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6. AvaAivon 1opUKTNPLOTIKOV

Muw onuovtikn epyacio o€ éva GUGTNUO avayvoplong &ival 1 ovAALGY TV
LETPOVUEVOV  YOPOKTNPIOTIKOV  TOV  TPOTOA®V. Mg v avaivon TtV
YOPOKTNPIOTIKOV — TETLYOivovpe v aSloAdynon  Toug, TNV  ETAOYN  TOV
KATOAANAOTEPOV Y1l TNV TAEIVOUNGOT TOV TPOTHT®V KOl TNV EAATTOON TOL TANB0VG
toug. [a mopdderypo Eva yopaKTNPIoTIKO HE KOVTIVEG THEC HEca o€ kABe pio KAdoN
KOl GOPMG OOPOPETIKEC TIUEG HETOED TV KAAGE®MV €ivol «KOAO» YOPOKTNPLOTIKO
taSvounonc. Me koatdAAniec puebodovg avAALONG YOPAKTNPICTIKAOV UTOPOVUE VO,
oonynbovue kol o€ VEQL YOPOKTNPIOTIKA TOL TPOKLATOLV ONO TOV YPOUUIKO
GLUVOLOGHO TOV OPYIK®OV Kol givol KOTOAANAGTEPA amd ovTd. AkoAoVOmS Ba dovue

LeBOO0VG AVAAVONG YOPUKTNPIOTIKOV GE GUGTNUATO EKUAONONG He Ko ympig emOmT.

6.1. Avaivon (OpOKTNPLETIKAOV GTI|V EKTULOELO UE

EMOTTTY

Mo onpavTikn epyocio o€ £vo GOGTNUO aVOyVAOPIoNG Elval 1 EMA0YT EVOG LIKPOD
GLVOAOL KOTOAANA®V YOPAKTNPIOTIKOV 0mtd €vo ToAD peyoivtepo. H emioyn tov
WGYLPAV  YOPOKTNPICTIK®OV  €ivol  Kpiown vy TNV OMOTEAECUOTIKOTNTO NG
tavounone. o va ehattobel To TANO0G TV YOPOKTNPICTIKOV LE TNV ETIAOYN EVOG
GLVOAOVL «KOADVY», TOL 00NYOVUV otV opBn extedeital pia dradikocio aEloAdyNoNG
g evatabeiag (stability), g Jlaywpiotikotntos (separability) kol g opoidtnToag
(similarity) T@V YUPOKTNPLOTIKOV.

Me tov éleyyo Mg evotdbelag mpoodopilovtal To  YOPOKTNPIGTIKG TOL
TapovGlalovy onpavtikd otafepn cvumepipopd. Ymoroyilovtal ot HEceg TIUEG Kot Ot
TUMKEG AMOKMOELS TV YOPUKTNPIGTIKOV HEca o€ KA kAdorn. Ot TIHéG TV TUTIK®OV
ATOKAIGEDV KOVOVIKOTOL0UVTOL KOTOTLY GTO 1010 SLAGTILLO, OIPOVUEVES LE TIC LEGES
Tinég tovg. Ta yopoakmmprotikd JStopodvtor € TPES OUAOEG OVOAOYO HE TNV
KOVOVIKOTOMUEVT TUTIKY amdkMon tovg o* H mpdtn opddo meprlauPdver to
YOPOKTNPIOTIKA VYNANG gvotdbelag pe o*<0.1. H dgbtepn opdda meptrapfavet to

aotadn yapoktnpiotikd pe 0.1 <o*<(0.9 kou n tpitn Ta0 oAV actadn pe o*>0.9.
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INa tov éAheyyo ¢ wKavoéttog Olaywplopov koabopiletoaw o  mopayovrog
ooy wplotikotntog (seperability factor) vag petagd 600 KAAcE®V O; Kol O Yo KGO

YOPOUKTNPLOTIKO V OO TN oYEoN:

6.1.1) R
)+

omov p,, u/  eivor ot péosg TéG Kol o), o) ot TumiKég omokAioelg og Kabe
KAaon. MeydAn OoyoploTikOTTo ONUAIVEL OTL TO YOPOKINPIOTIKO EYEL HEYAAN
KavoTnTa va. Stoympiletl Tig dvo khdoelg petalhd toug.

["a v avdivon TG OpOIOTNTOG TOV YOPAKTIPIOTIKMOV EKTIUATL O TAPAYOVTAS
ovayétions (correlation factor) yio ké0e 600 YOPOKTNPIGTIKA V Kl A TOV AVKOLV
otV 101 Taén p, cOUE®VA LE TN oYEoN

K,

1
Kizl(xvx _uv)(xb( _“x)
(6.1.2) Cr = —rr

6,0,

v

omov K, etvor to mAn0og tov otorxeiov g KAGONG p, X, KOL Xz Ol TIHEG TOV
YOPOKTNPIGTIK®OV, W, ,1,,6, KOL 6, Ol WEGEC TWES KOl Ol TLMKEC OMOKAIGES TV
YOPAKTNPIOTIKAOV oTNV TAEN p. O Topdyovtag GuoYETIONG LETPA TV OLOLOTNTO LETAED
TV 00O YOPAKTNPIOTIKAOV Kol Taipvel TIHES pnetasy —/ kot +/. Mo Ty kovtd oto +/
N oto -/ onuoiver 0Tt Ta dVO YOPOKTINPIOTIKA cLoyeTilovTol TOAD 1 cvoyetilovral
avtioTpoa, ovrtiotoryo. Mia T KOvtd 6To pNnoév delyvel OTL TOL YOPOUKTNPIOTIKA

elval KaTd TOAD 0GVGYETIOTA.

6.2. Avadioon (opOKTPLOTIKAOV GTIV EKTALOEVLGT Y OPIS
EMOTTTY)

H avaAivon yopoaktnploTikdv 6TnV EKTOI0ELOT YOPIG EXOMT, TETLYOIVETOL UE TNV
nébodo avalvons kipiwv coviatwowy (AKY), (PCA: Principal Components Analysis).
H AKX givou éva péco pe 1o omoio emtuyyavetal £vog KOTAAANAOG LETUGYNUOTIGUOC
MOOTE 0 YDOPOG TOV YOPOUKTNPIOTIKAOV Vo epPovilel ) peyolvtepn duvary Sl0emopd.

EWwd pe ™ ypnon 100 AKE 0 opyikdg YOPOC TV  YOPUKTNPIOTIKOV
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uetaoynuatiCetonr oe évav dAAo y®po mov £xel TV 101a O1doTOo UE TOV OPYIKO.
QGT060 0 PETOGYNUATIGHOG £XEL GYEOAOTEL MGTE VA Elval OLVATY 1| AVTITPOCMTEVCT)
TOL  OPYIKOD  CLUVOAOL TOV  YOPOKINPIOTIKOV  He  OGAAo  AMydtepa Ko
ATOTEAEGLATIKOTEPA, TTOL OLOTNPOVY TNV TEPICCOTEPT TANPOPOPID TOV SEGOUEVOV.
Yvvenmg, pe ) xpnomn s AKX emtvyydavetal oyt pévo n avénon e dlaeTopdc TV
YOPOKTNPIOTIK®V AL Ko 1) peiwon Tov dtuctdoemy. O petacynuatiopog Karhunen-
Loeve (KLT) givar éva yvowotd epyaleio otnv avilvon mOAA®V UETAPANTOV Kol
ypnowonoteiton otnv AKX,

['a éva obvoro K avooHATOV GE V-0100TAGEMY YMDPO YOPUKTPIOTIKMV £6TM OTL X,

elval To dtdvucpa wov detyvetor amd v oyéon.

(6.2.1) X =

Kol L, TO VOGO LEGMG TIUNG TOV GTOLEIMY TOV GLVOAOL EKTOULOELONG
1 K
(6'2'2) l"lx = E[XK] = EZXK
k=1

omov E[.] m pobnuotikny mwpoodokio. Tig twéc X-py, ovpPoAilovpe pe v
OLOVUGLOTIKY HETAPANT X=X-L. O Tivakag cuvdlacmopds Cy OA®V T®V aVUGUATOV

TOV GLVOAOL ekTtaidevoTG diveTan amd TN oyéon

(623) € =Ex¥T= Y (x, )%, 1) =
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Ké&Oe dwyovie tun o) tov mivake ocvvolwuomopds exepdler t Owomopd TV

AVOGUATOV X, Yo TN HeTAPANTA-AEova v, evd Ol LIOAOUTEC TN GLVOLUGTOPH TMV

dedopévav PeTa&d 600 dapopeTiK®V petofAnTov-aEdvov. Eivar goavepd mog yia

dodikacio g Ta&vounong sivorl emBountég peyGAeg TEG TOV Sloy®VIOV TIWOV 6.

O10TL poptupov €va. peydrio dmimuo (spreading) Tov 0£d0UEVOV KATO UKOG TOV K

adEova, eva givar emBuuNTEG UINOEVIKEC TUYLES Y1 TIG GUVOLUGTIOPEG MOTE Ol LETAPANTES

- G&oveg va givar PHeTaED TOVG ACLOYETIOTEG.

[a va emrtoyovpe avtd ovalntovue

éva tétolo petaoynuotiond W mov Qo exppaletor amd éva mivako pxp ®GTE TO

davoopata y = W-x va £xovv mivako cvvolacnopdg Cy pe v akoAovdn popen:

A0
0 A
6.2.4 c, =
(6.2.4) =l o
0 0

Axoun oyvet 6t

=A, A\ >A,

> L >A, > > Ay

(6.2.5) C,=E[yy'|=E[W'x(W'x)"]= E[WTxx' W]= W'E[xx"|W= W'C,W
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Eivat pavepd 6tin tipn A, =’ givar 1 dtaomopd tov Y Kotd tov v d&ova, 0 0moiog
exppaletor and v v otin tov wwivaka W. H ypauun w, sivor “amotelespotind”
YOPAKTNPIOTIKO VD M TN A, a&oroyel ™ omovdoudttd tov. O mivakag Cy givor
GUUPETPIKOG Kat 0 Tivakag A dtaydviog. H oyéon W'C,W = A wavomoteitar and ta
10100VOGLOTO Wi,...,WN KO TIG WOWOTES Aq,...,Ay TOL Tivaka Cy pe W=[ wy,...,wy]
(ITapaptua. B). Eneidn o mivakag C, eivor ocopuetpikds to 10t0dtovicpato sivon
KkéBeta petald tovg. O Wotipég elvar pileg TOV YOPOKTINPIGTIKOD TOAVMVOLOV OTTMG
0VTO TPOKVTTEL OO TNV GYECT
(6.2.6) Det(C,-AI)=0
[Ma kaBe 1ot A, T0 avticToryo Woddvucura W, givol pio amd TG dmelpeg ADGELS
oV a0protov cuoTnHoTog (Ci-A,D)w,=0. Eivol oxomypo vo emidéyovpe to povadaio

101001avdGraTo (| =1). Ze mepinton mov amarteiton emmAéov peiwon tov TAnfovg

WV
N tov wwdvocpdtov pmopovue vo emiééovpe o0 M amd avtd (M<N) pe g

LLEYOAVTEPES OAVTIOTOLYES IOIOTILES, OTTOJEYOUEVOL EVOL LEGO TETPAYWOVIKO COAALLOL

(6.2.7) £2(m) = ixv :

v=M+l

HAPAAEITMA

SRS B

13
[+1+2+4+5)/5] | 5| [26
M= (0+1+0+3+4)/5|7| 6 || 12
5
2 2
c. =% °n
X 2 2
Gr1 O
2 2 2 2 2
Gf=(1-2.6) +(1-2.6) +(2-25.6) +(4-26°+(5-26)° _, ,
2 _(0-12)(F2.6)+(1-1.2)(F2.60+(0-1.2)(22.61+ (3-1.2)(4 2.6+ 2-1.2)(52.6)_ o
217 =1
5
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(0-12)2+(1-12)2+(0-12)2 +(3-1.2)2 +(2-1.2)2 _

2_
65 = s .36
o, =05, =1.48
c _[264 148
xT11.48 1.36

_o2.64-0 148 V(1 2 )1 k2
det(cx—x-l)_det[ 148 1'36_d—(2.64 A)-(1.36-1)-1.48% =

1.36-2.64-1.36-1—2.64-L+1> —1.48" =
A —4-L—1.4 mov eivan TO YOPOKINPLGTIKO TOAVGOVVLO.
o A* —4-1-1.4=0 mpoxdmrovv ot pilec A = 3.61, A, = 0.39 nov givan o1 1310TIHEG TOV

Cs. Ta avtioTtoro 1010000VOGHOTO Wi, W, IKOVOTTOLOVV TIG GYECELS
(6.2.8) (Cy—A;-I)-w;=0 ko

(6.2.9) (Ciy—h:D)-wy=0.

['a to w; Ba éyovpe avalvTika

~0.97-w, +1.48-w, =0
1.48-w, —225-w, =0

Wll

1.48 1.36-3.61

w21

2.64-3.61 1.48 ‘

r e r , , ’ T r
Ao TO TOPATAVE 0OPLETO CVLGTNUA AVon Yo Wi=a €lval wi=[a, a-0.65] . Axoun yia

va oyel |w,|=1< JoZ +(0-1.65) =1<> a =+1/4/1+1.65 ~ .84 , Gpa &va povadiaio

WBodtbvoopo givar o wi=[0.84,0.55]". Opota yo ™V S0ty A, TPOKHTTEL
w,=[0.55,-0.84]". To. Saviopoto sivar kGOeTa pHeTald TOVG OTOC AVapEVOTOY. TTO

2%.6.2-1 paiveron  opBoTNTA TNG PEBOIOV.

d

X4/

X1

ynuo 6.2-1
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O KLT etvar pio avaAvtikn dadikacioo Yoo TV EKTIUNCT TOV O0TILOV Kol TOV
1010310VUG ATV amd ToV Tivaka cuvilaoTopdg Tmv dedopévov Cy. Edwd, edv 1o
TAN00G TV SOGTACEDY TOL YDPOL TOV AVLGUAT®V Elvol LEYOAO O VTOAOYICUOG KOl O
YEWPLGUOG Tov Tivako Cy etvar avéeiktog,.

[a tov mopomdve Adyo oavti tov KLT pmopodue va ypnoipomomjcovpe €va
YPOUUIKO VELPWVIKO dikTvo £vog emimédov (single-layer linear feed forward neural
net), to omoio emtehei v AKX, To diktvo oavtd ekmaidevetor yopig emoOmTTN
(unsupervised) amd tov yevikevpévo alyopiBuo tov Hebb mov Baciletar otov kavova
ekudOnong tov Hebb. Mg tov aAdyopifpo avtd 1o veupmvikd dIKTLO GLYKAVEL LE
mhovotNTO €vo. 6TOL 1010810VOoHOTe €VOC Tivaka cuvdlnomopds Cy amepidpiotov
neyébovg. O vmoroyiopog tov Cy dev eivor avoykaiog €medn To 1010010VOGLOTO
wpokVuTToLy Katevbeioy amd ta dedopéva. H ekmaidevon tov vevp®VIKOD O1KTVOV
yiveton og e&ng:

‘Eoto 011
— t=1,2,3,... pio peTafANTA Yo TN HETPNOT TS EMAVAAYNG TNG O10OTKAGTOG,
— X(1) 10 O1dvucpo €16000V GTO VELPOVIKO OIKTLO TN YPOVIKY| OTIYUN| £, HE

OVVIGTAOGEG X;(t), i=0,1,...,p-1,

— m 10 TAN00¢ TV vevpdvewy (m < p) Tov ®¢ €k ToOTOL &givar Kot to TANB0G TV
emBuunToOV KHPI®V GLVIGTOCHOV,

— j évag delktng mov amodideton otovg vevpwveg je{0,1,...,m-1},

— Wj(t) n T Tov PAPOVLE TNG CVVOYTG TTOL GLVOEEL TOV j VELPAOVOL PE TNV I £1G060

KOTA TV ETAVAAN Y 7,

— Whxp(?) 0 mivokog Tov wj(?) Kot

— Y(t) o dvoopua €660V TOV SIKTLOV KATE TNV EXOVAANYN £, LLE GLUVICTACEG V;(?).

Extehovvtaol 10 ak6rov0o fripnota vToroyIop®V:

Brua 1. Apapeitor TpdTo 10 ddvooua Py T péong Tung and kdbe otoyeio tov
ocuvOAoL ekmaidevons. Me tov Tpdmo avTO Ol TES TOV TPOKVTTOVV £XOLV
UNOEVIKO O1AVLG O LECTG TIUNG.

Bnpa 2. Amodéidovtar apyukd (#=0) ota Bapn w;;(0) 1oV cuvayeDv UIKPEG TUXOLEG TIHEG
KOl OTNV TOPAUETPO y TOL puluod exmaidevone pkpn Oetikn tun (m.y.

y=0.007).
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Brpa 3.

(6.2.8)

Brua 4.

YmnohoyiCetar to Siavuopa €£600v Y(2) pe cvviotmoes yi(t) yw i=0,1,...,p-1,

j=0,1,...,m-1 amd ™ oyéon

-1
yi(t)= Zw (1) x,(1), % Y(O=W(t) X1

Ko 1 rocoTTa AW)i() and v oxion

(6.2.9)  Aw (t)=| y,(t)x,(t)-v,(t) kiowki () ye(t)
(@) 5

O 6pog (a) ekppdler Tov amhd Kavovo tov Hebb, mov Aéel 6tL €dv dvo
vevpaveg mov  Ppiokovtor  oto  dkpo  pg  oovayng  (ocvvoeonq),
EVEPYOTTOLOVVTAL GUYXPOVMOC, TOTE 1 1OYVG TS cLVAYNG avEaveTal. AAMMG
e€aoBevel N1 exeuAiletal. O 0pog (F) emPdirel Eva 0plo oV AOENGN TG
ocovayng. H tipn tov wy(t+1) npocapuoletor cOpemva e T oyEon

(6.2.10)  wy(t+1)= wi(t)+Aw; .

AvENOM G peTafAnTnig ¢ Katd £vo Kot emaviAnym amd to fruc 3 €wg 0Tov

T0 Bépn TV cUVAYE®OY W; POGcOoVY 6TN oTadEPT KATAGTOO.

Metd ™ @don g exmaidgvong to fdpn wj; TOL j CLYKAIVOLY GTNV i GLVIGTMOGA TOV

1010010VOGLATOC TTOV AVTIGTOKEL oTNV j 10T TOL Tivaka cvvolaomopds Cy. Me

Ao A0y ot Ypaupég Tov mivako W €xovv mpoceyyicel to TpdTO 71 1010010VOCLLOTOL

tov Cy,

taSvounpéveg oe eivovoa celpa.
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IHHAPAPTHMA 1

e ’ T J ’ 7 ’ ’ ’ ’
O avéotpoeog mivaka A~ evog mivako A glvarl €vag Tivakog Tov EYEl MG YPOUUES

TIC oTNAEC TOV A e 1010 Oelkn. Av 0 Ayxn €€l M ypoppéc kot N otieg, 10t€ 0
Alm 00 €xet N ypoppéc kat M otidec. H v ypoppn tov AT givarn v oA tov A kat
M 4 YPOUU TOL M| 1 6THAN Tov A. [0 mopddetypo ov

1 05
_|_ T | 1 -1 2
Aj, = 21 _S <Ay, —‘0_5 3 _2‘-

[HolMomhaciaoudg Tvakwv. Eotw ot mivakeg Anxk Kot By, TO Ytvouevo tovg elvai

évog mivokog Iy ya tov omoio ypagpovue I'=A-B kot £xet otoyeia Iy mov divovron

amd TNV oyéon

K
Fvu = ZAVK 'BK;,L
k=1

[Ma Tapdderypo ov

1 2
0.5 4
3 1

3 -1

1
Asa = Kow By :‘1 0.5 -0.5

t0te

1-33+2-1  1-(-1)+2:05 1.142:(=05) | |5 0 0
A-B=T,,=[053+4-1 0.5-(-1)+4-0.5 05-1+4-(-0.5|=[7.5 15 -15
3:3+1-1  3-(=1)+1-0.5 3-1+1-(=0.5)=| |10 -2.5 2.5

E&iomosic evheioc Kol avIcOGELC NUETITEO®V GTOV E2

‘Eotm 1 gubeia (€) Tov oyfuatog pe e€icwon

ol )

0

X1

(L) (&)

(e) > d(x)=w, X, +W, X, +w, =0
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H (g) yopilel 10 kapteciovo eninedo oe nuenineda. H kiion 0 g (g) £xet

1

epb = YiH (&) Téuver tov dEova x, 010 oNUElD (O,—&j .
W, W,

Av d(x)=d>0=d(x)-d=0=>w, -x; + W, X, +W;-d =0
H e&lowon avtn divel ta onpueio g gubeiag () pe khion 8" mov €yet
Wi

e’ = o =¢£00, dpa €'//e.H (g") Tépvetl tov d€ova tv X, 610 oNueio
2

0. Ws=d| _[p_Ws, d
W, W, W,

Av w,>0 to1e OAa T ompeia ¢ (€7) Bpiokovrar oto Nueninedo (I1;) whvo amod To

onueio EO,—&j .

W,

[Nad e (0,+0)n (¢") capmdvel 6A0 10 Neninedo (I1;). Apa n oxéon d(x)>0

emoaAnfedeton and Ta onueia tov evog nuemimedov kot 1 d(x)<0 Tov dAlov.

Avayvdpion TpoTOTOV-VELP®VIKE dikTvo 6-10 Tunua [Iinpopopikic & Emkoveviav



Ap. X. ZtpovBomovdog, e-mail: strch@teiser.gr ATEI Zeppddv

ITAPAPTHMA 11

Te éva oVUUETPIKO TTivoko Cyyy, C' =C, pe 1810Tpég A LA, A, # A, Kol avticTotya
povadiaio W10dovicpoTe W, # W, 16Y0eL 6Tt w, -w, = 0. Ankadn to 131081avicaTa
elvon kéOeta petald tovg.

Am6oeiEn: Enedn A, A, 1810TIHEG Kot W, , W, 1310510VOGHATO, IGYDOVV Ol OYECELG

C-WH:KH-WH} w, - C-w, =w -k -w, =L W, -w, (A)

v

T T T
w, Cw, =w A -w = -w, -w (B)

C-w, =i, -w, "

w. Cw, =<W3 'C.wu)T =WE C"-w =WE -C-w, (I

YrevOopiCerar 6t (AB)'=B'A”.

Ao 116 oyéoelg (A), (B), (I') ovvermdyeton

T _ T T —
Ay wWow, =&, w, W <A, —A W -w =0

) r J T _ T _
emewn A, # A, Emetal OTL W, oW, =w -w, =0.

v

AT6 0. TPONYOVLEVO. GUVETGYETAL OTL Y10, TOV Tivaka W =[w,, w,, -, wy]
1oy vEL OTL
w Wl -w, 0 0 10 0
WT.W = w, W, w., - wy]= 0 wgng 0 _ 0 0 1
L 0 0 wi-wy| |1 0 1

Apa avtictpo@og Tov Weivaro W' = W',

I"a ta wiodiavdcpata tov Coyvet €€’ opiopol Ot

Cw =i -w, A, O
Cw, =\ W 0 A
’ . ? ’ :>C.[W1’ Y WN]:[W17 Tt WN] : :2 =W-A
C-wy =AWy 0 0 - Ay
A O 0
. 0 A,
omov A = ,
0 O Ay

AoV CW=W-A=>W'.CW=W'"WA=T'A=ASW .CW=A.
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	όπου Κp είναι το πλήθος των στοιχείων της κλάσης p, xνκ και 
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