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Teyvixéc Behtiotonoinone 3n Epyaotneioaxh Aoxnon

1. Ewaywyn

H nopoloa epyaota agopd o mpdfinuo tne ehayloTomoinong wac 8oouévne cuvdeTnone TOAAGDY UETUBANTOY
f : R" = R ue neplopiopolc yenowomowwvtag ) pédodo uéylotng xadodou ye mpofBoir. H pédodog auth
Yo exteleo el o avTimopaBol| Ye Ty aviiotolyn pédodo ywelc meploplonols and TV TEonYoUUEVN epyaaio.
[ 0 AOY0 aUTO YENOLLOTOVUE TWV XWOLXA TNE TEONYOVUUEVNG EQYACIUG UE XATOLES TPOTOTOW|OELS, OTKS Vo
BOVUE %O TOPOXATE).

1.1. IMopadotéa
Ta mapadotéa tng epyasiag amoteAolvTaL ATo:
e Trv mapoloo avapopd.
e Tov xatdhoyo scripts/, mou nepiéyetl Tov xHdxa tne MATLAB.

e To cOvdeouo pe to anodetrplo tou nepiéyel 6ho To project ue tov xdowxa tng MATLAB, tng avagopdc
XOL T TUPODOTEN.

1.2, IlpoypouuaTio X TEOCEYYION

[Mo Tov mpoypaupaTiond xou EXTEAEST) TV HEVOBKY TNE Tapoloos epyaciac €ytve yprion tne MATLAB. Ytov
xatdhoyo scripts, mepéyovion OAeC oL uEY0O0L xou OL TEYVIXES UTONOYIOUOU BNUATOY UE TN LOPYT CUVIRTHOERY
xodd xou scripts mou Tt xoholv. o xdde Eva Vépa tne epyaoiog, undpyel To avtioTolyo script mou neptéyel
TOUC UTOAOYLOROUS, TIC ¥ANOES TwV PEVOdWY xai Tr dnutovpyio tov dwrypouudtony. o to mpdto Véua To
apyelo Script_ 1 SteepDesc.m yio o 8ettepo to Script 2 SteepDesc  Proj.m xon 00tw xadelric. H uédodoc
wéyiotng xadédou (apyeio: method SteepDesc.m) eivor 1 (Sia e owtr g mponyoluevng epyaciag ye ™
HOVY| BLoopd OTL TEOTOTONUNXE WO TE 1) AVTIXEEVIXY) CUVAETNOT] VoL OEYETOL OLAVUCUN (O Oplopa xou o)L BUO
dlapopeTnég YeToBANTéS =, y. Autd axohoudinxe xou yia TNV €xdoor e TeoBoAr xou puoixd elye avtixTuto
X0l GTIC UTOAOLTEG CUVORTHCELS, OTwe 1N xhiomn 1) o Eccwavée. YNtnv mapoloa epyaocio ) vhomolnon tou xoxo
axoloulel TNV Tpoaéyylon Twv tponyoluevwy epyaoloy. Ilio cuyxexpiuéva.

1.3.  Meédodol emhoyng Bruatog

Egboov oty nponyoluevn epyacio ot pédodot emhoyrg Briwatog Hray aveldotntes and tny uévodo UTohoYLoUOoD
TOU EAGYLOTOL XAl EPOCOV YENOWOTOLOVUE TOV (BLO XWOXS Xl GTNY TAPOLCA ERYACLA, AUTOS O TEOTOE Ty EdlaoNg
mopéueve. Ouotaotind vl xdde éva TeOTO LTOAOYLOUOU TOU g, UTEEYEL avTioTOlYT) CUVAETNOT, WE XOWO
interface. Autéd €yel tn uopyn: gamma_ <method> (f, grad_f, dk, xk), 6mou o f eivar 1 avuixepeviny
ouvdptnor, grad f n cuvdptnon xiiong tne, dk n Ty e ouvdptnone xilong oto xk xou xk 1o onuelo
evilpépovtog. ‘Etol ol yédodol avtiypdpnxoy xou €8¢ yia ohOTNTO, oxdpa XaL av YLot TNV Topolod epyosia
yenowonoLeitar wovo to oTordepd Priuct vy

2. Amewxoévior tng ouvdpetnong

H ouvdptnon ye tnv omola aoyohoduacTe otV mopoLoa epyacio elvon 1:
2 1 2 1
JF:R —>R,f($)=§$1 + 3z, = o (1)

Omov —10 < x1 <5 xaw —8 < xg < 12
Y10 mopoxdtey oy 1 QaiveTton 1 TELOOLAC TAUTY ATELXOVLOY) TNS CUVERTNOTC.
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ExAua 1: Ioapuen mapdoraon g f
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Ao 10 oynfua urmopolue TOAD €0x0AA VoL BLoxpVOLUE OTL 1) GUVEETNOT Vol XUETH 6TO GOVOAO TWV TEQLOPLOUWDY
e expovnone —10 <z <5 xaw —8 < 9 < 12. T var wdipoupe uiar xahbTeen aloUnom yio To mou Bploxeto
TO TOTXO EAGYIOTO NG f, TopaxdTe mopadéTouue €val Yedpnua pe Tig LooPapeic xoumiies g f.
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ExAue 2: Ioofageic tns f
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Ané o mapandve oyfua 2 gotvovton xan Yeapxd ol uixpéc xhiong mou Tapousldlel 1 GUVAETNOT XOVTA GTO ENG-
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xtoto onpelo (0,0). To Srypduparta yia ) uédodo dnuovpyolvton exteAmdvTog To apyeio Script 0 Plots.m

3. Meédodoc Méyiotne Kadodou ywplc neplopiopoile - Oéua 1

Eqgopuolovtag v pédodo péyiotng xadddou amd tnv mponyoluevn cpyaocio, ue axplBeia e = 0.001, yio o
BrAOTA Yk TNG EXPAOVNONG, TOEATNEOVUE OTL 1) LEVODOC GUYXAIVEL GTO EAAYLOTO YOl ULXEA V), EVE ATOXAIVEL YLl
HEYAAQ YE > 0.34. And Tic Soxiuéc gaivetar 6TL To onuelo exxivnong dev Tallel pdho xou Yot auTé emAEEUUE Vo
nopadéoovyue ta evpuatd pog ond to onuelo (5, —5), Yo avTinopaBohn Ue To ENOUEVO Briud TG EXPOVNONC.

Iteration for different v values

1000

900 [~ B

800 |- B

600 [~ B

500 - B

Iterations

400 B
300 - B

200 - 1

100 - o
.‘N.

EyxApo 3: Aouds eravatipewy pa Siapogetinés tpés vy, [Méporny Kddodog].

Enlone mapatnpodye 6t yior wxed v = 0.1 1 abyxhion elvon opahy), eV yia yeydho v, = 0.3 mopoucidlel
ToAdvToT xotd TNy olYxAo. Iopaxdtew oo oyfua 4 nopodétovue TNy Topelor GUYXALONG XU ATOXALONG Yid
TIC OLUPOPETIXES TUIES TOU Y.

3.1.  Modnuoatixn avdluon

Ta nopamdve arnoteréopata emBefoucdvovion xou Yewpentixd. o cuyxexpiéva yio ) cbyxhion tng peddédou
péytotne xad6dou 6mou to xde onueio unohoyiletar and TNV oyéon Tr+1 = Tk — YV (), TeENEL Vo
oy vouV:

1. H f va elvon xupth.
2. H f va elvan ouveyric xou dapoplowun xou 1 xhion tng unoloyiown.

3. T To Briwa umoloyiopol va Loy Vel 1 oyéon:

2
— 2
0<m <7 (2)

‘Onouv L 10 dve @pdrypa tne Lipschitz vy tnv xhion V f(z) (av elvar yvwoth), n onoio eivar 1 uéytot
Wwotn Tou Eoolavol xou divetan and tn oyéon:

(3)

I man{Amal‘(H(x»}’ H(z) = [92f($)]

9%1'933]'
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[5, -5]: Steepest descent v = 0.1 [5, -5]: Steepest descent v = 0.3
T :
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[5, -5]: Steepest descent v = 3 105 [5, -5]: Steepest descent v = 5 105
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SxApne 4: Yoyxoon s pedddov Steepest descent yia Siapogetid i

‘Etot vt 8| pog mepintoon éyovue: H xhion e f(z) ebvau:

of 2

of 244
Vi) = 57| = |
0x2 62
O Eoowavée nivaxac H(x) e f(x) eivau:
2 0 )
2 : 0
H@) = | 51 "5 =13

Ox20x1 %g

Ko egpdoov etvan Sioryhviog ot 18oTipée Tou elvan oL Tiég tne dlaywviou. Anlodmn:

2
2.0 0

det(H — M) =0 < det( 0 6-2

2 2
‘Etol and Tic e€lodoeic 3 xan 3 npoxdnTel TEMX:

1
0< <z
L 3

BXénoupe 6Tt amd v avdiuoy pog emPBeBordvoupe Tic TWéS mou Berxoye EUTERXE amd TNV EXTEAECT) TOU
ahyoplduou.
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3.1.1. Evahloxtixd

Av déhape va Bpolue to xpithplo alyxhiong yio To Bua i Eexweiotd yio T xdde Sido Taor Yo unopolcoue
vou YEWPHOOUPE Yo 30 XELTHELO TS Yiot Vo cUYXAIVEL 1) uédodog Va mpénel va toyLeL:

Trt1
T

<1

Anéd v napandve e&icworn npoxelnTel:

4. Médodoc Méyiotne Kadodou pe mpofBoin

ITpw mepdoouye oTic UTOhOLEG AmaUTAOES TG epyaociog Vo Yéhaue va mapadécovue xdmoleg TANEoYopies yia
Vv vlomoinon g pedddou uéyiotng xadodou ue teoBohn (apyelo: method SteepDesc  Proj.m). H ou-
VapTNo™ ATy BEYETU WS E(COBO TNV AVTIXEWWEVIXY] CUVEETNOT XU TNV CLVAETNOT xhiong xadde xal To onueio
exxivnone oy xau 1o Bripa si. Me ) BoRdeia tne ouvdptnone ProjectionPoint() molpvel tp®Tta TNV Teo-
BoA7 Tou x GTO BLACTNUA TWV TERLOPLOUMY AV AUTO YpELdleEToL Xow ENELTA EQPAPOLEL TOV oAy bpLko.
Avuto onuaiver 6TL uropel va yenowonomdel xar yio onueio exxivnong extéc Tou cLVOAOL TwV TEpLOPLoP®Y. O
ahyopriuog eival ToEOUOLOE UE AUTOV TNE TEONYOLUEVNS epyaciag Ue TN Slapopd 6Tt 1) diebuvorn dy, emhéyeTtan
and 1N oyéon:
dr, = Prx{xr — sV f(zp)} — g

Anhadn epapuolouye mpmTta TN uévodo uéyiotng xadodou pe BAua s oty xatebuvon —V f xo éneita mpo-
Bdhoupe to onueio oto olvoho X xan YeNoWonoolUE auTd S dleLYuVoT HE BrUc Y.

5. Meédodoc Méyiotne Kadddou pe mpoort| si = 5, v, = 0.5 - Oéua 2

Egopuolovtag tn uédodo yia axpifeia € = 0.01, s = 5 xan 75 = 0.5 €youvye:

i [5, -5]: Steepest descent proj sy = 5, v = 0.5
T T
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SxAra 5: Médodos péporne xadddov pe mpofory yia sy, =5, v, = 0.5.
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[Mopatneolue mog eved 1 u€Vod0C TAAAVTIOVEL X0 BEV CUYXAIVEL GTO EAIYICTO OTTWE Xal 7 avTioTolyM
EXTEAECT] TNG KEYLOTNG xaVOd0L yweic neplopiopols e To BLo k. Iapdha avtd duwe, N
TAAGVTWOT AAUPAvEL Y Wpo EVTOG TOU CUVOAOU TWYV TERLORLOUMY TNG EXPOVNONC.

6. Médodoc Méyiotne Kadddou ue mpofory| s = 15,7y, = 0.1 - Oéua 3

Egapuélovtag ) pédodo yio axeifBeia € = 0.01, s = 15 xou 5 = 0.1 €youpe:

12

[-5, 10]: Steepest descent proj s; = 15, v = 0.1

300
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| 50

x1

YxApa 6: Médodoc uépiorns xadédov ue mpofoln yia sy, = 15, v, = 0.1.

Eb¢) mapatneolue nog eved To v €xel emAeyel 0To elpog mou odnyel oe olyxAoT, To avtioTolyo Brua sy eivan
TOAD PEYEAO, Ue amoTéAEcUa 1) LEVOBOC VoL THAXVTWVEL X0 TdAL. AUTH T Popd w6VO GTOV dEova Ta.

7. Meédodog Méyiotne Kadodou pe mpoorr s = 0.1, = 0.2 - Ocua 4

Apyind napatnpodyue twg to onuelo Sev eivon eixtd, xordidg elvor EXTOE TOU GUVOAOL TKV TEPLOPICUWY TNS EXPE-
vnong. Auto BéBoua Bev og anoTeEnel and TNV EQapUoYT TS Uedodou, xadmg apyixd utopolue vo tpodhouue
10 onueio 610 GUVOAO X VoL EQUPUOCOLYE TN WEY0B0 énettar. AxOua, auTh TN Qopd oL THWES TWV BNUSTWY Sk, Vi,
€youv emheyel uéoa oto €0pOC Yiat T0 omolo €YoupE GUYXALOT), ETOUEVWS avaévouue 1 uédodog va cuyxAivel
o710 ehdyloto. Egapudlovtoac ) pédodo yio axpifeia € = 0.01 éyouye:
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X2

12

8. Yuunepdopata

[8, -10]: Steepest descent proj s = 0.1, v = 0.2
T T

10 -

YA 72 Médoboc péporne xadddov pe mpoforn yia
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