APIXTOTEAEIO
MANEMIZTHMIO
\esr>’ OEXZXAAONIKHZ

Turuo HMMTY. Topgoac HAextpovinrc

Teyvixéc Behtiotonolnone

3n Epyaoctneiaxr Aoxnon
MegUodoc Meyiotng Kadosdou pe IlpoBoA7

Aibdoxovres:

Yvvrdxrng: I'. PoPuidnnc
Xpnotoc Xoutoupldng rovithak@auth.gr
AEM:8997

cchoutou@ece.auth.gr ©. Agpopdln

taforozi@ece.auth.gr

3 Aexeyfplov 2024


mailto:cchoutou@ece.auth.gr
mailto:rovithak@auth.gr
mailto:taforozi@ece.auth.gr

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.


https://git.hoo2.net/hoo2/OptimizationTechniques/src/branch/master/Work%203
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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. ©fua 1 - Mébodoc Méyiotne Koadddou ywpic meptopiopoic

Egopuélovtag v wédodo yéyiotng xadodou amd tnyv mponyoluevn epyaocia, ye axelfBeia € = 0.001, vy o
Brivota v, TN EXPOYNONG, Topatneolue OTL 1 L€0odog cUYXAIVEL GTO EAAYLOTO YLol UXEA Y EVH XTOXALVEL
Yo peydAa v, > 0.33. And g doxég galvetan 6Tl To onuelo exxivong dev mallel poho xan Yo aUTO
emhé€ape vo Topardécoupe ta eupHUaTd pog and To onueio (5, —5), Yl avTinopaBolf pe To endUEVo BAua Tng
EXPOVNOTC.

Iteration for different + values
1000 .
900
800 - i
700 - .

600 [~ b

500 - B

Iterations

400 -
300 - b

200 - B

100
.\......

EyxApa 3: Apiuds eravalpewy 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 olYyxAo. Iopaxdtw oo oyfua 4 nopodétovue TNy Topelor GUYXALONG XU ATOXALONG Yid
TIC OLUPOPETIXES TUIES TOU Y.

3.1.  Moadnuotey avduor

Ta nopamdve arnoteréopata emPBefoucdvovion xou Yewentixd. Ilo cuyxexpiéva yio ) cOyxhion tng pedddou
péytotne xad6dou 6mou To *dde onueio utoloyileton and Ty oyxéon Tr+1 = Tk — VeV f(Tk), TEENEL Vo
loyVouV:

1. H f va elvon xupt.
2. H f va elvan ouveyhc xou daoplown xou 1 xhion tng unoloyiown.

3. T to PBriwa umoloyiopol va Loy Vel 1 oyéon:

2
— 2
0<m <7 (2)

‘Ornou L 10 dve gedypa e Lipschitz yio tnv xhion V f(x) (av elvar yvowoth), n onolo etvar 1 uéylot
Wty Tou Eoclovol) xou diveton and tn oyéon:

L= mfx{)‘mam(H(x))} (3)
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5 _5]: S 4 des — 0.0
[5, -5]: Steepest descent v = 0.1 [5, -5]: Steepest descent v = 0.3
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SxApne 4: Yoyxoon s pedddov Steepest descent yia Siapogetid i

‘Etou vt Suehy pog mepintwon 1 xhion e f(z) eivou

@ = |37 | - |57
Vix)=|%| =
T2 6:122
O Eoowavéc nivaxac H(x) e f(x) eivau:
82 f 82 f )
it A i 2
H@) = | 51 "5 =13
Ox20x1 Bixg

Ko egpdoov ebvan Siorydviog ot 18loTipée Tou elvan oL Tiég tne dlaywviou. Anlodn:

2
2.0 0

det(H — M) = 0 < det( 0 6-2

2 2
):0<:>(3—A>(6_)\):0<:>)\mm:37 )‘maxzﬁ'

‘Etou ané tic e€lodoeic (2) xa (3) mpoxdnter tTeMnd bt % = Wiz = % X0l ETOUEVKCS Yiot 6UYXAOT TS HEYOI0U
TEETEL VoL Loy VEL:
1
0< Y < g (4)

BXénoupe OTL and TV avdAUGY| Mg, 1) TYH TOU BEAXOUE EUTELRLXS VLol TNV OmOXAICT antd TNV EXTEAECT) TOU
akyoplduou yio o v > 0.33 emPBefoucyveTan.

Enilong o yeyovdg 6Tt o Ecoiavog elvon dlaydwviog, pog divel eniong mhnpogoplo 6Tu:

4
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e H Both A = % EQOPUOOUEVT 0T oyéon (2) pac divel:
0<% <3 (5)

mou elvon 1 TN yioe TRV omola 1 u€Yodog cuyxAivel 6T BldoTaon T

e H WBotwh Az = 6 egopuoouévn ot oyéon (2) pog divel:

1
0<’Yk<§ (6)

mou elvon 1 T yioe TV omolo 1) wéYodog cuyxAivel 6T SldoTAUON T2

Evodhoxtixd
Av déhape va Beolue to xpithplo alyxhiong yio To Bua vk Eexwelotd yio TV xdde Sido Taor Yo unopolcoue
VoL YEWPHOOUIE LOOBUVOHA UE TNV TURATAVE otvaAUOT), TS Yiot Vo oLy XAivel 1 uédodog Vo mpémel va toyLeL:

Th41
Tk

<1

And v napandve e&iowon mpoximTel TaAL éva UG THUO EELOWOEWY Yiol TNV xdde BidoTaon:

2
T1k — 5VkT1Lk
—— | <1 9
1 ‘1—3% <1 0 <, <3
& 1
_ 0< < =
Tok — 6pT2 K <1 I1— 6| < 1 <3

T2k

ITou emBefoucivel TNV TEONYOUUEVT AVIAUGT HAC Yiot T CUVOAXT GUYXALOT, aAAd xan yio TNV xdde didoToom
EeywploTd.

4. Mévodoc Méyiotne Kadédou pe mpofBoin

ITpw mepdoouye ot UTOhOLEG amauToElS TNe epyaoctiog Vo Yéhoue va napadécouue xdmoleg TANEoYoples yia
™V vlomoinon g pedddou uéyiotng xadodou ue teoBohn (apyelo: method SteepDesc  Proj.m). H ou-
VapTNom auTy| BéxeTol we ElC0BO TNV AVTIXEWWEVIXY CUVEETNOT XU TNV CLVAETNOT xhiong xadde xaL To onueio
exxivnone oy xau 1o Bripa si. Me ™ BoRdeia tne ouvdptnone ProjectionPoint() molpvel tp®dTa TNV TEo-
BoAY| Tou x}, 0T0 BIACTNUA TKV TERLOPIOUWY AV UTO YEEIALETAL Xl ENELTA EQAPOLEL TOV aAYOpLOO.
Autoé onuoadver 6t umopel va yenowtonowndel xan yior onueia exxivnong extég Tou cuVOLOU TV TEpLOEIoUOY. O
ahyopriuog elvar ToEoUOlog UE aUTOV TNE TEONYOLUEVNS epyaciag Ye TN Slapopd 6Tt 1 diebuvor dy, emhéyeTtan
and 1N oyéon:

dp = Prx{l‘k — Ska(CL‘k)} — Tk =Tk — Tk
O TEAXE €Y OUUE:

Th1 = T + Yd

Anhadn epopuolovye tpmta TN uédodo uéyiotng xadodou pe BAua s oty xatebduvorn —V f xou éneita mpo-
Bdhoupe to onueio oto ghvoho X xan YeNOoWOTOUUE auTo WS diebduvon pe Briuc Y.
A&ilel va mopatnefiooude Twe av To omueilo z; €lvol EVIOE TOU CUVOAOU TEPLORLOUWY TOTE 1)
TeoPoly| Tou onuelov 6To cUVoho, elvan To (Blo To onueio xal €ToL:

Tpp1 =k + e (Prx{ze — sV f(zk)} — xk)
=z + vk (2 — sV (k) — k)
=z — WSk V f(7r)
= a1, — %V f(zr)

5
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BAémouye howndyv 6T yio onueia ecnTEpiXd ToL X, €YOUUE OLCLACTIXA TN P€V0BO NG UEYLoTNG Xxadddou pe Brua
Ve = VkSk- E@boov bume yio un e@uxtd onueia, mew egappdoovye T wéVodo, to TEoBAAOUUE 0TO GUVOLO TKV
nepoplopmy X, Prénovpe o N wéBodog tehixd npooeyyilel TN péyiotn xddodo pe BAna v,
mov eivor xat To BAUA Yit TO OTOl0 EAEYYOVUE AV LOYVOLY TA XELTHELL CLYXALONG.

5. ©épa 2 - Xnuelo (5, -5), sy = 5,7 = 0.5

Eqgapuélovtac tn uédodo vy axpifeto € = 0.01, sp = 5 xou v, = 0.5 éyovye 7, = 2.5 > %, dpa To %ELTrELO

cUyxAong dev mAnpeiton.

12

[5, -B]: Steepest descent proj sy = 5, v = 0.5

10 -

x2

x1

250

200

150

100

50

SxApra 5: Médodoc pépiorne xadédov ue mpofoln yia s, =5, v, = 0.5.

[Mopatneolue mog eved 1 u€Vodog TAAAVTIOVEL X0 BEV CUYXAIVEL GTO EAIYICTO OTTWE Xal 7 avTioTolyM
EXTEAECT] TNG KEYLOTNG xaVOd0L Yweic neplopiopols e To BLo k. Iapdha auvtd duwe, N

TAAGVTWOT AAUPAvEL Y Wpo EVTOG TOU CUVOAOU TWYV TEPLORLOUMYV TNG EXPOVNOTC.

6. Ofpa 3 - Xnueio (-5, 10), s, = 15,7, = 0.1

Eqgopuélovtoac tn uédodo yio oxpifeto € = 0.01, s = 15 xou v = 0.1 éyouye 7, = 1.5 > %, dpa To %ELTrELO

cUyxhiong dev Thnpelton X TAL.
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[-5, 10]: Steepest descent proj s = 15, v = 0.1
T T

12

300

250

200

150

S I L 50

x1
ExAue 6: Médoboc uépotne xadédov pe moopor yia s, = 15, v, = 0.1.

Ko €8¢ mopatneodue mwe eved To g €xel emheyel Yewpntixd oto ebpog mou odnyel oe ablyxAior, To aviioTolyo
Brua si eivon TOND peydho, pe amotéheoua To YWOUEVS Toug 7, = 15 % 0.1 = 1.5 cuvolxd vor pnv mhneoi
0 xprThpto v, < 3 xou 1 uédodog var TohavTAhVEL xau AL AuTH TN Popd ubvo ooV dEova za. Auté Béfoua
e€nyelton amd TNV ToEATEVL avEAUGTH xodie BAETOVUE Twe EVE To Ywopevo 1.5 dev mhnpol Ti¢ Tpolnodécelg
yior oUYxAon, Thnpol duwe T tpolnodéoelc tne ediowone (5) pe anoTéheoua Vo TUAAVTHOVEL HGVO GTOV dZova
x2 Auto Quowd etvon ahnéc xou Yo T Tponyoluevn TepinTtwon émov to ;. = 5 * 0.5 = 2.5 xou 6mou AL 1

oUYXAON ATaY PEELXY|, HOVO Ylal TNV OLAC TACT| Z1.

7. ©épa 4 - Enuelo (8, -10), s = 0.1, = 0.2 - ©Oépa 4

Apywd mapatneolue mwg to onueio dev slval €@LxTd, XS elvor €XTOC TOU GUVOLOU TWV TERLOPICUNDY
e exQOVNong. Autod BéRoua Bev pac amoTEETEL and TNV EQUPUOYY| TNG HEVOBOU, xS dpyIxd UTOopOUUE Vo
Teofdhouye To onueio 6To GUVOAO xou Vo eQopuOcoLUE TN éV0do €meita. Axdua, auTH TN QOpd oL TWES TWY
BrudTwy sk, Y, Exouy emheyel péoa 0o €0pOg Yiol To omoio €youue olyxhion, xadog: v, = 0.1x0.2 = 0.02 < %,
enopéveg avopévoupe 1 pédodog va cuyxiivel oto edytoto. Egpapudlovtag tn uédodo yio oxplBeio € = 0.01
€Y OULYE:
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i [8, -10]: Steepest descent proj s; = 0.1, v = 0.2

10} ] i ] . . N

300

X2

250

200

150

50

IxAua 72 Médoboc pépotne xadddov pe mpofor yia s, = 0.1, v, = 0.2.
‘Onou BAénovpe nwe N pédodog cuyxhivel emPBeBoumdvovias TNV ToEATAVEL oVEALG).

8. Xuumepdopata

H yédodog péyiotne xadddou, ye xar ywels TpoBolt, mopouctdlel TiC AVOUEVOUEVES CUUTERLPOREC GUYXAONG
avdroya pe TV emAoyr tou BAuatog vi. o tnv meplntwon yowpeic meofoln, emBeBaucdinxe Yewpntnd xou
eunelpd 6Tt N uédodog cuyxAivel uovo dtav to i Beloxeton evidg Tou edpoug mou opileton amd TNV avdAUOY)
¢ Lipschitz otadepdc, dnroadh 0 < i < % Emnmiéov, mapatneridnxe nwg yio ueyalltepeg TWéCy, 1 wédodog
amoxhivel, OTwe TpolBAéneTan amd TNV padnUoTiX? avaAvoT).

Avtiotowa, yio ) p€dodo pe mpofBohy), amodeviETAL TS TO XEITHElo oUYXAoNe eaptdtal and Tov cUVOUN-
oubd tou si (B avtideto oty xatehuvon e xhiong) xow tou v, (BAua xatd Ty npofolf). H avdhuon
emBefainoe 6t n pédodoc npoceyyilel TN uédodo ywelc TEoBoAn Yo e@uTd onuela, €V YioL un QT onuela
e€aoahilel 6Tl oL BLadoyIXES TEOCEYYIOELS TUPUUEVOUY EVTOS TWV TEQLOPLOUMDY.

Télog, péoa and ta mopadelyuota, avadelydnxe n onuocia TS owoTAS EMAOYNC TV TOURUUETEWY Y XL Sf VLo
TN oLVOAXT o ToeEOTNTA Xou GOYXALGT] TNE HEVOBOL, xadMS X 0 TEOTOS YE TOV OTOLO 1) AVAAUCT) TOV LOLOTYLCY
Tou Eooclavo) emtpénel TNy xohdTepn XATovONoT TNS CUUTERLPORAS TNG UeYod0U.
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