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'HYINEY®OYNH AHAQXH

O Maopiog IToywatleag , yvopilovtag Tig cuvEmELEG TNG AOYOKAOTNG,

dMNAove vrevbouva 0Tt M Tapovoa epyacia pe titho «H depevvnomn, katavonon kot
Be@pNTIKN aTOTIUN OGN TNG OPYLTEKTOVIKNG T® Transformers, kabwg kot tng e&eMEng Tov
0TO TO OPYLKO HovTeAo “Attention is all you need “ emg T1g cLYYPOVES TAPUALAYES TOV
YPNOLLOTOOVVTIOL GE TPOTyovpeva cvotnuate Texvng Nompoovvneoy,amoteiet
TPOIOV OLGTNPE TPOCHOTIKNG EPYUCING KOl OAES OL TN YEG TTOL

EX® YPNOLOTOMOEL, £X0VV ONA®OEl KatdAAn o ot PiAtoypapikég

TOPOTOUTES Kol avopopés. Ta onueio OTOL £x® YPNGLOTOGEL

10é€c, Kelpevo N/kal INYES GAL®DY GLYYPUPEDY, AVAPEPOVTOL

€LOLAKPITO GTO KEIUEVO LLE TNV KOUTAAANAT TOPOTOUTY KOL 1| GYETIKY|

avaeopd mepriappdvetol 6to TUNUA TOV PBPMOYPAPIKOV 0VOQOop®Y

HE TANPN TEPYPOLPT).

O Mopiog IMoyratleag



IHEPIAHYH

Ta tedhevtaio ypdvia, n Teyvnt Nonpoosvvn kot 0kotepa | Enegepyacio Pvowng Mmocag
(NLP) éyouv 7yveopioer aAipotddn avamtvén, petaoynpotiloviog pwlikd tov  Ttpdmo
aAnAenidpaonc avOpdmov kot unyovie. lotopikd, n povielomoinon axoiovdidv Pocileton
o€ apyITeEKTOVIKEG Ommg To Avadpoukd Nevpovikd Aiktvo (RNNs) kor ta diktoa
MoxponpdBeoung BpayvnpoBeoung Mviaung (LSTMs). Tlapd v amodedsrypévn
amoTeELEoUATIKOTNTA TOVG, TO Hovtéda oavtd mepoplov TG duvatotnteg  polikon
TOPOAANAICLOD AOY® TG GEPLOKNG EMEEEPYACIOG TV SESOUEV®V KO AVTILETOTL OV EYYEVEIQ
dvuokoAieg otn dayeipion eEaptioemv peydang epupéreiag.

H mopovca nttuyloxm epyacio emkevip@veTal ot d1EpEdVION, TNV €V TO PABEL KaTavOnom Kot
T Bepnrtikn amotipnon g apyltektovikng tov Transformers, 1 omoia g1oMyOn 10 2017 pécw
g pn&cérevdng dnpocievong «Attention Is All You Need». To poviého avtd avTikoTéoTNGE
TANPOG TV avadpoun pe tov pnyovicpd Avto-Ilpocoyng (Self-Attention), emtpémoviog v
TAVTO POV, TAPAAANAN emelepyacio OAOV TV oTolyEi®V piag akolovbiog kepévov. o tnv
eumelpkn emoAndevon tov Bempntikov TAoiciov, SEENYON Lo TPAKTIKY GUYKPITIKY LEAETY.
YlomomOnkav Kot ekmondevTnkav amd to Pnoév (from scratch) dvo poviéla Babidg Mabnong
—¢éva appiopopo LSTM (Bi-LSTM) kot évag Kmowkonomg Transformer— oto cuvoro
dedopévov IMDB yia to TpofAnua g avaivong cvuvoisOnpatog (sentiment analysis).

Ta wepapartikd aroteréopata enefaincav v vToloyioTik vrepoyn Tov Transformer, o
onotog anodelydnke katd nepimov 30% toydtepog otV ekmaidevon ava enoyr. 61060, TO
nelpopa ovéderse ko v avénpévn téor tov Transformer yio vrepeknaidcvon (overfitting)
o€ JKPE cOVOAL SESOUEVMDV AOYM TNG AmoVGing ETUY®YIKNG TpoKatdAnyng (inductive bias),
OTOJEIKVOOVTAG TNV OVAYKT TNG CLYKEKPIUEVNC OPYITEKTOVIKNG Y10 KOAOGGLOA0VE OYKOLC
dedopuévov. Avtdg o mePoPoUOC amotédece Tt Pdon Yoo T petdPfoocn o6to cOyxpovo
mopadetypa g «llpo-gknaidevong kot MikpopuBuiong» (Pre-training and Fine-Tuning). H
gpyaoio katoAnyel ovolvovtag v wotopikn e&éMén tov Transformers oe Meydhia ['wooikd
Movtéha (LLMs) omoc to BERT (uoévo «wdwomomtrg) wou 1o GPT (pdvo
OTTOKMOTKOTONTNG), KOOMG KOl TNV ETLTUYN EXEKTOOT TNG OPYITEKTOVIKNG 0NV eneéepyacia
ewovag péow tov Vision Transformers (ViT), katadeikvoovtag OTL 0moTeEAOVV TAEOV TO
kaBoAko Oepédio e ovyypovng Texvnng Nonpooivng.

A&Eac-Khaonwa: Teyvnt Nonpoovvn, Exegepyacio duokng Mwocag (NLP), Transformers,
Mnyavicpoc Avto-IIpocoyng, Babue Mdébnor, LSTM, Avdivon ZvvaicOnipoatog, Meydia
IMwoowkd Movtéha (LLMs).



ABSTRACT

In recent years, Artificial Intelligence, and particularly Natural Language Processing (NLP),
has experienced exponential growth, radically transforming human-machine interaction.
Historically, sequence modeling relied heavily on architectures such as Recurrent Neural
Networks (RNNs) and Long Short-Term Memory (LSTM) networks. Despite their proven
effectiveness, these models inherently limited massive parallelization capabilities due to their
sequential data processing nature and consistently struggled with managing long-range
dependencies within texts.

This bachelor thesis focuses on the investigation, comprehensive understanding, and
theoretical evaluation of the Transformer architecture, which was introduced in 2017 through
the seminal paper "Attention Is All You Need". This architecture completely replaced
recurrence with the Self-Attention mechanism, enabling the simultaneous and parallel
processing of all elements within a sequence. To empirically verify the theoretical framework,
a practical comparative study was conducted. Two Deep Learning models—a Bidirectional
LSTM (Bi-LSTM) and a Transformer Encoder—were implemented and trained from scratch
on the IMDB dataset for the task of binary sentiment analysis.

The experimental results definitively confirmed the computational superiority of the
Transformer, which demonstrated an approximately 30% faster training time per epoch.
However, the experiment also highlighted the Transformer's strong tendency to overfit on small
datasets due to the lack of inductive bias, thereby proving its strictly "data-hungry" nature. This
specific limitation formed the foundational rationale for the transition to the modern machine
learning paradigm of "Pre-training and Fine-Tuning". The thesis concludes by analyzing the
evolution of Transformers into Large Language Models (LLMs) such as BERT (encoder-only)
and GPT (decoder-only architectures), as well as the successful extension of this architecture
into computer vision via Vision Transformers (ViT), ultimately demonstrating that
Transformers now constitute the universal foundation of modern Artificial Intelligence.

Keywords: Artificial Intelligence, Natural Language Processing (NLP), Transformers, Self-
Attention Mechanism, Deep Learning, LSTM, Sentiment Analysis, Large Language Models
(LLMs)
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