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Opponent’s Review for the Ph. D. Thesis of Ing. Lukas Svoboda,
“Distributional Semantics Using Neural Networks”

a) Meaning of the Thesis for the Field

Automatic analysis of the similarity of word and phrase meanings is important for applications
of automatic speech processing in order to improve the accuracy of translations or the assess-
ment of linguistic information in the given data. Since linguistic approaches require an expert
in the respective field, unsupervised methods for the creation of such methods and models are
strongly desired. Especially for highly inflectional languages, such as Czech or Croatian, this is
an essential issue. Mr. Svoboda’s thesis contributes successfully to the solution of this problem
by applying word embedding methods and creating new corpora for testing them, by evaluating
sentiment analysis methods on sentence level, and by introducing a new approach of learning
word embeddings enriched with global information. The latter improves the respective results for
smaller corpora of languages with extensive inflection.

b) Method of Problem Solving, Used Methods, and Fulfillment of Targets

Several established word embedding methods (CBOW, Skip-gram, GloVe, FastText) have been
used in the thesis, at first mostly for data in English. The focus of the work was then turning
towards inflectional languages, which meant a substantial increase in problem complexity. For
classification purposes, several established approaches, such as Support Vector Machines, Feed-
Forward Neural Networks, Convolutional Neural Networks, and Recursive Neural Networks, have
been applied and thoroughly evaluated with different parameter settings.

Remarkable contributions of this thesis are a Czech and a Croatian word analogy corpus and
several Croatian word similarity corpora, which are the first of their kind. The presented corpora
and data are available online for other research groups. The most meaningful novelty of the thesis
is an approach for training word embeddings, using global information extracted from large text
corpora (here: Wikipedia), that has been applied to data in Czech language.

The thesis goals were the analysis of the influence of rich morphology on the quality of meaning
representation, the improvement of the meaning representation for inflectional languages with
- new approaches based on neural networks, and the improvement of natural language processing
tasks (NLP) by using distributional semantic models. All thesis goals have been fulfilled very well.
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The quality of the developed methods has been proven by one second and one first place
among more than 100 approaches in the SemEval competition of the International Workshop on
Semantic Evaluation, organized by the Association for Computational Linguistics (ACL).

c) Results of the Thesis

In the analysis of cross-lingual word analogies (Chapter 4.4), six different languages have been
transformed into a shared semantic space using dictionaries of word translations. On the monolin-
gual task, 51.1% of accuracy were reached. For the multilingual task, where all semantic spaces
were transformed to the English one, the respective accuracy was 38.2%.

In the problem of semantic textual similarity (Chapter 5), the newly created set for Czech
achieved a Pearson’s correlation of 0.80 to the reference, which is not much below the value that
had been determined for English data (0.88). However, the results showed substantial differences
in individual experiments, depending on the topic addressed in the data.

In the aspect-based sentiment analysis (Chapter 6), word clusters and stemming improved the
F-measures which reached about 80% for both English and Czech data.

For the word embeddings trained with global information (Chapter 7), word similarity and word
analogy results showed accuracies of above 80% for some experiments with the English data.
The results for the Czech data were similar for some subtasks. Nevertheless, the results of the
entire thesis are remarkable in the view of the complexity of Czech morphology and the large
amount of out-of-vocabulary words in some constellations.

d) Systematics, Clarity, Formal Elaboration, and Language Level

The main part of the thesis is composed of several publications. This structure makes it some-
times a bit difficult to see the relation between the single chapters and their embedding into the
entire research task. Some methods and approaches are expected to be known by the reader;
more details would have been desirable. Table captions do often not say whether correlations or
accuracies are presented. The single parts of the thesis, on the other hand, show a clear structure
and writing, the mathematical notation is also mostly clear. The use of English is adequate with a
few minor mistakes. In the Bibliography section, there are a few details missing.

e) Publications of the Author

The publication list contains four journal articles; for two of them, Mr. Svoboda is the first author,
the only other author is the consulting specialist of the thesis, Dr. Brychcin. Additionally, five
conference papers have been published between 2016 and 2018. Mr. Svoboda is the first author
of three of them; most papers have only one co-author. Two papers have been published by
Springer, another one is from the well-known LREC conference, and the remaining two were
published at the SemEval 2016 conference in San Diego, California.

f) Recommendation for the Acceptance of the Thesis

The thesis and the publication list show that Mr. Svoboda is able to perform research
independently in a structured and thorough way. For this reason, | recommend the accep-
tance of his thesis for the granting of the academic title Ph.D.
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Questions for the Defense of the Thesis

o Chapter 4.2 (p. 36):
“The dataset contains only frequent-enough words from the Czech Wikipedia.”
What exactly does “frequent enough” mean?

s Chapter 4.2.1 (p. 38):
The paragraph “Models setlings” says:
“We also explore results with different vector dimension (set to 100, 300, and 500).”
The next paragraph (“Results”) says:
“[...] we present results for different vector dimension ranging between 50 and 500 [...]”
How does this match?

e Chapter 5.2.4 (p. 56/57):
“Firstly, we translated Spanish sentences to English via Google translator.”
How was ensured that this translation was correct?
What influence could a wrong translation have on the task?
(analogous: Chapter 5.3.3 with Czech-to-English transiation)

e Chapter 5.2.5 (p. 57):
“As an evaluation measure we use Pearson correlation between system outout and human
annotations.”
How do you obtain a numerical value to get a correlation from?

e Chapter 7.3 (p. 81):
Eqg. 7.1: Where do 7 and a;, that are mentioned right before, appear in the equation?
Eq. 7.2: “The CBOW model optimizes [the] following function [...].”
This is not a function, just a term.
What does “optimize” mean? Is there a minimum/maximum computed?

e Chapter 7.6.1 (p. 88):
About the training sample, it says:
“The set of negative samples N is always sampled from unigram word distribution raised to
0.75[..]"
What does that mean? 1

Tino Haderlein
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1. Aktudlnost zvolenej témy a jej vyznam

PretoZe stcasny trend v syntaxi a sémantike sekvencie slov, alebo celych viet, moZno
charakterizovat’ vyhradne zovieobecnenymi pristupmi odraZajicimi ich &iselnti reprezentaciu,
S$truktiru a podmienenost’, cielovo orientované programové prostriedky, tak ako vtomto
pripade pouZitie postupov vyuZivajucich na akcelerdciu vypoltov aklasifikdcie principy
umelych neurénovych sieti, moZno z realizatného pohladu vidy povaZovat' za ulohu
aplikagne aktudlnu. Pri zndmych teoretickych vychodiskich, a ich priemetu do vytvorenych
korpusov a testovacich experimentov, bola takto orientovand téma prace redlne podmienend
a metodicky zvladnuta. Praca spada do oboru, prindsa do neho nové interpretécie teoretickych
vychodisk a klasifikatnych postupov.

2. Ciel’ dizertacie a jeho splnenie

Doktorand mé ciele dizertalnej price pevne fixované na problémy sémantickej
reprezentécie dat. V kontexte zdkladnych principov strojového ucenia sa postupne snazi
o zdovodnenie platformy zlepfenia porozumenia sémantiky asyntaxe pomocou metéd
predspracovania a klasifikdcie nasadenim neurénovych sieti, resp. Standardnych postupov
regresnej analyzy (LR, GP, SVM). Som toho nézoru, Ze hlavne kvéli uZ na ivod potencidlne
$pecifikovanej platforme (neurénové siete) azvolenej metodike rieSenia (distribuovand
sémantika), bol ciel’ prace chdpany predovietkym ako vytvorenie reprezentacie v zmysle tych
postupov sémantickej analyzy, ktoré takito §truktiru vyZaduju, s potencidlnym rozsirenim do
reprezentativnych modifikacii s reflexiou syntaxe. Takto formulovany ciel’ (ako realizatni
ideu) moZno chépat’ ako vecne primerany a v zmysle vysledkov rieSenia za splneny.



3. Metédy spracovania

Rie3enie, ako to moZno vyvodzovat z daného ciela, bolo ohraniéené na vyber uéiacich
(trénovacich) suborov dat s distribuovanou reprezentéciou slov a ich okolia, pripravu $truktir
dét s kédovanim viacerych lingvistickych vlastnosti a optimalizicin sekvenénej klasifikdcie
pre pripady, kde je moZné pouZif metédu hibkového udenia neurénovej siete, resp. na
architektiry s potencislnu kompoziciou vektorov slov az po troveti vektorovej reprezentacie
vety. Tym, Ze tok dét je spravidla limitovany, pouZity pristup bolo moZné redukovat na
heuristicki optimalizaciu v zmysle uelovych funkcii odpovedajticich architektiram CBOW
a Skip-gram. Metodiky st v sflade s teoretickymi vychodiskami a pri vlastnostiach tychto
architektir je takyto postup implementovatelny. Z praktického hladiska reprezentacie
sémantiky slov Eeského jazyka ide zaujimavy navrh rieSenia, aj ked’ zatial len v ohranienej
konfiguracii.

4. Vysledky prace a ich charakteristika

Vysledky prace doktoranda st prezentované v priereze kapitol Kap. 4-7 dizertagnej
prace aich struéné zaverené zhrnutie je uvedené v Kap. 8. V prvych troch kapitolach st
uvadzané suvislosti, z ktorych vychadzaju nosné myslienky reprezenticie syntaktickych
a sémantickych Struktir azakladné charakteristiky platforiem pre reprezenticiu, udenie
atestovanie. Zavery o modifikdcii a optimalizacii rieSenia, uvedené v Kap. 6-7 v stvislosti
distribuovanymi sémantickymi modelmi a globalnym kontextom, si z pohladu ciePov prace
otakévatelné (s. 92). Na vietky koncepéné vychodiska nadvizuje opis experimentov a sp6sob
testovania vytvorenych Struktir. PouZité modifikdcie metéd pre &esky jazyk sa javia ako
akceptovatelné.

Hoci st vlastné vysledky charakterizované predovsetkym strohou formulaciou rie$enia
a tabul’kovou prezenticiou najddleZitejSich testovacich vysledkov, implementagna platforma
v akceptovatelnej miere zviditeltiuje pouZitePnost navrhovanych metodik a postupov. Na
urovni zdvere¢ného spracovania sa prejavila znaéna konzervativnost autora s interpreticiou
ziskanych vysledkov, ¢o brénilo zvyraznit' hlavne implementadni pdvodnost’ vysledkov
préce.

S. Prinos pre d’alsi rozvoj vedy a techniky

Autor uvéidza v dizertatnej praci niekolko novovytvorenych korpusov, pouZitych
predovietkym na vkladanie slov, na urovanie sémantickej textovej podobnosti a analyzu
sentimentu a aplikovanych v stvislosti s optimalizaciou funk&nosti v Strukttirach architektir
CBOW a Skip-gram, resp. sekvenéného behu nad mnoZinou testovacich saborov. Ich
navrhom a vyuzitim sa dopliiaja poznatky z oblasti pocitatovej reprezentacie slov &eského
a chorvatskeho jazyka, rozsiruje sa Standard syntézy systémov analyzy sentimentu zaloZenej
na aspektoch avytvdra sa formalizovany zéklad pre d'aliie potencidlne zovSeobecnenie
prezentovanych metodik. Aj ked’ ide o relativne ohranieni teoretickii oblast’, zo ziskanych
vysledkov vyplyva vyrazny autorov prakticky prinos v oblasti formalizacie rieSenia zadanej
ilohy. MoZno este vyzdvihnit' novy pristup k uréeniu &iselnej reprezentacie slov, vylep3eny
o globalne textové informécie, pre jazyky charakteristické bohatou morfolégiou slov.



6. Publikaéns aktivita autora

Doktorand uvadza spoluautorstvo v piatich pracach publikovanych v zbornikoch
z vedeckych konferencii a v Styroch pracach publikovanych v Easopisoch. V3etky prace su
v databaze SCOPUS, v databize Web of Science st vietky Easopisecké prispevky, ktorych je
spoluautorom. V zmysle uvedeného moZno jeho publikadni aktivitu hodnotit ako velmi
dobri.

7. Stanovisk4 a pripomienky k praci

Prica je napisand v anglickom jazyku, odborne prijatelnym 3$tylom, s dobrou
vysvetlujicou charakteristikou rie3enia, prakticky bez chyb (1 preklep na strane 78). Zasadné
pripomienky k praci nemam, otazky a ndmety do diskusie moZno zhrit’ nasledovne:

- lokalny kontext sa spravidla aplikuje, ak naklady na implementiciu globélneho
kontextu s vySSie ako prahova hodnota nékladov na lokélny kontext; existuje pri

tychto typoch tloh prahova hodnota nakladov globalneho kontextu a vzhladom k

domu modZe byt’ definovana?

- aka je opakovatel'nost’ vysledkov vasich riefeni pri tej istej topolégii neurdnovej siete,
ale sinou inicializiciou ako je rovnomernd? Co predovietkym mébe ovplyvnit

s»Streaming“?
- uvedte hlavné vyhody a va3u prioritnt motivaciu vyuZivat metédy nekontrolovaného

ucenial

8. Zéver

V dizertaCnej praci ,,Distribu¢néd sémantika s vyuZitim neurénovych sieti Ing. Luka$
Svoboda prezentuje prinosné spOsoby <&iselnej reprezenticie sémantickej informacie
a syntaxe, predovSetkym Ceského jazyka. Prica prind$a nové poznatky v odbore, formalne
splia podmienky pre doktorandské dizertadné price a ked’’e neméam pripomienky ktoré by
znizovali metodicky prinos préce,

odporidam
aby préaca bola predloZena k obhajobe v obore Informatika a vypoéetni technika.
Nadvizne, po Gispesnej obhajobe,
stihlasim

s udelenim akademického titulu Ph.D.

Kosice, 21.11.2019 prof. Ing. Dusan Krokavec, CSc.



