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EowTteplko lNvopevo

To Eowtepkod Nvopevo (W, X) sivat peydio otav to W
KaL To X:

* «Moladouv»
* Elval kovta otov Xwpo
e 2xnuatidouv pikpn ywvia ZWX
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Oa doVE TTWCE CLUVOEOVTAL AUTER

To Eowte( Ol LOEEC UE TA OCUVEALKTLKA oW
Kal to X: (convolutional) veupwvika diktua

* «Mowado KOl OTn CUVEXELQ, HE TLG

 Elvatko evowpatwoelg (embeddings)

e 2XNUaTit
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Convolutional Nevpwviko Aiktuo

conv conv Max  fully Avg fully
layer pool connected ReLU  pool connected

|-> ->|-> ->|->|-> ->|->|->m<
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ConvNet: Tt KOVOUV TA CUVEAKTLKA ETUTTEDQ,

conv conv Max  fully Avg fully
layer RelU layef pool connected ReLU  pool connected
X1
X2
) ) =N = =l =) = .
Xn
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Convolutional layer: TLKavel;
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lutional layer: TLKavel;

[Tolog veupwVvacg OTO TIPWTO ETTTTEDO BaA £XEL
Tnv vPnAotepn TN (activation);
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Convo
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lutional layer: TLKavel;

[Tolog veupwVvacg OTO TIPWTO ETTTTEDO BaA £XEL
Tnv vPnAotepn TN (activation);
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Convo
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lutional layer: TLKavel;

[Tolog veupwVvacg OTO TIPWTO ETTTTEDO BaA £XEL
Tnv vPnAotepn TN (activation);

O aéieg (x4,X,,X3) Elval auteg o «potalouv»
TTLO TTIOAU pe to «kernel» (wq,w,,w5)
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Convo

x1=0

X2 = -1

x3 =1

x4 = -1

x5 =-1

x6 =1

X7 =1

x8

]
o

—

X1

X2

X3

X4

X5

X6

X7

X8

lutional layer: TLKavel;

[Tolog veupwVvacg OTO TIPWTO ETTTTEDO BaA £XEL
Tnv vPnAotepn TN (activation);

OL TIHEG (X1,X5,X3) ElVAL AUTEC TTOU «poLAlouV»
TTLO TTIOAU pe to «kernel» (wq,w,,w5)
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1D Convolution: 2° Ttapadety

e —

o

X2 h1
X3 h2
X4 h3
X5 h4
X6 h5
X7 heg
Xg

slel
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1D Convolution: 2° tapadetypa

e —

o

X2 h1
X3 h2
X4 h3
X5 h4
X6 h5
X7 heg
Xg

X4 X2 X3 Xq X5 X6 X7 Xg
/\/ w(t)
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1D Convolution: 2° tapadetypa

e —

o

X2 h1
X3 h2
X4 h3
X5 h4
X6 h5
X7 heg
Xg

X4 X2 X3 Xq X5 X6 X7 Xg
/\/ w(t)
h 1 =0 h 2= -1
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1D Convolution: 2° Ttapadety

e —

o

X2 h1
X3 h2
X4 h3
X5 h4
X6 h5
X7 heg
Xg

slel
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X4 X2 X3 Xq X5 X6 X7 Xg
/\/ w(t)
h1=0 h2='1 h3=1




1D Convolution: 2° tapadetypa
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1D Convolution: 2° Ttapadety
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X4 h3
X5 h4
X6 h5
X7 heg
Xg

slel

X4 X2 X3 Xq X5 X6 X7 Xg

-1 h3=1

h4='1
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1D Convolution: 2° Ttapadety
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1D Convolution: 2° Ttapadety
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Convolutional eTtirtiedo yla EIKOVEC

e e
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Convolutional eTtirtiedo yla EIKOVEC

e e

hiz | | hez | | hyg | | hys

4 hao hos ho4 hos

h31 hap has | | hag has
@ A N4 ha2 haz | | hag has
A hs1 hs2 hss | | hs4 hss

Tt KAVEL TO CUVEALKTLIKO £TT{TtEDO;

Mpoomabei va Bpel CUYKEKPLUEVA OXNUATA OE KABE KOPHATL

TNC EIKOVAC.
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Convolutional eTtirtiedo yla EIKOVEC

e e

hio | | hys his | | hys

4 hao hos ho4 hos

hay | | hs2 | [ haz | | hag | | h3s
@ A N4 ha2 haz | | hag has

A hsi | | hsa | | hs3 | | hsg | | hss
«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

e e

4 hao hos ho4 hos

hay | | hs2 | [ haz | | hag | | h3s
@ A N4 ha2 haz | | hag has

A hsi | | hsa | | hs3 | | hsg | | hss
«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

e e

hig | | his
hag | | has
has | | hss
hag | | hss
hs4 hss
O
«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

e e

Nig | | his
hag | | has
has | | hss
hag | | hss
hs4 hss
O
«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

e e

his
hy; ha2 has h24 hos
h31 hap has ha4 has

e A N4 ha2 haz | | hag has
A hsi | | hsa | | hs3 | | hsg | | hss
«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

CE— ——— e R
. hiz hig his

o4 hao hos ho4 hos

A

hay | | hs2 | [ haz | | hag | | h3s

A N4 ha2 haz | | hag has
A hsi | | hsa | | hs3 | | hsg | | hss
«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

e e

hiz hig his

hoo hos ho4 hos

haz | | haz | | hag | | hss

A N4 ha2 haz | | hag has
A hsi | | hsa | | hs3 | | hsg | | hss
«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

CE— ——— e R
. hiz hig his
M s | | h2s | | hos

hsy hao has ha4 hss

N4 ha2 haz | | hag has

hsy hs3 hs4 hss

«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

CE— ——— e R
. hiz hig his

hy h o4 hos

A

hay | | haz | | haz | | hag | | has

e hat | | ha2 | | gz | | hag | | hys
A hs1 hs2 hss | | hs4 hss

«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

CE— ——— e R
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«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
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Convolutional eTtirtiedo yla EIKOVEC

e e

hiz hig | | his
hao | | haz | | hyy | Rhys
hsz | | hss | | has | | hss
haz | | hgz | | has | | hys
hsy | | hsg | | hss | | hss

«[Mlo KOPHATL TNG ELKOVAC TIEPLEXEL EVa E »
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Convolutional eTtirtiedo yla EIKOVEC

E N Co e o
R
e el e
O ‘& o E =
@AA v o] e

«[1010 KOPUATL TNC ELKOVAC TIEPLEXEL EVA E »
Kwvotavrti

vog Kapapavig



Convolutional ettirtedo yla €IKOVEG

S —

R —




Convolutional Nevpwviko Aiktuo

e —

conv conv Max  fully Avg fully
layer pool connected ReLU  pool connected

|-> ->|-> ->|->|-> ->|->|->m<
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Tu kavel To TeEAsUTALO ETUTTEDO;

e —

conv conv Max  fully Avg fully
layer pool connected ReLU  pool copnected

Y1
|->->|->->->->->-»-> V.
Yk
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Tu kavel To TeEAsUTALO ETUTTEDO;

e — e —

conv conv Max  fully Avg fully
layer pool connected ReLU  pool donnected

1 Y1
. |-> ->|-> ->|->|-> ->|-» 12N v
5 "
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Tu kavel To TeEAsUTALO ETUTTEDO;

e — e —

fully
connectled

X1 h1
Y1

X2 ha
) ) ) =) Y2
Yk

Xn hn

Kwvotavtivog Kapapavig

CL RelU CL RelU MP FC RelLU AP




Tu kavel To TeEAsUTALO ETUTTEDO;

e —

CL RelU CL RelU MP FC RelLU AP
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X1

X2

Tukavel To TEAsUTALO ETUTTEDO;

OYLOTLKN

Xﬁf'\l II"\RI"\I

H Aoylotikn MaAwvdpopion BploKel Evav KAAO YPAUULKO
OLAXWPLOUO TOU XWPOoU, EHOCOV LTIAPXEL
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Tu kavel To TeEAsUTALO ETUTTEDO;

-

CL RelU CL RelU MP FC RelLU AP

X1
X2

)
Xn

( J | |
Bplokel KAAO pla kaAn svowﬂdtwor] (embedding) 1  Auvel éva T[pC’)B)\r]UCYl AOYLOTIKNG TTAAWVOPOLINGCNG
avanapactaon (representation) yia ta dedopeva, OTOV XWPO TWV ETIEEEPYATHEVWY DEQOUEVWV
otou eivat (oxedov) ypauuika diaxwpiowa (linearly  (representation / embedding)
separable) Kwvotavtivog Kapapavig

Y2

Yk




Tu kavel To TeEAsUTALO ETUTTEDO;

e —

CL RelU CL RelU MP FC RelLU AP

X1
X2
)
Xn
|

Y1
Y2

Yk

|

Y
Embedding / Representation Noylotikn NaAwvdpopnon
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Loss

Noylotikn MNMaAwvdpopnon: Fateg kat ZKUAol

e —

Logistic Regression Loss Logistic Regression Accuracy

12 A ;
_——\ — Testing Accuracy

11 4

H akpifela mapapevel xapnAn (kat n antwAeia uPnAn) — auto
10 - Hag AEEL TTWC OTOV XWPO TWV TtieA (oTNV avarapdaoctacn pLag
elkovag we 3 X32 xX32 RGB evtaoelg), ol EIKOVEG YATWYV Kl

oKUAwYV tnc CIFAR-10 dev eival ypaupLka dlaxwpiocLuE,
EOANWC, N AoyloTikn TtaAlvdpopnon Ba etuxave xapunin
anwaAela, kat vPnAn akpipfeta!

—— Training Loss ‘
——— Testing Loss

2 4 6 8 10 2 4 6 8 10

Constantine Caramanis



ResNet18: Evowpatwoelg latwv/ZKUAwv

e — e —

Embeddings Projected onto B_cat and B_dog Directions

® cat
® dog /'
== Decision Boundary (B_cat = B_dog) 4

20 7’
4

Edw amelkovidovpe pla diodlaoctatn mMpoBoAn tng
gevowpatwongmou pacg divel to ResNet 18 (oAa ta emineda

EKTOC arto To teAeutaio) yia 20 yateg Kat 20 okUAou¢g aro to
CIFAR-10. H tpoBoAr delxveL OTL OTN CUYKEKPLUEVN
EVvowpAatwon ta onuela eivat ypappika dlaxwepiotpa.

5 0 5 10 15 20 25
Projection onto p_cat Constantine Caramanis



Convolutional
| | " |_. emm Neupwviko Alktuo

Acdopéva {paockwAopUg, KOAAd, KOYKOUPO}
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Convolutional
| | " |_. e Neupwviko Aiktuo
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Acdopéva {paockKwAOpUG, KOAAA, KOYKOUPO}
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Feature 1
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i

Convolutional
Neuvpwviko AlKTuo

Three-Class Logistic Regression Decision Boundaries
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Feature 1
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Elkovec (Tti&eA) Embeddings

Acdopéva {paockKwAOpUG, KOAAA, KOYKOUPO}

)

k

Fe
o

Embeddings
(Evowpatwoelg)

Three-Class Data

® .
*° o0 o
° e ‘é.} -‘
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® Class0
A Class1
m Class2

A

-4 -2 0 2
Feature 1
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Embeddings: amtoéotacn otov YEWUETPIKO XWPO
avtikablota tnv arootacn o avulhappavopaote
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Embeddings: amtoéotacn otov YEWUETPIKO XWPO
avtikablota tnv arnootacn o avulhappavopaocte

Kwvotavtivog Kapapavig



Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKaBLoTA TNV «CNUACLOAOYIKI» ATTOCTACN

[Mi&eA tpog tiéeA dev polalouvv KaboAou
oL dUo elkoveg. «Molalouv» emeldn
artelkovidou kalt oL dLO Kaykoupo
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Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKaBLoTA TNV «CNUACLOAOYIKI» ATtOCTACN

Three-Class Data
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Feature 1
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Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKABOLoTA TNV «CNUACLOAOYIKI)» ATtOCTACN

Three-Class Data

e} ® Class0
e A Class1
m Class2

«Molaldouv» eTeldn Ta
dUo onueia eival kovta
OTOV YEWMETPLIKO XWPO

Feature 2

Feature 1
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Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKaBLoTA TNV «CNUACLOAOYIKI» ATTOCTACN

_— =

{Aceic)
{keipyevo} — -
{elkoOvec)
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Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKaBLoTA TNV «CNUACLOAOYIKI» ATTOCTACN
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{elkovec}
/ l.
°¢

{kaykoupo, yapaotmno}
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Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKaBLoTA TNV «CNUACLOAOYIKI» ATTOCTACN
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{keipevo} -
{elkoOvec)
oo

{kaykoupo, nAtoBaciAepa}
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Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKaBLoTA TNV «CNUACLOAOYIKI» ATTOCTACN

B R e —

74;

negerch —
{keipevo} = -
{elkovec}
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Embeddings/Evowpatwoelg: n amoéotacn oToV YEWHETPLKO XWPO
AVTIKaBLoTA TNV «CNUACLOAOYIKI» ATTOCTACN

B R e —

L~
{Aeéelc} ?7/
{keipevo} —
{elkovec}
-
e °¢
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i A

’
e

{ ( ,f , Hapouro}
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Embeddings/Evowpatwoelg: n amdéotacn oToV YEWUETPLKO XWPO
AVTIKABOLoTA TNV «CNUACLOAOYIKI)» ATtOCTACN

[Tw¢ dNUIOUVPYOULE KAAEG
evowpatwoelg (embeddings) yla

ELKOVEC, AE€eLg, KElLpEVO, N VLA
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