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IIpoAoyog 2ng 'ExSoong

Yy ntapovoa £kdoor twv [Ipdxelpav Znpeiooewv oty R oupneptdapBavovrat 9¢-
Harta ta oroia avfkouv oe o e&edikeupéva dépata Ztatotkig Kat r sidaoxkaliia
toug yivetat oe eminedo petarrtuytakou pabnpatog. o edikd, éxoupe ouprept-
AdBet pebodoug avaluong ocuvdlakupavong, Poisson AoyapiBuika poviéda, pn
MAPAPETPIKI TTaAtvdpopnon, avaduon ermbinong, pE6odot avaduong Xpovooelpmv
kabog kat pebodoug avaluong roAudidotatev dedopévav. Emiong ouprnepldap-
Bavovtat e181kég ypapikeg apaoctdoelg Iou propet va kataokeudoet 1 R kabog
Kat karotla rrapadeiypata npoypappatiopou pe epappoyeg v pébodo Newton-
Raphson kabmg kat tov adyopiOpo EM. EueAniiotoupe o1t 1) tapouoa €K600n oV
onpewoenv Sa eivat xprotn yla myv ekpadnon nokkidev otatiotikov pebodov

KaBmg KAt yia v KaAutepn KAtavonor tou Aoylopikou P.
Agukeoia, Iavoudpilog 2010

Kwovotavtivog ®okiavog XapdAaprog XapaAdaproug
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IIpoAoyog 1ng 'ExSoong

O1 onpewwoelg autég arnoteAovuv Jia €10ay®yn Oty OTdTloTKY YA®OOod Ipoypap-
patiopou R 1) oroia avarttooetat paydaia ta tedeutaia xpovia. H R etvat edetBe-
pa dabéoun oty 1otocedida http://www.r-project.org/ xrat ompiletat
0TV AVAITIUS TIPOYPAPPATeV PEoe rakétev (packages) ta oroia datiBeviat md-
At eAeBepa amo Xpr)oteg avd TOV KOOHPO. ZUVEM®G, £ivat Aoyiko va ypagel kat
éva ouyypappa ota eAAnvikd €tot oote 1 R va yivel euputepa yveootr) pe eAevbe-
po tporo. To BBAio armeubuvetal petiotwg oe @ottnteg Madnuatkev THNpAatev
e kateubuvorn Ztatiotiky] aAAd propel va Xpnotpeuoel Kal 08 @OltnNiEg AAAQV
OXOAQV TTOU TO AVIIKEIPEVO TOUG oUVASEL e TV ZTATIOTIKY. Artapaitntn pouno-
9eon ya va 6iaBdoel 0 avayveotng TG CNPEIWOELS €lvatl 1] EIMITUXNG OAOKANP®OOT)
£10ay0YIKOV padnudtev [110avotnov Kat ZIatiotiKg.

H dopr) tov onpewoswv £xel ©g €§1g. Ta repdAaia 1-5 sioayouv to @otut)
otg Baowkég €vvoleg G R, 10 kepdAato 6 oulntd epappoyeég otatiotikng dew-
plag PEO® TPOCOROINOE®Y eVe Ta Kedpddata 7-10 eivat apiepopéva oe PBAoIKEG
otatiotikeég pebodoug avaiuong dedopévav. To keparato 11 oudnta pebodoug a-
vadsiypatoAnyiag eve 1 rapouciaon kAeivel pe apadeiypata kat aokroetg. Ta
pabnpata avtd £€xouv 618aytel oe MPOMTUXIAKOUG KAl PETANTTUXIAKOUG (QOLTNTEG
tou tpfpatog Mabnpatkev kat Ztatotkig tou Ilaveruoupiov Kurpou kat n
eprnelpia 10U MPWTOU ouyypadéa eivat 0Tt ot 0Aa ta Kepddaia Propouv va yivouv
oe dexkatpia dlwpa epyaotrpla €xoviag ToUg QOIS va aAAnAermdpouv pe tov
NAEKTIPOVIKO UmoAoylotr). e auto to otadilo dev yivetat mpoomnddeia va yivouv
Katavontég ot pabnpatikég évvoleg aAdd va propet o avayveotng va epappodet
TG IT10 ATTAEG OTATIOTIKEG PeBOS0UG.

duoka oe KABe T€TO10 ertKeipnpa undpxouv eddeipelg kat Aabn. Ta mpo-
ypappata rou rnapouotddoviat 8w dev £xouv kavéva npoBAnpa apou £xouv do-
Kipaotel oe diapopeg mAatdpoppes. Ot eddeiyelg, KATA TNV TAMEWL 14§ YVOUD,

eivat n anouoia P MAPAPETPIKIG EKTIINTPIAS CUVAPTNONG ITUKVOTTAg rmbavotn-



1ag, P napaperpikig radivdpopnon kat avdduon g Siakupavong Kat ermioyn
Kal ektipnon poviédev. Eusdrotdviag otny Katavonorn T0U avayVeOOoTIKoU Kot-
VOU, TTIOTEVOUPE 0TV EMOTKOSOPNTIKY] KPITIKY 1) ortoia 9a BeAtiotornoinost 1§ ava
Xelpag onpeldoeig kat 9a g erurpewet va €xouv 2n, 3n €kdoorn K.0.K. Ta tov
avayveootn 1mou evilagépetal va pdabetl mapandve Kat va ggepeuvroet v R e1g

Babog tou mpoteivoulie Ta APAKAT® eyxelpidia:

1. Richard A. Becker, John M. Chambers, and Allan R. Wilks. The New S
Language. Chapman & Hall, London, 1988.

2. John M. Chambers and Trevor J. Hastie. Statistical Models in S. Chap-
man & Hall, London, 1992.

3. William N. Venables and Brian D. Ripley. Modern Applied Statistics with
S. Fourth Edition. Springer, New York, 2002.

4. William N. Venables and Brian D. Ripley. S Programming. Springer, New
York, 2000.

5. Frank E. Harrell. Regression Modeling Strategies, with Applications to

Linear Models, Survival Analysis and Logistic Regression.

6. John Fox. An R and S-Plus Companion to Applied Regression. Sage
Publications, Thousand Oaks, CA, USA, 2002.

7. Julian J. Faraway. Linear Models with R. Chapman & Hall/CRC, Boca
Raton, FL, 2004.

duoika unapyouv rinbog dAda ocuyypdppata Kat o evilapepOPEVOg avayve-
otng propet va Ppet nmepattépm minpopopieg otnv wotooedida g R.

TUNIMEPACHATIKA, KaVelg §ev PIopel, TV YVOHI TOU IP®OTOU ouyypapéa, va
oxuptotei Ot pe 1o 81dB8aopa PePIKOV ONuelOoemv Kabog kat pe Alyn e§aoknon
€nabe va ipoypappartiet, os orotadnriote yAoooa ripoypappatiopou. Ta va yivet

autd xpetdletal ouvexrg evaoyOAnor), KPITIKY OKEWPT Kat S1apKng e§epevvnon).

Agukeoia, Iavoudptlog 2008

Kovotavtivog @exkiavog XapdAaprog XapaAdaproug
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Kepalawo 1
Ewsaywyn otnv R

O KUP10G OKOITOG AUTHV TRV ONHEIDNOE®V £ival 1] E10AY®YT] OV OTATIOTIKI) YAQOOQ
npoypappatiopou R. H yAdooa R eivat edetBepa §1abéoun amno 1o Siadiktuo kat
1 UnootrP1§ g yivetal pEow g e0eAOVIIKEG OUVEIOPOPAG TIOAAGV avOpmOI®V
avd tov kéopo, ot oroiot eival kat untevbuvot yla v avarrudr) mg. H otooe-
Ada http://www.r-project.org/ meplEXel MePAEP® MANPOPoOPieg KAOMOS
KAt ouv8£0P0UG Yid Ta OXETIKA MPOYPARHIATA TTOU apopouv TV artobrKeuor Kat
€KTEAEOT TOU IPOYPAPHATOS 0 S1dpopa AETTOUPYIKA OUCTHATA. ZNPEIDTEOV, OTL
n R propei va 1péet oe mepiBaAdov Linux, Mac OS xkat Windows.

'Onwg 9a doupe, n R elvatl pia yAdooa mpoypappatioploy Imou Xpnotevet
KATe§oXNV otV eneinynuatiky avaluon 6edopévev kabwg Kal otV epapoyr)
S1aPopeV oTaTIoUKGOV poviedev. Mropei va yprnowornownet eite pe kateubeiav
EVIOAEG £1T€ [1€ TPOYPAPPATA TA OTToid PItopouv va avartuxfouv kat va §00ouv yla
€KTEAEOT). Le AUTEG TIG ONPelwoelg da paboupe nog va mpoypappatiioupe oty
R kabog kat 1o niog kataokeuddoviat e8keg ovvaptioelg (functions) ot oroieg

XPNOIHEVOUV Y1a avarttugn 18iev mpoypappdtey.

[MeplAnrmukd, Sa dovpe ta MAPAKAT®
e evikég €vvoleg TIou agopouv v R.
e ITog xpnowornoteitat n R otnv avdiuorn debopévav.

o Ilpoypappatiopog kat avarruén oty R.

13



1.1 Mia Ewcaywyikn Ilepiodog
Ot tapakdt® eviodég Sa ddoouv piila rmpodt) yeuorn arnd 10 Tt PIopel va KAVEL 1)

R. Katapxag propet va pnv yivovtal Katavontég ol eVIOAEG autég, aAdd Tuxov

ouyxuon Sa @uyel 61av rPoX®PHOOUHE OTd MAPAKAT® KedpdAala.

IIpcto MMapadetypa

x <- rnorm(50) IIpooopoiwon dU0 TUXAI®V TUTIIKWV KAVOVIKGOV

y <= rnorm(x) davuopdtev T kat y.

hull <- chull(x,y) YroAoy1op6g Kuptou reptBAnpatog tewv dedopévav
plot(x,y) Kataokeuddel ) ypa@ikr) rapaoctaot] 1oV Onpeiov

oto ertinedo
polygon(x[hull], y[hull],dens=15) xal onpel®VeL 10 KUPTO TOUG mePiBAnpa.
objects() BAérnet mowa avukeipeva mg R
undpyouv péoa oto apxeio Data.

rm(x,y) Agaipei ta avukeipeva © kat y.

Zxnpa 1.1: Ipoto apadeypa.

OK. ®oxiavog 14
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AcUtepo IMapadeypa

x <= 1:20

w <- l+sqrt(x)/2

dummy <- data.frame(x=x,
y=x+rnorm(x) *w)

dummy

objects()

fm <- 1lm(y~x, data=dummy)
summary (fm)

fml <- 1lm(y~x, data=dummy,
weight=1/w"2)

1rf <- loess(y~x, data=dummy)
attach(dummy)

plot(x,y)

lines(x, fitted(1lrf))

abline(0,1,1ty=3)

abline(coef (fm))
abline(coef (fm1), 1lty=4)

detach()

plot(fitted(fm), resid(fm),
xlab="Fitted Values",
ylab="Residuals", main=
"Residuals vs Fitted")
qgnorm(resid(fm), main=
"Residuals QQ Plot")
rm(fm,fml,lrf,x,dummy)

OK. ®oxiavog
X. XapaAaproug

Anmoupyet 1o Savuopa x = (1,2, ..., 20).

Anpioupyet 1o diavuopad TV Bapev IOV TUITIKOV ATIOKAICERDV.

Kataokeudlet éva maaioto debopcvov pe 2 otnleg

T KAl ¥ Kat 10 Iapouctadet.

BAérnet nola avukeipeva g R

unapxouv peoa oto apyeio Data.

Epappodet andr) ypappikn radivdpopion g Y o rpog

KAt rapoucotadel ta anoteAéopata

Epappodet otabpiopévn naiwvdpopion).

Kdavel anapapetpikn aAvdpopon.

‘Apeoa nipooBaotpeg otleg rmAatoiou Sedopévav.
Kdavet v ypadikr) niapdotaon T0U & OUVAPTHOEL TOU Y.
ITpooBEtetl oto ypddnpa 1o Poviedo and

TV ATTAPAPETPIKY TIAAtvEpounor).

ITpooBEtetl oto ypddnua Vv MPAayHaTiKI)

ypappr) aivdpopiong.

H ypappr) amno v ardr) ypappiky naAvdpopnon.

H ypappr) ano myv otabpikn naAwvdpounon.
Oro1adnmote oTypr) PIOPEITE VA TUIIOOETE AvVTiypapo
MG YPAPIKIG ITAPpACTaong natmviag oto napadbupo
Graph kat ermdéyovtag to Print.

Agatpet 11§ otnAeg Tou mMAatoiou Sedopévav

arto 1) AoTa aviKEIPEVOV.

Tpa@ikn mapactact) IOV UTTOAOII®V

yla €AeyX0 NG ETEPOOKESACTIKOTITAG.

QQ plot twv urmoAoinwv.

15



Residuals vs Fitted Residuals QQ Plot

20 25
I
o
4
I

10 15
| |
Residuals
0
|

-2
1

-4
Il

o o ¥ oo ©
PR
2
= o
o c 00
g o
g o 4 o
° = o
o a
o o
[ £
£ 00
LN
o
o ° <+ o ©°
i

X Fitted Values Theoretical Quantiles

Zxfpa 1.2: Asttepo napdaderypa.

Tpito Iapadewypa

Fpagpikég duvatdtnteg tng R: diaypappa woovwov kat 3-8idotateg ypadpikeg ma-

PAOCTACEG.
x <- seq(-pi,pi,length=50)
y <= X
f <- outer(x,y,
function(x,y)
cos(y)/(1+x72))
oldpar <- par()
par(pty="s")
contour(x,y,f)
contour(x,y,f,
nlevels=15, add=T)
fa <- (£-t(£))/2
contour(x,y, fa, nlevels=15)
par (oldpar)
persp(x,y,f)
persp(x,y,fa)
image(x,y, f)
image (x,y,fa)
objects(); rm(x,y,f,fa)
q0

OK. ®oxiavog
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x eivatl Stavuona pe 50 oanéyovieg Tpég oto (—, ).
To 1610 pe 10 7.

Opidoupe éva mivaka f tou oroiou ot ypappég

Kat ot otrAeg €xouv deikteg & Kat y aviiotorxa,

Kat 1Kavorolovy ) e&iowon cos(y)/(1 + x2).

Puddet Tig € OPIOPOU YPAPIKES TTAPAPETPOUG.
KaBopilet v rieployr) 1ou ypadratog os €0 dyovo.
Kavet to diaypappa woouywv g f.

[TpooHEtetl oto Hraypappa mo Pnir eukpiveld.

fa eivat to acouperpo koppat g f.

Anpoupyei to didypappa wovyev g fa.
Enavagépet 11§ €§ 0p1opoU ypadikeG mapapérpous.
Anp1oupyel IIPOOITTIKY] ATIEIKOVION KAl UPnAou

erurnedou ypadikn) napdotaon.

Agatpel ta urapyovia avikeipeva.
"E¢ob0g aro R.
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Contour of f

0

N

\\Q \%

0
J

.‘

)
0

] //@\\ V'

T T T T T T T
-3 -2 -1 0 1 2 3

Higher Resolution

Contour of fa

Zxnpa 1.3: Tpito apadetypa (I).

Perspective of f

OK. ®oxiavog

High image of f

Perspective of fa

High image of fa

Txnpa 1.4: Tpito apaderypa (I0).
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1.2 BaolrEg £vvoleg

H R epappodet pia StdAexkto tng yAwooag S n oroia wvat pita dieppnveéag yAovooa
MPOoypappatiopoy. Auto onpaivetl ott ol eviodég draBdadoviatl Kat Petd ekteAouviat
apéong. Avtifeta, n C kat n Fortran eivatr petayAotiotpieg yAwoosg mpoypap-
patiopou otig oroieg oAoKAnp®péva mpoypdppata petappdadovat pe ) forbsia
£VOG PETayA®Totr) oty KatdAAnAn yAwooa pnxavnig. To peydAo mAsoveéktnpa tov
SlepPINVERV YA®OO®V TIPOYPAPHATIONOU £1val 0TL EMMTPENTOUV 0Tad1aKT) AVATTTug.
Me dAAa Adyla, pa ouvdaptnon priopet va dnpioupynBet, va extedeobel kat petd
va SnuoupynOet pia Katvoupyla ouvAaptnon 1) oroia KaAet tv pnyoupevn K.0.K.
TZNPEIOoTE OP®G OTL PETAYADTIONEVOS KOSIKAG TPEXEL TTI0 YPIYOpa Kal Xpetdetat
Atyotepn pvipn aro 1o dleppnveupéevo Kodika.

H aAAndenidpaon pe v R emtuyxdavetat MANKIPOAOYOVIAG EKPPACELS, TIG

ortoieg 0 Siepunveéag aglodoyet kat petd tg extedel. Ma napddeypa

> sqrt
function(x)
x70.5

> sqrt(2)

[1] 1.414214

1
log
function(x, base = 2.71828182845905)
{

y <- .Internal(log(x), "do_math", T, 106)

if (missing(base))

y

else y/.Internal(log(base), "do_math", T, 106)
}
> log(10)

[1] 2.302585

A%ilet va onpewwdet 61t n R eival evaiodnn ota keparaia ypdppata. Auto on-
paiverottto x katrto X eivat Sapopetika avukeipeva. Mia ouvdaptnon kaleitat
ouvnBeg ypdooviag to dvopa tng akodouboupevo amnd pia Atota oplopdtev. Ta

napadetypa
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> plot(fdeaths)
> mean(fdeaths)
[1] 560.6806

Ot padnpuatkég npddeig eivat cuvaptroeig e dUo opiopata ta ornoia £Xouv e161kK6

Kdadeopa. IT.x.

> 2+5
(11 7
> 3%6.8
[1] 20.4
> 12.6/6
[1] 2.1

‘Eva and ta ouvpBola 1mou Xprnotpornoleitatl o ouxvd ivat o oupBolo eyxe-
pnong <-, T0 o1oio Katayxwpel otig PETABANTEG OUYKEKPIHEVEG TIPEG (TT.X. aplBuo,

6iavuopa, mivaka, mhaiolo 6edopévav K.a.) 1 anotedéopata pagev.

test <- 4
> test
[1] 4

Axoun éva oAy cuvnOiopévo oupBolo otnv R eivatl 1o oupBoAo beikn [, to omoio

Xpnotporoteitat yla va e§ayet UrtooUvoAd ard £va aviKkeipevo, Iy.

> letters
[1] "a" "b" "c" "d" "e" "f" "g" "h" "i" "j" k" "1 "g" "n" "o
[16] "p™" "q" "r" "' Mgt gt My" tgh o vx" oty vzt
> letters[3]
[1] "c"
> letters[-3]
[1] "a" "b" "d" MM MEM Mgt WRpM Min wjn ww wIw wpuowpw ugw wpu

[16] Ilqll Ilrll IISII lltll Ilull IIVII Ilwll IIXII Ilyll Ilzll
Erniong pmopet va urtoAoyiotet 1 Aoyikn Tipr) plag pdtaong, oneg

> j <= 1:26
> j<5

[1] TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE
[11] FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
[21] FALSE FALSE FALSE FALSE FALSE FALSE
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> letters[j<5]
[1] Ilall ||b|| IICII lldll

H tomodétnon deiktdv elvatl MOAU ONpAvVIKY OV AMTOTEAEOPATIKI] Xprjon g R
ylati divel épgaon oto va ene§epyadetat avikeipeva Sedopévav oav 0AoKANpeLE-
veg oviotneg, mapd oav pia cUAAOYT) ard SEXOPIOTEG TTAPATHPTOElG.

Zav tedevtala €10ay®yKn onpeimorn, tovidetal ot kabe ékppaon g R ep-
pnvevetal amo tov a§lodoynt) Kat ermotpedel éva avukeiucvo dedoucvav. Ta

avukeipeva 6edopévav £€X0UV TIG TAPAKAT® NOPQES :
e Aoywkr) (logical)
e aplOunukrn (numeric)
e Hyadikn (complex)
e kelpévou (character)

Ot pop@ég etvatl ypappéveg Ao autrv IoU IAapEXeL TV Alyotepn) mAnpodopia
£M0G EKELVI TTOU TIAPEXEL TNV IEPLO0OTEPT MANPodopia. ‘'Otav eival avaykn va ouv-
dudoelg H1apopeTkEG POPPEG, TOTE 1 R Xpnotpomnoiel ekeivn pe v EPLOCOTEPT)

mAnpogopia. To erdpevo mapadetypa enenyel auto 10 OKEMTKO

> -3.6

[1] -3.6

> "Munich"

[1] "Munich"

> c(T, F, T)

[11 TFT

> c(-2, pi, 2)

[1] -2.000000 3.141593 2.000000
> c(T, pi, F)

[1] 1.000000 3.141593 0.000000

> ¢(T, pi, "Munich")

[1] "TRUE" "3.14159265358979" "Munich"
> mode(c(T, pi, "Munich"))

[1] "character"

OK. PoKiavog 20
X. XapaAaproug



Kegpaliaio 2

Avukeipeva Acdopévov

210 RePAAAI0 AUTO YIVeldl €10ay®yr otV 18éa tov avikelpévey dedopévav. Ta
avuikeipeva dedopévav eivat ot 81apopeg PopPEG OTIg OTToieg PIopouv va @ula-
Xx0ouv debopéva oty R. O1 KUPleG POPPES AVUKETEVROV SeDOIIEVROV TTOU UTTAPYOUV

omv R eivat ta akoAouba:
e S1avuopa (vector)
e rrivaxkag (matrix)
e Tiivakag peyadutepng Sidotaong (array)
e Alota (list)
e mtapayoviag (factor)
e Xpovooelpég (time series)

e mAaioio edopévav (data frame).

Ze auto 1o Kedpddalo da avarrtuyBouv OAeg Ol M0 MAVEO HOPPEG AVIIKEIPEV®V,

€KTOG Ao TG XPOVooelpeg ot ortoieg Ya avaiubouv o eropevo kepdAato.

2.1 Auwvuopata

To o amdo £i6og avukepévou eivat 1o davuopa. To Sidvuopa eivatl amda éva
Slatetaypévo ouvodo tpov oe oepd. H sontepikr) 61atadn tou Siavuopatog uro-

SelkvUEeL 0T UMAPYXEL £vag KatdAAnAog TPOTIOg HE TOV Oroio Prtopouv va esaxbouv

21



pepka 1) 6Aa aro ta otorxeia tou. O 1o eUKOA0OG TPOIIOg yla va Ipocdlopilotet

éva Sidvuopa eivatl péom g evioArg c. I'a napadeypa,

> x <- ¢(1,3,4,5)
> x

[1] 1345

> length(x)

[1] 4

> mode (x)

[1] "numeric"

> names (x)

NULL

>y <= c( c(2,3), c(1,-6))
>y

[11] 2 3 1 -6

"Evag aAAog tpdrtog, o ortoiog propei va xpropononOei yia v Kkataokeur) diavu-
opatog, £181KA OV MePIMTOOT ToU ivat avaykaio va yivel emavdAnyn KAnowwyv
Tpov, divetatl pe  Bonbeia tng ouvdptnong rep. H ouvdptnon rep () kabopiet
elte 10 60eg Popeg Sa yivel n enavdaAnyn pe to oplopa times, eite 10 pEyebog

Tou Slavuopatog pe to Opopa length.

> rep(NA,6)

[1] NA NA NA NA NA NA

> rep(x, 3)

[1] 134513451345
> rep(x, <(1,2,2,3))

[11 13344555

'Onwg napatnpouvjie oto tedevutaio rapadetypa otav to oplopa times eivat éva
dravuona ue 1o idto ueyedog e 1o Hiravuopa TV TGV ot ortoieg Sa ertavainpOouv,
101e KABe TN enavalapBdveratl g aviiotolxeg @opég. ErmrmAéov, o tedeotrg
akolouBiag : mapdayel pia akodouBia TipoVv o1 oroieg aréxouv petasy toug pia

povada.

> 1:13

[1] 1 2 3 4 5 6 7 8 9 10 11 12 13
> -3:6

[1] -3-2-1 0 1 2 3 4 5 6
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> 1.1:5

[1] 1.1 2.1 3.1 4.1

> 4:-5

[1] 4 3 2 1 0-1-2-3-4-5

Tevikotepa, pe ) Porbeia tng ouvaptnong seq PIOPOUNE VA KATAOKEUACOUNE
pia akodouBia apiOpev pe onowadnrote Siadpopd petadu twv tpev. To erndpevo

napadetypa enednyel nog xpnowponoteitat:

> seq(-1,2, 0.5)

[1] -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

> seq(-1,2, length=12)

[1] -1.00000000 -0.72727273 -0.45454545 -0.18181818
[6] 0.09090909 0.36363636 0.63636364 0.90909091
[9] 1.18181818 1.45454545 1.72727273 2.00000000
> seq(1, by=0.5, length=12)

[1] 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

2.2 IIivakeg

Ot mivakeg XPno10toouvial yid va TAKIOMOoW|00UV TIHEG KATd YPAPHES Katl OTr)-
Aeg oe éva opboymvio mivaka. Zinv avaduorn dedopévav, ol Siadopeg petabAntég
ouvnBwg rapouotdlovial oe S1aPoPETIKEG OTNAEG KAl Ol H1APOPES TIEPUTIWOELS 1)
Tpég mapouotadoviat oe Sapopetikeg ypappeg. Ot mivakeg dStadpépouv anod ta dia-
vUopata ylati £Xouv 61a0tdoelg Kat 08 aUToug PIopel va epappootel 1 ouvaptnon
6taotaong dim.

TMa va dnpoupynBet €vag mivakag and éva didvuopa, xpnopomnoteitat 1 ou-
vaptnon didotaong dim ekxwpoviag €va diavuopa pe 2 aképaloug aplOpoug ot
0110101 AVTIoTO1KOUV OToV aplOpo TOV YPAPHAV KAl T®V OTNAQV TOU Itivakad, avti-

otoyda.

> matr <- rep(1:4, rep(3,4))
> matr
[11 111222333444
> dim(matr) <- c(3,4)
> matr

[,11 [,21 [,31 [,4]
(1,1 1 2 3 4

OK. PoK1avog 23
X. XapaAaproug



[2,] 1 2 3 4
[3,1]1 1 2 3 4
> matr2 <- seq(-2,2,length=25)

> matr2

[1] -2.0000000 -1.8333333 -1.6666667 -1.5000000 -1.3333333 -1.1666667 -1.0000000
[8] -0.8333333 -0.6666667 -0.5000000 -0.3333333 -0.1666667 0.0000000 0.1666667

[156] 0.3333333 0.5000000 0.6666667 0.8333333 1.0000000 1.1666667

[22] 1.5000000 1.6666667 1.8333333 2.0000000
> dim(matr2) <- c(5,5)
> matr2

[,1] [,2] [,3] [,4] [,5]
[1,] -2.000000 -1.1666667 -0.3333333 0.5000000 1.333333
[2,] -1.833333 -1.0000000 -0.1666667 0.6666667 1.500000
[3,] -1.666667 -0.8333333 0.0000000 0.8333333 1.666667
[4,] -1.500000 -0.6666667 0.1666667 1.0000000 1.833333
[5,] -1.333333 -0.5000000 0.3333333 1.1666667 2.000000

Yuyva xpetddetat va ouvdeBouv petau toug Sidgpopa dravuopata 1) mivaxkeg yia
va dnuoupynBel évag kaivoupylog rmivakag. AuUto yivetat epikto pe ) Porbsia

TV ouvaptoe®v rbind kat cbind.

> matr3 <- rbind(c(1,2,-1), c(-3,1,5))
> matr3
[,11 [,2] [,3]
[1,] 1 2 -1
[2,] -3 1 5
> matr4 <- cbind(c(1,2,-1), c(-3,1,5))
> matr4
[,11 [,2]
[1,] 1 -3
[2,] 2 1
[3,] -1 5
> matr5 <- cbind(c(1,2,-1), c(-3,3,2,0))
Warning messages:
Number of rows of result is not a multiple of
vector length (arg 1) in: cbind(c(1, 2,-1), c(-3, 3, 2, 0))
> matrb

[,11 [,2]
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[1,] 1 -3

[2,] 2
(3,1 -1
[4,] 1

Zv nepinmworn ouvdeong Stavuopdatov pe Stadpopetikd peyedn, n Xpron 1oV ou-
vaptmoenv cbind 1 rbind, 6ivel oav arotédeopa TG TIHES TOV PIKPOTEPROV ATTO
autd va eravalapBavovial KUKAKA €101 OOTE O Tivakag va ouprnpadel evie-

Awg.

matr6 <- cbind(matr, matr4)
> matr6
(,11 [,2]1 [,3] [,4] [,5] [,6]
[1,]1 1 2 3 4 1 -3
[2,] 1 2 3 4 2 1
[3,1 1 2 3 4 -1 5
> matr6 <- cbind(matr, matr3)
Error in cbind(matr, matr3): Number of rows of matrices and

lengths of names vectors must match (see arg 2)

'Evag evadlAakTikog Tporog yia va dnuioupynBei évag mivakag eivat pe )
ouvdptnon matrix, n onoia naipvel wg opiopata tov aplBpod v ypappov (nrow)

Kal TV otnAov (ncol).

> matr7 <- matrix(1:28, nrow=7, ncol=4)
> matr7

[,11 [,21 [,3]1 [,4]
[1,] 1 8 15 22

(2,1 2 9 16 23
(3,] 3 10 17 24
(4,] 4 11 18 25
(5,1 5 12 19 26
(6,1 6 13 20 27

(7,] 7 14 21 28
> matr8 <- matrix(-5:6, ncol=3, byrow=T)
> matr8
[,11 [,2] [,3]
[1,] -5 -4 -3
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[2,1] -2 -1 0

[3,1]1 1 2 3

[4,] 4 5 6

> matrix(1:23, nrow=7, ncol=4)
[,11 [,21 [,3]1 [,4]

[1,] 1 8 15 22

[2,] 2 9 16 23
(3,] 3 10 17 1
4,1 4 11 18 2
(5,] 5 12 19 3
(6,] 6 13 20 4
[7,] 7 14 21 5

Warning messages:
Replacement length not a multiple of number of
elements to replace in: data[1:11] <-old
> matrix(1:23, nrow=7)
(.11 [,2] [,3] [,4]
[1,] 1 8 15 22

[2,] 2 9 16 23
[3,] 3 10 17 1
[4,] 4 11 18 2
(5,] 5 12 19 3
(6,] 6 13 20 4
[(7,] 7 14 21 5

Warning messages:
Replacement length not a multiple of number of

elements to replace in: data[1:11] <-o0ld

To oplopa byrow eivatl oAU Xprjotpo otav yivetat 1 avdyveon teov dedopévav
amnd éva apyeio kewpévou (text file). TéAog divoviar pepikég evioAég ot ortoieg
XPNO1OITo10UVIAL OTNV avayveplor Tou Peyeboug, v 51a0tdoemv Kat T popdn
TOV TIHOV ToU Itivaka, addd Kat neg propouv va §oBouv ovopata ot Ypappég

Kat Ti§ otrAeg Tou.

> matr8

(,11 [,2] [,3]
[1,]1 -5 -4 -3
[2,] -2 -1 0
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[3,] 1 2 3
[4,]1 4 5 6
> length(matr8)

[1] 12

> dim(matr8)

[1] 4 3

> mode (matr8)

[1] "numeric"

> dimnames (matr8)
NULL

> dimnames (matr8) <- list(c("A","B","C","D"), c("K1i","K2","K3"))
> matr8

K1 K2 K3
A -5 -4 -3
B-2-1 0
c 1 2 3
D 4 5 6

2.3 IIivakeg peyaldutepng draoctaong (Arrays)

Ta arrays yevikeUouv TOUG TIVAKEG £MEKTEIVOVTIAG TV £vvola NG 5140Tact|§ ToUg
oe naparndve arnd §vo. Katd ouvénela, peyadwver kat n Sidotaon g ouvdp-
wmon dim. Ta napddetypa, av ot ypappég Kat ot otndeg evog mivaka (matrix)
eivat to prKog Kat 1o rmdatog piag opboyoviag §1eubetnong TV 100V S1a0tace®v
KUBOU, TOTE TO MNKOG, TO IMAATOG KAl T0 UYOG EKIIPOOMITOUV TG H1a0TACELS EVOG
niivaka tpwv Staotacewv (three way array). Aev urnapxet Kavévag meplopiopog

otov ap1fpo tev Slactdos@v £vog rivaka peyaiutepng diaotaong.

> arrl <- array( c(2:9,12:19,112:119), dim=c(2,4,3))
> arril
, L1
[,11 [,2]1 [,3] [,4]
[1,] 2 4 6 8
[2,] 3 5 7 9

, s 2
(,11 [,2] [,3] [,4]
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[1,] 12 14 16 18
(2,1] 13 15 17 19

s’ b 3

(,11 [,2] [,3] [.,4]
(1,1 112 114 116 118
[2,] 113 115 117 119

H nipotn didotaon (ypappég) ouprminpavetat rpot). Autd eivat 1o 1610 pe 1o va
tortoBstovvIatl ot Tipég otrAn pe otin. H Sevtepn Sidotaon cuprinpovetat 6eu-
tepn. H tpitn Sidotaon ocuprmnpovetat pe ) Snpioupyia evog mmivaka yia Kade
ertinedo g tping Sidotaong. Ztoug mivakeg peyadutepng diaotaong epappo-
Jovtat ot 181eg eVIOAEG yla TV avayvoplon tou peyéboug, tov dlaotdoemv Kat 1
HOoPO1 TV TIHOV TOUG OMOG KAl OTNV MEPIMTI®OOT OV IMMvAK®V, aAAd Katl pe tov 1610

Tporo Hivoviat ovopata otlg H1a0Ttdoelg Toug.

> length(arrl)
[1] 24

> mode(arrl)

[1] "numeric"

> dim(arril)

[1] 24 3

> dimnames(arrl)
NULL

2.4 Aioteg

Qg autd 1o onpueio, 6Aa ta avikeipeva 6edopévav ta oroia €xouv reptypadtel
etvat aropkd. Auto onuaivel 0Tt IeEPEXOUV Povo piag popopng dedopéva. 'Opwg,
£lval apKeTEG EKEIVEG Ol TMEPUTIOOEIS OTIS OITOIeg UTTAPXEL 1] AvayKn va dnpioup-
ynbouv avukeipeva Sedopévav ta oroia meptExouv Siapopeg popdeg tpov. H
Aton mpoodépetal PEo® TV avukelpévev fAiotag (list) ta oroia arotedovviat a-
o 61APOPEG OUVIOT®OEG, 11 KABe pla amnod tig oroieg rmeplexetl H1apopetikn Hopdr)

6edopévav.
> groupl <- c(rep(1,11), rep(2,17))
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> group2 <- c¢(23,45,67,76,-8,3.5,2.19,4)
> groups <- list(case=groupl, control=group2, descrip="An example")
> groups
$case:

lM11111111111122222222222222222
$control:

[1] 23.00 45.00 67.00 76.00 -8.00 3.50 2.19 4.00
$descrip:

[1] "An example"

Ma v edayeyn pag ouviotooag g Alotag xpnotporioovpe 1o oupBodo $ 1

(C 1.

> groups$case

[1] 1111111111122222222222222222
> groups$control

[1] 23.00 45.00 67.00 76.00 -8.00 3.50 2.19 4.00
> groups [[1]]

[1 1111111111122222222222222222
> groups [[2]]

[1] 23.00 45.00 67.00 76.00 -8.00 3.50 2.19 4.00
> groups[[2]]1[1:2]

[1] 23 45
> length(groups)

(1] 3
> mode (groups)

[1] "list"
> names (groups)

[1] "case" "control" "descrip"

2.5 TIlapayovteg

Ia okoroug avdaduong Sedopévav, Pepikeg aro Tg petaBAntég pnopet va pnv
elval moooTikEG aAAd TOWOTIKEG 1] KATNYOPKEG. Mepikd mapadsiypata tétoiev

petaBAntov eivat
e 10 @UO Pe TIPEG Avipag 1) yuvaika,
e 1] OIKOYEVEIAKN Kataotaon Pe TIPEG eAeUBepog, TTAvVIPEPEVOG 1] XWPIOPEVOG.
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Ot Katnyopikeg petaBAntég mapouvotadoviatl oty R pe 1o avukeipevo edopévav
rou Aéyetat tapayoviag (factor). T'ia va kataokeuaotei €vag rapayoviag epap-

pogetat n ouvaptnorn factor. INapatiBevial pepikd napadetyparta:

> gender <- c("male", "female", "male", "male", "female", "female", "male")
> gender
[1] "male" "female" "male" "male" "female" "female" "male"

> factor(gender)

[1] male female male male female female male

> intensity <- factor(c("Hi", "Med", "Lo", "Hi", "Hi", "Lo"),
+ levels=c("Hi","Lo"))

> intensity

[1] Hi NA Lo Hi Hi Lo

> levels(intensity)

[1] "Hi" "Lo"

> intensity <- factor(c("Hi", "Med", "Lo", "Hi", "Hi", "Lo"),
+ levels=c("Hi","Lo"), labels=c("HighDose", "LowDose"))

> intensity

[1] HighDose NA LowDose HighDose HighDose LowDose

Av 1 0g1pd TV KATNYOPI®V TOU TTapdyovia eival OCnpaviiky, 1ote Xpnotpornoteitat

n ouvaptnor ordered.

> intensity <- ordered(c("Hi", "Med", "Lo", "Hi", "Hi", "Lo"),
+ levels=c("Lo", "Med", "Hi"))

> intensity

[1] Hi Med Lo Hi Hi Lo

Lo < Med < Hi

'Evag rmapdyoviag Propet va KataoKeUaotel £iong Kat arod pia ouvexr) PetabAntr)

pe ) BorBeta tng ouvdptnong cut.

> fact <- rnorm(10)
> factl <- cut(fact, breaks=c(-5,-1,1,2,4))
> factl
[1] (-1,1] (-5,-1] (-5,-11 (-1,1]1 (-1,1] (-5,-1] (-1,1]1 (-1,1]
[10] (-1,1]
Levels: (-5,-1] (-1,1] (1,2] (2,4]
> fact2 <- cut(fact, breaks=5)
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> fact2
[1] (-0.429,-0.0166] (-1.67,-1.25] (-1.25,-0.841] (-0.429,-0.0166]
[5] (-0.841,-0.429] (-1.25,-0.841] (-0.0166,0.396] (-0.0166,0.396]
[9] (-1.67,-1.25] (-0.429,-0.0166]

5 Levels: (-1.67,-1.25] (-1.25,-0.841] (-0.841,-0.429] ... (-0.0166,0.396]

Kdroteg aAAeg Xprioieg EVIOAEG OV MEPIMTTOOT) TOV ITAPAYOVI®V £ival Ot aKOAOU-

Oeg ¢

> length(intensity)
(1] 6

> mode (intensity)
[1] "numeric"

> names (intensity)
NULL

> levels(intensity)
[1] "Lo" "Med" "Hi"
> class(intensity)

[1] "ordered" "factor"

2.6 IIAaiowa Acdopévov (Data Frames)

To kUp10 MAEOVEKTIA TOU TAA1oiou §edopévmv eivatl 0Tt ETITPETEL TOV CUVEUAOHO
6edopévav H1aPoPETIKOV NOPPOV PECA O £va AVIIKENHIEVO Yid va XprotporoinOet
yla avaduon kat povtedoroinon. H 18¢a tou matciou dedopévav eivat n tadt-
vounon v TPV Katd petaBAnt) (ot)An) ave§dptnta g popeng toug. Eret-
1a, OAEG O1 TIAPATNPOELS EVOG OUYKEKPIPIEVOU CUVOAOU PETaBANTOV Ta§ivopiouviat
oe mAaiolo 6edopévav. Ta napadetypa, napatiBeviat 13 tuxaieg mapatnproelg
(ypappég) tou mAatoiou Sedopévav solder 1o 01oio unapyel PEoA OTO MAKETO NG

R "faraway”. H ermdoyn tuxaiou delypatog yivetatl péow tng ouvaptnong sample.

> library("faraway")
> test <- sample(1:900, 13)
> solder[test,]
Opening Solder Mask PadType Panel skips

713 S Thin B3 L8 2 28
652 L Thin B3 L8 1 1
793 S Thick B6 L6 1 7
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372
200
725
495
364
499
782

29
196
724

[ N o ¢ T - s N

Thick
Thick
Thick

Thin
Thick

Thin
Thick
Thick
Thick
Thick

A3
A3
B6
A6
A3
A6
B6
Al1.5
A3
B6

D6
L7
D4
L6
D4
L7
W4
L9
D7
D4

R R, NN R, PR WD W

> O OO O O O

-
o O

H petaBAnt skips eivat ouvexig eve ot umnodotrieg eivatl 61apopot mapayovieg

factors. Ynidpyxouv 61adopot tpdriot yia va kataokeuaotet éva rdaioto Sedopévav:

éva 81ko oag apyeio),

pevo tng tagng data. frame

e auto 1o onpeio Sa egetaotel povo o eutepog TpAIog.

> my.
> my.
[1]
[13]
> my.
> my.
[1]
[4]
(7]
[10]
[13]
[16]
[19]
> my.
> my.

logic<-sample(c(T,F),size=20,replace=T)

logic

data.frame torobetel padi avukeipeva 61aPpopeV POPPOV.

read.table SwaBalet Sedopéva armod éva eEntepiko apyeio (Soxkipdaote to pe

as.data.frame petarpénet avikeipeva OUYKEKPIIEVIG POPONG OE AVTIKET-

TRUE TRUE FALSE FALSE FALSE FALSE TRUE FALSE TRUE FALSE FALSE
TRUE TRUE FALSE FALSE FALSE TRUE TRUE TRUE

complex<-rnorm(20)+runif (20) *1i

complex

0.1782105+0.
-0.7275827+0.
-0.6853192+0.

0
1
1
0

.5956258+0.
.6063870+0.
.4940472+0.
.6865523+0.

98512671
35699991
51449911
26732821
34361871
97293391
66110551

numeric<-rnorm(20)

numeric
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.6140989+0.
.3280398+0.
.4147151+0.
.5650520+0.
.4068157+0.
.2086423+0.
.9580948+0.

32

35415771 -0
51630781 -0

55297291
39687311
23994981
83828301
12508581

2

1
2
0

.0767501+0.
.80696751

.7451964+0

.1608968+0.
.4445524+0.
.2837193+0.
.4870967+0.

25500821

58338071
31186381
35388501
95813041

TRUE



[1] 0.4452555 0.4751909 0.9357701 1.5757764 -1.0958323 2.1620200

[7] -1.1306062 -0.4240480 0.2262562 -1.4675688 -0.5541264 1.0983463
[13] 1.3681229 0.2005744 0.5910446 0.8732281 0.3314982 0.8242927
[19] 0.7790229 0.5909648
> my.matrix<-matrix(rnorm(40),ncol=2)
> my.matrix

[,1] [,2]

[1,] 0.650290036 1.52145790

[2,] -1.059263140 -0.09996308

[3,] 0.216042514 1.14707512

[4,] -0.114622892 0.59689871

[5,]1 -0.004433541 1.21214093

[6,] -0.978986416 -0.60250469

[7,]1 -0.609778169 0.68110679

[8,] 0.138456517 -0.65849203

[9,] 1.271366406 -2.23159156

[10,] -0.016984227 1.06334080

[11,] -0.135241342 0.05793721

[12,] 1.781934098 -0.22806050

[13,] 1.268863189 -2.14581499

[14,] -0.963995714 -1.38571628

[15,] 0.160374068 -0.18793847

[16,] 0.511570707 0.09455187

[17,] -1.126031052 -0.07339069

[18,] 0.394865156 -0.23565899

[19,] -0.238627823 -0.92214415

[20,] -0.755950206 0.86695967
> my.dataframe<-data.frame(my.logic,my.complex,my.numeric,my.matrix)
> my.dataframe

my.logic my.complex my.numeric X1 X2

1 TRUE 0.1782105+0.98512671 0.4452555 0.650290036 1.52145790
2 TRUE -2.6140989+0.3541577i 0.4751909 -1.059263140 -0.09996308
3 FALSE -0.0767501+0.2550082i 0.9357701 0.216042514 1.14707512
4 FALSE -0.7275827+0.3569999i 1.5757764 -0.114622892 0.59689871
5 FALSE -0.3280398+0.51630781 -1.0958323 -0.004433541 1.21214093
6 FALSE -0.7451964+0.80696751i 2.1620200 -0.978986416 -0.60250469
7 TRUE -0.6853192+0.5144991i -1.1306062 -0.609778169 0.68110679
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10
11
12
13
14
15
16
17
18
19
20

FALSE -0
TRUE 2
FALSE O
FALSE 1
TRUE 1
TRUE 1
TRUE -1

FALSE 2.

FALSE

FALSE -1.

TRUE
TRUE
TRUE

.4147151+0.
.1608968+0.
.5956258+0.
.5650520+0.
.4445524+0.
.6063870+0.
.4068157+0.
2837193+0.
1.4940472+40.
2086423+0.
0.4870967+0.
0.6865523+0.
0.9580948+0.

55297291 -
58338071

26732821 -
39687311
31186381
34361871
23994981
35388501
97293391
83828301
95813041
66110551
12508581

o

0
0
1

O O O O O O O - =

.4240480 O.

.2262562

.4675688 -0.
.5541264 -0.

.0983463 1
.3681229 1

016984227

963995714 -1

138456517 -0.
1.271366406 -2.
1.06334080
135241342 O.
.781934098 -0.
.268863189 -2.
.2005744 -0.
.5910446 0.
.8732281 0.
.3314982 -1.
.8242927 0.
.7790229 -0.
.5909648 -0.

160374068 -0.
511570707 O.
126031052 -0.
394865156 -0.
238627823 -0.
755950206 O.

65849203
23159156

05793721
22806050
14581499
.38571628
18793847
09455187
07339069
23565899
92214415
86695967

Mrtopouv ertiong va Xpnotpornotnfouv ot eviodég cbind kat rbind yia va dnpioup-

ynOet éva miaiolo dedopévav padi pe adleg ermAoyeg.

> my.dataframe2 <- cbind(1l, my.dataframe)

> my.dataframe?2

© 00 N O O b W NN

L e L T i
0 N O O b W N = O

1 my.logic

TRUE
TRUE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
TRUE
TRUE
FALSE
FALSE
FALSE
TRUE

OK. ®oxiavog
X. Xapalaproug

my.complex my.numeric
0.1782105+0.98512671
-2.6140989+0.35415771
-0.0767501+0.25500821
-0.7275827+0.35699991
-0.3280398+0.51630781
-0.7451964+0.80696751
-0.6853192+0.5144991i
-0.4147151+0.55297291

.1608968+0.58338071

.5956258+0.26732821

.4445524+0.31186381

2
0
1.5650520+0.39687311
1
1

.6063870+0.34361871
-1.4068157+0.23994981
2.2837193+0.35388501
1.4940472+0.97293391
-1.2086423+0.83828301
0.4870967+0.95813041

34

0.4452555
0.4751909
0.9357701
1.5757764
-1.0958323
2.1620200
-1.1306062
-0.4240480
0.2262562
-1.4675688
-0.5541264
1.0983463
1.3681229
0.2005744
0.5910446
0.8732281
0.3314982
0.8242927

X1
0.650290036
-1.059263140
0.216042514
-0.114622892
-0.004433541
-0.978986416
-0.609778169
0.138456517
1.271366406
-0.016984227
-0.135241342
1.781934098
1.268863189
-0.963995714
0.160374068
0.511570707
-1.126031052
0.394865156

X2
1.52145790
-0.09996308
1.14707512
0.59689871
1.21214093
-0.60250469
0.68110679
-0.65849203
-2.23159156
1.06334080
0.05793721
-0.22806050
-2.14581499
-1.38571628
-0.18793847
0.09455187
-0.07339069
-0.23565899



19 1 TRUE 0.6865523+0.66110551
20 1 TRUE 0.9580948+0.

Kdroteg dAAeg eviodég o1 oroieg eival Xpr)otheg eivat ot akOAoubeg :

> length(my.dataframe)
(1] 5

> dim(my.dataframe)
[1] 20 5

> is.data.frame(my.dataframe)

[1] TRUE

> is.list(my.dataframe)
[1] TRUE

> is.matrix(my.dataframe)
[1] TRUE

> is.vector(my.dataframe)
[1] FALSE

> names (my.dataframe)

[1] "my.logic" "my.complex" "my.numeric" "X1" "X2"

Tt xkavet n kabe pia and ug nmapandve eviodég; Ot ouvaptioelg attach kat

detach eivat OAU Xprjotpeg 6tav avaduetal Eéva CUYKEKPIIEVO TTAAio10 Sebopévav.

H evtoArn

attach(my.dataframe)

tortoBetet 1o rAaiolo dedopévav oto repBaldov epyaciag p®To Kat €101 Ol Peta-

BANTég TOU MAA1GTI0U PITOPOUV Va EMESEPYACTOUV 1] va Xpnotporiotnfouv art eubei-

ag.

> my.logic

[1] TRUE TRUE FALSE FALSE FALSE FALSE TRUE FALSE TRUE FALSE FALSE
[13] TRUE TRUE FALSE FALSE FALSE TRUE TRUE TRUE

> my.complex

[1] 0.1782105+0.9851267i
[4] -0.7275827+0.3569999i
[7] -0.6853192+0.5144991i
[10] 0.5956258+0.2673282i
[13] 1.6063870+0.3436187i
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-2.6140989+0.3541577i -0.0767501+0.25500821
-0.3280398+0.51630781i -0.7451964+0.80696751
-0.4147151+0.5529729i 2.1608968+0.58338071

1.5650520+0.39687311 1.4445524+0.31186381
-1.4068157+0.23994981 2.2837193+0.35388501
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[16] 1.4940472+0.97293391 -1.2086423+0.83828301i 0.4870967+0.95813041

[19] 0.6865523+0.6611055i 0.9580948+0.12508581
IMa va @uyet 1o MAaiotlo dedopévev amno 1o epBdldov epyaciag xpnotpornoteitat

n ouvdptnon detach.
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Ke¢padawo 3

MaOnpatikoi YioAoyiopot
otnv R

‘Eva peydlo pépog g avdiuong 6edopévev anattel 1apopoug padbnpatikoug
uroAoytopoug. Autd 10 KedpdAalo e10aydyet tov avayvootn otg didpopeg duvato-
mteg rmou €xel 1 R yia va yivouv tétotot unodoytopoi. Ot untodoytotikeg duvato-
mteg g R apyidouv amod ardég mpdgetg péxpt Kat moAUTAOKOUG Padnpatikoug

UTIOAOY1010UG, OTI®G IT.X. 1] HEYIOTOION0 GUVAPTIOEDV.

3.1 Ap1Ounuikég npagelg Kat andég ouvaptroELg

Ot Baoikég apOunuikég mpagelg yivoviat pe ) Borfeia tov oupBoAdwv mou Bpi-

oKovtal otov akoAoubo rivaka.

Zup6olo Ipadn

+ IIpbdoBeon

- Agaipeon
[ToAAarm\aotaopog

/ Awaipeon

- Yywon oe 6uvaun

/% Axépata daipeon

YA YriéAotrto Siaipeong

IMivakag 3.1: Baowkad ap®unuxkd oupBola.
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AxolouboUv pepikd mapadsiypata ta oroia KatadeikvUouv Mg XP1notpo-

rotovvial ta oUPBoAd TV BACIKOV aplOpunUKOV rPdiemv.

> 7+3

[1] 10

> 15-19

[1] -4

> 4%67

[1] 268

> 56/9

[1] 6.222222
> 276

[1] 64

> 27%h/ %3 .4
[11 7

> 27%%3.4
[1] 3.2

> 7%3.4+3.2
[11 27

To oupBoldo ~ eivat Xprotpo 6xt Hovo yia Uyeorn oe SUvapn aAAd Kat UrtoAoyiopo

prwv.

> 167 (1/2)
[1] 4

> 27(1/3)
[1] 1.259921

AUTEG 01 eVIOAEG Xprolporotouvial 0X1 Hovo pe aptdpoug addda kat pe daviopa-
ta kat mmivakeg. To emopevo mapddsiypa deixvel Mg Aeltoupyouv Oe AUTESG TG

MEPUTIOOEIG.

> x <- c¢(1,4,7)
>y <- c(2,4,6,4,6,10)
> A <- matrix(c(2,3,4,5,6,7,1,2,3), nrow=3)
> A
[,11 [,21 [,3]
[1,] 2 5 1
[2,] 3 6 2
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[3,] 4 7 3
> B <- rbind(c(0,0,1), <c(2,4,5), c(1,4,2))
> B

[,11 [,2]1 [,3]
[1,] 0o 0 1
[2,] 2 4 5
(3,1 1 4 2
> A*B

(,1]1 [,2] [,3]
[1,] 0 0 1
(2,1 6 24 10
[3,] 4 28 6
> x+y
[1] 3 8 13 5 10 17
> Ay

[,11 [,2]1 [,3]
[1,] 1.0000000 1.25 0.5
[2,] 0.7500000 1.00 0.5
[3,] 0.6666667 0.70 0.5
Warning messages:
Length of longer object is not a multiple
of the length of the shorter object in: A/y

Ot 1ep1o0dTEPOL UTIOAOY10H01 pe Sraviopata Kat mivakeg yivovial kard otoyyelo,
urobEtevtag ot o1 rivakeg £Xouv Tig idieg Sraotdoeig. g rnpdageig pe Siavuopara,
av 1o éva dtavuopa etvatl pikpotepng dtaotaong aro to aiAo, T0te ta otoixeia tou
HiKpOTEPOU Hlaviopatog ertavalapBdvovial KUKAIKA €101 wote ta §uo dravuopata
va €xouv oto téAog ioeg dlaotacelg. Mabnuatikoi urtodoyilopoi peta§y Siavuopa-
TV KAl IMVAKeV §ev €xouv ouvnOng ta avapevopeva aroteAéopata Kat da mpéeret
va XP1notonolouviatl pe PeydAn mpocoxr).

Ax0AOUBOUV HEPIKEG YVWOTEG CUVAPTIOELS O1 OITOIEG Elval EYKATECTIEVES PECA
otnv R kat propouv va kAnBouv avd naca otypr) anod tov xprotn. Ot cuvaptroslg

autég urtoAoyi¢ovial Katd ototxeio.
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Tuvaptnon IIpadn

sqrt O Tetpayovikn pida

abs () AnéAutn tan

floor() [Iponyouevog arEPalog
ceiling()  Emnopevog aképaiog
sin() Hpitovo

cos() Zuvnuitovo

tan() Egartopévn

asin() Togo nuitdévou

acos() To%o ouvnuitdovou
atan() To%o epartopévng

exp () ExBetikr) ouvaptnon
log() AoyapiOpog

logl10() Aoyap1Opog pe Baon to 10
gamma () Yuvdapon Fappa

lgamma () DUo1Kkog AoydaptOpog TG ArOAUTNG TIHNG
g ouvaptnon F'appa

[Tivakag 3.2: AptOPNTIKEG OUVAPTOETS.

Ta enopeva napadeiypata XpnotornolouV HEPIKEG A0 AUTEG TIG OUVAPTLOES.

> abs(-10.56)
[1] 10.56
> floor(5.6)
(11 5
> ceiling(5.6)
(1] 6
> log(x)
[1] 0.000000 1.386294 1.945910
> log(x, base=2)  #logaritm to base 2
[1] 0.000000 2.000000 2.807355
> cos(A)

[,1] [,2] [,3]
[1,] -0.4161468 0.2836622 0.5403023
[2,] -0.9899925 0.9601703 -0.4161468
[3,] -0.6536436 0.7539023 -0.9899925
> atan(A)

OK. PoK1avog 40
X. XapaAaproug



[,1] [,2] [,3]
[1,] 1.107149 1.373401 0.7853982
[2,] 1.249046 1.405648 1.1071487
[3,] 1.325818 1.428899 1.2490458
> exp(y)
[1] 7.389056 54.598150 403.428793 54.598150 403.428793 22026.465795

3.2 IIpageig Aravuopatov rat IIivarov

'Onwg avapépOdnke 1o nave, otig MEPUTIVOELS TV S1avuopdtev ot Stapopeg apib-
Hnukég npagelg epappoovial oe kKabe otoixeio toug. e autd to onueio da yivet
avadopd oto NG ektedovvial d1apopot urodoylopoi pe Stavuopata 1 rivakeg. O

endpevog rivakag divel oupBoAa KAl oUVAPTHOEIS Yia AUTEG TIG TIPASES.

ZuUp6oAa - Zuvaptnon Ipadn

yAYA Eocotepikd yvopevo diavuopdtov 1

MOAAAITAQO1A010G TIIVAK®V

tQO Avaotpogog rivaka
solve() Avtiotpogog mivaka (av urtdpyet)
diag() Egayeyr) mg dayeviou adAdd kat

KAtaoKeur| diaymviou mivaka

eigen() I61otipég kat 181o061avyopara mivaka

IMivaxkag 3.3: TIpddeig dtavuopdteov Kat ImvAakov.

AxoloubBouv pepikd napadeiyparta.

> A%*%B  #matrix multiplication
(,11 [,2] [,3]

[1,] 11 24 29

[2,] 14 32 37

[3,] 17 40 45

>z <- c(2,3,1)

> z)x%x  #vector dot product
[,1]

[1,] 21

> t(4) # transpose of a matrix

(,11 [,2] [,3]
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[1,] 2 3 4
[2,] 5 6 7
(3,1 1 2 3
> diag(A)  # extract the diagonal
[1] 2 6 3
> sum(diag(A)) # trace of a matrix
[1] 11
> X <- diag(c(1,2,3,4)) # create a diagonal matrix
> X
(.11 [,2]1 [,3] [,4]
[1,] 1 0 0 0
[2,] 0 2 0 0
[3,] 0 0 3 0
[4,] 0 0 0 4
> I <- diag(4) # create an identity matrix
> 1
(.11 [,2]1 [,3] [,4]
[1,] 1 0 0 0

[2,] 0 1 0 0
[3,] 0 0 1 0
[4,] 0 0 0 1
> solve(B)

(11 [,2] [,3]
[1,] -3.00 1.00 -1.0
[2,] 0.25 -0.25 0.5
[3,] 1.00 0.00 0.0
> eigen(4) # compute eigenvalues and eigenvectors of a matrix
$values:
[1] 1.072015e+001 2.798467e-001 -1.887379e-015
$vectors:

[,1] [,2] [,3]

[1,] -0.4902022 -2.332769 -0.7817656
[2,] -0.6806916 0.239993 0.1954414
[3,] -0.8711809 2.812755 0.5863242
> prod(eigen(A)$values)  # determinant
[1] -5.662137e-015
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Emniong propouv va xpnotporiow6ouv ot cuvaptroslg kronecker (yia to Krone-
cker ywopevo 6uo ruvakev), qr (yia avaiuon QR), svd (yia avaduorn diadovoag

Tung) kat chol (ywa avdAuon Choleski).

3.3 T'pappiko Zvotnpa EStowoswv

H evtoAn solve 8g xpnoyievet 1OVO OTOV UIIOAOYIOHO TOU AVIIOTPOPOU €VOG Tti-
vaxa, aAAd Kat oty ermiAuon evog YPAPPIKoOU CUCTHIATOS ESI0M0ERMV TG HOPPNS
Az =y, pe v rpounébeon ot urtapxet Avon. Ta napddetypa, £0Te 10 YPappiKo

ouotnpa 2 £§1000emV Kal 2 ayvootoug,

20 +3y = 13
r—2y = —4

Ta va Aubei autd to cuotnua, pota kataokeudadetat o mivakag A pe toug ouvte-
AE0TEG TV AYVAOOT®V KAl Petd urtodoyidetat n Auor), 9étoviag oav deutepo oplopa

10 S1avuopa v otabep®v Op®V, OGS PATVETAL TTI0 KAT®.

> A <- rbind( <¢(2,3), c(1,-2))
> A
[,11 [,2]
[1,] 2 3
[2,] 1 -2
> solve(A, c(13,-4))
[1] 2 3
> solve(A) # getting the inverse
[,1] [,2]
[1,] 0.2857143 0.4285714
[2,] 0.1428571 -0.2857143
> solve(rbind(c(1,2), c(2,4))) # getting the inverse of a singular matrix

Error in solve.qr(a): apparently singular matrix

[Tep1oodtepeg OUVAPTHOELS O OXEON e TIPASEIG MIVAK®V Bpiokoviatl péoa ot Pi-
BA0Onkn tng R, Matrix, n onoia kaleitat pe v eviodr] library (Matrix).
3.4 Tuyxaiol ApiOpoi

Zwmv R untapyouv rmoAdég ouvaptroeig yla ) yévvnor tuxaiov aptOpev Kat uro-

Aoylopev rmbavotrtov o OXEoT P TS o YVOOTEG Katavopég rubavotntev. Kabe
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Hpa and autég Tig ouvapthoelg £xel dvopa To oroio apyidet pe éva amnod ta akoéAouba

téooepa ypdppata, ta oroia kabopifouv 1o £16og tng ouvdaptnong.
r: Tevvnipla tuxaiov apl®pov.
p: Zuvdpon katavoprg (F(z) = P[X < z]).
d: Zuvapton mbavouag (f ().
q: Avtiotpoorn ouvaptnon katavopng (£ _1(56)).

O axko6Aoubog rivakag rmapouctadel TG Mo ONPAVIIKEG OUVAPTHOES KATAVOPI®MV

omVv R kat ta emopeva napadeiypata e§nyouv nog Xpnotpornoovvial autEg ot

ouUVapTroELS.
beta  Katavopr Brtua
binom Awwvupikn Katavopr
chisq X2 Katavour
gamma Katavour I'appa
Inorm Katavopr Lognormal
norm Kavovikr Katavoun
pois Katavopr] Poisson
t Katavopr ¢
unif Opotopopon Katavoyur)
[Mivakag 3.4: Katavopég tuxaiov petaBAntaov.
> x
(11 147

> pnorm(x)
[1] 0.8413447 0.9999683 1.0000000
> pnorm(x, mean=2, sd=2)
[1] 0.3085375 0.8413447 0.9937903
> dnorm(x)
[1] 2.419707e-001 1.338302e-004 9.134720e-012
> qchisq(c(0.90,0.95,0.99), 2)
[1] 4.605170 5.991465 9.210340
> runif (30, -10, 10)
[1] 9.213183280 8.749200171 -9.117961340 5.292370273 4.117153846
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[6] 0.071010422
[11] -2.020305358
[16] -4.033246860
[21] -5.736339493
[26] -0.003705453

8.572964445 6.805462409 0.942033436 -0.243897894

-4.729607552 8.518492579 -1.429708684 9.201227576

1.544312881 -0.227093771 -6.805263087 -6.349458788

-4.680284206 4.654475767 2.877361933 7.949797967

1.538872020 8.116273358 -9.711499065 4.931013034

3.5 '‘AAAeg Xpriowpeg Luvaptoelg

Zwmv R undpxouv kat adAAeg 1I0AAEG OUVAPTIOELS Ol OITOiEG PITOPOUV VA XP1O1H0-

roinBouv yia urtoAoylopoug addd Sev propouv 0Aeg va ere§nynbouv Aemtopepng

og auto 1o kedpadato. Agiet va avapepbei n ouvdaptnon integrate, n oroia uro-

Aoyidet 10 0AOKANP®IIA PlAG TIPAYHATIKNG OUVAPTNONG O £va dlaotnpa Tpev, 1

ouvaptnon diff n oroia erotpédet v n-ootr) S1apopd pe Pripa k yia éva ouvolo

Tpov Kat 1 ouvvaptnon £ft n omoia Sivel tov yprniyopo petacxnpatiopo Fourier

€VOG OUVOAOU TIHOV. AkoAouBel €va mapadetypa pe ) ouvdptnon stepfun 1

orota urnoAoyidet tv apiotepr) ouvexr) ouvaptnon Pripatog anoé onpeia (x,y).

> x <- seq(1,10, length=8)
> y <- seq(1,10,length=9)"2

> stepfun(x,y)

Step function

Call: stepfun(x, y)

x[1:8] = 1, 2.2857, 3.5714, ..., 8.7143, 10

9 plateau levels

1, 4.51566, 10.562, ..., 78.766, 100

> plot.stepfun(stepfun(x,y))

OK. ®oxiavog
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f(x)
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40

20
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stepfun(x, y)

Zxnpa 3.1: Zuvaptnon Brjpatog
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Kepaliawo 4

I'papnpata

Ta ypagnuara eivat TOAU XpHoljia yid Vv OITIKI] avarapaoctaot) 1oV dedopévav
Kat kaBodnyouv tov otatiotiko oty Stadikaocia tng poviedoroinong Kat astoAdyn-
ong g avdiuong. To KepAaAalo auto MePyPAPEL PEPIKEG XPIOIHES OUVAPTIOELS
YPa®nuAT®Vv mou undpxouv oty R kat Kavel e10aywnyn otig d1dpopeg ypapikeg
MAPAPEIPOUG OTIMG TNV £10AY®OYT MMANPOPOPLOV OT0 Ypddnpa aAdd Kat v €ro-
ikt ouoyéton. 'Onwg da dovpe, n R bivel €éva 1oAY 10xUpo repBAAAov yia 1)
Snpoupyia ypadpnpdateov.

Ekt6g aro ta ypadpnpata Kat td XapaKInplotika toug ta oroia da doupe mo
KAtw, N R nepldapBavet kat ) PiBA0Orkn Trellis Graphics. Ta ypagenpata Trel-
lis éxouv meploodtepn euedi§ia Kal pPropouv va xpnotporoinfouv yia moddardd

ypadnpata Kat BeATopPEveg Tp1od1aotateg avanapaotdoets.

4.1 AnAa I'pa¢dpnpata

Ta o amdda ypapnpata eivat ol ypapikeG IAPAOTACELS TTOU ouoxetiovial e
povodiaotatn tuxaia petaBAntr), ot YpadikeEG rmapactdosl§ OUVAPTIOE®Y Kal Ol
YPAPIKEG TTapactdcelg xpovooelpov. H faocikn evioAr] yia ypadikr) riapdotaor ei-
vati 1) evioAn plot, n oroia £xet OAAEG Suvatotnteg Kat propet va rdpet S1dpopeg

YPAPIKEG TTIAPAPETPOUS Yia opilopata. AkoAouBouv pepika amda rapadeiypata.

> x <- rnorm(50, mean=1, sd=2)
> plot(x)

>y <- seq(0,20, .1)

> z <- exp(-y/10)*cos (2xy)
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> plot(y,z, type="1")

H tétaptn eviodn) bivet 1o ypagnua mg f(y) = e~ 16 cos 2y. Me autdv tov Tporto
6oulevoupe ouvnBwg otav YEAoupe va SNIOUPYCOUNE YPADIKEG TTAPACTACELS

ouvaptroewv. Ta aviiotolxa ypagrpata napovotddoviat oto xnpa 4.1.
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Index y

xnpa 4.1: AnAa ypapnpata

'Oniwg aivetat oto devtepo rapadeypa, éva didypappa daoropag (scatter plot)
propet va kataokeuaotel otv R epappodoviag v eviodn plot oe éva {euyog

Savuopdtev g idlag idotaong, 1) oe pia Alota Pe CUVIOTOOES X KAl .

> x1 <- rnorm(50)
> plot(xl,x)
> plot(cbind(x1,x))

‘Otav ta dedopéva napatnpouvviatl §adoxika otov xpdvo, eival QUOIKO va yivel
N YPAdIKY Iapdotaon eV dedopévev oe ouvAaptnon e ToV XPOVo (XPOVOOELPES).
Zmv R auto yivetat xpnowonowoviag v evioAr) ts.plot. I'a napdadeypa, £0t®
ta maiowa debopévev ldeaths, mdeaths kat fdeaths rou avrjkouv otnv otnv R kat

avagépoviatl otoug pnviaioug Savdroug anod Kapkivo tou rveupova oto Hvepévo
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BaoiAelo kata v mepiodo amnod 1o 1974 og 1o 1979 ouvoldikd, otoug avipeg Kat

OTI§ YUvaikeg, avtiotoya.

> ts.plot(ldeaths)
> ts.plot(ldeaths,mdeaths,fdeaths,gpars=list(xlab="year",ylab="deaths",lty=1:3))

O1 ypagikég mapaotaocelg @aivoviat oto Lxnua 4.2 rat napatnpeitat 0tt oto 6eu-

TepOo ypapnpa kabe xpovooelpd rapouctddetal pe diapopetiko eidog ypappung.

3
o —]
g _ 3
[sp}
< |
g g
Vo]
2 2
¥ o ©
$ 8 $
o
Q]
8 Vo]
S | -
N
3
2 8 -
'e] E .
T T T T T T T T T T T T T T
1974 1976 1978 1980 1974 1976 1978 1980
Time year

Zxnpa 4.2: Tpagrjpata Xpovooeipov.

4.2 Tpapilrég Auvatotnteg

Yriapyxouv moAdég ypadikeg Suvatotnteg addd n napouciaor Sa reptopilotel povo
O€ PEPIKEG O1 OTTI0IEG OTO TEAOG £lvat IO XPrO1HEeS aro TG urtodoreg. H Stappubt-
o1 TOU Ypa®n1atog PITopel va TaKToron0el €101 ®ote va apouotadetl EPLOoOTEPES

aro pia ypadikn napdotaon (BAéne Zxnua 4.3).
> par(mfrow=c(2,2)) #a 2x2 plot

OK. PoK1avog 49
X. Xapalaproug



plot(1:20,1:20,main="Straight Line")
hist(rnorm(50) ,main="Histogram of Normal")
qgnorm(rt (100,10) ,main="Samples from t(10)")
plot(density(rnorm(50)) ,main="Normal Density")

V V V V V

par (mfrow=c(1,1))

To mpoto ypadnpa (Zxnpa 4.3, mave apilotepd) divet ) ypapikr) rapactaot) mg
f(z) =z, x € [1,20]. To deutepo ypapnua (Exfpa 4.3, mave de&id) pag ivet 1o
otdypappa 50 tuxaie®v mapainproemy and myv TuItky Kavoviky. IMapopoia, to
tpito ypaenua (Exnpa 4.3, Kate aplotepd) pag divel v ypadikr mapdaoctaot) tov
Setypatkev rocootnpopiev anod v ¢ katavour pe 10 Badbpoug sdeubepiag og
POG ta Ye@PNTIKA ITOcOOTNHOPLa TG TUTIKNAG Kavovikng. To tedeutaio ypapnua
ATEIKOVILEL T JI) TTAPAPETPIKY EKTIPLTPIA OUVAPTNONG MTUKVOTNTAg mbavotntag
aro 50 napatnpr|oelg g TUIUKNAG Kavovikrg. Ilapdépowa didtadn ypagpnpdatev

propet va ertiteuyOel pe v evioAr) split.screen.

Straight Line Histogram of Normal
o
s 00" o
OO
0 5° o ©
o° g
N o _| o° g ©
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0® O
] o
T T T T I T T T 1
5 10 15 20 -2 -1 0 1 2
1:20 rnorm(50)
Samples from t(10) Normal Density
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3
8 o o° S ]
2 z ]
g o 2 S|
O [ -
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§ v s
o o® 8
T T T T T o T T T T T T T
-2 -1 0 1 2 -3 -2 -1 0 1 2 3
Theoretical Quantiles N =50 Bandwidth =0.4217

Zxnua 4.3: 2x2 dapubpion ypadpnpdiov
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'Exovtag oav Bdorn 1o ponyoupevo napddetypd, ival apKetd eUKOAO va eloayOet

KUP10G TiTAOG 1) UMOTITAOG O€ Uld YpAdIKy Itapdotaot).

plot(x,main="Sample From Normal")

plot(x,sub="Mean 1 and variance 4")

plot(x, main="Sample from Normal", sub="Mean 1 and Variance 4")
plot (x)

VvV V V V V

title(main="Sample from Normal", sub="Mean 1 and Variance 4")

Emiong, priopouv va 6000Uv ovopata otoug agoveg Xproipornoiiviag ta opi-

opata xlab kat ylab, énwg to endpevo napdadetypa.

> plot(x, xlab="Index", ylab="Sample from Normal")
> plot(x, xlab="", ylab="") #no axis labels
> title(xlab="Index", ylab="Sample from Normal")

H 8ettepn eviodr) 8¢ bivel ovopata otoug agoveg. Ot eviodég x1lim kat ylim xpn-
owEVoUV 010 va aAdd§ouv ta 6pla v afovev, 9toviag autd mou KAVOUV TO

ypadnpa ro €UKOAO yld KATAvonor).

4.3 Eidn rai I'pappég 'pagikng Ilapaoctaong

Zmv R 1a 8edopéva prmopouv va aneikoviotouv oe ypadnpa pe Stdpopoug 1po-
oug. AUTO erTituyxdvetdl pe To oplopa type otnv evioArn plot. Autoi ot tporot

(aivovtatl otov o KATe Tivakd.

ZUp6olo Eidog (Type)

"p" Znpeia

" Tpappn

"p" Fpapun kat Znpeia

"c" Fpappn pe kevo ota onpeia

"o" Fpappn kat Znpeia evopéva

"h" KabOeteg ypappég yia kabe onpeio
"s" Me Brjpa

"n" Tirota

IMivakag 4.1: Eidn Fpagkng Mapaoctaong
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AxkoAoubel éva mapadeiypa yla 1o reg Xpnotporolovvial tda o rave. Ta ypagn)-

pata eaivovtat oto Zxnpa 4.4. Anpioupyouvial aro ta aplotepd mpog de§id ava
ypappr.

par (mfrow=c(2,4))

plot(x, type="p")
title(main="Points")

plot(x, type="1")
title(main="Lines")

plot(x, type="b")

title(main="Both Points and Lines")
plot(x, type="c")

title(main="Lines Part Alone")
plot(x, type="o")

title(main="Lines with points overstruck")
plot(x, type="h")

title(main="High Density")

plot(x, type="s")
title(main="Stairstep")

plot(x, type="n")

title(main="None")

V V V ¥V V vV vV V VvV V V V V V V V V VvV

par (mfrow=c(1,1))

‘Otav 10 £160g G YpaP1Kng napdctaong reptdapBavet ypappég, tote Popet va e-
mAeyet Srapopetiko eidog ypappng divoviag Siadpopoug apiOpoug oto dpopa 1ty.
INa napadeiypa, n dakekoppévn ypappn pe avdeg oupBoli¢etatl pe 1ty=2. To
€€ oplopov €160g ypappng ivat n ouvexng ypappn. Ydpxouv oKto §1apopetikd
€idn ypappng. EmumpooBeta, priopoupe va Sdooupe xpwpa oto £180g ypapikng
napaotaong divoviag apiBpovg 1) o€ £10ayOYIKA Ta AyYAIKA ovopatd TV Xpoud-

1@V oto Opopa col tng evioAng plot (m.x. col="green" yia nmpdowvo xpopa).

4.4 TIIpooOnkn IIAnpogopimv oc F'papnpa

Y& PEPIKEG MEPUTIOOELG, £ival avaykaio va urodeiyBouv o1 arnopakpuopEVeg TIHES,
va 1npootebel €va Keipevo 11 aAAeg MAnpogopieg os Eva ypaenpa pe diadpaotiko
1poro. Yriapyouv d1dpopot tporot pe toug oroioug 1 R propel va to kavetr autd
aAAnAerudpwviag ue 10 xpnot. Akoloubel éva rapadetypa yla 1o neg propet va

urtodeiyOel pia anopakpuopévn T (BA. Zxnua 4.5).
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Points Lines Both Points and Lines Lines Part Alone
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Zxnpa 4.4: Eidn ypadikev napaotdoenv.

> x <- runif(20)

> y <- 6*x+rnorm(20)

> x <- c(x,3)

>y <= c(y,4)

> plot(x,y)

> identify(x,y, n=1) #R waits until you click the mouse on the selected point

(1] 21

Fevikd, propouv va urodeixBouv 6oa onpeia ermbupel 0 Xprotg HUe )V EVIOAN
identify(x,y, n=k), 6rou k eivat o apiBuog tov onpeiov rov Sa vroderybouv.
Ta akoAoubBa Fonbouv oto va yivel Katavontog o TpoOrtog rmou PIopet va rnpootedet
n eubeia edayiotwv terpayodvev, addd Kat Kawvoupyla onpeia 1 eubeieg oe pa

ypadikn rapdotaon (BA. Zxnpa 4.6).

> plot(x,y)

> abline(lm(y~x), lty=2)

> plot(y~2, type="1", xlab="", ylab="Square of Y")
> lines(y, lty=2)
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Identify an Outlier
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Ixfpa 4.5: Yrode§n anopakpuopévng Tng.

> lines(x, lty=4)

Eivat duvatov emiong va mpootebel Kelpevo Kat unmopvnpa ot ypadikn napacta-
on (BA. Zxfpa 4.7).

> plot(x, y, main="Adding Text")

> text(locator(1l), "An outlier") #click the mouse to place the text

> ts.plot(ts(x),ts(y),gpars=list(1ty=1:2)) #time series plot of both x and y
> leg.names <- c("Variable X","Variable Y")

> legend(locator(l), leg.names, 1lty=1:2) #click the mouse to place the legend
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Least Square Line Y-square
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Zxfpa 4.6: Elcayeyr ypappov.
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Adding Text Addition of a Legend
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Zxnpa 4.7: IIpoobrikn Kelppévou Kat UTIOPVIIIATOG.
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4.5 Tpa¢prpata Ze MeyaAutepeg AlaoTAoELg

IMa va KataoKeuaoTouV ypapikeg rapaoctdoelg rmoAudidaotate®v tuxaiov petabAn-
OV, £vag TPOTIog £ival va KataoKeuaotouv daypdppata 51aoropov yia Kabe Jeu-
yapt petaBAntov, Sexwptlotd. Ma napddetypa, €0t 0t opidetal n petabAnt) Z ano
TG rpourntdpyxouoeg petaBAntég X kat Y kat kataokeuadetatl rivakag Pe Ipetg otr)-
Aeg. Ta va epeuvnBei n ocuoKETon PeTady TV TPLOV PNETABANTOV Xpnotponoteitat

1 evtodr) pairs (), 6niadr)

> z <= x+2*y+rnorm(21)

> pairs(cbind(x,y,2z))
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Ixnua 4.8: Zevyapa Siaypappdiev d1aomopds.

'Otav npérnet va napouactactouy dapopa Stavuopata dedopévav 1 odudiaotata
6ebopéva oto 1610 ypapnpa, tote propel va epappootet ) eviodr) matplot n oroia
KATAOKEUALE YPAPIKY| ITAPACTACT TV OTNA®V £VOG ITiVAKA GUVAPTHOEL T®V OTNAG®V
Karotou daAdou. T'a okoro napadeiypatog, £0t® to mhaiolo Sedopévev iris3 a-
o 1o ortoio e§dyoupe to pet.length kat to pet.width. O mivakag pet.length
nieptdapBavel 50 mapatnproelg (Ypappég) 1ou PKoug Tou EtdAou plov 1860V
ipéav (otrAeg): Setosa, Versicolor kat Virginica. O mivaxkag pet.width mept-

AapBavetr 50 napatnpnoelg (Ypappég) tou mMAAToug Tou MeTdAou yla kabéva amno
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1a tpia e1n ip1dwv. Ta va epeuvnBei ypadikd 1 cuoxETion Petady TOU PIKOUG Kat
TOU MAATOUG TRV IMETAA®V, Xprotporoteital 1 eviodrn matplot yla va rapouotdoet

10 NNKOG OUVAPTIOEl TOU IMTAATOUG Kat yid Ta tpia €idn oe éva ypapnpa.

> pet.length <- iris3[,3,]

> pet.width <- iris3[,4,]

> matplot(pet.length,pet.width)

Axopn éva apadstypa yla ) xpnon g evioAng matplot eivatl to akoAoubo:
x<-seq(-2,2,length=10)

y<-x"2

z<-x"3

matr<-cbind(x,y,z)

matplot (x,matr)

25

3333 333 3

2.0

pet.width
15
N
matr
0
1
o N
-
™

1.0

0.5

1
11111
111

1111111 1
11

T T T T T T T T T T T T
1 2 3 4 5 6 7 -2 -1 0 1 2

pet.length X

Txnua 4.9: Tpdaenpa matplot.

TToAAG €i6n 6ebopévav PITOPOUV va TAPOUCIAcTOUV Ot HOoPOn erMPAveldg ITOU
napayetat ano ouvaptioelg dvo petaBAntov. H R napéxet tpeilg eviodég yia ma-
pouociaon t€towv debopévwv. H o ardr), contour, napouotddel v ermgaveia
oe Sidypappa woouyev. H mpoomtiky aneikovion g ermgavelag yiverat pe tmy
evtoAn persp. TéAog 1 evioAn image rapouoiadetl v ermddveila pe Pondeia Xpw-
pdtev 1 anoyxponoeilg tou ykpidou. Kat ot tpeig eviodég £xouv ta idia opiopata:
10 S1dvuopa TV CUVIETAYHEVRV TOU Z, TO H1aVUOoHd TV OUVIETAYHEV®V TOU Y, KAl
éva mivaka pe TG THEG ToU 2 pe §1a0tdoelg 10 NNKOg ToU T Kal T0 UNKog Tou Y.

Tétola apadeiypata propeite va deite pe v evioAr] demo ("persp").
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Ke¢dpalawo 5

ArntAog IIpoypappatiopog
otnv R

H évvola tou mpoypappatiopou oty R Baoctletal ot Snpovpyia Kawvoupylov
oUVAPTHOE®D 01 010ieg da XPNooronfovv yid MEPATTEP® AVATITUST TG YA©ooag.
To kUp1o oo VAIKO eivat o1 urtapyouoeg ouvaptnoelg (functions) g R, pepikég

aro g oroieg 1dn £xoupe eGETA0EL O TIPONyOUPEeva Kepaldald.

5.1 Aoywkoi TeAeotég kat TeAeotég ZUyKplong

O1 KUp101 AOY1KOL TEAEOTEG KAl TEAEOTEG OUYKPLONG avapEPOVIal OToV Iivaka oy
axKoAoubet.
Ot tedeotég & kat | a§lodoyouv tig avdloyeg eKPpPAOELS OTOIXEIO pe otoixeio

KAt erotpépouv éva dtavuopa pe tig Aoyikeg tipeég TRUE kat FALSE.

> x <- seq(-1,1,length=12)
> x
[1] -1.00000000 -0.81818182 -0.63636364 -0.45454545 -0.27272727 -0.09090909
[7] 0.09090909 0.27272727 0.45454545 0.63636364 0.81818182 1.00000000
>x <0 x>0.8
[1] TRUE TRUE TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE TRUE TRUE
>x<0&x>0.8
[1] FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
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TeAeotqig Eppnveia

== 100 pe

> peyaldutepo anod

I= avico arno
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>= peyadutepo 1) 100 armod
<= MKPOTEPO 1) 100 Arto
& Kat

&& Katr eEAEyxou

I 1

|l 1 eAéyxou

! oxt

IMivakag 5.1: Aoyikoi teAeotég Kal TeEAE0TEG OUYKPLONG.

Ot 1edeotég eAEyXOU XPNOIOITOI0UVIAL Yid VA KATAOKEUAovIal UTIOOETIKEG TIPO-

tdoeg.

5.2 Xprnowponoiwviag Ynoouvolda twv Asdopévov

APKETEG POPEG UTIAPYXEL I AVAYKI] va Yivouv §1dpopot UrtoAoylopol Xpnotpionoie-
vtag éva OUYKeKPIEVo kKoppdatt tov dedopévav. H pébodog autr) ovopadetat v-
mootiln. H R éxel oAU kaldég kat eUKOAeg SuUvATOU)TEG OTO va TETUXAivel v

urootign. Ito erdpevo napddsiypa avt epappdletal apXikda o Siavuopara.

> x
[1] -1.00000000 -0.81818182 -0.63636364 -0.45454545 -0.27272727 -0.09090909
[7] 0.09090909 0.27272727 0.45454545 0.63636364 0.81818182 1.00000000
> x[3] # extract the third element
[1] -0.6363636
> x[c(1,2,5)] # extract the first, second and fifth elements.
[1] -1.0000000 -0.8181818 -0.2727273

> x[-(3:10)] # extract all the elements except those in positions 3 to 10.
[1] -1.0000000 -0.8181818 0.8181818 1.0000000
> x[ x> 0] # extract the elements that satisfy the condition.

[1] 0.09090909 0.27272727 0.45454545 0.63636364 0.81818182 1.00000000
>x[x>0&x < 0.5]
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[1] 0.09090909 0.27272727 0.45454545

AnAadr) eivat ep1kto va ndpoupie urtoouvodo dedopévav eite Baon tng déong tov
ototxeiov tou eite Bdon pag ouvorkng. H unooti§n pmopet va yevikeuBel kat otnv

TMEPITIMOOT] TOV ITIVAK®V.

>A <- cbind(c(1,2,-1), c(12,15,18), c(-1,-4,-9))
> A
[,11 [,2] [,3]
[1,] 1 12 -1
[2,] 2 15 -4
[3,] -1 18 -9
> A[1,1] #extracts the (1,1) element

[1] 1

> A[1,3] # extracts the (1,3) element

[1] -1

> A[1:2,3] #extracts the elements (1,3), (2,3)
[1] -1 -4

> Af1:2,2:3] #extracts a two by two matrix

(.11 [,2]

[1,] 12 -1

[2,] 15 -4

> A[,2:3] # omission of a dimension gives the corresponding columns
(.11 [,2]

[1,] 12 -1

[2,] 15 -4

[3,] 18 -9

> A[-1,2:3] # use of negative indices
(.11 [,2]

(1,] 15 -4

[2,] 18 -9

Tevikevetat etiong KAt ota aviikeipeva Alotag,

> mylist <- list(x,A)
> mylist
[[11]:
[1] -1.00000000 -0.81818182 -0.63636364 -0.45454545 -0.27272727 -0.09090909

OK. PoK1avog 61
X. XapaAaproug



[7] 0.09090909 0.27272727 0.45454545 0.63636364 0.81818182 1.00000000
[[211:
(.11 [,2]1 [,3]
[1,] 1 12 -1
[2,] 2 15 -4
[3,] -1 18 -9
> mylist[[1]]
[1] -1.00000000 -0.81818182 -0.63636364 -0.45454545 -0.27272727 -0.09090909
[7] 0.09090909 0.27272727 0.45454545 0.63636364 0.81818182 1.00000000
> mylist[[2]]
[,11 [,2]1 [,3]
[1,] 1 12 -1
[2,] 2 15 -4
[3,] -1 18 -9

KaOwg kat oe mMAaiola Sedopévav pe ) xprjon v oupBodwv [[1] xkat $, avtiotika.

> library(MASS)

> is.data.frame(survey)

[1] TRUE

> names (survey)
[1] "Sex" "Wr.Hnd" "NW.Hnd" "W.Hnd" "Fold" "Pulse" "Clap" "Exer"
[9] "Smoke" "Height" "M.I"  "Age"

> survey$Age[1:100]

[1] 18.250 17.583 16.917 20.333 23.667 21.000 18.833 35.833 19.000 22.333
[11] 28.500 18.250 18.750 17.500 17.167 17.167 19.333 18.333 19.750 17.917
[21] 17.917 18.167 17.833 18.250 19.167 17.583 17.500 18.083 21.917 19.250
[31] 41.583 17.500 39.750 17.167 17.750 18.000 19.000 17.917 35.500 19.917
[41] 17.500 17.083 28.583 17.500 17.417 18.500 18.917 19.417 18.417 30.750
[51] 18.500 17.500 18.333 17.417 20.000 18.333 17.167 17.417 17.667 18.417
[61] 20.333 17.333 17.500 19.833 18.583 18.000 30.667 16.917 19.917 18.333
[71] 17.583 17.833 17.667 17.417 17.750 20.667 23.583 17.167 17.083 18.750
[81] 16.750 20.167 17.667 17.167 17.167 17.250 18.000 18.750 21.583 17.583
[91] 19.667 18.000 19.667 17.083 22.833 17.083 19.417 23.250 18.083 19.083
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5.3 Kataokeur] Zuvaptroe®Vv

IMa va yivel katavont) n €vvola g KATAOKEUNG VE®V ouvaptnoemv otV R, Sa
egetaotel 10 akoAoubo mapddetypa to oroio Hivel cav amotédeopa TV TUTUKY)

anokAlon £vog diavuopatog T

>standard.deviation <- function(x)

{

sqrt (var (x))

¥

> x <= rnorm(100, mean=0, sd=2) #100 observations from normal
#with mean O and variance 4

> var (x)

[1] 3.879332

> standard.deviation(x)

[1] 1.969602

ZUVEN®G, yla va UroAoylotel n turiky) anoxkAon (standard.deviation) ailet
va onpewwdet 611 Xpnotponow)fnkav §Uo and Tig MPOUNAPX0UCEG OUVAPTIOELS, 1)
sqrt () kat n var (). Avty eivat n 9epedwdng 18€a 6tav unapxet 1 avaykn opt-
opoU véag ouvaptnong oty R. ®uokda undpyel OUYKEKPIIEVT ouvaptnorn oty R
yla UTTOAOY1010 TG TUITIKEG ArtoKA10NG Kat autr) ivat ) sd. IMapatiBeviat pepikég
Baowkég GnAcoelg Tou elvat Xpr|OlIeg OTOV OPLOPO KATVOUPYIRV CUVAPTI|OEDYV

Mepikég erurpdobeteg dnAooeig eivat ot n switch() kat n stop(). Ta emopeva
napadeiypata avadvouv ta o nave. To npoto nmapddeiypa enednyel 10 1wg

Xpnotporioteitat n eviodn if yia va yevvnOouv Setypata amno §1dpopeg KATtavoEg.

random.gener <- function(n, distribution, shape)
{
# a function to generate n random numbers
if (distribution=="gamma") rgamma(n, shape) else
if(distribution=="exp") rexp(n) else
if (distribution=="norm") rnorm(n) else
stop("Invalid Distribution")
}
> random.gener (10, "gamma", 2)
[1] 0.3461286 2.0791867 3.2288429 4.3973702 1.7676279 2.7317868
[7] 0.4084932 2.4203665 0.7430161 5.1688287
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EvtoAr

Eppnveia

if (A) B
if (A) Bl else B2

ifelse(A,B1,B2)
break

next

return(h)
while (A) B

repeat A
for (index in A) B

eA€yXel av 1oxUet 1o A, av vat tote ektedel 1o B
eA€yXel av woxvet 1o A, av vat tote exkteldet 1o Bl,
Srapopetikd extedei 10 B2

0 arAog TPOIog ypadrg ToU IIponyouIEVOU
Teppatidet tov IpEXeV BPoyxo

Teppatidet tov péx®v Ppoyxo Kkat apyidet

TV EMOPEVH £MTAVAANYI

TEPPATILEL TNV TPEXDV OUVAPTINOT) KAl EMOTPEPEL TO A
€AEYXEL KAT emavaAnyn av 1oxUel 1o A, av vat tote
exktedei 10 B

armAouotepn ouvdaptnon yia to while

Bpoyxog, aAAd arattel apKETOV UITOAOYIOTIKO XPOVO

[Tivakag 5.2: Baowkég dnAwoeg.

> random.gener (10, "unif", 2)

Error in random.gener (10, "unif", 2): Invalid Distribution

H napandave cuvdaptnorn dnpoupyet Setypa peyeboug n anod tg katavouég Fappa,

ExBetuikr) kat Turukr) Kavovikr). Atapopetikd, av tou d®ooupe piia ornotadnrote

AAAn katavopr] 9a ermoTPEWPeL 0Tt £yive oPpAApa.

To enopevo napddetypia rmapouotadet 1oV TPOTIO TI0U PITOPOUV va XP1O10ITo -

Youv ot eviodég for kat if yia va Bpebel 1o mpdonpo evog mpaypatikou aptdpou.

new.sign <- function(x)

{
for (i in 1:length(x))
{
if(x[i]l > O)
x[i] <- 1
else if(x[i] < 0)
x[i] <= -1
X
}

> new.sign(-10:5)

tMJ-1-1-1-1-1-1-1-1-1-1 0 1 1 1 1 1
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Qot600, urtdpxel KAAUTEPOG TPOTTOG Yia va ermteu)Oel autd, anopevyoviag Tig emna-
VAARYeig, Ol OTI0IEG ATIAITOUV MTEPIOCOTEPO UTTOAOYIOTIKO Xpovo. Ebo, pavepmvetat
akoun pia @opd n xpnowpdta g vrdotgng, n oroia Bonddet oto va kepdietat

MTOAUTII0G UTIOAOY10TIKOG XPOVOG.

sgnfunction <- function(x)

{

ifelse(x > 0, 1, ifelse(x<0, -1, 0))

}

> sgnfunction(-10:10)

tJ-1+-1-1-1-1-1-1-1-1-12 011 1 1 1 1 1 1 1 1

[Mapddetypata ouvaptroemv Kab®g Kat MEPALEP® ePpapiioyeg toug da doupe ota

KeddAaila rmou akoAoubouv.
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Ke¢dpadaio 6
IIpocopoiwon

AuTO 10 Ke@AAA10 CUNTTANP®VEL TO TIPONYOUHEVO KePAAALO TO OToio avadepotav
010 TG PItopet va yivelr amog rpoypappatiopog oty R. ®a xpnotporotndouv ot
£€VVO1eg TOU TIPOYPAPHATIONOU yia va e§ayxBouv arnotedéopata and ardég rpooco-

HO1O0ELS YVOOTOV TIOAVODEMPNTIKOV ATTOTEAEOAT®V.

6.1 O AocOeviig Nopog twv Meyddwv AptOpov

Zupgeva pe tov acdevr) vopo teov peyddev apibuoyv, av X1, ..., X, elvat ave§ap-
TTEG KAl 100VOoEG TUXaieg PeTABANTES e TIETIEPACEVT] PEDT) T 4, TOTE

1 n
n -
i=1
katd mbavointa, otav 1o n — 00. Zuykekpipéva, av Xi, ..., X, sival dlupeg

tuxateg petaBAntég pe P(X; = 1) = p, tote

Katd rmbavotnta, otav 1o n — oo. To anotédeopa autd propei va napouvotactet

eprnelpka otV R pe 1g akodoubeg ouvaptroelg :

uniforms <- runif (500)

tosses <- as.numeric(I(uniforms > 0.5))
relfreq <- cumsum(tosses)/(1:500)
plot(relfreq)
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abline(0.5,0)

title(main="Illustration of the Weak Law of Large Numbers")

H mpwtn evtodr) divel tuxaio deiypa Uy, . .., Usgp amo v opotdpopen oto (0,1).
Tin ouvéxela opidoupe tn Sitpn tuyaia petaBAnwy X; = I(U; > %) orou [
deiktpa, i = 1,...,500. Metd Sewpoupie T ouvaptnon X oav akoloubia, dnAadry
10 akoAouB1akod 1ocootd ermtuytav (yatt ;). To ypaenpa (Zxnpa 6.1) pag divet
Vv oUykAlon g akodouBiag oto 0.5, 6tav n — 00 oUPP®VA HPE TO VOUO TRV

peyddev aplOpov.

lllustration of the Weak Law of Large Numbers
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Index
Zxnpa 6.1: O aobevrg vopog tov peydAeov aplbpev yia duadikég tuxaieg peta-
BAntés.

Epappodoviag ta mo rmave t€ooepig QOpEg KAl aretkovidoviag tg ypapikeg rmapa-

otaoelg oe éva 2 X 2 ypagnpa (Zxnpa 6.2), éxoupe ot,

par (mfrow=c(2,2))
for(rep in 1:4)

{
uniforms <- runif (500)
tosses <- as.numeric(uniforms > 0.5)
relfreq <- cumsum(tosses)/(1:500)
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plot(relfreq)
abline(0.5,0)
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Zxnpa 6.2: O aoBevrg vopog tev peydiev aplbuev yla duadikég tuxaieg peta-
BAntég.

AnAadrn) 1o ypdonpa auvtod deixvel kabapd tnyv Tuxalotnta aAAd Kat ) oUYKALOT).
Tt oupBaivel OpG OTav 1] AVAPEVOHEVT TIHT TG TuXaiag petaBAntrg 6ev unapyet ;
'Eva 1oAu yveotd napadetypa piag tétolag tuyxaiag petaBAntng ivat n Katavour)
Cauchy

1
f(m):m’ z € R,

g omoiag n avapevopevn tur dev unapxet (yiati;). Ot akoAoubeg ouvaptn-
oelg padi pe o Txnpa 6.3 katadseikvuouv Ott 1 akoloubia TV PEcV TPOV dev

OouyKAivet.
par (mfrow=c(2,2))
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for(rep in 1:4)

{
cauchys <- rcauchy(500)
xbar <- cumsum(cauchys)/(1:500)
plot(xbar)
abline(0,0)
}

20
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xbar
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xbar
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Zxnpa 6.3: AkoAouBia péowmv Tipev ano myv katavopr] Cauchy.

6.2 Kevipiko Oplako Osipnpa

'Eow X1, ...,X, tuxaieg petaBAntég pe nenepaopévn péon T 4 Kat Staoropd

o2, Tote, CUIPOVA IE TO KEVIPIKS 0p1axd edpmua
V(X = p) = N(0,0%),

CK. PoKriavog 70
X. Xapalaproug



Katd Katavopr], o6tav 10 n — 0o0. 210 Imo nave, o N oupBoAilet tnv kavovikr
katavoun. H nmpooopoinon propet va Bondroet d1ai00ntuikd otnv Katavonor tou
Yewprpatog.

'Eow X1, ..., X100 avefdptnieg Kal 1060VOpEG TuXaieg Katavopég aro v Pois-
son e mapdpetpo A = 1. Tote i = 02 = 1 Kal GUVEN®G, A6 T0 KEVIPIKO OPLaKO
Seopnpa

E(X)=1
Kat
Var(X) = 1/100 = 0.01.

v R, 1) o kdte ouvaptnon napdyet delypiata ano v acUNITIOTIKL KAta-

VoI NG PECNS TIPS

poisson.clt <- function(k,n, parameter)
{
samples.mean <- rep(NA, k)
for (i in 1:k)
{
samples.mean[i] <- mean(rpois(n, lambda=parameter))
}
return(samples.mean)

}

Tpéxoviag autr) Ty oUuvaptnor apdyoviatl ta akoAouba arotedéopata:

> test.pois <- poisson.clt(200,100,1)

> summary (test.pois)

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.69 0.93 11.001 1.072 1.31
> var(test.pois)

[1] 0.009584601

> par (mfrow=c(1,3))

> hist(test.pois)

> boxplot(test.pois)

> qqnorm(test.pois)

> qqline(test.pois)

AnAadn, dnuoupyoupe k deiypata amd v Poisson, kat yla kabéva anod avtd

umoAoyidoupie T0 €60 6po TOUG, £0T@, X1, ..., Xy. 210 napddetypa k = 200 kat
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10 Selypa nou naipvoupe kKABe @opd £xet peéyebog 100. Na e§nyroete Aertopepng
KABe Pripa tou mpoypappatog. Ta apOpnukd anotedéopata padl pe 1o ZxHpa

6.4 rapouo1adouv eUMEIPIKA TO KEVIPIKO 0plaKo dempnpua.

Histogram of test.pois Boxplot of test.pois Normal Q-Q Plot

12 13
12 13
L

Sample Quanties.

07 08 09 10 11
07 08 09 10 11
L

tost pois Theoretical Quanties

Zxnpa 6.4: Kevipikd opraxkod Semprpa ya v katavopn Poisson.

[Tpémnet va onuewwBel 611 1 ouvapmnon poisson.clt dev eival kat o o aro-
TEAEOPATIKOG TPOTTOG MIPOYPAPHATION0U, daAAd IApouotddetl v Yeviky 18éa riow
anod toug uroAoylopoug. Ma 1o anotedecpatiky Xpron t®v PpoyXmv os OXEon
HE TV PVipn Kat T0V UTTOAOY10TIKO XPOVO TOU UITOAOY10TL), 1] ouvaptnon lapply

etvat kataAAnAotepn.

6.3 IIpootyylon tng Awwvupirng Katavopng amo

v Kavovikng kat tnv Poisson

Ze auto 1o onpeilo Ya e§epeuvnBel 10 MG mpooeyyidetal n S1VUNIKY Katavourn
pe ) Borifela Tou KeEVIPIKOU 0plakoy dewprpatog aAdd Kat and v Katavopr
Poisson. 'Eote n Siwvupikn katavopr) Bin(n,p). Anod ) Sswpeia sival yvooto

OTL aUTr| Ipooeyyidetat aro
e v Katavopr] Poisson otav to n eivat peydAo kat 1o p eivatl pikpo kat
e TNV KAVOVIKY Katavopr otav To n elvat peyddo.

Zinv npooopoieon rmou akoloubei Sa Soupe moco kaldrn eivatl 1 MPOCEyylon yia
61aPOopPES TIPEG TOU N KAl TOU P. ZINV ApXl] EMAEyovIaAl Ol TIHEG Yld TO 12 KAl TO P

va givat:

p<-c(0.01,0.1,0.3,0.5)
n<-c(10,100,1000,10000)
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I'a xaBe ouvbuaoud (n,p) 9a ouykplBouv tpeis kKatavopés, n dwVupKY Kata-
vopr, 1 mpoogyylon and v Poisson, Kat r mpooeyylon aro v Kavoviky. I'a
KAAUTEPn EMOMUKI avdAuon 9a rapactabel ypadikd 1) ouvaptnon MTUKVOTTAG
mlavotntag toug tautdxpova oto 1610 ypadnua. ®a kataokevuaotel Eva ypapnpa

yla kaOe ouvduaopd (n, p).

par (mfrow=c(4,4))
for (i in 1:4)

{
for (j in 1:4)
{
mu <- n[jl*pli]
sd <- sqrt(mu * (1-p[il))
lo <- round(mu-3*sd)
hi <- round(mu+3*sd)
if (hi-1o0<40)
x <- seq(lo,hi,by=1) else
x <- round(seq(lo,hi,len=40))
pdf <- cbind(dbinom(x,n[j],pl[il) ,dpois(x,mu),dnorm(x,mu,sd))
pdf [x<0,1:2]<- 0
matplot (x,pdf ,main=paste("p=", pl[il,", n=",n[jl,sep=""))
}
}

Zto o iave nipoypappa, pdf stvat évag mivaxkag e Tpelg otr)Aeg o1 Oroieg mepié-
XOUV TG OUVapTHoelg rukvotntag rmbavotntag mbavotntag mg S1wvupikng, mg
Poisson kat tng kavovikng, avtiotoixa. H evioAn matplot kataokeuddel ypapnpa
niivaka. ITapouoiddet ) ypadikn rapdotact) g Kabe otrAng ouvaptroet Tou T.
H nipow ow)An avarnapiotatat pe 1o ouvpBolo 17, n evdtepn pe 1o oupBoAo "2
Kat 1 tpitn pe 1o oupBolro 37 (ZxApa 6.5).

[Mpota da egetaotel oto ypdpnpa n rpooéyyion aro v Poisson. Ze kaOe otn-
An, n npoogyyton amno v Poisson eivatl peyadutepn 010 AV PEPOG TG OTNANG
010U 1O P elval PiKpo, Kal otadlakd yivetat acbevéoteprn 600 10 p peyadmvet (i)-
yaivovtag rmpog ta Katw). O Aoyog eivat 6t 1) péon Tipn g S10VUPIKAG KATAVOUng
eivat np xat n dtakvpavon np(1 — p). Mapodo mou n péon TPy Kat ) dakvpavoern
bev eivat ioeg, POoeyyloTIKA yivovtatl ioa otav 1o p eivat oAU pikpo. T wmyv
Poisson pe mapdpetpo A, n péon tpn Kat n dtakvpavorn) ivat ion pe A. Zuvenaog,

n katavour) Poisson 6ev propet va elvat kadrn mpoogyylon piag Katavopng g
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oroiag n péon Tpun Kat n Siakupavon eival moAv Sladopetikég petaiy toug Kat
£101 1] TIPOOEYYION elval Kadr yia ) S1@VUpKL ovo otav 1o p eivat pikpo.

TV mepin®orn g MPooEyylong arod )V KAVOVIKY] KATAVOL], 1) TIPOCEYY10T)
Oev eival KaAn oTo MAVe aplotepd KOPHPATL TOU Ypadratog. LUYKEKPIHEVd, Otav
(p=.01,n =100) 1 (p = .1,n = 10), n MPOCEYYION AT TV KAVOVIKI] EMUTPETTEL
OTO0 X va £lvatl apvnTiko evo 1 10VvUpKr) (kat n Poisson) katavour) arattet 1o & va
PNy naipvel apvnukeg TpéG. e Kabe ypapr), 1 IPOoEYylon and v KAavVoviKr)
yivetat KaAUutepr 000 IIPOX®@POUPE S1aP€00U g Ypappng. Auto eivatl To anotéle-
opa and 1o KEVIPIKO 0plako Sewpnua. Emiong, oe kaBe otrjAn, n rpooéyylon ano
TV KAVOVIKY] yivetal KaAutepn 600 MPOX®POUHE IPog Ta KAT®. Autd cupBaivet
ene1dr) n Srwvupikn katavour) eivat cuppetpiky) otav p = 0.5, dndadr) £xel popdr)
apoOPOo1a I TV KAVOVIKI, Kal ouvenwg dev xpetadetat peyddo n yia va eivat eivat
KaA1 1 POOEYY10T) Ao TV KAVOVIKY. L& avtifeon), n dtwvupikn pe p = 0.01 elvat
oAU Aogr), 6ndadr) 8ev potddetl pe v Kavovikr], Kat Ouvenag Xpetdletatl peydlo

7 yua va yivel KaAr 1 Ipooeyylon amod TtV KAVOVIKI).
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Zxnua 6.5: Ipoogyyion tng Stwvupiknig anod v Poisson kat v KAVOVIKT).
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6.4 Monte Carlo OAoxrAnpoworn

‘Eotw ot elvat avaykaio va ekupnOet n avapevopevn g mg tuxaiag petabin-
s X pe ouvapon nukvotag mbavétntag f(x) dsdopévou dn auty) undpyet.

TUYKeKPIIEVA, £0T® OTL T0 ¢ PIopet va opiotel and

5= [ clarfla)ds = By (X)),

Kat uroBote 0Tt Undapyet Kat eivat nernepacpévo. Yndpyxouv drapopot pébodot yia
uroAoy1opd tou § Kat 100G 1 10 YVKOOTEG AVAPESd OTOUSG OTATIOTIKOUG £ival autég
rou PBaocilovtat ot Monte Carlo odoxkArpwon. Avddoya, av X, ..., X, txaio
delypa and myv f(x), 1ote oUpeeva pe Tov acbevr) VOHOo ToV Peyddev apldpmyv, n

ek TP

rpooeyyilet o § pe peydAn rmbavotnta dtav to n Teivel oto ATELO.
IapatiBetat nog propei n R va xpnoworonBei yia va unoloyioet t€tola o-
AoxAnpopata. ‘Eotw 6t n X eivatl tuxaia petaBAntr) mou akoAoubel ) Katavopn

Beta pe ouvaptnorn rukvotntag rmbavotntag

l,a—l(]_ _ x)ﬁ—l

yia z € (0,1) xat é¢ot0 6u sivar avaykaio va urnoloyiotouv ta akodouba &uo

oAlorAnpwpara:
0.4

01 = f(x)dz = /1[0.2,0.4]f(m)d1'7
0.2

orou [ eivat n deiktpla ouvaptnon, Kat

0o = /sin(:r)e_wf(:r)dx

orou uroBétoupe 6t 1 f eivatl n ouvaptnon nukvotntag mbavotntag g Kata-
vourg Bnita pe mapapetpoug 2.5 kat 5. Tote n akédoubr cuvdptnon divel ta

ermOupntd anoteAéopata oe popedr) mivaxkda.

estim.beta <- function(k)

{
deltal <- rep(NA, k)
delta?2 <- rep(NA, k)

for (i in 1:k)
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{

X <- rbeta(500, shapel=2.5, shape2=5)
deltal[i] <- mean(as.numeric(I(0.2 <x & x<0.4)))
delta2[i] <- mean(sin(x)*exp(-x))

}

return(cbind(deltal,delta2))

}

Na e€nynoete Aemtopep®g T KAvel KABe Pripa oty rmo nave ouvaptnor. Tpéxo-

VIag Tt ouvaptnorn naipvoviat ta akoAouba

> delta.estim <- estim.beta(500)
> apply(delta.estim,2,mean)
deltal delta2
0.23072 0.2172346
> apply(delta.estim,2,var)
deltal delta2
0.0003627351 9.412981e-006
> sqrt(apply(delta.estim,2,var))
deltal delta2
0.01904561 0.003068058

TUVETQRG, 1o §1 ektpatatl va eivat ico pe 0.03086395 e turuko opadpa 0.0027,
£V 10 o ekTipatal va sivat ico pe 0.08337394 e turukd opdipa 0.0025.
Iapodo nou 8o urtapyxouv diapopeg cuvnOiopéveg pEBodot yia va rtapaybouv
weudo-tuxaila anotedéopata yia apKeETEG KATAVOPEG, ouvhOmg €va TETOl0 ey)etl-
pnpa propsi va eival apketd anaitnuko e§attiag g Hopeng g ouvAaptnong
nukvotntag rmbavotntag. 'a auto 1o Aoyo KAToleg AAAeg TEXVIKEG PITOPOUV va
XPnotporotnfouv evadAakTiKA Katl pia and tg mo dnpodpideig pebdédoug npooo-
poiwong elvat iy importance sampling ) epappioyn g oroiag rapouotadetatl mo

KAT®

e Tévvnon 21, ..., Z, avefdputov Kal 100VOU®V TUXaieVv petaBAntev pe ou-
vdptnon rukvotnta rbavotnag ¢(z) tov ornoiav o gopiag, 0te A, mepléxet

10 popta g f(.).

e A@ouU mapatnpnBet ot
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= /c(z)w(z)g(z)dz =E, [c(Z)w(Z)],

pe w = f/g, xataokeuddetal  ak6loubn ekuppla

S:

S|

Z (ZHw(Z).

IIpodpavag, n eKuprnpla ) Hipeital tny eKupnIpla ) otnv évvola 0Tt 1] avapevope-
v 1 oe oxéon pe 1o X akoAdoubBmvrag tnv f, avukaBiotatat amnd v aviiotoyn
AVAPEVOHIEVT] TUIT| OE OX£0T) Pe 10 Z, akodoubaoviag tnyv g. Oa frav eKnadeutiko
OKOTUHO VA IPOOoTIafr0el 0 avayveotng va Xpnotponofjost myv R yla va urnolo-
yloet to ) yla 1o ITo Mave mapddetypa otav 1 g €ivatl 1 ouvdaptnor IUKvOTnTag

mlavotntag amno v opotdpopdr Katavour).

6.5 BelAova tou Buffon

"Eva tparédl xopiletat oe mapdadindeg eubeieg o1 oroieg anéyouv d povadeg petadu
toug. Pixvoupe pia Beddva pnkoug [ oto tparédl (pe | < d) n gopég Kat petpdue
R tov ap1Bpo v gopmv mou 1 Bedova tépvet pia eubeia. 'Eotw X 1 arndotaon
ard 1o KEVIPo g Pedovag otnv mo Kovivy rapdAAndn eubeia kat f n yovia
mou oxnuatidet n kAabetn eubeia ard 10 KEVIPO G PeAdvAg OV IO KOVIVI)
napdaAAnAn eubeia. Tote n Beddva Sa tépvet pia anod g napdAinleg eubeieg av
Kadt povo av
T l
< —.
cosf — 2
‘Opwg, apou n X petaBdddetarl petafv 0 xat d/2 kat n 0 eivat petady 0 kat

/2, propoupe va urobécoupe ou etvat ave§dptnteg tuxaieg petabAntég and my

OPOLOPOPPT). ZUVETIRDG, EXOUE

l .0 4 w/2 plcosy/2
p(x <% — % / dzdy
2 7Td 0 0
4 [ [cos
_ 4 cosy
7Td 0 2
2
T oad

Tuvenog, av p = 1/d, xar ¢ = 1/7, pia exupryrpia wou 7 divertal and

R 12
O = =~ = —«
¢ P
OK. ®oxiavog 77

X. XapaAaproug



orou p = R/n.

Mia Baoikn gpedtnon eival mog va Pedtiotonorjooupe 1g tpég v | kat d
yla va eAax10Tono|ooupe v §1akUavor) g EKTPINTPAS (ﬁo. Enedr) n R eivat
drovupiky tuxaia petaBAnt) £xoupe 6t Var(p) = p(1—p)/n. Tuvenog, Var(ggo) =
2pp(1 — 2pd) /4p*n ®at aut) n moodtnTa eAayiotonoteitat av p = 1 1 1 = d.

To napaxkdate npoypappa divel akpBog v raparndve pebodoroyia.

buf<-function(n, d,1) # n is the number of simulations,

#d is the distance between the lines

{ # and 1 is the needle’s length (1 =< d).
R <- rep(NA, n)
X <- runif(n, 0, d/2)
theta <- runif(n, 0, pi/2)
v <- (1/2)*cos(theta)
R <- ifelse(y > x,1,0)
pi <- cumsum(R)/(1:n)
rho <-1/4d
phi <- pi/(2*rho)
pi.hat <- 1/phi
pi.hat

plot(l:n, pi.hat, type="1", xlab="Number of Simulations",
ylab="Proportion of Hits")

6.6 Epneipikrn ZUykplon Extipntplov

H nipooopoiwon propet va xpnotpononOel yla epnelpiky) oUykpilon dapopav e-
KUPINTPI@V Ol OTI0IEG XPNOOTIO0UVIAL Y1d TV EKTIINO0T OUYKEKPTHEVNG TIAPALE-
1pou. Ag untoBéooupe ot oto [averuotfpio gottouv 3000 QoTNTEG EK TV OIIOIWV
10 30% eival péAn oUVEIKAAIOTIKOV 0pyaveaoenV eve o dAdo 70% eival avegaptn-
tot. Yrdpxet pia peAAovikr] EKAOYT| IIPOESPOU TRV POLTNTOV KAl ag Urobéooupe

ot 8uo avegdptntol urownPiot, o A kat B, Hiekdikouv v exAoyry. 'Eote

0y = mMooooTo PI ave§dpT IOV QOITNTMV IOV UItootnpidouv tov A
f; = T10000TO AVEEAPTTOV POTTNTMV IOV UTtootnpidouv tov A
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0 = 1ooootd oIV Iou urootnpifouv tov A

IMvetat dertypatoAnmuikr) €épeuva oe 100 @ottntég yia v eKTipnorn g Iapapétpou

0 ka1 ipoteivovratl 3 dlagopetikég pebodot exktipnong.

1. Tuxaia emdoyr) 100 gottnt®v KAt eKTiN0n PEO® TG OTATIOTIKAG OUVAPTH-
ong

01 = MoCOOTO POITNTAOV IOV Voot PiouV Tov A.

2. Tuyaia emmdoyr) 100 gottntev Kat eKTiPnNon PE0® NG OTATIOTIK®V OUVAPTH-

OE@V

éU = II00O0OCTO I AVESAPTTOV QOLTNTOV IOV Urootnpidouv tov A oto Selypa
6 ] = TI0000TO AVeEAPTNTI®V (POLNTAOV IOU urtootnpiouv tov A oto deiypa

0y = 0.300y + 0.700;

3. Emdoyr) 30 pn aveSdptnev kat 70 avé§aptntev. Tote

éU = I00O0OTO ATO PI AVESAPTITOUG POTTITEG TIOU UTIOoTNPidouv tov A
6 | = TI0000TO A6 AVECAPTNTOUG (POITNTEG TIOU urtootnpilouv tov A
05 0.308y + 0.706;

[MTowa Swadikaocia eivat n kaAutepn) ; Av Kat PIIOPOUHE Vd ATIAVINCOUHE Sempnuika
otV £pwInor), £d® Sa doupe nodg propet va pag fondnoet n pocopoinon. Apket
va enavaddBoupe kdOe Sradikaoia apKeEg PopPEG KAl PETA va e§eTACOUNE TTOC0
axkp1Br) eivat ta anotedéopata. [pénet va ermdédoupe 11g aAnO1veEg TIHEG TOV Ta-
PAPETP®V PUOIKA KAl 1] 0A1 Je@pia IIPOCOPOIOVETAL PE TOV TAPAKAT® KOdka. Ta

arnotedéopata divouv v ypadiky rapdctacn 6.6.

# choose "true" theta.u and theta.i

theta.u <- .8

theta.i <- .4

prop.u <- .3

prop.i <- 1 - prop.u

theta <- prop.u * theta.u + prop.i * theta.i

sim.1 <- function() {

x <- rbinom(1l,sampsize,theta)
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return ( x / sampsize )

}

sim.2 <- function() {

.u <- rbinom ( 1, sampsize, prop.u )
.1 <- sampsize - n.u

.u <- rbinom ( 1, n.u, theta.u )

.i <- rbinom ( 1, n.i, theta.i )

.hat.u <- x.u / n.u

o o K K B B

.hat.i <- x.1i / n.i
return ( prop.u * t.hat.u + (l-prop.u) * t.hat.i )
}

sim.3 <- function() {

.u <- sampsize * prop.u

.1 <- sampsize * prop.i

.u <- rbinom ( 1, n.u, theta.u )
.i <= rbinom ( 1, n.i, theta.i )

.hat.u <- x.u / n.u

¢ o KW K B B

.hat.i <- x.i / n.i
return ( prop.u * t.hat.u + (1-prop.u) * t.hat.i )
}

sampsize <- 100

n.times <- 1000 # should be enough
theta.hat <- matrix ( NA, n.times, 3 )
for ( i in 1:n.times ) {
theta.hat[i,1] <- sim.1()
theta.hat[i,2] <- sim.2()
theta.hat[i,3] <- sim.3()

}

print ( apply(theta.hat,2,mean) )

[1] 0.5228600 0.5178319 0.5189100

boxplot ( theta.hat ~ col(theta.hat) )
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Zxnpa 6.6: 1000 ripocopolnoelg g 6 yla tpetg dradopetikeég pebodoug extipn-
ong.
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Kepaliawo 7

ZTATIOTIKY

Zupnepacpatoloyia

Z10 KePAAalo autod yivetral pia £10ay®y o NEPIKEG AMAEG OTATIOTIKEG NeBddoug
oe nipoBAnpata ocupnepacpatoloyiag oe éva kat §vo deiypata. To nipwto pépog a-
vagépestat oty Ieprypadikn Etatiotikn) n oroia etvatl pia ouAAoyT) Ao YPaAPkeg
nebddoug yla egepevivnon Kal Katavonon v dedopévav. It ouvéxela 9a yivet
avagopd O€ OTATIOTIKOUG €AEYXOUG ITOU XPINOIOII00UVIdl KAtd YEVIKO Kavovda,
onwg toug eAéyyoug t kat Wilcoxon yia va e§ayxbouv otatiotikd cuprepaopata
yla TG umo Siepeuvnon napaperpoug. Ilpoxmpmviag, mapouotadovial MEPATEP®
€Aey X0l UTTOBE0ERMV OIS 0 EAEYX0G KAAIG MTPOCAPHIOYNS Kal 0 €AeyX0G Yid I0C0-
otd. Zto tédog, egetdletal o TPOIog XEPoPoU IVAK®V CUVAPELAS Yid £5ayOYT)
CUUIEPACHATOS Y1a T CUOXETIon petady duo petaBAntov otav ta§vounouv oe

oxéon pag pimg.

7.1 Tleprypadiri) ZTATIOTIKN

H Ileprypagikr) Ztatiotiky Xpnowporotel ypagrnpata ta oroia Bonbouv oto va
egepeuvnBel av 10XUOUV 01 UTTOOECELS TOV OTATIOTKMV HOVIEA®V. MePIKEG EpOTHOELS

IOV eVO1APEPOUV OE AUTEG TIG TEPUTIMOELS EIvatl:

e Ta Sedopéva akoAoubouv TV KavoviKy] KATAVOUL) ;
e Ymapxouv anopakpuopéveg Tipég ota dedopéva ;
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e Av ta 6ebopéva ouykevipodnkav §1abox1kd oTov Xpovo (XpovooelpEg), urdap-

Xet évbeidn oe1lplakr) ouoyEtong;

Ta xUpla ypagrpata ta oroia Bondouv otV MoKy e§epeuvnon twv Sedopévav

eivatl ta akodouba:

e otoypappata (histograms),
e kuTloypa¢npata (boxplots),
e ypagpnua riukvotntag (density plots),

e QQ plots (quantile-quantile plots).

AxkolouBeil pa ardn ouvdptnon oty R n onoia katackeudadel autd ta 1€0oepa

ypagnpata:

eda.shape <- function(x)
{

par (mfrow = c(2, 2))
hist(x)
boxplot (x)
iqd <- summary(x) [6] - summary(x) [2]
plot(density(x,width=2*iqd), xlab = "x",ylab = "", type = "1")
qqnorm(x)
gqqline(x)

Me v eviodn) hist () kataokeudetat 1o 10TOypappia Kat Pe Vv €vioAr) boxplot
10 Kutdypappa. H eviodr) summary() &iver tv nepidnyn mévie apBuov kat
apa 1o igd otn ouvdaptnon urnoAoyidet to eviotetaptnoplako eupog (interquartile
range). H evtolr] plot (density()) kataokeuddel 1o ypddpnpa 1 apapetpikg
EKTIIITPIAS OUVAPTIOTG TIUKVOTTAag rmbavotntag pe ty péfodo tov muprvev Kat
o1l evIOA€g qgnorn Kat gqqline dnupioupyouv to QQ plot padl pe v ypapprn ya
ATTOKAL01] AITO TV KAVOVIKY] KATaVor).

IMa va e§epeuvnBel EMOTTIIKA AV UTIAPXEL OEIPIAKT) CUOYXETION £ivat Xprotpo va
Yiver otV apxr) 1 ypapikr rmapaotact) Xpovooelpov tov dedopévav. H akodoubn

ouvaptnon xepidetatl autrv v nepineon :
eda.ts <- function(x)
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par (mfrow=c(2,1))
ts.plot(x)
acf (x)

invisible()

H evtodn ts.plot mapayet ypa¢npa v 51adoX1KOV Mapatnprioem®y Ve 1) &-
vtodr) acf &iver tnv derypatiky) ouvaptnon auvtooucyétong. Ot uo mo nmave
ouvaptoelg epappodoviat oe 100 TiéG arod v KAVOVIKE KaAl Ta aroteAéopata

napouotadovial ota oxnpata 7.1 kat 7.2, avtiotoyya.

x <- rnorm(100)
eda.shape (x)
eda.ts(x)

Histogram of x
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Txnua 7.1: Tpagrjpata yia ) popon tev dedopévav.
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xnpa 7.2: Tpadfjpata yla Oeiplaky] OUCKETION.

7.2 Zupnepaopatoldoyia yia ‘Eva Aegiypa

Ia to koppdtt autd tou Kepadaiou da xpnowporownOel 1o mAaiolo dedopevov
cats, 10 oroio aroteAeital Ao napatnProelg 10U BAPOUG TOU OOUATOS KAl TNG
kapdiag 140 apoevik®v KAt INAUK®V YAT®V 01 0TI0ieg Xpnotponodnkav ya éva
nieipapa. To ouykekpipévo miaiolo Ppioketat ot PBA0OHkn g R MASS (kata-

OKeUAOTNKe arno toug Venables kat Ripley)

> library(MASS)

> cats

> male <- cats[cats$Sex=="M",]$Hwt
> female <- cats[cats$Sex=="F",]$Hut
> eda.shape(male)
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Histogram of x
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Zxnpa 7.3: Tpagrpata ya ) popdr v dedopévev yua to Bapog g kapdidg

TOV APOEVIKOV.

> t.test(male, mu=10)

One Sample t-test

data: male
t = 5.1241, df = 96, p-value = 1.544e-06
alternative hypothesis: true mean is not equal to 10
95 percent confidence interval:
10.81030 11.83506
sample estimates:
mean of x
11.32268

> t.test(male, mu=10, conf.level=0.99)
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One Sample t-test

data: male
t = 5.1241, df = 96, p-value = 1.544e-06
alternative hypothesis: true mean is not equal to 10
99 percent confidence interval:
10.64431 12.00105
sample estimates:
mean of x
11.32268

Ot evioAég cats[cats$Sex=="M",]$Hwt ka1 cats[cats$Sex=="F",]$Hwt xpn-
owporo)OnKav yia va e§ayouv 1o BAapog g Kapdidg tov apoevikov Kat SInAukov
yatov, avtiototya. Amno ta ypadnpata yia ) Hopdr 1oV Iapainproemyv yid 1o
Bdapog g Kapdidg 1OV apoeVIK®OV YAT®V oUupIepaivetatl ott eivat Aoyiko va yivet
1 urobeon 6Tt aKoAoUBOUV TV KAVOVIKI] KATAVOUT 1€ €O T EPIrou ion pe
11 (BA. Zxfpa 7.3). H ouvdpon t.test propet va xpnotpornownOet yla va yivet
0 €Aeyxog t pe pndevikr) undbeon [ = [1p KAl OTATIOTIKY] GUVAPTHOY)
po Tt
s/v/n

To amotédeopa Seiyver ou ya o = 10, n pndevikr vrnobeon aroppintetat (to

p-value eivat moAu kovia oto O kat dpa pikpdtepo aro 0.05). IIpémet va on-
pewwdel Ot €€ 0plopoy 1o arotédeopa tng ouvdaptnong bivel to 95% Swaotpata
eprmotoouvng. Elvat duvatdv opeg va 606et 1o diactnpa eprotoouvng yia oroto-
drrote erntinedo epriotoouvng (1 — @)% &ivovtag tpn oto 6plopa conf . level.
IMa va yivel o anapapetpikog €deyxog Wilcoxon yia tn péon tir) Xprotpornoteitat

n ouvdptnon wilcox.test 6nwg o KATW:

> wilcox.test(male, mu=10)

Wilcoxon signed rank test with continuity correction

data: male
V = 3491.5, p-value = 6.934e-06

alternative hypothesis: true location is not equal to 10
H pndeviky) urnobeon aroppirretal Kat o0e UtV WV MEPINTOON KAl OUVELIRG I

péon Tpn p Sltapépel OTATIOTIK®G ONPAVIIKA arto v tpn 10.
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7.3 Zupepaocpatoldoyia yia Auo Atsiypata

Ag egetaotel dpa o £édeyxog g Stapopdag dUo péonv Tpmv Bactopévog oe TPdBAn-
pa 6vo detypatev. Ma nmapddeypa, £€0te Ot eivat avaykn va eetaotei i dtapopa
PETagy g pEong TPAG ToU BAPOUG TG KApS1dg TOV ApOEVIKOV KAl TOV INAUKOV

YAt®v aro 1o rmAaiolo 6e50pEvaVv ITOU XP1OOoTIo)0NKE 0 MAVE.

> eda.shape(female)

Histogram of x
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Zxnpa 7.4: Tpagrpata ya ) popdr v dedopévev yia to fapog tng kapdidg

TV 9NAUKOV.

> var.test(male,female)

F test to compare two variances

data: male and female
F = 3.5064, num df = 96, denom df = 46, p-value = 8.159e-06

alternative hypothesis: true ratio of variances is not equal to 1
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95 percent confidence interval:
2.075412 5.664645
sample estimates:
ratio of variances
3.50642

> t.test(male,female,var.equal=T)

Two Sample t-test

data: male and female
t = 5.3539, df = 142, p-value = 3.38e-07
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
1.337588 2.903517
sample estimates:
mean of x mean of y
11.322680 9.202128

> t.test(male,female,var.equal=F)

Welch Two Sample t-test

data: male and female
t = 6.5179, df = 140.608, p-value = 1.186e-09
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
1.477352 2.763753
sample estimates:
mean of x mean of y
11.322680 9.202128

> wilcox.test(male,female)

Wilcoxon rank sum test with continuity correction
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data: male and female
W = 3460.5, p-value = 4.882e-07

alternative hypothesis: true location shift is not equal to O

A6 10 ypdonua oto Xxnpa 7.3 oupnepatvetat ot ta dedopéva yia to Bdpog
mg kapdidg v INAUK®V Sev epappodouv otV Kavovikr katavopur). O mpwtog
€AeyX0G IOV YIVETAL OTO ITI0 MAV® €AEYXEL TV 100TNTA TOV dlaKUPdvoE®V TV 6U0
deltypatov (Pndevikr) UTGOe0T) [ TV OTATIOTIKY] OUVAPTIOL)

_5:

F="=
55

Kat delyvel 0T 1) 100TNTA ATIOPPIITIETAL. TUVEN®OG, 0 ouvnOiopévog €deyxog t yla
m Sagopd tewv PEoev TP®V dev Propet va epappootel 08 AUTV TV MEPIITIROT).
Qotooo, ot ouvaptnon t.test pnopel va mpootebel 1o dplopa var.equal oto
ortoio SnAmvetat av oxvel n w0otNTa TV dtakupdvoenv pe tg tipég "TRUE™ kat
"FALSE". Me autov 1o tporo eivat duvato va yivel o éleyxog t kat oto 1o mna-
ve rapddetypa ouprepaivetal ott 1 urobeon) 100TNTAG TOV PECOV TIHAOV TV §Uo
Setypdtov aroppirtetat. To 1610 oupniépaopa Pyaivel kat and tov AAPAPETPIKO

¢Aeyyxo Wilcoxon.

7.4 Zupnepaopatodoyia yia Aesiypata Kata Zeoyn

[ToAAég @opég ta debopéva napouoiadoviat oe (euyn g popdrns (X;,Y;). I'a va
yivel o €éAeyxog t o autnv Ty mepimwor), eivatl Xprjotpo va oplotel pia Katvoupyla
petaBAn) Z pe upég Z; = X; — Y; Kat petd va epyactoupe 6nwg mo nave. Ta
va pedemBel n ouoyxétion petady v §uo petaBAntov eival avia Xprnowo va
yivel 1o ypaenpa S1aomopdg toug yia va egetaotel ypadikd n ox€on toug. I
ouvéxela yivetatl o €AeyX0G OUOXETIONG HE TV eVIOAr cor.test () yua va eleyyOel
av 0 OUVIEAEOTHG OUOXETIONG eival PeyaAutepog, PNKPOTeEPOS 1) S1adpopeTikdg aro

0. AkolouBel éva a6 napadetypa.

Vv

x <- runif (20)
y <= 2+3*x+rnorm(20)

vV Vv

plot(x,y,main="X versus Y")

\

cor.test(x,y)
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Xversus Y

Zxnpa 7.5: Araypappa 61a0mopdg T0U Y OUVAPTIOEL TOU T.

Pearson’s product-moment correlation

data: x and y
t = 5.9907, df = 18, p-value = 1.149e-05
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
0.5847064 0.9246687
sample estimates:
cor

0.8160727

> cor.test(x,y, alt="1")

Pearson’s product-moment correlation

data: x and y
t = 5.9907, df = 18, p-value = 1
alternative hypothesis: true correlation is less than 0O
95 percent confidence interval:
-1.0000000 0.9127702
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sample estimates:

0.

cor
8160727

'Oneg @aivetat aro to Lxfpa 7.5, undpxet peydAn uywndr) ouoxétion petadv tou

KAl TOU Y KAl Apa avapéveral 0 OUVIEAEOTHS OUOXETong va eivat kovid oto 1. Ta

oV AOYO0 auto, 0 TP®TOG €AeYX0G, Pe eVAAAAKTIKY UToBeon 1 ouoxEton va eivat

Slagopetikr) and 0, Sev aroppirtetatl eve 0 SeUTePOg €AEYX0G, HE EVAAAAKTIKI)

U000 11 CUCXETION VA €1val APV TIKY], ATIOPPIITIETAL.

7.5 'EAeyxog KaArng IIpocappoyrng

O ¢Aeyx0og KaAng rpooappoyng (goodness of fit test) Sewpeital wg akopn évag 1po-

oG yia va e5arpiBeBouv o1 urobéoelg tng Katavoung tewv Sedopévav. H R aiodo-

yel v "kadr pooappoyr)” v dedopévav pe tov éAdeyxo Kolmogorov-Smirnov.

O ¢€Aeyxog Kolmogorov-Smirnov xpnotporoteitat otnv nepintoor cUyKPlong evog

belypatog pe pia katavopr), aAdd Kat otV nePintoorn oUyKPlong tng KATavoung

6uo Seypdteov petalu toug. Zinv mpotn MEPIIeor, n undevikn unobeon Hy

6nAovel ot ta Sedopéva akoAouboUv TV CUYKEKPIHEVT] KATAVOUT], £V OTr) 8eu-

tepn dndovet o6t ta duo Setypata akoloubouv v 16ta katavour). H ouykpilon

TV Katavopev duo detypdtov propel va yivel kat ypapika pe ) Porbeia ng

YPAPIKNG MAPACTAONS NG EUIEIPIKNG KATAvoung toug. ITo kate napouotddetat

éva Tapdadelypa oto oroio ouyKpiveral ypadikd n katavopr §vo Setypdtov ano

TV KAVOVIKE KAt éva arto v opoldpopdn katavour) (Exfpa 7.6). 1o nave ypd-

enpa ouykpivovtat ta §vo Setypata aro v 1dla Katavopn (Kavovikr)), eve oto

6eutepo 6uo Setypata anod §iapopetikn Katavour) (Kavovikn Kat opiotopopdn) Kat

n Stadopd toug eivat eppavng.

vV +4 VvV 4+ V V V V V

z1<-rnorm(50)

z2<-rnorm(50)

z3<-runif (50)

par (mfrow=c(2,1))

plot.ecdf(zl,verticals=TRUE, col.p="white",col.v="black",
main="Empirical CDF of zl and z2")

plot(ecdf (z2) ,add=TRUE,verticals=TRUE,col.p="white",col.v="black",
lty="dotted")

plot.ecdf(zl,verticals=TRUE, col.p="white",col.v="black",
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+ main="Empirical CDF of zl1 and z3")
> plot(ecdf (z3),add=TRUE,verticals=TRUE,col.p="white",col.v="black",
+ 1lty="dotted")

Empirical CDF of z1 and z2

Fn(x)

Fn(x)

Txnpa 7.6: LUYKPLon ypadrpatog EPIEPIKAG ouvaptnong katavopung duo deiy-

natev.

Axoloubouv ta amnotedéopata aro tov €deyxo Kolmogorov-Smirnov oe éva kat
6U0 detypata yia to o nave napddeiypa. O mpodtog €AeyX0S OUYKPIvel €va
Selypa pe v Kavovikn katavopr), o eutepog §uo opola deiypata petagy toug
Kat o tpitog 6uo Srapopetika Selypata petadyu toug. TTov MPROTo Katl Seutepo
€Aeyxo 1 pndevikn unobeon Sev AOPPIMIETAL EVE OTOV TPITO ATOPPITIETAL, OTIOG

avapévetat.

> ks.test(zl,"pnorm")
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One-sample Kolmogorov-Smirnov test

data: =zl
D = 0.0973, p-value = 0.6946

alternative hypothesis: two-sided
> ks.test(z1,2z2)
Two-sample Kolmogorov-Smirnov test

data: zl1 and z2
D = 0.16, p-value = 0.5487

alternative hypothesis: two-sided
> ks.test(z1,z3)
Two-sample Kolmogorov-Smirnov test

data: zl1 and z3
D = 0.46, p-value = 3.801e-05

alternative hypothesis: two-sided

M napaddayr) tou edéyxou Kolmogorov-Smirnov eivat o éAeyxog Anderson-

Darling o omoiog Bpioketat otn B1BA100rkn nortest g R.

7.6 'EAeyyxog YnoBtocswv yia IIocoota

H R mapéxet myv evioAr] binom.test yia éleyxo unobéoemv yia rnoocootda. Ia
napadetypa, £€0te 10 rieipapa piyeng evog vopiopatog 500 @opég e arotédeopa
eppaviong kegain 226 @opég. Oa eleyxOel n unobeon av n rmbavotnta va €pOet
Kegajin etvat ion pe p = 0.5.

> binom.test (226,500,p=0.5)

Exact binomial test
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data: 226 and 500
number of successes = 226, number of trials = 500, p-value = 0.03546
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:
0.4077723 0.4967984
sample estimates:
probability of success
0.452

'‘Onwg @aivetat, o éAeyxog aroppirtetal oe eninedo onuavukomrtag o = 0.05,
adAa 6ev amnoppirttetat yia o = 0.01. Emiong, to diaompa oto daotnpa eprt-
otoouvng dev mepiexet v tpn 0.5. Xuvenwg, n rmbavomta va €pBet kepain
eivat otatiouka pikpotepn ard 0.5. IMapopola arotedéopata s§ayovial Kat yia

p = 0.4, oupniepaivoviag 6Tt 1o p eival peyaAutepo.

> binom.test (226,500,p=0.4)

Exact binomial test

data: 226 and 500
number of successes = 226, number of trials = 500, p-value = 0.01983
alternative hypothesis: true probability of success is not equal to 0.4
95 percent confidence interval:
0.4077723 0.4967984
sample estimates:
probability of success
0.452

Me v evioAr) prop.test yivetat o €éAeyxog yia rmocooto p = 0.5 AapBdavovrag
unoyn ) S610pbworn ouvéxelag. Xto eropevo rapadetypa urnobéote Ot epdavi-
otnke Kepain 266 gopég. H pndevikr) urnoOeon Sev aroppirtietal pe arotéAeopa

n mbavotnta va £pbet kegpaln dev Hladpépel oTATIOTKOG onpavika aro 0.5.

> prop.test(266,500)

1-sample proportions test with continuity correction

data: 266 out of 500, null probability 0.5
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X-squared = 1.922, df = 1, p-value = 0.1656
alternative hypothesis: true p is not equal to 0.5
95 percent confidence interval:

0.4871883 0.5763127

sample estimates:

p
0.532

21 ouvéxela mapouotddetal G PITOPel va Yivel 0 TIPOOHIIKOG €AEYX0S Yia
éva 1] 6uo detypata pe ) Porbeia g Swapéoou. Tia éva Selypa edéyxetat n)
unobeon av 1 H1aPecog maipvel pia CUYKEKPIPIEVH T, eve yia §uo deiypata av

n dapeoog g drapopdg toug eivat dradopetiky) arto 0.

> x<-rnorm(100)
> y<-sum(x>0)
> binom.test (y,100)

Exact binomial test

data: y and 100
number of successes = 54, number of trials = 100, p-value = 0.4841
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:
0.4374116 0.6401566
sample estimates:
probability of success
0.54

> z<-rnorm(100)
> d<-x-z
> binom.test (sum(d>0),length(d))

Exact binomial test

data: sum(d > 0) and length(d)
number of successes = 47, number of trials = 100, p-value = 0.6173
alternative hypothesis: true probability of success is not equal to 0.5

95 percent confidence interval:
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0.3694052 0.5724185
sample estimates:
probability of success

0.47

'Eote, topa, 0 éAeyX0g oUYKplong §Uo KepPAteV KAt £0te ott o 200 piyelg ToUu
PAOTOU KéPHatog eppaviotnke kepain 80 @opeg, eve o 150 piyetg tou deutepou
Képpatog eppaviomke 100 gopég rkepain. Kavoviag 1o €édeyyo omyv R onwg o

KAT®, ouprepaivetal 0t UTApXEl OTATIOTIKY §1apopd PeTtady twv §uo Kepudtmv.

> x<-c(80,100)
> n<-c(200,150)
> prop.test(x,n)

2-sample test for equality of proportions with continuity correction

data: x out of n
X-squared = 23.345, df = 1, p-value = 1.354e-06
alternative hypothesis: two.sided
95 percent confidence interval:
-0.3739929 -0.1593405
sample estimates:
prop 1 prop 2
0.4000000 0.6666667

7.7 IIivaxkeg Tuvagerag

Ia ta mo kate Sa yxpnoipornowOet 1o mAaiolo dedopévav solder 1o omoio rie-
plexetat ot PBAodrkn faraway. Ot petaBAniég mpog egétaon eival n Solder
(mapayovtag pe 5 emineda) kat n Mask (pe 2 enineda). I'a va kataokevaotet o 25
riivakag ouvdgetag (contigency table) xpnotwporoteitat n eviodn table. 'Emetta,
He TV evioAr) summary Sivetat o Pearson X2 éAeyxog ave§aptnoiag. Emmpdéobeta,
N otaupetr) tagvopnon (cross classification) sivat Suvatr) pe v evioArn xtabs.
To 6plopa ot apiotepd divel v petaBAntr n oroia da ta§ivopnei, eve ta opi-
opata ota 8e§ld divouv tig avtiotoiyeg xkatnyopieg. Me tnv evioAr) CrossTable,
n oroia Bpioketat o PBA0ON KN gmodels mapouoiddetat i) ta§vopnon oe riva-

Ka padi pe mv ouvelopopd otov X 2 ¢Aeyxo kaBe cuvduaocyiov. H evioAr) summary
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Xpnotonoteital kat ¢ autiv TV mepirnteon yla tov X 2 édeyxo avefaptnoiag apou

yivel n tadwvopnon.

> library("gmodels")

> library("faraway")

> attach(solder)

> names (solder)

[1] "Opening" "Solder"

> X<-table(Solder,Mask)

> X

Mask

Solder A1.5 A3 A6 B3
Thick 90 150 30 90
Thin 90 120 60 90

> summary (X)

Number of cases in table:

Number of factors: 2

Test for independence of all factors:

Chisq = 13.333, df = 4, p-value =

> cross<-xtabs (. Solder+Mask)

Error in eval(expr, envir, enclos)

"Mask" "PadType" "Panel" "skips"
B6
90
90
900
0.009757
: object "." not found

> cross<-xtabs(~“Solder+Mask)

> cross
Mask
Solder A1.5 A3 A6 B3
Thick 90 150 30 90
Thin 90 120 60 90
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> CrossTable(cross)

Cell Contents

N

Chi-square contribution
N / Row Total

N / Col Total

N / Table Total

Total Observations in Table: 900
| Mask
Solder | A1.5 | A3 | A6 | B3 | B6 | Row Total
| | | | | |
Thick | 90 | 150 | 30 | 90 | 90 | 450
| 0.000 | 1.667 | 5.000 | 0.000 | 0.000 |
| 0.200 | 0.333 | 0.067 | 0.200 | 0.200 | 0.500
| 0.500 | 0.556 | 0.333 | 0.500 | 0.500 |
| 0.100 | 0.167 | 0.033 | 0.100 | 0.100 |
| | | | | |
Thin | 90 | 120 | 60 | 90 | 90 | 450
| 0.000 | 1.667 | 5.000 | 0.000 | 0.000 |
| 0.200 | 0.267 | 0.133 | 0.200 | 0.200 | 0.500
| 0.500 | 0.444 | 0.667 | 0.500 | 0.500 |
| 0.100 | 0.133 | 0.067 | 0.100 | 0.100 |
| | | | | |
Column Total | 180 | 270 | 90 | 180 | 180 | 900
| 0.200 | 0.300 | 0.100 | 0.200 | 0.200 |
| | | | | |

7.8 Ilapadewypa

Ta 6edopéva autd arotedovviat anod 1o deikin vonpoouvng (IQ) nadiov nAwki-

ag b xpovov, ta oroia ta fexwpiloupe PAon tou Kplnpiou OTL 01 PNIEPES TOUG

£€XOoUV UTogépel and erneloddilo emAoyelag katdbAyng. Emkevipeovopaote oto

Va arnavirjooule 10 EpWINHA av ta natdia amnod tg dvo katnyopieg £xouv drado-

petko Oeiktn vonpoouvng. Ta 6edopéva Pplokoviat oto mapdptnpa Avtou Tou
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repadaiou.
Tuvhbwg, xpnotponoteitat o €Aeyxog ¢ yla Tov €Aeyxo pe pndevikr unobeon
ot o1 8U0 Katnyopieg £€xouv i0eg MANOUOIIAKEG PEOES TIPEG KAl EVAAAAKTIKY] OTL

6ev €xouv. O €Aeyxog UTIOOETEL OTL O1 TIAPATHPLOELS :
1. elvat avefaptnteg petady toug,
2. mpogpyovtat ard MANOUCHO Artd TNV KAVOVIKI] KATAVOUT),
3. mpoépyovtat anod mAnbuopoug pe ioeg daoTopég.

Extog amno 1o p-value, to oroio AapBavetat and tov €Aeyxo, ouvhBwg eivat
XPHopo éva dlactnpa eprmotoouvng yia ) S1apopd 1oV PECKOV TIHGOV.

[Tpwv v epappoyr) Tou eAéyXou UrobEoemV, TIPETEL va egetaotel av ta dedopie-
va 1Kavoriolouv g unobéoelg otig onoieg Baoiletatl o éAeyxog. H apyxikn e&étaon
Vv 6edopévav yivetatl ermorntika pe ) for)fsia ypadpnpdatov, Orneg ta 1otoypdappa-
1a, Ta Kutoypagnpata kat ta Q@Q-ypadnpata. Me ta ypadrjpata autd propet va
avayveplotel 1) arnokA1on ano v KavoviKr) KAtavour), I Iapoucia arioplakpuopé-
vov ipev K.TA. Ta ypaprpata avtda kat yia g §Uo katnyopieg napouotddoviat
ota Zynpata 7.7-7.9.

Ta va KataoKeuaotouv ta ypapnata Kat 1 avaAuor) IPETEt p®ta va dlaye-
ploTOUV 01 HU0 Katnyopieg twv dedopévav, scorend yia ta natdid pe pn KatabAt-

MTIKEG PNTEPES Kal scored yia Ta rmatdid pe KatabAITuKeS PnTEPeS.

igdata<-read.table("igdata.txt")

attach(igdata)

scorend <- iqdata$V2[Vi=="nd"]

scored <- iqdata$Vv2[Vi=="4"]

boxplot(scorend, scored, names=c("Non-depressed mothers",
"Depressed mothers"))

par (mfrow=c(2,1))

>
>
>
>
>
+
>
> hist(scorend, xlab="IQ of children from Non-depressed mothers")
> hist(scored, xlab="IQ of children from depressed mothers")

> gqnorm(scorend,main="")

> gqgline(scorend)

> title(main="Normal Probability plot for IQ of children

+ from Non-depressed mothers")

> qqnorm(scored,main="")

>

gqqline(scored)
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> title(main="Normal Probability plot for IQ of children

+ from depressed mothers")

140
1

120
L

E
|

80

60

o
T T
Non-depressed mothers Depressed mothers

Zxnpa 7.7: Kutioypagrpata tov Se1KtOV VONHooUVHG TV TTAtdiov.
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012345
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Txnpa 7.8: Iotoypappata tov SEIKI®V vOnpoouUvng tov ratdiov.

To 1o onNUaviiko ototxeio aro 6Aa ta ypapnpata eivat 0t kat otg 6Uo Katn-
yopieg apouotddetat armo Pia aroplakpuopEv ITapatnpnon yia o deiktn vonpo-
ouvng, 1 oroia Kat ot §uo mepUTIOoelg avhketl oe Ttatdi pe oAU Xapno deikin
vonpuoouvng. TEToleg Imapatnproelg PItopouV va EMNPEACOUV ONIAVIIKA TTEPLypa-

@PIKA PETPA OTIMG T PEON TP Kat T Stakupavorn, aAAd propouyv va ennpedoouv
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Normal Probability plot for IQ of children
from Non—depressed mothers

Sample Quantiles

Theoretical Quantiles

Normal Probability plot for IQ of children
from depressed mothers

=3

100 140
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60

I |
0]
0

Theoretical Quantiles

Txnpa 7.9: QQ-ypadnua tev S1KIOV VONHoouvng TV Iatdiov.

£IT{0NG TOUG OTATIOTIKOUG €A£yX0UG UTI00E0E®V Ot ortoiot Baociloviatl otV Kavovi-
xotta. IIpog 1o mapov, €otw ot 6e AapBavetat kavéva 510p0®TIKO PETPO yla
AUTEG TIG TAPATNPIOELS, KAl epappodetal o €éAeyxog ¢t yia tov oroio Jewpeitat ot
ta dedopéva twv duo Katnyoptwv £xouv v idta Stakvpavorn. Ta amnotedéopata

Sivovtat 1o KAt :

> t.test(scorend,scored,var.equal=T)

Two Sample t-test

data: scorend and scored
t = 2.4637, df = 92, p-value = 0.01561
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
2.27152 21.16477
sample estimates:
mean of x mean of y
112.7848 101.0667

H Stagopd ot péon tipn tou deikin vonpoouvng tov U0 Katnyoplov eivat otatt-
OTIK®OG ONPAVIIKY, YEYOVOG ITOU @aivetatl aro ) Pikpn Ty yla o p-value, adda
Kat aro to ot 1o pndév dev avnketl oto daotnpa spruotoouvng. Qotooo, 1) 1na-

pOUCia T®V AMMOPAKPUOPEVROV TIHOV PITopel va ennpeddel auto to anotédeopa. H
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Siakupavon oe kaBe katyopia, yua napadetypa, eivat 205.50 (radia aro pn
KatabAutikeég pntépeg) Kat 729.21 (madid and katabAMmuikeég pnéepeg). Luve-
KOG, UITAPXEL Pld ONPaviiky dtagopd otg S1akupdvoelg tov 6U0 KAatnyoplav, pe
arnotédeopa va napabiadetal pia and tg unobEoelg Tou AEYXOU IO MAVE. AUTO
propei va arodeixBel katl otatiotika pe tov Edeyxo F' yla v 100tnta v dtaku-

pdvoemv.

> var.test(scorend,scored)

F test to compare two variances

data: scorend and scored
F = 0.2818, num df = 78, denom df = 14, p-value = 0.0003276
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.1089903 0.5746361
sample estimates:
ratio of variances
0.281818

H unéBeon 100ttag tov S1akupavoemvy anoppirtetal §ekabapa, apou 1 OXETKI)
p-value sivat oAU pkpn. Tt oupBaivel 6p®G 0tav o éAeyxog ertavaindOei adpou
adaipebolv o1 anoparpuopéveg Tpég aro ta dedopéva; Egappoetar Eava o
€AeyX0G 100NTAg TV Slarkupdvoeav v §U0 Katnyoplwv adou agpaipebolv ot
TIHEG TV 6U0 Tadiiv pe xapnio deiktn vonpoouvng, SnAadn Seiktn vonpoouvng

HKPOTEPO 1] 100 Tou 50.

> var.test(scorend[scorend>50],scored[scored>50])

F test to compare two variances

data: scorend[scorend > 50] and scored[scored > 50]
F = 0.5664, num df = 77, denom df = 13, p-value = 0.1283
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:

0.2102836 1.1765891

sample estimates:

ratio of variances
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0.5664062

O €Aeyxog twpa 6ivet 0Tt 0 Adyog Tewv Stakupavoenv eivat ioog pe 0.57, kat eruon-
paivet ot ) drapopd avapeoa otg Stakupavoelg dev eival oTATIOTIKA ONPAVIIKT
agou 1o p-value eivat peyaAutepo ano 0.05 kat 1o 1 avrket oto oxetiko 95% &id-
otnpa spruotoouvng. Apa, ta dedopéva pe v adpaipeon OV ArtlopaKPUOHEVOV
TIHOV €ytvav KataAAnAotepa yla myv epappoyn tou édeyxou t. Emiong, Bdon g
HeAENG ToV 6edopévav autav eivatl o AoyiKo va adalpebouv apou n pia apa-
T)PNON AVHKEL OE AUTIOTIKO Iatdi eve 1 aAAn oe raidi 1o oroio €rabe {na otov
eyKéPado katd tov toketo. EmavalapBavetat, Aourtdv, o €Aeyxog ¢ adou £xouv

agpalpebel 01 ATIOPAKPUOHEVES TIHES :

> t.test(scorend[scorend>50],scored[scored>50],var.equal=T)
Two Sample t-test

data: scorend[scorend > 50] and scored[scored > 50]
t = 1.8242, df = 90, p-value = 0.07145
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.6148208 14.4170186
sample estimates:
mean of x mean of y
113.6154 106.7143

Etlvat gavepd ot adou apaipebolv o1 U0 anmopakpuopéveg TipEg, dev UTIAPYEL
mAéov 1 €vdegn tng 51aPopds TV HECKV TINOV TOV SEIKTOV VONIOoUVHG TV Tatl-

610V and pn KataBAUTHKEG KAt KATAOAUTUKEG PNTEPES.

Iapaptnpa

Ta 6edopéva mou XPnotpornolouvidal o autd T0 KEGAAALO yld ATMAI) OTATIOTIKI)

oupIEPAcHaToAoyia.

> iqdata

Vi V2
1 nd 103
2 nd 124
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3 nd 124
4 nd 104
5 d 96
6 nd 92
7 nd 124
8 nd 99
9 nd 92
10 nd 116
11 nd 99
12 d 22
13 4 81
14 nd 117
15 4 100
16 nd 89
17 nd 125
18 nd 127
19 nd 112
20 nd 48
21 nd 139
22 nd 118
23 d 107
24 nd 106
25 d 129
26 nd 117
27 nd 123
28 nd 118
29 d 84
30 nd 117
31 d 101
32 nd 141
33 nd 124
34 nd 110
35 nd 98
36 nd 109
37 nd 120
38 nd 127
39 nd 103
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40 nd 118
41 nd 117
42 nd 115
43 nd 119
44 nd 117
45 nd 92
46 nd 101
47 nd 119
48 nd 144
49 nd 119
50 nd 127
51 nd 113
52 nd 127
53 nd 103
54 nd 128
55 nd 86
56 nd 112
57 nd 115
58 nd 117
59 nd 99
60 nd 110
61 d 139
62 nd 117
63 nd 96
64 d 111
65 nd 118
66 nd 126
67 nd 126
68 nd 89
69 nd 102
70 nd 134
71 nd 93
72 nd 115
73 d 99
74 nd 99
75 nd 122
76 nd 106
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7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

OK. ®oxiavog
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nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd
nd
nd

nd

124
100
114
121
119
108
110
127
118
107
123
102
110
114
118
101
121
114
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Kepalaiwo 8
IF'pappikng IaAwvdpoupnon

H ypappikr) maAwvdpopnon etvat éva aro ta 1mo onpavikd 9épata mg LTatiotiKy)
Sewpeiag. Ttn ouvéxela autn n 1oAu yveotr pebododoyia 9a avarrtuxBei otnv R

P£06 TOV TUTI®V Y1d Td HOVIEAd.

8.1 Tpappika Movtéda otnv R

O tumog eivat pa ékppaon g R n ornoia kabopidet i popen tou poviedou pe
g avadoyeg petaBAntég. Ta mapddeypa, yia va kabopiotet 6t n Y eivar ypap-
HKOg ouvduaopog duo enegnynuatkov petabAntov X 1 kat X2, ypnoyponoteitat

0 axko6AouBog turog :
Y © X1 + X2.

H neplonopévn Sayxwpilel v e§aptnquévn petaBAntt) and g enednynuatkeg
petaBAntég. Me adda Adyia, epappodetatl To POVIEAO
Y = [+ 51 X1+ B X2.

O winog mavta urovoel v urnapén tou otabepoy 6pou oto poviédo (Gy otov
mo ndve turno). Qotoco, eivat duvatdv va adaipebel o otabepdg O6pog amd to
HOVTEAO, TPOCHLTOVIAG OTOV TUIIO TOU POVIEAOU Tov 0po —1 oav enednynpatkn

petaBAnn:
Y © -1 + X1 + X2.

109



‘Otav opidovtat Katyopikeg petaBAntég,dnAadn mapayovieg, oav eneSnynPATIKEG
petaBAntég ota poviédd, 1 oUVAPTNOL POVIEAOIIONOoNG epappodetl Evav otabepo
0po yla Kabe emirnebo g petaBAntrg. Ta mapddeypa, yla va KAataoKeuaotel To
YPAPHIKO 1OVIEAO 11 eaptnpévn) petabAntr) to 1obo (salary) kat enegnynpatt-
Kég petaBAntég v nAkia (age), n oroia eivat ouvexrg, Kat to @uUldo (gender), n

ortoia eival mapayovtag, opidetat Orwg o KAt :
salary ~ age + gender

Qot600, 51aPOPETIKY MTAPAIEIPOS £PAPIIOLeETal yia Kabe éva aro ta 6uo ermineda
yla 1o @UAo. AUTO £ival 1006Uvapo e T0 va KAtaoKeuaotel To poviédo pe duo
weubo-petaBAnteg, pia yla dopev kat pia yua 9iv. Zuvenwog 6e ypeladetat va
0p10TOUV 01 Peudo-petaBANTEG 0TO POVIEAO.

Ot KUpleg ERPPACELS V1A OPIOPO YPAPRIIKOU POVIEAOU £ival 01 akoAouBeg

Y~X: Tpappikéd poviédo tou Y ouvaptrjoet tou X

o X1+X2: TuureptdapBavet to X1 kat to X2 oto povigdo

e X1-X2: TupneptdapBaver 6Aa ard 1o X1 ektog and autd mou Bpiokoviat

oto X2 oto poviédo

e X1:X2: ZupnepldapBavet v aAAndenibpaon petady X1 kat X2, X1: X2,

OTO POVTEAO

e X1*X2: 'Odo 10 poviédo X1+ X2+ X1: X2

Ot emopeveg evotnTeg EPpapPodouV AUTEG TIS £VVOLEG 0€ PNOVIEAO TTOAAATTALG Ypal-

PKNAG TTaAtvEpopiong.

8.2 TIIoAAanAn F'pappirn IHaAwvSpopnon

To mAaioto debopévov Trees eivat éva delypa dévipwv paldpng Kepaolag. Xiov
axkoédoubo mivaka napouctddoviat HePIKeg Ao TG PEIPHOELS yia ) Siaperpo (oe
vtoeg), 1o VYog (oe 661a) Kat tov Oyko (o kuBikda modwa). H mAnpng cuddoyr)
6edopévav Pploketal 0Tto mapdptpa autou Tou Kepaldaiou.

O oko10g g cUAAOYTS autov v dedopévav ftav yia va Bpebel évag tportog
nPoBAeYng Tou OYKOU g SuAeiag v §Evipmv arnd g PETPr)oelg yia 10 UYog Kat

m S1aperpd Toug, XPNOTHOTIOIWVIAS YPAPHIIKO HOVIEAO. e autnyv TV MePLtRon
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Diameter | Height | Volume
8.3 70 10.3
8.6 65 10.3
8.8 63 10.2
10.5 72 16.4
10.7 81 18.8
10.8 83 19.7

[Tivakag 8.1: Ot mipoteg £81 mapatnpProelg and 10 oXETKO rAaiolo Sedopévav.

n edaptpévn petaBAnty eival cuvexng Kat 1o apyiko poviédo mou da edetaotet

eivatl 1o ouvnO10EVO YPAPIKO HOVIEAO, HE VEVIKE HOPOT

Y:ﬁo—l—ﬁle—F...—Fﬂpo—l—é

orou Y eivat n e§aptpévn petaBAnt, Xy, ..., X, 10 0UVOAO TOV EMeNYNHATIKGOV
petaBAntmv, Kat € o urtddorto. Ot ouvtedeotég aAvdpounoeig [3; ektpouvial pe
) p€bodo edayiotov TETPAyOVHOV UNOOHET®VIAG OTL T0 € AKOAOUOEl TNV KAVOVIKY)

Katavour] pe péon tan 0 kat otabepry diaxupavorn o2

. Ta n mapawmproeig ya
Vv eCaPTNUEVT KAl TG EMESNYNHATIKEG PETABANTEG, TO POVIEAO PITOpel va ypadet
OUVOTTIIKA ®©G

E(Y) =Xg.

H avdAuon tov ypappikeov poviédev oty R yivetat pe v eviodr] lm() o6meg

apoUo1adeTal o KAT®

> trees<-read.table("trees.txt")
> names (trees)<-c("Diameter","Height","Volume")
> trees.fit <- 1lm(Volume~ Diameter+Height, trees)

> trees.fit

Call:

Im(formula = Volume ~ Diameter + Height, data = trees)

Coefficients:
(Intercept) Diameter Height
-57.9877 4.7082 0.3393

> summary (trees.fit)
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Call:

Im(formula = Volume ~ Diameter + Height, data = trees)

Residuals:
Min 1Q Median 3Q Max
-6.4065 -2.6493 -0.2876 2.2003 8.4847

Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) -57.9877 8.6382 -6.713 2.75e-07 **x
Diameter 4.7082 0.2643 17.816 < 2e-16 *xxx*
Height 0.3393 0.1302 2.607 0.0145 =*

Signif. codes: O ’***x’ 0.001 ’*%’ 0.01 ’x’ 0.05 *>.” 0.1’ ’ 1

Residual standard error: 3.882 on 28 degrees of freedom
Multiple R-Squared: 0.948, Adjusted R-squared: 0.9442
F-statistic: 255 on 2 and 28 DF, p-value: < 2.2e-16

> anova(trees.fit)

Analysis of Variance Table

Response: Volume
Df Sum Sq Mean Sq F value Pr(>F)
Diameter 1 7581.8 7581.8 503.1503 < 2e-16 *x*x
Height 1 102.4 102.4 6.7943 0.01449 *
Residuals 28 421.9 15.1
Signif. codes: O ’**x’ 0.001 ’xx’ 0.01 ’x’ 0.06 .7 0.1’ ’ 1
> trees.res <- residuals(trees.fit)

> trees.prd <- predict(trees.fit)

H evioAr) summary Xpnotporoteital yia tov ¢ €AeyX0 yla TOUG OUVIEAECTES TG
naAwdpépnong, pe pndevikr unobeon B; = 0. Ta anotedéopata pag odnyouv
OTO CUPIEPACHIA OTL Ol OUVIEAEOTEG TTAAVOPOUNONG Yia T S1aPETPo Katl 10 UYPog
etvat onpavuka Siagpopetikot ard 0. Emiong, divetat extipnor yua ) Stakvpavon

TOV UIOAOITIGV, 6MKS KAt o cuvieAeotr)g petaBAntétntag R? and tov oroio cupire-
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paivetat ot mepinou 1o 95% tng Slakvpavong tou OyKou eV Sévipev ednyeitat
arno g duo enefnynpatkeg petaBAntég. TéAdog, Hivetal n tpn g OTATIOUKNAG
ouvapmong F yia tov otatiotikd €Aeyxo o oroiog eAEyXel av OAOlL Ol OUVIEAECTEG
naAvépopnong eivatl tautoxpova icot pe 0, 1o omoio Kat aroppirtetat (yatts).
Me v evtoAr) anova rnapouotddetat o mivaxkag avaduong Stakupavong (ANAAIA),
eve o1 evioAég residuals kat predict &ivouv ta urddora Kat TG EKTIUIOELS TOU
povtédou, avtiotoia.

To endpevo otadio oty avaiuor ivat 1 avaAuon TV UITOAOITI®V TOU POVIEAOU,
6ndadn mg 61apopdg PETaiy TV APXIKOV MAPATPOE®V KAl TOV EKTPIOUEVOV
ard 1o Poviédo TGV, Autr) yivetal Kuplng ypapikd, Kat o1 o XPHo1eS YPAPIKEG

MapacTAcElg €ivat ot o KATR

1. Fpadikn 1apdotacn OV UMOAOIN®V OUVAPTIOEl TOV EMESNYNIATIKOV HE-
taBAnteov tou poviédou. H mapoucia kapruddypappng oxéong, yla ra-
padetypa, sonyeital v npoobeon evog 0pou peyadutepou Pabuou, iowg

TETPAYWVIKOU, 010 poviédo (Zxnpa 8.1).

2. Tpadikn apdotact) TV UTIOAOITI®V OUVAPTAOEL TWV EKTIHOHIEVOV TIHOV NG
eSaptpévng petaBAntig. Av n dakupavon g e§aptnpévng petaBAntng
@aivetal va peyaleovel padl pe v eKTPopevn T, etvat duvato va xpeia-
otel va yivel petaonpatiopog mg esaptnuévng petaBAntrg (Exnua 8.2).

3. QQ-ypdonpa tewv vnodoinewv. Metd v adaipson O0Ang tng CUCTNHATIKAG
Sraomopdg aro ta dedopéva, ta urtddoura npénet va potadouv pe éva detypa
and v Kavoviky katavour). Eivat to ypda¢npa tev rocootnpopiov tov
UTIOAOIM®V CUVAPTIOEL TV AVAPEVOHEVROV TTOCOOTIOPIOV ATTO TNV KAVOVIKN

katavopn (Zxnpa 8.3).

Ba gpyactovpe He ta TuTornoinpéva urodouna ta oroia opidoviat arod

Yi — Ui
S 1—hi1;

ri =
orou h;; ta Saywvia ototkeia tou mivaka
H=XXX)"'X".
Ymv R éxoupe ot:

> s <- summary(trees.fit)$sigma
> h <- 1m.influence(trees.fit)$hat

> trees.res <- trees.res/(s*sqrt(1-h))
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H mpotn) evioAr) e§ayet v eKTIPHTP1A Yid 10 7, 1) 8eUtepn Sivel ta diayovia otoryei-
a tou mivaka H kat n tedeutaia unodoyidet ta tunonoinpéva urtddorta. AKOAouU-
douv ta ypagrpata tewv vnodoinev (Exnpata 8.1 - 8.3) ta oroia kataokeuadovat

1€ TG ITI0 KAT® EVIOAEG :

par (mfrow=c(2,1))

plot(trees[,"Diameter"], trees.res, xlab="Diameter",
ylab="Std. Residuals")

abline(h=0, lty=2)

title("Std. Residuals versus Diameter")
plot(trees[,"Height"], trees.res, xlab="Height",
ylab="Std. Residuals")

abline(h=0, lty=2)

title("Std. Residuals versus Height")

par (mfrow=c(1,1))

plot(trees.prd, trees.res, xlab="Predicted Volume",
ylab="Std. Residuals")

abline(h=0,1ty=2)

title("Std. Residuals vs Fitted Values")
qqnorm(trees.res,ylab="Std. Residuals",

main="Normal Plot of Std. Residuals")

vV + V V vV 4+ V VvV VvV V 4+ V V V + V V

gqline(trees.res)

Ta ypadnpata oV UmoAoinev ouvaptroet ) Stapétpou v 8évipav, addd
KAl TG EKTIPWHEVEG TIHEG, SeiXVOouV OTL £vag TETPAY®VIKOG 0pog Sa PItopouoe va
nipooteBei oto poviedo. H epunveia tou QQ-ypadnpatog cuyva 6ev propet va
etvat $erdbapr), e161KA OTIG TEPUTIOOELS PE PKPA Setypata. Qotdoo, egetdloviag

10 @aivetat 60Tt ta undlorta £XouUvV PIKPH ArtoKA10n arod TV KAVOVIKI).
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Std. Residuals versus Diameter
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Zxfjpa 8.1: Turoroinpéva UndAoa cuvapTOeEl TRV ENMESNYNHATIKOV PETaBAn-

TWV.

Std. Residuals vs Fitted Values
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Zxfpa 8.2: Tumonoinpéva UoAOUTd CUVAPTOEL TOV EKTIHOUEVOV TIHQV TG &-

Sapnpévng petaBAning.
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Normal Plot of Std. Residuals

Std. Residuals

Theoretical Quantiles

Zxnpa 8.3: QQ-ypadnpa I@V TUTIOONPEVOV UTIOAOITI®V.

O mivakag H eivat emiong moAu Bonbnuxkdg otnv avayvoplorn napdievev n
aocuvnOotev onpeiov v dedopévav, ta omoia ouyxva €xouv peyddn enidpaon
oty ypappikn rnadwvdpopnon. Térowa onpeia avayvepidoviat aro g oXEUKA
peyddeg tpég oy avtiotolxn 9éon ot daywvio tou H. H peyadvtepn tpn oe
ortolo8nrote otoixeio g Staywviou eivat to 1. Texvikd autd ta onpeia @aivovrat

va €xouv peydln sruppon (leverage) (Exnpa 8.4).

> h <- 1m.influence(trees.fit)$hat

> h
1 2 3 4 5 6

0.11582883 0.14720958 0.17686186 0.05919131 0.12066468 0.15575111
7 8 9 10 11 12

0.11480262 0.05148096 0.09200658 0.04797237 0.07382512 0.04809206
13 14 15 16 17 18

0.04809206 0.07275901 0.03764563 0.03566543 0.13130916 0.14346152
19 20 21 22 23 24

0.06665975 0.21123665 0.03580935 0.04541796 0.04994875 0.11142518
25 26 27 28 29 30

0.06930648 0.08841762 0.09603041 0.10641665 0.10982638 0.10982638
31

0.22705852
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> plot(1:31,h, type="n", xlab="i", ylab="Diagonal of Hat Matrix")
> abline(h=mean(h))
> segments(1:31, h, 1:31, mean(h))

0.15

Diagonal of Hat Matrix

0.10

0
S 4
S}
T T T T T
0 5 10 15 20 25

30

Zxnua 8.4: Tpapnpa ermpporns.

Ebd® b6e gaivetal va unapyxouv omotadnrote mpoBAnpatikd onpeia ta oroia €i-
vat duvatd va ennpedoouv uriepBoAikd ) Sadikaocia extipnong. Ot TpEg g
EPPOING €lVal OXETIKA PIKPES.

Emotpépoviag topa oty £évéedn amo ta ypagrpata tev uroloinev, 9a pe-

AetnOel €va vEo 110VIEAO TO OIT010 TTEPIEXEL TOV TETPAYDVIKO OPO ylad Tr dlaperpo.

> treesl.fit <- 1m(Volume~Diameter+I(Diameter*Diameter)+Height,
+ trees)

> treesl.fit

Call:

Im(formula=Volume~Diameter+I(Diameter*Diameter)+ Height,data=trees)

Coefficients:
(Intercept) Diameter I(Diameter * Diameter)
-9.9204 -2.8851 0.2686
Height
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0.3764

> summary (treesl.fit)

Call:
Im(formula = Volume ~ Diameter + I(Diameter * Diameter) + Height,

data = trees)

Residuals:
Min 1Q Median 3Q Max
-4.2928 -1.6693 -0.1018 1.7851 4.3489

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -9.92041 10.07911 -0.984 0.333729
Diameter -2.88508 1.30985 -2.203 0.036343 *
I(Diameter * Diameter) 0.26862 0.04590 5.852 3.13e-06 **x
Height 0.37639 0.08823 4.266 0.000218 *x*x
Signif. codes: O ’*%x’ 0.001 ’xx’ 0.01 ’%’ 0.056 .7 0.1’ ’ 1

Residual standard error: 2.625 on 27 degrees of freedom
Multiple R-Squared: 0.9771, Adjusted R-squared: 0.9745
F-statistic: 383.2 on 3 and 27 DF, p-value: < 2.2e-16

> treesl.res<-residuals(treesl.fit)

> treesl.prd<-predict(treesl.fit)

Ta ypapnpata te@v Urnodoine®v Kataokeuadovidl 6Ti®g IPONyoUHEVRG Kat TTd-
pouociadovtatl 1mo KAt (Zxnpata 8.5-8.7). daiverat 61l 010 ypAdnpad 0V VEDV
TUTIOTTOINPEVOV UTTOAOIMIOV oUvapTroet g S1apétpou dev UTtdp)et ITAEOV 1) OUOTI-

patkonta rmou urmpxe mnptv. Ta urddoira ypadfjpata Kpivoviatl tKavoItou) KA.
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Std. Residuals versus Diameter
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IZxnua 8.5: Turnonoinpéva umnodorta 6sutepoBabilou 110VIEAOU OUVAPTHOEL TRV

enedNyNUATIKGOV PetaBAnTmv.

Std. Residuals vs Fitted Values
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Zxnua 8.6: Turnonoinpéva umnodoirta 6sutepoBabilou 110VIEAOU OUVAPTIHOEL TV

EKTIPNOPEVOV TIHOV TG £§aptpévng petaBAnng.
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Normal Plot of Std. Residuals

Std. Residuals

Theoretical Quantiles

Zxnpa 8.7: QQ-ypdpnpa TV TUIOTIOUHEVEV UTToAoinev dsutepoBadpiiou povié-

Aou.

ITapoldo 1ou ta arotedéopata g oAAAnANg YPapPiKAG TaAtvépounong uro-
6E1KVUOUV OTL 01 OUVIEAEOTEG TTAAVOpOPNONG KAt yia T S1aperpo Kat yia 1o Uyog
elvat onpavukda dtagpopetikoi amnod pndév, oAy cuyva eivat Xpr oo va epeuvnOet
évag ap1dpog poviedwv oe pia npoorddela va Ppedel 10 o armdo poviedo mou
epappodel kaAutepa ta dedopéva. Ouotaotikd, n dadikaoia ermAoyng POVIEAOU
nieptdapBavet v pocbeon 1 v adaipeon Op@V Ao £va IIPOUTIAPX®V HOVIEAO
Kl TOV UITOAOY1010 g eribpaong tng addayng. YMoAoyltopog autog yivetat pe
) BonBela tou kptnpiou rmAnpodopiag tou Akaike (AIC),to ormoio eivat éva perpo
G KAAng epappoyng v dedopiévev and to poviedo. ‘Ooo 1o pikpo to AIC tooo
KaAUtepo eivat to povtédo.

ApX1Kd, amod 1o POVIEAO TO OToio TMeEPIEXEL T SIAPETPO KAl TO UYOog apatpei-
tat pa pa petaBAntr kat urodoyidetat n addayn pe o AIC. 'Onwg @aivetat, av
agatlpebet orotadnrote amnod tg petaBAntég 1o AIC peyad@vel Kat apa 10 apyiko
poviédo epappodet kadutepa ta dedopéva. Ermiong Siagaiveratl Kat r onpaviiko-
mta mg petaBAntig g dtapérpou oto poviedou agou av apatpebel peyalovet

onpavuka to AIC.

> attach(trees)
> trees.dropl <- dropl(trees.fit)

> trees.dropl
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Single term deletions

Model:
Volume ~ Diameter + Height
Df Sum of Sq RSS AIC

<none> 421.9 86.9
Diameter 1 4783.0 5204.9 162.8
Height 1 102.4 524.3 91.7

Avtifeta tOpa, EKIVOVIAg armd 10 POoVIEAo ToU TEPIEXEl Povo tov otabepd dpo,

npocBEtoue pia pa TG PetaBAnteg.

> trees0.fit <- 1m(Volume~1)
> trees.addl <- addl(treesO.fit,” Height+Diameter)
> trees.addl

Single term additions

Model:
Volume ~ 1

Df Sum of Sq RSS AIC
<none> 8106.1 174.6
Height 1 2901.2 5204.9 162.8
Diameter 1 7581.8 524.3 91.7

A6 ta anotedéopata ouprepaivetal Kat rditl 1 onpavukotnIa g urnaping Kat
Vv duo petaBAntov oto poviedo agpou to AIC yivetat pikpotepo pe v rpoobeon
toug. Epappoloviag topa tg eviodég dropl kat addl oto eutepoBadpiio poviedo

napatnpeitat 61t 6Aot 01 apAyovieg elval onNpPaviikol yid To PoviéAo.

> treesl.dropl <- dropil(treesl.fit)
> treesl.dropl

Single term deletions

Model:

Volume ~ Diameter + I(Diameter * Diameter) + Height
Df Sum of Sq RSS AIC

<none> 186.01 63.55

Diameter 1 33.42 219.44 66.67

I(Diameter * Diameter) 1 235.91 421.92 86.94

OK. ®oxiavog 121
X. XapaAaproug



Height 1 125.37 311.38 77.52

>

> trees10.fit <- 1m(Volume~1)

> treesl.addl <- addl(treesl0.fit,” Height+Diameter+I(Diameter*Diameter))
> treesl.addl

Single term additions

Model:
Volume ~ 1
Df Sum of Sq RSS AIC

<none> 8106.1 174.6
Height 1 2901.2 5204.9 162.8
Diameter 1 7581.8 524.3 91.7

I(Diameter * Diameter) 1 7776.8 329.3 77.3
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IIapaptnpa

Ta 6edopéva Tou XPNo1Ioolovvidl o€ autd T0 KEPAAALo yla EGpApHPoyn TG ITOA-

Aarmng rtaAwvdpopnong.

> trees

Diameter Height Volume

1 8.3 70 10.3
2 8.6 65 10.3
3 8.8 63 10.2
4 10.5 72 16.4
5 10.7 81 18.8
6 10.8 83 19.7
7 11.0 66 15.6
8 11.0 75 18.2
9 11.1 80 22.6
10 11.2 75 19.9
11 11.3 79 24.2
12 11.4 76 21.0
13 11.4 76 21.4
14 11.7 69 21.3
15 12.0 75 19.1
16 12.9 74 22.2
17 12.9 85 33.8
18 13.3 86 27.4
19 13.7 71 25.7
20 13.8 64 24.9
21 14.0 78 34.5
22 14.2 80 31.7
23 14.5 74  36.3
24 16.0 72 38.3
25 16.3 7T 42.6
26 17.3 81 55.4
27 17.5 82 55.7
28 17.9 80 58.3
29 18.0 80 51.5
30 18.0 80 51.0
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31 20.6 87 77.0
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Kepalawo 9

AvdaAuorn tng AlarRUpavorng

H avdAuvon ng Stakupavong eivatl pla amo tg miéov onpaviikeg pebodoug yia
avdluorn 6edopévav. H 1€0odog autr) avagpépete ot dH1apépion 10U CUVOAIKOU
abpoiopatog TeTpaywvev o abpoiopata TEPAyOVeV AOYe TV emdpAsE®V TV

apayoviov.

9.1 AvdAvuon Awakupavong xatd €va Iapayovta

To 1110 a6 £idog melpapdtey eival autd ota oroia pia ardr] CUveXHS e5apTtevn
petaBAnt) petpeitat Evav aptdpod gopav yia kdbe éva amnod ta diadopa erineda
€VOG MEpapaTikoy mapdyovia. I'a mapadsiypa, €ote ta dedopéva otov Ilivaka
9.1, o oroiog replAapBavetl TG TIHEG TOU XPOVOU T)ENG TOU Aiplatog yia TEooeptlg
Srapopetikég diatteg.

O xpovog mAgng eival n ouvexrng esaptpévn petaBAntr, eve n Siatta eivat
molotiky] petaBAnt, 1 napdyoviag, pe téooepa erineda: A, B, C, D. O ruplog
otox0g eivatl va egetaotel av av o apayoviag diatta éxel orowadrjrote enibpaon
OTO PE0O XPOVOo TIENG Tou aipatog. Ta va yivel n avaiuon dedopévav, mpeénet va
ypagouv otnv R e 1€1010 Tporo €101 ®ote va PIopouv va Xpnotporoindouv ya
avdlduorn g dakvpavong. Auto ertuyxavetat pe 10 oxedlaopo evog rmiaiciou

6edopévav OnmG 10 KATR
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A | B CcC | D
62 | 63 | 68 | 56
60 | 67 | 66 | 62
63| 71| 71 | 60
59 | 64 | 67 | 61
65 | 68 | 63
66 | 68 | 64
63
59

[Tivakag 9.1: Xpovog mrgng tou aipatog yla téooepig diateg.

> coag <- scan()
1: 62 60 63 59
5: 63 67 71 64 65 66
11: 68 66 71 67 68 68
17: 56 62 60 61 63 64 63 59
25:
> coag
[1] 62 60 63 59 63 67 71 64 65 66 68 66 71 67 68 68 56 62 60 61
[21] 63 64 63 59
> diet <- factor(rep(LETTERS[1:4],c(4,6,6,8))) #create a factor
> diet
[1T] AAAABBBBBBCCCCCCDDDDDDDD

> coag.df <- data.frame(diet,coag) #create a data frame
> coag.df
diet coag

1 A 62

2 A 60

3 A 63

4 A 59

5 B 63

6 B 67

7 B 71

8 B 64

9 B 65
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10 B 66
11 cC 68
12 C 66
13 c 71
14 c 67
15 c 68
16 cC 68
17 D 656
18 D 62
19 D 60
20 D 61
21 D 63
22 D 64
23 D 63
24 D 59

To mpoto Brjpa otnv avaduon dedopévav eivat va epeuvnBel ypadpika av u-
napxouv 1 oxt dapopég avapeoa ota erireda tou napayovia. Ta Zxrpata 9.1
Kat 9.2 nmapouotadouv TG PEOEG TIHEG Kat TG dlapéooug yia kabe emninedo tou ma-
pdyovta kat 1o avtiotoyo kutoypdgpnua. H opigoviia eubeia oto apiotepo (6e510)
ypadnpa 6ivet ) péon tpn (Sidpeoo) odev tov dedopévav. Elvatl pavepd nog ta
enineda A kat D oxnupatiouv pia katyopia, eve ta enineda B kat C piav dAn

katnyopia.

par (mfrow=c(1,2))
plot.design(coag.df)
plot.design(coag.df, fun= median)
par (mfrow=c(1,1))

plot(coag.df)

vV V V V V
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TMa va epappootel n avdduorn g Stakvpavong oty R xprnopomnoteitat r evioAr

a0V ®G AKOAOUOmG

> aov.coag <- aov(coag ~ diet, coag.df)
> aov.coag
Call:

aov(formula = coag ~ diet, data = coag.df)

Terms:

diet Residuals
Sum of Squares 228 112
Deg. of Freedom 3 20
Residual standard error: 2.366432
Estimated effects may be unbalanced
> summary (aov.coag)

Df Sum Sq Mean Sq F value Pr (>F)

diet 3 228.0 76.0 13.571 4.658e-05 *xx*
Residuals 20 112.0 5.6
Signif. codes: O ’*%*x’ 0.001 ’*%’ 0.01 ’x> 0.05 ’>.” 0.1’ ’ 1

ZNPEIDVETAL OTL 1] EVIOAI] 20V XPNO1H10ITotEitatl e avAaAoyo TPOITo OIS KAl 1] EVIOAT)

1m ya ) ypappiky radivdpounon. O tunog coag ~ diet oto mpoto opiopa

6tvel oupBoAikd to poviédo tng avaluong g Stakupavong Katd éva napdyovia,

eve 1o Seutepo oplopa, coag.df, kabopilet 1o mMAaioo dedopévav. Me Vv evioArn

summary &tvetat o riivakag ANAAIA. To arotéAeopia UIode1kvUEL T ONPAVIIKOT)TA

TOU MapAyovia odnyoviag 0to CUPIEPAcHa OTL UTIAPX0UV S1adOopEg avapesa OTig

téooepig dlatteg.

‘Onwg Kat ot ypapuiky rnaAwvdpounor, eivat Xprown n ypapikr avaiuon

TV UITOAOIM®OV Yld TOV €AEYX0 T@V UTTOOE0E®V TTOU ATAlTOUVIAL Ao TV avaAuon

g Stakupavong, 6ndadn va eivat acuoyétiota, va £€xouv otabepr) drakupavon

Kat va givat kavovikd. Amno ta ypadnpata (Exfipa 9.3) @aivetat 6t ot urobeoelg

AUTEG 1KAvoItolouvidal oe peydldo Badpo.

> fitted.values(aov.coag)

1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22
61 61 61 61 66 66 66 66 66 66 68 68 68 68 68 68 61 61 61 61 61 61
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23 24

61 61
par (mfrow=c(3.1))
hist(resid(aov.coag))
qgnorm(resid(aov.coag))

>

>

>

> gqline(resid(aov.coag))

> plot(fitted(aov.coag), resid(aov.coag))
>

abline (h=0)
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Sample Quantiles Frequency

resid(aov.coag)
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Histogram of resid(aov.coag)
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fitted(aov.coag)

Zxnpa 9.3: Avaduor unoloinov.
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9.2 IToAAamA£g ZUYKPLOELG

Ao v mponyoupevn avaluorn ermonpdvOnke n 81apopd PEtadly twv Erredmv
tou mapdyovia Siatta. XZuvenwog, eival evilapEépov va avayvoplotouv autég ot
6lapopég. H rupla 1pébodog moAAandmv ouyKkpioemv 1ou Yprowpornoteitat otnv R
etvat ) pébodog Tukey, n oroia epappodetat pe v eviodr) TukeyHSD. H evioArn
autn) urnodoyidet ta 95% Sraotpata eprnotoouvng yia oAa ta {euyn dapopmv
avapeoa eV PEoeV POV v e1dov dlattag. Ta daoctrpata auta propouv va
MaPOUOIa0TOUV KAl YPAdIKA Yid £IOITIKY OUYKP1oT), Y€toviag oav oplopa otnv
evtodn plot 1o avuikeipevo mou rnapdyetat aro v eviodr] TukeyHSD. 'Oneg a-
vapépOnKe KAl mPonyoupéveg, rapatnpeitat ot ot diatteg A kat D oxnuatiouv
Ha katnyoplia, eve ta emineda B kat C puav dAAn katnyopia, apou to pndeév

MEPLEXETAL OTO Hlaotnpa eprotoouvng g d1adopag Toug.

> mca.coag <- TukeyHSD(aov.coag,"diet")
> mca.coag
Tukey multiple comparisons of means

95% family-wise confidence level
Fit: aov(formula = coag ~ diet, data = coag.df)

$diet

diff lwr upr p adj
B-A 5.000000e+00  0.7245544 9.275446 0.0183283
C-A  7.000000e+00 2.7245544 11.275446 0.0009577
D-A -1.421085e-14 -4.0560438 4.056044 1.0000000
C-B  2.000000e+00 -1.8240748 5.824075 0.4766005
D-B -5.000000e+00 -8.5770944 -1.422906 0.0044114
D-C -7.000000e+00 -10.5770944 -3.422906 0.0001268
> plot(mca.coag)

Fevikd, priopouv va epappootouv Katl ot urnoloireg yvooteg pébodot moAda-
mAov ouykpicenv (Dunnett, Sidak, Bonferroni kat Scheffe) ypnowonowwviag

B1BA106nkn g R multcomp.
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95% family-wise confidence level

L R B

I Bt |
T T f T T
-10 -5 0 5 10

Differences in mean levels of diet

Zxnpa 9.4: 95 % tautdypova dlaotrjpata EPINotoouvng TV 81adopnv TV PECKOV

eV ermEdwv tou napayovia pe ) pébodo Tukey.

OK. PoK1avog 133
X. Xapalaproug



OK. PoKiavog 134
X. XapaAaproug



Kepaiawo 10
Aoylotikn ITaAwvSpopnon

Yto kepalato auto da doupe v péBodo tng Aoyiotikrg rmaiivdpopnong n ornoia
XPNOWHEVUEL OTO VA avarttuioupe oxeon piag diupng avefdaptng tuxaiag peta-
BAntg Kat ouvexov n dlakptev avedapttev petabAntov. Ouotactkd n pébodog
auTr) YEVIKEUEL TA YPAPPIKA POVIEAd, €101 OOTE 1) €§apTEV PeTaBANT) va ako-

AouBel TNV eKOETIKT] OIKOYEVELD KATAVOUGV.

10.1 TIIeprypad1 v Acdopivav

'Epeuva pe epydteg g apepkavikng Bropnyaviag Bapbaxkioy Jédet va egetaoet
av KAIolog epydtng IMAcYel ard KAMold OUYKEKPIEVI aobévela Tou Iveupiovda.

Emtiong, ouykevipobnkav ot Tipég yia 11§ akoAoubeg mévie PetaBANTeg :
e @UAI (race) (1=Aeuxog, 2=AaA)0)
e @Ulo (sex) (1=dppev, 2=601Av)
e karviopa (1=karnviotrg, 2=prn KAviotng)

e Siapkela epyaoctiag (1= Atyotepo amnd 10 xpovia, 2=10-22 xpovia, 3= nepto-

00tepo arod 20 xpovia)

e OKOVI|: TI0COOTO OKOVIG OTOV £pyactako Xwpo (1=ynid, 2=pérpo 3=xapun-
A0)

Ta 6edopéva Ppilokovial oto mapdptpa autou Tou Kepaldaiou.
To mpoBAnpa yia avtd ta Sedopéva eivat 1o va egakpBrbdel katd mdéco ot

EMESNYNPATIKEG PETABANTEG eival ONPAVTIKEG OTNV EXPAVIOT] AUTHS TG aobEvelag.
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Me dMAa Adyia, 1oleg amd auvtég Tig PetaBAntég Pmopouv va XPnotionotnoouv
yla va rmpoBAEPouv Katd moco £vag epydtng mdoxel ano achévela Tou Iveupova.
Enedn n avedptnin petabAnt) eival Suadikr), S9a xpnowpononBei n Aoyioukr
naAvépopunon yia v avaiuor.

10.2 Aoywotikn ITaAwdpopnon

Avti va xpnoworoinfei éva ypappiko poviédo yla va egetaoctei n e§aptnon g
mbavotntag epdaviong g achévelag Tou veUpova ard TG eneSnynNUAatKeg pe-

TaBANTEG, XPNOTHOTIOEITAL O AOY10TIKOG PETACXHATIONOG, O 0IT010g opidetal ®g

log <1€p) = Bo + 51 X1+ Boxa + ...+ B Xy (10.1)

Yo napadetypa, p etvatl n rubavotnta évag epydatng va AcXel ano acbevela tou
rvevpova. Xto poviédo unapxouv k (oto mapddetypa 5) enenynpatkég peta-
BAntég. Ot ouviedeotég maAvdpopnong exktipiovviatl pe ) pébodo g peytotng
mbavodpavelag pe v urobeon ot n e§aptuévn petaBAntr) akodoubei i Siwvu-
HIKT) Katavopr). Ano v e§iowon (10.1), to p propei va urodoyiotel arod

exp(fo + B1X1 + o Xo + ... + BeXy)

= 10.2
b 14+exp(Bo + 51 X1+ GoXo + ... + B Xk) ( :

10.3 AvaAuvon otnv R

O1 poteg U0 otrAeg TV He60PEVOV KATAYPAPOUV T1) OUXVOTTA T®V EPYATMV HE
1] Xopig Vv acbévela yia tig aviiotoixeg tpég (Katyopieg) tov enetnynpatikov
petaBAntev. H avdAuon g Adoyilotikng nadtvdpopnong yivetat pe v evioAr) glm
e avaloyo tporto pe ) eVvioAr] 1m yia ) ypappikr) rtaAivdpopnong divoviag kat

Vv ouvdptnor ouvdeong (link function) pe to 6plopa family.

> logreg<-read.table("logisticl.txt",header=T)

> attach(logreg)

> outl<-glm( cbind(Yes, No) dust+race+sex+smoking+Empleng,
+ family=binomial)

> outl

Call: glm(formula = cbind(Yes, No) ~ dust + race + sex + smoking

+Empleng, family = binomial)
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Coefficients:
(Intercept) dust
-0.4852 -1.3751

Degrees of Freedom: 64 Total (i.e. Null);

Null Deviance: 322.5

Residual Deviance: 69.51

race
0.2463

AIC:

-0.

sex
2590

188.2

smoking
-0.6292

59 Residual

Empleng

0.3856

To artotédeopa Sivel TIG EKTIPNOELS TOV CUVIEAECTOV TRV IAPAPETP®V, TV ATIOKAL-

on (deviance) tou nndevikou PoOVIEAOU KAl TV Unodoinev padi pe toug Badpoug

eAeubepiag toug addda kat v Tpr) tou kptupiou AIC. o Aerttopepr) avaiuon

TOV OUVIEAEOTOV TV MAPAPETPROV OIVETAL PE TNV EVIOAI] SUmmary, €ve 1) €VIOAn

anova Iapouoctddel Tov Imivaka avaiuong tng arnokAong.

> summary (outl)

Call:

glm(formula = cbind(Yes, No) ~ dust + race + sex + smoking +

Empleng, family = binomial)

Deviance Residuals:
Min 1Q Median
-3.4126 -0.7573 -0.2421

Coefficients:

Estimate Std. Error

(Intercept) -0.4852
dust -1.3751
race 0.2463
sex -0.2590
smoking -0.6292
Empleng 0.3856

o O O O O O

Signif. codes: 0 ’*%%x’ 0.001 ’x%x’

3Q Max

0.3688 1.9804
z value Pr(>|zl)
.6060 -0.801 0.423312
.1155 -11.901 < 2e-16
.2061 1.195 0.232026
.2116  -1.224 0.220949
.1931 -3.259 0.001119
.1069 3.607 0.000310

0.01 ’*> 0.05

*k %k

k%

*okx

J

.2 0.1

(Dispersion parameter for binomial family taken to be 1)

OK. ®oxiavog
X. XapaAaproug

137

J

1



Null deviance: 322.527 on 64 degrees of freedom
Residual deviance: 69.509 on 59 degrees of freedom
AIC: 188.19
Number of Fisher Scoring iterations: 5
> anova(outl)

Analysis of Deviance Table
Model: binomial, link: logit

Response: cbind(Yes, No)

Terms added sequentially (first to last)

Df Deviance Resid. Df Resid. Dev

NULL 64 322.53
dust 1 221.96 63 100.56
race 1 1.05 62 99.51
sex 1 5.97 61 93.54
smoking 1 10.73 60 82.82
Empleng 1 13.31 59 69.51

Armd 1a o nave ouprepaivetatl ot ot petaBAntég dust, smoking kat Empleng
€ivat ot Imo oNPaviikeg yla v npoBAewn acbevelag Tou rveupiovad, v @aivetat
Ot o1 dAdeg &U0 petaBAntég Hev elval TO00 ONPAVIIKEG. XTO CUMIEPACHA AUTO
KataAnyoupe ano to p-value toug yia tov ¢ éAeyxo, aAAd KAt anod v cUvelopopa
g KABe petaBAntng otnv andkAilon otav auvty rpootebel oto poviédo, n oroia
apouotadetal oto mivaka avdaluong g arnokAlong. LUVEN®G, epappodetal éva
VEO POVTEAO AOY10TIKIG TIAAVEPOUNONG HE TIS TPEIS ONPAVIIKEG PETABANTEG KAt TO

OUYKPIVETAL PIE TO TTIPONYOUHEVO.

> out2<-glm( cbind(Yes, No) dust+smoking+Empleng, family=binomial)
> anova(out2,outl)

Analysis of Deviance Table

Model 1: cbind(Yes, No) ~ dust + smoking + Empleng

Model 2: cbind(Yes, No) ~ dust + race + sex + smoking + Empleng
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Resid. Df Resid. Dev Df Deviance
1 61 72.562
2 59 69.509 2 3.053
> 1-pchisq(3.053,2)
[1] 0.2172949

O €Aeyx0g OUYKPLONG POVIEAou €xel yia pndevikn unobeon Hy Ott 10 VEO POVIE-
Ao epappdlet kaAutepa ta Sedopéva. O €Aeyxog eivat X2 kat agou 1o p-value
(1-pchisq(3.053,2)) eivat peyadutepo and 0.05, dev aroppirtetatl n pndevikr)
unoBeorn. ITolo kAt® mapouotadetatl  avaAuorn yid TOU OUVIEAEOTEG TOU PIKPOTE-

pOU POVTEAOU.
> summary (out2)

Call:

glm(formula = cbind(Yes, No) ~ dust + smoking + Empleng, family = binomial)

Deviance Residuals:
Min 1Q Median 3Q Max
-3.3421 -0.7700 -0.2518 0.4001 2.0523

Coefficients:

Estimate Std. Error z value Pr(>|zl)

(Intercept) -0.14177 0.34120 -0.415 0.677783

dust -1.46572 0.10578 -13.856 < 2e-16 ***
smoking -0.67781 0.18871 -3.592 0.000328 **x*
Empleng 0.33313 0.08861 3.760 0.000170 *x*x*

Signif. codes: O ’**x’ 0.001 ’xx’ 0.01 ’x’ 0.056 .7 0.1’ ’ 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 322.527 on 64 degrees of freedom
Residual deviance: 72.562 on 61 degrees of freedom
AIC: 187.24

Number of Fisher Scoring iteratioms: 5

OK. PoK1avog 139
X. Xapalaproug



Be®POVIAG TIS TIHEG TOV OUVIEAEOTOV AIO ITIO ITAVE, TO POVIEAO AOYIOTIKNAG

naAvépopnong mou epappodet kadvutepa ta Sedopéva Sivetatl ano

log <ﬂ> = —0.1418 —1.4657 x dust — 0.6778 x smoking + 0.3331 x Empleng
-p

Kat eivat Suvatdov va UmoAoylotel 1 EKTIPOMPEVT TIPn g rmbavotntag KAmolog
£pPYATNG va MAoYel arno acHévela Tou mmvevpova yia Kabe ouvduaopod tpov amno
TG TPelS emednynpatkeg petaBAntés. Ta mapddetypa, av évag epydtng Souleuet
0€ EPYAOLIAKO X®WPO He YNAO 1ooootd okovng (dust=1), karvidel (smoking=1) xat
Soulevet yua rieploodtepo and 20 xpovia (Empleng=3), n efiowon divel 1o aroté-
Aeopa log (p/(1 — p)) = —1.286, xat ouvenog p = 0.2165.

Y1) ouvéxeta unodoyiovrat §uo £i6n unoloinwv g Aoylotikng raAvdpoun-
ong, Ta UToAoua AaroKAlong Kat ta unddouta Pearson, kat kataokeuadetat to
ypaoenua toug (Exnpata 10.1 kat 10.2). H pebodoroyia g avdAuong uroloinev
eivat mapopola pe exkeivng g moAAaning ypappikng rnadwdpounong. Kat ta
6uo ypagpnpata deiyxvouv ot n 501 napatrpnon eivat Atyo nmpoBAnpatkn. H ap-
VITIKI] TIPE TOU UTIOAOIITOU UroSe1kvUEL OTL ] EKTIIOPEVE T €ivatl peyaAutepn
ard v iapatnpovpevn tpy. Egetdloviag ta edopéva, mapatnpeitatl ot n 50n
ApAT)PNON AvAPEPETAL OTOUG EPYATES HE PETPIO TTOCOOTO OKOVIG OTOV £pyaota-
KO t0Ug Xwpo (dust=2), karvidouv (smoking=1) kat gpyddovial yia meplocotepa
artod 20 xpdévia (Empleng=3) kat dpa p = 0.059. H exupopevn rubavotnta eivat
1/142 = 0.007.

residuals(out2, type="d")

residuals(out2, type="pear")
plot(residuals(out2, type="d"), xlab="Index",
ylab="Deviance Residuals")

abline (h=0)

plot(residuals(out2, type="pear"), xlab="Index",
ylab="Pearson Residuals")

abline (h=0)

v 4+ V VvV 4+ V V V

10.4 Movtédo Probit
‘Opola avdAuon propet va yivel Xpnotpornoioviag 1o poviéAo probit
p=2Bo+ i X1+ ...+ B XK),
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Zxnpa 10.1: Yriddouta anoxkAong.

orou P n ouvaptnon rukvoTnTag mOavotnag g TUIIKAG KAVOVIKAG KATAVOUT|G.

> out3<-glm( cbind(Yes, No) dust+smoking+Empleng,
+ family=binomial (link=probit))
> out3

Call: glm(formula = cbind(Yes, No) ~ dust + smoking
+ Empleng, family = binomial(link = probit))

Coefficients:
(Intercept) dust smoking Empleng
-0.4044 -0.6268 -0.2840 0.1406

Degrees of Freedom: 64 Total (i.e. Null); 61 Residual
Null Deviance: 322.5
Residual Deviance: 84.59 AIC: 199.3

> summary (out3)

Call: glm(formula = cbind(Yes, No) ~ dust + smoking + Empleng,
family = binomial(link = probit))
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Zxnpa 10.2: Yriddowuta Pearson.

Deviance Residuals:
Min 1Q Median 3Q Max
-3.5085 -0.7912 -0.2626 0.2894 2.5515

Coefficients:
Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.40438 0.15877 -2.547 0.010867 *

dust -0.62685 0.04632 -13.532 < 2e-16 *x*x
smoking -0.28397 0.08214 -3.457 0.000546 ***
Empleng 0.14065 0.04056 3.468 0.0005625 *x*x*

Signif. codes: O ’x*%x’ 0.001 ’*%’ 0.01 ’%’ 0.056 ’.” 0.1’ ’ 1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 322.527 on 64 degrees of freedom
Residual deviance: 84.587 on 61 degrees of freedom

AIC: 199.26

Number of Fisher Scoring iterations: 5
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Aedopéva Kegpaldaiou 10

Yes No dust race sex smoking Empleng

1 37
2 74
3 2 258
4 25 139
5 0 88
6 3 242
7 0 b5
8 1 93
9 3 180
10 2 22
11 2 145
12 3 260
13 0 16
14 0 35
15 0 134
16 6 75
17 1 47
18 1 122
19 0 4
20 1 54
21 2 169
22 1 24
23 3 142
24 4 301
25 8 21
26 1 50
27 1187
28 8 30
29 0 b
30 0 33
31 0 O
32 1 33
33 2 94
34 0 O
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35
36
37

16
58

38
39
40

41

42

43

30
90

44
45

46

47

48

1
2

3
1

7

49 31

1 141

12 495
10 31

50
51

52

53
54
55
56
57
58
59
60
61

45

91
3 176

3

a7

39
3 182

62
63
64
65

3

15

23

66
67

2
3

3 187
2 340

68
69
70

71
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Kepaiawo 11

Texvikeg AvadetypatoAnyiag

O otatotkdg oAU ouyva evdlapépetatl va UroAoyioet pia ekuprpla padi pe to
TUITIKO NG 0PAApa Pe OKOITO va KATAOKEUAoel dlaotijpiata epIriotoouvng yia v
TMPAYHATIK) TIUT) THG TAPAPETPOU. QOTO00, APKETEG POPES eivat SUokoAo va BpeBet
pla akpBhg ékdppaon yla 1 Stakupavor S1apopev eKTIPINTPLOV, KAl OUVENRG,
etvat advvato va urnoloyiotel 10 TUTUKO Toug opdApa. Baoikég pébodot mou ot
OTATIOTIKOL £€X0UV XPI OO0 0E £1val Ol IIPOCEYYIOELS 1] Ol PETACXATIOHNO1L Yia
va METUX0UV Kavovikotnta. AUto, Op®G, UIT0Pel va elval arayopeutiko yia éva
peyddo aptdpo npoBAnpatev.

Inpepa, 1 UMOAOYIOTIKI duvapn odrynoe otg teXvikeg avadetypatoAnyiag,
onwg eitvat o1 pébodot jackknife kat bootstrap. Zromog autou tou Kepadaiou eivat
va MapOUCIACEl TOV TPOTTO TTOU PITOPOUV vd £PapllooTouV autég ot duo pebodot
omv R, eite exvoviag amd t1g Baocikég €vvoleg, £ite XPNOIROTOIOVIAS £TOTHIES

OUVAPTIHOELS TIOU Undpxouv otlg BiBA100nKeg ng.

11.1 MéOodog Jackknife

H p€00dog jackknife armoteAeitat amno duo Pripata. [Mpota, napayovtat ta jackkni-
fe deiypata agapeoviag v x; Tipn and 1o apxiko deiypa. ‘Enetta, uvnoAoyiletat
1 TPog €§€taon eKTPNTPA yia KaOe éva arod ta Seiypata jackknife, 5nAadn n

Qi(acl,...,xi,h...,xn).

It ouvéxela opidetat n weudotpn

0 =nh — (n—1)6;,

7
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étou 6 N EKTPNTPA Ao 10 apXko detypa. Tédog, n jackknife extpntpla etvai

ion pe

€ TUTUKO opAApa

n

. 1
Ujack(e) = {n(n—l)

=1

1/2
(e - é*(.))Q] ,
orou .
~ 1 S

To mpooeyylotiko 95% Sidotnpa epIotoouvng yla Vv IIpog EKTIPN 0T ITAPAPETPO
Sivetat aro

J(0) £ to.975.0-1 * Fjack(0)

Oa edetaotel TOPA MRS PITOPEL va ITPOYPAPHATIOTOUV Td o Iave otV R ya va

yivelr ) extipnon tou ouviedeoty petaBAnomrag CV = /Var(z)/Z pali pe 1o
Slaotnpa eprmotoouvng ToU yia éva detypa pe 25 nmapatnpnoeig :

8.26 6.33 10.4 5.27 5.35 5.61 6.12 6.19
5.2 7.01 8.74 T7.78 7.02 6 6.5 5.8
5.12 7.41 6.52 6.21 12.28 5.6 5.38 6.6
8.74

Apxika, glodyoviat ta dedopéva otnv R ot popen dtavuopatog Kat PeTd opi-

{etat nj ouvdptnon yla tov UToAOY10H0 ToU ouvieAeotr) petaBAntotntag

> x <-c(8.26, 6.33, 10.4, 5.27, 5.35, 5.61, 6.12, 6.19, 5.2,
+ 7.01, 8.74, 7.78, 7.02, 6, 6.5, 5.8, 5.12, 7.41, 6.52, 6.21,
+ 12.28, 5.6, 5.38, 6.6, 8.74)

> CV<-function(x) {sqrt(var(x))/mean(x)}

> CV(x)

[1] 0.2524712

T oUVEXELd, TTPOXWPOUHE e Tov Kodika urodoylopou g jackknife exktprjtpla

padl pe 1o turmko g opaipa.

> jack <- numeric(length(x)-1)
> pseudo <- numeric(length(x))
> for (i in 1:length(x))
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+{

+ jack<-x[-i]

+ pseudo [i]<-length(x)*CV(x)-(length(x)-1)*CV(jack)
+

> jack.estim<-mean(pseudo)

> jack.estim

[1] 0.2617376

> jack.se<-sqrt(var(pseudo)/length(x))

> jack.se

[1] 0.05389943

H nipotn evtoAr) kaBopidet otnv R ott Sa dnpoupynOouv ta Setypata jackknife,
jack, ta omoia mepiexouv n — 1 mapawnproelg. To devtepo Sidvuopa pseudo
etvat auto rou da nepiéxetl g n peudotpég. Me v evioAr) for Snuoupyeitatl o
Bpoyxos pe tov oroio Ya kataokeuaotouv ot weudotpég. Ta kdbe ¢ Snpioupyeitat
1o jackknife Setypa apaipoviag tmyv x; mapatpnorn ano o apyiko detypia, Kat oty
ouveéyxela unodoyidetat n ¢ weudoupury. Me v eviodr) mean (pseudo) urodoyidetat
1 jackknife extipnpla pe turuko opdApa o jack. se.

To dve @paypa tou mpooeyylotikou 95% dlaotrjpatog eprmotoouvng yia 1o

ouvtedeotr) petaBAntotntag vnodoyidetat otnv R ano

> jack.estim+qt(0.975,length(x)-1)*jack.se
[1] 0.3729806

£VR T0 KAT® @PAypa aro

> jack.estim-qt(0.975,length(x)-1)*jack.se
[1] 0.1504947

H popor) tev yweudotpov amno v pébodo jackknife gpaivetatr amo to otoypappa

oto xrfpa 11.1.
>hist (pseudo)

Qg pa rapouvotidotnke n péBodog jackknife Texvoviag anod g Baocikég g
évvoleg. To emopevo mapddetypa rapouotddel eg Propet va edpappootet n pebo-
60g xpnowonowwviag Vv eviodr] jackknife, n oroia Bpioketal ot PiBA0OHKN
bootstrap mg R, yia tov urtoAoyiopo evog d1aotrpatog epriotoouvng yia T pe-

V10T TPn ano €851 pég ard v opoldpopdn KATavour).
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Zxnpa 11.1: Iotdéypappa weudoupwv jackknife.

> library(bootstrap)

> x1<-runif (6)

> x1

[1] 0.3180501 0.6395107 0.2261756 0.2970479 0.4609984 0.8353474
> jackl<-jackknife(x1,max)

> jackl

$jack.se

[1] 0.1631973

$jack.bias
[1] -0.1631973

$jack.values
[1] 0.8353474 0.8353474 0.8353474 0.8353474 0.8353474 0.6395107

$call

jackknife(x = x1, theta = max)

> estim. jack<-mean(jackl$jack.values)

> estim. jack
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[1] 0.802708

> bias<-jackl$jack.bias

> quantile(jackl$jack.values,c(0.025,0.05,0.95,0.975))
2.5% 5% 95% 97.5%

0.6639903 0.6884699 0.8353474 0.8353474

> estim. jack+qt(0.975,length(x)-1)*jacki$jack.se

[1] 1.139531

> estim. jack-qt(0.975,length(x)-1)*jacki$jack.se

[1] 0.4658853

Ot yeudotpég naipvovrat pe v eviodr] jacki$jack.values kat yua va u-
moloytotel 1 jackknife exktuprjtplia maipvoupe tn péon toug tpn. To turmiko
opdApa g eKTPLTPlag maipvetatl pe v eviodn) jackl$jack.se eve 1 eviodr)
jackl$jack.bias &ivel v pepoAnyia g ekupnplag. Me v eviodr quantile
AapBavovtatl ta gurelplkd mocootnuopla TV Peudotipov KAl Pe TG tedeutaieg

6uo evtoAég urtodoyiletat To rpooeyylotko 95% Sidotpa eprotoouvng.

11.2 M£600od6og Bootstrap

H 1ébodog bootstrap Baociletat ot dnuoupyia B véev Setypdatev pe 1610 péye-
90g pe 10 apxko detypa. Ta Seiypata autda Snpoupyouviat pe SetypatoAnyia
e enavaBeon aro 1o apyko detypa. H exkupnipla g napapérpou mou pag
evblagpépet urodoyiletat yua to kébe éva amno ta B belypata bootstrap kat apa-
youv tnv Katavopr] bootstrap g extpriplag. Baowkn mpotnobeon eivat ot ot
apaAtnPHoelg TOU apykou delypatog aretkovi¢ouv 6Aov tov mAnduopo.

Zmv R propouv va xpnoporoin8ouv 51adopeg EVIOAES Yid TOV UITOAOYIOHO0 TRV
bootstrap ekupnpOV 6rOg Kat 1o diaoctnpa ePIriotoovvng yia ) rapapetpo. O
EMOEVOG KMOIKAG ITAPOUCLACEL TOV TPOTIO EKTIPNONG TOU OUVvieAeotr] PetaBAnto-
Tag KAl TV KATAOKEUN TOU 81a0Thiatog eprmotoouvng pe t pébodo bootstrap

XpPNolpornoviag ta mponyovpeva dedopéva.

> bootl <-numeric(1000)

> for (i in 1:1000)

+ {

+ boot1[i] <- CV(sample(x,replace=T))
+ 3}

> boot.estim<-mean(bootl)
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> boot.se<-sqrt (var(bootl))
> hist(bootl)
> quantile(boot1,0.975)
97.5%

0.315552
> quantile(bootl,0.025)

2.5%
0.1485921
> bias <- mean(bootl) - CV(x)
> CV(x) - bias
[1] 0.2646007
> CV(x) - bias - 1.96%boot.se
[1] 0.1772671
> CV(x) - bias + 1.96%boot.se
[1] 0.3519343

H npot eviodny kabopiel otnv R 1o diavuopa oto oroio Sa @ulayxbouv ot
EKTIPNTPLEG Y1a TO oUvieAdeotn] petaBAntotntag yia kabe bootstrap detypa. H 6n-
poupyia kaBe bootstrap Seiypatog yiverat pe tnv evioAr) sample (x,replace=T).
Me 10 Bpoyxo for unodoyiletal n eKUPLTPLA TOU OUVIEAEOTr] PETaBANTOTTAg yia
1000 bootstrap 6etypata. H bootstrap exktupnipia divetar maipvoviag t) péon
TP 0A@V TV EKUPNTPIOV anod ta bootstrap deiypata, mean(bootl), eve to tu-
mKoO g opdApa urodoyidetar ard sqrt(var(bootl)). Xt ouvéxela Siverat
1 EVIOAI Y10 KATAOKEUI TOU 10TOYPAPHATOS TV EKTIUNTPIOV Ao ta bootstrap
belypata yla va napatnpnBet n katavoyr) toug, n oroia de @aiverat va drapé-
PEL TTOAU and Vv Kavoviky (BAére Xxnpa 11.2). Emiong, divoviat ta 2.5% xkat
97.5% epnmnelpikd moocootnpopld toug, ta oroia opidouv kat 1o epnelptko 95%
dtaotnpa epruotoouvng. Tédog, umodoyidetat n pepoAnyia Tou ouviedeotr) Peta-
BAntottag tou apykou Setypiatog rpv v epappoyn g pebodou bootstrap ya
va Kataokeuaotetl ot ouvéxela 1o 95% MpooeyyloTKo dlaotnpia eRIotoouvng,

UNoBETOVIag KAvoviKOTTd.

ITio ka4t Sa napouctactouv duo napadeiypata g pebddou bootstrap xpn-
oworowvtag 1 PiBAodnkn boot g R. To mpwto rapddetypa avadépetat otnv
EKTIANOT) TOU OUVIEAEOTY] CUCYKETIONG, £V TO SEVTEPO OV EKTIPNON TOV OUVIEAE-

OtV MaAvépounong.
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Zxnpa 11.2: Iotdéypappa eKupnpiov ano ta bootstrap detypata.

11.3 Extipnon Zuvieldeotn) ZuoxETIONG

'Eote 10 tapdadstypa aro toug Efron kat Tibshirani (1993) oto ortoio 82 oxoAég
VOUIKAG OUPPETElXaV Og Pia PeAET) Yia TV IIPAKTIKY £1080X1G TV @ottntov. [a
KAOe pa ano autég tg oX0Aég, 15 oxoAeia srmdéynkav tuxaia xat e§eTtaotnKe
1 OUOYXETION PETady TV arotedeopdtov g e&étaong LSAT kat tou péoou 0pou
(GPA) Bdon g tééng tou 1973. H bootstrap avaluor otnv R €ytve pe v evioAr)

boot, n onoia Bpioketat otnv opovuprn PiBA10ONKn, OMKG Mo KAT®

library("boot")
school<-1:15
lsat<-c(576,635,558,578,666,580,555,661,651,605,653,575,545,572,594)
gpa<-c(3.39,3.30,2.81,3.03,3.44,3.07,3.00,3.43,3.36,3.13,3.12,2.74,
2.76,2.88,2.96)

law.data <- data.frame(School=school, LSAT=lsat, GPA=gpa)
correl<-function(data,indices)

{

data<-law.data[indices,]

cor(datal,2],datal,3])

}

boot.objl <- boot(law.data, correl, 1000)

v + + + 4+ VvV V 4+ V V V V
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> boot.objl

ORDINARY NONPARAMETRIC BOOTSTRAP

Call:
boot(data = law.data, statistic = correl, R = 1000)

Bootstrap Statistics :
original bias std. error
tlx 0.7763745 -0.005066455  0.1371331
> boot.ci(boot.objl,type=c("norm","perc","bca"),conf=c(0.90,0.95))
BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS
Based on 1000 bootstrap replicates

CALL :
boot.ci(boot.out = boot.objl, conf = c(0.9, 0.95), type = c("norm",

"perc" s llbcall) )

Intervals :

Level Normal Percentile BCa

90% ( 0.5559, 1.0070 ) ( 0.5071, 0.9510 ) ( 0.3852, 0.9265 )
95% ( 0.5127, 1.0502 ) ( 0.4245, 0.9644 ) ( 0.2788, 0.9407 )
Calculations and Intervals on Original Scale

Some BCa intervals may be unstable

> plot(boot.objl)

TV apxr KAataokKeudadetatl 1 OTatiotiKy ouvaptnon (ouviedeotig ouoyEtiong) pe
TET010 TPOTTO €101 WOTE VA UIOopPel va ¥pnotpornownOel oty evioAr] boot. H ma-
pdapetpog data g ouvaptnong kabopilel 1o miaiolo dedopévav (Setypa), eve n
napdapetpog indices Sa erurpéypet oty eviodr] boot va 61adéget 1o detypa boo-
tstrap amo 1o apxko Setypa pe derypatoAnyia pe emavabeorn. H evioAr) boot
6npoupyetl 1000 ouviedeotég ouoxetong yia ta 6edopéva law. data. Ta aroteAé-
opata g evioAng boot &ivouv v apXiKn EKTPHTPIA YA TOV OUVIEAEDT) OUOYXE-
Tong (mpw v epappoyn g pedbodou) padl pe vy pepoAnyia Kat 1o UKo g

opdadpa. Znpewwveratl ed® ot i bootstrap ektuunpla unodoyidetat apalpwviag
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) pepoAnyia amod mv apXikr ekupntpa. H evioAr) boot.ci divel ta Swaotrpa-
10 EPITOTOOUVNG Y1d TO OUVIEAEOTH] OUOXETIONG. XTO Mapddeiypa ermdéynkav ta

axkdédouba dlactpata gpotoovvng pe emnireda eprmotoouvng 90% kat 95%:

1. 10 MPOOEYY1OTIKO Sldaotnpa eprotoouvng pe v Kavoviky (Normal),

2. TO gPmelPIKO Hl1aoTtPa EPIOTOOUVNG XP1O10II0IOVTIAS [T0COOTHOPLA

(Percentile),

3. 10 SldotNpa EPITOTOOUVING XP1OTHOTIOIWVIAS Td MTPOCAPIOCHEVA TTO0O0TH -

poépla AapBdavoviag uroynyv ) 810pOwon g pepoAnyiag (BCa).

[Mapatnpovtag 1o wotdypappa kat 1o Q@Q-ypaenpa (Exnpa 11.3), ta ornoia kata-
okeuadovtal pe v evioArn plot kat opiopa 1o aviikeipevo boot, gatverat ot ot
bootstrap extipritpleg 6ev akoAouboUv TV KAVOVIKI] KATAVOUL. ZUVEN®G, £ivat
KAAUTEPO va Xprnotpornonfouv 1a eurneptkd Saotpata EPInotoouvng, napd o

TIPOCEYYIOTIKO He T Bor)feia TG KAVOVIKIG.
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Zxnpa 11.3: Iotdypappa xkat QQ ypdonpa tewv 1000 ekupntpiov bootstrap yia

TOV OUVIEAEOTI] OUOYXETIONG.

11.4 ZvuvteAeotég ITaAwvdpopnong

To axkoAouBo mapddetypia poBAaAdetl Tov TPOIO EKTIINONG TOV OUVIEAECT®V IIA-

Awdpounong pe v pebodo bootstrap xpnowpornowwviag ta dedopéva and v
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TIPONYOUHEVT] EVOTNTA.

> regcoef<-function(data,indices)

+ {

+ data<-law.datalindices,]

+ mod<-1m(LSAT~GPA,data)

+ coef (mod)

+ 3}

> boot.obj2 <- boot(law.data,regcoef,1000)
> boot.obj2

ORDINARY NONPARAMETRIC BOOTSTRAP

Call:
boot(data = law.data, statistic = regcoef, R = 1000)

Bootstrap Statistics :
original bias std. error
tlx 187.8996 -0.5759099 88.19863
t2% 133.2509 0.2066162 29.52671
> boot.ci(boot.obj2,index=1,type=c("norm","perc","bca"),
+ conf=c(0.90,0.95))
BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS
Based on 1000 bootstrap replicates

CALL :
boot.ci(boot.out = boot.obj2, conf = c(0.9, 0.95), type = c("norm",

"perc", "bca"), index = 1)

Intervals :

Level Normal Percentile BCa
90% ( 43.4, 333.5 ) ( 58.3, 343.6 ) (74.8, 387.7 )
95% ( 16.6, 361.3 ) ( 43.8, 376.4 ) ( 62.3, 441.7 )
Calculations and Intervals on Original Scale

Some BCa intervals may be unstable
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> boot.ci(boot.obj2,index=2,type=c("norm", "perc","bca"),
+ conf=c(0.90,0.95))

BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

Based on 1000 bootstrap replicates

CALL :

boot.ci(boot.out = boot.obj2, conf = c(0.9, 0.95), type = c("norm",
"perc", "bca"), index = 2)

Intervals :

Level Normal Percentile BCa

90% ( 84.5, 181.6 ) (81.0, 176.0 ) ( 63.5, 170.3 )
95% ( 75.2, 190.9 ) (69.3, 180.9 ) ( 45.0, 173.8 )
Calculations and Intervals on Original Scale

Some BCa intervals may be unstable

> plot(boot.obj2,index=1)

> plot(boot.obj2,index=2)

Ta o nidve arotedéopata deixvouv ot 1) bootstrap extnpieg yla to otabepod
0po Kat mVv KAion va etvat ioeg pe 133.3 kat 187.9, avtiotoia. LUYKEKPIIEVA, 1)
KAlon elvat 9etikr) 6TeG avapevotav amnod ta ponyovupeva arotedéopata (yiatt;).
INa ta Staotfjpata epriotoovvng yia tov kabéva ouviedeotr| rtadvdpopnong, tibe-
tat otnv evtoAr] boot. ci to dplopa index va eivat oo pe 1 kat 2, avtiotorya. To
1610 6ptlopa Sivetral Kat yla v KATaoKeUT) TV ypapnpdtev tmg pebddou (Exnpata
11.4 xat 11.5).
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Zxnpa 11.4: Iotdypappa kat QQ ypaoenpa twv 1000 skupntpiov bootstrap ya

tov otabepod 6po.
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Zxnpa 11.5: Iotdypappa kat QQ ypaoenpa twv 1000 skupntpiov bootstrap ya
Vv KAion).
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Kepaiawo 12

Aoxknocsig Mépoug I

1. Otakoddoubeg 10 napatnpnoeig divouv v kAAuyrn amno xiovia oty Eupacia

Katd 1o prva OxtoBpilo yia ta xpovia 1970-79. (Kaduyn aro yovia oe

EKATOPPUPIA TETPAYOVIKA X1A01ETPA):

(B)

)

®)

year snow.cover

1970 6.5

1971 12.0
1972 14.9
1973 10.0
1974 10.7
1975 7.9

1976 21.9
1977 12.5
1978 14.5
1979 9.2

Etwodyete ta 6ebopéva oty R.

Kataokeudote 10 ypapnpia tng PeTaBAntng snow. Cover OUVAPTOEL TG

petaBAntrg year.

Xpnowporoteiote tv evioAr; hist () yia va KataoKEUACETE TO 10TOYypapl-

pa yia ) petaBAnt snow. cover.

EnavaAdBete ta o ndve apou 1rdpete 1o AoyaplOpiko petacynpatt-

Oopo yila v petaBAnt) snow cover.
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2. Twa kd&Oe éva arod 1oug akoAouboug KWS1Keg va MPOoBALWPETE TO arotéAeopa.

I OUVEXELD VA KAVETE TOUG UTTOAOY10H0UG :

(a) answer <- 0

for (j in 3:5){ answer <- j+answer }

() answer<- 10

for (j in 3:5){ answer <- j+answer }

(y) answer <- 10

for (j in 3:5){ answer <- j*answer }

3. Xpnoworotjote v evioAr] prod () yia va kdavete 1o 2y o nave. Ilog a-

vapévete va oudéyet n eviodn); Aokipaote to! (Ta BonBeia ypdyte Tprod).

4. TIpooBéote 6Aoug toug apibpoug aro 1o 1 péxpt kat to 100 pe 2 1pomnoug,
Xpnotporotoviag rnpata to for kat petd to sum. Topa epappoote TV EVIOAT)

otnv akodouBia 1:100. ITowa ta arotedéopata;

5. IoAAarmAaoidote 6Aoug toug aptBpoug anod 1o 1 péxpt kat to 50 pe 2 tpo-

Toug, XPnotpornolmviag rpota o for kat to petd prod.

. , , , , 4 3
6. O oykog ogaipag pe axtiva r divetat ano 7.

3,4, 5, ..., 20, va Bpeite Tov aviiotolxo OYKO KAl KATAOKEUAOTE ITAAio10

Ta opaipeg pe axktiva

6edopévav pe omdeg axtiva (radius) kat dykog (volume).

7. Xpnotporoteiote v eviodr] sapply () yia va epappooete v eviodr is. factor
oe kKAOe oAn tou miatoiou dedopévev tinting mou propeite va Bpeite
oto rakéto DAAG. Ta tig otfjAeg o1 010ieg avayvepiotnKav @G apdyovieg,
nipooblopiote ta eminteda. [Moleg otrAeg eivatl Siataktikoi mapdyovieg; (Xpn-

owporoteiote is.ordered()).

8. Kataokeudote 1 ypadiky napdotacn tou Bdpoug eykepalou (brain) ou-
vaptroet tou Pdapoug oopatog (body) yia to rmAaioto Sedopévav Animals aro
) BBA0Orkn MASS. Ovopdote toug agoveg avddoya. Ovopdote eriong to

onpeio ya 1o {®o pe 10 PeyaAutepo ooPatiko BAapog.

9. EnavaldaBete 1o ypdpnpa 8, adda autr) ) gopd tng petaBAng log (brain)

ouvaptioet g petaBAntg log(body) kat ovopdote toug agoveg avaioya

10. EnavaddBete ta ypagpnuata 8 kat 9, addd auty) ) @opd torobeteiote ta

ypagrnpata oe pa ogdida, to éva dirmda amo to dAdo.

OK. PoK1avog 160
X. XapaAaproug



11.

12.

13.

14.

15.

16.

EAéy&te v katavour] tou prjroug kedadr|g (hdlngth) amod to rmiaioto dedo-
Pévav possum rou propeite va Bpeite oto nmaxéro DAAG. Kataokeudote Kat

OUYKpivetal ta akoAouba ypapnpata:

(@) otdypappa,
() Sevdpodiaypapnpa (stem and leaf),
(Y) QQ-ypdonua xat

(8) ypaodnna rukvotntag rmbavotntag.
ITowa ta mAsoveKtrjpata Kat rmotd td PEIOVEKTPATA ToU KABe ypadprpuatog.

Aokipdaote x <- rnorm(10). Tunmote toug apiBpoug mou maipvete. Acsite
) PonBeta yia v eviodn) rnorm. Na napdyete éva Setypa peyéboug 10 ano

TV KAVOVIKI)] Katavour) pe péon tpr 170 kat turukn anoxkAon 4.

Xpnotporoteiote v eviodr mfrow () yia va Snuioupyrjoete pia 3 e 4 81a-
Tadn ypaenpdtev. Ty mpotn Yeapn va rmapouotdaceste ta QQ-ypaprpata
1e00apeV Tuxaiov detypdatov peyéboug 10 amod v TUITIKI KAVOVIKE. X1
beutepn Kat Tpitn ypappn va Kavete to 1610 yla tuyata detypata amo myv
Kavovikr] katavopr peyéboug 100 kat 1000, avtiotoixa. LX0AAOTE TG aA-

Aayég oto ypagnpa 6co aiddadet to péyebog tou detypatog.

H evtodrj runif () propet va xpnowporonBei yia ) dnuovpyia Selypatog
aro Vv OPoIOPoPd KATAVOUr), €5 0plopoy yia 1o dtactpa ard 1o 0 ®g
1o 1. Aokipdote x<-runif (10), Kal TUMIOOTE TO ATIOTEAEOPA. XTI OUVE-
Xeta ertavaddBete v doknon 13 naipvoviag deiypata amno v opotdopopdn

katavopr). Tt oxfjpa €xouv ta onueia;

AOKIAOTE TNV TIPONyoupevVn doknon yia t X 2 katavopr) pe 1 Badpo eheu-
eplag kat ) t katavopr] pe 2 Babpoug edeubepiag pe t1g eviodég rchisq ()
kat rt (), aviiotoixa. Ot Babpoi edeubepiag Sivovtal cav deutepo dplopa

OTIG EVIOAEG AUTEG.

E&stdote tnv katavopr) eV 2 mpotev otnAov tou rdaioiou dsdopévov hills

XPNOOIO1®VTag

(a) 1otoypdppata,

(B) ypaenpa rukvotntag rmbavotntag,
(v) Q@Q-ypagrpata.

EnavaAdBete ta o ndve naipvoviag tou Aoydapidpoug tov 2 otnAev.
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Mépog II

rtatiotirkég MéBodol otnv R
o |
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Ke¢padawo 13

Ewwka I'pagpnpata

13.1 Tpa¢gnpata Trellis

Ta ypaonpata Trellis Bpiokoviat ot BBA0OnNkn lattice tng R. O kUplog oko-
og toug eivatl va dnuoupyrjoouv rmoAdarndd ypagrpata ava ogdida ota oroia
napouotadetal | oxeon Petady PetaBAntov, efaptpévev pe pia 1 neploodtepeg
petaBAntég. Ta ypagpnpata rapdayoviat o éva §irAa oto dAdo, ouvhOwg yia Ka-
9e eninedo pilag xkatnyopikng petaBAnmig (mapdyoviag). Ymdapyxouv ypapnpata
Trellis yia diagopa £idn ypapikev rapactacemyv, ta oroia rnapouvotddoviat otov
IMivaka 13.1.

To 6plopa twv ocuvaptros®v Kabopidetl ) PetabAntr) 1) ) 0X€0n TV PeTtaBAn-
v rou da rmapouctactouv avd erinedo v egaptpévev napayoviov. a na-
pdadetypa, 1o 6plopa “x | A onpaivel va Kataokeuaotel 1o ypddpnua g X yia Kabe
erire6o tou rapayovia A, evo, 1o oplopa y~x | A*B onuaivel va kataokeuaotei to
ypddnpa g y CUVAPTHOEL TG X SEXMPIOTA Yia KABe ouviuaopd tev ermIEdov 1oV
napayoviov A xat B.

Tt ouvéyxela rapatibevial pepikd napadetypata. Ta Sedopéva, mtears, eivat
mappéva aro 10 dPEPIKAVIKO Tieplodiko Motor Trend mou KukAopopnoe to 1974
Kat rapouctalouy v KatavAal®on Kauoipev Kat §EKaA TEXVIKA XapaKInPloTiKAa

yia 32 poviéda autoKIVIT®V.

> library(lattice)
> attach(mtcars)
> names (mtcars)

[1] llmpgll "Cyl n Ildispll Ilhpll lldrat n Ilwt n llqsecll IIVSII |Ialnll
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Zuvaptnon Iepwypagn

barchart () PaBboypappa

bwplot () Kutioypaonpa

cloud() Tpiobiaotato iaypappa Siaoropag
contourplot() Tpapnua wwoliwev

densityplot() Tpdonpa cuvdptnong rukvotntag rmbavotntag
dotplot () Dot plot

histogram() Iotoypappa

levelplot () Fpaepnua Erurnédov

parallel() Fpdgpnua apdAAnAe®v OUVIETAYHEVOV
splom() IMivaxkag Staypappdtev diaornopdg
stripplot () Strip plot

xyplot () Aldypappa daoropag

wireframe () Tpodidotateg ermpaveieg

qgmath () QQ-ypaenua

[Mivakag 13.1: Eidn ypaonpatev Trellis

[11] "carb"
'Oneg avapépdnke 1o nave, ta ypaenpata Trellis kataokeualoviat oe oxéon
e KATtNYopilkeg petaBAntég kat yu autd oty apxr) kabopilovrat ot petabAntég

gear (ap1Opog taxuttev) Kat gear (aptOpog KuAivipwev) g apayovieg.

> gear.f<-factor(gear,levels=c(3,4,5),labels=c("3gears","4gears","bgears"))
> cyl.f <-factor(cyl,levels=c(4,6,8),labels=c("4cyl","6cyl","8cyl"))

To mp®dTo0 Ypadnpa IoU KATAOKEVALETAl £ival T0 ypdpna oUvaptnong IuKvo-
mtag rmbavotntag g Katavdaleong Kavoipev, 6nAadn ta pida ou davvouv ta

autokivhta ava yaiovi (Exapa 13.1).

> densityplot(“mpg,main="Density Plot",xlab="Miles per Gallon")

I OUVEXEld KATAOKEUAdeTal 1o 8o ypdpnpa addd yia kdbe eminedo tou

napayovia cyl.f (Zxfpa 13.2).

> densityplot("mpglcyl.f,main="Density Plot by Number of Cylinders",

+ xlab="Miles per Gallon")
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Density Plot
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Zxnpa 13.1: Tpdonpa ouvaptnong rukvotntag rmbavotntag mg Katavalmoong

KAUuoipov.
Ia va aAdayBel o 1poIog Mapouciaong IOV ypapnpat®v XPNol10IIo0ULE TO

optopa layout. 1o emopevo rapddetypa ermdéxdnke n didtadn piag otmiAng Kat

POV ypappov (Exhipa 13.3).
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Density Plot by Number of Cylinders
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Zxnpa 13.2: I'paenpa ouvdptnong mukvotntag rmbavotntag g KAatavadoong

Kauoipev ava apibpo KuAivépav.
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> densityplot("mpglcyl.f,main="Density Plot by Numer of Cylinders",
+ xlab="Miles per Gallon",layout=c(1,3))

Density Plot by Numer of Cylinders
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Zxnpa 13.3: Tpdonpa ouvaptnong rnukvotntag rmoavotntag g Katavalmoong

Kauoipov ava apibpo Kudivépav.

[Ipoxmp®viag, KATAOKEUALETal T0 KUTIOYpAdnpa g KAtavaA®ong Kauoipev
yla kabe ouvduaopo v ermrednv v napayoviov cyl.f kat gear.f (Zxnpa
13.4).

> bwplot(cyl.f mpgl|gear.f,ylab="Cylinders", xlab="Miles per Gallon",
+ main="Mileage by Cylinders and Gears",layout=(c(1,3)))

Xpnowpornowvtag ) ouvaptnon xyplot kataokeuddetat kat to daypappa
61a0ropdg g KatavaA®ong Kauoii®v oUvaptroel T0U BApoug ToU AUTOKIVHTOU,

yla ka6 ouvbuaopo apiBpou kKudivipev Kat taxumev (Exnpa 13.5.

> xyplot (mpg~wt|cyl.f*gear.f,main="Scatterplots by Cylinders and Gears",
+ ylab="Miles per Gallon", xlab="Car Weight")
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Mileage by Cylinders and Gears
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Zxnpa 13.4: Kutoypdonpa tng Katavdl®ong Kauoipov

Kat aplBpod 1axutIev.
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Zxnpa 13.5: Awdypappa Siaonopdg g KatavdA®ong Kauoip®Vv ouvaptrioel 10U

Bapoug Tou autokvrtou avd aptdpo Kudivipmv kat aptOpo tayxuttev.
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Mze ) ouvdptnon cloud enekteivetat to rponyoupevo ypadnua otg tpeig da-
otaoelg. Qg tpit didotaon opidetatl n petaBAntr) gsec, n oroia napouoctddet to
XPOvo mou Xpelddetat éva autokivnto yla va kaduyetl anéotaot ion pe to 1/4 tou

piAt. To ypaonpa napouoiddetat oto Xxrpa 13.6.

> # 3d scatterplot by factor level
> cloud(mpg~wt*qgsec|cyl.f,main="3D Scatterplot by Cylinders")

3D Scatterplot by Cylinders

8cyl

[~

mpg

N

wt

4cyl 6eyl

S

mpg

q‘g 4 q‘g /

Zxnpa 13.6: Tpuodiaotato Siaypappa diaomopdg g KATAVAA®ONG KAUCTH®V
OUVAPTHOEL TOU BAPOUG TOU AUTOKIVITOU KAl T0U Xpovou KdAuwng tou 1/4 tou

RiAt, avd apiBpo kKudivépev Kat aplOpd tayxutnIey.

TéAog, PAtmoupie MMOG PITOPEL va KATAOKEUAOTEL TO Tp1odiactato ypdpnpa pag
erm@aveiag rnou opidetatl and pia didtactatn pabnpatikn ouvaptnor. Ito rnapd-
detypd mapovotadetal 1o ypddnpa g empavelag 2 = Sin ( a2+ y2) (Zxnua
13.7).

x <- seq(-pi, pi, len = 20)

y <- seq(-pi, pi, len = 20)

g <- expand.grid(x = x, y = y)

g$z <- sin(sqrt(g$x~2 + g$y~2))

wireframe(z ~ x * y, g, drape = TRUE, aspect = c(3,1), colorkey = TRUE,

+ vV V Vv VvV V

main=expression(paste(z==sin(sqrt(x"2+y~2)))))
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z=sin(yx?+y?)

r 0.5

r 0.0

W

\s‘,

&

3

r-0.5

Txfua 13.7: H tpiodidotatn smgdveia 2z = sin <\/1’2 + y2).

OK. ®oxiavog 172

X. XapaAaproug



Kepaliawo 14

MeOo6og Newton-Raphson

®a oulntooupe UOAOYIOPO NG EKTIUNTPLAS peyiotng rubavopdvelag pe ) peé-
9060 Newton-Raphson. Av kat UIdpXouv MEPUTIIOOELS Yl TS OIOieg 1 AUOr
propet va urodoytotel akpBag, ota rmeptoodtepa napadetypata n E.M.II. ripénet
va Ppebel pe avadpopikég apBunuikeg pebodoug, ornwg n Newton-Raphson. ®a

oudntooupe TIg PAOIKEG apXEGg U €va rapadsiypa.

14.1 TIapadewypa

Ta dedopéva avapépovial oe MPeG EMBIMONG ITOU PETPOUV TNV AVIOXT] CUYKEKPE-
vov mloilev oe ouvOnkeg rtieong (Ta edopéva napatibeviat oto Mapdptua). ‘Eva
OUYKEKPIPEVO HOVIEAO TTOU Xprnotporoteital yia avdduon Sedopévav ermbiwong

etvat n katavour) Weibull.

A A—1 iy
Fyxi0) = 2@y >0,

orou,
A: mapdpetpog rou kabopilet To OXIa TNG KATAVOULG, KAt
9: mapaperpog rou kabopiletl v KATpaka
Aivovtat ta ypagrpata g katavopnig Weibull yia A = 1,2 ka6 = 1, 2 (Exfpa

14.1) ywa katavonorn 10U oXNpatog g oUvaptnong Iukvotntag moavotntag.

> x=seq(0,10, length=100)

> par (mfrow=c(1,2))

> plot(x, dweibull(x, shape=2, scale=1), type="1", ylab="Density")
> lines(x, dweibull(x, shape=2, scale=2), 1lty=2)
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> title(main="Weibull Distribution, shape=2")

> leg.names<-c("scale=1","scale=2")

Vv

legend(locator(1),leg.names,lty=1:2,bty="n")

plot(x, dweibull(x, shape=1, scale=1), type="1", ylab="Density")
lines(x, dweibull(x, shape=1, scale=2), 1lty=2)
title(main="Weibull Distribution, shape=1")

leg.names<-c("scale=1","scale=2")

vV V V V V

legend(locator(1),leg.names,lty=1:2,bty="n")

Weibull Distribution, shape=2 Weibull Distribution, shape=1
o
© ~
©
— scale=1 o _|
© | -- scale=2 ° — scale=1
o © - - scale=2
= 2 S
o
(=) a g —
N
o g |
o | N o |
e T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
X X

Ixfpa 14.1: Katavopry Weibull yia A = 1,2 ka1 0 = 1, 2.

Emtiong oto Zxnua 14.2 divetat 1o wotoypappa 1oV oXetkov dedopévav kat 1o QQ

plot pe Bdon mv katavopny Weibull pe A = 2.

> par (mfrow=c(1,2))

> hist(lifetimes)

> library("car")

> qq.plot(lifetimes, dist="weibull", shape=2)
> qqline(lifetimes, rweibull(49, shape=2))

'Oneg BAénioupe arod 1o Zyxnpa 14.2, priopupe va urobecoupe ot ta dedopéva

akoAouBouv v katavopr) Weibull pe A = 2 (yawti) Apou €xoupe arodeytet ot
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Histogram of lifetimes

o _
- o
o
o
] 2
o
> o
2 © 3 8
El £ 2
g — | 3
L b=
< 4
o
o
(=3
w
~ 4
o
T T T 1
0 5000 10000 15000
lifetimes weibull quantiles
Zxnpa 14.2: Iotdypappa kat QQ plot teov edopévav.
1 MAPAPETPOG A €ival yveotr], £0T® TpA Y1, . . ., Y, 0ebopéva pe A yvooto (otnmv

nepirtoor) pag n = 49). Tdote n arnd Kowou ouvdptnorn ITUKVOTNTag moavotntag

Sivetatl amno

YT s
f(ylv---ayn;e):H 9)\ e (5)7
i=1

orote 1 rmbavopavela divetatl anod

L(8) = log f(y1.--,yni0) = > {(A=1)log i +log A= Alog# — (5)* }.
i=1

Zmv R 1 ouvapton Aoyapidpikrg mbavogaveiag L(6) propet va opiotel g a-

KOAOUO®G :

> loglikelihood <- function(data, theta, lambda=2)

+ { +
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logl<-sum((lambda-1)*log(data)+log(lambda)-lambda*log(theta)-
(data/theta) “{lambdal})

return(logl)

}

thetal <- seq(7000, 15000, by=100)

loglik=rep(NA, length(thetal))

for (i in 1:length(thetal))

{

loglik[i]l=loglikelihood(lifetimes, thetall[i])

}

+ 4+ 4+ V. V. V + + +

To ypaonpa tng rapoucialetatl oto Tynua 14.3 kat mapatnpoupe OTL UTIApXEt

Tpn g 6 n orota peyiotonoet v L(6). H ouvaptnon score divetat and

dl = A Ayt Ao AYE g
M—U—Zﬂfe+mﬂ}—‘e+eﬂl7

Kat otnv R opidetat og

get.score <- function(data, theta, lambda=2)
{ + score<--(lambda*length(data)/theta)+
lambda* (sum(data”~{lambda}))/(theta~{3})
return(score)

}

+ 4+ + + Vv

[Mapatnpoupe ot yia A = 2,

_ 2n 230 v _ no_ i Ui 2 _ i i
VO =0z g+ == =0 g = = 2 ==
oo
= 9 _ Zz:l Yi ,
n

6nAadn n E.M.II. propet va vrnodoyiotel akpiBug. ®a ouykpivoupe 10 akpiBeg
arnotédeopa pe ekeivo 1o oroio divouv ot avadpopikég pébodotl. INpora OGpwg
etnyoupe 1 pébobo Newton-Raphson. Tevikd 9édoupe va umodoyicoupe tnv
wpn g , yia my oroia f(x) = 0. H eparopévn g f(z) oto onpeio z(m—1

Sivetat amno

fat™) = flatmY)

x(m) _ x(m—l)

’

[df

T ’(mfl) _
dx:| r=g(m—1) f (T )
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-485

log likelihood function
-490

-495
|

T T T T
8000 10000 12000 14000

Values of theta
TZxnua 14.3: Tpagnpa g ouvaptnong Aoyaptdpikeg rubavopavelag.

OIT0U 1] ArooTaot) (™) —z(m=1) givan Hikpr). Av 1o (™) givan n Avon g f(z) =0,

énAadn f(z(™) =0, éxoupe 61

x(m) _ x(mfl) _ f(x(m_l))
f/(x(m—l)) .
Tam =1,2,..., Kat je apXiKr T zM, Bpiokoupe 61a80X1KEG Ipooeyyioetg
£101 OOTE |x(m) — x(m’l)\ < e. Edika, yua v ekupnpla peyiotng mbavopaveiag
(E.M.II),

m—1
pm) _ glm—yy _ U0 D)
U/((g(mfl))
'Exoupe o1,
2n 250y
UR) = -4 ==l
() = -7 + 2220 g
Kat

aue) ., A AN+ Dy 2n  2-3-Y y;?
chw)z{e?@H? e e

i=1
orou oty tedevtaia wotnta Sétoupe A = 2. Avti va xpnowponowjooupe tmy U’ (),

9¢toupe oty mapandve avadpopikr) oxéon mv E(U'(0)) = —J(0). Mnopei va
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arodeytet ot
, A2n

H ouvépon J(#) ovopdietat minpogopia Fischer kat ypagetai oty R wg

> get.information <- function(data, theta, lambda=2)
+{

+ information <- (lambda~{2}*length(data))/(theta"{2})
+ return(information)

+

}

LUVENOG, KATAAYOUHE O [11d TPOIToIoinon tou adyopibpou Newton-Raphson, o

ortoiog ovopadetat Fisher scoring. AnAadr,

U0

(m) _ _ v

Xpnoornolmviag v o rave avadpoiiiky oX€on Popouiie va BPoUpeE Vv eKTL-
pATela péylong rmbavodpaveiag yia to f. To turukéd opdApa yia to 0 Sivetal ano

TOV TUIo

Kat éva 95% Sidotnpa epriiotoouvng divetat aro

+1.96- s(6).

Tn ouvéxela rapouotadetal g spappodetat n pebodog auvtr) oy R yua va
urodoytotet n E.ML.IL. yia 10 €, 10 turuko twou opdipa kat éva 95% didotnpa

£PIToToouUvVnG.

> ybar <- mean(lifetimes)

> ybar

[1] 8805.694

theta <- ybar

it <- 0  ####iterative count

del <- 1 ####titerative adjustment

while(abs(del) > 0.00001 && (it <- it+1) < 10)

{
del<-get.score(lifetimes,theta)/get.information(lifetimes,theta)
theta <- theta+del

+ + + 4+ VvV V Vv VvV

cat(it,theta,get.score(lifetimes,theta),
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+ get.information(lifetimes,theta),"\n")
+}

1 9959.204 -0.0001320064 1.976090e-06

2 9892.402 -4.517492e-07 2.002869e-06

3 9892.177 -5.150392e-12 2.002960e-06
9892.177 1.734723e-18 2.002960e-06

> sqrt(mean(lifetimes~{2})) #i#t#texact value
[1] 9892.177

> ##########Confidence Interval

> sderror <- sqrt(1/2.002960e-06)

> sderror

[1] 706.5841

> 9892.177-1.96%*sderror; 9892.177+1.96%*sderror
[1] 8507.272 [1] 11277.08

KN

AT16 10 IAPATAVE, ITAPATPOULE OTL 01 AVASPOUIKEG OXE0EIS TTOU opiovtat arod

tov alyopiBpo Fisher-scoring ocuykAivouv otnv akpiBr tiun mg 6.

Iapaptnpa

Ta 6eSopéva moOU XPNOIOIIOoUVIAl 08 AUTO TO KEPAAALO Yl TV €UPEOT) NG
E.M.IL. pe v pébodo Newton-Raphson.

lifetimes
1051
1337
1389
1921
1942
2322
3629
4006
4012
4063
4921
5445
5620

© 00 N O O W NN -

e
w N = O
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14 5817

15 5905
16 5956
17 6068
18 6121
19 6473
20 7501
21 7886
22 8108
23 8546
24 8666
25 8831
26 9106
27 9711
28 9806
29 10205
30 10396
31 10861
32 11026
33 11214
34 11362
35 11604
36 11608
37 11745
38 11762
39 11895
40 12044
41 13520
42 13670
43 14110
44 14496
45 15395
46 16179
47 17092
48 17568
49 17568
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Kepalawo 15

AvdaAuorn tng

ruvdiakipavong

15.1 AvdAuorn tng Zuvdiarupavong

Avdlduon g Zuvdlakupaong (ANCOVA) eivat o 6pog 1mou xpnotporoteitat yia
Vv avaduorn evog YPAPHIIKOU HOVIEAOU OTAV KATIOEG ATIO TG aveddptnteg peta-
BAntég eival mapayovieg Kat KAroteg ouvexelg. ‘Onwg Kat pe v avaluon wmg
dlakupavong evdladepopacte ot OUYKPON PEOKOV Op@V avdapeoa ota ermirneda
10U mapayovtd, aAAd avayvepi{oue To Yeyovog OTL 1 ouveXg NetaBAntr) €xet e-
nipaon oty egaptpévn. To nmapaxkdte mapddetypa deixvel g epappodetal n
1€06080g.

'Eot® ta ot €xoupe ta akodouba debopéva :
o Y n Babpodoyia yia tpeig Stapopetikég peboddoug, A, B, C', kat
e x: 1 wKavotnta pabnong mpwv v 6idaokadia yla 7 pabnrtég.

IMa va e§etacoupe Katd rmooov urdapxouv tadpopég petaiy pebodov 606évtog

mg =, Ye®POUNE TO MANPEG POVIEAO
E(Yr) = pj +vzje, j=1,2,3, k=1,...,7

KAt T0 POViEAo

E(Yj) = p+ vz
[Mapawmpovpe 6u j = 1 avuotowet o) pébodo A, j = 2 ot pébodo B kat j = 3
ot pébodo C.
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‘Eoww,

Yii
Y= :
Y7
Kat
CUjl
Xj = .
Zj7
To mAr)peg poviédo Sivetatl amo
E(Y) = X8,
pe
Y, H1
Y = Y2 ) /6 = = )
Y, M3
Y
Kat
1 0 O X1
X=101 0 xo
0 0 1 X3

H i61a avdAuon propet va yivel Kat yia 1o PKpOTEPO POVIEAO.

I ouvEXEla TAPOUOLACETal O TPOIIOG IOV EMITUYXAVETAL 1] AVAAUOT] NG OUV-
6lakupavong oty R. Zinv apxy) napovoiddetatl 1o daypappa S1aomopov g -
Kavotntag padnong npwv n Si8aockadia cuvaptrost g Pabpodoyiag yia tg Ipetg
Slapopetikég pebodoug (Zxrpa 15.1). Ao to daypappa @aivetat ot Unapyouv
Slapopég avapeoa otg tpelg pebddoug 6tav Angbei unown n Kavotta pabnong
npwv v 818aokalia, kat autod eival ou da egetaotel pe v avaduon ocuvdlaku-
paong. Autr) epappodetal e T EVIOAN ITOU XP1OTHOIIOLEiTal Kat yid T YPAPHIKL
nadwvdpopnon, dnAadn v 1lm(). Ta va unodoyiotet o mivakag ocuvdlarupav-
o1ng Xprnotporoteitatl 1 eviodr] anova () Kat OPlORA TO AVIKEIPEVO TG YPANIIKIG
naAv8popnong He PEPIKEG avedaptnieg PEtaBANTEG TIAPAYOVIEG KAl PEPIKEG OU-
vexelg. Amo tov rivaka ouvilaKUpavong ouprepatvetat ot 1 tkavotnta pabnong
nipiv tn &ibaokadia (x) emnpedlet ) Babpodoyia (Y), kat 6t unapyouv Stadopég

avdapeoa otig TPELG 0TaVv MAPOUHE UTIOW TNV IKavotnta padnong.

>y <- c(6,4,5,3,4,3,6, 8,9,7,9,8,5,7, 6,7,7,7,8,5,7)
> x <- ¢(3,1,3,1,2,1,4, 4,5,5,4,3,1,2, 3,2,2,3,4,1,4)
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m <- gl(3,7)

plot(x[m==1], y[m==1], pch="A", x1lim=c(0,6), ylim=c(2,10),
xlab="Aptitude Scores", ylab="Achievement Scores")
points(x[m==2], y[m==2], pch="B")

points(x[m==3], y[m==3], pch="C")

VvV V VvV + V V

anova(z <- 1lm(y~x+m))

Analysis of Variance Table

Response: y

Df Sum Sq Mean Sq F value Pr (>F)
X 1 36.575 36.575 60.355 5.428e-07 ***
m 2 16.932 8.466 13.970 0.0002579 **x
Residuals 17 10.302 0.606

Signif. codes: 0 ‘“***’’ 0.001 ‘‘*x’’ 0.01 ‘x>’ 0.05 ““.’” 0.1 ‘¢ 77> 1

o
B B

® - B 8
0
o
8 8 c c B
(7]
5 o & A
£
o
3
= B8 A
Q
<

< A A

A
~ -
T T T T T T T
0 1 2 3 4 5 6
Aptitude

Scores

Zxnpa 15.1: Ardypappa 6taoropmv g ikavotntag pabnong ouvaptroet g fad-
podoyiag yia tg 3 pebodoug.
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Kepalawo 16

Extipnon Mn-T'pappirov

MovteA®V

16.1 TIIeprypacdi1) TV Aedopivav

Ta &edopéva rou Sa xpnotporonBouv oto KepdAatlo auto ANpOnkav anod pa o-

K1) pe S€KTN-0poveV OXETIKA 1€ TOV OYKO OTO 0Tr)00g 0Toug avbperoug. Xe

pa tétola Sokir) 1 CUYKEVIP®OT| otov dektn kabopiletat texvikd and v €kOe-

o1 £VOG OUYKEKPIPEVOU KUTIAPOU 1) 10T0U 0g H1APopeg OUYKEVIPWOELS PASIEVEPYA

XvNOetévou ouvappot PEXPL va @Tdoetl 0 §EKTNG Kovid otov Kopeopo. H ou-

yKéVIpwon tou deopeupévou (B) kat tou edetbepou (F) ouvappotn oty katdotaon

1oopportiag perpeitat yia kabe enavanyn. Ta edopéva Sivoviat o kdate.

> F<-c(84.
> B<-c(12.
> hormone.
> hormone.

F
1 84.6
2 83.9
3 148.2
4 147.8
5 463.9
6  463.8
7 964.1

6,83.9,148.2,147.8,463.9,463.8,964.1,967.6,1926.0,1900.0)
1,12.5,17.2,16.7,28.3,26.9,37.6,35.8,38.5,39.9)
dat<-data.frame (F=F,B=B)

dat

12.
12.
17.
16.
28.
26.
37.

D O W NN O = W
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8 967.6 35.8
9 1926.0 38.5
10 1900.0 39.9

16.2 AvaAuon pe Mn-T'pappiko MovtéAdo

H oxéon petadyu g OUYKEVIPOOTG TOU @PAYHEVOU KAl TOU €AeUBepOU CUVAPHOTY

ot dokpun tou 6éKtn oppovAmv reptypddetat aro v egiowon Michaelis-Menten

orou ¢; eivat uyaio opdadpa pe péon tpn pndév, kat B, xkat Kp eivat ot
TMAPAPETPOL, YVROTEG ®G IKAVOTNTA KAl ouvdgeld, ot oroieg Sa mpocdiopiotovv
and n fguyapta napamprnoswv (F;, B;). Ta opdipata yua ta diagopa guydpla
nmapatnpnoev dewpouvidal acuoyetiota, addd bev eivat avaykaio va €xouv v
i6la daxkvpavor.

H extipnon tov 600 napapérpev oTo ITo AV Pn-YPAPIKO Hoviédo propet
va yivet pe dtapopoug tporoug. ESw Sa napouotaotet pia aneubeiag pébodog Pa-
olopévn) otV eAax1otornoinor g ouvaptnong abpoiopatog terpayovay, S, ornou

n S Givetat ano:

v R n pébodog autn) epappdletat pe ) Borbeia g eviodng nls. H dadi-
Kaola tng EKTPNoNg Anattei tov optopd apXKov TIHOV yid TG apapétpous B, qx
kat Kp. Téroleg iég prmopouv va Bpebouv oxetikd eukoda pe ) Boribeia tou
ypaodnpatog v dedopévav rmou napouotadetat oo Xyxnpa 16.1. H peyadutepn
Tpn tou B etvat mepinou 40 kat auty) propel va xpnotpononfet yia apxikn iy
10U B H 1pr) tou Kp eival n ouykévipwon yua v onoia n B elvat ion e
Binaz/2. Ao 1o ypaenpa auty) i) ipy sivat nepinou ton pe 250. H extipnon v

MAPAPEIPOV TOU HN-YPAPIIKOU HoViEAou oty R napouoiddetat mo KAte :

> hormone.fit<-nls(B~Bmax*F/(KD+F) ,hormone.dat,start=1ist (Bmax=40,KD=250))

> summary (hormone.fit)
Formula: B ~ Bmax * F/(XD + F)

Parameters:
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Estimate Std. Error t value Pr(>|t])
Bmax 44,378 1.129 39.31 1.93e-10 *x*
KD 241.688 20.946 11.54 2.89e-06 *x*x

Signif. codes: 0O “‘*x**’’ 0.001 “‘**’’ 0.01 “‘x’?> 0.056 “¢.”? 0.1 ¢ 77> 1

Residual standard error: 1.288 on 8 degrees of freedom

Number of iterations to convergence: 4

Achieved convergence tolerance: 7.268e-07

A6 ta arnotedéopata napatnpeital 0t 10 Be, eEKUPNONKE va eivatl ico je
44,378 pe turmko opddpa 1.129, eve 10 K p exuundnke va sivat ioo pe 241.688
pe ko opddpa 20.946. To t-test yia tov €deyxo uroBéoewv Biq,: = 0 xkat

Kp =0, deiyxvel 61 kat o1 U0 ekupfioetg eivat drapopetikég tou pndevog.

50
|

[elye]

10
|

500 1000 1500

Zxfpa 16.1: Tpagpnua tov Acdopévov.

LTG MIEPLOCOTEPES TIEPUTIMOELS AVAAUONG HE PN-YPAIKO PoVTEAo elvat onpa-
VIIKO va OUYKP1O0UV 01 EKTIUNOELS edpappodoviag ) nébodo pe diapopeg apyikeég

Tpég. Xpnotornolmviag yia apXikeg 1peg By = 30 kat Kp = 300 maipvoupe
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rniepirou ta idia aroteAéopata pe mpv.

> hormone.fit2<-nls(B~Bmax*F/(KD+F) ,hormone.dat,start=1ist (Bmax=30,KD=300))

> summary (hormone.fit2)

Formula: B ~ Bmax * F/(KD + F)

Parameters:
Estimate Std. Error t value Pr(>|t])
Bmax  44.378 1.129  39.31 1.93e-10 *x*x
KD 241.687 20.946 11.54 2.89e-06 **x
Signif. codes: 0O “‘*x**’’ 0.001 “‘**’’ 0.01 “‘x’? 0.056 “¢.”? 0.1 ¢ 77> 1

Residual standard error: 1.288 on 8 degrees of freedom

Number of iterations to convergence: 5

Achieved convergence tolerance: 7.389e-06

IMa va egetaocbei mooo kadd epappodetl n e§lowon Michaelis-Menten ota de-
dopéva, mpoobEtoupe 0T0 ypddnpa TV SeSOPEVOV TNV EKTIHOUEV KAPITUAL TG
etlonong (Zxnpa 16.2). Ot eKUProeig 1OV apapérpev Propouv va egaxbouv xpn-
OlPOITOI®VTAG TNV €VIOAN coef Kat petd va xpnotpornon6ouy yid va UToAOY1oTel 1)
EKTIIOPEVT] KAUITUAN. Ao 10 ypadnpa eivat @avepd 0Tt 1) EKTIHOPIEVI] KAPUITUAD

epappodet dpa moAv kadd ota dedopéva.

> Bmax.hat<-coef (hormone.fit) [1]

> KD.hat<-coef (hormone.fit) [2]

> F.seq<-seq(range(F) [1] ,range(F) [2] ,length=100)
> B.seq<-Bmax.hat*F.seq/(KD.hat+F.seq)

v

plot(F,B,ylim=c(10,50))
lines(F.seq,B.seq)

vV Vv

title(main="0bserved values and fitted curve")

TV MEePIMIOOon TOU PN-YPARHIIKOU HOVIEAOU HE TV IO MAVE £§l00oTr) 1ovo
6U0 TapapeTpot £mperte va ektpunOouv. Luvenog, pe ) Pondeia g ouvaptnong
persp UIopel va KAtaoKeUaotel pia Tptodlaotaty) IIPOOITIKY| AIELKOVIOT) TG 6i-

o®ong, N onoia prnopet va fondnoet oto va edeyxOel 1 opOITNTA TOV EKTIPIOEDV
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aro 1o Poviédo addd kat n povadikomta toug. Auto yivetat oty R onwg mo
KA KAl 10 ypdonpa rapouotiadetat oto Zyxnpa 16.3. H erugpavela apouoialetat
eninedn oe Hragopa THNPATA TG UOSeIKvUovIag Ott Kat adda feuydpla Tipov
TV 6U0 MApPaApPElpeV €KTOG Ao TG eKUPOPeveg da odnyovoav ot e§i00u KaAn

epappoyr) v Sedopévav.

Observed values and fitted curve

50
1

40
1
OO

20
Il

500 1000 1500

Zxhua 16.2: Tpdapnua teov Sedopévav pe v eKTPHOPEVH KAUmuAn and v &§i-

oworn Michaelis-Menten.

> Bmax.val<-seq(20,60,length=30)

> KD.val<-seq(50,1000, length=30)

> S<-matrix(0,30,30)

> for(i in 1:30)

+A{

+ for(j in 1:30)

+ A

+ S[i,jl<-sum((B-Bmax.val[i]*F/(KD.val[j]+F))~2)
+ 7

+ 3

> persp(Bmax.val,KD.val,S/100,xlab="Bmax",ylab="KD",zlab="0bjective Function/100",
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Kepalawo 17

Poisson ITaAivépopunon xat
AoyapiOpira Fpappikra

MovtéAa

TToAA£g @OpEG Ot ePpapoyES rapatnpouviat Sebopéva ouxvoTHI®Y, I.X. 0 aplOpog
TOV MEPUTINOE®V OTd KEAA £VOG Tivaka ouvAagelag, 0 aplOpog Tpoxai®v autoKl-
VITIOTKOV SUoTUXNPAteV, 0 apldpog redatov oty tparneda K.0.K. H katavopn
Poisson xpnotpevet 1o oAu oty avdaiuor autov v edopévev Kat eivatl yveooto

ot Siveratl amod tov turo,
pe

9!
H napapetpog 1, n péon tpr g Poisson, eivatl onpavikr kat ouvnBeg divetat

PY =y)

oav “pubpoc”, oneg 1.X. 0 aplbog TV MEAATOV IToU ayopdlouv To rpoiov A avd
100 mou meAdateg tou 810U Kataotpatog, o aptdpog tpoxaiov ava 1000 atopa,

K.O0.K.

17.1 Poisson ITaAivépopnon

Eow Y1,Ys,...,Y, ave§apuyieg wp. amd wyv Poisson(p;). YnoBéroupe ou
E(Y;) = pi = nif;. Av yua napdderypa Y; eivat o apibpog anatrjoswv os a-
OQaAIOTIKI) €Talpeia yla éva PoviEAO aUTOKIVITOU A, Tdte, Nn; eivatl o aplbuog tov
poviédev A nou éxouv acpadiotel, kat f; propei va eivat n ndikia, n xprjon, n me-

ploxn K.o.k. I'a mv avdAuorn tétolou eidoug dedopévev ouvnBng Xpnotpornoteitat
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10 pOVIEAO
g; = e P

i = )
OITOTE TO AVTIOTOLXO YEVIKEUPEVO YPAPHIKO POoVTIEAo divetat aro
EY;) = = niew?ﬁ.
la napdadsypa av x; = 0, 1, tote
E(Y;|Xi = 0) = ny, BE(Yi|X; = 0) = n;e?

Kal OUVEN®OG 1o rtocootiaio rnAiko divetat aro

_BEMilXi=1) _

RE= By, =0 —©

Kat deiyvet v addayr oty avapevopevn tpr. H extipnon tng napapétpou G
yivetat péow tng dewpiag rmbavopavelag yia YEVIKEUPEVA YPAPPIKA HOVIEAQ.

Av [3 eivat n E.M.II. t6te propoupe va edéySoupe g urobéoeig Hy : B = [y
pe score test, Wald test kat éAeyxo ninAikou rubavogpdvelag.

Emiong,

Vi = fis = nieXi,

Ta urnddourta Pearson &ivovtat amnod

pe O; =Y, xal E; = }A/, Tote,

9 2 Oi—E;,
X=2 =2 O

H ouvaptnon deviance Sivetat aro

D= QZ{Oilog (g) —(0; — E)}

Kat ta vriodowrta deviance

t.=sin(0, - 52 [ors (%) - 01 )

7

. n v . v .
Onote, D = Zi:l d?, KAl aroppint® 1o poviédo av oe erinedo onpavukotntag

a, gite 1o D eite 10 X? givar peyadutepo 1ou X ]2\,717.
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17.2 Tlapadewypa

Ta napakate dedopéva avapépoviat os pia pedétn omou oAot ot Bpetavoti yuatpot
Andvinoav oe £va epOTNHATOAOY10 OXETIKA e TO av Karvi{ouv 1 oxt. O nmapakdte
niivakag Setyvel tov apiBpod Savatev and otepaviaia vooo peta arnd 10 xpovia.

IMapouotiadet ertiong Kat 1ov 0AKO rAnOuUopo.

Smokers Non-Smokers
Age group | Deaths Population | Deaths Population
35-44 32 52407 2 18790
45 - 54 104 43248 12 10673
55 - 64 206 28612 28 5710
65 - 74 186 12663 28 2585
75 - 84 102 5317 31 1462

Zmv R 1o mAaioio tev debopévev kataokeudletatl og eng :

> deaths <- c(32,2,104,12,206,28,186,28,102,31)
> population <- c(52407,18790,43248,10673,28612,5710,12663,2585,5317,1462)
> smoke <-gl(2,1,10,labels=c("Yes","No"))
> age <- gl(5,2,10,labels=c("35--44","45--54","55--64", "65--74", "75--84"))
> chddata=data.frame(deaths,population,smoke,age)
> chddata

deaths population smoke age
1 32 52407 Yes 35--44
2 2 18790 No 35--44
3 104 43248 Yes 45--54
4 12 10673 No 45--54
5 206 28612 Yes 55--64
6 28 5710 No 55--64
7 186 12663 Yes 65--74
8 28 2585 No 65--74
9 102 5317 Yes 75--84
10 31 1462 No 75--84

Ba e&etaotovv 1pia gpeUpata:

1. Eivat ta mocootd Savdatou rmo WynAd oTtoug KArvioTeS;

2. Av vati, kata 1moco;
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3. Yruapxet Stapopornoinon Aoye nAikiag;

Mua nipot neptypadr) tou mpoBAnpatog Sivetat Péow Tou ypadnpatog oto
Zxnpa 17.1, 1o omoio mapouotadet toug Savatoug ava 100 xAtadeg dtopa tou
mANOuopoU cuvaptroet g NAKIAKLG opadag yia Toug Kanviotég (A) kat pn ka-
rviotég (B), avtiotoixa. Ymapyet évbedn ot,pe eaipeon v nAkiaxn opada 75
eng 84 xpovwv, ta 1mocootd Javatou OToug KAIviotég eival peyadutepa amod ta
AVTIOTO1Xa 0TOUG 1N KArvioteg, aAAd Kat 1 §1apopd TV Ioo0oTeV augAveTal 600
peyadovet n nAkia v atdpev. To ypadnpa autod Kataokeuddetal Xpnotonolw-

VIagG TIG EVIOAEG :

> rate= deaths*100000/population
> plot(age [smoke=="No"], rate[smoke=="No"], xlab="Age",
+ ylab="Deaths per 100.000 of population",lty=0,ylab=c(0,2500))

> points(age[smoke=="Yes"], rate[smoke=="Yes"], pch="A")
> points(age [smoke=="No"], rate[smoke=="No"], pch="B")

> legend("topleft",c("smokers","non-smokers") ,pch=c("A","B"))

A smokers B
B non-smokers|

2000
1

1000 1500
Il Il

Deaths per 100.000 of population

500
Il
@

o - 8
T T T T T
35--44 45--54 55--64 65--74 75--84

Age

Zxnpa 17.1: ®avatot ava 100 x1Aiddeg dtopa ouvaptoet tng NAKIaKkng opadag.
To povtédo mou Sa xpnowporonOet yia v avaduorn eivat 1o akoAoubo:
log(deaths;) = log(population;)—+ 1+ B2smoke;+Bsagecat;+LBsagesq;+Bssmkage;
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orou ¢ = 1,2,...,5 yla toug karviotég kat ¢ = 6,7, ..., 10 yla toug pn Kanviotég.

Emiong,
1 yua 35-44
2 yua 45-54
1 yua NAI
smoke; = , agecat; = 3 yu b55-64
0 yua OXI
4 yua 65-74
5 yu 75-84,
Kat

9 agecat; Va4 KATVIOTEG
agesq; = (agecat;)*, smkage; =
0 yla I KArvioteg

Ta mv epappoyr) g avaduong omyv R xpnowonouw)Onkav ot akdéAoubeg e-

VTOAEG :

> age <- as.numeric(age)
> age
[1] 1122334455
> smoke <- ifelse(smoke=="Yes",1,0)
> smoke
[tJ] 1010101010
> agesq <- age”{2}

> agesq

[1] 1 1 4 4 9 9 16 16 25 25
> agesm <-ifelse(smoke==0, age, 0)
> agesm

[1] 0102030405
> populationl <- log(population)

> fitl <- glm(deaths~offset(populationl)+smoke+age+agesq+agesm, family=poisson)

> summary (fit1)

Call:
glm(formula = deaths ~ offset(populationl) + smoke + age + agesq +

agesm, family = poisson)

Deviance Residuals:
1 2 3 4 5 6 7 8
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0.43820 -0.83049 -0.27329 0.13404 -0.15265 0.64107 0.23393

9 10
-0.05700 -0.01275

Coefficients:

Estimate Std. Error z value Pr(>|zl)

(Intercept) -10.79176 0.45008 -23.978 < 2e-16 *x**

smoke 1.44097 0.37220 3.872 0.000108 *x*x*

age 2.06893 0.18170 11.386 < 2e-16 *x**

agesq -0.19768 0.02737 -7.223 5.08e-13 *xx*

agesm 0.30755 0.09704  3.169 0.001528 *x*

Signif. codes: 0 ‘“**%’’ 0.001 ‘%%’ 0.01 ‘x>’ 0.056 ““.’” 0.1 “°¢

(Dispersion parameter for poisson family taken to be 1)

Null deviance: 935.0673 on 9 degrees of freedom
Residual deviance: 1.6354 on 5 degrees of freedom
AIC: 66.703

Number of Fisher Scoring iterations: 4
> rate.ratio <- exp(fiti$coef[-1])
> rate.ratio

smoke age agesq agesm
4.2247998 7.9163500 0.8206353 1.3600862

AT6 TOV TivaKa OUVIEAEOT®V CUPITEPAiveTtal 0Tt Kat ot 4 eneSnynpatikég pe-
taBAnTEG eivatl ONPAVIIKEG yia TO POVIEAD. XUVeN®g, 1 rmbavotnta Savatou ern-
peddetal arod 10 av KArolog eivatl Kanviot)g aAdd kat arno v nAwia tou. To
rate.ratio mou umoloyiotnke oto 1€Aog, deixvel OTL ylia autoug mou Karvifouv,
10 pioko Savdrtou eival 4 @opég peyaAutepo.

TéAdog, 9a e§etaotel n kataAAnAdtnta tou poviédou pe ) Borbeia g avdu-
ong v unoloinwv. I'a 1o Adyo autd unoldoyidovial ta urmoloina pearson Kat
deviance, On®g KAl Ol EKTIPUOMPEVEG TIPEG NG eSaptnuévng petaBAntrg, n oroia
0T0 IO TAVe rapadsiypa eivat o apibpog v Savatev. Emiong, kataokeuadetat
€vag rmivakag o OIoiog rapouctddel ta anotedéopata avtd yua kabe ouvbuaopo

TV IApayovi®v age Kat smoke. Xtr ouveéxela diverat o €AeyX0g KAANg mpooap-
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poyrg Kat ywa ta duo £idn unodoinwv, urodeikvuoviag v KAtaAAnAotta tou
poviédou. Amo 1o ypdonpa Kat To 10tdoypapid TV UMOAOINeV sivat @avepn n
TUXAOTNTA KAl 1] KAVoviKOttd toug. Duoikd Sev propouv va egaxbouv akpibr)

ouprepdopata AOy® ToU HiKpoU aplOpou TeV UTT0AOI®V.

> res.pear <- residuals(fitl, type="pearson")
> res.dev <- residuals(fitl, type="deviance")
> predict.fit <- predict(fitl, type="response")

> cbind(age, smoke, deaths, predict.fit, res.pear, res.dev)

age smoke deaths predict.fit res.pear res.dev
1 1 1 32 29.584734 0.44404929 0.43820403
2 1 2 2 3.414801 -0.76561908 -0.83049031
3 2 1 104 106.811960 -0.27208163 -0.27328873
4 2 2 12 11.541629 0.13492231 0.13404370
5 3 1 206 208.198646 -0.15237591 -0.15264528
6 3 2 28  24.743377 0.65469354 0.64106682
7 4 1 186 182.827893 0.23459923 0.23392570
8 4 2 28  30.229155 -0.40544060 -0.41058325
9 5 1 102 102.576767 -0.05694769 -0.05700118
10 5 2 31 31.071038 -0.01274427 -0.01274913

> devian.fit <- sum(res.dev~{2})
> 1-pchisq(devian.fit, df=10-5)
[1] 0.8969393

> pear.fit <- sum(res.pear~{2})
> 1-pchisq(pear.fit, df=10-5)
[1] 0.907199

par (mfrow=c(2,2))

plot(res.pear,main="Pearson Residuals")

abline (h=0)

hist(res.pear,main="Histogram of Pearson Residuals")
plot(res.dev,main="Deviance Residuals")

abline (h=0)

hist(res.dev,main="Histogram of Deviance Residuals")

V V V V V V V
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Pearson Residuals Histogram of Pearson Residuals
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Deviance Residuals Histogram of Deviance Residuals
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Zxhpa 17.2: Tpagpnpata UmoAoinwyv.
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Kepalawo 18

Mrn IIapapetpirn
IIaAwvdpopunon

To napadooiakd MAPAPETPIKO Poviedo Sivetal amo v e§ionon
vi = [(B,x{) + ¢,

orou B = (B1,...,05p) 10 Bravuopa v napapétpev rmou 9a exupndouv, Kat
X; = (z1,...,2) T0 Srdvuopa TOV eMEENYNHATIKOV PETABANTOV yia v 4 mapaty-
pnon. I'a ta opdApata €; vnobetoupe Ot eivat ave§dptnta Kat akoAoubouv v

2, H ouvdpton

KAVOVIKI] Katavour pe péon tpr 0 kat otabepry Srakvupavon o
£ () opiget v oxéon petagy g péong tung g egaptnpévng petaBAning Kat v
enegNyNPATK®v petaBAntov. To yeviko P napapetpiko poviedo madvdpopnong

ypAagetal pe mapopolo Tporno Xepis opmg va opidetat n f:
yi = f(x{) +ei = f(@ir, ..., wix) + &5

Erunpoobeta, o oKomog tng P MAPApPETPIKLG aAtvdpopnong eivatl va eKTrost
v ouvaptnorn naAvdpopnong f ar eubeiag apd va ekupfoet tapapérpoug. Ot
eP1000TeEPeg P1EBOSOL I TIAPAPETPIKAG rTaAvépounong urobetouy ot ) f eivat
OpaAr Kat OUveXng.

E181kn) mepimteon tou yevikou poviéAou eivat 1) Jin MAPAPETPIKY] AITAL) TTAALY-

Spdunorn, oty onoia urapyet Povo pia enetnynpatiky petaBAnt) :
yi = f(z) + &
To poviédo autd ovoupddetatl ermiong Kat «e§opdAuvon Saypdppatog diaormopdgy
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adou KataoKeuddel pia opalr] Kaprnuln ya to didypappa 6iaomnopdg tou y ou-
VApTr0EL TOU T.

Aoye tng Suokoldia edappoyng Kat Arelkoviong evog YEVIKOU I Iapaple-
TPKOU POVIEAOU TadvEpdpnong e MoAAEG EMESNYNUATIKEG HETABANTEG, £XOUV
avarttuyBel o MePloploTiKA POVIEAd, OM®G IT.X. TO aBpOloTKO HPOVIEAO ITAALv-

6pounong (additive regression model)
yi = a+ fi(za) + fa(@i2) + ...+ fe(zi) + &

Ta auto to Poviedo UTIoBETOUpE OTL Ol HEPIKEG oUVapPTHoelg radvdpopnong f;(.)
eivat opadég kat propouv va ekupnbouv and ta Sedopéva. To poviedo auto
€ivatl 1o TEPLOPIOTIKO A0 TO YEVIKO I TTAPAPEIPIKO HOVIEAO, aAAd Atyotepo
TIEPLOPIOTIKO ATTO TO POVIEAO YPAPHIKNG TTAAvEpOINongG, OTo 0Itoio OAEg 01 LEPIKES

ouvaptnoelg aiAtvdpounong Sempouvial YpapiKeg.

18.1 Tomkn [IoAuwvupikry IIaAwvdpopnon

AnAx IIaAwv8ponunon

To povtédo amirg maAtvdpopnong to oroio Sewpeitat Hiveratl ano

yi = f(x;) + i,

orou f(.) n dyveotn napapetpog. H ouvdptnon nadwdpdunong f 9a ekupnbei oe
€va OUYKEKPIPEVO onpeio xg. AUto elvatl Suvatdv Xprnotponol®viag I IToAU®VU-
Hikr) adivdpopnon p-téing g ¥ ave ot & TOV TOTIKA otadpiopévey edayiotov

tetpayevev (weighted least squares),
yi = a4 by (2 — x0) + bo(wi — x0)* + ... + +bp(z; — x0)? + €

e v oroia ot rapatnproslg otabpiovial oe oXEOT e TO [TOCO KOVId gival oto
onueio zg. H extipnon yivetat ox1 povo oto onpeio xp, adAd kat oe 0Aeg TG N
napatpnoelg, ;. Mia yveotr] ouvdptnon otdbpiong, n oroia Xpnotporoteitat

ouyvd, givat n IpKUBIKY ouvdaptnon:

1—|z?)? <1
i [ G- va
0 ya |z|>1

10 apakdt® napdadetypa xpnotporoteitatl 1o miaioto dedopévav Prestige,

10 omoio Ppioketat otn BBA10ONKN car kat &ivet to Babuo yorjtpou yia ta dagpopa
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enayyéApata otov Kavada. @a egetaotel n oxéon tou Babpov yortpou (prestige)
e 1o e1008npa (income). Ta ) epappoyr) G MTOAUMVURIKAG AAvEpounong tov
TOITKA OTABPIopévVeV eAaxiot®V Tetpaydvey oty R xprnotponoteitat n ouvaptnon
lowess (local weighted scatter plot smoothing). To opiopa f &ivet to repiBAnpa
tou e§opaduviry, 6nAadn) v avaloyia twv onpeiov oto ypadnpa ta ornoia ernpe-
aouv v edopdAuvorn oe kaOe onpeio, eve o Oplopa iter Sivel tov aplBpo v
enavaAnyenv rou da eKTEAE0TOVV yia ) diadikaoia ektipnong pie okomo t) peln-
on g Paputntag ota TeAKA arnoteAéopata 1@V ArOPAKPUCHEVOV ITAPATHPT|OEMV.
To saypappa dacropav twv dedopévav padi pe ) ypapun §opdiuvong lowess

napouotadetat oto Tynpa 18.1.

> library(car)
> attach(Prestige)
> plot(income,prestige,xlab="Average Income",ylab="Prestige")

> lines(lowess(income,prestige,f=0.5,iter=0),1lwd=2)

Prestige
60 80
|

40
|

20
1

T T T T T T
0 5000 10000 15000 20000 25000

Average Income

Zxhpa 18.1: Awdypappa dlaoropds tov dedopévev padi pe ) ypappr esopdAuy-

ong lowess.

Zinv R undpxet eniong n ouvaptnon loess 1 omoia xpnotponoteitat ya v
mo nave PeBodo, 1 ormoia €xel KAl reploodtepeg duvatotnteg. AkoAoubel eva

napadetypa yla 10 nmeg Xpnowpornoteitat yia ta mo ndve dedopéva. Opiloviag
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degree=1 epappodetal n torukd ypappikr radwdpopnon. To Zxnpa 18.2 &ivet
10 Saypappa dracriopmv twv edopévav pe ) ypappn esopdAuvong loess.

> mod.lo.inc<-loess(prestige~income,span=0.7,degree=1)
> mod.lo.inc

Call: loess(formula = prestige ~ income, span = 0.7, degree = 1)

Number of Observations: 102 Equivalent Number of Parameters: 3.85
Residual Standard Error: 11.13

> inc.100<-seq(min(income) ,max(income) ,1len=100)

> pres<-predict(mod.lo.inc,data.frame(income=inc.100))

> plot(income,prestige)

> lines(inc.100,pres,lty=2,1lwd=2)

o
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o ° o _----
°e .o
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° o o O v
[ ] % % s
S °
D 0.0 o®8
g og ,o 0°
o o
g ch o/l %
&, e
o O
o 8
o, of
&°
&4/ °@®
o
o
T T T T T T
0 5000 10000 15000 20000 25000

income

xnpa 18.2: Atdypappa daoropdg tov §edopévav padi pe ) ypappr) e§opdAuv-

ong lowess.

18.2 EfopaAuvtéig Splines

Ot ggopaduviég Splines eivat i Avor) tou rpoBAfjpatog aning rmaivdpopnong, o

ortoio ermi¢ntd v £UPEOH TOV OUVAPTHOEDV f () pe 8o ouveyeis mapaywyoug, ot
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ortoieg eAax1otorolovv 1o abpotopa tetpayevev rowvng (penalized sum of squa-

res),

n Tmax

SS*(h) = yi — f(x:)]> + [f" ()] da,

i=1 Tmin

orou h eivat n mapdpetpog g efopdAuvong, n oroia dewpeitat avadoyn tou
MAQTOUG TG VETOVIAG T®V TOIKA MOAUMVUPRIKGV EKTPNTOV. O MpoTog 0pog g
eSiowong 1o mave eival 1o ABpoiopd TETPAYOVOV TOV UTOAOIN®V, EVH 0 §eUTePOg
0pog eivat n mowr| tpaxutntag (roughness penalty). H mowr) autyj eivatl peydin
otav 1 0AOKANPEUKY) SeUtepn Mapdywyos g ouvdptnong nadwdpopnons [ (z)
etvat peyddn, 6niadn otav n f(x) addader ypryopa xiion. ‘Otav n otabepd eto-
paduvong h eivat ion pe 0, tote 1) f () amAd apepBadet ta debopéva. Autd sival
[aPOHO10 PE TV EKTIPINOT He oK) naAvdpopnor pe repiBAnpa ioo pe 1/n. Av
10 h 6eg eivat apketd peyddo, tote 1 f (z) 9a emdeyOel éto1 dote n fr () etvat
ravtou 0, 1) ortoio ouclaotiKA ivat 10odUvapn Pe Pid YEVIKY YPAPIKL EQAPHOVT)
elaylotev terpayovev ota dedopéva.

To Zxrpa 18.3 mapouoiddet oto 1810 ypddpnpa tnv e§0dAuvorn) TorKAG MoAu®-
vupikng radwvdpopnong loess, kat mv egopdAuvon splines, n oroia yivetat pe
Vv evtoAr) smooth.spline nou Bpioketat ot BBA0ONKkn splines. To ypagpnpa
auUTO KATaoKeUddetal onwg 1o ypadnua oto xnpa 18.2 mpootéboviag oto téAog

v e§opdduvon splines pe ) BorBeta tng eviodnig lines Onwg mo KAT®:

> library(splines)
> lines(smooth.spline(income,prestige,df=3.85),1lwd=2)
> legend("bottomright",c("loess","smoothing splines"),lty=c(2,1),lwd=c(2,2))

Ot Babpoi edeubepiag df téOnkav icot pe 3.85 yla va CUPG®VOUV € TOUG
Babpoug eAeubepiag tng £§0PAAUVONG TOMIKEG TTIOAUMVURIKNG TAAVEpORnong.

18.3 A6Opoirotikn Anapapcetpiry] IIaAwvépounon
To povtédo tng abpoloTikng 1 MAPAPETPIKEG raivdpopnong Sivetat aro
yi = a+ fi(za) + fa(wie) + ...+ +fr(zin) + &4,

OITOU Ol HEPIKEG OUVAPTHOEIS TIAAVEpOUnong f; epappodovial Xpnotonoimviag
éva ggopaduvtr] arng nmaAvdpopnong, Oneg yla rnapddetypa 1 TormKkd moAue-
VUpIKn raAivdpounon 1y o efopaduving splines. Ta v epappoyn mg peboédou

yia v naAwdpounon tou Fabpou yontpou ouvaptrioet Tou £10081PATtog Kat g
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Ixfpa 18.3: Atdypappa Siaoropdg tov 6edopévav padl pe ) ypappn eopdAuv-

ong lowess kat smoothing splines.

exknaideuong, xpnopornoieital 1 evioAn gam mou Ppioketat oty BiBA0OnKn mgcv,

OI®G IO KAT®

> library(mgcv)
> mod.gam<-gam(prestige”s(income)+s(education))

> mod.gam

Family: gaussian Link function: identity

Formula: prestige ~ s(income) + s(education)

Estimated degrees of freedom:
3.117833 3.177297  total = 7.29513

GCV score: 52.1428

H ouvdptnon s otnv evioAr) gam urodeikvuel 011 KaBe 6pog Sa avaAubet xpnot-
porowwvrag esopaduvn spline. Ot Babpoi edeubepiag unodoyilovial pe yevikeu-

pévn otaupetr) eraAnBeuor. e autrv v nepineoorn, 3.1178 napapetpot €xouv
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XpnoworonOet yia tov 6po income, kat 3.1773 yia tov 0po education. Ot Bab-
1ot eAeubepiag Tou poviédou eivat oot pe to dBpotopa toug ouv 1, ) otabepd g
naAvépopnong.

H smugdvela g abpoiotikng raAvépounong divetatl oto Zxrpa 18.4 kat ka-

TAOKEUALETAL OTIOG TTI0 KAT®

inc<-seq(min(income) ,max(income) ,len=25)
ed<-seq(min(education) ,max(education),len=25)
newdata<-expand.grid(income=inc,education=ed)
fit.prestige<-matrix(predict(mod.gam,newdata),25,25)
persp(inc,ed,fit.prestige,theta=45,phi=30,ticktype="detailed",
xlab="Income",ylab="Education",zlab="Prestige",expand=2/3,
shade=0.5)

+ + VvV VvV Vv VvV V

2222277
P & g

7
225822752

Zxnpa 18.4: Exupopevn eruddveld g abpolotiky anapapetpikig maAvépoun-
on).

Ta 1o A6yo o1 Koppdua g ermpavelag oty Kateubuvon g piag emedn-
yNpaukng petabAntrg eivat mapdAAnlda, eivat apketo va yivel 1o ypadpnpa kabe
pepkrg tadvEpdunong Sexoplotd. Autr) eival Kat pia XpnotpotnIa ToU POVIEAOU
abpototikng aAvépopnong, pewwvet to roAudiactato rpoBAnpa raiivdpopnong

oe pa ogpd anod dididotata ypapnpata @V pepkev naivdépopnoenv. H osipa
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1OV YPaPnPAt®v auteVv KATaoKeudadetal oty R xpnoiyionowviag 1o avikeipevo

gam ©g 0plopa oty evioAn plot (Exnpa 18.5).

> par(mfrow=c(1,2))
> plot(mod.gam)
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Txnpa 18.5: Tpadnpata 1oV PEPIK®V MAAVOPOI0E®V TOU OVIEAOU aOpPOIoTIKIG
AMAPAPETPIKNG TTAAVEpopn o).
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Ke¢padawo 19

AvaAvuon Embicwong

H avaAuon emmBioong (survival analysis) avapépetat oty avaiuor 6edopévav rou
adopouv 010 XPOVo ToU PecoAaBel PEXPL KATO0 OCUYKEKPIIEVO oupBav. ApXiKda
1 avdaAuon avadepdtav oto XPovo Petady tng departeiag péxpt tov Sdvaro kat yia
auto o AGYO I Ppe KAt T0 OUYKeKppévo ovopa. H avdAuon emBionong opeg propet
va ePaPPOO0Tel 08 APKETEG TEPUTINOELG, ONMOG Yia rapddetypa oty pnxavoloyia,
yla TV avaluor Tou XpOVoU HPEXPL TV EUITAOKI] EVOG PNXAVIIATOG 1) T YE®PYid,
yla tv avdAuor Tou Xpovou HPEXPL TV Oyl va BydAet kapro éva §évipo. Zinv
MEPIIOOT) g pnxavoloyiag n avaluon avagépetat Kat oG dswpia aloruotiag
(reliability theory). O xpovog emBioong xpilet e181krg petaxeiplong yia to Adyo ot
eivat meploplopévog oto va eivat rdvia Jetkog, Kat yiatt ta dedopéva mepExouv
Aoyokpiuéveg (cencored) rmapatnproelg. Ta Aoyoxkpipéva edopéva eivat autd ya
ta oroia dev eival yvwotdg o xpovog rou oupBaivel to yeyovog. To povo mou
propet va AexOel eival 0t 0 xpovog ermBimwong Toug eival PeyaAutepog aro v
T TTOU €XEl Kataypaget.

v avdduon emBioong eival moAU onpavilkég HU0 OUVAPTIIOELS Ol OTTOieg
MEPYPAPOUV TNV KATAVOLLI) TOU XPOVoU ermbimwono: 1 ouvaptnon ermbinong Kat 1

ouvAaptnon Kvduvou.

19.1 Zuvaptnon Embicwong

YupBoAidovtag 1o Xxpovo erubiwong pe 1), n ouvdapinon erubioong (survival fu-

nction) S(t) opiletal wg n mbavota smbioong evog ATdPOU MEPAV TN XPOVIKY
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otypr ¢ kat Sivetat amo t) oxEon :
S(t)=P(T >t)=1—F(t)

H ouvdptnon emBioong ival pn apvnuiky Kat pin aviouoa ouvaptnon tou ¢ e
S(0) = 1 xat S(o0) = 0. H ypadkn] mapdaotaocn tng S(t) ouvaptrjoet ou ¢ stvat
YVQOOTI ©G KAPITUAD ermBimong Kat eivat oAU onpaviiky oty avaiuvon dedopévav

Xpovou ermBioong.

19.2 XZuvaptnon Kivéovou

H ouvdpwon kwduvou, h(t), opidetal og 1 mbavotna anobioong (1) mpaypdroong
TOU YEYOVOTOG IMOU €GeTALETAl) TN XPOVIKY otyun ¢, 6edopévou Otl 1o dtopo €xel

ermBlwoel PEXPL ) Xpovikn ouypn . AnAadr,

PE<T<t+s|T>t)
S

=

H ouvdpinon kivduvou divel Eva p€rpo tou nooo mbavo eivat éva Atopo va aro-
Brooel wg ouvaptnon g nAKiag Tou atopou, yia rmapdadetypa o kivbuvog Savatou

avdapeoa og autoug Tou eivat {@vtavol ) CUYKEKPTHEVT OTLY L.

19.3 MovtéAo avaloy®Vv oUVapTiOERDV Kivduvou

v avaduor ermBioon nailet peyddo podo n §eUpeon mapayoviev ot Oroiot
va oyetiovtat pe 1o Xpovo ermbinong. Autoi ol mapayovieg da IPErnel va ou-
preplAneOouv oto poviédo rou 9a xpnotpornonOel yla ) OXETKL avAAuor oV
6edopévav. Agpou n ouvaptnon Kwvduvou eival pn apvntikn, o AoyapiOpog g

Hropei va eKPPAOTel @G YPAPHIKY) OUVAPTNOT EME§NYNHATIKGOY NETABANTOV :
Inh(t) = fo + frx1 + fozz + ... + Bpxy

To povtédo autd Opwg eival MOAU TEPIOPIOTIKO adoU UTOOETEL OTL Il CUVAPTNOT)
Kiv&Uvou dev egaptdtatl amo to xpovo. Yrdpxouv diagopeg pébodot pe tig oroisg
10 povtédo Sa Propouoe va U100 0EL TV €5APTN 0T TOU XPOVOU, HIE TV IO YVOOTL)
va etvat 1o Poviédo avadoywyv ouvaptroeev Kivduvou (Cox 1972). To poviedd autd

Sivetal amno

Inh(t) = a(t) + frz1 + foza + ... + Bpap
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orou «(t) etvat omowadrnote ouvéptnon ou xpdvou. O 6pog “avaddywv ouvaptr]-
oemV K1vdUvou” eivatl AOym TOU YEYOVOTOG OTL Y1d OIT0o1adIToTe AToPd Y1d OItodnIto-
Te onpeio Tou Xpovou, 0 AdYog TV ouvaptroemv Kivbuvou eivat otabepdg. ESattiag
To0U O 1 ouvdptnorn Kwvduvou at) Sev efvat avaykn va opiotet €§ oAokArpou, 1o
HOVIEAO avaddywVv ouvaptroe®Vv Kivouvou dempeital g NUUTapapeTpiko.

O Cox elonynOnke pia pebodo Seopeupévng rmbavopavelag yla eKTpnon v
napaperpev. To onpaviko otorxeio autig g pebodou elvat ot eKtproelg -
Eaptovral and ) oepd pe v oroia ocupBaivel 1o yeyovog kat Oxl Tov akpibr)

Xpovo.

19.4 Tlapadewypa

Ta dedopéva tou apadetypatog, ta oroia divoviatl oto mapdptnia oto T€A0G TOU
repadaiou, avapépoviat oe 51 aobeveig o1 oroiol adoyouv ard ogeia pusdoBia-
OTIKY] Asuyatpia Kat mou dev £€xouv PEXPL Twpa 6exOel ormoradrote Sepaneia. Ot
aoBeveig autoi urtoBaddovtatl oe pa oelpd departeiag, oto T€A0G g ortoiag £Xouv
egetaobei av €xouv avrariokpiBei 1) 0x1. 'Exouv kataypaget rpiv ) departeia €5

petaBAnTeg :
1. n nAwia Sdyveong, Age,
2. 10 IOCOOTO EMOTP®ONG TV BAactokuttapwy, Smear,

3. 10 10000TO TV KUTIAP®V artod 1 Asuyxatpia rou ewonAbav oto puedo tov

ootov, Infil,
4. 10 MOCOOTO TV KUTIAP®V TTOU TPorA0av arod to puedo tov ootev, Index,
5. ta andAuta BAactokutiapa, Blasts, kat
6. n ynlAotepn deppokpaocia oopatog riptv ) deparneia, Temp.

Emniong, kataypdgetatl o xpovog ermbimong tou atopou, Time, Kat n aviaro-
Kpton tou otn deparneia, Resp. TéAog, n petaBAntr) Status deixvel av ot mapa-
pHoetg evog atdpou eivat Aoyoxrpipéveg 1) Oxt. H mpog egétaon epodnon eivat to
Katd rooo onpavikeg eivat otn poBAeyn tou Xpovou ermBionong ot €51 petaBAntég
ou Kataypdenkav rptv arno ) depareia. Ia va anavindei n epodnon avty Sa
XpnotportonOet To poviédo avaldywv ouvaptroe®v Kivouvou.

v R ot avaykaieg ouvaptroeig yla v avaduon srmbioong Bpiokoviatl ot
B1BA100nkn survival. To poviéAdo avaloy®v ouvaptioemv Kivduvou epappode-

Tal XP1notponowwviag v evioAr] coxph. H mepiypagr) tou poviédou otnv coxph
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yivetal pe mapopolo Ipornog Ornmg Katl oty MEPIIOOT] OV YPAPHIKGOV POVIEAGV
pe v 1m, pe ) §tapopd OTL T0 ApPloTEPO PEPOG TG eival aviikeipevo emBinong
rou dnptoupyeital amo ) ouvaptnon Surv. v Iepintorn mnou ta dedopéva ei-
vat e&§1d-Aoyoxrpiéva, n ouvdptnon Surv €xel ) popdr) Surv(time,event), ue
time va eivat eite 0 Xpovog PEXPL TO YEYOVOG 1] 0 XPOVOG Aoyokploilag, Kal event
va eivat pa deikrpla petabAntr) pe tarn) ion pe 1 av 1o yeyovog napatnpeitat n
ion pe O av av n apatmpnor eivat Aoyokpipévn. Epappodoviag to poviedo ava-
AOY®V OUVaPTHoE®V KIVBUVOU He T1g 6 enednynuatikeég petaBAntég naipvoveat ta

akodouBa artotedéopata:

> library(survival)
> cancer.dat <- read.table("cancer.dat", col.names=c("Age","Smear",
+ "Infil","Index","Blasts","Temp","Resp","Time","Status"))
> time<-cancer.dat[,"Time"]
> status<-l-cancer.dat[,"Status"]
> attach(cancer.dat)
> cancer.cox<-coxph(Surv(time,status) "Age+Smear+Infil+Index+Blasts)
> summary (cancer.cox)
Call:
coxph(formula = Surv(time, status) ~ Age + Smear + Infil + Index +
Blasts)
n= 51
coef exp(coef) se(coef) z )
Age 0.03536 1.036 0.01018 3.473 0.00052
Smear 0.00915 1.009 0.01451 0.631 0.53000
Infil -0.01835 0.982 0.01247 -1.472 0.14000
Index -0.08955 0.914 0.04482 -1.998 0.04600
Blasts 0.00285 1.003 0.00973 0.293 0.77000

exp(coef) exp(-coef) lower .95 upper .95

Age 1.036 0.965 1.016 1.057
Smear 1.009 0.991 0.981 1.038
Infil 0.982 1.019 0.958 1.006
Index 0.914 1.094 0.837 0.998
Blasts 1.003 0.997 0.984 1.022
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Rsquare= 0.312  (max possible= 0.996 )

Likelihood ratio test= 19.1 on 5 df, p=0.00188
Wald test 17.6 on 5 df, p=0.00351
18.9 omn 5 df, p=0.00197

Score (logrank) test

Etvat @avepd ot n nAikia Siayveong, Age, elvatl ) o onpavikn petabint)
yia Vv poéBAeyn tou Xpovou ermbinong, adou £xel p-value moAu kovia oto O.
I'a 1o Aoyo autd sdpappodetat Eva vEo HOVIEAO e POVO autr) T PetaBAntn) g

ereSnynpankn kat divetl ta akddouba arotedéopata:

> cancer.coxl<-coxph(Surv(time,status) "Age)
> cancer.coxl
Call:

coxph(formula = Surv(time, status) ~ Age)

coef exp(coef) se(coef) =z P
Age 0.0324 1.03 0.00952 3.4 0.00067

Likelihood ratio test=11.8 on 1 df, p=0.000577 n= 51

H epunveia tou eKupnpévou ouvieAeoTr) TOU POVIEAOU eivatl oTl KaBe ermrpoobe-
T0G XPOvog {wng audavetl to AoydpiOpo tng ouvdaptnong Kwduvou kata 0.0324.
Mia 1110 0®OoTr) TIPOCEYYLoT NS epunveiag propet va yivelt agpou npota Ppebet n
ekBetiky) ouvaptnon tou ouviedeotr). 'Emetta yia kabe avdnon katda pia povada
g enednynuatkr) petaBAntrg, n ouvdaptnorn kKivduvou roAdardaotdetal pe tov

ekBetko ouvtedeotr). H tpn g
100(exp(coef ficient) — 1)

6ivel v mooootiaia addayn otn ouvaptnon Kiwvduvou yia kabe povadiaia av-
&non oty enednynpatikr petaBAntr). Luvenog, augnon £vo Xpovou otnv nAkia
81ayveong odnyei oe avgnon 3% g ouvaptnong Kwvduvou.

To endpevo otadlo g avdailuong 1 avdaduor TV UMOAOIN®V Ao TO HOVIEAO
e ) Borifela 51ayveRoTKGOY YpagnpIAateVv yid Ty £§eUpeot) ArOPAKPUOHEVRV Tl
POV, Iapainpnoemyv ermppong K.a. O®a ypnowponowBouv tpia Stapopetikd eidn

UTTOAOITI®V :

e martingale: xprjoypa oto va AaroKaAUITIOUV T OUVAPTNOWUKI Hopdn TV

EMESNYNPATIKOV PETABANTOV,
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e deviance: xprjoyia otV avayvopilon TV AlyoTePO KAA®V EKTINOPEVOV ITa-

paTnProE®V,

e Schoenfeld: xprjolpa oto va unodelkvUouv av 10 POViEA0 avaloymyv ouvap-

oe®v KivdUvou eivat katdAAnAo 1) oxt.

TV apxt Kataokeuadetatl To ypdpnpa tev unoloinev martingale ouvaptijoet tng

nAkiag 61ayveong Xpnoorol)viag Tig Io KAT® EVIOAES,

> cancer.coxl.mart<-residuals(cancer.coxl,type="martingale")
> plot(Age,cancer.coxl.mart,ylab="Martingale residual")
> abline(h=0)

> lines(lowess(Age,cancer.coxl.mart))

To ypdonpa mapouotdletat oo Txfiua 19.1. H tedeutaia evioAr) divel tn
ypapur esopdAuvong lowess, 1 oroia urodeikvuet Ott 100G va mpénet va SewpnOet
0 TETPAY®VIKOG Tapdyoviag g nAikiag 81ayveoong oto poviedo, 1] evaAAaKukd,

va 9enpnBouv Sexmplotd ot nAtkieg PIKPOTEPES Kat peyadutepeg tou 45.
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Zxnpa 19.1: HAwkia diayveong ouvaptrjost v untodoinev martingale padi pe

ypapur) egopdduvong lowess.

T OUVEXELd, KATAOKEUALETAl Pe TIapO010 TPOIT0 T0 YPAPNA TRV UTOAOIIOV

deviance ouvaptrost g nAkiag diayveong kat napouotadetatl oto xnpa 19.2.
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Mobvo 1o UTIOAOUTO TO OrToi0 AVTIoTOlXel OtV 221 Mapatpnor napouotdletal g

AMOPAKPUOPEVH TIUn. AUTO AVIIOTOIXEl 0€ ATOHO0 e PUNOEVIKO XpOovo ermbBimong.

cancer.coxl.dev<-residuals(cancer.coxl,type="deviance")
plot(Age,cancer.coxl.dev,ylab="Deviance residual")
abline (h=0)

lines(lowess(Age,cancer.coxl.dev))

vV V V V V

identify(Age,cancer.coxl.dev,n=1)
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Zxnpa 19.2: HAwkia diayveong ouvaptrost tov unodoinev deviance padl pe )

ypapur) egopdduvong lowess.

Télog, Sivetat 1o ypdonpa tev urtodoinwv Schoenfeld cuvaptroet tou xpovou

ermBioong pe v rpoodnkn g ypapurng sopdiuvong lowess (Exnpa 19.3).

cancer.coxl.shoen<-residuals(cancer.coxl,type="schoenfeld")
plot (Age[status==1],cancer.coxl.shoen,xlab="Survival time",
ylab="Schoenfeld residual")

abline (h=0)

lines(lowess (Age[status==1],cancer.coxl.shoen))

vV V + V V
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To 1o oNPAVIIKO CUPIEPACHA £ival 0Tt 000 PIKPAiVEL 0 XPOVog ermBinong ot
TIHEG TOV UTIOAOIN®V TeiVOUV va eivat apvntuikég. AUtO aviiotoiyel otoug veapote-
poug aobeveig Kal oUVEn®g, urtdpyet Kat 6o évbeldn ot 1owg va eivat kadutepa

va yivel Staxwplopog tov acbevov katd nAia.
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Zxnpa 19.3: Xpodvog ermBinong ouvaptrost tv urtodoinev Schoenfeld padi pe
ypapur) egopdduvong lowess.

AapBavovtag uroyrn v €vdegn and v avaluon uroloinev, 9a yivel mpo-
ondBeia avaduong v Sedopévav egetaloviag toug aobeveig Baoet tng nAwkiag
toug, Sraxwpidoviag toug oe HU0 KATNYOPIEg, PIKPOTEPOUS KAl HEYAAUTEPOUS ATTO
45 etdv. Me 1 fonbeta tov akOAoub®v eVIOAGOV KATAOKEUALETAL TO YpAPnIA TOV
Kaprudev 61a6imong tev U0 NAKIAKOV KAtnyopl®v oto 1610 ypagnpa (Exnpa
19.4).

agroup<-cancer.dat[,"Age"]-45

agroup [agroup>=0]<-1

agroup [agroup<0]<-0

plot (survfit (Surv(time,status) “agroup) ,xlab="Survival Time in months",
ylab="Proportion surviving",lty=1:2)

legend ("topright",c("Under 45","45 and over"),lty=1:2)

vV 4+ V VvV V V
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Survival Time in months

Zxnpa 19.4: Kaprnudn embBioong yla ta dtopa pe nAkia 5iayveong KAte Kat

ave amno 45 xpovaov.

'Onwg dagaivetat aro 10 ypadpnpd, UIapXeL ONPAvIKLY dtapopd otig KapIu-
Aeg SraBiwong v 8U0 KAtyopldv.Autd edetdletal kat pe ) Borfela tou eAéy-
¥ou log-rank, ¢ oroiog eivat éAeyxog X? xat epappdletat otnv R pie v eviodn

survdiff.

> survdiff (Surv(time,status) “agroup)
Call:

survdiff (formula = Surv(time, status) ~ agroup)

N Observed Expected (0-E)~2/E (0-E)~2/V
agroup=0 18 14 23.8 4.05 11.0
agroup=1 33 31 21.2 4.55 11.0

Chisq= 11 on 1 degrees of freedom, p= 0.000926

O €Aeyxog Sivel i) yia tnyv edeyxoouvaptnon ion pe 11 pe 1 fabpo edeubepi-
ag. To p-value tou eAéyyou eival oAU Kovtd oto O e arotéAeoia va aroppirntetat

1 urtobeon Ot 01 HUO NAKIAKEG KaATnyopieg £€xouv v i61a ouvdaptnon dabicwong.
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Iapaptnpa

Ta 6edopéva Tou XPNoPoIolovvidl 0 autd T0 KEPAAAlo yia epappoyr mg ava-

Auong SwaBiwong.

> cancer.dat

Age Smear Infil Index Blasts Temp Resp Time Status

1 20 78 39 7 0.6 990 1 18 0
2 25 64 61 16 35.0 1030 1 31 1
3 26 61 55 12 7.5 982 1 31 0
4 26 64 64 16  21.0 1000 1 31 0
5 27 95 95 7.5 980 1 36 0
6 27 80 64 0.6 1010 0 0
7 28 88 88 10 4.8 986 1 9 0
8 28 70 70 14 10.0 1010 1 39 1
9 31 72 72 2.3 988 1 20 1
10 33 58 58 5.7 986 0 4 0
11 33 92 92 2.6 980 1 45 1
12 33 42 38 12 2.5 984 1 36 0
13 34 26 26 7 7.0 982 0 12 0
14 36 55 55 14 4.5 986 1 8 0
15 37 71 71 15 4.4 1020 0 0
16 40 91 91 9 35.0 986 1 15 0
17 40 52 49 12 2.1 988 1 24 0
18 43 74 63 4 .1 986 0 2 0
19 45 78 47 14 .2 980 1 33 0
20 45 60 36 10 .6 992 1 29 1
21 45 82 32 10 28.1 1016 0 0
22 45 79 79 4 1.1 1030 0 0
23 47 56 28 2 .9 990 0 0
24 48 60 54 10 .2 1002 0 2 0
25 50 83 66 19 11.6 996 1 12 0
26 50 36 32 14 .5 992 1 9 0
27 b1 88 70 8 0.5 982 0 1 0
28 52 87 87 7 10.3 986 0 1 0
29 B3 75 68 13 .3 980 1 9 0
30 53 65 65 6 .3 982 0 5 0
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

56
57
59
59
60
60
61
61
61
62
63
65
71
71
73
73
74
74
75
7
80

97
87
45
36
39
76
46
39
90
84
42
75
44
63
33
93
58
32
60
69
73
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Ke¢padawo 20

AvaAuorn oe Kupleg
ZUVIOTMOES KAl AlaXWPLOTIKY

Avaluon

20.1 Avaluorn oc Kupleg TuVvioT®OOES

H 1¢6060g teov Kupiov Zuviotooov ivat pia texvikt) avaduong Sedopévav e oko-
o ) Snpoupyia Katvoupyleyv petaBAntav, ot oroieg eival ypappikoi cuvdéuaopot
TOV APXIK®V PETtaBANTOV, £101 OOTE va £lval AOUCKETIOTEG HETAEU TOUG KAl va TIEPTE-
XOUV 600 To §uvatov peyaiutepo PEPOG TG H1aKUIIAVONG TOV APX KOV PeTABANTOV.
Ot véeg petaBAntég rou rapayoviat ovopaloviat Kupieg Zuviotwoeg. To Tl erutuy-
Xavetat arno ) pEBodo autn eivatl Ott Ao €va CUVOAO CUOXETIOPEVOV PETABANTOV
KATAaANyoupe o€ €va OUVOAO AOUCYKETIOT®V PETaBANT@V, TO OIoio eival Xproiio
Yl apKeTEG otatiotikeg pebodoug. Eriong, ot KUPlEG OUVIOT®MOEG TTIOU IIPOKUITIOUV
HITOPOUV VA PPN VEVOOUV TO PEYAAUTEPO TTIOCOOTO NG SlaKkUpPavong, Iou onpaivet
MOG KATAANyOUHE O¢ £va ITI0 PIKPO aplBpd petaBAntov amno ot eixape apyikd, pe
KOOTOG OTL XAVOoUE £va PKPO ITOCOOTO TG OUVOAIKNG petaBAntotntag. Auto eivat
MOAU onpaviko 181aitepa Otig MEPUTIOOEIS TIOU £€XOUNE AlyeG IAPATNPIOELS KAl
TT0AAEG petaBAntég. LUVEN®G, av o€ pia T€tola repimtwon dédape va epappocou-
e éva (YEVIKEUPEVO) YPAPHIIKO HOVIEAO, I UIEPTIAPAETPOITOINO0n TOU POVIEAOU
HIdpet va §emepaotel Xpnotponoimviag v napanave pebodo.

Ia va 6ovpe g epappoletat n péBodog auvtr) oty R, Sa xpnopornorjooupe
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10 rAaiotlo Hebopévav possum to oroio Bpioketat oty BBA0Or kN DAAG kat avage-
PETAl OF EVVEA HMOPPOUETPIKES NeTpr)oelg yia 104 ortooooun (§evdpodBio papotro-
®0opo {Ho). TV R urtapxouv 60 eviodég o1 ortoieg PIopouv va epappocouy v
avaduorn oe KUpteg ouviotwoeg. IIpoupntéa eivat r) evioAr prcomp () e v oroia
0 UTToAOoY10p0g yivetal pe v dtdornaon 18iddouoag Tung tou rivaka dedopévev
(rBaveg kKavovikoTouévog) Kat 0l urtoloyidoviag tig 810TEG e QAOPATIKY
6iaoraon tou ivaka ouvilakupavong (1) CUoXeTioE®V) OTI®G Yivetatl epappodoviag
v evioAr] princomp (). To mpdto Prpa etval va edéydoupe ) petaBAntotia oV
HOPPOPETPIKOV PeTaBANTOV pe ) forfeta tou mivaka ouvdlakupavong, o oroiog

urodoyietat pe v eviodr) cov().

> library(DAAG)
> possum.dat<-na.omit (possum[,6:14])
> cov(possum.dat)

hdlngth skullw totlngth taill footlgth earconch

hdlngth 12.719151 7.990574910 10.579248 2.0111222 6.13856368 1.475288407

skullw 7.990575 9.788319056 7.138732 1.5772178 3.78241767 0.002080716

totlngth 10.579248 7.138732153 18.597533 4.8039977 8.43164953 2.446375405

taill 2.011122 1.577217780 4.803998 3.8747858 -1.09253760 -3.171178374

footlgth 6.138564 3.782417666 8.431650 -1.0925376 19.31871312 13.957338664

earconch 1.475288 0.002080716 2.446375 -3.1711784 13.95733866 16.445541595

eye 1.351369 1.062334856 1.167453 0.4161098 0.02410813 -0.653397106

chest 4.661275 4.050000000 5.145588 0.7083333 4.07107843 1.691176471

belly 5.520779 3.925904245 6.160689 1.5989197 3.68086808 0.600737674
eye chest belly

hdlngth  1.35136874 4.6612745 5.5207786

skullw 1.06233486 4.0500000 3.9259042

totlngth 1.16745288 5.1455882 6.1606891

taill 0.41610984 0.7083333 1.5989197

footlgth 0.02410813 4.0710784 3.6808681

earconch -0.65339711 1.6911765 0.6007377

eye 1.10688559 0.3240196 0.7081715

chest 0.32401961 4.2254902 3.4583333

belly 0.70817152 3.4583333 7.6600514

> diag(cov(possum.dat))

hdlngth skullw totlngth taill footlgth earconch eye chest

12.719151 9.788319 18.597533 3.874786 19.318713 16.445542 1.106886 4.225490
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belly
7.66005

H 8iayoviog tou nivaka cuvilakupavong napouotadet ) §1aomopd Katl 0reg
etvat gavepd, ot petaBAntég €xouv dagopetikn petaBAntotmrta. O Adyog eivai
0Tl 10 KABe PEPOG TOU PAPOCUTOPOPOU {WOU TO OIoil0 PETPNONKE £XEL H1APOPETIKO
péyebog. Tuvenag, yia va 600ei 1) i6ia Baputnta otig petaBAntég, autég mpEmet va
KOVOVIKOITO0ouv. AUTO Yivetal Xp1Oo1orolwviag Tov IivaKa CUCXETIoE®V otV

avAaAuon Kupi®v ouvioteomv, adou ot §1ayevio Tou Umdapyouv povo povadeg.

Znv R auto yivetat ipooBétoviag to dpiopa scale=T oty prcomp ().

> cor(possum.dat)
hdlngth skullw totlngth taill footlgth earconch
hdlngth 1.0000000 0.7161350133 0.6878569 0.2864742 0.391605342 0.1020055445
skullw 0.7161350 1.0000000000 0.5291019 0.2561025 0.275059297 0.0001639965
totlngth 0.6878569 0.5291019496 1.0000000 0.5659151 0.444831755 0.1398850635
taill 0.2864742 0.2561024623 0.5659151 1.0000000 -0.126276764 -0.3972580707
footlgth 0.3916053 0.2750592967 0.4448318 -0.1262768 1.000000000 0.7830498840
earconch 0.1020055 0.0001639965 0.1398851 -0.3972581 0.783049884 1.0000000000
eye 0.3601583 0.3227423866 0.2573122 0.2009244 0.005213424 -0.1531446219
chest 0.6358242 0.6297416468 0.5804553 0.1750553 0.450590285 0.2028739514
belly 0.5593137 0.4533877714 0.5161617 0.2934857 0.302583550 0.0535235532
eye chest belly
hdlngth  0.360158311 0.6358242 0.55931366
skullw 0.322742387 0.6297416 0.45338777
totlngth 0.257312171 0.5804553 0.51616171
taill 0.200924441 0.1750553 0.29348570
footlgth 0.005213424 0.4505903 0.30258355
earconch -0.153144622 0.2028740 0.05352355
eye 1.000000000 0.1498240 0.24320430
chest 0.149823996 1.0000000 0.60787245
belly 0.243204300 0.6078724 1.00000000
> possum.prc<-prcomp (possum.dat,scale=T)
> summary (possum.prc)
Importance of components:
PC1 pPC2 PC3  PC4 PC5 PC6 PC7 PC8  PCO

Standard deviation 1.986 1.407 0.944 0.859 0.7508 0.5563 0.5165 0.4048 0.380
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Proportion of Variance 0.438 0.220 0.099 0.082 0.0626 0.0344 0.0296 0.0182 0.016
Cumulative Proportion 0.438 0.658 0.757 0.839 0.9018 0.9362 0.9658 0.9840 1.000

H evtodr] summary (), pe 0plopa 10 aVilKeipevo tng avaluong oe KUPleg Ouvi-
otwoeg, divel Tig 1810TEG yia KAabe KUpla oUvVIoTOOA Ol OTIOlEG AVIIOTOLXOUV OTIS
TUTTIKEG ATToKAioElg Toug. Autég ivoviatl oe audouoa oelpd. TUVETIRG, OTNV IPQT)
KUptla ouviotooa (PC1) avuotoxei n peyadutepn 6ott, oty deutepn (PC2) 1
Oeutepn peyadutepn K.o.K. Emiong, ot deutepn ypapr) napouvotadetatl 1o ooo-
010 G PetaBAntottag movu egnyeitat arnd Kabs KUP1A CUVIOTOOd, EVR OTNV TPITN
ypappn napouotddetat 1o abpolotiko mocooto petaBAntotntag.

21 ouvéxeld, emAEYOUnE TG kK TIPOTEG KUPIEG OUVIOTOOES IOV £ENyoUV £va orn-
PAVTIKO ITOCO0OTO NG 0AIKNG petaBAntotntag. Xt BBAtoypadia urnapyouv rmoAdd
KPLIpla Ta 0Ioia XPno1H0tolouvIdl yid ToV OKOomo auto. o Kate avadepoviat

ta tpia mo dnpoddn :
1. TToooot6 OUVOAIKTG HlaKUPAVONG TTOU £ENYOUV 01 KUPIEG OUVIOTWOES
2. Kpurpto tou Kaiser

3. Texvikn ToU aykova - scree plot.

ZUpoeva pe 1o Ipoto KPLplo, dtadéyoune 100G OUVIOTOOEG Oote abpotlott-
KA va €§nyouv peyadutepo mooootod petaBAntotntag and tov otdxo mou déoape
otnv apxn (ouvrBwg peyadutepo tou 80%). Apa, oto napardve rapadetypa e-
mA&yovial o1 TPROTEG TEOOEPIS OUVIOTWOES IOV egnyouv abpototikd 1o 83.9% tng
OUVOAIKAG petaBAntotntag tov dedopévav. To kpurptlo tou Kaiser Aéet, av xpnot-
poroteitat o mivaxkag ouvdlakupavong, va de@priooupe TO0EG OUVIOTMOEG OOEG 1)
Slotr) toug eivat peyadutepn) anod aro ) PECT ToUG T, EVE AV XPNO110IoLEl -
1Al 0 MIVaKag OUCYXETIOE®V, TO0EG 00eg £xouv 1810Tr) peyadutepn tou 1 (yatis;).
TUvenwg, oto rapddetypia ermAéyoviat ot HU0 mPmIeEg KUPleg ouviotmoeg. TEAOG, 1
TEXVIKI] TOU ayKeva givat pia ypadikn pébodog yia tmyv ermAoyr) tou aplbpou tov
kupiov ouvictwomv. To ypapnpa autd €xet otov 0pildviio d§ova Tev & tr) 0e1pd Kat
otov KaBeto dadova v ¥ v Tt kabe 18otpng. Ipoteivetal va ermdeyouv 160eg
OUVIOTOOEG PEXPL TO Ypadnpa apxilet va dnuioupyet «aykovar, SnAadr) va addadet
KAion. To scree plot tou apadetypatog rapouoiadetat oto Txrpa 20.1. To npaoto
napouotadetal g paddoypappd, eve 1o SeUTEPO ®G ITOAUY®VO, adou rpoobioape
10 Oplopa type="line". Eivat gavepo ot n kAion adddlel anod v tpitn dloupn

KAl Petd, Kat apa ermiéyovial ot 6U0 MP®TIEG OUVIOTOOES. LUNPIEPAOPATIKA, Yid
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10 mapanave napadetypa eivatr katadAndn n emdoyr v §Uo MPATOV KUPieV
ouvictwowv PC1 kat PC2.

To 1o dUuokodo Koppdtt TG avaAluong oe KUPLEG OUVIOTOOES eival 100G 1) ep-
pnveia toug. Autr) Baoiletal 0ToUg CUVIEAEOTEG TOV KUPI®V oUVIoTOOo®V (principal
component loadings) ou ocuvioToUV T0 YPAPIIKO CUVOUAOHO TV APXIK®V HETA-
BAntodv. Ot oUVIEAEOTEG AUTOL AVIIOTOLXOUV Otd OTo1Xeld ToV 181081avUoHdTOV TV
wWotpev 1V ouvioteoov. Autol divovtat oty R padi pe tig avtiototxeg 1610tipég
KAA@VIAG TO0 AVUKEIPEVO NG AVAAUONG O KUPLEG OUVIOTOOEG Tou SnpoupynOn-
Ke Xprnotporolwvtag tnyv eviodr; prcomp (). @a 600l n epunveia ya g mpmteg
600 ouviotHoeg adou autég ermAgynkav pe Bdorn ta o nave kpttmpla. H npo-
1 KUpla oUVIoTOOod PIopel va epunveubel og évag otabpiopévog PEcog 6pog TV
petaBANTOV, apou OA0l Ol CUVIEAEOTEG TOUG €Xouv 10 1810 mpoonpo. H Seutepn
KUPld OUVIOT®OA KAVEL OUYKPLOT) TOU HIKOUG TG oupdg (taill) kat tou peyeéboug
ToU patiou (eye) pe 1o pnkog tou modou (footlgth) kat g KOYXNG TOU AUTIOV

(earconch) t@v ortooooup.
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> par(mfrow=c(1,2))
> screeplot (possum.prc)

> screeplot(possum.prc,type="1line")

possum.prc possum.prc

Variances
Variances
2
|
(o]

o 4L [}[][][][]chj \O\O_O\O—o

Zxnpa 20.1: Scree plot.

> possum.prc

Standard deviations:

[1] 1.9858729 1.4068546 0.9439907 0.8591514 0.7508320 0.5562584 0.5164833
[8] 0.4047894 0.3795100

Rotation:

PC1 PC2 PC3 pPC4 PC5
hdlngth -0.4380078 -0.04519844 0.138623007 -0.07495574 0.238115223
skullw  -0.3927120 -0.09678900 0.223585881 -0.32364347 0.501176778
totlngth -0.4227082 -0.06564460 -0.312750646 0.33593765 0.120510988
taill -0.2061992 -0.46100652 -0.514351991 0.38374763 0.026090130
footlgth -0.2796247 0.52384020 -0.062416712 0.27857386 0.002538413
earconch -0.1067739 0.64749223 -0.004813129 0.26143915 -0.017773149
eye -0.1940729 -0.25932151 0.748023649 0.49876897 -0.192020543
chest -0.4106589 0.08780572 -0.037517222 -0.41050426 -0.058210391
belly -0.3699061 -0.05604043 -0.059633425 -0.25745316 -0.797707163
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hdlngth
skullw
totlngth
taill
footlgth
earconch
eye
chest
belly

'Onwg €xel avagpepOel otnv apxr) Tou Kepalaiou, adou Eyve 1) MAOYH TOV
KUPI®V OUVIOT®OGOV [1E TI§ OTI0ieg XAVeTal KATowa Anpodopia, autég PIopouv va
XPNOoporotnfouv ot ouvexeld o €va (YEVIKEUNEVO) YPAPHPIKO POVIEAO. X auto
10 povtédo Sa Xpnooroinfouv ot TIHEG TV KUPI®V CUVIOT®O®OV, Ol OITOieG UTIo-
Aoytdovtatl yla kdBe ypappn tev dedopévev aro Tov ypappiko ouviuaouo tov
TIHOV TOV ApXIKOV PETaBANTOV, 1€ OUVIEAEOTEG TOUG OUVIEAEOTEG A0 TS KUPLEG
ouviotwoeg (principal components loadings). Autég ot tipég ovopadovrat princi-
pal components scores xat otnv R urtodoyidoviat ané v eviodr) predict () pe

oplopa 10 avikeipevo g avdaduong oe Kupleg ouviotwosg. 'Etot, ot tpég tov

PC6

-0.567980976
-0.028120923
-0.023209818
.149454731
.026742546

.221844208
.720163882
-0.291796339

0
0
0.004502918
0
0

PC7

.447545311
.617005313
.329000800
.307513951
.203737843
.142151245

0.006576962
0.313950090

.236383757

PC8

.439147036

0.216587933
0.693643612

.429684531
.229883084
.018410561
.007914748
.170795256
.109774529

PC9

0.09393289
0.04581025

O O O O

.04355347
.17585120
.68616711
.69289065
.02419833
.06299215
.02794910

MPATOV U0 KUPI®V OUVICTOO®V OTO Mo [ave napddsiypa divoviat ano:

> predict (possum.prc) [,1:2]

C3 -1.

C5 -1

c23 -0

BTP16
BTP17
BTP19
BTP20

N = = N

PC1
93077

.31261
ci0 -2.
ci5  -1.

99606
68351

17734

.88827
.81839
.49279
.08842
BTP21 -1.

25482
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= B, O O =

PC2

. 7406
.8120
.6969
.2040
.4358

.2431
.6301
.7675
.8750
.1833
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TéAog, €va Xprotpo ypdgnpa mou Xpnotpornoteitat oty avdaiuon oe KUPLeg
ouviotwoeg eivatl to biplot. Eivat n ypagikn napdotacn tov TIHOV IOV KUPIOV
ouvictwowv (principal components scores) kat 1wv ouviedeotdv (principal co-
mponents loadings) tautdxpova oto 1610 ypagpnpa. Ot petaBAntég raptotavoviat
pe BEAN mou Eexvouv aro v apyn v agovev. Av ta BEAn sivat kaBeta petadu
T0UG TOTE 01 avtiotoiyeg petaBAntég be ouoyetioviatl petagy toug, eve avtibeta, av
ta BEAn Seixvouv mpog v id1a (1) avtiBetn) katevbuvorn tote ot petabAntég ouoye-
tidovtat woxupd detikda (1) apvnuikd). H avtiotoikn eviodr) oy R eivat n biplot OO

Kat oto Zxnpa 20.2 napouotddetal o ypdenpa yia o o nave rapadetypa.

-5 0 5
| | |
earconch
S footlgth
o ootlg BB3
= w0
S | cs54
chest
N
o
g o 7 | e
sKullw
BRBR2
s
! Te}
1
BR1
AN
o‘ —]
|
T T T T T
-0.2 -0.1 0.0 0.1 0.2
PC1
Zxnpa 20.2: Biplot.
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20.2 Auwaxwplotiki Avalduon

H Baowkn 16¢a g Siayxwprotikng avadvong (discriminant analysis) eivat va kata-
1é&etl mapatnproeig (ouvhOwg roAudidotateg) oe YVoOToUg MANOUCHOUG PE YVOOTEG
Katavopég yla kabe minbuopo. H Saxwplotikn avdaduon arnotedel pa pébodo pe
mAN00g £Papoy®OV Ot TIOAAEG ETUOTIIES.

‘Eotww ot untdpyouv k urmo-rAnBuopoi (opadeg), 11,1, ... Iy pe £ > 2.
Ta tov kabe uro-rdubuopod I, unapxetl kat pia katavopn, fr. H daxeploukn

avdaduor) €xel 2 otoXoug :
1. Tn Sraxmpion evog mAnOBuopou ot eudidkpita cUvoAa (Uro-AnBucpoug) Kat

2. Tnv tadvopnon napatnprjoemv 0ToUg IPONYOUHEVOUS YVOOTOUS MANOUoHoUs

1€ YVOOTEG KATAVOEG Yia KaBe mAnOuopo, pe ) Bonbeta evog kavova.

Auto rou 9a egetaotel edw eival 1o nwg ot eneinynuatikég petaBAntég ouvel-
OQEPOUV OV 0KOTH TASIVOUNOL OV ATOP®V, TV onoiev n 18idtrta sivat 1én
yveotr] (supervised classification). Ta ) Saxwplon os k& opddeg xperdlovrat
k — 1 Saxwplotég (descriminators).

Ot ouvaptfoetg Iou Xpetadoviatl yia i Stax®@plotiky avaiuon Bpiokoviat oty
BBA106nkn MASS. Qg mapadetypa Sa avartuxBei n Staxwplotiky avdaiuon oto
nAaioto dedopévev possum, 10 Oroio XPNOoPOnow|OnKe Katl otV o Mdve avd-
Auon oe KUpleg ouviotwoeg. Autd mou 9a e§etaotel eivatl 1o av sivar Suvatdy,
Bdoet TOV POPPOUETPIKOV PETPNOERV, va §lakplBouv ta {wa arod §1apopeg mepto-

XES (sites). Autod yivetatl xprnotponowmviag ty eviodn lda oneg o KA.

> library(MASS)

> here <- !is.na(possum$footlgth)

> possum.lda <- lda(site ~ hdlngth+skullw+totlngth+ taill+footlgth+

+ earconch+eye+chest+belly, data=possum, subset=here)

> possum.lda

Call:

lda(site ~ hdlngth + skullw + totlngth + taill + footlgth + earconch +

eye + chest + belly, data = possum, subset = here)

Prior probabilities of groups:
1 2 3 4 5 6 7
0.32039 0.11650 0.06796 0.06796 0.12621 0.12621 0.17476
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Group means:

hdlngth skullw totlngth

93.
89.
94.
97.
92.
89.
92.

~N O O W N

72
85
57
61
18
25
63

Coefficients of linear

hdlngth
skullw

totlngth 0.106957

taill

footlgth 0.301903
earconch 0.586270

eye
chest
belly

Proportion of trace:

LD1

57.20 89.71 36.38 73.
55.13 81.67 34.67 70.
58.90 88.07 37.21 66.
61.69 92.24 39.71 68.
56.23 86.92 37.65 64.
54.19 84.54 37.65 63.
57.23 85.69 37.69 65.
discriminants:
LD1 LD2 LD3
.1505634 0.05833 -0.25569
.026530 0.03985 -0.24977
0.27924 0.30519
.450631 -0.08960 -0.44579
-0.03601 -0.03909
-0.04357 -0.07310
.056141 0.08921 0.78453
.090620 0.10418 0.04985
.009966 -0.05166 0.09358
LD2 LD3 LD4 LD5

00
75
60
93
73
07
74

LD4

.01238
.12448
.18493
.17304
.07558
.08819

0.46439
0.12749
0.16715

LD

6

0.8927 0.0557 0.0365 0.0082 0.0047 0.0022

> options(digits=4)

> possum.lda$svd
[1] 15.7578 3.9372 3.1860

taill footlgth earconch
52.
52.
45.
45.
43.
43.
45.

58
11
26
84
87
97
86

eye
15.02
14 .37
16.07
15.47
15.38
15.34
14.47

LD5

.08195
.13648
.13904
.32416

0.11910

.06376

0.28481
0.64746

# Examine the singular values
1.1420 0.7772

1.

5078

.29033

ch

27.

26

27.

29
26

est belly

23 31
14 31

LD6

.18713
.14378
.08918
.49507
.12606

0.28015
0.29723

.07871
.19391

88 33.
.29 31.
57 34.
.64 34.
.65 32.
25.
26.

27
17
86
57
04

.50
.92

To avukeipevo g Saxwplotikng avaluong (oto mapddetypa, possum.lda)

MEPLEXEL TIG APXIKEG avaloyieg (prior probabilities) tov erurédwov g e§aptnpévng

petaBAng, TG péoeg TipEg KAOe emednynpaukrg petaBAntrg yia kKabe erinedo

g e§aptnuévng PetaBAnTr|g, TOUG CUVIEAEOTEG TV H1aX®P10TOV KAl v avaloyia

T0U ixvoug kdabe Sraywpiotr). Ot Siaxwplotég tagivopouvial oe oglpd, Ao autov

e T0 PEYAAUTEPO 1XVOG OF AUTOV HE TO HIKPOTEPO iXVoG. Ao v avaloyia tou

ixvoug kabe Sraxwplotr] nmapatnpeitatl 6Tt ot teAeutaiol TPELg £€X0UV TTOAU HIKPT)

OK. ®oxiavog
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Slaxwplotikn wavotnra. Ot petaBAntég mou @aivovial Imo CNPAvIKEG givatl ot
hdlngth kat tail, ouykpwvopeveg pe g totlngth kat footlngth. To ouprte-
pacpa auto Byaivel aro Tig TPEG TV CUVIEAEOTOV ToV Staxwpilotov. H tedsutaia
evtoAn) Givel g 181adouoeg Tipég, o1 oroieg eivatl o Aoyog tou petagu (between)
pog tou avapeoa (within) aBpoiopatog tetpayovev, yia 0Aoug Tig KAVOVIKEG pe-
taBAntég (canonical variates) oe oelpd, anod autrv pe Vv PeyaAUtepn) O AUTAV PE
) pKpotepn Wadouoa tipn. Eivatl gavepo kat malAt 0t ot KAvovikeg PetaBAnTég
petd myv tpitn 9a €xouv Alyn 1) oxedov kabodou Saxwpilotikn Suvapn. i ouve-
Xeta Stvetatl o mivakag daypappdiov §iaomopdg yia Tig TIHEG (scores) 1oV IV

MPATOV KAVOVIKOV PEBANTov (Zxnua 20.3).
> plot(possum.lda, dimen=3)

Me tnv evioAr) predict Kat 6plopd 10 aviKeipevo g S1aXOPI0TIKIG avaAuong
Mapouotadetal N EKTiPNong tng tagvopnong g esaptnpévng petabAng (class),
Kat ol TEG (scores) TV Kavovikev petaBAntov. ITo kate rnapouotddetatl povo n

extipnon tng ta§vopnong.

> predict(possum.lda)$class

(1] 1111111111111 111111111111111111111112
[381 2222222233333434444447757556555756663
[f51] 66 7666656567577 7777T577T7T77T777T7

Levels: 1234567

TéAog, yia va edeyxBel n akpibeia g rpdBreyng tng tadivopnong amd )
Slax@plotiky avAduor, KAtaoKeUddetal o mivakag ouvAagpelag te tmy apyXikn ta-
Swounon v dedopévev Katl otn ouvéxelda UToAoyiletal 10 ooooTto TG OWOTHS
®g 1pog t AavBaopévn tadivounor. Xto iapddetypa, n akpiBela g ektipnong
unodoyiotnke ion pe 83.5%.
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Zxnpa 20.3: Aldypappa §1a0Topev 1oV THOV TRV TPV IPOTEOV KAVOVIKGOV HETA-
BAntov.
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> tab<-table(possum[here,]$site,predict(possum.lda)$class)
> tab

w
w =

D b W N -
SO O O O W
O O O O v O N
=, O O OO0 © O W
O O O B, O O B
N N O O O O O»
W O O O O O
= W L, O O O N

7 0 0 O O 2 016
> sum(diag(tab))/sum(tab)
[1] 0.835

'Evag 1pormog yia va yivel otaupet-ermkupmor (cross-validation) eivat va a-
(paipouvial rapatnproelg, pia kabe @opd, Kat Petd XPnoonoidviag td varo-
petvavia 6edopéva va yivel ektipnon yla v napatnpnon rouv apaipédnke. Ta
va exktedeotel autr) n péBodog, sivat apketo va rpootebel 1o dplopa CV=T otnv &-
VIoAn g Saxwplotikig avaluong. Ilpénet va avagpepbet ot topa 1 poBAeyn g

tagvopnong divetat art’ eubeiag aro 10 aviKeipevo g S1ax®POTKLG avaAuong.

> possum.lda.cv <- lda(site ~ hdlngth+skullw+totlngth+ taill+footlgth+
+  earconch+eye+chest+belly, data=possum, subset=here, CV=T)
> tab.cv<-table(possum[here,]$site,possum.lda.cv$class)
> tab.cv
12 3 4 5 6 7

131 2 0 0 0 0 O

2 4 7 0 0 0 0 1

3 00 3 1 1 0 2

4 0 01 4 0 0 2

5 0 0 1 0 4 4 4

6 0 01 0 4 7 1

7 0 0 1 2 3 012
> sum(diag(tab.cv))/sum(tab.cv)
[1] 0.6602
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Kegpaliawo 21

AvaAvuon Kata Zuotadeg otnv
R

21.1 Ewaynyn

Zuotdda Jewpoupe pia ouddoyr and oroikeia ta oroia eivat opola petagy toug
(11 Bploxkovtatl kovid) kat £xouv Stapopég (1) Ppiokovial pakpld) and orotyeia rou
avnkouv oe dAAeg ouotadeg.

H avadAuon katd cuotadeg arnookoret oto d1axmplopod piag cUAAOyng aro otot-
Xela og UTIOOUVOAQ €101 WOTE VA UTIAPYEL OHOI0YEVELA PECA OE £va UTOCUVOAO Katl
AVOP010Y£VELld PETASY TOV OTOIXEIOV TTOU AVHKOUV 0t §1apopeTtika urtoouvoda. E-
mIpdodeta PItopel va arnooKorel otny 1EpayiKy opyaveor v ouotddev pe v
61adoyikr) opadoroinon avtov, €10t wote o KAabe otddio g tepapyiag, ot ouotd-
8eg rou avrkouv ot idta opdda va givat mo GPoleg PETagy TOUg Ao AUTEG IToU
avnkouv oe dAAn opada [1, 2].

TZNPavuky évvola otnVv avdaluon Katd ouotddeg eivat n anodotaon (1) opotd-
wmra), dnAadn to pérpo Pdaon tou omoiou Snpioupyouviatl ot cuotadeg. Ilapa-
Selypata PEIPIK®V OU PIOPoUV va Xpnotpornotnfouv g ardotacr petagy §uo
Savuopdrev = = (z1,...,2p) KA1y = (Y1, ...,Yp) eivat:

1

m

p
e H petpikr) Minkowski d(z,y) = [Z |2; — yz|m‘|
i=1

e I'ia m = 2 ownv perpiky Minkowski raipvoupe v EukAeibia anootaon

ITo kepdAato ompidetat oe avefaptnn epyacia tou A. Iodvvou
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d(m,y) = \/(1‘1 - 91)2 +..+ (xp - yp)Z-

e H péyiou andoraon d(z,y) = max {(z1 — 1), .-, (zp — yp) }-

P
e H petpikr) Canberra d(zx,y) = Z
i=1

T

|
(i

— ¥il

— i)
H arnodotaon propet va xpnotporowBel yia va KataoKeuaotel rmivakag arootd-
oe®Vv og KAOe otadlo g avaduong. O mivakag autdg da €xel pndevika otoixeia
otoixeta ot Saymvio Kat v andéotact) Petagy tou ¢ ororxeiou (1) ouotddag) Kat
T0U j otoixetou (1) ouotddag) otnv 9éon (4, ). O mivakag propei va urnodoyiotet
omv R pe v eviodr) dist (dataset, method), 6mou method kdarowa and tg da-
Yéoeg peTpikeg OMmG TG 1o ndve Kat dataset o mivakag v dedopévav. 'Otav
6ev Poodloplotel KATIOW OUYKEKPIUEVT PETPIKI), Xprotporoteitat 1 EukAeidia

anootaot).
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IMapouoiadoupie MapardAt® oplopéveg peBodoug avaluong Katd cuotadnv. ApXiKa
Snuioupyoupe éva oUuvolo dedopévav anod 4 yvwotég ouotddeg yia va edéyioupe

UV AMOTEAEOPATIKOTNTA TV 1EBOdmV avaiuong.

library (MASS)

library(lattice)

library(cluster)

Sigma<- matrix(c(0.04,0,0,0.04),c(2,2))
x<- mvrnorm(15,c(1.5,2), Sigma)

y<- mvrnorm(15,c(2,1.5), Sigma)

z<- mvrnorm(15,c(1.5,1), Sigma)

w<- mvrnorm(15,c(1.5,0), Sigma)

Ot ouotdadeg Sa £xouv 15 otorxeia n kabe pa. Ta ororkeia Sa mpogpyoviat ano

8181a0tateg Kavovikég Katavopés pe péoeg tpeg p1 = (1.5,2), g = (2,1.5), us =

(1.5,1) xat pg = (1.5,0) avtiotorxa kat koo mivaka OUVBIAKUPAVOEQV X =
0.04 0
0 004 )

x<- cbind(x,1)

y<- cbind(y,2)

z<- cbind(z,3)

w<- cbind(w,4)

datal <- data.frame(rbind(x,y,z,w))

dataset<- cbind(datal$X1,datal$x2)

distmatrix<- dist(dataset)

mycol <- c("red", "black", "green", "blue")
plot(dataset,col=mycol[datal$X3] ,main="Real clusters")

Yuoyetidoupe kKaBe otoixeio pe tov aptdpod g ouotdadag arod v oroia IpoEp-
Xetat. Axkodoubwg urmoloyiloupe tov mivaka pe g Euxleidieg anootaocelg ya
ta debopéva yia va ypnowornownOel ot ouvéXela yia v avaduor o ouotdadeg.
Télog SGnpoupyoupe 10 ypdodnpa tov Sedopévav Xpnoionoloviag S1apopetikod

Xpoua yla kabe cuotada.
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21.2 Iepapyiri) Avaduon katd Zuotadeg

IIpooBOetirn pEO0dog (Agglomerative Hierarchical Clustering)
Mepypagn

1. Apxidoupe pe N ouotddeg, pe v KABe pia va meptéxet povo éva ototyeio

kat eva N x N rmivaxka pe anootdoeig.

2. Bpiokoupe otov mivaxka 1o geuyog U kat V' ouotdbwv pe v pikpotepn

anootaon petagy Tous.

3. Evovoupe g ouotddeg U kat V' oe pia ouotdda, éotew UV. Avavedvoupe tov
iVaKa arootace®v d1aypadoviag TG YPapPESG Kat OTHAEG ITOU aviloTotXoUV
ot U kat V' kat ipooBEtoviag piia ypappn Kat piid othAn e TG arootdoelg

g UV ano tg unodotireg ouotadeg.

4. EnavalapBavoupe ta Brjpata 2 kat 3 (N — 1) @opég péxpt va undpyet pévo
pwa ovotada. Kataypddoupe tig ouotadeg mou dnpioupyndnkav Katd n
6uapkela g Sradikaoiag kat to emninedo (ardotaon) oto omoio Snpoupyn-

9nke n kabe pia.
EmAoyég yia andéotaon petait ovotadwv

(a) Single Linkage: hclust (distmatrix , method="single")

Qg andotaon petady o cuotadwv U kat V' 9ewpoupe v andotaon pe v
HIKPOTEPT TIPE artd OAeg TG T1OAVEG AMMOOTACELS PETAty evog otoixeiou ( 1)

ouotddag) tou U kat evog otoixeiou (1) ouotadag) tou V.

(B) Complete linkage: hclust(distmatrix,method="complete")

Qg andotaor petadu duo cuotadev U kat V' 9swpoupe v andotaot pe v
HeyaAUtepn TP ano 0Aeg TG mbaveg arootdoelg PETagy evog otoixeiou (4

ouotddag) tou U kat evog ototxeiou (1) ouotadag) tou V.

(y) Average linkage: hclust(distmatrix,method="average")

Qg andotaon petagy 6vo cuotadwv U kat V' Sewmpoupe v péorn andotaon
petady v 6o ouotddav (to abpotopa GAwv TV mMOaveOV ArtocTAcE®Y He-
Tagu evog ototxeiou tou U kat evog ototxeiou tou V' 614 tou ywvopévou tou

nAf0oug tev ototxeiwv g U eri tou mAnboug twv otoixeiov g V).

(8) Ward’s Hierarchical Clustering: hclust(distmatrix,method="ward")

IMa xdOe ouotdda k Sewpoupe wg FSSy 10 dBpolopa tev TETPAyOvVeEV TV
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anootdace®v Kabe otoiyeiou g ouotdadag ard tov peéso tng ouotddag Kat
ESS 1o abpoopa wv ESSk. Qg andotaon petadu §vo ouotadev U kat V/
dewpoupe v avgnon mou 9a mpokuyet oto KSS arod v éveon twv 8Uo

ouotadaov.
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E¢appoyn

hrs<-hclust(distmatrix,method="single")
hrc<-hclust(distmatrix,method="complete")
hra<-hclust(distmatrix,method="average")

hrw<-hclust(distmatrix,method="ward")

Epappoloupe v mpoobetikn pébodo g 1epapXkhg availuong Katd ouotadeg

yia 1§ 4 81apopeTKEG ETNAOYEG ATIOOTACEDV.

membs<- cutree(hrs,k=4)
membc<- cutree(hrc,k=4)
memba<- cutree(hra,k=4)

membw<- cutree(hrw,k=4)

XpnooroloUie Ty EVIOAL cutree yla va xepicoupe ta dedopéva oe 4 ouotddeg.
H evtoAr) emmotpéget éva diavuopa pnKroug 600 Kat to mAndog tev dedopévav,to

011010 £XE1 TIEG TTOU UTIOONAGOVOUV O€ T101d 0UOoTAda avrjKel T0 aviioTtolo ototxeio.

> c(sum(membs==1) , sum(membs==2) , sum(membs==3) , sum (membs==4) )

[1] 30 12 3 15

> c(sum(membc==1) , sum(membc==2) , sum(membc==3) , sum(membc==4) )

[1] 15 15 15 15

> c(sum(memba==1) ,sum(memba==2) , sum(memba==3) , sum (memba==4) )

[1] 15 15 15 15

> c(sum(membw==1) , sum(membw==2) , sum (membw==3) , sum (membw==4) )

[1] 15 15 15 15

> hrs$order
50 52 51 57 49 53 47 56 46 59 48 60 54 55 58 19 18 25 30 24 21 27 29 23 26
28 22 20 16 17 156 12 10 2 4 8 914 11 6 7 1 13 3 b 44 35 42 38 33
45 31 32 43 40 36 41 34 37 39

> hrc$order
49 53 47 56 50 52 54 55 58 51 57 46 59 48 60 11 12 2 4 8 914 6 7 3
515 10 1 13 19 30 18 25 21 23 22 26 20 28 27 16 17 24 29 44 35 42 40 32
43 36 41 33 45 31 38 34 37 39

> hra$order
49 53 47 56 51 57 46 59 48 60 50 52 54 55 58 11 12 2 4 8 914 6 7 3
515 10 1 13 19 18 25 24 30 23 22 16 17 27 20 28 21 26 29 34 37 39 44 35
42 40 36 41 38 33 45 31 32 43
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> hrw$order
49 53 47 56 51 57 54 55 58 50 52 46 59 48 60 6 7 3 5 1 13 10 15 11 12
2 4 8 9 14 18 25 21 26 29 23 22 16 17 27 20 28 19 24 30 34 37 39 44 35
42 40 36 41 32 43 33 45 31 38
plot (hrs,hang=-1); plot(hra,hang=-1); plot(hrc,hang=-1); plot(hrw,hang=-1)

To avtikeipevo order MePIEXEL O CEIPA TV TASIVOINOT) TV OTOLXEI®V 0TI oUOTA-
6eg. H emmdoyr) andotaong single dnuioupyei 4 ouotadeg ot oroieg Sev avuirpo-
ORITEVOUV Ta Mpaypatikd dedopéva, eve ot Urodotreg texvikeég opadortoloiv opba

ta 6edopéva, Onwg @atveral kat amno ta akolouba ypadrpartd.
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Ixnpa 21.2: Arotedéopata opadoroinong aro v pébodo “Single Linkage”
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Cluster Dendrogram
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distmatrix

hclust (*, "average")

Zxnpa 21.3: Anotedéopata opadoroinong arno v pébodo “Average Linkage”
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Cluster Dendrogram
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Ixnpa 21.4: Arnotedéopata opadoroinong amno v pébodo “Complete Linkage”

M£006og Alarpetotntag (Divisive Analysis Clustering-DIANA)

Mepiypadgn
diana(distmatrix)

1. Apxikd emmdéyoupe pa ouotdda.

2. EruAéyoupie petd to ototxeio pe ) peyaduteprn PEOCT ArtooTact) aro td UIo-

Aowna ototyela g ouotadag, To oroio yivetat pa véa ocuotada.

3. Katavépoupe ta oroyela tng ouotdadag eite otnv naAid ovotdada eite otnv

véa, Bdorn tng andotaong tou Kabe ototyeiou arto 11§ ouotadeg.

4. Ermléyoupe ) ouotada pe ) peyadutepn Stapetpo (peyaiutepn anootaon
petady duo otoikeiwv g ouotadag) Kat eroTPEPoupe oto Bripa 2 péxpt va

€X0UE TO0EG OUOTAdeg 6oa ta ototxeia pag.

Epappoyr
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Cluster Dendrogram
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Zxnpa 21.5: Antotedéopata opadornoinong aro v pébodo “Ward’s Hierarchical

Clustering”

> dv<-diana(distmatrix)

> plot(dv)
> dvl <- cutree(as.hclust(dv), k = 4)
> dvi

[1J11111111111111122222222222222222323222
[39] 2223233444444444444444

> c(sum(dvi==1),sum(dvi==2) ,sum(dvi==3) ,sum(dvi==4))

[1] 15 25 5 15

IMapatnpoupe ot 1) pebodog autr| Sev opadorotet 0pOda ta dedopéva agpou 10 otot-
Xxela rou Sa énperte va eixav tadivounOet otny tpitn ouotdda, €xouv torobetn et

otn Sevtepn ouotdda.
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Dendrogram of diana(x = distmatrix)
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! gjﬁ
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distmatrix
Divisive Coefficient = 0.95

Zxnpa 21.6: Anotedéopata opadortoinong aro v pébodo “DIANA’
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21.3 MeOodoAoyia K-means (MacQueen)

Hepypagn
kmeans(dataset, nclusters, algorithm="MacQueen")

1. Eméyoupe tuxaia K otoryeia ta onoia 9a anotedécouv toug apXikoug mu-

P1NVeS TV oUoTAd®V.

2. Twa kaBe otoikeio ota edopéva, KATtavePoUie T0 OTolXelo otnv ocuotada tng
ortoiag o Tuprnvag eivat 1o Kovd oto ototxeio. Ot véol ruprveg (centroids)
yla tg ouotadeg urtodoyiovial @G 0 PECOG OPOG TRV OTOLXEI®V TG KAOe

ouotadag.

3. EnavadapBavoupe to Brjpa 2 péxpt va pnv yivouv addayeg otig ouotddeg (1

HEXPL EVOG OP1OPEVOU aplB1oU ertavalryewmv)

E¢appoyi
Egappooupe v pebododoyia K-means ermdéyoviag tov alyopibpo MacQueen,
0 ortoiog eival autog IMOU XPNOIHOIOLEital IO OUXVA Yid UAOIONon autng tng

TEXVIKNAG Kal Ieptypadetat rmo ndve. Xeopiloupe ta dedopéva oe 4 ouotadeg.

>(cl <- kmeans(dataset, 4, algorithm="MacQueen"))

K-means clustering with 4 clusters of sizes 15, 15, 15, 15

Cluster means:

[,1] [,2]
1 1.487378 1.03460243
2 1.409862 2.06348506
3 2.080743 1.51151186
4 1.563167 -0.03878101

Clustering vector:
11 22222222222222233333333333333311111111
[39] 11 11111444444444444444

Within cluster sum of squares by cluster:

[1] 1.3218168 1.0320610 0.5656294 0.9120689
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Available components: [1] "cluster" ‘'centers" '"withinss" "size"

> plot(dataset, col = mycol[cl$cluster], main="K-means")

> points(cl$centers, col = mycol, pch = 8)

IMapatnpoupe ot 1 p€Bodog opadortotei 0pbA ta Sedopéva oe cuotadeg peyeéboug
15 otokeiwv n kaOe pia. To Clustering vector &ivel v ouotdda MOV AVHKEL TO
KAOe otoyeio. Ta otoixeia SnpioupyrOnKav e TETO10 TPOTTO £101 OOTE Ta OTOLXEla
g kabe ouotadag va sival dadoyika. Ermiong ot rupnveg g kabe cuotddag
(Cluster means) eivat MOAU KOVIA OTOUG ITUPHVEG TTIOU Xprotponow|0nKay ya va

dnpoupynooupe otoixeia yla tg 4 ouotades.

K-means
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Zxnpa 21.7: Anotedéopata opadoroinong aro v pébodo “K-Means”
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21.4 Partitioning Around Medoids (PAM)

Mepiypadn
pam(distmatrix, nclusters)

H p€6o6og Partitioning Around Medoids Stadpépet and v pébodo kmeans oto
onpeio 0Tl @G Uprvag pag ouotddag eivatl mavia éva otoikeio mg ovotadag (me-
doid) kat ermdiKeTal 1 EAAX10TONOINON NG AOOTACHG TV UTIOAOUTI®V OTOLXEI®V
aro tov rupnva. Apxikad ermdéyetatl Eva Kado apyiko ouvodo arnd medoids (build
phase). AkoAoUBwg eAéyxeTal Katd rmooo 1 evadAayn evog ototyeiou pe éva medoid
9a edaxiotornor)oet v Andotact) PETASU TOU ITUPHVA Kal TV AAAGV OTOXEIOV Kat

av vai, rpaypatoroteitat (swap phase).

E¢appoyn

> pamx<-pam(distmatrix,4)
> pamx
Medoids:
ID
(1,1 3 3
[2,] 22 22
[3,1 32 32
[4,] 59 59
Clustering vector:

1111111111111 111122222222222222233333333
[39] 333333344444444444441414
Objective function:

build swap
0.2418506 0.2237345

Available components:
[1] "medoids" "id.med" "clustering" "objective" "isolation"
[6] "clusinfo"  "silinfo" "diss" "call"

> plot (pamx)

ITapatwpoupe Ot Ta ototyeia mou urnodeikvuet 1 pEBodog wg ruprveg (Medoids)
etvat ta otoyela 3, 22, 32 kat 59 Mou MPAyPATIKA AVI)KOUV Ot S1aPOPETIKEG
ouotddeg kat 6Aa ta urnddoura oroixeia tagivopouvial oty MPAYHATIKY TOUG OU-

otada. Emniong amo to Silhouette plot mapatnpoupe ott dev undipxouv ototyeia pe
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apVvVNTIKI TiPr), 1 onoia 9a @avépeve Ot To aviiotolo ototyeio £xel torobetnOet
oe AaBog ouotdda. Tiég kovid oto 1 @avepdvouv 1oAu kadr opadoroinon eve

Tpég Kovtd oto O ot 1o ororyeio Bpioketatl petau ouotadev.
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Silhouette plot of pam(x = distmatrix, k = 4)
n =60 4 clusters C;
jinjlavecg s

1: 15| 059

2: 15| 0.66

3: 15| 045

4: 151 0.70

[ T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Silhouette width s;
Average silhouette width : 0.6

Zxnpa 21.8: Anotedéopata opadornoinong amno tmy pebodo “Partitioning Around
Medoids”

21.5 Self Organizing Maps (SOM)
Mepiypadn

H 1é6odog SOM priopet va 9ewpnbet og pia nmapaddayn g pebodou kmeans, 1)
ortoia replopidet TormoAoyikd toug rmuprveg v ouotadwv. Kabe povada avtiotot-
Xet og pa ouotada kat o ap1dpog twv ouotddev kabopiletal anod to péyebog tou
r\éypatog ( opBoymviou 1) e§ay®vikoy oXNHatog) rave oto oroio Ppiokoviat ot
ouotadeg.

Apxkda avabétoupe éva Sidvuopa (codebook vector) oe kaBe povada, to oroio
9a €xel 10 poAO evOg TUTUKOU HOTIBOU CUOCXETIOPEVOU HE T OUYKEKPIUEVT] POVA-
6a. Zuvnbwg éva urmoouvolo tev otoixeiev (training set) katavépoviat tuyaia
otig povadeg. Katd ) Sidpkela g eknaidbevong tou adyopibpou, ta otoryeia
autd napouotddoviatl emavnAsppéva, oe tuxaia oelpd, Otov TOMOAOYIKO XAPTH.
H povada, n omoia eivat mo épota (winning unit) pe to otoiyeio mou xpnotpo-
O0UPE Ot KATO0 0tadlo tng dradikaoiag, tporornoeital €101 WOTE 1] AOOTAOT)

G va pelwbel mepattép® Ao 10 CUYKEKPIHEVO OTOLXEl0. AUTO mpaypatornoteitat
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XPNOHOTIOI®MVIAS OTAOIIOPEVO PECO OpOo, e TV Baputnta tou otoixeiou (learning
rate) va eivat pa and g napaperpoug g pebodou SOM. ZuvnBwg £xXel PIKPT)
T (kovid oto 0.5). Katd ) didpkela g dadikaoiag, n iyt avt) peiovetat
£101 MOTE O TOIOAOYIKOG XAPTNG VA OUYKATVEL.

O 1eP10p1oPOg TOTTOAOYIKA TTPOKUITIEL A TNV arnaitnorn tou aAyopibpou yettovi-
KEG povadeg va €xouv opotla codebook vectors. Autd ermtuyxdvetal TpOIONOR-
vtag Kat g povadeg mou yettvuadouv pe v winning unit pe tov 1610 tporo.
O ap1Bpog v povadev rmou Yewpouvial YEITOVIKEG G IIPOg TtV povada autr,
PEOVETAL KATA TV eKIAideUoT), €101 MOTE PETA A0 OPLOPEVEG EMAVAANWYELS va

TPOITOTTIOLEITAL P1OVO 1] OUYKEKPIEVE povada.

E¢appoyn

Ba xpnotporotjooupie ta dedopéva wines arnod 1o rakéro kohonen, to omnoio mna-
pouotadetat oto [3]. Ta Sedopéva autd meplEXouv Ta armoteAéopata XNPKNG ava-
Auong yia 177 xkpaoid rou rapdyovial og jila reptoxn oty Itadia kat apopouv

13 Xapaxkinplotkd 1oV KPaol®Vv.

> library("kohonen")

Loading required package: class
> data("wines")

wines.sc <- scale(wines)
set.seed(7)

wine.som <- som(data = wines.sc,grid=somgrid(5,4,"hexagonal"))

vV V V V

plot(wine.som, main= "Wine data")

Ta amoteAéopata tou oxnpatog 9 detyvouv ot uynAa emnineda ovortveupatog Ppi-
okovtat ota deiypata Kpaolou otnv KAte 6e€1d mMAeupd Tou OXARATOG, £V UWPNAT)

XPOHATIKY ouxvotnta BPpIloKeTal Oty KAT® Aplotepd IMAEUPA TOU YPAPHATOS.
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Wine data

B alcohol @ tot. phenols B col. hue
E malic acid @ flavonoids @ OD ratio
O ash @ non-flav. phenols @ proline
@ ash alkalinity W proanth
@ magnesium M col. int.

Zxnpa 21.9: Anotedéopata opadoroinong amod v pEbodo “Self Organizing
Maps”
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21.6 Fuzzy Analysis Clustering (Fanny)

Mepiypagn
fanny(distmatrix, nclusters)

H pébodog opadonoinong Fuzzy ermtpénel oe kabe otoixeio va avrikel oe meplo-
0O0TEPEG ATTO Pld ouotadeg. AUTO ermtuydvetal urnoAoyidoviag KAmola rmocootd
(memberships) yia karoto otoixeio yia kabe cuotada tétola wote 1o dOpoilopa

toug va etvat ioo pe 1.

E¢appoyn

> fuzzyc <- fanny(distmatrix,4)
> fuzzyc

Fuzzy Clustering object of class ’fanny’

m.ship.expon. 2
objective 5.834809
tolerance le-15
iterations 13
converged 1
maxit 500
n 60

Membership coefficients (in %, rounded):

(.11 [,21 [,3] [,4]

(1,1 79 9 8 4
[2,] 66 14 15 6
(3,1 80 9 7 3
(4,1 76 10 10 4
[5,] 71 13 10 5
[6,] 59 15 18 8
(7,1 69 12 13 6
[8,] 54 23 17 6
[9,] 64 16 14 5
[10,] 66 14 13 7
[11,] 59 21 14 6
[12,] 50 25 16 8
[13,1 79 9 8 4
[14,] 69 15 12 5
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[15,] 66 15 13 6
[16,] 7 83 7

[43,]

8 11 74 7
(44,1 11 14 52 23
[45,] 10 11 67 12
[46,] 4 9 82
[47,] 6 14 72
(48,1 3 7 86
(49,1 8 10 21 61
[50,1] 8 10 15 66
[51,] 5 7 12 77
[52,1] 7 8 13 T2
[53,] 9 11 23 57
[54,] 8 11 16 65
[55,] 6 8 13 73
(56,1 5 6 11 79
(57,1 5 7 11 77
(58,] 5 7 11 77
[59,1] 3 4 7 87
(60,1 4 4 7 85

Fuzzyness coefficients:
dunn_coeff normalized

0.5181044 0.3574725
Closest hard clustering:

1M1 11111111111111122222222222222233333333
[39] 3333333444444444444444

Available components:

[1] "membership" '"coeff" "memb . exp "clustering" "k.crisp
[6] "objective" "convergence" "diss" "call" "silinfo"

> plot (fuzzyc)

Iapatnpoupe ot ta Membership coefficients eival apketd peydAa yia v ou-

otada oty oroia MPAypatiKa aviKOUV td OTotXela Kat XapnAd yid Tig UITOAOLITES.
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'‘O00 1110 Kovtd Bpioketatl o ouvtedeotrig Dunn(dunn_coeff) oto 1 1600 1110 {ERA-
Sapn eivar n opadoroinon twv otoixeiov. Aro to Silhouette plot mapatnpoupe

Ot ev UTIAPXOUV OTOIXEIA PE APVNTIKT) TIUT Katl OAd ta otoixeia £xouv tagivounOet

opBa.
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Silhouette plot of fanny(x = distmatrix, k = 4)

>
D
o

4 clusters C;
jinjlavecg s

1: 15| 059

2: 15| 0.66

3: 15| 045

4: 151070

T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Silhouette width s;
Average silhouette width : 0.6

Zxnpa 21.10: Anotedéopata opadornoinong aro v pébodo “Fuzzy Analysis”
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21.7 Tapaderypa avaluong dedopévaov

®a Xpnotporor)ocoupe To oUvolo dedopévev Ruspini aro to makéto cluster. Ta
6edopéva autd eivat xpriowa yia doxkipr) pefodwv availuong katd ouotadeg Kat

nieptdapBavouv 75 onueia otov R?, ta onota xepiloviat o 4 opddeg.

> library(cluster)
> data(ruspini)
> plot(ruspini,main="Ruspini data")

> distmatrix <- dist(ruspini)

Ruspini data
o o
g n o OOOOOOOOO
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o
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> o
°© o & o
© [}
°©6 0 0@
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X
Zxnpa 21.11: Zuvodo 6edopévav Ruspini
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> mycol <- c("red", "black", "green", "blue")

> hca<-hclust(distmatrix,method="average")

> memba<- cutree(hca,k=4)

> c(sum(memba==1) ,sum(memba==2) , sum(memba==3) , sum (memba==4))
[1] 20 23 17 15

> dataset<- cbind(ruspini$x,ruspini$y,memba)

> plot(dataset,col=mycol [memba] ,main="Hierarchical Clustering - Average Linkage")

Apxikd epappdoupe 1Epap)iKy availuon Katd ouotddeg pe average linkage kat
Snpoupyoupe 10 ypadnua tov §e60Evav Xpnotonolmviag S1apopetiko Xpoua

yta kafe ouotada. Mapatnpoupe Ot 1) TeXVIKI eviorti¢el opOa tig 4 ouotddeg.

Hierarchical Clustering — Average Linkage
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Zxnpa 21.12: Anotedéopata opadornoinong amno v pébodo “Average Linkage”
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dv<-diana(distmatrix)
dc <- cutree(as.hclust(dv), k = 4)

dataset<- cbind(ruspini$x,ruspini$y,dc)

vV V V V

plot(dataset,col=mycol[dc] ,main="DIANA clustering")

T ouvéxela epappoloupe tn pEéBodo DIANA. Anpioupyoupe 10 ypdadnpa tov

6ebopévav Kal mapatnpouie 6t n opadoroinon yivetat opbd.

DIANA clustering
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Zxnpa 21.13: Anotedéopata opadornoinong aro v pébodo “DIANA’
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> cl <- kmeans(ruspini, 4, algorithm="MacQueen")
> plot(ruspini, col = mycol[cl$cluster], main="K-means")

> points(cl$centers, col = mycol, pch = 8)

AxoAoubag epappoloupe ) péBodo K-means. Lto ypapnua tov dedopévev PAs-

roupe OTL 01 0UoTAdeg £€X0UV eTiAeXOel 00OTA, OTIMG KAl Ol TTUPHVEG TOV OUCTAS®V.

K-means
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Txnpa 21.14: Anotedéopata opadornoinong aro v pébodo “K-Means’
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> pamx<-pam(distmatrix,4)
> clusters<-pamx$clustering
> dataset<- cbind(ruspini$x,ruspini$y,clusters)

> plot(dataset,col=mycol[clusters],main="Partitioning Around Medoids")

Yuveyidoupe ypnowponowwvag t) pebodo Partitioning Around Medoids. IMapatn-

POUHE OTL KAl aUTr) 1] TEXVIKY eviortidel 0pBa t11g ouotddeg.

Partitioning Around Medoids
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ZxfApa 21.15: Anotedéopata opadoroinong amd v pébodo “Partitioning A-

round Medoids”
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library("kohonen")
ruspini.sc <- scale(ruspini)
set.seed(7)

ruspini.som <- som(data = ruspini.sc,grid=somgrid(2,2,"rectangular"))

V V V V V

plot(ruspini.som, main= "Ruspini data")

Epapnoloupe eriong ) pébodo “Self Organizing Maps”. Turnortolovpe ta Sedo-
Héva Kat Xpnoornotlovpe éva miéypa 2 X 2. I[Mapatnpoupe ot 1) 1€6odog evrortidet
1A Xapakinplotika v 4 ouotddwv, dnAadr) ot n pwtn ouotdda £xel X KOVIA 010
0 Kat pkpo y, 1 6evutepn ovotdada £xel y Kovd oto O Kat pikpo x, 1) tpitn ovotada

£€XEL NEYAAO X KAl PETPI0 ¥ VR 1) TETAPTH ouotada £Xel PIKPO X KAl NEYAAO .

Ruspini data

Zxnpa 21.16: Anotedéopata opadoroinong and v pébodo “Self Organizing
Maps”
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fuzzyc <- fanny(distmatrix,4)
clusters<-fuzzyc$clustering

dataset<- cbind(ruspini$x,ruspini$y,clusters)

vV V V V

plot(dataset,col=mycol[clusters] ,main="Fuzzy Analysis Clustering")

Xpnotporoloujie teAog ) péBodo opadoroinong “Fuzzy”. BAémoupe ot 1) ermAoyn

1@V ouotdadwv eivat opor).

Fuzzy Analysis Clustering
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Zxnpa 21.17: Anotedéopata opadoroinong aro v pebodo “Fuzzy Analysis”
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Kepaliaiwo 22

AvaAuon Xpovooeipov

22.1 AvdalAuon Xpovooelpov

Me tov 6po Xpovooelpd £VVOOUHE Jild OE1PA ATTO TIAPATNPIOELS TTIOU Iaipvoviatl oe
OPIOPEVEG XPOVIKEG OTIYHEG 1] TIEPLOBOUG TIOU 10ATIEXOUV HETAEU Toug. YIIapXouv
€va peydlo eUpog OTtaTIoTKOV PeBOd®V yia v avaluon Xpovooelpov. [evika
o1 pébodot autot avrrouv oe HU0 KaAtyopieo: autég mou PBaocifoviat otn peAtn
OUVAPTIOE®V TTOU £§APTMOVIAL artd Tov XpOvo, KAl O€ AUTEG Ol OI0ieg £§aPTOVIAl
arnd TG CUXVOTITEG KAl 01 OTI0IEG EPEUVOUV TG TIEPLOBIKEG 1610TNTEG TTOU PITOPET va
£€Xe1 1 og1pd.

Ta tpia KUpdTEPA OTOIXElA TG AVAAUONG XPOVOOEPOV €ival 1 meptypadn),
n enedrynon kat n npoBAeyn v sgaptnpévev debopéveov. H meptypadr) erm-
tuyxavetat pe ) Bonbeia Sapdpwv ypadpnpdiev, n emefjynon Xpnotponolmviag
KAmolag popdrig poviéda yia va e&epsuvnOouv ot pnyxaviopoi dnpioupyiag g
XPOVOoEePAg, Kat 1) rpoBAeyn rieptdapBavet ) Xpno110ioinon evog POVIEAOU yid
va rpoBAepBouv PeAAOVIIKEG TIHEG NG Oelpdg. 1o rapdadetypa to oroio Sa Xpn-
owporonBet oto KepdAato auto n avaduon da emkevipnbdel oto iedio Tou Xpodvou.

H ouvaptnon autodiakupavong (autocovariance function) eivat to Baot-
KO gpyaleio yla tnv mepypadr) g Olplakng e§APTNONG Hlag HOVORETaBAnTrg,
otaong (xopig replodikotnta) xpovooelpdag Kat opidetat arod

(k) = B(X; — p)(Xpqn — p), k= 0,£1,£2, ...

orou X¢, t = 0,+1, +2, ... ot pég tng 0e1pdag, w1 PECT) TIHL) TG KAt k 1) UOTEPN 0T
(lag) yia v oroia urtodoyidetat n avtodiakupavon. H ouvaptnon autoocuoyEtt-

ong (autocorrelation function) eivat n kavovikomonpévn PoP@n g OUVAPTNON)

265



auvtoSlakupavong kat opidetal wg

) _ k)
ok) =) = o2

orou 012. n dlakvpavon g XPOovooelpdg.

H ouvdaptnon autodiakupavong propet va ektpndet ano

n—=k

TR ST )

=1

TUVETIQOG, 1] OUVAPTN 0L AUTOCUCYXETIONG UITopet va ektpnBel aro

— (k)
(k) = 22
R

Ta va depeuvnBouv tuyxev pnxaviopoi dSnpoupyiag tev 6edopévav, addd kat
va unodetxBouv KatdAAnAa poviédd, Xp1oorolouvidl Ol YPAPIKEG TAPUAOTACELS
g autodlakuPavong 1) TG AUTOOUOXETIONG OUVAPTroet g uotépnong k. Tétowa

poviéda avaiuong Xpovooelp®y lvat g popepng
Xt = Ol1Xt,1 + 0[2th2 + ...+ OépXt,p + €

orou €; 1o opdApa. To mo mave poviédo eival yvewotd kg dtadikacia avtona-

Awdpopiong Badbpou p.

22.2 TIlapadeypa

Ta 6edopéva nou Sa xpnotponowBouv rapouctdalouy Tov aptdpod TeV NAAKOV Ki)-
Atbev aro 1o 1771 wg 1o 1870. H evioAr) ts xpnowonoteitat yia va dnpioupynoet

€Va AVIIKEIIEVO XPOVOOELPAS.

> sun.ts<-ts(round(sunspot.year[71:171]),start=1771,end=1870)

> sun.ts

Time Series:

Start = 1771

End = 1870

Frequency = 1
[1] 101 82 66 35 31 7 20 92 154 126 85 68 38 23 10 24 83 132
[19] 131 118 90 67 60 47 41 21 16 6 4 7 14 34 45 43 48 42
[37] 28 10 8 2 0 1 5 12 14 35 46 41 30 24 16 7 4 2
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[55] 8 17 36 50 64 67 71 48 28 8 13 57 122 138 103 86 65
[73] 24 11 15 40 62 98 125 96 67 64 54 39 21 7 4 23 55
[91] 96 77 59 44 47 30 16 7 38 74

To mpwto Pripa otnv avaduon xpovooslpwv eivatl va yivel n meptypadn g
XPOVOOEIPAG XPNOIOIIOIOVIAS T0 YPA(NHA IOV TIHOV TG OUVAPTHOEL TOU XPOVOU.
To ypadnua autd amokaAuUITiel ta Kupldtepa otoixeia tng oepdg Onwg eivat n
tdon kat 1 nepodikota. To ypddpnpa Kataokeudadetat pe v eviodr) ts.plot

Kat rapouotadetat oto Tyxnpa 22.1.

> ts.plot(sun.ts,xlab="Year",ylab="Sunspot Activity")

Sunspot Activity

50

1780 1800 1820 1840 1860

Year

Zxnua 22.1: Tpapnpa tng XpOovooelpdg Tou aplfpou tov nAtakev KnAidev and to
1771 wg 1o 1870.

To o ndve ypdonpa deixvel ot undpyetl pa neplodikotta ota dedopéva
adAd Sev @aivetal va UTIAPYEL KATIOwA TAOT). LT OUuvéXeld uroAoyidoviat ot auto-
OUOYETIOE1G KAl KATAOKEUALeTal 10 ypadnid ToUg oUuvaptrost TG UotEépnong (Exn-
pa 22.2). H ouvapwon otnv R yla kataokeur) 1ou ypadpnpatog g ouvaptnong

autoouoyEtong etvat n act.
> acf(sun.ts,lag.max=20,type="correlation")

To 6popa lag.max opilet Tov PEYIOTO aplBpo g UoTEPNong yia v oroia Sa

Yivel n ypa@kr) mmapaotaoct) g OUvApTnong aUTooUOXETIONG, £V TO Oplopda type
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av 9a ypnowonoinBei n autodlakupavon 1) n autocuoyeton. E§ optopou to type
elvatl 1 aUTOOUOYKETION KAl yla autd oto rapadetypd pag dev ftav avaykaio va
opiotel. 1o ypapnua ot dUo opigdvrieg Srakekoppéveg ypappeg deixvouv to 95%
Sidotnpa gpruotoouvng yua v édeyxo H, @ o = 0. Eival gavepd o6t n autoou-
OXETION €XE1 P1d NHUITOVOELDT] POPPT] KAl AUTO UTIOHEIKVUEL OTL TV TIEPIOOKOTTA
IOU TAPOUCLACTNKE Kal 010 ypadnua tou Zynpatog 22.1. Emiong, @aivetat ot
aut 1 nieplodikotnta eivat ion pe 10 pe 11 xpovia, éva otorkeio mou eivat yevikd

YVQOTO yla Vv dpactnpiotnta piag nAtakng knAidag.

Series sun.ts

ACF
02 04 06 08 1.0

2

Txnpa 22.2: Zuvaptinorn AUtooUuoxETIong Tou aptfpiou tov nAtakov KnAidev amno
10 1771 wg 1o 1870.

IIpwv va yivel ipoortddeia PovieAAoroinong g XPovooelpdg, IPEEL va Yivet
npoortdBela va e§aAnpbei n neprodikdnta. 'Evag ardog tporog va ermteuyOet
auto sivat va SewpnBouv ot katddAndeg S1apopég tng Oelpdg. ZUVENRG, UTI0OE-
twvtag replodikotnta 11 xpdvev, priopouv va Sewpnbouv ot Si1apopég petady twv

onpeiwv ava 11 xpovia. Andadr, opioupe pia véa xpovooeipd
Yt = Tt — Tg—11-
Zmv R auto yivetat 6nwg o KAt :

newsun<-sun.ts[12:100] -sun.ts[1:89]
ts.plot(newsun,xlab="Time",ylab="11 year differences")
abline (h=0)

acf (newsun, lag.max=20)

vV V V VvV

OK. PoK1avog 268
X. XapaAaproug



To ypddnua tng véag xpovooelpds (Exnpa 22.3), aro v 11-xpovn diapopa
IOV TIHOV TG apXIKG, eAdaxioto otoixeio nmeplodikotntag. Emiong, n ouvaptnon
autoouoyETong oto xnua 22.4 deixvel ot n nuitovoedng popon Sev eivat oe
1600 peydlo Badbuo ornwg rptv, adAd n AUTOCUCYETION TIEPLOPIOTNKE OF UOTEP 0T
ion pe 2.

Tuveyidovtag, propet va edpappootei ot véa xpovooelpd tov 11-xpovev dia-
POPOV £va NOVIEAO autortaAtvépopong Kat autd oty R emtuyyxavetat pe ) ou-
vaptnon ar.yw. Inpavilko ototxelo g ouvdptnong auvtng eivat ot propei va
ektpnOel n tén tou poviédou mou xpelddetal n oe1pd Pe TV EMAOYH NG TUNG

g votépnong k 1 oroia edayiotonolei 1o kprjpo AIC.

/\/\/\ ~

) A g
vav yATRY

50

11 year differences
-50 0

-100

60 80

Time

Zxnpa 22.3: Tpdonpa g 11-xpovng diadopdg tou aptdpov tev NAaK®V KNAidov
aro 0 1771 g to 1870.

> sun.ar<-ar.yw(newsun)

> sun.ar

Call: ar.yw.default(x = newsun)

Coefficients:
1 2 3 4 5
1.4985 -1.1434 0.6369 -0.4126 0.1961

Order selected 5 sigma”2 estimated as 313.4
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Series newsun

.
< o
) l ‘ { ‘ . L ‘ ‘ ‘ Il
N - [ ] ] |
¢ T —————— —
0 5 10 15 20
Lag

Txnpa 22.4: Tuvdaptnon Autocuoyétiong g 11-xpovng Swapopdg tou apibpou

TV NAtak®V KNAidev aro to 1771 og to 1870.

To armotéAeopa ToU POVIEAOU IAPOUCLAdEl TOUG EKTIPMOIIEVOUS OUVIEAECTEG TOU
oOTIOG Kat v tagn tou. Emiong Sivetat kat n) extipnon g diaonopdg tou opdApa-
10G TOU POVTIEAOU. ZUVEN®G, 1) TASN TOU POVIEAOU AUTOroAtvEpouiong mou edpap-
16det kaAutepa ta dedopéva ekupnOnke va eivat ion pe 5. Mmnopet va kataokeva-
otel 10 ypagpnpa tou AIC 6reg 1o kate Kat rapouctaetal oto Txfua 22.5. Tto
ypaenua gatvetat ot 1o kptpto AIC gdayxiotonotettat oty tpr 6, adda auto
e€nyeitat and 1o yeyovog ot 10 ypapnpa Sekva arod to onpeio 1, to oroio Bacikda

avuotoiket oty T tou AIC yia to poviédo tagng 0.
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> ts.plot(sun.ar$aic,xlab="0rder of series",ylab="Akaike criterion")

120
I

80
L

Akaike criterion

40

20
L

Order of series

IZxfipa 22.5: Tpdapnpa tou kptpiou AIC and v epappoyn PoViEA@V autora-
Awdponong ota Sedopéva.

Ta ypddpnpa t®v UIoAoin®v KAataoKeudadovial Pe Ti§ EVIOAEG

> ts.plot(sun.ar$resid,xlab="Year",ylab="Residuals from ar model")
> abline(h=0)

> acf(na.omit(sun.ar$resid),lag.max=20)

TNV nepinteor) mou 1o PoviEAo epappodet kadd ota §edopiéva, ToTe Td UITOAOL-
na da eixav ) popdr) tuxaiag oelpdg oto Txfua 22.6, dndadr) Sa sixav ) popdr)
pag xpovooelpdg Asukou JopuBou. Eivat gavepo nog ta uroloira 6ev mapou-
owadouv pua npogpavy) dopr. To KopeAAoypappa te@v unodoinev Bonbaet emiong
oto va gAeyx0Oel n tuxaldnta toug. Te pia ogpd Aeukou SopuBou Sev rtapouoiade-
tat kapia nuitovoeldng popdr adAd Kat 1 aUTOCUCKETION Yid OAEG TIG UOTEPTOELS
eivat petadu v opiev tou 95% dlaotrpatog epruotoouvng. Autd Seixvel kKat to

ypadnpa g ouvaptnong autoouoyETIong oto Zxnpa 22.7.

OK. ®oxiavog 271
X. XapaAaproug



s 0 I MAVAW\/\/\/\/\/\A/L.A/\AA
T I T AR A
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Year

Zxnpa 22.6: Tpagnpa 1oV UnoAoinev Tou PoviEAou autortaAtvépopiong.

Series na.omit(sun.ar$resid)

ACF
0.2 04 06 0.8 1.0

-0.2
|

Zxnpa 22.7: Zuvaptnon AUTOOUCYKETIONG TV UIOAOII®V TOU HOVIEAOU autord-

Awdponong.
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Ke¢palawo 23

INapadeiypata Me0odwv E-M
AAyop1Opovu

Ot péBodot E-M adyopiBpiou propouv va ernesnynbouv rmo eUkoda otnv repi-
IOO1) €VOG TUXaiou delypatog to oroio amoteleital and napatnpndeiosg Kat pn
napatnPnOeioeg 1) EKAEUTOUO0EG TIHIEG.

‘Eva ando napadetypa Setypatog pe eKAEUToUoeg TIHEG IIPOKUITIEL OV TEPi-
IO €A£YX0U TOU Xpovou erBinong. T'a mapadetypa, £vag apiBiog NAEKIPIKOV
Aaprntipev avdaBel ouveXmg Katl KATAPETPEITal 0 XpOvog Imou xpelddetat pexpt va
MIAWPOUV va AEToUpyouv. Ze €va TETol0 mapddetypa, eivat ouvnOeg @aivopevo To
nieipapa va §1aKoIEel PV va IaWouV va Ae1toupyouv 0dot ot Aaprttjpeg. O xpovog
ermBiwong v Aaurrpev ot oroiot ouveyiouv va doudevouv Sev £xetl tapatnpr-
Yel. 'Opowg, popaveg o aplbpiog TV AOYOKPIHEVAV TTAPATPHOE®V KAl O XPOVOG
G AOYOKP10iag MEPLEXOUV AN POdOopia yia TV KAtavour Tou Xpovou ermbimong.

Axopun éva yvootd napddetypa oto oroio propet va xpnotpornownet o E-M
adyopiBpog eival 1o mernepacpévo poviédo pigng katavopwv. Kabe mapatpnon
TMIPOEPYXETAL ATIO Pia AYVEOTn Mapatf)pnorn £vog UMoTOEPeEVOU oUVOAOU Katavo-
pov. Ot exAeinouoeg Tipég poodiopidouv v katavopr. Ot apdpeTpotl twv
Katavouov rpokettat va ekupndouv. 'Eva niapdrieupo kEpSog tng pebodou eivat
0Tl eKTIPATAL OE TTola Katnyopia avikouv ta dedopéva.

Ta eAAeutr) §edopéva propouv va eivatl ekAeinovoeg mapatnpnosig mg iétag
tuxatiag petaBAntng n omoia mapdyet o delypa mou napatnpndnke, onwg otnv
niepirnteorn tou rapadeiypatog Aoyokploiag, 1) HItopouV va IIPoEPXOovIal aro pia

Slagopetikr) tuxaia petaBAntr) n oroia oxetidetal pe KAMO10 TPOITo He v tuxaia
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petaBAnt) mou €xet apatnpnOet.

[ToAAég edpappoyeg g pebddou tou E-M aldyopiBpou meptdapBavouv mpo-
BANpata pe eddeutr) Sedopéva, adda auto Gev eivatr avaykaio. Zuyva, o E-M
aAyop1Opog propet va epappootel Baociopévog oe pia texvnt “eddeurno” tuyaia

petaBAnt) yia va cupriAnpooet 1o Sedopéva rmou rapatnpnOnkav.

23.1 Ipoto Mapadewypa: MoAvwvupiky Katavonpr)

'Eva and ta mo andd napadsiypata mg pebodou E-M aAyopibuou §60nke and
toug Dempster, Laird kat Rubin (1977). 'Ecte® n moAU®VUMIKY Katavopun He

téooepa mbava anotedéopata, n oroia £Xel oUVAPTN O ruKkvotntag rmbavotntag,

n!
T T T3 T
P(I1a$2,$3,$4):7, T eyt
T1:X92:X3:T4-

pen = x1+x2+ T3+ x4 kAl T + Mo + 73+ 74 = 1. 'Eote Ot 0Aeg o1 tubavotnteg

ouoyetidovtat pe pia apapetpo 6, og eng:

1 1
71'1—5-'-19
1 1

— -y
Ty
1 1

— -9
Ty
7T4—*9

6rou 0 < 0 < 1.
Asdopévou piag mapatpnong (x1, o2, T3, T4), 1 AoyapOpikt) ouvdptnon -

Savopdaveiag &iverat arto
1(0) = z110g(2 + 0) + (22 + x3) log(1 — 0) 4+ x4 log(0).

TKrorég eivat va ekupnOei n mapapetpog 0. H rapayeyog divetat ard

d € To + T3 Xy

@l):%e -6 6

KAt og auto 10 ardo rapddstypa, 1 eKupnpla peyiomg rmbavopaveiag yia to

propet va urtodoyiotet eruAvoviag pia andr) MoAU®VURIKY e§lowmon.
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Ta va xpnowornoinOei o E-M aAyopi6p0g yia auto to napddetypia, propet ka-
010G va UTIOOL0EL TNV MOAUGVUNIKY TEUITNG Tagng, 1 oroia rnapayetat xopido-
VIag TV et Tadn g apX KIS ITOAUGVULIKIG 08 HU0 JiE avtiototyeg rubavotnteg
1/2 ka1 6/4. H apxixt) petaBAn o7 etvatl topa 1o abpotopa mg 4 Kat mg Us.

Kdatww and autdv 1o pertacxnpatiopd, n E.M.IL. tou 6 Sewpoviag to dBpotopa
us+x4 (1) x2+x3) va eival pia npaypdtoorn g SIoVURKAG He N = Us+T4+T2+T3
katm =0 (7 1 — 0). Qotéoo, 10 us (1) 10 u1) dev eivar yvootd. Tuveyioviag oav
va eiyape rapatrpnon and pia MoAU®VURIKY Je révie mbava arotedéopata, pe

6uU0 elAeinovta otoikeia, n AoyapOpikr) mbavogpaveia divetat amno,
1e(0) = (u2 + x4)log(0) + (2 + x3) log(1 — 0),

KAt 1 eKupnpla peyiomg mbavopdveiag ya to 0 eivat ion pe

UQ+$4
’U,2+I2+.273+$4

To E-Brjpa tou entavaAnmuikou E-M aAyopiOpou cuprdnpavet ty edAeinouvoa
TN pe v avapevopevn T §ebopévou tng IpEXoUcag TIHING g apapETpou,
0*) xan G TIUNG TIoU €xel apatnpnBei. Auty eivatl pia diwvupikr) tuxaia peta-

BANT) oav pépog g 1. ‘Etot, pe § = 65,

1. gk)
_amb
E@(k) (UQ) = W = u2
[Ipénet wwpa va peylotoriondei n Fyx) (1.(6)). Enedn n 1.(0) etvar ypappixn
£xoupe,

E(l.(0)) = E(ua + x4)log(0) + E(x2 + x3)log(1 — 0).

To péyioto ermruyyavetat otav

k
gUe+1) — Ué )+ 4 ‘
ugk) + X2+ T3+ 24

Mo katw PAEmoupe TG epappdletal o E-M adyopiOpog yia 1o mo nave ma-

padetypa oy R, 9tovag 6 =0.10:

theta=0.1

pl=1/2+theta/4

p2=1/4-theta/4

p3=1/4-theta/4

p4=theta/4
x<-rmultinom(1l,size=100,prob=c(pl,p2,p3,p4))

V V V V V V
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thetainitial=0.60 ####initial value, that is \theta_{0}

it <- 0 ####iterative count

del <- 1 ####iterative adjustment

thetaold=thetainitial ###assign the initial value to theta_{1}

while(abs(del) > 0.000001 && (it <- it+1) < 20) ##Loop for 20 iterations and

##prespecified presicion

{

u2=(x[1]*thetaold)/(2+thetaold) ##Expectation step

thetanew=(u2+x[4])/ (sum(x)-x[1]+u2) ##Maximization step

del=thetanew-thetaold ##Calculate the difference
##between two iterations

thetaold=thetanew ##assign thetanew to thetaold for
##the recursions

cat(it, thetanew, "\n") ##List the iterations

}
0.2333333
0.1391061
0.1047372
0.09068726
0.08467897
0.08206028
0.08090947
0.08040192
0.0801777
.08007859
.08003476
.08001537
.0800068
.080003
.08000133
.08000059

© 0 N o Oodbdh W N+ + + + + + + + + + V V. V V V V

e T e
D Ok W N = O
o O O O O O O

'Oneg rapatnpoulle, yid va rdpoupie akpiBeta oto €kto Sekadiko otoixeio otnv
exTipnon pag xpeltdotkav Sexkagdl emavainyelg, Kat 1 eKTpnpla peyiomg mba-
vogpavetiag yia to § urtodoyiotnke va eivat ion pe 0.08000059, eve 1 aAndwr) Ty

tou 6 eivat ion pe 0.10. Eavipéxeviag tov adyopibpo yia 0 =0.2 naipvoupe ta
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rmo KAte aroteAéopara :

.3402985
.2634429
.2330699
.2197439
.2136309
.2107696
.2094176
.2087760
.2084709
.2083256
.2082564
.2082235
.2082078
.2082003
.2081967
.208195
.2081942

© 00 N O O b W NN
O O O O O O O o o

e e e
w N = O

-
(é)]

= =
o S
O O O O O © o o

-
~

Etvat @avepd Ot og autv Ty MepinIeon yiad va Yivel nj oUyKAlon oe akpiBeta
010 K10 HeKadIKO OTOKEl0 XPelaotNKaAV SeKAEMMTA eMAVAANYELS, KATAANYOVIAG

otV tar) 0.2081942 wg extipnon tou 6.

23.2 Acttepo INapadetypa: MapaAAayn tou Iepa-
patog EAéyxou EmBiwong Xpnoiponoiovtag

ErOetikOo Movtédo

'Eote 011 0 Xpovog ermBiwong evog Aaprripa akoAoubel v eKOETIKY KATAVOUL)
pe péon upn 0. Ta va ekupnBet 10 0, RatapetpriBnke o XpoOvog 1 AAUITt)pev
and My wpa mou avdaBouv yla Impetn @opd HEXPL va MAYOUV va AEtoupyouv,
T1,...,Ty. Z€ €va Ao meipapa, eAéyxOnkav m Aaprmtrpeg, aAdd avt)v tmy gopd
bev katapeprBnkav Eexmplotd o xpovog ermbinong tou kKabe Aaprtpa, aAdd o
ap1bpog 1OV Aapmupev, 7, Ol OI0I0l £rmayav va AEoUpyouv Ot Hid XPOVIKI)
ouypn t.

Ta edeun) Sedopéva etvat ot xpovol embiowong v Aapmpav oto SeUtepo
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nieipapa, Uy, . . ., Up,. TOTE,

Le(0; 2;u) = —n(log(0) +2/0) — Y _ (log(0) + s /0).
i=1
H avapevopevn tjr) tou Xpovou ermBinong evog Aaprtipa mmou §ev €Xel akOun
nayet va Asttoupyet etvat ton pe
t+0,

£V(, KATIOlOU IOV €XEl IAYEL va Aeltoupyel ivat ion pe

te—t/0"

Tl et

TUVETIOG, XPNOTHOOIWVIAS Pia IIpoo®pv T 6*) | xat 10 yeyovog Ot ot 7 aro

toug m Aaprttr)peg Sev Aeltoupyouv, £XOUNE TV EU\z,eUC) (I.) va diverat otn popon

¢ (2,6) = —(n + m) log(8) — %(m‘c T (m = )t + 0% (8% — th®)Y),

orou,

,t/g(k)
o — ¢
1 —et/6®
To k-ootd M Brjpa opilet t péyilotn Tyt ouvaptijost g petabAnuig 0, n

ortoia, 6edopévou tou o), napatnpeitat oto onueio

1
(o (m =) (4 0%) (0 — th ).

plk+1) —

Hexivovrag pe pia deukn tpn 0, N o nave e§iowon enavalapBavetatl péxpt
va enédbet ) ouykAton. H avapevopevr tpn q(k) be xpetdetal va urtodoyiletat
KAOe @popa. I'a va doupe nwg Soulevet o adyoptBpog, apdyoviatl apXika HEPIKA

texvnta 6edopéva pe ) Bonbeta g R:

> # Generate data from an exponential with theta=2, and with the second
> # experiment truncated at t=3. Note that R uses a form of the

> # exponential in which the parameter is a multiplier; i.e., the R

> # parameter is 1/theta. Set the seed, so computations are reproducible.
>

> set.seed(4)

> n<-100

> m<-500

> theta<-2
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> t<-3
> x<-rexp(n,1/theta)
> r<-min(which(sort(rexp(m,1/theta))>=3))-1

Tuveyidoviag, epappoletat o E-M aAyopiOpog otnv R xpnowpornoidviag og ap-
xixn) upr o 00 =1

> # We begin with theta=1.

> # (Note that theta.k is set to theta.kpl at the beginning of the loop.)

> theta.k<-.01

> theta.kpl<-1

> # Do some preliminary computations

> n.xbar<-sum(x)

> # Then loop and test for convergence

> it <- 0 ####iterative count

> del <- 1 ####iterative adjustment

> while(abs(del) > 0.000001 && (it <- it+1) < 20) ###Loop for 20 iterations

+ #i##and prespecified presicion
+{

+ theta.kpl<-(n.xbar+

+ (m-r)*(t+theta.k)+

+ r+(theta.k-

+ t*exp(-t/theta.k)/(l-exp(-t/theta.k))

+ )

+ )/ (n+m)

+ del<- theta.kpl-theta.k

+ theta.k<-theta.kpl

+ cat(it, theta.kpl, "\n")

+
1
2
3
4
5
6
7
8
9

.938414
.631730
.933344
.034420
.065981
.075641
.078580
.079472
.079743

N N NN NN~ B O Y
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10 2.079826
11 2.079851
12 2.079858
13 2.079860
14 2.079861

[Mapatnpeitat Aowtdv 6T 1 OUYKALON OtV eKtipnorn tou § enépyetat petd a-
o Sexatéooepig enavainyetg, divoviag v tpn 2.079861 pe axkpiBela oto €ékto

Sexkabikd oroiyeio.

23.3 Tpito Iapadewypa: Extipnon Kavovikou Mo-
vtédou Ilenepaopévng Mi§ng

'Eva kavovikd poviédo pigng propet va opiobel arod 8U0 KAvoviKeég KATAVOHEG,
N(p1,0%) ®ar N(pz,032). H mbBavétta pia tuxaia petaBAnty (autr) rou pmopei
va napatnpnOei) va akoAoubet tv npotn katavopn eivat w. H mapapetpog oe au-
16 10 povtédo etvat 1o Savuopa § = (w, i1, 02, pia, 03). H ouvdptnon mukvotntag

mBavotntag mg pisng divetat arod:
p(y:0) = wpr(y; 1, 07) + (1 = w)p2(y; p2, 03),

orou p; (y; 1y, UJQ-) eivatl n ouvaptnon nuUKvotntag mbavotntag g KAVOVIKIG e
2
5
Trov wrmkd petaoxnuatopd C' = (X, U), 1o X oupBolider ta dsdopéva mou

IAPAHETPOUS (1 KAl O

éxouv mapatnpndei, kat to U divel v katnyopia tov dedopévav mou dev Exouv
napatpenbei. 'Eoww U = 1 av n napatijpnon eivat arnd tyv mpot) KAatavour,
kat U = 0 av n apatjpnon eivat and v devtepn katavour]. H pn Seopeupévn
avapevopevn upny E(U) divel tyv rmbavétta pia napat)pnor) va mpogpxetat arnod
Vv PWTN Katavopr, 1 oroia eivat ion pe w.

'Eotw n napatpnoesg ou X, xq,...,T,. Acdopévng piag apXiKng PG tou
6, propet va extpnOet 1) Seopeupévn avapevopevn tpr E(U/x) yia onowadrnote

npaypatoorn wou X:

. k
w®p (a3 pf”, 03 )

k) (k E)y
J%( ),Mé) U%( ))

I

E(U/z,6%)) =
v : pla; w® i

To Brpa M tou E-M alyopiBpou eivat ot yvootég E.M.IL. tov mapapétpov:
1
wk+) = - > E(U|x;,0%))
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(k+1) 1 Z k k
(k+1) 1 j{: k+1
g = nwED ¢ (i, 09) (@i - Mg ))2

GV S W (5 (S N
e _n(l—w(kﬂ))zq (s, 07

o(k+1) 1 B k) | (k1)
o3 = ey 21 @O @ - )

I'a va 6oupe niwg 6oulevet 0 aAyopiOpog yla v eKTiPNon g w, apayoupe

pepka texvnta dedopéva oty R:

# Normal mixture. Generate data from normal mixture with w=0.7,
# mu_1=0, sigma”2_1=1, mu_2=1, sigma”2_2=2.
# Note that R uses sigma, rather than sigma”2 in rnorm.

# Set the seed, so computations are reproducible.

set.seed(4)
n<-300
w<-0.7
mul<-0
sigma21<-1
mu2<-5

sigma22<-2

V V V V V VvV V V V V V Vv VvV

x<-ifelse(runif (n)<w, rnorm(n,mul,sqrt(sigma21)),rnorm(n,mu2,sqrt(sigma22)))

# Initialize
theta.k<-.1
theta.kpl<-.5

it <- 0 ####iterative count

del <- 1 ####iterative adjustment

while(abs(del) > 0.000001 && (it <- it+1) < 20) ###Loop for 20 iterations
###and prespecified presicion

{

tmp<-theta.k*dnorm(x,mul,sqrt(sigma21))

ehat .k<-tmp/ (tmp+(1-theta.k)*dnorm(x,mu2,sqrt (sigma22)))

+ + + + VvV V V VvV V Vv VvV
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theta.kpl<-mean(ehat.k)
del<- theta.kpl-theta.k
theta.k<-theta.kpl

cat(it, theta.kpl, "\n")

.6130451
.6686083
.6715901
.671751

.6717596
.6717601

o U s W N R o+ o+ + + o+
O 0o 0o o O o v

'Onwg @aiverat and ta anotedéopata, o aAyopiOpog ouykAivel oe €81 ertavadr)-

welg, pe akpiBeta oto éxkto Sekadiko otoixeio, otnv extipnon 0.6717601.
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