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KegpdAiawo 1
FEioaywyn

Towe 0 e0oTOC AWVAUSC VoL YoaxTNEOTE amtd TOUSG 16TOPXOUS TOU UEANOVTOS ¢
o awwvog e IInpogopuxnc xat Twv Emxowvenvidyv. Ytov atwmve autd Slamtotodinxe
wlo porydaior avdTTUEY TOV PECKY XATAYRAPHS, atoVhxeuons, enelepyaotiog xot Ue-
TAOOGTE TWV OEDOPEVLY xADMS XAl TWY GUVAPMY TEY VOAOYLMY ETLXOVWVING OTWE TO
TNAEQWVO, TO padLOYWYO, 1 TNAEdpacT xat Ta dixTua uToloylotwy. Kowde térog
OA®Y AUTWY TV TEYVOROYIX®OY ETITEUYUATWY Elvat 1) axplfrc, Tayela, ao@aihc xot

owxovouLxt atoVAXELCT) XAl UETADOCT], TV TATIPOPORLWY.

‘OAn auth 1 avdnTudn €BWOE TOUG TEQLOGOTEPOUS XUPTOUS UETY TN Madnuatixy Ue-
uehiwon tne évvolac tne mhnpogopiog. Ilpwv To péoa Tou E0GTOL OV, 1) EVvola
N¢ TAnpogopiag HTay xatd BAon apnenuévn ol TOTXT. XUVETWS, OTOLOHTOTE
npoondveld eayWYHS VOUWY ToU BIETOUV TNV TANROQopla Xal TNY EMXOWVLVIA AT
apytxd aduvaTn. Auth 1 aduvauio TocoTixomolnong g évvolag g TAnpogoplaug a-
VTWETOTIOTAXE UE AmOAUTY) ETITUY A YdET OTIC TPWTOTOPIAXES EpYaTieEC Tou Shannon

o7o duTixd ot tou Khinchin 6to avatohixd umiox.

To 1948, ye v epyasia “A Mathematical Theory of Communication” tou Shannon
yevwhinxe wa véa emotnuovixt| tepoyn, n Oewpia tng IIAnpogopiac ¥ Oswpia
IIAnpogpopterv. Xtoyog tng elvar 1 Veuelwon evvoldy xat VEwpNUAT®wY TOU EMTEE-
TOLY TN PadTUaTIXY TEptypapt| Tng daditxactag Tng emxowmwviag. ‘Etot, 1 yetddoon
TANPoYoELY umopel va avadudel ue axpiBeta xat poadnuatixy auoTNEOTNTA, EVK O
€val ETOUEVO PBriua efvat SuVATO VoL OYEBLAGTOLY XAAVTERA GUGTHUTA ETUIXOWVMVIGOV.
H véa Yewplo Bactouévn otn Yewpio mdavothtoy, 1 otatotixh xat Ty dhyefou
umopel VoL amavTAcEL Ue YadNUATIX: QUOTNEOTHTA OF EpMTANNTA ToU oyeTilovTal Ue
) BéNTioTn ouunieon TV SEBOUEVLY, TNV TEQLYLUPT TWV DAUAWY ETIXOWKOVING, TNV

AWOIXOTONOT TWV UNVUUATWY TANPogoplac, T0 pUUUO UETABOONS TWV TANLOPORLWY
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Eyque 1.1: Ydotnua emxovwriag.

oe nepBdiiov YopUou, TV xpunToYEdYNoN X.o.

Av o apyind n Yewplo Tng TANgogoplac anoTéAece TUNUO TNG ETOTAUNG TWY ETXOL-
VOVIOY, and Toh) vepic ot apyEs, ot uedodoloyieg xat ta cuutepdouatd Tng Perxay
EQAPUOYT X OE GANES ETIGTNUOVIXES TiEployES. Evdeuctind, avagepouue 1 Bloroyia,
N Yeveuxt|, T YAwoocoloyla, TN oyedlaoy) UTOAOYIOTIXWY GUOTNUATWY, T1) OloixT-
o1, T Vewpla moyviwy x.a. ‘Etotl, unopolue vo modue ott otig pépeg uag, 1 Vemplo
NG TANEOoYORiag AOYw TNG HOINUATIXNAC TNG AUGTNEOTNTAC X0l TWV YEVIXEUUEVWY

CUUTEQUOUATOY TNG ATOTEAEL VAL YWELOTO XAABO TV Lo NUATIXOV.

Yopgwva ue T Yewplo TAnpogoptwy €va clotnua entxovwviag tepthauPBdver Tov
Topno, to dlavho xat to Oéxty (oyrua 1.1). O mounde anaptiletoar and v TNyH
TAnpogoplac xut Tov xwdononth. H mnyr mopdyet tnv mhnpogopio mou meptypd-
ETAL UE TN YPHOT CLUBOAWY, Ta OTOlo GTT) GUVEYELXL XWOXOTOLOVVTAUL ATO TOV XWOL-
xormonth. To xwodxonomuévo uhvuua doyeteletal 6To dlaulo, o onolog elvar GTNV
ovcia T0 U€co mou mupeUBdAieTar ueTAg) Tou ToUTOL Xt Tou 0€xTh. ‘OTay 1 TATEo-
gopla dlamepvd To dlawho elvar dBuvatd var ahhotwiel Aoyw tne Tapouaiog Yopifou.
Téhog, 1 TAnpogopla hauBdvetar amd Tov 0EXTY OTOU KEY XA ATOXWOLXOTOLETOL Ko

0TI GUVEYELXL TUPOUGIALETAL OTOV TPOORLOUS TNG.

1.1 Baowég 'Evvoieg xou ITapadeiypota

Kevtpiné pdho otn vewpla tng mhnpogopiag mailet ) idia 1 €vvola Tng Thnpogoplag.
Yopgwva pe T Yewpla, 1 TAnpoopio EYEL TOGOTIXG Y AEAXTHPA XL GUVETWS OLUpE-
PEL CNUAVTIXG ATO TO EVVOLOAOYIXO TEQIEYOUEVO TTOU TG ATOBIBOUUE GTNY XAINUERLVA
wog Cwx. IIAéov, n mAnpogopia evoc yeyovotog oyetiletal dueoca Ue TNy mdoavoTnTo
TOU YEYOVOTOG %ot Povo Ue authyv. Hpaxtixd, 660 mo wxey| etvon 1 mdavdTnta EvOg
YEYOVOTOS TOG0 UeYahOTERT Elval 1) TANPOYopla ToU avToTolyel 6To YeYovos. Autd

eV UEpEl oLUQWVEL Ye TNV xovY| wog avtidndn. T tapdderypa, to yeyovog ‘nuepa
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éywe ohikry ékdeahn nAiov’ mepiéyel yeyalitepn Thnpogopio amd To YeEYOVOS ‘Xnue-
pa o A0S avétede’, enEldr) To TEWTO YEYOVOS €yl WxpY| TavoTnTo G OYEoN UE
10 0eltepo mou eivar BéBaro. llpdyuatt, ta péoa palixhc evnuépwong Va avapep-
Y00V EXTEVWS OTO TPMTO YEYOVOS, EVK OEV LUTHEYEL TERPITTWOT Vo acyolnioly e
10 devTEpo. ‘Ouwe, auty| 1 oudgwvia puetalld Yewplag tne mhnpogopiag xat xovhg
avtihndng dev eltvar xavovag. Autéd umopel va gavel e éva mapddetyua. ‘Eotw 6t
olopYdvwon tng enduevng Ohuumiddag Tn diexdixoly dVo mokelg, 1 A o n B. ‘Oco
xou vou gag gaivetal mapdéevo, oluguwva pe T Yewpio g TANeogopiag, To YEYOVog
‘H méAn A Oa opyavwoea tnr enduevn OAvumidoa’ mepléyet wixpdtepn TAneogopia
an6 1o yeyovog “Epiéa ta {dpia ka1 épepa é&i-mévte’. O hoyog elvon 6Tl TO TEWTO

yeyovog €yet mdavotnto 0.5, evéd to deldtepo apxetd wxpotepn (1/18).

Yuvenng, ota mhalota Tng Yewpiag Tng TAnpogoplac 1 AL TAnpogopia €yel xoupd

TOCOTIXO TEQIEYOUEVO XUl OYL TOLOTIXO.

Axdur, n TAnpogopio Tou mEpEyEL €var YEYOVOG elvar €va PéTpo NG afePfoudTnTag
TOU €YOUUE YLOL TO YEYOVOS AUTO TPV TNV ER@dvior] Tou. Autd umopel va yivel mio
XATAVONTO UE €var Tapdoetyua. Eotw évag emevduthc, o omolog ypeetdletar mAnpo-
poples (ouuPBouléc) yio o eninedo TwY UETOYGDY, wlac ouyxexptuévne entyeipnone,
TOL €YEL OTNY XATOYY| Tou, %o cupfouiedetar To yenuatioTh tou. Ilpogavag, o
Yenuatiothc Yo TEEREL var €yel EWOIXEC TANPOPopleS (yvooewc) yoo to Yépata Tou
yenuatioteiou. O yenuatiotic mAnpogopel (evnuepdvel) Tov enevduT 6Tl 0pXw-
ol hoytotéc avalntody mAnpogopies (amodewxtixd ototyein) yia mdave ondtn oo
eThola hoyioTixd ototyela Tou mapouciace N cuyxexpWEVT EmtyEionoT. AvVTop®-
viag o€ auTéc TIc mAnpogopies (Sedouéva), o eMEVOUTHC anogacilel va TOUAAGEL TI
UETOYES TNG OUYXEXPIWEVNC ETLYElPNONG ot TANPoPopel (EVNUERWVEL) avdAoYd TOV
YENUATIOTY TOU.

BAénoupe and to mopandve mapdderyua, 6Tt 1) TAnpogopio utogel va onuaivel Guu-
Bouly), Yvawor, evnuépwor), dedouéva, oTotyela x.o. Xe OAEC OUWS TIC TEPITTWOELS )
TAnpogopla etvar pétpo g aBefondTnTog Xat OTOUY AUTH TUPEYETOL UELWVEL TNY o3E-
Bouwotnta. [lpdyuatt, o enevduthc enewdy) elvar aff€foog yia 10 Tpayuatixd exinedo
TWY PETOYWY TOU XATEYEL GUUBOVAEVETAL TO YENUATIGTY] TOU, 0 onoiog YVwpeilel Ta
Yenuatiotnetxd Yéuata pe ueyalvtepr BeBatdtnta. O yenuaTioThC UELOVEL TNV of3E-
BoudTNnToL TOU ETEVOUTH EVINUEQOVOVTAS TOV YO TIC XIVOEIS TWY 0PXWTWY AOYIOTOV.
Amé 1 uepLd Toug, ot opxwTol hoylotég elyav afeBourdtnTa Yia To AoytoTind oTovyela
NG EMYElPNOoNG XAt YL VoL UELOOOLY TNV afeBatdTnTd Toug diedyouv TNV €peuva.
‘Eyovtag evruepwiel, o etevdutric anogactlel va TwANOEL TG HETOYES TOU XL EVIUE-

PWVEL avdroya TO yenuaTioTh Tou. ‘Etot, yetdver tny ofefatdtnta Tou yenuatioTth, o
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omolog dev Ytay BéBatog yia Tig tpodéoelc Tou enevouth (Vo toulrioet, Yo ayopdoet

1 o Srortnperioet Tic (Bleg YETOYES;).

Mia dhhn pordnuatier Evvola pe Yeyehwon onuacio yia ) Yewpia Tng Thnpogopiog
elvon 1 evtporio. Cd¢ dpog 1 évvola tng evrponia yio T Yewpla tng mAnpogopiag
TEoEXUPE W BAVELD amd T1) VEQUOBUVOULXT) XAl CUYXEXQUIEVI Ot TO BEUTERO VOUO
e, Yta mAalota Tne Yewplog Tne TAnpogopiog, 1 eviponio exgpdlel To YEco PO avd
YEYOVOC TG TANEOYOopiag Tou unopel va tpoxUlel and didpopa YeyovoTa. MdAoTa
7 podnpotied) Tng Exgeact etval (Blo UE AUTAY TOU TEPLYPAQEL TNV EVIPOTIA GTO YWEO

¢ Vepuoduvauxrc.

‘Onwg Yo dolue ot cuvéyewa, n eviponio exppdlet Eva Yétpo Tng Yéorg aeBatdTn-
TAG YL TNV EYPAVICT] OTOOUBRTOTE YEYOVATOS TOu avhxel 6e Eva aOvoro mavmy
yeyovotwy. Ilpogavae, av ta yeyovota eivan woornidava, téte 1 afePourdtntd pog
YLoL TNV ERQAVIOT) xdmolou YeYovOTog Va elvar u€ytotn. Avtiveta, av xdmolo and To
miavd yeyovota €yel onuavTixd Yeyoritepn mavoTnTa EUPAVIONG O OYEOT) UE To
uTOhOLTAL, TOTE elvan TEOQAVES OTL 1) AfBEBatOTNTA Pog VLo TNV ELPAVIOT| XETOLOU GUY-
AEXPWEVOL YEYOVOTOS amd To G0VOLO TV YEYOVOTWY Yo elval wixpdtepn o€ oyéon

UE TNV TERInTOo 160Tavwy YEYOVOTWY.

Autéd umopel va yiver xatavonté ue to €€rc mopdderyua. Oewprote €va un Tido
vououa 6mou xatd 1 eihn tou n miavétnTa va épiel kepadn eivar 0.9 eved 7 -
Yavotnta vo épvet ypdppata ctvar 0.1, Xe authv tnv nepintwon uetd and uio pidn
Vot AVUUEVOUNE TNV EUPAVIOT) TG Ke@aAng eTEDT| 1 oafeBotdTnTd pag yior 10 anoTéAe-
oua g eldng etvar wixpr. Avtieta, av To vouloua eivar TiLo, dnAadY| To YEYOVOTA
kepadn xav ypdupata eivon woornidava, Tt 1 ABEPudTNTE YAC Y TO ATOTEAEOUA
elvon yeydhn. Autd galvetar and To YEYOVOS OTL eTd amd pla pidn dev €youue xouio

TEXUNPLWUEVT) TTROCdOXIN EPAVIONG plag CUYXEXPWEVNC TAEURAS TOU voulouaTog.

[t Yewplo Tng mAnpogopiag, To Tipo vououa €yet yeyahitepn eviponio and to
un tiwo. Anhadn, nofeBatdtnta yia o anotéhecua N eidng Tou Tiwou vouioyatog

elvon peyadbtepn and autrhy mou oyetiCetal Ye To un tiuto.
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KegpdAaio 2

ITAnpogopia »xar Evtpomia

2.1 Opiopol

Ogiopoc 2.1. TIAnpogopia civar puia ovAdoyn) 6edouévwy, ta omola kataypdpovtar
pe tn xpron ovuBoAwy. (Ia ta mAaioa tng Jewpiag tng mAnpogopias, o oprouds
avtds tng mAnpogopiag eivar teprypagikds kar eAarng. O akpipns kar patnuatikd
Depehiopévog opropds tns mAnpogopiag divetar otny enduern evdtna.)

Oglopog 2.2. IInyn mAnpogopiag civar kde ovotnua mov mapdyer otny é6066
TOU TAnpogopia.

Ogopoc 2.3. Emxowvwvia civar kdle diadikaoia jetapopds mAnpogopiag petald
ovo onueiwy Tou Ywpoxpovou.

Opwopds 2.4. Ta dukekpiyuéva (ragopetikd) olppoda, 1, 2o, ..., TN TOU Ypnoi-
porowvrtal yia Ty avarapdotacn tng mAnpogopias mov mapdyetar amd pia wnyn
owiérour to otvoro X = {x1,%s,..., TN}, T0 om0lo ovoudletar al@pdBnTo Tng
tnyng. To mAndos N twr diakekpipuévwy ovpBodwy unopel va eivai memepaopuévo n

dmeipo.
Opglopog 2.5. (2 AéEn opilovue pna datetaypuérn axodovdia oupfodwr.

Oglopdg 2.6. (2 purjrvua opilovue pna oatetaypérvn akolovdia Aékewy.

2.2  Meérpo tng IIAnpogpopiog

Hpwtapyde 616y0¢ e Yewplag TAnpogoplwy elvat 1 Tocotxoroiney g £vvolag

¢ Thnpogoplag. Edv o otdyog autdg emtteuyVel 1OTE umopoLUE Vo avamTOZOUUE
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ued6d0ug avdAuong xat GYESLAOUOY CLUOTNUATWY TAnEoYopiag Ye TN YeNon TNe d-
erduntixic xat tou hoytopol. To mpdAnua tng mocotixomoinong TN EVvolag Tng
TANPOQOPIIC XL 0 0PICUOS EVOS XATAAANAOU PETEOU VLol TOV UTOAOYLOUO TG ORd-
oyohnxe tov Hartley to 1928. O Hartley xatd tn uerétn twv Tnheypapx®y €nt-
XOWVWVIWY dla{otwoe 0Tt av 1 TIavOTNTA ELPAVIONS EVOS YEYOVOTOG Elval UEYAAT
(xovtd ot wovéda), téte undpyet TOAD wxen afefatdtnTa Yoo To av Yo ouuPel To
yeyovog. Anhady to YeYovog ebvar avapevouevo. e autAv TNV TEpInTmomn, av To
yeyovog cuuBel, n TAnpogopia tou Yo AdPBouue Yo elvor puxpt).

‘Apa, T0 pétpo NG mATEoopiag eVvOC Tuyaiou YEYOVOTOC, BNANDY|, 1) TOCOTIXY| TEQL-
Yooy, e oyetiletan uovo ue v mavotnta Tou yeyovotog autol. H diaicdnon
Hog uTodEXVOEL 6TL 0G0 o TWavd efval €va YEYOVOS 1600 wxpdtepo Vo elvar To
uétpo TN mhnpoyopiag Tou. AvtioTpoga, €va YEYOVOS UE WxET| TVAVOTHTO GUVO-
oeveTL amd YEYAAN TocOTNnTA TANPOYOpiag. Erniong, o cuvduaoudg 80o aveldotniwy
yeyovotwy Yo mpénel va avtioTtoty{letal oe TocoTnTA TANPOYOopiac (on ue To ddpol-
OUO TV TOCOTHTOY TANROQOEIU TwV U0 YEYOVOTWY.

Yuvenoe, av A eivar éva tuyaio yeyovoc ye mavomta p(A) xou 1(A) eivon 1 ou-
vaptnon pétpou tne mAneogopiac tou A, téte n I(A) Jo mpénel v ixavomotel Tic

TOEAXATW LOLOTNTES.
1. To yétpo I(A) Yo npénet va eivan ouvdptnon e mdavotntac p(A) (p(A) €
[0,1])
(2.1) I(A) = I(p(A)).
2. To yétpo I(p(A)) Vo mpéner va efvon mparyportixh Yetixh ouvdptnom, dnhad

(2.2) I(p): [0,1] — R..

3. H ouwvdptnon 1(p) Yo npéret va eivon yvnoiwe gdivovoa,
(2:3) Vp(A),p(B) : p(A) > p(B) = I(p(A)) < I(p(B)),
ONAadT 660 pxEdTERY elvan 1) TaVOTNHTA TOU YEYOVOTOC TOGO UEYAAVTERO TO
avtioToryo pétpo mAnpogopiag.

4. Télog av 1o yeyovota A xau B eivon ave&dptnta, ondte p(ANB) = p(A)p(B),
TOTE TO PETPO TANEOYORIUG TOU YEYOVHTOS EUPAVIONG ol TwV 000 ETWEQROUS
YeYovotwy Yo meénel va eivan (0o ye to dupolopo Twy 800 ETWECOUS UETPWY

TAnpogoplog, dnAadt

(2.4) (AN B) = I(p(A)p(B)) = I(p(A)) + 1(p(B)) = I(A) + I(B).
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P(A)

Exqee 2.1: I'pagixn tapdotaon tns ovvdptnong tov uétpov mAnpopopias yia K =
2.

Anodexvietar (Bhéne Hopdptnua A’) dTi n govadixs cuvdpTtnon Tou txavonotel Toug
Teptoptoolc Tou Vétouy ot (2.1-2.4) eivar o apvNTNog hoydpripog tng mavotnTog

ue Bdomn peyaidtepn tng wovdodac. ‘Etot, utodetolue Tov mapaxdten optouo.

Opopde 2.7. Av p(A) elvar n mavétnta tov yeyovétog A, téte to pétpo mAn-

pogopiag touv A divetar ané tn oxéon

(2.5) I(A) = —logg(p(A)), émov K > 1.

YN ouvéyela Y AOYoug arhoTnTag 0 6pog UETEO TANEOYOoEiag Vo AVUQERETAL WS
nAneogopio. ‘Onwe gaiveton and v (2.5) 1 thnpogopio civar adtdotato uéyedoc,
eve 1) Bdon K tou hoyapituou uropel va emheyel ehediepa, apxel K > 1. YuvRdwc,
n Thnpogopio yetpléton o bit, nat, ¥ hartley, 6tav n Bdon tou hoyapiduou eivar
K =2, K = e (guowde hoydprdyog), § K = 10, avtiotoryo. H emxpatéotepn
Hovdada uétpnone tng mAnpogopiog eivar to bit, Aoyw tng paydaiog avdntuing Tng
TEYVOROY{UC TWV NAEXTROVIX®Y UTOAOYIGTWY, TwV onolwy 1 Aettoupyla oyetileTton Ye
T0 BUAdXO cLuo TN apidunone. Yto oy fua 2.1 TapEouUCLAlEToL 1) YEAUPIXY| TUEACTACT
TOU UETEOL TANPogoplag, Yo K = 2, cuvaptroel Tng mavotnTag. XN CUVEYEL,
ytoo ouvtouior 6hot ot hoydpripol Yo utoloyiCovtar pe Bdorn 1o K = 2 xou 1 ypapt
log(-) Vo dnAcver logy(+), extoc av dnhwvetat pntd dhhn Bdon.
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2.3 Evztpornia § Méon IIAnpogopia

Y1y nagouvciact mou TponyHinxe avagepUixoue o Tuyala YEYOVOTA Yo ToL oTtola
oploaue o pé€tpo TAnpogopiag. Aedouévou OTL 1 eupdvior evog ouuBoiou Tng TYHS
anotehel Eva Tuyalo yeyovog, opiCouue TNy TAnpogopia cuUBOAoU xoL xuT’ ETEXTAOT

oTnv TAnpogopia AEEEWY 1) UNYUUATODV.

Oewpolpe pio mnyh mAnpogopiac pe ohpdfnto X = {z1,2,...,2x5}. Kodéva
obuBoro z; (i = 1,2,...,N) éyer mdavdtnra eupdviong p; xou dpo TAnpopopio
I(z;) = —log(pi). Tpogavade, yia tic mYavdTnTeS Twy cUUPorwY Loy Vel

N
pi € [0, 1] xolt Zpi =1.
i=1

H xotavour twv mdavothtwy 1wy cupfolwy tou aigaBrtou X meptypdgetal and
10 obvoho Px = {p1,ps,...,pn}. 'Etor, n mnyh mhnpogopiac meprypdpeton xou

avanaptotdtor and 1o Levyog (X, Px).

Oa fTay evilagépoy va Yvwpllouue, exTdC amd TNy TAnpogopia Tou xdve cuUSoIoU
Ywelotd, TN péon mAneogopia avd oluBolo mou og Tapéyel 1) €€0d0¢ NG TNYTHC.
Me dhha Adyta, Cntodue €va péyedog TAnpogoplac mou vo oyetileton Ue TV TNyYY
GLYOALXS, CUVETWS UE TO aAQdBNTod Tng. [ o Adyo autd eodyetan 1 Evvola tng
evtporniag mnyve. H evrponia eivor deuehiddng €vvola yioo ) Yewpio Tng mAnpo-

goplag xo mpotdinxe to 1948 and Tov Shannon.

Ogiopoc 2.8. Evtponia 1§ péon mAnpogopia avd ovupodo mtAnpogopiag piag

myns (X, Px) elvai n avauevduevn tipn s mAnpogopias twv ouuBédwy tns tnyns
ka1 dfvetar and tn oyéon

N
(2.6) H(X)=- Zpi log(p;).
i=1
Hpogavae, 1 eviponio yetpdtar oe bits/cUuBolo (bits/symbol).
H ouvdptnon mou meprypdget tny eviponio £yel TI¢ TapuxdTe Paotxég LOLOTNTES:

e Eivar cuveyric cuvdptnon twv miavothtwy pi, e, ..., PN.
o Eivar un apvntixh), H(X) > 0, dedoyévou 6t p; < 1.

e Eivar cuppetpin, cuvdptnom twv mdavotAtwy, onAady| €yet tny Ol Ty yia

OTOLONTOTE AVTIUETAVEDT) TWY UETABANTOVY P1, P2, - - -, PN-
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ADO axdun oNUAVTIXES IOTNTES TNG CUVAETNOTS eVIpoTiag Tapatilevtal o CUVE-
YELL ¢ VeEwpruaTa Ye TIC amodelEelc Toug.

Oevpnua 2.1 (Méyiotng eviponiog).
H evrporia piag mnyns (X, Px) dwukekpiuévor ouuBilwr elvar péyotn drav ta
oUppoda tng tyns efvar woridava,

P1 = D2

Il

Il

=

=

|
1=

Anoodell.

H ouvdptnon mou mpénet va yeylotorotniel eivon 7

N
(2.7) H(X) = - Zpi log(p;)

i=1
0EDOUEVOL OTL oL EAEVVEPES TUPAUETEOL P1, P2, - - -, PN IXAVOTOLO0V TN GUVINXT| LOO-
™Tog

(2.8) Zpi =1.

Autd 1o mEOPBhnua yeyioTtonolnong und cuvinxn oéTTaC avTETWRICETAL PE T
Yenon Twv mohhamiaolactwy Lagrange. YXougwvo ye ) uédodo auty oL TES Twv
mdavoTAtwy mou yeyioTtonoly Ty (2.7) tpoxintouy and tn Aoy ToU GUGTAUNTOC

OLLPOPIXWY EELOMCEWV:

2.9 =0, i=1,2,...,N
(29) Op; opi '
6mou 1 otadepd A elvow o mohhamhaotaotic Lagrange. And tny (2.9) mpoxinte
glxoha OTL
log(p1) = log(ps) = ... =log(pn) = pr=p2=...=pn = 1/N.

Oeodpnua 2.2 (Xyetxh evrpornia - Andotacr Kullback-Leibler).
Av Px = {p1,p2,...,pn} ka1 Qx = {q1,q,...,qn} €lvar 600 evallaktikés kaza-

voués mdavoritwy twv ovuPilwr X = {x1, 29, ..., xn} piag tnyng tote:
(2.10) sz log(p;) < sz log(g;)
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1 1006Uvaa

(2.11) H(X,Px/Qx) = Zpi log (Z—) > 0.

7

H owdptnon H(X, Px/Qx) ovoudletar oxetiktj evtpornia 1) andotaon Kullback-
Leibler wwv katavoudv Px,Qx ywa to adgdpnro X.

Anodelly.
Q¢ yvwotd, yia 1o veméplo hoydprduo toylel 1 toautooviootnta In(z) < x — 1 xou

oUWV UE TOV TOTO ahhayric Bdong hoyaplduou €youue

log(z) = In(x) log(e).

Oupilouye 61t xatd olpPaon €youpe deydel 6Tt log(:) eivar o hoydprduog ue Bdon

0 dvo. AouPdvovtoag unédn to Tapandvw, N (2.11) anodevieton we eghc:

N N
H(X,Px/Qx) = sz‘ log (%) = —log(e) Zpi In (%) =
i=1 ¢ i=1 !
N

> log(e) 3 (1 - Z—) — log(e) 3 (i — 1) =

=1 i=1

= log(e) (Zpi - Z%) =log(e)(1 —1) = 0.

i=1 i=1

H arndotaorn Kullback-Leibler co0tan ye undév av xow pévo av ot 80o evahha-
xTixég xatavoués mavothtwy Py xou Qx eivan foeg. Atagopetind, 1 andotaom
Kullback-Leibler exqpdlet tnv andxhon tng xatavourc Py ané tnv Qx. Oo npénel
vae onpetwiel 6t 1 ouvdptnon H (X, Px/Qx) dev eivar GUUUETEIXT 0C Tpoc Tig HV0o

AATAVOUES, ONhadY 1oy Ve

(2.12) H(X, Px/Qx) # H(X,Qx/Px).
2.4 Evtponio Avadwxnc IInyng - Xvvdetnon Sh-
annon

Yuyvd, otn Jewpla g mAnpogoplac eupaviletar 1 eviponia duadixic mnyfc. H

ovadtxt| TNyY TAnpogopluc €yl algpdfnto mou amoteheitan and dLO u6vo cUUSola
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Eyque 2.2: I'pagixn tapdotaon tng ovvdptnons Shannon.

m.y. 70 0 xou o 1. Tlpogavae, av p etvar 1 mdavétnTa epgdvione tou ouufoiou 0,
16T N mavotnTo eupdviong tou 1 Ya ebvan fon pe 1 — p. Yuvenng, n eviponia tng

duadixhic mnyhe, 1 onoio cuuBolileton ye Hy(p), Vo eivar (o ye
(2.13) Hy(p) = —plog(p) — (1 — p)log(1 — p).

H evtpornia dvadixic nnyhc Hy(p) civan ouvdptnon wévo tne mavétntac p tou
evog oupPolou xau Aéyetar ocuvdetnon Shannon. Onwg gaiveton xar and To
oyfua 2.2 1 ouvdptnon Shannon elvar cUUUETEIXT xat TalpVel T UEYIOTH TG TNS
(1 bit/symbol) 6tav ta 8o olufoha eivon toonidava (p = 0.5). Autd dhhwote
TEOXOTTEL Xt Ao To Vewpnua uéytotng eviponiag. H tiur tne ocuvdptnorng Shannon
Yoo Oudpopeg Tég g mavotnTag p divetar otov wivaxa B'.1 tou IMapopgtruatog
B.

2.5 Xvuvoetixn | Ano Kool Eviponia

Oewpole dVo mnyéc mhnpogoplac, Ty (X, Px) ue ahgdfnto X = {x1, 29, ..., 2N}
xon xotavops; TdovotAtov Px = {Dz1, a2, - - - Dan} xou ™y (Y, Py) ye ahgdfnto
Y = {y1,92, ..., ym} xar xatavouh, mdavothtov Py = {py1,Py2, - -, Dym}, ovii-
otorya. Mmopolue va unovécouue 6TL oL dVo Tyéc ouviétouy pla obvdetn Tnyn
(XY, Pxy) (oyfua 2.3), tnc onolog t0 ah@dBnto npoxinTel and 10 XAPTECLOVS Yi-
vouevo XY = X x Y = {(2;,y;) : ; € X,y; € Y}. Kat’ enéxtaon e eviponiog
mnyNc opiletar 1 cLVBETIXY evtpornia 1§ And %x0wol evigomia TwV 800 TNYHOV

w¢ 1 eviponia tng olvietng TNYS (XY, Pxy). "Etot, N CUVOETIXY 1 amd x0WoU
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(X’Px) X
X={X1'X27---7XN} “““““““““““““““““““““
Pe ={Pus Prpsees P}

(Y,R) y,
Y={y11y2""’yM} ............................ H
R ={py: Pyases Py}

Eyqee 2.3: Yivetn mnyn mAnpogopias.

evtponio ¢ olvietng tnyhc (XY, Pxy) divetar and 1 oyéon

N M

(2.14) H(XY) ==Y "> plai,y;) log(p(zi, ;).

i=1 j=1

Mia Baowr w6ioThTor TG cUVOETIXNS EvipoTiag 800 TYwY elvan 6Tl dev umopel va
umepPel To ddpoloua TV EVIPOTIWY TwV 000 emUEPOUS TNYWY. AuTtd onuaivel 6Tt 1)
ugEon mAnpogopia g cuVUeTNG TNYTg elvon wxpdTeET 1 10 TOAD {om pe To dipotoua
TV HECWY TANPOYORLOY TWY ATAMY TNYWY TANeoopiag, dNAudH

(2.15) H(XY)< H(X)+ H(Y)

H tavtoovicdtnra (2.15) unopel vo anodetydel pe tn yeron tou Jewphuatoc tne

oyeTxnc eviponiog mou divetar and Tt oyéon (2.10).

Anodeldy.

H mdavénta eggdvione tou obvietou yeyovétog tou Lebyous oupPérwy (z;,y;)
elvar p(x;, ;). Qg evolhoctiad Ty (g(x;, ;) tne mdavétntog autic urnopolue
Vol YEWPHOOUPE TO YIWVOUEVO TwV TEQIIWELIX®WY TAVOTATWY TV cuUBOAWY, dNAadH

q(xi,y;) = p(a;)p(y;). Téte obugwva pe v avicémta (2.10) éyoue

WE
NE

H(XY)=— p(xi, y5) log(p(wi, y;)) <

% 1

J

o
NE

@
I
—

p(xi, y5) log(q(ws,y;)) =

j=1
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== D plwiy;)log(p ZZP (i, y;) log(p(y;)) =
== (Zp Ti, Y > log(p(z:) = > (Zp(:cmyj)) log(p(y;)) =
== 3 e oslp(n) = 3l o) = H(X) + HOY)

Etvow gavepd 611 1 uéon ninpogopio tng odvietng mnyrc toodtan ye to ddpoloua
TWY YECKY TANPOPORLAOY T®V DU0 ETUEPOUS TNYWY GTNV TEP(TTWOT Tou oL 500 TNYEg

elvon ave€dptnreg, dnhady| otay
p(@i,y;) = p(xi)ply;), Vi, J.

Or €vvoieg tng oUVUETNE TNY 7S ot TG GLUVBETIXC EVTPOTING UToEOUY VoL ETEXTAVOUY
YL TNV TEQIMTWOY TEPLOGOTEQWY TwVY 0V0 amhay Tnywy. Erot, av éyouue K amhéc
mnyéc minpogopioc (X1, Px,), (X2, Px,), ..., (Xk, Px,), t6te 1 ouvdetixt| eviponia

olveton and TN oyéon:

H(X1 X5 .. Z Z

i1=112=1
Nk
(2.16) Z D(Tiys Tigy - o Tige ) 108(D(Tiy s Tigy -+ oy Tige))-
i=1

Yt oyéon (2.16) ye Ny (k=1,2,..., K) dnhodvetar 1o tTAfdoc twv cuuBolev tou
ahpafritou Xy.

Téhog, 1 tavtoovicoTTa (2.15) propel vor yevixeudel yio Ty nepintwon K anioy

TNYOV. LUYXEXQPUIEVA, ATOOEXVIETAUL ERAYWYIXA OTL Loy VEL:

(2.17) H(X\ X, ... Xg) < H(X)) + HX,) + ...+ H(Xg).

2.6 Tno Xuvinxn Eviponia

‘Onwe xou oty TeonyolUUeyr evotnTa, Yewpolue 800 nnyéc tAngogopiog Ty (X, Py)

e ohpdfnro X = {x1, 29, ..., zn } xout xatavouh miovotitwy Px = {ps1, Pe2, - -, Pan}

xou v (Y, Py) ye ad@dfnto Y = {yi,v2,...,ym} xou xatavour, mavothtwy
Py = {py1,py2, ..., pym}, ovtictorya. Ac unodéooue Ot Yvwpilouye ex’ TwV

TEOTEPWY TWS 1) TNYN (Y, Py) mapdyet To oUPBolo y;. Me authy tnyv mpolndieon, 1
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miavoTnTa ERpdvions Tou cupfolou T; oty €000 TG TNYTS (X, Px) divetar and

0 YVWo T oyéon

' 4:]9(371;%)
(2.18) p(i/y;) p(y;)

Heogavoe, 1 p(x;/y;) expedler tnv miavétnta eupdvions tou Lebyoug (x5, ;) otny
¢€odo tne ovvdetne mnyhc (XY, Pyy) 8edopévou bt n anhfy mnyh (Y, Py) mopdyet
10 oVUUSolo Y;.

H péon mhnpogopia (swporcioc) avd oOuBoro tng cUVUETNG TNYNG ME OEDOUEVT TNV

€€odo Tng uiag and Tig 800 amiéc mnyég diveton and TN oyéon

(2.19) H(X/y;) = — Zp(xi/yj) log(p(i/y;))-

H yéon nyuh tou H(X/y;) wc tpog 6ha ta oluBola y; ovoudletonr urd cuvifxn
evtponio e olvietne mnyrc (XY, Pxy), 6tav elvou YVWo Ty 1) €£000¢ TNS ATAYC
mnyhc (Y, Py), xou divetar and ) oyéon:

(220)  HY/Y) =3 Hpluy) = = D2 plas,;) los(pla: /1))

Me avdiroyo tpomo opileton xou 1 UTO cuVIFXTN EvipoTia TG oOVIETNE TNYHS GTaY

elvar Yvooth n éZodoc e aniic tnyfc (X, Px):

(2.21) H(Y/X):Z H(Y/z)p(z:) ==Y > plxi,y;)log(p(y;/:)).

i=1 j=1

Y1 ouvéyea, Yo anodeilouye 600 1IGETNTEC TOU GUYOEOLUY TNV UTO GUVIYXT| EVTPO-
i oOvieTng TNYAC ME TN CLVBETIXY| EVTIPOTIN XL TIC EVIPOTIES TWV ATADY TNYOV.

Yuyxexplpéva, 1oy Vel OTL:

(2.22) H(X/)Y)=H(XY)—-H(),
(2.23) HY/X)=H(XY)—-H(X)
Anoodell.
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et o oo P& Y| _

= ;;p( i) g[ o) ]—

= - ZZP(%%‘) log(p(zs, y;)) + ZZP(%%) log(p(y;)) =
= H(XY)+ > _p(y;)log(p(y;)) = H(XY) = H(Y)

Me avdhoyo tpéno anodetxvietar xou 1 oyéon (2.23).

2.7 ApoBaia ITAnpogopla } AlanAnpogopia

‘Eva onuavtixd péyedog mou opiletan ota mhalolo g Yewplog tng mAnpogoplug
eivar 1 apoBaioe mAnpogopia ¥ SwamAneogopia. Av X = {zi,29, ..., 2N}
xou Y = {y1,y2,...,ym}, elvou dVo mnyée, ue xatavoués mavotrhtwy Py xou Py
avtiototya, tHTE 1) Bramhnpogopia Ty dVo TNYOV (1 Twv dvo xatavounv) opileto

we

(2.24) I(X;Y)=H(X)—-H(X/Y).
H ouvdptnon tng dtaminpogopiag €yet Ti¢ Tapaxdte WOLOTNTES:
e Eivar cuypetph og npog X xar Y, dnAady
(2.25) I(X;Y)=1(YV; X).
e Eivar un apvntixn

(2.26) I(X:Y) > 0.

Anodeld.

o vor amodeiZoupe Tic 6 tee (2.25) xou (2.26) apxel vor avTixataGTHOOUUE GTOY

optoud (2.24) v und cuvdfxn evtponia (2.22). "Eyouye
I(X;Y)=H(X)-H(X/Y)=H(X)—-(HXY)-H(Y)) =

(2.27) = I(X;Y) = H(X)+ H(Y) — H(XY).
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Ané ) oyéon (2.27) elvon gavepd 6t 1 Samhnpogopio eivar ouppetpwy| (I(X;Y) =
I(Y; X)). Eniong, e epapuoyt) tne toautoavicdtnrog (2.15) npoxintet 6t I(X;Y) >
0.

¢

Avantiocovtog T oyéon optopol (2.24), mpoxtnter 6Tt 1 BramAnpogopio €yer T
wopyt, anootaore Kullback-Leibler. TIgdyuort,

N

I(X;Y) ==Y plai)log(p(a:) + > Y plai,y;) log(p(x:/y;)) =

i=1 i=1 j=1

N M N M
Zzp xlvy] 10g 5”1 +Zzp Ti, Yy IOg( (SUZ/?JJ))

=1 j5=1 =1 j5=1

(2.28) = ZZp x;,y;) log (%) = H(XY, Pxy /(P - Py)).

Yt oyéon (2.28), H(XY, Pxy/(Px - Py)) eivar n an6otaor Kullback-Leibler tne
xowng xatavours Pxy and tnv evadiaxtixt| xatavouy| Py - Py tng cOvietng mnyrc
XY. Ytnv oucta 1 evohhaxtixy xatavour, Py - Py, n onola mpoxintel and To
YIVOUEVO TV TEPLIWELAXDY XATAVOUWY TwY 000 Tywy X xot Y, oyletl 6tav ot Vo
mnyég elvon ave€dptnTeg. LUVETKS, 1) SamAnpogopio eivan wétpo tne avelaptnolug
TV 800 Ty®y. Luyxexpuéva, av ot 80o mnyéc eivon aveldptnrtee (ondte p(w;, y;) =
p(x;)p(y;) Vi, §) totE 1 dramhnpogopio undeviletor (I(X;Y) = 0). Avtrdétwe, av yio
%8V 4, j toyVer p(x;/y;) = 0¥ p(z;/y;) = 1, tote H(X/Y') = 0 xou n StamAnpopopio
nafpver ) uéyotn T e 1(X;Y) = H(X).

2.7.1 ®uvown onupacio tne apoBaiog TAnpopoplac

H évvola tng apotBaiag tAnpogoplac eivar pla amd tig onuavtixdtepeg g Yewplag
¢ TAnpogoplag xat, Omwe Yo BoVUE OE ETMOUEVO XEQPIANLO, CUVOEETAL GUECH UE
TOV 0PLOUO TNE YWENTXOTNTAS EVOS dladhou emxovwviog. Tar var yivel xatavonth
7 évvola auth Yo eletdoouue éva Tapdderyuo 000 THYWY TANEogopiag, oL omolEg

umopet va oyetiCovton uetall Toug.

‘Eotw évac mounde, o onolog unopel va topactadel o pla tnyr thnpogopiac (X, Py ).
To cOyPola tng TRyhc auTthc (tou Ttowto()) ATOCTENOVTAUL UECK EVOS XAVAAOU TATRO-
goplag oe €va 0éxTn. O 8éxtng ouctaotixd elvon plo véa Ty TAnpogopiog (Y, Py),

7 omola CUUTEPLPERETAL EV YEVEL DLLQORETIXS aTd TNV (X, Px). Ocewpolye enlong
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€vay TopaTnenTY, o omolog Beloxeton oty TEPloy ) Tou BEXTY, TapaTnEEl TNV TNYN
(Y, Py) alhd O unopel va napatnerioet v mny? (X, Py). Kdroto oty o nopatn-
enthic BAéner 6To 8éxtr To 6UYBolo ¥, To onofo mapdyetar and Ty Ty (Y, Py). H
eupdvion autod Tou cuUBdiou 6To BEXTY 0ElAEToL TNV EXTOUTT xdTolou GuUBdAou
an6 tov mound. To epwtnua mou Yo yag anaoyorficel eivar to €&hc: BAémovtag
T0 oUuPoAo y; oTo O€KT), TOON) TANPOYopia amokdUIoE 0 TapatnpenTiS Yia TO TOW0

oupporo, T;, exméuinke apyikd aré tov mound;

Apyxd n affefardTnTor TOL TUEATNENTY YL TNV EXTOUTY ToU T; Efvat (o1 Ue THY TANEO-
popia —log(p(z;)). Lt ouvéyeta ue TV eppavior Tou y; o010 déxtr, 1 ofefouudtnia
YLOL TNV EXTOUTT, TOU ;, BedOUEVOL 6Tt €Nafe y; oo déxty, Va elvar — log(p(xi/y;)).
H Sagopd twv 800 aut®dv oy g afefoudtntag, ey xot UETd T AHdn Tou yj,
16oduvapel e TNy TAneogopia Tou Ehafe o TapaTneNTAC UE To Tpag TNG dtadtxactog

exmounic - Mdnec. Anhady) n thnpogopio Tou x€pdloe o mapatnenTAC Vo elval
(2.20) I(aisyy) = log(p(e/y,)) — log(p(a).

H péon mhnpogopia mou xgpdilel 0 TapaTnENTAC Yo TO TL EXTEUTETAL ATO TOV TOUTOH
TOEATNRWOVTG To 0EXTY, Yo elvar Tpopaveg o uécog bpog Tng (2.29) hoPdvovtag
unodhn (ke mdavéd (edyog exmoumig - hidng (wi,y;). Buvenoc, 1 TANEogopid ToU
AapBdver o topatnenthc yio to Tt exnéunet n tny” (X, Px), tapatne@vtog Ty tnyn
(Y, Py), eivau ion e

M

= Z log(p(z:/y;)) — log(p(x:))] p(xi, y;) =

i=1 j=1

N M N M
:ZZp (wi,y;) log(p(zi/y;)) ZZP (i, y;) log(p(xi)) =

i=1 j=1 i=1 j=1
N

(2.30) = —H(X/Y) =) plz:)log(p(x;)) = —H(X/Y) + H(X).

i=1

Hapatnpodye 6Tt ovclacTixd xatahnlaue oTr oyéor oplopol g auolfBaiag TANEo-
poplac 1 SlamAnpogopiog (2.24). Xuvende, n apoBaio TAnpogopia uetall e mnyhHc
TAnpogoplac Tou Tounoy xat TS TNYNS TANPoopiag oTo €T expedlel TN uéom
TAnEogopia Tou aToXOoUIlEl O TUPATNENTAS Yiol TO Tt EXTEUTEL O TOUTOS TUQATNEM-
vTag o 0extn. Ilpogavae, 6co ueyalitepn elvan 1 Ty tng dtamAnpogoplag, 1660

xo\UTEEY Elvar 1 ueTddooT NG TAneoopiag and Tov mound 6to 6éxtrn. To yeyovog
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auToO, OTWS Yo BOVUE OE ETOUEVO XEPIAAO, TO EXUETAAAEUOUAOTE Yio VO 0P{COUUE

TN YWENTIXOTNTA EVOS SLlotdhoU TANROQOELaG.

2.8 Ilopadeiypata

1. Ocwpolue pia dvadikn tnyn pe 6vo ovufoda to 0 kar to 1. H mbavétnta
exmounns tov 0 etvai fon pe 0.7. Na Bpebel n nAnpogopia tov kdle ovpupdérov
exmounns kalog kai n evrporia Tng Tnyns.

H oy éyer ahpdfnro A = {0, 1} xou xatavops mdavothtwv Py = {0.7,0.3}.
Anhady), ot mavoTnTEC EUPAVIONS TV dV0 cuUBolwY elva p(0) = 0.7 xou
p(1) = 0.3 (agol p(0) + p(1) = 1). Zlugpwva ye tov optoud g elioworng
(2.5) n mhnpogopio Tou xdde GLUBOLOL YwEIGTE Vo elvat

I1(0) = —log(p(0)) = —1log(0.7) ~ 0.515 bits,

I(1) = —log(p(1)) = —log(0.3) ~ 1.737 bits.

H evrponio tne mnyrc divetar and ) ayéon tou optopol (2.6), ondte €youue

H(A) = —p(0)log(p(0)) — p(1)log(p(1)) ~
~ (0.7-0.515+ 0.3 - 1.737 = 0.8816 bits/symbol.

2. IIéon mAnpogopia mepiéyetar otov aprud KukAogopias auTtokIynToU TNg 1op-
¢rig¢ I'I'Taaaa, érov I elvar kepadaio ypdupa kar a apiuds; (Ocwpolue eA-
Anriké§ mvakides kvkAogopiag).

(¢ YVvoT0, 0TI EAANVIXES TvaxidES XUXAO(ORIAS AUTOXIVAT®Y YETCLLOTOL0-
viar to 14 Sedvy) ypdppota {A,BE,Z,HILK M,N,0,P, T,TX}. O tetpadnh-
proc aptdude umopel v mdpet 9000 duvatéc Tiwée (and to 1000 uéyer xou to
9999). Trdpyouv Aotndy 143 x 9000 = 24696000 mdavéc mvoxidec. Aga, 1
mdavotnTa epgdviong ulag ouyxexptuévne mvaxidog etvar fon e 1/24696000
xou 1) TAnpogopia tou teptéyet Vo eivon {om pe — log(1/24696000) ~ 24.56 bits.

3. Ocwpolue pia ovadikny mnyn X pe dUo evardaktikés katavoués mibavorn-
twr, Px = {0.3,0.7} ka1 Qx = {0.6,0.4}. Na vrodoyiotolv o1 arootdoes
Kullback-Leibler, H(X, Px/Qx) ka1t H(X,Qx/Px).

Yoyowva ye ) oyéon (2.11) éyouye
H(X,Px/Qx) =Y pilog (%) =
i=1,2 ¢

= 0.310g(0.3/0.6) + 0.710g(0.7/0.4) ~ 0.2651
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H(X,Qx/Px) = Zq,log( )

i=1,2

= 0.610g(0.6/0.3) + 0.410g(0.4/0.7) ~ 0.277

Hopoatnpolue 6 H(X, Px/Qx) # H(X,Qx/Px).

4. Ocwpolue a tnyn X pe N olppora kai katavoun mavoritwy Py = {p1, pa,

..,pn}. Na aroderel 6t ya tnv evpornia 1wyve

H(p17p27p37 s 7pN) = H(pl +p27p37 s :PN)"‘

P1 P2
+(p1 + p2)H , )
(b 2) (pl + D2 1 +p2)

ZexXvOVTog and 10 0edld UENOS TNE LOOTNTOC €YOUUE

D1 D2
H(py + p2,p3,...,p~n) + (01 +p2)H , =
(b 20 w) + (P 2) (p1 +p2 P1 +p2)

—(p1 + p2) log(p1 + p) sz log(pi)+

D1
+(p1+p2) | — lo — lo
(P 2) p1+ D2 g<p1 +p2) p1+ D2 g<p1 +p2)

= —p; log(p1 + p2) — p1 log(

D1 D2 D2 }

P1 +p2)_
D2

p1+ D2

N
— > pilog(pi) =
=3

—po log(p1 + p2) — p2 log(

= —p1log(p1) — p2log(p) szlog pi) = H(p1,p2, D3 - -, PN)-

AvtihauBdveote T onuacio Tng oyéong mou UOAG amodeilaye;

5. Oecwpolue dlo dvadikés tnyés mnpogopias X = {£,¥} ka1 Y = {0,0},

avtiotoya. Afvovtar o ijuég twy mbavotitwy
p(£) =02, p(0)=03, p(£,0) =0.15.

Na Bpebolv o1 tipés tng evrporiag tng kdle tnyns ywpiotd kalag kai tng ovv-
Oetng myns XY . Tékog, va vrodoyiototv o1 uné ouvidnkn evtponies H(X/Y)
ka1 H(Y/X).

Apyxd umohoyilouue Tig TIHES OAWY TwY TEQLIWEIAXWY TIAVOTATWY TOV GUY-

Bohwy twv B0 TYwV. Autéc TpoxinTouy Bdoel Tng WtdTNTAC OTL To dlpoloua
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TV TAVOTHTOY OAWY TV cUPBOAWY Wwag TNY¢ elvat oo ye tn uovdda. ‘Apga,
€Y OUUE
p(£)+p¥)=1=p¥)=1-02=p¥) =023,

p(O)+p(d)=1=p(d)=1-03=p(d) =0.7.

Y11 ouvéyeta, utohoyi{oude T and xotvol TAVOTNTES YENOILOTOLWVTAS TIG

repriwplaxes. ‘Eyouue,
p(£,0) +p(£,0) =p(£) = p(£,0) = 0.2 —0.15 = p(£, ) = 0.05,
p(£,0) +p(¥,0) =p(0) = p(¥,0) = 0.3 —0.05 = p(¥, ) = 0.25,
p(£,0) +p(¥,0) =p(0) = p(¥,0) =0.7—-0.15 = p(¥,0) = 0.55.
Or napamdvew TWES Twv XoveV TAVoTATOY GLVIETOUY ToV Tivaxa
_ | 0.05 0.15
0.25 0.55 |

Y1ov mapamdve mivaxa tapatneolue 6Tt T adpoiouata xatd oTAAY 1) Yeouuy

p(£,0) p(£,0)

Pxy =
p(¥,0) p(¥,0)

ofvouy Ti¢ Teptiwptaxéc mHavOTNTES TWV CUUPBOAWY. XT1 CUVEYELX, UTOROUUE
va utohoyicouue Ti¢ Lo cuvdixn TdavotTnTES BdoEl TS YVWoTHS oyEong

p(a/b) = pla,b)/p(b). Suverdc, o utd cuVDFien TdaVéTNTEC Etva
p(£/0) = p(£,0)/p(0) = 0.05/0.3 ~ 0.1667,
p(£/0) = p(£,0)/p(0) = 0.15/0.7 ~ 0.2143,
p(¥/0) = p(¥,0)/p(0) = 0.25/0.3 ~ 0.8333,
p(¥/0) = p(¥,0)/p(0) = 0.55/0.7 ~ 0.7857,
p(0/£) = p(£,0)/p(£) = 0.05/0.2 = 0.25,
p(O/¥) = p(¥,0)/p(¥) = 0.25/0.8 = 0.3125,
p(3/£) = p(£,0)/p(£) = 0.15/0.2 = 0.75,
p(0/¥) = p(¥,0)/p(¥) = 0.55/0.8 = 0.6875.

O untd cuvixn TavdTNTEG GUVIETOLY TOU TVUXEC:

[ p(£/0) p(¥/0) ] [0.1667 0.8333]

PX/Y: =
p(£/[l) p(¥/D) 0.2143 0.7857

[ p(0/£) p(O/£) ] [0.25 0.75 ]

P — =
TR o) p@yE) | | 03125 06875
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[apatnpolue 6Tt otoug 800 TapATdve Tivaxes To adpolopata TwY oToLyElwY

TOUG %oTd Ypouuy elvon mévta (oo P TN Hovada.

H evtporio xde piag amifc mnyrc umohoyiletar olupuva ue tn oyéon (2.6)

w¢ e€rg:
H(X)=- Y p(x)log(p(x)) = —0.210g(0.2) — 0.8log(0.8) ~
ze{£ ¥}
~ 0.722 bits/symbol,
HY)=- Y p(@)log(p(x)) = —0.3log(0.3) — 0.710g(0.7) ~
ye{0,00}

~ 0.881 bits/symbol.

H evtpornia g olvdetng mnyrc XY unoloyiCetar and tn oyéon tng ouvdeTt-
xhc eviponiog (2.14), Snhody

= > > pla,y)logp(z,y)) =
2e(£,¥) ve{o)}

— —0.05log(0.05) — 0.1510g(0.15) — 0.25log(0.25) — 0.551l0g(0.55) ~
~ 1.601 bits/symbol.

Hopoatnpolue 61, npdyuatt, oy el n tautoavicotnta H(XY) < H(X)+H(Y)
(1.601 < 0.722 + 0.881).

Téhog, unohoyiCoupe Tic UTG cuVUxn evtpoTies epapuolovTac TIC OYECELS
(2.20) %o (2.21).

HX/Y)== > > plx,y)logpz/y) =

ze{£ ¥} ye{o,0}
= —0.0510g(0.1667) — 0.1510g(0.2143) — 0.2510g(0.8333)—
—0.5510g(0.7857) ~ 0.720  bits/symbol,

HY/X)== > Y plz.y)logply/z)) =

ze{£,¥} ye{0,0}
= —0.0510g(0.25) — 0.1510g(0.75) — 0.2510g(0.3125)—
—0.5510g(0.6875) ~ 0.879  bits/symbol.

Puoixd, Yo xatarfyaue 670 {010 ATOTEAEGUA GUVTONOTERY, YwElg va amontriet
0 UTOAOYLOUOC TV LTO GLVITXN T avVOTHTWY, AV YenoLponotoloaue ateuieiog
¢ oyéoelg (2.22) xou (2.23).
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6. Na vrodoyiotel n SranAnpogopia petalt twy tnywr X ka1 tov nponyoluevov
Tapadeiyuatos.

Ané tov oplopéd e Sraminpogopiac (2.24) €youpe
I(X;Y)=H(X)—-H(X/Y)~0.722 — 0.720 = 0.002  bits/symbol,
1 LoOd0 VoL

I(X;Y)=H(Y)—H(Y/X)~0.881 — 0.879 = 0.002 bits/symbol.

2.9 Aoxnosig

1. No Beelel 1 evrponia evég Laplol.

2. T'vwpiCouye and tn uerétn g totoplag 0Tt 0 Teheutafog apyNYOS TN QUATC
v Atlmola etye 0o moudtd. Nedtepeg €peuveg xatéhniay oe dVO cuUTERd-
oJorTaL
A. O apynyoc etye pla xopn xat €va yio.

B. O apynyoc elye pla x6pn xow Eva ueyaAlTepo yto.
IT6om mhnpogopior Yo AdBouye Ye TNV avaxolvwor UOvo TOU TEMTOU GUUTE-
EAOUATOG XAl TOOT) UE TNV avaxoivwor uévo tou deltepou. Iloon Vo eivon 1

TAneogopio av avaxowndolv xat to 800 cuurepdopata pall.

3. Oxt xdprot anogoitnoay and 1 Xyoh Kakaov Teyvaov tn dexaetio tou 1960.
Zépoupe 0Tt Ty emoyY| exelvn yivovtay pla uévo tekety| anogoitnong xdle
yeovid. IIbéon mhnpogopio €yel To yeyovdg 6Tt 800 TOUAAYIGTOV AR TOUG

oxT® xvploug arogoltnoay TNy Bl ypovid;

4. Na unoloyiotolv ot anoctdoeic Kullback-Leibler petalt twv evolhoxtixdy
xotovopwy miavotitwy P = {0.2,0.3,0.5} xat @ = {0.4,0.5,0.1}. Ioyver 7
avupetadetxd) wiotya (H(X, P/Q) = H(X,Q/P));

5. Oewpolue dvo mnyéc mAnpogopiac ™V X = {x1, 22} xou v Y = {y1,y2}.
Cvwpilovye tic Tée v mavothitwy p(er) = 0.25, p(yi/z1) = 0.2 xo
p(y1/x2) = 0.4. No unodoyototv: H evrtponio H(X), n evrpornia H(Y), n
ouvdetixr evtponioa H(XY') xou ot und ouvidvixn evtponiec H(X/Y), H(Y/X).

6. No unoloyiotel 1 dlanAnpogopia Twv dVo TNywy X xou Y tng mponyoluevng

doxnorng.
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7. Oewpolye Teelg dlaxpitéc Tnyég mAnpogopiac X, Y, Z ue xové ahgdfnTo {a1, as,
.., an} xau avtiotoyee xatavouée mdavotitwy Py = {pk1, P2, -, Pen
k=X,Y,Z. Avoybet A\px; + (1 — N)py: = pzi, 0 = 1,2,..., N, va deryOei
6T Y Tig eviponiee twv myey woyler: AH(X) + (1 - NH(Y) < H(Z).
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KegpdAowo 3
Aloviog ITAnpogoploc

‘Onwe elvat Yvwot6 oe éva choTnua emxoveviog dtaxpivouue o Tnyr TAnpogoplag,
1 omolo. oTéAveL dedopéva oe €var 0€xTn. H petagopd twy dedouévmy and Ty Tnyn
TEOg To 0€xTY yiveTon St HEGou xdmou Puoo HEcou Tou ovoudleton SlavAiog
nAnpogopiac 1 xavdht mAnpogopiag. ‘Ornwe gaivetar 6to oyfua 3.1, 1 TnyH
TAnpogoplug (X, Px) TeocupuoleTal oTNY €lcodo Tou Blabhou TAnpogopiag. T
ouvéyeta, n apyx TnyY (X, Px) epgaviletar otnyv €£060 tou dtabhou we pio véa
Ty thneogopioc (Y, Py). H any? (Y, Py) eivor 6ty oucia auth mou tehixd yiveto
avuhnnth and to 8éxtn. Tevixd, n mny (Y, Py) eivon Sigopetint| ané v (X, Px),
e{Te AOYW EYYEV®V YoaxTNELOTIXWY TN douric Tou dladhou, efte Aoyw Tng enidpaong

ToU TEPBAAROVTOC ToU Bladhou UE TN popph YoplBou.

®6pupog %
|
|
|

' \
Iy :CgD Aiowiog )::> Aéxng
Eicodog "E&odog
(X, R) (Y.R)
{0 %000 %} {¥1: Y2 Y}

Eyque 3.1: O dlavdos mAnpogopiag 6éyetar otny €loods Tov ta Oedouéva nag mn-
ynis mnpogopias (X, Px) kai gaivetar otnr €£066 tov ws pia véa nnyn
mAnpogopias (Y, Py).
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3.1 Ilivaxoc AwxOAov

[a va meprypddouye T Aettoupyia Tou Stadlou TAnpogopiag, Snhadh Tov TEOTO
UETAB0OTE TwV cUUPBOAWY antd TNV €lcodo otny €006 TOU, YENOUOTOWUUE TIC UTO
ouvOTn THavoTNTES TV cLUBOAWY oTny €080 Tou Bladhou, dTay Efval YVWoTd To
oluPoha otny €icodd tou. Av X = {1, 22,...,xn} xu Y = {y1,¥2,. .., ym} v
oL aAdPnTa oty elcodo xar TNy €€odo Tou Sablou, avtioTolya, TOTE 0 Blavhog

TeplypdgeTal pordnuatind and tov mivaxo SiahAou

p(yr/z1)  ply2/x1) -+ plym/z1)
(3.1) Py/x = p(yr/za)  p(y2/m2) -+ p(ym/z2)
p(yi/on) plye/oN) o plym/zn)

Aedopévou 6Tt ot Tnyéc TAnpogopiag X xat Y €youv oto ah@dfntd toug N xou M
cVuPola aviicTorya, o wivaxag tou dtadhou Py x Vo €yer N ypouuée xou M oti-
Aeg. Tevixd woyel 611 1o Thdog Twv cuuBolny Tou ahgafrTou Tng TNYNS EloddoU
elvat BopopeTind and autéd tne Tnynhe e€6dou (N # M). Autd npoxtuxd onuaivel
6Tt unopel meplocoTepa and éva olufola TN €100dou va avTioTtoryiCovtal oe éva
uovo oluPBoho €€6d0u 1 xat avtioTpoga. Autd Qalvetor TUEAGTATIXG UE TN YEVOM
T0U Jtaypdupatog StadAou (oyhfua 3.2) mou neplypdget T oUVOEST) HETAZ) TWV
oLUPOALY ElG600U Xt €600, Ta mopdderyua, 6Tay oty €lcodo Tou Sladhou dlo-
yetevdel To oluPBoho w1 ToTE oTNV €000 Unopel va eugavioTel elte To Yy gite T Ys.
Axdyur, 6tay otny €Codo eugavioTel To oluBolo ¥z TOTE auTéd unopel va tponhie eite
an6 to cupPoho x; eite and 10 T3 oty elcodo. To didypaupa EVOC BLtdhOU ATOTE-
Ael €vay evadhaxTind 1pémo TEPLYpaphc TNg Aettoupyiog Vg dladiou xat €lval To
TOEACTAUTIXOS GLYXEITXE UE ToV Tvaxa diaviou Py x. ‘Ouwg, omwg Yo dolue ot
GLVEYELX, 0 Tivaxag Otdlou elvar olltepa YeRoWog Yiar T padnuaTiXy Teplypapn

xat govtehomoinon tng Aettovpylag Tou Slatdhou.

Av yeddouye tic xatavouéc mIavoTATOY TwV GUUBOAWY 0TV Elcodo xal Ty €£000

TOU DLOAOU UE TT) LOPQPY) TUVAXWY-YOUUUGDY, ONAADY)

(3.2) Px = [p(z1) p(x2) ... p(zn)]
(3.3) Py = [p(y1) p(y2) - p(yar)]

TOTE EUXOAA TPOXUTTEL OTL 1] xaTavour) THavoTATWY oTNY ¢€odo Yo Ofvetow amd To

YWOUEVO TIC xaTavouhic Tavothtwy 6Ny elcodo enl Tov mivaxa dtaliou

(3.4) Py = Px - Py/x.
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X, ® P(Y,/ %) ——pe Y,
X, ® P(Ys/ %) * VY,

X3 *r— p(y3/X3) b’ y3

XN r———— p(yM /XN)—PO yM
Eyqee 3.2: Awdypapua tov Sratvdov.
H eZiowon (3.4) pavepdver mwe o mivaxog Stadlou eAEYyEL TN 001 TANeoopiag and

7 x> Z 8 8 /)\ 4 4 4 ﬂ 4
my €locooo otnyv EEO O TOU OLAVAOV, QYO HETO(OXT]“O(TLZEL TNV XATAYOUT) TLUAVOTY|TWY

TwY oLUUPOAWY oTNY Ei00d0 oTNY xaTavouy TAVOTATWY TV GUUBOAWY 6TV €£000.

3.2 Evtponia Yuotiupatog AtadAov

Av ypddoupe tic mdavoTnTES TWV CUPBOAKY ELGOBOL UE TN LORPY| Dlay@VIOU Tivaxa,
onhadN

p(z1) 0 0
(3.5) pe—| O plaz) 0

xou Yvwpllouue tov mivaxa dwdiou Py x, t6TE oL amd %x0wvo) miavoTnTeg (ouvde-
TS mﬁavo’mrsg) WY oLUBOAWY ELG600U-EEH00U, TOU YRAPOVTIL UE TN LOp@T| TOU

mivaxa Pxy, divovtat and tn oyéon:

p(xlayl) p(xlayQ) p(%,yM)
To, T3, To,
(3.6) Pyy = p(r2,y1)  p(x2,92) (w2, ynr) — Dx - Py/x.
p(IN, yl) p(xN, y2) T p(ﬁN, yM)

[Tpogavwe, yvwpiCovtag tov mivaxa Pxy Unopolue va UToAOYIGOUUE T1 GUVOETIXTN
EVTPOTIA ELGOO0U-EEOD0U H(XY), onhady T w€omn TAnpogopio avd Ledyog cuUUBOAWY
e16680u-e£600v, epapubloviac 1 oyéon (2.14). H ouvdetn| evtponio H(XY)

ovoudletal eviponio cLCTARATOG StadAov.
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3.3 Pon IIAnpogopiag oto Alavio

Ievixd, dtav yvwpilouye mo olufolo, x;, dloyeteleTon 0TNY €iGOO0 TOU Blatdhou BeV
eluaote BéBatot yia o o oduBolo, y;, Yo epgaviotel otny €€0d0 Tou Blaviou. Au-
T 1 ofeBandtnTa elvan dpenxta GUVOESEUEVT UE TIC UTO ouvITixn TdavOTHTES XAt To
avtioTorya UETPa TANPOPORINS TWV YEYOVOTWY EUPAVIOTS EVOC GUUSBOA0U oty €000
ToL BlavAou 6Tay Yvweiloupe mo ouBoko dSoyetelinxe apyixd otny eicodo. Luve-
TS, 1 UTo cuvIxn TavdTnTa EPAVIonS evog ouuBohou otny €£0d0 Tou BlavAOU
dedouévou tou aupPorou oty eicodo (p(y;/;)), xou xat’ ENEXTAOT 0 TVAXIS TOU
otohov Py, x, meprypdgel Ty ofeBatotnTa oTtny €icodo Tou dlaliou yia TNy €£006
tou. AvticTpoga, 1 afeBatotnTa oty €00 Tou Sladlou Yia TNV €lcodO Utopel va
neplypagel ue Bdomn tic und cuvixn THavOTNTES TV CLUUBOAWY EIGOBOU BEBOUEVWY

TV oLuBolwy €€680u (p(x;/y;)), dnhadr) cuvokixd arnd tov mivoxa Py y.

3.3.1 Evtponia Jopiou

A¢ Yewprioouue évay mapatnenth otny €€odo Tou dladhou, o onolog AouPBdverl olu-
Boha tng mnyhc TAnpogoplag (Y, Py). Tevixd, o TUEATNENTAS oV XL ToEATNREE! To
oVuBoha oty €€0do Tou dladhou dev etvar oe Yo va yvwpeilel tola cUufola ety
apyxd etoay Vel oty eloodd Tou. H uéorn mhnpogopio mou Aeinel and Tov mapatrnenth
otnVv €000, Yo vo avayvepioet ue Befatdtnta Tor clpPoha €1codou, Yo elvar mpo-
paveds {on pe Ty und ouvdrxn eviponio H(X/Y). Av yia nopdderypa n H(X/Y)
elvan {om e undév mou onuaiver 6Tt ot LTS UV mdavdtntes. pa;/y;) eivon ioeg
ue éva 1 undeyv, T6Te 0 TapatNENTHS AauBdvovtag €va oluPolo y; Yo evar amohiTewg

BéBatog yia to moto oluBolo x; otdhinxe and TNy €lcodo Tou Blaviou.

H péon éherhn minpogoplioag yio to cluBoko €106d0u yivetar avTiAnmTy and Tov
TapatnenT oty €£0d0 we anwhela Thnpogopiog, fone ye H(X/Y) avd obuBolo,
X0 EPUNVEVETAL W¢ amoTEAEOUA TNG Tapouciog Yoplfou oto mepBdihov Tou Blad-
Aou mhnpogopiac. T 1o Aoyo autd 1 und ouvdnxn eviponio H(X/Y') ovoudletar

evtpornia YopiBovu.

3.3.2 Evtponia SiabAov
Y1 ouvéyela, Vewpolpe Evay Tapatnenth oTny elcodo Tou ddiou, o otolog BAETel
™y TNy TAneogopiag (X, Px). Tewxd, av o TAEATNENTAS AUTOS PAETEL OTL 6TV

eloodo Tou dladlou eodyetar To olUBolo x;, TOTE dev elvon anohiTwg BéBatog Yo
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10 Toto Va efvan T0 oVuPBoho y; otny €€odo Tou dlaviou. o Tov TapaTnENTH OTNV
eloodo, 1 uéorn Ehheldn mhnpogopiag avd cluforo e£660u Bedouévou Tou cuuBdiou
10680 ebval {on pe Ty und cuviixn eviporia H(Y/X). O nopotnenthc anodidet
auThY TNV ENeldr) TAnpogopiag GTNV dyvold Tou Yo Th doun xat T Aettoupyio Tou
Stavhou mhnpogopiog. T'tor to Aéyo autd, n und cuvdixn eviponia H(Y/X) ovo-
udleton evipomnia StadAov. Av o mapatnentic oTnY €lcodo YVWOPLLE UE amOAUTY
BeBardtnta mowo oluPoro Vo eupaviotel oty €€odo Tou diadhou yia xdle oluPolo
Tou €1edyeTo 0Ty lcodo, TOTE ot U6 oLV tavottee p(y;/ ;) elvar {oeg ue
undév 1 éval xan ouvende 1) evtporio dtaiou undeviletar (H(Y/X) = 0). Enuechve-
o, 61 evrponia drodhou H(Y/X) eivan Srapopetind; and v eviponio cusTRUNTOC
Stavhov H(XY') mou avagépinxe xar mponyoluevn evotnto xou eivon cUVOETIXY -

vTpoTia.

Y1n ouvéyela, Yo deilouue mwe urohoyiletan 1 uéon mhnpogopior oty €€000 £VOg
otovhou 6Ty Yvewpilouue TNy eviporio oTny elcodo xadde xat Tic eviponie YopUSou

%ol OLAOU.

Oehdenua 3.1 (Evrponia otny 'EZodo evdg Atadlov).

Av n €loodos ka1 n €€odog €vdg diavAov meprypdpovtar wg 60 TNYES TAnpogopiag
(X, Px) ka1 (Y, Py), avtiototya, tére n evrporia otny ¢£odo tov diatAov divetar and
™ oxéon

(3.7) H(Y) = H(X) — HX/Y) + HY/X).

Anodeldy.

H(X) - HX/Y)+H(Y/X) == p(z)log(p(z))+

+Zprylog (z/y)) Zpry log(p(y/z)) =
==Y plz,y)log(p(z))+
—|-2pr y) log(p(x/y)) Zpr y)log(p(y/x)) =
:_Zprylog<(zx/‘Z/x> Zprylog y) =
:—Zp log H(Y)
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3.4 Xwpntuxotnta AtxVAov ITAnpogopiag

‘Onog avagépdnre oto TEomNYoUUEVO Xe@dhoto 1) dlamAnpoopia UETald 600 TNYHV

minpogopiac (X, Px) xou (Y, Py) opileton we 1 dtagpopd
(3.8) I(X;Y) = H(X) — HX/Y).

Av vrodéooupe 6Tt ot dvo autée tnyée (X, Px) xou (Y, Py) meptypdgouy tny eicodo
xou TNy €€0d0 €vag dladhou, avtioTolya, TOTE 1) damAnpogopio Yo eivar {on ye TV
evipotia otny €icodo tou dadhou uetov Ty eviporio Tou Yoplfou 6To TEPBdihov
tou. Evohhoxtixd, 1 damhnpogopior g cupueteixry ouvdptnon (Bréne oyéon (2.25»

umopet var Ypagel we 1 dlagopd g eviporiog otny €€0do yelov TNy eviponio dtadAou
(3.9) I(X;Y)=H(Y)-H(Y/X).

Ogopdc 3.1. Xwpnrikdtnra SravAov mAnpogopiag C eivar to uéywoto tng
oamAnpogopiag tng ewdoov X kai tng €€éoov Y oe mepifdAdov JopvPou, onAadn

(3.10) C = nlljax{[(X;Y)}.

Ané tov mapamdvew oploud NG YwenTIXOTNTIC OLtdAOU TEOXUTTEL OTL 1) YWENTIXO-
e uetpdtan o€ bits/symbol 6nwe xou 1 StamAnpogopia xor ueytoTomoleiTon Yo
OLYAEXPLUEVT xaTavour] TAVOTNTAS TwV GUUBOAWY E10600L. ANhadt|, UE XU TAAAT-
An xaTavour| Twv TavoThTwY Tewv cuUBOAnY ElGodoL unopel va ueytotoroietl 1
TOGOTNTA TANEOYORING TOU BLOYETEVETAL GTO DIAUAD, OTOTE ETLTUY YAVETAL 1) BEATIOTY

EXUETAMAEVTT] TOU BLotdhOU.

3.5 Xapaxtnpiotixol AlovAiol ITAnpogpopiog

Y1 ouvéyeta, tapouctdloval optopévol yapaxtreloTixol dlaulot TAnpogopiag, yia
x30e Evay and Toug omolouc Yo UTOAOYIGOUUE TN YWENTIXOTATA. TWY OTOlWY U-
rohoyileton 1 ywenTxétnTa. Ot dlavhot autol pmopolv va yenoworotnioly wg

GTOLYELDOY) DoUXd oToLyelo Yoo TNV TePLYpadr| xot avdiuoT mo cOVIET®WY BLalAWY

TAnpogoplag.

3.5.1 Idavixdc dlavioc

Y1ov wavixd dlavko TAnpogopiag to TARYOC Twv cuuPBolwy elvar To Blo Yo TNV

eloodo xat v é€odo (N = M). Eniong, yw 8edouévo olufolro eioédou 1 e€650u
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X 1 >e Y,
X, ® 1 >e Y,

X; ® 1 >e Y.

Exqee 3.3: Awdypappa €vég 1w0avikot savdov.

oev umdpyet afeBatotnTa yioo To cUPolo e€6dou 1 e16ddou, avtioTtorya. Anhady,
bhec ot und ouvdinn mdavétntes p(x;/y;) xou p(y;/x;) o eivar {oec ue 0 A éva
Axoun, autd onuaiver 6Tt av to oluolo elcédou x; avtiotolyiletar 6to clYSolo
e€680u 5, TOTE oL TavHTNTES TwY Yo cuUBOLeY eivan ioeg (p(x;) = p(yi)) xou xot’
enéxtaon Py = Py. Y10 oyfua 3.3 napouctdletal €va Topddetypa dioy odupotog

1OoVIxoU OtotdAOL.

Aol 6mwe mpoavagépaue ot uTé cuVITXn TiavoTnTeS efvan UNdevinég 1 loeg e éva,

TeoxUTTEL 6TL 1) evTpoTia VopUfSou xou 1 eviponio Stodhou eivon undevixnég:
(3.11) H(X/)Y)=H(Y/X)=0,

eve o Tivaxag dtadhou Yo efvar o yovadiaiog, dtaoctdoewy N X N:

1 0 - 0
0o 1 --- 0

(3.12) Py)x =
1

An6 my (3.11) npoxintel 61 1 SramAnpogopio NS eto6dou xou g €€680uL Yo efvou:

(3.13) I(X;Y)=H(X)=H(®Y).

Téhog, 1 ywenTuxdTNTA TOU WavViXol Sdiou Va eivar ior pe
(3.14) C =max{/(X;Y)} =max{H(X)} = max{H(Y)} = log(N).
Px Px Py

[Tpogavwe, 1 xatdAnhn xatavour v mdavothtwy Px yio to oOuola eicddou

nou peyotonotel v H(X) elvan 1 opotduopen:
(3.15) Px =[1/N,1/N, ..., 1/N].

3.5.2 Alaviog ywelc anwAeleg

Y10 dlavio yweic anwheieg xdde oluBoro €i06dou umopel va avtiototyiletoar o€

TEPLOGOTERY a6 €va oVUBola e€6d0v. ‘Ouwg, xdde oluBoho e€bdou Tpogpyetal and
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Yyqee 3.4: Awdypaja €vég 61atAov xYwplS atwieles.

€va u6vo c0UBolo elc6d0u, OTwe gaiveton oto oy 3.4. Tlpogavae, autd onuaivel
611 T oUuBola e£600u eivan teptocdTepa amd ta oVUBola ewwddou (M > N). Axéun,
Yoo dedopévo cUUBolo oty €€0do Tou Bladhou Oev uTdpyel afefuldTnTa Yo TO
avtiotoryo oUuBoho otny eicodo. Anhadh, xdde vd ouvdfpen mdavétnta p(z;/y;)

Yo etvar fon pe 0 4 1. Luverwe, Yo Ty eviponia YopdfBou xou tn dtamAnpogopia Yo

1oy VouV
(3.16) H(X/Y)=0,
(3.17) I(X;Y)=H(X).

Enuetdveton 6Tt ot und cuvxn mbavétntee p(y;/x;) dev elvan anapaitnta ioeg ye 0
7 1. Buyxexpéva, o mivaxag dtadhou Py)x €yel povo €va un undevixd otolyeio o

x30e othAAn Tou. T mapdderyua, o wivaxag tou dtadiou oto oyfua 3.4 elvar {cog

ue:

ply/z1) plya/z) plys/z) p<y4/x1>]: [o.4 06 0 0 ]
p(yr/@2) plyz/x2) p(ys/x2) plys/a2) 0 0 07 03]

Téhog, 1 ywentuxdTNTa T0U Sldlou Ywelc anwheeg Yo elval:

(3.18) C =max{I(X;Y)} = max{H(X)} = log(N),
Px Px

mou TeoxOTTEL Yo loonidava cOuBola elcddou

(3.19) Px = [1/N, 1/N, ..., 1/N].

3.5.3 Kadopiotixdg dlaviog

O xadopioTindg dlauhog €yel oLoLUGTIXS TIC AVTIGTPOYES IOOTNTEG OE GUYXELOT) UE

10 dlaulo ywelc anwieteg. Tlpdta and dha, to oluBola e€6dou elvon YeVIXS Ay OTEQN
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Xil.. 1/.y1
X, &

X, ® 1 Y
X4./ 7‘7 2
Xs/

Yyqee 3.5: Awdypappa evés kaopiotikot davdov.

|

_ e

and o ovuBora ewwddou (M < N). H Boowd ididtnta tou xadoptotixol dtoadhou
elvan 6Tt 5edopévou Tou cuufBdrou oty elcodo dev uTdpyel aefotdTnTa Yo TO TOLo
oluBoho Yo eugaviotel oty €€odo. Arnhady, okeg ot und VDTN TAVOTATES
p(y;/x;) Vo eivan {oec eite pe 0 eite ye 1. Xe avthv v nepintworn Ya éyouue
(3.20) HY/X)=0,

(3.21) I(X;Y)=H(Y).

Enopévwg, n yoentxotnta tou xadoptotxol diadhou eival:

(3.22) C =max{/(X;Y)} =max{H(Y)} = log(M),
PX PX

Tou TEoxUTTEL Yo toonidava oluSola elGHdoL:

(3.23) Py =[1/M,1/M, ..., 1/M].

H opotopopgn xotavour twv mdavotAtwy 1wy cUPBolwy oTny 2000 ERITUYYAVETAL
HE TOV XATIAANAO TROCOI0poUs NG xatavouns TWAVOTATOY TwV GLULOAWY GTNV
eloodo. Y10 oyfua 3.5 napouctdletal €vo TapAdELYHo Doy pduatog xo)optoTio)

otvrou. O mivaxag tou dladlou o aUTO TO TUEAdELYUa ebvau:

p(yi/z1) p(y2/21) 10
py1/x2) plyz/x2) 10
pyr/xs) ply2/as) | =10 1
p(y1/xa) pye/x4) 0 1
| pyi/zs) plyfws) | [0 1

LFevixd, oe xdde ypouur tou mivaxa evog xadoploTixo) dtaviou undpyel Eva uovo

un undevixé otovyelo {oo mévta ye 1.
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Y1

Y2

Y3

Exque 3.6: Awdypappa €vég opoiduopgov datAov.
3.5.4 Opoopopyog dlawAog

Ouotduoppoc ovoudletarl €vog dlaulog TANEoPopiac 6TaY OAEC Ol YRUUUES Xol OAES OL
oThHAES ToU Tivaxa SlaAou TEOoXUTTOUY amd avadLdTady TWY GTOLYEIWY OTOLGONTOTE
Youuunc xor 6THANG, avtioTtorya. To ddypauua evog oUotouop®ou Sladlou QatveTal

4 7 7 XD 7 /7 4
OTO OY MU 3.6. O TUVAXAC AVTOU TOV otathou eiva lGOC UE:

p(yr/z1) ply2/21) plys/x1) 0.2 0.3 05
p(yr/z2) plys/z2) plys/zs) | = | 0.3 0.5 0.2
p(yi/z3) plye/z3) plys/zs3) 0.5 0.2 0.3

H evrponia evog opgotdpopgou dtadhou Yo etva:

H(Y/X) = —ﬁ;ﬁ;p(%%) log(p(y;/x:)) =
= - ZZ::p(xi) ﬁ;p(yj/xi) log(p(y; /i) =
ij: (y;/x:) log(p(y; /:) ] [Zp ]
(3.24) = — jﬁp(yj/%) log(p(y;/x:))-

H rapandve avdluon Baciletar oto yeyovdg 6Tt o dipoioua

M

(3.25) > ply;/xi) log(p(y; /)

j=1
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elvan To (D10 Yo omotadNmoTE Ypouur Tou mivaxa Tou dtavlou dpa aveldpTnTo TOU
oetxtn . Ilapatnpolue 6Tl 1 eVIPOTIa TOU OUOLOUORHPOU DLUUAOU EIVAUL OUGIACTIXY

aveldpTnTn TG xaTavopunc TavoTATWY Twv cUUBoAwy 6TV eicodo.

H daminpogopia Tou opotduopgou dadhou eivon {on ye:

M
(326)  I(X;Y)=H(Y)—H(Y/X)=HY)+> ply;/z:)log(p(y;/x:)).

j=1
LUVETWC, 1 YWENTIXOTNTA TOU 0UOLOUopPoL dlavlou Ja elvan (o ue T U€yioTn Ty
¢ Samhnpogopiog dnAadh:

M
(3.27) C =log(M) + > " p(y;/z:) log(p(y;/x:))-

j=1
H péyiotn auth Tiun tne dlamAnpoqoplac eTITUYYAVETAUL UE XAUTAAANAY ETAOYT NG
xaTovoung TAVOTATOY TV GUUBOAWY EIGAO0U, ETCL WOTE, 1) XATAVOUT TV GUUBO-

AV €600V va elval oUoLOUOPYT:

(3.28) Py =[1/M, 1/M, ..., 1/M].

3.5.5 Xupuetpinog duadixodg dlavAog

"Evag yopaxtnplotinds ogotduoppog dlaulog eival 0 GUUHETEIXOS DLABIXOS. Y€ AUTOY
0 diawho éyouue dVo oluPora etoddou {04, 1.} xar 8o oluBola e€6dou {0y, 1,}
(oyfua 3.7). Ou deixtec x, y ot olufola Snhdvouv 6Tt mpdxettat yior cOUBoAN oTNY
eloodo xar Ty €€odo, avtictorya. Kdde oluBoro eio6dou Yo avtictoyiletar owotd
oty €€ooo pe mavotnta p. Ilpogavae, oe authv v tepintwor, xdde cbuBolo
€10600L unopel va avtiototynlel ecpaiuéva otny €€0do Tou BladAou Ue mdavoT T

1 — p. Yuvenag, o mivaxag Tou CUUUETELXOL BuadxoU dtadhou Yo elvar:

[p(oy/Ox) p(1,/0.) ] :[ p l—p]
p(0,/15) p(1,/1,) l-p p |

Egapuélovtag, ancudelag 0 oyéon (3.27) yw tov unoloyioud NG YWENTIXOTNTAC
OUOLOUORPOL BLLOAOU TPOXVTTEL OTL 1] YWENTIXOTNTA TOU GUUUETELXOV BUAdLX0U) BLad-

Aou elvat {om ye:

(3.29) C =log(2) +plog(p) + (1 —p)log(l —p) =1 — Hy(p),

6mou Hy(p) eivon 1 ouvdptnon Shannon (2.13).
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p
0 .\1-p 0
1-p
1 e—— p 1

Eyxqee 3.7: Awdypappa ovppetpicod dvadiicov davdov.

Oo\pl »e O

Eyuee 3.8: Awdypappa X-0wvAov.
3.5.6  Avaduxdcg dlaviog e&dheidng - 2-dlaviog

O duadxog dlavhog e€dhetdhne mou paivetal oto oyfua 3.8 £yet dUo cUYPola ElG6B0U
{02, 15} xou tpiar oOuPora €€6dou {0,,1,,e}. Kdie éva and to ovuBola e16650u
avTiototyiletor 6woTtd oty €€0do pe mAvOTATA p. LTNY TEQITTWOT, EGPAAUEVNC
avtiotolylong epgaviletoan oty €€odo 1o cluPoro e. 'Etol, av otnv €£odo tou
Staihou epgaviotel o oluPolro e (oluBoro Addouc), o déxtne avtihaudveton 6Tt T0
oVUBoho oty i0000 PETAPEACTNXE GTNV €000 EGQPAAUEVA, Ywpic OUWS Vo YVepllel
TOLo a6 To BLO GUYSoAA {0, 1.} exméugnxe apywxd. O mivaxag Tou dladhou Talpvel

T popr)

p(0,/0:) p(e/0:) p(1,/0s) ] _ [p 1-p o]
p(0y/1s) p(e/0:) p(ly/1a) 0 1-p p|

Me Bdion 1o mapandve, ot und cuVIAxN THAVOTNTES BECOUEVLY TV GUUBOAWY GTNY

¢€000 Va civat:

p(Ox/Oy) 17 p(ox/ly) = 07
p(lx/oy) =0, p<1x/1y> =L

Eniong, ot xowéc mdavéotntes p(0,, 1) xaw p(15, 0y) Vo eivon ioec pe undév (p(0g, 1) =
p(13,0y) = 0), eved n mdavéTnTa o@dhpatog p(e) Yo toobtan Ye:

p(e) = p(0y, ) + p(1s, e) = p(e/0,)p(0.) + ple/1.)p(1.) =
= (1=p)p0,) + (1 =p)p(1ly) =1 —p.
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Yuverwe, 1 und cuvdnixn eviponia TG €106d0L Bedouévng TN e€6dou Va elval:

H(X/Y) = =p(0s, €) 1og(p(0z/€)) — p(1s, €) log(p(1/e)) =
= —p(¢/0.)p(02) log (]M>

p(e)
p(@/lx)p(1x>> _

p(e)

ple/1)p(11) log (

~(1= pl1) os(p(1)) + 1og (S0 | -

(3.30) = (1 - p)H(X).

Tehxd, yio ) Sramhnpogopia €16650U-e£600U TOU BravAou Yo €youyE:

(3.31)  I(X;Y) = H(X) - H(X/Y) = H(X) - (1 - p)H(X) = pH(X),
OTOTE, 1) YWENTIXOTATA ToU dLAdXOU Btaviou e€dherdng Yo etvar:

(3.32) C = max{I(X;Y)} = plog(2) = p,

Tou TeoxUTTEL Yo toniVava cvuBola ewwddou Px = {0.5,0.5}.

3.6 Alvocida AtxOAwy IIAnpogoplac

YV mpdln, xatd T UETAd0oN TN TANpogoplag ot €va GUCTNAUN EMIXOVGWYING, 1
TAnpogoplo dloyeTedeTal oTadtaxd Uéoo and ula oelpd dtadoyxamy ddiny. [o
TOEADELY U, XATE TNV ETLXOVWYVIA 500 UTOROYIGTWY To BEdOUEVA UTopel Var ‘Tagldey-
oY’ SLadoy X LEoa omO ALY WYL XAAWOLO, OTTIXES (VES, TNV aTdo@aLed (AoVEUTES
Lelielc), xhT. Auth n ahuotdw T 6OVBEST, TOAAGY dladhwy TATEOYOoplag ovoudleTo
aAucida dtabAwy TAnpogopiac. Ilpogavoe, auth 1 cOVOes unovoel ot 1) €€o-
00¢ %de draviou dloyeteleTol WS elcodog oToy enduevo diavho. T Tapdderyua, 7
nepintwor ulog ahvoldag 500 dlavAwy galvetat oto oyfuc 3.9, 6mou n Tnyr e€ddou

(Y, Py) tou Suwdhou 1 tautileton ye tnv mnyt €:6680u tou dtadiou 2.

‘Eotw 611 1 aduoida dtadlwy arotekeitar and éva oOvoro K anholoTtepmy Slaliwy,
ol omofot elvar ouvdedeuévol xatd avovoa ocepd (1,2,3,...,K). Oewpolue 611
Yvwpilouye tov mivaxa P(Y;/Xj) xdie evoc atoryeiddoug dradlou o omoiog cuyfo-
MCetar pe to ypduua k. H elcodog tou dtadhou k eivan 1 mnyh Xy, evéd 1 €€006¢

Tou eivan 1 Y. Ilpogavwe, 1 elcodog Xy tou dadlou k tautileton pe v €£odo
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:‘th Aiavhog 1 D:‘th Aiovhog 2 D::>
Eicodog 1 "E€odo¢ 1 —Ficodog 2 "E€odog 2
(X, P) Y,R) (Z,F,)

[, % e X} (Y5 Yoreo s} {222}

Eyxnue 3.9: Alvoida 6vo dadwr.

Yi—1 tou nponyoluevou dtadhou (Xj = Yi_1). Eniong, n é€odoc tou Yj tou Stod-
hov k tautileton ye Ty eicodo Xji1 tou enduevou daviov (Vi = Xppq). Onog
€)OUUE NOT AVaQEREL, oV YVWEIGOUPE TNV xaTtavour| Tavothtwy otny elcodo Py xat
10 Tivaxo eVOg BlaAou Py x UTOPOUUE VoL UTOAOYICOUUE TNV xatavouy) otny €£0d0
Tou egapuolovtac T oyéon (3.4) Py = Py - Py,x . Yuvenwe, otny mepintwon tng
ahucidag dtadhwy 1 xatavour mavothtwy oty €€0d0 Tng alucida Yo divetar and

TO YIVOUEVO

K
(333) PYK = PXl : PYl/Xl ' PYQ/XQ e PYK/XK = PXI ' HPYk/Xk'
k=1

Ano n oyéon (3.33) mpoxintel 6Tt o mivaxac Tng ahuoidas twy Stadiwy Yo ebvou:
(3.34) Py /x, = H Py, /x,,-
k=1

‘Eva onuavtiné yeyovog mou oyetiletar e T ywentixotnTo plag alucida Stadiny
elvat OTL 1) ywEeNTXOTNTA TNG AALGIDAS 6TO GUVOAD TNg Elval UXEOTERT ATO T1) Yo-
ENTXOTNTA xGUE GTOLYEWWOOUS DladAOU Tou UETEYEL oTNY alucida, ywpelotd. Ag
VEWPHOOLYE Yia ToEABELYUa TNV amAr TepinTworn alucidas 600 Slobhwy, dNAadH TNy
ahucida Tou oyfuatog 3.9. Mropolue va anodeifouye OTL 1 dramAnpopopia 1(X;2)
elvan Tdvta Pixpdtepn and 1 damhnpogopio 1(X;Y'), ondte xat’ enéxtoon 1 ywen-

/’ 7 Vé / 7’ ? 7 7
TIXOTNTA TNE ahuoidag Yo elvon uxpdTERT antd auTAY Tou AmAo) Slatdhou.

Anodeldy.

I(X;Y) — [(X; Z2) = H(X) — HX)Y) — H(X) + H(X/Z) =
— H(X/Z) - H(X/Y) =

==Y plai, 2) log(p(wi/ =) + ZZP(%%) log(p(xi/y;)) =

i=1 =1
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== 3> pliyj, 2) log(p(ai/2))

i=1 j=1 I=1

+ Z Z Zp(l’i, Yi ) log(p(xi/yj)) —

el p(i/y;)
(3.35) =, ZZp(xi,ymzl)log (p(xi/zl)) :
Ou 800 amhol dlavhot AettoupyoLy aveldptnTta 0noTE Iy VEL:
(3.36) p(xi/y;, 1) = p(i/y;)-
Erniong, yvwpiCouue 6Tt
(3.37) p(i, yj, 2) = p(@i/y;. 20p(Y;, 21)-
Avuxadiotédvrog tig (3.36) xou (3.37) oty (3.35) €youpe

(3.38)
VY T(X 7)) — EM: ZL , ZN e p(zi/y;, z1)
I(X7Y> ‘[(X?Z)_ p(yjazl) [ p(xz/yjazl)log( )] :

P/ 1)

Y1y napandve oyéorn to dlpoloua evtog Tne ayxVOAng eivan oty oucia uio andoto-
o1 Kullback-Leibler, n onola 61w¢ €youue #01 avagépet elvat un apvntixy. SUVETOC,
1 (3.38) Yo ebvan mdvtor un opvnTixd,

(3.39) I(X;Y)-1(X;2) >0,
omoTE %ot eméxtoot Yo €youue

HIIDaX{I(X;Y)} - rrjljax{f(X; Z)}>0=

(340) = Cx;y > CX;Z'

Auto onuaiver 6Tt 1 ywentixdtnTa e ahuotdag Vo efvar uxpdTepn and TN YwenTL-

/ / 7 /
x0T (80E BravAou YweloTd.
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3.7 TYmroloyiwopog tng Xwentuxotntag - Teyvixn
Muroga

YTIC TEONYOUUEVEG EVOTNTEG TEPLYRAPIAUE OPLOUEVOUS YOQUXTNELOTIXOUS BiotuAoug
TANpogoplag Twv omolwy Tpocdlopicaue, e oy ETXY euxohia, T ywentixétnta. To
YEVIXO TEOBATUO TOU UTOAOYIOUOU TNG YWenTuixdTnTag €vOg dlahov, dTay dag dive-
o o mivaxag Pyyx, elvon wiadtepa 00ox0ho xau eumtinTel otny meployt| Tne Vewplag

Behtiotonoinong und cuvirixec.

Y10 onueio autd Va teprypddoupe, yweic anddelly, tio T VI UTOAOYIOUOU TNG Y-
enTdTNTAC Sladhou GTay Ebvat YVWwoTog o Tvaxag Tou dtavhou Py x, xat Vewpavtag
6Tt oL ahpdPnTor etoddou xar e€68ou eivon todpriua (N = M). H teyvixr, pye v
omola emMTUYYAVETAL 0 UTOAOYIOUOC ovoudletar Texvixy) Muroga xou anoteheitat

and 0o Bactxd Briuata.

1. Apywd ouvidétouue 10 clotrua N Yeouuix®y e€lo®oewy:

p(yi/z1) - Av+plye/z1) - Ao+ -+ p(yn/21) - Ay =
= " ply;/z1) log(p(y;/=1))
py1/m2) - AL+ p(y2/22) - Az + -+ + pyn/z2) - Ax =

= ZP(%‘/ x2) log(p(y;/2))

pyi/zn) - A+ plye/aN) - Ao+ - +p(yn/zN) - An =

N
= > p(y;/z) log(p(y;/zn))
j=1
T0 omolo emAVETAL UE Ay VWO TOUG TIg UETaPANTég Ay, Ag, ..., An.

2. Metd tnv eniluoy Tou TAUPATAVEL CUGTAULATOS EEIOWOEWY 1) YWENTIXOTNTA TOU

otvhou uroroyiletar ye Bdon T oyéon:

(3.41) C = log (i 2Ai> :

Or miavotnteg Twv ouPBoOrwY oty €€000 Tou 08NYOLY OTr UEYIOTN BlamAnpoopia

€16600V-e£600L TOU BtadAou (ywenuxdTNTA) BivovTal and TIC OYEoELC:

(3.42) ply;) =2%C 1<j<N.
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Y1 ouvéyela, N xatavour Twv THavoTATWY TV cuUBolwy oTny €lG0d0 Tou SlatdhoU
Tou 0dNYel oTNY TAAEY EXUETAAMAEVDT] TN YWENTIXOTNTAC Tov, Yo diveton amd TNV

en{luon Tou cUoTANATOS EELOWOEMY
(3.43) Py = Px - Py/x,

0edouEvOL 6Tl 0 Tivaxag Tou dtavhou Py x elvol yvwotog xou ol mdavotnteg otny

€€0d0 €youv unoloyloTel ue Bdon tn oyéon (3.42).

3.8 Ilapadeiypata

1. Av n mbavétnta opdApatog katd tn petddoon dvadikwy ovppodwy €lval e =
0.1 va vrodoyiotel n) yYwpnuikétnta tov ocUupeTpikoU Ovadikol d1aUAoL Kai Tov

dvaoikoU Mavdov e£dAeng.

H mdavétnra opdnc yetddoons twv duadixwy cuuBoiwy etvar p =1 — 0.1 =
0.9.

"o To suppeTed dBuadixd dioulo 1 ywentxdTyTa divetar and ) oyéon (3.29),

ondte

C = 1= Hy(p) =1+ plog(p) + (1 —p)log(1 —p) =
14 0.910g(0.9) 4+ 0.110og(0.1) ~ 0.531  bits/symbol

Mo 1o Suadixd diavdo eEdhetdne n ywentixdtTnta divetar amd ) oyéon (3.32),

omoTE

C=p=0.9 bits/symbol

2. Ocwpojie ouoiduopgo dtavdo TAnpogopiag tov oroiov o mivakags efvar ivog ue:

0.2 0.5 0.3
Py,;x =105 03 0.2
0.3 0.2 0.5

Na vrodoywotel n ywpnrikétnta tov owavAov.

H ywenuxdtnra tou opotdpoppou dlavhou diveton and tn oyéon (3.27), ondte

C =log(M) + Zp(yj/xi) log(p(y;/xi)) =

j=1
= log(3) + 0.210g(0.2) + 0.310g(0.3) + 0.510g(0.5) ~
~ 0.099 bits/symbol
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3. O mivaxas wwy ourdetikwy mbavotntwy twy oUUBiAwy €106dov-€£600v €vig

vroletikoU dravdov mAnpogopiag eivai:

025 0 0.1
0 03 0.05
Pxy =
0.1 005 O
0 0 0.15

Na vrodoywtotv: n evtponia ewddov H(X), n evtporia e£édov H(Y), o
nivakag tov diadov Py x, n evtporia Siatdov H(Y/X) ka1 n evrponia JoptPov
H(X/Y).

[a va umohoyicouye Tic evTponiee otny elcodo xat Ty €000 Tou Sadlou Ju
TEEREL Vo Yvopiloupe Tic TAvOTNTES EUPAVIONS TWV GUUBOAWY ELGOBOL XL
e€odov, avtiotorya. Ot miavotntee autég elvon duvatod va Beedoly and Tov

TIVaX GUVOETIXGDY TIIAVOTATWY wg EENG:

3
pler) =D pla1,y;) =0.25+0+0.1 = 0.35

J=1

3
p(r2) = > plwa, y;) = 0+ 0.3+ 0.05 = 0.35

j=1

3
ples) = p(rs,y;) = 0.1+ 0.05+0 = 0.15

j=1
3
plaa) =Y plas,y;) =0+0+0.15=0.15

j=1

4
p(y1) =3 plaiy1) = 025+ 0+ 0.1 +0 = 0.35

i=1
4

p(y2) =Y p(i,y2) = 0+ 0.3+ 0.05 +0 = 0.35
1=1
4

plys) = plwinys) = 0.1 +0.05+ 0+ 0.15 = 0.3
=1

H evtponia eio6d0u Yo elvau:

H(X)=- ZP(%) log(p(z;)) = 1.881  bits/symbol.

Ouolwg, n evrponio e€6d0u unoloyiletar we:

HY)=—- Zp(yj) log(p(y;)) = 1.581  bits/symbol.

J=1
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[o va ouvidéoouue Tov mivaxa tou dtadhou Py x umoloyiloue Tig und cuv-

Oun mdavotntes p(y;/x:) = p(y;, z;)/p(x;). Etot, éyouue

0.25/0.35 0 0.1/0.35 5/7 0 2/7
0 0.3/0.35 0.05/0.35 0 6/7 1/7
Py)x = =
0.1/0.15 0.05/0.15 0 2/3 1/3 0
0 0 0.15/0.15 0 0 1

H evtpornia tou Swwdhou H(Y/X) vrohoyiletar w¢ e€hc:

4
H(Y/X) = ZZ]} zi,v;) log(p(y;/z;)) = 0.6469  bits/symbol.

=1 j=1
Téhog, v v evrponia tou YoplPouv H(X/Y) éyouye:
4 3
H(X/Y) ==Y plxi,y;)log(p(ai/y;)) =

=1 j=1

14 3
- ZZp z;,y;) log p(xi’%j)) = 0.947 bits/symbol.
p\y

i=1 j=1 (y;

.

4. Na vrodoyiotoly o1 ywpntikétnte§ Twv 01aUAwy mov meprypdportal and Tovg

mapakdtw mivakes oiidwr (Py)x):

10
p_ [075 025 0 ] e | e [ 06 04
0 025 0.75 - 04 0.6

Av o1 tpes dlavdor auvdedolv o€ oepd e TpdTo Tov PY ka1 tedevtaio tov
P®) va Bpedei o rmivaxas Satdov g advoidag twr Gintdwr kadods kar n

Yowpnukdtnta tng aAvoidag.
Hapatnpolue 6Tt 0 Tivaxag Tou TE®TOU SladAou PO EYEL TN HOPYT

p 1—-p O
0 1—-p p

6mou p = 0.75. Luvenmg, tedxertal Yo duadixo diauko e€dieuhng, Tou onoiou
1 ywenTxdTnTa divetar amd ) oyéon (3.32). ‘Apd 1) YweNTIXOTNTA TOU TEOTOU

otaviou Va elvart

Cy =p=0.75 bits/symbol.

Ané Tov nivaxa Tou 5eUTEPOU BLodAOL TPOXUTTEL OTL TPOXELTAL Yid X0 JOpLOTIXG

diowdo, Tou onolou 1 ywenuxdTnTe divetal and Ty (3.22)

Cy =log(M) =log(2) =1 bit/symbol.
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Téhog, o mivaxag Tou teitou dladhou Eyel TN LopyN

p 1l=p
lL—p p
‘Apa TpOXEITAL YIo GUUPETEXO duadxd dlavdo, omou p = 0.6. Xlugwva ue ™

oyéon (3.29), n ywpnuxétnta Tou dradiou Vo eivor

C3=1— Hy(p) =1+ 0.61og(0.6) + 0.41log(0.4) = 0.029  bits/symbol.

Av ot teete dlawhot ouvdedoly drutoveyYVTIC Wio alucida Slaliwy, TOTE O Ti-
vaxag P tng ahuoidag Yo dlvetat and 10 YWOUEVO TV TRLOV TIVAXWY, COUQLYIL

ue ™) oyéon (3.34), dnhadh

p=ph.p2. pB _—
0.6 04|
04 0.6

| 06 04
045 055 |

[o va umohoyloouue 1 ywenToTNTA NG aALcidag TV TEIWY Dlaiwy Vo

1075 025 0
0 025 0.75

S ==
= o O

egapuocoupe TV teyvinr) Muroga. Apywd, oyrnuatiCouye 10 cOOTUA TKV

000 e€lo®oEWY PE BLO AYVOGTOUC

0.6- A; +0.4- Ay = 0.610g(0.6) + 0.410g(0.4) = —0.9710
0.45 - Ay + 0.55 - Ay = 0.451og(0.45) + 0.55log(0.55) = —0.9928

Ané v enfhuon Tou TUEATAVL CUGTAUATOS TEOXUTTOUY
A = —0.912866, A, = —1.058199.

Tehxd, obygpwva ye ty teyvixs) Muroga, n ywenuxdétnta g alucidug Yo
divetar an6 Tt oyéon (3.41), dnhadh

N

C =log (Z 2Ai> — log(2’0'912866 + 2—1.058199) _
i=1

0.0163  bits/symbol.

Hapatnpolue 6Tt 1) YweNTIXOTNTA TNG AAUGIOAS TWY TEIWY SLadhwY efval uLxpo-
TERN A6 TN YWENTXOTNTA %3VE Slodhou YweloTd, 0w JAAWOTE TROBAETEL

xou 1) Vewpla.
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3.9 Aoxnosig

1. No unoloyloTel 1) YwenTixotnTa Tou dlavAou TANEoQopiac Ue mivaxo Stotdhou

Py,x =

2. O mivaxog TV GUVBETIXWY TAVOTATWY TwV GUUBOAWY EIGAB0U-E6B0U EVHS

uro¥eTxo0 dtudhou Thnpogopiag elvau:

02 0 01 O
Pxy = 0 03 005 0O
0.1 005 0 0.2

No unohoytotolv: 1 eviponio eto6dou H (X)), n evrponio e£6dou H(Y), o ni-
vaxag Tou odhou Py x, 1 eviponia dtadhou H(Y/X) xou 7 evtponia Yopifou
H(X/Y).

3. No umohoyiotel 1 ywenuxdtnTa ToL Slotdhou Thnpoopiag ue Tivaxa dladiou

3/4 1/4 0
Py;x=| 1/8 3/4 1/8
1/4 0 3/4

4. To ouBola wog duadixfc Tnyhc TAnpogopiog ue ahgdfnto X = {x1, 2} xou
xorovop| mdavotitwy Py = {0.75,0.25} ewodyovtor o diaulo mhnpogopiog

e mivaca dtadiou

o2 s
T3 93 |

No vrohoyiotel 1 Sramhnpogopla €16660U-e£600L XxAVWE XAl 1) YWENTIXOTHTA

0 dtovhou. No arttohoynlet 1 dtaopd YETAE) TV TIHOY TwY U0 UEYEVOVY.
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KegpdAaio 4
Kwowonoinon IInync

Y10 choTnUA ETOWKVING, OTwS auTd TeptypdgeTal and T Vewplo Tng TAnpogopiac,
OVAUECH GTOV TOUTO XAl TO BiUA0 TATEOWORINC TULEUBAAAETAL O XWOXOTONTAC.
‘Epyo tou xwodxonomty elvar var avtixatactiioet ta oOuBola tAnpogoplac tou mo-
edryovTal amd TNV TyY UE evalhaxTixd cUuPola 1 Aé€etc. Ot Abyot yio Toug omoioug
amatTelTal 1 Topousta Tou xwotxoTolnTh Towihhouy. Evdeixtind avagépouue toug

TOEAX AT

o Yuurieon. Katd 11 ouurieon o xwdixomointic aviixatadotd ta oduBoia
NG TNYNS UE vEa oUuPBola e TEMXO GTOYO TN PEIWOT) TOU GUYOAIXOU U X0Ug
TOU UnvouaTog TAneogopiag tou Yo doyeteudel 6Tto dlawho. Puowxd, 1 OAN
otadaoia Baciletar oty mpolnddeon OTL oTo ApPyLxd uRvuUL TAneoopiug
undpyouv mheovaouol. Ilpogavee, pe T Uelwon Tou PRxouS Tou UNVOUATOS
yivetar e€otxovouncT Tou YOeou arto¥hXEVONE TOU UNVOUUTOS XAl UEIWVETAL O

YEOVOSG TOU ATAUTE(TAL YLl TNV UTOGTOAY| TOU.

o Aviyvevon ka1 AidpOwon XpaAudrwr. Mia mdyla teyvixs yio Ty avTiUETo-
TLOT TWV GLVETELOY Tou YoplBou, o onolog LTdEYEL XaTd Prhixog Tou BlavAou,
elvat 1 amooToAr amd Tov Tound TAEOVALOoUCUS TANEOYORIAC UE T LOP@Y TE-
plooetag ouuBorwy. To chufola autd emttpénouy TNV aviyveuor cQaAudTwy,
6TOY TO UAVUPN QTAGEL 0TO OEXTN. AxOUN), UTEEYOUY XWOIXES TOU ETTEETOLY
EXTOC ATO TNV AVEYVELUST| TWV GQAUAUATOVY xat T1) Btopdwor) Toug. XNy Tedln,
0 x0OXOTONTAC avTixaoTd Tor oUUBoAA TNG TNYNAC UE AEECELS UEYAAVTEQOU
UAXOUC, ATO TO apYIXWS ATATOUUEVO, TeocVETovTaS cluBola eAéyyou. Eivo
PAVERD OTL 1 XWOXOTOINCT), TOLU GTOYEVEL GTNV aviyveuoT) xat SLoEVWGCT G-
ndtwv €yel avtidetn apyr| Aettovpyiag amd TNy xwdwoTolnen Tou GToyYEvEL OTN

ouuTiEoT).
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o Aogddeia. ‘Otav o xwoxononthg avtiotolyel To oOuBoha tng Tnyhs UE Eva
oUVOhO AEZewV xal 1 avTIoTOlyYIoT aUTH EIVAL YVWOTH UOVO GTOV TOUTO o TO
0€xt, elvan duvatd va amo@evy Vel 1) UTOXAOTT xat XATAVOTGT TOU UNVOUATOS

and tpitouc.

e Béluniotn ExuetdAdevon tov Awiadov. Trdpyer nepintwon o dlaulog Aoyw
TWY TEYVIXWY TOU YARAXTNOLOTIXMVY VoL UY) UTOREL Vo UETAPEREL TNV TANpopopia
UE TN Hop@t| Tou €youv Ta oUUBoAA TOU ToEdYOoVTAL AR TNV TNYY. XE oUTH
TNV TEPITTWOY) O XWOXOTONTAC UETAPEALEL TO 0pYIXO UAVUUAL YETOULOTOLOYTOS

cUuPola Tou etvar BuvaTtéd va doyeteudoly pe ‘cuxoiia’ oTo dlauio.

o YuuPatérnra. LNy TepinTtwon Tou o 6€xTng Ot Yvwpeilel X dev avtihauBdveTto
o 6UPPoAA TOoL yenowoToLEl 0 TouTog amaTELTAL 1) YoM EVOS aApaPiTou ETL-
xowwviag mou efvar avTtAnmtéd o amd toug 8Vo. To xovd autd ahgdfnTo Tou
ETUTEENEL TN CUUPBATOTNTA TOUTOU-OEXTY) TULEYETAL ATO TOV XWOLXOTONTH UE
1) OtadLxacion TG XWOXOTOMONS TWY UNVUUATWY TOU TOUToU. 111 GUVEYEL,
0 ATOXWOIXOTOMTAG PETATRETEL TI¢ AEEELS TOU XowoU algauPrtou oe alufola

/ /7 4
AVTIANTTE Ao TO OEXTY).

4.1 Opopol
Ogiopog 4.1. Kwoérkonoinon civar n avukatdotaon ovpfoAwr 1j ouddwy ovppd-
Awy TAnpogopiag pe véa evaldaxtikd ovppora 1 opuddes oupPodwy.

Ogopog 4.2. Koodikag civar o akydpidjos e tov omoio mpayuatonoleital n kwol-

kormoinomn, dnAadn, n avtikatdotaon ovupdAwy and véa oUufola.

Ogiopog 4.3. Ta véa dakexpipéva oUppora wi, Wy, . .., Wy TOU TpokUTTOUY Katd
™) dadikaoia tng Kwodtkoroinons ovoudlovtar kwdikd ovuPoda. To mAndos tovg

M uropet va efvar nerepaouévo 1 dreipo.

Opwopde 4.4. To otvorho W = {wy,ws, ..., wn} Awr twr kwdikdy oupPilwy

ovoudletar adpdfnto kwdikomoinong.

Oglopoc 4.5. O kdoikag mov éyel M kwodikd olufora ovoudletar M-adikdg xo-
dikag.

Ipogavag, ot AE€elg xat Tor unvipata cuviétoviar and obufola Tou avixouvy eite 6To

ahpdfnto e mnyhe (Aé€etg xou unvopata tnyhc) ite oto ahgdfnto xwdxomoinong
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(xwdéc Mé&elg xat xwdxd UnvogaTta) ywelc vo emTeéneton 1) avduelln twv 600

Ao TOV.

XopaxTnetoTind Tapddelyud xwolxononong elvat 1 ameXovIon TV YeAUUATOY NG
akgafritou o€ xwdixég hEZelc mou oy nuatilovto and Teleles, TAVAES, XaL XEVE Ola-
othuaTa. Aniadt, 1 YVwoT o 6houg xwdixonoinon Morse. Ytny repintwon tng
xwodtxomoinone Morse to adgdfnto tne mnyrc eivar To oOVORO TV EAANVIXGY 1) ha-
Tvixdv yopaxthowy (X = {A, B,C, ..., Z}), evd 1o ah@dfnto xwdixonoinorng eivor

10 ohvoho W = {-, —, ‘xevd’}.

Y10 xeQAAA0 aUTO Yol YOG ATACYOAAGEL 1) XWBXOTOINGT TOU GTOYEVEL OTY GUUTIEST)
¢ TAnpogopiag. Yuyxexpyéva, Yo avalnTooUUE EXEIVA To XEITHPL AVATAPAOTI-
o”g NG TANeoopiag pia TNY7g Tou ETTEETOLY TN YeNRoN XWdiXwY, oL oTolol 0dNY0 )V

o€ GUVTOUT| XATAYRAGYT TNS TANPOQOELaC.

4.2 Toa&wounon twv Kwdixwy

Av to adgdfnTo tng mnyRg xar g xwotxomoinomng eivar avtiotoya X = {1, 29,
ooyt xow W= {wy, wa, ..., wa ), TTE 1 Bladixacion Tng xwdtxonoinong unopel
va meptypagel poadnuatind we 1 arexovion C tou algalhtou g nyhg X oe pla

Evwor U™ xapTECLaveY YIVOUEVKDY ToU aAgaf3NTou TG xwdtxomolinong, onhadn

R R
(4.1) XS U= Jw =W xWx - xW.
r=1 r=1 r

LNUELOYOUPE 0Tt TO xapTESIAVO Yvouevo W' elvar otnyv ousla 0 6UVOAO TWY xw-
oWy AE€ewv mou oynuatilovtor and 1 clufoha tou ah@aTou xwdlxoroinonc.
[ mopdderypa, av 1o ahgdfnto tne xwdixonoinone eivar to W = {0, 0} té1e 10
XAPTECLAVO YIVOUEVO W? etvor oTNV 0uUcia T0 GUVORO TWV AWOLXWY AEEEWV W? =
{00, 00,00, 00}. Eniong, dev eivar anopaitnto 0 xddixac C' vor xahintel 6ho 10 6UV-
oho U*. Anhadt, dev elvar anapaitnto xdde otorycio Tou U” va elvar etxéva xdmotou
ouuféhou NG TNYRG. TNV TEAEY, ot xwdIXEC AELELC TOU YENOWOTOLE! 0 XWOIXAS

avixouv o€ éva utostvolo U tou cuvbhou U* (U C U¥).

7 7 7 / 4
Y1y mepintwor tou xwotxa Morse yia Ty xwdixomoinoT Tou Aatvixol aAgaritou

€)OUUE TOL TAUEAXATW:

e To ahgdfnto tng mnyrc cbvar 0 clvolo Twv 26 YRoUUdTWY TOU AXTIVIXOU
alpafritou (N = 26).
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e To algdfnto tne xwdixonoinong anoteheiton and tpio xwdixd alufora (M =

3) xou etvow to W = {-, —, ‘xevd’}.

o To ypduuata Tou Aativixol algafftou avtiototyilovial o€ xwdxég MEES Tou
€youv Uéytoto wixoc 5 oluPola (pall ye 1o xevo tou Beloxeton oto TEhog xde

MEENC), 6Twe gaivetar ooy Tivaxa 4.1.

ITivaxoag 4.1: O kwoikas Morse.
A -

~N T QTN END QW
O WO =z xS
|
N <SS N®,
|
|

LUVETWS oL xwdxég AéEZel Tou xwdxa Morse avrhixouy 6to oOvoho

5
U= Jwr,
r=1

wolc dumc Gha Tor ototyeio Tov cuvorov U™ va elvar xwdixée AMéEetc. Toaxtixd
)

ol xwOéc MEetc cuvdétouy To0 chvoro U C U*

Eivon npogavéc ot 1 anoxwdixonoinon neplypdgetal o¢ 1 avtiotpon anctxoviorn C’

aT6 TO GUVOAO TWV XWOLXWY AEEEWY 010 aA@dfnTo Tne TNyNC, ONAadh

(4.2) UL X,

4.2.1 Toa&wounorn Ye xXpLThelo TIC ATWAELES

O alydprduor xwodxonoinone ywetlovtow o 800 xatrnyopieg avdioyo Ue Tr duva-
TOTNTA TARROUS 1| UEPIXAC AVAXTNOTG TOU apY Lol UnvouaTtog, otay Jog divetat to
xwOIx6 urvupa. Av 1 anexdvion C mou meplypdget Tr Sadixacia xwdtxomoinomng
elvon €val Tpog €val, ONAADT| BLapopETLNd GUUBoAa ToL AAPASBHTOL TNG TNYYNG AVTLOTOL-
y{lovtau oe BrapopeTinéc xwdixéc héelg, TOTE elvar gavepd 6L 1) anexévion C' mou

TEpLYpdpeEL T Otadxaota anoxwdixomoinong Yo etvar 7 o1, onAad”, N avtiotpoyn
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1

e C. Ye authy TNV mEpimTwoT, av To apyxo Uhvude xwdorotniel, xat ot
GUVEYELXL TO xwOLX6 Urvuud Tou Tpoéxue aroxwdixorotniel, Yo xatahrYouue oTo
apytx6 uhvuua, ywels xaufo dtapopd dpa ammAeia. Ot xOOXES TOU IXAVOTOLO0V
QUTAY TNV OLOTNTA AéyovTal XWdxes Ywelc anwAeteg. XapaxTnploTixd TopddeL-
YU xOOWXA Ywelg AmWAEIES Elval 1 xwOXOTOMON TwY XEPUAA{WY YPUUUITWY TOU

AottvixoU ahgaftou pe tov xwdxo Morse.

Avtdétog, av 1 xwdixomolnon yiveton Ue uio amexdvion ToMGOY o€ €va, UTOopEl val
TeoxOYEL 1) TERITTOON €Val XWOXO PAVUUA Vo amodoVEl xaTd TNV amoxwdixotoinom
o€ ufvuua Tou Slagégel and To apyxo. Etol, €youue anwhela Tng TANpogopluc Tou
TEPLEYETAL OTO oPYIXO prvupa. XoQUXTNEIOTIXG TOEAOELYUA EVOC TETOLOU XWBLXA
RE amWAeLEg eivar elvon 1) xwodlxonolnor uiag Eyypwung exovag oe o avtioToym

otBauicewy Tou yxet.

Y1a mhalota autol Tou xegalaiou, Vo acyohndolue pe TV xwdxonolnon ywelc

ATIWOAELEC.

4.2.2 Toa&wounor he xpitriplo To K0S TWY XWOXWY AEEEWY

/. ’ N 2 /’ 7 Ve 4
Avdhoya e TO UAXOC TV XWOXWY AEEEwY oL xWOXeS dlaxpivovial oe otadepol

wixovg xou wetafAntod pxoug.

Y10Ug xWBIxEG GTAVEPOD PAHAOVGE TO UAXOS TWY XWOXOY AECEWY efval oTadepd Yia
x80e olpPolo tne myrc. ‘Evag xddag otadepol uixoug eivat o xwdixag ASCII-7

OTOU %AVE YopuxTAPUS xwBXoTOoLETAL UE Utol axohoudior 7 duadixwy dneinv.

YNV TEpITTWOT TG CUUTIESTS, TO EVOLUPEQOY EOTIALETAL OE XWOIXES E UETAPAN-
6 wixog. Ta cluPora tng mnyrc mou €youy peyohltepn mavoTnTa EUQPAVIONS
avtioTolyilovtal oe IXPOTERES xWOXES MECEIC X AVTIGTPOYWS. Me autdy Tov Tpo-
TO TO GUVOMXO UHX0G TOU XwdixoU Unviuatog Unopel vo mpoxiler uxpdtepo and to
apy 6 uRvupa. O xwdwag Morse etvar yetafAntod urxoug. BAEnouue otov mivaxa
4.1 67 10 ypduuo E mou elvon 1o mo odvnieg oty ayyYAxr YAwooo avtioTolyi-
Cetar ot wxpoTepn xwdtx AEEN. Avtdétwe To yedupo () mou elvol To oTdvio

AWOLXOTOIELTOL PE UEYAAUTERT AECT).

LPuownd, unodérouye 6t To Tedlo opiopol g C” elvor o oivoro U v xwdixdy hEewv, oTic

omolec anewovilovtor to oUpPora e tyhe (U = C(X) C U*).
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4.2.3 Toa&wounon pe xpitnelo tn RETABOAY TNg

avTiotoiylong

Avdhoyo Ue TO av Ol XAVOVEC AVTIOTOLYIONG TwV GUUBOAWY TNG TNYHC OF XWOLXES
Mé&erg petaPdihovTon 1 Oyt xatd TN SidpXELd TG XWBIXOTOMONG, 0L XMOXES dlaxpi-

VOVTOL GE BOWIX0VE X0l CUVEAXTIXOVG.

Ye éva dopxd xmduxa 1 avtioToly{o cuPBoiwy TNYHC o xwOXES AEEELS lval Tpo-
xdoplouévn xor aUeTABANTN xadohn T Sudpxela TG xwodixomoinorng. ‘Etol, xdie
oVuBoho Tou akgaffiTou TNS TNYHS XWOXOTOLEITOL TaVTa UE TNV [Olar xwdwh AéCr. H
unoeon otny omola Bacilovtar ot douxol xWOIXES Elvat OTL T OTATICTIXS YAEAXTT)-
PLIoTXS TwY cUPPOAWY Tou TapdYEL wla TNYT elvon oTadepd xat dedouéva 6 GAO TO
uhxog Tou apytxol unvipatoc. ‘Etot, av yvwpeilouue tig mavoTtnteg eupdvions tmv
oLUBOAWY UTOPOUUE Vo OYEDdIdooLUE éva BEATIOTO xWOixa cuUTiEaTg Pactlouevol
oTic apy | OTt T miavoTepa GOUBOAA TEETEL VoL AVTIOTOLY 00V GE UXPOTERES XWOLXES
AeZetc. Evdewtind avagépouue toug doutxole xwdixeg Shannon, Shannon-Fano xau

Huffman.

Avtudéa, oe Eva CUVENXTINO %WBLXA 1) avTioToLy{o CUPBOAWY TNYTC O XWOLXES
AEZelg yeTaBdhheTon ue to yeovo. Mia tétola npocéyylon otneileton otny unodeon
6Tt 0 yvwpeiloupe ex TV TEoTépwy TIC THAVOTNTEG EUPAVIONG TwV CUUBOAWY 1
OTL T CTATIOTIXG YUPUXTNPIOTIXS TNG TNYHC UETABEANOVTAL OTUAVTIXG UE TO YPOVO.
‘Etot, 10 uixog¢ 1wV xwox®y hCewy peTtafdAleTar dlopxms hauBdvovtag unddn To
oUUPolo TNYTS TOU EUPAVIGTNXAY TEOTYOUUEVWS 1| TOU AVAUEVOUUE VO ELPAVIGTOOV
070 dueco péhhov. Eivor gavepd 6Tt or cuvelxtixol xwdxeg elvar o mohdTAoxoL
otnv vhonoinor toug. ‘Ouwg, elvar Wiaditepa Sladedouévol AOYw NG ONUAVTIXS
cuunieong mou emtuyydvouy. ‘Towg 0 To YVOOTHS GUVEMXTIXOS xWOLXAS Efvat o

LZW rou mrge t0 dvoud tou and ta apyixd twv epeuvnt®wy Lempel-Ziv-Welch.

4.2.4 Toa&wounon Ue xpLTHELo TNV ATOXWOIX0ToINoT

‘Eva Bactnd yapaxtneioTind evog xmOo GUUTIEGTS Yol Vo YOQUXTNRIGTEL EMTUYHC
elvar 10 xotd TOGo elvor BUYVATY| o EUXOAT 1) ATOXWOLXOTOMGT EVOC XWOXOU UT)-
youotog and To 0éxTr. Ocwpolue BEBata OTL XATA TV AVATAEAYWYY| TOU oE)Ix00

UNVOUOTOC 06 TO BEXTN 0 XWOXIC iVl YVWOTOC.

To mp®OTO YaUEAXTNPIGTING EVOS CWOTA GYEDIAOUEVOU xmOxa elvanr xdie cluolo

TNYAS Vo avTIoTOLYEL OE BlaopeTiny| xwdixt| AéCn. Evag xwdxag mou ixavorolel
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aUTO TO XPLTHRIO AEYETAL EUXEWNG. AV 0 xWOXAC OEY Efval EUXPVAC, TOTE XATA TNV
anoxwoLxonoinon ulag xwdxrc A&ng Yo uTdpyel acdPeld we TEOS To Tolo oluBo-
Ao TNYAS avTIRpOCWTEVEL, Aol Yo UTdEYOLY TEPIGCHTERA TOU EVOG GUUPBOAO ToU

AVTIOTOLYOUY OTNY XOXT AEET).

‘Eva 8eltepo yopaxtnplotind mou Yo mpénel var el Evag xmdxag elval 1) duvatoHTn T
va avTiAngVet o déxtng pe anohuty BefoudtnTor TNV Ay X0l TO TEAOG ULOC XWOIXHC
MEng, 6tav AdBet éva xwdxd phvuua pe tAflog hé€ewv. ‘Evag x@dixag yia tov
omoio xdie xwdi) A& avayvwpiletar e Befoudtnta Yéoa oe pia Yaxed axohouvdia

AWOIXWY OUUBOAWY AEYETAL LOVOCHUAYTOG.

Téhog, uia yprioun wLoTNTa ToL VYo TEETEL Var EYEL Vg XWOWAG lvat 1) BUVATHTNTA
var avary vopllovTar xwoég hEEel Yéoa o€ Eva xwdixd Urvupa, ywelc va e¢etdlovTal
oL %WOWE GOUBOAN TV YEITOVIXWY XWXV AELEWY. 'Evag ovoofiuavtog xeoixag
TOU EMTEETEL TNV amoxwdxonoinon AEEn mpog ALY, ywelc va amouteiton 1 e€étoom

EMOUEVWY XWOIXWY GUUBOAWY AEyeTal OTLYLaiot ATOXWBIXOTOLCLLOG.

Yrov mivaxa 4.2 mtopovotdletar Eva TopddErYUd TEOOdpwWY xwdixwy. O xwdixag A
oev etvar euxpvic Yl o cOpfoha s xa T avtiotolyilovtal 6Tny (Bl xwoLxr Aé-
&n. O xwdxag B av xou elvan euxpiviig dev etvar povooruavtog. ['a mapdderyya,
av Yewprcouue 10 xwdixd ufvuue 0110, T6TE AnOXWOIXOTOLOVTAS CUUPWYIL UE TOV
xwotxa B mpoxintel efte to prvupa » 1, elte 70 U U JF. Hopatnpmvtag Tig
xwOIXEC AECeIC Tou xwoixa I' umopolue edxola var avtikngiolue 6Tt efval euxpvic
xa povootiuavtog. ‘Oung o xwdwag I' dev etvor otrywata anoxwdwonotioyog Yot
TEEREL v AdBoupe To TpwTo GUUSolo (1) NG ETMOUEVNG XWOXNC AEENG Yol VoL OU-
urepdvouue mou TeEAelwoe 1 mponyoLuevn. [ mapddetyya, av AdBouue t0 xwdxd
wvupa 10100 (Smhadh I F) yio vor avtiingdolue 6Tt to npidto oluBoho tnyrc eivor
70 J Va meémel va eEAéyCoude To Tp{to xwdixd GUYPBoAO TO UNVOPATOG TOU AVAXEL
oty xwdxy &N tou F. Téhog, o xdOwag A eivor euxpviAc, LOVOOTHUAVTOS Xal
oTYLodal ATOXWOLXOTIOLAOIUOG. LUYXEXPWEVA, EIVAL OTIYULA{O ATOXWOIXOTOLACHIOS
vl To tehevtaio ovuBoho xdde xwdxhc MEne (1) dnhwver xat o Téhog g AEENC.
[o mopdderypa, av AdBouue To xwdixd urvupe 0010001 cuunepaivouue auéowg Ot
10 TewTo cUYBoAo TNyHc elvar f eletdlovTtag uévo T Tpla TEMTA xwdixd cUUSoA

Tov 00TWS i dAWS avTioTolyolY oTo F .

AZilel va onuetwdel (oyfua 4.1) 6

1. Kdve otryuiaio anoxwdixonotioog xmowxag eival xat yovooruaviog. Aev

oy Vet To avtioTpogo.
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ITivaxoag 4.2: Ilapdoeryua teoodpwy dvadikey kwdikwy.

YouBoro | Kaduag A | Kadixag B | Kadwag I' | Kaduag A
V24 00 0 1 1
] 10 01 10 01
r 01 10 100 001
il 00 11 1000 0001

SyAua 4.1: Ta&wvdunon twrv kwdikwr pe kpierpo tny atokwdikoromon. (K) O-
Aot o1 koddikes.  (E) Evkpwets. (M) Movoonuavto. (X) Xtyuaia

aToKWOIKOTOI}O1]LOL.

Ve Ve 7. 7 /4 7 /7
2. Kdle povooruavtog xwdixag elvon xat euxpwhc. Aev toylel to avtiotpogo.

3. Kde euxpic xwdwag otavepold prixoug eivar xor ottyptala anoxwmoxonoty-

GOC.

4.3 IIpoUepatixr IdioTnTal

And v tadvournon e Bdor tny euxohio Ye TNV OTola EMITUYYAVETAL 1) ATOXWOLXO-
Toinom Teo€xule 6Tl Evac oTIYULa{o ATOXMOLXOTOLACLLOS XWOLXAS TAPOUCLALEL OTUd-
VTIXO eVOLAQEEOY 0ol 1) amoxwdxoroinoy elvar otrypala ywels vo dnutovpyolvTaL
AWOLXE UNVOUATO UE AGAUPELES 1| OLUPOPETIXE LGOOUVUUN ATOTEAEGUOTA ATOXWOLXO-

moinong. T toug mapandvw Aoyoug, otn ouvéyela Vo Yo anaoyohfcouy Yovo
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oTypLodal ATOXWOXOTOLAGULOL XWOLXEC.

A6 TV avdAuon TV 0OV AEEEWY TOU GTIYUAN ATOXWOLXOTOIAGHIOU XWOLXL
A (nivoxag 4.1) tpoxtmter 6t xopio xwdixr M dev eivon Tpddepor xdmotag SAANC.
H w6t tor auth| ebvan yapaxtneto Ty yio €val oTtyitafo anoxwdiXOTOIGHLO XMoo

xow Aéyeton mpodepatiny wiotnTa. Mdlota, toylet To Tapaxdtw Yewpenua.

Ocswenua 4.1.
7 / /. / N / 7/ / /
Evag kddikag efvar otiypuaia atokwokoTomjoos, av kat Hovo av ot kwoikés Aé&es

Tov éxovy Tnr mpolepatikn 1010TNTa.

Anooelly.

Apyxd Vo anodeiloupe to vl ToU VeWPHUATOS UE TNV E€I¢ dTOTO anaywyr. Av o
AWOXES AEEEIC BEV €YouV TNV TEOVEUTIXT WOLOTNTA, TOTE UTHPYEL TOUALYIOTOV Wia
xwo) AEEN w; € U, uhxoug l;, n omola elvon mpdiepa plag dAANe xwdxhc AEEnS,
€0TW TNC Uu; UE prxog Ij > ;. H xwdwh M&n u; avuiotoryel oto clufoho mnyhc
Ti, EVO N Uj 070 Tj. OewpolUE Eva xwOXO YAVUUX t = ;... TOU T TEAOTA TOU
xwOd ouBoha, TAflous I;, TautiCovtar Ye T xwdxr AN ;. Katd v anoxw-
owcomoinom tou unvouatog t uolg AdfBouue ta mpwta l; ool o Yo yvwpilouvue
ue BefoudtnTor av T0 oUYPBolo NG TYHAC EVAL TO U; 1 TO Uj, CUVETWS O XWOLXAS DEV
elvon oryaior anoxwotxonotiowog. ‘Apo xaTahyoupe 0To GUUTEQUCUA OTL €Vag

oTYLodal ATOXWOXOTOAGIOC XWOLXAG EYEL TNV TEOVEUATIXT LOLOTNTA.

Y11 ouvéyeta amodEXVOOUUE TO avTIoTEOPo Tou Vewphuatoc. AV o xwdxag €yel
NV TEOVEUUTIXY IOOTNTA XAl TO XWOIXO pAvuua €yl T wopph t = wu;... TOTE
AoPdvovtog o TemTa [ xwodixd cOUBoAa uTopoUUE AUECWS VO CUUTERIVOUUE OTL TO
avtioToryo cluPoho mnyrg ivar To x5, dedouévou OTL xavéva dAlo clufolo x; dev
€yel TpdUeua TNV axoroudio xwdxwy cuUBOAwY u;. Yuveyilovtag Ue Tov (Blo TpdTo
UTOPOUUE Vo ATOXWOIXOTOWGOUUE axohoudad Tig xwdlxég AEZelg Tou unviuatog t

xowg Tig AapPdvoude. YUVETKS 0 xWOWAG elvol GTLYULAiN ATOXMOXOTO|GLUOG.

To mapandve Yempnua elvor oNuavTixd OLOTL ETITEETEL TNV AVALYVWELOT| EVOS XWOXA
¢ oTypLala ATOXWOXOTOMNGIOU YE ATAG EAEYY 0 TNG TEOoVeaTiXg OLOTNTUS TWV

HOOXDOV NEEEWVY.
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Eyxque 4.2: Aevopodidypappa tov ouvédov U™ evdg dvadikol kddika pe péyioto
unkos Aééng L = 3.

4.4 Aevdopoodidypapuo Anopacng

A¢ vnovécoupe 6Tt €youue Eva M-adixd xwdxa Ye ahpdfnto xwdixonoinong W =
{wy, we, ..., wy}, TOU yernowomote{ton yia TV xwdxornoinon tou akgaTtou g
myhe X = {z1,22,..., 28}, Oewpolye 6Tt T0 YéyioTO uhxog mou €yl uio xwotx)
AEEN autol Tou xOdxa eivon L. Téte o xwdiwéc Mewg u; (i = 1,2,...,N) da
avrixouy o€ €va utocUvolo U tou cuvolou U*, 10 omolo mpoximtel and tnyv €vwor

OV TWY XAPTECLAVOY YWOUEVWY uéypl dUvaune L, onlodt)

=L
(4.3) weUCU =W
=1

To cOvoro U™ uroget va nopactadel pe tn yehomn evog yedpou mou €yl T popeh
0€vTEOoL, 6oL xdve x6USoc Tou dévipou avtioTolyel oe €va oTotyElo ToU GUVOAOU
U*. O ypdyoc autdc Aéyetal devdpodidypappa. T'io mapddelypa, 1o obvoho U*
€VOS BUAdXOU XWOWXA UE PEYIOTO uhxog L = 3 avamaplotdtal Ye To 0EVIPO Tou

oyfuatog 4.2.

Y10 oyfuo 4.2 ue tov x6uPo r ocuuBoAilouue 1 pilo Tou BEVBPOL VK xdVE dANOS
x0uPBog avaraplotd €va ototyeio Tou cuvdrou U*. To Udog tou dévdpou eivar (co
UE TO UEYIOTO PAX0S TwY xwdixdv héZewv. Toapatnpolue bt ot axuée (x¥Addot) mou
oLYOEOUY TOUG %OUPoUS Efval TPOCAVATOMOUEVES. ZeExvoUY antd €va xOuBo xal xa-
TAAHYOLY OE €Vay GAhO TOU AuEowe YnhodTepou emmédou. e xdve xOUB0 xATAAHYEL
wla wévo oxuny xar and xdde xépPo Lexvolv 1o moAs M axpés, 6oeg xat 10 TAH-
Y0¢ TOV x0OX®OY GUPBOAWY. Ot TPOGAVATOMOUEVES AXUES AVTIOTOLY OOV GTAL XWOXY

oVuPola mou yenotuomolotyTal ard Tov xwmdxa. Ot xoufot and Toug onoloug dev Ee-
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xwva xobor oo Aéyovtal UM XT0 0€vTeo Tou oyhuatog 4.2 undpyouy 8 YUAAA,
ol oto Ynhdtepo eninedo tou Bévipou. Télog, xdle xwdxr) AéEn mOU AVTIOTOL-
Y&t og éva x6uPo mpoxintel and T AEEn mou avtioTolyel oTov xouBo cUVBESNE TOU
aPECWS YAUNAOTEQOL ETIMEDOU TPOGVETOVTAS EVa XwOLXd GUUPoAO GTo TENOG TNC.
[o topdderypa, 1 xwdueh AéEn 010 mou Beloxeton oto tpito eninedo mpoximtel and
Y %o AEEn 01 Tou Tponyoluevou eTTESOU, AV TPOGUEGOLUE GTO TEAOS TNS TO

xwOx6 cluforo 0.

Amodetxvietar Tt €vag GTIYULald ATOXOOXOTOIGHIOC XWOIXAS UTOREL VAL AVaTaOaL-
otadel e éva Sevdpodidypauua Tou omolou ToL YUAAY, Xat UOVOV AUTH, AVTIOTOL 0OV
OTIC XWOWES AEEELC TOU xWOIxA. AuTo ogelleTal 0TO YEYOVOC OTL ToL YUAAAL TOU OEV-
OPOOLAYPAUUATOS €YOUY TNV TEoVEUATIXA WOLOTNTA, 1) oTtola Ye TN Oelpd Tng ebvar 1
eavi) xan ovaryxador cuvdhxn Yo var efvat 0 x@Oag oTLY Ao ATOXWOLXOTOAGLUOG.

Yuverwe, oy Vel To Yewpnua

Ocswpenua 4.2.
KdOe otypaia aroxwodikoroiojuos kwoikag éxer devopodidypajija.

AZiCer va ornueiwiel 6Tt To UM EVOG BeVDpodLaypduuaTtos de Ppioxovtal xat’ avdy-
x1 670 LPNAOTERO Eninedo Tou Bévdpou. Mmopel va Poloxovtar xau o€ yauniotego
eninedo apxel vo un Lextvd xopior TeoGaVATOAGUEVT axuY| and Tov avtioToryo xoufo.

‘Eotw vy mopdderyyo o duadixdg xmduxag tou mivaxa 4.3

ITivaxoag 4.3: Evag dvadikds otypnaia anokwOlkomoimoios kwdikag.

YouPoro | Kodwr Aédn
A 000
B 001
r 010
A 10
E 110
Z 111

[Tapatnpolye OTt oL xwOXES AEEELS TOU XWX €Y OUV TNY TEOVEUATIXN WOLOTNHTL. 2U-
VETWE, oUUQwva UE To Vempnua 4.1, o xmOwag elvor oTyuLaio AToXwWOIXOTORGILOC.
To 0evOpOdLdYpAUU TOU XOOLXA aUTOU QaiveTal 6TO Gy 4.3, 6TOL Ta PUAAAL TOU
OevdpOdLaYEauUUITOC (XOUPOoL UE DIAXEXOUUEVO TAXIGIO XOlL YXPL POVTO) AVTIOTOLYOVY

TIC XWOIXEC NEEELC TOU XMOLXAL.

H peydin onuacio tou 5evopodLory oduHATOS EVOC GTLYULAN ATOXWOIXOTOIAGILOU XG-

otxa TNYAlel and 10 YEYOVOC OTL TO BEVOPOdIAYpauud anoTeEAE! Baoind EpYAAElD Yo
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Exque 4.3: Aevopodidypajpa €vos dvadikol otiypnaia arokwdikomojouov kwol-
ka (Ilvaxag 4.3).

N YPHYOPY] ATOXWOXOTOINGT EVOS XWOLXOU UNVOUUTOS.  MUYXEXQIUEVA, XATd T

otadxaoior TG amoxwoLxoTolnong oTo dEXTN, axohovdolue To TapuxdTe PriuaTa:

1. Apywd, Yewpolye 6Tt Potoxouacte otn pilo Tou SeVOROBLAYEAUUNTOC.

2. Me ) Mdn evoc xwdixol cuuBéiou petafaivouue otov x6uPo tou apéows Y-
AOTEQOL ETUTEDOU AXOAOLIWVTAG TNV TEOCAVATOMOUEVT] AXUY) TOU AVTIOTOLYE

oto Angdév alufolo.

3. To deltepo Brua emavaraufdvetar axolovdaxd péypet vo @Tdoouue ot Eva
@UAO ToU BévTpou. MoAic cupfel autd, xatoypdgouue 10 cUUBolo TNYHC TOU

avTioTolyel 6To QUANO.

4. Y11 ouvéyela, petafaivouye ot pila Tou BEvTpou xot emavahaUSdvouUE To

BriuaTo amd To BEUTERO XL PETA.

5. H dadixaoctio Tne amoxwdixonolinone TEQUTWVETUL UE TNV ATOXMOLXOTOMaT Xt

ToU TEAEUTAlOU GUYSOAOUL.

Av uro¥éooupe 6Tt hapPBdvouue To xwdd urvupa 00110010, to omoio mpoéxule e
Yenon tou xwoxa tou wivaxa 4.2. Tote axohovdwvtag To BAUATA TNG ATOXWOLXO-
Tolnomg Tdve GTO BEVOPODIAYPUUUA ATOPACTS OTWS AUTd Qaivovial 6To oyfua 4.4

AATOUAYOUUE GTO amoxwdLxoTonuévo uhvuua BAT'.

Eneidr] o devdpodidypouua Uag EMTEETEL Vo ano@aciCouUe Yoo TNV avToTolylom

AWOIXWY AEEEWY ot cUUPoha TNYHC AEYETAL X0l DEVOLOBIAYPAUUA ATLOPACTG.
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Eyuo 4.4: Awdikaoia aroxwodikomoinons pe ypnon tov devdpodiaypduuatos a-
Topaocrs.

4.5 H Toavtoavicotnta tou Kraft

‘Oneg avapépaue TEoNYOUUEVLS, Bactiog Hag 6TOY0C XATd TNV avaTTUln EVOS OTL-
Yot amoxwdxoTomoou x®otxa cuurieong, etvat va Bpedoldy To xatdAAnho whxmn
TWY XWOXWY AEEEWY, DOTE TO PECO UAXOS TOU XWOLXOU UNVUUNTOS Vo Efval To -

4 /’
XPOTEPO OUVATO.

Oewpolye Eva oTLyLald ATOXMOXOTOGUO XWOWA UE aApdfnTo xwitxotoinong M
*OOXWY UUPBOA®Y (M-0dixog xwdixag). O xddixog éyet N Slapopexés xwdXES
M€eic (6oec xar ta obuBola e TyRc). Av To uixoc g PEYAAITERNC XWOXAC
MEng Tou xwdxa elvar L, onote T0 0o Tou BEVORODIYPAUUATOS ATOQACTS Efval

eniong L, 16t woylel 1o Yewpnua.

Ocswenua 4.3.
Ta uikn l; (i = 1,2,...,N) v kwdikdy Aéécwv, tAndovs N, evés M-adikot

oTrypiaia arokwdIkoTOINOIUOU Kwdlka 1kavoTololy TNy TauToaviodTnta

N
(4.4) ME =N M
i=1
1 1006Uvaua
(4.5) d Mhi<
H tavtoavicédtnta (4.5) Méyetar tawtoavicotnta tou Kraft.

AvtioTtpdgwe, 1oy el Xl TO TAPAUXATe VEDETU.
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Ocswenua 4.4.

Av wa prkn l; (i =1,2,...,N) wcavonoolv tnv tavtoariodtnta

N
(4.6) d Mti<,
=1

tdte vrdpyer M-aoikds kaoikag pe N kwdikés Aébeig pnkovg Uy, la, . .., In, o omoiog

efval otryuaia arokwdIKOTOINC1LOS.

Ta 800 mapamdve Vewphuata cuviétouy To Tapuxdte Yewpnuo OTapdng.

Ochpnua 4.5 ("Trapdn oTiypiaio ATOXWIXOTOIACILOL XDIIXA).
Yrdpyer otrypaia arokwoikonojoipog M-adikds kaodikag pe unkn kwotkody Aékewy

li,la, ... Iy, av ka1 pdvo av 1wyde n tavtoaviodtnta

N
(4.7) d Mhi<
=1

LUVETWC, oV To UWixN XOXWY AEEEWY IXavoToloUY TNy TautoavicdtnTo Tou Kraft,
t61€ e€aopaliletar 1) Umapdn oTiyUlaio ATOXWOIXOTOACIULOU XMOLXO UE T GUYAEXPL-
HEVOL Wixn xwBix@y hEEewv. AuTtd OUwe, OE onNuaivel 6Tt XAUE XMOXAC TOU IXAVOTOLE
v (4.6) Yo eivon xou otryuaia anoxwdxonoiooc. Mdhota, énwe Yo dolue ot
oLvEyela, 1 Tawtoaviootrnta Tou Kraft ixavomoteiton xan and tor uhixn v xwoixwmy
MEEWY EVOS LOVOGHUAVTOU XWOLXA, 0 0Tolog eV Eival anapaiTnTa oTiywaio Amoxw-

OLXOTOLGLUOG.

Av 670 devdpodidypauua artdgaong ard xdie xouSo mou dev elval YUALO Eexvoiv
axpiPoe M npocavatohouéves axués (6oo xou ta xwdixd olufola), téte 1 (4.6)
1oy Vel WS 1IeHTNTA (oxﬁpoc 4.5). Avtideta, av undpyet €6Tw Evac x0uog mou Oev
elvat @UANO xou Eextvoly and autov Ayotepec and M axuéc, tdte otny (4.6) toyler
n avieotnta (oyfua 4.6). Autd ouuPoaiver dtav pio xwdxh AéEn éyet mheovalovta
xwOd oUBoha, eve Va urmopovoe va €yel hydtepa. ‘Apor autol Tou TAEOVAGUOU
yiveTtar dlarypdpovTag To TEAEUTAIO xwdd cOUBoko and Ty avtioTolyn xwdixr| hEET.

7 7 /7 I 4 /7 7 7
Mrogetl udhota vo amouteitar 1) Sty pagr) TEPIEGOTERWY TOU EVOEC XWBIXWY GUUBOAWY.

4.6 H Toavtoavicotnta touv McMillan

Katd v 1alvéuncr tov xwdixwy Ye xplthplo TNy anoxwdlxonoincy) Slamotwmin-

xE OTL T0 GUYOAO TWV UOVOOTHUAVTIWDY XWOXWY ElvVal UTEPGUVOAO TOU GUVOAOU TWV
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Exque 4.5: Aevopodidypaja otiypnaia atokwolkoTooiov KWolKa ToU 1KavoTol-

el Tty 1wdétnta otny tavtoavioétnta Kraft.

oTiypada aroxwdxonotiowmy. Atd authy Ty Togathenon Yo Teplueve xavelc ot
1 wavh xan avoryxodor UV Yol TNV UTaedY LOVOGHUAVTOU XWOIXA UE OEQOUEVL
Uhn xwdix@y AEEewv Vo elvar AYOTEQO TEPLOPIOTIXY AT TNV TAUTOUVIGHTNTA TOU
Kraft. Iopaddélwe, 600 Yo Toug oTiyliaio aToxXwdIXOTOACILIOUS GO XL YId TOU

HOVOGTHUAVTOUSC XWOLXES Loy VEL 1) (Bl cuvlxn Orapéng.

Oehpnua 4.6 (("Trapdn LoVOsAUAVTOU xMDIIXA).
Yrdpyer povoonuavtos M-adikds kaoikas pe punkn kwoitkwy Aébewv Iy, la, ... N,

av ka1 uoévo av wydel n tavToaviooTnTa

(4.8) d Mh<

Av xou 1 Tavtoovicomta (4.8) eivan (S pe v tavtoavicdtnta tou Kraft, 6tav o-
VAPEQETAL OE OVOTHUOVTOUS XWOIXES EYEL EMIXPATACEL VoL AEYETAL TALTOAVICOTNTA
tov McMillan.
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14 N V4 7 N V4 /
Exque 4.6: Aevopodidypajpa otiypnaia atokwolkoTooiov KoOIKa ToU 1KaVoTol-
el (a) tnyr anwdna otny tavtoaviodtnta Kraft Adyw mAeovaouo, kai

(B) tnv witnta petd and dpon tov mAeovaapol.
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4.7 33yohoouog twyv Tavtoavicotrtwy Kraft xou

McMillan

o To Vewprata 4.5 xat 4.6 8 Aéve dt1: Evag M-adixdc xmdxag Ye Yhxn xwmot-
xWV MCewy [, 1o, .. ., Iy elvar oTiyuiaio amoxwdixorotiolog 1 LoVOGHUAVTOCS,
av xat wovo av ixavorote{ton 1 tautoavicdtnto Kraft-McMillan. Mo mapddet-
Yuo, 0 duadixde xddixag e xwdée Aé€etc {0,01,001} xar avtiotoryo phxn
MZewv {1,2, 3} wavoroel Ty tawtoavicdra (D274 = 7/8 < 1). ‘Opwc o
AWOLXAC AUTOS BEV Elvat 00TE LOVOOTUAVTOS, 0UTE GTIYULAN ATOXWOIXOTOLAGL-

HOG.

o Av &épouue 6Tt €vag M-adixog pe Sedouéva Uhxn xwdixwy AEewy ival Yovo-
ofuavTog -omdTe Ixavoroteltan 1 tavtoaviootnta McMillan- téte Yo umdpyet
M-odio¢ ottypatar amoxmOXOTOOIOS XWOLXAS UE ToL {BLol Urxn xwdixwy Aé-

Cewv.

e 'Evac povooruavtog xdowxag dev mapouotdlel TeyVixs evdlapépoy SoTL Yo u-
TAEYEL OTIYHLAA ATOXWOLXOTOLACIUOG UE Ta (Btor Uhr xwdXOY AEEEwY, O o-

’ / ’ /7 7
T0l0¢ JAAWOTE ATOXWOLXOTOLELTAL UE PEYAAVTERT, EUXOALAL.

4.8 Mcéoco Mnxog Koo

Oewpolye uia TNy TAnpogopiag ue ahpdfnto X = {z1,29,..., 2N} %ot avtioToym
xorrovopr| davotitwy twv ouuBohwv Px = {p1,ps,...,pn}. Tty xwdixoroinon
TV cUPPOAWY TNe TNYHS vtodeteltan €vag M-adixoc oTtyualo aToxXwOIXOTOLACHIOC
xoOxag e ahgdfnto W = {wi,wy, ..., wy}. Kdde oluforo tne mnyhc z; avu-

otoyiletar oe pio xwdwxr &N u; Ue pnxog ;.

Av vnodécouue 6Tt OAeg oL xwdWES AEEEIC €youy OAEC TO (DBlo0 UAXO¢ TOTE Yia Vo
umopéoouy va avarapactodolv o N cbufola tne mnyrc do meénel to eldyloTo

uhnog L twv xwdixdy MCewv va elvar (6o ue

(4.9) L = [logy (N)],

0ot (00 UE TO UXEOTEQO axépalo ToU efval UEYAADTEPOS ATO log, (N). Autéc
0 xwoxag, otadepol urxoug, O haufdvel uddn TIC TIAVOTNTES EUPAVIONS TWV
ouuPorwv tng TnyYg. ‘Etol éva obuPolo e wxpr| miavotnta eupdvions xwotxonol-
elton 6mwg €va dAlo e yeydhn miavotnTa. LUVETOS, 0 xOOXAS 0TAEQo) Ufxoug

onutovpyel HEYAAA xWBXE UNYOUOTAL.
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[t vor umop€GOUPE VoL GLUYXEIVOUNE TOUG OTLYULO{A ATOXWOLXOTOLACILOUS XWOIXES UE
Bdom To uxog Tou (X WBIXOL UNYUUNTOS TOL TAEdYoUY 0piloUNE T0 KECO WH%XOG TOV

2w ToL dlveTon and ™ oyéon:

N
1=1

To péoo prxog evog xwoxa expedlel 10 UECO aELIUd XWOXWY GUUBOAWY avd oUU-

Boho mnytc.

Me Bdon ) oyéon (4.10) mpoxVnTtel 6Tt 10 YEGO Y0 EVHS XWBIXO GTaEPOD UrxoUC

Yo elva

(4.11) L =L = [log,,(N)].

EZetdlovrac ) oyéon (4.10) mpoxintet 10 hoyixd ouunépaopo 6Tt 10 UEco Wixog
umopet var uetewVet, av emthey ol tixpéc xwoxég AECEIC Yot oOUBoAd TOU EYOLY UEYAAT

mdavoTnTaL.

4.9 Béltiotoc Kwowxoc

O otypala amoxmdXOTOOWOS XWOIXAUS UE TO UXEOTERO PECO Ux0g Aéyetat BEA-
tiotog. [lpogavg, N xaTaoxeLr) TOU BEATIGTOU xWOOLXA ATAUTEL TOV TEOGOLOPIGUO
TWY UNXGY TOV XOOXOY AEEEWY Tou EAayloToTooVY To P€co urfxog. To uéoo urxog

T0U BEATIoTOU AWOLXA GuUBoAiCETaL L* %o diveton and ™ oyéon

l1l2,0lN ll2,0lN

(4.12) L*= min {L} = min {szlz}

ot Tov UTOOYIGUS TV PUNXGY TWV XOOXKOY AEEEWY TOL BEATIGTOU XWOIXA haSdve-
T UTEYT OTL T YN Yo TEETEL var xavooloby TNy TautoavioétnTa Tou Kraft, dote
va e&aogahiCetar 1 Umapln otiyuaio anoxwdixotolfotuou xwodxa. H enthuon autold
T0U TEOPBAAUATOS BEATIOTOTOINOTG UE TEPLOPIGUOUS AVICOTNTAS UTOREl Var emiteuy Vel

UE TNV EQapUOYY| TwV ToharmiaclacTtwy Lagrange.

Anodexvietar (BAéne Tlapdptnuo IV) 61t tar urnn twv xwdixdv MZewv tou BérTioTou

oTYHLodal ATOXWOIXOTOIACIUOU XWX Efvan (oo Ue:

(4.13) l; = —logy(pi), I1<i<N.
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Enéyovtog tor winn tov xwdixdv AZewy pe Bdon tic Béhtioteg Tiwée toug (4.13),

7 14 7 7, 7 ’
10 P€oo urxog Tou BEATIoTOU XWOLxa Yo elvan (6o Ue

N N
(4.14) L = sz' A =- Zpi -logy (pi) =
i=1 i=1

N

= - Zpi -log(pi)/ log(M) = H(X)/log(M).

i=1
Ouoctactind, o 6poc H(X)/log(M) eivon 1 evtpornio e mnyre (X, Px) mou uno-
hoyiCetar pe Bdor hoyapiduou to M, xou 1 omolo ovoudleton M-adixy| eviponio.
Ouuilouvue 61t H(X) eivon n eviponia utoloytouévn ue Bdorn Aoyopiduou to 2. Xu-
VETWS, XUTAAYOUUE OTO cuumépaoud 0Tt T0 BEATIOTO Yéco urxoc evoc M-adixol

oTypLadel amoxwoLXoTooLI0L xOxa efvat (0o ue Ty M-aduxn eviporio tng TNyHC.

Hpogavae, to BEATIoTa YN TV xwdxov MZewv mou divovton and v (4.13) eivar
yevixd Yetixol mpaypatixol apriuol. Xuvenwg, dev elvol TpaxTixd duvaTd Vo ETLAE-
YoUv xwOwég MEelg pe tétota urnn, agol autd Yo meénel va eivan guotxol aprduof.
‘Etot, ta pixn twv xndwmoy AEewv EMAEYOVTAL KOS 0L lXPOTEROL YuGLXOL apLiuol

Tou efvo JEYahOTEROL amtd TIC TIHES TOU TEoXUTTOUY and Ty (4.13), dnhady

(4.15) li =171 = [—1logp (pi)], I<i<N.

1

To pfpen l; (0 =1,2,...,N) elvar yeyahltepa and ta avtiotoryo BEATIOT, CUVETHS

Yol LXAVOTIOLOUY TNV TAUTOAVIGOTNTA TOU Kraft.

Anooelly.
Aedoyévou 6Tl T BéhTioTa phun IXAVOTIOOY TNV TAUTOAVIGOTNTA TOU Kraft éyouue

N

ZM—lf <1

=1

Ioylel
F<li=M7"%>M"

YUVETWS

N N
ZM—li < ZM—I? <1.
=1 =1
¢

AmodetxvieTtar 6Tt T0 UEGO UAXOC TOU OTLYUIAE0 ATOXWOIXOTOMOULOU XWOIXAL, UE UHXT)

xOOWXWY AEEewy mou divovton and tn oyéon (4.15), elvar xdtw xou dvew @poryuévo.
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LuyreXPEVA, 1oy VEL 1) DITAY) TUUTOAVIOOTNTA:

H(X) <I<

(4.16) log(M) log(M)

Anodeldy.

[ tor uinn v xwoxdv héZewy mou divovtar and v (4.15) éyouue
li = [—logp(pi)] = —logy(pi) < li < —logy(pi) +1, 1<i<N.
‘Apa €youpe
—pilogy(pi) < pili < —p;logy (pi) + pi =

N N N N
- sz' log(pi) < sz‘li < - Zpi log s (ps) + sz‘ =
=1 =1 =1 =1

HX) _ -
log(M) = "= Tog(21)

Téhog, Ya mpénel va onuetwdoouye to e€ng: H avdiuon tou mponyhtnxe yio T ue-
AETN €voC BEATIOTOU (WO PAGICTAXE GTNY XAVOTOINGT TNG TAUTOAVIGHTNTAS TOU
Kraft. H avicétnra auts| ixavoroigitor 6yt povo and oTiyuioio aroxwdxotooo
AWOLXA AAAG %ol UTO UOVOCHUAYTO. UVETWS To CUUTEPAOUATO GTOL OTOId XUTAAT|-

Eape 1o D0UY XAl Yo LOVOCHUAYTOUS XWOIXES.

4.10 To Ilpwto Oewpnua Tov Shannon

Am6 v mponyoluEVn EVOTNTA TROXUTTEL TO GUUTERACHA OTL TO UECO UXOG TOU GTL-
YLl ATOXWOIXOTOIRGILOU 1 LOVOGTHUOVTOU X(OLXA EfVaL QEOYUEVO XATw XL UTOEEL
var goay Vel xou dvw. Mdahiota, to xdtw @edyua eivan (oo ue tny evtponio Tng Tyc
TAnpogoplac xou elvot aveZdETNTO TOU XWOIXA. XUYVETWC, OE UTOPOUUE VO OYEDLd-
oOLUE €va Tyl AmoXWOXOTOMGILO (LOVOGTHUAYTO) XMOBIXA UE 660 X6 YECO
urxog Yéhovue. ‘Oheg pag ot mpoomdieieg Yo 6TaUaTolY 610 Gplo TNG EVIpOTIAG TNG
mnyhc. T'evvdtar hotndy 1o eOAoYO EpOTNUA XAUT TOCO XAl UE TOLO TEOTO UTOPOUUE
Vol QTACOUUE TO PECO UNAXOC XOVTA OTNY oplaxy Tou T T evipomiag. Auth
Tpoondieta looduvayel Ye ) Ueiwon tou dve gedyuatoc (H(X)/log(M) + 1) tou
wéoou ufxous, Pépvovtds to xovtd 6To xdtw gedyua (H(X)/log(M)). Andvinon

o€ aUTO TO EpTTUA divel To TpwTo Yewpnua Tov Shannon.
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Ochenua 4.7 (ITpwto Yedpnua Tov Shannon). Eoww pla tnyn tAnpogopias
ne akpdfnto N ouvuBddwr, ta omoia kwoikomoovvtar pe éva M-adiké otiypuaia
arnokwdikororjoipo (povoonuavto) kodika. To péoo pnkos tov kadika tpooeyyile
600 etvar emiuuntd to kdtw gpdyua mov efvai ivo ue tn M-adikry evrporia Tng tnyng,

av kwodikoroinoly avitepes enektdoeig Tng Tnyns.

To Yedprnua urogel vo dlatumewlel xar we e€hc:

Oewpnua 4.8. Kwoikonowrtag tny n-ootrj enékraon (X", Pxn) tns mynis (X, Px)
He n apketd peyddo, vrdpyer M-adikds otrypuaia arokwoikorotjoiuog (Hovoona-
Vrog) KwoIKkag e uéoo unkos mov tAnoidler oo Oélovue otn M-aoikn) evtpornia tng

myns (X, Px).

Anodeldy.
H enéxtaon td&nc n e myre (X, Px) mov oupPoriletar we (X", Pyn) mopdyet
otnyv €006 N unepoluBola n-ddeg, Ta omolo avhxouy oto akgdfBnto X", To

ahpdfnTo autéd oplleTon Amd TO XUPTECLAVO YIVOUEVO

(4.17) X'=XxXx---xX.
H moavotnro epgdviong evog urnepoufBohou (n-ddac) Vo eivon ion pe to yvouevo
OV TV TWHAVOTATWY TwV ETUEPOUC oUUBOALY Tou oynuatilouy To utepclufolo.

Edxoha amodetxvieTon 61t 1) eviponia Tng n-0othg enéxtaong e mnyhc X Yo etvau:
(4.18) H(X") =nH(X).

LOpQVA JE T CUUTERAGUATA TG TEONYOUUEVNS EVOTNTAC UTdpyel M-adxog oti-
Yo amoXWOXOTOAGIOC (LOVOOHUAYTOS) XWOLXOS, TOU XWOLXOTOLE! ToL UTEROUY-

Boha, Tou onolou T0 Y€co unxoc L avd unepclUfolo ixavomolel TnY TaUTOOVIGOTNTA

H(X™ -  H(X")

. <L < .
(4.19) Tog (M) _L_log(M)+1
Avtixadotadvrog Ty (4.18) otny (4.19) éyouye

H(X) L _HX) 1
<< -
(420) log(M) = n — log(M) * n

ITpogavwe, o Aoyog E/n ex@pdlel To U€co unxog Tou xwdixa avd clufolo g
TyhS (X, Px). Hopotnedvtag tn SitAY) tawtoavicotnta (4.20), xatahfyoupe oto
oLUTEPOUGUA OTL XOOIXOTOLWYTAUS AVWTERES enexTdoels tne mnyhc (X, Px), 1o péoo
Uhxog Tou xwoxa avd cOuBolo TNYng (X, Px) teiver otn M-odixy| eviponia tng.
Auté gaivetar and 1o yeyovéc bt 1o dve gpdyua (H(X)/log(M)+1/n) teivet oto
x8te gpdypo (H(X)/log(M)) xadde to n teiver oto dnetpo.
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Kietvovtog, mpénet vo umeviyuloTel 6Tt 0Ty OA1 Topoucios auTtol Tou xe@aiaiou
ayvorinxe 1 mapoucio Yopou oto clotnua emxowvewviag. Amhd avalnthdnxe o
BEATIOTOC xWOWXAC VIOl TNV AVATARACTACY, TG TANRoQoplag TNg TNYHAG UE XpLTrpto
10 péoo prxoc. I 1o Aoyo autd to mpwTo Yewperua tou Shannon Aéyeton xat

Pewpnua xwdixonoinong oe nepBdAloy yweic Yopufo.

4.11 ITopadeiypoto

1. Ytov mapaxdtew mivaka dfvovtar or mavdtntes twy ouvuPOAwy puag wnyns,
kaUui§ Kkar mévte 01aQopeTikol KWdIKeS TOU Ypnouonowlvtal yia tny Kwolko-

/. Vé 7/ e /
rofnon twv ovuPidwr. Na ta&vounloly o1 kwoikes o€ Katnyoples kai va

UTOAOVI0TET TO €00 KOS TOUS.

x| pi | I | IL|IIT|1IV |V

Al 05 [0 |00|110 | 000 |01
B|03|01]|11 |01 |010 011
' 01511 (10|00 | 101 | 0111
A 1005|1001 |10 |111]0

EZetdloupe g 1OIOTNTES TV TEVTE XWOIXWY Xal ONUIOVPYOUUE TOV TivaXA
Tagvounong, omou E dnhover euxpwvic, M uyovochuavtog xar 3 otiyploda

ATOXWOLXOTOLACLUOC.

w6t | I | 1T | IIT | IV | V
E Vx| v |v ]V
M X X v |V v
b X X v |V X
L 1.5]20] 25 |3.0]255

O xwdwag I eivon euxptvic yrott xopio xwdxr AN dev avtioTolyel ot 8o 1
Teptocotepa oluBoha. Aev elvar duwg Lovooriuavtog YTt 1) axohoudia cuy-
Bohwv 0110 umopel va aroxwdixonomdel wg AI'A 4 wg BA. Ago0 dev eivan
HOVOCHUAVTOC XAt €néxTaot) eV umopel var elvon ottywato anoxwdixoroliot-

HOG.

O xwdwag 11 dev elvan euxpivig yoth 1 xwdixr| Aé€n 01 avtiotoryel oe 8o
obuBoha mnyhg, To A xat to A. Kat' enéxtacn o xwdwag 11 de unopel va

elva 00UTE HOVOGHHAVTOE, OUTE GTIYULA{0 ATOXWOXOTOOUIOG.
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O xwdwag 1T etvor otryptalor amoxwdxotololuog Yot oL xwoixég AEEEIC Tou
otd€Touy v mpodepotiny| wiotnTa. Kat’ enéxtaon elvar povooruayvtog o
EUXEWVTG.

O x@oxag I'V elvon otryutaior amoxwdixoTolAcLHoS, LOVOCHUAVTOS XAl EUXELIVAS
yrott €yel TNy Tpovepa Ty 1otoTNTAL.

Téhog, 0 xwdxac V Bev elvar oTiyplala anoxwdIXOTOIGILOC ETELDT Yiol Topd-
oetypa 1 xwowery AEEn 01 eivon mpdleua tng xwodixig Aédng 001. Ouwg eivan
guxpVS xat Lovooruavtog yiatl xde xwdwh AEn umopel vo avayveploTel
UEOO OE OTOLOONTOTE XWX Urvuud, dedouévou 6Tt apyilel mévta Ye t0 oly-

Boho 0 eved tar umohotma oOUBoAa TS xwWOXNE AEENC Umopoly va elval Yovo
1.

/’ ’ /. 2. 7 /’ /’
To yéoo unxog tou xdie xMddxa utohoyileton and TN oyéon

Or Tyéc mou TEoxONTOLY Yo T0 UEGO ufxog QalvovTol GTov Tivaxa.

2. Trdpyer tp1adikds otynaia anrokwOIKOTOMOIHOS KWdkag Ue Kwdikés Aééelg

pnrovs {1,2,3,3,2,3};

Apxetl va e€etdoouye av xavoroteltar 1 tavtoavicdtnta tou Kraft. Eyouue:
N
D 3 =343 430 +370 4377430 =18/2T< 1.
i=1
‘Apa UTdEYEL OTIYWIALO ATOXWOXOTOLACIHOS XWOXAG UE TA TUPATAVL WX
XWXV NECEWV.

3. Trdpyer M-adikds otrypaia amokwdIKoToiNouos Kwdikas e kwdikés Aééelg
jkoug 1,2 :
pnikovg 1,2,... n, ...

Apxel va e€etdoouye av xavornoteital 1 Tawtoavio6tnta tou Kraft. ‘Eyouye:

. = 1\" 1
;M _Z(M> T M1

n=1

To mapandve eivar dipotopa anclpwy OpwY YEWUETEIXS TEOOBOU LEXVOVTAS
an6 n = 1 xat cuyxhivel ue Ty mpobndieon

L <l=M>1

M
[o va umdpyel oTryutado amoxwdoTotAoUog xwdtxag Yo TeENEL

1
M-1

<l=M>1.

‘Apo apxet M > 2.
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4. Oewpolue dvadikn nnyn mAnpogopias pe aApdfnro X = {0,1} ka1 katavo-
pn mbavoritwr Px = {0.9,0.1}. Na vroloyiotel to péoo pnjkog otypaia
aToOKWOLKOTO OOV dvadikoU Kwolka Tou kwoikomolel ta oUuPoda tng mnyns
(X, Px). How o péoo prjkog otypaia arokwdikorotjoipov dvadikol kodika
mov kwdikorotel ta oUpPola g devtepns eméktaong (X2, Pxz) g nnyns;
Ocwpeiote 0T1 Ta UNKnN Twy KwOIKGY AéE€wy TPOKUTTOUY UE €@apuoyn Tng
oxéons (4.15).

Aedopévou 6Tt 0 xdBxag eivat duadixoe (M = 2) tor ufixm v xwdix®y AEewy

olvovtar amd T oyéon

l; = [—log(pi)], 1<i<N

[o v mepintwon g amhAg TNyHg ONUtovpYoUUE Tov TapaxdTe Tivaxa Tou

neptéyet ta oUPBoAa, Tic TIAVOTATES XAt Tl URXY) TWY XOOXOY AEEEWV.

i | pi | UF=— log(Pz‘) li = f_ log(piﬂ
0109 0.152 1
110.1 3.322 4

To yéco uixog tou xwotxa Yo etvar tpogaveg (co pe 0.9 + 0.4 = 1.3 bits avd
oUuPolo Y.

Yy nepintwon g deltepng enéxTaong g TNYHc Vo €youue Tov aviicTolyo

Tivaxa.
(@i, ;) pi I = —log(pi) | li = [—log(pi)]
00 0.9x%x0.9=0.81 0.304 1
01 0.9 x 0.1 =0.09 3.474 4
10 0.1 x0.9=0.09 3.474 4
11 0.1 x0.1=0.01 6.644 7

Ye authy TNV nepinTwon To Yéoo unxog Yo elvou
L=0814+4x0.094+4x0.09+7x00l=1.6

bits avd 000 clOufola mnyRg. JLvenmg To YEGo urxog avd cluolo YRS
Yo etvon 0.8 bits avd cOpPoro mnyrc. Iapatneolue 0Tl XWBXOTOIWYTAS TNV
EMEXTAOY) TNG TNYTS TO UECO UXOC TOU XWOLXA UELWUTXE.

4.12 Aoxnoelg

1. Ytov mopaxdtw mivaxa divovial ot miaveTnTeg Twv cLUBOAWY Wwag TNYRC,

©€WC xoUL TEGOEPLC DLUPOPETIXO! XWBIXEC TOU YLENOLLOTOOUYTIL YL TNV XwOL-
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xomoinon twv ouuBérwy. Na talvoundolyv ol xMdixeg oe xatnyopleg xat v

UTOAOYIGTEL TO YEGO UHX0S TOUC.

x| pi |1 IT|\ 111 | 1v
05 10 00 | 101 | 00

0.3 |01 |11 |11 010
0.1 |11 [10]0 111
0.05 |10 |01 | 1001 | 101
0.05 | 101 | 11 | 1000 | 001

s> s R M ovl =

2. Trdpyer duadinds oTtywaio ATOXWOLXOTOACILOS XWOXAS UE XWOXES AEEEIS
uixouc {1,4,3,3,2,3};

3. Eivar 0 mapaxdte x@oixag LoVooHUAVTOS Xt Yiotl;
r1: 010 w3 : 11 x5 : 00011
T9 : 0001 x4 : 101011 z¢: 00110

4. Oewpolye TnyH mAnpogopiog ye ahpdfnto X = {0,1,2} xou xotavour| mi-
Yavothtwy Px = {0.7,0.2,0.1}. Na unohoytotel 10 péco pixoc otrypola
ATOXWOLXOTOLACLUOU BUADBIXOU XWX TOU xwdoTOoLEl ToL oUuBola TS TNYNAS
(X, Px). Tlow o UECO Unx0g oTIYUIoio ATOXWOIXOTOLAGILIOU BUADLXOU XWOL-
%o ToU xwdxorolel T oOYBola TNE BelTEPNS EMEXTAOTC (X2, Px2) NS TNYNC;
OcwpeloTe OTL Ta WX TWV XWOIXWY AEEEWMY TEOXUTTOUY UE EQUOUOYT TNG OYE-
one (4.15). No ouyxprdolv ta yéoa uhixn v 800 xwdixwv Ue v eviponia

™G TNYTC.

5. Oewpolye pio Ty TAnpogopio ye ohgdfnto X = {a,b} xa xatavour mi-
Yavotritwy Px = {0.4,0.6}. No Bpedolv ta bptor Ttuddv tou uéoou pixous
avd oOuBoho TNYHS EVOS TELAOXOD GTLYUIALN ATOXWOXOTOAGULOU XMOXI TOU
yeroomoteitan yiow TV xwdxoroinot g teltng enéxtacre e TNyNg TAneo-
poplac.

6. Oewpolye €va urn tiwo vououa. Katd t eidn tou vouioyatog n mavotnta
va épvel xeqary etvan 0.7. Noa Bpedel pla %ok’ extiunom tou pyéoou urxoug
(avé amotéheoua pidhnc) evoc Suadixol GTLY Al ATOXWOXOTOAGLOU XWOLXA,
o omoiog Yo ypnotwomotnlel Yoo TNV xWOLXOTOMOT TWY ATOTEAEGUAT®Y 500

oLadoy®Y pithewv Tou voulouatog.

ot eivor 1) Teptoy | @Y TGV 1oL Yo unopoloe vo Tdpet To Yoo urfxog (avd
anotéheopa pidhng) evoc duadixol ottyutalia AmoxmIXOTOMoILOU XX, O

0m0{0¢ XWOXOTOLEL TOL ATOTEAEGUALTA TELWY SLadoYIXWY plhewY TOL voulouaTog;
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KegpdAaiwo 5
2uunieon ywelc ATwAeLEC

H ouunieon dedouévwy €yet 6o Baoxoig otoyous. Tpdtov, Vo UElOoEL To anattol-
UEVO Y(GEO YIoL TNV ATOUAXEUCT) TV TATPOPORLWY ol BEUTEQOY, Vo TEPLOPIGEL TNV
ATALTOUUEVT] YWENTIXOTNTA TOU OLtdOAOU ETUXOVWVIAG YL TH HETAPORE TWV TANEOQO-
etwv. O 0e0Tepog 6TOY0C LGOBLUVAEL UE T1) HELWOT) TOU GUVOALXOU YPOVOU ATOGTOANS

TWY TANPOYOPLKY UTO TOV TOUTO GTO OEXTY.

‘Otay 1o GUUTIEGUEVA DEDOPEVA AVAXTOVTIL ATO TO YWEO ATOVAXEUGHE TOUG T.)Y UTO
T0 o%ANE6 BleX%0, 1) AouPBdvovtar and To BEXTY EVOS TNAETIXOLVWYIAX0) CUGTIUITOC,
Yo TEEMEL Vo UTERYEL 1) BUYATOTN T TAHPOUC AVAXTNONG TNS aRYIXNS LOPPHS TV
OEBOUEVWY. LUVETWS, XATE XATOW0 TEOTO Yo TEETEL 0 XWOLXAS UE TOV OTOlo EYIVE
7 ocuurieon va elval YvwoTtog otov alydprduo tou avalouBdver Tr Swdixacta Tng
aroouurieons. Auto umopel va yivel ite €yovtag va TaYIo XWOXA YVWOTO €X TWV
TEOTEPWY 010 BE€XTY), ElTE TPOOoVETOVTUG GTA GUUTIEGUEVO DEDOUEVA XAl TO TUAUN
TOU %O TOU YEEWELETAL YLl TNV ATOCUUTRIEST, TwV OEdOUEVWY. TNy Oeltepn
TEPIMTWOT), YLt VoL €YEL OLCLACTIXG VONuA 1) cuuTieo), Yo mpénel To dupotoya TwV
GUUTIEGUEV®DY OEDOUEVY Xl TOU TUNUUTOS TOU X®OLXA Tou mpootietal, va eival

ONUAVTIXA PUIXPOTEQO ATO TO ARPYIXO UT)VUUA.

‘Onwe €yer avageplel otny etoaywyn, dtaxpivouue 800 xatnyoplec cuurieong dedo-
HEVWY: T1) CUUTLEDT) DEBOUEVWY UE ATOAEIES XAl YWPEIC ATWAEIEG. 1TO XEQPIANLO AUTH
Yo aoyohndolue Ue xWdIxeg CLLTIEON G BESOUEVLY Y wpelc ANWAELES. XTO TEOT-
YOUUEVO XEQANL0, amodelyUnxe OTL 1) cuuTieoT Ywplc anwAeleg teptop{eTal and TNV
EVIPOTIA OTNG TNYNS TANPOPOELOY. LUYXEXPWEVA 1) EVTPOTIA elval TO XdTw QEdyU
TOU PECOU PRXOUS TOU XWOLXA GUUTIECTC. LUVETMG, XUTY TO OYEDIAOUO EVOS AAYO-
elduou ouurieong SedoUEVLY Ywplc ATWAEIES, 0 xUPIOG OTOYOC Efval Vo TETUYOUUE

€val HECO Ux0¢ xWOXA TOU VoL TANOLALEL 6G0 TO BUVATO TO XOVTA OTNY EVIPOTIA.
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Enfong, évac onpavtixdg mapdyoviag, mou AaufBdveton umodr, xatd tn oyedioomn
XL TNV €TAOYY EVOC ahyoplduou cuurnicong dedouévmy, elval 1 0 ©opTOC Epyasiag
TOL anAUTEITAL TOCO Yo T1) GUUTIEST) OGO XAl YL TNV ATOCUUTIEST) TwV OEDOUEVLV.
evuid, Yo mpémer va Peedel 1 ypuot Tour avdueca GTO TOGOGTO GUUTIEGTC TOU

ETUTLYYAVEL €Vag aAYORUIUOC XAl TO YPOVO TOU ATALTE(TAL YL VoL EXTEAECTEL.

5.1 Idi6Ttntec tou BéAtiotou Kwdixa Xvunicong

Oewpovye uio tnyH TAneogopiag (X, Px), ¢ onolag To ahgdfPnto €yer N cyfola
ue avtioTtoryeg TIAVOTNTES EUPAVIONS P1, P2, - - -, P- Ot mdavdtnteg autég Tagvo-
wolvtar xatd @iivouoa oepd (p1 > py > ... > py). Oéhoupe xdde éva and Ta
oVuPola tne YA v xwdtxoroinUel xotd TeoéTo povadxd pe uio axoloudia dua-
oy Ineiowv. ‘Etot, o tpoxdder Evag duadixdg xWxAg, UE UiXT XwOXOY AEEEWY

l1,l3, ...,y mou avieTOLYOLY €var Tpog €va ot IV cUuPola Tng TNYhC. .

"Evac xadixag ouunicong Yo elvon BéRTiotog dtay €yel 10 eAdyloTo UECO UiX0og XW-
OOl LNUEIWVETAL OTL OEV AVUPEPOUAOTE OTO EAAYIOTO UAXOC XWOIXA EVOS YOVO
GUYXEXPUIEVOU UNYUUATOS AAAL GTO UEGO URXOC XWOIXA WG TEOG OAa ToL Ve Ur-
vouota Tou efvar duvatév va mapay Yoy and v YR TAnpogoplac. Mrogel va
anodetyVel 6Tt Evag BEATIoTOC XWBIxag ouunieorns Yo TEEREL Vo xavoToLel TI Tapa-

AT ATOUTHOEIG:

1. Kopla axohoudia xwdwmy cugoiwy o Yo mpénet vo avtiototyiletar o me-
ploc6TEPY amd Evar DlaogeTixd unvouata e YRS Anhady), o x0oLxaS ou-

urieone Vo mpénet va eivat LoVOoHUaVTOC.

2. Koplo xwdwrh MEn Oev mpénet va eivon tpddepa SN xwdixnic Aéec. Anhad),
0 WA Vo TEETEL VoL EYEL TNY TEOVEUATIXT WOLOTNTU XAl CUVETWS Vo lva

oTYLola ATOXWBIXOTOLAGILOC.

3. LouPoha tou ahgafritou pe peyaAvTeE TavoTnTO Yol TEETEL VoL avTLoTOLY (-
Covtan og Uixpotepes xwdég Aé€eic. Anhadn i < Iy < ... < Iy, epocoyv
pPL=>p22> ... 2 DN-

4. Téhog, ot 500 xwdES AEEELC TOU AVTIOTOLY0UY 6o GUUBOAN UE TIS BUO UixplTE-
eec mdavoTnTES Eppdvions Vo €youv To (1o uixoc xwdxhc AMéEne (In = In—1)
xou Yo drapépouy uévo oto TeEAEuTaio Yngio Toug. (Av o x®ddwoag eivow M-
adixog 1) Teheutala WdTNTA Vol TEETEL VoL LXAVOTOLEITOL amd TIC XWwdIXES hEEELS

ue tic M uxpbdtepec mdavotnec.)
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To 611 0 BélTioTog xWOLXaG Yo mEENEL var xavorotel Ty tpitn amaitnon uropel va

anodetyVel ye TNy eig dtomo amaywyr wg e€Xg:

Anodeldy.

‘Eotw, 61t yia 800 xwdwéc Méeig Tou BértioTtou xwdixa C Oev toylel 1 Tpity amai-
nom, Onhaodt| €youvue l; > I av xar p; > pj. Mropolue vo xaTaorEUAGOUUE Eva
devtepo xwdixa C' mou va €yel Tig (Blec xwdixée Aéetc e tov O, ye uévn dapopd
6TL €Y oLV AVTIGTRAPEL 0L XWOXES AEEELC TwV @ xou J SUUBOAwY. Anhady| l; = I; xau
;=1 Av L xor I/ efvou tor péoa wipen Ty xodixwy C xar C7, avtioTtorya, TpoxinTel

7 /’
cUxolo OTL

L—L’:pi-li—i—pj-lj—pz--lg—i—pj-l;-:
=pi-li+pj-lij—pi-lj—pj-li=
= (pi —pj) - (li = 1;) > 0.

Yuvenwe, o xadixac C' éyel pxpdtepo Yéoo pixog and tov C. KatalhZaue Aotrndy
o€ dtomo agol o C' eivon BEATIoTOC XAt €yel To eAdyloTo péco urxog. ‘Apa, yio va

elvan 0 xwotxag PérTioTog Yo meEmel va 1oy Vet 1) Tpity araltnon.

Téhog, 1 tétaptn anaitnon urnopel va anoderyVel we e&hc:

Anodeld.

‘Eotw 61t yia T 000 cOufoha pe i uxpdtepeg miavotnTeg eugdviong toylet Iy >
In—1. EOugwva pe tn deltepn analtnon (mpodeyatixh) dtnTa) 7 (N — 1)—0017’]
x WO MEEN Bev umopel va etvar tpdlepa T N-00THg xwdhc AéEng. Luvenwe, To
mewTa [y—1 xwdixd cUuBola tng N-00Thg xwdwhc AEENG anoteholy and uova ToUg
Hovadx xwdtx AEEN, ondte ta undlowna Iy — Iy—1 xwdxd clpfola umopolv va
Topahn@doly. ‘Etol, mpoxinTel 10 4100 GUUTEQAOUA OTL O AEYIXOC XWOLXAS DEV
elvan BéATIoTOC. AxouT, av oL 800 xwdxéc AEEEIC Dlapépouy oe dhho hnplo xar oyt
oto tekevtaio, TOTE Yo unmopoloaue va mapaArifouue Ta TeAeuTaio (dror negla xaw
VoL ONULOVPYHCOUNE €VOL XAYOURYLO XWOLXA PE WXPOTERO UECO UNX0C. LUVETWS, O
apytxog xwdxag O Yo Nty Bértiotog. Katadryouue hoimdy oto cuurépaoua Ot
yioo vou ebvan o x@dxog ovurieong BélTiotog Yo mpénel va oy el Iy = [n_1, xat o

avtioToryeg xwdixég AEEEIC Vo DLapépouy U6Vo 0T0 TEAEUTAIO XWdIX6 GUUB0NO.
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5.2 Kwdowoac Huffman

To 1950, o David Huffman, goutntic téte oto MIT, npdteve oe pia epyascia tou
Yo To pdinuo e Yewplag mAnpopoplev Evay alyoplduo cuutieong Ywelc ATMAELES.
O alydprdpog autdg ToL QEREL To Gvoud Tou elvon GHUERX TO BACIXOTERO TUAUA TWY
TEPLOGOTERWY alyopiluwy cuunieong, agol yenotwonoteltol wg 1o TeheuTaio GTddL0
v ahyopliuwy GZIP, JPEG xat moAov dhdwy. H onuavtixdteen wbiotTnTo T0U
xwotxa Huffman eivon 611 mpdxerton yio féhtioto xwdxa. Autd onuaiver 6Tt dev

UTLARYEL XOOXAG Y0PIG ATWAEIEG YE UxpOTEROD UECO Uxog and Tov xwdixa Huffman.

5.2.1 AMlyoprdpog duadixol xwdwxa Huffman

Mo Ty TepinTwon Tou duadeol xwdxa, o aryoeriuoc Huffman reprypdgeton pe to
TOEOXATK BAUATO TOU 0BNYOLY GTNV XATAOXEUT EVOC DEVOPODLAYPAUUATOS CEXIVE-

VTog amo To QUM Tou xat xatahyovtag ot pila.

1. Apywd Yewpolue bt xdle alufolo tne mnyhc eivar évar pOANO (e€wTepnde
x6uPoc) Tou UTO xuTaoXEUT, BEVOpOdIaYpduuaToC, e xde UM avTioTolyi-

Coupe Ty mlavoTnTa EUPAVIONG Tou avTioToryou cuufolou TNYHC.

2. EvtoriCouye toug 800 xéuPouc pe Tic WxpoTepeg mMYavVOTNTES XAl TOUS GUY-
Ywveouue o€ €va x0uPo. Xto véo xouPo avtiototyilovue wg mavotnTa To

dipotopa Twv THAVOTATWY TwV 800 XOUBKY TOU LY YWVEDTNXAY.

3. To dedtepo Prua emavahapBdvetar éwg 610U xaTaAhCouUe 6Tr dnuovpyio Tou

Tehxol xéuBou (pila).

Me tn A& Tou mapandve ahyopiduou TpoxinTel éva BEVTPO Tou oToiou XdVE E6w-
TEQIXOC %xOUPog €yel 800 xAdBoug amd Tavw xat Evay and xdtw. H pila €yer uovo
0U0 *AABOUS ATO TAVE XUl XAVEVAY ATd xATw, EVK XAVE POMAO TOU AVTIOTOLYE! GE
eva o0uBolo TNYAC €yl WOVO Evay xAADO ATO XUTW XUl XOVEVAY ATO TV, X1
OLVEYEL, Yl xdVE ecwTEpXd xOUS0 xat T pila, cuuPoAicouye Toug 800 and TAvVw
xhddoug tov éva pe 1 xou tov dhho pe 0. 'Etot xdlde xhddog pépel Eva duadixd dnepi-
o. H dwdixaocio auth aviioTolylong twv duadxay ¢neinwy otoug xhddoug uropel vo
yiver xar xotd T Sadixaota dnuoupyiag xdde véou xdpPou. Téhog, 1 xwdr, AEEN
x&9e cuufBéhou TNYhc TEoXITTEL av xataypddouus axoloutioxd ta Suadxd ¢rnela

TWY xAABwY Tou 0d1YolyV, Lextvmviag and tn oila, oTo YUALO Tou avTioTolYEl 0T
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B (0.4) A(0.2) I (0.2) A(0.1) E(0.1)

IO

I, 0

IV, 0 (0.4)

I, 1

(0.6)

v, 1

(1.0)

SyAue 5.1: Aevdpodidypappa kdoica Huffman (mpdTn vAomoinon).

oluBoho tnyrhc. Adyw tng douric BévTtpou, auth 1 axohoudia xAEBwV v LovadLxn
Yo xdde puALO.

YnuetdveTar OTL dev €yel onuaoio o Tooy and Toug dLo xAddouc (e xOuBou
Yo avuototyicoupe t0 xwdwd cluPBoho 1 xar o ooy 10 0. Katd olyfacr, ot
cuvéyeta Yo avtioToryolue 1o clYoro 0 6Tov xAdd0 TOU GUVBEETAL UE TOV XOUS0

ue T wxedteen TiavoTnTA.

O ahydprduog Huffman propel va yiver xatavontég ue éva mopdderypa. Ocwpolue
wla TnyY) mhnpogoplog we ool Tryhg xaw avtioToryeg mavoTNTES EUPIVIoNG ToU

0lvovTOL OTOV TAUPUXATE TVOXA.

Z; A B T A E
p; 10210410201 0.1

Y10 oyfua 5.1 napouctdleTon T BEVOPOOLAYpUUUA TOU ONULoURYHITXE XaTd TNV €-
gopuoyt Tou alyopituou Huffman. e xdde xépPo avaypdgetar evide napeviéocwy
n avtiotoryn mavétnta. Erniong, o xdve xhddo avaypdpeton 1 emavdhndn tou ai-
vopiuou (I, II, III, IV), xatd tnv onoio dnutovpyriinxe o xAddog, xadode xat to

«€WOIX6 dBLAdO Ynyio Tou ToU ATOBOUNXE.
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B (0.4) r(0.2) A(0.2) A(0.1) E(0.1)

IO

I, 0

IV, 0 (0.4)

I, 1

(0.6)

v, 1

(1.0)

SyAue 5.2: Aevdpodidypappa kdoica Huffman(devtepn vhoroinon).

Hoapatnpodye 6Tt xatd TV XATAGKEUT, TOU BEVOROOLIYPAUUATOS UTopel Vo Tpox e
1 TEPIMTWOT VoL UTdPYOLY TEPLGGHTEPOL ATt BLUO xOPPBoL TOL Va €YoV TIC 000 UXPo-
tepeg TS miavothtwy. ‘Etot, efvat duvatd va emtheyoly evalhaxtixés UAOTOIRCELS
Tou xwdwo Huffman. Mia tétolo evahhantin vhomoinor gaiveton oto oyfua 5.2.
BAémouye OTL o phnn TV xwOx®y AEEEWY Eival DIaQopeTXd G GYEON) UE AUTY TNG
Tew TN uvhonoinong. ‘Ouwg, dedouévou 6Tt xdde evahhaxtixy| vAoToincn avapEpeTal
oe xwodixa Huffman mou eivan Béhtiorog, mpoxintel 10 ouunépaoua 6TL To u€oa Wixm

e / 7 7 e ’ 7
x€30e evohhaxtixfc vhomoinong Yo meénet va efvan oo petall Touc.

5.2.2 Koduwac Huffman ehdyiotng petaffAntotntog

Av xar ot evadhaxtixég vhonotfoelg Tou x)owo Huffman €youv 1o B0 yéco urxog
AWOLXAL, DLAUPEQOVY WS TEOS TN UETUBANTOHTNTA TOU UAXOUS TWY XWOXWY AEEEWY, 6OV

1 ueTaBAnToTnTa 0pllETol W

(5.1) o’ = Zpl- (l; = L)

Luvidwg, emhéyetar excivry 1 vhonoinor tou xwdixa Huffman mou odnyel otn -

APOTERT, YETABANTOTNTA TOU UAXOUS TWV XOXWY AéLewy. O AOYog Ylor auThy TNV

Ocewpla Tne MTinpogopiac 5-6 Tuhunae ITAnpogopixfc & Entxotvevidv



© Ap. Iwdvyne ©. Péxavoc ATEI Xeppdrv

A02) r(0.2) A (0.2) E(0.1) B (0.4)

IL, 1 I, 0 (0.2)

(0.4)
o I, 1

(0.6)

v, 1

(1.0)

Eyxee 5.3: Aevopodidypappa kadoika Huffman pe eddyiotn petapAntétnta tov

HIKOUS Ty kwdikdy Aéewy (Tpitn vhormoinon).

emhoyY| ebvar OTL 1) WxpOTERT UETABANTOTTA OTuaiVEL, TEWTOY, WXET| UETABO0AY| TOou
euluol UETABOoNE TWV dlopopwyY CLUBOAWY TNg TNYTE xol dedtepoy, Uelwon tng
uviune (buffer) mou amatteiton yioo v npocwew anodfxeuon twv AauBavopévey

AWOXWY GUUBOAWY, UEypt Vo avayveploTel To avtioTtotyo clufolo Tnyhc.

ArnodewvieTatl, 6Tt Ylo Vo TETOYOUUE TNV VAOTOINGT) UE TN WXQEOTERT, UETUBANTOTN TN
TOU UAXOUS TV XwdXdV hZewv, Va tpénet o€ xdle Brua tou akyopidyou (Huffman)
OTOL TEOXVTTOVY TEPLOCOTERES Ao Uio ETAOYES Yl Toug xduPBoug uxpdTeEnS Tda-
VOTNTOG, Vo ETLAEYOUUE YLt CUYYWVELST) Toug 800 xouBoug Tou €youy drnutoupyniel
TohatdTeEPR. AV €QUEUOCOUUE AUTY| TN AOYIXH OTNY xwdixomoinomn tne mnyNg Tou

TopadElYUaTOg TPOXUTTEL 1 LAOTOINGT) TOL Gy UaTog 5.3.

Ytov mivaxa 5.1 napouctdlovtat ot TEELS EVOAAXTIXES UAOTIOLOELS Tou x@dLxa Huffman
NG TNYNS ToU ToRadelyuaTog. BUyxeEXQUUEVA, 0 Tivaxag TERLEYEL, Yia xdUe vhoTol-
NoT, TS XWOLXES AEZELC UE TaL avTioToly oL UixT) TOUS, TO HEGO UHXOC XMOLXA XOL TT|

UETABANTOTNTA TOU UAXOUS TV XWOIXWY AEEEWY.

Ouuilouye 611 T0 péco urxog tou xwdxa Huffman Yo npénet va ixavonotel tny dimhy
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ITivaxoag 5.1: Tpes evaAdaktikés vAoromnoes tov kooika Huffman

17 21 31
Ti | Di i | i | ci |
A 0.2 10 ] 2 111 1 3 01 ]2
B |04 0|1 0|1 1112
oz 111 1 3 10 ] 2 00 | 2
A 0.1 1101 | 4 | 1101 | 4 || 101 | 3
E | 0.1 1100 | 4 || 1100 | 4 || 100 | 3

L 2.2 2.2 2.2

o? 1.36 1.36 0.16

TUUTOAVIOOTTTA

H(X) <I<

(52 log(M) == Tog(M)

aoU efva BEATIOTOC XMOLXAG. LUYXEXQUIEVA, GTO TURADELY U 1) EVTPOTIX TNG TNYYS

elvon {on ue
(5.3) H(X)=-04"-1log(0.4) —2-0.2-10g(0.2) —2-0.1-log(0.1) ~ 2.122,

omoTe, mpdyuatt, txavoroteltar 1 (5.2) yio M =2 (2.122 < 2.2 < 3.122).

Téhog, mapatnpolue 6Tt oe xde emavdindn tou duadxol aiyopriuou Huffman o
TAfYog TwV xOUBwV UELOVETUL xaTd éva. X1 mepintworn tou M-adixol Huffman
TeoxUTTEL eUXOhA OTL ot xde emavdindn 1o TAYY0C TV ®OUBWY UEIWVETAUL XATA
M — 1. T va tepuatiosl owotd o alyoprdyoc Yo mpénel oto teheutaio By Tou
ahyoptduou va undpyouv M xoufot. Yuverwg, av n elvar o TAHY0OC TwV ERAVA-
Mbewv Tou akyopiuou e TV TeheuTtata eravdindy, téte Va mpénel va Loy Vel 1)

oot

(5.4) N=M+n(M-1)

1 LloOdU VoL

(5.5) N—-1=(Mn+1)(M-1),

omou n + 1 0 cuvolixdg apriude Twy emavalidewy Tou alyopruou. Av 1o N —1
oev etvon toAhamhdoto tou M — 1 Yo npénet va mpociécouue oo eovixd cOUSola
YRS PE undevixéc maveTnTeS, 60a YEetdlovTaL Yiol THY IXAVOTOINGT) TG I6OTNTAC
(5.5).
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5.3 Apwuntixr Kwowonoinon

O x&ddwoag Huffman, av xou yapaxtneileton and oyetinf anhdétnta 6TNVv LAoTOINoN
xou TNV exTéLeon Tou, dev umopel va emthyer T xakOtepn duvath cuurieon (oTo
bpto mou Vétel 1) evrponion Tne TNYNRC) EXTOC amd TNV TERITTWON XATd TNV omoio Gha
ot oUUPola Tng TNy Mg €youy mavoTnTES foeC YE opvNTINéS duvduelc Tou 2. T va
TeTUYoLUE xalUTEET ouunicon e Tov akyderduo Huffman arouteitor n xwdixomoinon
EMEXTACEWY TNE TNYHC TANROQOpiag (xm&xonoinon unspcupﬁé)\wv), 1 omolo buwg o-
onyet o ueydho TARUOC xWBXWY AEEEWY XUl GUVETWS OE UEYUA DEVOPODLOLY OUUUATO

ATOPACTC.

[ vae emteuydel axdun xahdtepn cuurnieon and authy Tou TaEEyEL o ahyopLiuog
Huffman, mpotdinxe o ahydprduoc aprduntixic xwdixonoinong. dihocogio tou
ahyoplduou autol elvon 1 GUYBLACUEVT, EXUETAANEVTT) XWOXWY GLUUBO WY AT TE-
ELIo00TEPA TOU €VOC oUUPBOAWY TNg TNYNS. Me autdv Tov TPoTO, TO UECO UnHXOg
TOU XWOLXa avd cOUBoAo TNYT TElVEL acLUTTWTIXG GTNY evTpoTio. XapaxTneloTIxd
AVUPEPOUUE TO TUPADELYUA TNE XwOLxoTolnong ythiwy Blwy cuuBoiwy ye mdavotrn-
o xadevog fong pe 0.999. Av egapudcouue tov duadixd xwdxo Huffman, xdie
oVuPolo Yo npénel va napactadel e Eva bit, ondte To cuuTiecuEvo uvuua Yo aro-
teleiton and 1000 bits. ‘Opwe, 1 mhnpogopio Tou TepEyeL autd To Urfvuua elvor {om
ue 1000 - 1og(0.999) ~ 1.4 bits, xo dpo 0 x@dixoc Huffman eivon Sraitepo ondo-
Aog. ‘Onwe Yo Bo0UE OTN GUVEYELXL, OV GUUTLEGTEL AUTO TO USAAOY LOLOUOQPPO UHVUUL
ue apriunTn xwoxonoinon, apxoly uovo 3 bits. [No va tetdyoupe pe aprduntixy
xwoxoToinoT 1600 onuavTixy cuunicon Yo teénel TNy xatavour Twv TavoTATwY
TV SUUPBOAY TNYNg Vo eugaviCovTal oplou€veg Yeydheg miavotnteg eved dhheg Yo

/’ / Ve ’ /
TEETEL AOYWXd VoL VL TOAY ULXPEC.

H Baoueh wéa tng aprduntinic xwotxonoinong elvar 1 anetxdvior xdie axoroudiog
n ouuBOAWY TNYNS oe €vay dexadixd apiud d petald 0 xar 1. X1 ouvéyel, o
dexadixog aprdude d ypdgetar o duadixy wopen. Av p(1),p(2),...,p(n) eivar n -
YavoTNTES TWV GUUBOAWY TOU GUVIETOUY To PrVUUA TV N GLUBOAWY, TOTE opilouue

T0 dLdoTNUA

(5.6) s = Hp(z)

Téhog, and T duadxT| AVATAEACTAGT TOL a0y d XPUTIUE UOVO TU TLO CTUAVTIXY

dnopla Tou aExolY Yo Vo 0ploTEl HOVOSHUAYVTA TO DIUCTNUA S.
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5.3.1 Apwuntixn ocvunicon

[ va yiver o xatavonth 1) Swdixacio Tng aprduntixric cuprnieong Yo yenowuonolr-
Goupe éva Topdderyua. ‘Eotw, o mny mhnpogopiag ue ahgdfnTo temy cuuBoiwmy
{a, b, c} xou xoravopr; mdavotitwy Py = {p, = 0.2,p, = 0.5, p. = 0.3}.

Apyxd, oe xéde obuforo mnyhc avuotoryiletor éva Tuhua Tou Swothuatog [0, 1],
10 ornofo elvon avdroyo tng mdavotntag epgdviong tou cupPorou. Ilpaxtixd, To

Srdotnua [0, 1] yweiletar ota tufuota
[0,0.2) — a, [0.2,0.7) — b, [0.7,1.0) — c.

‘Etot, av 9éhoupe va xwdixonotioouue 1o oUuBolo b, apxel va 10 avamapaoTHoOUYE
e omotovdhnote aptdud, o onoiog avixet oto didotnua [0.2,0.7), w.y. ue tov aprdud
0.4. Y11 ouvéyewa, xdde véo oluoho mou xwodixonoteitoar teptopilel 6TnV oucia To
€0p0g TOU OLUOTAHUATOC (to xdtw, T0 TV, 1 xou Ta 000 Hpla Tou &ocoﬁpocrog).

Auto yiveta we e

To didotnue [0.2,0.7), Tou opiotnxe yioo TRy xwdixonoinor tou cupBéhou b, xoto-
xeppatileTal 68 TUWAUAUTA avaAoYo TwY TUAVOTATWY TV TELWY GUUBOAWY TN TNYHC,
To. omofal 0TN ouvéyela avtioToryillovTton ex’ véou oTa oUYBola g TyHc. Anhadh

10 [0.2,0.7) yowpileton ota Swothuota
[0.2,0.3) — a, [0.3,0.55) — b, [0.55,0.7) — c.

Av topa T0 devtepo oUYBolo YT Tou xwdornoteital efvat To a, TOTE TO GUVO-
Aix6 phvupe [ba] avaroapiotdtol e omoovdritote aptdud mou avixer oTo SidoTnua
0.2,0.3) m.y. ue tov aprdus 0.25. H Swdiaoia auth enavolapBdvetar uéypt xot Ty

xwdxomoinom Tou TEAeuTAlou GUUBOAOL TOU UNYLUATOC.

[Tpénel var oMUELDOOUUE OTL UE TNV xwOLXOoTolNoT xdve Véou cuuBdiou, TO SLACTNUA,
and 10 onofo umopel vo ndpet Tipég 0 dexadixdc aptdude (xwdnd W’]vupoc), CUVEY WS
cuppvovetal. Enlong, xdie gopd Yo mpénet 10 TRoNyoUUEVO DLAGTIUO VO XATAXER-

wotieton o TuAUATa avdhoyo Twy TAvOTATWY TV cLUBOAWY TS TNYHC.

H 6kn dwdixacio urnopel va napactadel pe 1 PorRdeia evog diaypduuatos. 'Eotw,

6TL VEAOLPE VAL XWOXOTONCOUUE TO U VUUL
[babcal.

O eMAVUANTTINOS XATAXEQUATIONOS TWY DLUGTNUETWY Tou YiveTow xatd tnv aptiun-

T ouunieon galvetal oTo oy AU 5.4.
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Eyue 5.4: Iapdoeryua dwaypdupatos apiuntiknig ouutieons.

To prvuua [babca) uropel va «xwOIXOTOINVEL G EVAC OTOLOGOHTOTE DEXAONHS AL
Vubc mou avixer oto drdotnua [0.255,0.258), m.y. o aprduée d = 0.257. H Suaduxt
wopph, Tou aptduol d utohoyileton Ye T YVWOoTH UEV0D0 TWY ETAVUANTTIXGY TOA-

ATAACLACUWY UE TO 2 xat elva
0.010000011100 ...

And tny mopamdve duadixy| avatapdoTacT) ToU d xpATAUE WOVO T k TpaTo Ynpla Ue-
T8 TNHY UTOBLIGTOAY, To OTToloL KEXOVY Yol Var TEoadloploTel To Brdotnua [0.255, 0.258).

To mifdoc Twv Ynginy autdv arnodeixvieTal 6Tt lvar (6o ue
(5.7) k= [—log(s)] +1

6mou 1o s divetar and Tt oyéon 5.6) xou elvar (0o Ye To dve Ueiov To xdTw Pedyua

TOU BIAOTARATOS TOU AVTIOTOLYEL 0TO uRvuud. XTN CUYXEXPEVT TeEpinTwoN

s =0.258 — 0.255 = 0.003
k=[—1log(s)] +1=18.381] +1=10.

Yuvenoe, 1o phvupa [babcal xwdixonoeiton ye Ty axohoudio duadxwy Pneiwy
0100000111.
Anhadt), AauBdvouy ympa ot TapaxdTe ATEXOVIOELS

[babca) — [0.255,0.258) — 2.57 — 0.010000011100. .. — 0100000111.
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ANy 6prdpog LTOAOYIOROY TOV BLACTARATOG OV ATEXOVIETAL OTO WVULL

‘Onwe avagépdnxe nponyoupéveg ce xdde cluforo x tng mnyrc aviieToryel éva
TUAUO TOU SLUGTHUATOS [0,1]. To OLdo TN AUTO TEQIYPAYETAL TATIPWS AT TO XATW
oplo, low,, xou and To €0po¢ TOU BlACTAUATOS, TO omofo elval (oo ue TV mdavoTn T
eupdviong Tou cupforou, p,. Ilpogaveg, To dvw dpto Tou dwotiuatog, high,, Yo

ofvetar and to dipoloua
(5.8) high, = low, + p,.

Metd v aprduntixs) xwdixomoinon to cuvolixd prvuda Yo arnewxoviletar oe éva
oldotnua Ue xdtw opto, LOW, xat dvew oplo, HIGH. O alyobpriuoc ebpeomnc tou
TEMX0U LG THUATOC [LOW, HIGH] €yel TNy e€hc poppn Yeudoxotxa:

LOW = 0.0

HIGH =1.0

WHILE (not end of message)
READ (z)
RANGE = HIGH — LOW
LOW = LOW + RANGE % low,
HIGH = LOW + RANGE * p,

END WHILFE

OUTPUT (LOW,HIGH)

Y10 TORABELY A TOU AVAQERUUE OTNY dpY T TN EVOTNTAS, OToU elyaue €va Urjvuud
Y Awv Bwy ouuBorwy Tyhc e miavotnta ouuBoiou 0.999, mpoxinTel 6Tt T0 VP0G

TOU BIAOTARATOS TOU anElxoVileTal 6T0 GUVOAXO Uhvuue Yo elvou

s = 0.999'°% — (.367695424771.

Omdte, v TNV xwodxonoinon éiou tou unviuatog Yo yeetactoly uévo

k= [—log(s)] + 1=k = [1.443416869669] + 1 = 3

ovadtxd Yrepla.
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5.3.2 Apwiuntixn anocvunicon

[ va yiver xatavonty| 1 dradixacio tng aprduntixrc anocuunieong Yo Vewpricouue
OTL 0 BEXTNG AUBAVEL TO XWOLXOTOWNUEVO U VUUA TOL ONUOVEYAUNXE GTO TPOTYOU-
HEVO Topddely o aptdunTinfic xwdxonoinons. OewpolUe B 6Tl 0 ATOXWOIXOTOINTHS
YVEIlEL ToL TUAUATO TOU BLUOTHUNTOC [0,1) mou €youvv anodoVel oe xdie cluoro

mnyhc, dnhad ta Levyn {lowg, p.} v xéde oluforo .
Yuyxexplpéva, o 0€xtng hauBdver tny axoloudio duadixwy Yneiony
0100000111,

7 onola avanapieTtd Tov duadxd aptdud 0.0100000111. H dexoad|, poper tou a-

erduol autol TEOXVUTTEL and To GUPOLoUN TWV APYNTIXWY SUVAUE®Y TOu 2 xat efval

N
d=2"2428492794 92710 = (.2568359375.

O dexadixdg apruds d avixer 6o dldoTnua [0.2,0.7) mou avtioTotyel 6o cluoro

b. Auto onuaiver 6Tt To TpOTO GlPBolo Tou apyxol unviuaTog ivan To b.

Y1n ouvéyeta, Va mpénet va agatpedel 1) enidpaon Tng xwdixomoinomng Tou cuuBoiou
b and tov aptdud d. Autd yivetoar axorouvdwvtoc Ty avtioTpogn Sudixacia and
authy TNg xwoxonoinong. [paxtixd, apapolue 10 xdTw 6pl0 TOU BLUGTALATOS TOU
b (dnhadh 10 0.2) and tov aprduéd d xar 6T cUVEYEL DloUPOUUE TO ATOTENECU UE
v mdovotnTa pp. O aprdudc mou mpoxUTTEl VEWPETal W T VEO d Xl ATOXWOLXO-

Tole{Tol PE TOV (D10 TPOTO. BUYXEXQPIUEVY €Y OUUE

d — low, = 0.2568359375 — 0.2 = 0.0568359375

d = 0.0568359375/p, = 0.0568359375/0.5 = 0.113671875

To véo d avixer oto ddotnua [0,0.2), ondte t0 deltepo oUUBOAO TOU apEYIXOY

unvouatog eivon to a. Nuveyilovtog, £youue

d — low, = 0.113671875 — 0 = 0.113671875

d = 0.113671875/p, = 0.113671875/0.2 = 0.568359375

Tdpa, 10 véo d avixer oto didotrnua [0.2,0.7) ondte 0 Tpito GUYBOAO TOU KEYIXOY

unvopartog eivan 1o b. Metd €youpe,
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d — low, = 0.568359375 — 0.2 = 0.368359375

d = 0.368359375/p, = 0.368359375/0.5 = 0.73671875

To véo d avixer oto didotnua [0.7,1.0). Xuvenme, o Tétapto oUEBolo Tou apyIxoy

unvouatog eivon to ¢. Axoloudmvtag Ty (B Aoy,

d — low, = 0.73671875 — 0.7 = 0.03671875
d = 0.03671875/p. = 0.03671875/0.3 = 0.1223958333333
To véo d avixer oto didotnua [0,0.2). Suvende, to méunto cUUBOAO TOU apYIXOy
unvopaTog givon 1o a.

‘Apa, péyer autd To onueio €yl anoxwdixonomiel To uRvuua

babca

ONAAdY, AUTO TOL TEUYHATXE xwoxototinxe. Ilapd Tadta, o déxtng unopel va

cuveyioel Tn SLadasia ATOXWOLXOTOINGTS

d — low, = 0.1223958333333 — 0 = 0.1223958333333

d = 0.1223958333333/p, = 0.1223958333333/0.2 = 0.6119791666667

X0l VO CUUTERAVEL OTL TO EMOUEVO oUuBoho tou unviuatog eival to b. Fevixd, auth

7 Owdtxacio uropel va cuveyloTel en’ dnEtpov.

Yuvenwe, o déxtng Yo mpénet v YVwpllet ex’ TwY TpoTépwy To UEYEVOS TOU oy LXoU
unvopatog 1 va €yl poAeguel 1 yerion evoc cuuBohou TnyYrc Tou Vo dNAGYVEL TO

TEANOG TOL UNVOUATOG.

ANyobpripog aprduntixnc anocuunicong

Kotd v anocuurieor), o anoxwdixonomntrc utohoyilet Tov aprdud d and tny oxo-
Aoutdia Suadxwy Pneiny Tou €hafe, xat yvweiler To Thfdog n Twv cuPBOALY TNYHS
TOU TEPLEYOVTOL EVTOS TOU UNVOUATOS TNY NS, xordig xat Tor Le0y {lowg, p, } yro xdde

obuPolo x. O ahyderiuog anoxwdixoroinong €yl Ty eEHg Lop®r| Yeudoxmduxa:
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GET (d,n)
FOR (k=1TO n)
RECOGNIZESYMBOL (z) IF d € [low,,high,)
OUTPUT (z)
d=d— low,
d=d/ps
END FOR

5.4 Kbdwxeg Taldtione XupyBolooeipdv (String-
Matching Codes)

O xwoixag Huffman xor o aprduntixoc xwdixag Pasilovtor otn yveon ¥y e-
ATIUNOY TV CTATIOTIXWY YULUXTNPICTIXWY TWY OLUUBOAWY TNYHC TOU TEOXELTAL Vo
ovumecotoOv. Ilpdypat, xou ot 800 aAydpriuot xwdonolnong anutoly T YVKor
TV TWAVOTATOY p; TV cuuBolwy. ‘Eva dAlo yapaxtneoTixd twv dUo mogurd-
Vo x0d{XwY elval 6Tl BV PToPoLY Vo TEOCUEUOOTOLY oTg THavES UETUBORES TwV
THAVOTATWY EUPAVIONS TwV oLPBOAwY Tng TNYrc. Autol ol meploptopol umopolv
vor EeMEpoTONY UE TN Yphon xwdixwy tadtiong cupfBolooeipmy (axohoudieg

ouuPbéiwy) (string-matching codes).

Eve n Huffman xot 1 aprduntieg xwodxonoinon areixoviCouv obufola 1 cuySolooel-
e€c Tne TNy otadepol unxoug o xwdxég hEEEIC UETABANTOU Uhxous, ot ahyopriuol
string-matching anexoviCouv cuuPBolocelpés TNYHc UETABANTOY Prnoug GE XWOIXES
MeEewc otadepol pfxouc. Axdur, ot akybdpriyor (string-matching) dev xdvouv xou
o€ yeetdlovtan xouio apyxr exTiunon TS oTATIOTIXNAS CUUTERLPORAS TV CUUBOAWY
NC TNYNS, AAAd, %xoTd TNV eEXTEAEOT Toug, TPooapUolovTal Blapx®S oTIC THAVES

AMNAYES TV OTATIOTIXWY YULUXTNPICTIXWY TOU UNVOUATOS TNG TNYYS.

H avdrtuén twv string-matching ahyoplduwy Eexivnoe ue v egpdviorn dVo mpw-
TOTIOPLOXWY EQYACIWY TV EpELYVNTOY Jacob Ziv xat Abraham Lempel. To 1977,
UE TNV TpWTY Toug gpyaocia, ot Ziv xou Lempel nepiéypaday pla teyvinr ouurnieong
mou Baciletar ot yeRon VoS xUAMOUEVOLU Tapalpou, To 0Tolo BLATERVA TO GUVO-
Mxd prfivupa xat ouyxpeivel Véeg ouuBohooEelés Ue GAAES TTOU €Y OUY EUPAVIOTEL OTO
%€0VTIVO ToehdoV. O alydprduog autog mou Yo meptypagel apydTERA UE TEQIGOO-
TEQEC AETMTOUERELEG avapEpETaL Yevixd wg LZT77. Mio popgt autol tou alyopivuou
YENOWOTOLETAL OE 0pIOUEVA UTOAOYLOTIXY TaXETA GUUTiESNC TUTOL ZIp T.Y. OTA

PKZIP, gzip, zipit. Trnv enduevn ypovid (1978) oi (dior epeuvntéc mpdTeEvay uio

Ocewpla tne TTnpogopiac 5-15 Tuwhnae ITAnpogopixfc & Entxotvevidv



© Ap. Iwdvyne ©. Péxavoc ATEI Xeppdrv

dpopéag

7

l&——— dictionary ——ppl¢—— lookahead buffer —pp}

Eyque 5.5: To kvdiduevo tapdBupo tov akyopiipov LZ77.

eZéMEn tou LZT7, n onola Baoiletar otn dnuovpyio evog Aeixol ue dour| d€vtpou.
O ahyopripog autodg avagépetar wg LZ78. To 1984 o Terry Welch mpédteve éva véo
ahyopriuo mou amoterel Bertinon tou LZT8 xav avagépetar wg LZW. H emtuyio
TV ahyoplduwy LZ78 xou LZW efvan gavepr} and 10 yeyovog 6Tt €youv EQapUocTe!
oto mpwtoxolo ITU-T V.42 bis, otn ovurieon ewdvac pe popyr GIF, xar oto
Tpoypauua compress tou UNIX.

‘Ohot avtof ot ahyberduor (LZT7, LZ78, LZW) Baocilovtat otnyv urndieon bt xdnotec
ouuPolooelpég elvan mdavoy va eugaviCovtor ouyvd Yoo 610 GUVORXS urvupa. Et-
ot, 6tav pla ouuBolocelpd enaveupaviCetar umopel va avtixataotadel ye évo uxed
xWOxaAL, 0 omolog ONAWVEL TOTE 1| TOU EUPAVICTNXE 0To TaPeAIOY 1 cupfoloceipd
auth). Autd onpaiver 6Tt xatd TN ddpxela exTELEOTE Tou alyopiduou Guumiecmng
avalnTovue ETAVEUPAUVICOUEVES OUUSBONOGEIRES. LNUELOVOUUE OTL 600 UEYAADTERT
elvon 1 duvatoTnTa TEOPAEYNC TV cLUBOAWY TS TNYHC TOoO WxEdTEEY Efval 1) €-
vTporio TG TNYYG. LUVETWS, PE Toug akybderdpoug string-matching efvar duvatd va

TETOYOUPE GNUAVTLXY| GUUTIEGT).

5.5 O Alyopwipog LZT77

O adyobpriuog LZTT xou or mopadAay€ TOU YeNOILOTOL0UY VA XUMMUEYO Topddupo.
To mapdiupo autd éyel éva dpopéa (cursor) xou ywpeiletar oe 800 TwhuaTa, T0 éval
ey Tov dpouéa (aptotepd Tou dpouéa) Tou xakeiton dictionary, xat to dhho yeTd To
dpopéa (8eZid tou Spopéa) mou xahkeitar lookahead buffer. O Spopéac nepiéyetar
oo lookahead buffer (Bhéne oyruo 5.5). To yeyédn twy 800 auTOY TUNUATWY TOU
mopadipou elvon mapduetpol mou xodopilovtal and To YEHOTN UE TNV €vaplrn Tou

ahyoplduou xar TUPUUEVOLY GTT GUVEYELX AUETABANTL.
O ahyoderiuog axoroviel T mapaxdte Bruata:
1. Bpioxoupe to peyahltepo Tufua g ouuBolocelpds Tou apyilel and tov dpo-
uéa, mepi€yetal TAfpwe evtog tou lookahead buffer, xou tautiCeton ue ouyBo-

hooelpd mou Lexvd amd xdmolo onuelo tou dictionary. Efvou mavoy, urxog
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¢ 0elTEENC GUUPoAOCEIRAS Va EloépyeTal 6To Turua Tou lookahead buffer.
2. Koataypdgoupe v tpidda (p,n,c) 6mou:

e p civar o aprduog mou dnhvel To onueio evtog Tou dictionary amd o
omoio apy(let n devTeEn oupPoloceipd. To p yetpdtar Lextvaviag and to

TewTo oVvuBolo e To dpouéa (Tiun 1) xou mpog Ta apIOTERA.

e 1 eivar To TAYog T0 cuUBdlwY TN cuuBolocelpds, 1) omolo avtyvelinxe

0G ETAVEUPAVILOUEVT.

e celvau To enduevo cUUPBONO PETE TNV ETAVEUQAVILOUEVT] CUUBOAOGELRY o

o omolog dev TautioTnXe.

3. Egboov dev éyel nepatwiel 1 ouunicon 6hou tou uNvOUATOC, UETAXIVOUUE TO
opouga xatd n + 1 Yéoeic dedidtepa, dNAADY| AUECKS UETA amo To cUYPolo c,

xow YeTafSalvouue 6To TewTo Briua Tou aiyopituou.

[o vae xatavondet xakOtepa 1 dradixaoctio tng cuurieong pe tov alyopwuo LZT7

eZetdlouye TN Bradxacia GUUTIEONS TOU UNVOUATOg
[doeaoeaveavaadec,

6mou T0 60UBolo ¢ dINAWVEL TO TEAOG TOU UNVOUATOC Xl GUVETMS ER@avileETal uovo

ula @opd evtde Tou unViuaToC.

Y10 mopdderypa Yewpolue Ot To uxog tou dictionary eivar 6 evéd tou lookahead
buffer eivar 4. O ahydprduog oe autAv TNV TEPITTWOY ONAOVETHL YE TN YPAPH
LZ77(6,4). Ot enavorfec tou alyopiduou mopovoidloviat otov mivaxa 5.2. Xe
x80e emavdindm, o obuBoha mou avrxouy oto Turua tou lookahead buffer eivau
UTOYPAUUULOUEVA, EVK OUTY TOU avrixouy oTo Turua tou dictionary etvan évtova. To
cVuPolo mou avtiotoyel ot Véon Tou dpoufa elvon TAAYLO XAl TAUTOYEOVA UTO-
Yeouuouévo, agol avixel xoL auté oto lookahead buffer. Ytnv teheutaio otAin

ToU TVaXa YPApovTaL oL TRIAdES TOU XWX UE TN Hop@t| (P, 1, €).

‘Eva onpeio mou ypetdletar mpocoyn eivon n tepintwon g Tpltng enavdingng, 6tou
€youpe n > p. Autd oupBaiver yati 1 emavahauBavopevn cuyfolocepd exteiveTal
xau evtog tou lookahead buffer. Exniong, oty méuntn eravdindmn tapatnpodue 61t o
alyopriuoc dev evidmioe ) peyalhtepn oe uhxoc tadtion (10,3,c), enedr) Peloxetar
exTO¢ ToL xLVMOUEVOL Tapadlpou. TEéhog, To cuvolixd TADog TwV cUUBOAWY oy
aEytX0L UNVOUATOS TPOXUTTEL and To dUpoloUa OAWY TwV TEDIWY N GLUY TOV AP

TV enavaribewy tou akyopiduou (0+14+4+342+0+6=16).
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Iivaxag 5.2: Iapdderyua epappoyns tov akyopidpov LZ7T7(6,4).

Eravdindn Mrvuua Koodwxoc
1 a o € o o € o v e a v o o o € <| (0,00
2 @« a € o o € a v e o v o a o € ¢| (L,le)
3 « o € ¢ o € o v e o v o o o € ¢| (34v)
4 O o g o a & o vV € o v o a o € ¢| (33
5 o o e o o g€ a v e a v a a o € ¢| (1,2,
6 o o € a o € o v e o v o o a € ¢| (00c)

H Swdixaocio tne anoxwotxonoinong €yet we e€hg:

‘Otay MPBouue vy tp1dda (p, n, ¢) yetafaivouge p mpoc ta tiow 010 10N omoxw-
OLXOTOLAUEVO VU ot Yedgouue To n oUUBolo mou axoloudolyv. ¥to Téhoc,
xatoypdgoupe to cupforo c. I'a mopdderyua, Yewpolue OTL EYOUUE HOT ATOXMOL-

XOTOLOEL TIC TELAOES

(0,0,0), (1,1,¢)

OTOTE TO PEYEL OTLYUNE ATOXWOLXOTONUEVO Uijvuua efvat To
[0 a €].

Av topa AdPoupe TNV TELddA

(3,4,v)

uetafBaivoupe tpelc Véoelc mpog T miow (apyixd o dpoufac Peioxetar opéone UETE
10 6UUPBOAO €) Xt XaTaYPAPOUPE To TEGGERA GUUBON TOU GLUVAYTAUE oxoloudiaxd

mpog Ta 0edid. ‘Etot, mpoxintel o yhvuua
[daeaacal

Y10 téhog, xataypdpouue xou To cOUBolo v Tng Tetddag Tou AdBaue. Xuvenwg, To

ATOXWOLXOTOUNUEVO WAVUUA UETA amd TN Mdn xou tne Teltng TeLddag etvan
[daeaaceavl.
Etvar gavepd 61 1 emituyla tng amoxwdwxonoinong plag tetddag aroutel Ty enituyh

ATOXWOLXOTO(NOT) OAWY TWY TEOTYOUUEVWY.
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5.5.1 Avo BeAtwwoeig tov LZ77

Mia Behtiwon tou LZT7 eivon 1 Aeyépevn LZSS Variant. Ye autdv tov akydprduo
oev mepthauBdveTar TNy TELEO TO ENOUEVO GUUPBONO ¢. Luyxexpluéva, o ahyopLiuog
Yenoomolel 500 pop@és xwolxoTolnong, ol omoleg draxpivovTtal HETAED TOUS UE T
Yenon evoc tpdovetou bit. Xtny mpwtn wopey| xatoypdgovTol uovo Lelyn Tne popen
(p,n), o omoio TpoxUTTOLY HTWE XL OTNY TER(NTWOY Tou LZT7. Y11 dedtepn popet
xatarypdgetar autololo to cUuPolo c. H mpwtn wopen egapudleton 6tay 10 urfixog

e TauTiouEVnS ouuPolooelpde efvar Toukdylotoy oo pe 3. Av autd dev oy e,
eQopU6lETaL 1) DEVTERT] LOPYN.

Mia dettepn maparloyy) Tou LZ77 oyetiCeton ue ) ypron tou xddwwo Huffman.
Metd v eqapuoyy, Tou LZ77, ot axoloudie twv mediny p, n xo ¢ cuumelovTol
ywetotd 1 xdve uio pe xwdweo Huffman. Autd n wopoy| cuurieong €yel vhomounlet
oto mpdypauua Gzip.
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I[Topdptnuo A’

2uvaptnon touv Metpou Tng
ITAnpoyoploc

Yy evotna 2.2 avagépinxe 6Tl 1 ouvdeTno I(A) tou UETEOU NS TANEOYOopEiag
evoc yeyovotog A Va mpénel va ixavonolel TECOoEpIC IBIOTNTES YioL VoL Efvall omodeEXTH.
Oupilouye ot N 1(A) Yo npémer va elvar ouvdptnon e mdavotntag p(A) tou ye-
yovétog (2.1), va efvan mparyportixs xou Vet ouvdptnon (2.2), xadode xat yvnoing
pdivovoa (2.3). Téhog, yio aveldptnta yeyovota A xoaw B Vo npénet va toylet 1
(2.4), dnhadt

(A1) (AN B) = I(p(A)p(B)) = 1(p(A)) + I1(p(B)) = I(A) + I(B).

Oa emtyeleNoOVUE VO BEOUUE TN CUVAETNOT TOU VoL IXAUVOTIOLEL TIC TUEATAVE WOLOTNTES.

‘Eotw, 1 cuveyic ouvdptrnon
(A”.2) f(z):[0,1] — Ry

H ouvdptnon (A”.2) éyet €€’ oplopol i tpelc npdteg Widtnes (2.1), (2.2) xou (2.3).

Oewpolpe 6t n I(x) eivar mapaywyiown, ondte yio xdde x € (0, 1) éyouue

(@) = lim f(x+5()s—f($) _
i L ) G )
7(5%0 1) a
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= lim 5 B
m T ) )
= — lim -y =
T md/z—0 -
m c
(x'3 = i) = ©

6mou m eivor éva audaipeta entheypévo onueio oto ddotnua (0,1) xou ¢ otadepd.
Yy mopandve avdiuon €yve yeron e totntag (A1), dnhady f(ab) = f(a) +
f(D). Tho va eivon n f(x) ywnoioe @divouoa Yo npéner olu@mva Ue T0 anoTéAeoua

e (A”.3) va toyter ¢ < 0. Exione, and v (A".3) npoxinter 61t
(A”4) f(z) =cln(z), ¢<0

Av opioouye T otadepd K = e~1/¢ 16te 1 (A".4) uropel va ypage! ue T popwn

In(x)

Ynuetwvoupe 6Tt emedr| ¢ < 0, Yo €youpe K > 1. 'Etol, xatarflape oTtov mpocdto-
PIOUO TS CUYAETNOTE TOU UETPOL TANPOYoplag

(A”6) I(A) = f(z) = —logx (p(A)), K > 1.
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ITopdptnuo B’

ATEI Yeppov

Tweg tng cuvaptnone Shannon

Ytov napaxdte mivaxa divovtar ot Tiwéc tTne ouvdptnone tou Shannon (2.13) yuo

otdpopec THéS Tne miavotnTag p. Hpogavee, yia p > 0.5 egopudélouvye Ty WOLOTNHTA
ovppetpiog Hy(p) = Hy(1 — p).

Ilivaxag B'.1: Tiués tng ovvdptnong Shannon.

p

Hy(p)

p

Hy(p)

p

Hy(p)

D

Hy(p)

0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12

0.00000
0.08079
0.14144
0.19439
0.24229
0.28640
0.32744
0.36592
0.40218
0.43647
0.46900
0.49992
0.52936

0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25

0.55744
0.58424
0.60984
0.63431
0.65770
0.68008
0.70147
0.72193
0.74148
0.76017
0.77801
0.79504
0.81128

0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38

0.82675
0.84146
0.85545
0.86872
0.88129
0.89317
0.90438
0.91493
0.92482
0.93407
0.94268
0.95067
0.95804

0.39
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50

0.96480
0.97095
0.97650
0.98145
0.98582
0.98959
0.99277
0.99538
0.99740
0.99885
0.99971
1.00000
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I[Topdptnuo I

Kwowee AéEeic BEATioTtov

2Tiyutaior ATOXWOIXOTOLCLLOU

Koo

Ocwpolye €var M-adixd ottymaio anoxwolxoTolotuo xwdtxa Ue N xwdixéc AEZeLS.
To uhAnn v xwdxdv MZewv [; (i = 1,2,...,N) Jo npénet vo 1xavomoloy tny

Tautoaviootrnta Tou Kraft

(I".1) Y MTi-1<o,

EV® T0 PECO UNXOg TOU xWdLxa Yo efvan

N
=1

[ vor Tpoadiopicoupe To UixT TwY XwOXOY AEEEWY Tou BEATIOTOU x(Oa Vo TEé-
TEL Vo AUGOUUE TO TROBANUA EAdyIGTOTOMGNS TN (I".2), uné Tov TEpLoploUs ™me
aviootnrac (I7.1). Lopgpwva pe ) ouvdrxn Kuhn-Tucker, to Béhtiota phxn twv
x0OW®Y ACewy If (i =1,2,...,N) da divovtar and v enfhuon tou cuoTAuATOC

TV €EI6OCEWY

N
(T".3) ii + ui [Z Ml — 1] =0,

(I".4) Y MTi—1=0,

omou p elvan Tolamiactaotrc Lagrange.
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Ano v (IM.3) éyouue

pi + p[—M " In(M)] =0 =
(I'".5) M™% = [pIn(M)]"'ps.

Me avuxatdotaon g ([7.5) oty (I".4) tpoxinter

[ In(M)]~? Zpi —1=0=>
(I'.6) [nIn(M)]' = 1.

Yuvenog, avuxadiotdvtog ™y (I7.6) oty (I7.5) xar emhbovtde Tt Bedtepn w¢ Tpog

l; mpoxmTOUY T UhAn TOL BEATIGTOU XWOLXAL

(".7) [ = —logy; pi-
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