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[Tocota [TAnpoopliag

H moodtnta g mAnpogopiag oplletal ws 0 SekadikoG AoydplOuog Tov mA00oug
TWV SLAPOPETIKWV AEEEWV TTOV PUTTOPOVV VA CXT|LATIOTOVV Ao £va 0ESO0UEVO
TAN00¢ cuUBOAWVY. Av BewPICOVUE OTL VTIAPXOVV UNVUHATA UNKOUG k cuufoAwy,
amo eva ad@dfinto pe N ovufolda, n moodtnta nAnpogpopiag sival ion pe:

H(N*) = log(N*) = klogN

Av 1 Bdon tov AoydplBuov eivat to 2, TOTE 1 povada HETPMNONGS NG TTANpo@oplag
ovopadletatl bit.

Hapddetypa: I'ia oxNUATIOUO UNVUUATWV UNKOUG EVOS cLUBOAOL aTo éva
aA@afnto amoteAoVeEVO amod 6Vo cUUPBOAN, ) TOCOTNTA TIANPOPOPLAG LEOVTAL LLE:

H(NY) =log(N) =log,2 =1



Evtpormia

Méon [Tooomrta [TAnpogopiag ) Méoo ITAnpo@oprakod Ilepiexodpevo 1) EvtpoTia

Av Y elval pla Stakprr) tuxalo petafintn pe Serypatoxwpo Y = {y, Vo, . Vn }
Kal ouvvaptnon mbavotnta palog p(y;), TOTE 1 HEOT TOCOTNTA TIANPOPOPLNG
H(Y) wooVtal pe:

H(Y) = —Zp(yi) log p(y;)
i=1

H péomn moocdmta mAnpo@opiag ovopdleTal EVTPOTILOL

[Hapadetypa: Na vtoAoyloBel n péon mooodTNTA MANPO@OpPilag amd v pidmn Svo
Caplwv. Na vrtoBéoete 0TLamotéAeopa (4,2) kat (2,4) elvat Sla@opeTikd.

H péon moootnta mAnpoopiag g pidng dVo (aplwv eival n akdAovo:

HY) = Zp(yl) log p(y;) = —36 = log36 = 5,17 bots

36109 36



[610tTeS ™G Evtpomiag
. H péon moocdtnta mAnpo@oplag eival cuveyns oto p.

. H péon mAnpowopia H(Y) eivat cuppetpikn, dnAadn diataln twv mlavot)twy
dev TNV emmpeddlel.

. Hevtpomia H(Y) maipvel tqv p€ytotn tiun 6tav 0Aa ta evéeyoueva eival
looTt{Bava.

. Hevtpomia eivat mpooBetikn). H 1I8LOTNTA U TI) ava@EPETAL TNV TTEPITITWON
KaTA TNV omrola V0 aveEdptnteg Tuxaies uetafAntes X kat Y cvvduvdlovtal



Yuvoévaopevn Iloocommta [TAnpogopiag

‘Eva tuyato eipapa (X,Y) €xel wg Suvatd amoteAopata OA0UVG TOUG SUVATOVG
oLVSLAGUOVGS TWV ATIOTEAECUATWV X = {X1, X5, ..., Xp} KLY = {y1, V5, ..., V0 }.

H katavoun mBavotntwy Sivetal amod TV THPaAKATW oXEON:
P = {p(x1,y1),0(x1,¥2), 0, (X1, YD, o D0, Y1), DX, V2D, - D (X, Y )}

Av (X,Y) elvat éva Tuyaio melpapa pe S1081ACTATO SELYLATOXWPO KAL KATOUVOUT)
mBavotTwV P, ToTE 1 ouvSuaopévn moocodtnTa mAnpogopiag H(X, Y) opifetal wg
ENG:

m

HXY) = —z p(x;, i) log p(x;,yi)

n
i=1j=1



Yo Zuvonkm MMocomta ITAnpooplog

APKETEG (POPES LG EVELAPEPEL VA UTTIOAOYICOVE TNV TTOCOTNTA TIAPOPOPLAG HLAG
Tuxoiog petafAnT¢ X, 6Ty SIVETAL TO ATTOTEAEC O LLAG GAANG TLXIOG
uetafBAnmg Y.

AvuTo ovopaletal VO cLVONKN TTocOTNTA TANPOoPOpPiag TG X WG Ttpog To Y.

H péon vmé cuvOnkn moooTnTA TANPO@OPLAG TOV TUXALOV TTEPAUATOC X, LUE
S5eSOUEVO TO ATIOTEAEC LA TOV TIELPAUATOS Y SIVETAL ATTO TNV CXEOT:

HX/Y) = —z p(x;, ;) log p(x;/yi)
i=1j=1

[Tpotaon: I'ia §Vo Tuxaieg petafANTEG X Kot Y LloYVEL 1] TAPAKATW OXEOT:

H(X,Y) = HX) + HY/X) = H(Y) + HX/Y)



ApoBaia I[Toocotnta ITAnpogoplag

H apoBaia toodmrta mAnpo@opliag sivat Eva HETPO TNG TOCOTNTAS TTANPOPOPLAG
IOV ULl TUY AL LETABANTN TEPLEXEL VIO PLal AAAT TUY AL HETABANTA 1] EVA LETPO
e€dptnong LeTa Twv dV0 Kat Sivetal amo Tn oxEon:

m

10GY) = HOO = HO/X) = = ) plxy, ) log

n
i=1j=1

p(x;,v;)
p(x;) p(¥i)




Aoxnon 1

Atvovtat ot tuyaieg petaffAntég X kat Y, pe Svo duvata amoteAeopata 1 K&Oe pia. Ot

Slodldotates MOAVOTNTES ElvaL:
1

1 1 1
p(x1,y1) = g’ p(x1,¥2) = g’ p(xz,¥1) = K p(xz,¥2) = P
1. Tlowx moooTnTa AN pOo@Opiag Aaufdvouvpe OTAV UG YVWOTOTIOLEITHL TO ATIOTEAECUA TNG
Tuxaiag petafAntg X; Iowd 0tav pog yvwoTOTOLE(THL TO ATIOTEAEOUA TNG Y;
2. Tlowx eivatn moootnTa TANpO@Opiag oL Aapufdvouue dTav yvwpi{oUUE TO ATIOTEAECUX
™G ouvovaouévns Stadikaoiag (X,Y);
3. Towx moootnta mAnpo@opiag Aapfdvouue OTAV oG YVWOTOTIOLEITHL TO ATIOTEAECUA TNG
Y av yvwpilovpue to X;

Amdvtnon:
Apxkd B vtodoyiocovpe Tig mBavottes p(xy), p(x,), p(xs3), p(xy). Elvac:

2 2

1 1 1 1 1 3

p(x1) =Zp(x1,y]) _§ 8- 2 p(x2) —Zp(xz 3’1) —E 2" 2
J=1 ]=1

1 1 1 1 3

p(y1) = lZ plruy) =g+5=35 PO2) = z p(xy2) =5+7=3



Aoxnon 1 (ovvexela)
Epotnua 1:

HX) = 2 l = 11 1 31 > = 0,813 bi
()——;p(xi) 0g p(xi)——lz °g<Z>+Z og<Z>]— , its

H(Y) = 2 l = 51 > 31 > = 0,956 bi
()——;p(yi) 0g p(yi)——lg og<§)+§ 0g<§>]— , its

Epomua 2:

m

HX)Y) = —z p(x;,v;) log p(x;,y;) =+ = 1,75 bits

n
=1 j=1
Epotnua 3:

HX,Y)= HX)+ H(Y/X)=H(Y/X) = H(X,Y) — H(X) = 1,75 — 0,813 = 0,935 bits

Epotnua 4:
H(X/Y) = H(X,Y) — H(Y) = 1,75 — 0,95 = 0,8 bits



H(X,Y)

H(Y)

11



Aoxnon 2

Oewpovpe Eva Pn@LaKo ETKOLVWVINKO KOVAAL TIOV XPNOLUOTIOLEL WG EL6OS0VG Kal §050VG
T oUpBoAa ‘0" kat ‘1. Aivovtal ot tuyaieg ot mBavotntes p(xy) = 1/2, p(y1/x1) = 3/4,
p(y1/x,) = 1/4, 6oL TA X4, Yy, a@Epovtal oto cVUPoAo ‘0’ KaL Ta x5, Y, ota cVOuBoAa ‘1.

1. Towax moootnTa MAnpo@opiag Aapufdvovpe dtTav pHag yvwoToToLel(Ttal Tolo cVUBoA0 €xEL
A@Bel oty €€060 dTav yvwpilovue 6Tl otny €lcodo £xel otaiel to ‘1.

2. Tlowx mocoTNnTO TANPO@OPLAG AAUBAVOUE OTOV PAG YVWOTOTIOLELTAL TTOLO CUUPOAO EXEL
A@Bel oty €€060 dTav yvwpilovpe molo cVpBoAo Exel oTaAel otny €lcodo.

3. Towx moootnta MAnpo@opiag Aapufavoue av Hog YVwOoTOTOLEITAL TTOL0 CUUB0AO €XEL
otaAel 6TNV €lcodo katl oo cVUPoAO £xel An@Oel otnv £€060

4. Tlowa moooTNTA TANPO@OPLAG AdUBAVOUUE oV HaG YVWOTOTIOLE(TAL TTOLo cVUPBOAO EXEL
otaAel otNV €l00d0 6TV Yvwpilovpe oo cVPBoAo £xel AngOel otnv £€0do0.

Antdvtnon: YmoAoyi{ovpe TG oUVSVACUEVEG TIIOAVO TN TEG:
p(y2/x1) = %: p(y2/x2) = Z
pCerya) = pOa/x) ple) =5, Pl ) = POy /x2) plxs) = 3
p(x1,y1) = p(y1/x1) p(x1) = g, p(x2,¥2) = p(¥2/x2) p(x3) = g



Aoxnon 2 (ouvexela)

Epwtnon 1:
2
H(Y/x2) = = ) pOne/x2) log p(yie/x,) = 081 bits
k=1
Epwtnon 2:
2 2
HY/X) = —Z Z p(yi,xj) log p(yj/xi) = 0,91 bits
i=1 k=1
Epwtnon 3:
H(X,Y) = HX) + H(Y/X) =1 +0,91 =191
Epwtnon 4:

H(X/Y) = H(X,Y) — H(Y) = 1,91 — 0,96 = 0,95 bits



Araieprti) TTNYY TANPOPOPLAG XWPLG PVIpN

*  Awaxpit ovopddetal pia Tyt mANpo@opiag mov mapdyel akoAoudbieg cupBOAWV.
* To oVvoio Twv cLPROAWVY ovopdletal aA@aBnto TyNG.
« M opada Stadoyikwv cuuBoAwv ovopaletat pivopa ) AEEn.

Av n BavotnTa emAoyn g evog cupfoAov eival otabept) kat aveEdptnn amod Tig
EMAOYEG TWV TTPONYOUUEVWY CUUBOAWV, TOTE 1 TNy OVOUALETAL SLAKPLTT) TINYT)
TANPOPOpiag Xwpig pvrun.

'Eotw 54,55, ..., Sy, TO MAN00G TwV n oLUPOAWY ToL aA@dfntov S. To mAN60¢ TwV

UNVUUATWV q GVUPBOALCOVTAL PE My, My, ..., M4. AV KAOE prvupa amoTereitaL aTo [

oVpBoAQ, To TAB0G TwV Suvatwy pnvupdtwy sival oo pe nt .

H péon moodtnta mAnpogopiag (1) evipotia) Twv cupBOAwV Tov SnpovpyovvTal Ao
Hioe StakpLtr) Tyn xwpic pvnun, pe aA@apnto S = {s4, Sy, ... S, } 0OV N TO TANO0G TWV
oVUBOAWV Tov AP TOL KaL p; N TOAVOTNTA ETLAOYNS TOV GUUBOAOV S;, Elval :

n
H(S) = —Zpi log p; (bits/symbol)

=1



Araieprti) TTNYY TANPOPOPLAG XWPLG PVIpN

H péylot evrpotia twv cupBOAwVY NG TNYNG ETMITUYXAVETAL OTAV OL TILOAVOTNTES

ETILAOYNG TOVUG Elval (0EG pE
n

1 1
maxH(S) = —Z— log— = log n (bits/symbol)
Lin n
O TAgovAGHAG TNG SLKPLTNG TINYN G OpLlleTAL ATTO TN OXEOT):
H(S)

d=1————=
re maxH (S)

To péco TANPOPOPLUKO TLEPLEXOLEVO TWV UNVUUATWV TNG TINYTG LTTOPEL VX OPLOTEL [LE
avaioyo tpomo. M = {my,my,...,my} €ivat 1o 6UVOAO TV SUVATWV UNVUUATWY, g TO
TA006 TwV Suvatwy pnvupdtwy (g = n) ke P = {p(m,),p(m,),.. p(mg)} M
KATAVOUN TILOAVO T TWV:

q
H(M) == ) p(my) logp(my) (bits/symbol )

=1

Emtiong toxVein oxéon H(M) = qH(S)



Aoxnon 3

Mia Tyn mAnpo@opiag mapdyel cVUBoAq, Ta omola aviikouy oto aA@afnto S =
{a,B,7,6,¢,{,n}. Ot mBavoTNTEG TWV GLUBOAWY avtwyv eivar 1/32,1/16,1/8,1/8,1/8,1/2
kat 1/32, avtiotoya. Ocwpwvtag TNV mNyn xwpIig pvniun, nteital va mposSloploeTe 1) va
UTIOAOY(OETE:

1. To oVvuPoAo ™G TNYNG LLE TO TILO XAUNAO TIANPOPOPLKO TIEPLEXOUEVO.
2. Ta ovpfora tng TNYNG UE TO Lo VPNASG TTAN|POPOPLKO TEPLEXOUEVO.
3. To péoo mMANPOPOPLKO TIEPLEXOLEVO TWV GLUUBOAWV TNG TINYNS,
4

To péco TANPOPOPLKO TEPLEYOUEVO TWV UNVUUATWV TG TINYNG ATTOTEAOVUEVWVY aTtd V0
oVufoAa.

5. Tov mAgovaoud tng mnNyng
6. To uéco puvBuo mAnpowopiag s TMyNS ya pudpuo 12500 cuvpuPforwv/sec
Amavtnon:

1. To mAnpo@opiko mepLeEXOUEVO VOGS oLUPBOAOL X' SiveTal attd TOV APV TIKO AoyApLOo
™G MBavOTNTAS TTApaAywyns Tov. Emopévwg, To ovuPoAo pe tnv mo vPmAn mbavotnta
TOPAYWYNG EXEL TO TILO XAUNAO TIAT|POPOPLKO TIEPLEXOUEVO. ZTNV TIPOKELUEVT TIEPITITWON,
Yyl to oOpfoAro ‘¢ €xovue H(¢) = —log(1/2) = 1 bits



Aoxnon 3 (ouvexela)

2. To oVvpfoAo pe TV Lo PIKPN TILOAVOTNTA TIAPAYWYNS EXEL TO TILO VYMAO TTANPOPOPLKO
TEPLEXOUEVO. TNV TIPOKELUEVT TIEPITTTWON, TA CUUBOAA ‘o’ KAl N €xOUV TNV TLO YOUNAY
TLOavVOTNTA TApaYwYNG, 1 omola eivat ton pe 1/32, SnAadn:

H(a) = H(n) = —log(1/32) =5 bits.

3. To péco mAnpo@opikd TePLEXOUEVO TWV CUULOAWY TNG TINYNS VTTOAOYI{ETAL LLE TN
BonBela TG akdAovONG oYEOMNG

n
H(S) == ) pi logp; =
i=1

11 1 1 1 1 1.1 1 1 1 1

= Jog— — —log— — =log= — =log= — —log= — — log— =
32 98532716 %16 8 P8 8 88 20827 329633

35
=g 2,1875 (bits/symbol)

4. T Tov VTTOAOYLOUO TOV HEGOV TIANPOPOPLKOV TIEPLEXOUEVOV TWV UNVUUATWVY TNG TINYNS
ATOTEAOVUEVWV aTtO 2 VUUPOAN, AoV 1) TINYN Elval XwPIg Lvrun, apkel va ToOAAaTAaGLA-
OOVE T1 HEOT TTOGOTNTA TIANPOPOPLaG cLUPBOAWY pE TO TANO0G TwV GLUPBOAWY ATIO TA
omola amoteAoVvtal Ta pnvouata. AnAadr, H(M) = 2 H(S) = 4,375 bits.



Aoxnon 3 (ouvexela)

5. red =1 —

HS) _ 4 _HO® _ 4 _ (2,1875

- - ) —1-0,781=0,2186
maxH(S) log7 2,8

6. R = rH(S) = 12500 x (2,1875) = 27.343,75 bits/sec



