edv npoAdBoupue: ©ewpia PuBuou-MNapapdppwong (Rate Distortion The-
ory) ri/kai MoAunAokdTNTa Katd Kolmogorov.
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Mepiexdpeva onuepivou uabrnuarog

o Eicaywyn otn ©ewpia NMA\npogopiag

9 Mpoeniokénnon Maerjuarog
@ 1816TNTa Acuummwrikng loodiapépiong (AEP)
@ Xwpntkdtnta Kavahiou kar Ané Koivou (Joint) AEP
@ Ocewpia MNMAnpopopiag Aituwv (Network Information Theory)

e H I3iotnTa Acupunmwrikng lcodiapépiong (AEP)
@ Eicaywyn
@ O AoBevrc Nopog Twv MeydAwv ApiBuwv
@ O loxupdg Nopog Twv MeydAwv ApiBuwv
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AvtioToixia onuepiviig dIAAeENG
pe BIBAia Cover & Thomas kai Gallager

@ BiBAio Cover & Thomas (2n ékdoon): Keo. 1, Keo. 3.
@ BiBAio Gallager: Ke. 1

Anprtpng-ANéEavdpog Toupnakdpng Npoxwpnuéva ©éuara Ocwpiag MAnpogopiag - 1n SIGAeEn 12/ 56



Eicaywyr} om ©cwpia NMAnpogopiag

Eicaywyn otn ©ewpia NMAnpogpopiag

@ ©ewpia NMAnpogopiag: Mia yevikn kai Kar eEoxnv uaénuarikr} Be-
wpia.

@ OepeNwmg NG Bewpeital o Claude Shannon.

@ =ekivnoe pe okond va karavonBoUv Ta Yuotiuara Enkoivwviov
(Claude Shannon, ‘A mathematical theory of communication,”
The Bell System Technical Journal, 1948).

@ Qo1600, eival Jia apkeTd yevikr Bewpia e eupu nedio epapuUoyng

TnAenikoivwvieg

©ewpia MBavomTwv (EKTiUNoN/ENeYXOG UNoBECEWV)
Y1amoTikn (€€aywyr) CUPNEPACUATWY)
OIkovouIka/Xpnuamotmpio/T{dyog

Erictun YnoAoyiotv (ARyopiBuIkr MoAuUnAoKkSTNTA)
YramoTikry Quoikr) (©epuoduUVAIKn)

K.Q.
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Eicaywyr} om ©cwpia NMAnpogopiag

Eicaywyn otn ©ewpia NMAnpogpopiag (2)

@ H ©ewpia NMAnpogopiag anavid ce dUo BACIKA epwTnuaTa TNG
BOewpiag Enkovwviov:
1. Moia eival n yéyiom duvarm cuunieon Twv dedouévwy PIag NNyNg:
— H eviponia (entropy) H.
2. Molog eival o yéyiotog puBuodg enikoivwviag (rate of communica-
tion) dia péoou evdg kavahiou; — H xwpnTikétnta (capacity) C.

@ QoT1600, €xel CNUAVTIKA CUVEICPOPA GE NMOAG AANA MPoBARuaTa
Kal avTIKeiueva, Onwg npoavapePBnKe.

oA A

Claude Shannon, 1916-2001
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

Mpoeniokonnon JaBnuaTog

9 Mpoeniokénnon Maerjuarog
@ 1816TNTa Acuummwrikng loodiapépiong (AEP)
@ Xwpntkdtnta Kavahiou kar Ané Koivou (Joint) AEP
@ Ocewpia MNMAnpopopiag Aituwv (Network Information Theory)
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

Eviponia, AuoiBaia NMAnpogopia, tuunieon

@ Mia tuxdia petaBAnT ), yevikotepa, uia Tuxaia d1adikacia (CTOXAGTIKNA
avéNiEn — random process) xapaktpiletal and éva dplo NOAUNAOKOTNTAG
(evrponia) kdTw and 1o onoio dev eival dSuvardv va CUPNIECTE.

@ 1316TNTeg evrponiag, OXETKNG eviponiag, auoiBaiag ninpo@opiag (ena-
vAAnyn anoé 1o udbnua "©ewpia MAnpopopiag™)

@ Aviodtnra Fano: Xprioiun otnv anddeign Tou ©ewpnuartog Kwdikonoinong
KavahioU (20 ©ewpnua Shannon). Yuvdéel Tnv miBavotnta OPAAUATOG
oTNV eKTiuNon JIag 1.4. X Pe Baon napampenon T.u. Y pe n deoueunévn
eviponia H(X|Y).

@ 15161nTa Acuurmwikng loodiapépiong (Asymptotic Equipartition Property
- AEP). Ava@épbnke oto pdenua "©ewpia MNMAnpopopiag™ Ba v ete-
TACOUNE e hueyalUtepn Aermouépela ota MNpoxwpnuéva ©éuara.

@ Oewpnua Kwdikonoinong MNMnyng: Mnopouue va cupniécouue Ta oUuBo-
Aa epyodIKNG MNYNG e andotaon 1o noAU 1 bit and v eviponia kal oe
Kauia nepinmwon pe ANiyétepa bits and v eviponia (ektdg av dextolue
anwAeia NAnpo@opiag). @a 1o anodeifouue (yia MNYEG XWPEIG PUVAMND.
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1816m1a Acupniwnikig loodiapépiong (AEP)
Mpoeniokdénnon Mabrjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

IB16TNTa ACUNMTWTIKNAG loodiauépiong (AEP)

@ O Ndéuog 1wv Meydhwv ApiBuwy (law of large numbers) otn ©ewpia
MAnpo@opiag, Tou onoiou anoteAei enavadiaTunwon.

@ AEP (yia avetdptnreg, odoiwg karaveunuéveg (.i.d.) 1.u.): Kabwg

, . , 1 1 ,
T Teivel oto dnelpo, n noodnta = log ————— Teivel otnv
© n Teivel oto dneipo, N noodmia ; log Sreo —=- Teivel om

eviponia H. Enopévwg, p(X1, Xa, . .., X,) — 27,
@ XwpIoudg akoAouBiwy PAKoUug n o€ dUo CUVOAQ:
o Tuniké (typical) (kaBe akohouBia Tou onoiou éxel mBavéTa ~ 2~ )

Kal
@ [N Tunikd (non-typical) (OAeg oI UNGAOINES AKOAOUBIEG).
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1816m1a Acupniwnikig loodiapépiong (AEP)
Mpoeniokdénnon Mabrjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

Id16TNTa AcupnTwTIKNG loodiauépiong (AEP) (2)

@ ©a anodeitoupe o1 To ABPOICUA TWV MNIBAVOTATWY TWV TUMIKWY AKO-
AouBIwv Teivel o1o 1 KaBwg To n Teivel oTo ANeIPo Kal OT TO TUMIKS

oUvolo nepiéxel ~ 2™ Tunikég akohouBiec.

@ Enouévwg, unopoupe va aocxoAnBouue Jovo UE TIG TUMIKESG QKO-
AouBieg. KaBwg 1o UNKOG Toug, n, JeyaAwvel, n mbavémra va
EMPAVIOTE! N TUMIKA akoAouBia Teivel oto 0.

@ ©a anodeifoupe 4T e Tov TPdMo autd PrnopouUe va neplypdpouue
TG T.4. X; Je NECO PNKOG Mou Teivel otny evrponia H.
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1516mT1a AcupmiwTikig lcodiapépiong (AEP)

Mpoenmiokénnon Maérjuarog

Id16TNTa AcupnTwTiKNG loodiauépiong (AEP) (3)

n. n
oToIXEia

Mn TUTTIKO
ouvolo

TutTikd ocuvoAo

A" 2" oToixeia
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnukdémra Kavahiol kai Ané Kovol (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

Xwpntikdtnta Kavahiou

@ "TIAnpogopiakdg” Opioudg Xwpentkomrag (information capacity),
CUUUETPIKA KavaNia, napadeiyuara (enavainn).

@ 1316tTa And Koivou Acuunmmwrikig lIcodiauépiong (Joint AEP).

@ "Aerroupyikdg” Opiouds Xwenkdtrag. ©ewpnua Kwdikornoinong
Kavahiou Shannon kal anddeign (yia diakoitd KavaNia XwPIG JvAn).

Xwpenrkdtnta kavaAioU Je avadpaon.
Oewpnua JIAXWPEICHOU KAVAANIOU-MNYNG.

Yuvexeic 1.4. kKal Alagopikry Eviponia.

XwpnTikétnta Nkaouociavou Kavahiou.

Xwpnrkétnrta MapdMnAwv kaouoiavayv Kavahiwv kal *waterfil-
ling”".

@ XwpnTkdtnta kaouoiavou KavaAioU pye avadpaon.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnukdémra Kavahiol kai Ané Kovol (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

Joint AEP

@ Joint AEP: ‘Eotw n avefdptnra, opoiwg karaveunuéva {euyn (X;, Y;) (ol
X; kal Y; dev eival, kar avaykn, avetdptnreg UeTatu Toug).
e KaBwg 1o nreiveloto dneipo, p((Xi, Y1), (Xa, Ya) ..., (Xn, Yn)) —
9—nH(X,Y)
@ Edv ol X; ka1 Y; eival aveEdpmieg e TiG iSIeC MePIBNPIES KATAVOUES e
auTég TwV X; Kal Y;, avriotoixa, 1é1€ N niBavétnta n akoAouBia
(X1, Y1), (Xo, Ya) ..., (Xp, ) va eivai tunikd teivel omy mipr 2~ X5,
@ Eropévwg, n miBavémra pia akodoudia (X1, Y1), (Xa, Ya) . .., (Xn, Yy)
NG onoiag ol X; kal Y; e€ival, otnv npaypankdtnta, avetdpireg va a-
VAKEI OTO TUMIKO OUVOAO aKOAOUBIWV Mou dnuioupyouvTal EMAEYOVTAG TIC
T.J. He BAon Ty and koivol ouvdptnon péiag nidavémrag p(X, Y) (éxi,
anapanwg, ion pe p(X)p(Y)). icodtal, kard npooéyyion, pe 2~ XY),

@ ©Oa xpnolyonoincoupe My 1316TNTa And Koivou AcupmwTikng lcodiauépl-

ong otV anddeiEn Tou Qewpnuarog Kwdikornoinong Kavahiou tou Shan-
non.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnukdémra Kavahiol kai Ané Kovol (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

Joint AEP (2)

4.0

=
N

y 000,000,000,000,000,000,000, 000,000

ALY A4XY) A&

And Koivou Tunikég AkoAouBieg
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnukdémra Kavahiol kai Ané Kovol (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

Mpoeniokonnon MaBrjuarog
YUuvexeig 1.J. Kal N’kaouciavo Kavdan

@ [Mpokeluévou va XapaKTNEICOUE TNV NANPOQOPIA, VA GUUMIECOUUE KAl
va METAdWOOUNE CUVEXEIG T.4. () SIAKPITEG T.U. O€ KAVANIA UE CUVEXEIG
TINEG) opilouue TN Alagopikry Eviponia.

@ Mapdho nou n dlagopikry eviponia dev aviioToixei oe bits MAnpopopiag
MOAd anoteAécpara eival Napouold e TNV NePINTwon JIOKPITWY T.J.,
ANA\G kal e kanoleg dlagopeg (N dIapopIkr eviporia eival OXeTIKA
“MPOBANUATIKA” OTO XEIPIOUS TNG, O€ AvTiIBeEoN PE TV eviporia).

@ To lNkaouciavd Kavdh anotelei éva noAU KaAd JOVIENO yia KavANid rou
anaviouv otn @uon. H ékppaon yia T xwpennkotnTa tou Nkaouoiavou
kavaNioU arnotelei éva and ta ro dIAonUa anoteAEoUaTa NG Oewpiag
MAnpo@opiag.

@ ©a eterdooupue 10 kaouoiavd Kavahl e peyalUtepn Aermopépela an’
4.1 oto pdenua “ewpia MAnpogopiag”

@ ©a anodeifoupe o Oewpnua Kwdikonoinong Kavaiiou yia kaouciava
KavaAia he nnyEeg nou Unokevial Ge NePIoPIoHO I0XUOG.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnukdémra Kavahiol kai Ané Kovol (Joint) AEP
©ewpia NAnpogopiag Aikrinv (Network Information Theory)

YUVEXEIG T.u. Kal Tkaouoiavo Kavah (cuvéxela)

@ ©a eterdooupe TNV Nepintwon énou évag Nounog éxel ot didBe-
on Tou nepiocdtepa and éva avetdptra Nkaouoiavd KavaNia e
Slapopetikd Adyo 1I0xU0G CAUATOG MPOoG 1oXU BopuBou (SNR) kai
dedopévn CUVONIKN I0XU e TNV onoia uropei va Jetadwaoel.

@ ©a anodeitoupe 61 eival BEATICTO VA XPNOILOMOINCOUUE UeyalUTe-
PO MEPOG NG JIABETIUNG IOXUOG OTA KAVAAIA e peydho SNR. An-
Aadn, npénel va JeTadwooupe e HEYAAUTEPO puUBUO oTa "KaAd”
KavANia Kal e PIKpOTEPO (O€ KAMOIEG MEPIMTWOEIC AKOUA KAl Jn-
devikd) o1a "KaKA”.

@ H karavounry, aum, ng 1oxUog (waterfiling’’) Bpiokel oNUAVTIKEG
e@appoyeg orta cuotiuara DSL, kaBwg kal e acUpuata CUCTAUaTa
nou petadidouv oe kavahia he diaieipeig (fading).

@ ©a eferdooupe, eniong, TNV NePINTWon NKAoUCIAVWY KAVANWV e
Eyxpwlo BOPURO Kal TN XwENTIKATNTA TOUG, KABWG Kal Nkaouoiava
kavahia ue avadpaon.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

©ewpia NMnpogopiag Aktuwv (Network Info Theory)

@ Yuothuara pe nepicodtepouc and évav nodnoug f/kal nepiocote-
poug and évav JEKTEG.

@ Néaoroixeia: Mapeppoin (interference), cuvepyaoia (cooperation)
kal avadpaon (feedback).

@ To yevikd npdPAnUa eival eUkolo va ovielornoinBei, aAAd NoAU
dUokoAo va eniluBei. H yevikry AUon Tou npopAriuaTtog dev éxel
Bpebei €wg onuepa.

@ TN yevikn nepintwon avapepduacte, MAEoV, oe
NMePIOXEG XxwENTKOTNTAG (capacity regions) kal Ge NeEPIOXESG PUB-
Mwv uetddoong (rate regions), dedouévou OT, Aoyw NApeUBOADV
KAl CUVEPYAOIAG, O UEYIOTOG PUBUOG UETAdooNG KABe xproT e-
Eaptdral and Toug PuUBUOUG HETAdooNG TwV AANWY XPNoTwV (OTn
YEVIKA nepintwon).
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavaiiou kai Ané Koivod (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

KavaA MoAanAng MpdoBaong (Multiple Access Channel)

@ [MoAMoi XpOTEG MoU enIBUIOUV VA EMIKOIVWVACOUV UE €VA KEVTPIKO
oraBud. Mapddeiyua: Kivnrd tepuarkd npog orabud Baongc.

@ To kKavAAi MOAWY XPNOTWV Mou €xel katavonBei kaAUtepa and ta
ANAa.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

[kaouociavé Kavah MoAaning ModoBaong (Gaussian MAC)

@ Ta 1o kaouciavdé MAC 2 xpnotwv (dnAadry MAC pe lkaouciavd
B86puUBo oT1o0 BEKTN) WE NEPIOPICUOUG IoXUoG P Kal Py kal diacrnopd
BopUBou N oTo JEKTN N Neploxr) xwenTKATNTAG divetal and Tn AUon
TOU NAPAKATW CUVOAOU QVICOTATWY

R <C(2), R <C(B)ka R +Ry < C(BiR),
énou C(x) = 1 log(1 + x).

@ HnoAUnAegn oto xpdvo (TDM) dev eivail BEATIGTN OTN YEVIKA NeEPIMTw-
on! To BEAnioTo eival A1 Ol XPNOTEG VA EKMEPMOUV TAUTOXpovA.
@ ©a doupe, eniong, o1, KABWG 0 APIBUSG TWV XPNOTWV AUEAvel, To
4BpOoIcUA TWV PUBHWY PETAdOONG TOUG Teivel OTO AneIpo.
e MapdAo nou n eicodog véwv xpnoTwy dnuioupyei ennpdcBet na-
PEUBOAN, N 1I0XUG NMou “@épvel” kKdBe vEog xpnoTng odnyei ce auin-
on TNG CUVONIKNAG XwENTIKOTNTAG (010 Tkaousiavd Kavan.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

Kavahl Eupueknounng (Broadcast Channel)

@ ‘Evag kevipikdg o1aBudc nou eniBupei va oteilel (S1apopeTiry) MAN-

poQopia oe NeplccdTepoUs and évav XpNoTeg.
@ Aev éxel kartavonBei MANPWG, ekTOg and eIdIKEG NepIMwoelg (M.x.
lkaoucliavog BOpuBog GToug BEKTEG).

Npoxwpnuéva ©éuara Ocwpiag MAnpogopiag - 1n SIGA€En 28/ 56

Anprtpng-ANéEavdpog Toupnakdpng




151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

[kaouoiavé Kavah Eupueknopnnig (Gaussian BC)

@ ‘Eotw Nkaouoiavo BC 2 xpnotwyv. O dEKTNG eknéunel e 1IoxU P kal otéAvel
SlapopeTika (kal avetdptnra) ynvuuara otoug xpnores. ‘Eotw, eniong, 6t
yia TG Ioxeig (dlacnopég) BopuBou Twv xpnotwv, N7 < No.

@ H nepioxn xwpenmnkdtnrag Tou Mkaouoiavou BC diverar and 1 AJon Twv
QAVICOTATWV

aP (1—a)P
R<C(—)kaR <C|—2),
N aP + Ny

énou C(x) £ %log(l + x) kai 0 < a < 1, avdroya pe v eniBupn

avaloyia puBuwvY PeTddoong.

@ ©a doupe 61 o (adUvauog) XPNOoTNG 2 AnoKwJIKOMOIEl YOvVo TO PuAvVUUA
rnou nNpoopileTal yia autdv, evw o (IKXUPOG) XPNoTNG 1 ANoKwdIKOMOIE KAl
1a VYo unvuuara.

@ ‘Onwg kail yia 10 Tkaouciavd MAC, n MoAUrNAeEn oro xpdvo Sev eival
navrote n BEATIOTN OTPATNYIKN XPAONG TOU KAVANIOU.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

Kavahl Metaywyng (Relay Channel)

Y1:X1

X Y

@ ‘Evag noundg kal évag O€KNG, e eVOIAUECOUC HETAYWYEIS Ol ono-
ol unoBonBouv TNV enikoivwvia (kal de oTéEAvVouv/AauBavouv JIKNA
TOUG MANPOPOpPIa).

@ XTN YEVIKN Nepinmwon, ol JeTaywyeic dev eknéunouy To idlo ornua
pe autd nou AauBavouv.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

[kaouoiavé Kavah Metaywyng (Gaussian RC)

@ ‘Eotw o1 0 noundg eknéunel e IoxU P, evw O JETAYWYEAG EKNEUNE! e
IoxU P;. HioxUg BopUBou oto DEKTN Tou JeTaywyeEa Icoutal he N, evw
oTtoV TENKO &€k pe Na.

@ H xwpnmkdtnra piag kamyopiag Nkaouciavwy RC diveral and tn oxéon

S min{C<P+Pl+2m>,c<aP>}.

0<a<l Nl +N2 Nl

@ Edv P /Ny > P/Nj, 8nhadn o ASyog ORuaTog npog BEpuBo otov TN
OékTn eival yeyaAutepog and 1o Adyo onUATog Npog B86puUBo GTo BEKTN
Tou petaywyéa, anodeikvieral én « = 1 kai C = C(P/Ny). Enopévag,
TO KAVANI LETA TO JeTaywyea "@aiveral” a8dpupo. Mpoooxn: o yeTaywydg
e oréhvel 1o idlo orua Pe autd nou AauBdvel.

@ O 1pdnog hetddoong dev eival Mpo@avng, aAA eival MoAU evilIapEépwV.
Mepioodtepeg Aenmmouépeleg oe Uetayeveotepn JIANEEN.

@ H xwpnmkdTnTa Tou yevikou Nkaouaiavou RC dev eival yvwoTn.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

[kaouociavo Kavah Mapeupoinc (Gaussian Interference
Channel)

Z~N(O.N)

X4 ‘C{ - Y
a
a

X2 ﬂ{ - Y2
ZZNMoaN)

@ K nopnoi kal K dékreg pe diagwvia (crosstalk). O kdBe mounog
B€Nel va oTeilel NAnpo@opia CTOV AvTioToIXO JEKTN XwEIG va evdia-
@EPETAl YIA TNV EMNIKOIVWVIA Twv ANV {euywv. 1o oxnua, K = 2.

@ lMapddelyua: Xuveorpaupéva elyn xalkoU (twisted pairs) mou
Bpiokovral oTo iBlo MAéyua (bundle) KaAwdiwy.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

[kaouoiavo Kavan MapeuBolic (2)

@ H nepioxn xwpenrkdTNTag yia 1o KavaN MNapeupBoAig dev éxel Bpebei
€wg onuepa, akdua kal dtav o Bépupog eival lkaouoiavdg,.

@ [a v nepintwon Ioxupng napePpBoic anodeikvuetal 41 N xwenTi-
koTNTa IcoUTal JE TNV Nepimwon onou dev undpxel NapeUBoAn.

o Hidéa (yia ouppetpikd kavan): Edv C(a?P/(P + N)) > C(P/N),
énou C(x) = %log(l + X) kal @ 0 CUVIEAEOTG MAPEUPRONAG,
0 OEKTNG 2 JNopeil va anokKwdIKOMOINCE! TO UAVUMA Tou Mounoy
1, epdoov, BERaia, yvwpilel 1o BiBAo kwdikwv (codebook) nou
xpnoluorolei o 1.

@ Ernouévwg, ynopei va apaipécel v napeupoAry and 1o Aaupo-
VOUEVO ONUa Kal, OTN CUVEXEIQ, VA AnoKwIIKOMOINGE! TO PAVUPA
TOU nounoU 2 nou npoopileTal yia autov.

@ AKPIBWG Ta idIa IoxUouV Kal yia To déktn 1.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

Kavahl AinArig KareuBuvong (Two-way Channel)

p(yl,yzlx 1,x2)

Yl<7 ‘7Y2

@ AUo oraBuoi ol onoiol eNKOIVWVOUV HECW dUO SIaUAwV.

@ Mapduoio pe 1o Kavah MapeuBoing, ue 1 diagopd ot o noundg 1
ouvdéertal e 1o déktn 1 (kal o noundg 2 cuvdéeral e To SEK 2).

@ Ernouévwg, o noundg 1 yrnopei va xpnoiuonoinoel MAnpogopia a-
nd cUpBoAa nou éxouv AneBei and 1o déktn 1 npiv eknéuel —
avadpaon (feedback).

@ H nepioxn xwpnTkdNTag Tou Kavaiiou AIMAAg KareuBuvong dev
eival yvwoTr oTn YeVvikn nepintwaon.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

[kaouoiavo Kavah Aining KareuBuvong

@ H meploxn xwpenmkotntag oty nepintwon Mkaouciavou Bopupou
eival yvworn.

@ ‘Eotw o1 o noundg 1 kai o noundg 2 petadidouv pe puBud Ry <
C(P1/Ny) kaiRy < C(Py/Ns), avmiotoixwg, 6rou C(x) = 1 log(1+
x) ka1 N1 (N2) o 86puBog rnou npoaTiBeral oto orua Tou fopnoy 1
.

@ O dékng 2 yvwpilel To oAua nou eféneude o noundg 2 Kal, eno-
MEVWG, UNopel va TO apalipecel and To Cnua rnou AauBdvel. Tu-
VENWG, ANOUEVEl VA anoKwIKOMOINCEl TO PAVUPA Tou rnounou 1
napoucia Nkaouciavou Bopupou.

@ AKpPIBWG Ta idia IoxUouv Kail yia To dékm 1.

@ Enouévwg, to Nkaouoiavo Kavah AInAig KarelBuvong diaxwpiletal
oe duo avetdptnra Nkaouciava Kavdania.

@ TN yevikn nepintwon (un Nkaouociavou ©opupou) ol puBuoi etddo-
ong Twv dUo xpnoTwv dev eival avetdptnrol.
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181610 AcupnTaT codiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

Karavepnuévn Xupnieon (Distributed Data Compression)

X . | Kwdikotrointrig Rl o

(Encoder)

ATTOKWJIKOTIOINTAG ( X
b

(X’ 17) (Decoder)
Ry

Y .| Kwdikotrointrig
(Encoder)

‘Eotw 61 n X kai N 'Y ouuniédovral EexwploTtd (n.x. o€ dapopeTKA
onueia) pe okond évag xpnoTng va Jnopei va anokwdIKonoINGeEl KAl TIG
dUo. Moiog eival 0 eAdXIOTOG CUVONKOG PUBUSG, R = Ry + Ry, nou
anarreiral yia va yetadoBei n nAnpo@opia kal Twv dUo MNywv ;
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

Karavepnuévn Lupnieon (2)

@ lNvwpiCoupue o yia va cuuniécoupe pia nnyn X (xwpeic anwieieg)
xpeladpacte puBud Touhdxiotov H(X).

@ lNa va cuprniécoupe and koivou 2 nnyég X kal Y (ue xpron koivou
kwdikoroint), anareital puBudg R > H(X,Y).

@ ©ewpnua Kwdikonoinong Mnyng (Slepian-Wolf): Akdua kai étav n
oupnieon Twv X kai Y yiveral oe dlapopeTikd onueia, apkei R >
H(X,Y)! (kaBwg, eniong, kai R, > H(X|Y) ka1 R, > H(Y|X)).

@ ‘Onwg Ba doupe, uévo o dékg (kal Oxi ol nopnol) xpeldleral va
yvwpilel TIG TUNIKEG aKoAOUBIEG.
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

©ewpia PuBuou-MNapapdppwonc (Rate Distortion Theory)

@ Xe PepIkEG nepimwoelg (n.x. ouvexeig 1.4.) dev eival duvardv va
enireuxBei TEAeIa cuunieon Pe Neplypadn NENEPACKEVOU UNKOUG.

@ Xe Kdanoleg ANeg nepimwoelg (yia napddelyua av dev enapkei n
XWPENTIKOTATA KavaAioU nou diaBéTtoupue) BENOUPE VA CUPNIECOUUE
T.U. Neplocdtepo and Ty eviponia (Cuuniecn Ye anwAeleg — lossy
compression).

@ Mérpo napapdppwong: H andéoraon uiag 1.4. and v avano-
pdaoTach gG.

@ H ©ewpia PuBuou-Napaudppwong anavid oTo epWTNHA:

o Aedopévwv TG KATAVOUNG MIAG T.M. Kal evog UETPoU napaudp-
@WoNG, noia €ival N eAAxXIoT Yeon NApPAudPPwon yia dedouévo
puUBuo cuunieong: ‘H, Icoduvaua,

o Aedopévwy TNG KATAVOUNG MIAG T.J. Kal evOg METPOU NMApaNdppw-
ongG. MNolo €ival To EAAXICTO UECO UAKOG MEPIYPAPNGS Mou anarreiral
MEOKEINEVOU N JECN MAPAUOPPWON VA Jnv uneppei uia dedouévn
TIA;
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

©ewpia PuBuou-MNapapdppwong (2)

@ Evdiagépov anotélecpa: Eival kahUtepa va neplypd@oupe T..
and kolvou napd &exwplotd, akdua kai étav eival avetdpmreg !
@ lewpetpikr eppunveia: Eival mo anodorikd va karavéuoupe dedo-
MEVa onueia oe XWPOoUG JeEYANUITEPWY JIACTACEWV.
e Avaloyia om ocupunieon: Metuxaivouue KaAUtepn cudnieon yia Je-
YAAQ JAKN akoAoUBIWV, akopa kai étav N nnyr dev éxel uvAaun.
o Avaloyia ot perddoon: Im yeviki nepinmwon, yid va JETAdWOoUNE
MeE pUBPOUG KOVTA OTN XWPENTIKOTNTA, XpelaldpacTe KWIIKEG UEYANOU
MNKoug (akdua kal Otav 1o Kavah dev €xel uviun).
@ H ©ewpia PuBuoU-Napaudppwong unopei va epapuootei 1000
o€ ouvexeig oo Kal o€ JIAKPITEG T.|.

@ Eniong, anoteAei cuctankd oroixeio TG HeTadoong o€ KavAAia MoA-
AWV XPNOTWV (M.X. OTO KAVAN JETAYWYNG).
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151610 Acuumwikig loodiapépiong (AEP)
Mpoenmiokénnon Maérjuarog Xwpnnkémra Kavahiot kai Ané Koivou (Joint) AEP
©cwpia Mnpogopiag Aiktiwv (Network Information Theory)

MoAuniokoéTtnta katd Kolmogorov

@ FEidaue 61 n evrponia twv akoAouBIwV nMou napdyel hia nnyr e€ap-
1dral and TNV KAravopr) Toug.

@ Kolmogorov: AAYOPIBUIKA MOAUNAOKOTNTA (Y MOAUMAOKATNTA NEPI-
YPAPNG) eVOC AVTIKEIWEVOU : To UNKOG TOU CUVTOUATEPOU MNPOoYPAU-
MATOG UMOAOYIOTH TO OMoio NEPIYPAPE! TO AVTIKEIUEVO.

@ Aev anarreital n xpron TG KAravoungs ToU avTiKEIuévou |

@ Anodeikvueral om n péon nohuniokotnta kard Kolmogorov twv a-
KoAoUBIWV NMou napdyel Jia Nnyn 1coUtal, Katd Npoceyyion, Je TNV
evrponia 1nG.

@ Inuavtikn napampenon (Kolmogorov): H aAyopIBuIKr MOAUMAOKOTN-
10 dev eEapTaTal and TO CUYKEKPIUEVO UMOAOYIGTH GTOV OMoio TREXE!
10 NPOYPAUUA.
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Elcaywyn
O AcBeviig Népog 1wv Meydawv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

H Idi16tnta Acupnmwtikig lcodiapépiong (AEP)

e H I3iotnTa Acupunmwrikng lcodiapépiong (AEP)
@ Eicaywyn
@ O AoBevrc Nopog Twv MeydAwv ApiBuwv
@ O loxupdg Nopog Twv MeydAwv ApiBuwv
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Eicaywyn
O AcBeviig Népog 1wv Meydawv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

Id16TNTa AcupmTwTIKNG loodiauépiong (AEP) — Eicaywyn

@ Oewpouue UiIa akohouBia avefdpTNTwy, OPOoIWG KATAVEUNUEVWY
(.i.d) diakprwv Tu. X X' = X1, Xo, ..., X

@ H and koivou ocuvdptnon pdalag nmeavomtag (oint pmf) Twv T.4.
nou anotreholv TNV akohouBia icoutal pe p(Xi, Xa, ..., Xn) =

H?:1 p(Xi).
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Eicaywyn
O AcBeviig Népog 1wv Meydawv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

IB16TNTa AcupnTwTIKNG loodiauépiong (AEP) — Eicaywynr (2)

@ Asymptotic Equipartition Property - AEP:
AUEAvoVTag TO JAKOG TNG akoAouBiag,

1
—— lim log p(X3,Xa,...,X,) = — lim flong

n n—oo n—oo n

= g Deertx)
= —FE[log p(X )] = H(X),

and tov AcBevry Néuo Meydhwv ApiBuwv (Weak Law of Large
Numbers).
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Eicaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

Id16TNTa AcupnTwTIKNG loodiauépiong (AEP) — Eicaywyr (3)

@ Ernouévwg, edv oxnuaticoupe Pia akoAouBia MoAU ueydAou urkouc,
n and KolvoU cuvAapTnon Kartavoung pualag nieavornrag 8a

OUYKAIvel Katd nBavatnTta oTny Tiun g —nH(X),

@ ©a anodeifoupe o1 UNAPXoUV NePINou 9nH(X) TETOIEG, TUMIKEG O-
koAouBieg kai 41 To ABpoIcua Twv and KOIVoU CuvapToewy PAlag
MBavotNTAg Toug Npooeyyilel 1o 1.

@ To dBpoicua TwV MIBAVOTATWY TWV UNSAOINWY, UN TUMIKWY, GKOAOU-
BIWV urkoug n teivel oto 0.

@ Enopévwg, unopoupe va KwdIKOMOINCOUUE UOVO TIG TUMIKES OKO-
AouBieg — xpelalduacte (Nepinou) nH bits avri yia n.

Anprtpng-ANéEavdpog Toupnakdpng Npoxwpnuéva ©éuara Ocwpiag MAnpogopiag - 1n SIGAEEN



Eicaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

Id16TNTa AcupnTwTIKNG loodiauépiong (AEP) — Eicaywyry (4)

@ Eneidn n mBavdnta va eugaviotei un Tunikr akoAoubia teivel oto O,
n MBavaTNTa va PNV Jnopoue va KwdIKoMNoINGOUWE TNV akoAouBia
X' ve xprion nH bits teivel oto 0 yia n — oo.

@ ITn yevikn nepimwon, and 1o Nopo twv Meydhwv ApiBuwy, yia

ouvépmon g(x). L 31 | g(x) — E[g(X)] (Typical Average Lem-
ma). To AEP anoteAei epappoyr) Tou Ajuparog pe g(x) = log ﬁ,

@ To AEP anotelei otulhoBATn TNG @ewpiag Minpogopiag.
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Eicaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

Eidn ouykhiong (unevBuuion)

Mia akoArouBia 1.u. X1, Xy, . . . CUyKAivel e pia T.4. X:
1. Kard mBavdinra (in probability) edv, yia kédBe € > 0,
Pr{|X, — X| > ¢} - Ovyian — oo.
2. Kard péon terpaywvikr Tiry (mean square) edv
E[(X, — X)*] — 0.
3. Me niBavénta 1 (| oxeddv BERala) edv
Pr{lim, oo Xp = X} = 1.
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Elcaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

O AoBevng Nouog Twv Meydhwv ApiBuwv

@ ©a anodeitoupe, kar apxdg, Tov AcBevr)y Néuo Twv Meydhwv A-
PIBUWV.

@ ©a xpelacTtoupe, NPWTd, dUo anAég, aAA CNUAVTIKEG avicoTNTEG
NG ©ewpiag MBavomTwy: Tnv avicdtnta Markov kal Tnv avicota
Chebyshev.
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Elcaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

H avicétnta Markov

B Sewpnua 1.1 (avicdnta Markov). Eav X eivai T.u. ue un apvnikeég
TiNEG, yia onolodnnote a > 0,

Pr{X > a} < E[aX].

@ AnddeiEn: ©ewpoupe v 1.4. I nou opiletal wg

I— 1 yuX>a
1 0 aMou
Ene®l X > 0,1 < % Tuvenag, E[I] < @.
Mapampenore, éuwg, 6n E[I] = Pr{X > a}. Enouévwg, npokurrel
10 {nToUpEVO.

Anprtpng-ANéEavdpog Toupnakdpng Npoxwpnuéva ©éuara Ocwpiag MAnpogopiag - 1n SIGA€En 48/ 56



Elcaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

H avicétnta Chebyshev

B Mopiopa 1.2 (aviodinra Chebyshev). Edv X eival 1.u. e nenepa-
opévn Yéon Tiun 4 kal dlacnopd o2, yia onoiodnnore k > 0,

2
o
Pri|X —pl 2 k} < .5

o Anoddeifn: Gewpolpe MV T.u. Y = (X — u)z Kal epapudloupe
v avicdtra Markov pe a = k2. Enopévawg,
E[(X—p? _o*
Pr{(X — p)* > K’} < T e e
AMG Pr{(X — )2 > K2} = Pr{|X — u| > k} (n oxéon eival
1-npog-1). Enopévwg, npokunrel 1o {NTOUUEVO.
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Elcaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

O AoBevng Nouog Twv Meydhwv ApiBuwv

B Scwpnua 1.3 (O AcBevrig Nopog twv Meydhwv ApiBuwv — The
Weak Law of Large Numbers). ‘Ectw pia akoAouBia avegdpmiwv,
oMoIwg karavepnuévwy (.i.d.) T.u. X; ue nenepacuévn néon Tiun,
E[X;] = p. Na onoiodinore € > 0,

er

@ AnddeiEn: ©a anodeitoupe 10 Nopo twv MeydAwv ApIBU®Y yia TNV
nepintwon orou ol T.J. €xouv, eninAéov, Nenepacpévn diacrnopd

2

o°.

EotwnTy. Z = w Mapampoupe 6nE[Z] = . Eniong,

X1 +Xo+ ...+ X,
n

—,UJ‘ZE}—)O, yla n — oo.

Var[Z] = U—nz (anodeitre 10 wG Aoknon).
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Elcaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H I1516mr1a AcupmiwTkig lcodiapépiong (AEP) O loxupég Népog 1wv Meydawv ApiBucv

O AoBevng Nouog Twv Meydhwv ApiBuwy (cuveéxeia)

@ And v avicdtnta Chebyshev,

Var|Z
Pr{]Z—IE[ZHZe}S#i
€
X, + X 4 X 2
Pr{‘ 1+ X+ "—M‘Ze}gaf
n ne

@ YUuvenweg, undpxel ng TET0I0 WOTE, YId N > Ng,
Pr{‘w - u‘ > 6} < ¢ yia onoiodinore § > 0 kal o
oTanonkoG HEcoG 6poG w = % Z?:l X; ouykhivel kara
réavdinra oto oroxaonké péco 6po = E[X].
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Elcaywyn
O AcBeviig Népog 1wv Meydawv ApiBucv
H 181611a Acupntwnkig loodiapépiong (AEP) O loxupdg Népog 1wV Meydrwv ApiBudv

Eicaywyn

B Sewpnua 1.4 (O loxupdg Nopog Twv Meydhwv ApiBuwy). ‘EocTw
pia akoAouBia avetdpTnTtwy, ouoiwg karaveunuévwy (.1.d.) 1.u. X;
pe nenepaocuévn péon tun, E[X;] = . Me mBavémra 1,

X)+Xo+ -+ X
n

— [ yian — oo.

Anhadn,

n—oo n

X +X 4+ -+ X
Pr{lim 1A ¥ + n:,u}zl.

@ ©a tov anodeitoupue (evnUeEPWTIKA) PETA To NOPICUA TNG ENOUEVNS
dlapdveiag.

Anprtpng-ANéEavdpog Toupnakdpng Npoxwpnuéva ©éuara Ocwpiag MAnpogopiag - 1n SIGAEEN



Elcaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H 181611a Acupntwnkig loodiapépiong (AEP) O loxupdg Népog 1wV Meydrwv ApiBudv

O loxupdg Nouog Twv MeydAwv ApiBuwv (CUVEXEIQ)

B MNoépicpa 1.5 Eav N(x; X]') eival o apiBudg Twv eppavicewv g
TUAG X oMy akohouBia XTI, (x; X1) £ M — p(x) pe mba-
vomra 1yian — oo.

@ H noodmra m(x; X]') ovoudleral 1Urog (type) 1 euneipikri méa-
vormnTa ng x.

@ AnAadn, n eunelpikn NBavaTNTa CUYKAIVE! OTn CTOXAGTIKN) MIBAvOoTn-
1a he mBavémra 1.

@ AnodeiEn. ©ewpoupe T.u. B n onoia icoutal ye 1 étav X; = x Kal
0 d1av X; # x. O1 X; évaiii.d., enopévwg kai ol B; eivarii.d. Anéd
ToV 10XUPS VOUO Twv HeyAAwy apiBuwy, Pr {% — IE[B]} = 1.
AMA E[B] = Pr{B = 1} = Pr{X; = x} = p(x).

@ Me napduolo 1pdno unopouue va deifoupe o1 N euneipikn nea-
vOTNTA OUYKAIVEI OTn OTOXAOTIKA MBavétnta kard rmbavormnra (ue
xprion Tou AcBevouc Nouou Twv Meydhwv ApIBUwY).
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Elcaywyn
O AcBeviig Népog 1wv MeydAwv ApiBucv
H 181611a Acupntwnkig loodiapépiong (AEP) O loxupdg Népog 1wV Meydrwv ApiBudv

O loxupog Nouog Twv MeydAwv ApIBuwv — AnddelEn

@ ©ewpouue 4T ol X; €xouv nenepacuévn porn 4ng 1a&ng (Napdho
rnou o loxupdg Nouog Twv MeydAhwv ApIBUwY ICXUE! KAl XWPIG authv
NV napadoxry)

@ H anddeign Bpiokeral, uetatu AMwv, oto BIBNO S. Ross, A first course
in probability, Prentice-Hall.

@ Gewpoupe, apxikd, 61 E[X] = 0.
e Opitoupe MV T.u. Sp = > 1| X;.

@ Ernouévwg,
E[S}] =E[(X; +Xo + -+ Xn)*].

e Eneidr) E[X] = 0 ka1 Adyw NG avetaptnaoiag twv X;, of pévol épol
rou dev Ioouvral pe 0 eivar o E[X}] kar E[X?X7].
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Elcaywyn
O AcBeviig Népog 1wv Meydawv ApiBucv
H 181611a Acupntwnkig loodiapépiong (AEP) O loxupdg Népog 1wV Meydrwv ApiBudv

O loxupog Nouog Twv MeydAwv ApiBuwy — AnddeiEn (2)

MNa dedopéva i Kal j Undapxouv (g) = 6 6pol E[X?X7].
e Enopévuwg, av E[X!] = K,

E[S}] = nE[X{] + 6 (;‘) E[X?X?]
= nK + 3n(n — 1)E[X7]E[X?].
o Eneidn Var(X?) = E[Xx?] — (E[x?))%, (E[x?))* < E[X}] = K.
o suvendq, E[S%] < nK +3n(n— 1)K = E [ﬁ} < K438
o Enouévas, B[00, %] = 02 B[] < o<

4
@ Autd onuaivel o, ye mBavémra 1, Zn 1 i4 < 00 (edv unnpxe un

pndevikn mBavdtnTta To dBpolcua va eival aneipo, Té1e Kal N JUEon
Ty B8a Arav aneipn).
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Elcaywyn
O AcBeviig Népog 1wv Meydawv ApiBucv
H 181611a Acupntwnkig loodiapépiong (AEP) O loxupdg Népog 1wV Meydrwv ApiBudv

O loxupog Nouog Twv MeydAwv ApiBuwy — AnddeiEn (3)

st

e Ma va ioxber Y o2 | ~1 < 00 pe méavémra 1, npénel o N—otog

6pog va teivel oro 0.

@ Enopévwg, pe mBavdmnta 1,

@ ANAG, ov —> 0, 1é1€ Ba Npénel ka1 22 — 0, 10 oroio anodeikvier
TO CnTouuevo.

e Imv nepirmwon 6rou E[X] = u # 0, ynopoUpe va enavardpoupe
mv onééelan yamvru X £ X —p SL X;“ — 0, ondte
Z:l—l n - K
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