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To Movtelo Nwoaooac (Language Model)

To Movtého NMwooog
[MpoBAEMEL TTOLOL UTTOPEL VA elval n emOpevn Ae€n o€ pa akoAouBia Ae€ewv
To vepo otn BaAaocoa tng NMudadac sivol LOLALTEPWC ...
... kaBapo ... TpOYAdNV
... OLOWVYEC ... bedopevou

--- KpUO ... KOVOUTTEC

AmodibeL mBavotnteg o akoAouBieg Ae€ewv (ooo mbavo eivat va epdaviotouv
otn YAwooo)

OL eKTIpOCWTTIOL ATOPACLOOV KOLVI) TLOALTIKA. '

OL ekTtpOCWTIOL ATIOPACLOE KOLVI TLOALTIKA. l




To Movtelo NMwooac (Language Model)

Eva KaAO MovteAo MNwooac PETEL

va Sivel peyaAn mBavotnTto o€ TPOTACELC TIOU ELVOL OUXVEC/CWOTEC
NMPOTAOELC OE Hla YAwooa

va 6lvel yapnAn riibovotnta o€ MPOTACELC TTOU €ival oTtAVLIEC/AOVOACUEVEC
NMPOTAOELC OE Lo YAwooao




Movtelo N\wooac: Xpnolpotnta

>tnv Mnyavikn Metadpaon
Mote dev 10 €lma AUTO | never said that | never not that said that
2TnVv 20vBeon Quolkng Nwooag
LLMs, AlaAOYyLKOL cUOTH AT
2tnv Avayvwplon OuAlog
«...HpBa [Jwplic To ocakidLo pou...» =2 ...HpBa xwplc To cakidLo pov...
2TOV VPO UMaTIKO/opBoypadiko EAeyX0

H pava Privelg pmokota =2 H pava Privel pmiokota




Movtelo Nwooac: Mo MaBnuatika

YroAoylopog tn¢ mibavotntog pag akoAoudiac n Aéewv
P(wq, Wo, Wa, ooy W)

YrtoAoylopog tng mbavotntag epdaviong tng EMOPeVNG Ae§ng w,, 5E60UEVNG LOG
akoAouBiac n-1 Ae€swv
P(w, | wy, w,, Wy, ..., W, )

Mwc¢ urtoAoyilw avTEC TIC MBOVOTNTEC; AV XPNOLUOTIOLNOW EVA TEPAOTLO CWOL KELUEVWV
Kol UTtoAoylow

P(w, | wy, w,, Wy, ..., W, ;) = count(w;, w,, W, ..., w,.) / count(w,, w,, ws, ..., W) =
count(“To vepo otn Balacoa tng NMudadag eival Wdlattepws kaBapo”) / count(“to vepo otn Balacoa
¢ NMudadac eival WOLotepwe”)




[Mw¢ vrtoAoyilovtal oL TBAVOTNTEC;

Chain Probabilities

P(wy, Wo, W, ooy W) = P(w;) x P(wy [ wq) x P(wa|wy wy) x oo x Plw, | wy, Wy, Wy, ..., Wi )
X

P(“to vepO otn BaAacoa”) = P(to) x P(vepod | to) x P(otn | To vepo) x P(Balaocoa | to vepod otn)

Ooo peyaAwvel n akoAovBia Twv Ag€ewv, ol TIBAvVOTNTEC 000 TNYalVW TtPOoC Ta OelLd
TOU TUTIOU YivovTall OAO KOlL TTILO OTTAVLEG, KOLL OTTO €VOL CNUELO KOl LETA LNOEVLKEC.

Onote: Kavw napadoyec (assumptions) TTOU ATAOTTIOLOUV TOUC TIOLPOATTOVW
uTtoAOYyLoHOUC.

Napadoxn N-ypappou (N-gram Markov Assumption): Mwa A€€n o€ pia akoAouBia
AE€swv dev eaptatal amo OAeC TIC mMPonyoUHEVEC AEEELC TNC akoAovuOiacg, aAAd povo
orto TG mponyoupeveg N-1 AE€elc.




7 I
Nopadoxn N-ypappou
AvVTL yLa
P(wi, wo, W, ooy W) = P(w) X P(wy | wy) x P(wa|wy wy) x oo x Plw, | wy, Wy, Wy, .., W, )
Oewpw OTL
P(wi, wo, W, ooy W) = Plw) X P(wy | wy) x P(wawy wy) x oo x P(w, | Wy na1 Wiineor Woineas
ey W 1)
N=4 (teTpaypapLo)
P(w,, Wy, W3, <., W) = P(w;) X P(W,|w;) x P(ws] Wi W) X el X Piw_| w5, W, ,,w )

N=3 (tplypaupo)

P(wi, wo, W, ooy W) = P(wy) X P(wy | wy) x P(wawy wy) x oo x P(w, | W5, W, 4)

N=2 (Bigram - 6lypajpLo)
P(w,, Wo, Wa, oo, W) = P(W;) x P(W,|W;) X P(Wg|w,) x oo x P(w, | w_4)
N=1 (Unigram — povoypapuuo)

P(w,, W,, Wa, oo, W) = P(W;) x P(W,) X P(W3) x ... x P(w,)




MNapadetypota

Napadetypota AtypapLpLou
Last December through the way to preserve the Hudson corporation N. B. E. C.
Taylor would seem to complete the major central planners one gram point five
percent of U. S. E. has already old M. X. corporation of living

| hire the men who is good pilots
Noapadeiypata Movoypappou
To him swallowed confess hear both . Which . Of save on trail for are ay device and

rote life have

Hill he late speaks ; or ! a more to leg less first you enter




Mwc vrtohoyilw tLc Bavotntec delLa
OTOV TUTIO;

Exktiunoelc Meyotng MBavodavelag (Maximum Likelihood Estimates)
P(w,|wy, w,, w_,)=count(w,, w,, ..., w_) / count(w,, w,, ..., w_,)

N=4
P(w,|w,, w, w;)=count(w,, w,, w; w,)/ count(w,, w, w;)

N=3
P(w,|w,, w,) = count(w,, w,, ws) / count(w,, w,)

N=2
P(w,|w,) = count(w,, w,) / count(w,)




MNapadelypa YroAoylopwyv

<s> e{pat o Mnavvne </s>

<s> o lavvnc elpat </s>

<s> LOU OPECEL O Tpaxavag </s>

Plo) =3/ 16

P(o|<s>) = count(“<s> 0”) / count(<s>) = 1/3

P(Fdvvng | o) = count(“o MNavvng”) / count(o) = 2/3




| MpoBAnpata pe ta N-ypopupa

EAAEWPN yVvwong OXETLKA LE TNV SO TNG TPOTAOoNC.
Aev pmopoUV va AVILUETWTILOOUV £EQPTNOELG LEYAAWV ammooTtacewV (long
distance dependencies)

Ot ouvoutAlec otnv BouAn, Baoel Twv omolwVv TPOEKUPE TO CUYKEKPLUEVO
attnua, vmnpé o Baolkoc Aoyoc yla autrn tnv anogaon tou Mpogdpovu.

H AUon: ta Meyaha Movtéha Nwooac (Large Language Models — LLMs)




| AfLoAOYNGoN TOU HLOVTEAOU YAWOOOC

E¢wyevnc aélohoynon (Extrinsic Evaluation)
Meoa armo kamola tpitn edpappoyn, onwe n Mnxoavikn Metadppaon n n Avayvwplon
OutAtag, yia va cuykpivw 6uo povieda yAwooag, LMA kot LMB.
Xpnotporoww to LMA kot petadppalw KeELUEVO 1N HeTaypadw OLALAL.
Xpnotporoww to LMB kat petadpalw to idlo kelpevo N petaypadw tnv idta opAia.
Metpaw mooec Agelc petadpaotnkov/petaypadpnkov cwotd pe to LMA, mooec pe
To LMB
2UYKpLVW TNV amodoon

Melovektnpota tng e€wyevouc aéloAoynong

E¢aptatol amo tnv tpitn edpappoyn — o€ pmopel mavra va enektaBel n aétohoynon oe
QAAEC

AkpLBn, xpovoPopa




| A¢LoAOynon tou povieAou YAwoooC

Evooyevnc aélohoynon (Intrinsic Evaluation)
A&loloyel ameuBelac to poviedo otnv npoBAsPn Ae€ewv (+)
A€V QVTLOTOLYXEL TTAVTO UE TNV TIPOYLLATIKN Artod00n TOU HOVTEAOU O€

epoppoyeg (-)
ALVEL Eva evialo LAONUOTLKO UETPO:

MeBoboAoyia AéloAoynong

2e owpa ekmadbevonc (training set) urtoAoyilovtal oL TOPAETPOL TOU
novteAou (O0Aec oL mBavotntec)

Ye owpa eAEyyou/bokLUNnc (test set) epappolovtal oL UTIOAOYLOMEVEC
TLOAVOTNTEC TIPOKELLLEVOU VO UTIOAOYLOOEL TO




Ywpata Ekmaidevonc kat AOKLUNC

Av BEAw va xtiow €va Movteho Mwooag yla Kamolo 0K epyacia
Kol TO owpa ekmaidevong Kol To SOKLUAC TIPETIEL VOL ELVOLL OVTUITPOCWTTEVUTIKA TNE YAWOOOC KAl TNG
BeLATIKNG TLEPLOXNC TNC EPYACLOC

Av BEAw va xtiow eva Movtélo MAwooag YEVIKAC XPRong
Kol TO owpa ekmaidevong Kol To SOKLUAC TIPETEL VoL £lvoil SLadoPETIKWY BEUATIKWY TLEPLOXWYV,
SLapopETIKWY ouyypadEWV Kal TTOoLKIAoU YAwoooAoyLlkoU Udouc

To povtelo Ba amodwoel Pt eopaApeva LeyaAn TOavOTNTA OTLC TIPOTACELC AUTEC OTAY Ba T O€L 0TO
oUvoAo SoKLUNG, Kol Ba pavel To HOVTEAO KOAUTEPO ATIO OTL ELVOLL TIPOY LOTIKA.

Xpelaletol OUWC OTA TELPAMATO VO KAVOULLE TIOAAEC OOKLUEC, VA KAVOUE aAAOYEC TTOU va 0dnyouV o€
KaAUTEPN amodoaon ToU HOVIEAOU, KoL OLUTO UTTOPEL VAL EXEL OOV ATTOTEAECUA VAL TIPOCAPLLOOTEL TO LOVTEAO
ota SedopEva SOKLUNG, KAl va TIAYPEL VoL ELVOLIL VTIKELUEVLKH N artodoon oTo 0T SOKLUNCG.

H Abon: oet emikupwonc (validation/development set)

EVOL TPLTO EeXWPLOTO 0T HESOUEVWYV TIOU XPNOLLLOTIOLELTOL YLIa TNV BEATIOTOMOLNCN TOU LOVTEAOU HEXPL KOl
To TeAevutaio neipapa. Kat otav Exoupe 10 TEALKO LOVTEAO, TO EPapUOlOUE pLa Kol povadilkni ¢opa oto
o€T SOKLUAC TToU HeV TO EXOUME Eavadel, Kal TTALPVOUE TNV TTPAYUATIKA amodoaon.




Perplexity: Eva kaAo MTI elvall auto mou OLVEL
neyoAn mBovotnta oto €T SOKLUNC

Otav duo Ml epappolovtal os €va test set, AUTO TTOU SiVeEL TNV peyaAUuTepN TiBavoTNTA
nPOPBAeNC Tou test set ival to kaAUTEpPO M.

To kaAUtepo M eival auto mou ‘eknmAnocostal’ AlyoTtepo aro 1o test set. Elval auto mov Bewpel to
test set TILO OLVOLUEVOLEVO.

[Lati kKavovikomoilnon;
H rmBavotnta tou test set HKpavel TTOAD 000 HEYOAWVEL TO LEYEBOC Tou. ASIKo: Agv LoYUEL OTL
000 HUEYOAWVEL Eva KELpeVO o€ pneyeBocg, tooo o Aabog sivat!
XpelalOOOTE OTIOTE EVal LETPO oV Ba €xel avaxBel oe emimedo A&€nc.
PER (W,, Wy, W, ..., Wy) = P(W,, Wy, Wy, ..., wy) /N
Naipvel Tun [1, o], 000 1o peyaAn n T, TOCO Mo ULKPN N tBavotnta rov amodidetal oto test

set, dSnAadn tooo 1o Aabog, meplepyo, un avapevopevo Bewpel to M 1o test set. AnA. T000 TTLO
KOKO €lval eival to M.




AmoteAeopata

Training set: 38M A&eic tou Wall Street Journal Corpus
Test set: 1.5M Ag€elc tou Wall Street Journal Corpus

N-gram |Unigram |Bigram Trigram
Order

Perplexity 962 170 109




[MpokAnon: Sparse Data

Training set: epaye mMPwLVo Test set: epaye MPpwLVo
epaye avyo epaye peonpePLAVO
edaye 10
epaye Bpadvo

P(ueonueplavo | edpaye) =0
Apa n rmBavotnta tou test set eivail 0. Apa to perplexity dev umoloyiletal (dev
uropw va dtatpeow pe 0).
Auon: EéopaAuvon (Smoothing)
Backoff (Ymoxwpnon)
NapepBoAn (Interpolation)




Add-1 ] Laplace Smoothing

Kavoupe ot BAEnovpe KaBe A£€n Lo mapamavw Gopa oo o,TL TNV eldape otnv
TPOYUOTLKOTNTA.
2e OAa ta counts mpooBetoupe 1.

2ta bigrams siyape P(w,|w,) = count(w,, w,) / count(w,)
Me Add-1 Smoothing: (P(w,|w,) = count(w,, w,) + 1) / (count(w,) + V),
ormou V peyeBoc tou Ae€lhoyiou




Backoff & Interpolation

H aAAn AUon otav akoAouBiec Ac€ewv dev epdavitovial ota Sedopeva ekmaidevong
elvall voL LELWOOUE To HEYEBOC Tou napaBupou cupdpalopevwy ou AapuBavw

vrtoPn pou yia tnv poBAsdn pag A&Enc.

Backoff: Av éxw kaAEcg evdeifelg, xpnolpomolw Tplypoppa, aAAWE UTTIOXWPW OE
Slypappa, aAALWC OE LOVOYPOLUILAL.

Interpolation: Mién povoypappwy, Sypapupwy, TPLYPAULWY




EPQTH2EI2

1. I'lo va vmoloyicete TV mBavotnTa Utoc TpdTAGNC YPNGLLOTOIMVTOS LOVTEAD OLYPALLLOV

0o vroAoyiceTe TNV decueLUEVT TIOAVOTNTO KAOE AEENC, OEOOUEVOV OA®V TV AECEMV TOV
TPOTNYOUVTOL OVTNG, LECA GTNV TPOTAGT), Kot 00 TOAAUTAAGIAGETE T OTOTEAEGLATOL

0o vroroyicete TV decuevpévn TBavOTNTO KABE AEENC, OEOOUEVMOV TV OVO AEEEMV TTOV
TPOTNYOUVTOUL OVTNG, LECA GTNV TPOTAGT), Kot B0l TOAAUTANGIAGETE T OTTOTEAEGLATOL

Do vtoAoyicete TNV decuevueEVN TOavOTNTA KAOE AEENC, OE0OUEVNC TNG HUIOG AEENG TTOV
wponyeiton avtng, LEGH GTNV TPOTAGCT, Kot O TOAALATANGLAGETE T, OTOTEAEGLOTO,

Do vtoAoyicete TV decuevueEVN ThavoTnTa KAOE AEENC, Ywpic va AauPdvete vToOyn
GUUEPALOUEVH OVTNG, Kot B0 TOAAOTANGIACETE TOL ATOTEAECLATOL,

2. Eotw n mapakdtw mpotaon: «H IBM npoocAauBavel unxovikouc utoAoyLlotwv». XTHOTE TOUC
TUTouC tov Ba uTtoAoyiloouv TV TBaVOTNTA TNC TPOTAONC ME LOVTEAO YAWOOOC

a.. LOVOYPAULLOU B. Swypappou Y. TPLYPALLUOU



AMANTHZH 2TO 2° EPQTHMA

«H IBM rtpocAauBavel punyavikouc urtoAoyLtotwv»

N=3 (tpiypaupo)
P(wq, Woy Way voey W) = P(wy) x P(wy | wy) x P(ws|wy wy) x oo x P(w, [ w5, w, )

P«H IBM nmpooAauBavel unyavikou¢ vrtoAoytotwv»)=P(H) x P(IBM|H) x P(mpooAauBavet |H IBM) x
P(unxavikouc | IBM npooAauBavet) x P(unoAoyiotwv | mpooAauBaver unyavikoug) =

= count(H)/n€yeboc ToU CWUATOC KELLEVWVY

count(H IBM) / count(H) x

count(H IBM mpooAauBavet) / count(H IBM) x

count(IBM nmpooAauBavet unyavikouc ) /count(IBM npooAouBavet) x
count(rpooAauBavel unxovikouc urmoAoytotwy ) /count(mpooAauBavetl unxovikoug)



2YNEXEIA

«H IBM rtpocAauBavel unxavikouc¢ UrtoAoyLotwv»

N=2 (Bigram - 6iypapLpo)
P(w,, Wo, W, voey W) = P(w;) x P(Wy|w;) x P(wg|w,) x oo x P(w, | W, 4)

P«H IBM mpooAauBavel unyavikou¢ vitoAoytotwv»)=P(H) x P(IBM|H) x P(mpooAauBavetl | IBM) x
P(unxavikouc | mpooAauBavet) x P(uroAoylotwv | unyavikoug) =

= count(H)/p€yeboc Tou CWHATOC KELLEVWY

count(H IBM) / count(H) x

count(/IBM ripooAauBavet) / count(IBM) x
count(rmpooAauBavetl unyavikouc ) /count(mpooAauBavet) x
count(unyavikouc urtoAoytotwy ) /count(unyavikoug)

N=1 (Unigram — LLOVOYpPQLLLO)

P(w,, Wy, Wa, oo, W) = P(w,) X P(W,) X P(w3) x ... x P(w,)

P«H IBM rtpocAauBavel unxavikoug umoAoyLotwv»)=

P(H) x P(IBM) x P(rpocAauBavet) x P(unxovikoug) x P(urmoAoyiotwv)
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