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Word2Vec: pyla tpwtn 1dea

1. Tteivau
2. Nwc ekmtatdevetal (self-supervision)
3. Narti dev apkel
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*Mikolov, T., Chen, K., Corrado, G. and Dean,
J., 2013. Efficient estimation of word

representations in vector space. ¢ wvock )
| arXiv preprint arXiv:1301.3781 | wvotavtivoc fapapavne




{BaciAlcoa}

Tueivat
NMwcg 6a teTUXoVE TOV OTOXO0 HAC;

1.Eav exoupe 30.000 Acéelg, exouvpe 900.000.000
O evyn. Agv elval TIPAKTIKO (EPLKTO) va
XAPAKTNPiooupue OAa avuta ta (evyn «UE TO XEPL».
2.Katva eixape 900.000.000 emtiBupnteg YWVIEC
(arootaoelg) 8,5 o TNV AEEN a otV Asén B, TTWG
Oa Bplokape dlavuopata vy, Vg WOTE LV,Vp =
04 p Yia kAOE Cevyoc (a,B);

> M

*Mikolov, T., Che

representations in vector space.
| arXiv preprint arXiv:1301.3781
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H Baotkn wea: self-supervision

—

E—

Artoxalpetd T deUyel YTtoAoyietal armo to
< : :
o 1Y e OUVOALKO cwpa

[Nepvadel tnv maywuegvn 6alacoaq, KEWEVWV TIOU
Tplkuuia Eeomast, ouvrpifBetal To XPNOHOTIOOVHE
KapaPi og dyptla xioviougva Bpaxia.»

X, = (Amoxatpeta, yn), y; = P(yn akoAouBel anoxaipeta)

X, = (maywpevn, 6dAacoa), y, = P(Balacca akoAouBel maywfieyn)
X3 = (tpkupia, Eeomael), y; = P(§eomast akoAouBel tpkupia)
Xa=(

ouvtpiBetal, kapapt), y, = P(kapapt akoAouBei cuvtpifetal)
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H Baotkn wea: self-supervision

E—

, Self Supervision oyiZetat amd 1o
«Arroxatlpeta Ao GULa
lepvagt tnv 1. Emvoolpe éva TpOBANHA ETUTNPOVHEVNG VWV TIou

TPLKUMIA §€a HABNonc ou Ba pac ekmadeVosl Eva HOVIEAO  LHOTIOlOLpE
kapapioe a TTOU TIAPAYEL EVOWHATWOELG

ARG 5 AnL0UpYOULE BESOHEVA VI TO TTAPATIAVW
Xy = (Taywpév TPOABANUA PE AUTOUATOTIONHEVO

X3 = (tplkupia, (aAyopLOpHIKO)

X4 = (ouvrpiBetal, : ;
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Aev apkel

Word2Vec: dev apkel yla onpaocloAoyikn avalntnon

e —

E—

2Tatikn vs Zupdppalopevn Evowpatwon
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Aev apkel

Word2Vec: dev apkel yla onpaocloAoyikn avalntnon

—_—

—

2Tatikn vs Zupdppalopevn Evowpatwon

“O oxoAlaotnc eitte OTLAcieL Eva
KOJH O aro tnv mapouoiacn Twyv
AToTEAECHATWY TNG dNUooKoTnong.”

“O dAdokaAog eirte OTL Aslmtel Eva KOPHA
ATtO Pl TTPOTAGCN TOU KEIPEVOU Hou.”
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Aev apkel

Word2Vec: dev apkel yla onpaocloAoyikn avalntnon

—

e —

Ztatikn vs Zupdppalopevn Evowpatwon

13 |4 r r ’ r
“O dAoKAAOG eirte OTL Asimel éva KOppa O GXONG,GT”C elrte ot ?‘Slnel eva
Ao pla tpATACH TOU KEWWEVOU pHou.” KOHHA aro thv dpouotacn Ty
artoteAecpATWY TNG dNUookKotnong.”

To Word2Vec tapdayel OTATIKEC EVOWHATWOELG: N EVOWHATWON TNEAEENC
«Koppa» oto Word2Vec sival tavta to idlo diavuopa, aveéaptnta amo ta

ouvpdpalopeva. lNna arodotikn avalntnon pe Baon tnv ocnuaoia,
xpelralopaote cLHPPALOMEVEC EVOWHATWOELG, OTIOU TO dlavuopd TNCAEENCG
eéaptatal amo To TTAAioL0 TNE TTPOTACNC.
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To «Transformer» kat to «Self Attention»

E—

“O dAokaAog eirte OTL AelTtel Eva KOPYHA ATIO PLA TTPOTACH TOU KELMEVOU pou.”

“IO] [daokaAoc] [ei] [e] [oTY] [Aeimt] [el] [eva] [koppa] [amto] [pia] [tpoTtaon]
[tou] [kelpev] [ou] [pou].”

Tokenization (artAomtoinon)

“IO] [0aokaAoc] [eite] [oTL] [Aeimel] [eva] [koppa] [amo] [pia] [tpotaon] [Tou]
[Kelpevou] [pou].”
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To «Transformer» kat to «Self Attention»

—

“IO] [daokaAoc] [elme] [OTL]
[Aeimtel] [eva] [KOppa] [aTto]
[ua] [tpotaon] [tou]
[kewpevou] [pou].”
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KwvaoTtavTivog Kapauavig

Evowpatwoelg



To «Transformer» kat to «Self Attention»

—

“IO] [daokaAoc] [elme] [OTL]
[Aeimtel] [eva] [KOppa] [aTto]
[ua] [tpotaon] [tou]
[kewpevou] [pou].”

il

dAoKkaAog
Hou

OTL

Aetmtet

gva

KOUHQ

ano

pia
mpotacn

i
Word2Vec

Tou

KELMEVOU

Hou
[END]
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To «Transformer» kat to «Self Attention»

E—

“IO] [daokaAoc] [elme] [OTL]
[Aeimtel] [eva] [KOppa] [aTto]
[ua] [tpotaon] [tou]
[kewpevou] [pou].”

dAoKkaAog
Hou

OTL

il

Aetmtet

gva

KOUHA

ano

pia
mpdTacn

Self attention

Tou

KELMEVOU

Hou
[END]
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To «Transformer» kat to «Self Attention»

O
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HoU
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Self attention
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Ta «tokens» o TtEpvave amo ta «attention
layers» eival cupdpalopeveg EVOWHATWOELG
NG KABe Aeé€nc: e€aptouivtal amo tnyv idta tnv
AEEN, AAAG KAl TIC AAEC AEEELC TNG TTPOTACNC

(tpotacewv).

Epwtnon 2: Adprivovtag kata yepog to ntnua
TNC APXLTEKTOVIKNG, pwtaue: MNwg

ekrtatdevovtal ta «Transformers» kat ta «Self
attention layers»; Me tola dedopeva kat rola
OUVAPTNON ATTWAELAC;




To «Transformer» kat to «Self Attention»

—— e —

o Ta «tokens» o TtEpvave amo ta «attention
Sdokahog layers» eival cupdPaAlOPEVES EVOWHATWOELG
pOoU

e€aptouvtal aro tnv idla tnv

[TWC ONULOUPYOUVTAL Ol ¢ ganec Aéeic e pdTaonc

ot

einet ouUPUPpPalOUEVECR
,
EVOWHATWOELC;
pia

TpoTaon

Encode & Decoder IVOVTaC KATA PEPOC To ZATNUA

i L oVIKNG, pwTApE: MNMwg
ekrtatdevovtal ta «Transformers» kat ta «Self
attention layers»; Me tola dedopeva kat rola
OUVAPTNON ATTWAELAC;
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Encoders vs Decoders
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Decoder: ta Tokens €xouv attiwon
(causal) e€aptnon ot Acéelg tng
mpotTacnC.
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Encoders vs Decoders
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Decoder: ta Tokens €xouv attiwon
(causal) e€aptnon ot Acéelg tng
mpotTacnC.

T, uTtoAoyidetal pOVo aTo TNV TPWTN AEEN
T, uTtoAoyideTal HOVO ATIO TIG TTPWTEC OVO AEEELG
T5 uTtoAoyideTal HOVO ATIO TIG TIPWTEG TPELG AEEELG

T, uTtoAoyideTal HOVO ATIO TIC TIPWTEC TECOEPLG AEEELQ

GPT family (utoBetoupe)

KwvoTavrtivog Kapapavig



Encoders vs Decoders

dAoKaAoC

elrte

Aelmel

5

sva
pia
npdétaocn

Tou

KELPUEVOU

HO

E—

)
C
O

]

H
@©

=
)

7p)

~N

—
— —
N -

Sl 222 e e s e
A w o

e
(4]

Encoder: ta Tokens €xouv pn-attiwon
(non-causal) e€aptnon otig Ae€elg Tng
mpotTacnC.

T, utoAoyidetal amo OAeg TIC AEEELG
T, utoAoyidetal ano OAeg TIC AEEELC
T5 uTtoAoyidetal amo OAeG TG AEEELG

T, uTtoAoyidetal amo OAeq TG AEEELG

BERT family kal toAAG aAAa
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Encoders vs Decoders: H Atadopa

—

—_—

Decoder: ta Tokens €xouv artiwon

O

6chaAock==;;E

[S[e]V) A

\

elrte

O

dAokaAog

HOU

elrte i

T (causal) eE4pTnon oTig AEEELG TNG

T potTacng.

T3

T, Ekrtawdevetal yia tpoBAsPn tng
ETOPEVNC AEENC

T, Encoder: ta Tokens €xouv pyn attiwdn

T, (non-causal) e€aptnon otig Ae€elg TNG

T potTaongc.

T4

Amapaitntaq, 1.X., yla yeTAPPOAOCN

Ol GNHAGCLOAOYIKECG EVOWHATWOELG Xpnolgomolouyv Encoders.
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Encoders vs Decoders: H Atadopa

—

i

Decoder: ta Tokens €xouv artiwon

O |'§\ LE (causal) e€aptnon otc AEEELC TNG

dAoKAAOG |'< — T, )

hov f—=———= LE Ta encoders kat ta

== e decoders Ttapdayouv
oLUPPAlOHEVEC

;’dmm L EVOWUATWOELC

HoU T;

elre T4

Amapaitntaq, 1.X., yla yeTAPPOAOCN

Ol GNHAGCLOAOYIKECG EVOWHATWOELG Xpnolgomolouyv Encoders.
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Ertitnpovpevn Mabnon:
BAeTtoupe n mapadeiyparta:

ET[lTI'] POULUEVI (Xy¥1)s Koa)s weees (XeVr)

Mabnon

MaBaivoupe tnv oxeon X 2y,
dnAadn pabaivoupe cuvaptnon
h(X) Ttou va eivat «<Kovta» oTo Y.

ivoc Kapapavng



Ertitnpovpevn Mabnon:
BAeTtoupe n mapadeiyparta:

ETUTNPOUHEV e aiaaron
Mafr—-

To apxlko pag mpoBAnua eival va BpoUUE oNUACLOAOYLKEG
gevowpatwoelc. lla va xpnolyoTtol)coupE OAa Ta epyaieia
TNC ETUTNPOUVHEVNC HABNOoNG, TTPETEL VA OLAPOPPWOOUHE Kal
va dNULOVPYNOOUUE VA TIPOPBANUA HE TN CWOTH Hopdn.

Xpelalopaote N «rtapadeiypatar» (X,y)



Self Supervision

1. ETtvoou e eva mpoBAnpa ETIITNPEOVHEVNG
pabnong ov Ba pag eKtatdeVoEL EVA HOVTEAO

TTOU TTAPAYEL EVOWHATWOELG IVIKEG
raAela

2. Anpovpyoupe dedopEVA yLA TO TTAPATIAVW JUE Kal
TIPOBANKA HE AUTOHATOTIOLNHEVO obn.
(aAYOPLOULKO) TPOTIO
XPELACOPAOTE N «TIAPAOELYHATA» (X,Y)




Self-supervision + cwpa Kelpevwy (text corpus)

—— i
Constantine Caramanis
Professor, Dept. of Electrical and Computer Engineering
Chandra Family Endowed Distinguished Professorship in Electrical and
Compuier Egiceniug To OLadLKTUO Kat AAAEG TINYEG HAG
Member of the Computer Science Graduate Studies Committee , ,
Office: 2501 Speedway, EER Building Room 6,820 POCPEPOLV avecavIAnTo
e-mail: constantine at utexas.edu 'I-[)\r']eoc KSl”éva I_I pé]‘[gl va

dlapopPwooupe TIPORANUQA
ETUTNPOVHEVNC HABNOoNC.

ﬁa Professor in the ECE department of The University of Texas at Austin. | received a PhD in EECS fromh
Massachusetts Institute of Technology, in the Laboratory for Information and Decision Systems (LIDS),and an

AB in Mathematics from Harvard University. | received the NSF CAREER award in 2011,and | am an IEEE AU-[O' O.T[O.l'ES(' ZS L')Yn (X y) Kal
Fellow. , ’ , vt
ouvaptnon arntwAeslag rtov

My current research interests focus on autonomous decision-making in large-scale complex systems, with a 'Z I ’ )\
focus on learning and computation. Specifically, | am interested in robust and adaptable optimization, high Opl ouv eva npoB rI I"I aoto
dimensional statistics and machine learning, reinforcement learning and agents, and applications to A "

g gandag PP T(POTUTIO TNC ETUTNPOVHEVNC

generative models. I've worked on applications to large-scale networks, including social networks, wireless

Hadnong (supervised learning).

networks, transportation networks, energy networks and financial applications. | have also worked on

Wcations of machine learning and optimization to computer-aided design. )
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Self-supervision + cwpa KEIPEVWYV

Masked Language Modeling: 1. 15%: emiAgyoupe tuxaia 15% twv «tokens»
2. 80%: avtikaBiotovupe 80% pe [MASK]
3. 10%: avtikaBiotoupe 10% pe tuxaia eTiiAeypevn Aeén
4. 10%: ta uttoAourta 10% twyv tokens tapapevouy idla
X =keipevo, Y = cwotd (apxika) tokens

Next Sentence Prediction: 1. EmuAeyoupe duo tpotaocelg (S1,S2) amod to cwpua
KELHEVWV. 2TIG MIOECG TIEPLTTWOELG, N Ttpotacn S2

akoAoubei tnv S1 oto keipevo

X=(S1,S2), Y =1 or0 (akoAoubn tpotaocn)

KwvaTavtivog Kapauavig



Self-supervision + cwpa KEIPEVWYV

—

D

TASK: Masked Language Modeling (MLM)

1. 15% twv tokens emiAeyovtal

X4 My current researchlinterests focus on
autonomous|decision—making in large-scale
complex systems, with a focus onjlearning

anclcomputation

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

X5 lam interested inIrobust and adaptable
optimization, high dimensionallstatistics

andlmachinellearning, reinforcement
learning anc‘agents.

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

KwvoTavrtivog Kapapavig



Self-supervision + cwpa KEIPEVWYV

—

1. 15% twv tokens emiAeyovtal

2.80% twyv emiAeypeVWY token
avtikaBiotavrtal pe [MASK]

- ]

TASK: Masked Language Modeling (MLM)

X4t My current-interests focus on

_decision—making in large-scale
complex systems, with a focus on

anclcomputation

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

X5 lam interested in-and adaptable
optimization, high dimensiona

andlmachine]learning, reinforcement
learning anc

Y,: {robust, statistics, machine, agents}
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Self-supervision + cwpa KEIPEVWYV

—

- ]

TASK: Masked Language Modeling (MLM)

X4t My current-interests focus on

_decision—making in large-scale
complex systems, with a focus on

anclaccordion.

1. 15% twv tokens emiAeyovtal

2.80% twyv emiAeypeVWY token
avtikaBiotavrtal pe [MASK]

Y,:{research, autonomous, learning, computation}
3. 10% twyv emiAeypeVWY token
ClVTlKO.e[C)'TClVTCll TUXO.[CI Xo: I am interested |n-and adaptable

optimization, high dimensiona

andlmachine]learning, reinforcement
learning anc

Y,: {robust, statistics, machine, agents}
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Self-supervision + cwpa KEIPEVWYV

—

- ]

TASK: Masked Language Modeling (MLM)

X4t My current-interests focus on

_decision—making in large-scale
complex systems, with a focus on

anclaccordion.

1. 15% twv tokens emiAeyovtal

2.80% twyv emiAeypeVWY token
avtikaBiotavrtal pe [MASK]

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

3. 10% twyv emiAeypeVWY token

avtikabiotavrat tuxaia %:1am interested in[Jland adaptatle
optimization, high dimensiona
, andlearning, reinforcement
4. 10% TwyV eTiAeypEVWY token lear

mapa EVOUV arap d)\)\ClXTCl Y,: {robust, statistics, machine, agents}

KwvoTavrtivog Kapapavig



Self-supervision + cwpa KEIPEVWYV

D

—

TASK: Masked Language Modeling (MLM)
1. 15% twv tokens emiAeyovtal
Y X4t My current-interests focus on

decision-making in large-scale
A\CUS ON

2.80% twv eTAeY  Juvaptnon AntwAelag: Cross Entropy
avtikabiotavtat ota smleypeva Tokens learning, computation]

3. 10% twyv eTtiAey

avtikaBiotavtattt £, (0) = — Z log p(v;|9;; 0)
iEM

and adaptable

4.10% TWV ETUAEY .-
mapa EVOUV ClT[ClpC'l)\)\CIXTCl Y,: {robust, statistics, machine, agents}
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To BERT (kat RoBERTa)

—

[Mwcg Kavoupe uTtoAoylopoUC pe To «tokenization» plag tpotaonc;
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To BERT (kat RoBERTa)

—

[Mwcg Kavoupe uTtoAoylopoUC pe To «tokenization» plag tpotaonc;

Briua 1: kavoupe «tokenize» tig Ae€elg TG Tpotaong, OnAadn Tig omaye o€
tokens, 1.x.: [playing] =2 [play] [##ing]
To Ae&Aoyio tou BERT mepiexet 30.522 tokens — ouolaoTikd exel AeELAOYLO
pe epimou 30.000 Aséelc.

KwvoTavrtivog Kapapavig



To BERT (kat RoBERTa)

—

[Mwcg Kavoupe uTtoAoylopoUC pe To «tokenization» plag tpotaonc;

Briua 1: kavoupe «tokenize» tig Ae€elg TG Tpotaong, OnAadn Tig omaye o€
tokens, 1.x.: [playing] =2 [play] [##ing]
To Ae&Aoyio tou BERT mepiexet 30.522 tokens — ouolaoTikd exel AeELAOYLO
pe epimou 30.000 Aséelc.

Brijpa 2: 2 kGBe token avTioTolXEl Yla oTatikn evowpatwaon (ocav tnv
evowpatwon Word2Vec) oe diavuopa 768 dlactacewyv. Auto to dlavuopua
gvowpatwyvel Kat cuvdualel mAnpodopieg yia tn Aeén, TtTnv 6€on tng otnv
tpotaon (11, 21, ...), kateav avikelotnv 111 2" tpotaon.
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To BERT (kat RoBERTa)

e

[Mw¢ KAvOUE UTTOAOYLIOHOUG HE TO ¢ Ol CUYKEKPLIPEVEC AETITOPEPELEC
dladeEpouy pe to povteAo. Eva
Bripa 1: kavoupe «tokenize» TIGAEEELG” LEYAAUTEPO HOVTEAO PTIOPEL VA EXEL
tokens, T.x.: [playing] > [play] [## Ae&\oyio pe ~50.000 rj ~150.000 AEeLg,
To Ac€Aoylo tou BERT mteplexel | kal EvowHATWOELCG TToU eivat 1.024 ) kat

pe tepimou 30.000 AEEeLc. 2.048 dlaoctaoswy

Brijpa 2: 2 kGBe token avTioTolXEl Yla oTatikn evowpatwaon (ocav tnv
evowpatwon Word2Vec) oe diavuopa 768 dlactacewyv. Auto to dlavuopua
gvowpatwyvel Kat cuvdualel mAnpodopieg yia tn Aeén, TtTnv 6€on tng otnv
tpotaon (11, 21, ...), kateav avikelotnv 111 2" tpotaon.
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BERT kat RoBERTa: token embeddings (E+P+S)

e —

Token embedding (learned): yi.a to BERT-

base, eva 768-diactato diavuopa yia Kabe
aro ta 30.522 token oto Ae§lAoylo tou BERT

101 A€ =2 (D10

token embedding

A @ GE@@EMe6@ @@ @M. A @
\ J \
Y ||

Mpotaon #1

Mpotaon #2
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BERT kat RoBERTa: token embeddings (E+P+S)

e —

ESaptouvtal povo amno tnv POSitional em bedd|ng (leal‘ned): YlCl TO
8€an, oxL amd tnv A&€n BERT-base, eva 768-dtdotato diavuoua
yla kabe armo t1¢ 512 Beoelg

Mpotaon #1 Mpotaon #2
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BERT kat RoBERTa: token embeddings (E+P+S)

Segment embedding (learned): yia to BERT-base, eva 768-diactato

dlavuopa kwokottolel S1 1 S2 (RoBERTa dev £xet S1/S2)

+ + + + + + + + + + + + +
+ + + + + + ¥+ + + + + + +
CLS @ @ OHH @ m SEP @ m eime Q @

Mpdtaon #1 Mpotaon #2
KwvoTavtivog Kapapavrg



BERT Family:
APYLTEKTOVLKN
TOU LOVTEAOU

MNwc yivetal n eknaidevon pe
Ta 6edopéva ou
dnuovpynoape pe to Masked
Language Modeling?

Kwvotavtivog Kapapavng
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