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1 Introduction

The internet is a vast repository of information that is constantly growing, with new pages being
created and updated every day. Much of this information is in the form of text, such as news
articles, blog posts, and product descriptions.

Natural language processing (NLP) is a field of computer science that deals with the interaction
between computers and human language. NLP has a wide range of applications, including machine
translation, text summarization, and question answering. One of the key challenges in NLP is
understanding the syntactic structure of human language sentences. Syntax determines the order
of words, how words of a sentence relate to each other, and how phrases and clauses are built
within a sentence.

Syntactic parsing is the process of analyzing the structure of sentences to uncover their under-
lying grammatical relationships. Because of the complexity and ambiguity of human language,
syntactic parsers mostly rely on machine learning-based solutions.

In most cases, syntactic parsing is used as a tool for higher-level text-processing applications
like information extraction, machine translation, or sentiment analysis. For example, in aspect-
based sentiment analysis we aim to assign different sentiment values to different parts of the text.
Take the following social media post as an example:

(1) TIlove the last jedi, but not a fan of the rise of skywalker

There is positive sentiment about The Last Jedi Star Wars movie, but for The Rise of Sky-
walker the writer shared a negative opinion. If we know the syntax of the sentence we can easily
see the 1ove is connected to the 1ast jedi and the not a fan isrelated to the rise of
skywalker.

Features extracted from syntax parses has led to state-of-the-art machine learning application
in many text processing fields (Bjorne et al., 2009; Lapponi et al., 2012; Johansson and Moschitti,
2013) since 2006. Since 2019, a major trend in natural language processing research has been the
use of end-to-end approaches based on large, pre-trained neural language models. These models
are often fine-tuned for specific applications. Although incorporating syntactic parsing as an inter-
mediate step can further enhance the effectiveness of these methods (Zeng et al., 2019), the added
value of externally given syntactic information is much lower than previously.

While deep learning solutions often achieve high accuracy, the demand for interpretable output
remains crucial in real-world language processing systems. Industrial applications are frequently
fully or partially rule-based solutions, as (sufficient) training data for a pure machine learning solu-
tion is not available and each and every real-world application has its own requirements. Moreover,
rule-based components provide tight control over the behavior of the systems in contrast to other
approaches. Experts in a particular field can design application-specific rules based on the rela-
tionship of certain words thanks to syntactic parsing. In general, although their relevancy has been
decreased, we believe that syntactic parsers are useful, even in the Large Language Model era.

The most popular approaches to syntactic parsing are constituent parsing and dependency pars-
ing, each offering a unique perspective on sentence structure. Constituency parsing breaks down
sentences into nested phrases (e.g., noun phrases, verb phrases), exposing the hierarchical struc-
ture of language. This type of analysis facilitates applications that require an understanding of how
sentence components function together. Dependency parsing, on the other hand, shows the direct,
grammatical connections between words, highlighting their roles within a sentence. This informa-
tion is vital for tasks where accuracy depends on precise interpretation of linguistic relationships
such as information extraction.
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Table 1: Connection between the chapters of the thesis and the corresponding publications.

Besides potential applications, this thesis focuses on Hungarian and other morphologically
rich languages, that express syntactic information at the level of the morphology of the words in-
stead of encoding it in the word order. Among its contributions, the thesis presents techniques
for constituent and dependency parsing that achieve state-of-the-art accuracy on morphologically
rich languages and in some cases at least competitive results. Additionally, it introduces methods
for automatic, rule-based conversion between constituent and dependency corpora, as well as be-
tween different dependency representations for Hungarian that were used to create the Hungarian
Universal Dependencies dataset.

2 Structure of the Dissertation

The document is separated into three parts, each describing a specific field of syntactic parsing:
constituent parsing, dependency parsing, and the high level application of these tools.

Part I introduces novel approaches for constituent parsing, especially for morphologically rich
languages. To enhance the efficiency of parsing systems, it introduces techniques like a novel
preterminal merger procedure and leveraging external corpora within the lexical model. This part
also shows improvement on the reranking step of constituent parsers and demonstrates that incor-
porating features based on morphological details leads to improved outcomes for morphologically
rich languages (Szant6 and Farkas, 2014; Szant6 and Farkas, 2015).

Part II provides an overview of Hungarian dependency parsing. It delves into the relationship
between dependency and constituent parsing in Hungarian (Simk¢ et al., 2014). Additionally,
it analyzes the development of the Universal Dependency dataset for Hungarian (Vincze et al.,
2017). Finally, the chapter highlights HuSpaCy, a Hungarian language processing framework that
provides a cutting-edge dependency parser (Orosz et al., 2023).

Part I1I introduces three application of syntactic parsing, exploring its potential in three distinct
areas. Firstly, it examines how utilizing syntactic structures can enhance sentiment analysis (SA)
on both individual words and entire sentences (Hangya et al., 2017). Secondly, it delves into Team
Szeged’s participation in the First Shared Task on Extrinsic Parser Evaluation (EPE 2017), present-
ing three methods that leverage the challenge’s shared generalized dependency graph representa-
tion (Szanté and Farkas, 2017) for various downstream applications. Finally, the chapter explores
strategies for medication event extraction and classification, demonstrating how syntax-based in-
formation extraction can lead to efficiency gains even on the top of pre-trained large language
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models (Szanto et al., 2023).
Table 1 outlines the connections between the thesis chapters and the key publications they
reference.

3 List of Publications

» Szanto, Z., Farkas, R.: Special techniques for constituent parsing of morphologically rich
languages. In: Proceedings of the 14th Conference of the European Chapter of the Associa-
tion for Computational Linguistics. pp. 135-144. Gothenburg, Sweden (April 2014)

» Szantd, Z., Farkas, R.: Constituency parse reranking for morphologically rich languages.
Acta Polytechnica Hungarica 12(8) (2015)

* Simko, K.I., Vincze, V., Szantd, Zs., Farkas, R.: An Empirical Evaluation of Automatic
Conversion from Constituency to Dependency in Hungarian. In: Proceedings of COLING
2014, the 25th International Conference on Computational Linguistics: Technical Papers.
pp- 1392-1401 (2014)

* Vincze, V., Simké, K., Szantd, Z., Farkas, R.: Universal Dependencies and morphology for
Hungarian - and on the price of universality. In: Proceedings of the 15th Conference of the
European Chapter of the Association for Computational Linguistics: Volume 1, Long Papers.
pp. 356-365. Association for Computational Linguistics, Valencia, Spain (Apr 2017)

* Orosz, G., Szabo, G., Berkecz, P., Szanto, Z., Farkas, R.: Advancing hungarian text process-
ing with huspacy: Efficient and accurate nlp pipelines. In: International Conference on Text,
Speech, and Dialogue. pp. 58—69. Springer (2023)

* Hangya, V., Szant6, Z., Farkas, R.: Latent syntactic structure-based sentiment analysis. In:
2017 2nd IEEE International Conference on Computational Intelligence and Applications
(ICCIA). pp. 248-254. IEEE (2017)

» Szantd, Z., Farkas, R.: Szeged at epe 2017: First experiments in a generalized syntactic
parsing framework. In: Proceedings of the 2017 Shared Task on Extrinsic Parser Evaluation
at the Fourth International Conference on Dependency Linguistics and the 15th International
Conference on Parsing Technologies. Pisa, Italy. pp. 75-79 (2017)

* Szantd, Z., Baniti, B., Zombori, T.: Enhancing medication event classification with syntax
parsing and adversarial learning. In: Maglogiannis, 1., Iliadis, L., Maclntyre, J., Dominguez,
M. (eds.) Artificial Intelligence Applications and Innovations. pp. 114—124. Springer Nature
Switzerland, Cham (2023)

4 Constituent Parsing

Chapter 3 presents different techniques to improve constituent parsing; especially for handling the
challenges of morphologically rich languages. Section 3.3 introduces my proposals that utilize
the information from the constituent trees, while Section 3.4 demonstrates my approaches that use
external information like large amounts of unlabeled data and dependency trees.



One of the chief contributions of Section 3.3 is to propose a novel automatic procedure to find
the optimal set of preterminals by merging morphological feature values. The size of the preter-
minal set in the standard context free grammar environment is crucial. If we use only the main
POS tags as preterminals, we lose a lot of information encoded in the morphological description of
the tokens. On the other hand, using the full morphological description as preterminal yields a set
of over a thousand preterminals, which results in data sparsity and performance problems as well.
The main novelties of our approach over previous work are that it is very fast — it operates inside a
probabilistic context free grammar (PCFG) instead of using a parser as a black box with re-training
for every evaluation of a feature combination — and it can investigate particular morphological fea-
ture values instead of removing a feature with all of its values. I also experimented with exploiting
external corpora in the lexical model. A new scientific result is that automatic tagging of an oft-
the-shelf supervised morphological tagger can also contribute to the results. My last experiment
was carried out with the feature set of an n-best reranker. We showed that incorporating feature
templates built on morphological information improves the results. The results were published in
the article "Special Techniques for Constituent Parsing of Morphologically Rich Languages" at the
EACL’14 conference as a long paper (Szant6 and Farkas, 2014).

Section 3.4 focused on approaches that use external information like large amounts of unla-
beled data and dependency trees to improve the accuracy of constituent parsers. In the discrimina-
tive reranking step I introduced a new feature template that employs dependency-based informa-
tion. By using the unlabeled data, I applied Brown clustering which I also applied as features in the
final system. These methods were published in the "Constituency Parse Reranking for Morpho-
logically Rich Languages" paper in the Acta Polytechnica Hungarica journal (Szant6é and Farkas,
2015).

S5 Dependency Parsing

Chapter 4 delves into the current landscape of Hungarian dependency parsing. It introduces the
available datasets, explores the relationship between dependency parsing and constituent parsing
in Hungarian (Simko et al., 2014), and examines the development of the Universal Dependency
dataset for Hungarian (Vincze et al., 2017). Additionally, it highlights HuSpaCy, which provides a
cutting-edge dependency parser for Hungarian (Orosz et al., 2023).

In Section 4.2, I introduce a Hungarian constituency to a dependency converter. Based on that
system | demonstrate that although the results obtained by training on the constituency treebank
and converting the output to dependency format and those obtained by training on the automat-
ically converted dependency treebank are similar in terms of accuracy scores, the typical errors
made by different systems differ from each other. These results were published in the article An
Empirical Evaluation of Automatic Conversion from Constituency to Dependency in Hungarian at
the COLING 2014 conference (Simko et al., 2014).

In Section 4.3, I presented how the principles of Universal Dependencies and Morphology have
been adapted to Hungarian. Experiments were introduced on the new, manually annotated corpus
for evaluating automatic conversion and the added value of language-specific, i.e. non-universal,
annotations. This work was published at the EACL 2017 conference with the title Universal De-
pendencies and Morphology for Hungarian - and on the Price of Universality (Vincze et al., 2017).

In Section 4.4, I introduced the HuSpaCy a new industrial-grade text processing pipeline for
Hungarian and presented a thorough evaluation showing their (close to) state-of-the-art perfor-
mance. This work was published in the paper Advancing Hungarian Text Processing with HuS-
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paCy: Efficient and Accurate NLP Pipelines at the TSD 2023 conference (Orosz et al., 2023).

Contribution
In the Simké et al. (2014) and Vincze et al. (2017) I made the following contributions:

* I implemented the constituency to dependency and the Universal Dependencies converters.
* I provided statistical support to linguists to develop the rules.

* | did the Machine Learning experiments in both works to compare various representations.

In the Orosz et al. (2023), my contribution was the proposal and experiments on different
dependency parsers.

6 Application Of Syntax Parsing

6.1 Latent Syntactic Structure-Based Sentiment Analysis

People publicly share their opinions using social media on a variety of topics, like products and
political issues. The task of sentiment analysis (SA) is to automatically extract opinions from
textual content. Most of the SA systems assign polarity labels (e.g. positive, negative, and neutral)
to textual elements like documents and sentences. The basic solution for SA is to represent the
texts in a bag-of-word model and train supervised classifiers or/and employ polarity lexicons for
polarity classification (Ravi and Ravi, 2015).

Previous studies have been investigating the utilization opportunities of the syntactic structure
of sentences for enhancing sentiment analyzers. Most of these proposals use hand-crafted rules
based on the syntactic parse of the sentence (Vilares et al., 2013). These rules are engineered to
address certain restricted sets of in-sentence SA’s challenges, like negation and intensification.

In the Stanford Sentiment Treebank (Socher et al., 2013) a polarity label was manually as-
signed to each constituent of the sentence’s phrase structure parse. This treebank can be utilized
as a training dataset for statistical structure prediction methods and it introduces the opportunity
of exploiting the syntactic structure of sentences without restricting the models to a closed set of
language phenomena (like negation and intensifiers), neither demands the direct modeling of those
phenomena. It enables the application of supervised machine learning techniques to model how
morphosyntactic and lexical structures alter the polarity of a constituent. On the other hand, the
supervised approach has the disadvantage of requiring a manually annotated treebank. This tree-
bank is domain-dependent, i.e. sentiment analyzers trained on it work fine only on movie reviews
and the annotation of new treebanks for other domains is expensive.

In Chapter 5, I focus on the exploitation strategies of syntactic structures for in-sentence and
sentence-level SA (Hangya et al., 2017). Usually, sentence-level polarity labels can be easily ob-
tained in a huge amount for various domains, take for instance pro/con or bottomline summaries of
the product review sites. Hence this chapter proposes a machine learning framework for sentence-
level and in-sentence polarity classifiers by using exclusively sentence-level polarity annotation for
training. This approach can predict the sentiment labels assigned to the constituents of a phrase
structure parse tree without an annotated sentiment treebank by handling the polarity labels of in-
ternal nodes in parse trees as latent variables. Figure 1 exemplifies the difference between a fully
annotated sentiment tree and the proposed latent representation.
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Figure 1: Representation of sentiment trees in the Stanford Sentiment Treebank (Socher et al.,
2013) (left) contains 5-level polarity annotation { 0=very negative, 4=very positive}
for each node of the binary syntactic tree. On the other, we assume that we have access only
sentence-level polarity annotation, i.e. only the label of the root is given (right). Here, the states
of the inner nodes are described by latent discrete variables {A, B, C}.

I introduce two experimental setups for the investigation of the proposed approach. The objec-
tive of the experiments’ first batch (in Section 5.3) is to investigate whether the sentence-internal
latent structure helps the prediction of sentence-level polarity. The second batch of experiments
(in Section 5.4) shows that the sentence-internal latent structures themselves are also meaningful
when we extract features from them for a target-oriented sentiment analysis task.

The chief added value of this chapter is to propose a latent syntactic structure-based approach
that requires only sentence-level polarity labels for training. The experiments on three domains
(movies, IT products, restaurants) support that sentiment analyzers are domain-dependent.

This work was published at the 2nd IEEE International Conference on Computational Intel-
ligence and Applications conference with the Latent syntactic structure-based sentiment analysis
title (Hangya et al., 2017).

Contribution
In the Hangya et al. (2017) my contribution is:
* Proposal of the sentiment tree representation.
* The latent structured decoder and the training algorithm.

The idea of fine-grained analysis with just sentence annotations cannot be distributed between
the coauthors.

6.2 Application of Generalized Syntactic Parsing Framework

In Chapter 6, I introduce the work of Team Szeged for the First Shared Task on Extrinsic Parser
Evaluation (EPE 2017) (Szant6 and Farkas, 2017). I present three approaches to exploit the op-
portunities of the general dependency graph representation of the shared task.



The goal of the EPE 2017 was to estimate “the relative utility of different types of dependency
representations for a variety of downstream applications that depend heavily on the analysis of
grammatical structure”. (Oepen et al., 2017).

To enable different types of dependency representations, the organizers of the shared task in-
troduced a very general graph-based representation of ’relational’ structure reflecting syntactic-
semantic analysis. The nodes of this graph correspond to lexical units, and its edges represent
labeled directed relations between two nodes. Nodes can be defined in any terms of (in principle
arbitrary) sub-strings of the surface form of the input sentence. This representation allows overlap-
ping and empty (i.e. zero-span) node sub-strings as well. Moreover, nodes and edges are labeled
by attribute—value maps without any restriction on the attribute set.

This very general graph-based representation opens brand new ways for expressing syntactic or
semantic information besides the standard dependency tree formalism. We understood the call of
the shared task in a generalized way and came up with ideas that aim to leverage the opportunities
of the general representation beyond dependency parse trees. We experimented with a couple of
such ideas (instead of trying to achieve high scores in the shared task).

In the first set of experiments (in Section 6.2), we start from the classic dependency parsing
approach but instead of a single dependency parse, we express the distribution of possible depen-
dency parses given a sentence in the graph-based general representation. In Section 6.3, I introduce
a possible solution for enriching the dependency parse by constituent information given by a stan-
dard phrase-structure parser. In this way, various syntactic representations can be represented in
the graph and information is not lost because the downstream application can only accept a single
dependency parse tree. Furthermore, in the EPE 2017 setting, we can send a blended relational
structure to the downstream task, like a parse distribution and blended version of different syntac-
tic approaches, and the downstream application is able to machine learn which type of syntactic
structure or phenome or even which combination of syntactic information is useful for itself.

Our last batch of experiments (in Section 6.4) is a consequence of this objective, i.e. the
relational representation has to be useful for the downstream application. Here, we tried to auto-
matically recognize which dependency parse labels are useful to a downstream task and collapsed
the useless ones.

The results of this chapter were published in the Proceedings of the 2017 Shared Task on
Extrinsic Parser Evaluation at the Fourth International Conference on Dependency Linguistics
and the 15th International Conference on Parsing Technologies with the title Szeged at EPE 2017
First experiments in a generalized syntactic parsing framework Szanté and Farkas (2017).

6.3 Enhancing Medication Event Classification with Syntax Parsing

In Chapter 7, I introduce strategies for medication event extraction and classification, revealing
how syntax-based information extraction unlocks efficiency gains in the presence of pretrained
large language models too (Szant6 et al., 2023).

Understanding the complete medication history is necessary for having a fuller picture of the
patient, but in many cases, medication-related information is documented only as unstructured
clinical notes. This can make it challenging for healthcare providers to obtain a comprehensive
view of a patient’s medication history including information on medication changes, dosages, and
adverse reactions. The automatic analysis of these notes could help medical providers have a fuller
background on the patient, better understand the reasons behind medication changes, and identify
the healthcare provider who ordered a medication change, as well as the reason for the change.



This would allow for more informed medical decisions and improve patient safety.

The Contextualized Medication Event Dataset (CMED) (Mahajan et al., 2021) and the National
NLP Clinical Challenges 2022 Track I aimed at the extraction of these medication events from
clinical notes. As well as identifying names of medications, this dataset allows for the detailed
analysis of the context of medication-related events. It aims to extract more detailed information
from the text about the mentioned medications: like whether the use of the medication was started
or stopped, or identifying the person requesting the change. This is a context classification problem
where the goal is to find the information that relates to the specific expression, eg. being able to
correctly identify if one medicine was started, but another was stopped for a patient within the
same note.

Nowadays the most generic approach for this type of problem is using a pre-trained language
model and fine-tuning it for our tasks. We applied two main additions to this standardized frame-
work. (Szanté et al., 2023) One of our modifications is aiming to handle the noisy, error-ridden
nature of the clinical notes, for this problem we applied adversarial attacks throughout the training
process. The other was used for the context classification task and motivated by the state-of-the-art
algorithms of aspect-based sentiment analysis as they both aim to identify the context relevant to
the selected phrase. We used syntactic relations to help find the more closely related parts of the
sentences.

Contribution
In the Széant6 et al. (2023) my contribution is:
* The idea of the full system except for the adversarial attack-based solution.

* The idea and the implementation of the syntax-based local context mechanism for context
classification.

7 Magyar Nyelvii Osszefoglalé

A dolgozat elsésorban a magyar és mas morfoldgiailag gazdag nyelvek szintaktikai elemzésére
koncentral, emelett bemutatja a szintaktikai elemzés lehetséges alkalmazdasait olyan magasabb sz-
intd feladatokban, mint példdul a szentiment elemzés vagy az orvosi dokumentumokban taldlhat6
gyogyszerszedési események kinyerése.

7.1 Konstituens Elemzés

A 3. fejezet a morfoldgiailag gazdag nyelvek konstituens elemzésének a kihivasaira mutatott be
megoldasokat. A konstituens fakban taldlhat6 informaciok jobb kihasznaldsara ismertetett modsz-
ereket a 3.3. rész, mig a 3.4. rész olyan kiils6 forrasbdl szdrmazé informécidk, mint a nagymen-
nyiségii cimkézetlen szovegekes korpuszok felhaszndldsara adott megoldasi javaslatokat.

A 3.3. rész egyik f6 hozzdjarulasa, hogy ujszerd, automatikus eljarast javasolt a preterminélisok
optimélis halmazanak megtaldldsara a morfoldgiai jellemzdk értékeinek az Osszevondsaval. A
pretermindlisok halmazdnak mérete nagyon fontos a hagyomdnyos kornyezetfiiggetlen nyelvtan
alapi megkozelitések esetén. Ha csak a f&szofajt hasznaljuk pretermindlisokként, akkor sok, a
szavak morfoldgiai leirdsdban kdédolt informécidt veszitiink. Ezzel szemben, ha a teljes mor-
foldgiai leirast hasznaljuk a pretermindlisok szintjén, akkor tobb mint ezer kiillonb6zd elemiink



lesz, aminek a kovetkeztében kevés példank lesz az egyes pretermindlisokra és teljesitményprob-
lémdkba is iitkdziink. Az 4dltalam javasolt megkozelités legfébb tjitdsai a kordbbi munkdkhoz
képest, hogy nagyon gyors — egy valdszintiségi kontextusfiiggetlen nyelvtanon (PCFG) beliil miikodik,
ahelyett, hogy egy feketedobozként hasznélt elemz&t kellene minden jellemzé kombinédcid vizs-
gdlatahoz Ujratanitani — ezen feliil képes paronként vizsgalni bizonyos morfoldgiai jellemzok értékeit
ahelyett, hogy egy jellemzGt az 6sszes értékével egyiitt dobna el vagy tartana meg.

Ezen feliil a kisérleteimben a lexikai modell javitdsara kiils6 korpuszok felhasznaldsat is megvizs-
galtam. Eredményeim alapjan a rendszer teljesitménye tovabb javithaté sz6faji elemzési statisztikdk
felhasznalasdval. Az utolsé kisérletem bemutatta, hogy a konstituens elemzésben gyakran hasznalt
Ujrarangsoroldsi 1épés hatékonysaga javithaté morfoldgiai informacidkra épit jellemzok készitésével.

A 3.4. rész olyan megkozelitésekre 6sszpontositott, amelyek kiils6 informacidkat, példaul nagy
mennyiségli cimkézetlen adatot és fliggdségi fakat haszndlnak a konstituens elemz8 pontossaganak
javitdsdra. Az djrarangoldsi lépésben uj jellemz6 készletet vezettem be, ami fiiggdségi elemzés
alapu informdcidkat haszndl. A cimkézetlen adatok felett Brown klaszterezést készittem, amit
szintén jellemzdként épitettem be az jrarangsorold rendszerbe.

7.2 Fiiggoségi Elemzés

A 4. fejezet a magyar nyelvi fiigg6ségi elemzés jelenlegi helyzetével foglalkozott. Bemutatta
a rendelkezésre all6 korpuszokat, megvizsgalta a magyar (Simko et al., 2014) fiiggdségi €s kon-
stituens elemzés kozotti kapcsolatot, és bemutatta a Universal Dependencies projekt magyar alko-
rpuszdnak az elkésziiltét (Vincze et al., 2017). Emellett ismertette a (kozel) state-of-the-art fiig-
g6ségi elemzodvel rendelkezd, ipari igényekre optimalizalt HuSpaCy magyar nyelvii szovegfeldol-
g0z0 keretrendszert (Orosz et al., 2023).

A 4.2. részben ismertettem egy rendszert, ami magyar nyelvli konstituens fakat képes fiig-
gbségi fakka atalakitani. Ezen rendszer alapjan demonstraltam, hogy bar a konstituens elemzdvel
betanitott modellbdl fiiggdségi formatumba konvertalt eredmények €s az automatikusan konvertalt
fliggdségi elemzdvel betanitott eredmények pontossdg szempontjdbol hasonldak, a két rendszer
altal elkovetett tipikus hibdk eltérnek egymastol.

A 4.3. részben bemutattam, hogy a Universal Dependencies and Morphology alapelveit hogyan
tiltettiilk 4t a magyar nyelvre. Az 4j, manudlisan létrehozott korpuszon kisérleteket végeztiink az
automatikus dtalakitas értékelésére, valamint a nyelvspecifikus, azaz nem univerzdlis annotaciok
hozz4adott értékének vizsgdlatara.

A 4.4. részben ismertettem a HuSpaCy-t, egy 4j, ipari célokra kialakitott magyar nyelvi
szovegfeldolgoz6 keretrendszert és kisérleteken keresztiil annak (kozel) state-of-the-art teljesit-
ményét.

7.3 Szintaxis Elemzés Alkalmazasai
7.3.1 Rejtett Szintaktikai Struktdra Alapi Szentiment Elemzés

Az 5. fejezetben szintaktikai struktirdk kiakndzdsara 6sszpontositottam a mondatokon beliili és a
mondatszinti szentiment elemzésben (Hangya et al., 2017). A mondatszint{i szentiment cimkék
altalaban konnyen és nagy mennyiségben beszerezhetdek, példaul a termékismertetd oldalakon
taldlhato értékelések letoltésével. Ezért ebben a fejezetben egy olyan gépi tanulési keretrendszert
javasoltam, ami kizdr6lag mondatszint{ szentiment annotaciét haszndl a tanitishoz, de mondaton
beliili elemekhez is rendel szentiment cimkéket. Ez a megkozelités képes el6rejelezni a konstituens



fa csomépontjaihoz rendelt szentiment cimkéket annotélt szentimenteket tartalmazé fa nélkiil, a
belsd csomdpontok szentiment cimkéit ldtens valtozékként kezelve.

Két kisérleti kornyezetet alakitottam ki a javasolt megkozelités vizsgalatara. Az elsd kisér-
letsorozat (5.3. rész) célja annak vizsgalata, hogy a mondaton beliili latens struktira segiti-e a
mondatszintli szentiment elOrejelzését. A 5.4. részben szerepld mdsodik kisérletsorozat azt mu-
tatja be, hogy maguk a mondaton beliili latens struktirék is jelentéssel birnak, amikor jellemz8ket
készitlink beldliik egy célorientdlt szentiment elemzés feladathoz.

7.3.2 EPE: Altalanos Szintaktikai Keretrendszer Alkalmazasa

A 6. fejezetben bemutattam a First Shared Task on Extrinsic Parser Evaluation (EPE 2017)
versenyen a Team Szeged munk4jat (Szdnt6 and Farkas, 2017). Ismertettem harom megkozelitést
a verseny céljaul szolgalo altalanos grafalapu fiiggdségi reprezentacid kihasznéldsara.

Ahhoz, hogy egyszerre alkalmazni lehessen kiillonboz6 fiiggdségi reprezentdcidkat a verseny
szervezOi egy nagyon altaldnos, grafalapud reprezentaciot vezettek be. A graf csomdpontjai lexikai
egységeknek felelnek meg, az élei pedig cimkézett irdnyitott kapcsolatokat jelentenek két csomépont
kozott. A csomdpontokat a bemeneti mondat egy tetszéleges karakterszamu szakaszaval lehet
meghatdrozni. Ez a reprezentécid lehet6vé teszi az atfedd és az iires (azaz nulla karakter hosszi)
csomoépontok 1étrehozdsat is. Ezenfeliil lehetdség van csomdpontokat és az éleket tetszdleges
attribitum-érték parokkal cimkézni.

Ez a nagyon altaldnos grafalapu reprezentacio teljesen Uj lehet6ségeket nyit a szintaktikai vagy
szemantikai informdciok kifejezésére a hagyomanyos fiiggdségi leirds felett. Ennek megfelelen a
feladatra olyan otletekkel alltunk elS, amelyek célja, hogy az dltaldnos reprezentacié lehet&ségeit
a fliggdségi elemzésen tul is kihasznéljuk.

Az elso kisérletsorozatban (6.2. rész) a klasszikus fiiggdségi elemzési megkozelitésbdl in-
dultunk ki, de egyetlen fiigg6ségi elemzés helyett a lehetséges fliggdségi elemzések eloszlasat
hatdroztuk meg egy adott mondatra, aminek a lekédoldsara lehetGséget adott a verseny grafalapu
altalanos reprezentacidja. A 6.3. részben bemutattam egy lehetséges megoldast a fliggdségi el-
emz€s kiegészitésére konstituens elemzésbdl érkezd informaciok segitségével. Az EPE 2017
verseny struktirdjdnak koszonhetden ezek a kevert informdaciok egyszerre eljutnak a magasabb
szintl feladatokhoz, ahol a gépi tanul6 rendszer el tudja donteni, hogy mely adatok, illetve milyen
kombindcidik a leghasznosabbak szdmara.

Az utols6 kisérletsorozatunkban (6.4. rész) megpréobaltuk automatikusan felismerni, hogy
mely fliggdségi elemzési cimkék hasznosak a magasabb szinti alkalmazasokhoz, és csak azokat
megtartani. A haszontalannak bizonyult cimkéket pedig 0sszevontuk egymassal.

7.3.3 Gyodgyszerszedési Események Osztalyozasanak Javitasa Szintaktikai Elemzéssel

A 7. fejezetben kiilonb6z6 stratégidkat mutattam be orvosi dokumentumokbdl torténd gydgyszer-
szedési események kinyerésére és osztdlyozasara, demonstrdlva, hogy a szintaxis alapd informéa-
ciok felhaszndldsa még nagy nyelvi modellek jelenlétében is javitani tud a rendszer hatékonysagan
(Szanté et al., 2023).

A kisérleteink sordn a Contextualized Medication Event Dataset-et hasznaltuk, amely harom
feladatot tartalmaz. A gydgyszerkinyerési és eseményosztalyozasi feladatokhoz egy CRF-BERT
alapui megoldast alkalmaztunk, amelyet ellenséges példakkal gazdagitottunk.

Az adatbazisban szerepld harmadik feladat gyogyszerszedési véltozasok osztalyozdsa kontex-
tus alapjan. Ehhez szintén egy BERT alapd megoldast valdsitottunk meg, amelyet a dokumen-
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tumok relevans részének szintaxis alapu stlyozdsdval bdvitettiink. Ennek a megkozelitésnek a 6
motivacidja a szentimentelemzés teriiletérdl szarmazik. Az ott mar jol bevalt local context focus
mechanism €s a szintaktikai elemzésen alapul6 sulyozds haszndlata sikeresen javitotta a gyogysz-
erszedési valtozasok osztilyozasdnak az eredményeit is.
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