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Motivacia

@ Odpovedanie otazok (Question Answering - QA) sa stava
délezitou sucastou modernych Al systémov

@ Prudky vyvoj v oblasti vyskumu jazykovych modelov

@ Vacsina vyskumu v oblasti QA je realizovana na datasetoch, ktoré
su Casto len monolingvéalne alebo obsahuju len jeden typ otazok

@ Skumanie schopnosti QA systémov v odpovedani na binarne
otazky
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Postup rieSenia

@ Generovanie datasetu (kontext — otazky — odpovede)

@ Predspracovanie a tokenizacia

@ Trénovanie QA modelov (BERTa based a XLM-R based)
@ Vyhodnotenie uspesnosti modelov pre r6zne typy otdzok
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Struktlra poéiatoénych dat

@ Zakladné data
predstavuju 500
objednavok na
prepravu

@ Datasu
nahodne
generované a
ulozené v JSON
formate
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"pickup": {
"company_name ":
"postal_code": "ZIP_PICKUP",
"street_mname": "STREET_PICKUP",
"datetime": "2044-04-18 18:30:00"

},

"delivery": {
"company_name":
"postal_code": "ZIP_DELIVERY",
"street_name": "STREET_DELIVERY",
"datetime": "2044-04-20 23:30:00"

"COMPANY_PICKUP",

"COMPANY_DELIVERY",

1,
"ogoods": {
"weight": "94 kg",
"dimensions": [
"length": "32m",
"width": "86m",
"height": "43m",
"weight": "94 kg"
¥,
]
1,
"required vehicle": "Van",

"special request":

"Double driver required"

Metddy Transformerov a ich aplikéciav oblasti Kosice, 29. maj 2025



Tvorba datasetu pomocou jazykovych modelov

@ Prevod
Strukturovanych
JSON dat do
prirodzeného
jazyka

@ Vyuzitie velkych
jazykovych
modelov (LLMs)
pri generovani
kontextov
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We need to transport a shipment of goods
from COMPANY_PICKUP in ZIP_PICKUP,
STREET_PICKUP on May 1l1lth at 19:00

to COMPANY_DELIVERY in ZIP_DELIVERY,
STREET_DELIVERY between May 13th 23:15

and May 17th 00:15. The shipment consists
of two items with the following dimensions:

* Item 1: Length 21cm, Width 21cm, Height 58
cm, Weight 88kg
* Item 2: Length 49cm, Width 1l4cm, Height 41
cm, Weight 55kg

The total weight of the shipment is 143kg.
We require a Sprinter vehicle with ADR
(dangerous goods) capabilities to transport
these goods. Please note that the pickup
and delivery times are specific, so please
ensure the driver is available during those
hours.
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Tvorba datasetu pomocou jazykovych modelov

LLMs generovali aj otazky a k nim prisluchajuce odpovede.
Kladeny déraz, aby sa odpovede nachadzali priamo v texte.

Priklady otazok a odpovedi generovanych modelom LLaMa:
@ Otazka 1: Where do we need to pick up the goods?
@ Otazka 2: What type of vehicle is needed for the transport?
@ Otazka 3: How many packages are being transported?

Text: We need to pick up some goods from J.C. Penney 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 transport these
goods, which include three packages with the following dimensions...
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Tvorba datasetu pomocou jazykovych modelov

Generovanie binarnych otazok predstavuje vacsiu vyzvu.
Model musi porozumiet kontextu.

Priklad nespravneho generovania:

Text: We need your assistance with shipping some goods from Tyson
Foods ... We have a total of four pallets of goods that need to be
transported, each with the following dimensions: ... Pallet 4: Length -
192 m, Width - 48 m, Height - 12 m, Weight - 18 kg.

and require a Sprinter vehicle with a tilt function (curtain
sided van)...

Otazka: Are the pallets stackable?
Generovana Odpoved'’: Nie
Spravna odpoved’: Ano

Martin Baga (UPJS) Metddy Transformerov a ich aplikéciav oblasti Kosice, 29. maj 2025



Charakteristiky datasetu

Vysledny dataset obsahuje spolu 81 924 otazok (37 617 extraktivny
typ + 44 307 binarny typ).

Pocet otazok podla typu a jazyka
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Dataset sme rozdelili stratifikovane v pomere 80/20.
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Tokenizacia

@ Proces rozdelovania textu na mensie podjednotky nazyvané
tokeny

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

Slovna zasoha -

s [CLS], [SEP], [UNK], language, model, e
| frans, ##former, ##s, self, #t-attention, is, are, powerful, used, ,j
h for, natural learning, pre, #‘tralned L

Vstup ny text

Transformers are powerful pre-trained language models.
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Tokenizovany text
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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 roznych Casti vstupu
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Sliding window

@ 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

Zdroj: Gu et al., 2021, The Sliding Window and SHAP Theory
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Architektura Transformer
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Zdroj: Vaswani et al., 2017, Attention is All You Need
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Monolingvalna uloha

@ Extrahujeme anglicky subset vygenerovaného datasetu
@ Len otdzky extraktivneho charakteru
@ cca 4200 otazok distribuovanych medzi 500 kontextov

Pouzité modely zalozené na architekture BERT:
@ DistiIBERT - 66,4 mil. parametrov
@ TinyRoBERTa - 81,5 mil. parametrov
@ RoBERTa base - 125 mil. parametrov
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Trénovanie modelov

Tréningové parametre zvolené pre maly dataset:
@ Maly batch-size: 8-16
@ Mensie hodnoty uc¢iaceho pomeru: 1e-5 — 2e-5
@ Regularizcia vah: 0.01 - 0.1
@ Warmup ratio: 10 % - stabilizuje uCenie na zaciatku
@ VyS&si dropout: 20 % (default 10 %)
@ Zmrazené vrstvy: 1 - 3 (v zavislosti od velkosti modelu)
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Trénovanie modelov a vysledky
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DistilBERT 62,82 % | 75,82 % 82,96 % | 79,85 %
TinyRoBERTa 66,28 % | 79,08 % 84,35% | 80,86 %
RoBERTa Base | 68,42 % | 80,21 % 85,25 % | 82,00 %
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Multilingvalna uloha

@ Pouzivame cely dataset (vSetky jazyky a typy otazok)

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

Pouzité modely zalozené na architekture X-LMR:
@ XtremeDistil - 33 mil. parametrov
@ XLM-RoBERTa Base - 279 mil. parametrov
@ XLM-RoBERTa Large - 560 mil. parametrov
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Trénovanie modelov

Zvolili sme vhodné tréningové parametre pre velky dataset:
@ VA&CSi batch-size: 16-32
@ Mensie hodnoty uc¢iaceho pomeru: 1e-5 — 2e-5
@ Regularizcia vah: 0.01
@ Warmup ratio: 10% - stabilizuje uCenie na zaciatku
@ NizSi dropout: 10 % - 15 % (default 10 %)
@ Zmrazené vrstvy: Ziadne
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Trénovanie modelov
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Obr. 1: Grafy loss funkcie
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Vysledky

Model

EM F1-skoére | Precision | Recall
XtremeDistil 59,71 % | 77,20 % 74,77 % | 79,80 %
XLM-RoBERTa Base 76,78 % | 89,37 % 89,11 % | 89,65 %
XLM-RoBERTa Large | 81,40% | 91,21 % 91,44 % | 90,99 %

Tabulka 1: Vysledky modelov na extraktivnych otazkach
Model Accuracy | F1-skére | Precision | Recall
XtremeDistil 76,58 % 75,45 % 75,95 % | 74,98 %
XLM-RoBERTa Base 88,76 % 88,84 % 85,61 % | 92,32 %
XLM-RoBERTa Large | 90,56 % 90,62 % 86,18 % | 95,55 %

Tabulka 2: Vysledky modelov na binarnych otazkach
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Vysledky

XtremeDistil XLM-RoBERTa Base XLM-RoBERTa Large

i
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Obr. 2: Matice zameny pre binarne otazky
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Vykon modelu XLM-RoBERTa Large
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Vykon modelu XLM-RoBERTa Large (binarne otazky)
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Wordcloud chybne klasifikovanych binarnych otazok

False Positives - Otazky False Negatives - Otazky
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Obr. 3: Wordcloud chybne klasifikovanych binarnych otazok

Model ma problém klasifikovat’ otazky ohfadom rozmerov a hmotnosti
bali¢ku.

Taktiez ma problém spravne identifikovat' Cas a miesto
vyzdvihnutia/dorucenia
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Priklad chybne klasifikovanej binarnej otazky

Priklad faloSne negativne klasifikovanej otazky:

Text: We have a delivery for you! Our team will be picking up a
shipment of goods from Deutsche Bank ... We'll be using a LKW
vehicle with a tail lift, as requested. The goods include four packages
with the following dimensions: * :25cm x 46cm x 52cm,

* Package 2: 61cm x 66cm x 22cm, weighing 52 kg ...
We'll make sure to handle your shipment with care and get it to its
destination safely.

Otazka: Does Package 1 weigh more than 50 kg?
Predikovana odpoved': Nie
Spravna odpoved’: Ano
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Interpretacia vysledkov a zaver

@ Tréning vSetkych modelov prebiehal stabilne a skonvergoval,

@ Pri binarnych otazkach presnost klasifikacie rastla s dizkou
otéazky.

@ TinyRoBERTa mal porovnatelné vysledky s RoBERTa Base,

@ XLM-RoBERTa Base a Large mali velmi podobné vysledky,

@ Extrémne distilovanéa verzia X-LMR si poradila slusne.
Dalsia praca:

@ Experimentovat s predspracovanim dat

@ RozSirit dataset o d'alSie jazyky a porovnat jazykové rodiny
(romanske, germanske, ...)
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Dakujem za pozornost
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@ Dali by sa pouzit LLM/Foundation modely aj na samotnu Ulohu
odpovedania otdzok namiesto beznych transformerovych modelov
ako su vairanty BERT-u? Ak ano, aké su vyhody a nevyhody
takéhoto pristupu?

© Ako ste riesili kontrolu kvality automaticky generovaného
datasetu? Nepredstavuje riziko nekonzistentnost generovanych
otézok a odpovedi?

© Aky vplyv ma velkost modelu na vypocétové naroky v porovnani s
prinosom vo vykone? Je podla vas vzdy vyhodné pouzivat velké
modely?
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