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Noylotikn MNaAwvdpopunon

2TOXO0G: eKTignon tn¢ iBavotntag Y=1nY=0

MpwTto Brjpa: uttoAoyidovpe To Aeyopevo score i logit:

Zy =Po+B'X =Py + P X1+ BoXy + -+ BaXy

XpnowoTtoloupe tnv sigmoid (softmax) cuvaptnon yla va yetatpePoupe
TO «Score» g€ TBavotnta:

exp(zx) 1
1+ exp(zy) 1+ exp(—zy)

P(Y = 1|X) = py = sigmoid(zy) =
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Noylotikn lNaAwvdpopunon

Sigmoid (Logistic) Function

onuelo mov opiCel To
0plo SlaxwpeLopoL
(0, 0.5)
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NAoylotikn MNaAwvdpopunon: tweg AeLToupyel

EE——

Zy =Po+BTX =By + B1X1 + B X,

exp(zx)
1+ exp(zy)

N

Scatter Plot of Training Data /

P(Y =1|X) =

Me U0 Katnyopieg, 0 SLaxWPLOHOG
TOU XWPOU eival YPapHLKOG:

Zy =B+ X=0
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Noylotikn MNaAvdpopunon: twe Asttoupyel

B —

Scatter Plot of Training Data

Zxy =po+

P(Y = 1]X)

Mepoxf e Y=1: By + BTX > 0
Meploxn peY=0: By + BTX <0
Meploxn peY=1/2: fo + LTX =0

Me dUo0 KA
TOU XWPOU STy POt

ZX :ﬁ0+ﬂTX:0
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Noylotikn MNaiwvdpounon pe K katnyopleg
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+(Bo1, Boz» Bos)

Three-Class Data
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NeuvpwvVviko AiKtuo yia 3 Katnyopleg

class ThreeClassLogisticNN(nn.Module):
def __init__ (self):
super(ThreeClassLogisticNN, self).__init__ ()
self.linear = nn.Linear(2, 3)

forward(self, x):

x = self.linear(x)

X = nn.functional.softmax(x, dim=1)
return Xx
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Noylotikn MNaiwvdpounon pe K katnyopleg
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+(Bo1, Boz» Bos)

Z1 Zp = Bg + BRTX = B + BrXy + BEXo

2 Zg =B5 +B°TX = B5 + Br X, + I X;

24 Zg = B8+ BB X = B8t + pEX, + BEX,
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Noylotikn MNaiwvdpounon pe K katnyopleg
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exp(Zg)

exp(Zr) + exp(Zz) + exp(Zp;)

exp(By + BRTX)

~

exp(B§ + BRTX) + exp(By + BETX) + exp(B5' + BETX)
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Noylotikn MNaiwvdpounon pe K katnyopleg
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exp(Zp)

exp(Zr) + exp(Zp) + exp(Zp;)

exp(Bs + B°TX)

~

exp(B§ + BRTX) + exp(By + BETX) + exp(B5' + BETX)

/
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Noylotikn MNaiwvdpounon pe K katnyopleg
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VBl =

exp(Zp;)
exp(Zr) + exp(Zp) + exp(Zp;)

exp(By' + BPTX)

~

exp(B§ + BRTX) + exp(By + BETX) + exp(B5' + BETX)
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Noylotikn MNaiwvdpounon pe K katnyopleg

Three-Class Data

Zr = B§ +BRTX = B§ + BRX1 + BFX, . i o
..“ ‘io‘ ]
4 ":.— T, a
Zg =By +BPTX =5 +Br Xy + B X, ] ’ ‘;:
‘% A :‘Aﬁl.‘ ﬁ;;:::‘
Zp = B&H+ BBTX = S+ BPIXy + BPIX, £ T A
2 "-.:. -
s T
exp(Ze) o 2
YR = Sl
exp(Zg) + exp(Zp) + exp(Zp;) S : ;

exp(By + 57 X)
exp(BY + BRTX) + exp(By + BETX) + exp(BE' + BELTX)
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Noylotikn MNaiwvdpounon pe K katnyopleg
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e-Class Logistic Regression Decision Boundaries
® ClassO
ZR > maX(ZB,ZBl) ®e o // A Class1
B Class?2

o i

BRTX = B§ + B Xy + B5X,

Zg =B85 +BEX =B§ +BEX, + 7 X,

Feature 2

Zg = B¢+ BB X = B8 + BEIX, + BEX,

Feature 1



Noylotikn MNaiwvdpounon pe K katnyopleg
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ZR > maX(ZB,ZBl)
[Mwc¢ potadet (yeviKA) 0 dLaxwpLopog ToU

Zg > max(Zp,Zg)  XWPOU TIOU UTIOPEL VA T(POKUYEL ATIO TNV
AoyLloTiKN TtaAwvdpopnon pe K katnyoplec;

Zg > max(Zg,Zg)

Kwvotavtivog Kapapavig



Noylotikn MNaiwvdpounon pe K katnyopleg
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Zr = B§ + BEX, + BRX,

Zg = B§ + BT X1+ 7 X,

Zg = B¢+ BEX, + BIIX,

ZR > maX(ZB,ZBl)

Three-Class Data

Feature 2

*® o .:
¢ ..‘:‘L & o";‘

® Class0
A Class1l
M Class 2
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Noylotikn MNaiwvdpounon pe K katnyopleg
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Three-Class Data

Zr = BY + BRX, + pEX, 6 .., AR
5 5 5 . ° e .‘. m Class?2

Zg = o + Pr X1+ b7 X> cotbyB P’ g

Zg = B5'+ BY X + BEIX, o

A M
i AW W WO
Zp > Zg & Zp > Iy, / hd@%m
Bo + BLXy+ B3 Xy > By + L Xy + B Xy

(Bo—=B5) + (Bf =B )X1 + (B7—B3)X2>0 .

Feature 2

A+ BX{+ CXy,>0

Kwvotavtivoc Kapapavic® -2 0 2 3
Feature 1



Noylotikn MNaiwvdpounon pe K katnyopleg
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Three-Class Data

ZR — ,85 +ﬁ:{2X1 +,8§X2 ; LIPS . / o C:asso
13 |
Zg = Bo + B X1+ B X; * /

Zg = B¢+ BEX, + BIIX,

Zp > 75 & Zn > Zgi

Feature 2

BE + BEX, + BRX, >B8 + B X, + BEIX, "

(BR—BEY) + (BR—BEVX, + (BR—BEYX, >0,

A +B'X, +C'Xy>0
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Feature 1



Noylotikn MNaiwvdpounon pe K katnyopleg
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Zr = B§ + BEX, + BRX,

Zg = B§ + BT X1+ 7 X,

Zg = B¢+ BEX, + BIIX,

Zp > 75 & Zn > Zgi

BE + BEX, + BRX, >B8 + B X, + BEIX,

A"+ B'X, + C'X,>0

Feature 2

-2

(Bs=B5") + (BT —=PrIX1 + (B =BT X2 > 0, ]

Three-Class Data

V ® Class0

A Class1l
M Class 2
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Noylotikn MNaiwvdpounon pe K katnyopleg
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Ten-Class Data

=

10 Katnyopieg )

1. NooecmapapeTpoug Ba exeLn e
AOVYLOTIKN TtaAvdpopunon; '

Feature 2

Class 0

Class 1 -
Class 2

Class 3

Class 4

Class 5

Class 6 ||'#
-4 Class 7 =

2 %10+ 10 = 30 R Claseo "8 ;"

Class 9

EEED>O

—6 -4 -2 0 2 4
Feature 1
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Noylotikn MNaiwvdpounon pe K katnyopleg
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Ten-Class Data

=

10 Katnyopieg )

-

2. MwcgBa potddelo _ K.
OLAXWPLOHPOG TOU XWPOU; 01 *.r ’ Yo gt =

Feature 2

Class 0
Class 1 -
Class 2
Class 3
Class 4

Class 5

Class 6 ||'#
_4 -

Class 7 =

Class 8 n !
Class 9 o

EEED>O

Feature 1
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Noylotikn MNaiwvdpounon pe K katnyopleg
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Ten-Class Logistic Regression Decision Boundaries

ZO > maX(Zl,Zz, ""ZlO) 4-\“\\"“_

o\}l < v
Z1 > max(Zy, Z, ., Z10) A e

Feature 2
o
o
q

Class 0
Class 1

ZlO > maX(Zo,Zl, ...,Zg) - o iz

N

4
Z; > Z;:meplypadel NUIXwWPOo Y Bl / ‘#
= / an

Omorte; BER=0

Feature 1
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Noylotikn MNaiwvdpounon pe K katnyopleg
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ZO > maX(Zl, Zz; ...,Zlo)

Z]_ > maX(ZO;ZZJ ---;Zlo)

ZlO > maX(Zo,Zl, ...,Zg)

Z; > Z;:meplypadel NUIXwWPOo
Omorte;

Ten-Class Logistic Regression Decision Boundaries

Feature 2
o
| |

Class 0

L ] \' -
A Class1 /

m Class?2

O
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Class 3 \
Class 4
Class 5 .#
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m Class7 / /l ‘ .
m Class8 l!
Class 9 /
—6 oy A —t ;

Feature 1
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Noylotikn MNaiwvdpounon pe K katnyopleg

Lo >nn

Zi>n

Lo >

Zi > Z]

—

Ten-Class Logistic Regression Decision Boundaries

O dlaxwpPLoOPOC TOU XwPou opidetal amo
TNV TOpN NUXWPWYV. OTIOTE N AOYLOTIKN

TTaAlvOpopnon Xwpidel Tov Xwpo o€
(KuPTA) TTOAVEDPQ.

UILULC,
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