AAHNIKO XTATIXTIKO INXTITOYTO (E.X.1.)
REEK STATISTICAL INSTITUTE (G.S.1.)

G m

[TANEAAHNIO 2YNEAPIO
> TATILTIKHZ

ANAAYZH METAAQN
= @; AEAOMENQON:

Epapuoyeg

“t= oe Toupioud, Yyeia
Wi [lepilBdAMov

Mpaktka 30° MaveAAnviou Zuvedpiou LTATIOTIKAG
Proceedings of the 30" Panhellenic Statistics Conference

Adpvaka, 20-22 AnptAiou 2017 /



EAAHNIKO ETATIETIKO INETITOYTO
(E.X.])
GREEK STATISTICAL INSTITUTE
(G.S.])

MMPAKTIKA
30°° I[TaveAAnviov
20vEOPIOV XTATICTIKNG

PROCEEDINGS
of the 30" Panhellenic
Statistics Conference

Avaivon Meyoaiwv Agoouévawv:
Eopapuoyéc oc Tovpiouo, Yyeia,
Hepifailov

Big Data: Applications in Tourism,
Healthcare and Environment

MYio Adpvakag, 20-22 Anpiriov 2017



EAAHNIKO ETATIETIKO INETITOYTO
(E.X.])

GREEK STATISTICAL INSTITUTE
(G.S.L.)

IHPAKTIKA
30% IMoaveAinviov
2VvEOPIOL LTUTIGTIKNG

Avaivon Meyaiwv Agoouévawv:
Eopapuoyés oe Tovpiouo, Yyeia,
Iepifpaiiov

Opyavwon
EAAHNIKO XTATIXTIKO INXTITOYTO

IHANEHIXTHMIO UCLan CYPRUS
ITANEHNIXTHMIO KYITPOY
TEXNOAOI'IKO ITANEIIIXTHMIO KYIIPOY

Mvra Adpvoxog,, 20-22 Anpuriov 2017



EAAHNIKO XTATIXTIKO INXTITOYTO
Yohopov 5 ( [Thateioa EEapyeiomv )

TnA.& Fax 210 33.03.909

Email: esi-stat@hol.gr

http://www.esi-stat.gr

ISBN: 978-618-83805-0-9

ISSN: 1792-2461



HEPIEXOMENA

GEA.
TTIPOAOTIOX ..ot e e e e 5
XOPHTIOL. . e 8
[TPOTPAMMA ZYNEAPIOY ..., 9
EITITPOIIEZ ZYNEAPIOY ..ot 18

Epyooiec ota EAAnvika

[EMYPAHX B.: Ilapdyovieg mov ennpedlovv TV LIOKEYLEVIKT] VYEIQ TOV
euponoiov ToATOV: Mio GTOTIOTIKN] 0VAALGT TNG EVPOTOIKNG KOWVOVIKNG

EPEUVIOG et eniteeeiteeeiteeetteeetteesntteeeatteeentteeeateeeesbeeessbaeennbteenabeeennbeeennbeeenneeennnes 20
MITIOMIIOTAX II., KOYTPAX M.: Kotavour] 100 €AAy1oTOL KO TOV
PEYIETOV amd TUYOHO APLOUO TUYOIOV HETOPANTAV. .ecueieeiieiieiieeieesiie e 35
MQOQYZIAAHZ I1.: TZAKIIOT kot MOOMUOTIK L. ..o 44
[MTATIATEOYMA 1, ®APMAKHX N.: Extiunon tov ocvvieleom)
peTAPANTOTNTOG 0 dOUEVA SLOKPITHG OUOLOLOPPNG KOTOAVOLUNG....ceevveenee. 57
TA®IAAH M., HAIOIIOYAOX T.: AxpiPeic éreyyor yio tov Adyo TV
TOPOUETPOV KAPoKAG 000 KOTAVOUDV Laplace.......cceveveeeeiieeeiieeiieeieeee 70
TZIMIIEPIAHE 1., KAPAKOZX A.: 'Ekeyyoc mnupepfoclog xpnong tov
VTOAOYIOTN GTA TACIGIOL EYKANLOTOAOYIKNG EPEVVOG. cevveeenereeenrreeerreeereeenareans 80
Epyoaoieg ota Ayylka

MANTZOUNI A.: Bayesian testing for association models in contingency
tables USING POWET PIIOTS. ...cevuieiuiieiieeiiesiie et eite et eteesite et e sneeebeesebeenbeesaeeene 97

MILIONIS E. A., GALANOPOULOS G. N.: Time series with interdepedent
level and second moment: testing; consequences for modelling; preliminary
TESULES. .ttt ettt 109

TSANGARI H.: Modeling and projecting heat-related mortality................. 124



User
Text Box

User
Typewritten Text

User
Typewritten Text

User
Typewritten Text

User
Typewritten Text

User
Typewritten Text
9

User
Typewritten Text

User
Typewritten Text

User
Text Box

User
Typewritten Text
4

User
Typewritten Text

User
Typewritten Text


IHPOAOT'OX

To 30° IMaveAdvio Zvvédplo ZtoatioTikig dopyavdbnke amd 1o
EXMnviko Zroatiotikd Ivetitovto (EXI) oty [THAa v mepiodo 20-22 Anpiiiov
2017, og ovvepyaoia pe to Iavemotiuio UCLan Cyprus, 1o [Havemotiuo
Kompov kot 10 Teyvoroyikd IMovemotuo Korpov. To Bépa tov Zvvedpiov
ntav  Avaiven Meydlwv Agdouévaov:  Epoapuoyéc oe  Tovpiouo, Yyeia,
Lepipdiiov.

‘ElaBav pépog mepimov meviva (50) ovvedpot and v EAALGOa kot tnv
Kompo. 210 Zuvédpro mpookekinuévol opuntég tav n Ruth Heller, Associate
Professor, Department of Statistics and Operations Research at Tel-Aviv
University, Israel, o Finn Lindgren, Professor, School of Mathematics,
University of Edinburgh, o 46avdoioc Oavomoviog, Tpdedpog tg EAANVIKNG
21oToTikNG ApyNs, Kabdg Kot o Zwtpios Mrepoiung, Enikovpog Kabdnyntig
[Mavemompiov epoung kat [Ipdedpog Tov EOITYY.

To Emompovikd Ipdypappa mepreddpfoave capdvia mévie (45)
OVOKOWMOELS 6€ TOPAANAES cuvedpieg o€ BEpata Ztatiotikng, TIpopfreync-
Xpovooelpov, Xtatotikng oty Yyela wor v Teyvoloyia, Mmedliovig
Yratiotikng-Ilpocopoimong, Eeappoouévng Zratwotikng, I[TiBavotntov,
Z10YaoTIKOV Alodikaci®v K.¢. 1o mhaicto tov 30°° Mavelinviov Tvvedpiov
2TOTIOTIKNG Tpaypatoromonke kot €01k cuvedpia pe 0éua Kovwvikn xat
Exrmoidevtikn Lrotiorixy.

H evopkmplia tedet) tov Zvvedpiov mpaypoatomombnke oto
[Mavemomuo UCLan Cyprus. Tnv évopén tov Zuvvedpiov Knpvée o
[Ipoedpog tov EZI, témwc Avaninpotc Kadnyntig Xopdioprog Aapiiovov.
Xapetiopovg anndbvvav n IIpdedpoc e Opyavotikng Emrponng, Aéktopag
Muto Xoatinkvpidkov kot o Avturpdtavng tov Ilavemommuiov UCLan
Cyprus, Kabnyntg [Havikog [Tovtliovpng. H teret évapéng cuveyiotnke e
v anovoun tov EAévelov Bpafeiov Kaivtepng Awwaxtopikng Atatping ot
2rototikny 2015-2016 and tov [Ipdedpo tov EXZI, Xapdiapro Aapavod. To
Bpapeio amoveunbnke omd wowov otic Ko. Mapia Ilitoidhov yu
dwaktopwkn dwtpPn g pe titho «Testing Serial Dependence by the
Distance Covariance Function» kot ka.. Hudva Xpictov yio tnv didaxtopikn
Swpp] g pe titho «A non-iterative method for fitting the single index
quantile regression model with uncensored and censored data». MéAn g
empomg tov EAéveiov Bpafeiov Ntav o Koabnynmg Kovotavrtivog
Zoypagpog, o KaBnyntg XZtavpog Kovpodxing kot o Av. Kabnyntrg
Nworaog [Manaoddrog. H ka. Mapia [Titoidhov exkmévnoe T S10aKTOPIKN NG
owatppn oto [Havemotuo Konpov pe tov Kabnynm Kevotavtivo @okiovo,



evdd m HAdva Xpiotov exmdévnoe 1 owoktopiky] owtppn g o©T0
Pennsylvania State Univeristy pe tov Kabnynt Michael Akritas.

['a 1o BpaPeio eixe vmoPfindel kon 1 dwrpiPr| tov k. Kwvotavtivov A.
Tacwd pe titho: «Development and analysis of advanced adaptive statistical
process control charts for the joint monitoring of variables’ central tendency
and dispersion», University of Western Macedonia pe emPAiémovta
(supervisor) tov Kabnynt George Nenes.

Ot KOWVIKEG EKONAMGELS TOV GLVESIPIOL NTAV TAOVGIES KOl TOIKIAEC.
Tnv [Héun 10 andysvpo tpaypotoromOnke Eevdynon kot Welcome Cocktail
ot0 Movoeio Odlacoas omv Ayio Ndamoa. Tnv IHopackevn to amdygopo
TPAYLOTOTOWONKE Y10 TOL GLVESPOLS KOL TOL GLVOOEVOVTA LEAT] EKOPOUT CTNV
oA ™G Adpvokag kotd v omoio ékavayv PBoAta otig Dowvikovdeg Ko
Eevaynonkav otov Iepd Naod tov Ayiov Aaldpov, oto Téuevog Xard ZovAtdy
Kot 0AA0D Ko To Bpddv akorovOnoe dcinvo oto Lysia Restaurant, otnv [TOAw,
oV mepoyn s Opoxivnc.

210V TOHO oVTO TEPIAAUPAVOVTOL EPYOGIEC TOL TOPOVGLAGTNKAY GTO
Yuvédplo kat vofAndnkayv yio dnpocicvon. Oleg ot epyacieg kpinkov amod
KPLTEC LE TNV PPOVTION TV LIELOHVVAOV £KOOOTG TPUKTIKMV.

Ot mapatnpnoelg Kot to oYOAMO TOV KPLTAV, GOUPOVE [LE TNV TAYLL
moAtikn) wov akolovbel to EXI, apopovv kupimg otov tpdmo mapovsiaong g
gpyociog Kol oTNV Tapovsio 1 OYL TVTOYPAPIKOV Kol GOPAP®OV EMGTNLOVIKOV
ABov. Ov egpyaocieg mpémel va. €(0VV 1KOVO GTATIOTIKO TEPLEYOUEVO, VO
avadEIKVOOLV TO TPOPANUE oL peAETOVV, va unv mepropilovtor pdvo og
[Teprypagikn Ztatiotikn. o T0 6K0md avTd VIAPYOLY KPLTHPLOL ONUOCIELONG
gpyooiov ota [paktikd tov EXI ta omoia elvar avaptnpéva oty 16T0GEAdN
tov EZI, www.esi-stat.gr. OAleg ov gpyacie, v Tic omoieg (ntnOnke
avaBempnon, kpidnkav ek vEov amd TOVG KPITEC 1 amd Tovg LVIEHOLVOLG
€KO00TG TOV TPUKTIKMV.

YuvoAiKa vroPAndnkav omdeka (12) epyaocieg, amd T1g omoiec uia
gpyocio avakinOnke amd Toug GLYYPOEEic Kot dvo amoppipnkav, cHUEOVA
pe amoeaotn tov A.X. Kol 06TEPA OO GYETIKN TPOTUCT] TOV KPITMOV KOl TOV
vrevBuvov g ékdoong twv Ilpoktikdv. Q¢ KPUég TV €PYACIOV
ovvepydotnkay ot Kalapotiovod Ayiaia, Mooyové Osgavd-Eptpoiln,
Mnatcidng Amdotorog, Owovopov ITloAvypdvne, INomaiodvvovr Godwprg,
[Momaiwavvov Takng, Iletpdémovriog Kwovotavtivog, ITloAvypovomoviog
Evdyyehog, Zogiavomovilov Xpvoa, TCoPerdg T[edpyrog, Dovokdkng
Anuntpoc. H Emitpomny ‘Exooomg Ilpaxtikddv tov EXI  exeppdler Tig



EVYOPLOTIEG TNG TPOG OAOVG TOVG KPITES YO TNV EMUEANUEVT] KOl TPOCEKTIKT
aE10AOYNOT TOV EPYACIOV.

H ogpd mapovcioong towv epyaciwv octov mopdvio TOHO Elval
aA@afnTikn pe BAomn T0 EMOVLO TOV TPDTOL GLYYPUPEQL.

To Awumtwkd Zvppodio tov EZI aweBdvetor v avdykn va
evyaprotoet to [avemomuo UCLan Cyrpus, to [avemomuo Kompov, 10
Teyvoroykd IMavemotiuo Konpov kot v Opyavotiky Emtponn yo v
TOAD KOAY] 0pYEV@OGT Kol TPOGPOPE TOVC.

Téhog, To AZ tov EXI exppalet tig evyopiotieg Tov ot ['pappatéa tov
EX1, Moapio XudAov, yio v te)vIKT empérela e ékdoons tov [paktikav
ko Tov CD.

EK MEPOYX TOY AX TOY EXI

Ot vrehBvvor 'Exdoong Ipoktikdv 30°” Zvvedpiov

Xapdropmog Aopovov 26via MoAe@dkn

AnpocBévng IMovayintérkog Téxng [Honaiodvvov
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ITPOI'PAMMA XYNEAPIOY

IépmTn, 20 Amprriov 2017

Pitsillou M.:

Testing serial dependence by the distance covariance function

17:30

E. Christou:

A non-iterative method for fitting the single index quantile regression
model with uncensored and censored data

F. Lindgren:

Quantifying the uncertainty of contour maps



Hapookevn, 21 Arpiriiov 2017

R. Heller:

09:30
Multivariate tests of associations based on univariate tests

M. Hadjikyriakou:
10:30 Asymptotic results for demimartingales and for randomly indexed

demimartingales

A. Baxevani:

10:50 Use of latent transformed Gaussian processes for certain environmental
processes

11:10 S. Vakeroudis:
' Windings of planar stochastic processes and applications

N. Moyopdg, . Tavivng:

11:30 AMoyf PHETPOL YL GUVOETEG AVOVEMTIKEG S1dIKAGIES e EPOPUOYES
OTIC APYES VTOAOYIGHOD ACPAAIGTPOV

10



AIOOYXA B

10:30

10:50

11:10

11:30

11:50

AIOOYXA A

12:20

12:40

13:00

XTATIETIKH
IIpoedpevovosa: Mratepfavn A.

P. Doukhan, K. Fokianos, B. Stove, D. Tjostheim:

Modeling and inference for multivariate count time series

F. Panagou, D. Karlis:

Use of Gaussian copula for clustering mixed mode data

L. Smallman, A. Artemiou, J. Morgan:

Sparse generalised PCA with applications to text data

A. avaperoc, M. Bappaxapn, I'. TCaperag, A. avayiotaxoc:

Atgpghivnon tov polov T@v ophoymvimv LETACYNUATICUOV TOV aEOVHOV
GTNV TOPUYOVTIKY] OVOAVLCY O GYEOM HE TNV EMAVOANYILOTNTO TOV
eEayouevaV TPOTHTOV KATO amd J1AQopa GEVAPLL TVLYOIOV CEAAUATOG
oTO apyIKG dedopéva

AIAAEIMMA-KADPEY

XTATIETIKH

Ipogdpevmv: Aaprovod X

E. Manoli, T. Christofides:

An improved version of the item count technique and protection of
privacy

L. Moratrocovpa, N. ®appaxng:

Extipmon tov ocuvvteheot petafintomrog omd dedopéva Sakpitig
OLLOLOLLOPONG KOTOVOLTG

M. Taguaon, I'. Huomovrog:

AxkpiPeic €leyyor yw Tov AOY0 TOV TOPOUETP®V  KAlpakag VO
katavoudv Laplace

11



D. Chorozoglou, D. Kugiumtzis, E. Papadimitriou:

12:20 Testing the small-worldness property of earthquake networks: case study

on time series from seismicity in Greece

A. Milionis, N. Galanopoulos:

12:40 Time series with interdependent level and second moment: Testing,

consequences for modelling, applications

H. Tsangari:

Modeling and projecting heat-related mortality

Ch. Charalambous, T. Christofides:

Distance between a U-statistic and a normal random variable

A. N. Arapis, F. S. Makri, Z. M. Psillakis:
Joint distribution of run statistics in zero-one Markov dependent trials
D. Christofides, K. Markstrom:

15:40
Matrix-valued random variables and applications

16:00 M. B. Kovrpag, I1. Mropmotdg:
) Kotavoun tov ghdyiotov and toyaio aplBpd toyaiov HeTofANTdv

12



V. Chasiotis, S. Kounias, N. Farmakis:

15:00 Optimal equally replicated designs of multi-level factors minimizing the

E(fvop) criterion

0. Xottnravreiic, M. Zotiipoyriov:

15:20 H ddaktikn kot pabnolokn mpocéyyion tov [locotikdv Mebddmv otig
Kowovucég Emotnpec

S. Kitromilidou:
15:40 o o
Estimation of research activity based on patent data
N. Thanasoulias, D. Tsorova:
16:00 Use of business intelligence tools for the evaluation of drinking water

quality in water distribution networks

13



AMO®IOEATPO 2

09:30

10:30

11:30

AIOOYXZA A

12:00

12:20

12:40

13:00

YaBparo, 22 Awpriiov 2017

OMIAIEX E OAOMEAEIA
IMNPOXKEKAHMENEX OMIAIEX
Ipogdpevov: Xprotopiong T.

A. Oavomovlrog :

Big Data in Official Statistics with applications in Tourism, Healthcare
and Environment

Y. Mrnepoipng:

H emotun g Xtatiotikig g epyaAeio yio TOV EAEYYO TOV SUTOVMV
vyelog

ATAAEIMMA-KAPEXY

XTATIXTIKH XTHN YI'EIA

Iposdpevv: ®appdxng N.

M. Xovlovpng, J. Hyosung, II. Eévog, A. Mrmoracomovrov, I
Xapordpmwovg:

Métpnon g mbavotntag elcaymyng aclevav oe povadeg voonieiog
péow towv TEIT

X. Mrepoiung, A. Zayrag, R. Sparks:
oapakorovBnon kot agloddynon g omddoong otig Yanpeoieg Yyeiog

B. Iopvupiig:

apdyovteg mov emnpedlovv TNV VIOKEWEVIKN VYeid TOV gupOTOimV
TOAMTAV: Mol 6TATIOTIKY AVAALOT| TNG EVPOTOIKNG KOWVOVIKNG EpELVaS

I1. Kapdxog, O. Avemapns, A. Kapakog:

MeAétn emidpaong Tov focuvTovicol atov avlpdTLvo opyavicd

14



AIOOYXA B

12:00

12:20

12:40

13:00

13:30-14:30

AIOOYXA A

14:40

15:00

15:20

YTATIETIKH KAI TEXNOAOTITA
Iposdpevovosa: Toaykapn X.

L. Townepiong, A. Kapdaxog:

‘Eleyyog muepnoag  xpnomg TOL  VTOAOYIOTH  OTO.  TWAOICLOL

EYKANUATOAOYIKNG €pevvag

I. Lamprianou:

Crowd-sourced Twitter analysis: Issues of reliability and validity

A. Santourian, G. Farmakis:

Access to administrative data sources for official statistics

K. Hora:

Conjoint analysis - Epappoyn ota kivntd mAéemvo smartphones

MEXHMBPINH AIAKOIIH

EIAIKH XYNEAPIA
KOINQNIKH KAI EKITAIAEYTIKH XTATIXTIKH
IIpogdpevwv: Mryoniiong M.
L. Kyriakides, Ch. Charalambous, I. Televantou:

The contribution of schooling to the cognitive development of
education students in Cyprus: An application of regression
discontinuity approach in educational effectiveness research

M. I1. Myoniiong:

Xprion AavOavoviov LOVIEA®V KOTA T S1lEpEuVNOT TG TOPOYOVTIKNG
SOUNG WOYOUETPIK®V EPYAAEL®V

I'. Zravovong, A. TovpPa:

MeAetdvtog T oYM TOL YPOVOL OMTIKNG emfedpnong pe
VONHOGUVY GTa TodLl

15



15:40

AIOOYXA B

14:40

15:00

15:20

15:40

ANAPTHMENH
ANAKOINQXH

AM®IOEATPO 2
16:00

E. Horovactociov:

Avomdvinteg epoTNOElS o€ €EETUCTIKG SOKIpOL KoL 1] GNUACI0 TOVG
otV agoAdynon

MITEYZIANH ZTATIZTIKH-ITIPOZOMOIQXH
IIpoedpevwv: Mmvoiaong II.

S. Agapiou, D. Sanz-Alonso, O. Papaspiliopoulos, A. Stuart:

The intrinsic dimension of importance sampling

K. Mantzouni, I. Ntzoufras, M. Kateri:

Bayesian testing for association models in contingency tables using
power priors

Z. Zoowpdg, A. Mmovpvétag:

MeAétn Peltidoemv mpocopoinong HeBddov Tuyaimv dEVIpov Yo
ATOTIUNON SIKALOUATOV OUEPIKAVIKOV TOTOV

II. Moveradne:
TZAKIIOT ko1 Mabnpotikd

X. Xaporapmovg, Xt.A. Xarlomovriog, @. Kolvpa-Mayaipa, A.
AyyeMig, O. Tortodvn, X. Ilaradoroviov, Z. AvopEoTovA0V:

Axodnpoikés emdooels oto AJLO.: Eppuin dudotacn, Kowwvikr
EVOAMTOTNTO

OAOMEAEIA: AHEH XYNEAPIOY

16



KOINQNIKEX EKAHAQXEIX

[épatn 20 Azprriov 2017
Welcome Cocktail: Movogio @dracoag (Ayia Nara)
Qpa: 19:30
Hapaockevn 21 Aaprriov 2017
Exdépop: 17:00-19:00
Enionpo Aginvo Xvvedpiov

IIpoopwopodg: Lysia Restaurant
Qpa: 21:00

17



Emotnnovikn Emvtponny
Aapravod Xepdiouros, Ilovemiotiuio AOnvaov
Aovazog I'epyrog, [ovemotiuio AOnvaov
Zwypapos Koveravtivog, [lavemiotiuio loovvivov
Kaxoviiog Ocopilog, Ilovemiotiuio AOnvaov
Kapaypnyopiov Alééavopog, [ovemiotiuio Aiyaiov
Kapiijs Ayuntpirog, Owovouixo lovemoriuio AOnvav
Koovvias Xtpatig, [ovemoriuio AGnvav
Kovtpovpéing lwavvyg, Iavemoriuio otpwv
Kovpraxovong Avopéag, Xopoxoneio lovemioriuio
Mrepoiuns Zotipiog, [avemotiuio Hepoiwg
Mrovpvérag Amoerolog, [lavemotiuio AOnvav
Maowvaeradng Holvypovyg, Apiototéieio [avemotiuio Osooalovikng
Hoavayiwrarxog AnuocOévyg, Xoporoneio llaveriotiuio
Haraiwavvov Taxng, [ovemotnuia Heipaing kor lwovvivaov
IleTporovios Kwveravrivog, [lovemaoriuo [otpav
Toaxiiong I'sapyros, Apiototédeio Iovemaoriuio Osoooiovikng
Dovoxakns Ayuntprog, Mctoofero Ilolvteyveio
Doriavog Koveravrivog, Iloveriotiuio Korpoo
Xatinrvpraxovo Mz, UCLan Cyprus
Xpioropn Koetag, Teyvoloyixo Iavemaoriuio Korpov
Xpioropiong Taocog, Ilavemioriuio Korpoo

Opyovotik) Emtponn

Mavpixiov Iletpovia, [lovemomiuio Frederick
Mizietrov Nikog, Teyvoloyixo Ioavemaoriuio Korpoo
Mraéefavny Avacracia, [lovemotiuio Korpoo
Dorkiavos Koveravrivog, [ovemoriuio Korpoo
Xat{yrvpraxov Miitw, UCLan Cyprus

Xpiorop Koorag, Teyvoloyiko Iavemotiuio Kompoo
Xpiorogpiong Anuntpng, UCLan Cyprus
Xpioropions Taocog, Ilavemoriuio Kompoo

Emponi) Mpoypapportog
T'eadpyrog Hhidmoviog

18
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oTO. EAANVIKA,
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EAnviké Xtatietiké IvetitovTo
Ipaxtikd 30° TTavelknviov Zvvedpiov Ztatiotikic (2017), oer.20-34

IHAPAT'ONTEX I1IOY EIIHPEAZOYN THN
YIIOKEIMENIKH YI'EIA TQN EYPQITAIQN
HOAITQN: MIA XTATIETIKH ANAAYXH THX
EYPQITAIKHX KOINQNIKHE EPEYNAX

Iouvping Bacilelog
Hovemommuio Maxedoviag
vasismir@gmail.com

INEPIAHYH

H vyeia Beopeitar og évag kabopiotikdg mapdyovtag mov pnopei va ennpedlet oMUovVIIKE TV
gunpepia TV TOMTAV, TNV omoiol 01 KLPEPVNCELS TV KPOTMV OVIETOTILOVY pe pPeydin
cofapotnta ko avnovyio. ‘Eva onuavtikd {fmmua eivar moor mopdyovteg emnpedlovy v
KOTAOTOGN TNG VYEING TOV TOATMOV. Xg oTHV TV €pevva avalnTovvTol Kupimg KOVmVIKOL
TaPAyovVTEG, Ol 0Toi0l UITOPOovV Vo amodelyBodv Kpiciot Yio Tov Kabopiod TG KATAGTAONG
NG VITOKEEVIKNG avTIAnyMg yio v vyeio. o avtd 10 Adyo avoarvovtor dedopéve. omd Lo
HeYOAn Kowvovikn épeuva ov deEdyetatl otnv Evpdnn kdbe dvo xpovia. H épguva avt eivar
n Evponaikn Kowwviki Epegova (European Social Survey), m omoio mapéyel apketd
ONUOVTIKG GTOlXElD YO, TNV KOWMVIKY, OIKOVOMIKY Kol TOAMTIoUIKY (0N Tov guponainv
ToMTAV. Ao avtv TV épevva avalninkoy ot mo KpiGLol KOW®VIKOl, OIKOVOUIKOT Kot
TOMTIGUKOL TOPAYOVTEG OV €MMPEAloLY TNV LTOKEWEVIKY avtiinyn tng vyeios. o va
emrevyBel avtd, ypnoponodnke o otatiotikny pebodoroyia, n [opayovtikn) avdivon tov
avtiotoyudv, m omolo &yet T Ovvardtnta vo  avodelkvogl pE  €0KoAo TpOmO  TIg
Slopopomooetlg HeTal TV petafAnTdv 1/Kotl Tov TGV Tovs. Ta aroteAéopata avédeiEov
®¢ kaboplotikdTEPOVG TOpdyovieg mov emnpedlovv TV vyeio: TO €l06dNUA, TNV
KOW®VIKOTNTO, TNV KATAOAIYN, T YEVIKOTEPT tKavomoinom kot evtuyia. Eniong Ppébnke ot
Kdmolot GAAol Tapdyovteg dev emnpedlovv TV Vyein, OTMG 1| OKOYEVEIOKN KOTAGTAGT, M
Opnokeio, n KoToUKiO K.0L

AéCeic Klewoia: Evpomaikny kowvovikn épguva, Euonuepla, Yyela, Ymokewpevikny avtiinym

vyetog, Ilopayovtik) ovdAivon tov aviiotoyuwy, Kovovikoi/otkovoptkoi/moAttiopicol
TAPAYOVTEC.

1. EIXATQI'H

H vyeia Bempeitar évag onpovtikog mapdyoviog mov exnpedlel v Kabnuepvotnta
ToV avOpmmov Ko Bewpeitar kabopiotikdg Yo v a&loddynomn g eunuepiag tov. Ot
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KuPepvavieg TV YOPOV €Yovtag KaTtaAdPel TN onuovtikdTTe TG vyeiog,
poonafodv va e£0c@oAicovV TNV KAADTEPN SLVOTNH YO TOVG TOAITEG, TAPOAO OV
AOY® NG MOYKOGULOG OWKOVOLUKNG KPIiong, vmdpyovv TOAAG eumddia Yoo vo TO
netvoyovv. ‘Etol épevveg mov efetdlovv TNV KOTAGTOON NG VYEING TOV TOMTIOV
Bewpovvtal amapaitteg Kot yivovior cvyvd gite omd T 0o Ta Kpdtn N GAAovg
OPYOVIGHOVG KOl POPELS.

Ext6¢ amd TV avTIKEWWEVIKT KATAGTOON TG LYElag, M omoio glvol PETpoun He
KaBapd 1TPIKOVS OPOLE, VITAPYEL KOl 1 DVITOKEWEVIKY avTiinyn yia v vyeia. H
avTiAnym ovt) SpopPOVETOL AapuPdvoviag vmoyn kol GAAOLG TaPAyovTES Kol
KOTOANYEL GTNV EKTIUNGN VOGS 0TOHOL Yo TNV KATAGTACT TNG LYeiog Tov. To {ftnua
ov wpémel vo. gpevvnbel, givol molol mapdyoviee Umopobv va emnpedcoovy TNV
avtiinym avtr. Ot mapdyovieg avtol OT®G EYEL TPOKVLYEL OO GAAeS Epevveg, gival
KUPI®MG OIKOVOULKOT, KOWVOVIKOT Kot TOMTIOUIKOL. XT0 1edio TV EMOTNUOV VYEING, N
UETPNOT VTOKEIMEVIKOV UeYeOmV dev ypnotuonoleitor gupémg Kot &xel dobel
peyodvtepn éuoacn oe petpnoipo peyédn (Fotso & Kuate-Defo, 2005). Avto
ovpPaivel mapdho OTL VAAPYOVY ATOSEIEELS, OTL 1| TPOCHOTIKY AVTIAYN Yo TNV VYEiQ
umopel vo mopéyel evdeifelg yoo TIC SLUVOTOTNTEC TOV GLUGTAKUOTOS VYEiNG, T
Bvnootnta Ko dAdeg oyetikég pe v vyeio petofantég (Gataulinas & Bancevita,
2014), wov pmopel va eivar eEapeTKd YPOLUES.

INo va avalntBolv dedopévo mov gival GYETIKA e TETO0VG TAPAYOVTES EMAEYONKE
L0 £€PEVVO KOWVMVIKNG QUGE®S oL dteEdyetan oty Evpodnn kdbe dvo €. Eivor n
Evponaikn Kowwvikr ‘Epguva (EKE), n omoia die&dyetan derypatoAnmikd pe
OUVEVTELEEIC GE EVPMTOIOVG TOAITEC KOl TTEPIEYEL EPMTNOELS VIO TOAAL KOWVOVIKE
{nmuata. Xty mopovca gpyocia ypnotpomomOnkay dedopévo amd v £BSoun
£KdooT aVTHG NS €peuvag, 1 omtoia d1e&nydn to 2014,

Mo v avdivon tov JedoUEVEOV TNG TOPUTAVED EPELVAC, YPNOULOTOMONKE Lo
uéBodog amd Tov KAAGO NG TOAVSIACTUTNG OTOTIOTIKNG avaivong, N [lapayovtikn
Avdivon Avtetoriav (ITAA). H pébodog avtr evdeikvutar 6tav o dedopéva eivat
TOAALGV doTdoE®Y Kol O0tav Ogv Bempodpe 0Tt oo dedopéva akorovBodv pua
Beopnticn kotavoun. EmmAéov pe 1n duvatdTTa ovoTopdcToonS TOV AVIADGEDY
0€ YPOPIKEC TOPACTACELS, OIVEL o OKOUN KOALTEPT Amoyn Yy v eaymyn
GUUTEPAGUAT®V.

H ITAA ypnowonombnke omv avaivon tov dedopévav e EKE. ‘Exovtoc og kopia
HETOPANT] TNV LWOKEWEVIKY avTiAnyrn 7y v vyeia, oavalnmbnkov mwotlot
TapdyovTteg TV ennpedlovy TepliocdTepo. ATodeixdnke 0Tl 01 KUPLOTEPOL TAPEYOVTEG
ov emnpealovv v vyelo eivar To €106dNUA, T KOW®OVIKOTNTO, 1| KOTAOAWYM, M
YEVIKOTEPN TKavoToinom Kot 1 gvtuyio. Exiong Bpébnie 011 kdmolot GAlot mwapdyovteg
dgv emmpedalovy GNUAVTIKA TNV VYEiD, OTMG 1 OIKOYEVELNKT Katdotaon, 1 Opnokeia,
1N Katowio K.q.
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2. OEQPHTIKO YITIOBAGPO
2.1 Evponaiki kowvoviky épgova (EKE) — European Social Survey (ESS)

H EKE &givar pa épgova mov dieEdyetor kb 600 ypdvia oe yopeg g E.E. pe kdplo
OKOTIO TNV TPOGEYYIOT TMV GTACEMYV TV EVPOTOIMY TOAMTOV G KOWMVIK(, TOAITIKG,
Kot moAtopikd Oépata. H épguva avtr kabiepdbnke to 2002 ko n televtaio
npayuoatoromdnke to 2016. Ttoryeio dnpocievpéva vdpyovy ¢ Kol Ty 7" £kdoon
g épevvag mov mpaypatonomOnke to 2014 (ESS, 2014). H EALGOa cvupeteiye og
aUTH TN HEYAAN €pEuVa, SVGTLXMOS HOVO KoTa Ta €T 2002, 2004, 2008 ko 2010.

H épevva copmeptlopfavel opketég epOTNCEL TOV €lval KOWVEG GE OAEG TIG EKOOGELG
g Kot GAdec mov aAlalovv kabe 600 £€tn. Xty £pguva 1 HOVAde TOV EPELVEITAL
glvat to GTopo, OAAG EMTALEOV POTOVVTOL KO GTOLYXEID Y10 ATOUO TTOV HEVOLV GTO 1010
voikokvpld. Emiong ovumepiiappdvovior moArég dnuoypaeikés petafAntég, Ommc:
@O0, YOPO KOTOKIOG KOl KATOy®mYNG, MMkio, emdyysAua, Opfokevpad, TOALTIKO
KOUUO, EMINESO EKTAIOEVONG, EMIMEDD EIGOONLATOC, TOTOG EPYOCING, UEPOG KATOKIOG
(TOAN, Y®P10), OIKOYEVELNKN KATAGTACT, LOPP®GCT] YOVIDV.

H £épevva avt ovumeptlappdvet Tic TapakdTm Oepatikég evOTNTEG:
® TloMrtikn
® Yyeio

Ymoxeevikr| gonuepio

ATOYELS Y10 LETOVACTEG

Kowwmvum eumotoctivn

®©® ©®© ® ©®

Kowovikodnpoypoapucd Tpoeit
® Klipaka ovBpodnvov a&idv

o mopdderypo n 7" ékdoon tng £pevvog ywo TNV omoia vrdpyovv dabéciua
dedopéva otnVv 1otocerida http:// www.europeansocialsurvey.org/, Tpaypatonotdnke
oe 21 svponaikés yopes, eixe oelypa 40185 atdumv, 10 TOGOGTH AMOKPLONG NTAV
70% wou mepieiye 662 petapintéc-epotiocic. Ta dedopéva g épevvag avtne, Oa
avaAvBovv oty Tapovoa Epyocia.

2.2. Yyeia

H vyeia elvar o mopdyovtag mov EVOOUATOVEL TNV QUGIKT, WOYOAOYIKT 1 OO KO
TNV TVELHOTIKY KOTAoTooN €vOC LOVTOC OpyovIGHOD. ZOUG®MVA LE TOV OPIGHO TOV
dwturmdnke oto katactatikd Tov [Haykocuov Opyaviopod Yyeiog n vyelo givar m
KOTAGTACT) TNG TANPOVG COUOTIKNG, WOYIKNG KOl KOWmVIKNG gvue&log kot oyt povo M
amovcio acBévelog M avarnpiog. 'Etol Aowwdv, 1 évvola ¢ vyelag, dev amodidetal
UOVO amd TNV WTPIKT, 0AAY Kot 0md GAAOVG TapayovTES OTTmG gival To TePPAAiov, 1)
owovopia, | epyocio K.o.

22



Eivar emiong onuoavtikd va avoaeepbei 6tL oe pia €pguva 6mov (nmbnke omd
GUUUETEXOVTEG VO KPIVOUV TN GMUOVTIKOTNTO OL0POPETIKMV YOPUKTNPIOTIKOV TMOV
Lomv toug, 1 KaAn vyeia giye ) peyarvtepn Pabuoroyia (Campbell k.a., 1976).

H vyeio pmopel va extiunfei aviikepuevikd kor vrokeevikd (Diener k.a., 1989).
BéBata 1 dudkpion peta&d avTiKEEVIKNG KOTAGTAONG TNG VYEING KOl VITOKELEVIKNG
avTIANY”NG Yo TNV vyeia dev givon mavtote Eexdbapn. H avrikepevikn kotdotaon g
vyelag eivor M Katdotaon g vysiog evog atopov, OTmg puropetl va avaivbel and
évav eWdko (yuoTpd). Opmg 1 VIOKEWEVIKT avTiAnyT KAOE aTOUOV GYETIKA pE TNV
KOTAoTOOoT TG VYEING TOV, GUVOWILEL TOGO TNV AVTIKEEVIKT] KATAGTOCT OGO KOl TNV
TPOGAPUOYT TOL ATONOL 6€ avTnV (Schimmel, 2009).

2.3 Evnuepio- Well-being

H sunuepia (Well-being) sivor n katdotoon oty onoio Bpioketor £va drtopo 1 pio
opdoa, Yoo TOPASEYUO T KOWMVIKY], OIKOVOUIKY, WUYXOAOYIKY], TVEVLOTIKY|
katdotoon N katdotoon vyeiog (Diener k.o., 1999). ‘Eva ynAd eminedo gonuepiog
onuaivel 0Tt KATA KATolo TPOTo 1 aichnomn yo TV KatdoTaon Tov atdHov 1 NG
opadog eivar  Betikn.  AnAadn 1 evnuepio.  ovaQEPETOL OTIG TOIKIAEG KOl
OAANOCLVIEOUEVEG SOGTAGELG TNG PUOIKNG, TVELHOTIKNG KOl KOWVWOVIKNG EVnpepiog
mov exteivovtol TEPA amd ToV TaPadoclaKd oplopd Tng vysiog. Av kot 1 gunuepia
Oewpeitar 0TL cupmepthopuPavel kor v vyeio, pepikoi avOpwmol umopesi va Eyovv
IKOVOTTOMNTIKGA  €mimeda  gunuepiog TAPOAO 7OV €YOLV OKOUN KOl GUUTTOUOTO
yoyoroyikng dtotapayng (Schimmel, 2009).

H Evnpepio (WB) daywpileton otnv Avtikewuevikny (Objective WB), n omoia
kaBopileTor PAceEl OVTIKEWEVIKOV Kavoveov ov opilovv v koA (o1, Kol otnv
Yrokewevikny (Subjective WB), 1 omoia opiletar og " cuvoAkn extipumon g
moldttog ™G ConNe evog atduov ovupmva pe To Owkd tov kprmmpta” (Shin kot
Johnson, 1978). Zoppwva pe tov Haykdopo Opyoviopd Yyesioag (1997), n mowdtnta
g CoMg gival 1 avTiAnyn evog atdHov g GYECT LLE TOVG GTOYOVG, TIG TPOGOOKIES, TO
TPOTLTO. Kot TIG avnovyieg tov. Eivar o evpeion évvola mov emnpedletor omd
COUOTIKY VYELDL TOV ATOHOV, TNV YLYOAOYIKT] TOV KATACTOGN, TIC TPOCMTIKEG TOV
TEMOONGEIC KOl TIG KOWMVIKEG TOV OYECEIC. VYV vtootnpiletol 6Tl 1 YTOKEUEVIKN
Evnpepia anoteieiton amd ariniévdeteg cvviotmoes (Dodge k.a., 2012):

® v Ikavomoinon and t Zon (Life Satisfaction),

® 70 Oetikd kot t0 Apvntikd TuvaicOnuo (Positive Affect & Negative Affect)
Ko
® tv Evtuyia (Hapiness).

H Ixavomoinon and 1 Zon Pacileton oe allohoyikég nemoidnoelg (otdoelg) yio
Con evog atopov. Eivar po vonrikn, kpitikn dadikocio Kot propet vo vondel og po
a&loddynon g modtnrag (NG evog avBpOTOL GUUP®VE LE TA SIKO TOL KPLTHPLd.
Agv amotelel amAn aVTOVAKAGOT TOV TPAYLOTIKOV YEYOVOT®V KOl GLUVONKOV 0l
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aVTOVOKAG TN ovvoloOnuatikny didfecn Kol T YVOOTIKY €KTIUNGCT 7OV KAVEL TO
dTopo yu ta yeyovota kol Tig ouvinkeg {ong. Zoupwva pe toug Diener k.a., (1985),
N &KTiUNo” ToV OGO IKAVOTOUEVOL €lval ol AvOp®TOL [le TNV TOPIVH KOTAGTOON
toug Paciletar og éva pétpo cvykpiong To omoio Bétel o kabe GdvBpwmog Yo OV
€a0TO TOL Ypig va Kabopiletor eEmtepikd. To Oetikd kot ApvnTikd XvvaicOnpo and
mv GAAN, apopd oty agloAdynon g Ymokewwevikng Evnueplag pe Bdon 1o mdéco
guydplota kol dvodpecta cvvalstniuata Pidvovv ot dvBpwmmolr ot {wf TovC.
Emopévmg, umopel va emwbel 6Tt m Euvnuepia amoteAeitor amd 600 Otakpirég
OLUVIOTAOOEG: £va TUNUO, TO OMWOl0 OvVOQeEPETOL TOGO OV mopovcio. OeTicon
cuvaucnuotog 060 Kol OV amovcic  apvnTikoD cvvalcHfuotog, Kot €va
yvootiko/vontiko tunua (Diener k.a., 1985). H Evtuyia 1éhog, cuyvd avagépetal g
Evnpepia kot ovykekpipéva og o cuvdvacuog tng Ikavomroinong amd t Zon Kot tng
KATAOTOONG OTNV Onoiot TO ATopo Pudvel TeplocoOTEPO OeTIKG TOPE apvNTIKA
ocvvaucOnuata. Tlapd to yeyovdc 0Tl o1 EVVOIEG BVTEG AVOPEPOVTOL GE SLOPOPETIKEG
KOTOOTAOEL,, T OTEVH] €VVOLOAOYIK ovvdeon avapeco otnv Eonuepio, oty
Ikavomoinon and ™ Zon, oto Oetikd kot Apvntikd ZvvaicOnua kot otnv Evtoyia
£YeL 0OMNYNOEL OTNV EVVOIOAOYIKY] TOVE TANTION. XNV mopovoo epyacia e&etdlovTol
pnévo ot gpyacieg ot omoieg avTipet@milovy TIG TOPATAVE® EVVOLES MG TOVTOCTLLES KoL
vy 10 Adyo avtd M kébe pia pmopel va ypnotponomBel avti g GAAng. Ymapyoovv
udAioto épevveg ot omoieg kodovvtar "Happiness studies”, kot acyolobvtal pE TO
eEedekevpévo nnua tng eunuepiog (Layard, 2005).

2.4 Yyéon vysiog Kot svnuepiog

Ievikad, Oetikéc Kataotdoelg evnuepiog oyetiloviat pe KoAn katdotoon vysiog (w.y.,
Hilleras «.a., 1998; Murrell «.0., 2003; Ostir k.a., 2000). To wpoypappa ovamtuéng
tov Hvopévov EBvaov (UNDP, 2017) avagépet xapaknptotikd 6Tt 1 KaAbtepn vyeio
avéavel v atopikn evtuyio, kATt mov emPefordveror otig "happiness studies"
(Schimmel, 2009). EmmAéov o Wilson (1967) cvunépave 611 n vyeio givarl woyvpd
GUCYETICUEVT LLE TNV VTOKELEVIKT EVTIEPTaL.

QcT060 01 TOPATAVE® JTICTMGEL;, Bewpeitor ATl 1oYVOVY WG €M TO TAEIGTOV GTIC
VTOKEIUEVIKEG avTIANYELS Yo Trv vyeia (George & Landerman, 1984; Larson, 1978;
Okun, k.a., 1984). H cvoyétion vyeiog kot evnuepioag e€acbeviler otov eEetdlovtal
a&loroynoelg g vyeiog and yiatpovg (Watten, k.a., 1997).

A76 t0 Topamdve, kpidnke avaykaio va avaeepbei xoplotd 1 oyéomn g unuepiog
HE TNV OVTIKEWEVIKN Kol VTOKEWEVIKY] KATAGTAOT TNG vyeiog, kabhg paiveTar OtL
ovoyetilovtal pe SLPOoPETIKO TPOTO LLE TNV ELNUEPIAL.

®© H avtikelpevikn Kataotoot vysiog sivat BETIKG GVGYETIOUEVT LE TIV OTOUIKN
evtuyic. Appmdotieg mov pmopel va kotoain&ovv kol og Bavoto, 6mwc o
kapkivog, o HIV/AIDS, n nrotitida kot acBéveleg mov datapdocovy
OTUOVTIKG [0, OMOAT AELTOVPYiO. TOV avOPOTIVOL GMUOTOC, YEVIKO £YOVV
apvnTikn enidpacn oty gutuyia (Diener kou Seligman 2004, o. 13). [Mopoia
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avtd avtq 1 cvoyétion givar yaunAn, TOOVOV AOY® TNG TPOGAPUOYNG TOV
avBpomov oe avtég Tic acBéveteg (Layard 2005, 6. 69).

® Avtifeto 1) VTOKEWWEVIKT avTIANYN Yo TNV KOTAoTooN NG vyeiog, ocuvdietat
UE TPOTO OTOTIOTIKA ONUOVTIKO HE TO aicOnuo g evtvyiog, ’xabog
oLVoWYilel TOCO TNV OVTIKEWWEVIKN KATAGTOOT OGO KOl TNV TPOGOPLOYH TOV
atopov og avtiv ©° (Schimmel 2009, 6.101). Ot vevpotikol dvBpwmot, yia
TOPASELYLLO, OVAPEPOVY TEPIGGOTEP OVOTVEVGTIKO TPOPANLOTA, ApoD £)EL
dwyvootel n acBéveld tovg, amd 6Tl oto mopeABov (Diener k.o 1999, o.
287). Avti n petoPAnt) mepthapPdvel Kot T QLCIKN KATAGTOOT KOl TNV
SLUVUCONUOTIKY TPOGAPUOY, TPAYUE TOo omoio &&nyel ywati éva dtopo
a1c0dvetot KoAd, mapd to yeyovog 0Tl mhoyel ond po coPapn acbévela, Kot
YTl 0oBAvVETAL AoYNLLOL OV KO OVTIKELUEVIKA £XEL KOAT VYEia.

TTapdAinia Ba mpémel va, AGBovpe vTOYN HOG KOTA TNV ovaAvoT, OTL 1) GYECT TTOV
ouvdéel TV vyelo kol v gutuyia elval apeidopoun (Xtpatovddkn, 2011). Aev
emnpedler poévo 1 vyeio TV evtuyic, OAAG Kol TO OVTIOTPOPO. ATOUO 7OV
aofdvovTol  EVTLYICUEVO.  KOL  GULVETMG  alolddofo Kol  UE  TEPLOCOTEPN
avtonemoidnon, ovienebépyovial kaAvtepa oTo mpoPAnuato vysiog kot (ovv
neplocdTEPO amd Atopo wov aicBdvovior Arydtepo evtvuyiopéva (Schimmel 2009,
6.102; Layard 2005, 6.23; Diener kot Sheligman 2004, ¢.14).

25 ITAA

H moapoyovtikn avéivon tov oviiotoryidv, 1 omoia gival 1 TAEOV Sl0d0ed0UEVT Kot
Mo onuovtiky pebodoroyia amd TIc pEBOdOLE TNC ovailvong dedouévev, NG
OIKOYEVELNG TMV TOATOPOYOVTIK®DY UEDOd®V, £YEL (OC KVPLO YOPAKTNPIOTIKO TNG, TNV
amovcio a priori Topadoyng OTL To dedopéve akoAovBovv o BempnTiky KaTovoun
(Benzecri, 1992). Mg avtdév tov 1poémo, To dedopéva epUNVELOVTAL LOVO Oomtd N
GUUTEPIPOPE, TTOV EMOEIKVOOVY KOl L0 CTUOVTIKY £KQPOOT] GVTNG TNG EPUNVEING
glvar 1 ypaowk tovg avoamapdotaor. Eeapudletar oe dedopéva KOTNYOPIKOV
petafintaov, oAAd emiong oe dwretaypéva (Omwg KAlpoakeg a&loAdynong) Kol o€
MOGOTIKEG LETAPANTEG, Ol OMOiEC UTMOPOVV VO LETACYNHATIOTOOV O KOTNYOPIKEG.
Baowkég tpotmobécelg epappoyng g nebodov, eivar n dmapén evog mivaka Oetikdv
aplBumv kKot emmpocheto OTL To TPOPIA TOV YPOUU®V 1) CTNADV TPETEL V. £XOVV
vomuo (Lebart x.o., 2000). ITo cvykekpyiéva, TPEMEL OL TYEC TOV UETOPANTOV Vo
unv eivar opynTikég Kot o Tpo@il (ov €ivol o1 GYETIKES GLYVOTNTES) VO LITOPOHV Vo
vroloyiotovyv. [Ma va emtvyel 1 péBodog T YPAPIK OVATOPAGTACT TG GYEONS
petald dvo 1 mePocOHTEPOV PETAPANTOV, YPNOOTOLEL OTOlXElD GO TN YPOLUIKN
dlyefpa kol ™ yeopetpia, £Qopuoloviag TEXVIKEG GAAOYNG Kol EAATTOONG TOV
Ol0OTACEMY TOV OPYLKOD SVUCUATIKOD ¥®Pov TV dedopuévav. [a m pétpnon g
0moOGTaONG avapEse oTa onpeia, ypnowonoteiton 1 petpuchy X2, Tow {ntovpeva g
aviivong pe v IMAA eivor n eyydtnte Tov onueiov ypouumv, n €yyovtnte tov
onueiov oTNA®V, N €yyOLTNTO. TOV GNUEI®V KOl 01 GYEGEIC GUVOEST|G LETOED YPOUUDY
kot otnAdv (Lebart «k.a., 1984).
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Opilopéva oNUOVTIKG TAEOVEKTNUATO TOL TPOKVTTOVV Atd TNV EPAPUOYN TNG, £ival
Ta &N

e To telikd amotéhecpo mopovoldleTol Kol HE TN HOPON MG EKOVOG
(Ypoping mapdotacng), divovrag £tol T duvatotnta vo e&aybovv, e mo
€0KOAO TPOTO, YPNOILO CUUTEPAGLOTO Y10 TI CUUTEPIPOPH TV OESOUEVAV.
AOY® avTAG TG WOTNTAG TG, Bepeitan 0md apKETOVS EPELVNTES KOL MG LLdL
TEPLYPAPIKN PLEBOOOC avaALONG TV OESOUEVDV.

e H emtoktikn ovaykn yi €pevvo Tov Kuplapyel 6Tn cLyYpovn olKovouio,
1010{TEPO GTO TANIGLO TOV KOW®MVIKAV ETIGTNUDV OTOL LIAPYEL U0 GUVENNG
po1 TANpoeopldv, kKabiotd v [TAA éva ypiowo epyodeio, kabhg pmopel
VoL OVOADGEL AKOLUT KOt TOAD PEYEAO YKo dedoUEVDV.

e Toa dedopéva mov encEepyalovror pe v ITAA €yovv kvpimg moAvdidoToTo
YOPOUKTNPO KOl KOTAYPAPOVTAL GE TIVOKEC TOAGDV dlocTdoe®mv. AvTtd TO
YOPOUKTNPIOTIKO, TNG Oivel TOALN TAEOVEKTALOTA GE GYEOT WUE TIG HEBOOOVG
Mg KAUGIKNG GTATIGTIKNG.

o Onwg avapépetor otovg Lebart k.o. (2000), to amotélecpo g EPAPUOYNS
g [TAA £€yet mo1oTikd dpeAog, AOY® TOV OTL TO GTOTIOTIKO VAMKO UETH TNV
avdAvon €xel avaybel ot SOUIKA TOL YOPAKTNPIOTIKA, OAAGL Kol TOGOTIKO
O10TL £YEl GLVOYIOTEL OAOKAN PN I TANPOPOPIa.

3.MEOOAOAOI'TA

Kvprog oromog g epyaciog NTov 1 avalinon Tov onUOVIIKOTEPOV TOPAYOVIMV
oL €MNPeGLOVY TNV VTOKEWEVIKY OovTIAnym vy v vyeio. Me ) Ponbeia g
[Mopoyovtikng avaAvong TOV aVTIGTOL(LMY, ETOIOKETAL 1] OVAALGOT TV 0e00UEVOV
g épevvag ESS ko m avaxdioyn tov petafintdv mov davnke 0Tl ennpedlovv
MEPIGGOTEPO TNV VIOKELEVIKN ovTiAnym Yo tnVv vyeio. Ta dedopéva enelepydotnkay
Kot ovolvOnkay pe ™ Pondela tov Aoyioputkod SPSS kot MLA.D.

H epdnon yio TV vToKEYEVIKY] KOTAGTAOT TNS VYELNG TAV 1] TOPOKATO:

® “Tlow eivor m katdotoon g vyeiog cog yevikd; * Tiwég petafintig: 1:
TOAD KOAN-5:TOAD KOKT).

Ta «Oplo yopoktnpotikd TV anoteleoudtov ¢ I[MAA xor to  onoia
YPNOUYLOTOLOVVTOL OTIG AVAADGELG TOL 0KOAOLOOVV, Elval TO TOPAKAT®:

e H adpdveln otnv [TAA, glvar éva péTpo TG amdoTAONG TV TPOPIA YPUUU®OY
(1 omAdV) amd 10 Péco mPOPIA Tovg. Atopopetikd, sivor 1 EKEpacn Tov
T0G00TOD SLOGTOPAS TV CNUEIMV-TPOPIA amd TO KEVTPO BAPOVG TOLS, Gpa
0G0 LEYOADTEPO Elval OWTO TO TOGOCTO, TOGO TEPIGGOTEPO Eeympilovv ot
TG HeTa&d Ttoug (OnAadn TOGO UEYOALTEPN €ivol KAl 1 doTopd TV
ONUEIWV GTO YDPO).
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o Acikmg epunveiog (CTR): elvar o deiktng mov datvamvel katd mdOG0 TO
onueio mov avoiveral, cvuPaiiel otn dnpovpyia Tov a&ova. Emidéyovton
¢ onuavtikotepa, Ta onpeio pe peyoivtepo CTR.

e To mpoto mapayovtkd enminedo: Eival dvo gvubeieg kabeteg peta&hd tovg, mov
KAToypapovy TanTtdYpova T ovveon dvo tdoemv (Yoti copmeptiapupdvovy
tov 1o kot 20 mapayovtiko agova).

e Ta xOpa {nrovpeva g avdAvong, eival 1 yydTnTa TOV oNUEIOV YPOUU®OY
kot otniov. Emopévog onueio mov Ppiokovrol Kovid, onpaivel 6t xovv
TOPOLOLN YOPOUKTNPLIOTIKA GE GYECT LE TIG LETUPANTES TTOL OVOTAPLGTOVV.

4. AIIOTEAEXMATA
4.1 Ileprypa@ikd 6TATIOTIKG

O IMivakag 1 omewkovilel 10 mOGOGTO TV ATOUOV oVl KAGOM NG UETOPANTAG
“Yrokeevikn Katdotoon g vyeiog’’.

IHivarag 1. Kotovous ooyvotitwv DTOKEUEVIKNS QVTIANWIG VIO THY DYELQ

Yrokeyueviki kotdotoon vysiog|Amoi.coyvoTnTa ZYAETIKI oVYvOTNTO
[ToAv xaAn 9.727 24,24

KaAn 17.059 42,50

Métpra 10.251 25,54

Koxn 2.534 6,31

[ToAv xaxn 565 1,4

X0voro 40.136 100

Amd tov mapondve mivaka glvatl capés, 0Tt mepinov 65% TV atdpmv Egovy INAMGEL
OTL £YOVV KOAN KOl TOAD KOAN KATAGTOOT VYEIOS, KATL TOL oNUAivEL OTL 1] KOTAGTOON
VYELOG TOV EVPOTAIOY TOMTOV gival 68 apKeTd KaAd eminedo.

4.2 Avalvon pe v ITAA

Amo Vv avdivorn mov mponynonke pe OAeC TIG UETOPANTES TOL EPMTNUATOAOYIOV,
dwmotodnke OTL OKT® WUeTAPANTEG €MNPENCHV TEPICGOTEPO TNV VLTOKEWEVIKY
avtiinym  yw v vyelo.  Apyikd mopovclalovial  KAmOowW  GLYKEVIPOTIKA
OTOTEAECLATO KOl LETEMEITO TAPOLGCLALETOL EVOEIKTIKA 1 OavAAvon piog povo
peTafAnTig (Tng ovyvoTNTUG KOWVOVIK®OV ETAPAOV).
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Axoiovbel o Ilivaxog 2 mov wapovotdlel TNV adpAVEI TOV OVOADCEDY TOV OKTD
petafintov (ovtdv mov dwmotddnke 6Tl ennpedalovv MEPIGGOTEPO TNV KOl TNG
VTOKEEVIKNG OVTIANYNG Yo TNV vyeia.

Iivakxas 2. Adpdveio, twv avaldoewv OKT® UETOLANTOV Kol THG UTOKEWUEVIKHG
avTiAnwng yio. Ty vyeio

i Adpavera

Merapintéc
XuvvolKi % 1ov G&ova % 200 a&ova

Kowwvucés emapég 0,61 78,6 18,4
Ikavomoinon amod ) {on 0,16 79,8 16,6
Evtuyiopévog 0,17 77,2 19,1
Acodleln 0,08 80,2 18
Kotavdimon ppovtov 0,01 72,5 24,4
Xoyvotnta KomviopaTog 0,01 73,7 23,5
YUVOMKA ~ dTopd  OTO 0,05 90,8 7.9
VOIKOKVPLO
Ewcoonua 0,07 95,5 3,5

AxoAovfel n avaivon mov éywve pe ™ pébodo ITAA, ywo ™ petapint ‘Iléco cuyva
GLVOVTATE GE KOWMVIKEG EKONAMGELS PIAOVG, GLYYEVEIG 1] GLVASEAPOLS GO,
o H gpmton avtn €xel Tpég amd 1:Iloté—7 Kabe pépa

O mapokdro Ilivakoc 3, moapovcidlel tovg Ogikteg epunveiag g TPEYOLGOG
avédivone. Ta CTR mov éxovv peyardtepn Ty omd 10 péEGO Opo (mov €dm eival
1000/5=250) kot Bepodvtal TO GUAVTIKY, TAPOVGIALOVTOL UE EVTOVA YPAUULATO.

IHivarxag 3. Acikteg epunveiog s aveloons twv UETOSANTOV THS KOIVWVIKHG ETOPHS
KO THG DTOKEWUEVIKNG OVTIANWHG Yia. TV vY&Eio;

Ymok.kat.vygiog log GEovag 20g G&ovag

T petafa. SuvTETAYUL. CTR ZUVTETAYUL. CTR
IToAd koAn 0,440 0,208 -0,418 0,387
KoAn 0,170 0,056 0,122 0,06
Métpra -0,309 0,110 0,329 0,258
Kaxn -1,075 0,329 -0,276 0,045
[ToAD koxm -2,166 0,297 -1,384 0,251
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AT TNV EMA0YN TOV OTUOVTIKOTEP®V onueiov pe Bdon to deiktn CTR, axolovbovv
Ta onpavtiKoTEpa onpeio ava dEova otovg [Mivaxeg 4 ko 5.

Iivaxag 4. Xnuovtxotepa onueio ave acova -1°° alovag

Metafintéc PovreTaypéveg CTR
Koaxn(Ymok.xat.vy.4) -1,075 0,329
[ToAv xaxn (Ymok.kat.vy.5) -2,166 0,297
IToté (IT660 cuyvd cvvavtl) -2,351 0,480
IArydtepo and pnvo(Iloco cuyvd cuvovt2) -0,945 0,328

21OV OVOTEP® TIVOKO TOV TEPLEXEL TA ONUAVTIKOTEPO onueia tov 1°° d&ova, gival
cOQEC OTL TO GTOMOL L€ KOKN VITOKEWEVIKY KATAOTOOMN VLYElNG, €youv Ayotepeg
KOWOVIKEG €MOQES, KOOMG Ta onueion mov ameikovilovv ovtég TIG TIHEG TOV
LETAPANTOV gival KOVTE, OTMG PAIVETOL KOL OO TIC GUVTETAYLLEVEG TOVG.

Hivakogs 5. Xnuavukotepa onueio avé aéova-2° aéovag

MeTopintéc P ovTeTaypéveg CTR
MoV xaxn(Ymox.Kot.vy.5) -0,418 0,387
Métpro Y mok.kat.vy.3) 0,329 0,258
[Toté (I1660 cuyvd cvvavtl) -1,328 0,316
Mia popd to pva(lloco cvyva cvvavt3) (0,488 0,227

Ytov Ilivake 5 mov omewoviler ta onuavtikdtepa onueio tov 2% déova,
mapoTnpeitat 6TL Ta dTopa OV dNAwoay OTL iyav TOAD KoK Katdotaon vyeiag, o
cuvavthinkay pe Kavévay, eved 060l giyov AYeG GYETIKA GUVAVTNGELS ONAMGAY OTL
elyav pérpro vyeio. Ta amoteléopata avtd givorl avaloyo pe tov 1° GEova.

To 1° mapayoviikd didypappa okorovbei oty Ewodva 1. Zto dibypoppo avtd
Qoivetor OTL VTApYEL o pueYOAn oAAniegaptnon tov petafintov, m onoia
TPOKLATEL Od TNV EYYOLTNTA CLYKEKPUEV@V onueiwv. ITo ovykekpéva, avtol Tov
IMADVOLV OTL GLUVOVTIOHVTOL GLYVOTEPO UE YVOGTOVG 1 PIAOVG, ONAGVOLY OTL €YoV
Kol koAvtepn vyelo. Amd v GAAN, avtol Tov g cuVOVTIOHVTOL TOTE PE GAAOVC,
dNA®VOLV OTL £XOVV TOAD KOKN VYEia.
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Ewova 1. 1° mapayovtikd erinedo

Row and Column Points

Symmetrical Normalization

Dimension 2
0

2

Iiat popd 1o WV

. o . METpIx )
AOTERD OTTO KABE Ao . -‘ e, Kahr
MoAMES PopEC TE £V
0 Min (popi Trv epSopdsS
~  Mohhég gopég peoa oT0
Kakr KaBe pEpad .
Moid kaAR
”‘“éul'lr.?u..??tl KaKh
T I I
-3 -2 -1 0
Dimension 1

_ Moo guywd ouvavTIETTE JE
L pihoug, cuyyeveig f
ouvadEpgoug;

L)y rokaevikh vevikh uveix

Ot oNUOVTIKOTEPEG UETAPANTEG-TTOPAYOVTEG TTOV EMNPENCAY TIV VTOKEUEVIKT LYELQ,
mapovcidovror otov [ivaka 6 pe T Hopen EPOTACEMV KOl ATOVINGEWDV.

Ilivakag 6. Znuovtikotepes UETOPINTES Yl TOV ETNPEOCUO THS UTOKEWEVIKNG
KOTAOTOONS TS VYELOG

Epotpo

ITowot £xovv KOAVTEPN VTOK. VYELQ

opepa;

Kavovtag pia yevikn ektipmon, 1éco
IKOVOTTONLEVOG/T €i0TE YeVIKA pe TN {on cag

IAVTOL TOV €lva L0 IKAVOTOINLEVOL
omd ™ {on Tovg

1660 cuyVA CLVAVTATE GE KOWVOVIKEG EKONADCELS
piAovg, ouyyeveic 11 cVVASELPOVS GO, GAAOVC

OG0t cuvavTIOVVTOL TO GLYVE UE
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[Moco acpaing vidbete — ) Oa vimbate — Ocot aicBdvovtal To acPaAeig ot
MEPTATAOVTOS LOVOC/N GAG OTN YELTOVIH GOG OTOV  [YELTOVIA TOVG
GKOTEIVIAOEL,

1660 cuyva KoTAVOA®VETOL GPOVTO. Kot Aoyovikd;[Ocotl KaTavaldvouy TepIocoTEPO
PPOVTO, KO AXLYOVIKEL

IT6c0 To1yapa KOTOVOADVETE; Ocot kanvilovv Ayotepa torydpa
[Moca dtopa péEvouv Guvolkd 6To id10 Ocot pévouy pe TeEPIGGOTEPO ATOLLO
VOIKOKLPLO;

[Toto eivat To GLVOALKO €GO OADV TV peEA®Y [Oc01 £yovv peyadldTepo 1600
TOL VOIKOKVPLOV;

Z€ YEVIKEG YPOUUES, TOGO ELTLYICUEVOS/M B Ocot vidBouv 1o sutuyicuévol
Aéyote OTL gloTe;

5. XYMIIEPAXMATA

H mapovoa épevva ypnoiponoinoce dedopéva omd Hio €VPOTAIKY EPELVA, OV
mpaypatomodnke oe éva Oetypo 40185 «katoikwv evpomaikdv yopov. Ot
UETAPANTEC-EPMTAGES  TNG EPELVOAG NTOV KVUPI®G OIKOVOUIKOD, KOW®OVIKOD Kol
TOAMTIKOV TEPLEYOUEVOD. Baoikog okomog NTav vo epeuvnfodv ol onUovTIKOTEPOL
TOPAYOVTEG OV EMNPEALOVY TNV VTOKEWEVIKT KATAOTOON TNG VYELNG TV TOAIT®V
aUTOV. ATO TV TOPOTAV® aVAALGCT), JWTIGTOONKE OTL OPIGUEVOL TOPAYOVTES
oyetilovtol GUECH HE TNV VTOKEWEVIKN avTiAnym ywoo TV vyeio TV guponainy
TOAMTOV.

"Hrav d1axpttd 6Tt S1atpopiéc cuvnieleg OTTC 1 LEYOADTEPT KATAVAAWDGCT QPOVT®V
K0l TO AYOTEPO GLYVO KATVIGHO, EVVOOLV TN SUOPe®On KaAivTtepng vyeiog. H mo
vylewn Swtpopn eivar €vag mapdyoviag mov PEPora emnpedlel TV OVTIKEUEVIKN
KOTAOTAOT TNG VYElog, OAAG JWmIoTOONKE OTL KAl 1 VTOKEWEVIK KOATACTOON
EMNPEACTNKE & LEYAAO Pabuo.

Emmdéov avOpmmotl mov dMAmoay 0Tt givarl mo wkavomompévol and ™ o1 Tovg Kot
O gVTLYIoHEVOL, ONAmoav OTL giyov kot KoAvTtepn vyeio. Avtd givor Aoywkd Kot
VITAPYEL Ui appiopoun oyéomn HeTa&d vysiog Kot vtuyiog OTmG TpoavapEpOnke oty
Topaypaeo 2.4.

H xowavikn évtoén tov atopmv eival évog akoun mapdyoviag mov cuviehel omn
SLHOPP®ON KAADTEPTG KATACTOONG VYENG, OTMG TPOEKLYE AOd TNV  OVIAVOT TV
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dedopévav antng g épevvoc. Exet avaeepbei and tov Elo (2009), 611 ta dropa wov
£€YOVV EVPVTEPO KOWMVIKO S1KTLO, EDVOOVVTOL GE YUYOAOYIKO EMIMESO KoL oLTO givot
KATL TOV BEATIOVEL KOl TIV VITOKEYEVIKT] OVTIANYT Yo TNV vyeio. Xe TOAAEG Epeuveg
vyeioag €xel avapepbei 6TL apkeTol Tapdyovieg Tov oyeTilovial Pe TNV AVTIANYM Yo
g vyeiag givar yoyoroyikoi (Gataulinas & Bancevica, 2014).

H aocedieia mov vidvBouv ot dvBpwmol GtV TEPLOYN-YEITOVIA TTOV KEVOLV, NTAV
GAAOG €VOG TAPAYOVTOG TOV EMNPENCE CNUAVTIKA TNV VTOKELEVIKN avVTIANym Yo TV
vyein tovg. ITo ovykexpipuévo To GTope TOL OloOAvVOVTAY MO OCQOAT, Eiyov
KOADTEPT AVTIANYN Y1 TNV KATAGTOOT TG VYELNG TOVG.

To ynAotepo €1060Mpa gvvoet T Peltioon TG VITOKEEVIKNG VYelag Kot auTtd €xel
kataypagel oe apketég €psvveg (Prag x.o., 2013). Eivar coagpég 6tL dtopo e
HEYOADTEPO €100OMUE, UTOpOVV va eEacpalicovy kaAdTepeg cuvinKkeg mepiBaiyng
KOl OVTILETOMIONG TOV 0cOeveldv. Xe vtV TNV €Ppyacic. TO0 omOTEAEGHO TMTOV
TOPEUPEPEG, POV TO ATOUO UE UEYUAVTEPO GUVOAIKO OIKOYEVEIOKO ELGOOMUAL,
dMAmcav 0Tl &rovv KaALTEPO emimedo vyelag, o oyéon e ekeivovg mov eiyav
YOUNAOTEPO EIGOONLOLTAL.

ABSTRACT

Health is considered a significant factor that can affect seriously citizens’ well-being, which
the governments of all countries deal with great seriousness and concern. An important subject
is which factors affect the state of health of the citizens. In this study there are examined
mostly social factors, which can be proved crucial for the definition of the state of subjective
perception for health. For this purpose, data from a big social survey that is conducted every
two years in Europe, is analysed. This survey is European Social Survey (ESS), which
provides many important aspects for the social, economic and cultural life of European
citizens. From this study, the most important social, economic and cultural factors were
researched, in order to discover which affect the subjective perception for health. To achieve
this, a statistical methodology was utilized, Correspondence analysis, which has the potential
to designate easily the differentiations between the variables or/and their values. The results
proved that the most determinant factors affecting health are: income, depression, general
satisfaction and happiness. It was also derived that some other factors do not influence health,
as marital status, religion, domicile etc.

Keywords: European social survey, Well-being, Health, Subjective perception for health,
Correspondence analysis, Social-economic-cultural factors.
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Hpaxtind 30°V Havehhnviov Luvedpiou Ltatiotxic (2017), oeh. 35—43

KATANOMH TOY EAAXIXTOY KAI TOY
METI'TXTOY AIIO TYXAIO APIOMO TYXAIOQN
METABAHTQN

Mavaywntne Mrourotdeg, Mdexoc B. Koltpag
Tuhua Ytanotxhc xou Acgahotixic Enotiung, Hovemothiuo Iepoue
{pbobotas, mkoutras}@unipi.gr

ITEPIAHYH

Yty epyaoio auth yivetonw UeAéTn TG xatavourc Tou elayiotou xan Tou peyloTtou dtav o
aprduog TV cuVEY®Y xou YeTXwY TUY WY PETUBANTOY Tou delyuortog elvan Tuyala eTaBAn-
. LNy nepinTwon Tov T0 GTARLYHA TNE XATAVOUNE TOU dplduol Twy Tuyolwy HETOPBANTOY
TOU BElYHATOC EMUTEENETAL VoL TIEPLEYEL TO UNBEV 0dNyoluacTe oe TpoAfuata To omtolo dev €-
youv yehetnidel cuotnpatnd ot Bifhoypaplo. Xtnv nopodoa epyacio, divovtal ol ponég, ot
ouvopthoel emBlwong e xou oL CUVAPTAGELS XVBUVOU TWY XATAVOUDY TOU ToREYOVTOL.
Télog, yiveton e@apuoYY TWV ATOTEAECUATWY OF CUYXEXPWEVES XATAVOUES.

Aékeig khadid: poviéha avdhvong emBlonong, xatavouée uixtod tonou, Lehmann-type al-
ternatives xotavopés, euputeupévn oe Moapxofiavy ahuoida Tuyalor peToBANTH BlwvupXoL
tonov

1. EIXATQI'H

‘Eotw X1, Xs,..., XN tuyalo Selypo evog tuyaiou oprduod cuveydv ety
Tuyaiwy peToBAnTY and ula xatavour) Fue muxvétnto mdavotnrog f, dnAody| to
N eivar tuyaior petoAnTh (VeTixddv oxepoiwy) amd dtoxptt| xatavoun ue YEVVATeLa
mdavétntac Py(2) = E(2Y). ©étouue

X(l) = min{Xl,Xg, e ,XN} nou X(N) = maX{Xl,XQ, ooy XN}.
X Bihoypaglo €xyouy eugavio tel apxetég epyaoieg 6mou €youy uehetnlel oL cuvop-

Thoelc xatavopric Tou X (1) B/xu tou Xy, vl xatavopéc Tou N pe P(N = 0) = 0.
Ye autd 1o TAalolo Loy lEL OTL

Fx, (t)=1—Px(1—F(t)) xau Fx,, () = Py(F(t)),

avtiotoya. Evbextind avagépovtan ot epyaotes twv Adamidis and Loukas (1998),
Kus (2007), Tahmasbi and Rezaei (2008), Chahkandi and Ganjali (2009), Barreto-
Souza et al. (2011), Morais and Barreto-Souza (2011), Louzada et al. (2011), Lou-
zada et al. (2012), Tojeiro et al. (2014), ot onoleg ypnowonoteiton yia Ty F eite
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n exdetiny, elte 1 Weibull xatavour), eved yia tnv N yenotdomolodvTal 1 YEWUETELXT,
1 x6hovpr Poisson, n Aoyapuduxy|, 1 1 x6hovern power series xotavour|. To mopa-
YOUEVA JOVTENX OTIC TORATAVL EQYUCIEC TEQLYPAPOUY TEOBAAUOTA, YLo THUEAOELYUL
oe poviéha avdhuong emBlwong, 6mou 1 acToylo HlIC CUGKEVHC TROXUTTEL AMd TNV
TEOLGTA EVOC oy VG TOU opluol ENATTWUATIXOV EUPTNUATLY Tou Wlou eldouc. H
Baowh unddeon mou yiveton oo wovtéha owTd lvon 6TL ylo vor UTdipEet oo Toyla TNg
cLoxeLHC Vo TEETEL VoL EUPAVIGUEL TOUALYIGTOV EVal EAATTWUATIXNG EEXRTNUAL.

Ané tny dAAN Thevpd, oe TEOBAAUATA TEOANTTIXO) EAEYYOU GUVTHARNONG CUCTI-
HdTov, elvon SuVATOV vor unv LTdEEEL xdmolo eEdpTNUo Tou Yol YEELG TEL CLUVTHENOT),
OTOTE XAl O YPOVOS GUVTYENONG Tou cUC THUATOS elvon undév. To yeyovog autd umo-
eel va evowpatolel 670 YOVTEAO ETUTEENOVTOC TO GTAPLYUR TNG xatovourc tng N
vo teptéyet o 0. Edv undplouv eoptAuata mou ypewdlovtar cuvthenorn, N > 0,
T0 X(1) elvor 0 eNdyioToc Ypdvoc cuvthipnong TwY eCupTnudtwy xou to Xy ebvot o
HEYIOTOC YPOVOS cLVTHENOTS TwV ELUETNUETWY (dpat xaL 0 PEYIOTOS YEOVOC YLoL TNV
TAREY ETAVORELTOUEYIX TOU GUG TAUOTOG). TNV Tapoloo epyasio yivetal uehétn Twv
XOTOVOUOY TOL Ehayiotou xou Tou peyiotou dtav P(N = 0) # 0. Ilpoc authv v
xateduvon opllouue

T, =< Toxn T =< ’ (1)
X(l)a N >0, X(N)a N >0,

YLoL TS OTIOLEC TPOXUTTOLY oL UixToV TUToU xatavoués (mixed-type distributions)

FTl(t):{P(N:O)>O, t=0,

1-P = )
— Py(1- F(t)) + P(N =0), >0,

ol

_[P(N=0)>0, t=0,
Fr,(0) = {PN(F(t)), >0,

HE TUXVOTNTES TWIOVOTNTAS

[Py =0)>0, t=0,
)= {P;V(l — F(1) J(), t>0,

ol

P(N:;))>O, t=0, )

(1) = {P&(F(t ) (), >0,

avtiototya, ye Py (z) = dPn(z)/dz.

Yty Evotnra 2 divovton tor xUptol amoTEAEOUOTA TNG EQYACTUG VIOl TNV XATAYOUN
Tou elayioTou xau Tou peyloTou, eve oty Evotnta 3 yivetouw egopuoyy twv anote-
AEOUBATOV GE CUYXEXPUEVES XAUTAUVOUEC.
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2. KTYPIA AIIOTEAEXMATA

And tov oplopé e yewhtptag mdavotntog e N woyel 6t Py (2) = > 020 ) oy 2”
(v 10 otrprypa g N ebvon tenepoouévo Yo elvon menepaopévo xon o TAROC TwV
bpwv Tou adpoiopatog) ye

oo
ar=P(N=r), r=0,1,2,..., xu Zar: 1,
r=0
onéte and ¢ oyéoelg (2) xou (3), v t > 0, npoxintel bt
o o
Pr(t)=1-Py(1—F(t)+P(N=0)=> ar— > ar(1-F(t) + o
r=0 r=0

=g+ i arGﬁl)(t) (6)

r=1

prfel

Fry(t) = Pn(F(1)) = Y an(F ()"
r=0

= qap + i arGg,Q)(t) (7)

r=1

6mou Ggl)(t) =1—(1—F(t))" eivou n ouvdptnon xatavounic e eNSYLOTNG Topo-
menone tuyaiou delypotog peyédoug r and tny xatavour Foxou G (t) = (F(t)"
elvon 1 ouvdptnom xotavouhc e PEYIOTNG TapaThenoNg Tuyalou delyuatog ueyé-
Youg r amd Ty xatavour| F. Xtn Bioyeapio ol Gy G AVUPEROVTAL XL (G
Lehmann-type alternatives xatavopée, BAéne Lehmann (1953), eved yio tn ouvé-
YEWL, IO CUYXEXPIEVD, Yo avapépovton we Lehmann alternatives xotavouég tomou
I xou tomou II , avtioTorya. XnueldveTon OTL €8V yia Yo cLVAETNOT xoTavoUhc F
Yewproouue tov éleyyo unodécewy pe Ho : X ~ F (), oL OOYEVEIES XATAVOUWY
Lehmann alternatives timou I xan tOnou II mpoxinTtouy W oL XaTaVOPES TV EVah-
oty unoVéoewy Hy 0 X ~ 1 — (1 — F(2))?, ye p # 1 xou Hy : X ~ (F(x))?,
avtiotoya. Tétoleg unodéoelg yenoonooivial cUVATKS GTNY TEPLOYY| NG LTa-
TIoTWXAC dovTelonoinong xou tou Mtatiotxod Eréyyou Iowdtnrog yio tn pehén
NG oY 00C DLEPORMY UN-TUPAUUETEIXWY Oy PUUUATWY EAEYYOL, BAéne Gupta et al.
(1998), Gibbons and Chakraborti (2003) xou Hollander and Wolfe (1999).

Me Bdon tic oyéoeic (4) xau (5) xou ) oulftnon mou axohovdel tic oyéoeic (6)
xou (7) oyetnd pe tic Lehmann-type alternatives xotavouéc npoxntel 1o eTOUEVO
ATOTEAECUAL.
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IMeétaon 1. Eiv T =T, T = Ts énws otnr (1), téte n katavoun tov T eivar pia
HikToU tUmou katavour] pe Jetikr) ovvdptnon mdavétntas oo 0, fr(0) = P(N =
0), evdd yia t > 0, n fr(t) exppdletar ws ypaupukds ovvévaouds Lehmann-type
alternatives katavoudy ue Oetikols ourteAeotés mou apoilovv o€ Tiun HikpOTEPN
TS povdodag, onAadn

o
Jr(t) = Zargr(t)a t>0,
r=1
omou
o0
a,=P(N=r), r>1, pue 2204T<17
r=1

B r(1—F@) ' ft), avT =Ty,
)= {T(F(t))’“‘l [, wT-T

Y10 onueio autd, o&ilel va avagepdel 611 otV TepinTwon mou 1 F etvan exdetixd
xatavopr] tote xou 1 Lehmann alternative tonou I eivan enione exdetnd (ue dago-
PETIXT TOPYUETEO), EVEK 0NV TEpinTwon mou 1 F' elvar xatavour dovaung téte xou 1)
Lehmann alternative tomou II elvan enlong xatavour| divaune. AouPdvovtog unddn
NV TeEAeuTAla o TENOT TEOXUTITOLY Tol axOAoLTa ATOTEAECUATA.

IMépiopa 1. Eotw Xy, Xo,. .., pia akodovlia aveldptntwy kai i10okatavepunuévwy
tuyaiov petapAntdy and tny exletikn katavoury E(N) ue F(t) = 1 — exp{—At},
A>0,t>0. Téte yia tnv T =T n fr(t), t > 0, exppdletar w§ ypappkss ovv-
dvaouds rukvottwy mbavotrjtwy exkdetikdy katavoudy E(rX), r > 1, ue Oetikols

owteleotés mov alpoilovy o€ Tiun HikpdTepn g pHovddag, dnAadn
frt)=> ar(rhexp{-rAt}), a,=P(N=r), t>0.
r=1

IIépropa 2. Eotw X1, Xo,. .., pia akodovlia aveldptntwy kar i0okatavepunuévwy
tuyaior petaPAntdy aré tny katavour dbvaung Power(\) pe F(t) = tX, A > 0,
0<t< 1l Téte yiatnv T =Ty n fr(t), 0 < t < 1, exgpdletar w§ ypapukos
ourduaouds katavoudy 6vvauns Power(r\), r > 1, pe Oetikols ourteleotés mov
atpotlovy o€ Tiun piKpotepn NS povdoas, OnAadn

frit)=> ar(rAt™), a=P(N=r), 0<t<L
r=1

Y11 cuVEyELa BiVOVTAL ATOTEAEGUATO OYETIXG UE TIC POTEG XOU TIC POTIOYEVVATELES
v T1 xan Th, xodode xan Tic ouvopthoelg emBiwone xou toug puiuols xvdivou
ATV,
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Igoétaon 2. Eiv T =T, nT =15 tote :

(0) E(TF) = S5 gl 6rov i, = E(YE), Yy ~ g, (8), brAedrf n por dtng
k tng T exppdletar clog ypayyuéég owovaouos porndyv tdéng k Lehmann-type
alternatives katavouwy e Jetikols ovrtedeotég mov apoilovy o€ Tiun pikpo-
Tepn TS povddag.

B) E(eT) = S arMy, (2), drov My, () = E(e7), Yo ~ g,(t), 1 > 1 xa
My, (z) = 1.

Anddeaén. (o) AapBdvovtog unédn v Hpdtaon 1 wyder 6t

E(TF) = 0°P(T = 0) + / t* fp(t)dt = ZaT/ thgr(t)dt = appih,,.
r=1 0 r=1

0

(B) Epyalbpevol opolug 6mwe o7o (o) npoxtntet E(e1) = P(N = 0)+>_52; o My, (2)
X0l AUTO ONOXATPOVEL TNV ATODEE . O

Ilpétaon 3. EivT =T, nT =T tore :
(a) H ovvdptnon empiowons tng T divetar andé ) oxéon

PIN>0)=>"" a, t=0,
Sr(t) =432 (1= F(t)", aT=T, t>0,
S iar(l=(F@®)"), av T =Ty, t>0,

(B) H ourvdptnon kwwdlvov tng T divetar and tn oxéon

P(N = 0)
ety = Fo BT IO o s,

r=1
S oyt
s o i@y I >0

Anddaén. (o) Enedr) Sr(t) = 1— Fr(t), n anddeiln elvon dueon hopfdvovtag unddn
T oyéoec (2), (3), (6) xou (7).

(B) Ened hp(t) = fr(t)/Sr(t), n anddeln eivan dueon AauBdvovtoc vnddn v
pétaon 1, xou 1o (o). O

Do mopdderypa, €dv T = T xow F(t) = 1 —exp{—At}, A > 0, t > 0, t61€ and
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Tic Hpotdoeic 2, 3 xou to [ldpiopa 1 npoxdntel 61U

E(T)=A"") ap/r, E(T?)=21"7) a,/r?,
r=1 r=1

oo [e.e] 2
Var(T) = 212 Z o 12 — ()\1 Z ar/r> ,
r=1 r=1

PV =0)
P(N ’
hr(t) = Z%;gfa?()m) exp{—rAt}

S o exp{—rAt}

evi edy T =Ty xou F(t) =M, A > 0,0 < t < 1, 161 and Tic Hpotdoeic 2, 3 xou 10
[Iopiopa 2 mpoxinTeL OTL

t=0,

t>0,

A A
E(T) = r E 2: r )
@ ; A B ;O‘m+2
2
> A > A
V = - — - ,
)=S0 (Lo ) )
P(N =
(N 0), t=0,
h(t) = P(N>O))\ 1
o - tr—

3. EPAPMOTI'EX

[t Ty e@opuoYY| TwV ATOTEAECUATLY TNG TopoVous epyaciog Tou TapouctdleTo
oTNV eVOTNTA aLTA, 0 aEWUOS TwV Tuyalwy uetalAntoy N Yewpeiton ot elvon plo
epgutevuévn oe MopxoBiav ahuotdo tuyaior petaBAnT dtwvuuixol tonov (MVB),
Bréne Koutras and Alexandrou (1995), n xatovouy| tng onolag meptypdpel e é-
Vay EVOTIOUNUEVO TPOTO Xatavopée oynuatiodoy (patterns), podv xou cuvapTAcEWY
odpwons. 'Eotww N ~ MVB(n;A,B), r = 0,1,...,4,, émou n elvar 10 mhidoc
aveldptntwy doxwody Bernoulli, £, = max{r : P(N =r) > 0}, xou A, B eivou xo-
Aot ivaxeg mdavotitov petdBaong. O mivaxag A meprypdpel Tic ueTAMNONOELS
TEGOTNS TAENE evtdg woc xatdotaone (within state), xou o nivoxac B Tic petamn-
dfoelc mpwne tééne uetoll xataotdoeny (between states), eved o mivaxac A + B
elvan évag otoyacTnog mivaxag. H cuvdptnon mdavoyevvAtelag diveton and tn oyé-
on Pn(z) = w{(A + 2B)"1, ye wy = (1,0,...,0) xu 1 = (1,1,...,1) Siovboporta
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YEUUUNE xat OTHANG, avTioTotya, XaTdhAnAwy Slactdoewy. Emmiéoy,
()
PIN=r)=my | > DM | 1, r=01,... 0, (10)
i=1

omou D" elvan 0 1-06T6 YWouEVO N ooy dvTwy ex Twv A xou B pe 1 axpBic
nopdyovtes B, i =1,..., (1), H mopandve éxgpact yio Ty cuvdptnon mdavotn-
g tne N oty (10) npoxinter dueca and touc Koutras and Alexandrou (1995,
Theorem 2.1) ye e@opuoYn TV GYETXMY AVASLOUXWY CYETEWY.

o tn ouvéyea 1 tuyoda petaBAnth N Jewpelton 6Tl TEQLYRPAPEL POEC UTXOUG
ToUAdyloTov 2 oe n = 15 aveddptnteg doxipég Bernoulli. Ye autrv tnv nepintwon
éyoupe N ~ MV B(15;A,B), r=0,1,...,5 ({15 =5), pe

q p O 0 00
A=1q 0 0], B=|0 0 p|, (11)

q 0 p 0 00
6mou p n mdavétnTe emtuyiog xaw ¢ = 1 — p. AouBdvovtog vnddn g (10) xan (11),
otov Ilivaxa 1 Sivovtar ot cuvteheotég oy, 7 = 0,1, ..., 5, yio Sldpopeg TES TOL P.
ITivaxag 1: O mbavdétnres P(N =r), r = 0,1,...,5, ue A ka1 B mov bivovtar otny

(11) ya Grdgopes Tpués Tou p.

T

p 0 i 2 3 1 5

0.2 0.610255 0327552 0.058212 3.8992 x 103 8.1350 x 107 2.4327 x 107
0.5 0.0487366 0.281952  0.439514 0.205505 0.0239563 3.3569 x 10—4
0.8 6.99646 x 10~5  0.139445  0.470591 0.337096 5.19047 x 10~2  8.9335 x 10~4

Y10 Lyfuo 1 divovton oL Ypagixée TUPUOTACELS TV CUVIPTHOEMY XUTOUVOUWY
v T xou Ty pe Bdon uc oyéoec (2), (6) xou (3), (7) avtiotoya, v F(t) =
1 —exp{—At}, t >0, A > 0 (exOetxh xatavour)) otnv npdn nepintwon xou F(t) =
0 <t <1, A > 0 (xotoavous, dOvapne) oty deltepn mepintwon. Tl touc
ouvtedeoTéc ap, 7 = 0,1,...,5, yenowornotfdnxay ot tiwée tou Ilivoxa 1 v p =
0.5. ¥t0 Eyfua 2 dlvovton oL avTIoTOLYES YRUPIXES TUPAUC TUCELS TV CUVIRTHCEWY
xwd0vou twv T xou Ty pe Bdon tic oyéoelc (8) xau (9), avtioTolya. Xnuetdveton 6Tt
v Ty hr(t) e T = T4, mpoximter 6t limy o0 hr(t) = A, evdd yioo v hp(t) pe
T = T, etvan mpoovée 6t limy o+ hp(t) = +oo i 0 < A < 1, xou limy_ - hp(t) =
+oo yia A > 0. O évtovog x0xhog mou eugaviCetar oTar 600 GYHUATA AVTIOTOLYEL
otic téc hr(0), ov onoleg elvan aveZdptntes g g TN mapopéteou A. Téhog,
ané To Lyrua 20 gafveTtar OTL oL avTioTolyEC xatavouég Tou T = T mou moapdyovTo
vl Tig Stdpopeg Tég Tou A > 0 éyouv @iivouca cuvdptnon xwdivou (decreasing
failure rate — DFR) v ¢ > 0, eved and 10 LyAua 2B goiveton 6Tt oL avtioTolyeg
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Yxnhua 1: Ipagikés napaotdoes twy ouvaptioewy katavoudy twv (a) Ty pe F(t) =
1 —exp{—At}, t >0, A\=0.1,1,2 ka1 (B) Ty, pe F(t) =t*, 0 <t <1, A\ = 0.5,1,2, xa1
owtedeotés ay, 7 =0,1,...,5, mov divovtar orov Iivaxa 1 ya p = 0.5.

off

() ' (®) | ‘
YxnHupa 2: Ipapixés mapaotdoes twy ovvaptioewy kivdlvouv twv (a) Ty pe F(t) =
1 —exp{—At}, t >0, A\=0.1,1,2 ka1 (B) Tr, pe F(t) =t*, 0 <t <1, A = 0.5,1,2, ka1
owtedeotés ay, = 0,1,...,5, mou divovtar orov Hivaxa 1 ya p = 0.5.

xatovopée tou T = Th mou mopdyovTol Yo TG OWdpopes TWES Tou A > 1 €youy
avgovoo ouvdptnomn xwdbvou (increasing failure rate — IFR) yie 0 < t < 1.

ABSTRACT

The distribution of the minimum and the maximum when the number of con-
tinuous and positive random variables of a sample is itself a random variable is
studied. Allowing the support of the distribution of the number of the random
variables of the sample to contain zero gives rise to problems that have not been
systematically studied in the literature. In this work, the moments, the survival
functions as well as the hazard rates of the distributions that are derived are also
provided. Finally, applications of the results on specific distributions are given.

Euyapioties: H mapoloa épeuva €xel ypnuoatodotniel and tn Ieviny| Fpappateia Epeuvog
xau Teyvohoylag péow tev xovduMiwy tng Edvinic Xuppetoyrc 2014-2016 mou oyetilovton
ue 1o Evpwnoixé ‘Epyo ISMPH 2014-2016.
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HEPIAHYH

H AéEn Tlaxmot ftav péypt TpoTvog yveoth povo otovg maikteg tov Kalivo. Ta tedgvtaia
xpOVIL OpmG, taitepa HeTd TNV KaBEP®ON TOV TUXEPDOV TAVIOWDV pe aplBpovs, Ommg
AOTTO, TZOKEP «ot dAro, éxet evtaybel oty kabnpepvotnta kou anacyoAel oe peydro
Bobuod tovg moriteg, or omoiol kaTd KApoVS daTvIM®VOLY dldpopa ep@TALATO OGS Yioti
ovppaivovv moAla dtadoyucd Tlakmot, ywoti to T{dxkmot cvpPaivovyv kvplog otic peydreg
Y10pTEC, LATMG SV gival EVTIUEG Ol KANPDGELG KOl S1APOPa GYETIKA.

Ymv epyacio ovt mpoomdbnoa vo ddow po. e€Nynom  oe  TETOW  EPOTNMATA,
APNOWOTOLDVTOS POCIKEG apyEG TNG ZTOTIOTIKNG kot Aopfdvoviag dedopéva amd Tov
wotoydpo tov TZOKEP, mov €yet avapmnuévo OAa To amoTEAEOHOTO Kot Eival TPOGPACLLOG
oTOV KGOe EvOl0pEPOLEVO.

Aééeig Kleidia: t€oxep, t{dxmot, Koravoun, poés.

1. MHXANHMATA TYXEPQN ITAIXNIAIQN

Ta togepd moryvidwa kol ot Aotapieg €govv TOAAOVG OTAOOVG OAAG KO ETIKPITEG.
Xmpilovtar omv embopio TV avOpOTOV Vo KePSIGOUV UEYAAN YPNLOTIKE TOCH
dwkvovvevovtag otn Bed toyn moAd pikpotepa. Eivar pio myn ekatovtddwv
EKOTOUULPIOV EMAVOAYEDV TUXAIOV QOVOUEVEOV YPNGIUN Y0 TOVG EAEYYOVS TV
VOL®V TV TOOVOTHTOV.

H EALdda givor pio amd TIg TpMOTEG YDOPES OTOV KOGHO 6T KATE KePAAY £E0d0 Yia
TUYEPQ O Vidl, AoTapieg KAT.

To tldkmot eivor pua EEvmvn emtvonon Tov adENcE TOVE TOIKTEC TOV GULUETEXOVY G
VTG TO, TOLVIOW Kol KOTO GUVETELD TNV KEPSOQPOPIO TOV JOPYUVAOTMDY TUXEPDV
mayvidov. Epoppootke apywcd ota Mnyoviuato Toyxepov Hoyvioiwv (MTII),
OMA. ota epovtdkia 1 KovAoyépndes, KA, tov Kolivo. Kdmown and avtd ta MTIL
ovupetéyovv oe opadeg MTII eite tov idwov tov Kolivo oto omoio eivan
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tomofetnuéva gite pe dAda MTII dAlov Kolivo, oe avtdé mov oamokoieiton
npoodevtikd TCaknot (Progressive Jackpot). Avto Asrtovpyel og e€ng: Kabe popd
7oV Kdmolo¢ maiktng mailel oe éva and to MTII mov cvupetéyovy, kat dev kepdilet,
évo. [IKPO TOGOGTO TOL TTOGOD 7OV JLOKLPEVTNKE TPOCTIOETOL GTO TPOOOEVTIKO
Taxmot. 'Eto1 10 mpoodevtikd TLaxkmot avidvetar cvveymg, uéxpt va Ppedel o
TUYEPOG VIKNTNG, OV G€ KOmowo amd ta. MTII tng cuykekpipuévng opdadog o metvyet
Kamolov e£aIPETIKG GTAVIO GLVOVOGUO.

210 MTII mov ouppetéyovv ota TpoodeuTikd T{AKTOT VIGPYEL € EUPUVEG OTMUELD M
évodelEn pe 1o mood tov TCakmot mov avédvel, Mote ol maikteg va eAmilovv 6Tl Ba
Kepdicovy 10 pEYEAO avtd mocd, omdte TapaKvovVTaL va TaiEovy TEPLocdTEPO. XE
MTII mov moailovior 6To IVIEPVET KOl GUUUETEYOLV GE OUASEG, TO TPOOOEVLTIKO
TCaxmot poiveTal 6TOVE TITAOVG TOV TOLYVIOLDV.

2TOV KOVOVICUO 7oL SIEMEL TN Agrtovpyio TV TuXepdV Touyvidldv oty EAAGSa
(T/6736, ®EK 929 B) tov 2003 xor oto dpbpo 19 €d. 30 xabopiletar 6tL 10
TPo0odeVTIKO TLAKTOT TPEMEL VO GUUTEPIAOUPAVETOL GTO TOCOGTO OMOdOONG TV
UNYOVIUATOV KOl ETOUEVOG GLVLTOAOYILETAL OO TIG KOTOOKELOOTIKES €TOpEieC
tétowwv MTIIL.

To 1986 1 apepikavikn etopeia IGT kataokevaoe kol Tpomdbnoe ta mpmta jackpot
slots, ONAadn pNYOVALOTO GYEOIOGUEVO VO CUUUETEYOVV OE OUAOES TPOOSEVTIKOV
tlaxmot. Ta unyoviuato giyov cvuvdedel peta&h Tovg pe TNAEPOVIKEG YPUUUEG LECH
povtep. H IGT ypnpatoddtnoe 10 TIpdTo ekaToppdplo doAdpla yio vo EEKIVIGEL TO
tlaxmot, aAAd amd ekel ko mépa, 1 advEnon tov tlakmot e€aptidtav ond 1o TOGOoL
avBpomolr Oo émoulav ota ocvykekpyéva MTIL Avtd avénce Tovg TOIKTEC 7OV
gmanlav Ko 1o TPdTO TPo0odevTIKO TldKToT 0viAlE 6TO oGO TV $4,988,842.17. To
o6 avTo KePdNOnke amd évav maiktn oto Reno tov Hvouévev [Holreidv v In
DOeBpovapiov Tov 1987.

To Mdwo tov 2009, évag EAAnvag mailovtag oto Mega Moolah oto xalivo River
Belle, képdioe 6.3 ekatoppvplo evp® omd mpoodevtikd TLakmot. Tétoleg ednoeElg
oLEAVOUY TO EVOLAPEPOV Y10 T UNYOVILLOTO TUYEPDV TOLYVIOLDY KOl TO TPOOSEVTIKO
tlaKmoT paivetal vo eivol 0 KAAHTEPOS SLUPNUGTIG VTAV TOV TALYVIOIOV.

2. TZOKEP
2.1 To wayyvion

To TCokep eivar mayvidl apBudv kot apyioe va mailetor otnv EAAGSe and 1o £tog
1997. Ot kavdvec Tov ToLyVId1o0 VITAPYOVY GTOV AVIIGTOLYO 1OTOYMPO KAl OTMG Oa
amodelybel 6T cuvEKELD VITGPYEL TOAD PeYAAN TOAVOTNTA VO UV VIGPEEL VIKNTHG.

Y10 moyvidr tov TLokep vmdpyovv 8 KATNYOpieg VIKNTMOV, TOL (OIVOVIOL GTOV
ITivaxka 1, o omolog vmApyxer o©TOV 16TOX®OPO TOL. AmMO TOV TivoKo OVTOV
dmotdvovue 0Tl To KEPON TV EEL TEAELTAI®Y KOTNYOPI®V gival Kabopiopuéva. XTig
V0 TpdTEG KaTNyopies Ta kEPON KaBopilovTal 0md TN GUUUETOYN TV TOIKTMV.
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IHivaxag 1. Katnyopieg vikntawv tov t{okep

KATHIOPIEL EMITYXION | | ] v v Vi Vil Vil
EOETEL MPOBAEWEIL 541 5 441 4 3+ 3 2+ 1+
KEPAOL ANA EMITYXIA » * 2.500€ 50€ 50€ pl3 2€ 1,50€

Mdahoto, ov 6Ty KANPmon dgv VITAPEEL VIKNTAG GE Lo amd TIG KATNYOpies avTég, TO
OGO LETOPEPETOL GTNV EMOUEVY] KANPWOOT GTNV KATNYOPil TOV, KOl 1] GCUYKEKPUYEV
KWpoon yapakmpiletan o¢ TZAKIIOT. Ipoeavadg ovtd 1o tlakmot eivon
OpopeTkd and To0 TPo0devTikd t{dkmoT TV Kalivo, Opmg eival oty idta Aoy
™G avénong Tov KePOMV ylo. Aypo TOIKTMOV KOl TPAYUUTL TO OUTIGTMOVOVLE OVTO
Ké0e popd mov £xel HEYAAO aptBpd S1000 KOV TLAKTOT.

O mBavoTTEC VIKNG OTIG 2 TPDTEG KATNyopies giva:

45
I'e. v xatyyopio I vrdpyovv [ i ][ | ]: 24435180 dvvatég oTnheg Kol dpa

&yovpue mBavoTTa 1 =0.0000000409 .
24435180

(OMA. 4 eKATOVTAKIC EKATOUUVPLOGTA, 1 OAALDG 1 TOAVOTNTO VAL Yivel Bodpia)

45) (20
I'e. Tyv katnyopia II  vrdpyovv [ i ]{ 0 ]: 1221759 dvvatég omheg kat dpa

&yovpue mBavoTTO ! =0.000000814 .
1221759

(oM. 8 dexdKig ekatoppvplooTd, eniong eSapetid pikpn mbavotnta).

INMarti opwg oopPaivoov TZAKIIOT; v adhdg ywoti dev Ppioketor vikntig oty
katnyopia I (1 ko ot 1) apov mailoviar toca exotoppdpla otireg; H amdvinon
glval eavepn amd TOVG TOPATAV® VTOAOYIoUOVS. Avauévovue pio othiAn otig 24.4
gkoToppdplo oTHAEG va kepdioel, kal 0nwg PAEmovue otov Ilivaka 2 o1 6THAEg OV
nailovron gival ToAd Ayotepeg ko Kupoivovtal yopo oto 3 ue 4 exoatoupdpla. Oco
Ta d10d0yKa TLaKmoT avédvovtal, TOG0 Kol 01 6THAEG oL TaifovTol avEdvovTat.
MdMota, otov ta dtadoykd takmot givar mepiocdtepa amd 7-8, oL GTAAEG OV
nailovtal dumhaocidlovtal, TPITAACIALOVIOL KOl GTNV TPOKEWEVN TEPIMTM®ON 7OV
éptacav To 16 t{akmot, o1 GTAAEG TOV TaiyTNKOV NTAV TEVTE-EEL POPEC TEPICTOTEPES
omd T1g cvvnbers.
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Iivaxag 2. Awéoraouo. amoteAeouarmy tov tokep

‘ APXEIO KAHPQZEQN TZOKEP ‘ AMOTEAEZMATA ATAAOIHE
(5+1) (5+1) (5)

(5)

‘FEtIAKé‘KAA:p.‘H"Epo"“Viu ApiOpoi T((')m:p‘ Zmiheg Emituxieg | Kepdn/Enit. |[Enituyieg [Képdn/EniT.
[ 2003[1784[ 16/2/2017[9 [11]33[43[44] 13 21854909 1 [ 16.428.350] 8 120,885
[ 2002 1783[ 12/2/2017 4 [21[33[34[36] 16 [20.143.417[TzAKnOT| TZAKMOT| & 148.558
[ 2001]1782[ 9/2/201711[17[20[33[43] 16 [17.350.176[TzAKMOT| TzAKMOT| 8 95.968
[ 2000[1781[ 5/2/2017 7 [10[13]14[30] 17 [16.459.650([TzAKMOT| TzAKMOT| 7 104.049
[ 1999[1780 2/2/2017[1 |8 [13[30[42] 3 [[13.271.199[TZAKMOT| TZAKMOT| 5 117.450
[ 1998[1779[ 29/1/2017[14[23[31[41[45] 7 [[11.816.087[TZAKNOT| TZAKMOT| 8 65.358
[ 19971778 26/1/2017[8 [1214[23[45] 16 | 9.691.135[TZAKNOT| TZAKMOT| 1 428.833
[ 19961777 22/1/2017[11[14(18[27[45] 19 | 9.020.050[TZAKNOT| TzAKMOT| 3 133.178
[ 1995[1776[ 19/1/2017[20[2229(31[32] 5 | 6.940.075[TzAKnOT| TzAKMOT| 3 102.366
[ 1994[1775 15/1/2017[8 [2227[2938] 4 | 6.692.612[TzAKNOT| TzAKNOT| 14 21.153
[ 1993[1774[ 12/1/2017[20[21(25[30[38] 11 || 5.284.868[TzAKNOT| TzAKNOT| 5 46.771
[ 1992[1773[ 8/1/2017[11[2226[35[36] 18 | 4.888.462[TzAKnOT| TzAKMOT| 1 216314

|
|
|
|
|
|
|
|
|
|
|
[ 1991[1772[ 5/1/2017[4 [7 [25[37[42] 13 | 5.128.947[1zAknoT| TzAKnOT| 4 | 56739
|
|
|
|
|
|
|
|
|
|
|
|

[ 19901771 1/1/2017]14[16[17[2634] 10 | 5.635.365[TzAKnoOT| TzZAKMOT| 2 222.162
[ 1989(1770[29/12/2016 5 [26[3031[41 17 | 4.405.871TZAKNOT| TZAKMOT [TZAKNOT| TZAKNOT
[ 1988]1769[24/12/2016 1 [3 [31[35[42] 7 [ 3.053.461[TzaKnoT| TzAKMOT| 1 135.116
[ 19871768 22/12/2016[12[13 20[34[39] 11 | 3.463.760[TZAKNOT| TzZAKMOT| 1 153.271
[ 19861767 18/12/2016(5 [9 [11[28[31] 19 | 5.047.655] 1 | 2.500.000] 12 18.613
[ 1985]1766 15/12/2016[1 [1427[3941] 2 | 4.450.985[TZAKNOT| TZAKMOT| 14 14.068
[ 1984]1765(11/12/2016[10[14(33[34[42] 6 || 4.494.881[TZAKNOT| TZAKMOT| 4 49.725
[ 19831764 8/12/2016(8 [1522[40[45] & | 3.883.157[Tzaknor| TzAKnoT| 2 85.915
[ 1982[1763[ 4/12/2016[12[17[28[30[36] 8 | 3.846.171[TzaknoT| TZAKMOT| 2 85.007
[ 1981[1762 1/12/2016(14[20 35[43[a5] 1 | 3.337.128[TzAKnOT| TzAKMOT| 1 147.668
[ 1980[1761[27/11/2016(2 [31[33[35[43] 20 |[3.716423] 1 | e00.000] 2 82.226
[ 1979]176024/11/201611[13[25[38(a5] 11 | 4.542.766] 1 | 1.667.979] 2 100.509

Y& TETOLEC MEPMTMOELG OKOUN Kot Ol epnpepideg dtapnuilovv Kol TPOTPETOVLY TOVG
ToAlTEG va Tai&ovv e SNHocieEv AT OTTMG:
®  «Avo vepTuyEPOS avedeEe 1 kKAMpwon tov TLokep (6-11-2014) ywo ta 18,4
EKOT. EVPM, TO SEVTEPO UEYOADTEPO TOGH GTNV 1GTOPIC TOV T VIS0V LE TU
deltia wov Kotatédnkay va Eemepvovv ta 5 exotopupdpla (Kot GTHAEG TOVEO
omd 39 exart.).»
o «Zmic 16-4-2010, tpeig tuyepol popdotnkav to tlaknot twv 19,2 ex. Evpd».

Yrépyovv Op®G Kot apynTiKa ONUocIebUATO, OTMG:
o «Na mapéuPet 0 owovoKog sloayyeléac Kor va udbel mwg yivetor KGO
ywptivi epiodo va yivetar TZAK TIOT kot évag dyvmotog vo ualedel Oro

TO YPNLLOL»
e «H amdt tov T{oKep ka1 to cavd mov tailovv otov EAAnva.»

1 KUKAO(POPOLV PIVIEO TOV EVIUEPDOVOLV Y10 TNV KOTATN.
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SopPoaivel TpayHOTL KATL EMANYILO;

ApKeTOl MO HOG TOVG OTATICTIKOVG EVOYANOMKOUE amd podOP®VO 1) TNAEOTTIKA
uéca, mov o€ TEPLOOOVE oL gppavilovial mTOAAG dadoywd tlakmot BElovv va
TANPOPOPTIGOVY TOVG OKPOATEG 1 TOVg Beatég Tovg Yo TV ThavoTNTO Vo GVUPODY
avtd ta tlaknot. ®a Tpoonafow, TN CLVEKELN, VO SOG® TN S1KN LoV TPOGEYYIoN
G’ avTtd TO EPATNHA, dNANON va e£€TAC® KOTd TOCOV MTaY duVATOV va SLUPOVV Ta
tloKmoT £T01 OTTMG GLVEPNGOV.

2.2 Evo kotaokevaopévo pofinpna avaroyo tov TEokep arrhd amrodoTepo

IIpwv acyoinBobue pe to amoteléopata tov TLOKep, ag UEAETHGOVUE TTPOTA EVOl
KOTOOKELOOUEVO TToyvidl mov €xel T Aoyikn tov tlokep, dniadn g Vmapéng
TLAKTOT KO TNG LETAPOPAG TOV KEPIDV GE EMOUEVES KA PDCELC.

Ag Bewpnoovpe 6Tt 4 dtopa mailovv éva toyepd moryvidl piyvoviag o Kabévag Eva
Kavoviko (apt, 6T0 07010 10YHOVY Ol TAPUKAT® KAVOVES:

e IIpw 10 MOYVidlL, TOoVTapovy 0 Kabévag amod éva otafepd moco, .y, 1€.

e Av évag M meplocOTEPOl PEPOVY 6-pL, TOTE £YOLUE VIKNTH 1 VIKNTEG TTOV
Lopalovtal To ToGOV OV GUYKEVIPHONKE.

o Av kaveic dev @épel 6-p1, T0TE £yovpe TCOKTOT KOl TO TOCO PETAPEPETAL OTO
EMOUEVO TOLYVIOL.

[Moca tlaxmot pumopel vo cupPovv dradoytkd uéypt va Ppedel vikntng;

e kafe maryvidr Bewpodpe o6t Exovpe 4 aveEdpnteg plyelg evog (aplov. Emopéveg
netd amd m ybpovg maryvidwov, Ba Exm n=4-m aveEapreg piyelg tov {oplov.
T'a vo HEAETAC® TN CLUUTEPLPOPE TOV TALXVIOL0D, £KOVO TPOCOUOI®MON EKTEADVTOG
n =10.000 piyeig (dnradn 2500 yOpovg TOL TAPATAV® TALYVISIOV) Kol DVTTOAOYIGH TO
S1AvVUoUO TOV PODV OTOTLYLOY, TO OAVLGHO TV T(AKTOT, Kol TNV KOTOVOUY TOV
tloknort.

Eniong vroAdyica ™ péon Ty Kot To PHEYIGTO TV PODV OTOTUYIDV.

T T1g 000 avTég TIEG PprKa TNV Katavopr| Tovg eravalopupdvovtag 1000 popéc v
npocopoinon tov «10000 piyemvy.

Ot péoeg TWES TV Ppo®Y 0KOAOVOOLV HAAAOV KOVOVIKY KOTOVOUR YOP® 0omd TO 6,
omwg avauevotay (Zy.1), Spmg 10 PEYIOTO TOV podV NTaV GYEOOV TAVTIO OPKETA
peydro otig 10000 piyelc (Zy.2). Ko 1o dadoywd tlaxmotr oe 10.000 piyelc,
@tévouv axoun kot ta 15 (Zto Zx.3 Ntov 11). Avtd 1o tehevtaio givar e&oupetikd
EVOLLPEPOV Kot Oeiyvel OTL Kol 6 AVTO TO amAd TToLyVidl HropovV vo cuufodv ToALY
Sradoykd tédxmor.
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Zynua 1. lotoypouuo powv 1000 exovoinyewv 10000 piyewv
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Zynua 2. Pafooypouua uéyiorov powv 10000 piyewv o 1000 eravoliyeig
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Zyiua 3. Zoyvotnto upavions o1adoykay t{aKmot
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2.3 H tpo™ Katnyopio kePO®V Tov TLOKEP

Ta amoteréopota TV KAnpooewv tov T{oxep vapyovv S100EG1L0 GTOV 1GTOYDPO
tov T6kep (http://www.opap.gr/el/web/guest/joker-draw-results), kot pmopodue vo
T KOTEPAGOLE KAVOVTOG KAK 6TO Koupumi «Apyeio Amoterespdtovy. [o ta tpdta
xpévie 1997-2002 vrdpyovv povo ot apiBpoi mov kKAnpodnkay yopic dAlo otoyeio.
Amo 1o étog 2003 €wg onuepa givor avnptnuéva 0o Ta GTOLXEI0 OTTMC: GTAAEC TOV
maiytnkay, apfuoi wov KAnpodnkav, KEPON mov davepndnkav, TOTE KOl GE TOLN
Katnyopia €yve TCAKTOT KAT.

TuAuo TV oToTEAECUATOV e TPELG TPOCPATES KANPOoELS divetan otov [livaka 3,
OOV LOG EVOLOQEPOLY KLPIMG AVTA TOL €)X KUKAMDGEL

IHivakag 3. Améoracuo TAHPOVS TIVOKO. ATOTEAEGUATMV TPV KANPDTEDY
AMOTEAEZM

KAHPQEENTEE  TZOKEP
KAHP. HM/NIA aArPiemolsano4s 1 amd 20 ZYN. ZITHAQN 5+1 5

EMIXIEZ PAH EN/XIEZ KEPAH

19/3/2017 17 37 38 29 31 15 5 99,212,95
=7’ 16/3/2017 20 35 4 14 27 10 5.198.670 TZAKTIOT TZAK-NOT
1791  12/3/2017 41 8 10 38 28 6 5.125.238 @ 3 75.597,26

IATA TZOKEP 2017

4+1 4 3+1 3 2+1 1+1
EM/XIEZ KEPAH EMN/XIEZ KEPAH EM/XIEZ KEPAH EM/XIEZ KEPAH EM/XIEZ KEPAH EN/XIEEZ KEPAH
" 50 250000 1206  s000 | 1759 | 5000 | 43233 200 | 18921 200 | 84922 150
" 51 a2s0000 692 | so00 | 1571 | 5000 29188 2,00 | 21063 200 99694 1,50
" 30 2s0000 87 | sooo | 1442 | s000 | 22399 | 200 | 18009 | 200 | 88573 150

Mo ™ ovvéyeln, ékava v akolovdn vadOeon:

Ocwpar ot o1 otles kdabe rlipwons, mwov ovviiBws €eivor OpKETA
exaTouudplo, evor «aveEapTNTES) ETOVOLINWEIS TOD TOXOIOD POIVOUEVOD
wemidéyoovue 5 ap1Buoivs amo to 1 éws 1o 45 & 1 apibuo ano to 1 éwg
T0 20», oto omoio avalyteitor o dyvwory elddo (5+1) apiBuwv, oo
yivetar yvwoty e v kApwon.

IIpopovmg avtd dev sivar axpifég, 0TI AOYy® TV cvoTnudtOv ov moilovtal
EMAEYOVTOL GUOTNUATIKEG GTHAEG OAAG kol emeldn Tailovv mwoAAEG oThAEC ot id101
dvBpomol. Opwg Adym T0L TOAD peydlov mAnBovg, vouilw ot 1 vrdbeon
aveaptnoiog ONUIoVPYEL TOAD LUKPO COAAL KOl EMITPETEL TY) LEAETT.

Edv oe pio xpoon maiytnkov n otieg kot eiyope k emtvyieg omnv
katnyopia I, Beopnbnkov k toyaio emideyuévor apBpoi oto dtdloua 1 g n, wg
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onueio ot omoio VENPEE VIKNTAG, SNAON NTUV KTUYEPEG OTHAESY, EVD OAEG O GAAEG
OTNAEC NTOV OL ATVYEC GTHAEG.

ABpoiotnrav ot 01000y IKEG ATUYEG OTHAEG KOl GYNUATIONV POEG ATVYWOV GTNAMV
HETAED TV TUXEPDYV CTNADV.

H xataypoaen tov podv &yve og e&nc. 'Eotm 611 o8 po KApwon m.y. omv 71
omov giyav mouytel cols(n)  otheg eiyape povo pia emrvyio petd and k tlhxmot
(k=0,1,2,...). ®cwpodue 611 N emrvyio £ywve o pio Toyaio amd T1c oThreg TOL
naiytnkay, dnhadn ot otqin sample(n) =[r-cols(n)], 6mov r toyaiog apOpdg
oto (0,1) ko [a] eivan t0 axépoto pépog tov a. H Swwpopd Tov apibpod
sample(n) omd 1ig othheg mov maiytmkav cols(n) pag diver 11 Gruyeg mov Ha
TPETEL VO, TPOGUETPNOOVV OTIG GTAAES OV AKOAOVOODV UEYPL TNV EMOUEVT EMITUYIN
Kol ovpPoriletan:

resd(n) = cols(n) — sample(n) . (1)
ABpoilovtag Tig oTNAEG TOL TPOMYNONKAY TNG TUYEPNG CTNANG, AVTEG TOV TOLYTKOV
ota mwponyodueva k tlakmoT kot TIC vrOloweg amd TNV Tpomyoduevn EmiTvyic

Bpiokovpe tov apBpd TV podv INA. TV ATuy®V 6TNA®V oV TI cVHPoAifove pE
7o del51.’Exovpe Aoutdv:

k
del51(n) = sample(n) —1+ Z cols(n—i)+resd(n—k—1) )

i=1

H xotaypaen éywve pe 1o Excel kou o IMivaxag 4 mepiéyel éva omOCTAGUHO TOV
VTOAOYIGU®V.

Ag Bempnoovpie 0TL 1| Ypouun pe to BELOC oTov mivaka 4 ivor n kKA pwon pe aptopd
n otmyv onoio moiymkav cols(n) = 6374720 otihec. TOtE 0 KLUKAOUEVOS UE
EMherym apBpog otn otnAn sample givar o sample(n) = 3446248, mov npoékvye
pe o toyoio yevntpla oto dtdotnpa (1, cols(n)) . O apBuog oto tprymvikd mhaicio
givar o resd(n) = 2928472 xa givor 1 Srapopd Tov TuYaiov amd To GUVOLO GTNAGY,
onwg meprypapetar ot oxéon (1). O opBpdc 610 TETPAYOVIKO TANicO €ival o
{nrovuevog del51(n) = 33593855 nov npoékvye cvpeove pe ™ oxéon (2) and 1o
GOpoiopa TV OKTM aplBpmy o gival HEGH 6TO, EMAETTIKE TAaio1aL.

Mopatnpovue, emiong, otov mivakoe 4 OTL EXTA KANPDOGEIG TPV TNV CNUEIOUEN
glyape 2 emrvyieg otnv xatnyopia I. Tt kédvovpe oty mepintwon avt);
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Hivaxag 4. Kataypopn podv diadoyikav kinpaoewv aro Excel

cols scs51 del51 resd sample win51
19152860 0 0,00
20264479 0 0,00
22169174 1 150763410 6278321 15890853 15500000,00
3679104 0 0,00
4266116 1 10015930 4207611 58505 790549.39
4292622 2 5951806 1744195 300000,00

762157 1786270 2506352

0,00
0,00
0,00
0,00
0,00
0,00
|33593855| 2928472 3456237.67
0,00
0,00

5175044
3967301

4478738
5542190

3424590
3794674

o O » O O O O O O

SopPorilo pe m v KMPOOT LT, Kol TPOQAVOG TPETEL Vo ETMAEE®D SO TLYOioVg
apOpovg oto ddotnua (1,cols(m)) = (1,4292622), nov &dd étvyxe va givor ot
sample(m,) =1744195 kav sample(m,) = 2506352, tovg omoiovg £y Swataet

oe avkovoa oepd. Katd cvvémeiav €xo kot 600 Tiuég otn otiAn deld1, ek tov
omoiwv N Tpmtn Pyaivel dnwc Tponyodueva, Evd 1 devTepn MG eENC:

del51(m,) = sample(m,) — sample(m,) 3)

Av vrdpyovv meprocdTEPEG emTLyieg epyalOpacTe avaAoyd. ENUEDVO OTL vVINPEe
KMpwon pe 10 emtuyieg, ol omoieg euotkd polpdotnkay to £mabiro.

H xotaypaen éywve yia 1575 kinpooceic. A&lonowwvrag tig svvatdmreg tov Excel
aopnoa g cvvaptnon tov tuyoio aplud g othing sample ekei mov eiyape pio
emtuyia, ®ote pe Kabe mPooHnkn £0T® KOl €VOG YOPOKTINPO VO EMAEYETOL VEOG
Tuyoiog apBpdc. Avto petatpénel v OAN dadikocio e pio duvaptkn dtadikacio 1
omoia dev 1GYVEL Yio pio HOVO OTATIKN ETIAOYN TOV TUYAIOV aplBU®dV OTIC KANPOGCELG
pe emtvyio, oAAG kdOe popd petafaiieTal.

H xotavoun exktyuopevov pomv kot 1 8éon tov péoov 6pov (23.3 skatoppdpio)
eaivetal oto Zynua 4.
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Aéilel vo onpetwbei 6TL 1 KOTOVOUT TOV PODV OEV SLOPOPOTOLEITAL GUAVTIKE, OTO10
Kol omd To dlapopetikd dwvoopato del51, mov mpokOmTOLV AMO SLOPOPETIKEG
EMAOYEC TUYOH®V aplOUdY, TAPOVLLE, Yo TN YPOEIKN Topdctact Tov Zynuatog 4. Ot

2yijpa 4. Koroavoun eKTiuiouevmy powy Kol [HEGOS 0pog

Poég amoTuyiwy (Oe eKaTop.)

.I‘ LS 0 o L S, LR Dol oL H‘|l|
20‘03 ZOIOS 20‘0? ZOIOQ 20I1 1 20‘13 20‘15 20I17
0éoeic Tov peyiotov kKdmmg aAlalovy, aAAd 0 pEcOG 0pog elval Yop®w amd to 23.3
gxotopupvpla. BéPata amd tov vmwoloylopd Tev mOavoTNTOV TEPUEVANE VO gival
Yop® oto, 24.4 k. aAld ToTEL® OTL OVTO OQEIAETOL GTO OTL otV TTPAEN dev eivan
TPAYUATL aveEAPTNTEG Ol GTHAES KOl 1) GUGTNUOTIKY ETIAOYN GTNAGV amd S1dpopa
£EVTVOL CLGTALLATO, CUVTOUEVEL TNV EMITEVEN EMITVYAG.

Amo 10 16TOYPOUUO TOV XyAUaTog S5, moapatnpodue 4Tl ot poég axoiovBodv i
exbetikn peiowon, oG ETAvouy Kol pPEYPL TOAD HEYAAD TOod mOve amd 150
EKOTOLLOPLO GTAAEC Y®PIG emTVyia, Le HEcO OpO OUMC TEPimOV oTabEPO.

2ynqua 5. lotoypoppa ekTOUEVOY POAY ATOTVYIOVY ard 2003-2017

80 100
| |

Zuyvortnta

20 40 60

P

T T T T T
0 mean=233 50 100 150

ExkTippeveg Poég ATToTuXIWYV (OE EKATOW.)
Ot poéc oe Aoyo-AoyoplOUIKY YPOPIKT TOPAGTOCT] OTOKAAVTTOVY SUVOLOKOTUVOUT,
KATL TOV PaiveTal Kot amd To Zynua 5. Avtd evioyDeTol Le TNV EKTEAECT) TNG EVIOANG

power.law.fit am6 to maxéto poweRlaw tng R, mov diver mbavotra p=0,94 xor dpa
dev amoppinteTon 1 vrobeon 6TL axorovdel Power Law katoavoun. (Zyx.6)
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Zynqua 6. Aoyo-LoyapiBuikiy mopdotacy powy arotvyiev arxo 2003-2017
b o
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- | OGlD OI o
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METa KAQOEWY (OF EKaTO.)
210 Zynua 7 Sivovpe TN YPUQIKY TAPAGTOCT) TOV GTNAMV IOV TTaiyTnKay OA0 dLTA Ta
ypovia. Tlapatnpodue OTL VIAPYEL LIt ELPOVIE LEIMOT T®V CTNADV OV TAlYTNKAY
KOTG TO 0€VTEPO GO TOV OGTAUOTOS, OV avTtioToyel ota £t petd to 2010,
onAodn petd v kpiomn.

Zynqua 7. Aigypoppo 6THAOV TOV TALXTHKOAY
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60
I

ZTHAEG (EKAT.)
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| |

T T 1 T T T 1 T 1 1 T 1 T T 1 T
300 500 700 900 1100 1300 1500 1700

KAfpwon

Y10 Xynua 8 emélea 50 kKANpMOOELS, Yo va eavel Tog peTafdAlovial ol GTHAEG TOV
naiCovtatl 0tav avEdvetol o aplOuog Tov TCaKTOT, Kol ETOUEVMG KOl TOV TOGOD TOV
0o Saveundei. [opatnpodue 61l oV O0pyn HETR omd pior enttuyio Tailovtat Alyeg
omhieg, amd tovg otabepovg moikteg. Otav to T{AKTOT ALEAVOVTOL TOTE Ol GTHAES
TOALOTAQGIALOVTOL, TPOPOVAS KOl 0O £KTAKTOVG TOUKTES TTOL Ava{NTOVV TO UEYAAO
Kk€POOC.
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Zyipua 8. Avénon atnlav Léyw téaxmot ya 50 Kiypaeels
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T T
1320 1330 1340 1350 1360

KAfpwan

2.3 H oebtepn kotnyopia kepoav Tov T okep

Mo mv xomyopia I éywve avaroyn dovield, povo mov €d® eivarl o SHGKOAO va
VTOAOYIGTOUV Ol poéc otV Katnyopio avtr. O Adyog eivar 6TL otV Katnyopio avt)
€yovpe TOAD Ayotepa TLAKTOT, 0ALL TAPO TOAAEC KANPMOELS e TOAAEG emTvyies.
Ymv kpoon g 21/11/2004 mov eiyope péyioto 10 otig emituyieg g katnyopiag I,
glyape ka1 péyloto otic emrvyieg g katnyopiog II mov frav 149.

Koatéypoaya tig poég amotuyidv g katnyopiag I povo yia ta 0o mpdta ypdvia 2003
kot 2004 ko Tpoékvyay avaioyo oyfuota, mov mopaieintoviat. ‘Etol 1 kotovoun
EKTILDUEVOV PODV Eival OTwg oto oynua 4, povo mov 1 B€om tov pécov Opov givat
ota 1.27 exkatoppdpia. Opole Kot TO 10TOYPOUUUO EKTILOUEVOV PODV Yo TNV
katnyopia I amd 2003-2004 ival mapdpolo pe 10 Zynuo 5, pe SopopeTikd PEGO
0po. Ed® o péoog avapévovray va givar 1.22 kot tpoékoye Aiyo peyoaAdtepog.

3. EIITAOI'OX

A6 ™V avoOTEP® AVAALGT TOV EKOVO, TOPOTNPD OTL €lval CVOUEVOUEVO VA
vapEouy ToAAG 51000y 1KA TEAKTOT TOG0 6T Kavoviko matyvidl tov Tokep, 660 kot
OTO OMAOVOTEPO TOV TPOTEWVA OTNV TAPAYpago 2.2. XT0 OmAOVCTEPO TOLYVidL
VILAPYEL 1] SVVOTOTNTO VO YIVOUV TOAAEG EMUVOANYELS CELPAG KA POGEMY KoL £TGL VO
peAetnfel akOuUn TEPIGGOTEPO 1] CUUTEPLPOPH TV TCAKTOT. £TO KOVOVIKO oy Vidt,
OUMC, dev glval TOGO €VKOAN 1 TPOGOUOIMGT, 0oV ival SVGKOAN 1 TEPLYPAPT TNG
GUUTEPIPOPAS TOV TOUKTAOV HETA 0O KOTOL EMLTLUYN KANP®OT TOL CTAUOTE TO
tlaKmot. ZuviOmg HEIDVETOL TO EVOLAPEPOV TOV TOIKTMV YO TIG TPMTEG KANPDGCELG
UETE amd vtV TNV emiTuyio Kol 6T SLVEXEW OTav Kot av avénbodv ta tldkmor,
101e OVOLOTUPDOVETOL KOl TO EVOLLPEPOV TOV TOIKT®V, Oyl PéPota mavia, a@ov
VILAPYOVV Kol LEIDGELG GTNADV UETE 0td TOAAG TLAKTOT, OTWOC QOIVETOL GTO GYNM 8.

55



Kotd ™ yvoun pov, to omoTeEAEoUATO TOV ERPAVICTNKAY OV amEYOVV TOAD amd Ta
OVOUEVOLLEVO, TOVAGYIOTOV MG TPpog To mANBo¢ twv TtCAKTOT Kol UE TIS POoég TV
OTTOTLYLDVY. ZYETIKE LE To TOGE OV dtovEHovVTOL, avtd glval dALo BEpa e To omoio
dgv aoyoAnOnKa. Zyetikd pe to ¥povo mov cvpPaivovv to T{AKTOT Kol Ol EMTUYIEG,
avtd iowg opeiletal oto yeyovog OTL ol AvBpwmor ot peydieg yoptég eivor
YUYOAOYIKG O10TEDEUEVOL VA KATAPVYOVV OTNV TUYN, OMOTE GE TETOLEG TTEPLOOVS
nailovron peyaAdtepa mooh Kot 0AAALEL GOUTEPIPOPE KOl TO TOLYVIOL.

Ev xotoakAeidl, ivar BEPato OTL 01 TEPIGGOTEPOL AVOPOTOL EMOIDOKOVY VO KEPOIGOLV
Kkdmowo peydAo mocd mov Ba kdver T Lo Tovg gvkordTEPN Ko Ba TOVg PEPEL TNV
mobnt gutvyia. YTTApYouv OUMG TEPTTMGELS, OOV AVOP®TOL TOL KEPSIGAY UEYAAN
TOGA €V TEAEL KATUOTPAPNKOY, SIEAVGAV TIG OIKOYEVEIEG TOVG, TIG OYECEIS TOVGC, TIG
dovielég Tovg Kol dAlo moapopola. Me mowo tpdmo dpoye, ov eipocte TUYEPOL, Bal
amo@OYOLLLE TIG KakEG oLUVETELEG; Emypappotikd, Evag 0dnyog yio To TL Ogv TPEMEL Va.
KOVOLLE GE oL TETOO TEPITTMON, Elval:
e Nao pun ydoovpe to TVXeEPO dedTio.
e No pnv to movue amd TNV apyf 6€ OAOVS TOVG YVAOOTOVS LG,
e No unv avordpoope pdévolr pog T dayeipion avtov tov 7ocov. Towg
GUUPEPEL VO, TPOCAAPOVLLE KATOLOV OIKOVOUIKO GOHPOVAO.
e No pnv apyicovpe va ayopalovpe ta mTAvIo 6€ OAOVG, GAAL 0VTE KOl GTOV
€00TO LLOG.
e No UV aQnCOLLLE T YPEN LU OTATPOTAL.
o Kot BéBora, va punv tpehabovpe!

ABSTRACT

The word Jackpot was previously only known to Casino players. In recent years, however,
especially after the introduction of games with numbers, such as LOTTO, JOKER, etc, it has
become part of everyday life and it is a matter of great concern to the citizens, who
occasionally ask questions like why so many consecutive jackpots occur, why Jackpots are
mostly happening in big celebrations, whether they are honest or not, and so on.

In this paper, I tried to give an explanation for such questions using basic principles of
Statistics and taking data from the JOKER website, which is accessible to everyone
concerned.

ANA®OPEX

H emionun celida tov TLoxep: http://www.opap.gr/el/web/guest/joker-draw-results

Avdpopeg dALeg 10T00EADEG OyYETIKEG e To TCOKep.
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Mpoxticd 30°° Maverlnviov Zvvedpiov Zrotiotikng (2017), cel.57-69

EKTIMHXH TOY XYNTEAEXTH
METABAHTOTHTAX AIIO AEAOMENA
AIAKPITHX OMOIOMOP®HX KATANOMHX

Horarcodua Iwavva, Papudxns Nikoiaog

Apiototédeto Tavemotpio Oecsarovikng
ioannapapatsouma@gmail.com, farmakis@math.auth.gr

INEPIAHYH
Ymv mopovoa epyocio aforoyeitor 1 aflomotio TOL  EKTIUNTN] TOL  GUVIEAECTH|
petafintomrag (EM), péoa omd toyoio dgiypo otoygiov tov mAnOvopov 17, o6tav m
avtiotoyn tuyoio petafinti axoiovbel otov TANOLOUO SlOKPLTH OUOIOHOPET KOTOVOUN
DU{0,1, ..., N-1}. E&etalovion mepumtddoelc derypoatornyioag pe emavabeon kot yopig
enavafeon Kot vroloyiletar T0 TOGOOTO TV TMOV TOL EKTUNT MOV PPIoKETOL EVTOG TV
opiov petafoing Tov avtictoryov BempNTIKOL GUVTEAEST HETAPANTOTNTOC, TOV TANBVGLOD

V3 . , , , . .
(? = IM = 1). H o&lomotioc Tov ekTiunty omodidetor pe 10 T0600TO TV SEIYUAT®V O

dtvouv Ty Tov CVVTEAEST] LETOPANTOTNTOG EVIOC TOV OpimV TOV TANBVGHIOKOD GUVTELEGTN
petafAntomrag. Me tn peAétn Tov avatépm SelyUdtov dlamiotdvetal 0Tt 1 a&lomioTio ToV
delyLoTikoy cvvieleotn petafintotnrag ovéavetat mapdAinio pe to péyebog Tov delypatog.
H cvvolikn ewkdva mov dnuovpyeitar divel puo kaAn 0€a Yo T0 «KoTl OG0 €ivol YEVIKG
0EOTIOTOC 0 OELYHOTIKOG CUVTEAEGTNG LETAPANTOTNTOC.

Aélerc Khewdia: Zvovieheotig MeTafANTOTNTOG, OlOKPLTH OUOOHOPON KoTovoun, Oeiyua,
a&lomoTtio

AMS waivounon: 62D05, 62E17

1. EIZATQI'H

O ovvteheotig petaPintomtog (M) eivor évo amd TO. ONUOVTIKOTEPH KO
xpnooTepa pétpa dtaomopdc mov cvvaviaue otn Pipioypaeia (Farmakis, 2003).
"Exel ypnoomomOei evpémc o d10pOopovg EMOTILOVIKOVS TOUELG, OT®MG GTOV TOUEN
mg lotpucng Emotiung (Usui et al., 2017), mg Avadloywotikig Emotung
(Broverman, 2001; Dickson et al., 2013) kot o6& moAAOVG GALOLC. AvAloyo pe Tig
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avaykeg KaBe £pguvag cuvavtdTal €iTE VYOUEVOS GTO TETPAYOVO €ITE UE TN HOPOT|
Tov avtietpdpov Tov (Chaturvedi & Rani, 1996).

H Poacwn «kok» 1010tnto. ToLv cvvieheot MetafAntotnrag eivor OTL gival
adldotato péyebog, OnAad o oplumTiky TN aveaptntn amd TIC HOVAdES
pétpnong tov dsdopévav (Unit free). Empénetl ) obykpion mg petapfantotnrag 600
N TEPIOCOTEPOV GLVOA®V LETPNGEDV OV EXOLV SOPOPETIKES HoVEAdeg pétpnong. Me
aVTOV TOV TPOTTO SIVETAL GTOV EPELVNTI LI TOVOPUUIKT EIKOVO, 6V0 1) TEPIGCOTEPMV
petafintaov tavtoypdéves. Emtpémer ) olOykpion g petofAntomntog dvo 1
TEPICCOTEPOV GUVOAMV UETPNGEMV TOL £YOLV TNV 10 povada HETPNoNG, OALA
OPKETE SLOPOPETIKOVE UEGOLG Opovg M/kan Tumkég amoxiicelc. Exopdaler v
opotoyévela evog TAnbucuon, kabaog kot v axpifela evog Iepapotikod Xyediov.
Axoun, elvor yvootd 0Tl 0 OelyloTikOg GUVTEAESTNG HETOPANTOTNTOC OV eivan
apepOANTTOG  eKTIUNTAG TOL  mAnbvoulokod ocuvvtedeot petapintomroag. Ot
(Breunig, 2001), (Reed et al., 2002), (Mahmoudvand & Hassani, 2009) kot (Sokal &
Rohlf, 2012) mpoteivovv ) ypnomn apepOANTTOV SEIKTMV.

Me agoppn) TNV teEAELTAIO 1O1OTNTO TOV GUVTEAESTY| LETAPANTOTNTOG, OAAG Kot T
YPNOLOTNTA TOL, afloloyeital 6TV Topovca epyacio M aflomiotio Tov PO NG
oyéong mov ovvdéel Tov Oelypatikd pe tov mAnBuopokd ocuvvtereotr. [lo
ovykekpipéva, agtoroyeiton 1 aglomotio Tov pHéco amd To 0ESOUEVE LIOG OLOKPLTHG
T.1L. To evdloQEpov TG HEAETNG TOV Ol0KPITOV T.\. EYKELTOL GTO OTL 1 HEAETN eivan
Oeopntikn Kot umopei va yivel eEavTANTIKY, €TEWON £YOVUE HIKPO OYKO OESOUEVOV.
‘Eva axdpo mheoveékTnua ¢ Stokpitng T.1. eivor 6t pia cuveyng petafinty pmopei
VO UETATPOTEL O SLOKPITN HE KOTOAANAN Swouépton tov 7mediov Tmv e Mia
TPOEKTAOT, €mioNg, TNG MEAETNC Yoo pEYOAVTEPO TANOOC TWdV umopel vao, ddoel
TPOPAEYN KAl YLOL TV OPLOKY] £GT® CLUTEPIPOPA TNG GLVEYOVG T.LW., OTAV TO TANB0g
TOV TGOV PEYOADVEL TOAD 1/Kal arelpileTat.

®o peretnoovpe, Aomdv, TV mEPinT®ON TG dlokprtg T.u. X, 1 omoia axoAovbel
dakprrhy opodpopen katovoun (discrete uniform distribution) DU{0, 1, ..., N — 1}
‘Eotm X pia T.u. 1 onoia woipvet Ti¢ TéG &, of + w, & + 2w, ..., a + (N — 1) w, pe mv
o mbavotnto. H mbavomta vo supoviotel toyoio pio amd T Tiuég g ). X
dtveton amod T oyéon:

}jr{:x}=§1 ¥y =aa+w.,at+(N—1)-w
{

H péon tyn kou 1 deomopd g t.1. X (KoAlvBa-Mayaipa & Mnopa-Zévta, 2013
Kol 0AAoD) divovtal, avtioTolyo, and Tig OYECELS:

EX=a+ (N—ﬂ-(%)

-
&

Vary = (2
ars = _12

O ovvtedeotng petafintomrag g T. 1. X, pe v vobeon ot o = 0, diveton amod
T oyéon:

)-N-{N+1]
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| (N+1) 3
E‘.f: 'I"i"._'—ﬂ._
SRR VERE

[opoatnpovue 6TL 0 GUVTEAESTNG HETAPANTOTNTOG Elvan ave&dptntog Tov Pruatog &
Kol 0Tl kobdg 1o péyebog tov TANOLGHOL avEdveTal, 1 T TOL GCLVIEAECTN
V3
) ) ) . —=0,5774

petafintdétrag teivel opwakd oty T 3
TOPOTAVE® GYECT KO TPOKVTTEL:

\3 —-3N -1

i < 0¥YN=1

3/ 2((n—12-VNT+N)

GUVETMOC, 0 GUVTEAESTNG MeTafAntotntog eivan pio ywnoiong @bivovso cuvaptnon.
Eivat, dpmg, kot veo epaypévn kot cuykekpyévo O = 1,% N = 2,

HopaywyiCoope v

Ymv  mopodoo epyacic, M o&lOMOTIC TOL  EKTIUNTH TOV  GLVIEAEOTH
petafAntdtrag amodidetol TEMKE UE TO TOGOGTO TOV OEYUAT®V TOL divouv TIUN

TOV GUVTEAECTH HETAPANTOTNTOG EVTOG TV OpidV TOL TANOBLOUIKOD CLVIEAEGTN

'3
, YoMt , ,
petafintétmrog 3 (Mahmoudvand et al., 2007) 1} TpoceyyioTIKd GTO

oo (0,5774,1].

2. MEOOAOX AEI'MATOAHYIAX

H pébodog derypotoinyiog mov emdéybnke givar oA Toyxoio derypatoinyia
(ATA) (Dappdkng, 2016), oniaon kabe otoygio tov MANBvLoUOL Exel TV 10w
mBbovotnto vo ocvumepiinebel oto delypo pe omolodNmote GAAO GTOLEID TOL
mnbvopov. Katd ™ dwdikacio g ATA Oswpeitan cvvnbog 6t 10 €KAGTOTE
EMAEYOUEVO GTOLYEID 08V EMOTPEQPEL 6TOV TANOLGUO (DOTE Vo umopel vo emheyel
Eavd. Avt 1 derypatoAnyio eivar yvootn ¢ dstypatoAnyio ywopig emavddeon.
Yrdpyel, Opmg, mepintmon 10 kaOe otoyeio UOAMG emAeyel Kal Kataypagel n Tiun
TOV, GTNV TPOKEWEVT TEPITTO®ON N TN TNG T.l. TOL UEAETOVUE, VO EMCTPEPEL Kol
wéA otov TAnBvoud dote vo pmopel va emavekieyel. H dwadikacio avtr ovoudleton
derypatoAinyio pe erovadeon.

‘Eyetl amodeyybei 6011 Varx, = Varx, 6mov X, n péon tov deiypartog pe emavibeon

KOl X 1 HéCN TN TOL Oelypatog ympic emavadeon Kol GLUYKEKPIUEVO, Eivol KaTd,
N—-1
N —mn peyolotepn (Papudkng, 2016), 6mov N kou N ta peyédn tov mAnbouopod ko
ToV delyporog, avtiototya. Emopévac, oty nepintwon g toyaiog detypotoinyia pe
enovaBeon Eyovpe Ayotepn TAnpoeopio amod deiypa peyéboug n.

To mAN00¢ TV SLHPOPETIKOV JELYLATMOV TOL AAUPAVOVTOL KOTE T1) SETYLOTOANYioL
Yopig emavabeon eivor ico pe 10 TANBo¢ twv cvvdvaoudv N avd n, to omoio

oupPorileTon pe {:}, Ve Kotd TN derypatoAnyio pe emavdbeon eivon ico pe N™.
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‘Eoto X = (xy,%3,..., X, ) £V0. OMOL0ONTOTE TEMEPUGUEVO GVVOLO Kal 0C VITOOEGOVLIE
0Tl BEAOVE VO YPTCLLOTOUGOVE TO GTOLYEIO X GLVOAIKA Ky QOPEC, TO GTOLYElD X4
ouvoAkd ko @opég kol 0Ot KabeEng, 6mov ky + ko + kg+...=n. To mAinboc tov
enovanmTikdy petabicsmv eivar ico pe nl/f(kylkolks!...), yopic va amokieieTa
Koo amd ta ki = 1,2, ..., va eivan ica pe 1. T mapdderypa, av EYOVUE TPEIS
eopég "1", pio opd "2" ko d0o @opég "0, tote éyovpe 6!/(311!21) =60 6-
ynoewvg opBpovg ypappévoug pe avtd to ynoio, onAadn 60 emavoAnmriKéc
petaféoerc.

3. EAEI'XOX AZIOIIXTIAX

Ytov  €éleyyo oaflomotiog TOL  OELYHOTIKOD  EKTIUNT TOV  GUVIEAECTN
petafAintotnrag axorovbovvton To eENG Prpara:

i.  kataypoeh tov derypdtov og M -didotatov Stavoopdtoy KXz, e, Xy)

ii. vmoAoyiopog Tov mANBoVg TV deryudtov

iii. vroloylopog ™¢ péong Tng Kabe detypatog

iV. VIoAOYIGpOG TG dlaomopdg Kabe delypotog

V. DTOAOYIGUOG TNG TUTIKNG OTOKALCT|G KaOE deiypatog

Vi. LTOAOYIGUOG TOV GUVTEAESTN peTaPAnToTnTag KAOE delypaTog

Vii. vToAOYIGUOG TOV TOG0oTOV (£7H TO1G £KATO) TOL APLOOD TOV detypdTmV OOV

E
, ’ , 7 (_.l 1]
0 GUVTEAECTNG UETAPANTOTNTOG OVIKEL GTO OLAGTNO | 3 .
To mocootd avtd oto e&ng Ba ovopdletor ¥Gptv GLUVTORING «TOGOGTO
ATOO0GN Y.

3.1 DU{0,1,2}

Apyikd e€etdotnie 1 a&lOMIGTIO TOV OELYLOTIKOD GUVTEAEGT LETOPANTOTNTOC YLo!
™mv T.u. X mov akolovbel drokpirh opodpopen kotavouny DULD, 1,2}, dnladf yu
N =3

IMa Adyovg owovopiag ydpov, TEPTYPAPETAL EKTEVAOS 1 TEPITTMOT TOV OEIYUATOV
peyébovg n = 6, ta omoia AouPdavovrol katd tn OostypatoAnyio pe enovadeon. To
Kkaféva and avtd Ta deiypata mopiotdvetal otov Ilivaka 1 pe m popen 6-dtdctatov
davoopatog (xy,%3, ..., Xg), Ol GUVIETAYUEVEG TOL OTOIOL UTOPOVV VO, TAPOLV TIG
Tipég 0, 1 f/xon 2 ko’ 6Aovg Tovg duvatovg TpoTove. Me Ni cuuPoiiletar o apBudS
TOV ETOAVOANTTIKOV HETOOECEMY TOL UITOPOVV VO GYNUOTIOTOOV HE TIG TIUES TTOL
divovtal og kdBe celpd Tov Tivaka.

Hivaxag 1. Ieprypopn twv deryudtwy kot tiués tov XM yio N=3 & n=6

Dalxe|xe|xfx x| n [ =v |
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0/0|0|0]|0|0| 1 |1,0000
1/0]0]0|0|0]| 6 |2449
2/ 0[0|0|0|0]| 6 |2449
1(1]0[0]0]0]| 1515492
1/2/0(0(0|0]| 30 |1,6733
212|0[0|0|0]| 15 15492
1/1/1]0]0]0]| 20 |1,0954
111,2]0]|0|0]| 60 |1,2247
1712120 0]0]| 60 |11798
2121210 0]0]| 20 |1,0954
1{1(1|1|0|0]| 15 |0,7746
1/1(1|2]0|0]| 60 [0,9033
111(2|2]0/|0]| 9 |0,8944
1{2|2|2|0]|0]| 60 |08427
2|12|2|2|0|0]| 15 |0,7746
1{1(1|1|1|0]| 6 |0489
1{1(1(1|2|0]| 30 |06325
1{1(1|2|2]|0]| 60 |0,6452
1{1(2|2|2]|0]| 60 |06124
112{2|2|2|0]| 30 |05578
212122120 0,4899
1111111 0,0000
11111112 0,3499
111,112 )2]| 15 |0,3873
1111122 |2]| 20 |0,3651
1(112}2}2]2]| 15 |0,3098
1121222 |2]| 6 |0,2227
21222 2]2]| 1 |0,0000
XYNOAO 729

Tuvohkd, Aoppavoope N™ = 38 = 729 Seiypata peyédovc 6. Tapatmpodpe Ot
og 391 deiypoaro, ta onoia emonuaivovtol ue £viovn ypooen (bold), o cvvieleotrg

UETAPANTOTNTAG OVIKEL GTO OG0T (%3, 1l.

61



Enavolapfdvoope v id1a dadikacio yio kaBe detypa pe emavéBeon peyédovg
n =2345789 ku 10 ko katoypboovpue TOov apldpd TOV GUVOMKGOV
deryudraov, Kobmg Kot Tov apltBpod Kol T0 T0G00TO TV SEIYUATOV OOV O GUVTEAEGTIG

+

petafAntdnrag avikel 6To 4ot (?3, 1] (IMivoxog 2).

IHivaxag 2. Awoteléoparo deryuatoinyiog pe exavabeon

yio N=3 & n=2, 3, ..., 10

Méye0og AprOpog Apiop 65 deryphrov IMocooté
dgiypatog | osrypdrev 6mov \'?3 <IM=1 amwdooong (%)
2 9 1 11,11

3 27 13 48,15
4 81 33 40,74
5 243 121 49,79

6 729 391 53,64

7 2187 1170 53,50

8 6561 3585 54,64

9 19683 10795 54,84
10 59049 39871 67,52

[apatmpeiton pio tdon 10 TOCOOTO TOV OSIYUATIKOV TUYLOV TOV GUVIEAESTN|
petafintétrag mov  sivor péoca ota Opl Tov  TANOLGUIOKOD  GUVTEAESTH
petafintotnrag va ov&avetot mopdiinia pe to péyebog tov deiypatog (Zynua 1).

2ynue 1. [looooto amodoons (%) yio N=3 & n=2, 3, ..., 10

th
1

ITococ16 (%0)

MeyeBog delypartog
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3.2DU{0,1,2,3)

X ovvéyeln efetdotnke 1M aflomotioc TOL  JEIYHOTIKOD  GUVIEAEOTH
petafintotrag yuoo v T.U. X mov akoAovbel SaKpith OUOLOUOPPT KOTOVOUR
DU{0D,1,2,3}, dnhadn yo N = 4. Xtov Ilivaka 3 mopovcsidloviol to amoTeAEGHAT

g detypatoinyiog pe enovabeon yioon = 2,3, 4, 5,6 kot 7.

Iivaxag 3. Awoteléoparo deryuatoinyiog pe emavabeon

yia N=4 &n=2,3, ..., 7

Méye0og Ap1Opdg Ap lﬂuf)_; BEVypGTOY Mocooto
ogiyparog | deryparov omov \'? <IM=1 amw6doomng (%)
2 16 7 43,75

3 64 25 39,00

4 256 91 35,55

5 1024 526 51,37

6 4096 2137 52,17

7 16384 9479 57,86

Eivar poavepn kot €dd 1 tdon va av&AveTol T0 T0G0GTO TV SELYUATIKOV TULDV
TOV OULVTEAEOTH UETAPANTOTNTOG 7OV &ivol péca otor Ople. Tov TAnBvoulokon
ouvteAEOTH HETAPANTOTNTOG (Zynpa 2).

Zynua 2. [looooto omddoons (%) yro N=4 & n=2, 3, ..., 7

63



ITococetd (%)
w

{I T T T T T T 1
0 1 2 K] 4

MeyeBog deiypnotog

th
=
1

3.3DU{0,1,2,3,4}

Xm ovvéyeln efetdotnke 1M aflomoTioc TOL  JEIYHOTIKOD  GUVIEAEOTH
petafintoétrag yuoo v T.U. X mov axoAovfel SKplT) OUOWOUOPPN KOTAVOUN
DU{0,1,2, 3,4}, dnhadn yuo N = 5. Ztov [Tivaka 4 mapovctdloviot To amoTeAEc LT

g detypotoAnNyiog yopic emavabeon yun = 2, 3, 4 kot 5.

IHivakac 4. Awoteléouora deryuatonyios ywpic emovaleon
yio N=5 &n=2,3,4,5

Méye0og Ap1Opdg Ap lﬂu(l')_; daypdrov Mocooto
dgiyparog | deryparov omov \'? <IM=1 amw6doomng (%)
2 10 2 20

3 10 5 50

4 5 4 80

5 1 1 100

IMoapotnpodue 1L vapyet povo éva deiypo peyébouvg n = 5, 0 id10¢ 0 mAnbvoudg.
2V mEPItTOOoN VT, Ol TIHEG TOL OEYHOTIKOD Kot TOV TANBLUGUIOKOD CLVTEAESTN
uetafintdétnrag cvumintovy Ko eivan ioeg pe 0,7906.

Zynua 3. [looooto anodoons (%) yra N=5 & n=2,3,4,5
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100 -

80 -

60 -

40 -

ITocootd (%)

20 -

1] T T T T 1
0 1 2 3 4

MéyeBoc deiynatog

th

To m0c06Td TV delypdT®V, OMOV O CUVTEAEGTNG UETAPANTOTNTOG OVIKEL GTO
duiotnpo (?, 1], éyet xou £8® avEovoa Kat EVTOVa YPOUUIKT TAOT GE GYECT LE TO

uéyebog tov delypatog (Zynua 3).

3.4DU{0,1,2,3,4,5,6,7}

Téhog, e€etdotnre N 0&0TOTIOl TOV OEIYUATIKOD CUVTEAEGTN UETAPANTOTNTOG Y10l
mv T.u. X mov akolovbel dakpiry opoldpopen katovoun DU{D,1,2,3,4,5,6,7},
omiadn yw N =8. Ztov Ilivaka 5 mapovctdlovior To OmOTEAEGUOTO TNG
derypotolnyiog ywpic enavabeon yion = 2, 3, 4, 5, 6, 7 ko 8.

Iivakag 5. Awoteléouora deryuatonyios ywpic emovaleon
yio N=8 & n=2,3, ..., 8

Méye0og ApOpuog Apibu 65 darypdrov IMocooté
deiypatog | deryparov o6mov \'?3 <IM=1 amodoong (%)
2 28 6 21,43

3 56 27 48,21

4 70 42 60,00

5 56 42 75,00

6 28 24 85,71

7 8 6 75,00

8 1 1 100,00
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[oapoatnpovue 6TL VIEAPYEL LOVO Eva deiypa peyébovg n = 8, o id1og 0 TANOLGLOG.
2V mePInTOon avTn, ot TIHEG TOL OELYHOTIKOD Kol TOU TANOLGUIOKOD CLVTEAEGTN
petafintdtrag cvpmintovy Kou givon ioeg pe 0,6999.

Zyniua 4. [looooto omddoons (%) yro N=8 & n=2, 3, ..., 8
100 -
80 -
60 -

40 -

IlococTd (%)

20 -

1] T T T T
0 1 2 3 4

Meéyebog deiynatog

n
(=2}

1
=2}

I'evikd, 10 TOG00TO OmOdOONG £XEL KOl €0® Mo ovEovcoa TAoT 0 GYECN WE TO
uéyebog tov deilypatog (Zynua 4).

4. XYXXETIZH MEI'EOOYX TOY AEII'MATOX ME IIOXOXTO
AIIOAOXHX

Metd v oAoKAp@on Tov eAéyyov alomiotiog, eEetdotnke o puOudg avénong
TOV TOCOGTOV 0OmOdooNG Yy avénon tov peyébovg, N, tov deiypatog Kotd pia
puovada.

IMa Adyovg otkovopiog xdpov, Teptypdpetal extevmg 1 mepintmon yio N = 3 kot
derypatoAnyio pe emavadect, OTOL 1| TN TOV GUVIEAECTY GUOYETIONG EEMEPVAEL TO
0,8 (ITivaxog 6), onAaon pe Gida Adywo Tovddyiotov to H4% TV peTafolmv Tov
T0G00TOV ATOd00NG OpEileTal TN peTafoir tov peyéBovug Tov detypatoc. H tyun tov
GUVTEAEDTH] GUOYETIONG VTOOEIKVVEL OTL VIAPYEL YPOUULKT) oxéon uetald Ttov
T0G00TOD 0mddoong kol Tov peyéBovg tov deiyuatog Kot 1 evbeia TG YPOUUIKIG
TaAvdpounong divetar omd T oyéon:

_';: = bl} + bl T
omov ¥ 1 eKTipMon oV T0606ToL amTddooNG, 1 T0 NEYeBog ToL deiypatog kot by by ot
ovvteheoTtég malwvdpounons. H Ty tov ovvtedeoty by mpoxvmtel and to {evyn

Tipadv péyebog delypatog — tocootd anddoong (%) tov Iivaxa 2 ko gival Kotd péco
0po Alyo peyordtepn amd 1o 2. Avtd pog emtpénel va vrobécovpe por avénon tov
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1060070V amodoons katd 2% mepimov oe kdbe advénomn tov peyébovg 1 Tov detypoTog
Katd pio povada. Apa, PE Hor opykn 0E0TIOTIO TOV GUVIEAESTN UETOPANTOTNTOG
YOopow oto 35% ypealdpoote péyebog deiypatog 35 pe 40 otoyeion yoo peydn
a&lomiotioc Tov va mAnowaler to 100%. O ocvvieheotng br mov mpokvmrer amd
maAvdpdunon pe ototyeior mov mepthapPavoovy Kot peyédn delypatog n = 10 Paiver
OPLOKA LELOVHEVOS. XVVETMG Kol 1 péom Tiun Ba méoet Kot Kato amd 2.

Ytov Ilivaxo 6 mapovoidlovtar ot TIHEG TMOV GUVIEAESTAOV GLGYETIONG KOl
TPOCIOPICUOV Y10 OAEC TIG TEPIMTAOCELG detypatonyiog mwov eetdaotnray. OAleg ot
TIEG TOV GLVTEAEGTMV GLGYETIONG Elvar BETIKES, ETOUEVMG VTLAPYEL BETIKY YPOUUIKN
eEdpon peta&d tov 6vo petafintav (KoivBd-Mayaipa & Mmopa-Zévta, 2013),
TOV TTOCOGTOV ATOS0CNC Kal TOL pHeyéBovg Tov deiypatog, eite avtd AouPaveTol Pe
enovabeon gite yopic emavadeon.

Hivakag 6. Tiuéc Twv oOVIEAEOTOV GVOYETIONS KOI TIPOGOLOPLOUOD

Mg enavafeon | Xopic emavadeon

Méyefog TAn0vopov 3 4 5 8
YUVTEAEOTI|S GUGYETIONG 0,8490 | 0,7837 | 0,9959 | 0,9361
YuvrereoTiig Tpoosolopiopov | 0,7208 | 0,6142 | 0,9918 | 0,8763

H tpn tov ovvieheot] ovoyétiong yioo N =5 ko derypatodnyio ywpic
enavafeon (r = 0,9959) emPePardvel OTL VILAPYEL «OYEDOVH TELELD YPOLUUIKT OYEON
peta&ld tov peyEBovg TOv SELYOTOC KOl TOV TOGOGTOV OOd00NG, 0TS E100E KoL
oto Zynua 3. H avtictoym T tov cvvieleoty mpocdiopiopod (r* = 0,9918)

emPePfardverl Ty TOAD KOAN TPOGOPUOYT TNG gvbeiog TaAVdpOUNGNS 6Ta dedOUEVA,
NG OLOKPITAG OLOOLOPPNG KATOVOUNC.

5. XYMIIEPAXMATA

Ta, deiypoto mov AauPdvovior pe emavabeon pog 6ivovv Ayodtepn TANpogopic
amd ovtnv mov divouv To delypata id1ov peyébovg mov Aapfdvovtol yopig
enovabeon.

Koabng avédvetar o apiBudég N tov otoyeiov tov ITAnbvcupod, mapatnpeitol
aBENOT TOL TOGOGTOL TOV SEYHAT®V oL AouPdavovtol 1o pe emavadeon, 060 Kot
yopic emavabeomn Kot Sivouv T Tov SEIYUATIKOD GUVTEAESTN UETARANTOTNTAG EVTOG
TV opiv T0L TANOLGUINKOD GLUVTEAEGTY] LETOPANTOTNTOC.

H tyun 1tov ovvtedeotn cuoyétiong pHog oelyvel 0Tt vdpyel eviovotepn Oetikn
YPOUUIKY cvoyEtion HETaEy tov peyéboug ™ twv detypdrtov yopic emavabeon kot
TOV TOGOGTOV TV OEIYUAT®V, OTOL O GULVIEAESTNG UETAPANTOTNTAG TAiPVEL TIUN
€VTOG TV opiwv Tov TANOLGUIOKOD GUVTEAESTN UETAPANTOTNTOG, CUYKPITIKG UE TO
detypota wov Aappdvovton pe exavdbeon.
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Movtéla Ypoptknig TaAvdpounong tpoPiénovy ot delyuata peyébovg n = 40
dtvouv vYMAG TOGOGTH JEYLATMOV HE T TOV GUVTEAESTN UETAPANTOTNTAG EVTOG TOV

(5]
drootpatog V3 1.

ABSTRACT

In the present paper we evaluate the reliability of the estimated coefficient of
variation (CV) by a random sample from the population, when the random variable
follows the discrete uniform distribution DU{0,1, ..., N-1}. Samples both with
replacement and without replacement are examined and the percentage of the values
of the estimator that lie within the corresponding population coefficient of variation’s
I

(E = (V= 1) . A . . .

bounds \ 3 is calculated. The reliability of the estimator is attributed to
the percentage of the samples where the coefficient of variation lies within the
population coefficient of variation’s bounds. The study of the above samples shows
that the reliability of the sampling coefficient of variation increases in parallel with
the sample size. The overall study gives a good idea of "whether the sampling

coefficient of variation is generally reliable".

Keywords: Coefficient of variation, discrete uniform distribution, sample, reliability

AMS Classification: 62D05, 62E17
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EAANvix6 Ztatiotixd IvoTitoiTo
Mpaxtixd tou 30°V TTaveliviou Luvédptou Etomiotindc (2017), oeh. 70—79

AKPIBEIY EAEI'XOI I'TA TON AOT'O TQN
ITAPAMETPQON KAIMAKAY AYO
KATANOMOQN LAPLACE

M. TagLadn, I'. HAiémouvlog
IMovemo o Hetpoudg
{mtafiadi, geh}@unipi.gr

IIEPIAHYH

Oewpolye axpBeic eMéyyoug yia vo eEETACOUUE TNV LOOTATA TOU AGYOU TOROPETEWY XAl
poxag, 8o mAnduopcyv Laplace Bacilopevolr oe avtiotolya aveEdptnta tuyaio dSelyparta.
O oratiotnég ouvapthoels Booilovtar elte otoug extiuntéc péylotne mdavogdvelag, elte
6T0U¢ BEATIOTOUG YRUUUXOUC aUEPOANTOVS EXTUNTES. AECUEVOVTOC GE CUYXEXPWEVES TO-
ooTNTES, EXPEAloVYE TG axEBElC XATOUVOUES TOUC WE UEIEEIC XATAVOUMY AGYWVY YEUUUXDY
GUVBLACUOY AVEEGETNTWY TUTIXDY EXVETIXMOY TUY WY HETOBANTOY. AUTd HoC ETITEETEL VoL
Bpolue o€ ¥AEWOTH LORPT| TNV CUVERTNOY) XATOVOUNG TV CTATIOTIXWY CUVIPTACEWY Ol VoL
unohoyicouye tococ o onueio. Kotaoxeudloupe auepohnmtoug eAEyyoug xon aepOnTTa
Blao THUOTA EUTILE TOGUVNE Yidt TOV AdYO Twv BU0 opopuétewy xAlaxac ta onola Bacilovto
oToug Tapandvw exTiuntég. O axpBelc Sabixaoieg napovoidlovtal Yéow evog mopadelypo-
TOC PE TEAYUOTIXG Bedouéva.

Aékeig khedrd: Kotavour Laplace, Aoyoc nopopétpwy xhlpaxac, axpfeic Eheyyol, extiuntég
péyotne miavogdvelas, BEATIOTOL YoouuLxol ouEPOANTOL EXTIUNTES

1. EIXATQI'H

‘Eva onuovtind mpdfinua otny LtatoTixy ebvar 1) cOYXEIon TWV ToUpoUETEWY
xhipoxog 600 mAnduouoy. Lo to mEoPAnua autd undpyouy axplBelc mopaUETEIXOL
EAEYYOL UOVO YL CUYXEXPWEVES OLXOYEVELEC XaTovop®y. [ var xdvoupe tétoleg
ouyxpeloelg €€w amd TO TANICLO AUTWY TV XATAVOUWY, Vo TEETEL Vo BAcLoTOVYE €lTe
O€ TPOCEYYIOTIXES (T.Y. ooLUNTOTIXES) ADGELS, ElTe OE U TopEaUeETEIX0UE EAEYYOUG.

Ye auth) Ty gpyaota oulntdue axpBeic eEAEyyYoUC Yo T1 CUYXELOT TV TUpUE-
Tewv xAipoxag 800 xatavouny Laplace Bacilouevol oe avtiototya aveldotnta Tuyado
detypara. Ouéleyyol aoilovian otoug extiuntéc péytotne mbavopdvetog (EMIT) xou
oToug BérTIoTOouE Yeouuxols auepdintous extuntés (BIAE). H cuvdptnon nuxvo-
o mavotnTag Tng xatavourc Laplace pe nopdueteo Véong 1 € R xan mopducstpo
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xhpaxag o > 0, mov Vo tn cupyPorilouue pe L(p, o), divetar and tov e€¥c TOno:

1
flasp,o) = %e*“*’”/a, z eR.
"Eotw
X:(Xl,...,an), Y:(Yl,...,YnQ), ny,no = 2, (1)

000 aveZdptnta Tuyada Selypata and Tic xotavopés L(p1,01), L(pe, 02), avtiotoya,
%ol
Xl:n1 < X2:n1 < < Xn1:n17 }/l:nz < YQ:TLQ << Yn22n2

oL avtioTolyeg BlUTETAYHEVES OTATIOTIXEG CUVAPTACELS. Oewpolue Tov €Aeyy0 NG
unodeong
H() : 0’1/0’2 = P0 ®otd H1 : 0'1/(72 7é £0-

Yo enopeva Go Yewpricoupe uévo tny mepintwon po = 1. Av pg # 1 t161€ 10 TEOBAN-
Mo oVEYETAL OTNY TR T TEpinTwon toAlaniactdlovtog ta X; e po. Lulntdue 0o
axpBelc eréyyoug mou Baciloviar 6Toug AOYOUS aVToTOLYWY EXTIUNTOY TWY 01, 02
xan ouyxexpéva twv EMII xau tov BIAE. Tapeymntdviwe, o mpmtog and toug
000 ouuninTel Ye Tov EAeY Y0 YeVIxeUpEVoL Adyou Tdavopavelny. Exgpdlovtog tnv
XATOVOUY) TV 0VO OTATIOTIXWY CUVIRTNOEWY UECK XAEIGTOV TUTWY UTohoy(louue
axp3wg o xploua onueio Twv 600 EAEYyYwY. AUTH TO ETLTUYYEVOUUE YENOUOTOLOV-
Toc éva anotéheoua twv Iliopoulos and Balakrishnan (2011) ou omoiot avéntuZoy
axplB3r) ouunepacpatoloyio Yo Tic Tapapéteous plog xatavourc Laplace.

Yy evotna 2 Yewpolpe toug eéyyoug mou Baciloton eite otoug EMII, eite
otoug BI'AE xou Bploxouye g axpiBelc xatavopés touc. Ltny evotnto 3 neplypd-
(POVUE TEOTO XATACKEUNG OUEROANTITWV EAEY YWY XU OUEROANTITWYV OLUC TNUATWY El-
motoolvng. Téhog, otny evotnta 4 nopouctdloupe OAeC TiC dladixacieg Yéow evog
aptiunTeo) TopadelyuaTog.

2. EAEI'XOI I'TA TO AOI'O ITAPAMETPON KAIMAKAY
Ocwpolpe o dedopéva oty (1) xou Vétoupe n = ng + ng, m; = [(n; + 1)/2],

i =1,2. H ouvdptnon mdavogdvetag tou (1, 2, o1, 02) ebvor

1 1 "lox. _ 1 52 )y
[ XY i— M1 i— H2
(N17H2a01702| ) ) oni+ng 5N 512 e 7 iz X | 72 iz Vi Iv
1 09

M1, (o € R,Jl,ag > 0,
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xou efvon €hxolo var Set xavelg 6Tl yeylotomoleitoaw oto onuelo (fi1, fiz2, 61, 02) 6moL
fi1, fl2 cbvar omoleadnnote diduecol twv X, Y, avtioTorya, xou

1 ni n1/2]
mzzmm—( S X > X>
{3 Rt i=mit1 ‘
[n2/2

®=§]Yﬁm—(§jnm Zﬁ%Q

i=mo+1

eivar oo EMII twv 01, 09. Y16 ) undevixr} undldeon o1 = o2 1 mdavopdvelo Yeyt-
otornoteiton oo onpelo (fi1, fi2, F,6) 6mou

1 L n101+n20'2
o= — X; — Y, — _
20 m+2| jul | = "7

Kévovtag tig anapaitnteg mpdéelc xatoahiyoude 0T 6Tl 0 YEVIXEUPEVOS AOYOC Tda-
VOQAVELDY Elva
L(fi1, fio,61,02|X,Y)  &" o (n2/n1 + 61/52)"
L, pi2,6,6|X,Y)  67'65° (61/02)™

xa TodpveL UEYAAT T oV 0 AOYOS
Ty :=061/69

Tdpel elte et lte Yeydhn Ty, Emouévae, n Hy : 01 = o2 anoppinteton yio lxpég
1) eYGAeS TWES Tou Adyou twv EMII twv o1, 09.

Muolpevol Tov mapamdve hoyixd xavova VewmpolUe xou Tov €AYy o Tou Bactleto
oTov avtioToo AGYO TV BEATIOTOV YEuUUXOY auepOAnmTwy extiuntoy (BI'AE)
01,09 TWV 01, 09,

Ty = 61/62.

O extipntéc autol €xovy Ty Lop@h > Bing Xiny s 0 r2y Bing Yims UE TOUC GUVTE-
AeoTéC Bin, va éyouv bovel and tov Govindarajulu (1966).

Ipoxewévou va Beolue xploa onuela yio Toug 600 eA€yyoug Yo YEEWICTOUUE
TNV axE3Y) XoTAVOUT| TwV L0 CTATICTIXGY cuvapThoewy. Eneidr téco ot BI'AE 600
xan ot EMII tov o1, 02 elvor ypauuixol cuvduacuol TeV BIATETHYUEVDY GTATIC TIXGDY
GUVOPTACEWY TOL TEOXUTTOUY o Tal 500 delyuorta, Vol SLATUTCOUUE VAl YEVIXOTERO
AnOTEAEGUA TO OTOl0 XUAOTTEL Xou TIg BVO:

ITpétaom 1. Eoww dedouéva énws otnr (1) kat ai,...,an,,b1,..., by, kdnoles
otalepés. Torte, ya onoodnmote x € R,

221 aiXi:Tn } 1 s 2 (TL1> (n2> {27‘1—11 Si(dl)Ui ()] }
Pi=r ———— Ly =— pPi= — ——— < —x
{ > i1 biYin, 2" dlz_:o g_:o dy ) \ds > iz ti(d2)Vi o
(2)
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orov Uy, ..., Upn,, Vi, ..., Vy,, €lvar aveEdptntes tumikés exletikés tuyaies uetapAn-
TéS Kai

d1—i+1 do—i+1
DY) i<d _723211 b i <d
dl—l-f-]., X U1, dg-Z-i-l X 42,
Si(dl) - an ti(dQ) - ZnQ b
s 2 p.
j=tJ ’ i>d, e el , 1 > da.
nt—t1+1 no—1+1

Anddeaén. Eivoaw yvowot6 6t av Z ~ L(p, o) toTE 1 SEoPELUMEVN XoTavour TS ph — Z
oovévtog 0Tl Z < 1 xou 1) OECUELUEVT xoTavour| TnNg £ — p dodéviog oTL Z > p
elvan 1 exdetinh xotovour| pe péon tunf o, E(o) (BA. Kotz et al., 2001). 'Eotw

Ziy o Ty S L(p,0) xaw D = #{Z; < p} (to miidoc twv Z; nou elvor pixpod-
tepa 1 foo Tou ). Agol to p elvon 1 Sidecog tng xatavounic, n D oxoloudel
drwvupx| xatavour| B(n, 1/2). Ané touc Iliopoulos and Balakrishnan (2009) yve-

piloupe 6Tt do¥évtoc D = d o umhox (Zim, - -+, Zan) * (Zggim, - -y Znm) EVOL
aveldptnta xow oUVETOS ((b — Ziipy -« b — Zdn) 4 (La:dy -+, L1.q) xou (Zgg1.n —

d 7 7
WyooosZpm — 1) = (Rim—dy- -y Ry—din—d), 670U Ly,..., Lg xou Ry,..., Ry _q4 €i-
vau ave&dptntee tuyaies uetoAntéc pe xotavopr £(o). Eivor enlone yvwotd 6t av
Wi, ..., Wy ebvan aveldptnteg tuyoleg petofPintéc (o), téte o1 tuyaiec Yetoin-
e kWi, (K — 1) (Way — Wik), . .., Wi — Wi— 1. €bvon ave&dptnteg ye xatavoun
enlonc £(o) (BA. Arnold et al., 2008). Xpenowwonoidvtag Oho To. TAUPATEVE GUY-

nepatvouue OTL dovévtoc D = d 0 YEOUULXOC ouvBuocopoq i ¢iZ; éxer Ty Bl

d
XOTOVOUT UE TNV Tuyaior peTaBhnTh — Z] 1 %HCIW + % ;fHZW 6mou

Wi, ..., W, S &(0).

‘Eoto topa D1 = #{X; < 1}, D2 = #{Y; < pa} mov AMoyw tne aveloptnoiog
v X xou Y elvon enlong aveEdptnres pe Stwvuxée xatavopée B(ni, 1/2), B(ng, 1/2),
avtiototyo. Bdoel twv nopamdvw, 1 xatavour tou hoyou >t a; X/ Y 12 biY; do-
Bévtoc D1 = dy xou Dy = dy eivou {Bior pe o hoyou Y ity si(dh)o1Us/ D002, ti(da) o2V
pe toug ouvteheotéc s;i(dr),ti(da) 6mwe ony expdvnor Tou VYewphpatoc. Adpoi-
Covtag yio 6ha T dp, dp madpvoupe Ty (2). O

H (2) poc Aéel 6L 1 xotavour] Tou AGYOoU YRaUUIXDY GUVBUACUOY TV BloTETory ué-
VOV GTATIO TV CUVIPTACENY TIOL TEOXUTITOLY omd dV0 aveddptnta Tuyalo Selyuato
an6 xatovopéc Laplace elvon pelln xatovoumy AOYwY YRuUUIXOY CUVOUNCUWY oVE-
Edptnrwy exdetindv tuyaiov yetofintov. Ov EMII xou oo BTAE twv 01,09 elvan
YOUUUXES CUVHPTACELS TWV oVTIGTOLY WY OLUTETAYUEVOY CTATIC TIXMY CUVAPTACEWY,
EMOPEVWS 1) CUVBPTNOY XUTAVOUAC TWV CTATIOTXOV cuvapThoewy T, Ty €yel tny
woppy| (2). Ernedn e o T1, Ty elvon Jetixée pe mdavotnta €va, oL CUVTEAECTEC
si(d1),ti(d2) etvon xou owtol Yetixol. (Xe Sapopetixr nepintwon Vo unheye TOU-
Nyotov éva Ledyog di,da étor wote o Aoyoc Y si(di)U;/ Y ti(da)Vi v yivetou
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apvnTixoe pe Vet mioavotnro.) ‘Etot, yio g 11, To 1 Xotovopr] 1wV GUVGTOOOY
e peldne oty (2) diveton and v axdbhoudr TpdToo.

iid

Ilpétaocn 2. Eow Ui,..., Uy, Vi, .., Vi, ~ E(1) ka1 s;,t; > 0,2 > 0, @ =
1,....n1,5 = 1,...,n2. Eoww p ka1 q¢ to tAndos twy diakekpipuévowy s; kar Olake-
kpiévov t;, avtiotoa, kal é0tw (Aa,Va), @ = 1,...,p, ka1 (pp,0p), b =1,...,¢,

o1 arTIOTPOPOL TOUS UE TIS avTIOTOIYES OUXVOTNTES Tous. TOTe,

>t 151Uz - 2 &
P{N flf} =1- Zzzzw],a 77 ¢k b((S x:u) j,k()\aax,ub)a

a=1b=1 j=1 k=1

omovy = (Y1, ¥p)s A= (A1, Ap), 0= (01,...,0¢), = (L1, 14q),

1 2_1 )\%
S D SN | (A P e

V; —5 1=1
z%/al =Ya Jz;ﬁa

05
enlBo) = (—p) 30 H(‘””@ Dot

— ditv;
o sk i = ip)

Vp= 0 ;éb

Kai

j=L /. ik
i+k—-1 Aahty
Dk (Nas 1p) = E < - ) v

1=

Arédaén. Tpogavae, Y 3ity siUs/ D752tV 4 S A Wa/ Yok Zy bnou W, ..., Wy,
21, ..., Zq clvan aveldptnreg tuyaiec uetaBhntéc Erlang, W, ~ Erl(vq, Aa), Zp ~
Erl(dp, ). Amd touc Amari and Misra (1997) yvopiloupe 6Tt
p P Ya
P(YWa<y) =303 651 NG i, M) (3)
a=1

a=1 j=1

6mou G(y; 7, M) = 1 = 970 e ¥ha(yA,)? /i, & > 0, eivon 1 cuVEPTNOT XaTaVOURC
e Erl(7a, Aa). Tpdgpoviag

P{%ﬂl‘?g } {ZW :cZZb}

v TXO TOVTAG TIC XATAVOUES TwV Y W xou Y Zp amd tny (3) xon 0hoXANpdvovTog
TalpVOUUE TO AmOTEAECUAL. O]
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Baowouevor otic axplBeic exppdoelc Twv cuvapTAoewy xatovouns twv 11, Th
umopoluE Vo utoloyicouue aELiuUNTX XATIAANAa TocoG Tl GNUEla YL Vo xorTa-
OXEVBCOUUE TIC TEPLOYES amOpEUPNG TwV EAEY YWY XIS Xl BlAC THUATA EUTLE TOCU-
wne vt Tov Aoyo o1 /0. LugPorilovtac pe Tj o 10 (dvw) a-tocootiodo onueio tng
T;, 7 = 1,2, o amholotepog éheyyog peyédoug o elvon exelvog mou amoppintel TNV
unoleon o1 = o9 6ty T < T 10 N T > T o)2-

3. AMEPOAHIITOI EAEI'XOI KAI ATAXTHMATA EMIIIXTO-
XYNHXY

Q¢ yvwotdy, oe xdie 100(1 — )% didotnuo epmiotoovVNg Yio uio ToEdueTEO
0 avtiotouyel évag dimheupog EeYyog UeYEDOUC Qv YLoL QUTHY TNV TUPAUETEO Xl TO
avtiotpogo. Ilo cuyxexpweéva, To BldoTnue eumicTocUVNE TEPIEYEL xdmola Ty Oy
av xou uévov av o avtioTolyog éheyyoc dev amoppintel Ty unddeon 6 = 6Oy (ue
evoloctixh) Ty 6 # 6p). Ernlong, évac éheyyoc peyédouc o yla TNy TopdUETEO
0 cbvan auepoAnmTog, dNAadT 1 1oy 0¢ Tou elval TOUAAYICTOV v, oV XaL UOVOV OV TO
avtiotolyo SWdoTnua eumioToouyng elvar opepdANTTo, ov dnhadh 1 mavoTtnto vo
cuuTEPLAEBEL ontotadrmoTe T 6 TANY TG TparypaTixhg elvon To TOAL 1 — a.

[Ta” 6o oL TaL BLAC TAUATA EUTLOTOCUYNC GGV 0URKY XL OL aVTIoTOLYOL EAEYYOL
(otoug omoloug Vo avaepdpacte oTo e€hc eniong we «lowv oupWYy) elvor PBolixég
dadixaoiee, dtav mpdxettan yior TapauéTeous xAipoxoc (dnwe etvon €8¢k to o1 /02 Yo
v xatavoun v T = 61/62 xou Ty = &1/62) €youv t0 TEOBANua e Lepohnlag.
Y10 Eyfua 1 BAénovye tic xaumdAeg 1oyLog v eréyywy yeyédoug a = 0.05 (owy
ovptyv mou Bactlovtar otig T1 xou Th 6tay ny = 2,19 = 3: %o 6TC VO TERPITTWOELS
uTdipy oLV TéS 01 /02 Yol TIC oTtoleg 1 Loy ic elvon wixpdTepn Tou 5%.

\
04 06 08 1 12 04 06 08 1 12
ol/02 ol/02

Xxnua 1: Kauridn wydos twv 11, Ty yia a = 0.05.

Aedopévou tou 6Tt oL oTaTIo TiES cuvapThoele 11 xou Th %on oL XUTAVOUES TOUG

€youv TNV (Bl pop@r) Vo YENOHIOTOLAGOVUE GTN GUVEYELX XAl Yiol TI V0 To GUUPBolo
T.
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AAuppa 1. O éeyyos mou aroppinter tny vndeon o1/oa =1 av T < c1 3T > ¢
elvar aueponmrog peyédous o av kar uovov av

Fr(ea) — Fr(c1)) =1—a ka cifr(cr) = cafr(ca), (4)

orov fr ka1 Fr n nuvkvotnta mbavétntas ka1 n ovvdptnon katavouns tns 1', avti-
otoa, otav o1 /o = 1.

H anddeén tou AMuuatog etvon amhr| xou Baciletor 0To YEYOVOS OTL 1) 1oy g TOU
ehéyyou bty o1 /0y = p diveton and Vv dlapopd

Fr(pc2) — Fr(pci) (5)

xou 1 oLvIAXn Y Ty ehaytotonoinof e oto p = 1 (étoL wote 1 oylc va elvor
peyahltepn and a yw p # 1) eivor 1 cafr(ca) — cifr(ci) = 0. To Myya eivou
YVWOTO Yo TNV TERITTWOTN TNG OLUCTIORAS XAVOVIXNG XATAVOURAC X TNG HEONS TWHG
exdetinic xotavopric (Bh. Lehmann, 1986).

Ipoxewévou va xadopicouue Ti¢ xploweg oTadepés c1,ca Yol TOV OPUEPOANTTO
éheyyo peyédouc a Yo mpémer va Abooupe to oVotnua oty (4). Edd éyouue to
e€n¢ TeaxTix6 TEOBANUL. AcBOUEVOU TOU OTL 1) GUVAETNOY XATAVOUNS XAk 1) TUXVOTNTOL
mdovétnrog divovtaw and adpoiopata (ng + 1)(ng + 1) dpwv pe tov xdde éva and
autolg Vo ebvan Eva apxeTd ToAlThoxo dipotloud, 1 EntAucT ToL GUG TAUATOS elvol TOAD
yeovoPopa. I'V autd mpotyolue vae AOGOUUE To GUCTNU dELIUNTIXE ATOYEYYOVTOG
TOV UTOAOYLOUS TwV TUXVOTHTOY TiavdtnTog xou o outéd yag Bonddet 1 axdrouin
TEATHENOT.

[evixd, to SldoTNua EUToTOCOVNG OV AVTIGTOLYEL GTOV EAEYYO TOU OmOEE(TTEL
myvoifoa=1avT <cy AT > ¢ ebvou 10 [T/CQ,T/CJ. O avayevouevog Adyog
Sxpwv awtol Tou dtao thuatog eivor (ca/c1)Eg =0, (T') xou 1 ehoytotonoinoy tou wwo-
duvoel TEoYAVHOS YE ehaytoToTooY Tou AdYou ca/c1. Elvan ebxolo va Slamiotdoet
xavelg 6Tl oL €1, €2 Tou avtio ooy oo 100(1 — a)% Sdotnua epmiotoolvne eho-
yloTou avopevouevou héyou dxpnv elvan oxpBde 1 Abon tou cucThuatog otny (4).
Ernopévoc, 1 enihuon tou cuothuatoc oty (4) tooduvayel ue Ty edpeon twv ¢, c2
ToL EAay Lo TOTOWUY ToV AOYO c2/c1 uTtd Tov Teploplond Fr(ca) — Fr(c) =1 — a.
Emeid1 6¢

Fr(cy) — Fr(c1)) =1 —a & c = Fr ' (1 — a+ Fr(c)),
TO TEOPBANUOL AVAYETOL GTNV EVPEST] TOU €] TOU EAUYLOTOTOLEL TNV GUVAETNON
g(c1) = Fr'(1 — a+ Fr(cr))/er. (6)

[Mo v edayiotomolnoT g g wg Teog ¢ Yenoylonotolue Ty uédodo golden-section
search (BA. Cheney et al., 2008) tnv onola teptypdpoupe axoholing.

‘Eotw g plo mpog ehayiotononon cuvdptnon yio Ty onola yvopilovye 6Tl To
eNdyoto avtiotolyel o xdmolo onueio tou doThPaToS [a,b] xou 6Tl oE aUTo TO
OldoTnua 1 g elvor Tp@TA YVNnolwe @iivouca xau Yetd yvnolng aviovoa. Oewpolue
x1 < x2 € (a,b) xou vroroyilovye Tic Tpéc g(z1), g(x2).
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e Av g(z1) < g(x2) t6tE TO ENdyLoTO PBploxetow oTo BdoTNUA [a, 2] ondte
Vétoupe b = x9, kg = 21 xou 1 = (¢ — L)a + (2 — ¢)b, 6mouv ¢ = (1 +
V/5)/2 =~ 1.618 civan n otadepd Tne ypuotc Toufc, utohoyilovue o véo g(z1)
%ol ETOVOhUBEVOUPE TNV GUYXELOT.

e Av g(z1) > g(x2) té1e T0 ENdyioTO Pploxeton oo Sdotnua [z1,b] ondte Vé-
TOUUE @ = X1, T1 = Tg xu T2 = (2 — ¢)a + (¢ — 1)b, vnoroyiloupe ta Véo
g(x2) xou emavohopfdvoupe Ty olyxplon.

H Swdixaoia ouveyiletan péypr to prfxog tou doothuatos [a, b] vo yivel uixpdtepo
ond xdmoa TpoemAeyuévn otadepd €. H emhoyt twv xuptdv ouvduaouody (¢—1)a+
(2—¢)bxu (2—¢)a+ (¢ — 1)b e€aoparilouy 6T énetta and k Buata to didoTnuo
[, b] Vot éyer uhxoc (0o pe (¢ — 1)* gopéc to uhrog Tou apyIxol BLac TALATOC.

Enotpégovtog oto npdfinue ehaytotonoinong g (6), Aoyw tne e&iowone Fr(ca)—
Pr(c1) =1 — a o {nrolpevo ¢ Bpioxeton unoypewtind oo didotua (0, Frt(a)).
Enopévae epapuolovtag Ty mapamdve Yédodo Unopolue vo eVTOTICOUUE TO EAdyL-
GT0 Ywpelg Vol YEEoTEL 0 UTOAOYIOHOC TNE TuxvoTNTaC TiavoTnTag fr oTol Bldpopo
onueta.

H oy0¢ twv eAéyywv 60V 0vpdv %ot TwV aUEPOANTTOY EAEY YWY TapoLCAlEToL
otov Iivaxa 1 yio emheypévo peyédn delypatoc xou twée tou p = o1/02. And 1
amoteléopata golveton 6TL oL €heyyol Tou Pocilovion GTNY CTATIOTIXY CUVEETNON
Ty = &1/02 eivon woyupdtepol and exeivouc mou Booiloviar otnv 11 = 61/F2 0AA&
1 SLopopd Twv WoyleY Toug etvan eAdyotn. H un auepoindio tov eréyywv iowv
0VPAOY PalveTon YOVO GTNY TERITTWOT TwV TOND Wixp®v peyeddv delypotog (ng =
2,n9 = 3) Wt xou 660 PeYUAGVOLY Tar LeYEDN BelyUatog T60O0 UEIDVETOL TO SLdo TN
TIOU TEPLEYEL TaL p Yo Ta omolar 1 oy g elvon pixpdtepn tou . To Bidotnuo auto
Beloxetou elte aplotepd elte Be&id NG wovddoag, avdhoya e To oo péyedog delypatog
elvan peyaltepo.

4. APIOGMHTIKO ITAPAAEIT'MA

Y qUTH TNV EVOTNTO TOEOUCIALOUKE TOUC EAEYYOUS KoL TOL UEROANTTA Blalo TR
ToL EUTLOTOCUVNG TIOU TEPLYRAPOUE OTIC TEONYOVUUEVES EVOTNTES PECW EVOC apliunTi-
%00 mapadetyuotog. To mopaxdte BedOUEVA TUELC TEAVOUY ATOBOCELS POLTNTWY GE plo
epyaoio, olupwva ue v xhuaxa Wechsler Adult Intelligence. Ot goitntéc ywel-
otnxay o€ BV0 OUBBES: «UN XAMVIOTECY exelvol Tou toyupilovtay 6Tl dev xdmwiloy
HOELY OUBVAL X0l «XATVIOTECY 6a0L toyupllovTay OTL xdmvilay poptyoudva Toctixd. To
dedopuéva etvan To e€AC:

Mn xoamviotég:  18,22,21,17,20,17,23,20,22,21
Kanviotéc: 16,20,14,21,20,18,13,15,17,21

‘Eotw X xou Y 1o tuyada delyporta ueyédoug np = ng = 10 TV un xamvioTov xou
TV XAMVO TGV avtioTotyo. Trodétouue 6Tl mpoépyovtal and Tic xatavopéc Laplace
L(p1,01) xaw L(pz2,02), avtiotoryo.
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O EMII tou o7 yw toug un xanviotég elvon 1 = 1.7 evedy o EMII tou o3 yia
Toug XamvioTéc ebvar g9 = 2.5. Yuvenwe, T = 1.7/2.5 = 0.68. O BT'AE eivou
a1 = 1.7754, 62 = 2.6320, ondte T = 1.7754/2.2037 ~ 0.675. Xenowonoudviog to
Mathematica v9.0 unoloyicoue to tocooTiolo onueta 11 ,0.975 = 0.394, T10.025 =
2.540, Tr0.975 = 0.394, Ta0.025 = 2.539 (elvon drapopetind oAAG autd dev QoiveTon
ota mpdTo dexadind Ynpla). Enedh Ti o975 < T1 < Th0.025 xow Topgrs < T <
T3 ,0.025 CUUTIEQUUVOUUE OTL XAVEVOC OO TOUS BUO EAEYYOUS BEV UTOPEITTEL T UNOEVLXY
undleon 1ooTNTOC TV TapUUETEWY XAuaxag ot eninedo onuavtixétnTog 5%.

To 95% dudotnuo eumotocivng lowy ovp®y Y T0 Adyo o1 /o2 mou Baociletan
oty T1 KpOXOTETSL O« EEY,]QZ [Tl/T1,0.025,T1/T1,0_975] = [0.68/2.540,0.68/0.394] =
[0.268,1.726]. O Abéyoc twv Gxpwv TOL TUEUTEVEL Ol THUNTOS Elvan (60 UE
T1.,0.025/T1,0.975 = 2.540/0.394 = 6.447. To avtictoryo 95% ouepdinmnto Sidotrua
EUTLOTOOUVNG Yiot T0 A6YO 01 /09 eivou: [Th/ca,Th/c1] = [0.68/2.540,0.68/0.394] =
[0.268,1.728]. Katd tov (B0 tpémo unohoyileton xou to 95% Bidotnuo eumiotooivng
lowv oupdv mou Basiletan oty T, xaddS xou T0 AVTIGTOLYO OPEROANTTO BLAC TN
EUTIO TOGUVTG.

Euxapioties: Auth n epyacia utootneiletan ev pépel and 1o Kévtpo Epeuvarv tou Ilaven-
otnuiou Iewpoune.
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EAAnviké Xtatiotiké IvetitovTo
Ipaxtikd 30 Tavellnviov Zvvedpiov Ztatiotikig (2017), cel.80-95

EAEI'XOX HMEPHXIAY XPHXHX TOY
YIHOAOI'TXTH ATIA MEXQ AYNAMIKHX THX
IHAHKTPOAOI'HXHX

Towumnepions lwavvyg, Kaparxog AiéGavopog
Anpoxpiteto Iavemotpio Opdxng
itsimper@ee.duth.gr, karakos@ee.duth.gr

NNEPIAHYH

To Awdiktvo omoterel éva epyoleio, pe TO Omolo ONUEPE GLVOEOVTOL OIGEKATOUUHPLO
avBpmmol pe OKOTO TNV EMKOW®Vie, Tn OlokESaoT, TNV €pyacio. Kot T HOpPOoN.
MMopdAinia OpmG pe Ta. 0QEAN Tov omokopifovtal, EALOYEVOLV Kol KIVOLVOL OV UTOPEL Vo
BAGyoLY TOVG YPNOTES OKOVOUKA, NOKE Kot Kovevikd. [ToAlol amd avtovg Tovg Kvdvvoug
TPOEPYOVTOL OO KAKOBOVAOVG YPNOTES, TV OTOIMV £va amd TO GNUAVTIKOTEPA OTAN Elvar 1|
AVOVLLO TOV UITOPOVV VO SLATHPICOLY GTO YDOPO TOL AldiktHov. XtV Topovoo epyacic
mpoteiveton pio pnéBodog, n omoia a&romotel ta dedopéva Tov TOPAyoVTOL amd TOV TPOTO TOL
TANKTPOAOYOUV Ol YPNOTEG. TKOTAG £IvaL 1 EDPECT KATOUDV YOAPOKTNPLOTIKMDV TOVG, ETGL MOTE
va opBsi n PN avovopio kot vo glvol €QKT 1 TPOEWOTOINCT TOV AVLTOYINGTMV
YAPNOTAOV Y10 TNV TOAVOTNTO O GUVOLUANTIG TOVG VO, EYEL TAPUTOIGEL TO, OUPAKTNPLOTIKA TOV.
To mpotevOUEVO GVOTNIA DAOTOMONKE LE TEXVITOA VELPOVIKA dIKTVO KOl TO TOGOGTO 0pONgG
wpoPreyng aviibe ato 75%, vepPaivovtog KoTd ToAd avTd TG TVYaiaG TPOPAEYNC.

AéCeric Kierow: Avvopu) g I[Iinktpordynong, Koatmyopromoinon Xpnotwv, Mdébnon
Mnyavig, Eykinpatoroywd Ieotnpio.

1. EIXATQI'H

210 Awdiktvo onuepa  eKTVAIooETOL €val PEYOAO UEPOC TV KOOMUEPVOV
avOpOTIVOV dpAcTNPLOTHTOV, OTWS TNG EPYUCING, TNE SACKESUONG, TNG EKTAIOELONG
Kol TG KOWWOVIKNG dktvmone. Extog and v advénon oto n1An0og tv vinpeciov
OV TTPOGPEPOVTAL, OAAG Kol TN SELPLVON TG TOKIAING TOvg, TOo TANOOG TV
YPNOTMOV TOL GLVOEOVTAL OVEAVETAL e PLOLOVG TOAD HeYOADTEPOLS Od ALTOVE TOV
TayKOGOL TANOVGLOY, pe ToVg aptBpods vo WAAVE Yio. 3,5 S16EKATOUUDPLY, XPTOTEG
oL A1d1KTVOV.

Hopdrinia, avénon tng TOKIAOLOPEING TOPOLGSLALETOL KOl GTOVG TPOTOVG E
TOVC OTOIOVG Ol YPNOTEG UMOPOLV VO ETKOW®VIICOVY UETOED TovS. 'Etol, Yo
TOPASEY IO, VTAPYEL M OLVOTOTNTO EMKOWMOVIOG LE AQUECH T EUUECSO YPOTTA
punvopata, pe HETAd0oT VNG, e Pivteo, pe dtapotpaldpeva péca, 1 Kot e GALOVG
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tpomove. [Mopdtt dume ta péca emikovaviag yivovtal mepIoeoTEPH, OAAG KOl TLO
g€eMyuéva, Kol TopoTL o1 ToOTNTEG CVVIESTG YIVOVTOL DYNAOTEPES, LLE TEYVOAOYIiEG
OV TPOCPEPOVY JLAPOPOVG TPOTOVG TPOGPOUCNC, EVOVLPUATNG N ACVLPUOTNG, LEAETEG
kot otatiotikég (Internet live stats, n.d.) deiyvouv 4Tt TO YpamTd KEIUEVO TOPAUEVEL TO
KOplo HECO emKovmViog HETOED TV xpnotdv tov Atadiktoov. H kdpla cvokeun
€10000v, e TNV omoia wapdyeTot Keipevo, ival to mAnktpoddyio QWERTY. Av kot
TPOTAON KAV O1dpopeg S1aTdEEIC TANKTPOAOYIOV, UEPIKES OO TIG OTTOIEG GUVAVTAOVTOL
KoL GNUEPT GE SLAPOPES NAEKTPOVIKEG GVOKEVEC, TO TANKTPOoAGYI0 QWERTY katéyet
TN pepida Tov AEOVTOC OTIG GLOKELEG cUVTAENG KeWEVOL. MdAoTa, eKTOg amd TNV
TOPOSOCIOKT LOPOT TOV, MG OvamOcTaoTo Kopudtt twv desktops kot twv laptops,
ONUEPA EYEL KOL EKOVIKY HOPPN OTIC O «GVYYPOVES) KOl TEPICCOTEPO POPNTES
OLOKEVEG, Ta tablets kot To smartphones.

Exto¢ Opmg amd v tinddpa t@v vanpesidv Tov Aadiktdov, mapovctdleTon Kot
plo 1opopeio. 6TOoV TPOTO EMKOWV®VIOG METAEd TV ¥pnot®dv. Avth &ival 1
duvatodTNTO. KATOWOL VO TOPOUEIVEL OVOVUUOG, €ITE OMOKPLATOVIONG TO ONAMTIKA
YOPAKTNPLOTIKA TOL, gite voBeTOVTOG KAmoln avaind. H avevouia avt) eival og
éva onueio emBount apov mapéyel kKamown aichnomn glevbepiag oTovg ypnoTeg Kot
Kdmola dtoPdiion 0T dev Ba doppedoovy Tpoow KA 1 evaicOnta dedopéva TovG,.
[ToAAéc popéc OpmG amotelel TPOPANUA 1| TNYT TPOPANUATOV.

INo mopdaderypa, 6tav 0 ¥PNGTNG ATOKPVTTEL TV TAVTOTNTA TOV, OEV ETMPELEiTAL
amd vanpecieg tov AdIKTOOL TOL €0TIAOVV OTA YOPOKTINPLOTIKG TOL KOl 7TOV
UTOPEL VO TOL TPOTEWVOV VO ETIOKEPTEL GLYKEKPILEVOLS AtkTvakolg Tomovg Tov
EVOLPEPOVTOG TOV, | VO GUUUETEXEL GE GLINTNOEIS TOV TPOTIUNCEDY TOL, N VO
evtayOel o€ opddeg e PEAT TOV EYOVV KOVA YOUPOKTNPLIOTIKG UE ALTOV.

INUovTkotepo OU®G glval OTL 1 avovouid TPOTOTOlEL TN GLUTEPIPOPA €VOG
ypnot (Suler, 2004), apov aipoviat KATOEG OVAGTOAES TOL Kol TOavOV, TEPA Amd
v embount) omehevfEP@ON TG EVMPENMOVG EKOPOACNC, VO 0OMYETOL KOl OF
TOPAVOUEG EVEPYELES, TIC OTTOiEG Oev Oa SIEMPATTE GV 1) TAVTOTNTA TOV NTAUV YVOGCTY.
EmuAéov, m ovovopio amotedel 1O peEYOAVTEPO TAEOVEKTNUO TOV TOPAVOUWOV
YPNOT®V, Ol omoiol divoviag WeOTIKEG TANPOQOpieg Yo TNV TALTOHTNTA TOVG,
TPooTaohV Vo ATOKTHGOLV TNV EUTIGTOCHVY] OVOTOYINGT®MY YPNOTOV LUE GKOTO TNV
expeTdAievon M PAAPN tovg. OWOVOUIKES OTATES, OMOTAGYNOT AVNAMK®V, GYOAKOG
EKQOPIOHOC, GLKOPAVTIO, OVOUY TALSIKNAG TOPVOYPAPiaG, ONENEG, OlVOUn 1DV
VTOAOYIOTOV, K.O., €ivol Oplopévec amd TIC KoKkOBovAeg evépyeleg mov Pacilovtan
GTNV aveVLa.

Apa, N amokGAVYN KATOI®V EYYEVOV 1 EMIKTNTOV YOPAKTNPIOTIKOV EVOG ¥PNOTN,
Om®S TO PVAO, N NAIKIA, TO EXIKPATEG XEPL, TO LOPPOTIKO EMIMEDO, | UNTPIKN YADGSA,
K.0.., T0. omwoia NOeANéva 1 amd apélela dev SNAMGE KATE T GLUVOIAIC TOV UE GAAOV
YPNOTN N KATE TN YpNoN KATOIwV ALSIKTVOK®OV VANPESI®V, Oa NTav OEEAUN Yid
TNV KOADTEPT EKUETAAAEVOT TOV OLVOTOTTO®V TOL AASIKTVOV, Yo TNV EVUEP®OON
aVUTTOYIOoT®Y XPNOTMOV Y10 EVOEXOUEVOVNG KIVOUVOLG, OAAG KOl Yol TNV TOPOYN
YPNOW®V TANPOPOPLDV, EYKATUATOAOYIKOD EVOLAPEPOVTOS, OTIC TEPIMTMOGCELS OTOV
KATO10 NAEKTPOVIKO adiknpa £yl dtamporyOet.
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v mopodoo epyocio emyepeitor 1 ToEVOUNGCT YPNOTOV HE OKOTMO TOV
EVIOMICUO KATOL®V YOPOUKTNPIOTIKAOV TOLG. AVTO emttuyydvetor pe tn Pondeia g
dvvaptkng e mAnktpoAdynong (keystroke dynamics), dniadn, Tov TPOTOL LE TOV
omoio évag ypnotg mAnkTporoyel. Qg TOPAUETPOL YPNOLOTOIOVVTOL SLAPKELES
natipatog mANkTpov (keystroke durations) kor AavBdvovieg ypodvor drypappoTog
DDDL (down-down digram latency), ev® to yapaktnplotikd mov avalnteitol eival n
NUEPN GO ¥PNOT TNG NAEKTPOVIKTG TOVG GuoKeVnG. H yvdon tov mAnbovg tov wpdv
avé nuépa mov Eodevel Evag YPNOTIG OE VLTOAOYIGTN] OEV UTOPEL VO OTOTEAECEL
OOQOAEG CUUTEPAGUO Y10, TO YOPUKINPIOTIKA TOV, OAAG UTOPEL Vo 0ONYNOEL GE
Kkdmoteg vobécels. [No mapdoetypa, va KotadeiEel TNV nAKio Tov, aeod COUEMVA LE
ototiotikég peréteg (Daily computer usage in Great Britain by age 2006-2015, n.d.)
avTd o 000 PeYEDN cLVILOVTAL AVTIGTPOP®S AVAAOYO, TO PVUAO TOV, KABMG Ol AVTPES
KOTAVOADVOLV TTEPIGGOTEPO YPOVO GTOV LIOAOYIGTH amd OTL Ot Yuvaikeg (Winn &
Heeter, 2009), ka1 t0 €T1010 €160dNUE TOV, €POCOV QOIVETUL OTL TO VYNAITEPQ
gloodnpata aviiotoryilovion oe Ayotepeg mpeg umpootd og vroroyiotn (Hofferth et
al., 2013). Axopa, n yvoon ovti uropet va fondnoel 6Tov amokAEIGHO VIOTTOV GTIV
TEPIMTO®OTN EYKANUATOAOYIKNG £pEVVOC, apov paAliov Ba Ntav amibavo éva dtouo pe
eAMdy1oTEG DPEC EVaTYOANOTG va dtompdéet pio kufepvoenifeon, 1 KATL TOPATANGLO.

2. ANAXKOITHXH BIBAIOT'PA®IAX

IMo v eniivon tov TpoPAUaTOC TG GpoNg TNG TANPOLS AVOVLUING 6T0 AlodikTvLO
&ovv mpotabel Sdpopeg péBodol. Mio oamd oavtég elvar M ekpetdAievon
TANPOPOPLDY OTO POTOYPOUPIES TPOCHTOV TOL WIOPEl €vag ¥PNOTNG VO €XEL GTO
npoeik tov. 'Etol ov Alrashed kot Berbar (2013) oyediacov cvompa Baciiopevo og
Tagvountn punyovig vrootpiEng dtevuspdtmy (support vector machine, SVM) kot
g€etalovtag 1982 pwtoypaeisg méTuyav £va T0G0oTd 0pONG TPOPAEYNG VA0V KOVTA
010 99,5%. e v okpifeld TOV OTOTEAECUATOV TOVG YPNOCLULOTOINCAV T
oTOTIOTIKA peyéln evaicOnoio (sensitivity), To omoio vmoioyilel T0 mMOGOGTO TV
aAnBa¢ Betikdv (true positive rate) amoteAespdtov, Kot 0ot (specificity), To
omoio vmoloyilelt 10 mocooTO TV OANODC apvnTikdv (true negative rate)
aroteleoudtov. Emiong, ov Damayanti kau Rachmad (2016) oyediocav moapdpolo
cvotnua, pe v akpifeld tov va kovpaivetor and 74% €wg 92%. Lto medio g
avalnong g nAkiog evog ypnotn and ewtoypagicg mpocmnov, ot Hewahi k.4.
(2010) opwoav 4 miwklokéc ouddeg, eméiebov 68 omueio mAvo oe pio eKova
TPOGMTOV KOl TETVY AV TOG00TO 0pOng mpoPreync 78,4%. O Choobeh (2012) pe tov
010 apOuod onueiov, enéreée 130 mapapeéTPovs, TIG OTTOIEC EPAPLOCE GE KOOEVO amd
TO. VELPOVIKA OikTLO OV evemMAdknoay ot dladikacio metvyaivovtag éva UEco
amolvto cedAipa (mean absolute error) tng axpifoids nAiwuiog Tov ypnotn peta&v 4,85
rot 5,85 €. Evo, ot Yi k.6. (2014), xpnOYOTOI®VTOC VO GUVEMKTIKO VELP®VIKO
diktvo (convolutional neural network, CNN), ueiowcav mepartépm 10 p€co omdAvTo
o@Aaiuo ota 3,63 11, PEATIOVOVTOG TOVTOYPOVO KOl TNV TOOTITA TOV GUCTHUATOG.
Mia éAAn péBodog mov aeopd tnv e&gbpeon KATOI®V YOPAKTNPIOTIKOV TOV
xpnotav, eivar g€étaon tov kKewévov mov mopayovv. Onmg m mpoomdbeln TV
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Mukherjee kot Liu (2010) yia va katatdEovy Toug cuyypaesic tov blogs cupeava, pe
70 VA0 TovG. To cvoTNUA Tovg VAomoMBNKe Kot pe Ta&vount Naive Bayes, aAld
kot pe SVM, emtvyybvoviag tocootd opbng mpoPreyng g taéng tov 88%. ' v
eMAOYN TV KatdAniov mapopétpov (features selection) mov Ba Tovg odnyovoov
oTOL EMOVPINTE ATOTELEGOTA, Ol EPEVVITES YPNOILOTOINGAY TO oTatiotikd ¥ (chi
square statistic) mov petpd v EAAetyn aveaptnoiog LETAED UG TOPAIETPOV KoL
pag kAdone. Emiong, ot Cheng x.4. (2011) mpoomdbnoov va Adcovv to id10
TPOPANUO pe Oedopévo TPoePYOUEVE OmO i, GUALOYN KEWEV®V omd OUAOES
ov{ntoemv Tov Reuters kot po GuAloyn and e-mails tov epyalopévov g etoipiog
Enron. MeAétmoav 545 mopapétpovg, exmaidevoav Tpelc TtaSlvountéc Kol To
amoteléopata £d€&av Tov SVM mg o 0modoTikd, To cUGTNHa v PeEATimveTon 660
avgove To oOVOAO ekmaidevorg (training set) kot 660 eAéyyoviav UeYOAVTEPO
Kelpeva, pe évo PéEYIGTO TOcOGTO emtvyiag g TaENG Tov 85%. MdAlota, oe pua
dwdkacio peimong tov TANO0VE TOV TOPAUETPOV, £TGL MOTE VO, UTOPEGOLY VO
KGvouv T0 CUGTNIA TOVG TAYVTEPO, Ol EPELVNTES AELOAOYNGAV TN CNUAVTIKOTNTO TOV
TOPAUETP®V YPNOUYLOTOUDVTOS TN OTOTIOTIKN OOKIUY t-test. O£toviag 1o emimedo
oNUAVTIKOTNTAG 0T0 5%, KaTEANENV o€ 157 TapapéTpoug, e T XPIoT T®V OToimY TO
oLOTNHO YVOTAV 3 POPEG TaDTEPO, e amdAeln 3% oty axpifeta.

H avalitmon tov @viov kol tng miwiog tov onpovpyod gvog blog Mtav o
avTIKEIPEVO peAETNG TG epyaciag Tov Schler k.d. (2006). Ot gpguvntég Oploay TPELg
KAdoeig, v 10’s mov avrtictoyyovoe otig nAkieg 13-17, v 20’°s Tov avtioTolovcE
otg 23-27, kau omv 30’s mov aviwotoryovoe otig 33-42. T v ta&wounon
emotpatedTnKe 0 adyopBuog Multi-Class Real Winnow kot To TEAMKE amoTeAEGLOTOL
éoei&ov OTL M MAIKLOKN opdda pmopovce vo Tpofrepdel opbag pe évo T0G00TO TNg
T6&Ng tov 73%, evd To POAO KovTd 6To 80%.

TéNog, TO, YOPAKTNPLOTIKA TV YPNOTOV ovolntnonkay HE TOPAUETPOVS TTOL
TPOEKLYOV aTd TN GLUTEPLPOPE TOVG G€ KOWmVIKG diktva. o mopdderyua, oy
gpyacsio tov Rao x.4. (2010) emyepeite m avayvadpion YOpOKINPIOTIKOV TOV
xpnotav Tov Twitter. Meta&y tov mediov ota omoia avalntiOnkay TopaUeETpOL NTAV
1 SoUN TOL KOWMOVIKOD TOVE SIKTVOV Kal 1] KOWMVIKY CUUTEPLPOoPd Tovg. Ot xpnoteg
yopiomKav 6€ 300 NAIKIOKES OUASES KOl Ol EPEVLVNTEC OOKILOGOY TO GUOTNUE TOVG
Y TIG TOPOUETPOVG KaBeVOG amd To Tedio OV EVIOMIGOY, TETVYAIVOVTOG TOGOGTO
opOng mpoPreyng Kovtd oto 74%.

Qc61660, Oleg o1 Topandve uébodotl avtipetonifovy KEmo10Vg TEPLOPIGHOVES GTN
vevikevon tovg. O AdYog &€ivor OTL OmOTOUVTOL GUYKEKPIUEVO dedopéva (..
QOTOYPAPIEG TPOCMNOV) amd TAELPAG YPNOoTN, 1 vmdpyel eEdptnon omd
OCUYKEKPIUEVT]  OMAOVUEV] YAMDGCOO, @OV Ol TOPUUETPOL  TPOEPYOVTAL OO
ovyKekpléveg opaoelc, AfEelg ko N-ypaupata, 1 Osopeiton dedopévn o
(UOIOAOYIKT) GUUTEPIPOPA TOL YPNOTY], O OTOI0G TPEMEL VA datnpel Aoyaplooud o€
KATO10 KOW®OVIKO SIKTLO. XTNV Topodoa, PYACio TPOTEIVETAL O EVIOTICUOG KATOL®Y
EYYEVOV N ENIKTNTOV YOPOUKTNPIOTIKAOV Y¥PNoTN O UEG® TNG OLVOULKNG TNg
TANKTPOAOYNONG, TOL OpileTal MG 1 AEMTOUEPTG YPOVIKT] KOTAYPOPY] TOV EVEPYEIDV
TOV OTO TANKTPOADYL0, ONAUdN TO TOHTE Tiece Kol TO WOTE OMEAELOEPwoE KEOE
mktpo. H uébodog awtn, ektodg tov Ot dev amattel Topd o, To amAd 0edoUEVa TOV
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TOPAYEL 0 ¥PNOTNG KAl EKTOG TOV OTL givar ave&dptntn and TNV OUAODUEVT] YADGGA
OV YPMOIUOTOLEl, dev glvan mapepPatikn, pe v €vvola 0Tt dgv gival avaykoio m
ovVAYVOON TOV KEWEVOV TOV, 1 TOPAKOAOVONGCN NG OCLUTEPLPOPAC TOL GTO
AwdikTvo Kot 1 ovalnTnoTn TOV GLVOEGEDY TOV KOWVAOVIKOD TOV S1KTVOV.

H dvvapkn g minktpordynong ypnolponomdnke ¢ eni to mAeicTov oTnV
avbeviikomoinon YpNoTOV, HE OKOMO TNV OVIIKATACTOGN TOV TOPUS0CIOKOD
OYNUOTOC UE TN YPNON TOV KOKoO mtpdcePacnc. Onwg yio mapdderypo oty epyacio
tov Patil xor Renke (2016), ov omoiot katéypoyav YpNOTEC LOC EPOPUOYNG,
amofnkevovtog to dedopéva oe PAon OedOUEV@V, Kol TO OTOi0. OTY] GUVEXEWD TO.
YPNOUYLOTOLIOVGAV Y10, VO ETOANOEVGOVV €0V 0 ¥PNOTNG TOV TANKTPOAOYEL Elval avTog
nov oyvpileton 6Tt givar. Emiong, ot Wankhede xoar Verma (2014) métuyav m1oc0otd
ecpaipuévng amdppryng (false rejection rate, FRR) 4,8 % kot m0cootd ecpaipévng
amodoyng (false acceptance rate, FAR) 3,1% o10 oVotua avbeviikomoinong tovg,
OV VAOTOWONKE pE TOAVOTP®UOTIKO perceptron (multi-layer perceptron, MLP).
MdéMoTa, [l OKOTO TNV AMOUAKPLVGT dedopévmv mov avéavay 1o Pabud acvvinsiog
TOV YPNOTOV GTNV TANKTPOAOYNON, XPNOULOTOINCAY TO GTATIOTIKO péyebog Z-score,
70 omoio vwoioyiletor pe T Pondeta TG HEONG TWNG KAl TNE TUTIKNG OTOKALGNC TOV
TILOV KAOE TOPAUETPOUL.

Ao ™ Svvapukn TG TANKTPOAOYNoNG Uropovv va, eEayBovv ToAAEC TapapUETPOL,
KG0e pio 0md TIg 0moieg TEPIKAEIEL UIKPT TOGOTNTA TANPOPOPING, 0 GLVOVAUCUOC TOVC
O®G glval 1KOvOG Vo OMCEL IKOVOTOWTIKG OTOTELECUOTA, OTWOG TOVAIYIOTOV PAVIKE
amd oyetikés peléteg,. 'Etol, ypnoipomoleitor 1 SdpKeD TOTAUOTOS TANKIPOV
(keystroke duration) mov opileton ¢ 0 ¥POVOG MOV TEPAGE QMO TN OTLYUN TOL £V
TANKTPO maTNONKE, HéYPL TN oty Tov eAevfepmbnke. Mia GAAN mapaueTpog etvat
0 AavBavav ypovog drypappatog (digram latency) mwov opiletar ®g o ¥poOvog mov
ypedotnKe €vag YpNoTNG Yy va xpnollomomoel 600 ovveyduevo minktpa. To
puéyebog avtd umopei vo  ekQpacTEl pHE TECOEPIC  OLUPOPETIKOVC  TPOTOLG
(Hosseinzadeh & Krishnan, 2008), mov Tpokdmtouy and TOVG GUVOVAGLOVS THECTG
Kol amerevfipmong Tov Vo TANKIPp®V, Kol cvykekpiuéva eivar to down-down
digram latency (DDDL), up-up digram latency (UUDL), down-up digram latency
(DUDL) a1 up-down digram latency (UDDL). Mg mapdpotovg tpoémovg opifovral
Kol o AavBdvov ypoévog Tprypdupatog (trigram latency), o AavBdvov ypodvog
TETPAYPAUIOTOC (tetragram latency) Kot yevikd o AovOdvov ypdvoc N-ypdupatoc (N-
gram latency) (Zhao, 2006).

Extoég opmg amd tig mapapétpoug mov oyetilovial pe 1o ypovo, OTIG LEAETES TTOV
SeEnydnoav Kol a@opovcav TN SUVOUIKN TNG TANKTPOAOYNONG, EVIAGGOVIOL Kol
dAhec TOPAUETPOL TTOV deV GYETILOVTAL UE TN AETTOUEPT] KOTUYPAPT] TV XPOVOV TOV
oupupdvtav. Qg téroteg Aoyilovtar n TaydTNTA TANKTPOAOYNONG (AEEELS avd AemTO), N
oLyvoOTNTA AaBDV KoTd TNV TANKTpOAdYNoN, 0 TpOTOG S10pHwong Aabdv, To T0G0GTO
XPNONG TANKTPMV OV CLVOVTOVTAL TOPATAVE® om0 o QOpES 6TO TANKTPOAGYLO
(6nwg to “Shift” (Bartlow & Cukic, 2006), to “Ctrl”, to “Alt”, to “Enter”, kt))
(Kumar et al, 2014), n ®pa g NMUEPOS TOL KOTOWOG YPNOTNG EMALYEL Vo
TANKTPOAOYNGEL, Ol EPUPLOYEG OTIS OTOIEC TANKTPOAOYEL KOL YEVIKMG 1| CLYVATNTO
YPNONE TOL TANKTPOAOYIOL.
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3. MEQOAOAOI'TA

H pébodog mov akorovdndnke amoteleitol amd tpia dakpitd oTtddio. XTO TPDTO
OTAOW0 £YvE M ANYT TOV OTOPAiTNTOV SESOUEVAOV SUVOUIKNG TNG TANKTPOAOYNONG
amd eBehovtég ypNoTeg. XT0 Oe0TEPO OTASIO £YIVE 1 EMIAOYN TOV TOPUUETPOV TOL
ypNooTo KAy yio TNV Katnyoploroinon tov ypnote@v. Télog, oto Tpito 6TAd10
£€ywve N eXLoYN TOL KOTAAANAOL Ta&vounTh, £T01 MOTE VO TPOKVYEL TO GUGTNHO [E
M Bértiotn anddoor, o€ OTL apopd TO0 TOG0oTO OpbNg MPOPAeYNS, TNV TaXvTNTA
Aettovpyiag Kot TNV otafepdtnTa otV £0Y®YN ATOTELECUATOV.

3.1 Afqjyn Agdopévev

Ta dedopéva, mov Aopfdvovtal amd T SLUVOUIKNA TNG TANKTPOAOYNONG LITOpEl va
npoépyovtar omd kabopicuévo keipevo (fixed) 1 amd ededBepo keipevo (free text). Qg
e\evBepo Keipevo voeital évo GLYKEKPIUEVO KEEVO TToL €xel 000el o Evav gBglovty
YPNOTN Vo TANKTPOAOYNOEL €vdd [Ppiloketal ©€ KATACTOOY KOTOYPAONG TNG
TANKTPOALOYNONG TOV. XVuVIHOWE TO KOBOPIGHEVO KEIIUEVO TANKTPOAOYEITOL GE KATTOL0
KAEOTO TEPIPAAAOV. Q¢ eredbepo Keipevo voeital To keipevo mov TANKTpoloyei o
gBelovtng ypnotng katd PovAnocn eved Ppioketal o€ KATAGTAON KOTOYPOPNG TNG
TANKTpOoAOYN oG Tov. Kataypapn mAnKtpoAdynone erevbepov keypévov pmopel va
oedyeton oe KAelotd mEPPAAlov M Katd TN SldpKeld KaOnuepvig ¥pNoMg TOL
VTOAOYIOTH], OMOL O YPNOTNG XPNOWONOEl TIG epapuoyés mov embouel Kot
TANKTPOAOYEL TIG YPOVIKEG OTLYLLEG IOV EMOVLLEL

2N oLYKEKPEVN €pELva, YL AOYOVS OV £YOLV VO KAVOLV HE TNV OGO TO
duvVaTOV TANGIEGTEPT AVOTAPACTOOT] TOV TPUYUOTIKOV GUVONK®V, 0AAL KOl Yio TNV
KaTaypoet TopapéTpmy mov dgv Bpickoviav otov apykd oyedlooud, emAgynke n
Ay dedopévav amd erevbBepo keipevo. Opmg, to dabéoia oOvVolo dEdOUEVMV
(datasets) tng duvapkng TG TANKTPoAGYN oG 010 AladikTLO £ival EAdyIOTO, LE VTA
Tov Tpogpyovtal anmd erevBepo Keipevo va ival n petovotnto. Mdiota, dev paiveton
va VLdpyEL 00TE £VOL GUVOAD OEOOUEVMV EAEVBEPOV KEEVOL IOV VO TPONADE amd TV
KOTOypaQn HEYAAOV KEWEVOD, TOLALYIGTOV GONEMVa pe Oca gival Yvootd,. Ta 6ca
givan dobéoipa meplopifovral otny anotHNWOoT OPIGUEVOV AEEEDMV 1| PPAGEWY, LIE TOV
AGYO va, vt TPOEOVAG KoL VoL Uy etvat GAALOG amd To 0TL 0VTA T SeS0UEVA LLITOPOVV
Vo 0TOKOADWOLV KOIIKOUG TTpodSPacng, apldpodc ToTOTIKOV KOPTOV, TPOSOTIKA
unvopata, Kot GAAES vaictnteg TANPOPOpieg TOL KatayeypoupUévoL e0elovTY.

INo to Adyo avtd amopaciotnke vo dnuovpyndet éva véo civolo dedopévov yio
TIC OVAYKEG AVTNG TNG £peuvag. [ v ekmANpwOon avToh Tov GTOYOVL GYESACTNKE
AOYIoUIKO KoToypang TAnkTpoAdynong (keylogger), pe to 6voua «IRecUy», 10 omoio
€YKOTOoTAONKE OTIG GLoKEVEG TV efedovidv. Katd v mpdtn gicodo tov ypnot
oto «IRecU» tov {ntodtav vo, GOUTANP®OGEL Lo QOPLLOL LLE OPIGUEVO XOPAUKTPIGTIKA
TOV, OVOUECH GTO OTOoio MTOV 1 KOTA HEGO OPO MUEPNGLO XPNON TNG NAEKTPOVIKNG
ovokeLng Tov. Ot emAoyég mov oKV oToL YpNoTeg NTav S, ot «0-1 dpegy, «1-2
DOPESY, «2-4 Dpec», «4-6 ®pegy Kol «6+ dpecy, He cLVETEL Vo dnpovpyndovv 5
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KAdoelg. Metd to mEPaG TG OdIKOcioG KaTaypaeng, 1 omoio. dumpkece omd
20/02/2014 ¢wg kon 27/12/2014, cuiréydnkav 248 apyeio and 75 eBehovtég ypnoTes.
Ka&be opycio mepiéyer dedopéva amd 2.800 €woc 4.500 matnuoto TANKTPOV,
KOTOYEYPOLUEVO GE EYYPAPES TG LOPPNG:
78,#2014-06-20#,34680537,"dn"
78,#2014-06-20#,34680657,"up"
65,#2014-06-20#,34680687,"dn"
73,#2014-06-20#,34680787,"dn"
65,#2014-06-20#,34680797,"up"
73,#2014-06-20#,34680887,"up"

Ta nedia o kdOe eyypapn yopilovioar pe képpa (,). Xto npdTo Tedio dnAdveral
1o virtual key code tov TAKTpOV GTO O0mOi0 £Yyve M EVEPYELD, GE JEKOOIKT LLOPOT|.
210 devTEPO mEdio, avapesa ota cOuPoAa g dieong (#), dnidveTar | nuepounvia
ov €ywve 1 evépyell TANKTPOAOYNONG. Xto TPpito 7medio onAdvoviol T ms 7oL
TEPAGAV OO TNV OPY] TNG CLYKEKPLUEVNG NUEPAC, TN OTUYUN TTOL £YIVE 1 EVEPYELQ.
Té\og, oto TétapTo MEdio dNAMVETAL TO €100G TNG evEPYeELlas, pe “dn” va avtiototyel
GTNV TECT TANKTPOL Kol PE “Up” oV ameAevdiépmon TANKTPOV.

To dwbéopo TAnbog apyeiov avd KAAGT KOl TO TOGOGTO TOVG €L TOL GLVOAOV,
napovoidlerar otov [livaka 1.

IHivaxag 1. [111600¢ ko1 TocooTo opyeiwy ava KAdon

I\00g | ITocooTod
Apyeia 0-1 opov 23 9,3%
Apyeia 1-2 opov 46 18,5%
Apyeia 2-4 opov 54 21,8%
Apyela 4-6 opov 38 15,3%
Apyeia 6 Kot Gvo opav 87 35,1%
YUVOAIKA apyeia 248 100,0%

Av Kol T0 GOVOAO dedOUEVOV dEV Elval 1GOPPOTNUEVO, 1] AVTITPOCHTEVCT| KAOE
KAdomng ival emapkng, e cLVETELD Vo Be@podvTal 0EIOTIOTO TO ATOTEAEGLLOTAL.

3.2 E€ayoyn Hopopétpov

Onwg mpoavoaeéphnie, 1 SuVapIK) TG TANKTPOAGYNOTNG GLUVOSEVETAL ATO UEYOAO
TAN00¢ TOPAUETPOV, UE TIC TEPIGCOTEPEG EPEVVEG VO YPNCLLOTOOVV TIG OLPKELEG
TOTAUATOG TANKTPOL Kot TOVG AavOdvovteg ypovoug drypauuatog. Kamotol (Douhou
& Magnus, 2009) 1oyvpilovtar 6T1 1 ¥prion Tov keystroke durations @épver kaAvtepa
amoteléopata, eved kamowor ahiot (Hassan et al., 2013) 611 or AavOdvovieg ypovol
Srypaupatog etvar Tpotidtepot. I'ia To Adyo awtd, OTMG 1O EmMOONKE, o€ QLT TV
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€PYOCi0 YPNOYOTO0VVTAL Kol To. S0 €i0M mapouétpmv. MAAoTo, Yo TV amoQuyn
UPVNTIKOV TIOV, YPNCIHOTO00VTAL 01 AavBdvovTes ypdvor drypdupotog DDDL.

Ouwg, fBewpavag éva TAnktporoylo twv 100 TANKTpoV, TOTE Amd TN YPNOT TOL
uropovv vo e€ayxBovv 100 keystroke durations kot wepimov 400.000 digram latencies,
ex t@v onoiwv ot mepimov 100.000 eivor DDDL. Avtdc eivar éva moAD peydiog
ap1Ouog TapopéTp@v mov Bo 0dnynoel oe cuoThiata To ottoio Bo amottodv peydAo
xPOVo ekmaidevong, Al Kot EQYmYNG AmMOTEAEGUATOVY, e cuVETELN Vo kKafioTavTot
OVETAPKT OTIG TEPIMTMOGCELG OTTOV €ival avaykaio 1 dueon Aqyn aroéeacnsg. [a to
AOY0 ovtd MTav emToKTKO vo ypnoigomombel pHOVO v LVTOGUVOAO OO TIG
dwbéopeg mapapétpovc. ‘Etol, Votepa amd EAEYX0 TOV OPYEI®V  KATAYPOUPONG,
EVTOTIGTNKOY TO TANKTPO KOl TO SIYPAULOTO TO 0TToi0 (PN oomomOnkay oyeddv amd
OAOVG TOVG YPNOTES KOl E GYETIKA UeYIAn cvyvotnta. H dadwkacio avtr katéinée
o€ 60 didpkeleg TatHUATog TANKTPoL Kot 140 AovOdvovteg ypovoug dtypapoToC.

INo mv efayoyn TV TOpaUETpOV oXEOAOTNKE VEO AOYIGUIKO, UE TO OVOUO
«ISqueezeUy, 10 omoio dexdtav mg €ic0do apyeio KEWEVOL HOPPNG OGS QLTE TOV
mapayotav and to «IRecU» kot e€fyaye ™ péon i TV TOPOUETPOV TOV ElYaV
wpoemleyel, €QOGOV TO TANOOC EUPAVIGEOV TOL OaVTIGTOWOL TANKTPOL ™
SypAUMOTOG VITEPEPAVE TNV TR EVOG KATOEAIOL oV emiong elyxe mpokabopiotei. To
Kat®eA opiotnke otig 10 gpeovioelg yio o, TANKTPO KOl OTIG 5 EUPAVIGELS Yo TO
Sypaupato, evd o Adyog HapENG TOL NTAV 1) ATOUAKPVVOT] TOV TV TOL dgv Oal
NTOV OVIUTPOCHOTEVTIKES TNG CUUTEPUPOPAS EVOG XPNOTN ETL TOV TANKTPOAOYiOV.

"Eva mapadetypa g €£650v tov «ISqueezeU» napovcialetat otov [livaxa 2.

Ilivaxag 2. opdoeryuo e£6d0v tov «ISqueezeUy

i Apyeio Kataypaong
MMopap.
003 113 127 155 198 209 218 227
32 96,2 64,1 126,0 | 92,6 136,6 126,5 71,5 83,3
65 82,2 91,0 120,1 85,6 152,3 162,5 50,2 72,6
77 87,6 66,5 1214 | 71,1 166,3 139,6 62,3 74,1
87 ? 80,8 94,4 77,8 134,9 ? 58,4 62,5

32-68 562,6 | 448,4 | 881,1 | 544,0 ? 1169,8 | 404,0 | 667,8

65-73 277,1 | 115,5 | 2472 | 227,2 | 158,0 | 2993 113,6 | 156,0

71-82 2499 | 296,3 ? 303,0 | 1484 | 211,8 | 284,6 | 180,6

77-69 | 356,1 | 1459 | 222,6 | 236,6 | 190,2 | 356,2 198,8 | 145,6

To lotwvikd ep@mpOTIKO (?) ONADVEL OTL M CLYKEKPIUEVN TOPAUETPOS, OTO
GUYKEKPUEVO apyelo KaTaypapnc, Oev iye emapkn aplOud sppavicemy.

3.3 Ta&wvounmig

INa v emitevén ™ KaAHTEPNC AmTOI00NG TOL GLGTHIATOG SOKILAGTNKE £va TAN00G
tawvountav, ovumepappavouévov  avtov  wov  Pacilovtar ce  amndoTOoN
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(EvkAeideo, Manhattan, ktd), oe dévipa amdeaong (decision trees), 6to Becdpnio Tov
Bayes, og punyoavég vmootpiEng S1vUCUATOV Kol GE VELPOVIKA dIKTLOL.

H xotdAnén avtig g dwdwkaciog Ntav &va vevpovikd 6iKTvo HE cuvapTtnon
axtvetig Baong (radial basis function network, RBFN), 1o omoio emAéytnke yiori
apovciale VYNAO T0G0oTO TPOPAEYNS Kot PKpd ypdvo ekmaidevong (training time).

Ta vevpwvikd diktva pe cuvapTnon aKTVOTAS PAcCNS dATLRTOONKAY YIOo. TPAOTN
@opa a6 tovg Broomhead kot Lowe (1988) ko pia omd T1g onuavTikég d10popég mov
napovoidlovv, oe oyxéon pe évav MLP, elvar 0Tt ©¢ ouvvaptnon UETOPOPAG
YPNOLOTOI0VV GuVAPTNoN axTveoTig Bdong (radial basis function, RBF), and 6mov
mpav kol To 6vopd toug. H tyun mov emotpépet pio RBF e€aptdror povo and v
amooTOoT TNG HETAPANTAG amd €va orpeio, To omoio ovoudletat kévipo. Otav avt M
amooToo™ gival Undeviky|, TOTE 1 GUVAPTNGOT TAIPVEL TN KEYIOTN TIUAG TNG, EVAO OTOV
N 0mdoTACT TEIVEL GTO AMELPO, TOTE 1 TIUN TNG TEIVEL GTO UNOEV.

H popoen wog RBF givon maponincio pe avt tov Zynpotog 1.

Zyfua 1. Xoviptnon oxtivotig foons

-*\ Kévtpo

[/
L\ \\ ) /’ y Amodotoon

Twn

Kévipo Amnodotaon

Emiong, n Aertovpyio evog vevpodva RBF, 1 onoio avarapiotdror oto Zynua 2,
glval S1POoPETIKN amd VT eVOC perceptron.
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Zynua 2. Aeitovpyio veopwva OIKTOOD UE GOVOPTHON OKTIVWOTHS PAoHS

Qidprzia Matiparog
MAfkrpou 32

Aiégpkeia Marfparog ¢, ¢, Can0

NAfkrpou 37 .
*re e
. *1

X2

.
Didprzia Matipato; o
MAfAkTpou 1907 ———Xgg

g1

AavBivuy Xpn’vn(;/ Xg3

Aypépparog 32-65 X200
NavBavuv Xpdvog, .

Aiypépparog 32-68 e
.

g,

E
~®

>

AavBdvuy Xpdvog
QArypappatog 190-32

O1 €i60001 TOL VELPOVIKOD IKTVOV X, X3, ..., X200, TOV 60 SLOPKEIOV TATHUATOG
TAKTPOL Kot Twv 140 AavBavdvtwv ypdvov dtypdupatog, oynuatitovy éva divoouo
x 200 dwotdoemv. To ddvocpa avtd epapuoletal oty €icod0 TOL VELPOVA Kol
vroAoyileTatl 1 AmTOGTACT] TOV Ao £va GAAO SLAVLGHA ¢, 101V Sl0GTAGE®DY, TOV Eival
TO JLIVUCUA-KEVTPO TOV vevpwva. H amdotaon petaéd tov 600 Sovuoudtoy, Tov
ovpporiletor |[jx-c||, Tomkd AauPdvetar omd Tov vmohoyioud ™ Evideideiag
amOCTACNG, OV Kol 1 ypnoilornoinon g omdctacns Mahalanobis ¢aivetor va
amodidel kaAvTepa.

H vrohoyiouévn amdctoon moAlomAactaletol Ue €vav GUVIEAEOTN b Kol GTO
ywopevo epapuoletor m  ovvaptnorn oktveot)g Pdong. To omotélecuo TG
oLVaApTNONG amoTerEl Kot TV €080 TOV VELPDOVA TOL YPAPETAL MG;

yi(x)=rllx—d]) ()
H ocvvdptnon r etvan axtivotig Bdong kot emAéyetor va SiveTal amd Tov TOTO:
rlx=c)=e @

O deiktng i otV e&icwon (1) dnimvel 6t1 Tpdkettal yo TV €000 TOL I VELPOV
TOV OKTOOV, OO Yo TNV emilvomn &vog TPOPANUATOS OTTMG 1 KOTNYOPLomToinom
YXPNOTAV OVE MUEPNOLOL YPNON VIOAOYIOTH, Pe mapapétpovg to keystroke durations
kol to digram latencies, omaiteitor M YPNOUYLOTOINGN TOAADY VELPOV®OV TOV
oynuatiCouv &va VELPOVIKO JTKTLO LE GLVAPTNON AKTIVOTNG PAonc.

O ocvvdVAGAC TV £0dMV TOV VELPMV®OVY Y10 TOV VITOAOYIGHO TNG TEAKNG ££660V
TOV SIKTVOV YiveTon pe Ypopupkd Tpomo, pe 1 Pondeia cuvterestdv a:

y<x>=§ai-rmx—c,.||> G)

Omov N eivor 10 TA00¢ TOV VELPOVAOV TOL SIKTOOV GTO KPULUUEVO GTPOLO
(hidden layer) kot 6mov ¢; glval 10 SIAVLGUA-KEVTPO TOL i VELPDVA.
Ao t1c e€lomaetg (2) kot (3) TpokdmTeL 1 ££000G TOL VELPO®VIKOD JIKTHOL:
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N 2
x)=Da, e )
i=1

Ot cuvteleotég a; kot by, KaBDG Kol Ta SvOoUATA ¢;, AOUPAVOLV TETOLEG TIUES
wote 1 omddoon Tov tasvountn va eltiotonombet.

SuyKekpéva, Katd T QAor TNng EKTaIdEVoNg TOL GLOTHUOTOC, GYnpatifovrol
ocvotddeg (clusters) Tov Oedouévov €cd6dov. YmevOopiletor OTL o1 TIHEG TOV
TOPOUETP®Y TG OLVOLIKNG NG MANKTPOAOYNonG tov kdébe Osiypotog, mov
gpappolovral g gicodoc, opifovv éva didvuoua 200 dtuotdoeny. Xe kdbe GuoTAdA,
dedopévav 10660V avtiotoyiletar éva dtvuepa-kEVTpo, 110V aptBpod SlueTdcEwmy.
O Saywpiopdg TV SELYHATOV 68 GUOTAOEG KOl KOTA GUVETELNL O VITOAOYIGLOC TMV
KEVIPOV TOVLC, Wmopel va yivel pe omowovonmote oAyoppo ovoeTadomToinong
(clustering algorithm), 6mw¢ yw mopdderypo pe avtdov twv k péowmv (k-means
clustering algorithm), mwov ypnowomomdnke y Tpdt| Eopd ond tov MacQueen
(1967). To mAnBog TtV ocvotddwv amotehel pio TOPAPETPO GYEOOGLOV TOV
ta&wvounty, mov kabopilel to TANO0C TOV VELPOVOV GTO KPLHUUEVO GTPMOUO TOL
dktvov. Ta vroAoyIGHEVA KEVTPO TV GLGTASMV YIVOVTOL TO KEVIPO TOV VEVPOV®V.

O oymuotionds TV ovotadov eEoptdtorl Kot omd o aKOUo TOPAUETPO
oxe00GHOD, TNV €AdYIOTN TUMIKY omoKAlon (minimum standard deviation) mwov
EMUTPEMETOL VO £XOVV T GVUVOAD dedopévav mov Ti¢ amaptilovy. Otav 1 ldyiom
Tomiky]  omdkAon  eivol opkeTd pukpn, tote eivor mBovoe o tagwvountnig va
ONUIOVPYNOEL GVGTAGESG TOV ATOTEAOVVTOL Atd [io ovo €ic0do.

4. IEIPAMATIKA AITOTEAEXMATA

Apyikdg, eAéyyxnke M cLUTEPIPOPE TOL GLGTNUOTOG YL OLAPOPES TUWEG OTIC
TOPOUUETPOVS TOV  TaEVOUNTH. ZUYKEKPEVE, UETPNONKE TO 7TOGO0GTO 0pONg
TPOPAEYNC TOV CLGTAHOTOS Yo TYEG 6T0 TANBOG TV cvoTAdwV amd 10 £wg kot 140,
KO Y10 TIEG OTNV EALYIOTN EMITPENTY TUTIKTY amwOKAlon and 1,0 éwc kat 1,9. o va
eEacpariotel OTL T0 OmOTEAéOoUATO TOV TEPOUATOV gival ave&dptnta amd To
dedopéva, akohovdnonie N TeVIKN TG SaoTavpmpévng entkbpwong k popav (k-fold
cross-validation). Ilpoketton yioo pio TEYVIKY TNG OTATIOTIKNG EMCTAUNG, M Omoid
eopauwbnke ota TEAN G Oekaegtiog Tov 1960, OTav OpkeETEG ONUOGIEVCELG
avaeePOVTOVGAV GE OVTH, OTMOG Yo Tapddetypo 1 epyocioc Twv Lachenbruch xon
Mickey (1968). Ta amoteléopota TV nepopdtov speaviCoviatl otov Ilivaxa 3.

Ta ovumepdopato mov e&dyovion and tov Ilivaka 3 elval, Katd mpdToV, OTL TO
oLOTNHO TOPOLGLALEL Evo TOGO0TO emttuyiog 68%-75% Yo éva ueyddo €bpog TV
TILOV TV 000 mopauétpov oyediaong tov tafivountn mov peietiOnkav. Kotd
dgvtePoV, OTL TO GVOTNUA €XEL TNV 1010 GLUTEPLPOPA, Yo TNV 1O TN EAG(IOTNG
TUTIKNG ATOKAIONG, 0TV To TANB0G TV cuoTddwv gival tave amd 80. Emiong, kdtt
mov dev mapovstaetat o€ avtdv Tov Ilivaka, givar 61t 6TV T0 TANBOG TOV GLGTASWY
pikpaivet, av&avetot o ypodvog exkmaidocvong tov tasvounti. O Adyog sivar 6Tt dtav o
apOpdc ovotddmv gival peyarlog, TOTe apKETEG Omd OVTEG AmMOTEAOLVTOL amd €val
uovo delypa, e OmOTEAEGUO VO, LNV OMLOVPYOVVTAL TOAAOL GUVOVOAGHOL Y10t dOKIUT.
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Avrtifeta, 60tov 0 aplfudg TOV GVGTAS®V Elval PKPOG, VITAPYOVY TOAAOT dLOPOPETIKOT
GLVOLOCHOL OV UTOPOVV VO, VAOTOGOLY T GLGTASOTOINGT, KAl (PO O YPOVOG
ekmaidevong etvar peydroc. Xe kdbe mepinmtwon OUMS, 1 AEITOVPYID TOV VEVPMOVIKOD
SIKTVOL [LE GLVEAPTNON AKTIVOTAG BAcng elvar TayvTepn avtng tov MLP.

Iivaxag 3. Ilocoato opOs mpoplewns (%o) yio Lebyn Tiumv apifuod cvatddwy kot
EAGYLOTNG EMITPETTHG TOTIKHG OTOKAIGHG, TOV TOLIVOUNTH NUEPHOTIOS XPHONS DTOLOYIOTH

ImM0oc Xvotadmv
10 20 40 60 80 100 | 120 [ 140
1,0 [ 71,8 [ 69,4 | 68,5 | 71,4 | 70,2 | 70,2 | 70,2 | 70,2
1,1 | 70,6 | 682 [ 70,9 | 742 | 71,8 | 71,8 | 71,8 | 71,8
1,2 | 70,2 [ 68,6 | 71,8 | 75,0 | 72,2 | 72,2 | 72,2 | 72,2
1,3 | 69,0 [ 70,2 | 73,0 | 74,6 | 72,2 | 72,2 | 72,2 | 72,2
1,4 | 689 [ 685 | 72,6 | 73,8 | 71,4 | 71,4 | 71,4 | 71,4
1,5 | 68,6 70,1 | 73,0 | 73,4 | 70,2 | 70,2 | 70,2 | 70,2
1,6 | 68,5 | 68,9 | 73,0 | 72,6 | 69,4 | 69,4 | 69,4 | 69,4
1,7 | 66,5 | 68,9 [ 71,8 | 72,2 | 67,7 | 67,7 | 67,7 | 67,7
1,8 | 669 [ 694 | 72,2 | 70,6 | 66,5 | 66,5 | 66,5 | 66,5
1,9 | 66,1 [ 70,2 [ 72,6 | 69,0 | 64,1 | 64,1 | 64,1 | 64,1

ELayiotn Tomwn) Amdxion

Mo 10 E0TIOGHEVT EIKOVO TV ATOTEAEGLATOV Tapovctdletat otov [livaka 4, pe
Tipég mapapétpov tov tagvounty 100 cvotddeg kot 1,3 eAdylotn EMTPENTH TLAIKN
OTOKALON).

IHivakag 4. Anoteiéouata Tpofleyns nuepnaoiog xprRons vroioyioy

HpoPréednkav og
Hpepiow IMocooTtd
Xpion 0-1 1-2 2-4 4-6 6+ Emroyiog
Ynoloyiotn) ava Kidon
0-1 16 2 0 1 4 69,6%
1-2 2 30 9 0 5 65,2%
2-4 3 1 39 3 8 72,2%
4-6 2 0 5 31 0 81,6%
6+ 3 2 16 3 63 72,4%
IHococ616
Emruyiog 61,5% | 85,7% | 56,5% | 81,6% | 78,8%
ava IMpopireyn
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Onwg eaivetal, amd 10 cbvoro tov 248 apyeiov, ta 179 tpoPfrépbnkav opbag,
kATl oV onpaivel £va GUVOAIKO TOGOGTO emttLying Tov vrepPaivet To 72%, to omoio
glvar katd molv vyniotepo and 10 20% 1ng tuyoiog mpoPreyng. Ta vmoloura
OTOTIOTIKA PEYEOM TTOV GLVOOEVOVY TO GLYKEKPIUEVO TEpOa Eival 0 oTabUIcHEVOG
pécog 6pog g akpifetag (precision) ota 0,74, g avaxinong (recall) ota 0,72 xon
m¢ pétpnong F (F-measure) ota 0,73. Xe 611 apopd TV meEPLoyn KAT® amd Tnv
kapmoAn ROC (ROC Area), o octobuicuévog uépog 6pog tng ovépyetar o 0,83,
Téhog, N TIN TOL pécOV amOALTOV oPaANaTOg (mean absolute error) givar 0,1113 xot
0 ovvteleotng kKama tov Cohen givar 0,6372.

310, GUUTEPAGUATO QDTN TNG EPEVVOC cLUTEPAaUPAvETOL Kol 1) vBuypdpucn
TOV TPOJILYPAPOV AELTOVPYIOG TOV TOSWOUNTA HE TNV TEPAUATIKT) GUUTEPLPOPA
Tov. AnAadn, OTMOG AVOUEVOTAY, TO VEVPMVIKO SIKTVO LE GUVAPTNON OKTIVOTHG PACNG
KOTNYOPLOTOINGE TOVG YPNOTEC CUUPOVO LE TNV MNUEPNOLO YPNOT VTOAOYIGTY| UE
VYNAO TOGOGTO EMTLYING KOl GE GUVTOLO YPOVIKO SLAGTN LA,

5. XYNOYH - XYMIIEPAXMATA

2V Topovca Epyocicn M OLVOLIKN TNG TANKTPOAOYNONS, ONAodN 1 AETTOUEPNG
YPOVIKT] KATOYPOPN TOV EVEPYEIDV €VOG ¥pNoTn €l Tov TANKTporoyiov QWERTY,
YPNOUOTOMONKE Yoo TNV KoTnyoplomoinon ypnotov. Me tnv katnyopilomoinon
¥PNOTI, TN OL0dIKacio Katd TV omoio, Evog ¥pHOTNG VTOAOYIOTH EVTACGETOL GE pin
KAOOT, EMTLYYXAVETOL 1] TPOPAEYN KATOI®V EYYEVOV 1] EMIKINTMOV YAPOKTNPICTIKOV
ToV, OT®G TO VA0, N NMKia, 1 TPOTiUNOo™N XEPLOV, TO LOPEMOTIKO EMiMEdD TOV, K.0. [t
TOV EVIOMIGUO TOV YOUPUKTNPICTIKAOV TOV ¥PNoTOV £xovv mtpotadel kot dAiec pébodot,
Omm¢ M €E£TOON TOV QOTOYPAPIDV, TOV KEWEVOV KOl TOV KOW®MVIKOD SIKTOOV TOVC,
KkéOe pio PG amd avTéG avTILETOTICEL KATO10VG TEPLOPIGUOVGE, UE ATOTELECHA TNV
advvapio yevikevong tg. Avtifeta, pe T SLVOIKT TNG TANKTPOAOYNONG AmOppEEL
péBodog mov givar ave&aptntn oplobUEVN g YADGGAG, dev enelepyaletat evaicOnta
KOl TPOCOTIKA SESOUEVA KOl OTALTEL LOVO TN TOPAYMOYT] TOV o GuvNOGUéVOD HEGOL
emKovoviog Hetald Tov xpnoTdV, TOL KEWWEVOL.

To yopokTNPLeTIKO OV €EETAGTNKE NTAV 1) MUEPNOLO, XPNOT VTOAOYISTH, 0O TO
o100 O0gv MPOKVATOVYV GAUEGO CULUTEPAGUOTO Y0, TO YOPOKTINPIOTIKG TOV YPNOTH,
OAAG ypMoIES EVOEIEELS VIO TO GVAO, TNV NALKIO KOl TO €TCL0 EIGOIMUA TOV, EVD
TAVTOYPOVA TAPEXOVTOL KO TATPOPOPIES EYKANUATOAOYIKOD EVOLOQPEPOVTOG, ALPOD Yid
TOPASELY O, 1) EYKANUATOAOYIKT épevva Bo amékAele OAOVG EKEIVOVG TOVG VITOTTOVG
ov 10 TAN00G TOV POV EVAGYOANCNS TOLG UE VTOAOYIOTH avd Muépa, Ba tovg
KOTETAGGE OTOVG LN €EEIOIKEVIEVOVG ¥PNOTEG Kot Apa. Oyl IKavoUg Yol Lo, KakOBovuAN
niektpovikn enifeon. H amdkmon tétoov €idovg TAnpopopidv, € GuvovacuUd Ue
GAAeC OV TPOKVATOVV KOl OLTEG OO TNV KOTNYOPLOToinon ypnotdv o HEGOV
SUVOUIKNAG TNG TANKTIPOAOYNOMNG, OTMG Yl Topddelypo 1o @OAO, 1 MAKia, TO
HOPPOTIKO EMIMESD, TO EMKPATEG YEPL KOl GALO YOPOKTNPIGTIKG TOV OTOUOL 7TOV
ompale o kokOPovAn evépyewn, Bo kobiotovcav TV mpoteEwoduevn UEHOSO
TOADTILO EPYOAEID OTA YEPLOL TV EOIKMOV TNG YNPLOKNG EYKANLATOAOYIOG.
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To ovomua mov mapovctdleTor ekpeToldevetol 60 SlIpKEIEC TOTHUOTOG
mKTpov kot 140 AavBdvovteg xpovoug dStypappatos, eved vhomoleital pe tn fondela
€VOG VELPMVIKOD SIKTVOV LLE GUVAPTNOTN aKTVOTNG Baonc. Ta aroteAécpata £de1&av
éva T0G0GTO 0pONg mpOPAeYNg TOL avEPYETUL £C KOl TO 75%, OV €lval EPEAVDG
VYNAGTEPO 0o to 20% TNg TVYaiaG TPOPAEYNG.

H mpototumia g epyaciog €yKeltal oV €KUETAAAELOT TOV TOPUUETPOV TNG
SUVOIKNG TNG TANKTPOAGYNOTG OTNV KATIYOPLOTOiNGT ¥PNoThV, Kabhg emiong Kot
OTNV TPOT OTOTEPO EVPECTG TNG TUEPNOLNG YPNONG VTOAOYIOTH. ZMUOVTIKO
ouumépacpo omotehel emiong To OTL Ol OLAPKELEG TOTNUOTOG TANKTPOL Kol Ol
AavOavovtee ypovol OSrypappatog umopobv va ypnoipomombody yio TV gopecn
KATOL®V YOPAKTNPLOTIKAV EVOG AyVOGTOL XPNOTN.

ABSTRACT

Internet is a tool where billions of people are now connected for purposes of
communication, entertainment, work and education. But alongside the benefits, many
dangers are lurking that may harm the users financially, morally and socially. Many
of these risks come from malicious users and one of their “weapons” is that they can
retain their anonymity. In this paper we propose a method that exploits the data
generated by the way people type. The reason is to find some characteristics of users,
so that to remove the complete anonymity and to be able to alert the unsuspecting
users for the probability that their interlocutors misrepresent their characteristics. The
proposed system was implemented with artificial neural networks and correct
prediction exceeded 75%, well above than 20% of random prediction.
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ABSTRACT

In this paper we illustrate a comprehensive Bayesian analysis of association models, in-
volving suitable choices of prior parameters, estimation, model determination, as well as
the allied computational issues for contingency tables. More specifically, the use of the
conjugate prior distribution in Bayesian analysis sometimes is problematic due to the well
known sensitivity of the posterior model odds and the Barlett-Lindley paradox (Lindley,
1957, Barlett, 1957). This fact leads to the utilization of power prior approach. We
advocate sensible values for the prior parameter on the full table and the corresponding
induced values for the rest of the association models. We produce imaginary set of data
and a pre-prior with all parameter equal. The unnormalized prior distribution can be
obtained by the product of the likelihood raised to a power, multiplied by the pre-prior
distribution. Unit information interpretation priors are used as a yardstick in order to
identify and interpret the effect of any other prior distribution used. The posterior dis-
tributions of the association models parameters based on power prior setup, are obtained
using simple Markov chain Monte Carlo (MCMC) schemes. Evaluation of the models
under consideration and related Bayesian tests can be obtained using MCMC based on
marginal likelihood estimations (see for example Perrakis et al., 2014), Laplace approxi-
mations and Laplace Metropolis estimators. For this class of models, we present real data
sets to demonstrate the proposed methodology.

Keywords: Contingency Tables, Association Models, Bayes Factor, Power Prior, Laplace
Approximation, Laplace Metropolis Estimator.

1. INTRODUCTION

Let X and Y be two categorical variables of I > 2 and J > 2 levels, re-
spectively, that are cross-classified in a I x J contingency table and n = (n;;),
with n;; being the observed frequency for cell (i,j5), i =1,...,1, j = 1,...,J.
In the following we assume independent Poisson sampling distribution for each
cell, n;; ~ Poisson();;). The total sample size of this table is denoted by
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N = Zi[:l 23-7:1 n;j. In two way contingency tables analysis, a popular class
of models for describing the structure of the association between the two categor-
ical variables are the association models. This class of models assign scores to the
classification variables, which can be either fixed and prespecified or unknown (to
be estimated) parameters.

The association models (Goodman, 1985) can be expressed as

lOg()\ij) = )\0 + A,LX + )\3/ + (;S,uﬂ/j

fort =1,...,1 and j = 1,...,J. Where )y is the overall measure of aver-
age log-counts, )\ZX and )\}/ are the marginal effect terms for factors X (rows)
and Y (columns). The product of row scores pu = {u1,.., 7} and column scores
v = {vi1,..,vr} multiplied by parameter ¢, replaces the interaction term of the
saturated log-linear model, )\fg Y — ou;vj. The parameter ¢ is redundant and is a
global measure of association under certain parametrization.
The types of association models, depending on the type of the row and column
parameter scores are:
e The Linear by Linear (LL) model, with fixed row and column scores. Uni-
form (U) is the most characteristic one with equidistant row and column

scores;

e Row effect association model (R), with unknown row and fixed column
scores;

e Column effect association model (C), with unknown column and fixed row
scores;

e Row-Column association model (RC), with both row and column scores to
be parameters under estimation.
For identifiability purposes, the sum-to-zero constraints are impose on row and
column main effects

1 J
YN =D A =0
i=1 j=1

Iliopoulos et al. (2009) adopted alternative parametrizations for the RC model
pw=v1=0 and puy=vy;=1,

which fix the minimum and maximum score for each classification variable. By
this parametrization, the redundant score parameters are set to be fixed and as a
consequence the derivation of posterior distribution for them is avoided.
Bayesian independence tests in I x J contingency tables are based on posterior
the model odds and the Bayes factor. Bayes factor provides a way to formally
compare two competing models. By Bayes theorem, the posterior odds in favor
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of My versus M; is given by

POy, = f(Mo|n) _ f(n|Mo)  f(Mo) _ By x f(Mo)
f(MyIn)  f(n| M) f(M) f(My)
The Bayes factor of model M versus model M is defined as the ratio of Bayesian
marginal likelihoods of model M versus model M; (Jeffreys, 1961):
o (M)
01 = .
f(n|M)
The Bayes factor quantifies the evidence for and against the hypothesis of inde-
pendence in contingency tables, when the prior model probabilities f(u) of models
p € {My, M} are equal, i.e. f(My) = f(My).

Posterior model probabilities and Bayes factor are highly sensitive to the prior
specification of the model parameters. This result was reported after the publi-
cation of Lindley (1957), who reported a surprising behavior of the Bayes factor.
When the sample size N increases, then the Bayes factor also increases and tends
to infinity, fully supporting the simpler hypothesis:

N —->00 = By — oc.

This behavior is known as the Lindley’s paradox. Subsequently, motivated by
the work of Lindley, Barlett (1957) extended this paradox by observing that the
prior variance of the additional parameters in nested models comparisons (when
My C M ), also massively affects the Bayes factor By as it tends to infinity:

Var()\ij) — 00 = B(n — O0.

This behavior is known by the name of Jeffreys or Lindley’s or Barlett paradox.
We use power priors to avoid the effect of the Lindey’s paradox. We account
imaginary data n* = (n:}) and we weight them to account for one data point as
a reasonable ”low-information” choice.

2. METHODS OF MARGINAL LIKELTHOOD COMPUTATION

Bayesian model comparison via the Bayes factor, posterior model probabilities
and odds (Kass and Raftery, 1995), requires the computation of the Bayesian
marginal likelihood given by

fni) = [ fnfo. 27 (9]00)d0. )
where f(1¢|M) is the density of the model specific parameter vector ¥ € Q C RP.
Historically, the integration required for calculating the equation (1) has been done

by taking advantage of conjugacy by assuming approximate posterior normality
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or by using numerical quadrature, the Laplace method or Monte Carlo integra-
tion (see Kass and Raftery, 1995). Recently, it has become possible to estimate a
wider range of models, using posterior simulation methods such as Monte Carlo
sampling methods to avoid the analytical computation of the marginal likelihood
(Neal, 2000, Perrakis et al., 2014). Lartillot and Philippe (2006) introduced a
technique called thermodynamic integration to approximate the marginal likeli-
hood. A similar method, stepping-stone-sampling (Xie et al., 2011, Fan et al.,
2011), has more recently been proposed (see also Baele et al., 2012, Baele and
Lemey, 2013, Friel et al., 2014, for a summary and comparison of these methods).
The previous ways of calculating integrated likelihoods often cannot be used for
models estimated via MCMC or their posterior simulation methods. There is a
variety of methods to compute the marginal likelihood, but simplicity is not the
strongest point of most methods. In this paper two methods for estimating the
marginal likelihood are presented, the Laplace approximation approach and the
utilization of the Laplace-Metropolis estimator.

2.1 Laplace Approximation

The Laplace approximation for an integral of the form [ M dy is found using
a Taylor series expansion of a real-valued of a P-dimensional vector u. Rosenkranz
(1992) found that the Laplace method produces much more accurate estimates
of the marginal likelihood than posterior simulation for a variety of models. The
marginal likelihood for contingency tables can be approximated by

d 1
log f (n|M) ~ == log(2m) + 5 log | H” | +log f (93, | M) +log f (n | 93, M),
where 9}, is the posterior mode of model M, and H* is minus the inverse Hessian

matrix of the log-posterior density evaluated at the posterior mode.

2.2 Laplace-Metropolis Estimator

Lewis and Raftery (1997) describe a way to use posterior simulation output to
estimate integrated likelihoods. Laplace method is often not applicable because
the derivatives that it requires are not easily available. This is particularly true
for complex models of the kind for which posterior simulation, especially MCMC,
is often used. The idea of the Laplace-Metropolis estimator is to get around
the limitations of the Laplace method by using posterior simulation to estimate
the quantities it needs. To avoid analytic calculation of H* and ¥}, Laplace-
Metropolis estimator proposed 9%, to be estimated by the posterior mean 9,
and H* by the posterior variance-covariance matrix of 9 obtained by the MCMC
output.
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log f (n|M) = f(n|M),

. dm 1 _ _
f(ala) = S log(2m) + S log | Say | +log f (9ar | M) +log f (n | Dar, M)

There are several possible ways of estimating ¥* from an MCMC sample:
e Estimate ¥* as that ¥ in the sample at which h(d) = f(n|d, M) f(I|M)
achieves its maximum.
e Estimate the components of ¥* by finding the componentwise posterior
means.
e Estimate the components of 9* by finding the componentwise posterior me-
dians.
e Estimate 9* by finding the multivariate median.
The first of these methods is the simplest conceptually and usually the most accu-
rate. However, it involves calculating the likelihood many times and therefore it
might be computationally expensive. In such cases, the multivariate median might
be used instead, which not require too much computing resources. Moreover, the
MCMC estimated posterior median is more robust than the corresponding pos-
terior mean, which is influenced by outliers. Furthermore the median is more
accurate proxy of the model than the mean for a wide range of distributions
(Johnson and Kotz, 1985). The other quantity required for the calculation of
Laplace-Metropolis estimator is H*. This is asymptotically equal to the poste-
rior variance matrix, and we could estimate it by the sample covariance matrix
of the posterior simulation output. However, because MCMC trajectories take
occasional distant excursions, it is recommended to use a robust estimator of the
posterior variance matrix.

2.3 Comparison of the two methods

Laplace approximation is obtained by using any optimization method, while
Laplace-Metropolis estimator is based on the output of a MCMC algorithm. The
first method is faster and without any Monte Carlo error, but it is not always
applicable due to computational problems. The second approach is more compu-
tationally demanding, but the implementation is direct when the MCMC sample
is available. Both estimators are approximations of the Bayesian marginal like-
lihood and therefore they require large enough sample size in order to obtain
accurate results. Therefore they will not be accurate for small or sparse datasets.
Both approaches have some regularities conditions (see Kass and Wasserman,
1996). These approximations are more efficient when the posterior distributions
are symmetric, otherwise transformations should be applied (lg, logit or Box-Cox).
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3. POWER PRIOS

Prior elicitation is one of the most important issues in Bayesian data analysis.
When no prior information is available, a non-informative prior such as uniform
prior or Jeffreys prior can be used (see Kass and Wasserman, 1996) for a list of
such non-informative priors. However, real prior information such as historical
data or data from previous similar studies are often available in applied research,
where the investigator has access to previous studies measuring the same response
and covariates as the current study. In experiments conducted over time, data
from previous time periods can often be used as prior information. It is natural
to incorporate the historical data into the current study by quantifying it with a
suitable prior distribution on the mode parameters. Power prior distributions are
based on the idea of raising the likelihood function of historical data to a power
w, where 0 < w < 1. Power prior approach of Ibrahim and Chen (2000) and
Chen (2000) is adopted to advocate sensible values for the prior parameters on
contingency table. The initial idea of the power prior can be traced to Diaconis
and Ylvisaker (1979) and Morris (1983), where they studied conjugate priors for
exponential families. However, these two authors considered only the situation
with the power w be a fixed constant.

3.1 Methodology

We adopt the idea based on the power prior approach of Ibrahim and Chen
(2000) and Chen et al. (2000) in order to advocate sensible values for the prior
parameters on the full table and the corresponding induced values for the rest
of the association models. Let us consider imaginary set of data represented by
the frequency table n* = (n;‘j) ,i=1,...,0 and j = 1,...,J of total sample
size N* = > .; Zje sn;; and a normal “pre-prior”with all parameters equal.
Then the unnormalized prior distribution can be obtained by the product of the
likelihood of n* raised to a power w multiplied by the ”pre-prior” distribution.

f(9) o< f(n*[9)" x f(97)

The parameter w is used to specify the steepness of the prior distribution and
the weight of belief on each prior observation

e w = 1 each imaginary observation has the same weight as the actual obser-
vations

e w < 1 give less weight to each imaginary observation

e w > 1 will increase the weight of believe on the prior/imaginary data

e w = 1/N* the prior data n* will account information of one data point
and when we use Uniform improper pre-prior then we have 1 unit of prior
information towards the simple model of uniformity across all cells.

e w=1, N* = N and the pre-prior is improper uniform then both the prior
and data will account for 50% of the information used in the posterior.
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For w = 1/N* the prior data n* will account for information of one data point.
This prior set-up will called unit information prior (UIP). When no information
is available, the choice of equal cell frequencies (n;"]) = n* for the imaginary data
in order to support the simplest possible model under consideration.
The proposed methodology for association models in contingency tables has
five steps.
e Step 1: no information is available, set equal cell frequerllcies
(n) =n* =75, N*=n* x [J= Nand w =~ = ———
e Step 2: set a normal pre-prior with large variance and multiply with the
Poisson likelihood for imaginary data n*
e Step 3: compute posterior mean and posterior variance from the MCMC
output for each model
e Step 4: For the actual data, use a normal prior for each parameter with
mean and variance obtained by Step 2. The variance is multiplied by %
(N for the Unit information). This is an approximation of the desired
power prior which considerably simplifies all computations. Steps 2-4 can
be avoided by analytic computation of the power prior which is currently
work in progress
e Step 5: compute the marginal distribution with Laplace approximation
and Laplace-Metropolis estimator and compute the Bayes factor.

4. ILLUSTRATED EXAMPLE

The classical dataset of Maxwell (1961), in which the severity of dreams dis-
turbance of 223 boys is crossclassified with their age, has been used to illustrate
the proposed methodology. Maxwell discusses an analysis of a 5 x 4 contingency
table giving the number of boys with four different rating for disturbed dreams in
five different age of groups, see Table 1. The higher the rating the more the boy
suffers from disturbed dreams.

Disturbance (from low to high)

Age group  — 2 3 4 Total
5.7 7 1 3 7 21
8-9 10 15 11 13 49
10-11 23 9 11 7 50
12-13 28 9 12 10 59
14-15 32 5 4 3 44
Total 100 42 41 40 223

Table 1: Cross-classification of 223 boys by severity of disturbances of dreams and age.

We set all cell of imaginary data equal to one and impose a normal non-
informative pre-prior with large variance. The posterior mean and posterior vari-
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ance for all parameters in each model using the imaginary data are estimated via
MCMC. These values are used to build an approximation of the power prior. The
results of the new MCMC output are listed in Table 2 along with the estimated
log-marginal likelihood with the Laplace approximation and Laplace-Metropolis
estimator approach. The two approaches are very close supporting the same
model.

. log-marginal
Mj Model Laplace Laplace-Metropolis
1 | Independence (I) —91.399 —91.296
2 | Uniform(U) —90.167 —90.596
3 | Row (R) —103.771 —103.159
4 | Column (C) —97.652 —97.096
5 | Row-Column (RC) | —107.365 —107.446
6 | Saturated (S) —131.665 —131.253

Table 2: FEstimated the logarithm of marginal likelihood for all the competitive models
with the two approaches.

After implementing the proposed methodology using tmin = Vimin = 0, Vinaz =
1 and ¢ = 1 parametrization for the RC model, only two models were found with
posterior model probabilities higher than 1%. Results for these models are sum-
marized in Table 3. All model comparison measures indicate that the Uniform
model is the best. According to Table 3 the highest probability model (77,4%)
with Laplace Metropolis estimator approach and (66,8%) with Laplace Approx-
imation approach, is the Uniform association model with fix row and column
scores. The independence model is supported as the second best one but with
considerably lower probabilities (0.331 and 0.226 for Laplace approximation and
Laplace-Metropolis approach, respectively).

. Log-BF}2 Posterior Probabilities
Mj Model Laplace Laplajce-Met'ropolis Laplace Laplace-Metropolis
1 | Independence (I) -0.7 -1.2 0.331 0.226
2 | Uniform (U) 0.0 0.0 0.668 0.774
3 | Row (R) —12.6 —13.6 <0.01 <0.01
4 | Column (C) —6.5 -7.5 <0.01 <0.01
5 | Row-Column (RC) —16.8 —17.2 <0.01 <0.01
6 | Saturated (S) —40.7 —41.5 <0.01 <0.01

Table 3: FEstimated the logarithm of Bayes factor and the posterior model probabilities
for all the competitive models with the two approaches.

All models with posterior probability lower than 1% (provided in Table 3),
when compared with the model of the highest probability, provide ”not worth than
a bare mention” evidence in favor of the latter, according to Kass and Raftery
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(1995) evaluation table for Bayes factor.

5. CONCLUSION

Both Laplace approximation and Laplace-Metropolis estimator provide a rea-
sonable solution for low information estimation of marginal likelihood. The uti-
lization of power priors provides good argument for a reasonable prior and avoids
the effect of Lindley’s paradox. Moreover,we achieve compatibility of priors across
models under consideration due to the use of common imaginary data across mod-
els. In the future we will focus on the implementation of other alternative esti-
mation methods for the computation of the marginal likelihood, for example by
using the Monte Carlo estimate proposed by Perrakis et al. (2014) or the Chib’s
(1995) marginal likelihood estimator. Our goal is to extend the methodology to
alternative scenarios of imaginary data and apply extended simulation study to
research the behavior of the methods. Explore the analytic computation of the
power prior for the steps 2-4 of the algorithm is in process.

IIEPIAHYH

Yty epyaoio auty napouctdleton uioe ohoxhnewuévn Mnrebllavy| avdhuon twv
HOVTEA®Y CUVAQELNS, 1) oTolo TEPLAUBAVEL Ular TEOTACT) YLl TNV XATHAANAY ETLAOYT
TWV TOUEUUETEWY TNC EX TV TEOTEPWY XATAVOUNS, EXTIUNOT xou Xodoplouds TewV
HOVTEAWY, xoiC xot ETAUGT BAoxdY UTOAOYLEO TIXWOY {INTNudTwy. TTo cuyxexpiuéva,
N xenon ovluydy ex TV TEOTERMY XAToVou®Y oTn Mnreblioavy avdAuvon pepixég
popéc unopel va amofel TEoBANuaTXn, AOYw NS evatcUNciog TWV €X TWV UCTERWY
mdovovitwy Twv poviéhwy (posterior odds) xou tnv enidpoon tou TopaddEoU TOU
Lindley-Barlett (Lindley, 1957, Barlett, 1957). Auté to yeyovdc odiynoe otny
YENoN UG VEUG TEOGEYYLONG, AUTAS TWV €X TOV TEOTERWY XATUVOUWY OUVOUNG
(power priors). It 0 oxomd awTd TaEdYOLPE Evar TAXOUATIXG OET BEBOUEVLY Xal
optloupe Wio €X TV TEOTEPWY XaTavoun Yo To TAacuatixd autd dedouéva (pre prior)

ue Oiec Tic mapauétpoug foeg. H un xavovixomoinuévn ex TV TEOTEPWV XATO-
VOUT TEOXUTTEL amd TO YWOUEVO TNg miovopdvelag LPwuévo oe uio SOvVoT), ToAa-
TAACLICUEVO UE TNV EX TWV TROTEQMY XATUVOUT TV TAACUATIXGY dedouévmv. Ex
TWV TROTEPWY XATAVOUES LOVAOLOLAS EPUNVEUTIXAC TANEOQPORIIC YENOILOTO0VTAL WG
HETEO cUYXELONG UE o%oTd va xodopto Tel xou va epunveulel 1 entidpaot onolacdrfroTe
SAANG X TWV TEOTEPWY xaTavoURC Tou yenotwomoteiton. H ex twv votépmvy xatavoun
TWV TOPUPUETEMY TWV UOVTEAWY CUVAPELNG UE TNV TEOGEYYIOT TV EX TWOV TROTEQMY
xoTavopdy duvoune (power priors), mpoxintet pe Ty egappoyy MCMC pedddwy.
H o€ordynon twv e€etaldyeveny Yoviéhwy xou ot avtiotolyol Mrebliovol éleyyol
unodécewy TpaypatorowlvTa pe T Yerion MCMC uedddwy, ol onoleg BaoiCovto
oty extiunon tne neprdwptog xatavourc (BA. yio napdderyua Perrakis et al. ), oty
mpooeyyloTixn uétodo tou Laplace xodde xan otov extiunty) Laplace-Metropolis.
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IV authAv TNV xAdoT HOVTEAWY Vol TUEOUCLAGOUUE TROYUOTIXG GET BEBOUEVKDV YLot
VoL BelEOUUE TOV TEOTO EQUPUOYNAS ARG Xou TNV XA AELTopYiol TNC TEOTEWOUEYNG
pedodoroyiag.
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SUMMARY

This work aims to fill an existing gap in the literature regarding the statistical testing for the
existence and the identification of the character of time-varying second moment in its
dependence on a non-constant mean level in time series. To this end we introduce a new
statistical testing procedure with some considerable advantages over the existing ones.
Amongst others we argue that the existing statistical tests are insufficient and sometimes lead
to biased results. Further the effect of the application of this methodology on some crucial
elements of time series modelling such as forecasting, seasonal adjustment and outlier
detection is examined, through case studies conducted on a comparative basis using both the
new methodology and an established one. Our data set comprises time series on monthly
external trade statistics for Greece. The particular data were selected owing to their obvious
importance given the continuing economic crisis in that country. The resulted empirical
evidence is in favor of the new approach.

Key Words: applied time series analysis, seasonal adjustment, forecasting, time series
transformations, detection of outliers, Greek external trade time series.

1. INTRODUCTION

Over the last five decades a vast volume of research work, in both theoretical and
applied level, has been devoted on time series with time-varying second moment.
This non-constancy in the second moment may be due to various reasons. For the
purposes of this work it is methodologically useful to distinguish between type (i):
series with conditionally non constant, but unconditionally constant variance, and
type (ii): series with non-constant variance both conditionally and unconditionally.
This work focuses mainly on the latter.

If variance is functionally related to the level and the latter is non-stationary (which
most often is indeed the case), the variance is not constant both conditionally and
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unconditionally [this is the typical case of type (ii)]. Hence, the process is non-
homogeneously non-stationary in the sense of Box and Jenkins (1976) and cannot be
made stationary by simply differencing. One way to tackle variance non-stationarity
is to employ the well-known class of the so-called Box and Cox transformations (Box
and Cox, 1964) given by:

yiifA>0
f(y)=logy, if A=0 @
-yl if 24<0
In spite of its importance for time series modelling, at the theoretical level there is not
much work on the detection and correction of non-constancy in the variance owing to
its dependence on a non-stationary mean level. Further, at the practical level the
treatment of non-stationary variance is not only insufficient (indeed, when a particular
Box-Cox transformation is used its selection is often arbitrary) but also, occasionally,

biased towards over-rejection of the null hypothesis of unconditionally constant
variance, as we argue later on in this work.

The existing statistical approaches for detection and correction of variance non-
stationarity appear to have several disadvantages as: (i) they detect variance non-
stationarity, but the correction they suggest is not formally and rigorously
documented (e.g. Hay and McLeay 1979; Milionis and Davies, 1994); (ii) usually
suffer from subjectivity (see for instance Mills, 1990 for a short review); and (iii)
although they may do detect variance non stationarity and are formally suggestive for
a solution, they lack robustness (Milionis, 2004; Milionis, 2003).

The aim of this work is to introduce a formal econometric approach, which not only
allows the detection of non-stationary variance and is suggestive of the transformation
necessary to correct for it, but also is robust to the particular partition of a time series
—a procedure necessary for the test- and the possible existence of outliers. Further, the
possible advantages of the application of this methodology on some crucial elements
of time series modelling such as forecasting, seasonal adjustment and outlier
detection, as compared to existing methods, are examined.

2. DATA

Data set comprises the time series on monthly external trade statistics from the
Balance of Payments for Greece. The particular data were selected due to their
obvious importance given the continuing economic crisis in the country and the large
current account deficit of Greece at the beginning of the economic crisis. This current
account deficit is attributed primarily to the deficit of the balance of Goods (see press
releases at the web site of the Bank of Greece). It is apparent that proper statistical
modelling is vital for the short-term monitoring and forecasting of such series. The
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Table 1. Dates of important events during data period

Event Date
Lehman Brothers’ bankruptcy 15/09/2008
Commencement of the first economic 06/05/2010
adjustment programme for Greece
Commencement of the second 13/02/2012
economic adjustment programme for
Greece

Figure 1. Imports of Goods (in million euro)
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Figure 2. Exports of Goods without fuels and ships (in million euro)
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data cover the period from January 2003 to June 2015 and consist of one hundred and
fifty (150) monthly observations of Total Imports and Total Exports of Goods
excluding fuels and ships (source: Bank of Greece). The dates of some of the
important events occurred during the crisis time period are quoted in Table 1, while a
graphical representation of the time series are shown in Figures 1 and 2.

The sharp decline in both series at end 2008, which is conspicuous from the visual
inspection of those figures, may be attributed, amongst others, to the Lehman
Brothers’ bankruptcy and the subsequent sharp reduction in economic activity.

111



3. STATISTICAL TESTING APPROACH
3.1 Description

As in most other similar studies (Mills, 1990; Milionis and Davies 1994; Milionis
2004), for the statistical testing approach used in this work time series are partitioned
into segments (subsamples) of equal length. For each subsample the (local) mean
(LM) as well as the (local) standard deviation (LSD) are calculated. Local standard
deviation is assumed to be functionally dependent on Local Mean in a non-linear
fashion as follows:

LSD = aLMPe", )
where o, p are model parameters, e is the base of natural logarithms and u the
stochastic disturbance. Model parameters o, B are estimated via Ordinary Least
Squares (henceforth OLS) using the corresponding log-log model. The estimated

value of (ﬁ’ ) provides the necessary information for the type of data transformation

needed to ensure variance stationarity (e.g. for the most popular transformations,
namely the log-transformation and the square root one, the log transformation
corresponds to =1, and the square root transformation corresponds to  =0.5). To
ensure robustness with respect to the particular partition and the possible existence of
outliers the procedure is repeated for different partitions. The number of different
partitions is at least equal to the number of divisors of the series’ length, giving
quotient (series length over divisor) =5 and restricting the size of subsamples to be
5.

3.2 Notation, Equations, Statistical Hypotheses and comments
3.2.1 Notation

Before the description of the testing procedure some explanation on the notation and
definition of the various symbols is necessary.

Index (k) indicates the ascending number of a subsample in a partition;

index (j) indicates the ascending number of the particular partition, j=1,2,...jmax;
index ij represents the maximum value of k (number of subsamples) in partition j;

N is the total length (size) of the initial time series;

n;j represents the size of subsamples in partition j;

ﬂj is the estimate of the exponent B using subsamples derived from partition with

ascending number j;
An asterisk (*) over a symbol denotes the corresponding transformed data, or the
corresponding estimate derived from the transformed data;

A A Ak

Uy, &, U, are independent of each other regression residuals;

ij= (N/ny), if (N/n;) is an integer; n;>5;
i; = int(N/n;)) + 1, if (N/n;) is not an integer; ni>5
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3.2.2 Statistical testing procedure
The statistical testing procedure comprises three stages as follows:

oy

,Hj is estimated for each partition j, j=1,2,..., jmxx via OLS from the model (First

stage):
In(LSD ) = In(a,) + B, In(LM ) +ii ., 3)
,é is estimated via OLS from the model (Second Stage):
By=p+dj+é,, )
Model using the transformed data (Third Stage):
In(LSD},) = In(a}) + B In(LM ) + 10, . (5)

3.2.3 Statistical Hypotheses and comments
Applying the procedure described above, it can be made possible to state and test the
following statistical hypotheses:

1) H,: B,=0 V j (or at least the majority of £s,).

This hypothesis can be tested from the first stage and is utilized to ensure
that indeed there exists a dependence of local standard deviation on local
mean. Failure to reject H, means that there is no such dependence and
therefore, the algorithm stops.

2) H,: d =0 (Robustness test)
The dependent variable in Eq. 4 (second stage) is the estimate of § derived

from the partition of ascending number j ( ﬁA' +), while the independent
variable is the ascending number of the partition itself ( j). Therefore, d is
the estimate of the slope of the regression. This hypothesis states that the
slope d should not be statistically significant, and non-rejection of it, means

that ,@is robust to any particular partition of the series, or outliers.

Additionally, non-rejection of Hj also ensures a better estimate of B by
making more efficient use of information available in all partitions.

3) Hg ﬂj =0 V j (Under-transformation test)

ﬂ; are the corresponding [ for the transformed data estimated from the

third stage. This test states that there is no remaining dependence of local
mean on local standard deviation in the transformed data. Hence, non
rejection of this hypothesis ensures that the chosen transformation has
adequately rendered an unconditionally stable variance.
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4. RESULTS-DISCUSSION

The effect of the application of this methodology on some crucial elements of time
series modelling such as forecasting, seasonal adjustment and outlier detection is
examined, through a comparative empirical analysis using both the new methodology
and an established algorithm used in the widely used software TSW. TSW stands for
TRAMO-SEATS for Windows, a Windows version of the programmes TRAMO and
SEATS (see Gémez and Maravall, 1996). Once we apply the new testing procedure
and a proper data transformation is selected, we will also use TSW for further
analysis.

Outliers are automatically detected, classified and corrected using the Chen and Liu
(1993) approach. Three types of outliers are detected according to their effect in a
time series:

e Additive outliers (AO), which affect only a single observation of the series,

e Transitory Change outliers (TC), the effect of which is not extinguished in the
next observation, as is the case with the additive outliers, but damps out
gradually over the subsequent few periods, and

o Level shifts (LS), which imply a step change in the level of the series.

Statistical forecasts are made after the series are “linearized” according to the
following model:

k
v =wh+Cn+Y a2, (B),(t)+x, (6)

j=1
where B =(f,,....3,), is a vector of regression coefficients, w, =(w1,,...,wm)

denotes n regression or intervention variables, C, denotes the matrix with columns
possible calendar effect variables (e.g. trading day) and 77 the vector of associated

coefficients, /, (¢ 1.) is an indicator variable for the possible presence of an outlier at

period 7, A ; (B) captures the transmission of the j-th effect (and o ; denotes the

coefficient of the outlier in the multiple regression model with k outliers. From the
covariates implied in eq. 6 in the present case the most influential are the outliers of
various types (further details and estimation results are provided in section 4). Finally,

x, follows in general the multiplicative ARIMA(p,d,q)(P,D,Q); model:
HBYD(B VIV x, =0(B)O(B")e, (7)
where:

e ¢B)=1-¢B-..—¢,B"is the so—called autoregressive polynomial of

order p;
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Table 2. Estimates of [ . for the various partitions for the first stage regression

Subsample 5 6 8 10 12 14 16 18 20
size (nii)
Number of | 30 25 19 15 13 11 10 9 8
subsample
pairs (i)
B 1.058 | 1.203 | 1.052 | 0.863 | 1.090 | 0.955 | 1.032 | 0.791 | 1.246
J
t-statistic | 2.642 | 3.230 | 3.211 | 2.096 | 4.204 | 2.297 | 3.321 | 2.278 | 2.758
p-value 0.013 | 0.004 | 0.005 | 0.056 | 0.001 | 0.047 | 0.010 | 0.057 | 0.033

0(B)=1-6B—...—6,B" is the so—called moving average polynomial of
order q;

A (1- B)d is the arithmetic difference operator of order d;

VSD =(1-B )f is seasonal arithmetic difference operator of order D and

seasonality s;

O(B°)=1-® B’ —..—®,B"is the so—called seasonal autoregressive
polynomial of order P and seasonality s;
OB )=1-0,B"—...—- @QBQ'S is the so—called moving average polynomial

of order Q and seasonality s;
&, 1s the stochastic disturbance.

Seasonal adjustment is based on ARIMA model-based signal extraction. This method
uses the Burman-Wilson algorithm (Burman, 1980) to decompose a time series in
unobserved components [for further details see Maravall (1995), Gomez and Maravall

(1996)].

4.1 Comparative analysis of the time series of “Imports of goods”

4.1.1 Analysis using of the new statistical testing approach

The results for the first stage regressions for the time series “Imports of goods™ are

presented in Table 2. It can be seen that in all subsample pairs the S ; estimates are

statistically significant at 10% significance level and in almost all subsample pairs at
5% significance level (exceptions only for the partitions with subsample size 10 and
18 where the estimates are “marginally” significant for the 5% significance level).
Hence, H, is clearly rejected.
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Figure 3. Graphical representation of the first stage regressions results

Table 3. Results for the second stage regression
estimate t-statistic standard error
,é 1.082 10.956 0.099
i 0.0005 0.101 0.005
Table 4. Results for “under-transformation” test
Subsample 5 6 8 10 12 14 16 18 20
size (nii)
Number of | 30 25 19 15 13 11 10 9 8
subsample
pairs (1))

ﬂf‘ 0.305 | 1.655 | 0.222 | -1.59 | 0.558 | -0.75 | 5.882 | -1.61 | 6.470
J

t-statistic | 0.092 | 0.540 | 0.085 | -0.50 | 0.258 | -0.23 | 1.325 | -0.56 | 1.350
p-value | 0.927 | 0.594 | 0.933 | 0.623 | 0.801 | 0.821 | 0.222 | 0.592 | 0.220

The results for the first stage regressions are also depicted in Figure 3, where the x-

axis represents the number of subsamples and the y-axis the value of exponent -

From the visual inspection of Figure 3 it is apparent that no systematic association
between ,5’ ' estimates and the sample size seems to exist.

This is further supported by the results of the second stage regression by which Hy:
d =0 can be formally tested. Those results are presented in Table 3. As is evident, the
constant [ is statistically significant at the 5% level and equal to 1.082, whereas the
slope d is not statistically significant. Hence, Hy, cannot be rejected.
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The above results clearly suggest that the original data are variance non stationary and
should be log-transformed.

To examine, whether or not, the chosen logarithmic transformation is indeed
sufficient to stabilize the variance the so-called “under-transformation” test is further
performed. To this end the logarithms of the original data are subjected to the
logarithmic transformation once more and the parameters of the third stage regression
are estimated.

The results of the “under-transformation” test are presented in Table 4.

As is evident from the results of Table 4 all ,éj are not statistically significant,

therefore the hypothesis He: ,3? =0V j is not rejected.

4.1.2 Analysis using exclusively the TSW testing approach

The same series was reanalyzed following the standard TSW procedure. The way
TSW tests, whether or not, the data need to be transformed in order to stabilize the
variance is based on a variant of the so-called range-mean regression (see Gomez
and Maravall, 1996). More specifically, the series is divided in subsamples and the
range and mean for each subsample are calculated. Then a regression model using the
subsamples’ ranges and means is estimated. If the regression slope is found to be
significant the data are log-transformed.

Using the TSW procedure, TSW also suggested the logarithmic transformation of the
original data, as was the conclusion using the new approach. However, when the
TSW procedure was repeated once again with the log-transformed data (“under-
transformation” test), TSW suggested a logarithmic transformation again(!). Indeed,
TSW output states that:

«LOG-LEVEL PRETEST: SSlevels/(SSlog*Gmean(levels)"2)=1.0078847 LOGS ARE
SELECTED».

Therefore, TSW seems to be biased towards rejection of the null hypothesis of no
transformation.

4.1.3. The effect of data transformation on univariate modelling and outlier
detection

It is of much interest to further investigate how variance non-stationarity could
potentially affect the specification of the univariate ARIMA model and the detection
of outliers. Table 5 below presents the results on univariate ARIMA modelling with
and without the log-transformation, while the estimation details are quoted in the
Appendix. From the results of Table 5 it is apparent that when variance non-
stationarity is taken into account the univariate model is the so-called “airline” model,
often encountered in data with seasonality (see Box and Jenkins, 1976). In contrast,
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Table 5. Univariate ARIMA modelling

ARIMA model with linearized original data [Model (1)]
ARIMA(2,1,0) (1,0,1)1>
MODEL SPECIFICATION
(1-0.583B-0.401B%) (1+0.857B"*) (1- B)Y, = (1+0.594B" )¢,

ARIMA model with linearized transformed data (TSW and new method)
[Model (2)]
ARIMA(0,1,1) (0,1,1)12
MODEL SPECIFICATION

(1-B) (1-B?)log¥, = (1+0.609B) (1+0.592B8')¢,

Table 6. Outlier Detection (series of Imports of goods)

Outliers with original data Outliers with log-transformed data
(TSW, New Method)
39 TC (3 2006), 71 LS (11 2008), 72 LS (12 2008), 96 A0 (12 2010)
97 A0 (12011)

without taking into account variance non stationarity a much more complicated
ARIMA model is selected. Hence, the presence of variance non stationarity leads to
seriously misspecified univariate ARIMA models, a result that is in accordance to that
of Milionis (2004).

The results on the detection of outliers are presented in Table 6. As is evident a TC
outlier at period 39 in the original data does not exist in the transformed data. Further,
the LS outlier at period 71 (November, 2008) in the original data, which is most likely
related to the Lehman’s bankruptcy, has shifted forward one period in the transformed
data, while the AO outlier in period 97 in the original data has shifted backward one
period in the transformed data. Hence, in properly transformed data the pattern of
detected outliers is clearly different, a conclusion that is also in accordance with that
of Milionis (2004).

4.2 Comparative analysis of the time series of “Exports of goods excluding fuels
and ships”

4.2.1 Testing for variance non-stationarity

Table 7 presents the results of the first stage regressions for the series of Exports of
goods excluding fuels and ships. From these results it is evident that [ ;1s not

statistically significant in the 5% significance level, except for the partition with
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Table 7. Estimates of [ ,for the various partitions for the first stage regression

Subsample 5 6 8 10 12 14 16 18 20
size (l’lii)
Number of | 30 25 19 15 13 11 10 9 8
subsample
pairs (i)

B 0.654 | 0.723 | 0.530 | 0.467 | 0.455 | 0.440 | 0.595 | 0.466 | 0.246
J

t-statistic | 1.812 | 2.110 | 2.015 | 1.713 | 1.233 | 1.111 | 1.167 | 1.279 | 0.392
p-value | 0.081 | 0.046 | 0.060 | 0.110 | 0.243 | 0.295 | 0.277 | 0.241 | 0.709

Table 8. Univariate ARIMA modelling for the series of Exports of goods excluding
fuels and ships

ARIMA model with linearized original data [Model (3)]
ARIMA(0,1,1) (0,1,1),
MODEL SPECIFICATION
(1-B)(1-B"”)Y, =(1+0.584B) (1+0.7.64B")¢,
ARIMA model with linearized transformed data (TSW and new method)
[Model (4)]
ARIMA(0,1,1) (0,1,1),
MODEL SPECIFICATION
(1-B)(1-B"”)logY, = (1+0.5668) (1+0.8218")e,

subsample size 6. Thus, according to the new testing approach in this case the series
variance is (unconditionally) stationary and no transformation of the original data is
required. However, the conclusion is different when the approach of TSW is
followed, as TSW log-transforms the data as a consequence of the range-mean
regression. Indeed, TSW output states that : «LOG-LEVEL PRETEST:
SSlevels/(SSlog*Gmean(levels)"2)=1.0106056 LOGS ARE SELECTED».

Therefore, once again, TSW is biased towards the logarithmic transformation,
whereas no transformation of the original data needs to be performed.

4.2.2 Further Analysis

Table 8 below presents the results on univariate ARIMA modelling with and without
the log-transformation for the series of Exports of goods excluding fuels and ships,
while the estimation details are quoted in the Appendix. From the results of Table § it
is apparent that in contrast to the univariate models referring to the series of Imports
of Goods here the differences in the two univariate models are of minor character, as
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Table 9. Outlier Detection (series of Exports of goods excluding fuels and ships)

Outliers with original data (new Outliers with log-transformed (TSW)
method)
71 LS (11 2008), 93 AO (9 2010) 72 LS (12 2008), 93 AO (9 2010)

Table 10. Values of Mean absolute percentage error of forecasts

MAPE (%)
Forecasts Original Data (New Log-transformed data
Method) (TSW)
Twelve step ahead 3.618 4.501
One step ahead 3.265 3.778

Table 11. Differences in Seasonally Adjusted Series produced from original
data versus transformed data

MAPE (%) Minimum Percentage Maximum Percentage
Error (%) Error (%)
1.297 -4.314 5.515

in both cases the univariate model is of the same type i.e. the so-called “airline”
model. The differences are confined only to the estimated values of the parameters of
the two models. This is not surprising as with the series of Exports of goods
excluding fuels and ships both the original and the log-transformed series are variance
stationary. Indeed this result advocates our previous conclusion for the series of
Exports of goods where the pronounced difference in the character of the univariate
ARIMA model for the original and the log-transformed data was attributed to the
existence of non-stationary variance in the original data series.

The results on the detection of outliers with both the original and the log-transformed
data for the series of Exports of goods excluding fuels and ships are quoted in Table
9. As is evident the AO outlier is the same in both cases, while the level shift, which
as mentioned earlier is related to Lehman’s bankruptcy has only been moved forward
by one time period in the log-transformed data.

Our next task is to examine, whether or not, the data transformation affects the
forecasting performance of the univariate models, as well as the seasonally adjusted
series. The former was evaluated using the mean absolute percentage forecast error.

Table 10 presents the results. As is evident both one-step-ahead and twelve-step-
ahead forecasts with no transformation (as suggested by the new method) are superior
in terms of the MAPE value, as compared to the corresponding forecasts with the data
log-transformed, as suggested by TSW.
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At this point the provisional character of the result regarding the forecasting
performance should be stressed, especially in view of the fact that thus far in the
literature the empirical evidence on the relation of the forecasting performance and
the chosen data-transformation is mixed (Mills, 1991, Makridakis et. al, 1998, Nelson
and Granger, 1979). Further analysis using several series is needed to provide
additinal evidence in support of this argument.

Finally the MAPE statistic was also employed to assess the differences in the
seasonally adjusted series produced from original data versus transformed data. The
results are presented in Table 11. It is remarked that from the results of Table 11
substantial differences are observed, as the MAPE between the two seasonally
adjusted series is approximately 1.3%, with the minimum percentage error to be equal
to -4.3% and the maximum percentage error to be equal to 5.5%.

5. CONCLUSIONS

In this work a new statistical testing procedure for variance non-stationary time series
is proposed. This procedure improves the existing ones at it combines detection,
correction and robustness. In addition it was shown empirically that the existing tests,
such as the one in the widely used algorithm of TSW software, provide biased results.
Further, it is argued that the type of data transformation and the entailed correction for
variance—non stationarity is crucial for the detection of outliers and the seasonal
adjustment of the original time series. In addition, the empirical results provide
evidence of an improved forecasting performance by the proper use of a data
transformation, a result that needs further backing by additional empirical evidence.
Overall, the proposed statistical testing procedure, placed in a more general
framework, seems to be a promising tool in applied time series analysis.
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APPENDIX
Parameter estimation of Univariate ARIMA models

Table A.1Parameter estimation of model (1)

Parameter Value t-statistic
) 0.583 7.480
®, 0.401 5.290
o, -0.857 -10.890
0, -0.594 -4.810

Table A.2. Parameter estimation of model (2)

Parameter Value t-statistic
o, -0.609 -8.750
C} -0.592 -8.360

Table A.3. Parameter estimation of model (3)

Parameter Value t-statistic
6, -0.584 -8.190
0, -0.764 -13.490

Table A.4. Parameter estimation of model (4)

Parameter Value t-statistic
6, -0.566 -7.850
G} -0.821 -16.430
NEPIAHYH

IIpotapykds 6KOmOG TG TAPOLSAS EPYUCIOG sival vo KaADWEL Eva VITAPYOV KeVO
o PiMoypoaeioc TOV APOPA TOV GTOTIOTIKO EAgyyo Y. TNV Vmapén Kot Tov
TPOGIIOPICUO TOV YOPOKTPO TNG YPOVIKNG UETAPOANG TNnG Oe0TEPNG POTNG OTAV
e€aptdror amd €va pn otabepd péco eminedo oe ypovooelpéc. I'o Tov oKomd avTo
poTeiveTal P vEn Slodtkacior EAEYYOL LE GMUOVTIKG TAEOVEKTAIOTO GE GYECT| WE
TIG VIAPYOoVoEG dlodkacies. OnmG EMYEPNUATOAOYEITAL, OL VIAPYOVIES GTATIOTIKOL
éleyyot elvat, HETOED AAA®YV, OVETOPKELG Kot LEPIKEG POPES OONYOVV GE LEPOANTITIKG,
ovumepdopata. Iepatépm, 1 enidpaocn g epapuoyng ovtie ¢ pebodoroyiag oe
HePIKA Pacikd otolyeion TNG LOVIEAOTOINGNG XPOVOGEIPOYV, OTMG Eival 1) TPOPAEYN, M
emoywkn Oopbwon kol n aviyvevon akpoiov Tiodv, eetaletar HECH GLYKPITIKNG
UEAETNG TEPMTOOEWMY YPNOUYLOTODVTOS TOGO TN véa pebodoroyion 660 Ko TNV
kabepopévn. Ta dedopéva Tov ypnoILoTOOnKaY eivol UNVIOIEG ¥POVOGELPEC UTd
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T0 eUmopIKo 160L0Y10 (cuvolikég eloaywyég —e&oywyég ayabmv) yio v EAAGda. Ta
GULYKEKPLUEVE OEDOUEVO, ETEAEYNGAV AOY® TNG TPOPAVOVG CUAGIOG TOVS, OESOUEVTG
™G ovveytllOUEVNC OKOVOULKNG Kpiong otn yodpa. To eumelpikd €upnpoto wov
wpoékoyoy gival vaép g véag pebodoroyiog M omoio Wopévn kdte® amd Eva
yevikoTepo mAaiclo dhvatal vo amotedécel Eva ypnolo pebodoroyiko epyaleio otnv
EQOPUOGLEVT AVAAVOT XPOVOGEIPDOV.
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ABSTRACT

Empirical evidence has shown that the temperature-mortality relation exhibits both non-
linearities and lag effects. The present study aims to model and project the effect of extreme
weather on mortality, using real data from Cyprus. The modeling procedure manages to
capture both non-linearities and delayed effects simultaneously. A temperature function is first
created within the framework of Distributed Lag Non-linear Models. The temperature function
is then incorporated into a Generalized Linear Model, with quasi-Poisson regression to allow
for overdispersion, adjusting for possible confounders. All the results regarding the effect of
heat on mortality together with projections are presented and discussed.

Keywords: Non-linearities; lag effects; mortality; climate change; Cyprus.

1. INTRODUCTION

The world is currently experiencing climate change in the form of increased
occurrence of heat waves and large temperature fluctuations, potentially leading to
increased mortality worldwide [e.g,, Kovats and Hajat (2008); Gosling et al. (2009)].

The projected global temperature rise is likely to be from 1.8-4.0°C over the 21%
century (IPCC, 2013). The largest warming is likely to be over southern Europe and
the Mediterranean, with annual mean temperature increases as large as +5.5°C
[Zahariadis (2012)].

Related literature has shown consistent evidence of association between high
temperatures and mortality [e.g., Baccini et al. (2008); Almeida et al. (2010);
Zanobetti and Schwartz (2008)]. Therefore, heat-related mortality is causing great
public health concern in many countries.

The aim of the current paper is to model and quantify the effect of extreme weather
on mortality, using a methodology that manages to capture simultaneously all the
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characteristics of the temperature-mortality relation. The modeling procedure will be
applied in data from Cyprus, which has a typical Mediterranean climate.

2. THE MODELING PROCEDURE

2.1 Theoretical framework

Empirical evidence from various studies has shown that the temperature-mortality
relation exhibits two main characteristics: first, non-linearities, where we have higher
mortality at temperature extremes, and, second, “delayed” or “lag” effects, where
high temperatures have an effect on mortality not only on the same day, but on the
next days as well [Armstrong (2006); Braga et al. (2001); Anderson and Bell (2009);
Gasparrini et al. (2010)]. Therefore, an efficient methodology is required, which can
capture both these characteristics under one modeling framework.

In addition, the relationship between temperature and mortality may be confounded
by measured or unmeasured confounders, including meteorological indicators, long-
and short-term seasonality, as well as air pollution [Armstrong et al. (2011); Dominici
et al. (2000); IfAiguez et al. (2010)].

2.2 The data

The study area was Cyprus, an island with a Mediterranean climate. The analysis
concentrated in the warm periods of each year, namely April to September, with data
available for the years 2004-2009. The climate during these months is characterized
by high temperatures, negligible rainfall and some isolated thunderstorms.

Daily meteorological data were collected by the Cyprus Meteorological Service, in
the five main urban centers of the island, namely Athalassa (Nicosia), Larnaca,
Limassol, Paralimni and Paphos. Daily mortality data were provided by the Ministry
of Health of the Republic of Cyprus. Particulate matter (PM1o) was selected as the
variable for air pollution, where daily data for particulate matter were obtained from
the Department of Labour Inspection at the Ministry of Labour and Social Insurance:
daily levels of PM1o were taken from the records of 5 stations (Agia Marina Xyliatou,
Nicosia, Larnaca, Limassol and Paphos). Cyprus was considered as a total area, using
the combined data from all the stations.

2.3 The model

A Generalized Linear Model (GLM) was used for the mortality count data, with
quasi-Poisson regression to allow for overdispersion. The general form of the model

for the mortality counts, Y,, t=1,....n, is given in equation (1):
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g(:ut):a+zsj(xtj;l3j)+zykutk' 1)
-1 k=1

where . =E(Y), g is a monotonic link function, with a distribution from an

exponential family, and the functions s; denote smoothed relationships between the
variables Xj and the linear predictor, defined by the (unknown) parameter vectors
B ;. More specifically, s: is the temperature function, s; is the function for the

meteorological indicator “relative humidity” and ss is the function for long-term
trend. The variables ux in equation (1) include other predictors with linear effects

specified by the related coefficients, y,, such as short-term seasonality, as well as air
pollution, which is the average of lags 0 and 1.

Observing the non-linear shape of the temperature-mortality relationship for the
Cyprus dataset, the smooth function s; was created based on the recently developed
methodology of Distributed Lag Non-Linear Models (DLNM). Since the temperature-
mortality relation exhibited two main characteristics, non-linearities and “lag” effects,
both these dimensions had to be captured. The methodology involved the formulation
of the appropriate “cross-basis”, a bi-dimensional space of functions describing
simultaneously the non-linear shape of the relationship and the distributed lag effects
[Gasparrini et al. (2010)]. More specifically, choosing a cross-basis amounts to
specifying two independent sets of basis functions, one for each dimension. A “basis”
is a space of functions used to define the relationship. The choice of the basis
involves the related basis functions, completely known transformations of the original
predictor generating a new set of transformed variables. These two independently
chosen functions, one for the non-linear shape and one for the delayed effect, are then
combined to generate cross-basis functions. Cross-basis functions are thus sums of
products of the basis functions for temperature and lag.

First, we choose a basis for x to define the dependency in the space of the predictor.
Then, we create the additional lag dimension for each one of the derived basis
variables of x, with L being the maximum lag. This produces a n x v, x (L +1) array,
which represents the lagged occurrences of each of the basis variables of x. Let C be
an (L + 1) x v, matrix of basis variables for the lag vector I and let 1 be a vector of
unknown parameters. Equation (2) shows the specification of the DLNM model
function for temperature.

S(Xﬁﬂ} = Ejilziizlré.c.kﬂjk = W{ﬂ (2)
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where r;; is the vector of lagged exposures for the time t transformed through the
basis function, ¢ is the k™ column of matrix C and the vector w is the t" row of the
cross-basis matrix W, obtained by applying the cross-basis functions to x,. (we have
1, =1 Cross-basis functions).

For our data, the cross-basis for temperature comprises the “linear thresholds”
function for the predictor and “strata” for the lag function, described in 1) and 2) as
follows: 1) the “linear thresholds” model with a high threshold parameterization, k,
was selected for the non-linearity dimension of the cross-basis, since after observing
the data it was obvious that mortality is not related to temperatures below the
threshold, while the effect is linear above it. This model can be represented by a
truncated linear function (x—k)+ which equals (x—k) when x>k and 0 otherwise. 2)
For the lag dimension of the cross-basis, a distributed lag model with strata
constraints on the coefficients was chosen. In other words, specific cut-off points
along the range of the predictor were applied, in order to define specific intervals, and
then specify new variables through a dummy parameterization. More specifically, we
assessed the effect of temperature on mortality with lags up to 10 days before the day
of death. Three strata intervals were then defined, namely at lags 0-1, 2-5 and 6-10,
with dummy parameterization assuming constant distributed lag effects along the
strata levels. This constraint improved the precision of the estimates and avoided
collinearity issues.

The abovementioned modeling procedure for the temperature-mortality relation has
the advantage of capturing simultaneously both non-linearities and lag effects
[Tsangari et al. (2016)]. The results of a DLNM can be interpreted by building a grid
of predictions for each lag and for suitable values of the predictor, temperature. The
relationship is summarized at single predictor or lag values, by cutting a "slice" of the
grid along specific values. An estimate of the overall cumulative association can also
be computed by summing all the contributions at different lags for each predictor
value.

Regarding the other functions in equation (1), the function s,, which controls for the
non-linear effect of relative humidity, was found to be a natural cubic spline with 3
df, the function ss for long-term trends was a natural cubic spline with 4 df, while
short-term seasonality was defined by dummy variables.

Finally, the potential effects of climate change on heat-related mortality in the future
in Cyprus were estimated by calculating future mortality based on climate projections
for the Mediterranean region, following a methodology applied in other regions of the
world [see Hajat et al. (2014); Heaviside et al. (2016)]. The potential health impact
was based on incremental increases in temperature above the data baseline period,
from +1 °C to +5 °C, in line with projections of climate up to 2100.
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3. RESULTS

In order to estimate the temperature function sy, the heat threshold, k, was identified
first, based on the observed shape of the temperature-mortality relation. By testing a
grid of temperatures from 31°C to 35°C in 0.1°C increments and using model choice
criteria, such as minimizing residual deviance and Akaike Information Criterion, the
threshold was found to be 33.7 °C. Therefore, the effect of temperature on mortality
has zero slope up to 33.7 °C and increases after this threshold.

The estimated increase in mortality for an increase of 1°C above the threshold (i.e. the
relative risk) was then estimated using the corresponding model of equation (1). High
temperatures had a significant effect on mortality, even after adjusting for the effect
of confounders. The relative risk for lags 0-1 was estimated to be 8.5%, while for lags
2-5 and 6-10 it was around 2% respectively, much lower compared to the effect
during the same and next day of the event, which shows that the effect of heat on
mortality was immediate. Figure 1 shows the risk of mortality for different lags (0, 2
and 7) and different temperatures (35°C, 40°C and 42°C).

Figure 1. Relative risk for various lags (0, 2 and 7) and temperatures (35°C, 40°C
and 42°C)

Lag=0 . Var=35

Outcome
12 14 16
Outcome

Var Lag

Lag=2 . Var=40
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Lags 0, 2 and 7 were chosen (graphs on the left of figurel) to demonstrate that the
increase in effect for higher temperatures is more pronounced for lag 0, compared to
lags 2 or 7. Temperatures 35°C, 40°C and 42°C were selected (graphs on the right of
figure 1) to demonstrate that the effect of heat is much more pronounced for higher
temperatures (e.g. 42°C compared to 35°C or 40°C).

Finally, estimation of potential effects indicated a significant number of heat-related
deaths for current climatic conditions. Mortality rates appear to increase rapidly as
temperatures rise. For example, for an increase of 1°C over the threshold temperature,
heat-related mortality doubles, while for a 5 °C increase mortality is almost 800% the
baseline.

4. CONCLUSION

The present study has used a methodology that captured the two characteristics of the
mortality-temperature relation, non-linearities and distributed lag effects,
simultaneously. The results showed that high temperatures result in increased
mortality in Cyprus, independent of relative humidity, short- and long-term
seasonality and air pollution.

It was shown that the effect is direct or immediate, since the risk is higher on the
current and next day of a severe heat event and becomes lower during the following
days, as we move further from the event. For example, the effect during the same or
next day was around 4%, indicating that a 1°C increase in maximum temperature
above the hot threshold of 33.7°C was associated with an estimated 4% increase in
mortality during the same and next day, more than 4 times higher than the effect of
each of the next few days. The results of a pronounced direct effect of heat (lags 0-1,
compared with longer lags) on mortality agree with previous studies (e.g., Armstrong
2006; Braga et al.2001).

In addition to the immediate effect of heat, the results showed that the effect is more
intense at extreme weather conditions: the increase in risk is higher at higher
temperatures, but drops sharply after the first two days, as opposed to a more smooth
effect for lower temperatures. For example, it is 40% higher at 42°C, compared to
35%C. The effect for temperatures of 35°C and 37°C is smoother, compared to the
sudden drop for temperatures above 40°C, as we move further away from the event
(e.g. at lag 7 or one week after the event).

The adverse health effects of heat are largely preventable, if appropriate measures are
implemented, including, among others, the setting up of early warning systems.
Therefore, the results of the current study can be used as the research basis for linking
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accurate forecasts of heat waves with effective preventive public health measures and
interventions, targeting climatic variables.

IHEPIAHYH

Eunepwcd omotedéopato ot Pifhoypoaeio éxovv odeifel ot 1M oxéon upetald
Beppokpaciog xar Bvnopdtrag mOPOLGLALEL  UN-YPOUUIKOTNTO KOl XPOVIKEG
votepnoels. H mapovca épevva €xel 6TOYX0 Vo LLOVTEAOTOWGEL KOt VoL TPOPAEYEL TNV
EMIOPAOT OKPOIOV KOIPIKOV QOWOUEVOY o1 Bvynolotnto, YPNoLUOTOIOVTOG
Tpoyuotikd  dedopéva, omd v Kompo. H dadwoocioc povielomoinong mov
YPNOCLLOTOLEITAL EMTUYYAVEL VO XEIPICTEL TOVTOHYPOVA TN UN-YPOUUIKOTNTO KOl TO
QUVOLEVO, YPOVIKOV VoTEPNoemV. [lpmdTa, 1 GuvapTnoNn Yo T HOVIELOTOINGN TG
Oepuokpaociog dnpovpyeiton péca ota Bewpntikd TAaicio Mn-I'poappikov Moviédwmv
Katavepnpévng Yotépnong (Distributed Lag Non-linear Models). Xt ocuvvéyeia, 1
ocuvaptnon Oepupokpaciog evoopatdveror péca oe éva Levikevpévo I'poppikd
Movtélo, pe mui-Poisson moAwvdpounon ®cTe Vo EMTPEMETAL VIEPOCKEDAGN,
npocapuolovtog Yo mlavovg cuyyvotéc. Olo To OmOTEAECUATO GYETIKA ME TNV
enidpacr TV LYNAGOV Beprokpacidv ot OvnoldTNTo Kol GYETIKES TPOPAEWYELS
mapovotdlovtot kot cu{nTovval.
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