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Motivacia

@ Question Answering sa stava klu€ovou sucastou modernych Al
systémov

@ Prudkeé zlepSenie a vyvoj jazykovych modelov

@ Vacsina vyskumu v oblasti QA sa opiera o velké existujuce
datasety, ktoré maju Casto len jednojazy¢ny charakter alebo rieSia
len jeden typ otazok

@ Skumanie schopnosti QA systémov v odpovedani na boolean
otazky
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Vygenerovat' synteticky QA dataset z JSON Strukturovanych
nahodne vygenerovanych udajov.

Implementovat tokenizaciu a predspracovanie textov.
Trénovat a vyhodnotit' extraktivne a boolean QA modely.

Porovnat vysledky monolingvélnej a multilingvélnej tlohy s
existujucimi Stadiami.

©00 ©
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Postup rieSenia

@ Generovanie datasetu (kontext — otazky — odpovede)

@ Predspracovanie a tokenizacia

@ Trénovanie QA modelov (BERTa based a XLM-R based)
@ Vyhodnotenie UspesSnosti modelov pre r6zne typy otazok

Konirola sprévnosti Kenirola sprévnosti
gencrovan jch dat gencrovan jch dat
a vylepsenie promptu a vylepsenie promptu

@
Generovanie Transiormicia
O otazok 2 od povem (e '°':"a
2 kontextov et

Nastavenie parametro
a opatowné ‘rénovan modelu

©
Evaludcia WD Tokenizacia
modelu

@

‘ Vyhodnotenie

Obr. 1: Diagram postupu rieSenia (vlastny obrazok)
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Zdrojové data

@ Nahodne
vygenerované
informacie o
objednavkach
na prepravu
Strktdrovanych
vo forme JSON.

"pickup": {

"company_name”: "COMPANY_PICKUP",

"street_name":

"eity":

"STREET_PICKUP",
"CITY_PICKUP",

"postal_code": "ZIP_PICKUP",

"country":
"datetime":

},
"delivery":

"company_name"
"street_name

"city":

"postal_code":

"country": "COUNTRY_DELIVERY",
"datetime": "between 2021-03-17 13:45:00 and 2021-03-24 18:45:
¥,
"goods": {
"weight": "92 kg",
“dimensiomns": [
{
"length": "
"width": "85
"height D
"weight": "11 kg"
k.,
{
"length": "86m",
"width": "48m",
"height": "78m",
"weight": "12 kg"
I,
{
"length": "46m",
"width": "58m",
"height": "1%m",
"weight": "69 kg"
}
1
I
"stackable®: "mo",

"required vehicle™:
"special (vehicle) request":

"COUNTRY_PICKUP",

i

"COMPANY_DELIVERY",
: "STREET_DELIVERY",
"CITY_DELIVERY",
"ZIP_DELIVERY",

"Small lorry",
"Sideboards required"

"between 2021-03-04 13:30:00 and 2021-03-13 05:15:

oo

00"

Metddy transfor
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Tvorba datasetu pomocou jazykovych modelov

@ Generovanie
human-like
kontextov z
JSON dat

@ Generovanie
otazok a
odpovedi ku
kontextom

@ Vystup:
multilingvalny
dataset
obsahujuci dve
kategorie otazok
- extraktivne a
boolean

Martin Bac¢a (UPJS)

"context": "Sure! Here’s the natural language text based on the provided JSON
-structured transportation order:\m\n\"We have a transportation order for
you! We need to pick up some goods from J.C. Pemney at Maple 8904 in
Chicago, 38250, Bahrain between 2021-03-04 13:30:00 and 2021-03-13
05:15:00. We’ll be using a Small lorry to transpert these goods, which
include three packages with the following dimensions:\n\n* Package 1:
Length 96m, Width 85m, Height 12m, Weight 11kg\n* Package 2: Length 86m,
Width 48m, Height 78m, Weight 12kg\n+ Package 3: Lemgth 46m, Width 58m,
Height 19m, Weight 69kg\n\nWe’ll deliver these goods to Qantas at Redwood
3525 in Memphis, 95769, Georgia between 2021-03-17 13:45:00 and
2021-03-24 18:45:00. We’ve been requested to provide sideboards for the
delivery, so please make sure to include those in the transportation plan
.\n\nThe total weight of these goods is 92kg, and we’ll need a Small
lorry to transport them safely. Please let us know if you have any
questions or concerns about this order.\"\n\nI hope this text meets your
needs! Let me know if there’s anything else I cam do for you.*,

"gas": [

1

"id": 2,
"question": "What type of vehicle is needed to transport the goods
safely?"
"lang": "en",
"answers": [
1
"text": "a Small lorry",
"answer_type": "extractive",
"answer_start": 207
¥
1
¥,
1
"id": 8,
"question": "Where do we need to pick up the goods?",
"lang": "en",
"answers": [
"text": "J.C. Pemney at Maple 8904 in Chicago, 38250, Bahrain
"answer_type": "extractive",
"answer_start": 176
I
]
¥,
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Tokenizacia

@ Proces rozdelovania textu na menSie podjednotky nazyvané
tokeny

@ Tokeny mdzu byt znaky, podslova, slova alebo celé vety.
@ Vacsina modelov pouziva tokenizaciu na baze slov alebo podslov

Slovna zﬂsohﬂ B

e [CLS], [SEP], [UNK], language, model, o
[ trans, ##iormer, ##s, self, ##-attention, is, are, powerful, used, )
~— for, natura\ learning, pre, ##trained, -

\n'stup ny text

Transformers are powerful pre-trained language models.

/7T

T 2 3 2 3 ) 3 ) ) G B

Tokenizovany text

Obr. 2: Proces tokenizacie (vlastny obrazok)
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Tokenizacia

@ Pri dlhych textoch sme narazili na limit vstupnej dizky
@ Pouzili sme techniku sliding window, ktora vytvara prekryvajice sa
segmenty

@ Tento pristup maximalizuje pravdepodobnost, Ze spravna
odpoved sa bude nachadzat aspon v jednom segmente cela

Window

S

Obr. 3: Sliding window pristup
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Rozdelenie na tréningovu a testovaciu vzorku

@ Dataset sme rozdelili v pomere 80/20

@ Typy otazok su nahodne rozdelené medzi tréningovu a testovaciu
mnozinu
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Reprezentacia vstupu

@ Model na vstup dostava tokenizovanu otdzku a kontext oddelené
Specialnymi tokenmi

[CLS] Otazka [SEP] Kontext [SEP]

@ [CLS] token sa pridava na zaciatok vstupu, jeho vystupna
reprezentacia sa pouziva na klasifikacné ulohy

@ [SEP] token sluzi na oddelenie réznych Casti vstupu
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Transformer
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Obr. 4: Transformer
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Monolingvalna uloha

@ Extrahujeme anglicky subset vygenerovaného datasetu
@ Len otazky extraktivneho charakteru
@ cca 4200 otazok distribuovanych medzi 500 kontextov
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Pouzité modelové architektury

Pouzili sme modely zaloZzené na architekture BERT s r6znou
velkost'ou

@ DistilBERT - 66,4M parametrov
@ TinyRoBERTa - 81,5M parametrov
@ RoBERTa base - 125M parametrov
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Trénovanie modelov

Zvolili sme vhodné tréningové parametre pre maly dataset - aby
sme zabranili overfittingu

@ Maly batch-size: 8-16

@ Mensie hodnoty uc¢iaceho pomeru: 2e-5 — 5e-5

@ Regularizcia vah: 0.01 - 0.1

@ Warmup ratio: 10% - stabilizuje u€enie na zaciatku

@ VyS&Si dropout: 0.1 - 0.3 (default 0.1)

@ Zmrazené vrstvy: 1 - 3 (v zavislosti od velkosti modelu)
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Vysledky

Model EM F1 Precision | Recall
DistilBERT 0.6282 | 0.7582 0.8296 0.7985
TinyRoBERTa | 0.6628 | 0.7903 0.8435 0.8086
RoBERTa base | 0.6842 | 0.8021 0.8525 0.8200

Tabulka 1: Porovnanie metrik modelov

DistilBERT TinyRoBERTa RoBERT: base

Obr. 5: Grafy loss funkcie
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Multilingvalna uloha

@ Berieme cely dataset (anglické, nemecké a francluzske)

@ Jazyky kontextov a otdzok su r6zne kombinované (napr. ang.
kontext - nem. otazka)

@ cca 80 000 otazok rovhnomerne distribuovanych do dvoch
kategorii: extraktivne a boolean
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Pouzité modelové architektury

Pouzili sme modely zalozené na architekture X-LMR s r6znou
velkost'ou

@ XtremeDistill - 33M parametrov
@ XLM-RoBERTa Base - 279M parametrov
@ XLM-RoBERTa Large - 560M parametrov
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Trénovanie modelov

Zvolili sme vhodné tréningové parametre pre velky dataset
@ Maly batch-size: 8-16
@ Mensie hodnoty uc¢iaceho pomeru: 4e-6 — 1e-5
@ Regularizcia vah: 0.01 - 0.05
@ Warmup ratio: 10% - stabilizuje uCenie na zaciatku
@ VyS&Si dropout: 0.1 - 0.15 (default 0.1)
@ Zmrazené vrstvy: Ziadne
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Vysledky

Model EM F1 Prec. Rec.

XtremeDistill 0.5727 | 0.7294 | 0.7419 | 0.8013
XLM-RoBERTa Base 0.7869 | 0.8734 | 0.8847 | 0.8942
XLM-RoBERTa Large | 0.7889 | 0.8775 | 0.8931 | 0.8971

Tabulka 2: Vysledky modelov na extraktivnych QA otazkach

Model Acc. F1 Prec. Rec.

XtremeDistill 0.7709 | 0.7703 | 0.7727 | 0.7705
XLM-RoBERTa Base 0.8861 | 0.8860 | 0.8860 | 0.8861
XLM-RoBERTa Large | 0.8805 | 0.8799 | 0.8841 | 0.8794

Tabulka 3: Vysledky modelov na boolean QA otazkach

Martin Baga (UPJS) Metddy transformérov a ich aplikacia v oblasti Kosice, 24. april 2025 19/25



Vysledky
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Obr. 6: Matice zameny pre kategorizaciu boolean a extractive otazok
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Vysledky
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Obr. 7: Matice zameny pre boolean QA
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Interpretacia vysledkov

Monolingvalna uloha:

@ Videli sme, Ze distilovany model polovi¢nej velkosti mal len 0 6%
horsie vysledky ako plny base model.

@ TinyRoBERTa mala len 0 2% horSie vysledky ako RoBERTa base,
aj napriek tretinovej redukcii poCtu parametrov.
Multilingvalna uloha:
@ Vysku8ali sme extrémne distilovanud verziu X-LMR, ktora si s

tlohou poradila celkom dobre, vzhfadom na zlomok poctu
parametrov z vac¢sSich modelov.

@ RoBERTa base a RoBERTa large mali skoro totozné vysledky -
vacsi model sa nedokazal naudit viac vztahov, ani s
dvojnasobnym poctom parametrov
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Zaver a d'alSia praca

Aplikacie metdéd spracovania prirodzeného jazyka a vyuzitie
Transformerov mé velky potencial, hlavne vzhladom na prudky
vzostup jazykovych modelov.

Dal$ia praca:
@ Experimentovat s predspracovanim dat
@ Zahinut do generovania textov a otazok viac jazykov

@ Porovnat jazykové rodiny (romanske, germanske,...) - ako dobre
si modely dokazu poradit’ s ktorou jazykovou rodinou
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Zdroje obrazkov

@ https://api.time.com/wp-content/uploads/2022/05/Google-Search-
Personal-Information.jpg

@ https://www.webharvy.com/images/web%20scraping.png

@ https://learnopencv.com/wp-content/uploads/2023/01/tensorflow-
keras-cnn-vgg-architecture-1024x611.png

@ https://cdn1.byjus.com/wp-content/uploads/2020/10/Bayes-
Theorem.png
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Dakujem za pozornost
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