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4.6. Mn ypoppikoi taSivountéc — NA Back error

propagation

Mia S10pOpETIKN TEXVIKT OXEOACUOV EVOG TOAVETIMESOL perceptron yio
mv tavounon un ypopukd dwyopillopéveov kiacewv Paciletor otnv
avTiKatdotaon g ovvdptnone d(x) amd pio cvveyn kot Oapopiciun
ocuvapton f(x) mov v mpoceyyilel. Ymapyovv dapopeg avoALTIKEG LOPPEG
vy v f(X) pe moro cuvnBiopuévn v Aeyouevn Aoyiotiky mov 6ideTon omd ToV
TOmo

1

l+e’ >0

4.6.1)  f(x)=

H mapdpetpog a Aéyeton mapauetpog xiions (slope) 1 Ao&dtrog, Xy 4.6.-1
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Yyua 4.6-1 H loyiotikn ovvdptnon yio o.=2 kot o.=8.
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H yprion g f(x) 01euKOAVVEL TNV €QPOPUOYT UIOG TLTOTOMUEVNS HeBOOOL
glaylotomoinong g KatdAANAng svvaptnong k6ctovg. To 6Ao NA o6nwg Oa
napovctoctel kot Bo avaAivbel moapokdteo Poaciletalr oto TOpATAVE KoL
ovopaletar AMdym g pebodov ekmaidevong tov, NA Back error propagation W
ywo. cvvtopia Back propagation.

270 VELPWVIKO SIKTVO VITAPYOLY EMIMEDD OINANOT OUAOES VELPDOV®OV, TANPMOG
dlaovvoedepéva puetacd tovg, Xy.4.6-1 H é€odog Kabe vevpwva £vog emimédon
€I0EPYETAL 0 KADE VELPDOVA TOL EMOUEVOL EMTEOV, HE OVTIOTOYN GVVOYN
(Bapog), Zy.4.6-2 Ot Tuéc Tov mivaka 16000V ATOTELOVV TO EMIMEOO E1GOJOV.
Extoc amd 10 emimedo €16000v vmdpyovv Z to mANOOC emoOUEVA SLOOOYIKA
emineda, T0 TEAEVTOIO0 TV 0ToimV ovopdletot eninedo e£60ov. Ta emimeda mov
evogoUEVDG VITapyovy HETAD TV emmEdwV €10000V Ko €£Gd00V, Aéyovtal
Kpo@o, emimedo. 10 Xy. 4.6-2 @aivetor &va VELPOVIKO OTOL TO TPOTLTO
€16000V XL dVO YOPAKTNPICTIKA (X X3) TOL ELGEPYOVTOL GE £va KPLEOO MITEDO
TPLOV VELPOV®V 01 ££0001 TV 0TOimV glval 100001 VO EMOUEVOL EMTEOOV LE
00 vevpaveg ko 000 teAKEG e€ddovc. o v apibunomn tov emmédwv Ba
YPNOUOTOLOVUE TOV OeikTn ¢ pe Tég (=0, ...,Z, pue (=0 yia 10 eninedo 16600V
Kot (=Z ywa 10 eninedo e£0d0v Xy. 4.6-1

Ovopalovpe Nr 10 mAN00¢ TV vevpmdvmv gvog emmédov ¢. Q¢ ek T0HTOL TO
mAN0o¢ Tov otoryeimv tov mivaka 16600V X givor Ny kot tov mwivaka e£6dov Y
elvar Nz. Av v glvar dogiktng v apibunon tov veupavmv tov emmedov ¢, TOTe

ol cuVAyelg Tov cvvBétovy évav Tivaka ypaupng wo. Av u deiktng y v
apifunomn Tov veupdvmY TOL TPOTYOVIEVOL EMTESOV (-1 oL amoteleiton amod
N vevparveg, 10t

(4.6.2) wo=[w Wt owh ]

H ££0d0¢ tov aBpotot Tov vevparva Oa eivan o

v

N Ne
(4.6.3) 0F =3 wi, - v +wh, = Dowh, 0 ey =1
=l

4#=0

H el €£080¢ Tov vevpdva, yo mpokdmTel omd TV oyion

(4.6.4) ¥i = flo)

Avayvdpion TpoTHnmV-veupeViKd dikToo 4-20 Tunua [Iinpopopikic & Emkoveviav



Ap. X. Ztpovbonovdrog, e-mail: strch@teiser.gr ATEI Zeppddrv

omov f(.) KatdAAnAn cuvdptnon e v onoia Ba acyoAnbovue TopaKdTo®. XT0
Xy. 4.6-3 ooaivetor OvOALTIKA 1 OOUN €VOC VELPOVA ONMG TEPLYPAPNKE
TOPOTAVE.

O pég tov €£60mv kbe emmédov gival ol (60001 TOV ETOUEVOL EMTEOOV
OTMOC TEPLYPAPTNKE TAPATAVE® EEKIVAOVTOC OO TO EMIMESO €600V KOl

TPOYWPDVTAG TPOOIEVTIKA LEYXPL TO EMimEdO 5000V (forward propagation).

Exnaidevon back-error propagation
‘Eotw I 10 mAnBoc Cevyov omd mivakeg €16000V0 Kol TOV 0VIIGTOL(®V
embounTOV TVAKOV €000V UE YVOOTEG TIUEG, TO GUVOAO ekmaidevong S

opileTon ¢

S={(X5,Y)/(X:,Y:) (ebyog pe x; mivoka GTAANG 1600V Kot

y; Tov avtictotyo emBounto mivaxko othAng e€doov, i=1,....7 }.

Av 0 deiktng v apBpuel tovg vevpmdveg Tov emumedov e€6d0v Z, v=1,...,N; ko1 o
mivakag ££650v Tov NA givon y* =[y;,...,y;,... yx, " Y10 cvykekpiuévo (evyog

(X;,y:) opilovpe pia cvvaptnon A(i) coppmva e TNV oyéon:
N
(4.6.5) A(i) =§Z(yf )’
v=1

H oyéon 4(i) elvor éva aBpolGpo TETPAYOVIKOV GOOAUATOV UETAED TNG
nopayopevng e£68ov Y- tov NA dtav 1 eicodoc eivar X; kat g emOvpnTAg
e€6o0v Y;. Mmopovpe va opicovpe topo TV cvvdptnon Kocstovg K(.) mov Oa
éxer oveEdptnreg petofAntéc Oho To. WS Y10 TO GUYKEKPIUEVO GUVOAO

eKTaidgLoNG S COUPOVA LLE TNV TYEOT
1

(4.6.6) Kwi,8) =Y AG)
i=1

AvtyetoniCovtag v €bpeon eldyome g g K g mpofinua
Beltiotomoinong (optimization) ol T TOV WS UTopovv v ekTiundovv

EMOVOANTTTIKO COUPOVO LLE OYECN
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we (t) = w5 (1)

(4.6.7) we (t+1)=W§(t)—pff w, (1)~ Z[: A(_l)

ZOUOOVO LE TOV KOVOVO TOPAYDYIoNG TNG AAVGIO0g

oA(i) _ oA(i) oo’

4.6.8 =
GO8) oTa ow
a (
o opog ( Y100 Oha To W (Yo kGOg v ko £>0) etvon
805 - -
ow:, :
: v
80'5 (90'5 : ¢-1
(4.6.9) owe ows, |~ ¥ | T y
do* N
ang | 'yN’H -

AmopéveL TOPO 0 VTTOAOYIGHOG TOV TPMTOL OPOL TOV YIVOUEVOL, TOV OTTO10

ovopalovpe

(4.6.10) 5¢ =980
0G°

\Y

Oo LVTOAOYICOVUE TPAOTO TO S Yo £VOV VELPDOVA V TOL emEdOL OGS0V

({(=Z, N=N7) xau deiktn apibunong tov vevpovov u=1,...,Nz.

OA o 1
o = 60(:) 0o ‘3(zz(yﬁ_ypi)z)uﬁyﬁ=f(cﬁ):>
(4.6.11) NV -
1 <%

5 =1 Za SUCARN, 2@ -p)f ()=

(4.6.12) 8, =, =) f"(c7)
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o ta kpued eninedo (0<{<Z) 0 vroAoyIopdG Tov J° eivar TePmAoKOTEPOC,
emeldn dev glvar dedopévn TN g €650V y,;, KGBe vevpdva. O VTOLOYIoUOG
o€ K&Be kpvPod eminedo Oa Pacicbel otic TYEG dOpBwoNg Tov gmouévou Tov,
apyilovtog amd 1o eninedo wov mponyeital Tov EMTEGOL £AS0VL KO 0OELOVTAG
dwdoywd mpog to micw (back-error propagation). Xvykexpyéva av { €va
KpLeo eninedo, 10 endpevo tov Ba eivar 10 (+1. 'Eoto akdun u évag petpnng
apifunong tv vevpdvov Tov ¢ emmEdon Kot k £vog petpntng apibunong tov
vevpodvov Ttov (+1 emmédov. H ovvdptmon A4(i) eCoptdtar and To

¢+l gl

o ooy ko kéBe o e€aptétan amd To o) TOL V-00T0D VEVpGOVAL

K

OV { EMIESOV. ZOUPOVO, LUE TOV KOVOVA TNE AAVGIOMTHE TOPAYDYIOTG

(4.6.13)

OA() & OA>) b0t O acﬁ“ N N,
S — 5! o1 O N
5[/ - acc Z ; + ;5 + K: yu _

(+1
> Soct! oot

N

_z5§+1 g+1 v( V):>

N,

(4.6.14) 5¢ {de*l “l} 1(o%)

K=1
Telkd and T1c oyéoelg (4.6.6 - 9) cuvayetar Ot

(4.6.15) w(t+D)=wi(t)—p 285 -yt

V(Xf Vi )

6mov &8¢ divetan amd v oyéon (4.6.12)

(4.6.16) 5 =) —y.)f (o))

otav 0 vevpwvag v Bpioketal oto eninedo ££0d0v kot omd Vv (4.6.14)

Nea
(4.6.17) S5 {Zﬁf“ ‘wfi‘]f'(ci)

k=1
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otav o vevpovag v Bpioketor e Kpueod eninedo Eekvmvtag and to TEAELTOIO0
KOl DIOYWPOVING TPOOSELTIKA WHEYPL TO TPpwTO E£minedo (back-error
propagation).

To Back error propagation NA givat icwg 10 mAéov ypnoomotovpevo NA kot
éxel epappoochel oe TANOOPO £QPOPUOYDOV OO SLUPOPETIKES EMGTILOVIKEG
TEPLOYEC. ZTA KPLOA €MMESD TOL TPOSOOPILOVTAL OVGLUGTIKG OVTOUOTA TO
OMOTEAEGLATIKA YOPaKTNPIOTIKA Yio TV Tagvounon. To tAnbog tov khdoewv
pumopel vo givor to 1010 HE OVTO TOV OVUGUAT®V €16000L TOL GLVOAOL
exmaidevong kor étor to NA va mpooeyyilel v HETAOYNUOTIOUO TMOV
AVUGUATOV €16000V ot avicpoto €£6dov. To onuavtikdtepo HEOVEKTNLLO
tov back propagation egivor ypovog oAOKANpwONG TG eKmaidevong Tov M
YPOVOC oOYKAIoNG, Omwg oAMadc Aéyetar. Eivor dvvatov va ypeltacHodv
EKOTOVTAOEG YIMAOEG EMAVAANYELS £C OTOV GLUYKAIVEL OKOUN KO Y10, OYETIKA
OmAEC EQPAPUOYEC. L& KATOLEC EPAPUOYES YPEAGONKAY UEPIKEC HUEPES YIOL TV
oVYKAoN ToL cvotnuotos. O gykAoPiopdg g ddikaciog cOyKAoNg o€
TOMKG EAQYIOTO TNG CLVAPTNONG KOGTOVG €lval €va emmpocOeto TPOPANUQ

nov Bo avaAvcovpe 6g akOAoLON TOPdYPOEO.
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