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Support Vector Machines (SVMs)

* 'Eva mAeovéktnuo tv SVMs eival 0Tt 00LAEDOVYV KOAQ OTOV LTTOPYEL
LEYAAOC aplOUOC YUPOKTNPLOTIKOV.

* [Ito ovykekpéva, ovvatal o aplBUdc TOV YOUPOKTNPICTIKOV Vo Eival
LEYOADTEPOC TOV OPLOUOV TOV TOPATPNCEWMV.

* To petovéktnua eival 0t Kdvel classification Tov mopatnpnce®V 6 OETIKEC
KOl 0PV TIKEC.

e X&¢ avtibeon pe 1t logistic regression kol T decision tress, o€ Oivel
mhavoTnTec.



210 TPOTO WEPOS, Oa avaivoovpe ™ ypnon t@v SVMs vyio classification. Oa

YPNGIUOTOMGOLVUE Eva, LKpO octyua arnd v E@appoyn LendingClub.

Credit score | Adjusted credit Income Default =0;

score (‘000s) good loan=1
660 40 30 0
650 30 55 0
650 30 63 0
700 80 35 0
720 100 28 0
650 30 140 1
650 30 100 1
710 90 95 1
740 120 64 1
770 150 63 1

A. To mpmto Prua eivan va kdvovue normalization Towv oedopévov uog. I'o v Katovonon
TOV GLYKEKPULEVOL TOPAOEIYUATOC, TPOYUOTOTOOVUE £vo. Kotd mpoceyyion scaling
apapovtag to 620 and to credit score.



B. To dogvtepo Pua eivor va Bewpricovue éva Linear Separation TV 0£00UEVOV HOG
oY £010L0VTOG o gvbeia ypouu, OM®C BAémete TOPAKATE.

Inueimon: Or KOKAOL €lval To KOKA OAVELD, EVO TA TETPAYOVO T KaAd odveln. Emiong
VO, GTNUEIMGOLLUE OTL TO TAPAOELYLO AVTO EIVOL ECLOAVIKEVUEVO.
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SVM Approach

e XtV mpocEyylon twv support vector machine (SVM) approach Ppiokovue
EVOL LLOVOTTATL Y10, VO YOPIGOLUE T 0EOOUEVA GE OVO KAAGELC.

e 2tnv “hard margin” mePInTOon 0 TEAEIOC OLYWPICUOC Eival ovvaTOC (OTMG
GTO TAPAOELYUA LLOG).

* O oaAyoplBuoc Ppiloker v  €opovTEPN ovvarn owodpoun (v va
LLEYIGTOMOINCEL TA OPEAN ato TO regularization).

* Tao oeoouéva mpémer va  kavovikomownBovv  (IIpayuatomolovue kotd

TPOGEYYION Kavovikomoinon apopoviac 620 and 1o credit score o6Tto
TOPAOELY LA LLOC)

* Ta support vectors gival o1 TEPATNPNGELS GTNV KPP TOV HOVOTATLOV.



To koAVvTEpO povomdTt Yo mapadstypo. H otabepn ypouun Boa ypnoipomombei
Y10, TN OLAKPICT] TOV KAAMV KOl TOV KOKOV O0VEI®V
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The Separating hyperplane

* Mg 000 UOVO YOPOKTNPLOTIKA, O OOY®PIOUOC EMITUYYAVETOL UE UL YPOLLLUT):
W1X4 + Wr Xy = b

* Me m yopoaKInpoTikKd O OYWPOoUOC emttuyydvetar e éva (m—1)

m
z W]x] = b
j=1

To w; givon otabepd kat avapepovial mg weights.

dimensional hyperplane:



Regularization

* To Regularization nepihappaver m peimon tov peyébovg tov Papaov, w;

* Autd amopevyel 10 overfitting Omov vmdpyovv OV0 GLGYETICOUEVEG
netoPAntéc n nio pe peydAo Oetikd Papoc Kol 1 AGAAN HE HEYAAO OPVNTIKO
Papog.

* EAoyrotomorovpne 1o a0pocua TOV TETPAYOVOV TOV Pap®@v. AvTo €lvar

TO OO0 UE TN MUEYIGTOTOINGT TOV TAATOVS TNG oraopouns (width of the
pathway).



Notation

X
0
WiX1+WyX,=b,
WX +WoX,=by
0 1
0 ba by
W1 141



To MoOnuatikd...

Av P eivai 1o mAdtog tov uovoratiov (width of pathway)

sin@zb . cos@zb .
u d u d /W%+W%

Mmnopovpue va kavovue scale ta wy, w,, b, and b, pe Tnv 1010 oTadEPE Y®PIg Vo aAAGEEL TO
novtého. Mmopovpe emopévag vo Oécovupe b, =b+1 xor b~=b—1 ®ote TO TAATOG TOVL
novornatiov (the width of the pathway) va eivat

2

Jwi + w2
, . , , 2 2
21NV mepintwon tov hard margin o aAyopOuoc erayictomombel to Wy +w;

P =

subject to 1é€\e10v oywpiopov (perfect separation) wov emtvyydvetot. (To Regularization
tpoonafel Vo AMAOTOMOEL TO LOVTEAD petdvovtog to neyeboc tov Poapav (magnitude of
weights)).



Hard margin problem ot0 wmoapadstyua poc (Quadratic
programming problem)

270 TOPAOEY A LOG O GKOTOG pog elvon va Bpovue ta b, wy, and w, ta omoia Oa
EAUYIOTOTTOLOVV TO  wi +wi  subject to

30w; +40w, < b -1
55w; + 30w, < b -1
63w; + 30w, < b -1
35w; + 80w, < b -1
28w; + 100w, < b -1
140wy + 30w, = b + 1
100wy + 30w, = b + 1
95w; + 90w, =2 b + 1
64w; + 120w, = b + 1
63wy, + 150w, = b + 1

Bpiokovue b =5.054, w, =0.05405 xu w, =0.02162. Apo. t0 péco tov povomariod oieviar amo TNV

ropoxatw eliowon 0.05405x1 +0.02162x, = 5.054 . H ypouun avt owywpilel ta Kohd amd To KOKd,
oavewn. To P=34.35. Agite tnv enduevn da@dvela.
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To yevukd hard margin problem

2
2.

j=1

* H avtikeiuevikn covaptnon gival

* EAoytotomolodpe Ty mopomave GLVOPTNGN YW TG TWEG TOV w; Kot b
subject to tnv tpodmoHeon va unv vadpyovv TapaAcelc, OnAaon:

Z w;x; — b > 1 ifloan good

Z WX — b < —1 ifloan bad



To Soft Margin Problem

Metpdue tnv mapaPioon™ wog mapatnpnonsg og tov Padud ctov omoio mapaPrdletor n cuvOnkn
tov hard margin condition
EAoyiotomolovue to

m

m
szzi + sz
=1

j=1 j
Omnov z; etvon to pé€rpomov pia mapatnpnon 1 wopoPralet Ta hard margin conditions.
Z; = max(b +1-— 271:1 WiXij, O) oV TO amoTEAECUO Etval OETIKO.

Z; = max(Z}f”;l wix;j — (b — 1), 0) av to amotéleopa givat apvnTIO.

AM\GCovtag to C aAlrdler to trade-off petacd tov mAdtovg Tov povomatiov (width of the path)
Kol TOV TopaPlricemy.

Ooco uwkpaiver o C, to povomdtt (pathway) yivetal mwo Aoty pe meplocOTeEPEC ToPUPLACELS.
*Me tnv mopofioon evvoodue mapatnpnocic mov Ppilokovial usoo, oto Hovomatl 1 oty Adfog
TAEDPC, TOV UOVOTOTLOD.



Av aAldEove KATOlES TIWEC 6TO TapAoEyud Los. Eotm

Credit score | Adjusted credit Income Default =0;
score (‘000s) good loan=1
660 40 30 0
650 140 55 0
650 30 63 0
700 80 35 0
720 100 28 0
650 30 140 1 B0
650 30 100 1 E 300
710 90 60 1 o
740 120 64 1 Z 250
770 150 63 1 200

C=0.001 AmoteAécuata

Agite to 10.1 SVM Example.xlsx ko1 to 10. SVM_Example Python.ipynb

—
n
=]

Adjusted CreditScore [
T
= ==

=

0 20 40 a0 80 100 120 140 160
Income ('000s)

15



H eniopacn tov C 610 mapaostyud nog

C W, W, b Loans mis- | Width of Total
classified by | pathway | pathway
centerline violations
0.01 0.054 | 0.022| 5.05 10% 34 .4 2.81
0.001 0.040 | 0.012| 3.33 10% 48.2 3.31
0.0005| 0.026| 0.010| 2.46 10% 70.6 4.79
0.0003 | 0.019| 0.006| 1.79 20% 102.2 5.79
0.0002 | 0.018 | 0.003| 1.69 30% 106.6 5.91
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2VUTEPACLOTA

e OvmapaPrdcelc vmoroyiCovial 6E GYEGT LUE TO AKPO TOV LOVOTOTLOV.
*  To misclassifications vwoAoyilovtal o€ oy£om UE TO KEVIPO TOL LOVOTOTLO.
* To tramning set ypnowomoieitar v vo avartuyfodv evailioktikd SVMs,

ONAadn evairoktikd boundaries. Kot petd akoAovBovue t otadikacio yio ta
ML.



Non-linear separation
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Non-linear classification

e Méypt topa Oemprioaue TO UOVOTATL VO €Ival  YPOUUIKT]  OGULUVAPTNGT TOV
yopaKTnploTik®v. Topa Ba eetdoovue Katd OG0 N LTOBEGT dVVATOL VO «YOAUPDTEL)

* O o10y0¢ €lval va onuiovpyndovy véa YopaKTNPIGTIKE £TGL MGTE TO OPLO VO YIVEL YPOULIKO.

* Ac vmoBécovue OTL VITAPYEL Eva LOVO YO POKTNPLOTIKO (age) Kot Ppiokovue OTL O YOUNAEC
KOl Ol DYNAEC TIWEC TOL YOPOKTINPIGTIKOD TEIVOLV va 0lvOouv €vo ATMOTEAECUN EVEO Ol
EVOLALEGEC TIUEC OTVOLV £val AALO OTTOTELEGLOL.

* Oo UTopoLOAUE VO ONUIOVPYNCOVUE EVOL VEO YOPOKTNPLOTIKO ®ote (V-m)? 6mov v givot 1
TIUTN YOPOKTNPLOTIKOD KOl 72 1| LECT] TLUTN TOV.



ANUIOVPYOVTOS VEQ YOPUKTNPLOTIKA

* Mropodue va TpocBEGovue OVVALELS Yo KAOE YopaKTNPLOTIKO MG VEO YOPAKTNPIGTIKO.

* EvoAALOKTIKA, UTOPOOUE VO, EMAECOVLE GUYKEKPLUEVO OPOCTILOL KOl VO, OT|LULLOVPYT|COVLLE
véa yopaktnplotikd ypnowonowwvtog t Gaussian Radial Basis Function (similarity
function). EGv ot Tipég Tmv yapaktnploTikov o€ évo opdonuo givon £y, £, ...... { , ol
VEEC TIUEC YUPOKTNPIGTIKOV VITOAOYILOVTOL M

exp (—y P f,->2>

* KaBnc n moapauetpog vy awcavetatr, To €0pOC EMPPONC VO 0POGTLOD LUELOVETOL KOL TO
Op10o yiveTo MyOTEPO OUOAOD.
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SVM Regression: using SVM ywa mpopfreyn cvveyovg petafintg

* 210 080TEPO UEPOG, Ba avaAvcovue t ypnon tov SVMs yia mpoPieun

(prediction) cuveyovg netaAntg.

* Avalntooue (o Olo0poU] UE CVYKEKPIUEVO TAATOC OV TEPLAAUPAvVEL OGO
TO OVVATOV TEPIGGOTEPEC TIUEC GTOYOV.

* Edv i tiun otdyov Ppioketal eviog g owopouns, 0€ OBewpeitar Ot
VTTAPYEL GOAALLAL.

* Edv Bpioketon eKTOC TNG O100OPOUNG, TO GOAALN EIVAL ] OLOLPOPA LETAED TNG
TPUYUOTIKNC TIUNG KOl TNS TWUNG TOv TTPpoPAEneETOL OO TO ECMOTEPIKO AKPO
NG OL0LOPOUTC.



The Single Feature Case

Observation
Error




General Case

* EAay16TOomotovue
onov C givou n hyperparameter

* z. glvarl T0 GQAANQ (error) Kot 1600t He UNOEV av €Gv M mapathpnon PBpioketal
LECO GTO LOVOTATL.

* O Tp®TOC OPOC CPOPA TN UEIMON TOV GEUALATOV Y10 TOPATNPNGELS EKTOC TOV
LLOVOTTOLTIOV

* O oevtepoc Opog mopéyel regularization. Amopedyel ta peyaio Oetikd Ko
PV TIKA W.

* Oco peyaraver to C, n «mocoOTnTON TOL regularization peiwverad.



Predicting Iowa House Prices from Living Area when ¢=50,000
and C=0.01

700,000
10.2. SVMregression.xlsx 600,000
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Predicting lowa House Prices from Living Area

when e=100,000 and C=0.1

10.3. SVMregression.xlsx
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