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1. EmxArorg

H ropoloa epyascia agopd to mpdfinuo Tng ehayloTtonoinong Wac SoouEVNE CUVERTNONS TOAAGDY UETUBANTOY
[ R" = R ywplc nepropiopole. o 1o oxond autd xdvouue yenorn teiwy puedddwy. Tng uedoddou uéyiotng
xa96dou (Steepest Descent), tne uedddou Newton, xou tne Levenberg-Marquardt. Axduo yia xdde pio and
auTég Vot UNOTIOLACOUUE TEELC DLUPORETINES TEYVIXES UTIOAOYLoUoU BruaTtog.

2. IIAPAAOTEA

Tao nopadotéa Tng epyaciog anotehodvTol anod:
e Trv mapoloo avapopd.
e Tov xatdhoyo scripts/, tou nepiéyet Tov xMdwxa tne MATLAB.

e To clvbeopo pe 1o anodetriplo mou nepléyel 6ho to project ue tov xwdxa e MATLAB, tne avagopdg
X0l T TOPUOOTEA.

3. IIPOrPAMMATISTIKH IIPOSEITISH

[o Tov mpoypaupaTiond xou EXTEAEST) TV PHEVOBLY TNe Tapolcas epyactac €ytve yeron tne MATLAB. Ytov
xatdhoyo scripts, mepléyovion OAeg oL uEY0d0L xou OL TEYVIXEC UTOAOYIOHOU BNUdT®Y UE TN LORPT| CUVAPTACEWY
x9S xou scripts mou tic xahovv. Do xdde pio pédodo (éva Yéua tne epyaoioc), undpyel To avtiototyo script
TIOL TEPLEYEL TOUC UTOAOYLOUOUG, TIC XAHOES TV HEVOOmY xaL T dnuoupyia Twv darypauudtony. o to npnto
Yéuo o apyeio Script 1 Plots.m yio to 8ebtepo to Script 2 Steepest descent.m xon 00t xodedng. Xtny
TapoLoa pyacia 1) LAOTOINGT Tou WO oxohoulel TNV TEX VXY TNG TEONYOUUEVNS epyaciag xou “opadonolel”
apxetéc Aertovpyiec. Ilio ouyxexpéva.

3.1.  Khfon pedddwyv emhoyhc BAuatog i

Aedopévou ot oL uédodol Yo TEETEL Vo XIAECTOOY Xl EXTEAECTOOV UE TOUQOTAVE and Wla TEYVIXY ETAOYNC
BruaTog vk, OnuoupYRoouE EcWTERIXA TNE xde uedddou €va xowd interface yia tic pedddoug emhoyrc friwatog.
Auto éyel n poppy: gamma_ <method>(f, grad_ f, dk, zk), 6mou 1o f elvon 1 avtixeluevny cuvdptnon,
grad f n cuvdptnon xilone g, dk n Twn e ouvdetnong xhiong oto xk xou xk to onuelo evdlagépovtog.
[ty xdde pla and autég dnuiovpyroaue Eexwpelo T ouvdpeTNnon tou ulornolel To Tapandve interface. Mio yio
otadepd BAua, pio yio emhoyy| Buatog tou ehaytotonolel TNV f(zk + Yidy) o pio pe tn uédodo Armijo. Ia
TNV eTA0YY) ot XhYjom Twv pedddny emhoyhg Buatog eloaydyaue pio véo tapdueTteo string mou yenoiuonoieiton
o¢ enumerator xou pe Bdon auvth yiveton 1 ey emhoyh. ‘Etol yia mopdderypa n xhion method_newtown(f,
gradf, [0, 0], 0.001, 1000, ’armijo’) vhomowel tn pédodo newton yenowwomowdvioac tn wéYodo Armijo yia
emhoyh PAuotoc eved | method_newtown(f, gradf, [0, 0], 0.001, 1000, 'minimized’), ypnowonoiel Brua mou
ehaytotonotel v f(xk + Yrd).

3.2.  Symbolic expression functions

Mio acoun mpoypoppatioTixy) tTexvixr mou axoloudrinxe ebvar 1 yprion symbolic expression yi v avo-
TUEAC TAOT) TWV OLUPOPETIXDV AVTIXEWUEVIXOY CLVORTHCEWY. O Adyoc mou emAéyUnxe elvar 1 BLVATOTNTX
eZaywyhe evéog symbolic expression mou avanapliotd tTny xAion Vf xou tov Ecowavd V2 f
mag ouvdetnone and v MATLAB, xdvovtag yeron twv eviohov gradient() xon hessian(). Av avti-
YeT YPNOWOTOL0NCOUE ATAEC GUVORTHOELS, ToAUGYLUA 1) lambdas Yl TNV avamopdo TooT TV AVTIXEWIEVIXWOY
CUVOPTHOEWY, TOTE YId TOV UTOAOYLOUO NS xhiong xou tou Eoolavo) Yo énpene:

e Eite va umohoy(loye aprduntind Tic mopoywyoug gradient xaw hessian péoo otic peddédoue, xdtt mou Yo
elonyaye aypelaoro aptduntixd opdiua.


https://git.hoo2.net/hoo2/OptimizationTechniques/src/branch/master/Work%202
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e Eite vo xdvope yeron 600 emmAénv GUVAPTAGE®Y (1 TOAUWVOUMY) YIoL TNV OVOTOEAC TOOT) TOUG, XATL TOU
0LoLIG TS Vo BnuLovpyoloe TAgovaoud TAnEopopias £Lod8ov xou dpo Yeyohltepn miavotnTa va
x&vouue Addoc.

7

H avanapdotaon ouws ye yeron symbolic expression eivon mo “Bopid” dtav ypeidletan vo uTohoylcouUE TNV
TWA pag ouvdptnone oe xdmowo onueio (subs(expr, number)). Autéd eivon xdtt mou ypeldleTon EXTEVHS GTOV
2xWOWE pog. ot 1o Adyo autd, eved 1 cuvdptnon divetow wg symbolic expression, pyéow authc unoloyiCovton
autépata n xhion, o Ecotavoc ahhd xa ot “xavovixés” ouvapthioeic MATLAB nou tic ulonoolv. ‘Etol éyouue
™V axe3) avamapdoTacy tng xAlong xo Tou Ecolavol wg cuvapThoelc Ywelc vor TANeOVOUUE To xOGToC TNG
subs().

4. ANEIKONIZH THY SYNAPTHIHY - OEMA 1

H ouvdptnon ye tnv omola acyoloduacTe otny mopovca spyaoio elvol 1:

2 2

¢ (1)

Y10 mopoxdtey oy 1 @aiveton 1 TELOOLAC TUTY ATELXOVLOT) TG CUVRTNOTC.

f(x,y) =az°-e”

0.8

""II""W

iy I' XS
;;;,/,/////':,, 'ow. 02

f(x, y)

-0.8

Eyxfpo 1: oo nopdotoon g f

And to oyfua unopolue moAD edxolo var Sloxplvoupe OTL 1) cuVdETNOY €xEl EVa EUXEIVEC PEYLOTO Xou €val
eNdyoto oto ddotnua &,y € [—3,3]. T va ndpoupe wo xahbtepn aiodnon yia to Tou Beloxovion autd ta
TOTUXS OXEOTATAL, THEAUXATE ToPAIETOVUE €var Yedpnua e T LooPapeic xaumdiee tne f.
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Sxhua 2: Ioofopelc tne f

Ané To mapandve oyfua 2 gaivetan 6Tl To eAdyioto g f BeloxeTton oTo apyNnTIXd NuETiNEDO TV ¥, XOVId GTO
y=0
To drorypdupota yioe T uédodo dnuloupyolLvTon extelmvtac to apyelo Script 1 Plots.m

5. TEXNIKET YTHOAOTIZMOY BHMATOY

ITpw mpoyweHoouUe oTa EMOUEVE VEUATA TNS EPYUCIAS X OTNY AVAAUOT) TV HEVOBWY UTOAOYIOUOU TOU EAL-
Yo T0U, VENOUUE VoL avapepVOUUE OTIC BLUPOPETINES TEYVIXES ETULAOYNC PBAUATOC Y Xou EWBXOTERO Yol ALTYH TNG
ehaytotonoinone e f(xg + yidy) xou tnv Armijo.

5.1. Elaylotonoinon e f(xk + Ydy)

H pédodog awth avalntd v Ty1 7, TOU EAXYIOTOTOLEL TNV T TNS CUVIETNONG XoTd Uhxog e xatebuvong
dj, (apyeio: gamma minimized.m). Ankad¥, Aovoupe 0 pHovodLdoToTo TEGBANUL:

min v {f(xr + yrdi)}

H »otedduvor dj, punopel va etvou:
o H opvnuunh xhion —V f(x) (Steepest Descent).
e H Newton direction —Hy, 1V f(xx) (Newton xo Levenberg-Marquardt).

[Theovexthpata tng pedodou eivon 1 axpifera, xadng to Briua v, unoloyileton pe BéltioTo TEOTO YLoL TN
ouyxexpévn xotebduvon xa N YeRyoen oLYXALoT, ewixd ot tpoAuata 6mou 1 f(x) elvon xaumuAwT
UE Yk ETOXEBOC OPLOPEVO. 2T UELOVEXTAUITA UTOPOUUE VO AVUPEROUIUE TO UTTOAOYLO TIXO XOCTOG, XK
0 LTONOYIOUOG TOU 7 amoutel Tolhamhéc afloloyfoec e f(x).



Teyvinéc BeAtiotonoinong 2n Epyaotneloxy| Aoxnon

5.2.  Armijo rule

H Armijo rule elvon wa mpocapuootiny| Texvixy] mou emAEYEL TO Y Yo vou e€ao@ahioel emopxy| pelwon g
2,79

ouvdptnong (apyeio: gamma armijo.m). H Paocwr 18€a elvon 611 1) cuvdptnon mpénel vo uewhvetan "apxetd
oe xqe Brua, ywels va yeetdleton va utohoyileton to axplBéc eldytoto. H ouvidixn tou Armijo etvou:

f(xr + di) < f(xk) + ovide” V f (x1)

Onov o € (0,0.1) eivor po otodepd (tuuxd o = 0.1) xou Yg cpyxd vo opiletor w¢ 1 xar vor YetdveTo
TEOOBEUTIXS (T.)., Yk = B * Vi) éwc bTou xavomomdel n cuvdixn.

ITheovextruata e pedodou eivan n otardepdTnTa, xadd anoteénet ToA) ueydio Bruata mou umopel va
avéhoouv v Tl e f(2), 0AAE xou 1 aevBEXTIXNOGTN TR, XM AEtTOLpYEL XOAd oxdua xan 6tay 1 f(x)
dev ouumepLpépeTal TOMD XA, XTol UELOVEXTAUNTA UTOPOVUE VO ovopépoude TNy €EAeTNOY Tng and Tig
TAPAUETEOVG 0 Xl B, Wa Xax?] ETAOYT TV OTolv UTopel Vo 0dNyHoel oe apYY oOYXALoN.

6. MEeoAOr MErsTHY KAGOAOT - OEMA 2

H npdtn uédodoc mou yenowomootue otny epyooia, eivon 1 uédodog péyiotne xadodou (Steepest descent)
(apyelo: method steepest descent.m). Eivar pior uédodoc mpidytng téd€ne mou yenowwonoiel v xoted-
Yuvon e apvntixrc xhione Vf(z,y) e f oc xatediuvon xodddou. H pébdodoc Yewpeltan Baownr xow cuyvd
yenowomnoLeital wg eloaywYr ot uedodoug Bertiotonoinong.

H pédodoc emréyer tny xatebduvon d, = —V f(z), n onola elvan 1 xotehuvon tne uéylotne Tomxhc pelwong
NS OLVAETNONG. LT CLVEYEL, uTohoyileTon To Brua v yio va Beedel To enduevo onueio T = Tk + Vidi-
[ vo ypnowonojoouye tn pédodo, 1 cuvdptnon f meener va eival cuveXNE xou diapopiolun
xar n xhon Vf va elvow umohoylowr. Ernlong yi tnv egopuoyyr e uedodou, Yy 1o apyixd onueio da
npéner Vf(xg) # 0. Ohot o vnohoyiopol xan o dorypdppata vy ) uédodo PBeloxovton oto opyeio
Script 2 Steepest descent.m

6.1. Xnuelo exxivnone (0,0)

Mot to onueio (0, 0) n xhion e f eivan: V£(0,0) = [0

0] , € anotéheoya 1 w€Yodog Vo unv unopel v eQapUloo Tel

yia xavéva TeoTo utohoylouol BAuatog.

6.2. Xnueio exxivnone (-1,1)

0.4060
0.2707|’

[t to onueto (-1, 1) n A e f ebvan: f(—1,1) = —0.1353 xou to didvuopa tne xhione: V £(0,0) = [
EMOPEVOC UTOPOVUE VoL EQapUOcoupe TN uédodo.

Yradepo Briua

Emkéyovtoc axpifewa € = 0.0001, extelolue v puédodo method steepest descent() xan unohoyiloupe Tov
optdud emavohAPewy yia BlaPOpETIXES TWES V-
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Iteration for different v values
300 : ; = ey

200 B

Iterations
=
w
o
T
L

100 » .

ExAue 3: Apidude enavoridewy v Sroupopetixée tpés v, [Méyiotn Kédodoc.

Y10 nopamdve oyfua 3 Topatneolue 6Tl yia TéS tou v > 0.61 n pédodoc amoxhiver. And tnv mopoamdve
daduxacio enlong utohoyiloupe t0 v = 0,46768 yia To omolo N uédodog cuyxhivel e ta Aydtepa Briwata. Xto
TaEaxdTw oy 4 avanaplo Todue TNV Topeia TwV oNUelny xadde cuyxhivouy 6To eAdyLOTO.

[-1, 1]: Steepest descent v = 0.46768

T — 0

151 B 4-0.1

1k —— . -0.6

151 . 0.7
2 1 1 1 1 | 1 1 1 1 -0.8
2 1.8 1.6 14 12 -1 0.8 0.6 0.4 0.2 0

EyxAure 4: Toyxhon e pedddou Steepest descent [fixed .

E)ayiotonoinon e f(zx + yedi)
[o v ehayiotonoinon tne f, yenowwonomidnxe 1 bisection and tnv nponyoluevn epyacia, n onola TpomonoL-
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fnxe wote 6€yeTon functions xou 6yl symbolic expressions.

[-1, 1]: Steepest descent minimized f(zy + vidy)

-1.5

-1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4

-0.2

-0.8

EyxApa 5: Loyrdhion tne uedddou Steepest descent [minimized f].

And to ypdenua gaivetar T6G0 6Tl 1 LEY0B0G GUYXAIVEL XOVTA GTO EAGYLOTO YENYopdTERd, OGO XU OTL TEAY-

uatonolel “dioptncelg mopelog”.

Armijo rule

[ot T wédodo 1 Baocuxn Wéa elvon vo Eexvioet 0 ohyoprduog amd éva UEYANO v, = 1 o CUVEYDC VoL UELWVETOL UE
Bdon tov xavova Armijo. Metd and éva tuning towv napapéteny tng wedodou xatohiloue oto S = 0.4,0 = 0.1
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[-1, 1]: Steepest descent Armijo method

2 T T T T T —0

15F- b 1-0.1

Sy 6: Loyxhon e pedddou Steepest descent [armijo rule.

Y0yxplon
Y10 mopodTtey By paupa @atvovtan o Bruata ahhd o pudude clyxhiong TN xdde pedodou.

T
el
(9]
x -
=
4y N & &
7 8 9 10 11
& T T T
1 = -
el
O
N
€
£05[ i
=
0 | | & & &y & &
1 2 3 4 5 6 7 8 9 10
Step
® T T T T T
1 | - —
2
g 0.5+ —
<
0 | 1 p2y N oy N oy oy
1 2 3 4 5 6 7 8 9 10 11
Step

Iy 7 Buxdeideto andotaon and 1o ehdyoto yio xdde pédodo vnohoyiopol v, [Steepest descent].
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6.3. Xnuelo exxivnone (1,-1)

0.4060
0.2707|’

Mo to onueto (1, -1) n A e f ebva: f(1,—1) = —0.1353 xou to didvuopa tne xhione: V f(0,0) = [
EMOUEVWC UTOPOVUE VO EQUPUOCOUUE TN U€V0DO.

Yradepo Bripa

[ otadepd Bhua exteléoope Swadoyixd t wédodo method_ steepest descent() yio vo. unohoyioouue tov aprdud
enavohiPewy yior SLPoRETIXES TWES Y, OHWS Ot xolor Ty 0 akyderduog Bev xatapépvel var auyxhivel. Axdua
O VL0 UEYOAES TWES BriUatog, Omwe yiar Toedderyua v, = 1, 0 ahyoprduog eyxhepiletar oo 6edld nuieninedo,
OTKC PALVETAL X0 GTO OLAYEOUUO 8 ToUEAXATE.

[1, -1]: Steepest descent v =1

2 — 038
151 .
P B 4 0.6
- e — T _
1k \\ / S S 3
/ / _ o \\1
\ / // s |
05 \ I 4 0%
/ [
[
> 0f [ ( v
|
SR 0.2
05F L N - 4
NN N )
\\ N
NN
| / W/D 1 ]
/ N§ ~— P
st B e
0.2
2 I I I I
1 0.5 0 05 1 15 2

ExAuor 8: Mn olyxhion tne peddédou Steepest descent [Fixed step].

E)ayotonoinon tne f(zk + Yidi)
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[1, -1]: Steepest descent minimized f(x) + yxdy)

. — 0.8
15+ | i
- H0.6
| H04
0.2
. 0
I ] 0.2
| 0.4
| 0.6
3 L | 1 1 1 | 1 -0.8

ExAue 9: Loyxhon e pedddou Steepest descent [minimized f].

[ umoloyioud Puatog ehayiotorowsviag t f(zg + Yrdy), Omwe goiveton xan and to yedpnuo 9, n pédodog
OUYXAVEL, XOTAPEEVOVTAC VO TEQAOEL TNV TERLOY T UE UNOEVIXES XALOE XOVTd GTOV dEova TwV .

Armijo rule

[1, -1]: Steepest descent Armijo method

0.4

-0.5 -

Sy 10: Mn olUyxhon e pedddou Steepest descent [armijo rule.

Avtideta n yédodog armijo dev ouyxhivel, xododg xou auTH eyxhwPBileton 6To 66 NUIETTEDO.
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7. MEeoAOr Newton - OEMA 3

H Bedtepn pédodoc mou  yenowomowoluye oty epyooia, elvar 1 pédodoc Newton (apyeio:
method newton.m). H pédodoc yenowonoel mhnpogoplec deltepne t4éne (Eoowvd - Hessian) yua
™ Beltiwon e xateduvong xadddou. H pédodog opiler tnv xateduvon

-1
dip = —Hy~ "V f(xr)
‘Onou Hy, eivar 0 Ecowavée nivaxoc e f oto x. To enduevo onuelo urnoroyileton we
Tr41 = Tk + Yrdr

O unoloyioude Pruatog yiveton mok eite pe otadepd Brua, eite ye ehaylotonoinon e f(xr +vkdr), €lte ye Tov
xavova armijo. i vor Aettoupyrioet 1 uédodog, n f mpénel va eivan 800 popég drapopiowun xa o Ecolavog
Hjva elvon 9TiXdt OplOUEVOG Kol AVTLO TEEPLULOG.

Yta mheovexThuata TN pedddou eivon 1 Tary OTEET cUYXALoTM and v Steepest Descent yio xUpTéC cuvaE-
THOELC XL TO YEYOVOS OTL EXUETOAAEVETOL TNV TANEOYOopia xamLASTNTAG g cuvdptnone. Oung elvar
UTIOAOYLO TIXS Bamavner] xou BV Elvon avUEXTIXT) OE U1 XUPTEC CUVAPTNOELS 1) OF TEQLITWOELS OTou o Eootavog
elvon xoxo oplopévos. ‘Ohol ol utohoyiouol yio T pédodo Beloxovtou oto apyelo Script 3 Newton.m

7.1. Xnpelo exxivnone (0,0)

8] xoL o ecolavée H(xy) = [8 8] UE aTOTEAECHOL

1 U€Yodog xou €06 Vo Unv unopel var eQapuocTel Yiol xavéva TeOTo UTOAOYLIoUOL Briuatog.

[a to onuelo z = (0,0) N xhion e f ebvan: V f(xg) = [

7.2, Ynuelo exxivnone (-1,1)

0.4060
0.2707

xou o eoowwoe H(zy) =

INa to onuelo zp = (—1,1) n xhlon e f ebva: Vf(zg) =

. And Ta mapoamdve npoxUntel twe o Ecowavoe elvan ao-

—0.2707 —08120[ o . |-1.0827
—0.8120 —0.2707| Y& OOTHES A= 05413

ploTog %o Gpar Oev unopel va e@apuooTel 1 u€dodog, Yio xavéva TpOTO UTOAOYLOUOU Briuatoc.

7.3. Ynpeio exxivnone (1,-1)

0.4060

0.2707

, 0.2707 0.8120
xau o ecotavoe H(xy) = 0.8120 0.2707

Mo to onueio o, = (1, —1) n xhion e f elvow: V f(xg) = [

—0.5413
1.0827

unopel v epappoctel n uédodog, yia xavéva TeoTo UTohoYlouol Bruatoq.

. Kou €8¢), amd to mapoandve mpoxintel nwe o Eootavde elvar adplotog xo dpo 0ev

UE WOWTWES A = [

8. MEeoaor Levenberg-Marquardt - ©OEMA 4

H tehevtala pédodoc mou yenowonowlue oty epyaoia, eivar 1 uédodoc Levenberg-Marquardt (apyeio:
method lev mar.m). Ipdxeitan yia yior tpomonomuévn éxdoon tne puedddouv Newton, n onola ewodyet évory
Tapdyovia anéoleong yia TN otadeponolnon dtav o eoclavog dev elvon Vetixd opouévog. INa to Adyo autod
xenowomnotelton évog mpoocapuoouévoc ecotavoc H] = Hy + prl, 6mouv pg > 0 évac napdyovtog, téT010¢

10
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wote o Hj, vo eivon Yetnd opopévos. ‘Etol oe xdle PAua, yivetoaw Eheyyoc v BI0TWOY ToU €610vo0. Av
uTdpyEL WOTWY WxedTeen 1 lon pe to 0, ToTe unoloyileton o TaEdyovTaC

pr = |min{A\(Hy)}| + €

‘Onov € > 0 évag mapdyovtag mpocadénone wote va Pefoundole ntwe o mopayduevog npocappocuévos Eo-
owvoe Hy, = Hy + prd eivon 9etind opiopévoc xan dev €yel xdmowa undevixr wotiur. Now onueidhooupe €86
WS YLt UEYGAES TWES Tou g 1) wédodog cuunepipépetar ooy Gradient Descent, eved yio uixpéc npooeyyilet
uédodo Newton.

[o vae Aettovpyrioel 1 wédodog, 1 f mpénel va ebvar 800 opég dragopiowwr. Enlong onuavtxd pdro
otnv evoTtdieia TN Pedodou Tallel 1) EMAOYT TO € Xo dEal XUT  EMEXTACT) XU TOU fU. 2TO TAEOVEXTAULITA TNG
HEVOB0U €YOUUE TNV OTAUEPOTNTA oXOUI XAl Yial xoxwS oplopévous Eootavoic mivaxeg, 1 omola duwe épyeton
ue uTohoyo T x0cTo¢. ‘Ohol oL unohoyiouol Yo T uédodo Beloxovton oto apyeio Script 4 LevMar.m

8.1. Xnuelo exxivnone (0,0)

[Ma to onuelo zx = (0,0) N xhion e f ebvan: V f(xy) = [8] %ot o ecolavée H(xy) = [8 8] UE ATOTEAECUOL

1 wé¥odoc xou €8¢ Vo unv unopel va eQapuocTel Yiol xovéva TeOTO UTOAOYLIoUOL Briuatoc.

8.2. Xnueio exxivnone (-1,1)

0.4060

0.2707] xou ) pédodog pmogel vo egopuooTeL.

[Nt to onpelo z = (0,0) n xhion e f ebvaw: V f(zg) = [
Yradepd Bripa

Emaéyovtac axpifeia € = 0.0001, npoonadolue va Bpolue tov cuvieAeoTy| € v Tov onolo n uévodog ef-
vou otadepn. Katémy extelolue v yédodo method lev mar() xa uroloyiloupe tov opudud emavorfdenmv
yior SlopopeTInéS TWES Yg. Metd amd tuning, xatohilope oty T € = 0.3 yio v omolo avalntiooue xou
unohoyiooue to Briua v, = 1.4152 ye ™ yenyopdteen olyXhioN.

Iteration for different ~ values

300 T : e e
250 |- 4
200 4
%]
c
i)
2150 | .
©
3
= *
*
100 - * 4
*
* %
*
*
*
50 b i
i* *
R
*
*
o ‘ e * TR
0 0.5 1 15

2l

SxAue 11: Aprdude emavahieny yio Swpopetinés Twés v, [Médodog L-M].
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2710 mapoxdTey oo 12 avamopio Todue Ty Topeia Twv onpeiny xadde cuyxiivouy 6to eAdyioTto. Ilapatneolue

/7

©oTO00 OTL 1 U€Y0B0C xdveL apxeTr "Bloptnmon mopelac” uéyel TN oLYXAoT.

[-1, 1]: Levenberg-Marquardt v = 1.4152
T T T

15+ <4 | H-01
1k 4 [ H-02
0.5 . 03

> 0F B -0.4
-0.5 . 05
1k S . 0.6
-15+ . 0.7

2 : L . ! : -0.8

3 2.5 2 1.5 1 0.5 0

SxApa 12: Xoyxhon tne uedodov Levenberg-Marquardt [fixed 7|

Eloyotonoinon e f(zk + vrdk)
[ v ehaylotonoinon e f, yenowonojinxe xou €6¢ 1 bisection and tnv mponyoluevn epyacia.

[-1, 1]: Levenberg-Marquardt minimized f(zx + v.dy)

15+ - 4-0.1
1h - | q-02
0.5 ' - 1 -0.3
f’, \

> 0r l — -0.4
-0.5 a -0.5
1t —— . -0.6
-15F = -0.7

2 I I I I I 0.8

3 2.5 2 -15 1 0.5 0

ExAure 13: Zoyxhion tne uedoédou Levenberg-Marquardt [minimized f].
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And 1o yedgnuo galvetan 160 6TL 1 u€Yodog cUYXAIVEL XOVTA GTO ENAYIGTO, 6GO XL OTL TeayUaTonolEL “Blop-
Yoelg mopelag”, WXPOTERES OUWS and aUTEC Tou GTadepol Briuatoc.

Armijo rule

[ T wédodo 1 Baouxn Wéa xan €8¢h elivon vor Eexvroel 0 ahyopriuog amd éva Ueydho 7 = 1 xou cuVEYMS Vo
uewwveton Ye Bdomn tov xavova Armijo. Metd and €va tuning tewv mopouéteny tng uetddou xatoAfioue oTo
B=04,0=0.1

, [-1, 1]: Levenberg-Marquardt Armijo method

151 4] q-01
1r 4| 4-02
0.5+ 4] 4-03

>~ 0f : | | 0.4
0.5 — -0.5
1r - 8 -0.6
-15F — -0.7

2 ‘ : : ‘ ‘ 0.8

3 2.5 2 -15 1 0.5 0

SxAua 14: Xoyxhon tne uedddou Levenberg-Marquardt [armijo rule].

20yxpLon
Y10 mopoxdtey Budypapa gotvovTon o Bjuata ahhd 0 puduog clYXAoNg TG xdde uedodou.

13
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T T
1 | - -
el
(9]
Tos5r s
0 | 1 | &
1 2 3 4 5 6 7
Step
( T T T
1 = -
el
[
N
S
= 05 =
=
0 | & & EN )
1 2 3 4 5 6 7
Step
® T T T T
1 | - -
2
Eosk 4
<
0 | \?\9 & & & &
1 2 3 4 5 6 7 8 9
Step

ExAuoe 15: EvxdelBeia andotaom and 10 eNdyloto yio xdide uédodo unoloyiopol i [Levenberg-Marquardt].
8.3. Xnuelo exxivnone (1,-1)

T to onuelo (1, -1) n A tne f ebvou: f(1,—1) = —0.1353 xou to didvuopa e xhlone: V£(0,0) = lggggg] ;
EMOUEVWC UTOPOVUE VO EQUpUOCOLUE T1) UéVodo.

Yradepd Briua

I otadepd Prua exteréoope dradoyxd tn uévodo method_lev mar() ywr va utohoyicouye tov aptdud ena-
VOAPEWY VLol BLUQPORETIXES THIES Yk, OUWS O xapior T 0 ahydpriuog dev xatapépvel var auyxhivel. Togoxdte
(oyfua 16), napadétouye éva napdderypo v, = 0.1, 6mou o akydprduoc eyxhwBileton oo delid nuieninedo.

14
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[1, -1]: Levenberg-Marquardt v = 0.1

T T T — 0.8
1.5 4| Ho6
/// r\\\ - ) —
1 // N < 41 404
N\ /
/ /ﬂ
/ ) \ \
/ / \ _ 0 2
05 / // \ .
/ \
| |
>~ 0 | } - 0
\

\ /

05 \ \ / . 0.2
\ // /
\ “
N~
N Y,
-1 S % — 0.4
\\\\\_/‘/,/ L
1.5 . 0.6
2 I I I I I I I 0.8
- 25 2 1.5 1 0.5 1 1.5 2

EyxAue 16: Mn obyxhion tne pedddou Levenberg-Marquardst [Fixed step].

E)ayiotonoinon e f(zk + vedi)

[1, -1]: Levenberg-Marquardt minimized f(z; + v.dy)

T T — 0.8
15 b 4 0.6
1r- N . - 0.4
0.5 f - 0.2

> 0F - 0
-0.5 |- f -0.2
-l f -0.4
-1.5 - B -0.6
2 1 1 L I I 1 L -0.8

SxApe 17: Loyxhon e pedddou Levenberg-Marquardt [minimized f].

[N utoloyilopd Bruatog ehoylotonowdvtas ™ f(zk + Yrdk), Omwe Qaiveton xou and to yedpnuo 17, n uédodog
CUYXAVEL, XOTAUPEPVOVTOG VO TERATEL TNV TEPLOY Y UE UNOEVIXES XAIOELS XOVTE GTOV GEoval TWV 1.
Armijo rule

15
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[1, -1]: Levenberg-Marquardt Armijo method

15 bl 0.6

0.5

\ /
\‘\\‘,//
1k AN o0 O— 4 0.4
15 B 0.6
2 I I | | | I I I | 0.8
3 2.5 2 1.5 1 0.5 0 0.5 1 1.5 2

ExAue 18: Mn olyxhion e uedddou Levenberg-Marquardt [armijo rule].
Avtideta n uédodog armijo dev cuyxAivel, xoddg xon auTy eyxhwPileton 010 de€ld nuieninedo.

9. YYTKPIZH TON MEOOAQN - Y TMIIEPASMATA

Extehdvtag 6houc tou olybprduouc oe cuvduooud ue Ohec tic pedddoug, yio to onpeio (-1, 1), yiot Tov
aptdud enavalfPewy Eyouye:

Médodoc ‘ Eradepd Pripa ‘ Elaylotonoinon g f Armijo
St. Descent 11 10 11
Newton - - -
Lev-Mar 7 7 9

Ané tov mopandve mivaxo, oAhd xou amd TN mopela oUYXAMONG cuUTEpaivouPE T o ohyoprduog Lev-Mar
elvar 0 mo amodotixde. Emione oe ocuvbuaoud ye tov tpdmo emhoyrc Bripatoc To omolo ehayioTomolel TN
f(xr + Yidi) o ohybprduoc extoc and yenyopdtepos, xatapépvel va aneyxhwPiletor and meployéc Ye TOAD
uxer) xhior. Avtideta ol yédodol ye otodepd Briua xou armijo, @alveton 6TL ToEOLGLALOLY TOTUXO YOEAUXTHEA,
xadog eyxhwfBilovtar edxoha, Pe AmOTEAECUA VO UnV UTdEYEL €YYUNOT OTL To onueio mou Beédnxe elvon oAxd
ehdyioto. Axdua n pédodoc Newton dev gdvnxe vo umopel va yenowonomdel otnv noapovoa epyactia, xadde
N emhoyn Twv onuelwy Atav tétoln Tou elte 1 xhion Hrav 0, elite o Eooavog xoxne oplouévog. Autd guoxd
AVOOEXVIEL ATAWS TNV UIXEOTERY) EPUQUOCUOTNTA TOU aAyoplluou.
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