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Xpnuatodotnon

To mapov ekALOEUTIKO UALKO €XeL avartuxBOel ota mAaiolo tou

ekmatdbevutikoU £pyou tou dLbaokovta.

To €pyo «Avolktd Akadnuaika Maer']uata 0TO ApLOTOTEAELO MOVETMLOTAMLO

@eooalovikng» EXEL XPNUATOS0TAOEL HOVO TN avadlapopdwaorn Tou
eKTIALOEVUTLKOU UALKOU.

To €pyo vlormoleital oto mAaiolo tou Emyelpnotlakou Mpoypappatoq
«Exmaidevon kat Ala Blou MaBnon» kat cuyxpnuoatodoteital amnod tnv
Evpwnaikn Evwon (Evpwnaiko Kowvwviko Tapelo) kot amo Bvikoug

TIOPOUC.
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EMIXEIPHZIAKO MPOIPAMMA
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EIAIKH YNHPEXZIA AIAXEIPIZHX
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Meplexopeva Evotntog
(1 oo 4)

=

Katavoun MBavotntag Napatnpnotpwyv MetaBAntwy
loobUvapec & loovopec MetaANTEG

Katavoueg Eyxelpidlo KataAoyocg

Awakpteg Katavoueg pe QGopea MNemnepaopevo
Atakplteg Katavopueg pe Qopéa Amelpo

Yuvexeic Katavoueg pe Qopea Opaypévo Alaotnua
Yuvexeic Katavouég pe Qopea Hut-eubeia

Yuvexeic Katavoueg pe Qopéa tnv MNpayuatikn Evbeia

o & N o U kB~ W N

YTaTLoTIKEG MNapapetpol Katavouwv MBavotntag
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o

Nopapetpol O€onc
11. Noapddeyua
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Meplexopeva Evotntog
(2 oo 4)

12. 16otnTtec Meonc TLUNC

13. Avicotnta Markov

14. Pomn

15. Kopudég

16. Awdpeocog

17. Xx€on Méonc Twng, Atapeoou, Kopudnc
18. a-Mocootnuoplo

19. Napadadeypa

20. Napdapetpol MetaBAntotntag Katavopung
21. EUpoC

22. Awakvpavon
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23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

Meplexopeva Evotntog
(3 aro 4)

Kevtpwn Pomn

Awaomiopa

Turukn AltokAlon

YXETLKO N NoocooTtiaio Zpaipa n ArtokAon
Amnootaoelc Noocootnuopiwv

Evtporia Katavouwv Evtporia

Genetic Alphabet

DNA Digital Storage References

Mota n ABeBatotnta «MNewpaypevou» Zaplouv;

Evtporia katavouwv Gauss, Laplace
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33.
34.
35.
36.
37.
38.
39.
40.

Meplexopeva Evotntog
(4 oo 4)

Entropy and Variance

Error

Nopapetpol 2xAuatog Katavoung

YuvéLlaomopad twv MetapfAntwv X,Y

Juoxeton Twv MetaBAntwv XY

YuvTteAeoTn G 2uvllaomopadc Pearson twv MetafAntwv X,Y
YuvteAeotn ¢ Pearson

YuvteAeotnc AAMnAoegEaptnong ApotBaiac MAnpodopiac twv MetaBAntwy X,Y
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2komoi Evotntog

e Ytnv Evotnta 3 mapouvaoialovtal oL KATOVOUEC
ribavotnTwy KoBwc Kol ol mapapeTpol B€ong,
SLOOTIOPAC KOL OXUOTOC TWV KOTAVOUWV.
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Katavoun MiBavatntac Mopatnprnotpwv
MetaBAntwv (1 ano 2)

H Katavoun MBavotntog Napatnpnotpwyv MetaBAntwyv
AplBuntikeg NMM: X:Y=> R U {-o0, oo}

Nenepaopevecg Alakpiteg NMM: o ={ x1, x2, ..., XN}
Amelpec Atakpteg NMM: o ={x1, x2, ...}

JUVEXEICIM: 0 € R U{-o0, +oo}

F(x)=P[X(y)<x]

Awokprtec MM: o ={x1, x2, ...}

p()=F(x) = F(x=1) & F(x)= p(x;) +pX,) +.+p(x), k=1,2,...

2uvexeic MM: o C {-o0, +oo}

dF
P& =) FE&=[ dp(y)

MaBnpatikd Kat 2TatloTtiky otn Bloloyia

Tunua BloAoyiag

10



Katavoun MiBavatntac Mopatnprnotpwv
MetaBAntwv (2 ano 2)

F(x) Zuvaptnon Katavoung tng MM X(Cumulative
Distribution Function of the RV T)

p(x) Zuvaptnon MBavotntacg tng NM X (probability
Function of the RV T)

F(x)=1-F(x) Zuvaptnon EnBiwonc n Aflomiotiag tng MM X
(Survival Function or Reliability Function of the RV X)

Ta MpoBAnpata AptOuntikwyv MM ertthvovtol we
MpoBAnuata Mpaypotikwy Katavouwyv MBavotntog
Me paopa (cUVoAo TLHWV) Eval GUVOAO TTPOLY LLOTLKWV
apLOpwv

YUBOoAkEC MeTaBANnTEC e paopa (cUVOAO TLLWV) Eva
oUvoAo ocUUPoAwV: Oswpia MAnpodopliac.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
. , 11
TuARua BroAoyioag



Napadeypa

MetapAntn X: Mapatnpnotpa Meyovota MBavotnta | Zuvdaptnon Juvaptnon
ABpolopa Observable Events Probability Katavoung EruBiwong
Evéeiewv 2 Zaplwv P(x) F(x) 1- F(x)

2 =, ={(1,1)} 1/36 1/36=2.78% 35/36

3 =;={(1,2), (2,1)} 2/36 3/36=8.4% 33/36

4 =,={(2,2), (1,3),(3,1)} 3/36 6/36=16.7% 30/36

5 = ={ (1,4), (2,3),(3,2), (4,1)} 4/36 10/36=27.8% | 26/36

6 Z. ={ (1,5), (2,4),(3,3), (4,2), (5,1)} 5/36 15/36=41.7% | 21/36

7 =,={(1,6), (2,5),(3,4), (4,3), (5,2), (6,1)} | 6/36 21/36=58.3% | 15/36

8 =5 ={ (2,6), (3,5),(4,4), (5,3), (6,2)} 5/36 26/36=72.2% | 10/36

2 =,={ (3,6), (4,5),(5,4), (6,3)} 4/36 30/36=83.3% | 6/36

10 =,0={ (4,6), (5,5),(6,4)} 3/36 33/36=91.7% | 3/36

11 =,.={ (5,6), (6,5)} 2/36 35/36=97.2% | 1/36

12 =, ={(6,6)} 1/36 36/36=100% | O

ApIOTOTEAEIO
MavemoTnuio
©ecoalovikng
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looduvapec & loovopec MetaAntec

* Oplopoc: looduvapec MetaBAntec
P[A(y)# B(y)]=0

* Oplopoc: loovopegc MetaAntec
P[A] = P[B], E[A] = E[B]

* Qewpnua
Ot loobdUvapec MetafAntec eival loovopec.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia

Tunua BloAoyiag
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Meplocotepa yia T KotavopE

e Katawvopec Eyxelpidlo Katahoyoc
www.stat.rice.edu/~dobelman/textfiles/DistributionsHandbook.pdf
http://en.wikipedia.org/wiki/List of probability distributions

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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http://www.stat.rice.edu/~dobelman/textfiles/DistributionsHandbook.pdf
http://en.wikipedia.org/wiki/List_of_probability_distributions

Awakpitec Katavopeg pe @opea NMenepaocpévo
(1 oo 5)

*  ALOKPLTEC KOTOLVOLLEC E
bopEA TEMEPATUEVO
deterministic distribution: the
support has only one value

 The discrete uniform
distribution, where all
elements of a finite set are
equally likely. This is the

i ] theoretical distribution model

e T T for a balanced coin, an

unbiased die, a casino

roulette, or the first card of a

well-shuffled deck.

1o ® 4
08 - 1

06

00— — 08— O — 8 —o—§
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Awakpitec Katavopeg pe @opea NMenepaocpévo
(2 oo 5)

 The Bernoulli distribution, which
takes value 1 with probability p
and value 0 with probability
g=1-p.

e The Rademacher distribution,
which takes value 1 with
probability 1/2 and value -1 with
probability 1/2.

, o ) * The binomial distribution, which

e —— s p describes the number of

successes in a series of
independent

Yes/No experiments all with the
same probability of success.

. .
odgd
n o n
oo o
1n . n
R
oo o
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Awakpitec Katavopeg pe @opea NMenepaocpévo
(3 aro 5)

Binomial Distribution

o(x;t,z) = C(jﬂx(l— )

C(] - X!(tti X)! =C o AlwvupLkoc Zuvteleotnc = Binomial Coefficient
n=t=0,1,2,...,M the number of trials,

x=0,1,2,...,t the number of relevant events among the t trials
nt € [0,1] the success probability in each trial

t
X, X, ... X

P, )=

X . X2 Xn
jﬂ'l T, T,

n

MaBnpatikd Kat 2TatloTtiky otn Bloloyia

Tunua BloAoyiag
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Awakpitec Katavopeg pe @opea NMenepaocpévo
(4 oo 5)

* Multinomial Distribution
t tl O NoAvwvupLkog 2uvteheotnc=Multinomial Coefficient

X, Xy ... X X X, 1. x|

n

X1 X Xn
1 72'2 ...7Z'n

(7 + 7+ tm,) =D
The sum over all n-ads (x1, x2,..., xn): xv=0,1,2,...,n with x1+ x2+ ...+xn=t
x1, x2,..., xn the occupation numbers of n independent states

with probabilities p1, p2,...,pn
p[x1, x2,..., xn ] is the probability of occurrences of the events {1,2,3...n},
x1, x2,..., xn times correspondingly in t Bernoulli trials

The beta-binomial distribution, describes the number of successes in a series
of independent Yes/No experiments with heterogeneity in the success
probability.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Awakpitec Katavopeg pe @opea NMenepaocpévo
(5 oo 5)

* The Deterministic distribution at €,
where X is certain to take the value €.

* The hypergeometric distribution,

e - describes the number of successes in
0.35 . ::t the first m of a series of n

0.30 o 10 consecutive Yes/No experiments, if
3 0.25 ' the total number of successes is
known. This distribution arises when

there is no replacement.

* The Poisson binomial distribution,
describes the number of successes in
a series of independent Yes/No
experiments with different success
probabilities.

Fisher's noncentral
hypergeometric distribution

=3 MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Awokptec Katavopég pe Qopea Anelpo
(1 oo 2)

Wallenius' noncentral hypergeometric distribution
ALOKPLTEC KATAVOMECG ME POopE ATIELPO:
The beta negative binomial distribution.

The Boltzmann distribution, important in statistical physics,
describes the probabilities of the various discrete energy
levels of a system in thermal equilibrium. It has a
continuous analogue. Special cases include: The Gibbs
distribution, The Maxwell-Boltzmann distribution, The
Bose—Einstein distribution, The Fermi—Dirac distribution.

The extended negative binomial distribution.

The geometric distribution, describes the number of
attempts needed to get the first success in a series of
independent Yes/No experiments.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia

Tunua BloAoyiag 20



Awokptec Katavopég pe Qopea Anelpo
(2 oo 2)

* The Poisson distribution,
describes a very large number of
individually unlikely events that
happen in a certain time interval.

* The Skellam distribution, the
distribution of the difference
between two independent
Poisson-distributed random
variables.

e The Yule-=Simon distribution

» Zipf's law or the Zipf distribution
power-law distribution, the most
famous example of which is the
description of the frequency of
words in the English language.

& My

Hy
o Hy
@ Hy

(((((((
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uvexeic Katavouec pe @opea Ppaypévo
Awdotnua (1 ano 2)

* The Uniform

distribution on the
nterval [a3,b], all
noints are equally
ikely.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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uvexeic Katavouec pe @opea Ppaypévo
Awaotnuo(2 oo 2)

[y
TR
B E B -

* The Beta distribution
on [0,1], of which the
uniform distribution is
a special case, useful
In estimating success
probabilities.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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2uvexeic Katavopég pe @opea Hu-euBeia
(1 oo 3)

................

* The chi distribution.
* The chi-squared

distribution, is the sum
of the squares of N
independent Gaussian
Variables.

It is a special case of the
Gamma distribution, and
it is used in goodness-of-
fit tests in statistics.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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2uvexeic Katavopég pe @opea Hu-euBeia
(2 oo 3)

* The exponential distribution,
describes the time between
consecutive rare random events in a
process with no memory.

* The F-distribution, is the distribution
of the ratio of two (normalized) chi-

'l
LAY AP
cooo@
RN
YT
cooo

R lied
0w

squared distributed random
| variables, used in the analysis of
ot | variance. It is referred to as the beta
prime distribution when it is the ratio
of two chi-squared variates which are

not normalized by dividing them by
their numbers of degrees of freedom.

*  The noncentral F-distribution
* Fisher's z-distribution

* The Gamma distribution, describes
the time until N consecutive rare
random events occur in a process
with no memory.

=3 MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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2uvexeic Katavopég pe @opea Hu-euBeia
(3 aro 3)

* The Lévy distribution
* The log-logistic distribution

[ « The log-normal distribution,
= describing variables which can
E ] be modelled as the product of
f many small independent
: positive variables.
N\ : * The Mittag—Leffler
T distribution

* The Pareto distribution, or
"power law" distribution, used
in the analysis of financial data
and critical behavior.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Yuvexeic Katavouec pe @opea tnv Mpaypatiki
EvuBeia (1 amno 6)

* The Cauchy distribution, has
no expected value nor
variance. In physics it is usually

oy il spadil called a Lorentzian profile, and
=y Sy is associated with resonances,

o impact and natural spectral

line broadening and quadratic

stark line broadening.

e Chernoff's distribution

* The Fisher-Tippett, extreme
value, or log-Weibull
distribution

* Fisher's z-distribution

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Yuvexeic Katavouec pe @opea tnv Mpaypatiki

EuBeia (2 amno 6)

* The generalized logistic
distribution

0S¢

FEEE4
"unan

Y-y
S
EEnnN

* The generalized normal
distribution

* The geometric stable distribution

 The Holtsmark distribution, has
finite expected value but infinite
variance.

* The hyperbolic distribution
* The hyperbolic secant

50 distribution

* The Landau distribution
* The Laplace distribution

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Yuvexeic Katavouec pe @opea tnv Mpaypatiki
EuBeia (3 amno 6)

* The Lévy skew alpha-
stable distribution or
o ] stable distribution is often
used to characterize
financial data and critical
behavior; the Cauchy
distribution, Holtsmark
distribution, Landau

b distribution, Lévy

- distribution and normal

N\ = distribution are special
JIN cases.
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Yuvexeic Katavouec pe @opea tnv Mpaypatiki
EvuBeia (4 amno 6)

1.0

0.8f

0.6

0.4+

0.2f

~5 0 5 10 - 15 20 || 0.0 : 0 5 10 15 20
* The logistic distribution: Population

Dynamics, Innovations, Neural networks.
1

X
l+e S

F(x) =

MaBnuatikd Kat STaTloTikr ot Bloloyia
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Yuvexeic Katavouec pe @opea tnv Mpaypatiki
EuBeia (5 amno 6)

* The normal distribution, also
called the Gaussian or the bell

oH—t——f——— 1= curve. Ubiquitous in nature
: =0 diezo— and statistics due to the
o | p=0, 0?=50,—] central limit theorem:
- H=-2, 0%2=0.5, == .
» | | * every variable that can be
i /\ modelled as a sum of many
il | small independent, identically
E / distributed variables with
02| AN finite mean and variance is
A [ —7 N il approximately normal.
-5 -4 -3 -2 -1 0 1 2 3 4 5

= MaBnuatikd KoL ZTatiotikn otn Bioloyla
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Yuvexeic Katavouec pe @opea tnv Mpaypatiki
EuBeia (6 amno 6)

e Student's t-

z;z Y A\ distribution, useful
0.30} ' | for estimating

| [\ i unknown means of
(| ; || Gaussian

0.10 populations.

0.05¢

0.00=—=—"5— 2 4
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2tatiotikeC Mapapetpot Katavopwv
MBavotntac

Napapetpol O¢ong Katavoung (Location Parameters):
*  Méon T (mean)
* Porméc (Moments)
Kopudec (modes)
* Awdpeooc (median)
* [locootnuopla (Quantiles, Percentiles)
Napapetpol Ataonopag Katavopng (Dispersion Parameters):
* EUpo¢ (range).
MetapAntotnta (variance)
e  Tumkn AmtokAwon (standard deviation)
o IYeTkO PpaAua (relative error)= ZuvteAeotic petapfAntotntac (CV)
* Anootdoslc NoocootnuopLwyv
e Evrtporia (Kol yia KAtnyopLlkES HETOBANTEC)
Napapetpol Zxynuoatog Katavoung (Shape Parameters):
* No&otnta (skewness).
 Kuptwon (kurtosis).

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Napapetpol Oong

* Méon TwR

E[X]=m= X)) P+ X(Y,) Py + - =X Py + X, P, + .o = X (F(%,) = 0) + %, (F (X,) = F (X)) + ...
E[X]=m= X(y)dP= [ xp(xydx =[ " xdF

 ZXOAIA

1)

MpéEmnel ta ABpoiocpata kat ta OAokAnpwpata va gival
TIETLEPOALOEVAL.

H Méon Twun eival n o i@avn twun, n BeAtotn npoBAedn
ylo TNV HETPNon tng HetaPAntnc X.

H Méon Twun eivol n faotkn MopAUeTPoC Slal TG OTIOLOLG
opilovtal oL MePLOOOTEPEC AAAEC TTAPAUETPOL.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Napadeypa

MetafAnt X: Mapatnpnotpa reyovota MBavétnta Juvaptnon
ABpolopa Observable Events Probability Kotavoung
Eveifewv 2 Zapuwv P(x) F(x)
2 5,={(1,2)} 1/36 1/36=2.78%
3 23 ={(1,2), (2,1)} 2/36 3/36=8.4%
4 2,={(2,2), (1,3),(3,1)} 3/36 6/36=16.7%
5 = ={ (1,4), (2,3),(3,2), (4,1)} 4/36 10/36=27.8%
6 Z6={(1,5), (2,4),(3,3), (4,2), (5,1)} 5/36 15/36=41.7%
7 =,={(1,6), (2,5),(3,4), (4,3), (5,2), (6,1)} 6/36 21/36=58.3%
8 = ={ (2,6), (3,5),(4,4), (5,3), (6,2)} 5/36 26/36=72.2%
9 5 ={ (3,6), (4,5),(5,4), (6,3)} 4/36 30/36=83.3%
10 =0 ={(4,6), (5,5),(6,4)} 3/36 33/36=91.7%
11 21, ={(5,6), (6,5)} 2/36 35/36=97.2%
12 21, ={(6,6)} 1/36 36/36=100%
Méon TR

E[X]=m=2i+3£+4 3 +5 4 +6 > +7 0 +8 > +9 4 +10£+11£+12i
36 36 36 36 36 36 36 36 36 36 36

2 6122030424036302212
36 36 36 36 36 36 36 36 36 36 36

Dk MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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1610tnNTEC MEong TLUAC

IPOLLULKOTNG

E[cX]= cE[X], c mpaypatikog aplOpog

E[X1+X2]= E[X1] + E[X2]

OETIKOTNG

E[X] 20, eav X 20

Kavovikomoinon

E[1]=1, 1(y)=1, n MetaBAntn pe otabepn tiun 1
E[0]=0, O(y)= 0, n MetaBAntn pe otabepn tiun 0
E[X1] < E[X2], av X1 < X2

|E[X]| < E[1X]]

E[d(X)] # d(E[X]), d:X>R mpaypatiki cuvaptnon tng
HETABANTAC X.

Onou: E[d(X)] = b(x1) p1l+ d(x2)p2+... yra SLaKPLTEC LETAPANTEC

= [ “p()p(x)dx yia cuvexeic petaBAnTé

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Avicotnta Markov

* Oewpnua: Aviootnta Markov

pix o< B2 a0 6mou E|x leival To mooooTd LWV TNE MeTaBANTAC X

' a /
e peyeboc toulaylotov a’

* Napadewypa: X = To ABpolopa twv evdeitewv 2 Zapwv

pxp71< X7 g
g 7

pIXp7]= s> b 3,2, 1 21 45
36 36 36 36 36 36 36

E|X 7
P[| X 28] < '8 I

=0.875
8

P[| X > 8]= > 4+3 2+1 15 =041
36 36 36 36 36 36

P[| X |>9]<EIXI 5:0.778
P[| X |>9]—i+i+£+1 _10 0278

36 36 36 36 36

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Ponn

Oplopoc: Ponn r-taéswe, r=1,2,3,...
m, =E[X"T=(x)"p, + (%) P, +-..
_ j_*“’xfp(x)dx

2XOAIO
1. m1 =m = E[X], n mpwtn pormn €lvaL n Meon Twun.

2. m2 = E[X2] n «loxU¢» i «Pomry Adpaveiac» n
Méeon Twun Tetpaywvou (mean square) tng MetaAntng X.

3. Av yvwpilOUUE TIC POTIEC, YVWPLIOUE TNV KATOVOUN, UTIO TtPOUTIOBEDELG
(moment problem). ZuvnBwc¢ apkoUV oL 4 MPWTEC POTIEC VLA TIPOCEYYLON
TNG KATAVOUNC otnV Ipaén.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Napadeypa

* Napadeypa: X = To ABpolopa Twv evdeiewv 2
Zoplwv

E[XZ]:22i+32£+423+52i+62i+72£+82£+92i+1021+112£+12zi
36 36 36 36 36 36 36 36 36 36 36

E[X?]= 4i+9£+163+25i+36 3+49£+64i+81i+1003+121£+144i
36 36 36 36 36 36 36 36 36 36 36

E[X’]=0.11+0.5+1.33+2.78+8+8.17+8.89+9+8.33+6.72+4

epx?]1=54.83 H Llox0¢ tng X

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Kopudéc

Oplopoc: Kopudéc n Emikpatovoec TIUEC
(Movo)

OL Tipnec x=Emode yia tic omotec n Katavoun p(x)
£XEL (TOTILKA) pEYLOTAL.

Movokopudec katavopéc (Unimodal) €xouv 1
LLEYLOTO.

Awkopudec katavopéc (Bimodal) €xouv 2
LLEYLOTAL.

Napadeyupa: X = To ABpolopa Twv evOeiéewy 2
ZopLwv.
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AlQLpECOC

* OpLopOG: ALapeool
H TL|J.I"] X=¢12 + PIX<X12] <

Ba | b

< P[x < X11]

* NMNapadsypa X:
1O aBpolopa Twv evdeiéewv 2 (oplwv
ALéLp.EGOQ ‘flfz =7 =M = mode

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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2xeon Méonc Tyung, Awapeoovu, Kopudnc

Q\®A
s  Qewpnua
* 0 CUMUETPLKEG KOTOLVOLEG:
Méon Twun = Aldpecog = Kopudn
9\\9 \ Kopudn (inede)
Aiapevs (media "_) * o Ailyo OV HETPEG KOTAVOMLEG:
Men T (wen) Méon T - Kopudr = 3(Méon Twun
Awdpeoog)

* [0 ACUMUETPEG KATOLVOUEG TTPOG T
aplotepa: a3 >0

Méon T > Aldpeooc > Kopudn

P K

* [0 ACUMUETPEG KATOLVOUEG TTPOG Ta LA
a3<0

»x Méon Twn < Aldpeooc < Kopudn

Dk MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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o-MocootnuopLo

* Oplopoc: a-NMocootnuoptlo, 0<a<l a-Quantile
H tiun tng HetaBAnTng X = Xa Pe mbovotnta To oAU
a
P[X<x,] Sa<P[X<x,]
Av F ouvexnc kot yvnolwc avéovoa, TOTE TO a
MocootnuopLo eival N Avon tng E¢lowonc
[X] = a
x, = F1[a]

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Napadeypa
(1 oo 2)

* Tetaptnuoplo:
X174 = Xg.25 TO T(PWTO

Fix) TETAPTNULOPLO
X1 /2 = Xg.50 TO OEVUTEPO
Kl teTaptnuoplo (n dtdpecoc)
0,75 m e e e X3/4 = Xg.75 1O Tpi‘EO
TETAPTNUOPLO
050~ = =~ —= , * Napadewypa: X = To
5 ABpolopa Twv evdeilewv 2
0,25 i Zoplwv

: X1/4= Xg.25 = 4

0 Xo25 Xos0 X075 X1/2 = Xos50 = 7

X3/4 = Xg.75 = 9

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Napadeypa
(2 oo 2)

* Xo 1) Xg.2r-Xg.9 T 9 BEKOTNHOPLA (deciles)

 Mapadsiypa: ta 9 dekatnpopia tn¢ Kavoviknc Katavounc:

F(x) = %r [ dye

X0.1 X0.2 X03 X004 Xos5 X066 Xo0.7 X0.8 X0.9

-1.28 - 0,84 -052 -025 0O 0.25 052 0.84 1.28

MaBnuatikd Kat STaTloTikr ot Bloloyia
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Napaperpot MetaBAntotntac Koatavoung

A
X0.1 X0.2 X03 Xo04 X05 X066 Xo0.7 X0.8 X0.9
—1,28 — 0,84 —-052 -025 0 0,25 0,52 0,84 1,28

Napapetpotr MetapBAntotntag Katavoung (Dispersion Parameters)

% MaBnuatikd Kat STaTloTikr ot Bloloyia
ﬁplo‘TOTé)\IEIO 46
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EUpocC

* Evpoc:
H ektoon tou dAopaToq: | X, .y - X |

* MNapadeypa: X = To ABpolopa Twv evdeiéewv 2
Zoplwv
EUpOG | X, - Xin] =12 —2 =10

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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AlokUpavon

Napapetpol Araropag Katavopng (Dispersion Parameters)
AwakOpavon (Fluctuation): H tun (X —m) = (X = E[X]).
2XOAIO

H AtakUpovon deixvel mooo amexeL n Hetpnon amno tnv Méon Twun
YUVENWES N Méon AlakUpavon eival ektipnon tng MetapfAntotntac.

OQswpnua

H péon AtakUpavon pndeviletad: E[(X — E[X])]=0
AmntobeLén

E[(X — E[X])]= E[X] — E[E[X] = E[X] —E[X] =0
2XOAIO

Elpaote umoXpeWUEVOL VAL OPLOOUUE AAAEC TTOPAUETPOUC VLA TNV
MetaBAntotnta

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Kevtpwkni Pomn

Kevtpwkn PomnA r-taéewe, r = 1,2,3,...

C, = EI(X =m)'T= (4 =m)"p, + (X, ~m)"p, +..
= [ (x=m)" p(x)dx

2XOAIA

1.c,=E[(X—E[X])] =0

2. ¢, = E[(X = E[X])2] (n pomn 206 ta&ewg tng (X — m) )

Méon T Tou Tetpaywvou (mean square) Tng AlaKUOVONG
Elvail n amAovVotepn extipnon tng MetafAntotntog
OQswpnua

OL Kevtplkeg Pormec aptiac TAEEwWC ZUUETPLKWY WCE TTPOo¢ Tov MEco
Katavopwv, pundevitovtad.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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AwooTtopd
(1 oo 3)

* MetaBAntotnta (Variance)

var(X) = E[(X =m)*]= (x, =m)* p, + (¢, ~m)’ p, + ..
= |, (x=m)’ p(x)dx

* OQswpnua

e 1810TNTEC TNC MetaBAntoOTNTOC

e var[X] 20

e var [X+c] = var[X]

* var [cX]= c? var [X], c TpayHaTIKOC aplOpoc
* var [X,;+X,] = var [X,] + var [X,]

* var [X] = E[X?]-(E[X])? = E[X?]- m?

e AnodelEn: Amo tov oplopo pe AlyeBpa

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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AwooTtopd
(2 oo 3)

* Noapadsiypa: X = To ABpotlopa Twv evdeitewv 2
Zoplwv

E[(X-7)*1=(2- 7) +(3—- 7) +(4 7) +(5 7) +(6 7) +(7 7)* — 36

(8- 7) +(9- 7) + (10— 7) +(11- 7) + (12— 7)

E[(X=7)]=5 —+a2 2 435 4,02 % 23 20 29 28 23 2 g1
3 36 36 36 36 36 36 36 36 36 36

E[(X-7)*]= 25i+16£+9i+4i+1£+O+1£+4i+9i+16£+25i
36 36 36 36 36 36 36 36 36 36

E[(X-7)?]=4.945

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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| ZOpLWV P[| X —75]=

AwooTtopd
(3 ao 3)

Oeswpnua

Aviootnta Chebychev

var[X]

P X —m[> a]= a>0

var[X]

OTIOU >0 glvall TO TOCOOTO TLUWV TNC
MeraB?\ntr']q X LLE artooTOon Ao TN MEoN TLUN
TOUAQ(LOTOV QL.

Napadeypa: X = To ABpolopa Twv evOeiéewy 2
4995 _ 0.1908
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Turikl ATtOKALON

e Turmukn AnokAwon

e (Standard Deviation, the root mean square fluctuation, the rms
fluctuation)

= Jvar[X]

e H Turkn AmtokAwon eivat n ouvr]Gr]q EKuunon TwV cpaApATWY
(BewpouvTtal w¢ amokALoELS oo TNV LEoN TLUN).

 Napadeypa: X = To ABpolopa Twv evdeiéewv 2 Zaplwv
E[(X~7)*]=4.945

o = Jvar[X] =+v4.945 =2.23

* 2XOAIO

Mo va ouykpivoupe ta odpaApata StadpopeTikwv MetaBAntwy
XPNOLLOTIOLOUE TO GXETLKO ObAAUAL.
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2XETKO N Mocootiaio ZpaApa n AtOKALoN

2XETWKO n NMNocootiaio ZpaApa n AnokAon (oo tnv
Méon Twn) relative deviation

o _ yJvar[X]
m  E[X]
2XOAIO
O

-~ uLKpc') & oL TLUEC TNC X €lval MAnGLov TNG HEONC
ttunq m HE LeyaAn iibavotnta

— ueva)\o & OL TIHEG TN X Elval HIKPAV TNG LEONC
ttunq m HE PeyaAn ribavotnta

Noapadetypa: X = To ABpolopa twv evdeifewyv 2 Zaplwv

o _ var[ X] _ 2.23 _0.319
m E[X] 7

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Aoknon

YnoAoyiote to oXeTIkO opaApa yia to ABpolopa twv evdeiéewv 2
ZopLwyv

1.MNa 2 dpora fapid pe P = % P(2) =p(3) =p(4) = p(5) = p(6) :%

2. T 2 6ptota Zopid: pe P =+, p) ==,p(3) =P(4) = P(E) = P(6) = -

3. Eva LapLpe PO =Pp2)=p(3)=p(4)=p(5) = p(6) :%

‘Eva {apL pe PO = % P(2) = p(3) =p(4) = p(5) = p(6) =%

1
4. ‘Eva dpL pe pd) = f(Z) = p(31) =p(4) = p(5) = p(6) =5 .
Eva {apl e p) = 3’ p(2) = . P(3) =p(4) = p(5) = p(6) = s

2UYKpLVATE TOL ATTOTEAECUOTO TWV 5 MEPUTTWOEWV.
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Anootaoceslc Moocootnpopiwv

 H amootaon TwV CUUMANPWHOATIKWY O-
Nocootnpoplwv X, KAt X, , |X, - X, | €Elvat pia
EKTLUNON TNG OUYKEVTPWONG TWV TILWV TNC
uetafAntnc X.

* H éladopa tou 1ou armno to 30 TETAPTNHUOPLO, ELVOL
avaloyn tnc Sltoomopac.

* |Xg75 = Xg.05| TO EVOOTETAPTNHOPLOKO TTAATOG
(interquartile range).
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Evtpontia Katavouwv
(1 oo 2)

* Evrtponia Alakpitig Katavoung

J = _Z pv IOQZ pv
N

V = ol TIMEC pLag MetaBAntnc (AptOunTtikne N
Katnyoplknc) tic omolec Mapatnpw oto Meipapa
N YoBetw oto mAalolo poc Oswplog

log, X = :”—’2‘ In2 = 0.693147180559945
n
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Evtpontia Katavouwv
(2 oo 2)

Evtponia Zuvexoug Katavoung

J=—[" dxp(x)In p(x)

H Evtporia eival ekTiunTpLaL:

* tnG Ataioc-TuxatoTNTOC TNG KATAVOUAG,

* tnG MowiAotntoc- MOAUTAOKOTNTOG TNG KATAVOMAG,

* tng ABeBaotntac- Piokou MNpoBAsdng He Baon TNV KATtavoun,
* Tou ANBOou¢ Twv bits mou xperalopat,

* yLa v TtEpLlypay w-Kwdikomotnow-KataypaPw to HRVUpa-
YEYOVOG.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Evtponia
(1 oo 3)

* (Avadikn) MAnpodopia Movadec Metpnong
1Byte=1B=23 bits=8bits

1KB=210B=1024B=8142 bits

1MB=210 KB=1024KB=1048576B=8337408 bits

1GB=21° MB=1024MB=1048576KB=1073741824B = 1.1x10°B = 8.8 x10°bits
1TB=210 GB=1024GB=1048576MB=1073741824KB = 1.1x10%?B = 8.8

x1012bits

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Evtponia
(2 oo 3)

1 Text Character

1 Byte = 8 bits

TV Image

Log2=10414720bits =1.4 x 10° bits
(576 lines , 720 columns) = 414720 px and 10 luminosity
scales

1 chromosome
DNA as 4 Symbol Message

|d4100000bits = 2 x 10° bits

Information in Bacteria 900000 GB
Memory Cells, E. Coli (2011)

Cells in the Human Body > 1014
Brain Neurons ~101
Brain Synaptic Links ~1015

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Evtponia
(3 aro 3)

Brain Memory

2.5 PetaBytes = 1048576 GB = 8.8 x 10 bits
= 300 years of TV and Audio recording!

Cyberspace 2007:

281 billion GB=281x10:GB=2.5x10=bits

Cyberspace 2012:

3.6 x 10=bits

Cyberspace Indexed
Google 0.004%

10=bits 2007
1.4 x 10:sbits 2012

Atoms in 12gr C

6,022 x 10=

Universe 10w bits
Chess 10+ bits
GO 10 bits ?
Eternity Il 10 bits

Borges Babel Library

2.0 x10:ss404 bits
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Tunua BloAoyiag

61



Genetic Alphabet

* Genetic Alphabet

Eors Szathmary 1992. What is the Optimum Size
for the Genetic Alphabet? Proc. Natl. Acad. Sci.
USA 89, 2614-2618.
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DNA Digital Storage
(1 oo 2)

 DNA Digital Storage

e Church G. GaoY,, Kosuri S. 2012, Next-Generation
Digital Information Storage in DNA. Science DOI:
10.1126/science.1226355.

“DNA is among the most dense and stable information
media known. The development of new technologies
in both DNA synthesis and sequencing make DNA an
increasingly feasible digital storage medium. We
develop a strategy to encode arbitrary digital
information in DNA, write a 5.27-megabit book (HTML
draft) using DNA microchips, and read the book using
next-generation DNA sequencing.

c AC-20,GT—>1

o)
[ANOE £

MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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DNA Digital Storage
(2 oo 2)

* DNA Advantages over traditional digital storage
media.

1. DNA can be easily copied, and is often still
readable after thousands of years in non-ideal
conditions.

2. the Techniques required to read and write DNA
information are as old as life on Earth, unlike
ever-changing electronic storage formats such as
magnetic tape and DVDs.
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Tunua BloAoyiag 64



References

Shannon C., Weaver W. 1949, The Mathematical Theory of
Communication, University of lllinois, Urbana, lllinois.

Kempton R. and Wedderburn R. 1978, A Comparison of
Three Measures of Species Diversity, Biometrics 34, 25-37.

Kuppers B.-O. 1990, Information and the Origin of Life, MIT
Press, Cambridge, Massachusetts

Traub J., Werschulz A. 1998, Complexity and Information,
Cambridge University Press, Cambridge.

McDonald G. 2003, Biogeography: Space, Time and Life,
Wiley, New York.

Yockey H. 2005, Information theory, Evolution and the
origin of Life, Cambridge University Press, Cambridge.

MaBnpatikd Kat 2TatloTtiky otn Bloloyia

Tunua BloAoyiag

65



Napadetypa: Pivn 2 Zapiwv
(1 oo 4)

* AElyHATOXWPOC
Y={y|y=(1,1), (1,2), (1,3), (1,4), (1,5), (1,6),
(2,1),(2,2),(2,3), (2,4), (2,5), (2,6),
(3,1),(3,2), (3,3), (3,4), (3,5), (3,6),
(4,1),(4,2), (4,3), (4,4), (4,5), (4,6),
(5,1),(5,2), (5,3), (5,4), (5,5), (5,6),
(6,1), (6,2), (6,3), (6,4), (6,5), (6,6) }

Tuxaio MetaBAntn: Z(y) =y, to ATOTEAEOHA TNC
piYPnc twv 2 laplwv.

J[Z]= Z(—log2 316) log, 36 =5.17
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Tunua BloAoyiag

66



Napadetypa: Pivn 2 Zapiwv
(2 oo 4)

* Tuyxaio MetapBAnti: X = to ABpoiopa twv Evdeifewv twv 2 ZapLwv
1 1 .2 2 .3 3 .4 4 _5 5 .6 6
J[X]=—(2=log,— +2-=1log, —+2-log, — +2—log, — + 2—log, — + 2—log, —
[X1=~ 36 236 35 0235 <36 9236 “36 236 35 235 <36 09236)

IX]=(2517+2417+ 2358+ 13174 22854+ 125g)
18 9 6 8 18 6

J[X]=3.031

MetaBAntA X: Mapatnpnotpa Feyovota MBavotnta Zuvdptnon
ABpolopa Observable Events Probability Katavopung
EvSeifewv 2 Zapiwv P(x) F(x)

2 =, ={ (1,1)} 1/36 1/36=2.78%
3 =3={(1,2), (2,1)} 2/36 3/36=8.4%

4 z,={(2,2), (1,3),(3,1)} 3/36 6/36=16.7%
> 5 ={ (1,4), (2,3),(3,2), (4,1)} 4/36 10/36=27.8%
6 Z6={ (1,5), (2,4),(3,3), (4,2), (5,1)} 5/36 15/36=41.7%
7 2, ={(1,6), (2,5),(3,4), (4,3), (5,2), (6,1)} 6/36 21/36=58.3%
8 25 ={(2,6), (3,5),(4,4), (5,3), (6,2)} 5/36 26/36=72.2%
9 2o ={ (3,6), (4,5),(5,4), (6,3)} 4/36 30/36=83.3%
10 2,0 ={(4,6), (5,5),(6,4)} 3/36 33/36=91.7%
11 z,,={(5,6), (6,5)} 2/36 35/36=97.2%
12 z,, ={ (6,6)} 1/36 36/36=100%

= MaBnpatikd Kat 2TatloTtiky otn Bloloyia
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Napadetypa: Pivn 2 Zapiwv

(3 aro 4)

Tuyata MetaBAntn

Y = n amoAutn T tng Atadopadc Twv evOeifewv TwV 2 ZapLwv.

H Awapepion tngY: n ={H, H, H,, Hy, H,, He }

Cell Probability
HO ={ (1,1), (2,2),(3,3), (4,4), (5,5),(6,6)} 6/36

H1 ={(1,2), (2,3), (3,4), (4,5), (5,6), (6,5), (5,4), (4,3),(3,2), (2,1)} | 10/36

H2 ={ (1,3), (2,4), (3,5), (4,6), (6,4), (5,3),(4,2), (3,1)} 8/36

H3 ={ (1,4), (2,5), (3,6), (6,3), (5,2),(4,1)} 6/36

H4 ={ (1,5), (2,6), (6,2), (5,1)} 4/36

H5 ={ (1,6), (6,1)} 2/36

6 6 _10 10 _ 8 8
J[Y]=-(2—1l0g, — +2=—1log, — + 2—log, — +
[v] (36 gz36 36 gz36 36 gz36

4 4 2 2
2—log, —+2-=1log, —
36 gz36 36 gz36)

J[Y]=243
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Napadetypa: Pivn 2 Zapiwv

(4 oo 4)
o J[Evdeién Zapwwv]>J[ABpoiopa Zapwwv]>J[Awadopa Zapiwv]
J[z]=5.17
J[X]=3.031

J[Y]=2.43
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Mowa n ABefatotnta
«Newpaypévour» ZapLov;

* Evtporia loomiBavou Zaplov Jmax=6(—%Iogzé)=I0926:2.586
* Evrtpormia «Mepaypévou» ZapLov

Wnolo 1 2 3 4 5 6
Zapt A | Zuyvotnta | 1/10 | 1/10 | 1/10 |1/10 |1/10 | 1/2
ZapL B | Suxvétnta | 1/20 | 1/20 | 1/20 | 1/20 | 1/20 |3/4

1 1 1 1 1 1 1
J,=5 (_Elﬂgzﬁ)"' (—Elng2§)=élng21{] + ElngEZ = 1.661 + 5= 2.161

1 1 3 3 1 3 3
Jg 25(_ﬁ10g2ﬁ)+ (—L—}lng%—}) =:}log22U— j}lﬂgzj} =1.080 + 0.331=1.411

‘?H < ‘?A ‘::‘?MAX
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Evtponia Katavopwv Gauss, Laplace

Laplace

Katavoun Tumog Evtponia
1 5
Gauss p(X) = e m=0,0=1 1.42
N2
V2
Laplace p(X) -5 ¢ M m=0,0=1 1.35
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Entropy and Variance
(1 amo 2)
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Entropy and Variance

(2 oo 2)

o ey B _:::‘\‘_ i
"{;”'i__— < ﬂ"‘-.‘_ . .f,-‘ /‘/rf “--.\.\.‘ "‘;}\ .
Same M .\ | Low Entropy ( \"\ | High Entropy
> ‘, \ i J
Variance o \ '| High Precision 3 X ) /~| Low Precision
/ ' i T S| )
(Accuracy) L o ) e e
h 8 B -
Same —
\ /"'/ » N
Entropy \_| High Variance 4 /)‘i'” ™\ \ |Low Variance
\H A \
. . | i
(Precision) | || Low Accuracy \ ) ﬁ High Accuracy
J '\_l\.\ : \-,_,\"' '- //‘/f.
= MaBnpatikd Kat 2TatloTtiky otn Bloloyia
Aorortiao. 73
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Error
(1 oo 2)

Error is the discrepancy-difference-deviation of

some Observation-Approximation-Estimation-Opinion about Reality and Reality

L

Process Errors Error Estimation
Syntactic Observation Errors Accuracy Tutukn ATOKALON & Yy
Processing (ZpdApa AkpiBelag Tuxaio) IXETIKO IhdAua Metposwy g
Precision (2paApa Ztdxeuong Evtponia Metposwv
ZUOTNUATIKO)
Approximation Erros Analytic Approximations
Asymptotic Approximations
Statistical Estimations
Computation Errors due to Rounding of numbers,
finite representation Ztpoyyulormnoinon
of numbers in the computers Truncation of numbers, Artokornn
Semantic Cognitive Errors Perception
Processing Cognitive Bias
Misapprehension
Categorical Errors Ontological Relations
Logical Errors Inference,
Contradictions,
Paradoxes
—| Significance Validation Errors Testing Hypothesis

)

ssessment

Errors

ApIOTOTEAEIO
MavemoTnuio
©ecoalovikng
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Error
(2 oo 2)

Testing Hypothesis Errors

Observation Reality

Test Result H1 is True H1 is False
(Positive or Negative for H1) Eivat’Evoxog Eivat ABwog
Decision Pregnancy No Pregnancy

HO is rejected by the Test
<The test is Positive for H1
< There is Evidence for H1
< AwamotwOnke Evoxn

< Pregnancy Indicated

True Positive outcome
Convicting the Guilty
Pregnancy Indicated

and

The Lady is Pregnant

H Yno60eson EnaAnBeuetal

False Positive outcome
Convicting the Innocent
Pregnancy Indicated

but

The Lady is not Pregnant
Error of 1st kind

HO is not rejected by the Test
<The test is Negative for H1
< There is No Evidence for H1
< Aev danotwOnke Evoxn
< Pregnancy not Indicated

L\
A

ApIOTOTEAEIO
MavemoTnuio
©ecoalovikng

False Negative outcome
Releasing the Guilty
Pregnancy not Indicated
but

The Lady is Pregnant
Error of 2nd kind
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Releasing the Innocent
Pregnancy not Indicated
and

The Lady is not Pregnant
H YnoBeon Awaevdetal
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Napaperpotl Zxnpotoc Koatavopng
(1 oo 2)

* Mapapetpol
2xnuotoc Katavoung
(Shape Parameters)

A 4

a; <0

. Noéotnta (skewness)

Y

az;>0
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Q(’.\}\

Napaperpotl Zxnpotoc Koatavopng
(2 oo 2)

X\

X

KUptwon

.=~ AEMTOKUPTN
KOTOLVO LN

>3 Meookupth

nu LUVOLLN TTOU
NPOooEyyLETAL MO TNV
KOWVOVLKI KOTOVOLULN

= =3 MAatuKupTh

a

KOTOVO N
~-3 Excess Kurtosis
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Aoknon

EmAEEQTE L0l CUMMETPLKI KOLL ULOL WOV ULETPN ALOKPLTH) KATAVOLLA
rniBavotntac. Yrnoloyiote ti¢ 8 MapapETPOUC:

« Méon Twn (Mean),

 Kopudec (Modes),

 Awdpeooc (Median),

* Tumkn AmokAlon (Standard Deviation),

e JXETLKO 2ZpaApa (Relative Error),

* Nofotnta (Skewness),

 Kuptwon (Kurtosis) kot

e Evtporia (Entropy)

E€etdote av Loyuouv ol 2xeoelc Méonc Twung, Aldpecou, Kopudnc.
Amtopalitnto va €ival Pot CUMMETPLKNA KO pLol OV LLETPN KOTOLVO L.
Aoknon 2Zuvexwv Katavopwv. Ontwc n Aoknon Alakpltwyv
Katavouwv
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ZUMpETOBANTOTNTA
Twv MetafAntwv X,Y

e JuppetaBAntotnta twv MetafAntwy X,Y
(Covariance)
oy =Cov(X,Y) = E[(X—E[X]) - (Y- E[Y]) = E[(X—m, )(Y —m,)]
o =o° =var(X) the Variance of X

* Qewpnua

oy = E[XY]-m,m,
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JuoxEtion twv MetaBAntwv X,Y

e Juoxetion twv MetapfAntwv XY (Correlation)
Cor(XY)=E[XY]=< X,Y >

Cor(XX) =E[X?]=< X, X >=|| X?||
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2uvteAeotng Pearson
twv MetapAntwv XY

e YuvteAeotnc ZuppeTaBAntotntoc Pearson twv
MetapfAntwv X,Y (Covariance)

cov(X,Y) Oy
Jvar(X) Jvar(Y) oy,

I, =r(X,Y) =

MaBnpatikd Kat 2TatloTtiky otn Bloloyia

Tunua BloAoyiag

81



2uvteAeotnc Pearson
(1 oo 2)

* Qewpnua
1. O ZuvteAeotnc Pearson Aapavel TIHEC OTO
daotnua [-1,1]: -1 <ry < 1.
2. 1= 1 OutMetaBAnteg X,Y ouvdeovtal pe
VPOUULKA oxEon: Y = a+PX, a,B mpaypatikol
aplOpuot.

X Oy
Oy Oy

Y=m -—"FmM —"F-X, I, =-1
X Oy

_ Ant6beign Ano tnv Avicotnta Cauchy—Schwarz.
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2uvteAeotnc Pearson
(2 oo 2)

2uvteAeotnG Pearson

 Galton 1888 (KAnpovouikotnta ' Yyouc), Eadbeldoc Darwin
* Pearson 1895 cuvepyatnc KoL CUVEXLOTAC TOU £pYOU TOU
Galton.

Pearson K. 1920, Notes on the History of Correlation,
Biometrika 13, 25-45.

Rodgers J. L., Nicewander W. A. 1988, Thirteen ways to
look at the correlation coefficient, The American
Statistician, 42(1), 59-66.

Stigler S. M. 1989, Francis Galton's Account of the Invention
of Correlation, Statistical Science 4 (2): 73-79.
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2uvteAeotnc AAAnAoséaptnonc ApoBaiog
MAnpodopioc twv MetapAntwv XY (1 ano 2)

2uvteAeotn¢ AAAnAogéaptnonc ApoBaioc MAnpodopiog
Twv MetaBAntwv X,Y
J[X;Y]

T InGQIX1IN D)

Omovu J[X;Y]=J[X]+JW]—J[X,Y]:ZX,yp(x, y)Iogz(M):zwp(x, y)Iogz(—p(X’ y) )

|

(X)
H ApotBaia MAnpodopia (Mutual Infoﬁmation) TWV
MetaBAntwv X,Y

H evtponia tng MetaBAntnicg X
I[X]==-D_ p(x)log,p(x)
H evtponia tng MetaBAntic Y
IV1=-2" p(y)log,p(y)
H kowvn evtporia twv MetaBAntwv X,Y
JXY1==2,  p(x ¥)log,p(x, Y)

P(X)p(Y)
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2uvteAeotnc AAAnAoséaptnonc ApoBaiog
MAnpodopioc twv MetapAntwv X,Y (2 ano 2)

* Qswpnpa
*‘0<rz1
or, =0 < X, Y Avefdptnte¢ MeTtaBANTES
r,=1 < n peTaBANTA HIKPOTEPNG EVTIPOTTLAG

elval cuvaptnon tng¢ aAAng petaoBANTNC

neyoAutepng eviporiog (otiwdne —
kaBoplopevn e€aptnon).
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Napadsiypa

 NMapadewypa
Av ol petafAntec X, Y akoAouBoUv Kowvr KavovLikn
KOLTOLVOLLA

1 1
pxy)= — EIP(—EEI_TE}

2o, 0,V 1 —1? (x;:lx)z * (y;':nr)z - (x ;;nx) (y;:n")D
TOTE 0 ouvteAeotn ¢ aAAnAoe€aptnong eivad:
En(l — rz)
En(ZHE JZ)

o=min(oX,cY)
Ir[=0<=r =0

TI=—
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Znpeiwpa Adetodotnonc

To ap OV UALKO SlatiBetal pe toug 0pouc tne adelac xprniong Creative
Commons Avadopa - Mapopota Atavoun [1] R petayeveotepn, AleBvng
‘Ekdoon. E¢apouvtal Ta autoteAn £pya Tpitwyv T.X. pwtoypadiec,
Slaypappata K.A.T., T OTtola EUTIEPLEXOVTAL OE ALUTO KaL T OToL
avadEpovtal pall LE TOUC OPOUC XProNG TOUC 0To «2npeiwpa Xpnong Epywv

Tpitwv».
[©ONolel

O dkalouyoc umopet va mapexeL otov adelodoyo Eexwplotn adela va

XPNOLUOTIOLEL TO €pPYO YyLOL EUTTOPLKA XpNon, Epocov auTto Tou {nTtnOEL.

[1] http://creativecommons.org/licenses/by-sa/4.0/
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AlratApNoN ZNHELWHATWV

Ornoladnmote avamapaywyn n SLaokeun Tou VALKOU Ba TtpETEL
va oupmeplAapBavet:

" 10 Znueilwpa Avadopac

= 10 Znuelwpa Adelodotnong

= 1 6NAwon Alatpnong ZNUELWHATWY

" 10 2nuelwpa Xpriong Epywv Tpitwv (epooov umtapyel)

ol pe Toug cuvodEVOUEVOUC UTIEPOUVOECHOUC.
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