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« EvoTnTta 4: AvaAuTiKES nEBODOI BeATIOTOTTOINONG YIA
TTPORARUATA TTOAAWYV HETARBANTWYV

« EvoTnTa 5: Ap1BunTikéG nEBODOI aTTEUBEiaG EpEuvacg yia
mTpoBARuaTa piag METABANTAG (MEBODOI aTTOAOIPARS
Ol TNHATWY)

« EvoTnTa 6: Ap1BunTIKEG NEBODOI aTTEUBEIOG EPpEUVAC VI
mTPOoRAAMATA TTOAAWYV HETABANTWYV (YEWHMETPIKN EPEUVA)



2.UvOEON TTPONYOUMEVWV UE TN
onuepIvn OIaAecn (1)

* O1 yéBodol etTiAuonc TTPORANUATWY BEATIOTOTTOINONC
TaglvopouvTal o€ dUO BACIKEC KATNYOPIEC:

* AVOAUTIKEG HEBOOOI: N BEATIOTN AUON BpioKkeTal e

akpifeia kal ytropei va ekppaoTei o€ “KAe1oTh popen (closed
form)”, dIATUTTWVOVTAC TIC AVAYKAIEC KAl IKAVEC OUVONKEC Yid
TV €UPEON TNG > ouVNBWC yia TTPOoRAAUATA MIKPOTEPNG
TTOAUTTAOKOTNTAC
Me autéc aoxoAnBnkape oTic EvotnTeg 3 (1 petaBAnTic) Kai 4 (TTOAAWYV PETABANTWV)
* Ap1BuNTIKES NEBODOI: N BEATIOTN AUON BpioKeTal Ye KATTOIN
TTPOCEYYION, ouvNOWC NECW KATTOIOU EITAVaANTITIKOU
aAyopiBuou > ouvnBwc yia TTpoAfuarTa yeyaAuTepng
TTOAUTTAOKOTNTOC

Me autéc aoxoAnBnkape otnv Evotnra 5 (1 yetaBAnTic) kal otnv EvotnTa 6 Kai 3
onueoa (TTOANWV UETABANTWV)




2.UvOEON TTPONYOUMEVWV UE TN
onuePIvn OIAaAecn (2)

* O1 ap1BuNTIKEC NEBODOI €TTIAUCNC TTPOBANUATWY
BeATiIOTOTTOINONG TACIVOUOUVTAI 0 OUO BACIKEC KATNYOPIEC:

>

M£BodoI aTtreuBeiag Epeuvag: eTTavaAnTrTiki avalntnon
BEATIOTNG AuoNng pe Baon MONO 1nv TINA TNC AVTIKEIMEVIKAC
ouvAapTNONG VIO DIOPOPETIKEC TIMEC TWV PETABANTWYV

Me auTéC aoxoAnBnkape otnv Evotnra 5 (1 yetaBANTAQ)...kal 6 (TTOAAWV
METABANTWV)

M£B0DOI XprioNG TTAPAYWYWYV: ETTAVAANTITIKA avadlntnon
BEATIOTNG AUoNC pe Baon KAI Tnv Tiun TTapaywywy TNg
QVTIKEIMEVIKNC ouvapTNONG VIO OIAPOPETIKEC TIMEC TWV
LuETABANTWYV

Me autéc Ba aoxoAnBoupe oApepa (KoIVEC yia TTpoBARuaTa 1 HeTABANTAG Kal
TTOAAWYV PETABANTWV)




MEBoOOI ¥priong TrTapaywywy (N
uEBoOOI BaBuwaong) (1)

« ETTavaAnmmiky avalntnon BEATIOTNG AUoNG ME BAon Kal TV
TIMA TTOPAYWYWYV TNC AVTIKEIMEVIKAC ouvAPTNONG...

*...ETTEION Ol TTAPAYWYOI UTTOOEIKVUOUV TO WEYOAUTEPO PUBUO
BeATiwONC TNG TIPNAC TNG ouVAPTNONGS (KATELOBUVON ATTOTOMNG
avodou / kaBodou av avalntw PEYIOTO / EAAXIOTO)...
o...OUCTUXWCG auTr N 1I010TNTA €ival TOTTIKA Kol OXI1 OAIKN...

2TNV TTPAYMATIKOTNTA, N KATEULOUVON
e aTTOTONNG avOdou / KaBOdou diagpEpEl
AT onueio o€ onueio. ..
...0 YEWMETPIKOG TOTTOG TWV QATTEIPWYV
MIKPWYV KIVIIOEWV KATA UNKOG TNG TOTTIKAG
KateuBuvong atrdéToung avodou
QVTIOTOIXEI TNV DIOKEKOPMEVN YPAUMN. ..
3 ...yla auTo Kail ol uEBodol Babuwong
"% Baoucé onpeto EIVAI ETTAVOANTITIKES

X4



MEBoOOI ¥priong TrTapaywywy (N
uEBOOOI BABuwaong) (2)

« O1 urapxouoec uEBOdOI BaBuwaong diagopoTrolouvTal
avAaAoya PE TOV TPOTTO TTOU £PAPMPOLETAI N TTAPATIAVW YEVIKN
apxn....

o...0a e¢eTdooupue 5 dIAPOPETIKEC HEBODOUC BABuwaonNc:

» ATTAR pEB0dOC BABuwoNg

> M£B0OOG BAOUWONG ME ETTAPKI) CUVTEAECTN

» M£B0OOG BAOMWONG ME BEATIOTO CUVTEAECTN
» M£Bodog Newton

> Tpotrotroinuévn pnéBodog Newton



ATTAN yEBodoOC Babuwaonc (1)

« AlIAH IAEA: Ta va evToTriow TOTTIKO EAAXIOTO (MEYIOTO),
KAvw BrpaTta avaloya Pe Tnv apvnTikn (B€Tikr) BaBuwon 1ng
ouvAapTNONG OTO ONUEIO TToU Bpiokoual
y 2uvaptnon 1 peTaBAnTAG 2UvapTtnon 2 JeTapAnTwy
st

X

._/{ 1 2 x 3
Av CeKIVAOW aTTO TO ONMEIo x5 = 2.5, IOXUEI

f'(x9) >0...
...av Payxvw eAayxioto Ba kivnBw avaAoya

ue TNV —f' (x,), dNAad TTPOC Ta APIoTEPD...  °
...TEAIKA Ba TTpooEeyyiow TO TOTTIKO EAAXIOTO /

Xmin = 1.8




ATTAN pEBodoc¢ BaBpwaonc (2)

* ATIOAEI=H: Av Ax; TO Bjua TOU €TTAVOANTITIKOU
aAyopIBuou, To KABE TTOEVO ONnMEio ival x; 1 = x; + Ax;...
*...€QV OVTWC KIVOUUAOTE TTPOC TOTTIKO EAAXIOTO IOXUEI
fxiv1) < fx) = flx) +df (3, Ax;) < f(x) = df (g, Ax;) <
0- VIf(x)Ax; <0

*...TO OTTOIO IOXUElI av Ax; = =Vf(x;)

« Apa 0 €TTAVOANTITIKOC aAYOPIBUOC TNG ATTANC nEBODOU
BaBuwonc yia eUpeon TOTTIKOU eAayioToU €ival
Xi+1 = X; — Vf(x;)



[Tapadelyua atrAnc ueboodou
BaBuwaonc

» TOmTIKO eAAxIoTO ouvapTnong f (x4, x,) = 0.1xZ + 0.25x% + 4
LUE APXIKO onpaio xo = ( 12 14)

of of
axl axz

2UYKAION ME
akpiBela 4
OEKADIKWY Yn@iwv

0 67.4 2.4 ,
BOABH fiy — f; <
1 9.6 7 25466 192 35  (0001) perd amd 30
2 768 35 129607 -1.536 175  £TOVOAQWELC
3 6.144 175 85405 -1.2288 0875 \mivakagBiBAiou)
13 -0.6597 0.0017 4.0435 -0.1319 0.0009
28  -0.0232 5.2¢-9% 4.0001 -0.0046 2.6e-08
29  -0.0186 2.6e~°® 4.0000 -0.0037 1.3¢-98
30  -0.0149 1.3¢-°% 4.0000 -0.0030 6.5¢~%° ;



ATTAN pEBodoc¢ BaBpwaonc (3)

* MTPOBAHMA ATIAHZ MEGOAQY: Ta BAuara Tou
ETTAVAANTITIKOU aAyopiBuou gival TToOAU peyaAa...

*...ME ATTOTEAEOUA PaIvOpevVa “overshooting” | akoua Kai
atrokAiong (“divergence”)

Gradient Descent diverging (stepsize too large)

w3 2
wi w0 W




MEBoOOC BABuwoNC Pe eTTapKn
ouvTteAeoTn (1)

* IAEA: Eloayw £vav OUVTEAEDTN a; VIO va “eAEycw” TO BAHA
TOU £TTAVOANTITIKOU aAyopiOuou...

¢...0NAQdN 0 £TTAVAANTITIKOC AAYOPIOUOC VivETAl X4 1 = X; —
al-Vf(xi) -

¢...0TTOU 0 < a; < 1...6€TIKOC WOTE va akoAouBw Tnv
KaTeuBuvon atrotoung Kabodou (yia EAAXIOTO) Kal
MIKPOTEPOC 1] i00C TOU 1 yIa va TTEPIOPICW TA PEYAAA BripaTa
NG atTANG nEGodou Babuwong...

*...TTWC OPWCG Ba “emAECW KATAAANAQ” TO ; ?

11



MEBoOOC BABuwoNC Pe eTTapKn
OUVTEAEOTN (2)

« XpNOIYOTTOIWVTAG TO AVATITUYMA Taylor TnG f JEXPI TOV OPO
2"s 1aen¢ (Evornta 2)...
o f(xigr) = f(xi — aivf(xi)) = fx) + VI fxp) -

1
(—aVf(x)) + > (VT f(x) - VAf(x) - (—a;Vf (xp)) =
flxivr) — f(x) = —a;V f(x) - V() + %“iZVTf(Xi) :
V2f(x) - VF(x)...
*...0@OU OKOTTOC gival va KIvnBouue TTpo¢ TOTTIKO eAdxIoTo Ba
mEETTEl va 10XUEl f(x;01) < f(x;)) = a; - [=VIf(x;) - Vf(x;) +

Qi gT AR v/ . _ , 2VIf(x) Vf(x) | 'Eotw
V() - VA () - V()] <0 - o < VTR e V2 Ge) V() 0 0x)

Av 0 (B€TIKOC) OUVTEAEOTAG a; TTANPOI auTh TN ouvenkn TOTE oiyoupa O
aAyopIBuoC Ba pag odnynoel o€ TOTTIKO EAAXIOTO...

...Kal epooov BERaia n BaBuwon TS T (Vf(x;)) dev gival undeVIKR Kal N

Hessian Tng f (V2f(x;)) ival BeTIK& oplopévn 12




[Tapadeiyua pebodou PaBuwong ye
eTapkn ouvteAeoTn (1)

e Totmiké eAdxioTo ouvaptnong f(xq, x,) = sin(x?) + 5x% + 9
LUE apPXIKO onueio xq = (3,2)

2
» YT1roloyilw tn BaBpwon: Vf(x) = lle cos(x{ )]

10x,
2y 2 2
> ...Kal TN Hessian V4 f (x) = 2 cos(x1) 04x1 sin(xy) 100
> ...ETTOMEVWIC UTTOPW VO KOBOoPIiow TO OPIO TOU ETTAPKOUC

2:V7f (o) Vf ()

OUVTEAEOTN a; < T o) V2 f e VF (o) = g(x;)...
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[Tapadelyua pebodou PaBuwong ye
ETTAPKN OUVTEAEOTN (2)

» TomrikO eAaxIoTo cuvapTtnong f (xq, x,) = sin(x2) + 5x5 + 9

UE apXIKO anueio xo = (3,2)

» Me a; = 0.85g(x;), n HEBODOC GUYKAIVEI OTO TOTTIKO
eAaxioTo (0,0) pe akpiBela 4 dekadikKwV Yneiwv PETA aTTO
35 emmavaAnyeic (A\abog aTo [BI3Aio)
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[Tapadelyua pebodou PaBuwong ye
eTTAPKN ouvteAeaTn (3)

» TomrikO eAaxIoTo cuvapTtnong f (xq, x,) = sin(x2) + 5x5 + 9

UE apXIKO anueio xo = (3,2)

» Me a; = 0.6g(x;), N MEBODOG CUYKAIVEI OTO TOTTIKO
eAaxioto (0,0) pe akpifeia 4 deKadIKWY YNPiwv PETA ATTO
16 £'ITGVG)\r]L|J£I§ ()\aeog 010 BlB)\lo)

15



[Tapadelyua pebodou PaBuwong ye
ETTAPKN OUVTEAEOTH (4)

» TomrikO eAaxIoTo cuvapTtnong f (xq, x,) = sin(x2) + 5x5 + 9

UE apXIKO anueio xo = (3,2)

> Me a; = 0.45g9(x;), n HEBODOC GUYKAIVEI OTO TOTTIKO
eAaxioT0 (3.32,0) pe akpifeia 4 dekadikwy Yneiwv PETA

atrd 19 eravaAqyelg (AaBog aTto BiAio)

...ONAQdN 0 OUVTEAEOTNG q;
eTTNPEEAdlel kai Tnv TaxuTnTa
OUYKAIONG aAAQ Kal TO
OUYKEKPIMEVO TOTTIKO EAAXIOTO TTOU
Ba Bpouue (av n ouvapTnon £xel
TTOAAQTTAG TOTTIKA €EAGXIOTA) !

16



MeEBoOOC BABuwWOoNC Ye BEATIOTO

ouvTteAeoTn (1)

« EPQTH2H: Y1rapyel katrola “BEATIOTN” TIMA TOU OUVTEAEDTN
a; YIO TNV OTToia N TaxUTNTa CUYKAIONG €ival N ypnyopoTtepn
duvartn?

*...0C BewprooUNE TTWC BPIOKOUOOTE OE VA OEOONEVO
onueio x; kal avaldntouue TN BEATIOTN TIUA TNS (Twpa
uETABANTAC!) a; woTe N f(x;41) va ival n eAaxIOTN duvarTr...
...0mou (dla@aveia 12) f(x;41) = fo; — a;Vf (x)) = f(x) —
a; V' f(x;) - Vf(x;) + %aiszf(xi) -V2f(x;) -V (xy)...
*...OTTOTE YIA VA Bpw TO EAAXIOTO TNG f(Xx;+1) WG TTPOG TO ;

."'afngl) =0- af(xi_aaoi.w(xi)) =0-=V'f(x;) Vf(x) +
T N .2 N . N — L VT f(x)-Vf(x;) 1
alv f(xl) vV f(xl) Vf(xl) =0- a; = VTf(xi)-sz(xi)-Vf(xi) Zg(x‘)

...0 BEATIOTOG OUVTEAEDTNG €ival iCOC TOU PICOU TOU AVW OPIiou TOU £TTAPKN ! 17



[Tapadeiyua pebodou PaBuwong ye
BEATIOTO ouvTeAeaTH (1)

» Tomriké eAdyioTo cuvaptnong f(xy, x) = x3 + 10x2 + 4x2 +
7x1 + 20 PE apxXIKO onueio xo = (3,3)

2
> YTroloyilw Tn BaBuwon: VF(x) = 3xi + 20x; +7

8x5
> ...kal TN Hessian V2f(x) = [69613- 20 g
> ... ETTOPEVWG UTTOPW Va KaBopiow To BEATIOTO GUVTEAEDTH

0. — VI (c)-V£ (i)
VT f () V21 () VS (x)

18



[Tapadeiyua pebodou PaBuwong ye
BEATIOTO oUVTEAEDTH (2)

» Tomriké eAdyioTo cuvaptnong f(xy, x) = x3 + 10x2 + 4x2 +
7x1 + 20 e apleé cnpaio Xo = (3 —3)

0 0.0277 akpiBeia 4
OEKADIKWY Yn@iwv

1 0.4007 -2.3364  46.3096 0.0721 WETG oo 8

2 -0.7167 -0.9886 23.6607 0.0936 ETTAVOANWEIG

3 -0.1747 -0.2487 19.3242 0.0610

4 -0.3942 -0.1273 18.7981 0.1065

5 -0.3497 -0.0189 18.7337 0.0606

6 -0.3723 -0.0097 18.7287 0.1080

7 -0.3691 -0.0013 18.7284 0.0605

8 -0.3707 -6.8¢7°*  18.7283 0.1081
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MEBodoc Newton (1)

« ETTaVaANTITIKOC aAYOPIOUOC TTOU XPNOIYOTTOIEITAI OTNV
apIBuNTIKA avAAuon yia TNV eUpeon Twv PI{wV JIag
dlagopioiung ocuvaptnong f (dnAadr Twv AUCEWYV TNG
eCiowong f(x) = 0)...

*...a@OU yvwpilouue TTWC avaykaia Kail IKkavr) ouvenkn yia
TNV €UpeCN TOTTIKOU akpoTdaTou €ival n f'(x) = 0 (yia
TTpoBARuaTa piag petaBAntig, Evétnta 3) 3 Vf(x) = 0 (yia
TTpoBARuaTa TToAAwV petaBAnTwy, Evotnta 4)...
*...MTTOPOUNE VO XpnolyoTroifoouue TN uEBodo Newton yia
TNV €UPEOCN AKPOTATWY, EQAPPOLOVTAC TNV OTNV TTAPAYWYO
f' miac cuvaptnong piag MeETaBANTAC (A YeViKG oTn BABuwon
LIOC ouvapTnNong TTOAAWV PETABANTWYV) yia va BPoupe
apIOuNTIKA TIC AUoelic TG f'(x) = 0...

e...KQI dpa Ta aKkpOTaATA TNG f ! 20



MEBodocC Newton (2)

« O1TWC Kal oTnV atTAn pEBodo Babuwonc (diagaveia 10), av
Ax; TO Bripa TOU ETTAVAANTITIKOU OAYyOpIOuOU, TO KABE
ETTOMEVO ONUEIO gival x;41 = x; + Ax;...

*...XPNOIUOTIOIWVTAC TO avaTITUypa Taylor TG f MEXPI TOV
O0po 2" 1agnc (Evotnta 2)...

oo f(xigr) = g+ Axp) = fx) + VI f(x) - A + %AxiT '
sz(xl-) . Ax,;...

o...BewpwvTaC TTWC BPICKOUAOTE O€ £Eva OEOONEVO ONUEIO X;
Kal B€Aoupe va KaBopiooupe 1o BEATIOTO Bripa Ax; (WOTE N
f(x;4+1) va gival n eAdxiotn duvarr}), n Ikavr) cuvenkn €ivai...

oY) g L yrx) HV2F ()| Ax; = 0. nHessian H(x) g f

dAx;
o H(x) - Ax; = =Vf(x;) = Ax; = —H 71 (x;) - Vf (x;)

21



MEBodoc Newton (3)

* Apa 0 eTTavVaANTITIKOC aAyopIBuoc TG peBodou Newton yia
gUpean TOTTIKOU eAaxioTou €ival x;, 1 = x; — H 1(x;) - Vf(x;)

*...n MEBODOC cival epapuooIyn Ovo av n Hessian ivai
AVTIOTPEWYIUN...

*...KQI Jag odnyei oTO TOTTIKO EAAXIOTO HOVO av N Hessian
gival BETIKA OpIoHEVN...

"‘Evag TTivakag gival avTIoTPEWIPNOG av Kal uovo av n (TeAeutaia) opiloucd Tou
dev gival ion pe O...

...OAec o1 opiouaeg (kal n TeAeuTaia) Evag BETIKA OpIoUEVOU TTIVOKA Eival
OETIKEG. ..

...Qpa oI TTapaATTavw 2 ouvOnNKeC epappoyns TNG HEBGdoU Newton
atTrAotrolouvTal o€ 1 pévo ocuvBnkn: n Hessian va gival BeTIKA opIopEVN

22



[Tapadelypa ue6odou Newton (1)

» Totmiké eAdxioTo ouvapTnNong f(xq, x;) = 3x% + 9x5 +
5sinx; + 7.5 cosx, + 17 Ye apXIKO onueEio x, = (3,—2)
6x; + 5 cos xq
18x, — 7.5 sin le
6 — 5sin x; 0
0 18 — 7.5 cos le
> ...Mg opilouoec D; = 6 — 5sinx; > 0 kal D, = (6 —
5sinx;) - (18 —7.5cosx,)—0-0>0...

» ...apa n Hessian gival Tavta BeTIKA opiouEvn (Kal
QVTIOTPEWIMN) Kal ETTONEVWGS N HEBOOOC Newton eivail
EQAPUOTIMN...

» ...TTWG UTTOAOYI(OUUE TOV AVTIOTPO@O TTIVAKO EVOG TTivaKa
2X2 ??77?

> YT1roAoyilw Tn BaBpwon: Vf(x) =

> ...ka1 Tn Hessian V4f (x) = [

23



[TapévBeon: AvTioTpO®N TTIVOKWY

(1)

« OpIoPOC avTioTpogou Trivaka P~ evoc TeTpaywvikou
TTivaka P: €ival EKEIVOC yIa TOV OTToio IoXUEI N oxeon P -
Pl =11 omoul TETPAYWVIKOG Jovadiaiog TTivakag dIaoTATEWY iCwV JE TOU P

, . . . a b
* [TWC AVTIOTPEPW Evav TTiVOKA 2X2 P = [C ] ?
r ’ _1 1 d _b , ,
e MéOow TOU TUTTOU P+ = 0 ouluyAC TTVOKAC Tou P
ad—bc|l—c a

n TeAeuTaia opidouoca Tou P
e [T AvTIOTPEPW Eva PEYAAUTEPO TTivaKa 3X3, 4X4 KATT. ?
...TTI0 OUOKOAOG TUTTOG. ..

*...0AAQ €Qv O TTivaKag gival TNG HOPPNG P = [‘g g] TOTE
-1
UTTOPW VA XPNOIKOTIOINOW ToV TUTTO P~1 = [AO 391]

24



[TapEvBeon: AvTiIoTpO®N TTIVOKWYV

(2)

* [Mapaderyua: Na Bpebei o avTioTpoPoC Tou TTivaka P =

22 =20 O
—20 20 O
0 0 2
» Eival mivakag 3x3 aAAQ euTUXWC €ival TNG Jopeng P =
A 0 22 =20

0 B]psA— 20 20 kKal B = [2]

-1
> ...0pa UTTOPW Va £papudow Tov TUTTO P~ 1 = [AO Bqll"'
1 20 zo] _ [1/2 1/2

22.20—(—20)-(—20) 120 221 T |1/2 11/20] "
> .. kB 1=1/2...

> ...0TTou A~ 1 =

1/2  1/2 0 |
> ...TENIKA o avTioTpogog sivar P~ =|1/2 11/20 0
0 0 1/2

25



[Tapadelypa ue6odou Newton (2)

» Totmiké eAdxioTo ouvapTnNong f(xq, x;) = 3x% + 9x5 +
5sinx; + 7.5 cosx, + 17 Ye apXIKO onueEio x, = (3,—2)
» H Hessian uttoAoyioTnke (dlagaveia 23) we H(x) =
6 — 5sinx; 0
[ 0 18 — 7.5 cos le

> ...£papuOolovTac ToV TUTTO VI TOV QVTIOTPOPO TTiVOKA 2X2
MuBavw H1(x) =

1 [18 — 7.5C0S X, 0 ] B
(6—5 sin x1)-(18—7.5 cos x,)—0-0 0 6 — 5sin X1 -
1. 0
6—>5 sin x4
0 1
18—7.5 cos x5

26



[Tapadeiyua pebodou Newton (3)

» Totmiké eAdxioTo ouvapTnNong f(xq, x;) = 3x% + 9x5 +
5sinx; + 7.5cosx, + 17 JE APXIKO anuEio xy = (3, —2)
» Apa e@apuolw Tov ETTAVAANTTITIKO aAyOpIOuo TNG ueEBOdoU

Newton x;,q = x; —

1

6—5 sin xq

0

1

18—7.5 cos x,_

H™1() - VF() = Xppq = X; —

6x; + 5cos x;

. 18x, — 7.5sin x,

o A WO N+ O

0.5351
-1.6420
-0.7130
-0.6595
-0.6589

-0.6184
-0.0479

-2.6e705
-4.2¢705

0

77. 5845
29.9618
27.6136
22.7546
22.7412
22.7412

akpiBeia 4
OEKADIKWY Yn@iwv
META aTTO 5
ETTAVAANAWYEIC

27



MEBodoc Newton (4)

* MAEONEKTHMATA: Eival n TaxuTtepn atrd OAeg TIC
uEBOdOUC BABUWONG TTou e€eTAOAUE ONUEPQ. ..

o...€TT€10N (O€ avTiBeon PE TIC TTPONYOUUEVEC NEBODOUC
BaBuwoNg) eEvOowPATWVEI TTANPOYOPIa 0 OXEON ME TIC
OeUTEPEC TTAPAYWYOUC TNG AVTIKEIMEVIKAC OUVAPTNONG...
*...KOI EI0IKA VIO TETPAYWVIKEC UOVOTPOTTIKEC OUVOAPTHOEIC
Bpiokel TO (MOVAdIKO) EAAXIOTO HE UNOEVIKO OQAAUQ O€ [ia
MOVO £TTAVAANWN KAl AVECAPTNTA ATTO TO APXIKO ONUEIO...
o...€1T€1dN N Hessian gival otaBepocg tivakac...dnAadn
QVECAPTNTA ATTO TO APXIKO ONMUEIO EVOWMPATWVEI TRV
ATTAPAITATN TTANPOYOPIa YyIa TN B€on TOU EAaXiOTOU

28



[lapadsiypa yebodou Newton (4)

» Totmiké eAdxIoTO ouvapTNoNG f(xq, xy) = ax? + bxs + ¢ U
a,b,c > 0 TTAPAPETPOUG Kal (YEVIKO) QPXIKO ONMEIO xo =
(X0,1, X0,2)

> Y1rohoyidw Tn BaBuwon: Vf(x) = Zaxll

2bx,
> ...Kal TN Hessian V2f (x) = lzoa ZOb]

> ...Mg opidoucec D; = 2a > 0 kal D, = 4ab > 0...
» ...0pa n Hessian gival TTavta BETIKA oplouEvN Kal
ETTOPEVWG N PEBodog Newton gival epappoaoiyn. ..

> ...KOI 0 avTIoTPOPOg TNG Hessian eivar H~1(x) = |*°
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[Tapadeiyua pebodou Newton (5)

» Totmiké eAdxIoTO ouvapTNoNG f(xq, xy) = ax? + bxs + ¢ U
a,b,c > 0 TTAPAPETPOUC Kal (YEVIKO) APXIKO ONUEIO xo =
(X0,1, X0,2)

» Apa e@appolw Tov ETTAVAANTTITIKO aAyopIOuo TNG nEBGdoU

~ (X1,1 X0,1
Newton x;q = x; — H™(x;) - Vf (%) = |, 2] - [xo 2] -
- 0 [2ax0, _ [xo 1] [xo,ll _ [0_

0 % 2bxo 2 X0,2 %0,2 0

To oTT0i0 €ival OvTWC TO (HOVAdIKO) TOTTIKO EAAXIOTO...

..0NAadN, OTTWG TTPOPRAETTEI N Bewpia, TTEION N CUVAPTNON Eival TETPAYWVIKN
}JOVOTpO'ITIKr'] N uEBodo¢ Newton Bpiokel TO (MOVADIKO) TOTTIKO EAAXIOTO UE
MNOEVIKO OPAAPa o€ pia povo eTTavaAnyn Kar avecdptnta atrd 10 apxIKO
onueio

1
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MEBodoc Newton (5)

« MEINONEKTHMA: Atrautei TNV QvTioTPpO® TTIVAKWV. ..

*...N OTTOIA EUTTEPIEXEI MEYAAO UTTOAOYIOTIKO POPTIO...

*...KQI N OTTOia O€ KATTOIEC TTEPITITWOEIC OEV €ival duvarn (av

n Hessian dgv gival avTioTpEWIun, diapaveia 22)

*...VIO VO QVTIMETWTTIOTEI TO TEAEUTAIO TTPOPANUA, EXE

avatrTuxOei n Tpotrotroinpévn HEBodog Newton...

o...0TTOU N (MN-avTioTPEWIYN) Hessian avTikaBioTaral Ye Tov

(avTioTpEWIYO) TTivaka M (x;) = H(x;) + u; - I, OTTOU W

KATAAANAN TTOPAPETPOC WOTE N M (x;) va €ival AvTIOTPEWIUN
Aev Ba TNV €CETACOUNE TTEPAITEPW, OAAG UTTApPXEl TTAPAdEIyUa OTO BIBAIO
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TéEAoc EvoTnTac
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