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Kef�laio 1

Eisagwg 

1.1 Ti eÐnai to R

To R eÐnai mia gl¸ssa programmatismoÔ sunodeuìmenh apì èna perib�llon gia epexergasÐa Ti eÐnai to
Rdedomènwn, upologism¸n kai grafhm�twn. An kai qrhsimopoieÐtai kurÐwc sthn statistik  oi

dhmiourgoÐ tou protimoÔn na to apokaloÔn ergaleÐo gia an�lush dedomènwn tonÐzontac ìti per-
ilamb�nei kai montèrnec kai palièc statistikèc mejodologÐec.

EÐnai èna GNU 1 prìgramma parìmoio me th gl¸ssa kai to perib�llon S pou anaptÔqjhke R kai S+
sta ergast ria thc Bell (sto pareljìn AT&T , t¸ra Lucent Technologies ) apì ton John
Chambers kai touc sunerg�tec tou. To R mporeÐ na jewrhjeÐ wc mia diaforetik  ulopoÐhsh
tou S . Up�rqoun merikèc shmantikèc diaforèc, all� o perissìteroc k¸dikac pou gr�fetai gia
to S trèqei amet�blhtoc kai sto R (ìmwc to R kai to S den eÐnai 100% sumbat�).MoiraÐa to
R sugkrÐnetai me to S+   S-plus to emporikì pakèto basismèno kai autì sthn gl¸ssa S . H
kÔria kai h pio axioshmeÐwth diafor� eÐnai ìti to R den èqei grafikì perib�llon ergasÐac
kai apaiteÐ arket  enasqìlhsh gia na gÐnei oikeÐo se k�poion.

1.2 Apokt¸ntac to R

To R mporeÐ k�poioc na to apokt sei dwre�n sthn istoselÐda tou: http://www.r-project.org  
se èna apì ta poll� mirrors tou CRAN (Comprehensive R Archive) http://cran.r-project.org
to opoÐo eÐnai èna dÐktuo dianom c tou R se poll� mèrh tou kìsmou mèsw tou Internet .
UposthrÐzei pollèc platfìrmec kai leitourgik� ìpwc Linux, Windows kai plhj¸ra Unix
leitourgik¸n.

1.3 Basikèc 'Ennoiec
O skopìc enìc statistikoÔ progr�mmatoc eÐnai na epexerg�zetai kai na qeirÐzetai dedomèna. To
R qeirÐzetai ta dedomèna (p.q. pÐnakec, dianÔsmata. . . ) kai tic domèc (p.q. sunart seic) san
antikeÐmena (objects ). Ta antikeÐmena an�loga me thn dom  touc kathgoriopoioÔntai autìmata
se:

1”GNU’s Not Unix!” To project GNU �rqise to 1984 me skopì th dhmiourgÐa enìc oloklhrwmènou lei-
tourgikoÔ sust matoc tÔpou Unix to opoÐo ja eÐnai dwre�n kai anoiqtì (wc proc ton phgaÐo k¸dika) logismikì.
To R-project anaptÔssetai k�tw apì thn aigÐda tou GNU .
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Di�nusma vectors 'Ena tupikì di�nusma   monodi�statoc pÐnakac. PaÐrnei arijmitikèc timèc.

PÐnakac matrix Poludi�statoi pÐnakec.

Par�gontec factors QrhsimopoioÔntai gia ton qeirismì kathgorik¸n metablht¸n.

LÐstec lists Mia genik  morf  dianÔsmatoc pou ta stoiqeÐa tou den eÐnai aparaÐthta tou
Ðdiou tÔpou kai mporoÔn na emperièqoun �lla dianÔsmata   lÐstec.

PÐnakec dedomènwn data frames EÐnai domhmènoi ìpwc oi aploÐ pÐnakec all� se k�je
gramm  antistoiqeÐ mÐa parathroÔmenh mon�da. Oi grammèc mporoÔn na eÐnai diaforetik¸n
tÔpwn kaj¸c perièqoun kai kathgorikèc kai posotikèc metablhtèc.

Sunart seic fuctions JewroÔntai kai autèc antikeÐmena.

Ta antikeÐmena dhmiourgoÔntai kai apojhkeÔontai me b�sh to ìnom� touc. EpÐshc to R lamb�nei
ton k�je qarakt ra monadik� ( case sensitive ). Dhlad  den eÐnai to Ðdio gr�youme A kai a
ìpwc epÐshc OBJECT OBJECt object.
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Kef�laio 2

To perib�llon tou R

2.1 Basikèc entolèc
ArqÐzontac to R blèpoume mia gramm  ekq¸rhshc entol¸n:

>

Gia na l�boume thn arqik  bo jeia:

> help.start()

updating HTML package listing

If nothing happens, you should open...

Autì èqei san apotèlesma na dhmiourg sei èna perib�llon bo jeiac pou ja ekkin sei ton
tupikì browser tou sust matoc.

Se opoiad pote stigm  zht�me bo jeia me thn entol :

> help("foo")

'Opou foo eÐnai autì pou zht�me,   isodÔnama:

> ?foo

Gia na ekqwr soume mÐa tim  se èna antikeÐmeno p.q. sto zz thn tim  6:

> zz <- 6

EÐnai shmantikì na dieukrinÐsoume ìti h entol  ekq¸rhshc diagr�fei thn prohgoÔmenh tim 
tou antikeimènou. Gia par�deigma:

> zz <- 6

> zz <- 2

T¸ra plèon to zz èqei thn tim  2 kai ìqi 6.

An jèloume na ekqwr soume èna di�nusma:

> zz <- c(10.4, 5.6, 3.1, 6.4, 21.7)
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'Opou ekqwroÔme tic timèc tou pÐnaka qrhsimopoi¸ntac mÐa sun�rthsh c() h opoÐa paÐrnei
wc ìrisma ta stoiqeÐa tou dianÔsmatoc, kataskeu�zei èna di�nusma kai me thn entol  < − to
ekqwreÐ sto antikeÐmeno zz . Mia pio polÔplokh diadikasÐa:

> zz <- c(10.4, 5.6, 3.1, 6.4, 21.7)

> y <- c(zz,0,zz)

T¸ra dhmiourg same èna nèo di�nusma 11 stoiqeÐwn 1 antigr�fontac to zz prosjètontac
èkto to 0 kai antigr�fontac xan� to zz . 'Enac �lloc trìpoc gia na ta kataqwr soume eÐnai
me thn entol  scan :

> zz <- scan()

1: 10.4 5.6 3.1 6.4 21.7

6:

Read 5 items

H opoÐa apl� paÐrnei tic timèc apì to plhktrolìgio   apì èna arqeÐo an to orÐsoume, ja
to doÔme sthn apoj keush dedomènwn, termatÐzetai me mia ken  gramm . Gia na doÔme tic timèc
tou y dÐnoume thn entol :

> print(y)

[1] 10.4 5.6 3.1 6.4 21.7 0.0 10.4 5.6 3.1 6.4 21.7

H print emfanÐzei sthn ojình ta perieqìmena tou antikeimènou p.q.y . To sÔmbolo [1] mac
upenjumÐzei ìti èpetai to pr¸to stoiqeÐo tou dianÔsmatoc.

MÐa �llh polÔ qr simh entol  eÐnai h summary . DhmioÔrgeÐ mia $perÐlhyh# tou antikeimènou
pou paÐrnei wc ìrisma kai to eÐdoc thc perÐlhyhc exart�tai apì thn kl�sh tou antikeimènou (an
eÐnai p.q. di�nusma, pÐnakac, alfarijmhtikì, k.t.l.).

>summary(y)

Min. 1st Qu. Median Mean 3rd Qu. Max.

0.000 4.350 6.400 8.582 10.400 21.700

Sugkekrimèna gia thn metablht  y kai gia k�je posotik , ta sÔmbola twn apotelesm�twn
shmaÐnoun: 2

Min. el�qisto
1st Qu. pr¸to tetarthmìrio
Median di�mesoc
3rd Qu. trÐto tetarthmìrio
Max. mègisto
NA’s elleipoÔsec timèc

UpologÐzoume tic susqetÐseic an�mesa se dedomèna me thn Ðdia logik  thc summary qrhsi-
mopoi¸ntac thn entol  cor apì to correlation (susqètish):

15 tou zz , 0, xan� 5 tou zz
2Sto sugkekrimèno par�deigma den up�rqoun elleipoÔsec timèc kai den apeikonÐzontai.
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> cor(zz, use = "pairwise.complete.obs")

MPG ENGINE HORSE WEIGHT ACCEL YEAR

MPG 1.0000000 -0.7886070 -0.7712932 -0.8070043 0.4343043 0.4658041

ENGINE -0.7886070 1.0000000 0.8970699 0.9333334 -0.5446237 -0.2022022

HORSE -0.7712932 0.8970699 1.0000000 0.8594179 -0.7014089 -0.2827388

WEIGHT -0.8070043 0.9333334 0.8594179 1.0000000 -0.4152115 -0.1233154

ACCEL 0.4343043 -0.5446237 -0.7014089 -0.4152115 1.0000000 0.3024866

YEAR 0.4658041 -0.2022022 -0.2827388 -0.1233154 0.3024866 1.0000000

ORIGIN NA NA NA NA NA NA

CYLINDER NA NA NA NA NA NA

FILTER.. NA NA NA NA NA NA

ORIGIN CYLINDER FILTER..

MPG NA NA NA

ENGINE NA NA NA

HORSE NA NA NA

WEIGHT NA NA NA

ACCEL NA NA NA

YEAR NA NA NA

ORIGIN NA NA NA

CYLINDER NA NA NA

FILTER.. NA NA NA

Warning message:

NAs introduced by coercion

Sqìlia: 'Osec timèc èqoun NA eÐnai diìti èqoume sumperil�bei kai tic poiotikèc metablhtèc twn
dedomènwn. ParathroÔme epÐshc ìti sthn diag¸nio twn apotelesm�twn èqoume ton arijmì 1 mia
kai sugkrÐnontai me ton eautì touc. Oi metablhtèc pou qrhsimopoioÔme èqoun agnooÔmenec timèc
kai o upologismìc twn susqetÐsewn ja termatizìtan me thn pr¸th �gnwsth tim  (missing value
- NA) • xepern�me autì to prìblhma dÐnontac to ìrisma use = "pairwise.complete.obs"

gia na upologisjeÐ h susqètish qrhsimopoi¸ntac mìno ta zeug�ria tim¸n, apì k�je metablht ,
pou den èqoun �gnwstec timèc kai agnoeÐ olìklhro to zeug�ri tim¸n an brejeÐ èstw kai mÐa
apì to kajèna.

MporoÔme na ekteloÔme kai arijmhtikèc diadikasÐec me thn bo jeia telest¸n ìpwc thc
gl¸ssac programmatismoÔ c :

> x <- 2

> x <- x*x

> print(x)

[1] 4

Oi telestèc eÐnai: +−∗/ gia prìsjesh, afaÐresh, pollaplasiasmì kai diaÐresh antÐstoiqa.

2.2 Apoj keush kai epan�kthsh antikeimènwn
To R parèqei thn dunatìthta apoj keushc twn antikeimènwn ta opoÐa apojhkeÔontai eÐte se
èna prokajorismèno prìtupo pou qrhsimopoieÐ to R eÐte se èna aplì arqeÐo keimènou. H plèon
eÔkolh apoj keush antikeimènwn gÐnetai me thn entol :

> save(zz, file="zz.Rdata")

'Opou to zz eÐnai to ìnoma tou antikeimènou kai sto ”zz.Rdata” to ìnoma tou arqeÐou pou
ja apojhkeujeÐ. Gia na mporoÔme na qrhsimopoi soume to apojhkeumèno antikeÐmeno kai se
�lla statistik� pakèta prosjètoume �llh mia par�metro:

> save(zz, file="zz.Rdata",ascii = TRUE)
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Pou shmaÐnei ìti ja to apojhkeÔsei wc èna aplì arqeÐo keimènou.

Gia na $fort¸soume#, epanakt soume, to prohgoÔmeno antikeÐmeno dÐnoume:

> load("zz.Rdata")

Gia epiplèon plhroforÐec mporeÐ k�poioc na anatrèxei sto egqeirÐdio R Data Import/Export
pou to sumperilamb�nei k�je dianom  tou R .

2.3 Pakèta
To R apoteleÐtai apì pakèta pou perièqoun routÐnec gia statistikoÔc elègqouc, dedomèna (data
sets) , biblioj kec gia eisagwg  - exagwg  dedomènwn, exeidikeumènec statistikèc mejìdouc kai
genik� epekteÐnoun tic dunatìthtec tou R . Sthn basik  tou dianom  perièqei 8 basik� pakèta.
MporoÔme na prosjèsoume kai �lla qrhsimopoi¸ntac to CRAN . Gia na dhmiourghjeÐ mia lÐsta
me mia mikr  perigraf  twn pakètwn pou eÐnai egkatesthmèna dÐnoume:

Par�deigma

>library()

Packages in library ‘/rw1061/library’:

base The R base package

boot Bootstrap R (S-Plus) Functions (Canty)

class Functions for classification

cluster Functions for clustering (by Rousseeuw et al.)

ctest Classical Tests

.

.

.

ts Time series functions

Gia na energopoi soume èna pakèto dÐnoume:

>library(foo)

'Opou foo eÐnai to ìnoma tou pakètou pou jèloume pq >library(ctest) gia to ctest
pakèto. Gia na egkatast soume èna pakèto arkeÐ apì to grafikì perib�llon na d¸soume:
Packages - Install packages from kai analìgwc an èqoume to pakèto ston topikì mac dÐsko  
ja to kateb�soume mèsw diadiktÔou dÐnoume local zip file   CRAN antÐstoiqa. EÐnai dinatìn
na to egkatast soume kai apì thn gramm  entol¸n tou leitourgikoÔ mac dÐnontac thn entol :

R CMD INSTALL name

'Opou name to ìnoma tou pakètou.
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2.3.1 To pakèto foreign

Sto R up�rqei h dunatìthta na eis�gei kaneÐc dedomèna apì �lla statistik� pakèta qrhsi-
mopoi¸ntac to pakèto foreign . Ta statistik� pakèta pou uposthrÐzontai eÐnai:

Spss me thn entol  read.spss
S3 me tic entolèc data.restore, read.S, SModeNames
Stata me thn entol  read.dta
SAS me tic entolèc lookup.xport,read.xport,read.ssd
Epi Info me thn entol  read.epiinfo

Par�deigma Eis�goume dedomèna apì to Spss . Sugkekrimèna apì to arqeÐo Cars.sav to
opoÐo perièqei stoiqeÐa gia autokÐnhta. 'Eqoume:

> zz <- read.spss("/Program files/spss/Cars.sav", to.data.frame = TRUE)
> summary(zz)

MPG ENGINE HORSE WEIGHT ACCEL YEAR
Min. : 9.00 Min. : 4.0 Min. : 46.00 Min. : 732 Min. : 8.00 Min. : 0.00
1st Qu.:17.50 1st Qu.:104.3 1st Qu.: 75.75 1st Qu.:2224 1st Qu.:13.63 1st Qu.:73.00
Median :23.00 Median :148.5 Median : 95.00 Median :2811 Median :15.50 Median :76.00
Mean :23.51 Mean :194.0 Mean :104.83 Mean :2970 Mean :15.50 Mean :75.75
3rd Qu.:29.00 3rd Qu.:293.3 3rd Qu.:129.25 3rd Qu.:3612 3rd Qu.:17.07 3rd Qu.:79.00
Max. :46.60 Max. :455.0 Max. :230.00 Max. :5140 Max. :24.80 Max. :82.00
NA’s : 8.00 NA’s : 6.00

ORIGIN CYLINDER FILTER..
Japanese: 79 8 Cylinders:107 Selected :291
European: 73 6 Cylinders: 84 Not Selected:107
American:253 5 Cylinders: 3 NA’s : 8
NA’s : 1 4 Cylinders:207

3 Cylinders: 4
NA’s : 1

Ed¸ to zz eÐnai (wc proc thn kl�sh) ènac pÐnakac dedomènwn data frame pou perièqei pollèc
metablhtèc. 'Opwc èqoume anafèrei sthn summary (selÐda 6) h $perÐlhyh# aut  prosarmìzetai
an�loga me to eÐdoc (kl�sh) tou antikeimènou. Ta dedomèna tou arqeÐou Cars.sav èqoun
qrhsimopoihjeÐ apì to basikì pakèto tou Spss kai perièqoun tic ex c metablhtèc (me * eÐnai
poiotikèc:

MPG Arijmìc milÐwn me èna galìni benzÐnhc
ENGINE Kubikèc Ðntsec mhqan c
HORSE IppodÔnamh
WEIGHT B�roc se lÐbrec
ACCEL Epit�qunsh apì 0 se 60 mÐlia an� ¸ra
YEAR To phlÐko thc qroni�c tou montèlou dia 100
ORIGIN* Q¸ra proèleushc
CYLINDER* Arijmìc kulÐndrwn
FILTER* Katalutikì (nai   ìqi)
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2.3.2 To pakèto ctest

EÐnai mia sullog  apì klassikoÔc elègqouc (test) ìpwc:
binom.test AkribeÐc diwnimikìc èlegqoc
chisq.test Chi-squared èlegqoc tou Pearson gia metr sima dedomèna
cor.test 'Elegqoc mhdenik c susqètishc
friedman.test Friedman Rank Sum Test
kruskal.test Kruskal-Wallis Rank Sum Test
ks.test Kolmogorov-Smirnov Tests
mantelhaen.test Cochran-Mantel-Haenszel Chi-Squared Test for Count Data
mcnemar.test McNemar’s Chi-squared Test for Count Data
oneway.test Test for Equal Means in a One-Way Layout
pairwise.prop.test Pairwise comparisons of proportions
pairwise.t.test Pairwise t tests
pairwise.table Tabulate p values for pairwise comparisons
pairwise.wilcox.test Pairwise Wilcoxon rank sum tests
power.prop.test Power calculations two sample test for of proportions
power.t.test Power calculations for one and two sample t tests
prop.trend.test Test for trend in proportions
t.test Student’s t-Test
var.test F Test gia na sugkrijoÔn oi diasporèc
wilcox.test Wilcoxon Rank Sum and Signed Rank Tests

2.4 Katanomèc
Sto R mac dÐnetai h dunatìthta na qrhsimopoi soume mÐa plhj¸ra katanom¸n:

Katanom  R entol  prìsjeta orÐsmata
beta beta shape1, shape2, ncp
binomial binom size, prob
Cauchy cauchy location, scale
chi-squared chisq df, ncp
exponential exp rate
F f df1, df1, ncp
gamma gamma shape, scale
geometric geom prob
hypergeometric hyper m, n, k
log-normal lnorm meanlog, sdlog
logistic logis location, scale
negative binomial nbinom size, prob
normal norm mean, sd
Poisson pois lambda
Student”s t t df, ncp
uniform unif min, max
Weibull weibull shape, scale
Wilcoxon wilcox m, n
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B�zontac èna prìjema mprost� apì k�je ìnoma katanom c mporoÔme na upologÐsoume antÐs-
toiqa:

d gia thn sun�rthsh puknìthtac pijanìthtac

p gia thn sun�rthsh katanom c pijanìthtac

q gia to el�qisto x ¸ste dojèntoc enìc ekatosthmìriou (q) na upologÐzei thn P ((X ≤ x) > q)

r gia thn dhmiourgÐa tuqaÐwn dedomènwn apì kanonik  katanom .

Merik� paradeÐgmata:

• Gia na broÔme thn pijanìthta 3 epituqi¸n se 4 dokimèc me pijanìthta 0.5 sthn diwnumik :

> dbinom(3,4,0.5)

[1] 0.25

• T¸ra èqoume P (X > 2.45) , X ∼ t me 5 b.e.

> pt(2.45, df=5, lower.tail= FALSE)

[1] 0.0289682

An to lower.tail  tan TRUE tìte ja upolìgize: P (X ≤ 2.45)

• 'Estw ìti jèloume na upologÐsoume to 1% p�nw �kro miac F (2, 7) katanom c.

> qf(0.99,2,7)

[1] 9.546578

2.5 Graf mata sto R

Gia tic an�gkec twn grafhm�twn ja qrhsimopoi soume ta dedomèna Cars.sav ìpwc ta peri-
gr�yame parap�nw.

Istogr�mmata Ta istogr�mmata kataskeu�zontai me thn entol :

> hist(zz$MPG)
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Histogram of zz$MPG
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Jhkogr�mmata Ta jhkogr�mmata   diagr�mmata plaisÐwn eÐnai ènac polÔ kalìc trìpoc
na anaparast soume, diagrammatik�, ta perigrafik� megèjh enìc deÐgmatoc   plhjusmoÔ.
QrhsimeÔoun epÐshc sthn gr gorh sÔgkrish om�dwn dedomènwn. Ta jhkogr�mmata paÐrnoun
orÐsmata ìpwc ta istogr�mmata mìno pou epitrèpetai h prosj kh kai �llwn metablht¸n:

> boxplot(ACCEL ~ YEAR, data = zz, col = "lightgray")

0 70 71 72 73 74 75 76 77 78 79 80 81 82

10
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20
25

Sq ma 2.1: Ed¸ èqoume èna jhkìgramma me thn epit�qunsh twn autokin twn an� ètoc
kataskeu c touc, qrwmatÐzontac kai ta plaÐsia.

Pijanojewrhtik� diagr�mmata kanonik c katanom c (normal plots) : Ta diagr�mmata
apeujÔnontai se èna deÐgma kai qrhsimeÔoun sto na prosdiorÐsoume pìso kont� sthn kanonik 
katanom  eÐnai oi parathroÔmenec timèc se sqèsh me autèc thc kanonik c katanom c. Up�rqoun
dÔo eid¸n: ta p-p kai ta q-q normal plots . H diafor� touc eÐnai sto ìti ta p-p sugkrÐnoun
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thn ajroistik  suqnìthta me thn upotijèmenh kanonik  katanom  en¸ ta q-q ta ekatosthmìria
th thc parathroÔmenhc tim c wc proc thn anamenìmenh kanonik  katanom . H entol  qqnorm

sqedi�zei to antikeÐmeno pou èqei wc ìrisma kai h qqline apl� prosjètei thn gramm  pou
anaparist� thn kanonik  katanom .

> qqnorm(zz$MPG) ; qqline(zz$MPG)
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Sq ma 2.2: Pijanojewrhtikì di�gramma q-q plot tou MPG

2.5.1 H entol  Plot

H pio diadedomènh sun�rthsh sta graf mata eÐnai h plot pou eÐnai mia genik  sun�rthsh. O
tÔpoc tou graf matoc exart�tai apì ton tÔpo   thn kathgorÐa tou pr¸tou antikeimènou pou
mpaÐnei wc ìrisma. Gia na k�noume èna scatterplot me dÔo metablhtèc arkeÐ na d¸soume dÔo
orÐsmata (sq ma 2.3):

> plot(zz$MPG,zz$HORSE)

Gia èna pio entupwsiakì gr�fhma mporoÔme na d¸soume to antikeÐmeno qwrÐc ìrisma kai
autìmata na dhmiourg sei èna pÐnaka me scatterplots (p.q. > plot(zz) sq ma 2.4). MÐa
�llh epilog  eÐnai na qrhsimopoi soume to plot se sunduasmì me mia �llh sun�rthsh ìpwc
mia ektÐmhsh tou istogr�mmatoc kernell (kernell density estimate ):

>plot(density(zz$ACCEL,na.rm=TRUE))

ParathroÔme ìti h grafik  par�stash eÐnai èna eÐdoc $leiasmènou# istogr�mmatoc (smooth-
ing) .

13



10 20 30 40

5
0

1
0
0

1
5
0

2
0
0

zz$MPG

z
z
$
H

O
R

S
E

10 15 20 25
0

.0
0

0
.0

5
0

.1
0

0
.1

5

density(x = zz$ACCEL, na.rm = TRUE)

N = 406   Bandwidth = 0.697

D
e
n

s
it

y

Sq ma 2.3: To pr¸to sq ma eÐnai to scatterplot twn zz$MPG kai zz$HORSE en¸ to deÔtero
eÐnai h kernell density estimate .

Sq ma 2.4: Ed¸ apeikonÐzetai o pÐnakac twn scatterplots ìlwn twn metablht¸n, posotik¸n
kai poiotik¸n gia ta dedomèna tou arqeÐou Cars.sav .
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Kef�laio 3

'Elegqoi

3.1 Genik� gia touc èlegqouc - tests

MÐa polÔ sunhjismènh leitourgÐa twn statistik¸n pakètwn eÐnai na sugkrÐnoun di�fora megèjh
deigm�twn ìpwc h mèsh tim  kai h diaspor�. 'Oloi oi $klassikoÐ# èlegqoi (test) emperièqontai
sto pakèto ctest to opoÐo prèpei na energopoihjeÐ prin to qrhsimopoi soume. To pakèto ìpwc
perigr�yame perièqei pl joc elègqwn, pou den eÐnai dunat  olìklhrh h parousÐas  touc, �lla
mia mikr  epÐdeixh tou.

3.2 'Ena par�deigma apl¸n elègqwn
Ta dedomèna, pou ta qrhsimopoioÔme se ìsouc èlegqouc ja parousi�soume, anafèrontai sthn
lanj�nousa jermìthta thc t xhc tou p�gou 1. Ta kataqwroÔme sta antÐstoiqa antikeÐmena
A,B:

A <- scan()

79.98 80.04 80.02 80.04 80.03 80.03 80.04 79.97

80.05 80.03 80.02 80.00 80.02

B <- scan()

80.02 79.94 79.98 79.97 79.97 80.03 79.95 79.97

Elègqoume thn isìthta twn mèswn tim¸n twn dÔo deigm�twn qrhsimopoi¸ntac èna mh-
zeugarwtì t -èlegqo (unpaired t-test) . 'Estw oi upojèseic:

H0 : µA = µB ⇒ µA − µB = 0

H1 : µA 6= µB ⇒ µA − µB 6= 0

Sto R èqoume:

> library(ctest)

> t.test(A, B)

Welch Two Sample t-test

1Apì to ”‘An introduction to R”’ sel. 38
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data: A and B

t = 3.2499, df = 12.027, p-value = 0.00694

alternative hypothesis: true difference in means is not equal to 0

95 percent confidence interval:

0.01385526 0.07018320

sample estimates:

mean of x mean of y

80.02077 79.97875

O èlegqoc mac parousi�zei mia shmantik  diafor�(p− value = 0.00694 < 0.05), upojèton-
tac kanonikìthta. EÐnai prokajorismèno sto R na mhn dèqetai wc upìjesh thn isìthta twn
diaspor¸n sta dÔo deÐgmata (se antÐjesh me to S-plus ). MporoÔme na qrhsimopoi soume èna
F -èlegqo (F-test ) gia na exet�soume thn isìthta twn diaspor¸n me thn bo jeia twn lìg-
wn diaspor¸n, proöpojètontac ìti ta dÔo deÐgmata proèrqontai apì kanonikoÔc plhjusmoÔc,
dhlad :

H0 : σ2
a = σ2

b ⇒
Ŝ2

a

Ŝ2
b

= 1

H1 : σ2
a 6= σ2

b ⇒
Ŝ2

a

Ŝ2
b

6= 1

> var.test(A, B)

F test to compare two variances

data: A and B

F = 0.5837, num df = 12, denom df = 7, p-value = 0.3938

alternative hypothesis: true ratio of variances is not equal to 1

95 percent confidence interval:

0.1251097 2.1052687

sample estimates:

ratio of variances

0.5837405

O opoÐoc mac deÐqnei anuparxÐa shmantik c diafor�c (p − value = 0.3938 > 0.05), opìte
mporoÔme na qrhsimopoi soume ton klassikì t èlegqo pou proöpojètei isìthta diaspor¸n.

> t.test(A, B, var.equal=TRUE)

Two Sample t-test data: A and B

t = 3.4722, df = 19, p-value = 0.002551

alternative hypothesis: true difference in means is not equal to 0

95 percent confidence interval:

0.01669058 0.06734788

sample estimates:

mean of x mean of y

80.02077 79.97875
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Aut  th for� mac parousi�zei mia akìma pio shmantik  diafor� (p − value = 0.002551 <
0.00694 < 0.05) se sqèsh me ton prohgoÔmeno èlegqo.

K�je èlegqoc tou pakètou ctest (2.3.2 sel. 10) èqei ta dik� tou orÐsmata kai mporoÔme na
p�roume perissìterec plhroforÐec dÐnontac: help( , package ="ctest")   prosjètwntac to
ìnoma tou elègqou p.q.: help(t.test , package ="ctest")
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Kef�laio 4

Grammik� montèla

To R qeirÐzetai, ìpwc èqoume anafèrei, ta montèla wc antikeÐmena. Ta montèla moi�zoun me
tic sunart seic. H kÔria diafor� eÐnai ìti apoteloÔntai arijmhtikèc metablhtèc, par�gontec
kai fusik� exarthmènec metablhtèc pou sugkrÐnontai argìtera me parathroÔmenec arijmhtikèc
timèc.

4.1 Orismìc enìc grammikoÔ montèlou
Gia na orÐsoume èna montèlo, genik�, orÐzoume thn exarthmènh metablht  akoloujeÐ to sÔmbolo
$∼# kai tèloc oi par�gontec:

y ∼ x

Ed¸ orÐsame thn y wc exarthmènh kai thn q wc par�gonta - anex�rthth. Prosjètontac
telestèc mporoÔme na orÐsoume tic sqèseic twn paragìntwn:

y ~ x +z^2 -5

'Opou to y ~ x +z^2 -5 mac dhl¸nei: y = x + y2 − 5. Gia na prosarmìsoume èna
grammikì montèlo dÐnoume to ìrisma:

object < − lm(formula,data = data.frame)

'Opou object eÐnai to antikeÐmeno pou ja perièqei to montèlo, formula o tÔpoc tou montèlou
kai data.frame ta dedomèna an perièqontai se èna mìno antikeÐmeno, gia par�deigma:

> fm <- lm(MPG ~ ENGINE + HORSE , data = zz)

To R autìmata k�nei mia an�lush grammik c palindrìmhshc sto montèlo pou tou èqoume
ekqwr sei ta dedomèna ta p rame apì to arqeÐo Cars.sav (2.3.1 sel. 9) kai mporoÔme na thn
doÔme me:

> summary(fm)

Call:

lm(formula = MPG ~ ENGINE + HORSE, data = zz)
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Residuals:

Min 1Q Median 3Q Max

-22.2185 -3.2771 -0.3892 2.3535 16.5639

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 37.533786 0.755398 49.687 < 2e-16 ***

ENGINE -0.037064 0.005067 -7.315 1.48e-12 ***

HORSE -0.066312 0.013906 -4.769 2.63e-06 ***

---

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 4.67 on 389 degrees of freedom

Multiple R-Squared: 0.6439, Adjusted R-squared: 0.6421

F-statistic: 351.7 on 2 and 389 DF, p-value: < 2.2e-16

Sqetik� me thn palindrìmhsh, parathroÔme ìti ìlec oi timèc twn F, t test eÐnai mikrèc dhlad 
shmantikèc par�metroi kai up�rqei sqèsh metaxÔ ektim¸menwn kai parathroÔmenwn tim¸n, kai
to R2 meg�lo opìte deqìmaste to montèlo. Ousiastik� upojèsame ìti h katan�lwsh benzÐnhc
sqetÐzetai grammik� me ton kubismì kai thn ippodÔnamh. To montèlo mac eÐnai sÔmfwna me thn
grammik  palindrìmhsh:

y = −0.037064 ENGINE − 0.066312 HORSE + 37.533786

4.2 Sunart seic gia pio leptomereiakèc analÔseic
Sthn genik  kl�sh twn grammik¸n montèlwn (lm ) up�rqoun kai epiplèon sunart seic gia
peraitèrw exagwg  plhrofori¸n, sqediasmoÔ diagramm�twn k.l.p. Mia lÐsta me autèc eÐnai:

anova(object1, object2) SugkrÐnei èna upo-montèlo me èna �llo uparktì kai par�gei èna pÐ-
naka an�lushc diakÔmanshc.

coefficients(object)   apl� coef(object) Par�gei ènan pÐnaka suntelest¸n thc palin-
drìmhshc.

deviance(object) To �jroisma twn tetrag¸nwn twn upoloÐpwn (residuals ).

formula(object) Par�gei ton telikì tÔpo tou montèlou.

plot(object) Par�gei 4 diagr�mmata: gia ta upìloipa, tic problepìmenec timèc kai merik�
diagnwstik�.

residuals(object)   resid(object) . O pÐnakac twn upoloÐpwn (residuals ), stajmismènoc
kat�llhla.

step(object) Dialègei èna bèltisto montèlo prosjètontac   afair¸ntac par�gontec diathr¸n-
tac thn ierarqÐa, sÔmfwna me th megalÔterh tim  tou AIC (Akaike’s An Information
Criterion) apì thn bhmatik  stepwise palindrìmhsh.
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summary(object) DÐnei mia analutik  perÐlhyh twn apotelesm�twn thc an�lushc palin-
drìmishc.

Tèloc merik� diagr�mmata apì to montèlo plot(fm) :
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