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Perblhyh

To teliki prodin miac éreunac ePnaisunjwc éna sOnolo metr sewn pou éginan se éna sOnolo
peiramatik,n mon“dwn| Me tic sunjeic statistikec analOseic exet’zetai mPametablht Kk'je
or" kai igi h sunistaménh dr°'sh aut,n tautiqrona]

Polumetablht an’lush (multivariate analysis ) onom”zetai h statistik an’lush pou efar-
mizetai tautigrona se ilec tic exetazimenecmetablhtec enic peirmatoc| Idiabtero endiaféron
gia thn Teqgnologba Trofbmwn eégoun h Anlush twn KurBwn Sunistws,n (Principal Components
Analysis ), h Paragontik  An’lush (Factor Analysis ), h An"lush thc Antistoigbac (Corresponde-
nce Analysis ), h An’lush thc Omoiomorfbac twn Om“dwn (Cluster Analysis ) kai h An’lush thc
Kanonikopoihménhc Susqgétishc (Canonical Correlation Analysis )|

H An’lush twn Kurbwn Sunistws,n (AKS) ebnaih pio apl api ilec tic mejidouc polume-
tablntc an’lushc kai efarmizetai polO eOkola api ta perissitera progrmmata statistik ¢
epexergasbacdedoménwn|

Sthn paroOsa ptugiak, h AKS orbzetai megewmetrikoOc irouc kai methn “lgebra twn pin’-
kwn| Paratbjentai paradebgmata efarmogc me qwrbcth grsh H/U kai epbshcperigr-fontai
oi teqnikec grafik c  parousbashc twn apoteléesm™twn| EpBshc, sqoli"zontai merik™ api ta pro-
grrmmata meta opobaebnaidunat h efarmog thc AKS|

H AKS efarmisthke se peiramatik™ kai organolhptik® dedomeénapou katagr-fhkan met”
api wsmwtik afudtwsh aktinidbwn se 4 dialODmata aq’rwn (glukizh, isoglukizh, maltizh Kai
soukrizh) kai se 3 grinouc osmwtik ¢ afud“twshc (90, 180 kai 360 lept’)]

Ta apotelésmata den tan idiaDtera ikanopoihtik® epeid oi 3 pritec kOriec sunist,sec
ekfrzoun to 78:6%thc olikc diakOmanshc| Giato ligo auti sqgedi’sthkan trisdi'stata  gra-
mata ta opoPa tan duskolitero na ermhneujoOn|

Teloc efarmisthke kai h Paragontik An’lush (PA) sta peiramatik™ dedomeéna, h opoba
édwse kalOtera apotelésmata api aut” thc AKS, all® iqgi idiabtera ikanopoihtik’|

Genikitera, sumperabnoumeiti debgmatameuyhléc timec Brix parousi"zoun auxhménh pri-
slhyh aqg’rwn kai ebnaipio gluk® en, parlihla eqoun gamhl  oxOthta epbxhroO| EpBshcta
debgmatamemeg’lh mebwsh“rouc ebnaiperissitero  sunektik’|






Euqaristbec

Argik” prépei na euqarist sw twn Eishght Kajhght k| Dhmtrio Petrbdh, pr,ta api ila gia
thn anektikithta tou wc proc to grino pou mou paraq,rhse kai thn empistosOnh pou mou égei
debxekai akimh perisitero na ton eugarist sw gia tic polOtimec sumbouléc kai parathr seic
ep’nw sto éma thc statistik c  epexergasbacdedomenwn|

Akimh a prépei na euqaristsw ton Prodst'meno tou Tm matoc Teqnologbac TrofBmwn K|
Stuliani Rafahlbdh gia tic eukairbec an“deixhc pou mou parebge sthn poreba mou sth Sqol kai
ton EpPkouro Kajhght k| Nikilao Gewrgi"dh gia tic upodebxeictou sto éma thc wsmwtik ¢
afud“twshc  twn aktinidbwn|






Prilogoc

atan xekbnhsana asqoloOmai methn ptugiak ergasPa jela na thn k’nw iso to dunatin pio
teleia] Dedomeénoutou p'jouc mougia thn Epist mh thc Plhroforik ¢ xekPbnhsana asgoloOmai
me telebwc diaforetik” émata, mestigo p'nta thn eltistopobhsh igi mino tou perieqgoménou
thc ergasbacall” kai thc aisjhtik c  axbac|Auti ebgevc apotélesma th shmantik kajustérhsh
olokl rwshc  thc ptugiak c|

Parila aut" imwc, sth daidal,dh porePa pou akoloOjhsa, exeidikeOthka se orisménouc
tomeP@ou ePnaiaxiilogo na anaferjoOn:

Programmatismic H/U: sta plabsia thc ptugiak ¢ ergasbac eqoun grafteb orisména pro-
grrmmata gia th sgedbashtwn anusmatik,n grafik.n parast’sewn kai twn biplots | Proc
to parin den ePnaidiajéesima sto eurOQ koini ligw thc mh ilikithtac proc to gr sth|
Wstiso ipoioc epijumeb na apokt sei kai na grhsimopoi sei ta sugkekriména progr'mma-
ta mporePna epikoinwn sei mazBmou meéswhlektronikoO taqudromebou|

IATEX 2": étsi onomzetai to sOsthma stoigeiojesDPac keiménou pou grhsimopoisa gia th
suggraf ~ tou keiménou kai twn majhmatik,n exis,sewn| Denprikeitai gia énan epexerga-
st keimeénoukai h grsh tou progrmmatoc autoQ apaiteD megalOterh exoikePwshmetouc
H/U| Wstiso ebnaito apiluto ergalebo gia th swst stoigeiojesba majhmatik,n  exis,sewn|
Epbshc ePnaibswoo kalOteroc tripoc gia th suggraf  meg’lwn iblBwn (p’nw api 200 se-
Ibdec),ta opoba a apaitoOsan isquritato  H/U gia na diageiristoOn api &nansunhjisméno
epexergast keiménou| P'nw api ila imwc metrei to teliki aisjhtiki  apotélesma|

LINUX : étsi onom’zetai éna eleOjero proc qrsh leitourgiki  sOsthma tou opoPouh mh
aux'netai suneq,c| H enasqgilhsh moumeauti tan h pragmatik aitba pou asqol jhka
meton programmatismi  kai meto IATEX2"|

Sth sunégeia a anaférw ta progr'mmata pou gqrhsimopobhsh gia thn olokl rwsh  thc ptu-
giak ¢, exhg,ntac par’llhla to ligo epilog c:

LINUX | EPnaito leitourgiki  sOsthma pou grhsimopoi jhke kat> to megalOtero méroc| EPnai
stajeritato  kai ligitero {ekneuristiki}  afoO den qgrei"zetai {POTE} na k'nw epanekkb-
nhsh tou H/U| Wstiso h grsh twn programm™wn statistik c  éginektw api MS Windows
98, epeid o0i sugkekriménec etairbec denégoun ekdosh twn programm™wn touc gia LINUX |

IATEX 2" | To prigramma suggrafc  tou keiménou kai twn exis,sewn, ipwc anaférjhke para-
pnw|

GNUPLOT | To prigramma gia th dhmiourgba twn perissiterwn grafik.n  parast'sewn| Epilé-
gjihke epeid denéqei periorismoOc wc proc to ePdodhc grafik ¢| atsi kataskeu“sthkan
oi anusmatikec grafikec parastseic|

LATEX2HTML | To prigramma gia thn metatrop thc ergasbac se morf  kat’llhlh gia to
Diadbktuo|

MINITAB & STATISTICA | EPnaignwst™ progrrmmata statistik c|



Di“fora| €lla progrmmata pou denePnaiaparabthto na anaferjoOn|

Sto pr,to meroc thc ptugiak ¢ ergasbac gbnetaiargik® énac kajorismic  tou probl matoc
kai anaferontai sunoptik™ merikéc polumetablhtéc mejodoi statistik c  epexergasbac| Sth su-
negeia perigr-fetai h An’lush twn KurBwn Sunistws,n megewmetrikoOc kai algebrikoOc irouc
kai gbnetaiefarmog se orisména paradebgmata] Opwsd pote imwc an k'poioc epijumeb na
katano sei touc majhmatikoOc upologismoOc a prépei na diab’sei prita to Par‘rthma A

Sto deOtero méroc exhgebtaih peiramatik  diadikasPa pou akolouj jhke gia thn apikthsh
twn dedomenwnkai sto trbto meroc gbnetaiefarmog thc an’lushc sta peiramatik® dedoména,
dbnontacexhg seic kai g°zontac orismena sumper‘smata|

Jessalonbkh, MTrtioc 2001

Papagrhgorbou Nikilaoc
e-mail: papanikos@usa .n et
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KEFYALAIO 1

Eisagwg

1|2  Polumetablht an’lush

aloi oi epist monec, opoiod pote kai an ePnaito antikeDmenceidbkeushctouc, itan kaloOntai
na melet soun p|g| éna usiki  ainimeno, énanorganismi, énatrifimo, sullégoun éna pljoc
dedoménwn(data )| Anex'rthta api to antikeBbmenoproc meléth to peiramatiki sgedio pou ako-
louj jhke, to teliki prodin thc éreunac ePnaisun jwc énasOnolo metr sewn pou éginan se éna
sOnolo peiramatik.n mon“dwn (pPnakac1|2)] H onomasPapou dPnetaistic peiramatikéc mon’dec
poikPllei an’loga meton episthmoniki klI"do| Sthn ibliografba sunjwc onom’zontai wc an-
tikebmena(objects ), mon“dec (individuals ), parathr seic  (observations ), upokeBmena(subjects ),
peript.seic  (cases), taxinomikéc mon“dec (observational taxonomy units ) kai debgmata(sam-
ples)| Oi diaforetikéc metr seic pou égqoun gbnediadogik” stic peiramatikéc mon’dec apoteloOn
tic metablhtéc (variates  variables ), api thn meléth twn opoPwna exagjoOn ta sumper’smata
thc éreunac|

atan peiramatizimaste meéna trifimo, sunjwc metr'me éna pljoc metablht.n kai pro-
spajoOme na ex’goume éna sumpérasma grhsimopoi ntac  k“poiec statistikéc mejidouc| An h
statistik mejodoc efarmizetai se mbametablht k'je or", tite aut onom“zetai monometablh-
t mejodoc (univariate method ) p|gq| an’lush thc diakOmanshc, palindrimhsh| atsi imwc den
mporoOmena apokalOyoume thn tautigronh  dr’sh ilwn twn metablhtn mazxai periorizimaste
se {monodi’stata} sumper"smata|

Polumetablht  an’lush (multivariate analysis ) onom™zetai h statistik an’lush pou efar-
mizetai tautigrona seilec tic exetazimenecmetablhtéc enic peirmatoc| AkoloujoOn dOo para-
deBgmatasta opoPa a mporoOsan na efarmosjoOn diforec mejodoi polumetablht ¢ an’lushc|
H meléth twn paradeigm™wn a analujeb sto epimeno keflaio|

Par'deigma 1 areuna tim,n prodintwn se Super Markets

To Kéntro Prostasbac Katanalwt.n (KEPKA) katégraye tic timéc 25 prodintwn se 32 Super
Markets api diforec periogec thc Jessalonbkhc| H epilog twn katasthm™twn eégine tugaba
api thn ereunhtik om"da en, twn prodintwn sOmfwna methn parousbPa touc sta “fia  ilwn
twn katasthm™wn| H éreuna pragmatopobhjhke stic 17 kai 18 lounBoul996 kai parousi“sthke
sto periodiki Katanalwtik® B mata sto teOqoc 6-7/96] Ta apotelésmata parousizontai — ston
pbnaka 1|1|
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ProkOptoun ta ex c erwt mata:
MporoOn ta katast mata na katagjoOn se om’dec an’loga meto kistoc twn 25 prodintwn?
Poi" ebnaita akribitera kai poi” ta jhnitera  katast mata?

MporoOn ta di"fora  prodinta na omadopoihjoOn an’loga meto kistoc touc?

Pardeigma 2 Qhmikéckai ioghmikéc metaboléc qondrigjOwn kat™ thn apoj keush touc se sun-
kec yOxhc kai kat"yuxhc

Sta plabsia thc ptugiak ¢ ergasbac tou Kwnstantbnou Hli"dh, y'ria twn eid,n Scyliorhinus
cannicula (Skul’ki) kai Merluccius merluccius (Mpakali"roc)  exet’sthkan ghmik®, ioghmik
kai organolhptik’| ana meroc twn yari.n  topojet jhke se p'go kai Kje 4 hmeérec antipro-
swpeutiki deBgmaut,n exet’sthke ghmik’| Ta apotelésmata twn ghmik,n analOsewn aPnontai
ston pPnaka 1|2| Ta upiloipa yria qwrbsthkan se dOo om’dec, h mPaek twn opoPwnemba-
ptbsthke se di'luma antioxeidwtik.n, en, h “llh den upésth kambaepexergasba| Sth sunégeia
apojhkeOthkan se ermokrasba -25 C me-30 C ston katayOkth tou ergasthrbou| An" takt®
gronik™ diastmata 4, 6 kai 8 ebdom™dwn, antiproswpeutiki debgmaapi kje om“da kai ebdoc
yarioQ exet’sthke ioghmik™ kai organolhptik| Ta apotelesmta thc organolhptik c  exétashc
kai twn ioghmik.n analOsewn abnontai ston pPnaka 1|3|

ProkOptoun ta ex c erwt mata:

P.c sgetbzontaioi ghmikéc kai ioghmikéc analOseic metaxOtouc?

AOxhsh twn tim,n sth mbametablht &gei wc sunépeia thn aOxhsh twn tim,n miac “llhc
kai to antbstrofo?

MporoOn ta difora dePgmatapou exet’sthkan na omadopoihjoOn se sgésh metic meta-
Intec pou katagr'fhkan?

1|2 Mejodoi polumetablht c an’lushc

Uprqoun pTra pollec mejodoi polumetablhtc  an’lushc|  Sth sunégeia a anaferjoOn
perilhptik®  oi méjodoi meidiabtero endiaféeron gia thn epist mh thc Tegnologbac TrofBmwn|

1j12]1 An’lush twn kurBwn sunistws n (Principal Components Analysis )

Ac upojésoume pwc énac Tegnoligoc Trofbmwn met”™ api polOgronh éreuna &qei prosdiorDsei
40 qarakthristik” (pH, oxOthta, ugrasPa k|a]) 100 diaforetik,n  prodintwn api di*forec io-
mhganbec|Gia thn exagwg sumper'smatoc a prépei na meletsei ilec tic metablhtec xeqwrist®
an” dOo| Aut imwc h diadikasPa ebnaigronobira kai epPponh,mekBndunop™nta na gbnekak
ermhnebatwn apotelesm™wn mia pou h {sunistaménh} dr'sh twn metablht.n den lamb netai
upiyh|
Ja tan loipin polO oliki éna{ergaleDo} to opoPo a eédineth dunatithta ston ereunht
na ex'gei énasumpérasma melet,ntac merikéc mino {metablhtéc} antbgia 40 kai m’lista ekebnec
pou a égountic pléon antiproswpeutikec idiithtec gia th sugkekriménh eéreuna| Akrib,c autn
thn dunatithta parégei h An’lush twn Kurbwn Sunistws,n (AKS)| agei sqediasteb étsi ste na
mei nei ton arijmi  twn metablhtn pou prépei na exetastoOn, se éna mikritero arijmi  {néwn}
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PPnakac 1|2: Apotelésmata ghmik,n analOsewn se yria twn eid,n Scyliorhinus cannicula Kai

Merluccius merluccius

Ugrasba Tefra Prwtednec Oliki Prwtedniki Mh prwtedniki LPpoc
Debgmata (%) (%) (%) “zwto (%) “zwto (%) “zwto (%) (%)
Skulki-0 81|62 0|80 22|12 3|54 2|34 1|20 1|32
Skulki-4 81/81 0]73 19|48 3|12 2|06 1|06 0[98
Skulki-8 82|46 0|74 17|76 2|84 1|88 0[97 0[89
Skul'ki-12 82|93 0|75 16|92 2|71 1|77 0|92 0|82
Skul’ki-16 83|50 0|78 13|20 211 1|39 0|71 0[79
Mpakali“roc-0 79|72 112 18|05 2|89 2|49 0J40 0[55
Mpakali“roc-4 79(97 1|04 17|48 2|80 2|40 0[39 0[50
Mpakali“roc-8 80[82 1|03 16|23 2|60 2|23 0|36 0[44
Mpakali“roc-12 80[95 0[96 16|18 2|59 2|23 0|35 0[36
Mpakali“roc-16 81|35 0[91 15/40 2|46 2|12 0[34 0[29

Oi arijmob dbpla api to eBdodou yarioO dhl,noun tic hmérec kat’yuxhc:

O=m’rturac, 4=tétarth hmeéra, 8=igdoh hmera, 12=dwdekath hmera, 16=dekathekth hmera

PPnakac 1|3: Apotelésmata
eid,n Scyliorhinus cannicula kai Merluccius merluccius

ioghmik n

analOsewn kai organolhptikoO

eléggqou se y'ria

€mesa ekqulbsimh TBA Emfnish Osm uf GeOsh

Debgmata prwteonh (% klo|) ppm

Skul"ki-ME-0 0|96 2|184 -0|9 1/0 12 -0|4
Skul’ki-ME-4 0|64 5|928 0|5 0l8 114 -0|7
Skul"ki-ME-6 0/63 8|112 2|2 1|6 -0|2 0|6
Skul"ki-ME-8 0/60 8|976 -112 1|7 0|6 -0|7
Skul"ki-XE-0 1|13 2|730 1|5 0l0 0[9 -0|12
Skul’ki-XE-4 0[84 6/708 -113 0l4 11 0]2
Skul’ki-XE-6 0}43 8|346 -2|6 0[3 12 11
Skul"ki-XE-8 0[38 22|776 -115 0l8 116 -0[3
Mpakali“roc-ME-0 0[83 1/869 -0/8 1|2 -0|12 0|7
Mpakali“roc-ME-4 0[82 3/068 -0l4 -0[8 -0|7 -0]2
Mpakali“roc-ME-6 0[78 4|024 -1/8 1|5 -112 -0/9
Mpakali“roc-ME-8 0[81 5/180 -1l4 0l4 -0/9 -0[8
Mpakali“roc-QE-0 0[88 1|869 -0|6 0|7 -0|4 0[3
Mpakali“roc-QE-4 0/63 4]602 -0[7 -0[3 2|2 -0/9
Mpakali“roc-QE-6 0|36 11|622 -0|6 0l0 1|7 o1
Mpakali"roc-QE-8 0|35 17|628 -113 11 -1/5 0|7

Oi suntomografbec ME kai QE shmabnoun:
ME=Me Epexergasba, QE=QwrbcEpexergasba
Oi arijmoD dbpla api to eDdodou yarioO dhl,noun tic ebdom dec kat"yuxhc:

O=m"rturac,

4=tétarth ebdom”da, 6=ekth ebdom’da, 8=igdoh ebdom”da

twn
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metablht,n pou onom’zontai kOriec sunist,sec oi opoPeceDnaigrammikob sunduasmobtwn argik,n
metablht,n kai den susgetbzontai metaxOtouc|

H AKS ebnaih pio apl api tic mejidouc polumetablhtc an’lushc] H diadikasba upolo-
gism,n mporebna ermhneujeb ebtegewmetrik® (lépe Enithta 2|2) ebtealgebrik® (lépe Enithta
2|3)] Sunoptik”, dhmiourgebtai o pPnakac sundiakOmanshc ( o pPnakac susgétishc) metaxO
twn p metablht.n (lépe Parrthma A') api ton opoboupologbzontai oi garakthristikéc bzec
(1, 2;::7; p)kai ta antbstoiga garakthristik™ anOsmata| Oi garakthristikéc bzecdiat"sson-
tai me jPnousa t'xh kai apoteloOn tic diakum™nseic twn kurBwn sunistws.n (principal compo-
nents )| Oi kOriec sunist,sec prokOptoun api tic exis,seic,

8
% Zy= 11 X1+ 10X+ +  1pXp
Zy = 21 X1+ 22Xp + +  2pXp
: | | o
CZp= pXit pXa + ppXp
ipou Zi3;Z3;:::;Zp ebnaioi kOriec sunist,sec (principal components ), X 1;X;::: ; Xp ebnaioi
metablhtéc kai  11; 12;:::; pp ePnaita qarakthristik™ anOsmata ta opoPa apoteloOn touc
suntelestéc thc exbswshc diaforetik™ thn klBsh tou uperepipédou pou dhmiourgebtai ston
poludi”stato uperq,ro| Ta garakthristik™ anOsmata upologbzontai me ton periorismi  iti
A+ H+ + £ = lipou i = 1:::;pl Oi metablhtec pou exet’zontai apoteloOn tic

diast’seic autoO tou qg,rou] Api tic p kOriec sunist;sec (me "sh orisména kritria) mino oi 2

treic prtec a epilegoOn gia na melethjoOn| Me tic epilegmeénec sunist,sec sgedi“zontai mba
oi perissiterec grafikéc parast'seic api tic opobecex’getai to sumpérasma thc éreunac| Gia
leptomeresterh  perigraf thc mejidou lépe Enithta 2|3|

H AKS sugn™ sugqgeetai methn Paragontik  An’lush (Factor Analysis ) h opobPaan kai sqge-
tbzetaimethn AKS ebnai emeliwd,c diaforetik teqnik [24, 11]] H sOgqush aut pijanitata
ofebletai sto gegonic iti poll” statistik® pakéta emfanbBzounthn AKS wc epilog sto par’juro
dialigou thc Paragontik  An’lushc (PA)| EpBshc polloB epist monec grhsimopoioOn ton iro
Paragontik  An’lush enno,ntac thn AKS, gegonic pou ePnaipol® sunhjisméno sthn ibliogra-
Pa thc Bireiac Amerik c [20]] Wstiso,h asik  diafor” ebnaiiti sthn PA oi sunist,sec mporeb
na susgetbzontai IDgo metaxOtouc|

1|2|2 Paragontik an’lush  (Factor Analysis )

H Paragontik  An’lush (PA) ebnaiparimoia methn an’lush twn kurBwn sunistws,.n|  Geni-
kiteroc stigoc touc ebnaih perigraf enic sunilou metablht.n api ligiterec néecmetablhtéc
par'gontec mesunépeia th diasaf nish  twn sgésewn metaxOtwn metablht,n| &mwc up’rgei
mia shmantik  diafor”| H AKS dbneiemfash sto na exhg sei th metablhtithta sta dedomena
kai den asbzetai se kpoio statistiki montélo, en, h PA prospajeD na exhg sei th susqeétish
metaxOtwn metablht,n  kai asBzetai se éna sugkekriméno montélo [15, 24], pou égei sgésh me

koin suneisfor” orisménwn metablht.n se éna mino "xona th or’|
An éqoumeéna pbnaka dedoménwnipou oi metablhtéc ePnaioi stlec kai ta deBgmataePnaioi

seiréc, to sOsthma twn grammik,n exis,sewn pou perigrifei  thn Paragontik  An’lush ePnaito
exc,



16 Eisagwg

X1= nuFi1+ 1pF2+ + 1mFm + €

Xo= 2aF1+ 22F2 + + omFm + €7

Xp= piF1+ pF2o+ + pmFm + &’
ipou X1;Xo;:::; X, ebnaioi tupopoihménec metablhtéc, i1; i2;:::; im ePnaioi suntelestéc thc
exDswshahc metablht ¢ X kai onom”zontai paragontik™ ortba (factor loadings ), F1;F2;:::;Fm

ePnaioi m mh susgetizimenoi (igi p'nta) kOrioi par’gontec (common factors ) memhdeniki méso
iro kai diakOmansh BPshmeth mon“da kai € ePnaiénac par'gontac eidikic proc kje metablht
Xi o opobocden susqgetbzetai mekanénan api touc kOriouc par’gontec kai €gei mhdeniki méso
iro [15]]

O arijmic  m twn kOriwn paragintwn ePnaishmantik™ mikriteroc api ton arijmi twn argik,n
metablntn (M < p) kai an den sugetbzontai metaxOtouc to paragontiki montélo onom’zetai
orjog,nio  (orthogonal ) en, an susgetbzontai onom“zetai kekliméno pl°gio( oblique )|

To “jroisma  twn tetrag,nwn twn paragontik,n  ortbwn, Z + 2 + + 2. kalebtai
summetoqikithta (communality ) thc metablntc X kai apoteleD to méroc thc diakOmanshc pou
sgetbzetaimetou kOriouc par‘gontec| H diakOmansh tou eidikoO par‘gonta, var(gj), onom’zetai
eidik metablhtithta (speci city )thc metablhtc X kai apoteleP to meéroc ekePndhc diakOmanshc
pou den sgetbzetaimetouc kOriouc par’gontec]|

H susgetish metaxOdOo metablht,n X kai X j upologbzetai api thn exbswsh,

Fj = i1 jat 2 jot T im jm

Api thn parap’nw exDswshsumperabnoumeiti gia na susgetbzontai isqur” dOo metablhtéc
a prepei na éqoun uyhléc timéc paragontik.n  ortbwn stouc Bdioucpar"gontec [15]] Epbshc,
isqOeiiti 1 i 1, epeid h summetogikithta denmporePna ePnaimegalOterh thc mon“dac|

H Paragontik  An’lush xekin"ei éqontac ta dedomenase morf pbnaka, ipou oi stlec eb-
nai oi metablhtéc kai oi seiréc ePnaita debgmata| Arqik™ upologbzontai ta paragontik™ ortba|
Up'rqoun pTra pollob tripoi na gbneruti mepio gnwsti th grhsimopobhsh twn kurbwn sunistw-
s,n met” api efarmog thc AKS| Gia thn dieukilunsh epBbshcthc ermhnebactwn apotelesm™twn
ebnaidunati na gbneperistrof twn axinwn (factor rotation ), orjog,nia mh orjog,nia  (ortho-
gonal oblique )| Gia thn peristrof éqoun protajeD diforoi  algirijmoi  mepio gnwstoOc touc
varimax (megistopobhsh thc diakOmanshc metaxOtwn paragintwn) kai quartimax (megistopoBhsh
thc diakOmanshc metaxOtwn metablht,n) [20]]|

H PA ewrebtai api polloOc epist monec pwc ePnaimPgtégnh} kai iti denePnaitiso antikei-
menik iso “llec statistikec mejodoi [15]] H gqrsh thc sthn Tegnologba TrofBmwn den sunhjb-
etai, ektic api el'gistec peript,seic ipou dbneikanopoihtik® apoteléesmata (lépe Kef'laio
4)|

1j2|3 An’lush thc Antistoigbac (Correspondence Analysis )

H An’lush thc Antistoigbac (AA) ebnaimbaméjodoc pou sqedi'sthke gia thn an’lush apl.n
disdi"statwn kai poludi"statwn pin“kwn kathgorik,n kai posotik,n metablht,n| Ta apotelé-
smata paréqoun plhrofirhsh parimoia meautn twn apotelesm™twn thc An’lushc twn Kurbwn
Sunistws,n kai thc Paragontik c  An’lushc] Shmantiki pleonékthma thc AA ebnaih parousbash
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thc sgéshc metaxOtwn metablht.n  kai twn parathr sewn meésaapi tautigronh kai allhléndeth
sqesiologba]

Ac upojésoume iti se éna sOnolo upostwm’twn eléggetai h an“ptuxh di"forwn  akthrBwn
kai katagr-fetai o mikrobiakic plhjusmic met” api ep,ash|] O pbnakactwn dedoménwrpou a
kataskeuasteBD a ebnaiimoioc meton PPnaka 1]4|

PPnakac 1|4: Mikrobiakic plhjusmic se sOnolo n akthrbwn met™ api ep,ash se p upostr,-
mata (upojetikic pbnakac)

Upostr, mata

Bakt ria 1 2 p Ajrobsmata  Suntelestéec
1 X11  X12 X1p R a
2 X21  X22 X2p R> az
| | | |
n Xn1  Xnp2 Xnp Rn an
Ajrobsmata C; Cj Cp
Suntelestec by by by

Ston pPnaka pou prokOptei met” to téloc thc peiramatik ¢ diadikasbac parousi'zetai kai éna
sOnolo suntelest.n gia kje seir” (a;;ap;:::;an) kai stih (by;bp;:::;by)| Stigoc thc AA ePnai
o upologismic twn suntelest.n aut,n eétsi ste na éqounth megalOterh dunat susgeétish methn
katanom pou prokOptei api ton mikrobiaki plhjusmi  sunolik’|  Ekfrasméno majhmatik”,
stigoc thc AA ePnaih I0sh twn paraktw exis,sewn|

ar = [(Xxu1=Ry)bi + (x12=R1)bp +  + (X1p=R1)bp]=r
az = [(X21=Ro)b1 + (X22=Ro)lp +  + (X2p=Ro)byp]=r

an = [(Xn1=Rn)br + (Xn2=Rn)l2 +  + (Xnp=Rn)bp]=r
kai
b = [(x11=Ci)ap + (x21=Cr)az+  + (Xn1=C1)ap]=r
b = [(x12=Cplap + (Xxo=Cr)az +  + (Xn2=Cp)ap]=r
| = |
B = [(Xp=Cplar + (X2p=Cp)az+  + (Xnp=Cp)ap]=r
ipou R; ebnaio sunolikic plhjusmic gia k’je aktrio i, C; ebnaio sunolikic plhjusmic gia

k'je upistrwma | kai r ebnaih mégisth epijumht susqgetish|

1|24 An’lush thc Omoiomorfbac twn Om™dwn (Cluster Analysis )

H An’lush thc Omoiomorfbactwn Om~dwn (AOQO) ebnaimbanéjodoc methn opobaepitugqnetai
omadopobhsh twn parathr sewn  (observations ) se om“dec (clusters ) étsi ,ste oi parathr seic
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se k'je om’da na ePnaisgetik® imoiec se sqésh metic metablhtéc pou grhsimopoioOntai gia ton
sghmatismi twn om™dwn en, oi parathr seic ~ metaxOtwn om dwn na diaféroun iso to dunati pe-
issitero  se sgésh p™nta metic metablhtéc omadopobhshc (isqOei kai to antDstrofo, dhlad na
omadopoioOntai oi metablhtéc wc proc tic parathr seic)  [24]| Gia par’deigma, énac diatrofoli-
goc a endiaferitan na omadopoi sei éna sOnolo trofdmwn sOmfwna methn reptik touc axba
(plgl y'ri, kotipoulo, laganik”, g'la kai aug”) se om“dec étsi ,ste ta trifima pou a an-
koun sthn Pdiaom"da na ePnaiiso to dunati pio omoiogen en, ta trifima metaxOtwn om dwn na
diaféeroun 1iso to dunati perissitero] Prépei na shmeiwjebiti sthn an’lush thc omoiomorfbac
twn om™dwn oi parathr seic  omadopoioOntai meth ojeia twn {exis,sewn apistashc}, en, sthn
Paragontik ~ An’lush kai sthn An’lush twn KurBwn sunistws,n oi metablhtéc omadopoioOntai
sOmfwna meth susgetish metaxOtouc|

To klasikitero  pardeigma AOO ebnaio periodikic pBbnakac twn stoigebwn| O Mendeleev
grhsimopobhse tic diajésimec plhroforbec sgetik® meth Osh tou k'je stoigePoukai diapPstwse
iti ta stoigePa mporoOsan na omadopoihjoOn, étsi ,ste h omoiithta aut,n se k’je om’da na
ebnaimegalOterh api thn omoiithta twn stoigePwnmetaxOtwn om dwn [20]] Wstiso, h ergasPa tou
pragmatopoi jhke gwrbcth grsh autoQ pou s mera onom’zoumean’ush thc omoiomorfbac
twn om™dwn, dhlad th grsh upologistik,n mejidwn pou ohjoOn sth dhmiourgBa om™dwn
imoiwn antikeiménwn| Akimh imwc kai an tite tan gnwstéc oi méjodoi omadopobhshcden a tan
dunati na efarmosjoOn gia énameg’lo pljoc dedoménwndBgwcth grhsimopoPhsh enic H/U|

Oi méjodoi omadopobhshcsthn AOO ebnaiebteerargikéc ebtemh-ierarqgikéc| Oi pr.tec ebnai
oi pio dhmofilebc kai odhgoOnsthn dhmiourgbDa enic dendrogr'mmatoc, ipwc aPnetai sto Sq ma
1]1] Argik® upologbzontai oi apost’seic k'je antikeiménou (parat rhshc) api ila ta “lla
antikebmena| Sth sunégeia sghmatbzontai om"dec memia diadikasba sun’jroishc  (agglomeration )

upodiabreshc (division )] Kat™ thn diadikasPa sun’jroishc ila ta antikeDmenaxekinoOn api
om”dec tou enic dhlad “je antikebmenoebnaikai mbaom®da| Oi om"dec pou rbskontai pio
kont™ se sgésh metic Jllec om"dec stadiak™ omogenopoioOntai (merged ) étsi ,ste telik” ila ta
antikebmenana sghmatbzounmbaom™da|

H diadikasba upodiabreshc ePnaiakrib,c antbjeth dhlad ila ta antikeDmenaapoteloOn
argik® mia om’da h opoPa sth sunégeia upodiairebBtai se dOo om"dec, meéqri telik,c ila ta
antikebmenana sghmatbzounatomikec om™dec [15]|

Oi mh-ierargikéc mejodoi ePnaiperissitero  polOplokec kai ePnaioi neiterec sthn oikogéneia
twn mejidwn omadopobhshc thc AOO| Ed, sta antikeDmenaepitrépetai na metakinoOntai mésa

exwapi om’dec se difora st'dia thc an’lushc| Arqik”, merik®™ aujabreta kéntra om™dwn
epilegontai kai ta antikebmenakatanemontai sta kontinitera proc aut™ kéntra dhmiourgintac
om’dec| Sth sunégeia upologbzontai néakéntra ta opoPaantistoiqoOn sta kéntra twn antikeiménwn
stic eBdhsghmatisménec om™dec| Katipin ena antikeDmenometakinebtai se mia néa om”da an ebnai
kontunitera sto kentro autc thc om’dac se sqesh meto kéntro thc om™dac pou ankei| Oi
om’dec pou rbskontai kontunitera omogenopoioOntai, Jllec om“dec upodiairoOntai k|olk|| H
diadikasba aut sunegbzetaiepanalhptik®™ meqri na epikrat sei isorropba me prokajorisméno
enateliki arijmi om“dwn [15]

112|5 An’lush thc Kanonikopoihménhc  Susqétishc (Canonical Correlation Analy-
Sis)

anac ereunhtc sunjwc katagrfei  énasOnolo metablht,n, oi opoPecperigrfoun to anti-
keBmenaneléthc| Pollec oréc sumbaPneio sOnolo aut,n twn dedoménwma diagwrbzetai se dOo
om“dec]|
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Paradebgmatoc q'rin, énac Tegnoligoc Trofbmwn a prosdiorbsei ghmik™ kai organolhptik
garakthristik™ enic roOtou| Dhlad, to sOnolo twn metablht,n qwrbzetai se dOo om"dec; tic
metablhtéc pou prosdiorbzontai mek“poia ghmik an’lush kai autéc pou prosdiorBzontai metic
aisj seic| Sunjwc endiaferimaste na ereun soume th sgésh metaxOtwn dOoaut,n om dwn|

H An’lush thc Kanonikopoihménhc Susqétishc (CanCor ) eBnaimbapolumetablht méjodoc me
thn opoPamporoOme na melet soume th sgésh metaxOdOo om™dwn metablht,n| Gia par"deigma,
oi metablhtéc tou PPnaka 1|3 qwrbzontai se dOo ioghmikéc kai treic organolhptikéc 2|

astw iti égoumeénasOnolo tessrwn metablht,n pou gqwrbzontai se dOoom™dec X kai Y, p|q
X1;X2; Yy kai Y| Kat® thn an’lush thc kanonikopoihmeénhc susgétishc dOo néecmetablhtec U
kai V upologbzontai, oi opoPeconom”zontai kanonikopoihménec metablhtéc (canonical variables )|
H pr,th  metablht U ePnaigrammikic sunduasmic twn metablht,n X1 kai X,

U=aXi1+ aXy 1]2)

en, h metablht V ebnaigrammikic sunduasmic twn metablht.n Y1 kai Yo,

V= Y+ Y (113)

Oi U kai V upologbzontai étsi ste h susgétish metaxOtouc na ePnaiso to dunati uyhliterh|
EPnai aneri iti h asik arq sthn CanCor ebnaiparimoia meaut thc AKS, meth diafor”
imwc iti sthn CanCor megistopoiebtai h susqgétish kai igi h diakOmansh|

Sthn pollapl palindrimhsh ~ mia exarthménh metablht Y sqgetbzetaimedOo perissiterec
metablhtéc X 1;X2;:::;Xp| H CanCor ebnaimbagenikeumenhmorf  thc pollapl palindrimh-
shc, epeid pollec metablhtec Y sqgetbzontaitautigrona mepollec metablhtéc X |

Sthn pr'xh perissitera  apo éna eOgoc kanonikopoihménwn metablht.n  mporoOn na upolo-
gistoOn api éna sOnolo dedoménwn|An égoumesunolik® p metablhtéc X kai ¢ metablhtéc Y to
eOgoctwn kanonikopoihménwn metablht,n  pou upologbzontai isoOtai meto el'gisto  twn arijm_n
p kai g Dhlad,

U = anXi+ apXo+ + apXp
U = apXyi+ apXo+  + apXp
U = a X1+ aXo+ + arpXp
kai
Vi = buYi+ bpYa+  + byY,
Vo = Y+ boYot+ 4 Y,
Vi = baiYi+ boYo+  + bpYp

'H metablht {emf'nish}  ston PPnaka 1|3 den sumperilamb™netai  kat™ thn efarmog thc mejidou giatb ebnai
upokeimenik metablht |
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ipou to r isoOtai meto p to qanlloga meto pio ePnaimikritero Oi parap™nw sgéseic
upologbzontai étsi ste h susgeétish metaxOtwn U; kai V; na ePnaimégisth, h susgétish metaxO
twn U, kai V> na ePnaimégisth qwrbcimwc na susgetDzontai metic U; kai Vq, h susgeétish metaxO
twn Us kai V3 na ebnaimegisth gwrbcimwc na susqgetbzontai metic Uq; V1; Uz kai Vo k|o]K||

Sunep,c, klje eOgoctwn kanonikopoihménwn metablht,n (Ug;V1);(Uo; Vo); i (Ur; V) an-
tiproswpeQei mia {anexrthth  di'stash} sth sgésh metaxO twn dOo om™dwn twn metablht n
(X1;X2;::0;Xp) kai Y1;Y2;:::5Ygl To prito eOgoc (Ug; Vi) égei th megalOterh suqgétish kai
ePnaito pio shmantiki, to deOtero eOgoc (Uy;V,) égei thn deOterh megalOterh susgétish Kkai
ebnaideOtero sth shmantikithta  k|o|k||

1|13 Polumetablht kanonik  katanom

EPnaignwsti iti gia thn efarmog twn perissiterwn monometablht,n statistik,n  analOsewn
asik  prodpijesh  ebnaita stoigeDana akoloujoOn thn kanonik katanom | TBsumbabneimwc
itan éloume na melet soume pollec metablhtéc tautigrona? Qwrbcekplhxh diapist,noume it
kai stic polumetablhtéc analOseic shmantiki ilo pabzeih polumetablht  kanonik katanom |

O akribc orismic autc thc katanom c den ePnaiidiabtera shmantikic| Sunjwc, ewroO-
meiti ta dedoménaakoloujoOn thn kanonik katanom ektic kai an up’rgei k'poioc ligoc na
pisteOoume to antbjeto|] Sugkekriména, an h klje metablht xeqwrist” emfanBzeikanonikithta,
upojéetoume iti h sullogik katanom ebnaipolumetablht™ kanonik | &mwc auti sthn pragma-
tikithta denebnaiswsti] H polumetablht  kanonik katanom denqarakthrbzetai mino api thn
perijwriak katanom (marginal distribution )| Wstiso, enashmantiki garakthristiki thc ebnai
it perigr-fetai epark,c api to “nusma twn méswnirwn kai ton pPnaka sundiakOmanshc twn
metablht.n [15] (lépe Parrthma A')]

Up'rqoun sgetik® IDgecmejodoi gia ton elegqo thc polumetablht ¢ kanonikithtac, oi opobec
ePnaiebtegrafikéc ePteanalutikéc] Oi analutikéc mejodoi pou up'rgoun ektimoOn mino thn
polumetablht kOrtwsh kai asummetrDa| Epiprisjeta, h katanom twn statistik,.n  krithrBwn
twn mejidwn aut,n denebnaignwst kai kat" sunépeia h gr sh touc ebnaiperiorisménh| Akimh,
ta perissitera progrmmata statistik c  den sumperilamb™noun elégqouc gia thn exétash thc
polumetablht ¢ kanonikithtac 2| Opite, a perioristoOme sthn grafik  plhrofirhsh, pou mac
dbneih paraktw sugnitera efarmozimenh mejodoc|

Argik® upologbzetai h tetragwnisméenh apistash tou Mahalanobis (MD2, Squared Mabhala-
nobis Distance ) k'je shmePoutou uperepipédou api to kéntro autoO,

MD2= (xi x)% (xi x)

ipou i ePnaito pljoc twn parathr sewn (seir,n), Xj ebPnaio pxl pPnakac stlh twn ek’stote
suntetagmewn (stoigePa thc k'je seir’c), X ebnaio px1 pPbnakac stlh twn méswnirwn Kkje
metablht ¢ kai S ePnaio pxp pPnakacthc sundiakOmanshc, ipou pebnato sOnolo twn metablht,n|

agei apodeigjeb iti itan o plhjusmic pou exetzetai ebnaikanonikic kai to deigmatolhptiki
mégejoc arket™ meg’lo (p|g] 25 kai “nw) oi timec MD?2 sumperiferontai  wc mia tugaba metablht
me katanom 2 [10]] Aut h idiithta mac dbneith dunatithta na kataskeu™soume mia grafik
par'stash gia th di"gnwsh thc kanonikithtac wc ex c:

2To EQS ePbnaiéna prigramma gia thn an’lush thc domhmeénhcsundiakOmanshc (covariance structure —analysis )
pou sumperilamb’netai  sto statistiki prigramma BMDP kai upologbzei k"'poia statistik® kritria  gia ton éleggo
thc polumetablhtc  kanonikithtac  [24]]
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Diat’sontai oi timéc MD?2 kat® aOxousa t'xh étsi ;ste MD% < MD3 <
n ePnaito sOnolo twn parathr sewn|

Giakje tim MD? upologbzetai to (]

parat rhshc|

0:5)=n pososthmirio,

Oi timéc 2 gia ta pososthmiria paPrnontai api thn katanom

ipou p ebnaio arijmic

Teloc, kataskeu zetai

mbagrafik

par”stash

twn metablht,n (PBnakac E'|1)|

< MD?2, ipou

ipou j ebnaio arijmic thc

2 mep ajmoOc eleujerbac,

ipou ston “xona Q topojetoOntai

oi taxino-

mhménediméc MD? kai ston “xona U oi antDstoigectiméc 2 (PPnakac1|5)| Gramik di‘taxh
shmabneiiti up’rgei

twn shmebwrthc

An gia par"deigma,

81:62
0:80
22:12
Xi = 3:54
2:34
1:20
1:32

0:107 ©
0:086
4:838
0:774
0:249
0:530
0:626

N

O pollaplasiasmic

enic H/U| Giatouc upologismoOc grhsimopoi jhke

statistiki  prigramma Minitab (lépe Par’rthma

sthke ebnaih akiloujh,

Oi 10 apost’seic
1|5 meaOxousa t'xh| Sth sunégeia upologbzontai ta pososthmiria

st lh

tou pbnaka 1|5|

grafik ¢

eloume na elégxoume thn polumetablht
PPnaka 1|2, o éleggoc diex"getai wc ex c:

81:513 1:4860
0:886 0:1555
17:282 0:7802
X = 2:766 kai S = 0:1262
2:001 0:3780
0:670 0:2506
0:694 0:1883
59:60 1:36 1086:10
1:36 2433:25 4252:95
1086:10 4252:95 38313:40
5090:98  22583:30  187343:00
1829:29 4239:65 54569 :30
1543:84 2194:37 45871:70
61:27 1088:80 3073:59
59:60 1:36 1086:10
1:36 2433:25 4252:95
1086:10 4252:95 38313:40
5090:98  22583:30  187343:00
1829:29 4239:65 54569 :30
1543:84 2194:37 45871 :70
61:27 1088:80 3073:59

0:1555
0:0209
0:0461
0:0073
0:0338
0:0412
0:0321

5090:98
22583:30
187343 :00
935102 :00
247618 :00
204803 :00
15430:20

5090:
22583
187343
935102
247618
204803
15430

polumetablht

98

:30
:00
:00
:00
:00

20

0:7808
0:0461
5:7500
0:9225
0:4474
0:4831
0:5067

1829:29
4239:65
54569 :30
247618 :00
97295 :30
84915 :40
4005:97

1829:
4239:
130 45871:70  3073:59
100 204803:00 15430:20
130 84915:40  4005:97
40
4005:

54569
247618
97295
84915

kanonikithta|

kanonikithta

0:1262
0:0073
0:9225
0:1480
0:0720
0:0773
0:0812

0:3780  0:2506
0:0338  0:0412
0:4474  0:4831
0:0720  0:0773
0:1107  0:0381
0:0381  0:1162
0:0237  0:1055

1543:84 61:27
2194:37  1088:80
45871:70  3073:59
204803 :00 15430:20
84915:40  4005:97

29
65

97

7574:80  2670:32
2670:32 699:5360

1543:84 61:27
2194:37 1088:80

7574:80  2670:32
2670:32 699:5360

sta dedomeénatou

0:1883
0:0321
0:5067
0:0812
0:0237
0:1055
0:1039

0:107
0:086
4:838
0:774
0:249
0:530
0:626

twn parap’nw pin"kwn ebnaipolO dOskolo na diexagjeb dBgwah gr sh
multinorm pou ektelebtai sto

MD?2 pou upologDsthkan parousi*zontai

MD?2 = 8:088

h makroentol
STY)| Opite h pr.th

sthn deOterh st Ih
ta opoba abnontai sthn trbth

arijmic
parat rhshc (3 05)=n
1 (2 0:5)=10= 0:05
2 (2 05)=10= 0:15
10 (10 0:5)=10= 0:95

apistash pou upologb-

tou pbnaka
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Oi timéc 2 lamb nontai api ton PPnakaE'|l med = 7 kai meepBbpedoshmantikithtac pou
prokOptei afair,ntac  to 100 api k’je posothmirio methn antbstoigh entol tou progr'm-
matoc pou grhsimopoiePtai gia touc upologismoOc| Teloc, met® thn kataskeu thc grafik ¢
par’stashc tou sq matoc 1|2 parathroOme iti ta shmeBadiat’ssontai perDpou grammik™ opite
isqOei h polumetablht  kanonikithta] MporoOme epBshcna upologDsoume ton suntelest  susqe-
tishc kai na ton sugkrbnoume metic oriakéc timéc tou PPnaka E'|2| Parilo pou oi oriakéc timec
tou pPnakaaforoOn monometablhtéc katanoméc ewrebtai iti apoteloOn énalogiki  kritrio  [24]|
O suntelestc  susgeétishc gia to sq ma 1|2 ePnai0]922 pou ePnaimegalOteroc thc oriak ¢ tim ¢
ro.os10 = 0:917 opite sumperabnoumeiti up’rgei polumetablht kanonikithta sta stoigebatou
pbnaka 1|2|

1|4 Metasghmatismob

atan ta dedoménamacdenégounkanonik katanom prépei na progwr soume se metasghma-
tismi twn stoigebwnétsi ste h metasghmatismenh metablht na parousi"zei kanonikithta]  Stic
polumetablhtéc  analOseic sunhjbzetai na metasghmatbzetai xeqwrist® k’je metablht Kkti pou
denebnaiapiluta swsti (lépe Enithta 1|3)]

To ebPdoctou metasghmatismoO pou efarmizetai exart'tai api to piso mh kanonik ePnaih
katanom dhlad api thn kOrtwsh kai thn asummetrDa| Sto sq ma 1|3 aPnontai oi metasghma-
tismoBpou prépei na efarmosjoOn gia thn epBteuxhthc kanonikithtac  stic ek’stote mh kanonikéc
katanoméc]|

Se peript,seic  pou metouc sunjeic metasghmatismoOc den mporePna epiteugjeP kanoniki-
thta efarmizontai oi legimenoi ekjetikoBb metasqghmatismotfpower transformations )| Gia perissi-
terec plhroforbec stouc metasghmatismoOc lépe [21]|

1|5 Grafik parousbash polumetablht n dedoménwn

Oi grafikéc parast’seic sunjwc sgedi"zontai se dOodiast’seic sto gart sthn ojinh tou
H/U| Me autin ton tripo ePnapolO eOkolo na melethjeD h sqésh dOometablht.n|  Sthn perDptwsh
twn trin  metablht.n, h sgésh touc apokalOptetai sgetik® eOkola memParisdi'stath  grafik
par“stash| Ta prigmata imwc periplekontai sthn apeikinhsh tess'rwn kai “nw metablht,n

Pbnakac 1|5: Tetragwnisménec apost’seic tou Mahalanobis kai timéc 2

Arijmic paratrhshc i MD? meaOxousat'xh  Pososthmiria ~ Tim 2
1 3l427 0]05 2|167
2 5132 0]15 3|358
3 5|335 0|25 4|255
4 5|889 0|35 5082
5 5999 0]45 5913
6 6|517 0|55 6/800
7 6]609 0|65 7|806
8 7]936 0|75 9|037
9 8]069 0|85 10|748
10 8|088 0]95 14|067
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16 — T T T T T T T T 1

Timéc

41 v -
Y4

2 Vi | | | | | | | | |
3 35 4 45 5 55 6 65 7 75 8 85

Timéc MD 2 meaOxousa t"xh

Sgma 1|2: Grafik par'stash gia ton éleggo thc polumetablhtc  kanonikithtac|

tautigrona]  Oi epimenec upoenithtec pragmateQontai diforec mejidouc grafik ¢  apeikinhshc
polumetablht.n  dedoménwn|

15|11 Grafik par’stash dOo om™dwn metablht,n(  draftsman's plot )

H grafik par’stash dOoom™dwn metablht,n ePnainac pPnakacdisdi'statwn grafik.n  pa-
“st’sewn twn tim,n miac metablht ¢ thc prithc om’dac proc mPdllh metablht thc deOterhc
om’dac| Oi grafikec parast’seic ePnaipolO mikréc étsi ste na ePnaidunat h sgedPash touc
se mPaselbda qartioO, étsi ;ste na meletoOntai tautigrona] Me autin ton tripo  mporoOme na
melet soume th sgésh metaxOdOo om™dwn metablht.n metaxOtouc api éna sOnolo metablht,n
tautigrona, all” ePnaiadOnath h exétash thc sgéshc trin  kai "nw metalht.n metaxOtouc (Sq -
ma1|4)] EpPshc, meth grsh thc grafikc par’stashc dOoom dwn metablht.n denebnaidunat
h exétash twn tim,n (parathr sewn) twn metablht,n] Dhlad, deneBnaidunati na omadopoihjoOn
oi timéc twn metablht,n an’loga methn omoiithta touc|

1|5]2 Sghmatik  anaparstash dedomenwn

Kat® th sghmatik anapar’stash  dedoménwngrhsimopoioOme sq mata (astéria, priswpa)
ta opoPa antiproswpeOQoun mbaparat rhsh par‘gonta (ePnaioi seirec ston pPbnaka dedome-
nwn) kai oi diforec metablhtéc apoteloOn éna qarakthristiki méroc touc sq matoc| Gia
par'deigma, stic grafikéc parast’seic pros,pwn oi difforec metablhtéec katamerbzontai sta
difora  qarakthristik enic pros,pou kai étsi to meégejoc thc mOthc, tou stimatoc, twn mati,n
Kltll, a kajorbsoun thn telik emf'nish tou pros,pou (Sqma 1|5)] Me autin ton tripo ebnai
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Sqgma 1|3: Pritupec katanoméc twn stoigePwnpou sunistoOn antBstoigouc metasghmatismoOc|
(Phg : Petrbdhc D| (1997)| Efarmosmenh statistik  sthn TegnologbaTrofbmwn| Ekdotik  &mh-
oc, Jessalonbkh, sel| 489))
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Sqma 1|4: Grafik

par”stash

metablht.n kat”

eOgh (api ton PPnaka 1|2)
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dunat h tautigronh  sOgkrish ilwn twn metablht,n tautigrona, melet.ntac par’lihla th sqé-
sh metaxOtwn parathr sewn| Stic grafikéc parast’seic twn asterin (1|6) k'je parat rhsh
parousi‘zetai api éna’stro kai k'je aktbna autoO apoteleD mPametablht |

To meionékthma twn grafik.n  parast"sewn twn pros,pwn ebnaiti htelik morf touc exar-

t'tai api to pwc oi metablhtéc a katameristoOn sta diaforetik™  qarakthristik” tou pros,pou
kai étsi h grsh touc de sustnetai [6]] Wstiso, an gPneiprosektik antistobghsh twn meta-
Ihtn sta diffora  qarakthristik® tou pros,pou, oi grafikec parast’seic autoO tou tOpou

mporePna anoOn polO pio gr simec api autéc twn asteri,n, diiti etsi ePnaipio eOkolo na gbnoun
antilhptéc api to anjr,pino  m'ti oi diaforéc omoiithtec [15]]
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Sg ma 1|5: Sghmatik anapar’stash dedoménwrmepriswpa] Oi metablhtéc katamerbzontai sta
di“fora  garakthristik” twn pros,pwn, dhlad, pl'toc pros,pou = UgrasPa, epPpedautioO =
Tefra, Oyoc tou misoOpros,pou = Prwteonec, ekkentrikithta tou p"nw tm matoc tou pros,pou
= Oliki €zwto, ekkentrikithta tou K'tw tm matoc tou pros,pou = Prwteoniki €zwto, m koc mOthc
= Mh Prwtedniki €zwto, ésh keéntrou tou stimatoc = LBpoc(api ton PPnaka 1|2)

Sgma 1|6: Sghmatik anapar’stash dedoménwmmeasteria] Kat™ dexiistroth  or" meafeth-

Pa thn pr,th  katakirufh aktbna, oi aktbnectwn “strwn antistoiqoOn stic metablhtéc UgrasPa,
Tefra, Prwtednec, Oliki €zwto, Prwtedniki €zwto, Mh Prwtedniki €zwto, LBpod (api ton PPnaka
1|2)



KEFYALAIO 2

An’lush  twn Kurbwn Sunistws.n

2|1 Eisagwg

H an’lush twn kurBwnsunistws,n (AKS) ebnaimbestatistk  méjodoc h opobametasghmatbzei
grammik™ énasOnolo metablht,n se énasOnolo néwnmh susgetizimenwn metablht,n| Api tic néec
metablhtéc, pou onomzontai kOriec sunist,sec , mino énameéroc aut,n a grhsimopoihjeD gia thn
exagwg sumper’smatoc| H meléth dOo trin mh susgetizimenwn metablht.n eBnaieukoliterh
api thn meléth tou sunilou twn argik,n metablht n|

H méjodoc aut arqik™ perigr-fthke to 1901 api ton Karl Pearson kai anaptOgjhke peris-
sitero to 1933 api ton Hotelling | &mwc h praktik  grsh thc mejidou autc akoloOjhse met
thn eurePadi"dosh twn H/U, epeid oi majhmatikéc prxeic tan polO dOskolo na pragmato-
poihjoOn meto qeéri, gia perissiterec apl tésseric metablhtec]|

2|2 ErmhnePa thc AKS me gewmetrikoOc irouc

Mia eikina axbzeiso gbliecléxeic| H katanihsh twn perissiterwn polumetablht.n  teqgnik,n
mporeb na aplopoihjeD me th grhsimopobhsh gewmetrik.n irwn] H ermhnebathc AKS me th
ojeia thc gewmetrbacakoloujeb stic epimenec enithtec|

2|2|]1 Kajorismic enallaktik n axinwn kai dhmiourgba néwn metablht,n

Ston pPnaka 2|1 parousi‘zetai &na mBkrosOnolo dedoménwrpou apotelebtai api 12 parath-
seic kai 2 metablhtéc oi opoPecepiprisieta  metasghmatbzontail étsi ste na égoun mhdeniki
meésoiro| Oi pPnakecsundiakOmanshc kai susgétishc twn dOometablht,n ePnaiantbstoiga,

C = 23091 16455 . R = 1:000 0:746
T 16455 21:091 ' T 0:746 1:000

To sqma 2|1 ebnaimbagrafik par'stash  twn metasghmatisménwn metablht.n| Api ton
pPnaka2|1 parathroOme iti oi diakum™nseic twn metablht,n X1 kai X, ePnaiantbstoiga 23|091 Kai
21]091 kai iti h sunolik diakOmansh ePnai44|182 (dhl] 23:091+ 21:091)| EpBshcoi metablhtéc

1Ta dedoménamporoOn na parousiastoOn kai wc apokiDseic api to mésoiro, dhlad afabresh k'je parat rhshc
thc metablhtc api to mésoiro thc (mean-corrected data)|

29
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Pbnakac 2|1: Argikéc kai metasghmatisménec metablhtéc

X1 X2
Arijmic Argik Metasghmatisménh Argik Metasghmatisménh
parat rhshc metablht metablht metablht metablht
1 16 8 8 5
2 12 4 10 7
3 13 5 6 3
4 11 3 2 -1
5 10 2 8 5
6 9 1 -1 -4
7 8 0 4 1
8 7 -1 6 3
9 5 -3 -3 -6
10 3 -5 -1 -4
11 2 -6 -3 -6
12 0 -8 0 -3
Meésoc iroc 8 0 3 0
DiakOmansh 23091 23J091 21]091 21]091
10 | . E— | R E—
st -
+2
6 - —
+5 +1
4+ [
+8 +3 \
2 =
17 ’/~’“”_’,,0~ Xl
e +4
o " —
+12
41 +10 +6 —
6 +11 +9 —
8 -
10 | | | | | | | |
10 8 6 4 2 0 2 4 6 8 10
X1
Sgma 2|1: Grafik par'stash  twn metasghmatisménwn metablht.n kai probol

ston néo “xona X4

twn shmebwn
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susgetbzontai me suntelest  susqetishc r = 0:749 Ta posost™ thc olikc diakOmanshc pou
ekfr'zoun o0i X1 kai X ebnai52|26% kai 47|74% antbstoiqa|

astw enac néoc "xonac X; o opobocsghmatbzeigwnba moir,n meton “xona X1| H sunte-
tagménh? twn shmeBwrwc proc to néo “xona X, lamb™netai met™ api thn probol  twn shmeBwn
(parathr sewn)  ston "xona X ;| H néa aut suntetagménh ebnaigrammikic sunduasmic twn
suntetagménwn k’je  shmebouse sqésh meto eOgoc twn argik,n axinwn kai ekfr'zetai api th
exbswsh,

X, = COS X1+ Sin X2 (2/1)

ipou X, ebnaih suntetagmenh thc ek’stote paratrhshc  se sgésh meton “xona X, en, X1 kai

X2 ePnaioi suntetagmenec thc ek’stote parat rhshc wc proc touc “xonec X1 kai Xo| EBnai
profanec iti h X;, h opobaebnaiénac grammikic sunduasmic twn argik,n metablht.n, mporeb
na ewrhjeb wc mia néa metablht | Anloipin h kibsh tou "xona X, ebnailO , api thn exbswsh
2|1 upologbzoumethn nea metablht X4,

X1 = 0:985¢1 + 0:174x>

Oi timéc thc X; abnontai ston pbnaka?2|2 kai sto sqma 2|1| Giapar'deigma, oi suntetagme-
necthc prithc paratrhshc  ebnai8 kai 5, opite h pr.th tim 2 thc néacmetablht c ebnaig|747,
dhlad ,

0:985 8+ 0:174 5= 8747

EpBshc api ton pPnaka 2|2 parathroOme ta ex c:
1| H néametablht egei mhdeniki mésoiro|

2| H diakOmansh thc x, ePnai28|659 kai antistoigeD sto 64|87% (28|659/44|182) thc olik
diakOmanshc twn dedoménwn,dhlad  ePnaimegalOterh api tic diakum™nseic twn argik,n
metablht,n|

Ac upojesoume iti 0 “xonac X, sghmatbzeigwnba20 meton “xona X 1| EPnai aneri pwc h néa
metablht X; a égeitra néectiméc| Aux'nontac diadogik™ thn kIbsh tou X, kai upologbzontac
thn ek’stote X, prokOptei o pPnakac 2|3 o opoPocparousi'zei to pososti thc diakOmanshc pou
ekfr’zoun oi néec metablhtéc| Api to sqma 2|2 parathroOme iti aOxhsh thc kibshc tou X4
prokaleD aOxhsh thc olikc diakOmanshc pou ekfr'zei h x;| &mwc, uprgei énac kai mino
énac néoc "xonac tou opoPou h antbstoigh metablht exhgebto megalOtero meéroc thc olik ¢
diakOmanshc twn dedoménwn| O "xonac autic eégei kiDsh 43261 meton "xona X1 kai h néa X;
upologbzetai api thn exbswsh,

X; = €0s43261 X3+ sin43261 Xx, = 0:728 + 0:685»

O pbnakac 2|4 parousi“zei tic timec thc néac metablhtc X, h opobaekfr'zei to 87|31% thc
olikc diakOmanshc| Dhlad éna méroc thc olik c  diakOmanshc den ekfr zetai| Opite ebnai
dunati na sgedi"soume énan néo “xona tou opobouh antBstoigh néa metablht na exhgebiso to
dunati perissiterh  diakOmansh api thn upiloiph  diakOmansh pou den exhgeth X, |

%prikeitai  gia suntetagménhkai igi gia suntetagménecepeid ta shmeBaprob’lontai se &nan xona|
®H timéc thc néac metablht ¢ antistoiqoOn sthn probol  twn shmebwriou sq matoc 2|1 ston néo“xona X |
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Pbnakac 2|2: Oi metasghmatisménec metablhtec kai h nea metablht

Dbshme 10
Metasghmatisménec
metablhtéc

Parat rhsh X1 X2 X1
1 8 5 8|747
2 4 7 5|155
3 5 3 5|445
4 3 -1 2|781
5 2 5 2|838
6 1 -4 0]290
7 0 1 0|]174
8 -1 3 -0]464
9 -3 -6 -3|996
10 -5 -4 -5|619
11 -6 -6 -6|951
12 -8 -3 -8|399
Meésoc iroc 0]o00 0]jooo 0]o00
DiakOmansh  23|091 21091 28|659

PPnakac 2|3: H diakOmansh pou ekfr'zoun

oi ek’stote néeecmetablhtéc gia di“forouc

“xonec

Gwnba me Olik DiakOmansh pou  Pososti

ton X1 diakOmansh  ekfr'zei h x; (%)
0 44|182 23|091 52263
10 44|182 28|659 64|866
20 44182 33434 75676
30 44|182 36(841 83387
40 44182 38469 87|072
43|261 441182 38|576 87|312
50 44182 38122 86/282
60 441182 35|841 81[117
70 44|182 31]902 72|195
80 44182 26779 60597
90 44|182 21]091 47|772

X1 gia kibsh tou néou “xona

neouc
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100 — T T T T T T T 1
Megisto
90 - / _

80

70

Pososti

60

50

I I I I I
0O 10 20 30 40 50 60 70 80 90 100
Gwnba tou "xona X4 ston X1

40 | | | |

Sqma 2|2: Pososti thc olikc diakOmanshc pou ekfr'zei o ek’stote X,

astw loipin énac neoc"xonac X, o opobocebnaikatakirufoc ~ ston X ;| Wcsunépeia h gwnba
pou sghmatbzeio X, meton X, isoOtai methn gwnDPapou sghmatizeDo X; meton X (dhl|
43:261 )| H grammik exbswshgia ton upologismi thc néac metablhtc X, ebnai,

X, = sin X1+ COS X2, Xp,= 0:685;+ 0:72&>

O pbnakac 2|4 parousi"zei epbshcth néa metablht X, kai sto sqgma 2|3 abnontai oi néoi
“xonec| Oi pPnakecsundiakOmanshc kai susgétishc twn dOonéwnmetablht,n  ePnai,

38576 0:000 1:000 0:000

C= 0000 5606 ° "7 0000 1:000

Api th meléth tou pPbnaka 2|4 kai tou sq matoc 2|3 ex"gontai ta ex ¢ sumper‘smata:

1| H dieujethsh twn shmePwrston disdi'stato ¢,ro denall’zei, dhlad ta shmeDamporoOn
na parousiastoOn se sgésh ebtemetouc palioOc ebtemetouc néouc “xonec|

2| H probol  twn shmebPwrthc grafikc  stouc argikoOc “xonec ePnaioi timéc twn argik,n
metablht.n, en, h probol twn shmebwrstouc néouc "xonec mac dPneitic timéc twn néwn
metablht,n|  Oi néoi "xonec oi néecmetablhtéc onom’zontai kOriec sunist,sec (principal
components ) kai oi timéc twn newn metablht.n onom’zontai timéctwn kurbwn sunistws,n
(principal components scores)|

3| K’je neametablht (Xq kai X,) ePnaigrammikic sunduasmic twn argik.n metablhtn Kai
paramenei metasghmatismeénh wc proc mhdeniki mésoiro (mean corrected )|
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4| Oi diakum™nseic twn X kai X, ePnaantbstoiga 38|576 kai 5|606 kai h sunolik diakOmansh
aut.n ebnai44|182 h opobaebnaibshmethn sunolik  diakOmansh twn argik.n metablht,n
X1 kai Xp| Wcsumpérasma h olik  diakOmansh twn dedoménwnden all’zei, k'ti pou ePnai
anamenimenoafoO parameénei amet’blhth h dieujéthsh twn shmebwrsto q,ro|

5| Ta posost™ thc olikc diakOmanshc pou exhgoOnoi X; kai X, ePnai87|31% kai 12|69%
antbstoiga| Opite, h prith néa metablht X, ekfr'zei to megalOtero pososti thc olik ¢
diakOmanshc ap iti oi dOo argikéc metablhtéc| H deOterh néa metablht X, ekfr'zei to
pososti ekePnothc olikc  diakOmanshc pou den ekfrzetai api thn X4| Wstiso, oi dbo
néecmetablhtéc mazBexhgoOnilh thc diakOmansh sta dedoménal

6| H susgetish twn dOo néwn metablht,n ePnaimhdenik| Me “lla  ligia oi x; kai X, den
susgetbzontai|

4sa eip,jhkan gia thn perbptwsh twn dOo metablht.n isqOoun kai gia perissiterec| ana
sOnolo dedoménwnpou apotelebtai api p metablhtéc mporeDna parousiasteD grafik® se énan
p-di'stato g,ro se sgésh metouc p arqikoOc “xonec  touc P néouc “xonec| O pritoc néoc
“xonac X antistoigeD sthn pr,th néametablht X, h opoBaexhgefio meégisto dunati thc olik
diakOmanshc| Sth sunéqeia, kataskeu"zetai o deOteroc néoc™xonac k’jeta ston pr,to “xona, tou
opobBouh antbstoigh néa metablht X, exhgeflo mégisto thc diakOmanshc pou den exhgeth pr,th
metablht kai den susqetbzetai meautn| Aut h diadikasba sunegbzetaiéwcitou iloi oi p néoi
“xonec kajoristoOn kai oi pnéecmetablhtéc na ekfr'zoun to meégisto thc k'je or" upoloPpousac
diakOmanshc, methn prodpijesh  p'nta oi néecmetablhtéc na mhn susgetDzontai (uncorrelated )]
Prépei epPshcna shmeiwjeDiti o arijmic  twn néwnmetablhtwn (principal components ) isoOtai
meton arijmi  twn argik,n metablht n|

2|22 H an’lush twn kurbwn sunistws n wc teqnik  periorismoO  twn diast’-
sewn

AntBna melet soume tic metablhtéc tou pPnaka 2|1 mporoOmena exet’soume th néa metablht
X1 h opobaexhgefio 87|31% thc olik ¢ diakOmanshc| Dhlad antBthc dhmiourgbac miac disdi -
stathc grafikc  par'stashc sgedi"zoume mia gramm p°nw sth opobashmei,noume tic timéc thc
néac metablhtc| Auti shmaPneiiti parousi’zoume ta dedoménase mPadi'stash antDgia dOo|
H parousbash twn dedoménwnse ligiterec diast’seic onom’zetai periorismic aplopobhsh twn
diast’sewn (dimensional reduction )| Opite h AKS mporebna ewrhjeB wc mbategnik mebwshc
twn diast’sewn (dimensional reduction technique )|

Ameéswc anarwtietai kaneBcp,c ePnaidunatin  éna mikri  sOnolo m néwnmetablht,n na {ek-
proswp sei} tic argikéc p metablhtéc (M < p) dedomeénouiti éna meéroc thc olik c  diakOmanshc
den exhgebtai| Gia par’deigma, ekfr'zontac tic metablhtéc tou pPnaka 2|1 mino api thn X; to
12|69% thc olikc diakOmanshc denexhgebtai| agoume dhlad  ap,leia plhrofirhshc| Wstiso,
h ermhnebathc x; mporebna ebnaieukoliterh  kai to pososti thc diakOmanshc pou den exhgebtai
na mhn ebnaishmantiki| An h gqaménh plhrofirhsh ebnaishmantik exarttai api ton skopi kai
to antikebmenathc éreunac|

astw iti upojetik® dedoména éloume na ta parousi"'soume se mbadi“stash| Sta sq mata
2|4 kai 2|5 o pr,toc néoc "xonac parousi‘’zetai membadiakekoménh gramm kai ta shmebatwn
dOografik.n  prob’llontai  ep™nw ston k’je “xona] EPnaianeri iti h parousPash twn shmebwn
se mPali'stash ePnaikalOterh sto sqma 2[4 api iti sto 2|5| Dhlad, sto sqma 2|5 ta shmeba
1kai 8, 2 kai 7 kaj,c kai ta 4 kai 6 dendiakrDnontai metaxOtouc sthn monodi“stath apeikinhsh|
Me “lla ligia h ap.leia plhrofirhshc sto sqma 2|5 ePnaimegalOterh api iti sto sqma 2|4
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Pbnakac 2|4: Oi metasghmatismenec argikec metablhtéc kai oi neec metablhtéc X, kai X, gia
touc néouc "xonec meklbsh 43:261

Metasghmatisménec Néec
metablhtéc metablhtéc
Parat rhsh X1 X2 X1 X5
1 8 5 9253  -1|841
2 4 7 71710  2|356
3 5 3 5|697  -1|242
4 3 -1 11499  -2|784
5 2 5 4|883 2271
6 1 -4 -2|013  -3|598
7 0 1 0]685 0]728
8 -1 3 1/328 2|870
9 -3 -6 -6|297  -2|313
10 -5 -4 -6|382 0|514
11 -6 -6 -8|481  -0|257
12 -8 -3 -71882 3|298
Mésoc iroc 0]000 0]000 0/000 0/000
DiakOmansh  23]|091 21|091 38|576  5|606
O o e N I B W
8 Xé\ ///; ]
+2 /7
6 //(\ ]
+5 7 w1
4 /// ]
+8 743
2+ 7 _
__7///
< 0 —F
, +4
2| // -
+12 10//
4 - -|;/ +6 -
6 - /,411 +9 -
8 _// -
10 ] ] ] ] ] ] ] ]
10 8 6 4 2 0 2 4 6 8 10
X1
Sgma 2|3: Grafik par’stash twn metasghmatisménwn dedoménwrkai twn néwnaxonwn



36

X5

Sgma 2|4: Grafik

Sgma 2|5: Grafik

f

X1

par'stash  upojetik.n dedoménwn

f

X1

par'stash  upojetik.n dedoménwn
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2|2|3  Antikeimenikic ~ skopic thc AKS

SunoyPzontac, h an’lush  twn kurBwn sunistws,n skopeOei sth dhmiourgba néwnaxinwn k-
etwn metaxOtouc étsi ste,

1| Oi suntetagménec twn parathr sewn se sgésh metouc néouc “xonec na ebnaioi timec twn
néwnmetablht,n oi opoPeconom’zontai kOriec sunist,sec, en, oi timéc aut,n onom’zontai
timéc twn kurBwn sunistws, n|

2| K'je néametablht ePnaigrammikic sunduasmic twn argik,n metablht n|
3] Hpr,th néametablht exhgefth meégisth diakOmansh sta dedoménal|

4] H deOterh néa metablnt exhgeBthn megisth diakOmansh api thn upiloiph  diakOmansh
pou denexhgebtaiapi thn pr,th metablht |

5| H trbth néa metablht exhgefthn meégisth diakOmansh pou denexhgebtaiapi tic dOo pr tec
metablhtéc|

6/ H p néametablht exhgeBthn megisth diakOmansh pou denexhgebtaiapi tic prohgoOmenec
p 1 metablhtec|

7] Oi p néecmetablhtéec den susgetbzontai|

An ebgamealOo treic metablhtéc a tic meletoOsame sqedi"zontac mia disdi"stath tris-
di"stath grafik par'stash antbstoiga] H grafik imwc parousbash perissiterwn  twn tri,n
metablht.n denePnaidunat | Opite, an shmantiki meroc thc olik c diakOmanshc exhgebtaiapi
Ibgec kOriec sunist,sec (kat" protbmhsh dOo treic), autéc oi IDgec néec metablhtéc mporoOn
na grhsimopoihjoOn gia thn ermhnePatwn apotelesm™wn thc éreunac  na grhsimopoihjoOn
parapéra se sunduasmi me’llec mejidouc|

2|3 Ermhneba thc AKS methn “lgebra twn pin“kwn

Se autn thn enithta a perigrafoOn oi majhmatikoD upologismob gia th diexagwg thc
an’lushc  twn kurbwn sunistws,n kai sunist'tai an oi gn,seic tou anagn,sth sthn grammik
“lgebra ePnaimhdaminéc na prohghjeD an"gnwsh tou Parart matoc ~ A'| Wstiso polO kal
gn,sh thc “lgebrac twn pinkwn den apaiteBtai mia pou to sOnolo twn majhmatik,.n  prxewn
diex"'getai meth grsh enic H/U|

2|3|]1  Prokatarktik®

H an’lush twn kurbwn sunistws,n xekin“ei meth dhmiourgba enic pPnakaipou seiréc tou ebnai
ta debgmatapou exet’sthkan kai oi stlec tou ePnaioi exetazimenecmetablhtec (pPnakac2|5)| Ta
di"fora  stoigePatou pPnaka onom’zontai timéc (scores) tou k'je debgmatocgia k’je metablht |
Oi timéc autéc mporePna ebnaio mésociroc enic arijmoO parathr sewn| Gia par"deigma, éna
pebDrama me n epanalhptikéc metr seic se k'je debgmai gia k’je metablnt | a odhg sei
sth dhmiourgba enic trisdi"statou pPnaka] O pbnakac autic metapbptei se disdi"stato itan
antikatast soume tic ek’stote n epanal yeic meton mésoiro touc,
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ipou Xj x ebnaih k paratrhsh  tou debgmatod thc metablhtc j|

PPbnakac 2|5: H morf tou pbnakagia thn diexagwg thc AKS

Metablhtéc
Debgmata X1 Xo» Xp
1 X11  X12 X1p
2 X21  X22 X2p
n Xn1 Xn2 an

An meletoOsame mino dOo metablhtéc (p = 2), opite o pPnakac2|5 a ebgemino dOo st lec,
a mporoOsame na apeikon soume to apotélesma tou peirmatoc me mPadisdi'stath  grafik
par’stash ipou klje eOgoctimn an™ seir" a tan énashmebosto grifhma] Parimoia itan
p = 3 a sgedi"zame mbatrisdi"stath  grafik par'stash kai k’je seir” a tan oi suntetag-
meénecenic shmebouston ¢,ro] GenikeOontac,klje stlh (metablht) apoteleD mbadi'stash se
enanp-di"stato uperg,ro kai k'je seir” ebnaioi suntetagméneck’je shmebouse autin ton q,ro|

Oi metablhtéc tou pPnaka mporebna ebnaiebteorganolhptikec ebte usikoghmikec kai ta
dOotautigrona  (pPnakac1|3)| Oi kiDmakec metic opoPecmetroOntai oi metablhtéc diaféroun Kai
kat® sunépeia diaferoun kai oi diakum'nseic touc| Akimh kai an oi kilbmakec metrhshc tan
bdiec,ipwc ston pbnaka 1|1, oi diakum™nseic twn metablhtn a diéferan| Gia na apofeugjeb
mbametablht na éqei uperbolik  epirro  sth dhmiourgba twn kurbwn sunistws,n [15], sunhjb-
etai o metasghmatismic tou sunilou twn metablhtn étsi ;ste na egoun mhdeniki mésoiro kai
diakOmansh Bshmeth mon“da] O metasghmatismic autic kaleBtai tupopoBhsh? (standarization )
kai ekfr'zetai api thn exbswsh,

Xij Xi
Si
ipou Xj ebnaito stoigebothc seirc j thc metablhtc i, X; eDnaio mesociroc thc metablhtc, S;

ebnaih tupik  apiklish  thc metablhtc kai yjj ebnaih tupopoihmenh metablht |

H sundiakOmansh twn tupopoihménwn metablht,n kumaPnetaip'nta api  1éwclkai apoteleD
sthn pragmatikithta  thn susqétish twn argik,n metablht,n| Opite, sundiakOmansh Bshmeto
mhdeén upodhl.nei mhdenik susgétish metaxOtwn metablht,n, en, itan ePnaibshme 1 1
ekfr'zei arnhtik etik  susgetish antbstoiga|