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Word2Vec: dev apkel yla onpaocloAoylkn avadntnon

e

Ztatkn vs Zupdppalopevn Evowpatwon

(13 4 4 4 ’ ’
“O dAoKaAoC eimte OTLAslmel £va KOPPA O oxoAaotnc etre otL AetmeL eva
arod pLa TPOTACH TOU KELHEVOU HOU.” KOHHQ drto Ty tapouvaotacn twy
ATtoTEAECHATWY TNG ONUooKotnong.”

To Word2Vec mapayel OTATIKEG EVOWHATWOELG: N EVOwPATwon tNeAEENG
«KOPpa» oto Word2Vec eival tavta to idlo dlavuopa, aveéaptnta amo ta

oupppalopeva. lNna armodotikn avalntnon Y Baon tnv onuaocia,
xpelalopaote oUHPPAlOHEVEC EVOWHATWOELG, OTIOU TO dlAvuopa TG AEENCG
e€aptatal amo To MAaiolo Tng IpotTacn .

KwvaoTtavtivog Kapapavrig



To «Transformer» Layer kat Attention

“[O] [daokaAoc] [eime] [OTL]
[Aelmel] [eva] [kOppa] [amo]
[pa] [mpotaon] [tou]
[kepevou] [pou].”

pia

npdtacn

Tou

KELUEVOL

Hou

[END]

:

Self attention

KwvaoTtavtivog Kapapavrig

Tokens



Ermtitnpoupevn Mabnon:
BAemtoupe n tapadeiypata:

ETUTNPOUHEV [ v usira
MaBr~-

To apxlKO pag tpoBAnUa eival va Bpou e CNUACLOAOYIKECG
gvowpatwoelg. lNa va xpnolJoToltjocou e OAa Ta epyaleia tng
ETUTNPOVHEVNC HABNONG, TPETEL VA dLaPoPdWOCOUHE Kal va

ONULOUVPYNOOULHE EVA TIPOBANUA HE TN CWOTH Hopdn.

Xpewafopaote N «rtapadeiypata» (X,y)



Self-supervision + cwpa KelPeVWY (text corpus)

e e
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KwvaoTtavtivog Kapapavrig

To d1adikTuo Kal AAAEC TTNYECG HaC
poodEPOLV aveAvtAnto
TTANBoCg KepEVWV. MNMpeTeL va
dlapopdwaoouvpe TPOLBANUa
eTITNPOVHEVNC HABNoNC.

Auto artattei: Zevyn (X;, y;) Kal
ouVAPTNON ATTWAELAC TTOU
opidouv eva tpoBAnua oto
TIPOTUTIO TNC ETUTNPOVHEVNC
Habnong (supervised learning).



Self-supervision + cwHA KEIPHEVWYV

Masked Language Modeling: 1. 15%: emiAeyoupe Tuxaia 15% twv «tokens»
2. 80%: avtikaBiotovpe 80% pe [MASK]
3. 10%: avtikaBiotovpe 10% pe tuxaia ettAeypevn Aeén
4.10%: ta utoAowrta 10% Twyv tokens mapapevouy idla
X = Keilpevo, Y = cwotd (apxlka) tokens

Next Sentence Prediction: 1. EtAéyoupe dvo potdaoslc (S1,S2) ano 1o cwpa
KELHEVWV. 2TIC ULIOECG TIEPITITWOELG, N TTpOTACcn S2

akoAouBei tnv S1 oto Keipevo

X=(S1,S2),Y =1 or 0 (ak6Aoubn mpotaon)

KwvoTavTivog Kapapavig



Self-supervision + cwpA KEIPHEVWYV

e e

TASK: Masked Language Modeling (MLM)

1. 15% twyv tokens emiAeyovtal

X1: My current researchlinterests focus on
autonomous'decision-making in large-scale

complex systems, with a focus onllearning
anclcomputation

Y,: {research, autonomous, learning, computation}

Xo: lam interested inlrobust and adaptable
optimization, high dimensionallstatistics

andlmachinellearnin o, reinforcement
learning ano‘agents.

Y,: {robust, statistics, machine, agents}

KwvaoTtavtivog Kapapavrig



Self-supervision + cwpA KEIPHEVWYV

e e

TASK: Masked Language Modeling (MLM)

X1: My current-interests focus on

ecision-making in large-scale

1. 15% twyv tokens emiAeyovtal

, complex systems, with a focus on
2. 80% TwV eMAeYPEVWY token ondcomputaton L
avtikaBiotavratl pe [MASK]

Y,: {research, autonomous, learning, computation}

Xo:  am interested in-and adaptable
optimization, high dimensiona

andlmachinejlearning, reinforcement
learning and

Y,: {robust, statistics, machine, agents}

KwvaoTtavtivog Kapapavrig



Self-supervision + cwpA KEIPHEVWYV

e e

TASK: Masked Language Modeling (MLM)

X1: My current-interests focus on
—decision-making in large-scale
complex systems, with a focus on-
anqaccordion.

Y,: {research, autonomous, learning, computation}

1. 15% twyv tokens emiAeyovtal

2. 80% twyv eTiAeypEVWY token
avtikaBiotavratl pe [MASK]

3. 10% twyv eTiAeypevwY token
avtikadiotavtal tuxaia

Xo:  am interested in-and adaptable
optimization, high dimensiona

and learning, reinforcement
learning and

Y,: {robust, statistics, machine, agents}

KwvaoTtavtivog Kapapavrig



Self-supervision + cwpA KEIPHEVWYV

e e

TASK: Masked Language Modeling (MLM)

X1: My current-interests focus on
—decision-making in large-scale
complex systems, with a focus on-

anqaccordion.

Y,: {research, autonomous, learning, computation}

1. 15% twyv tokens emiAeyovtal

2. 80% twyv eTiAeypEVWY token
avtikaBiotavratl pe [MASK]

3. 10% twyv eTiAeypevwY token
QvTIKaBlotavTat TUXGI'.O. Xo: lam interested |n-and adaptable

optimization, high dimensiona
, andlearning, reinforcement
4. 10% twyv eiiAeypevwy token learning and

TIAPAPEVOLV attapAAAaxta Y,: {robust, statistics, machine, agents}

KwvaoTtavtivog Kapapavrig



Self-supervision + cwpA KEIPHEVWYV

e ———

TASK: Masked Language Modeling (MLM)
1. 15% twyv tokens emiAeyovtal
Y X1: My current-interests focus on

2.80% TwV ETIAEY  Suvaptnon ATWAELAC: Cross-entropy
avtikadiotavrat pi ota srtiideypeva Tokens

3. 10% twyv eTUAEY

avtikabiotavtatl T Lym(8) = — Z log p(y;|9:; 0)
4. 10% TwV ETUAEY .- M

TIAPAPEVOLV attapAAAaxta Y,: {robust, statistics, machine, agents}

KwvoTavTivog Kapapavig



BERT kat RoBERTa: token embeddings (E+P+S)

Segment embedding (lLearned): yia to BERT-base, eva 768-diactato
dlavuopa Kwolkotolel S1 1 S2 (RoBERTa dev €xet S1/S2

Mpotaon #1 Mpotaon #2

KwvaoTtavtivog Kapapavrig



BERT Family:
APXLTEKTOVLKN
TOU LLOVTEAOU

Nwg yivetal n eknaidevon pe J
Ta 6edopéva ou

dnuovpynoape pe to Masked
Language Modeling?

Kwvotavtivog Kapapavng
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Training and

Masked
Language
Modeling
(MLM)

Residual Connection

Residual Connection
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Training and

Masked
Language
Modeling
(MLM)

ﬁ H cuvoAlkn amwAeLa ival to
aBpolopa Tou cross-entropy
MAvVwW ota erttAeypeva (4 oto

napadeypa pog) apxika tokens. |§

r(768,3§522)
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BERT Family:
APXLTEKTOVLKN
TOU LLOVTEAOU

5

Kwvotavtivog Kapapavng
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Residual Connection Residual Connection

BERT Family:
APXLTEKTOVLIKN
TOU LLOVTEAOU
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To Masked Language Modeling ekmaldevel eva Loxupo HovTEAO, e Tn duvaTtotnta va
TMPOCAPHOOTEL WOTE VoL AUCEL pLa TToLKIALaL TtpoANMATWY TaélvopnonG.

Kwvotavtivog Kapapavng



BERT Family:
APXLTEKTOVLKN
TOU HOVTEAOU

Napatnpnote 1o T s € J
R768 teAikd token. Adyw Tou
“attention” tou encoder, awto
10 token evowpatwvel
rm\npodopia («katavonon»)
TOU KELUEVOU TIOU ELCAYOLE.

Xpnolyomoleitat ya
npoPAnuata taflvopunong os
duowkn y\wooa.

Kwvotavtivog Kapapavng
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1° Napadeypa: «Quora Question Pairs»:
Aedopevwy U0 EpWTNCEWYV oTnV MAatdopua
Quora, TpEMEL va TIPoodloplooupe eav

E (I) ap IJ Ové C TO U SLATUTIWVOULV OUCLACTIKA TNV dla epwtnon.

(binary classification)

B E RT a n d TCLS 2° Napadewypa: To «Corpus of Linguistic

Acceptability»: Aedopevng plag mpotaong
(ota ayyAlka), TIPETEL va TIPOCOLOPIOOVE AV
elval YAwoolka (OxL HOVo ypappatika)
artodektn. (binary classification).

[a ta mapamdvw tapadeiypata: T eival To
K1 KOl TtWG XPNOLHOTIOLOUE TO TEAKO token
Tes?

tivog Kapapavig




Mapadeiwypa 1: Quora Question Pairs: looduvapouv dUo

epwtnoelg; (binary classification)
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Mapadeiwypa 1: Quora Question Pairs: looduvapouv dUo

epwtnoelg; (binary classification)

CLS

uonsanb

SEP

uonsanb
puo23s

END

Kwvotavtivog Kapapavig



Mapadeiwypa 1: Quora Question Pairs: looduvapouv dUo

epwtnoelg; (binary classification)

CLS

uonsanb

SEP Twpa ekrtatdeVoVE TO
TeAeUTALO ETITTEDO (AOYLOTIKN
rtaAwvdpopnon!) yia to tpoBAnNpa
taélvopnong pac.

uonsanb
puo23s

END

Kwvotavtivog Kapapavig



Mapadeiwypa 1: Quora Question Pairs: looduvapouv dUo

epwtnoelg; (binary classification)

CLS

O taAlog pag ¢pidocg: transfer
learning! AkoAouvBoupe akplBwg
TNV dla dradlkaoia rtou pag

uonsanb

SEP

eéuminpetnoe ota tpoPfAnuata JUHETO

LNXavikng opaoncg (computer (AoyloTikn
vision) pe 1o ResNet 18 0 T(POBANHa
\VelllaYale" | olal

uonsanb
puo23s

END
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To BERT otnv Python

model = AutoModelForMaskedLM. from_pretrained('google-bert/bert-base-uncased")

model.bert model.cls

GELU
Layernormn
fc: nn.linear(768,30522)

fc: nn.linear(768,768)

Kwvotavtivog Kapapavig



To BERT otnv Python

model = AutoModelForMaskedLM.from_pretrained('google-bert/bert-base-uncased")

/ model.bert

N

Koovotaviivog Kapapavig




To BERT otnv Python

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):

self.bert = AutoModelForMaskedLM. from_pretrained(model_name)fbert

self.classifier = torch.nn.Linear(self.bert.config.hidden_size, 2)

c
<
—
[e]
c
—
()
>
©
-

def forward(self, skinputs):
outputs = self.bert(xxinputs)
cls_output = outputs.last_hidden_state[:, 0, :]
logits = self.classifier(cls_output)
outputs["logits"] = logits
return outputs

fc: nn.linear(768,768)
fc: nn.linear(768,30522)

Kwvotavtivog Kapapavig



To BERT otnv Python

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):

self.bert = AutoModelForMaskedLM. from_pretrained(model_name).bert

self.classifier = torch.nn.Linear(self.bert.config.hidden_size, 2

def forward(self, skinputs):
outputs = self.bert(xxinputs)
cls_output = outputs.last_hidden_state[:, 0, :]
logits = self.classifier(cls_output)
outputs["logits"] = logits
return outputs

Kwvotavtivog Kapapavig



To BERT otnv Python

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):
super().__init_ ()
self.bert = AutoModelForMaskedLM. from_pretrained(model_name).bert
self.classifier = torch.nn.Linear(self.bert.config.hidden_size, 2)

de

(o}

= : "MTaden_statel:, 0, :1]
logits = self.classifier(cls_output)
outputs["logits"] = logits

return outputs

Kwvotavtivog Kapapavig



To BERT otnv Python

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):
super().__init_ ()

self.bert = AutoModelForMaskedLM. from_pretrained(model_name).bert
2 self.classifier = torch.nn.Linear(self.bert.config.hidden_size, 2)

def forward(self, sxxinputs):

loglts = self. cla551f1er(cls output)
outputs["logits"] = logits
return outputs

Kwvotavtivog Kapapavig



To BERT otnv Python

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):
super().__init_ ()

self.bert = AutoModelForMaskedLM. from_pretrained(model_name).bert
2 self.classifier = torch.nn.Linear(self.bert.config.hidden_size, 2)

def forward(self, sxxinputs):

outputs["logitg.
returp.eetputs

To «batch»: Kpatdpe OAEC TIC TIPOTACELG

Kwvotavtivog Kapapavig



To BERT otnv Python

Ta «Tokens»: kpatape povo to TpwTto: Teyg

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):
super().__init_ ()

self.bert = AutoModelForMaskedLM. from_pretfained(model_name).bert
2 self.classifier = torch.nn.Linear(self.berf.config.hidden_size, 2)

def forward(self, sxxinputs):

cls_output = outputs.last_hidden e |[:

Kwvotavtivog Kapapavig



To BERT otnv Python

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):

super().__init_ ()

self.bert = AutoModelForMaskedLM. from_pretfained(model_name).bert
2 self.classifier = torch.nn.Linear(self.berf.config.hidden_size, 2)

def forward(self, sxxinputs):

utputs.last_hidden p

Ol ovuvioctwoe Tou dlavuopatog

Kwvotavtivog Kapapavig



To BERT otnv Python

class BertClassifier(torch.nn.Module):
def __init__ (self, model_name):
super().__init_ ()
self.bert = AutoModelForMaskedLM. from_pretrained(model_name).bert
self.classifier = torch.nn.Linear(self.bert.config.hidden_size, 2)

def forward(self, sxxinputs):
N0 N = = he Skinn [ ]

logits = self.classifier(cls_output)
outputs["logits"] = logits
return outputs

Kwvotavtivog Kapapavig



To BERT otnv Python

TCLS

nn.Linear(768,2)

y

y

!-

class BertClassifier(torch.nn.Module):

__init__ (self, model_name):

super().__init_ ()

self.bert = AutoModelForMaskedLM. from pretrained(model name).bert
self.classifier = torch.nn.Linear(self.bert.config.hidden_size, 2)

def

def

forward(self, *xinputs):

outputs = self.bert(xxinputs)

cls_output = outputs.last_hidden_state[:, 0, :]
logits = self.classifier(cls_output)
outputs["logits"] = logits

return outputs

Kwvotavtivog Kapapavig



NMapadewypa 2: The Corpus of Linguistic Acceptability:

[Mpoodlopidovpe eav pla tPOTACN Elval YPAUHATLIKA Kal
vAwoolka artodektn (binary classification).

E_s> Residual Connection Residual Connection
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NMapadewypa 2: The Corpus of Linguistic Acceptability:

[Mpoodlopidovpe eav pla tPOTACN Elval YPAUHATLIKA Kal
vAwoolka artodektn (binary classification).

CLS
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To BERT €xel ekmtaideubei pe to Masked Language Modeling

(MLM) tou amattel pua «katavonon» tng yAwooag. ATtoteAel
£va oLOTNHA EVEAIKTO TIOU UTTOPEL va XpnotpottoinBei yia va
va AUCEL HEYAAN TIOLKIALA TIPOBANpATWY (UE Alyn
eTUtpooBeTn ektaidevon — to transfer learning).

Kwvotavtivog Kapapavig



Emiotpedoupe oto apxiko pag mpopfAnpa: Evowpatwoelg

Kwvotavtivog Kapapavig



Emiotpedoupe oto apxiko pag mpopfAnpa: Evowpatwoelg

Residual Connection Residual Connection
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Emiotpedoupe oto apxiko pag mpopfAnpa: Evowpatwoelg

Average
Pooling

Kwvotavtivog Kapapavig



To BERT otnv Python

model = mm%\c('bert—base—uncased', devicezg\g\\/’\i’\c’g)

Kwvotavtivog Kapapavig



To BERT otnv Python

model = mmvbert—base—uncased', devicezgvev\civ\c/g)

To Sentencelransformer pag ekave TToAAA BApata:

1. Kpatdael povo to BERT (0xt to MLM Head)
2. MNpocBetel OAa ta teAlka Tokens Kal taipvel To HECO OPO

Kwvotavtivog Kapapavig



To BERT otnv Python

class BertEmbedder(nn.Module):
def __init__ (self, model_name):
super().__init_ ()

self.bert = AutoModelForMaskedLM.fromipretrained(modeliname).bert

def mean_pool(self, token_embeddings, attention_mask):

mask = attention_mask.unsqueeze(-1).float()
sum_embeddings = (token_embeddings * mask).sum(dim=1)
sum_mask = mask.sum(dim=1).clamp(min=1e-9)

return sum_embeddings / sum_mask

def forward(self, input_ids, attention_mask, xxkwargs):
outputs = self.bert(input ids=input ids, attention mask=attention mask, skxkwargs)

return self.mean_pool(outputs.last_hidden_state, attention_mas

Kwvotavtivog Kapapavig



Keipeva

Avadntnon oe Baon Nvwoeswyv
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Texts

Avadntnon oe Baon Nvwoeswyv

e s

o ]

2 NUOCIOAOYIKEG
EVOWMPATWOEIG

Query: Q — @ = Vg
v Katataoooupe ta

[ @9 ] ) . . .
PN . KeEpeva oe pBivovoa
==\ ot GELPA ECWTEPIKOU

o K2 ( vzz YIVOUEVOU
- <5 Lakd

= [= JE vK5 (vK' vQ)

’is. K_6. vK6
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Texts

Avadntnon oe Baon Nvwoeswyv

—_— ]

e s

2 NUOCIOAOYIKEG
EVOWMPATWOEIG

[Mwc¢ tpooappolovpe (fine
tune) eva povieAo ota dlKaA

HaG KEPHEVA, WOTE VA
TIETUXOUE KAAUTEPN
avadntnon;

- - KwvoTtavTivog Kapapavrig



