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FOREWORD

At its inception, in 2001, the ConslLR Conference (traditional acronymGa ns or Wi ul d
I nformati zar e p é onsodiumLof InfdrratizRiomi® Ramanian Langupgas

an initiative born in the Section of Information Science and TechnologiyeoRomanian Academy,

meant to bring together at the same table linguists and computational linguists, researchers in different
fields of humanities, PhD students and master students in computational linguistics, pure linguistics
and philologists, all thee that have a major interest in the study of the Romanian language from a
computational perspective. The series of events have run, with few exceptions, once every year, first
in the format of a workshop, and since 2G18s a conference. In order to rbamider visibility, the
organisers decided to make the Conference itinerant and to publish its Proceedings in English. Thus,
ConslLR is not strictly addressed to researchers working on Romanian language but also to other
scientists, from any part of the vid, which could find sources of inspiration in the models and
technigues developed for our language and apply them for their own languages. Opening the gate for
researchers working on languages other than Romanian to participate in the Conferenceistnd publ
their results in this series of Proceedings, a reverse influence is also expected, nhamely that their work
inspire scientists dealing with Romanian language.

As always, this year too, the organisers of the Conferkeimggiistic Resources and Technolegifor

Romanian Languagar e: t he Faculty of Computer Science of
of | aHi and two institutes of the Romanian Acad
i Mi hai Drtgtnescubo, i nf oBu cChoampeustte, r aSncdi etnlcee , | nisnt il

that the Academy of Technical Sciences has offered again its high auspices to run the event under and,
for the first time, the Romanian Association of Computational Linguistics was among the organisers.

In 201 8 , we brought the Conference agai n-eastetn | a Hi ,
Romania, in the heart of the province of Moldavia, a city full of students, and whose buildings and
streets, stretching over seven rolling hills (just like Roro#gr visitors memorable history lessons at

their strolling through the town. ConslLi2018 is the 13th in the series and, because this year
Romania commemorates 100 years since the union of Transylvania, Bessarabia, and Bukovina with
the Romanian Kingdomye decided to dedicate it to this magamiversary

As usual, our conference aims to advance the level of computerisation of the Romanian language with
new resources and improved processing tools. The volume includes 18 papers, covering topics of 4
major areas, which give also the names of the 4 chapters: Speech Processing, Text Processing,
Linguistic Resources and Applications.

Just like in other volumes of the series, the first chapter is dedicated to Speech technology. The five
papers are contributedy authors affiliated to three main academic centres of speech processing
research in Romani a: I nstitute of Computer Scie
Speech and Dialogue Research Laboratory, in the University Politehnica of Buchangst, a
Communications Department, in the Technical University of -Qlapoca. The topics cover
psycholinguistic modelling applied to intonational contour comprehension, a comparison of analogue
nonlinear systems with the aim of improving information extrafri@eh speech signals, a comparison

of the identity vectors against the traditional Gaussian Mixture Motiliversal Background Model
applied to speaker verification and identification, a proposal for a new perspective on the relationship
between speech ythm and prosodic phrasing, and a comparison between traditional and deep
learning techniques applied to text processing issues involved in text2speech synthesis techniques.

Chapter 2 includes 4 papers in the area of Text Processing, contributed by tesears f r dm Chi 'Hi
Institute of Mathematics and Computer Science, Buchér&bmputer Science Department of the
University Politechnica of Bucharest, Faculty of Mathematics and Computer Science of Bucharest
University and Research Institute for Artitci I ntelligence i Mi hai Dr L g

Vi



Academy, i RRancdu lltayHiof Computer Science of @fAAl exand
of Computer Science of Romanian Academy. Their contributions range from developments of post

OCR processes forecognition of old Romanian texts written in the Cyrillic script, to diacritics
restoration using recurrent neural networks, a presentation of the TEPROLIN tgxtopessing

platform, part of the ReTeRom project, and a theme that resonates well willedization of the

present volume: the design of a methodology of studying the influence of the two historical acts of
unification of Romanian provinces on the evolution of the modern Romanian language.

The 3 Chapter, Linguistic Resources, is contributed by researchers from Bucharest, Romanian
Academyi A Mi hai Drtgtnescuodo Al l nstitut &Faeultydof | nst it
Computer Science in A.1l. CiuTeehnichl Wiversgty of Mdidgva. and f
The topics of the 4 papers are: an cpeness large library of readig-use word embedding sets, the

encoding structure of a verb valence dictionary for Romanian, the new release of Stanuamd

Romanian Treebank in comparison lwithe Romanian Reference Treebank, and new research
directions for the extension and improvement of CoRoLa (the Corpus of Contemporary Romanian
Language): adding of new layers of annotation and a standard that allow interlinking of different types

of lexical resources for Romanian.

Finally, Chapter 4, dedicated to Applications, groups 5 papers signed by researchers in Biucharest
Comput er Science Department of PolitecbhbcguUni
lordani Al . R o s et df Linguistice and Cognost Beisiness Consulting S.R.L., as well as from

| aiHFaculty of Computer Science in A.l. Cuza University, Institute of Computer Science of the
Romani an Academy,i Tecimital Wniversity oCMoiddda. Astalways, a disigy of

fresh topics can be found in the Applications part of the volume: the description of a new release of
the rulebased extendable engine ReadMe, intended to do automatic writing skills evaluations, two
approaches of geographical information systeorse developed for the Linguistic Atlas of the
Aromanian Dialect and the other for the European Linguistic Atlas, an experimental study on how
rhyme may be detected automatically in well formed poems, a speech2text interface implanted in an
action utteringmobile application for 10T, and an analysis of different techniques of detecting fake
news on Twitter.

We hope that the quality of the selected papers makes the present volume, alongside the volumes from
previous editions, an interesting source ioformation on what is happening in the scientific
community dealing with natural language, especially Romanian, a collection of articles very useful for
researchers on Al, NLP and Linguistics, for professors and students and for anybody who is concerned
with language use in the electronic media.
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CHAPTER 1
SPEECH PROCESSING






A PSYCHOLING UISTIC VIEW IN ROMANI AN INTONATION INTERP RETATION

DOI NA JI TCI

Institute of Computer Science of the Romanian AcademyBtasch
doina.jitca@iit.acalemiaromanas.ro

Abstract

The paper presents an Information Struct{if® model that carexplain how FO
contours organize utterances at the information packaging level. On the IS model
basis utterances are divided into binary units having a hierarghmajanization.
Binary units or contrast units (CUs) consists in a pair of two functionally contrasted
elements marked by prosodic words with different phonetic cues. The
psycholinguistic model defines two levels iformation Structure CU_topic
CU_focws and CU_predicat CU_argument These pragmatic 1S functions have
neuronal equivalence at the cortex level and each category of semantic models has to
be related to onef these pragmatic IS functions in order to understand how a
semantic event of a cemacategory is implemented at the information packaging
level. The paper introduces the IS model view in intonational contour analysis in
order to improve the intonational contour comprehension. The paper exemplifies IS
analysis by using two Romanian ¥E® question contours varieties. IS descriptions

of IS partitionare basean the IS functional categories defined by the model. The
paper concludes that despite the diatopic variation of Romanian YNQ contour at the
phonological level, the two variants skl®wnvariable IS features related to
functional element distribution and nuclear element position.

Key wordsd IS partition predicateargument structure, psycholinguistic IS model,
topic-focus.

1. Introduction

The paper introduces information structure (I1S) analysis in intonational anahkeplairs

the role of intonation in building information units which pack words within utterances.
Words are marked as functional elements at the IS leyalsing prosodyThe semantic
approaches of information structure apply them semantic functions by analysing the linguistic
content of utterance. The semantic IS functions have problem in explaining different linguistic
contexts; e.g. the presence of given referentssvithma nt i ¢ Afocuso funct i
to new elements as it is presented in (1). The promdmris a given element but it is under

the semantic Af oc-sessidive particdednly.cTeedauthoy in (iKfzacamds

Mussan2 0 1 2) cl aivmesn tchoantstfig uents can be in foc
pronounao

(1) Mary only saw HIM-.

In this paper a psycholinguistitS approachwill be presents where IS functions have
equivalent at the cortical speech production mechanism. Despite theirofasgalstic
determination, functional IS constituents are marked accordingly to syntactic, semantic and
discourse aspect$.h u s , we wi || show t hat Afocuso even
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psycholinguistidS functions. One combination may be thahatlear and given information
functions.

In the psycholinguistic IS model information unit is always a binary one on any level of
utterance tredthast he constituents into a functional
unit (CU). If the tonal grnup of one prosodic phrase has momnttwo constituents, words are

grouped in a hierarchical manner by a binary tree. Binary information units and their
hierarchical architecture lack in semantic IS models and IS description can not be detailed
under lovest IS levels. Halliday (1967r Steedmar(1991; 2000)for English intonation

relates the whole tonal group to one information unit and select only one constituent as being
relevant (Afocusedo) due to its acoustic sa

Phonological approaches deber intonational phrases by sequences of events related to
accented syllables or edge tones. The IS approach based on the psychological model treats
words related to their prosodic words as functional events. IS functional constituents are
identified by pagmatic analyses of prosodic words at the intonational contour level.

The paper introduces the psychological IS model view in analysing intonational contours in
order to improve thdescription and theomprehensionf their architectureThe intonational
analysis from this poi2@l1ld)f,201b)E NMic pasersddnsto u s e
modify the claims from previous works related to nuclear stress positions in Romanian

i ntonational -Xngagnlt9o9udr)s, -Jimpaadsec@tll )y, et af, 201%).cThe
psycholinguistic IS model gives an information structure biasihinking IS functions and

nuclear positios of utterance constituents

The paper is structured as followSection 2 contains the IS model presentatiorn \thiree

aspects: the two information structure levels, the IS partition description system and nuclear
accent rules for nuclear position identification. In section 3 the rules are used to analyse two
Romanian YedNo question varieties from the psycholingig IS viewpoint, aiming to

compare there IS pattern descriptions. The two varieties are produced by a speaker from
Mol dova (1l aki) and the second by a speaker
proposes that IS psycholinguistic features deducead inbonational contours to be taken into

account in studying the unitary character of the Romantamation system

2. The psycholinguistic model of Information Structure

The psycholinguistic model of Information Structure proposed in the paper redefines IS
categories from semantic models where they are related to lingasgicts andives them
sense within CUs that pack words at the utterance level.

Semantic models beming with Prague SchooD@aned) , 970Ldefine two IS levels: i. The

first | evel aboutnéss stppr atmes pltdhe whii ch ¢l ai ms t h
Asomet hi nopramentardeme d about an «loepmreth@mngii. Thea med A
second IS Ieel conveys the relation betweehl (given) informationtopic function) anchew
information(focus function) related tgivennesandnewnesgategories.

IS functional elements have roles the information unit levelUnits have two constituents

and wename them contrast units (CU). Their constituents bear functions related to the
following IS categories: CU_theme, CU_Rheme, CU_topic and CU_focus. Both IS levels are
overlapped within each their information unit. In previous IS models, EBajliday, 1967)

4
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(Steedman1991; 2000; 201¢ the two IS levels are realized at different level of utterance

tree: backgroundocus level is analysed at the tonal group level and théweme at the

linguistic phrase level (morphosyntactic phrase, clause and senggnin these approaches

the topicfocus structure is replaced by backgrododus structure to emphasize the
importance of new information element due to its acoustical prominence. Topic elements may

be present in the background part of respective uni{l)ns presented the case of given
information el ement which is under a fAfocusbo

The psycholinguistic model reintroduces the pair of topic and focus functional elements at the
information unit level, asCU_Focus and CU_Topic elements, relatitggerh to specific
acoustic features at the pragmatic level. CU_Focus and CU_Topic elements are not related to
the existence or neexistence of acoustical prominence because any of the two constituents
may be acoustically prominent elements in different extst CU_Topic and CU_Focus
constituents are related wivennessand newnesscategories if the respective element is
anchored within a concrete discourse context.

The acoustic prominence of CU_topic or CU_focus elements depend on the second function

cam ed by them at the second IS | evel whi ch
psycholinguistic IS model redefines the therheme structure in terms ofvgqn der
Gabelentz 1869) 6s model . Thus, t hsabjett(RI) deénechse c 0 me s

"that to which the speaker directs the hearer's attentiand, the rheme becomes the
psychological predicatéPP) as "that which the speaker makes the hearer thinking about”
Theme and rheme categories become CU_theme and CU_rheme in the psycholif§uistic
model view because they are the two parts of any CU.

2.1. The IS categories of the psycholinguistic model

The overlapping between the CU_toflt)_focus and CU_theme and CU_rheme structure
within CUs is possible because the two functions of one constiteemnaoded by different
acoustic features: the function at the CU_tepid focus structural level is conveyed by
temporal features of its FO contour shape (slope, duration, etc.) and the function afPRe PS
or CU_themeCU_rheme level, by the level of tll@minant tone within the prosodic word of
the respective element.

The CU_topic and CU_focus IS constituents are two paired and contrasted elements at the
information packaging level that mark information unit. The CU_topic and CU_focus
elements can ancharformation unit within discourse context by also beamgigenness and
newnness meaning. The information packaging mechanism at the cortex level have two areas
with different speech processing parameters for marking CU_topic and CU_focus elements
with different temporal features.

The van der Gadb e n t -PPstrit8re is redefined within this psycholinguistic IS model by

using the more general predicaeument structure whiclean be implemented at the
neurobiological levellt is used the term of CU_ptieate to refer the predicate element (PS)

at the CU level. The CU_predicate is carried by the constituent which bear the first reference

of communication object within CUrhe model ses the CU_argumefitnction relatedo the

PP function of the von der @b el ent z6 model t hat bears the
communication fAobj ect OByasing an hralogy with the Imduistc e CU
themer h e me structur e, we can say t hat CU _pre
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CU_argumentemast i tbhe ehe meThe CUvpradibat®_ar@uihent
structure implements tiiea b o wWt rpesisnci pl e within CUs.

The two contrasts, CU_top€U_focus and CU_predicateU_argument, within the same

CU lead to constituents with two functions. This is polesat the neurolinguistic level by
using two kinds of pitch features of contrasted prosodic marks: i. temporal features which
involve shape and slope pitch variations. ii. Tonal levels which refer target (dominant) tones
of the two prosodic marks.

The cmstituents with CU_topic function have FO patterns with slow pitch movements and
longer duration during accented syllable or they do not stop their rising movement in the end

of the accented syllable. On the contrary, the CU_focus marks are abrupt pitsmem and

shorter duration of syllable nucleus and tend to stop rising pitch movement in the end of the
accented syllableOther focus patterns have constant level pitch accent. The CU_predicate

and CU_argument functions modulate the CU_topic and CU_i@algzations giving lower

target (dominant) tones to the CU_predicate elements and higher target tones to the
CU_argument element. This model is more general because it combines the two levels of IS
functions in an independently manner and can descrip@aset i ¢ Af ocuso el emer
they have new information function but also in the case of their given information function.

2.2. The IS partition description system

In the psycholinguistic IS model view utterance can be partitioned into CU hierarch@gach
having twadimensional IS partition. One partition has two paired elements each of them
having two functions at the two IS levels. The IS partition description system defines four
labels related to the IS functional categories: T and F labels for @ld_ amd CU_focus
categories, and P and A labels for CU_predicate and CU_argument categories.

At the partition annotation level each element is associated with two functional labels linked

by &nd closed between round parentheses. IS partition of €llds into a sequence of

two round parenthesis separated by d/ o. Il n t
types described in (2).

(2) (A+T)/(P+F), (A+F)/(P+T), (P+T)/(A+F), (P+F)/(A+T).

All four IS partition variants are possible because tiwo structural levels are independent
and each function of one level can be combined with any of the two functions of the second
level. Thus, by using this IS model, analyses of different intonational realizations of the same
text will always relate therdifferent IS partition descriptions. If utterance tree has more than
one CU, at each of them one IS partition must be applied. The coherence of IS partitions
within utterance is implemented at the pragmatic (neural) level by nuclear attribute. The
categoy o f nucl ear attribute is subsumed to t|
models. This is another advantage of the psycholinguistic model where the function of one
element at theCU_topicCU_focus structure levebk dissociated from its function ahe
CU_predicateCU_argument leveblnd its nuclear attribute. This explains why in (1) the
pronoun him can be annotated 6{ topic, CU_argument and nuclear function instead of
appl ying s e ma nwhicle means@Jcfacasoandl GlUbaegument and nuclea
function.

2.3. Nuclear accent in the psycholinguistic IS model view
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At the linguistic level nuclear accent is related to the word to which the sentence refers or to
the most important word. The IS model gives a psycholinguistic role to nuclear accent in
organzing utterances as CU hierarchies. Nuclear element at one lower IS partition projects its
IS functions to the whole respective CU, at the higher level IS partition. In this manner a large
CU count as a single CU element within a higher CU. We exemplifg@@)nwith the
partitioning of a SVO utterance. The utterance is structured by two nested CUs.

(3) {(FL+F23"P?[(F1+F2"*"™ | (NF1+NF2°”*|\r1ine2} Where FEP or A andF2=Tor F

The embedded CU corresponds to verbal phrase which has the verbe@sment with
generic F1 and F2 functions, and the object, as an element with contrasted NF1 and NF2
functions. At the global level the subject is an element with F1 and F2 functions and the
whole verbal phrase has to be an element with NF1 and NF2 fosicfithis is possible
because the nuclear accent within the imbricate IS partition is the element with NF1 and NF2
functions (the object). This example explains the importance of nuclear accent in organizing
utterances in a coherent manner.

The nuclear aceg marking in IS partition is another problem in intonational contour
interpretation. There are two modalities used at the psycholinguéstéd for encoding
nuclear markby a negative prominence (a minimal low tone) or by a positive prominence (a
maximd high tone) on one of accented syllables of utterance. We formulateand{y) two
corresponding rules which identify nuclear womlshe two prominence cases relatechoor
emphasized and emphasizaghtours

(4) NSR_NE: In noremphasized contotine nuclear accent is assigned to the global

CU predicate element related to the Al ow pro
(5) NSR_E: In emphasized contour the nuclear accent is assigned to the global CU_argument

el ement rel atoend ntemcteldoe o hiaghh epgnphasi s produce

The prominence type of nuclear accent within FO contour depends on the ratio between
the tonal spaces of the two elements of IS partitién partitions with coordinated CU
constituents (partial or total overlappiog their tonal spacgégroduce nuclear event on the
negative prominent element while those with subordinated CU constituents\(@dapping
of their tonal spacégroduce nucler event on positive promineelement of partition.

3. IS analysis of two varieties of Romanian YNQ contours

In this section two varieties of Romanian Y8 question (total interrogation) contours
exemplify how IS partitions can be deduced from intonatioc@htours. IS partition
descriptions contain the two IS levels and nuclear position related to each CU of CU
hierarchy.

The analysed contours correspond to information seeking (neutral) YNQ. Two intonational
realizations are analysed representing two varice s fr om Mol davia (1| aki
(Bistri Sa). The contours are very different
their characteristics at the IS level.

3.1. IS analysis of two varieties of Romanian YNQ contour

Two controversial opinionsra presented in (Ladd, 2008) related to nuclear position
(sentencdinal vs. nonfinal position) in Romanian informatieseeking YNQ contour. Xu

7
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(2005) does not accept a nuclear accent without an acoustical prominence and thus, he can not
accept the nucleaaccent in the sentene®nfinal position while Ladd(2008) admits that

nuclear accent may have sentenoefinal position in Romanian contour cade.as ¢ £ | u
Jinga(2001) uses the term of interrogative emphasis to characterize the phonological event
withnegat i ve foptheverb. Deingdhe verb FO contour holds constant low level.

In this section we explain how a nuclear accent can be produced without an acoustical
salience. The IS descriptions resulted after the IS analysis of the two YNQuiire
compared in order to conclude about their common or different IS characteristics

3.1.1.Information seekingYNQ contour Moldavian variety

Information seeking YNQ contours is illustrated in Fig. 1 by using an utterance of the
sentencA v e $i ma(roied ayfdadaw”? have mar mal aded ) from
et al, 2015). The contour keeps low levels until the last accented syllable and then it rises up
to very high levels during the objesta r me.ITleddntour has a falling pitch movement
during the last noraccented syllable. The two prosodic words are structured within an IS
partition described in (6).

5500 7 300
4400 - a ; -

3300 l' t

2200 TN e

11004

0

Y 7 -
l."'w "N - S

140

| marmelada?

100

LnH*
L

L%
|

Figure 1. The FO contour and the spectrogram of the utteragheee S i
(laki).

(6) {(P+RN"Y SE(A+T)™ " M LRSS, )

The first constituent, the verl v eh&si a low level pitch accent which gives him
CU_predicate and focus functions within IS partition and it is annotated with P+F in (6). The
second constituent of the nooma r me, Ihas drtL#H* pitch accent with a very high target
tone (extrahigh tone) which gives him CU_argument function. CU_topic is the second
functions and the object becomes/fa+T element as it is described in (6).

m?2of ane dpealcitfrom Moldova

An overlapping of their tonal spaces occurs as it caseled in Fig. 1 where the tonal
spaces of the two constituents are delimited by two rectangles. The minimal tone of the final
constituent is smaller than that of the first constituent. Thus, the contour does not produce
emphasis on the element with the Hegt target tone. In agreement with the NSR_NE rule
nuclear accent is related to the negative prominence of the P+F element. In all three analysed
FO contours produced by different speal&tgnal space overlapping was identified. There is
no valid neutrbBRomanian YNQ contour without this tonal characteristic to be accomplished.

t
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This explains why the verb in sentengenfinal position bears nuclear accent which is
named i n-Jingdhl®IB;c2D01)uinterrogative emphasis. Romanian speakers feel the
sentence accent on the verb evielh is realized by negative prominence (Lag608).

3.1.2Information seekingY NQ contour NE Transylvanian variety

The information seekingdNQ contours, th&NE Transylvanian varietyis illustrated in Fig. 2

by using an utterance of the senteAce e S i m a It isnextlaeted! frédn the database of

t he papetral, Z015). (The tcharacteristic of this contour relies in a rising pitch
movement after the low level during the accented syllable of the verb. The rising occurs on
the nonaccented syllables of the nomma r me.l adt

MN’”’W%“WWWWWWWWWWWM |
W ~ ,

5500

350

|
44004+ ¥ 300

33001 250
22004+ 200

1100 150

N

0

100
| marmelada?

AH+L* LY
1

1

Figure 2. The FO contour and the spectraig of the utteranca v e S i m?aof ane spealcktfrom NE
Transylvania (Bistri Sa)

In Fig. 2it can be seethe overlapping of thewo tonal spacesThis relateghe nuclear accent

to the negative prominence of the CU_predicate element. The CU_predicate function is
carried by the verb which keeps low level during the whole accented syllable while the noun
begins its accented syllable at high level of 250 Hz. During 0.77 msec. of e fHtch
accent, the FO contour keeps higher levels than the low level on the verb. With other words,
the negative prominence of the verb is more salient than that of the lastM@dxplains

why the verb bears the nucleus and the sentfamakeelement has a high dominant tone
becoming a CU_argument element as it is described in (7). The slow last falling marks the
noun for the topic function. The negative prominence gives the CU_predicate function to the
verb and the abrupt rising pitch movement raftee accented syllable marks it for the focus
function.

(X AR S HAF™ "L b )

The Romanian YNQ contours were also analysed by foreign linguists interested to explain the
low prominence of nucleus and the role of acousticaemalpitch accent. In all cases
phonological views are used. La@tP83) describes the contour with ascending phfiasé

contour (Moldavia) by L* HL% sequence and the Transylvanian variant by the L*+EAd
sequence. Griceet al (2000) gives the sameescription for both Moldavian and
Transylvanian contours by using the L* H%. In both papers the last high pitch accent is
interpreted as a phrase accent, a phonological event which is considered to have an implicit or
explicit presence before the boungdaone. The authors were interested to give general
descriptions for similar YNQ contours in many languages and they do not intend to deduce

9
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the IS structural meaning. They do not perceive the two constituents of the verb and of the
object,as thematic ahrhematic elementd heyare more interested by the high pitch accent
and they try to find it a role at the phonological level.

The psychological IS model view gives an IS role to the last high pitch accent. It produces a
dominant high tone which markbe last word for the CU_argument function leading to a
negative prominence ardCU_predicate function on tHest word.

A comparison between the descriptions of the two contours in (6) and (7) leads to the
conclusion that despite their phonological diffieces, they have the same IS partitions and
nuclear positions. This fact can be an argument that they belong to the intonational system of
a unitary language which have for informateeeking YNQ, IS partitions of (P+F)/(A+T)

and sentenecaonfinal positon nucleus

4. Conclusions

The paper present a IS model that explains the information packaging within utterances and
then use the related IS annotation system in producing Romanian intonational contour
descriptions at the IS level. The IS model perspeasigepsycholinguistic one that defines IS
functions at the information packagingit level. The IS functions are directly deduced at the
pragmatic level from intonational pattern of IS constituents. IS partitions contain two
overlapped contrasts: CU_predieCU_argument and CU_topfcU_focus. The IS model
contains nuclear accent rules related to the two modalities in marking nuclear accent: by low
and high prominence.

Two Romanian YNQ contours are analysed in the IS model view that justifies the sentence
nontfinal position of their nuclear accents and desartbeir IS partitions. Forgn linguists

were interested to give an explanation of the-noalear attribute of the last pitch accent with

a very high target tone. They fitted the pitch accent viithghonological category of accent
phrase (Hin the ToBI annotation).

In the IS view the FO contours of the two YNQs have a prominent contrast betwdew-the

level CU_ predicate constituent (the verb) and the high level CU_Argument constituent (the
object) which is marked by the last pitch accent. Intonational analyses as those presented in
section 3 can be performed on the main Romanian contour types in standaadidoand
different other varieties in order to deduce their IS pattern characteristics. The conclusions
may offer psycholinguistic arguments in studding the unitary character of Romanian
intonational system.
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Abstract

Nonlinear systems with complex behaviour are deeply studied, in order to use their
rich properties for signal generation, tsamssion and other processinghaotic
systems are especially of great interest due to theiresponding natural
implementations and conmgX processing capabilities. Chaos has been associated to
turbulence, and from this point of view to inconsistencies in voice disorders.
Nonlinear dynamics and mostly chaos theory has been used to assesg)jaihmi
emotional phonation. In the present contribution, the authors make comparison
amongseveral analogue nonlinear systefitg understanding their possibilities of
extracting information from speech signalBue to limited speech generation
modelling, only control synchronization is approached, other methods, such as
emitter partitioning and inverse system receiver, being less efficient. The obtained
results suggest that complsignumnonlinearitysystems and higher order ones can
lead to more effient processing structures, compared to classipabduct
nonlinearity ones

Keywordsd chaotic dynamics, nonlinear synchronization, nonlinear systems, voice
signal processing

1. Introduction

Speech analysis is important for a large variety of applicati@igted with manyesearch
domains, such as medicine, linguistics, forensics or engineering, being oner@ithiorms

of communication betwee people. Nonlinear dynamics hdseen used tostudy and
understand the complexity of the normal or patholdggmeech, of differenfanguages
prosodies. Nonlinear methods seem to be suitable to explore the dynathiespd$tems that
produce voice signals, based on the observed nonlinear phenombiwnis turbulece
during speech productioMNarayanarand Alwan, 1995, (Johnson2011) Several nonlinear
parameters werénvestigated for their performance in characterizing the mechanics that
produces specigdhonemes, or discriminating among pathological and normal speech. Among
these we mention maximum Lyapunowexponent (LE), correlation dimension (CD),
Kolmogorov entropy (KE) (Pitsikalis and Maragos 2002), QrozceArroyave et al, 2013),

(He nr 2eq al,e2009)and other more robust entropy measures, such as relative entropy
(RE) (Scalassarat al, 2009) paemutation entropy (PE), or state space correlation entropy
(SSCE)measuresao et al, 2004), Tripathy et al, 2017) CD and KE measures, being
sensitive to nosstationarity and noiseontamination, produce ambiguous results mainly due
to the presence dilent blocks intrained speech of stuttering subjects, whilst maximum LE
performs slightly bettefKokkinos and Maragos 2005). PE showe more efficiency in
indicating the improvement in speech performance #ftetherapy, due to its robustness of
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this measure to noise contamination and -stationarity, although it does not consider the
amplitude variations in &me seriesRE and SSCEHre better indicators of the increased
dynamical complexity of pathological voice signéBcalassarat al, 2009, (Tripathyet al,
2017).

Other nonlinear methods investigate speech nonlinearities by means of developing adequate
nonlinear system models in order to detect such phenomena and extract related information
and nonlinear p et alied7),e(Tewdordsca,r 20069, r(Teadoreseu

al.,2006) Models of jitter and shimmer may be used to investigate the presence of
pathologies related to the voif€ataldoandSoize 2017) Other nonlinear methods related to

this subject include glottal close instant (GCI) detection, with application in prosody
modification analysis, or pathological voice classification, among o($#ksa et al, 2009),

(Daoudi and Kumar, 2015) This method is based on the precise computation of local
geometrical and statit i ¢ a | parameters called the fAsingt
complex signal domain.

Our approach is based on the type of nonlinear processing specific to chaos synchronization.
From the three basic methods, emitter partitioning, feedback camtdoinverse system, we

have concentrated only on the second i first and third synchronization methods need

in depth knowledge of the nonlinear state equations for the speaker emitter, including precise
estimation of the system parameters. Thusngryo apply these two methods might lead to
errors especially to process signals from one speaker to anbtlegieedback control method

is more flexible and it can adapt even to imprecise parameter knowledge of the system
generating the analysed signblpon several system simulations we could also make this
method fast enough. The signal analysis we performed is based on comparing three basic
nonlinear systems: the Lorenz system, a three multiplier nonlinear system and a comparator
nonlinearity system watroduced in a previous wokGr i gor ak and).Makihpgor ak,
several simulations we concentrated on the error signal of the control loop to conclude on the
signal parameters. The obtained results suggest that complex comparator systems of the third
order can lead to more efficient processing structures, compared to classical multiplier
systems with two and three nonlinearities.

2. The nonlinear system

The presented signal analysis is based on nonlinear signal processing. Basically, the chaos
synchroniation approach tries to highlight Romanian voice parameters. The main nonlinear
synchronization methods are: receiver design based on emitter partitioning, nonlinear system
feedback control and inverse system approach. All exposed methods are basedern emit
system detailed modelling. The control method is more flexible and is able to adapt different
emitterreceiver pairs and that is why this method is used in the following analysis.

2.1. The proposed general settings

Nonlinear synchronization was first progalsfor communication applications. That is why
the system generating the analysed signal is named emitter and the analyser, receiver, as
suggested in Figure 1.
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7= mlK] ~m[k]

»Input Output—»{Input Output——» 1]
. ylK]
Modulating Chaotic Synchronizing Recovered
signal Emitter Receiver signal

Figure 1. Nonlinear synchronization emitteeceiver pair

The control synchronization methalbased on nonlinear feedback to obtain a synchronizing
receiver to the chaotic emitter. In order to easily achieve synchronization, usually a nonlinear
feedback loop is designed, aiming at nonlinear compensation of the direct path system, which
is similar to the emitter. In our case, the voice signal is generated by an uncompleted model
system, which is also time variant. As such, we chose to preserve the nonlinearity of the direct
path system and use a simpler, linear feedback block, characterisedfégdiback matrix of
coefficients, as depicted in Figure 2 wunder

E
rror State Ly

signal

- —p{ - L In StateY]
Voice Buffer Diff
signal ifference StateZ

- Scope
Nonlinear

System

Matrix
Feedback

Figure 2. Block diagram of the feedback control system

In some complex dynamic behaviour of the nonlinear system, the feedback matrix is
sometime evennidimensional, thus simplifying the analysis estimation.

In the following we intend to analyze the behaviour of several chaotic nonlinear systems by
interpreting the OError signalé shape to det

2.2. The Lorenz system

A classcal approach is based on the Lorenz system (Lorenz, 1963), described by the third
order state equations system:
ex'=s(y -y

i, .

1y'=r 0 y X-2 (1)
tz'=x -b 20 x4y

The state equations of the Lorenz system (1), show that some state transition function is based
on linear terms and gébraic nonlinear functions that are the two multiplications, in equations
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two and three. The system parameters used in the following are the ones proposed by Lorenz
(2), to obtain chaotic behaviour:

s =10; r =28, b 2.66 (2
As a result, the timevolution of the state vector is the one depicted in Figure 3.

Y =50 -20

Figure 3. The two wing butterfly Lorensystemattractor

2.3. The three multiplier system

In order to increase the complexity of the nonlinear dynamics obtained, the number of
analogue multipicatons <can be increased to three, as
2014). The used system is also an order three one, but with more coefficients to increase
adaptive flexibility

gx'= % a %06 O
1%'= % a&x0b x xO C
1x'= b0 ax & grx %

3
The equilibrium points of the nonlinear sgm result in the forn4):
éx=(abCr ab a & 4/(a ) g0
1
Ix,=a B r(b a bOab - afdi)/{a }
(4)
wherer is a root of the polynomial
" 2 ) § . 2_1q
P2 20 5 (b= ¥ 2 by g (24])
b ab anp a (5)

The fact that the proposed nonlinear system is dissipative can be easily verified from the form
of the state equations, eessulting from:
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pr =M B M
T R (6)
Moreover, this property does not depend on the system parameters, as defined in the system

state equations. On the contrary, the ergodicity and sensitivity to initial conditions are
dependent on these coeféats and, as such, they were justified by numerical simulations.

An analized set of equation coefficients, leading to chaotic dynamics, are (7):
a=5 b 9, a 50, b 20; g 43 @)

The system state portrait is highly different from the previous one, sugg#sini evolves
from two unstable limit cycles, as depicted in Figure 4.

1000

500

X3 [mV]
[ =]

=900 ...

-1000..,
2000

2000 3000

-1000
X2[mv] 2000 _3ppp -2000 X1 m

Figure 4. Three multipliersystem state vecteattractor

This suggests that the three multiplier system may synchronize onto signals generated by a
two frequecy thorus nonlinear kmhour, not necesarilly the most exact model for voice
signals.

2.4. The signum nonlinearity system

For reducing implementation complexity, we can use a nonlinear system architecture based on

a previously reported syst enasdés@ibedgyahe atate a n d
equations:

gdx/dt=a Q@ z
dy/dt= -a 0 z+

bdz/dt= -x y a z Ceigh) ®
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Y 0.5 -0.2

X

Figure 5. The time evolution of theignumnonlinearity system state vector for different coefficients values

As seen in equation (8), this third order system is based on a singde firototype, with
fiew nonzero terms, characterized by the stste tranzition matrix,

e a -1
_¢6
A—éa 01
gl -1 a

€)
The only nonlinear algebraic function is in the third state equation, comparator type
nonlinearity,sign(x),

el x>0
u=sign 3 :{O X &
b-1 x <0

(10)

The approached system is characterised by chaotic evolution, with several strange attractors,
dependi ng o n adtAk examplast state edcterrtimedevolution depicted in Figure

5, show the attractor fa= 1.23 (left graph) and = 2.21 (right one).
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This rich set of strange attractors, with different segdace shapes, suggests the possibility of
this nonlinear system to highlight different voice signal properties.

3. Romanian voice data

We based our simulations on two recordings from R&RI@ m©n i a
on the following Youtube online addresstps://www.youtube.com/watch?v=YXs1Pz_beHO

These are ones of tHest audio recordings of Romanian personalities, Henri Coanda and
Nicolae Titulescuwho lived during the periodf The Great Reunion. They were previously

Cu lavaiable |

analysed withPRAAT, and with some algorithms developed for prosodic phraaimdg
diatopic intonational variation a s described i n

al.,2015).

0.4

Voice signal

-0.5
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- gy

0 1 2 3 _ 4 5 6 7
Time X 104

Figure 6. Example of Romaniawoice signal

( Apopeti,
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Examples of processed voice signal and its frequency spectrum are presented in Figure 6, for
the time domaimepresentation and Figure 7 for the frequency domain.
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Figure 7. Example of voice frequency spectrum
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4. Nonlinear processing results

The following simulation results try to compare the capability of the previously presented
chaotic systems to help show some Romanian voice signals properties.

If the Lorenz system is taken as the basis nonlinear direct path block, the results may be taken
as interpretative, as depicted in Figure 8.

05
0.4
03 ‘ " il I AHH“\ ‘
o2kt | AU
o1l
0
'Ol “|
02 i "l 1
03 H T
-0.4 B

05 1 2 3 4

x 10°

Voice signal

0.1

0.05

-0.05

Filtered error

-0.1

015 1 2 3 4

Time X 105

Figure 8. Voice signal (up) and filtered error signal (down)

The feedback matrix, denoted Ky used to build the feedback control system, as introduced
in Figure 2, is:

k=[05 -03 of (12)
Forthis simulation the error signal is filtered with the analogue transfer function:
s+0.1
H(s) = 12
(9="117 (12
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As seen from the filtered error signal, the obtained signal peaks are correlated to the voice
information time periods.

We also tried the theemultiplier nonlinear system and made several feedback matrices and
filters alternatives, but all showed noisy error signals, not useful for automated decisions. For
instance, using the feedback matrix:

K =[0.0001 -0.0001 0.0003 (13
and:
s+0.23
H(s) = 14
9= s+100 a9

For the same voice signal, the filtered error signal is depicted in Figure 9, highlighting the
undesired noisy shap&other structure used in our comparison is based on the signum
nonlinear system, leading to the results in Figure 10.udsesl voice signal is the same as
depicted in figure 8, but the feedback matrix is modified to:

K=[01 03 0F (15)
and the error signal is filterer using a different transfer function filter:
s+l
H(s) = 16
9= (16

0.5

Filtered error

-0.5

[

h
| | | |
| | | | | |
| i | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
1 | | | | | |
1 2 3 4 5 6 7

[e¢]

4
x 10
Figure 9. Threemultiplier system filtered error signal

Expectedly, the filtered error signal highlights in a more observable way the speech and pause
time periods, but by the negative valued spikes.
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0.15
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Figure 10. Filtered error signal for theignum nonlinear system

5. Conclusions

In this paper we applied chaos synchronization to speech analysis. We have chosen to
implement the feedback control method, because of its flexibility and becauseataain

even to imprecise parameter knowledge of the system generatingalyzeal signal. We
performed several simulations in order to improve the speed afiingutation. The signal
analysis is based on comparing three basic nonlinear syst@chyur results highlight the

fact that the comparator nonlinearity system givesbing results regarding the pointing of

the voice signal characteristics. Making severaiulations we focused on the error signal of

the control loop to conclude on the sigmmrameters. The obtained results suggest that
complex comparator systems ofeththird order can lead to more efficient processing
structures, compared to classical multiptigstems with two and three nonlinearities.

A precision analysis regarding the correlation between voice pauses and nonlinearly generated
pulses by the dynamaystems excited by the audio signal was not performed. Such a detailed
result needs deeper research taking into account more variant voice signals, larger and more
complex analyzed nonlinear systems and precise measurement mbtboglsesearch ialso

needed to improve our method and to obtain results on other nonkystgms.Further
aspects of interest that could be approached are connected to the areas of voice activity
detection and nonlinear voice processing under perturbation and measuremefetctioper
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Abstract

Anatomical features are more resistant in front of falsification or theft, which give
them an important advantage in biometric systems, comparing to the classical ones,
based on usernames and passwordigis, norintrusive biometric systems have
gained a major edge in recent years, speaker recognition being one of them. This
study focuses on speaker verification and identification based on theil#kor
framework. The results are compared with a base®MM-UBM system trained

and evaluated in the same manner. To the best of our knowledge, the speaker
recognition experiments presented in this paper are performed on a Romanian
speech dataset that is more than 7 times larger than the ones used in any other
papers Two datasets comprising more than 200 hours of read and spontaneous
speech and one set of conneetliigits spoken by 154 speakers, with a total duration

of 38 hours represents the audio data used in this paper. Both systems were
evaluated in termef Equal Error Rate (EER). For the speaker verification task, the
obtained EER is around 1% or bellow, while for the speaker identification task, the
Identification Error Rate (IER) is very close to 0%. The focus of the experiments is
on the number of fds used for speaker enroliment

Key wordsd GMM-UBM framework, RoDigits, speaker verification, speaker
identification, UBM-ivectors framework

1. Introduction

The last few years have brought a deep interest in the context of data security, biometrics
being avery active field, dealing with the statistical study and the measurement techniques
applied to living organisms. Biometric systems have the sole property of relying on the
anatomical characteristics of the individual, which are much harder to counterfstital,

unlike conventional passwoitthsed or access tokens systems.

One of the most fashionable biometric technologies is speaker recognition, which is one of the
main branches in digital signal processing, along with speech recognition. Human
communi@tion is mostly based on speech and the voice contains a multitude of speaker
specific features. These features can be extracted quite simply from the vocal signal, avoiding
direct interaction with the speaker, thus being a-inoasive method. The shapadsize of

the vocal tract are some of the physiological characteristics that differentiate speakers. The
behavior of a person could be also a factor
of speaking, depending of the accent, rhythm, intonagicorpunciation and more (Kinnunen

and Haizhou, 2010) i's specific for each ind
into cooperative speakers, wanting their identity to be recognized oicauperative
speakers. The first situation is found onse applications, such as access control, transaction
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authentication (telephone bankingc@mmerce) or device customization (retrieve personal
settings based on speaker identity) (Reynolds, 2001). In the second situation, the speaker does
not want his idetity to be determined, this being a common case in forensics or law
enforcement.

Speaker recognition usually implies two different tasks: speaker verification and speaker
identification. Speaker verification consists in verifying if the claimed idenfityg speaker
matches his real identity, being a binary decision. Speaker identification involves determining
the identity of the speaker, without having previous knowledge about his possible identity.
Both tasks could exist in two scenarios, depending om $igeakers relate to the system:
closeset scenario and opeet scenario. A closesket system always presumes that the tested
speaker is one of the enrolled speakers. An open set system could receive as input a voice
from an enrolled or not enrolled speak

Depending on the content of the utterance, automatic speaker recognition systems can also be
categorized into textiependent or texhdependent systems (Kaur and Jain, 2015). -Text
dependent supposes that the speaker has to pronounce a predefined semténce. This is
especially common in access control systems where, in order to be verified, the speaker has to
utter a password. The disadvantage of this kind of system is given by the possibility of fooling
the system using an audio recording with tbgitimate speaker while he utters the password.
Text-independent has no constraints on what speaker needs to pronounce. These systems are
very useful in forensics. However, from the point of view of accuracydepéendent systems

are more efficient.

This paper is structured such as following: Section 2 presents some related work and specific
algorithms applied in speaker recognition field. Section 3 introduces the speaker recognition
framework used in our experiments. Section 4 describes the expexirsenip, while the
Section 5 presents the results. Conclusions are drawn in Section 6.

2. Related work

The National Institute of Standards (NIST) organizes since 1996 special sessions in order to
evaluate speaker recognition techniques. The enhancementhoiokegical advance and
encouraging the emergence of new methods was their main goals (Martin and Przybocki,
2001). NIST has dealt with the standardization of speaker recognition concepts and
performance assessment metrics (Doddingtaal., 2000). Curretty, NIST provides standard
speech databases containing training and evaluation sets. In this way, direct comparisons can
be made between different algorithms.

For a long time, the GMMUBM framework (Reynoldset al, 2000) (Gaussian Mixture
Model i Universal Background Model) has been stafeheart in the speaker recognition
systems. The last decade has brought popularity increase of neural networks. However, errors
have persisted because of channel variability. Feature mapping (Reynolds, 2003) ithene of
techniques used to solve this problem. Features originating from different channels are
mapped together into a common channel, independent of the feature space. Joint Factor
Analysis (JFA) (Kennyet al, 2007) and identity vectors-yectors) (Dehalet al., 2011)
represents other successful methods for the channel compensation approach.

Neural networks (NN) and deep neural networks (DNN) have had a major impact in recent
years. A speaker verification system using DNN, where the input layer processes raw
waveform is presented in (Variaeti al, 2014). This system outperforms awector ystem

by 14%15% (depending on speech type, clean or noisy). A DNN used for bottleneck features
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extraction is used in [11]. The gain in terms of equal error rate over MFCCs is around 60%,
evaluated on NIST SRE 2010 database.

Several speaker recognitionatipts for Romanian language were the subject of study for a
couple of research groups. Most of them were based on machine learning algorithms, such as
GMM-UBM or Support Vector Machines (SVN), but no one used DNNs. Our approach
presented inGeorgescu an€Cucu, 2018)was the second one that uses GNIBM for

speaker recognition on Romanian speech. An important factor in our research is represented

by the speech corpus, which is more than seven times larger than the largest Romanian speech
corpus used for thitask in the past.

A hybrid classification method, which involves a Hidden Markov Model (HMM) to model

each vowel from each speaker and a SVM to classify them, was proposed in a recent study on
Romani an speaker ver i fi cat i oThe dxgetinentsowesea n u a
carried out on a corpus containing 10 speakers with 50 utterances from each one.

Two automatic speech recognizers, one sped&pendent used for the client model and

another speakeandependent used for the world model, are the @omepts of a speaker
verification system presented in (Munteanu and Toma, 2010). The decision is made by
comparing the acoustic scores output during Viterbi fordgghment. For those experiments,

a corpus of 11 speakers, containing around 370 utteramceadh one was used.

I n (Rbstoceanu and Laztr, 2011) the experi me
phrases per each of the 22 speakers using support vector machines applied on a fusion of
speech features.

The study pr ese mdZahhriaj 2013)(usee @ donpus wvith RGispeakers, each

one pronouncing between -B$ phrases. The authors employ a Db#éted similarity

met hod applied on the speaker featuetal, seque
2014), the same authors us&BM-UBM system for the same task.

A voice-based authentication system is described in (Sandulescu and Halcu, 2015). The
authors used a corpus of 10 speakers, 20 words each, together with 5 minutes of speech.
Classification was performed using a SVM trairen LPC and MFCC features

3. The UBM-ivectors Framework for Speaker Recognition

The UBMivectors framework is a common approach in the speaker recognition field. The
principle behind this kind of system is to represent the characteristics of each speakghn t
a fixed dimension vector, calledsector. Equation (1) expresses theector framework:

S=m+Tw 1)
where S is the speaker and channel dependent GMM supervector, m is the UBM mean
supervector and T is the total variability matrheferred also as thevector extractor,
consisting in speaker variability and channel variability and w is thector, a low
dimensional variability factor which controls an eiggimension of T.
But, to obtain such a vector, same previous steps quired. First of all, the training stage
implies the creation of the Universal Background Model (UBM), which models general
speech, without being specific to a certain speaker. The UBM is a statistical model, composed
by a weighted sum of Gaussian Densit@nd characterized by mean and variance. The UBM
is trained using the Expectatidiaximization (EM) algorithm over a large set of acoustic
data. The main goal of the UBM is to estimate probability densities that cover the variety of
speech. The trainingage also involves the training of thgactor extractor.
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Enrollment represents the next step in this pipeline. Tvectors are extracted from each
audio file of the speakers considered known by the system. An averaging operation is
performed, obtaining single ivector per speaker.

The test stage consists in determining the identity of a speaker, with or without prior
information about his possible identity, by computing the similarity betweenvaistor and

the tvectors of the enrolled speakersv&ml techniques are used to obtain this score, such as
simple Euclidean distance, cosine distance and some more advanced as Linear Discriminant
Analysis (LDA) or Probabilistic Linear Discriminant Analysis (PLDA). The last method is
used as a pattern reaogpn algorithm and it can be considered a particular case of Joint
Factor Analysis (JFA) with a single Gaussian component. PLDA estimate the likelihood for
the two tvectors were or were not generated by the same speaker.

4. Experimental Setup

The experimats in this paper were performed using RoDigits (Georgesci, 2018), a
connecteedigits corpus in the Romanian language, available ohlifieis corpus consists of

154 speakers, each one pronouncing 100 utterances. Each utterance contains ldigisdom

(0 to 9) in Romanian language. The corpus was recorded using an online application by
students of Faculty of Electronics, Telecommunications and Information Technology from
University APolitehnicao of Buddmursst. The t
The corpus was split into an enrollment set and two test sets (one for theebEmenario

and one for the closeskt scenario). The enrollment set comprises 11,120 utterances: 80
utterances from each of the 139 enrollment speakers. The telstsset consists of 2,780
utterances: 20 utterances from the same 139 enroliment speakers. The open test set consists of
1489 utterances: around 100 utterances from each of the other 15 speakers.

Some other Romanian corpora were used for these experiméetdirst one, RS@rain, is
composed by 145k read speech utterances from 157 different speakers, summing a total of
100 hours of speech. The second and the third ones contain read speech from news broadcasts
and also spontaneous speech, extracted fiadio rand TV shows, sometimes affected by
background noises. They comprise together around 224k utterances (about 130 hours of
speech). The details for all speech corpora are presented in Table 1

The acoustic parameters extracted from all the audio datthemMFCC features, consisting

of 20 dimensional vectors, computed on 25 ms length frames. A voice activity detector
(VAD) is applied to keep only the speech frames and ignoring thespeech segments.

For a faster training, the third part of R&@in, SSGtrainl and SS@rain2 sets was used to
train a diagonal covariance matrix UBM with 2048 Gaussian Densities. Then, using this
UBM and the other two third parts from the same sets, a full covariance matrix UBM of 2048

components was trained.
Table 1: Speech Corpora

Usage Set Duration
Traini (UBM,  ivect RSCtrain 94 h, 46 m
raining » FVeCOr "SSGirainl 27 h, 27 m
extractor, PLDA . ’
’ ) SSGtrain2 103 h, 17 m
Enrollment RoDigits trainset 27 h, 02 m

! RoDigits corpus v1.0: http://speed.pub.ro/downloads
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Closed set testing RoDigits devset 6 h, 47 m
Open set testing RoDigits evalset 3h,43m

The Fvector extractor of dimension 600 was trained after 5 Expectht@imization
iterations using as input the three training sets and the full UBM.

The enrollment step implies extractingdctors fromsets of 1, 2, 5, 10 up to 80 audio files,

for all the enrolled speakers. The test step consistgantors extraction for the audio files in

the test corpus. Then, a PLDA scoring technique is applied to compute the similarity between
i-vectors of testedpeakers andvectors of enrolled speakers. The systems were evaluated in
terms of equal error rate (EER), finding a threshold for which the false rejection and false
acceptance rates are equal.

In this work we used as a baseline the GNMIEM system presdad in (Georgescu and Cucu,
2018). The experiments in (Georgescu and Cucu, 2018) were performed on a smaller version
of the RoDigits corpus (v0.9).

Using the enroliment set and the closed set testing set, summing about 10k utterances from
100 speakers, seral UBM models were created, varying the number of Gaussian densities
(GD) as powers of 2: the simplest model comprises 4 GDs, while the most complex one
comprises 256 GDs.

The enrollment step was similarly performed in both experiments. Between 10 and 80
utterances belonging to each speaker were used to adapt the UBM model, resulting individual
GMM models.

5. Experimental Results
5.1. Speaker Verification

The first experiment we performed aimed to assess the performance of the speaker
verification system in thelosed set scenario. Figure 1 shows the variation of equal error rate
(EER) as a function of the number of enroliment utterances, for both the evaluated systems:
GMM-UBM and UBMivectors. Although we would have expected to see much better results
for the LBM-ivectors system, the experiments show that the two systems are very similar.
The UBMivectors system is slightly better only when more than 40 utterances are used for
enroliment.

The second experiment aimed to assess the performance of the speakeatigargystem in

the open set scenario. Figure 2 shows the variation of equal error rate (EER) as a function of
the number of enroliment utterances, for both the evaluated systems: @AMand UBM
ivectors. The UBMivectors system achieves similar EERued as in the closexkt scenario,

clearly overpassing the GMIUBM system. The experiment suggests that GMMs cannot
cope with urenrolled speakers as well as theectors can. There are probably cases when
urrenrolled speakers with voices similar to soofiehe enrolled speakers are able to fool the
system.
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Speaker verification, closed set
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Figure 2: Speaker verification in open set scenario

5.2. Speaker Identification

Finally, out lastexperiment aimed to compare the error rates for speaker identification
(closedset) as opposed to speaker verification. Figure 3 presents the results. What is
interesting here is that for a small amount of enrollment data-\thetors outperform the

GMMs, while if more audio data is available for enrollment, the GhHded system
performs better

6. Conclusions

This paper aimed to present speaker verification and speaker identification experiments using
the UBM-ivectors framework, compared with a baselinstegn presented in one of our
previous papers. A read speech corpus and a spontaneous speech corpus were used to train the
UBM. Also, a spoken Romanian connectiidits corpus was used for speaker enrollment and

for testing purposes. During the experimeti®, number of the enrollment files was varied.
As this number was higher, the performance was better.
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Speaker identification, closed set
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Figure 3: Speaker identification in closed set scenario

For the speaker verification task, the EER was computed for bosledcland open set
scenario. The best results were obtained for 80 enrollment files, the EER value being equal to

0.17%. Speaker identification was performed only in closed set scenario. For 80 enrollment
files the identification error rate was equal to 04l1l

Acknowledgement

This work was supported by the Ministry of Innovation and Research, UEFISCDI, project
SPIA-VA, agreement 2SOL/2017, grant RN-P22.1-SOL-2016:02-0002.

References

Kinnunen, T., Haizhou, L. (2010)An overview of textindependent speaker recognition: From
features to supervectoiSpeech communicatipf2.1, 1240.

Reynolds, D. A. (2001). Automatic speaker recognition: Current approaches and future trends.
Speaker Verification: From Research to Rigab, 1415.

Kaur, K., Jain, N. (2015). Feature Extraction and Classification for Automatic Speaker Recognition
SystermA Review. International Journal of Advanced Research in Computer Science and
Software Engineering.

Martin, A. F., Przybocki, M. A. (@01). The NIST speaker recognition evaluations: 120@1. In
Proceedings of the Worksh@p Speaker Odyssyh e Speaker RecopQetej ti on
Greece, 393.

Doddington, G. R., Przybocki, M. A., Martin, A. F., Reynolds, D. A. (2000). The NISTkepea

recognition evaluatidroverview, methodology, systems, results, perspecti$peech
Communication31(2), 225254.

31

\



ALEXANDRU-LUCIAN GEORGESCU, HRIA CUCU, CORNELIU BJRILEANU

Reynolds, D. A., Quatieri, T. F., Dunn, R. B. (2000). Speaker verification using adapted Gaussian
mixture modelsDigital signal processig, 10(1-3), 1941.

Reynolds, D. A. (2003). Channel robust speaker verification via feature mappiRgpdeedings of
Acoustics, Speech, and Signhal Processing (ICASSR033 IEEE International Conference on,
Vol. 2, 1I-53.

Kenny, P., Boulianne, G., Ollet, P., Dumouchel, P. (2007). Speaker and session variability in GMM
based speaker verificatiofEEE Transactions on Audio Speech and Language Processing
15(4), 1448.

Dehak, N., Kenny, P. J., Dehak, R., Dumouchel, P., Ouellet, P. (2011)-drariacor analysis for
speaker verificationlEEE Transactions on Audio, Speech, and Language Proceskdi4),

788798.

Variani, E., Lei, X., McDermott, E., Moreno, I. L., Gonzalepminguez, J. (2014). Deep neural
networks for small footprint texdependent sgaker verificationln Proceedings of Acoustics,
Speech and Signal Processing (ICASSHE International Conference pA0524056.

Mat RDjka, P., Glembek, ©O., Novotnl, O., Plchot,
Analysis of DNN approaclseto speaker identification. Proceedings of Acoustics, Speech and
Signal Processing (ICASEREEE International Conference p51065104.

Georgescu, A. L., Cucu, H. (2018). GMYBM Modeling for Speaker Recognition on a Romanian
Large Speech Corpora. Proceedings 02018 International Conference on Communications
(COMM), IEEE, 547#551.

Rbstoceanu, F. ., Militaru, D. (2010) . A HMM/ SVM
Proceedings of 2010 International Conference on Communications (COHER, 111-114.

Munteanu, D. P., Toma, S. A. (201@®utomatic speaker verification experiments using HMM, In
Proceedings of 2010 International Conference on CommunicaBonsmunications (COMM),

IEEE, 107110.

Rbstoceanu, F. ., Laztr, Mor textiddededdgnt spedkeio verdicatioru s i o n
applications. InProceedings of Speech Technology and Hu@amputer Dialogue (SpeD)
IEEE, 16.

Segtrceanu, S. , Zahari a, T. (2013) . SPgRB&ki.er Ver
Bull., Series C, dl. 75, Iss. 1, 17994.

Segtrceanu, S. , Zahari a, T. , Rtdoi , A UPB(S2io 14) .

Bull., Series C, Vol. 76, Iss. 2, 1-13B0.

Sandulescu, V., Halcu, I. (2015). Speaker Authentication for an Assistive Domotic Syatem.
Proceedings of Control Systems and Computer Science (CIEEE)337340.

Georgescu, A.L., Caranica, A., Cucu, H., Burileanu, C. (2018). RoDigitcRomanian Connected
Digits Speech Corpus for Automatic Speech and Speaker RecognitiéB, Sci, Bull, Series
C, Vol. 80, Iss. 3, 4B2.

32



A COMPARISON BETWEEN TRADITIONAL MACHINE LEARNING
APPROACHES AND DEEP NEURAL NETWORKS FOR TEXT PROCESSING IN
ROMANIAN

ADRIANA STAN, MIRCEA GIURGIU

Communications Department,
Technical University of CleNapoca, Romania
{Adriana.StanMircea.Giurgiy} @oom.utcluj.ro

Abstract

This paper presents a comparison between traditional machine learning approaches
(decision trees and multilayer perceptron) and the latest trend in artificial
intelligence, deep neural networks for three separate tasks oprigogssing in
Romanian. The tasks we examine are: lexical stress assignment, syllabification and
phonetic transcription. The evaluation is performed on large manually transcribed
lexicons and uses simple input features derived strictly from the orthograpiri

of the words. Results show that, depending on the task, the performance of each of
the algorithms can vary, and that in some limited cases, the decision trees can
outperform the deep neural networks.

Key wordsd decision trees, deep neural networkexical stress assignment,
multilayer perceptron, phonetic transcription, Romanian, text processing,
syllabification.

1. Introduction

Text processing is an essential part for most of the speech processing applicationgoin text
speech synthesis systemgr €xample, it is essential to know the correct syllabification, or

the stress assignment of each word in the text input, so that the acoustic models can generate
speech that is as natural as possible. Or, in automatic speech recognition systems, the
language model decoders need to take into account the phonetic transcription of the words, so
that a correct phrase is generated as output. But all text processing steps require large lexicons
as training datasets.

In this respect, Romanian is an under reseuic | an g u a g et al( Z0I2kandddads £ "H
not benefit from readily available, high quality language resources and systems. However, in
the recent years more and more resources and tools have been developed and published as
opensource or for academicse, as decribed in(Barbu, 2008), (Tomeet al, 2017),
(Domokoset al 2012 ¢t,al, 20R) (Stardt al, 2017), (DEX online, 2018) or

( B o et@l’H2018).With the availability of these resources, more and more studies and tools
have been publiged, investigating either entire text processing systems, or only parts of them.
The following paragraphs index some of the most important work with respect to the three
text processing tasks we address in this paper: lexical stress assignment, syitatbdicd
phonetic transcription. It is also worth mentioning a few papers which have introduced full
systems, such as (Ungurean and Burileanu, 2011) which addresses the diacritic restoration,
text normalisation, syllabification, phonetic transcription #dcal stress positioning; (Stan

et al, 2011) describes a complete texdspeech synthesis system including the fremd text
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processing and acetks(20t2 )mo detdll(B®Bgpoesedt @ fulb H
text processing to@ndtwo newy developed Romanian speech corpora.

Lexical stress assignment wa 2002)nby degelopingat e d
set of rules which also use morphologic, lexical and phonetic informafimanuet al

(2014) and Chitoraret al (2014) usethe consonantowel structure of the word and a
cascaded model with averaged perceptron training to predict the syllable boundaries and
lexical stress placement. Ba#t al (2015) performed a series of experiments based on
Random Forest algorithm for seeassignment.

The topic of syllabification in Romanian has been studied by Tetmal (2009) which
present a ruldased approach for syllabification and phonetic transcription. Etiali (2013)

use sequence tagging, support vector machines and &rsg¢ In (Balcet al, 2015) the
authors perform a comparison of Random Forest, SMO, Naive Bayes and Ada Boost
algorithms for seat lal @@7)fused antodifiedn decisiBno treesHfor
syllabification and phonetic transcription in order tpnave the efficiency and speed of the
two text processing steps as part of a complete system.

Phonetic transcription has seen more interest, as it is common to both thedeséch
synthesis systems, as well as automatic speech recognition. Bu(&&9a) investigatethe

use of neur al net wor ks, a similar aptgl oach,

2003) and (Domokost al, 2011). On the other han@rdeanet al (2009) developed a large

set of rules for the Romanian phonetic traig@n and combined them with decision trees
for exceptetiab20%2) intrbdBaes aonldximum entropy classifier and a purposely
built specialized algorithm for same processing task. Tetra (2013) compare 5 methods
based on decision trees, nelunetworks, support vector machines, pronunciation by analogy
and an expert system. A novel approach to the phonetic transcription task was presented in
(Cucu et al, 2014) where graphente-phoneme conversion if performed using statistical
machine trarlation principles.

However, none of the previous cited works included the recent and revatytienhnique of

deep learning (DL) for text processing. Therefore, in this paper we perform a comparison
between two of the most common traditional machinenlegrmethods used in the previous
works and DL.

Deep Learning has seen a large increase in its use across many research topicst @hang
2018) and has revolutionised many of these fields, including computer vision, sredatéd
systems and informatn retrieval. Their main advantage over traditional machine learning
algorithms is the fact that, due to their multiple hidden layers and training strategies, can learn
nortlinear highdimensional partitions of the data spaces. But this comes at a costltipte

hidden layers require large amounts of training data. If this data is available, the accuracy of
the networks is very high and their results are consistent across datasets.

Therefore, we also apply the deep learning models to the text pragéssks of lexical stress
assignment, syllabification and phonetic transcription in Romanian and compare its results
with two traditional machine learning methods: decision trees and multilayer perceptron.

The paper is structured as follows: Section Bspnts the text processing tasks and the
selected algorithms. Section 3 introduces the performance analysis of the algorithms for each
of the tasks, while Section 4 draws some conclusions and discusses future work.
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2. Method overview

The most common tasks in speeafabled applications refer to phonetic transcription, lexical
stress assignment and syllabification. The following sections describe each of these tasks into
more detail, highlighting the possible problems which may occemnvdasic rules or machine
learning algorithms are used.

2.1.Lexical stressassignment

Stress assignment refers to the process of determining which syllable within a word is
accentuated or stressed. The assi gnofEmt i s
but within the limited set of homographs, the semantics also play an important role.

In Romanian, the stress pattern is rather variable and depends mostly on the etymology of a
word. As a general rule of thumb, the stress can be considereddm perthe penultimate
syllable (Franzen and Horne, 1997) in a word. However, this does not hold true for most
derivational and inflexional morphologic forms of the words, as well as to neologisms (e.g.
ac-c e G actentp ai-p = wing).

2.2.Syllabification

Syllabification is the process of segmenting a word into syllables. Syllables are considered to
be the building block of a language and can determine its rhythm and complexity. There are 7
basic rules for syllabification in Romanian, which correspondadous vowelconsonant
groups of letters. However, compound and foreign words do not adhere to these rules. There
is also the very important issue of hiatliphthong ambiguity (Dinuet al, 2013) in
Romanian (e.gbi-blio-gra-fi-8 - to annotatessbi-bli-o-gra-f -a - bibliography) .

2.3.Phonetictranscription

The orthographic form of most languages does not entirely reflect its phonology, or the
pronunciation of the words. Translating the written form of a word into its acoustic realisation
is essential irall speeckenabled applications, as well as in the systems which enable a user to
learn a new language.

Romanian is a rather simple language in terms of kteound rules. Most of the letters
have a direct correspondence with a single sound or phén@ime most problematic set of
letters are the vowelse, i, o and u, which can also be semowels in diphthong and
triphthong letter groups (e.@a-ie - sheepvs chi-ri-e - rent). Another set of problematic
letters arec andg which are pronounced differently when followed by the letter gréve@sd

hi. The lettersdb andx also have a different pronunciation depending on their context. If for
the last two categories, rules can solve the issue, for the vowels, machine |eaettiogls

are required.

2.4.Algorithms

Given each of the tasks enumerated in the previous sections and traf-thatart presented
in Section 1, we selected two traditional machine learning algorithms: decision trees and

% We are not taking into account allophones.
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multilayer perceptron as being the shoepresentative and accurate across the cited studies.
Their performance on these tasks will be compared to that of the deep neural networks.

The classification and decision trees (Breineaml, 1984) are a class of learning algorithms
which make sucasive binary splits on the training dataset by using adequate attribute values
as decisions in their nodes.

The multilayer perceptron (MLP) is a class of feedforward neural networks with at least 3
hidden layers and a ndimmear activation function (Hagtiet al, 2009). Their performance

was stateof-the-art in the mid 80s, but have been replaced by the more simpler Support
Vector Machines. MLPs are the predecessors of the more elaborate Deep Neural Networks.

Deep Neural Networks (DNNs) (Bengiet al, 2015) are a class of machine learning
algorithms based on neural networks, where the number of hidden layers and nodes per layer
is generally large. DNNs have been at the forefront of the machine learning field for the last
decade. Their performance onrieais high complexity tasks have led to a great increase in
their use across most of the supervised learning problems. Their main disadvantage has been
the need for large amounts of training data, due to the large number of trainable parameters.

3. Results
3.1.Datasets

The evaluation of supervised algorithms requires large quantities efhagjly training data.

And the tasks evaluated in this paper are no exception. Therefore, we selected large purposely
built lexicons for each of the selected text processasis. The lexicons were manually
created or checked, and have been previously used in similar evaluations.

The syllabification of approximately 507,000 words was extracted from the RoSyllabiDict
lexicon (Barbu, 2008). For stress assignment, we usedBE¥ Online Database (DEX,
2000) which includes over 1,600,000 words and their inflected forms along with the stress
labels. This large list of words was reduced to the subset of words also available in the
syllabification corpus (507,000 words), for compuefficiency reasons. The MaRePhor
phonetic dictionary (Tomat al, 2017) and its approximately 72,000 words represented the
training data for our phonetic transcription experiments.

3.2.Features

As creating highly specialised input features can be compogdlly expensive, we resumed

the use of integer encodings of the graphemes, augmented with simple positional and
categorical features. The categorical features refer to the use of the-cansehant
classification of the graphemes, while the positionallfees refer to the length of the word, as
well as to the location of the current letter within the word as a forward percentage of the total
number of the letters.

We used 2 strategies for defining the grapheme input featuresglafiN-letter context and

entire word. The first strategy refers to extracting groups of letters of lehgth om the
current word. The letter situated in the centre of the group is the one for which the prediction
is made. For consistency across the worgsadding was sed. The length of the contexts or
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window was set to 3, 5, or 7 letters. In the entwerd prediction strategy, we created a 0
padded sequence of length equal to the length of the longest word in our lexicons (25 letters).

In lexical stress assignment,ewdid not construct input features which had a central
consonant, as the stress is only assigned to vowels. The prediction for each input feature set
stated if the current central vowel is stressed od riot window context8 , or which letter

is stressednithe case of entire word prediction.

For syllabification, the output label marked if the current central letter is a syllable boundary
or not. In the case of entire word prediction, the syllable boundaries were encoded as an
integer obtained from the ceersion of a binary number of 25 bits, where each binary digit
encoded the syllable boundary presence at the respective index in the word.

The case of phonetic transcription is slightly different, as the entird strategy is hard to
encode using simple classification methods. As a consequence, we do not report results for
this strategy. Also, as only some of the letters in Romanian poserpriation problems, we
evaluated the algorithms for the case of predicting all the letters, as well as only the
problematic ones.

I n all three text processing taskso6 the use
This means that along \kithe graphemes, the input features included the sequence of vowel
consonant types for each of the graphemes within the context window or word, respectively.

3.3.Implementation

All the evaluations were carried out using Python implementations of the atgerifor the
decision trees, we used the Python StiRiecisionTreeClassifiér with default parameters.
The MLPs were implemented with the Python Scikit MLPClassifier, using three hidden layer
of sizes equal to a halving progression: layetHe lengthof the input features, layer-zhalf

the length of the input features, layer @ quarter of the length of the input features, and a
ReLU activation function.

The Deep Neural Networks were implemented in Keraish a fully connected forward
architecture of 3 hidden layers, similar to the MLP: layer half the size of the input
features, layer 2 a quarter of the size of the input feature, layér 3 nodes. In between

each layer there was a dropout layeR0% of the neurones. The output layer was a softmax.
The training was performed on an nVIDIA 970 GPU. The training stopped after no increase
in accuracy for 2 consecutive epochs. The network used an Adam optimiser (Kingma and Ba,
2014) and the loss wastge categorical crossntropy.

3.4. Algorithm evaluation

The tables below present the accuracy of the 3 algorithms with respect to each of the 3 text
processing tasks. We evaluated their accuracy amédsure on a helout randomly selected
subset of 20%of the data. In the cases where the algorithms showed very similar accuracy
across the evaluation sets, we report a 4 digit precision result. WIN3, WIN5 and WIN7 refer
to the length of the context window.

* http://scikitlearn.org/stable/
® http://scikitlearn.org/stable/modules/tree.html
® https://keras.io/



A. STAN, M. GIURGIU

3.5Discussion

The results presented in the prewosection show that the MLP is the worst performing
algorithm. It might be true, however, that the tuning of its hyg@ameters could lead to a
better performance. However, this was not the purpose of this study.

When comparing the decision trees wikie tDNNs it seems that their performance is quite
similar, and in some limited cases, the decision trees marginally outperform DNNs.

However, the DNNs have proven their efficiency in the emtioed prediction task, where

their accuracy is clearly above thae of the decision trees. It is also encouraging that the
DNNs had an accuracy of at least 96% on each of the tasks, and in some cases, this accuracy
almost reached 100%.

Table 1 Stress assignment evaluation in terms of accuracy anddsure

. With letter type Without letter type

Algorithm Features Accuracy |F-measure |Accuracy | F-measure
WIN3 0.97 0.92 0.96 0.92
Decision WINS 0.97 0.93 0.97 0.93
Trees WIN7 0.97 0.93 0.97 0.93
Entire word 0.92 0.92 0.91 0.91
WIN3 0.88 0.72 0.84 0.56
MLP WIN5 0.92 0.79 0.87 0.65
WIN7 0.92 0.82 0.87 0.66
Entire word 0.79 0.74 0.52 0.46
WIN3 0.96 0.92 0.96 0.90
DNNs WIN5 0.98 0.95 0.97 0.95
WIN7 0.98 0.95 0.98 0.95
Entire word 0.96 0.96 0.95 0.95

Table 2 Syllabification evaluation in terms afcuracy andneasure

. With letter type Without letter type

Algorithm)  Features Accuracy |[F-measure| Accuracy |F-measure

WIN3 0.99 0.99 0.99 0.99

Decision WIN5 0.99 0.99 0.99 0.98

Trees WIN7 0.99 0.99 0.99 0.98

Entire word 0.86 0.86 0.67 0.67

WIN3 0.96 0.93 0.78 0.67

WIN5 0.96 0.95 0.81 0.70

MLP WIN7 0.97 0.96 0.83 0.74

Entire word 0.65 0.63 0.30 0.21

WIN3 0.99 0.99 0.99 0.99

DNNs WIN5 0.99 0.99 0.99 0.99

WIN7 0.99 0.99 0.99 0.99

Entire word 0.98 0.97 0.97 0.97
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Table 3 Phonetic transcriptionproblematic letters - evaluation in terms of accuracy andrieasure

. With letter type Without letter type
Algorithm| Features Accuracy| F-measure | Accuracy | F-measure
o WIN3 0.9882 0.9881 0.9859 0.9858
Decision WIN5 0.9877 0.9875 0.9837 0.9837
Trees WIN7 0.9868 0.9868 0.9825 0.9824
WIN3 0.86 0.84 0.80 0.73
MLP WIN5 0.90 0.88 0.86 0.80
WIN7 0.93 0.92 0.87 0.83
WIN3 0.99 0.99 0.98 0.98
DNNs WIN5 0.99 0.99 0.99 0.99
WIN7 0.99 0.99 0.99 0.99

Table 4: Phonetic transcriptionall letters - evaluation in terms of accuracy andriéasure

. With letter type Without letter type
Algorithm) Features Accuracy [F-measure| Accuracy [F-measure

o WIN3 0.9944 0.9944 0.9947 0.9947

Decision | N5 0.9940 0.9939 0.9924 0.9924

Trees | win7 | 0.9936 0.9937 0.9927 0.9926

WIN3 0.62 0.58 0.63 0.51

MLP WIN5S 0.93 0.92 0.68 0.58

WIN7 0.96 0.96 0.84 0.80

WIN3 0.9958 0.9956 0.9957 0.9957

DNNs WIN5S 0.9963 0.9961 0.9963 0.9963

WIN7 0.9960 0.9960 0.9950 0.9947

The letter type input features did not influence the results of the tasks or algorithms overall,
but they did have a major impact in the syllabification task, especially for the MLP. This was
to be expected, as most of the syllabification rules in Romausanthe vowetonsonant
structure of the word.

In phonetic transcription, the accuracy of predicting only the problematic letters is comparable
to the one where all the letters are predicted, even though these are only a small subset of the
entire data.Predicting the entire set of letters would also impose additional computation
expenses.

4. Conclusions

This paper presented a brief comparison between traditional machine learning algorithms:
decision trees and multilayer perceptron, and the deep neumabriketapplied to three
different text processing tasks in Romanian. The tasks included stress assignment,
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syllabification and phonetic transcription. The algorithms were compared in terms of accuracy
and Fmeasure on several different input feature seb® Use of context windows versus
entire word prediction strategy was evaluated, along with augmenting the input with
positional and categorical features.

Results showed that the decision trees can achieve comparable accuracy with the DNNSs,
while the MLP s the least well performing algorithm out of the 3. Also, using additional
features led to better results. The window length did not play such an important role in the
accuracy, but window contexts performed better than the enbird strategy.

As futurework, in terms of traditional machine learning mechanisms, other algorithms could
be evaluated, such as support vector machines. However, previous work showed that decision
trees and multilayer perceptrons are best suited to these classification tasks.

Also, combining the features could lead to better accuracies of individual tasks. For example,
the syllabification and stress assignment are important for phonetic transcription. Fag part
speech tagging is essential for diacritic restoration, and so on.

There is still a large amount of analysis to be performed with respect to the architecture of the
MLP and DNNs and the tuning of their hygesrameters. One other important issue is the use

of sequencédo-sequence learning for all the tasks concurrenttywell as evaluating the

speed of the algorithms when used in a complete processing system, and the overhead that
they introduce in it.

Acknowledgement

This work was partially supported by a grant of the Romanian Ministry of Research and
Innovation, PCCDI i UEFISCDI, project number PRNI-P1-1.22PCCDI20170818/
73PCCDI, within PNCDI L.

References

Barbu, A.M. (2008). Romanian Lexical Data Bases: Inflected and Syllabic Forms Dictionaries, In
Proc of Language Resources and Evaluation ConferéviaerakechMorocco.

Bengio, Y., LeCun, Y., Hiton, G. (2015). Deep Learninyature521(7553): pp. 436144.

Breiman, L., Friedman, J., Stone, C.DlIshen, R.A. (1984). Classification and Regression Trees.
Taylor & Francis

Bor oH, T., At ef t n R)sBermuda, ®datdriven tool foophanetiRransdrif@idn bf
words, InProc. of the Workshop on Natural Language Processing for Improving Textual
Accesibility Barcelona, Spain.

Boros, T., Dumitrescu, S.D. and Pipa, S. (2017). Fast and Accurate Decisies fbr Natural
Language Processing Tasks.Aroc. of Recent Advances in Natural Language Procesging
103110, Varna, Bulgaria.

Bor oH, T. , Dumi trescu, S. D. and Pai stospeéch (2018
and speectho-test appliations,arXiv, 1802.05583v1

Burileanu, D. (2002). Basic Research and Implementation Decisions for dofapéech Synthesis
System in Romaniannternational Journal of Speech Technolpgy 5, pp. 21225

40



A COMPARISON BETWEENTRADITIONAL MACHINE LEARNING APPROACHESAND DEEP
NEURAL NETWORKS FORTEXT PROCESSING IN RMANIAN

Chitoran, I., Ciobanu, A.M., Dinu, L. and Nicula¥€. (2014). Using a Machine Learning Model to
Assess the Complexity of Stress SystemsPrivc. of the Language Resources and Evaluation
ConferenceReykjavik, Iceland.

Ciobanu, A., Dinu, A., Dinu, L. (2014). Predicting Romanian Stress Assignmeirodn of the 14th
Conference of the European Chapter of the Association for Computational Lingupgti64
68, Gothenburg, Sweden.

Cucu, H., Buzo, A., Besacier, L. and Burileanu, C. (2014). $¥3ed ASR domain adaptation
methods for underesourced languges: Application to Romanian. Speech Communicatiom
56, pp 198212.

DEX online (2018), http://www.dexonline.ro

Dinu, L.P., Niculae, V. and Sulea,-®1. (2013). Romanian Syllabication using Machine Learning. In
Proc. of the International Conference onxt,eSpeech and Dialogupp. 450456.

Domokos, J., Buza, O. and Toderean, G. (2011). Automated grajtbgrheneme conversion system
for the Romanian Language, Rroc. of the 6th Conference on Speech Technology and Human
Computer DialogugBrasov, Romaai.

Domokos, J., Buza, O. and Toderean, G. (2012). 100k+ Words, Mdebaable, Pronunciation
Dictionary for the Romanian Language, Rroc of the 20th European Signal Processing
ConferenceBucharest, Romania.

Franzen, V. and Horne, M. (1997). Word stres RomanianWorking Paperg6, pp 7591.

Hastie, T., Tibshirani, R., Friedman, J. (2009). The Elements of Statistical Learning: Data Mining,
Inference, and PredictioBpringer, New YorkNY, 2009.

Jitca, D., Teodorescu, H.N., Apopei, V. and Grigorag2B03). An ANNbased method to improve
the phonetic transcription and prosody modules of a TTS system for the Romanian language. In
Proc. of the 2nd Conference on Speech Technology and HQpbraputer Dialogue

Kingma, D. P. and Ba, J. (2014). Adam: Aetilod for Stochastic OptimizatioarXiv 1412.6980.

Oancea, E., Badulescu, A. (2002). Stressed Syllable Determination for Romanian Words within
Speech Synthesis Applicationsternational Journal of Speech Technolpgyg 5, pp 2372246.

Ordean, M., SaupeA., Ordean, M., Duma, M. and Silaghi, Gh. (2009). Enhanced -Bas=d
Phonetic Transcription for the Romanian Language.Phoc. of the 11th International
Symposium on Symbolic and Numeric Algorithms for Scientific Compufiimgsoara,
Romania.

Stan, A.,Yamaugishi, J., King, S., Aylett, M. (2011). The Romanian speech synthesis (RSS) corpus:
Building a high quality HMMbased speech synthesis teys using a high sampling rati
Speech Communicatipwol. 53, no. 3, pp. 44250.

Stan, A., Dinescu, F., TipleC., Meza, S., Orza, B., Chirila, M., Giurgiu, M. (2017). The SWARA
Speech Corpus: A Large PardlRomanian Read Speech DatasetProceedings of the 9th
Conference on Speech Technology and Hu@amputer Dialogue (SpeD)Bucharest,
Romania.

Toma, SA., Oancea, E. and Munteanu, -B. (2009). Automatic rulbased syllabication for
Romanian. InProc of the 5th Conference on Speech Technology and HGamaputer
Dialogue Constanta, Romania

41



A. STAN, M. GIURGIU

Toma, S. T., BOr san, T. ,nleffeoto sound coRversion foraRomamian; A E . (
comparison of five algorithms. IRroc. of the 7th Conference on Speech Technology and
HumanComputer DialogugCluj-Napoca, Romania.

Trandabt ™, D. , l ri mi a, E. , Bar bu 2)Mih¢ Rdamarian , V. ,
Language in the Digital Er&pringer, Metanet White Paper Series

Ungurean, C. and Burileanu, D. (2011). An Advanced NLP Framework for-Qighity Textto-
Speech Synthesis. Proc. of the 6th Conference on Speech Technology and HGmaputer
Dialogue Brasov, Romania.

Zhang, R., LiW., Mo, T. (2018). Review of Deep LearniragXiv 1804.01653.

42



PROSODIC PHRASING BETWEEN SUBJECTIVE PERCEPTION AND
OBJECTIVITY

VASILE APOPE] OTILIA PADURARU

Romanian Academyiasi Branch, Institute of Comput&cience
{vasile.apopei, otilia .paduraru}@iit.academiaromargro

Abstract

Prosodic phrasingf the utterancesan be interpreted as a level of suprasegmental
linguistic representation thadicates how the words are grouped in speech and is
influenced ly syntactic, semantic and pragmatic/discourse factors. This
representation of speedhcilitates the transmission and reception of information
between people and helps to structure the ideas in the communication and their
compression at a mental lev&he goal of this papeis to present a new perspective

on the relationship between speech rhythm and prosodic phrasing based on the
Spectral Amplitude Modulation Phase Hierarchy (SAMPH) model developed in the
Centre for Neuroscience of the University of Caiahe

Key wordsd prosodic phrasingsubjective perceptignSAMPH model, speech
rhythm

1. Introduction

This study is an analysis of transcription objectivity of the prosodic elements in theoretical
frameworks of autosegmentadetrical phonology (Goldsmith1990) and of intonational
phonology proposed by Pierrehumbert and colleagues (Beckm@Rierrehumbert1986),
(Pierrehumbert1980, (Pierrehumberand Beckman 1988). Prosodic phrasing analyzed in
this way use a hierarchy of prosodic domains, dongibsrdinated through relative prosodic
prominencegSelkirk, 2005)

Most research about prosodic annotation are based on auditory perception (Clamwehsky
Halle, 1968, (Frazier 2006, (Romport| 2010, (Cole and ShattuckHufnage) 2016) and on

the notionof "nuclear / prominent accehintroduced by the British School of Phonetics and
Phonology (ChomskandHalle, 1968, (Fox, 2000, (Ladd, 2008). Many authors recognize

that the nuclear focus/stress is difficult to identify and that should not be confitbethe
prominences on the FO frequency contour, but it must be associated with the last accent before
the boundary tone of an Intonational Phrase, (2063, (Ladd, 2008, (Gut, 2009).

In recent years, researchers give more and more importance to prosody with applications into
human speech communication and for the development of automatic spoken language
systems. An essential component of any investigation of prosody is the consisfency
prosodic transcriptions of the speech corpora. Inconsistency of prosodic
transcriptions/annotations can by generated by the set of labels of the prosodic annotation
system and by differences between annotators in interpretation and labelling of t@icpros
elements. Royet al (2017) asserts that AA prosodic
interpretation of the prosodic substance of an utterance, typically that of a trained annotator,
that transduces the acoustic speech signal onto a symbolic réptesein terms of a small

set of prosodic featur es o0.s ttAmagkingotiseopdosodic ann o
structure (called in the literature and prosodic form) of the utterances, in terms of the labels
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that encode prosody, and the associated ifumcif that prosodic form in conveying linguistic
meaning (Colet al, 2016).

In the last years, more and more researchers are seeking to identify the acoustic, lexical,
syntactic and semantic features,order to facilitate toobjectify labelling of theprosodic
elements and prosodic phrase (Rompddl0, (Rosenberg2012, (Mertensand Simon

2013, (Apopei 2015, (Christodoulideset al, 2017, (Christodoulides 2016). The
identification of prosodic phrasing models is of interest for vocal retogrand synthesis, as

well as for the identification of emotions transmitted by voice.

In our opinion, prosodic phrasing, can be interpreted as a level of suprasegmentally linguistic
representation thamdicates how the words are grouped in speech ptimauand perception,
facilitates the transmission and reception of information between people and helping to
structure the ideas in the communicat@ond their comprehension at the level mental (Frazier

et al, 2000, (Paigeet al, 2017). Prosodic phragy of the utterances, as a part of the mental
representation of speech (Lambrech994) and intonation (Kimbaland Cole 2016) is
learned throughout life based on auditory perception ,(@009) and is influenced by
syntactic, semantic and pragmatic/discourse factors 20@3).

The goal of this paper is to present an original metlooddetectionof prosodicboundary
based on the speech rhythm. The researches represents a continutiase gfresented in
ApopeiandPaduraru2019 andis based on the Stroiggeak rhythm patterns of the Stress
tier computed sing the SAMPH moddlLeong 2012).

2. The current state of the art in automatic prosodic phrasing and speech rhythm

The current systemsf automatic transcription of the prosodic elements are based on
automatic learning systems and prosodically annotated corpora with transcripts made by
expert annotator¢Braunschweiler 2006, (Romport| 2010, (Rosenberg2012, (Mertens

and Simon 2013, (Christodoulidest al, 2017).Recent analysis of the various prosodically
annotated corpora highlight difficulties in learning of the transcription systems of prosody due
to inconsistency in attribution of the prosodic labels and in prosodic strudtuterancesin

addition, most of the prosodically annotated corpora are composed from sentences spoken
separately, which creates difficulties in the automatic annotation of the prosodic elements on
the spontaneous speech taken from TV or radiadicats, theater plays etc.

Automatic prosodic transcription systems use for training a gold prozodically annotated
corpora, acoustic features and linguistic information (Christodouéties, 2017). The most

used acoustic features estimated from speeclbased on the contour of the fundamental
frequency (FO), speech intensity and duration at the syllable and word level. The use of
linguistic information (lexical, syntactic and semantic features) in the training of automatic
prosodic transcription systemss justified by researchers in the fact that expert annotators
integrate all this information into their perception of segmentation and annotation of prosodic
events.

If until year 2010 the term "rhythm" was used fairly little in speech analysis (Cumming
2010)a& t er this year, the ter m dgpeeghahythdh or eafpepre aas
the alternating pattern of 'Strong' (stressed) and ‘weak’ (unstressed) of the syllables in speech
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(Leong 2 0 1 XHythmiciphrasé wi t h A pr o s o (Laietalp2hOr lagshehnicA s e n s
groupd wi t h Aprosodi c,2040)r d 0 sense (Cumming

Researces about link between rhythm and prosody have been made and in the European
AMPER project(Continiet al, 2002) The papers published by the participants in thogegt
focused mainly on speech rhythm measurement and the study of rhythm variability in various
Romance languages.

3. Speech rhythm in prosodic phrasing

In this section we present a new perspective on the relationship between speech rhythm and
prosodic phraing based on the Spectral Amplitude Modulation Phase Hierarchy (SAMPH)
model developed in the Centre for Neuroscience of the University of Cambridge, by a
researchers group coordinatiegd Usha Goswam{Leong 2012, (Leonget al, 2014). The

model is based on correlation between the delta, theta, alpha and beta cortical oscillations
(Cervenkaet al, 2011) and speech modulation rates at three le\#tieess (0.9 - 2.5 Hz),
‘Syllablé (2.57 12 Hz) andPhonemg(12- 40 Hz) rates

Analysis of the Strorigveak rhythm patterns from the Stress tier computed using the
SAMPH model, highlights that the envelope contsllows variations in the range for strong
elements and trend of minim points on the enveldased on these observations the
Stress tier envelope of utterances, we tried to put the points of change of the trend in
correlation with audio segments corresponding to words. We have found that this point of
change of the trend correspond to boundary of prosodic phrases.

We exenplify our observation by marking the trend of the maximum and, minimum points
respectively on thenvelope contounf the Stress tier on an utterance of the text (1) ara on
segment othe audiorecordng from the Speech Archives at the Sorbonne UnitseisiParis
made in 1913 by Elenaadarescu(4).

Odatt ce stadiul cunoscut al cercettridi e
celorl alte componente similare planul ui d ¢
rezultatelor exprimate prin obiectivele proiectului. 1)
Once the known stage of the research is well analyzed and argued, it is possible to introduce
components similar to the business plan and at the final stage it makes the synchronizatic
resources and the results expressed through the objectives of the project.

1
T

Fitrit i — D oo o -
4 | | ! ! L

ce stadiu
cunoscut
este bine
analizat
posil
introducerei
celorlalte | =
componente
similare
planului
de afaceri
ar
resurselor
exprimate
proiectului.

(©)

face sincronizarg—
prin obiectivele|

Figure 1: (a) the waveform of an utterance of the text (1); (b) the envelope of the Stress tietibertiree of
the text (1); (c) delimiting thepeaking segments corresponding to the words of thélfext

In Figure 1 we present: (a) the waveform of an utterance of the text (1); (b) the envelope of
the Stress tier on the utterance of the text (1) weatnarked: with the red dashed line the
trendof the minimum points on the envelope and the maximum points respectively; with red
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circle we have marked¢he minimum points, corresponding to the weak accents, where the
trend of the minimum points on the outline of the tire is changed; with magemgl¢riae

have marked the minimum points in which the trend of the maximum points on the outline of
the tire is changed; (c) delimiting the speaking segments corresponding to the words of the
text (4).

By matching the points of where the trend of the mininpamts on the outline of the tire is
changed, marked with a red circle on the tire (Figure 1b), with the speech segments outlined
in Figure 1c, we obtain the segmentation of the utterance markelde textwith the curly
braceq?2).

{Odatt ceurmsdsadutulal cercettrii}{este bine a
{este posibilt introducerea celorlalte}{cow(z)
sincronizarea}){resurselor ki rezul tatelor}:

We continue the segmentation process of the utterance by taking into account the boundaries
marked by the points where the trend of the maximum points on the outline of the tire is
changed, marked with a magenta triangle on the tire (Figure Byp)marking on the
segmentation (2) of these boundaries with square brackets we obtain segmentation (3).

{{Odatt ce stadiul
{[este posibilt]]i
{[iar “n fazt fina
{exprimate [prin obiectivele proiectului.]}

cunoscut al cercetbtriil]]
ntroducerea cedceri}}lalte]}-(g)
l£t]}{[face sincronizarea

At this stage of the prosodic phrasing processing we consider that curly braces mark the
beginning and end of the major pludogicalprosodic phrases and square brackets delimit the
minor phonological/prosodic phrasesccording to the prosodic domains hierarchy for
Endish proposed by Selkirk (2005)he boundaries of the minor and major sodic phrases
determined by using ih algorithm are the same with those determined by using features
extracted from FO and energy contours (Apopei and Paduraru, 2015). The minor prosodic
phrases can be put in correlation with syntactic phrases (NP, VPTdte.major prosodic
phrases argroups of minor prosodic phrases, perceived auditory, which correspond to the
utterance of more complex syntactic structf@sle, 2015, Apopei, 2014)

In the following, we will present results obtained in prosodic phrasingspeechwith noise

from an audio recording from the Speech Archives at the Sorbonne University in Paris made
in 1913 by Elena Vacarescu. We must mention that on this record the algorithms for pitch
extraction fail to correctly estimate the fundamental frequewy.present in this paper a
segment of this record corresponding to the text (4).

In Figure2 we present: (ahe waveform corresponding to the text (&); the envelope of the
Stress tier on the utterance of the tejtthatwe marked: with the red dashed line the trend of
the minimum points on the envelope and the maximum points respectively; witinaledve

have markedhe minimum points, corresponding to the weak accents, where the trend of the
minimum points on the outle of the tire is changed; with magenta triangle we have marked
the minimum points in which the trend of the maximum points on the outline of the tire is
changed; (c) delimiting the speaking segments corresponding to the words of {(l& text

Vecheatkucista familie boiereasct Victresct!t
Al ecu, l enktchi St ki l ancu Vitckrescu. De I(4)
The old and brilliant boyar family Vacarescu, from which dyatly come, gave the country three pi
Al ecu, l enachita and lancu Vacar es c u-knowB his
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Testament.

din care
a dat
Stri
trei
poesg
Alecu,
voi spune
mult
cunoscutu
Testament

me  t

cu mandri¢
del ent

u 2 4 B 10 12 14 16 18 20
Figure 2: (a) the waveform of an utterance of the text (4); (b) the envelope of the Stress tier on the utterance of
the text (4); (c) delimiting the speaking segments corresponding to the words of the text (4).

@

By matching the points of where the trend of the murmand maximum points on the
outline of the tire is changed, marked with a red circle and magenta triangle respectively on
the tire (Figure2b), with the speech segments outlined in Figdme we obtain the
segmentation of the utterance marked on the Wttt the curly braces and curly braces
respectively5).

{[ Vechea] [ ki strtlucital][] fEmi ImMCadbdoieér ends:

{[a dat Strii][ trei poeSi]} {[Alecu], [ (B

{[ De 1 entchi $hunel{mdticunessutul lui v estament]}.
The results obtained in prosodic phrasing, using the new métsstl orthe speech rhythm,
on this record confirm that the method is robust and give good results even for the speech
with noise.

We have tested thenew method of prosodic phrasing of the speech on the following
categories of audio recordings:

- The audio recordings taken from the internet network, the recordings of some
personalities' speeches that marked the events of year 1918:

- The audio recording about the Resolution of the National Assembly in Alba lulia on
Nov 18/ Dec 11918, made by (re) reading by the luliu HgsRomanian Greekatholic
cardina)inthe 1970swhen he was i sol ated at Ctldbtrukani

- The audio reording made by Elena Vacarescu in May 1913, to the Archives of Speech
from the Sorbonne University of Paris.

- The audio recordings made by Nicolae lorga in January 19Fnture Generations
Have to Capitalize the National Cultural Fund" and in 192@ivilization and Tradition" to
the Archives of Speech from the Sorbonne University of Paris

- The voice from the Nicolae | orga video r ¢
"Our country's duty is to work".

- The audio recording with the end speeé¢hhe Minister of Finance Nicolae Titulescu
in front of the Deputies' Assembly in the year of 1921, speech on theldiskul creatdt.

- Audio recordings taken from the COROLA corghttp://corola.racai.rg/ Speech from
the recording of the TV shows Wi t hou't Replica" and "Labyrint
Roman TV.

- Audio recordings of the isolated utterances, recordings made by several native
Romanian speakers
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Auditory analysis of the speech segments delimitedall audio recordings listed al® on

the basis of the information extracted from the contour of the Stvazak rhythm patterns of
the Stress tier, computed using the SAMPH mobdaYe trusted us thahe perception of
prosodic phrasingis objectively influenced by the modulation of the speech rhythm at the
Stress level.

4. Conclusions

Auditory analysis of the speech segments delimited on the basis of the information extracted
from the contour of the Strongieak rhythm patterns of the Stregs,tcomputed using the
SAMPH model, led us to the conclusion that these segments are consistent with prosodic
phrases perceptually identified. The obtained results point to the fact that the boundaries of
the prosodic phrasgmerceivedauditoryhave coveage at the level of features extracted from

the speech rhythm and that the method gives very good results in prosodic phrasing. This
method gives good results in automaticsoitic phrasing even in speech with noise

The results presented in this papemniaice us the belief that from the point of view of
auditory perception, psodic phrasingis objectively influenced by the modulation of the
speech rhythm at the Stress level and gsthe contour of frequency FO. Frequency contour

FO "enriche$ expres®n of phrasing but does not determine it alfikechanskiet al, 2005).

This "enrichment” from our point of view refers to increasing the perception of the prominent
words and the prosodic phrases. If for the prosodic phrasing based on the frequemay cont
FO it is necessary to use a hoémouth alignment, the new method does not require this
alignment. Alignment can sometimes be used to precisely delimitate the boundaries of
prosodic phrases.
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Abstract

Digitization of historical texts is more and mosignificant but mets many
problems. To obtairthe reliable and useful electronic version of an old, texd
should minimize errors in the resulting digital text. Old ¢$exe degraded, and OCR
itself car@t achieve necessary recognition quality. PestOCR text improvemet
may be erformel by manytechniquesfrom manual correction to serautomated
and automated approaches.

The authors review existingxperienceon text correction after OCR, including their
own OCR of old Romanian texts in the Cyrillic script sintdees 17th century.
Possible approaches and use of specific and deparnpose software are discussed

We conclude that promising theoretical resea

the specialized handy software products, and that at least expandabtatimgyeg
software platform would be demanded.

Key wordsd OCR, historical text digitization, old Romanian Cyrillic script, post
OCR text improvement

1. Introduction

Digitization of old Romanian texfglaysanimportant part irthe worldwide intentionof the
preservation of cultural heritage. It includes imaging, recognition, andppostssing of the
recognized tex(S. Cojocaruet al, 2017)

Logically, postprocessing of OCRed text is divided in two stages. The first stage is post
processing that is immediately related with the OCR. It can be said that it KOE&St
correctonbut we wi | | show that t hesedgagoisthes s e s
At ar g eprocessing) satnely, processing that uses the recognized text as data with some
definite purpose. Examples anghilological researchjike corporacompletion, or scientific
re-printing; electronic or reprintedpublic presentabn; full-text search, etc.

We 6 | | refer to the first stage as fApr-ocessi
OCR t ext i nipigstagarakestite tsubject discusdin this paper.

The paper consists therefore of three main sections.2S®mtains review of approaches to

the text processing after OCR. S8&cpresents practical approaches to the topic and our
experience in this areégbec 4 discuses in even more detailsspell checkingthat is a
perspective approach that shouldn't be ignored and uses interesting techniques.

2. Improving OCR resultsapproaches, techniques, and tools
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The most important and most generalized approaches to improve OCR quaNtytizugg:or
comparison of the resultsbtained by applying different OCR algorithmiexical post
improvement based on characters or words;-pogtovement based on word context; post
improvement based on document conté&xDengelet al, 2000)

Depending of planned efforts famplementation, the first three of generalized approaches
may be combined in pairs2, 23, or in a triple 12-3. Characters obtained as a result of
voting may be additionally checked against a dictionary, and then the resulting words may be
once more cheked combinatorically or syntactically. The fourth generalized approach stands
separately.

Voting uses results of several OCR attempts. They may be performed by different software,
on different devices, even with different images. The improved text is produced by
comparison of results and selection of one of them when they mismatch. Voting works mostl
in the character leveDetaik of its implementation deperah the information that the voting
algorithm obtains aaresult of recognition.

Att he fiab s tthe awput othergceghition process is a character string. For each
position, the ragt is a single character that the OCR algorithm (classifier) identified as the
most suitable. Let us take |l etter ASO as th
majority between classifiers; by weighted majority when each classifier has a deigiad,

for example, from its previous error rate, etc.

At the ir anKk | e v e lafgorithm gete forveach itemt goosition a list of possible
characters ordered by decrease of suitability against recognition patterns. In our example, the

| i st nBady, bied of,6 A5 0, Afgo}. The voti,mgwelresy t ak
morecomplicated ways.

Atth e @ me a s ur ,dehmeoting algorhmegét®r each text position a list of possible
characters accompanied with numerical values that wsed bythe classifier to order the

list. These numerical values may represent probabilities, or distances between the glyph
extracted from the image and the corresponding pattern, etc. In our example, the voting
algorthmmay get somet hd)n,g (fA%e, {q.0856), 0( M50, 0. (
are really a lot ofricky ways to deal with this information from several classifiers.

Voting may result in a simple sequence of characters, or produce ambidusgveral
variants are issued for somegitions in text, possibly depending on the neighboring
characters, then a suitable representation would be a net of characters (a graph).
Implementation of voting may be complicated and expensive, starting with OCR engines that
should provide additionahformation at higher levels.

Lexical postimprovements the most developed and the most used.

We can mention here botteap techniques that work with charactersgtams, Markov
models, etc.), and tegpown techniques based on dictionary lookup. Both aggres can use

error correction models for sequences of characters, for example, probabilistic models, or
word distance measuring models, etc.

Bottomup techniques exploit the natural language redundancy. An example of such
technique is scanning the text fegrams,

Another technique based e@rgrams uses tables of positional binargrams. Fom = 2, a
table entry for positional binary-@rams isD; j(a,b) = 1, if lettersa andb exist in positions,
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correspondinglyi andj for at least one word in the dictionary, and O otherwise. For example,

Do 6c6, 6ud) = 1 for Romanian because ne2f fAscal
is an obvious obstacle. The corresponding algorithms of error correction are based on
Mar kovds theory.

Dictionary lookup techniques met several difficulties. The first presumable and almost
language independent difficulty of all techniques working with words is the segmentation of a
text into words. To process the sequence of words, tbeindaries should be found without
flaws. OCR engine can merge two words, or split one word in two parts, and we could foresee
even worse situations.

The language specific local reorganization of text is necessary before getting a word from text
for lookup. Hyphenation merges the end of a text line with the beginning of the next line.
Some particles may be attached to a word by hyphen or apostrophe, and not always an
arbitrary combination of a word and such additional particle is acceptable. An obvious
solution is to include such particles in the dictionary but they may have forms that are not
used as separate words, and we can skip errors. This is the case, for example, we have the
Romanian sintagms (n-a, dintr-0). In the opposite case, many languagesmit to freely
combine many affixes and even many words in a single word; in such languages, word
structure should be analyzed before dictionary lookup.

When we search for a word in the dictionary, the difficulty is in the big size of the latter. One
million words is quite reasonable quantity as we are to include all word forms.

If the word is not found in the dictionary, we should propose candidates for error correction.
Both probabilistic and distance measurement techniques can be applied.

A small but mportant problem arises when the process is-diseen, and the user insists that

an absent word is a new correct word, may be, for this specific text only. New words should
be integrated in the lookup processes. For example, they should be seen ifiai@pnophe

hint list at visual error correction.

Quick dictionary lookup can be achieved by several techniques. Most popular due to their
relative simplicity are: tries; hashing; binary search; indexing.

Any of these dictionary lookup techniques may benbined, in the case of a big dictionary,
with dictionary partitioning. The partitioning may be hierarchical, or may take into account
word frequencies that permits to keep frequently used words into the main memory, etc.

Word context posinprovement uses two approaches. Statistical approach supposes
examining of transitional probabilities between words, or between word categories. Syntactic
approach uses parsing techniques to reconstruct the linguistic structure of a phrase. This
information helps to elitnate erroneous hypotheses on recognized words.

Document context peghprovements very restrictive but may play decisive role in quick
checking of many similar documents. It exploits preliminary knowledge about the document
structure. Example: perforngnrecognition of mail addresses, we are waiting forczige or
country name in specific positions, and process them correspondingly.

After this theoretical discussion on approaches and techniques e©@dstimprovement,

practice needs their implementatiaviost ofthest udi ed approaches and
implemented as publicly available product, nor as library of methods. If your task is to OCR
texts you wouldnot develop software but wo u
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available softwargroducts and apply them. We have ABBYY Finereader (AFR) in one of
leading positions on the market, and free Open Source products like Tesseract or Ocropus,

etc.

3. Practical approaches to po$dCR text improvement

Tale 1 presents the general sketch of O@l affined processes as we organized them at
recognition of old Romanian Cyrillic documents.

Table 1. Sequence and interdependence of processes at document recognil

Action Input data Software Output data
Imaging Hard copy of text| Imaging software _Scanned textin
images (A)
Image Scan Tailor Images of better
improvement Images (A) quality (B)
Images (B) I(?Ee)cognlzed text
OCR Set of trained ABBYY Finereader | Expanded set of
patterns (C) :
) trained patterns
Word list (D)
(©)
PostOCR . MS Word Improved text (F)
text (REe)cognlzed text Libre Office Writer Expanded word
improvement Notepad++MS Excel | list (D)
Spell checkers, etc.
Further text Improved text (F) That necessary to Data for target
usage reach targets usage

1. Letters (AF) denote data sets and permit to follow their reuse.
2. AFR permits to improve input images and to edit the resulting text.

To facilitate OCR we need good images of the document. We can more or less regulate the

scan quality if we obtain them by ourselves, but in many cases we should useneziely
images, coming, for example, fromternet. AFR provides its internal imagelitor with a

rich set of operations like correction of trapezoid distortions. The image correction in AFR is
performed manualy. We used also Scan Tailor, a separate image improvement program that
works in batch mode. Its set of improvements includes mestded ones like speckle
deletion, page rotation, extraction text from original columns, etc.

Before OCR, AFR can perform page segmentatiatomatically. AFR analyzes different
areas of image and assigns them their types (text, table, or image). Thastof@ table is

additionally analyzed. The result of automatic segmentation may not be satisfactory, implying
manual intervention. Old books with their rich decorations are especially difficult. In many
cases, we were to perform manual segmentatioti pages of a book.

After this pre=processing, OCR may be started. AFR has two modes of OCR, training or

automatic recognition.

For ol d

books, i

t 6s

usual

to trai

n

AFR

t horo

patterns may be downloaded from ABRd uploaded into it. We can collect and expand sets

of recognition patterns.
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Performing this for old Romanian documents in the Cyrillic uncial script, we found that in
each historical epoch the wused fonts depen
variability. For example, all religious Romanian printings of th&' t&ntury are covered by

two sets of recognition patternks.f{lalahovet al, 2017) This variability grows in time but

the situation remains under control.

Old uncial Romanian Cyrillic prages many other peculiarities like notation of numbers by
letters, abundance of overline signs, etc. For example, there are regular abbreviations
consisting of a letter over another. Each such combination should be trained as a new pattern
(A.Colesnicowetal., 2017)

With old Romanian and its Cyrillic script, text improvement has some specifics.

The segmentation of text in words meets almost no problems because since the very first
printings in Romanian, words were clearly separated in the text.

As to leters, some of them produced more errors than others. A tendency to split wide letters
may be noted. Nevertheless, we obtained accuracy greater than 99% (in characters) with
training and constant extension of word lists.

Let us take as an exampheord statisics for an 18 century Romanian text on geography
(Amf.Hotiniul, 1795). It contains inatal 5066 words. Comparing with modern orthogriap
613 words (12.1%) differThere were 7®CR errors dccuracy in words greater th88.5%,

in characters greaténan 99.7%.

To compare with modern orthography, we used our transliteration usiliGo{esnicowet al,
2014)that produced itself 31 erroneous words in the modern g6xig) We analyzed these
words to refine transliteration; as a quick solutioe, mcluded these words in the exception
dictionary accompanying the transliteration utility.

188words(3.7%)differi n wr iting in one word or separat
orthography

The remaining319 words (6.3%) are subject to philolodiexpertizingto understand why

their writing differsFor exampl e, t he same word fAup t oo \
norm) and Apktnkto. It may be [Thsappltoach provities st or i

reliable result but it is difficulfor non-professionals.

Analyzing approaches to pe®ICR improvement, we may classify them as manual, -semi
automatic, or automatic. Manual correction is slow, expensive, andpooe, and should be
therefore avoided. Nevertheless, we used it in extremity

Semtaut omated tools are represented mostly by
in the following Sec4. There are other serautomatic tools, for exampl®@oCoTo’ PoCoTo

consists of two parts written in Java, error profiler (server) a@oFo client. Error profiler

exploits integration with AFR and is languageare. It needs historical spelling patterns and
lexicon of modern and historical wofdrms. PoCoTo client is a desktop application that
provides in particular a very comfortable feature to correct similar OCR errors over the
whole text at once.

Automatic tools work using different approaches, driving principles, and language and errors
models. Some of them exist for specific languages only but may potengaiifyuse.

" https://github.com/cisocrgroup/PoCoTo
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Take as the first example a pattern driven automatic corrector that use error and language
model s expressed as regular expressions. Sur
replacementofafi nc 06 at wo rnty be sudabld fgmodi Bueopean languages.

We can also mention amnother examplean n-gram driven correctorSuch corrector is
languageaware as it can use differeamgramtables for different languages.

An automaic corrector using statistical approasts describé by X.TongandD.A.Evans®

An automatic posOCR corrector AfterScarapplies to texbver 5000 correction rules and
over sixty analysis algorithmgt works for English and Russian texts including historical
orthographyThere are several products of the kind for different languages.

An auxiliary postOCR process is extraction from the recognized text information that will
refine further OCR. Usually, we prepared list of words from the text, and iteratively repeated
OCR with this addition to AFR word list. AFR uses languayeare word list to resolve
ambiguities and to delete hyphenation. Therefore, larger and actualized word list can imply
better OCR. We prepared word lists for AFR using Notepad++ with TextFX plugin.

AFR needs sorted word list containing one word in tBIper line. To get it, we save the
OCR result from MS Word to text in UT8, and open this file in Notepad++.

With regular expressions search of Notepad++, we merge all lines ending with a hyphen with
ther next lines. Then we replace all spaces (and, may be, points, commas, etc.) to end of line
combination. The result is sorted uniquely, and we get the necessary word list. To use it, we
should check and correct it. With old Romanian, we transliteratelisthe the modern Latin

script, and compared the result with an available word list of the modern Romanian. Most of
words become confirmed. Then we confirm more words using previously obtained words of
old Romanian. The remaining words should be analgreticorrected manually with further
expansion of the list. This process is complicated and -proore, and a need for its
programmed implementation in the framework of some software platform is clearly seen.

4. Spellcheckingafter OCR

The main problemistper form t he checking with the ap
possess dictionaries for old Romanian from different centuries. Therefore we should use an
existing software product and replace the dictionary, or we should implement an own spell
checker A.Colesnicoy 1995)

We can use commercial software (MS Word) or free Open Source software (for example,
LibreOffice Writer).

All spell checkers support user dictionaries, so the procedure seems simple: we mark the text

as written in a language that has alistd proofing tools for it, and harvest the user dictionary
with necessary words. It doesnédét violate t he
in the user dictionary any word in any alphabet.

8 https://pdfs.semanticscholar.org/132b/b9dd928749af370a87ech939bbb0b05d7aff. pdf
® http://afterscan.com/
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Figure 1: Successful work of MS Word at spellcheakanold Romanian text
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With Libre Office Writer under Linux SuSe, the experiment was successful. We tested the
sai dl eitntoer so especially. New word may be int
file may be copied and configured as such. User dictionaries reside incatdddiirectory.
They are simple text files with a standardine header, and contain one word per line. The
user can configure one or more files as current user dictionaries.

5. Conclusions

Currently there are no specialized software products that arey andheir user and can
improve OCR result, especially for historical texts. The whole technologic chain of old
documents digitization is emerging but most stages have no dedicated software products
while theoretical solutions are proposed. In practicesthould construct the said technologic
chain adapting available general purpose programs to our needs, and adapting ourselves to
these programs. This paper demonstrates it starting to reason from a problem@E€pRost

text improvement. The need in integng the whole technological chain in a software
platform is also evidentiated.
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Figure 2: Invalid work of MS Word at spellcheckiren old Romanian text
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Abstract

Recurrent neural networks have been recently used for most tasks that require the
encoding of adxt sequence, which makes them suitable for diacritics restoration.
We propose a novel model for Romanian language that predicts if a character needs
to be replaced by one with diacritics using the surrounding context. Our network
models the context witlwio different encoders, one with character embeddings and
the other with prdrained word embeddings. The model is trained on a corpus of
transcriptions from the Romanian Parliament, which contains over 50 million words.
Only using character embeddings, thedel achieves over 99% accuracy for
predicting the correct symbol for the potential diacritics candidates. We show that
adding wordlevel information from the current context further improves accuracy to
99.37% at the character level, and at 98.57% amnisvo

Key wordsd diacritics restoration, Recurrent Neural Networks, character and word
embeddings

1. Introduction

Writing texts with Romanian diacritics is in general a cumbersome endeavor as most
computer keyboards do not have special keys for specifimaRian letters with diacritics.
Hence, people sometimes write digital text in Romanian language with the simplified version
of letters with diacritics, namely the ASC€llersion, thus removing all diacritics. Therefore,
diacritics restoration is a mandagstep for adequately processing Romanian texts.

Even a very simple baseline, which substitutes a possible misspelled word with the most
frequent candidate, can reach 95.59% accuracy on letters and 93.72% on words. The accuracy
on letters is computed byonsidering all letters which may accept diacritics in the ASCII
original version of the text t hat does not
diacritics, thus becoming @"™H0) . Similarly,
consideratio all words containing at least one letter that may accept diacritics, as described
above. Although the accuracy of diacritics restauration systems is quite high, the problem
cannot be considered solved. For instance, a page in a novel contains arowadd$00f we

consider that 26% of those words contain at least a letter with diacritics (as can be noticed in
Table 1 for the Parliamert PAR U corpus described in the
accuracy of 99.00% on words, this will still result in omeeeous word per page. Moreover,
although systems can correctly determine the diacritics of most words, there are a few words
that tend to be more ambiguous, requiring a deeper understanding of the context.

! http://www.asciitable.com/
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Diacritics change thdeobomampmhddlcagny 60 fmeanwamrgd o (
respectively) or even the complete meaning ¢
6facebd, respectively); t hus, this is a part

S
Without it you do not knowthe word in case, thus you cannot perform dictionary checks,
represent the word in a semantic space, check forvabogs, etc.

The paper continues by describing existing solutions that tackle this task. Next, we present the
corpora used for training, tiroposed solution in detail, together with performance results of
different configurations of our model. The paper concludes with discussions, analyzes the
most frequent errors, and considers alternatives for improving the model.

2. Related work

Most prewous methods which were experimented for Romanian restoration of diacritics do
not use neural networks. Among those that do, there are no solutions specifically optimized
for this particular language (i.e., they were generally designed to work on maenreialiff
languages).

Using a knowledgdased approach usingart-of-speechtagging for choosing the correct

word in ambiguous cases is described by Tu
accuracy on words and 99.40% on characters. Another approach byebmg8urileanu,

Popescu, Negrescu, & Dervis (2008) uses sequential filtering mgifamson words and

suffixes (last 24 characters of each word) for speech synthesis reportednagasure of

99.34% on characters. As reported in the paper, the usefi@esulas motivated by the fact

that they generally capture the morphology of words and incorrect diacritics restorations of
ambiguous words are mostly caused by characters at the end of the word.

One of the best results was obtained using-gmam (Brown, Desouza, Mercer, Pietra, &

Lai, 1992) language model, precisely solving ambiguity at word level by replacing each word

with a version of its which has the highest probability givemtpeevious, already corrected,

words. Creating this model requiresmtp ut i ng t he pr eglrabmsl itthireosu gfhc
the training process. The results reported &L
highest on this task, namely errors of 0.52% for words and 0.116% on letters. Previous
methods using-gramshave been tried; nonetheless their accuracy on both words and letters

are lower than those previously mentioned. Their method removed unreliable online texts
(e.g., news articles) in terms of diacritics orthography, filtering those parts which did not
cortain a high enough percentage of characters with diacritics.

One problem is that all these experiments were done using a different corpus, which makes
difficult the comparison of results. However, studying these methods is important, as they
providerelevant insights for improving a model.
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3. Method

3.1 Corpus

Two corpora have been considered, both described in Table 1. The first corpus (PAR)
contains transcriptions of the parliamentary debates in the Romanian PardidroentL996

to 2017. Thecorpus is very diverse in terms of subjects, as it contains the debates of the
parliamentary committees in which economic, social, political and judicial issues are
discussed exhaustively. Virtually, all texts in this corpus are valid, in the sensellthat a
sequences of characters are meant to be a transcription of speech, thus grammatically valid
sentences. In terms of diacritics some mistakes are expected in this corpus.

We have also considered to use the ROWIKI corpus of all Romanian texts from Wakipedi
but, as can be noticed from Table 1, the proportion of letters and words with diacritics are far
lower (4.09% compared to 6.39% for letters in the PAR corpus). Moreover, unlike the
previous corpus, this one contains some invalid sequences of chavdutdrsare not meant

to be correctly formed sentences, but some representation of data (e.g. link references, tables
with statistics, etc.). Because of these reasons we have decided not to use this corpus,
although it was much larger and diverse than théRRdrpus. In Table 1 letters that
accept/contain diacritics refer to all letters for which their ASCII version may accept diacritics

(e. g., Aao, At o, n~ o, As o, A'HO, etc.).
Table 1: Corpora descriptions
PAR ROWIKI
Letters with diacritics 15M 6.39% 38M 4.09%
Letters (';.e“e.r s that accept/contain 84M|  35.28%| 296M|  31.78%
iacritics
All letters 239M 100.00%| 933M 100.00%
Words with diacritics 13M 26.37% 33M 16.40%
Words \é\.’orqsf that accept/contain 35M|  70.41%| 118M|  57.98%
iacritics
All words 50M 100.00%| 204M 100.00%
Sentences 2.6M 22.0M
Unique words 0.21M 2.62M

Different spelling rules existed during different time periods and the most important
replacement consisted of the exchange of <cha
of a word.This does not influence our model because the two cases produce different inputs

for the network (different base letters); thus, no contradictory examples appear.

3.2 Network Architecture

The architecture of the proposed model is presented in Figure 1néural network is
composed on three different paths: characters, current word, and the current sentence. The

2 https://www.senat.ro/, http://www.cdep.ro/
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main idea behind this architecture is to combine lexical with semantic information, therefore
capturing more complex contexts.

The proposed neuraletwork predicts the correct diacritic for each letter in the input text,

only considering letters that can potentially be substituted with the diacritic version.
Romani an | anguage contains five diff atoent di
group them into 4 different classes, based on the sign that is added to the I&ttesig),
b)AitoR @)and M@, arad di "#9 .

‘Window of

Word embedding Sentence embedding
characters

v

Encoding

l

BIiLSTM BiLSTM

¥

Concatenate
Vectors

l

Fully connected
Layer

!

Output Layer
(softmax)

!

Categorical
Cross-Entropy

Figure 1. Network design

This grouping of diacritics can take advantage of the similarities between |Etieexample,
A0 and A©0 actually represent the same soun
is not obvious whether they occur in similar contexts. Because of this, experiments using 5

classes, with the two letters being separated, havebaen conducted.

The first path in the network is represented by a Bidirectional Long Skeom Memory
(BILSTM; Graves & Schmidhuber, 2005) encoder using character embeddings. A fixed size
window is used to represent the context of the current charalite network can learn
different similarities between letters by using character embeddings. Also, applying the
encoder at the character level allows the network to generalize different forms of the same
word, which will have very similar representatipasd also generalize for unseen words, if
they look similar to other known conceptdowever, the model can benefit from semantic
information, as well. In order to achieve this, another path was added to the architecture,
represented by a BILSTM encodepdied on the current sentence. The words in the sentence
are represented by pteained FastText embeddings, which map words to points in a high
dimensional vector space based on the context in which they occur. The assumption was that
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the two encoders arcomplementary one to another, and the model can learn how to combine
the information from both.

The third path is represented by the embedding of the current word. This was added in order
to help the network select which part of the encoded contexefsiiusr the current entry.
Experiments were also done with models without this word path, which proved to be less
accurate.

3.3 Input Processing

The raw text used for input was first cleaned of unusual characters (those that were not in
ASCII set were sudiituted with a fixed character) and all characters were transformed to their
lowercase version. The input consists of 3 parts which were differently combined and fed to
the neural network.

1 The first part is the window of characters, containing a fixendetv centered at the
character for which the prediction is wanted. The embeddings for characters are learnt, as can
be noticed in Figure 1.

1 The second part is the embedding of the word which contains the character in question.
The word embeddings are patred.

1 The third part is the embedding of the entire sentence in cause. Each word is embedded
independently, thus the sentence is represented as a list of words embeddings. Those word
embeddings are identical with the ones from the second part (i.e.weadhhas the same
embedding in both second and third input part).

For the word embeddings, we have used thenaieed versions from FastTéxthich were
trained by using the skigram model (Bojanowski, Grave, Joulin, & Mikolov, 2016). One
advantage offFastText is that it can generate embeddings for words which are not in
vocabulary by representing each word as a bag of charaegeasns and associating a vector
representation for eachhgram, summing them up thus giving a vector for the word. This
featre is very useful for rare words.

Moreover, we have averaged across all words (i.e. words that are in FastText vocabulary) that
match the initial word (matching means that stripping the diacritics you get the initial words)
because we did not know exactlye word in case without diacritics and thus, neither its
corresponding embedding. Consequently, for each letter of the diatritice e t e xt (i
Aeo, Ai o, s o, it o) which is fed into the ne
All implementation was donén Python. For the machine learning part, we have used
TensorFlow, an open source framework which facilitates execution on GPUs. Furthermore,
because of the intense computations of the input we have used the Tensorflow ARifaset
which enables parallel usage of multiple CPUs for input preparation, while the GPUs are used
for training the model on already prepared input. Kevass used to implement the neural
network we have used, while nikas used for text tokenization.

? https://github.com/facebookresearch/fastText/blob/master/pretragnedrs.md
* https://www.tensorflow.org/

® https://www.tensorflow.org/guide/datasets

® https://keras.io/

" https:/iwww.nltk.org/
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4. Results

In order to train and evaluate the model, the PAR corpus was isgitthree distinct
partitions: 60% for training, 20% for validation and 20% for tddte architecture and
hyperparameters of the neural network were chosen using the validatitiorpaBiome of

the best performing models were then evaluated on the test partition and the results are
presented in Table 2.

Some of the hyperparameters of the models were not included in Table 2because they were
not modified during the experiments. Thellsize of the word BILSTM encoder was set to

300, the same as the word embedding size. The character window size was set to 13, while the
maximum sentence length was 31. The training was done in batches of 256, using the cross
entropy loss function andhé Adam optimizer (Kingma & Ba, 2015).

Table 2 Char/word accuracy

Char Ep Dev Test Test
Model | Embed Char Hidden | och char char word
ding LSTM S acc acc acc
(%) (%) (%)
Chars 16 32 32| 5| 98.865| 98.864| 97.413
Chars 20 64 256| 5| 99.012| 99.017| 97.750
Chars (5 16 32 32| 5/ 99.048| 99.068| 97.867
classes)
Chars 24 64 64| 4| 99.064] 99.057| 97.856
Chars + 20 64 256| 3| 99.068| 99.065| 97.881
sentence
Chars + 20 64 256| 4| 99.309| 99.329| 98.453
word
Chars +
word + 20 64 256| 5| 99.365| 99.378| 98.573
sentence
Chars +
word + 20 64| 256, 128| 5| 99.380| 99.366| 98.553
sentence

A detailed analysis of the best models, that includes precision and recall values for each letter,
was also performed. In Table 3 we present these results for H5@\I128 model that uses
characterswords, and sentences with two hidden layers of sizes 256 and 128.

Table 3. Detailed performance per letter

Model Letter | Precision (%), Recall (%) | F-Score (%)

A a 99.16 98.86 99.01

AL 96.29 97.31 96.80

A © 99.17 98.80 98.99

A 99.97 99.96 99.97

All-256128| A " ( 99.65 99.72 99.69
A s 99.84 99.84 99.84

A H( 99.44 99.43 99.43

At 99.84 99.77 99.80

A "H 98.97 99.29 99.13
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5. Discussion

The results presented before show that adding contextual information from the sentence
encoded with a BILSTMcan improve the results of a cHaased approach significantly.
However, only adding the encoded sentence, without the current word is not enough, the
accuracy of the char model, and char+sentence being very similar.

Our initial choice of groupingthediaci t i cs i nto 4 classes turned
A~ 0, but not for fAHO and A "Ho, since a model
improvement of about 0.2% accuracy compared with the same model with 4 classes. Further
experiments shodlbe conducted in order to find the best combination of hyperparameters.

The detailed analysis shows that the model is biased towards choosing the class with no
diacritics for each letter. Virtually all measures (precision, recall) are higher for lettensov

diacritics (fAao, ni o, As o, At o) compared to
explained by the higher number of letters with no diacritics compared to the ones with
diacritics, but also by the missing diacritics in the corpusiForst ance, t he word
exist without diacritics (i.e., Asi 0) , but t
and not 100% as expected. l ndeed, i n the <co
few times, thus confusing the neuna¢twork. Other similar words which exist in the
Romanian | anguage with just the diacritics

therefore, we suspect that missing some diacritics in the training corpus contributes
significantly to the final errofThus, having a perfect training corpus in terms of diacritics will
probably increase the final accuracy.

Most of the hardest words to be restored are those in which the diacritics make the word
(noun or adjective) i ndefainmdi tfiep raesz einfHL @ P o Iwihti i
model still fails to distinguish between definite and indefinite words.

6. Conclusions

In this paper, we proposed a novel neural network architecture that combines lexical
information at the character level, with a semantjgresentation of the surrounding context
computed at the word level, using recurrent neural networks. Our experiments show a
significant improvement of the accuracy when adding contextual information.

However, there is room for improvement. Due to timercs t r ai nt s and t he | o0
ROWI KI corpus, we only used the PAR dataset,
obtained wusing an approach setah(2014)r whdareothet he o
texts were filtered based on diacritics distributions. This way, both datasets could be filtered

and used for training, and the model could benefit from the higher number and quality of
training examples.

The results show that contextuadormation helped, but the improvement obtained compared

to a neural network that uses the character encoder and the current word is not extremely
large. One future improvement could consist in adding an attention mechanism based on the
current word, use to better select what is relevant from the context for the current letter.
Anot her observed issue is the imbalance of d
than ALO0 or A©O0), which could be souitthesel by u
distributions.



STEFAN RUSETI, TEOD®-MIHAI COTET AND MIHA | DASCALU

Acknowledgments

This work was supported by a grant of the Romanian National Authority for Scientific
Research and Innovation, CNQSUEFISCDI, project number PN | | 54PCCDI u
INTELLIT T APr ezer var ea Hionviadlourii fliictagrear prad m® me ¢
digitale inteligente pentru extragerea Hi si
References

Bojanowski, P., Grave, E., Joulin, A., & Mikolov, T. (2016). Enriching Word Vectors with Subword
Information.EMNLP (Vol. 91). htps://doi.org/1511.09249v1

Brown, P. F., Desouza, P. V, Mercer, R. L., Pietra, V. J. Della, & Lai, J. C. (1992):@lsad n
gram models of natural languaggomputational Linguisticsl8(4), 467479.

Graves, A., &Schmidhuber, J. (2005). Framewise phoneme classification with bidirectional LSTM
networks. InProceedings of the International Joint Conference on Neural NetWdkis4, pp.
2047 2052). IEEE. https://doi.org/10.1109/IJCNN.2005.1556215

Kingma, D., & Ba,J. (2015). Adam: a method for stochastic optimizatidrd International
Conference for Learning Representatiohntps://doi.org/10.1109/ICCE.2017.7889386

Petrict, L., Cucu, H. , Buzo, A. & Burileanu, |
Using Unreliable Raw Text Data. I18poken Language Technologies for UnBResourced
Languages(May), 14 16.

Tufi Kk, D., & Ceauku, A. (2008) . DI A e€roceediAgs &r of es s
the Sixth International Language Resources andiEwat i o n  ( (M&E Rebriéved from
http://www.Irecconf.org/proceedings/ Irec2008/

Ungurean, C., Burileanu, D., Popescu, V., Negrescu, C., & Dervis, A. (2008). Automatic Diacritic
Restoration for a TT9ased Email Reader ApplicatiorBulletin, SeriesC, 70, 3 12. Retrieved
from http://www.scientificbulletin.upb.ro/rev_docs_arhiva/ full24826.pdf

68



TEPROLIN: A N EXTENSIBLE, ONLINE TEXT PREPROCESSING PLATFORM
FOR ROMANIAN

RADU ION

Research I nstitute MidraiArDtrotfgibmieaslc ul nt e
Calea 13 Septembrie nr. 1Bucharest, 050711
radu@racai.ro

Abstract

This paper gives an overview thfe TEPROLIN text preprocessing platform that we
are currently developing within the ReTeRom project. TEPROLIN is designed to be
an extensible text preprocessing platform which can add arbitrary annotations to a
sequence of tokens. These annotations canproeluced by any specialized
application, written in any programming language, that implements the TEPROLIN
functional interface. The functional interface requires applications to establish a
clear separation of resource loading and annotation work acohtmunicate with

the TEPROLIN platform via established and -D8ependent InteProcess
Communication (IPC) mechanisms. Using these specifications, TEPROLIN can
accept any annotatigeroducing application and integrate it in the text
preprocessing workflovat the appropriate level. To ease its use, TEPROLIN will
also be exposed as a REST web service.

Key wordsd dependency parsing, diacritic restoration, hyphenation, lemmatization,
POS tagging, REST web service, text normalization, text preprocessing.

1. Introduction

TEPROLIN is a componesir o j ect of the complex ReTeRom
and Technologies for developing Romanian himam mp ut er interfaceso)
concerned with the creatibmf Romanian text processing technologies that canebdily

used by the other compongmbjects of ReTeRom. One such comporamagect,

COBILIRO, aims to develop a Romanian bimodal (speech and text) corpus that is annotated

for the benefit of speech recognition and synthesis applications, including erd. w
hyphenation and phonetic transcription. The SINTERO compemeigct, which develops
expressive Romanian speech synthesis, requires further annotations of text prompts of the
COBILIRO bimodal corpus, such as dependency parsing and, prospectivelgnnetations

that will be specified at a later time.

TEPROLIN has to be designed in such a way that a) is easily extensible with[Hegext
preprocessing modules and b) is easily used by all project partners either as a module or
online, as a web sape (the latter usage scenario will spare the user of having to know about
installation details of component applications). In order to satisfy these requirements,
TEPROLIN has to:

1. Impose an Application Programming Interface (API) for each of its component
applications, that requires the separate handlingesburce loading(e.g. dictionaries,
language models, parsing models, etc.) which is, usually, acom&uming operation, and

L If the required technology is already developgEEPROLIN will enable its use in the ReTeRom project.
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performing annotation workvhich has to be fassuch that the platform can respond in real
time to annotation requests. Since each component text preprocessing application is written in
a different programming language, the TEPROLIN API interface has a version in each of
these programming languages;

2. Impose a standardized way of communicating with each component application,
leveraging IPC mechanisms that are-i@&pendent and which ensuest communicatian

We can satisfy the OS independence by implementing TEPROLIN in one of the popular,
interpretedprogramming languages such as Python 3 whose modules will abstract away the
IPC working details;

3. Maintain a schema of the possible text preprocessing workflows that can be constructed
with the component applications and output the results in a structuredtf such as the Text
Encoding Initiativé. This format has been agreed by the ReTeRom members;

4. Expose all of its acquired functionality as a REST web service (Fielding, 2000), in
addition to implementing it as a Python 3 module.

The TEPROLIN text prepaessing platform will also be featured on the ReTeRom wébsite
alongside the text exploration methods with word embeddings described byHP and Tuf
(2018). Specifically, TEPROLIN will supply the text annotations (i.e. lemmatization and POS
tagging) tha the text exploration interface will then use to extract the relevant word
embeddings and construct e.g. word similarity graphs.

In what follows, we will briefly review work done in text preprocessing aggregators (Section
2), we will then present the TERRIN architecture and the planned Romanian text
preprocessing atomic operations that will be supported (Section 3). We will conclude the
paper with Section 4.

2. Related work
2.1. UIMA

UIMA® (Unstructured Information Management Architecture, (Ferrucci and Lal§4)Q is a

platform for Natural Language Processing (NLP) applications written in Java that represents
documents as text plus annot at iamalysiseaginds al | o
(AEs) that manipulate the document by adding, replacing oovieigm annotations. Document
manipulations are done throughnotators(i.e. annotatiosproducing NLP applications).

AEs can be primitive (i.e. containing a single annotator, e.g. POS tagging) or aggregate (i.e.
containing a pipeline of annotators, e.g.g@oization and POS tagging) dadth primitive and
aggregate AEs implement the same interfawd can be used interchangeably by applications.
We have borrowed this design choice from UIMA for our TEPROLIN text preprocessing
platform but, as our componenhretators are written (or are expected to be written) in

2 From the point of view of the platform, i.e. the platform should be designed to add as little as possible to the
native computation time of the component applications.

3 Version 3.4.0, online dtttp://www.tei-c.org/release/doc/tgi5-doc/en/Guidelines.pdf

* http://dev.racai.ro/ReTeRom/

® http://uima.apache.org/
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different programming languages (interpreted or compiled), the common interface has to be
implemented for each annotator, in its native programming language.

2.2. GATE

GATE (General Architecture for TexEngineering) (Cunningham, 2002) is another, very
well-known text preprocessing and mining platform written in Java. Originally developed at

the University of Sheffield in 1995, it Ai s
scientists, companies, teachesnd students for many natural language processing tasks,
including information ®extraction in many | an

GATE is a fully fledged text preprocessing and mining family of complex applications,
featuring an Integrated Development Environment (IDEylmch users can visually compose

text processing pipelines or information extraction pipelines for supported languages, a
collaborative annotation environment, an embeddable GATE library which can be readily
used in any Java application, a highly abstiheted very well defined language processing
software composition specification and a process for the creation of robust and maintainable
services.

Hi ghlights of GATEOGs component mo d e | includ
Af or mat dr i ongertany known fotmatyeigl ADF, ®©OCX, PS and HTML) to an

internal document format, the Processing Layer which is responsible of producing different
annotations of the internal documents and the Language Resources Layer which is responsible

of providing access to all other layers to different language resources such as dictionaries or
ontologies.

2.3. TextFlows

TextFlows (P e r o etgat, k2016) is a recent attempt at visually modelling language
processing and text mining workflows. Written in Python, it hasca web interface where

the user can compose language processing flows usdggts the TextFlows terminology

for Ul MA6s annotators. The actual comput at i
that it is easily extendable, offering widgets fwell-known packages such as NLYkind

scikit-learr?.

The cited paper provides a good overview of the existing NLP text preprocessing platforms,
so we invite the reader to supplement our short overview witisaction 6.2 fronrPer ov g e k
et al (2016).

2.4. TEPROLIN design notes
All of the NLP text preprocessing platforms that we presented in this section have the
following aspects in common:

1. Common interfacing of the component NLP applications (e.g. annotators, processing
resources, widgets, etc.)

® Quote from the GATE Wikipedia page: https://en.wikipedia.org/wiki/General_Architecture
_for_Text_Engineering

" http://textflows.org/

8 https://www.nltk.org/

® http://scikitlearn.org/
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2. Commonrepresentation of documents within the platform and conversion from different
formats to the internal representation;

3. Remote execution (i.ce. Ain the cloudo) of
4. Visual interfaces for composing language processindkfloovs.

TEPROLIN is expected to be 1) a fast text preprocessing pléatfivan 2) integrates modules

written in different programming languages. From these design specifications, it follows that

any native Java or Python existing text preprocessing phagfavill incur the penalty of
having to adapt TEPROLI N6s applications to t
the NLP applications is not an option for TEPROLIN as its model (to be detailed in Section

3), requires that all applications run on t@me machine such that expensive remote web
service calls are avoided. Finally, a visual interface to TEPROLIN was never a design
requirement but, if it would become one, the adaptation of TEPROLIN to e.g. TextFlows
should be the next item on ourdo list.

In fact, if TEPROLIN would benefit from being included in e.g. UIMA, GATE or TextFlows,
its web service design would make that task easier than committing early on to one of these
platforms, as all of them fava®edabavdhe fir emot e

3. TEPROLIN architecture

As already mentioned, TEPROLIN isfast text preprocessing platform that allows for the
integration of NLP applications written any programming languagd o be fast (or as fast
as possible, being limited only by the camment NLP application computation speed),
TEPROLIN requires the following:

1. Each component NLP application has to make sure that its resources (should these be
used) are loaded only when the application starts and not with every call to the annotation
methal. This means that the author of the application has to implement a language
independent interface that has a method namedoad@esources()  which is called when

the object representing the NLP application is created.

2. Each component NLP application isresident process in the memory of the machine
hosting TEPROLIN, using native OS process communication channels to communicate with
TEPROLIN. We have chosen thamed pipdPC method as it is available in both Windows
and Linux.

TEPROLI N6 glocument rmat & ICoONLIX (Buchholz and Marsi, 200@vhich is a

UTF-8 tabular format of the document, with new annotations being added on new, tab
separated columns. The document can be passed among component NLP applications as a
simple strdogtandudgbpasseple string split op
record of what kind of annotation each columns stores. Table 1 shows the standardXCoNLL
format which will be extended with additional columns by TEPROLIN.

191n the sense defined above: adding as little overhead as possible.
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Table 1: The tabular CoNLEX format for an example Romanian parsed sentence

'D Word | Lemma |CTAG |MSD fsea '(;'ea Dep |PHD |PDEP
1| Scrisul | scris NSRY | Ncmsry | 6 nsubj 0 root
2" n “'n S Spsa 3 case 1 amod
3| sine sine PXA ngi B 1 amod |6 nsubj
4| era fi V3 Vmii3s | _ 6 cop 0 root
5|0 un TSR Tifsr 6 det 0 root
6|t reatr eal NSRN | Ncfsrn | _ 0 root _ _
7]uHoauHor | ASN Afpfsrn 6 amod |[O root
8]. . [P)ERIO [P)ERIO _ 6 punct 0 root

The columns from Table 1 store the following types of annotations:

1. ID:is the tbased index of theken in the sentence;

2. Word: is the word form of the token in the sentence;

3. Lemma: is the lemma of the token with the word form from the WORD column;

4. CTAG: is the disambiguated, corpus POS t act
WORD column;

5. MSD™: isthe disambiguated, morphosyntactic descriptor POS tag of the word form from

the WORD column;

6. Feats: stores supplementary syntactic and/or semantic features of the corresponding token
(e.g. the attributevalue pairs descriptions of the MSD); if these ars mii n g , the fdnde
value is used which, in CoNLK , is the 6_6 character;

7. Head: is the index of the head of the token in the second (WORD) column in the
dependency parsing of the sentence;

8. Dep: is the name of the (Romanian) dependency relation (BarlitelMét al, 2016) that

holds between columns HEAD and ID;

9. PHD (fAparent heado) : it is the I D of the
HEAD column;
10.PDEP (Aparent dependency relationo): it is

betweerthe indexes stored the PHD column and the HEAD column.
The ReTeRom project will enable TEPROLIN to support the following text preprocessing
ifat omi co'operations

1. Romanian text normalization: this operation replaces all of the astandard Romanian
diacritic s wit h t heir st akdd avridd hdFodd wibitf e . @ nsuepbacté

1 Seehttp://nl.ijs.si/ME/NV4/msd/html/msdo.htmlfor details
12 After the ReTeRom project ends, TEPROLIN can be further extended using the infrastructure that is already
created.
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compound word/ clitibc chmlriatctt iemg adashlis® trlee |
versions of whitespace with o6 6;

2. Romanian diacritic restoration: this goeration automatically inserts missing Romanian
diacritics in words. Fofatab i mebascdét hehgi RO mMa
ff at tmeans fa girl o;

3. Word hyphenation: this operation automatically splits Romanian word forms into their
componentsy I | abl es. For i nstance, t he Romanian
i nt emi-Gic @ ;

4. Word stress identification: after the word is split into the component syllables, this
operation will identify the stressed syllable. In our previous exammpestressed syllable of

Acamionod is -mfmd ;| ast one: fca

5. Phonetic transcription: t hi s operation automatically i
written form to its phonetical representation. For instarfceg rd o gt t he phone
transcription i &A tiln which the stress is underlined
vowel Aoo;

6. Numeral rewriting : this operation will take any digihased numeral and will output its
descriptive form. For instancd,1 24 0 wi | | me smwue Wwr idigatue rz(elx g IdHIs h

Afone hundred twenty fouro),;

7. Abbreviation rewriting : similar to numeral rewriting, this operation will take known
abbreviations and wil/l out put their expanded
expandedDi rat®™i ain Nai'ldioornuapl "Hi efidNra t{( IEmmgali shAnt i co
Di r e ct, iatheaconterty in which this abbreviation has this meaning;

8. Sentence splitting this operation will break paragraphs into sentences;

9. Tokenization: this operation will break sentences into tlwinstituent word/punctuation

tokens;

10. POS tagging this operation will assign a POS tag to each token in the sentence. We will

use the MSD POS tag set, introduced in Table 1;

11. Lemmatization: this operation will assign each word its appropriate lemma, given t
disambiguated MSD;

12. Chunking (shallow parsing). this operation will recognize nenecursive noun phrases
(e.g.flfioare maHbaat fleo veshbt gaw ufpes t( seivagdiu the o
duso)pr epositionpaelstpmpehrdaedad)sy r (jaed He.c t i vilbdrte p hr as
frumgasaima adver bdestlldepdpeda)s;es (e. g. A

13. Dependency parsingthis operation will automatically construct the dependency relation

tree of the given sentences, using the Romanian UD relations alrgeatjuced above, in

Table 1.

4. Conclusions

The TEPROLIN text preprocessing platform is under development and, when ready, it will be
available as a Python 3 class as well as a REST web service. We use existing NLP
applications, provided by the ReTeRoartmers or available at our institute.

TEPROLIN can be easily extended with new NLP component applications and, if the
ReTeRom project partners will see the usefulness of the enterprise, we can easily adapt
TEPROLIN to work inside a major language procegsand text mining platform such as
UIMA, GATE or TextFlows.
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Figure 1: The call dependency graph of the TEPROLIN platform. The dotted line represents the composition
chain of the atomic operations that produces all possible annotations.
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Abstract

We propose aresearch methodology intended to prove empirically, using
guantitative methods, whether the modern Romanian language was influenced by
the two historical union events (1859 and 1918). The changes in language suited for
being approached by computational ang address: lexicon, morphology,
grammatical structure and semantics. Out of these manifestations of language use,
we will concentrate in this preparatory study only on the lexicon and, partly, on the
semantics. The study is restricted to the writtenuagg.

Key wordsd Romanian language, corpus linguistics, diachronic corpora, similarity

1. Introduction

It is well known that Romanian people living in the historical provinces, although separated
for long periods of time, have conserved a unifexuage, with rather minor variations in

the lexicon, the grammatical structure or the accent. Obviously, the population, speaking
rather the same language, facilitated the historical acts of union, because people had the sense
of belonging to the same cal community. This year celebration of a centenary since the
historical act of Great Union was a catalyst for many studies on this matter. But an inverse
influence might equally have been manifested, namely the unions themselves should have had
an influence on the evolution of the Romanian language. Each union allowed easier
circulation of a common press, the administration was the same, and the school functioned
under a unique ministry, therefore it must have adopted common language teaching rules.

In this paper we propose a research methodology intended to prove empirically, using
guantitative methods, whether the modern Romanian language has been influenced by the two
historical union events (1859 and 1918). The changes in language suited for beoaglaggr

by computational means could address: the lexicon (inventory of lemmas), the morphology
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(inflectional forms of different part of speeches), the grammatical structure (peculiar syntactic
roles that words or expressions could fulfil in language usd)the semantics (senses of
words). Out of these manifestations of language use, we will concentrate imegbésgiory

study only on the lexicon and the semantics, while other aspects were being only vaguely
touched. The study i®stricted to the wridn language, since the spoken language cannot be
properly sourced.

The second goal of this paper is to initiate a diachronic corpus of the Romanian language
(Gifu, 2015), to discuss theoretical means of investigating the distance between different
variantsof RomanianDas@lu & Gifu, 2015)in the time proximity of historical union events

(this way departing from scholars stating tlieh o s cal ar measure can
l'inguistic distanceo (Chiswick and Myl |l er,
foreseeinga technology able to deal with the whole way from scanned versions of prints (in
both the Cyrillic and the Latin alphabet) up to a corpus containing-éktiotated transcribed

texts together with their metadata. In an optimistic perspedtie enterprise will pave the

way towards the knosmow and a technology able to treat prints and manuscripts in old
Cyrillic Romanian. With such an acquisition we will be much closer to a true digitisation of

old Romanian writings, meaning by this much madhan the mere collecting of scans that
could only be turned over page by page, as is the current procedure with mostoff the
language archives of the languages in Europe or elsewhere (EUROPEANALibrary and

Archives Servicg etc.). Such erspetive would finally allow online access of language
researchers into the contents of old prints and manuscripts, which, indexed on multiple
criteria, would make possible much better informed forms of research (categorisation of texts,
advanced contefliasel search, comparative studies of syntax and semantics, diachrahic
diatopic, diastratic, diaphasic studies on the Romanian language, construction of multilingual
parallel corpora, multilingual alignment of

2. Methodology of study

The major ingredient of this study should be a representative corpus of extracts of language
used in the public area, digitised, brought to an uniform set of-& E6) characters (in
which, for instance, any differences in coding tiechytics would disappear), cleaned of any
formatting clues and associated with proper metadata.

The methodology othis studygoes through a sequence of operations, starting with the paper
sources and ending with statistics that exploit the annotatedscorp

1. establish a balanced (over time and territory) collection of source documents;
2. acquire metadata of primary documents;

3. scan/photocopy the collection of primary documents;

4

deskew and segment the pages down to significant rectangular zones containing
grouped chunks of text (titles, columns, lines, cuff notes, interlinear characters, etc.);

5. linearize the 2D display of the chunks in an XML notation;

L www.europeana.eu
2 https://www.itu.int/en/history/Documents/AboutDigitization. pdf
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6. using only a manageable subcollection, interpret the text zones iIRBUIE) by an
initially trained optcal character recognition (OCR) program;

7. repeat in a bootstrapping manner a sequence of coeateainenlargeOCR operations
until the whole collection is correctly interpreted in the original alphabet and the
evaluation of the trained OCR shows a flaiig to a maximal value;

8. if the alphabet of the original Romanian text is Cyrillic, transliterate the text in context
(operation called by linguists interpretative transcription), on a manageable
subcollection, the original Cyrillic into the Latin alphabky applying an initial set of
transliteration norms;

9. repeat in a bootstrapping manner a sequence of coeteainenlargetranscribe
operations until the whole document is correctly transcribed and the evaluation of the
trained interpretableanscribers shows a flattening to a maximal value;

10. submit to linguists a subcollection of this collection, uniformly covering the periods and
territories under study, for a manual annotation process to tokensf{zatech (POS)
tags and lemmas;

11. iterating a bootstrapping correpttrainenlargeannotate procedure obtain the annotated
form of the collection, tokenized, PQ&gged and lemmatized, until the evaluation of
the trained tokenizer+PG@gger+lemmatizer shows a flattening to a maximal value;

12. onceall texts covering the intended period and space are processed this way, organize
and index the respective collection; one may keep together all levels of information in
the original XML segmentation of pages (from coordinates of corners of textual zones
to their Cyrillic and Latin transcription and the corresponding POS+lemmas of words)
or place in separate files each specific level; one way or the other, links that would
make explicit the connection of the decrypted and annotated text into the omggwg i
should always be maintained;

13. extract word embeddings out of the annotated collection;

14. for each act of union, use prand postunion data to compute measures and draw
graphics;

15. compare and interpret the results (better, with the eye of a philologist)

In the following we will discuss some of these aspects.

2.1.Establishing sources

Our intention is to include in this corpus printed publications covering a period of 30 years
before and after each historical union event. The time limits of this corpus Wmutefore
extend to 1859 30 = 1823 up to 1859 + 30 = 1889, for the first union event, and *RB=

1888, up to 1918 + 26 = 1944, for the second event. These yields the continuous period 1829
1944 from which our data should be collected (see Fifjure

% By coincidence, the year that is considered (Andriescu, 1979) the beginning of the Romanian press, when the
t wo press fAvetAdrbda maod rwar@eHemesredd:. Gur i eArsualc(Bucldare€meds ¢
ed. I . E. REdul escu) .
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Moldavia, Wallachia, Transylvania, Bukovina, Bessarabia

A
[ |

1888 1918 1948

1829 1859 1989

Y
Moldavia, Wallachia

Figure 1: Historical periods around the two union events and the respective provinces involved

To keep the study focused, it is clear that the first 60 years or so of the corpus should collect
writings from Moldavia and Wallachia, while for the tlaspproximately 60 years it should
contain publications covering all Romanian provinces, including theoeet Moldavia
(Bessarabia), which was part of the Big Romania until 1940 and then again between 1941
1944,

2.2.Segmentation and linearization

The zonesof printed text on the original scan of a page should be restored for skewing
deformations and then segmented at columns, lines, interline characters, markings placed on
the cuff of the pages, accents and diacritics, drawings (including capital lett¢he at
beginning of lines), artefacts, etc. The output of this task should be a technology able to
produce an XML description of the (rectangular) zones of text that are evidenced on a page,
after eliminating the noise, drawings and artefacts. This descerpiiblinearize, in an XML
specially designed scheme, the zones of text from a 2D page layout (see Figure 2). It should
include spatial information about zones/pieces of text in the original image together with their
contents. This will contain all linkeecessary to identify different text spans on the original
image. The structure and content of this XML linearization will grow with each of the
processing steps applied upon the document. For instance, the Cyrillic decoding of a line of
text (after OCR) ad its Latin transcription (after transliteration) will be part of this

description.
m Text written in
lines
S |

(Bpmave.)

snisop Moacniel pnen o

Figure 2: A page fromFoaie pentru minte, inima si literatura Br a Ho v, 1847

80



HOW TO FIND OUT WHETHER THE ROMANIAN LANGUAGE WAS INFLUENCEDBY THE TWO
HISTORICAL UNIONS?

2.3.0CR and correction

In this section we present our experience of using ABBYY Fineré44€R) for historical

Romanian texts optical recognition. Certainly, AFR is one of the leading instruments of OCR,
especially in industry, services, libraries, newspapers, being used irstaigeOCR actions.

It performs good preprocessing, especially analysis of the document structure. The
recommended epoch of documents is tHB déntury and later. Single glyphs can be trained,

but for complete typesets, it is possible to block default recognition patterns and to train
glyphs one by one. AFR isprop et ary commerci al <c¢closed softw
user s. It is |l anguage speci fic, a fnlanguag:
(lexicon) and a set of recognition patterns. Patterns may be uploaded into AFR, expanded by
further trainng, and finally downloaded in order to be kept. The lexicon is used during
recognition to fix ambiguities and to get rid of hyphenation.

The recognition patterns are determined during training and organised in sets of glyphs for
specific characters. Howex;, different editions of documents written in the Cyrillic
Romanian script impose retraining of the AFR.

The OCR technological process consists of several steps (Madataly 2017). We have

used Scan Tailor (in its batch mode) to provide images oduladity suitable for AFR. The
program can delete specks, rotate pages, convert images intcahtaeskite, correct
trapezoidal distortions, etc. However, most of AFR corrections should be performed
manually, one by one. Moreover, the page structure tahaorestored automatically,
especially for historical books that contain many page decorations. A specific flaw arose with
some old texts in Romanian Cyrillic that have many overline signs and interline letters.
Sometimes AFR splits one line containingedine letters and signs in two. A roundabout
solution is to formally increase the image density. This does not impdgamning but is
equivalent to decreasing the calculated image size. By default, AFR stores the results of OCR
as MS Word files.

One ofthe actions following OCR s replenishing word lists. To work with word lists we have
chosen Notepad++, a text editor that can process Unicode and provides search and replace
using regular expressions. TextFX extension permits to sort word lists.

Severalglyphs belonging to Cyrillic Romanian were not covered by Unicode until the
introduction of Cyrillic Extended block [A640-A69F] in 2009. Since then, the following
fonts appeared that cover this Unicode block. Unifont is a bitmap font and can be used only
for preview. The single monospace font for text editors is Everson Mono but it looks ugly.
Several other fonts are Kliment STD, Monomakh Unicode TT, Ponomar Unicode TT,
Menaion Unicode TT, Segoe Ul, and Segoe WP. Calibri and Microsoft Sans Serif cover
Cyrillic ExtendedB Unicode block only starting with Windows 10. Virtual -eareen
keyboard can be used to enter these glyphs, and BabelMap to visualize Unicode fonts.

Most often, OCR software introduces errors. Manual correction is possible even in AFR
before storing the OCR result, but exporting it in a more comfortable environment, will ease
the correction operations. Improving the OCR result can be done in two ways: by comparing
the output against a word list and by using automatic correction rules. Wocdehtion is a

* https://finereader.en.softonic.com/
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complicated problem because electronic dictionaries of old word forms do not exist. Possible
sources are: scientific editions of old texts with manual conversion in the modern script, or
modern dictionaries transliterated to the old GigrRomanian script.

Iterative OCR correction using the recognized text itself could also be an option. Each word
can be isolated on a separate line, hyphenations deleted, and the result sorted after deleting
repeated words. The resulting word list canchecked manually, and then uploaded into

AFR to repeat OCR with supposedly better quality. In such a manner, the word list of the
corresponding epoch can be expanded with each new text.

Automatic corrections rules can be deduced by comparing the OCR ¢Uéstix against the

same span of text manually revised by experts (Gold). These revisions should be made in
close resemblance with the original text and not with the modern language. For instance, the
original can miss vocals in writing the name of GaumGul instead ofDomnu) and, very

often, cratima is not placed between a clitic and an auxiliaty datinstead ofi-au da) or
between a negation and a clitic ¢ | nsiead obu| claut t

2.4. Transliteration and correction

The most needed pe6ICR proessing is transliteration of the text into the Latin script
(Colesnicowet al, 2014). This can be done in correspondence with more scripts covering the
period 18121989: the Cyrillic Romanian script (CR), the Transitional Romanian script (TR),
and the (Swiet) Moldavian Cyrillic script (MC). We will also refer to the Modern Romanian
Latin script (since 1904) as to MRL.

There are regular dependences that support c
letters are mapped oite-on, for example¥ Y f, but ®veral mappings are context
dependent. Examples aY gh (beforej, d ,); ¢¥ g (otherwise)y Y ~ (beforeds dz, m,

n); yY ~ nfbefores, f , Yy Y P rfotherwise). In some texts, the letfe” nis used

differently.

These rules are valid both for CR and for TR, because only the font shape differs (Uncial or
Antiqua) but Unicode codes are the samie. ans!|l it eration MC Y MRL
because MC was developed following a political decision without any scievaifiground.

It is an irregular representation of Romanian sounds with Russian letters-Gme mapping

of most letters and context driven rules exastamples are previous rules forandc.

Colesnicowet al (2014) report maximum one error per pagkicly approximates to 0.15% of
erroneous words. In a juridical text, for instance, all errors were of thevtypéa (instead of

the correctea), e.g.,f tc fiigC Y (primias ¢ ¥ )primeas ¢ One possible solution to this
would be to generate both forms of the target word and let a dictionary decide. In our opinion,
the issue of transliteration should not hide language differences. For instance, the following
forms should be maintainetloran instead of the moderoaurent (a foreign proper noun),
from [ ts tc (dilzain instead ofdesign fromH d L O@ @zinstead ofc ©i, fioen € ' dzj

e Hiinstead of e Hfromg h d e j

2.5.What and how to compare

We will suggest in this section a distance measuredst two corpora, which, as we will
see, could be easily generalized, and out of which the question put in the title to be answered.
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Lexical distance.If we note by:l, the lexis of the corpus, andl; the lexis of the corpue,
then we can writel; = lo + pi n, where:p (the positive lexis) is the lexis appearindgrand
not appearing iro; n (the negative lexis) is the lexis appearindoiand not appearing ih.
The +£ operations are reunions and differences of sets (Fg)ure

5,
el () =
Figure 3: Comparing the lexd of two corpora

The lexical distance (noted hér¢ between corpore; andcy should therefore bei\. lo =p
+ n. A normalised distance could be obtained Dy = ([p| + h))/(Jp| + £l + h|), wherec is
the common corpus (intersection) amxfl i the dimension of the lexix. This way, the
distance is O if botp andn are null, and it is 1 if the common corpuis null.

It can be easily proved that this function is indeed a distance, i.e. it ha®eaties:
a). Diy) >=0;
at) y)B0I>xy,

b). Dx.y) = D(y,x);
c). D(x,2 <= D(x,y) + D(y,2), for anyx, y, z

1829 1859 1889

da

T

Moldavia Moldavia

dl
do d3
Wallachia a2 Wallachia

d5

Figure 4. Distances between written languages in provinces Moldavia and Wallachia, in the temporal vicinities
of a historicalkevent

Using the notations in Figueg the most obvious inequality that should be proven is d,,

i.e. after a union event it is normal to suppose that the distance between lanigutges
provinces decreased. If, however, an inequality such, a&slsds shown, it signifies that the
language of Moldavia (M) is more stable than that of Wallachia (W). On the contragy; if d

d4, the interpretation is that, in evolution, the language of W is more stable than the one in M.
An inequality of this kind woul place the province showing the minimum change at the core
of the evolution of Romanian language. A comparison can be made with Modern Italian,
which coalesced on the core of the Tuscan dialect (Dante's language).

Other interesting inequalities:

d; < d; => after union the language in W became more closed to the one in M than it was
before the union;

do > d» => the language in W was more distant to the one in M before the union than after it;

ds; < dr => after union the language in M became more closed to the one in W than it was
before the union;

4
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do > dy => the language in M was more distant to the one in W before the union than after it.

Variations of this distance can be suggested by placing freqditecy in the formation of

setsly andl;. For examplel? would be sets consisting only of frequency lemma equal to or
higher than 2 (no hapax legomena). In notations of this kind, we would Béy®? ...
distances between two languagesincreasig frequency criteria. We expect that differences
between distances will flatten the more frequency filters are applied, because fewer words are
taken into account, i®***- D*>D™*1- D™ form> k.

2.6. Semantics (senses of words)

Word embeddings shopromise as a diachronic tool. In (Hamilteh al, 2016) a robust
methodology was developed for quantifying semantic change by evaluating word embeddings
against known historical changes (events). We will follow a similar approach:

- Separate word embeddindgsr eachRomanian province and eadistorical period (see
Figure 1), should be created, by using state of the art techniques, like word2vec
(Mikolov et al, 2013) and GloVe (Penningten al, 2014).

- Having these word embeddings, the semantic distance between written languages in
different provinces in the temporal vicinities of a historical event can be measured, and
a similar analysis as in the case of the lexicon (see Fijuwra&n be performed.

In order to compare word vectors from different embeddings we must ensure that the vectors
are aligned to the same coordinate axes becauselitoensional embeddings will not be
naturally aligned due to the stochastic nature of word2vec and GloVe. In @artioth these
methods may result in arbitrary orthogonal transformations, which do not affect pairwise
cosine similarities between words from the same embedding but will preclude comparison of
the same word across different embeddings

Let definew " ~ a % %(d being the dimension of embedding anl the dimension of
vocabulary) as the matrix of word embeddings learned from the corpus of a paridda
province p. We will align two embeddings with the same vocabulrywhile preserving
cosine gnilarities, by optimizing:

Y AOCioed b 0o N

with 'YN a4 . The solution corresponds to the best rotational alignment and the minimum
itself Yoo N Yoo P can be viewed as a measure of the semantic distance

between the language froril(pl) and the language fron2(p2). This distance can be used to
pursue a similar analysis as in the case of the lexicon.

The aligned embeddings can also be used for a more refined analysis at the word level. For a
particular word w, the cosine similarities between the two aligned embeddings of w can be
used as the semantic similarity of the word w in the language from)nplthe word w in

the language of from (t2,p2). Looking at the nearest neighbours of w in the two aligned
embeddings can give an indication about how w was used in (t1,p1) and in (t2,p1). As an
example of how this can be visualized see Fidreut, apa of time, a province dimension

will be added.
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1900:
a gay ( s) b ¢ awful (1850s)

broadcast (1850s)

1950
gay ( s) broadcast (1900s)

awful (1900s)
gay (1990s) T~ awful (1990s)
broadcast (1990s)

Figure 5: Visualizing changes in word meaning (from (Hamil&iral, 2016))

2.7.0ther distances

Etymological distances.If we apply etymological filters to the lexicon of a corpus, we can
highlight 1", 155 for the Latin lexis, Slavic lexis etc. of a corpiisand, hence, the
corresponding distanceB™"y;, D4, etc. (see Section 2.5t would be interesting to reveal

and interpret increases or decreases of these distances in time.

eDTLR (Cristeaet al, 2011), with its chronological sources of citations and etymology
marked, could be a good resource for applying etymological filters.

Morphological distances. Measuring morphological distances between variants of one
language means counting differencesviord formation (derivation and compounding) and in
flexional rules (paradigms, as in conjugation of verbs and declension of nouns and adjectives),
for common lexicals. Examples of this kind are: number of modified paradigms, number of
differences in endigs, migration of words from one paradigm to another, etc.

Syntactic distances.Syntactic distances between languages have been intensively studied in
Contrastive Linguistics and Foreign Language Learning. Of interest to our study would be to
compare diférences in syntactic structures between variants of language, as for instance
modification of frequencies of occurrence of certain syntactic roles. In order to do that, the
corpus should be annotated by syntactic parsers trained on different regiongiads @i

time.

3. Discussions and conclusions

Languages have been studied in comparison for a long time and there is a vast literature on
the issue, which, for lack of space, we will not browse in this study. One point of comparison

is their historical rootsh The main met aphor that 1is used to
is that of thdanguage familyorfamilytree 6 ( Cr yst al 1987, p . 292) .
has fuelled the pessimistic vision regarding the computation of a linguistic distance
(mentioned in the I ntroduction) comes from
structure of |l anguageso (Chiswick and Miller
this barrier in two directions, the lexicon and the semantic content mfswand to suggest

other possible distances, with the goal of fulfilling the vivid curiosity of how much the two
unions in the recent history of Romania have influenced the formation of the modern
language.
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We are aware of the dangers to misinterpretréselts of such a study. Wrong conclusions
could come from more directions, but the most pregnant ones are the insufficiency of digitised
resources and the unbalanced quantity of textual data in different periods and provinces.
Moreover, OCR and lemmatizah errors could also induce wrong arguments. The process of
manual correction of a corpus of the required dimension being extremely costly, a study of
this kind will certainly be feasible in synchronicity with the acquisition of a diachronic corpus
of old Romanian language.

The methodology of study for comparing variants of language discussed in this study could
suggest more sophisticated solutions applicable to collections of spoken Romanian language
and covering modern and contemporary periods. In éergse of this kind, the Portal of
spoken Romanian and the speech processing technologies that make the core of the ReTeRom
project (acknowledged below) will certainly be of great help.
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Abstract
Aut omatically | earned vector representat.i
embeddingso, are becoming a basic buildir

language processing algorithms.

There are different ways and tools for constructing word embeddings. Most
of the approaches rely on raw texts, the construction items being the word
occurrences and/or letter-gnams. More elaborated research is using
additional linguistic features extracted after text preprocessing. Morphology
is clearly served by vector repeggations constructed from raw texts and
letter rgrams. Syntax and semantics studies may profit more from the vector
representations constructed with additional features such as lemmaf-part
speech, syntactic or semantic dependants associated wittveth

One of the key objectives of the ReTeRom project is the development of
advanced technologies for Romanian natural language processing, including
morphological, syntactic and semantic analysis of text. As such, we plan to
develop an openccess largéibrary of readyto-use word embeddings sets,
each set being characterized by different parameters: used features
(wordforms, letter fgrams, lemmas, POSes etc.), vector lengths,
window/context size and frequency thresholds.

To this end, the previouslyreated sets of word embeddings (based on word
occurrences) on the CoRoLa corqu® £t i 'H and afewrddiwipbe 2018)
further augmented with new representations learned from the same corpus by
using specific features such as lemmas and parts of speech. Furthermore, in
order to better understand and explore the vectors, graphical representations

will be awailable by customized interfaces.

Key wordg word embeddings, natural language processing, Romanian
resources

1. Introduction

Word embeddings represent dense representations of words in a low dimensional vector
space. Frequently there is made a contbettveen the localist representations (the word
themselves) and the distributed representations (the word embeddings). They are vectors of
real numbers that can be used in natural language processing tasks instead of the words
themselves, in order to imprevthe accuracy of different algorithms. This is happening
because the vectors are capturing in some way the sense of the associated words. Thus, two
words having similar meaning will have vectors with a small corresponding distance between
them, as opposdd words with completely different meaning which will have distant vectors.
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Modern approaches for computing vector representation of words make use of a famous
observation made by | inguist John Rupert Fir
the ¢ o mp a n yFirih,t195K)e e p s 0

Di stance between two vectors associated witl
di stanceo. This is also known as the Acosi ne

B ok

bleermmwﬁ%a—Q—
SSASSSS S S B o B O

where X,Y are the two vectors having dimension n, and Xi, Yi representthhelement of
the corresponding vectors.

Current state of the art methods for obtaining word embedding representations are using
artificial neural networks that are trained to predict one or more words, given for input a
sliding window of context words from the training corpus. This approach has the advantage of
being completely unsupervised, requiring only a large training corpus intorgeoduce the
representations. This approach was initially introduced by Beegial as described in
(Bengioet al, 2003)

If the neural network is being trained to predict a middle word given a context window of m
words, the model is referredto@B OW ( AiConti nuous Bag Of Words
if the neural network is trying to predict the context based on a given central word, the model

is referred to as Skigram. This is detailed in the paper by Mikolewval (Mikolov et al,

2013) Both nethods can produce comparable representations and these are actually the
weights learned by the network. Vector length does not depend on the vocabulary size, being

a network hypeparameter (equal to the number of neurons on the hidden layer of the
netwok, orders of magnitude smaller then the vocabulary). Contrary to otk@rotmrence

based representations that depend on vocabulary size, word embeddings are dense
representations in much less dimensional spaces, thus less computationally demanding.

In the ReTeRom project we are aiming to develop an integrated and configurable chain of

advanced language processing modules, based on automated learning, for morphological,
syntactic and semantic analysis of Romanian texts. The underlyingaaize is the GRoLa

corpus, on which various algorithms were trained and tested. The new resources that will be
created in the ReTeRom project will be added to the CoRoLa bimodal corpus.

The Reference Corpus for Contemporary Romanian Language (Cof®ddiu Mititelu,

2018) was constructed as a priority project of the Romanian Academy, between 2014 and
2017. It contains both written texts and oral recordings. Its aim was to cover major functional
language styles (legal, scientific, journalistic, imaginative, memoirs, rastnative), in four
domains (arts and culture, nature, society, science) and in 7dosedins while taking into
account intellectual property rights (IPR). With over 1 billion word tokens (written and
spoken), CoRolLa (corola.racai.ro) is one of the lstrgdly IPR-cleared Reference Corpus in

the world. CoRolLa is searchable via three interfaces (two for written part and one for the oral
part) and it is supported by the KorAP corpus management platform, developed at Institute
for German Language in Mannhe ( B a @&bkak, 2014) (Diewaldet al, 2016)

Apart from the raw texts and sound records, the CoRolLa corpus contains linguistic
annotations in the form of: phoneme, syllable, lemma,-teesbund alignments, part of
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speech (POS) tagging, syntactic chunking and dependency parsing. Several of these
annotation types were added using the TTL uét al,K2008)service.

InapreviousworKk PL i 'H a nd wéd focusedbn colnpuiing yvord embeddings on the
CoRolLa corpususing the complete word forms. In the mentioned paper we provided various
guantitative and qualitative details and compared the results with previous state of the art
known vectorgBojanowskiet al, 2016) (Pretrained word vectors using Wikipedia cog),

obtained by Bojanowski and his colleagues using the Romanian Wikipedia corpus. We
demonstrated that the CoRolLa based representations are superior to other known ones for the
Romanian language. Therefore, it was natural to select these represeritatioss in the
ReTeRom project.

2. Visualizing Romanian word embeddings

One problem we were faced with when thinking of ways to evaluate the quality of the learned
representations was the difficulty to interact with the model in its vector format. @uhite

hand, integrating the vector representations into algorithms requires adequate means for
retrieving, selecting, filtering and visualization of the word embeddings of interest. In the
following we will describe the existing interfaces by means of twleicuser can investigate

the significance of the numerical encodings of words and their used contexts.

Our previous evaluations indicated that the best representation using word forms from the
CoRolLa corpus was based on vectors with 300 dimensions. The interrogation interface
constructed previously allowed for asking the model to promidemilar words to a certain
given word, or to ask a question in the for
way as word B is similar to word A?0. This i
this question c an CSechd questonwith its asdociatex answler is:

vec("regeivec (" btrbat")+vec("femeie")=vec

This can be formulated as: what word is si mi
Abtr bat o (fAmano) i's si mi | aransweois thereepgaed oné i k i n
Areginkto (Aqueeno) .

Figures 1 and 2 shows examples of the two textual query interfaces.

Introduceti un cuvant pentru a obtine cuvinte similare.

Cuvant

anglia (Cuvinte similare)

Afisare vectori

Cuvinte similare pentru anglia:

franta 0.800742
britanie 0.798742
scotia 0.786095
anglie 0.749791
olanda 0.741721
angliei 0.737236
irlanda 0.726487
britania 0.712126
spania 0.709951
italia 0.707604

Figure 1. Textual interface for querying similar words

Il n Figure 1, the (10) words most s iseoiel ar t o
(cosine distance). Figure 2 shows a snapshot illustrating the linear algebraic properties of the

"
2
<
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vectors, corresponding to the querywec("anglia"}vec("londra")+vec("paris”) = ?.The
result,vec("frarv ', signifies that the vector for the wottl r a n "Ha i i
cosine distance) to the vector resulting from the simple algebraic operati®ns.

At the bottom of the Figure 2 there are displayed the vectors for the words guéhy, the

N

Introduceti 3 cuvinte pentru a obtine o analogie de forma vec(A)-vec(B)+vec(C), unde vec(A)
este reprezentarea vectoriala asociata cuvantului A.

Exemplu: vec('"rege")-vec("barbat”)+vec("femeie")=vec("regina”)

A B C

anglia londra paris
v Afisare vectori

Introduceti un cuvant pentru a obtine cuvinte similare.

Cuvant

Cuvinte similare

Afisare vectori

anglia londra + paris = franta

anglia,-0.067298,-0.02993,0.3787,0.1173, -4.075e-05,0.2539,0.21682,0.042544, -0. 255450, 25728, -0. 22942, -0.40283, -0. 18616, -0. 092577
londra,0.067963, -0.27638,0.43325, -0.085745, -0.012205,0. 31522, -0.0082534,0.12693, -0. 30797,0. 13642, -0. 24564, -0. 46198, -0. 062305, -0. 4
paris,-0.1082,-0.39873,0.25235,0.14347, -0.028161,0. 37071, -0.0554, -0.14923,-0.17052,0. 050167, -0. 34329, -0. 26453, -0. 22367, -0.12912,
franta, -0.096536, -0.064106,0.40725,0.15805,0.077997,0.13999,0.24847,0.022921, -0.025512,0. 25634, -0. 25958, -0. 22056, -0. 2103, 0. 21607

A-B,-0.135,0.246,-0.055,0.203,0.012, -0.061,0.225,-0.084,0.053,0.121,0.016,0.059, -0.124,0.171,0.016, -0. 229, -0.118,0.023,4
A-B+C,-0.243,-0.152,0.198,0.347, -0.016,0.309,0.170, -0.234,-0.118,0.171, -0. 327, -0. 205, -0. 348,0.041, -0. 253, -0.406,0. 332, -0.{
(A-B+C)-R,-0.146, -0.088, -0.209,0.189, -0.094,0.169, -0.078, -0. 257, -0.092, -0.085,, -0.067,0.016, -0.138, -0.175, -0.127, -0.269,0.123,9
cos(A-B+C;R),0.793

Figure 2. Textual interface for querying analogies

S

t he

cl

partial results of the query (B, A-B+C), the vector of the word answering the questions (A
B+C-R) as well as the distance motivating the answer (ceB+&;R)).

Nevertheless, using such simple textual interfaces makes it hard to undemsafid r
comprised of more words, like the most similar 1000 words. For this reason, we decided to
construct additional visualization interfaces for the use of ReTeRom project, using graphical
approaches. The difficulty of constructing graphical interfacewisualizing word vectors is

O S ¢

given by their size. Thus, dimension reduction techniques must be used to project the vectors
from dimension 300, as those used in the ReTeRom project, to the two dimensions that can be
rendered on the computer screen.

Most frequent [300 words
Perplexity: 30 Epsilon: 10
Update
= FEESTECaTe dupa Zsupra
I aceasta se
an lor autoritatea se
asemenearmatii and
munca public cirel P veaere
activitatea
. S curopendPeeil 1 persesne - sstemu
anul acéstuia statului P prin catre
stat ) in de ey general ot
romania )
din sl numarul
" sociale membru a
al pentru national
partea quot
romaniei bucuresti
presedintele domeniylecym  alte -
publRgplice cadrul
inclusiv -
RRIER o
valoarea nivelul
ordinul consiliului respecty " P i
caz n '
NEERRAEN .
situatia unctie d
cazul b c m
urmétoarele T
data aplica privikitie g
lege prezenta
i
m;ﬁg‘i‘e&mme articolul conalgi
AUAUSh5iembrie poirivi baza $EedmREle
i . anexa _ stabilite CUNHERR
"iGnigetombrie guvernulul prepazudzute
hotararea
legea Senfogmigtenior
oRBHREFEE crdonania
publicat urgentd artfjp vigoare
ng\(‘\Cat
- codul asiyiteis
fiscal

Figure 3. Using tSNE to obtain a representation for the most frequent 300 words in CoRolLa.
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The first interface constructed used thBistributed Stochastic Neighbor Embedding (also

known as 1SNE) technique for dimensionality reducti@s described ifvan der Maaten and

Hinton, 2008) (van der Maaten, 2014%ince one of the objectives of the ReTeRom project is
toobtainawelb ased platform for interacting with ¢t
disposal, we decided to use a JavaScript basptementation of the-ENE algorithm, as

described In(tSNE-JS) This was adapted to use the learned representations based on the
CoRola corpus.

One implementation allows representing for the most frequerirds present in the corpus,
with n being a prameter selectable by the user. An example for the most frequent 300 words
is given in Fig. & second implementation focuses on representingprds most similar to a
given word. In this way, the user has better control on what is displayed. An example is
shown in Fig 4.

Il n Fig. 4 we used the same query as with the
understand what kind of data is returned by the model. In this picture, in the lower right
corner are grouped various countries (these weredsults returned first in the textual query
interface in Fig. 1). In the upper left corner of the picture, there are different cities and regions

in England. In other parts of the image, it can be seen other related words, such as names of
historical pe pl e (A Churchi |l |l o, AEdwar do, ASNEuart o)
algorithm is interactive, allowing the user to pan and zoom using the mouse, in order to better
explore the generated image.
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Figure 4. Using tSNE based interface to showthen®ost mi | ar 300 words to the wi

spania 9re

Another interface was constructed using a gilagéed visualization method. In this case, the
user starts by entering a word which will become the center of a treenamst similar words

will be brought by the syste and connected to the given word. Afterwards the user can bring
other similar words either by entering a new word or clicking on one of the words displayed.
This will cause the system to load new nodes and connect them to existing ones, thus
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constructinga graph with the words as nodes and the similarity between them indicated by
edges.

An example representation using this intertf
with 50 similar words, is given in Fig. 5.
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Figure 5.Gr aph based representation for the word fAmotoci

Since the user can manually add multiple words to the visualization it is envisaged its
suitability for identifying similarity paths between multiple words. Forrnepke, you may

wonder if there is a connection between fAmo:
any direct connection. However, by adding on
and Abox0 a connection bec ornrea way todghe bvbre . Bot
Aimotociclismo which is a sport (similar to
in Fig 6.
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Graphical interfaces do not make obsolete the initial textual interfaces. Instead, they
compl ement them since i1itdos possible to use
guestion and then the graphical interface can be used to better undersgamdestain word

was chosen as answer. The four words from Fig 2. can be added on the same diagram, thus
obtaining additional related words. This can be seen in Fig 7.

by

Condamentales T2

) &

Figure 7. The words used in the textual interface in Fig. 2 shown on the-tpasad interface
3. Necessity of other embeddings

Since the embeddings reportedilrP £ i 'H a n d wdreipgrodulded ush@ theBaytual word
forms available in the CoRolLa corpus, varionected forms of the words are part of the
representation. Analyzing the visualizations, it becomes obvious that amongst the top similar
words reported for a given word there are actually several of its own inflected forms.

The presence of inflectedrfms is not an issue when using the model for computing distances
between known words. However, one of the envisaged uses in the ReTeRom project is to
obtain similar words and not just computing distances between given words. Therefore, the
presence of inficted forms must be addressed.

Since the CoRolLa corpus already contain lemmas as part of its annotations, it becomes an
obvious choice to use them for constructing new embedding models.

We decided to keep the model dimensions the same (300) and builbitheds, one based on
the actual case sensitive lemma, as produced by the TTL web derViaedt al k2008)and
present in the corpus annotation, and another based on the lowercased lemma.

In the case of regular word embeddings, constructed based acttiag word form, as we did

in( PLi H and, differéni sehses asBotided with the word are captured in the same
vector. This happens because the vector is associated with the word form and not directly with
a particular sense. It has been sugggeshat multiple senses of a word actually reside in linear
superposition within the standard word embeddifgsora et al, 2016) This idea is
challenging and will be explored by future research.
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For a model bui lt on | e mmers of sehsles buk also a n 06t
superposition of wordforms (since multiple words are associated with the same lemma).

The reason for having the two models was to try to see if a differentiation between lemmas
corresponding to named entities, such as personsgganiaations, and lemmas corresponding
to other nouns is possible.

The previously constructed visualization interfaces (both the basic textual ones and the
graphical ones) were adapted to be used with the new models. The statistics and evaluations
for the new vectors will be largely described and commented in a forthcoming paper but here
we only note that the results are quite different concerning the similarity vicinities in the
lemmabased vector spaces. This is not surprising if one considers the-rabotened
superposition of the vectors attached to the words from a lemma inflectional paradigm. Yet
the form of the superposition should be new, since different combinations of morphological
features impose context restrictions as well as the differequéncies of various inflectional

forms of a lemma contribute to the coordinates in the vector space of the vector associated to
a given lemma. This is another topic of further research.
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Figure 8. Comparison of representations obtained from the word form mieft¢land the lemmdrasednodel

(right)

In Fig. 8 is presented a comparison of grlplsed representations obtained from the word
form model and the lemmaased model. As expected, inflettorms do appear in the first

i mage (Amanual ul o, Aimanual o0, A manu a-based e 0 ) ,
representation, thus allowing the user to easily identify other related words. Also, the
similarity vicinities are quite different, with onl t he it em oOmanual itat ec

vicinities shown in Figure 8.

4. Accessing the vectors

As mentioned before, we plan to develop a module (interface to the library of sets of word
vectors) so that the appropriate vectors may be used in specipiications. The

implementation of the module will follow the development conventidos, 20183, (lon,
2018b) adopted for the ReTeRom text processing flow {fedt) and it will offer
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programmable means to extract the needed vectors, characteriaeddogpecified features:
word, lemma and/or POBased, vector length, frequerttyeshold used for the vector
construction, list of nearest similarity neighbors of a vector for a given word, etc.).

5. Conclusions

Word embeddings are becoming a common wagepresenting the words in various natural
language processing tasks. Therefore, for the purposes of the ReTeRom project, this kind of
representation will become one of the resources used. Previously computed word embeddings
on the CoRoLa corpus will besed, together with new representations learned using lemmas.

Furthermore, in order to visually explore these resources, several web based interfaces were
constructed, using simple textual searchéSNE dimensionality reduction technique and a
graph basa approach for connecting visually similar words.
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VALENCE DICTIONARY F OR ROMANIAN LANGUAGE IN PRINTED VERSION
AND XML FORMAT

ANA-MARIA BARBU
Institute of Linguistics in Buchares®®omanian Academy, anamaria.barbu@g.unibuc.ro

Abstract

This paper presents the encoding structure of a verb valence dictionary for
Romanian, comprising 600 verbs and over 2,000 meanings with one or more
valency patterns. This dictionary is devoted botht&aching Romanian to
foreign students, by its printed version, and to natural language processing
(NLP), by its XML format. The information structure of an entry is presented
in detail together with the corresponding XML description, as it is done in
the Document Type Definition of the dictionary, especially for language
engineering purposes.

Key wordsd argument structure, complements, subcategorization, verb
pattern, XML elements and attributes

1. Introduction

This study presents a valence dictionaryRemanian language, which we have conceived as

a linguistic resource, in original and annotated format. It has been published under the name
Di cwionar de ToOntekbeanNerbéal e¢/er bal Contexts
valence dictionary is a valuablesource in many respects, but we focus here only on two of
them: foreignlanguage teaching and computational linguistidsitially, German linguists

pointed out the utility of such a dictionary for teaching German language to foreign students.
They have highlighted that the set of complements required by a verb and their
morphosyntactic characteristicghat is, thevalenceof the \erbi is languagespecific and it

has to be learnt as such. Thus, in the 1970s, the valence dictiafariekig and Schenkel

(1968) and Engel and Schumacher (1976) appeared and, together with them, the basis of a
valence theoryas established, eventlie valence concept, as it is well knovisiyooted in

Tesni reds theory of dependency grammar . Fr
dictionary has to be as rich as possible, providing students with relevant information about
complements, such apartof-speech, grammatical cases and specific mogymbactic
characteristics (i.e. clitics, verbal moods etc.), specific prepositions and conjunctions,
semantic information etc. All this information has to be presented in a quite concise way and
has tobe illustrated by relevant examples. We strive to offer all of these in our dictionary and
even more, adding some insights of cognitive linguistics.

From the computational linguistics perspective, a valence dictionary can be especially used in
syntactic @arsing and word sense disambiguation. In our opinion, it has to be formally
consistent, built in a machifreadable format and, as much as possible, based on information
directly retrievable from the textual context. In order to reach these desideratzgvee
adopted a machireriented way of thinking, driven by a rigorous set of conventions, with the
risk of overwhelming the humamader sometimes. The machieadable format we have
chosen is XML. Regarding the information retrievability, we have focusedwhat is
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formally visible, for instance on grammatical cases, instead of grammatical functions (e.g.
direct or indirect object) and on semantic features (available, to some extent, in a monolingual
lexicon, such asnimate, human, objeetc.) instead fosemantic roles (e.g. Agent, Theme,
Beneficiary etc.).

Our dictionary, DCV, is manually built, by only one linguist, but based on corpus
information. It comprises 600 verb entries covering about 2000 meanings with one or more
valence patterns. The verhsventory is extracted from a newspaper corpus (ZiareRom),
depending on their appearance frequency, and significantly reflects the journalistic language,
what means that some verbs used in private life can be still abserd (e.n©he @mta”™ or
dormi® selpe” ) . Even so, the most used verbs in RO

The dictionary editing has been done with the Professional Lexicography Software
TshwanelLex (tshwanedje.com). It has méailities, but we only mention the XML editor,

the option of RTF or IML exportandthese al | ed WY SI WYG (awhat you
get ) view. These facilities 4eadalpe andprinkechsi | vy
formats.We had to build a particular DTD, appropriate for verb valence description, which is
de<ribed in the main section of the paper.

Barbu (2018) also presents DCV but in a conceptual manner, by focusing on building
procedure and work evolution, and on linguistic aspects, which explain the different choices
of valence representation. The presstiidy, instead, details the technical part of the
dictionary, comprising the main information elements of the encoding.

The paper includes, in the next section, a short overview of the related work in the -valence
dictionary domain, whereas, in the maintset detailed information about the structure of
the dictionary is provided. Each of the information types viewed in the printed format is
associated with a corresponding XML element by indicating its name, attributes and children,
as it is described irhe DTD (Document Type Definition) of this dictionary. A section of final
remarks concludes this study.

2. Related work

Our dictionary has, as conceptual models, FrameNet (Johnson and Fillmore 2000), VerbNet
(Kiper et al, 2000), CPA (Hanks and Pustejovskyp2d) and VALLEX 2.0 ( Ga
Lopatkova, 2007) described and analysed in (Barbu, 2008)emeantime, other interesting
achievements in valendexicon domain have been presented in many studies for several
languages. We limit ourselves to mentimgisome dictionaries that have electronic (online or
downloadable) variants, usable in education or in NLP. For German, there is the valence
dictionary VALBU (Schumacheet al. 2004), and its online version-¥ALBU (Schneider,

2008). This dictionary commes 638 lemmata and more than 3000 verb variants, together

with detailed information about morphology, word formation, phraseology, and stylistics. For
Croatian, there are two | exi etal, 200@)nwhichihas Cr o v ¢
over 1700verbs accessible in a browsable versiamther is eG| a v a et &8,i2017)j |

which focuses on about 60 psychological verbs, availabli@e as wel| but which has been

extended to 900 verbs (not yet accessible). For Polish, we can mention Walenty

(Pr zepi - ethklg 2084k a large valence dictionary of 8600 verbal lemmata and almost
39000 valence schemata. Besides the impressive number of entries, this dictionary is also
distinguished by the richness of encoded information, comparable to timat ifo(VALBU
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and in our dictionary. Also, it is worth mentioning some Romance languages that enjoy such a
resource. For Spanish, there is the valence dictionary ADEGSETr (-Miguel et al, 2010).

This is an online database, where the grammatical featfrgsribbarguments are described

for 3450 Spanish verbs. For Italiaame can mention two such dictionariesPAS Jezeket

al., 2014) with about 1000 verbs described in CRye; and LexlIt (Lencet al, 2012), a
computational resource which extracts atlegorization frames and semantic selection

properties from a corpus, fully on di strick
dictionaries: Dicovalence (D®partement de | i
8000valence schemata; and, espea |l | vy, cLes vemDbbeisand Dubors- ai s €

Charlier, 1997; Hadouche and Lapalme, 2010)

For Romanian, efforts were directed exclusively towards teaching Romanian language by
building printed dictionar i e shicéscuk2@02).(Thesere s c u
works describe argument structures by minimal information, referring, in principal, to
nomi nal and prepositional c¢ o mpdcendueqetcisevda n a |
( p ©n L )to Idadsomeboday tofuntil...).

The dictonary we are presenting here is much richer in information than the previous ones,
but what distinguishes it the most is its formal description, which we are trying to render in
this article. This is the first verb valence dictionary for Romanian meaihetased in
computational linguistics or as an online data base, like the dictionaries mentioned above for
other languages.

3.Main features encoded i n DCVO0s infor mat.

An entry has the information structure illustrated, in Fig. 1, on an examplented format.

At the first level, there are three main information fields: the lemma, a set of verb contexts
and, optionally, a set of expressions (idioms containing lemma verb). Noeatiafield can
contain textual information (represented by its XMttributes) and/or other structured sub
fields (represented by its XML child elements).

Lemma — achita

Context number—» |,

Verb pattern  — 1.GN [nom+autoritate +judicid; 2.GN[ac+ per $oant

Sense —» adeclaranevinovarint-o hot tr ©r e :J wdechksat orr
achitat pe inculpat/

Verb alternation: Il.

Verb pattern #1 —» 1.GN[nom+ p e r $,B.&M[ac+ ma}, f L

Verb pattern #2 —® 1.GN[nom+ p e r $, B. GM[ac+ban], 3. GP[pentru+ ma }/fGh
[ac+ maT f L

Definiton — a : Filma & achitat toate facturild.lon a achitat 280 de euro pentr
W{Condescu a achitat 1870
Examples Tribunalul de Arbitraj Sportiv/

Morphologic . V[se]
information 1.GN[nom+per §B.6mde+obl ] ga™Hi e
(sef clitic) a "~ ndepl i:rfFirmacaachitdt dedgoats dawmriilg/

Figure 1: Entry structure in printed version
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XML Format. The XML representation of an entry is delimited by the element <Lemma>
comprising the attribute LemmasSign=text and the following child elements: <ArgUait>
verb contexts, and <ExpressionLisfor expressions.

3.1. Lemma

The lemma is, by convention, the bare infinitive form of the verb. For the reflexive verbs, the
correspodi ng mar k is not registered in | easnma f i
al.,, 2017:52) but in that of morphologic characteristics of the verb, as a reflexive clitic. This
option offers more encoding flexibility for describing some linguistic facts, such as
alternations. Note that in Romanian there are two kinds of reflexives¢lihcaccusative:se
(eg.asecti “repent ¥ )Pdgaar ddimarg i chat i"viemagine” ), tha
such in our encoding (see Fig. 1, context IlI).

XML Format. Printed lemma corresponds to the value of the attribute LemmasSign of the
Lemmaelement.

3.2. Verb context

A verb is assigned one or more contextscBgtextwe mean the minimal valence of the verb
expanded with typical adjuncts, which speakers frequently associate with that verb, such as
adjuncts expressing (parts of) the Path (Origexget, Path) associated with directed motion
verbs or with verbs implying movement (e.g. to call "demand to come"), the Instrument
associated with a lot of human activity verbs etc.

A context comprises the following information:

- the context number, expied by Roman numbers;
- morphological characteristics of the verb, applicable to the whole context (see Fig. 1,
context Il), if it is the case;
- a verb pattern (see Fig. 1, context 1) or a set of verb patterns formialgeamation
defined in Levin (1993fsee Fig. 1, context Il);
- one or more senses corresponding to the verb pattern, which are defined as pairs of
definition(s) and example(s);
- an optional note (or clue).
XML Format. A verb context is described by the ArgUnit element which has the attribute
ArgUnitNr=number indicating the context number, and the following child elements:

<LemmaFeature> <ArgStrucure>i for the verb pattern, <Sense® for the verb pattern
meanings and examples, and <Clue>

3.2.1Morphological characteristics of the verb

Thisinformation is applicable to the whole context (including one or more verb patterns). It is
enclosed inside the square brackets of the mark V[...] and refers to the following aspects:

a) the pronominal cliticss e , ~ oithe negationnu (inai)
b) the third person singular and plural: 3, or the third person singular:3sg

! The symbols used as superipts in XML description are i strictly one, (0,1) zero or one, ¥ zero or more,
+1 at least oneand inside brackets there are lists of possible attribute vaNesalso use @ for attributes and
brackets <...> for elements.
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c) the verb mood or tense, e.g. ind. imperf. for indicative imperfect.

XML Format. The morphological features of the verb are described within the LemmaFeature
element which consists of theol | owi ng set of attributes:
@NegForm=text and @FlexForm=text.

3.2.2Verb pattern

A verb pattern (or verb valence or subcategorization frame) is illustrated in Fig. 2. This is the
second verb pattern in the context of the edterta™ al er t © descri bed in E

Example 1:

alerta

l.

1. GN [nom +ca@N i atcn etgpaetrisvola, n t2].,

V. [ se] 1. GN [nom +persoant], 2. (fac.)
(pentru) ct +cauzt]

a(se)alarmaGr i pa porcawmtomi tal ¥iMtoeattjtu dbocalgntet au i s.
din cauza lipseieilPo | i-&i @l sert at c©nd a @ASd Qudagertad fs | ul

pentru ct nu/ mai riktspundea.
argument position  argument position Figure 2: Verb pattern
grammatical case lexeme: prepositions lexeme: conjunctions

V[se]1.GN[nom+p e r s]@.4facAGP[dincauza/delac a y/G¥ [ c ©n /I (p As depictedin Flg 2

+ ot A
morpholdgic ibn optionality mark a verb pattern

part of speech e
semantic feature semantic feature contains:

a) A field with morphologic information (e.g. the clitss ©~ @i 0), enclosed inside square
brackets preceded by V. This field is optionahd, at this level, it only appears in an
alternation of verb patterns (see Ex. 1).

b) One or more argument positions. An argument position can be occupied by an argument or

by a set of arguments (i.e. variants). Thus, the concept of argument positiggoisaint for

cases in which the same argument can be realized by different syntactic phrases, like the
argument on position 2, which can be expressed by a prepositional phrase (GP) or by a clause
(GV) denoting the alert cause. The variants always excladd ether, that is, they never
cooccur in the same etalt(2084) have @lso. defiffed thee gggumentk o w s k
position concept but settled the coordination principle for identifying the variants, instead of

the mutualexclusion one (see (BarbR018) for a discussion). In our encoding, variants are
separated by /.

By convention, for the verbs that allow atitansitivity, when the denoted action affects not
the direct object but the subject itself, we stipulate as variants GN[ac] / V[se]) kke B:
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Example 2:

at ©f hang”
.
1.GN [nom+uman ® h u np&.rGN [ac+obiect ™ o b ]| /evdsd,3. (fac.) GP[de /
pe 7of n/] on [/ in-"
asuspend®® haint at ©rnktscam ©cmibtede /Mmam@opiul ul
"t 0o s @& soptdnangs:in the hanger. // The bamhangs on his mother ~

If an argument position can be omitted (because it may not be relevant in a certain context), it

is assigned the optionality maf&c. or opt. inside parentheses. The mdrka c . (rb)acul t
means that the marked complement can simply be unexpressed, whereas (roptior
operates in a set of complements in which any marked complement can be omitted but not all

of them See (Barbu, 2018) for details.

c) One or more arguments occupyihg@ same argument position. The main information of
an argument refers to the complement head and indicates the following aspects divided into
three fields:

Field 1:Part of speechOur encoding uses the following parts of speech:iGidun phrase,

GAdj i adjective phrase, GAdv adverb phrase, GP prepositional phrase, V verb phrase

with the same subject as the lemma, G¥ subordinating clause or a verb phrase possibly
having a different subject than the lemma. By convention, a subordinating clalike, au

verb phrase, is always characterized by a semantic feature, e.g. +cause, +fact, +information
etc.

Field 2:One of the following information types maxclusively occupy this field:

i) Grammatical caseThis information is specific to GN and GAdnd, in this dictionary, is

limited to the values nominative (nom), accusative (ac) and dative lfdefluse the other
Romanian cases, genitive and vocative, are not relevant for verb valence. Note that, by means
of the grammatical case, it is indicatee tgreement between complements of the same verb
pattern. For instance, the predicative element expressed by GAd] displays agreement with the
subject in Ex. 3, and with the direct object in Ex. 4.

Example 3:
1. GN[nom], 2. GN [nom / GAdj [nom] / GP[dg / V [de sup]

Pr e He dovrat elj @a.ns 'HiNovma id ep wtueHimiec./ de ne’  nvin
The president got even stronger / ashamed / unbeaten.

Example 4:
1.GN[nom+ p e r s]oZaGNad], 3. GAdj[ac] / GP[drept / c&

Judeclkat ogrtusli Ac vinpwatad. o n .
The judge found lon guilty.

i) Lexical information This can be a set of prepositions for GP, an adverb for GAdv or a set
of conjunctions for GV with clause value, as in Fig. 2.

iii) Verbal morphologicainformation This indicates moods, clitics (e , “ G0, ),mu ( mai
persons (3sg third person singular; Bthird person singular and plural). The encoded moods
are: gerundive (ger.), imperative (imper.), indicative (ind.), infinitive (inf.), pate (part.)
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and supine (sup.). The supine mark can be preceded by a specific prepositas $apen
Ex. 3).

Field 3: Semantic information The third field is exclusively dedicated to the semantic
information, marked with +. We use semantic featedso named semantic restrictions or
preferences) instead of semantic roles, which are frequently used in other verb valence
descriptions. Weonsidet he semantic roles bei et@l.(2007: t ot al
58) which claim: "Since it is somates an intricate task to properly assign a semantic role to

a specific participant, we decided to use semantic (conceptual) categories, e.g., person,
animal, place, etc.". Besides, semantic features can be easier to manage computationally
based on the Wdnet information, for instance, because they can be lexically determined,

unlike the semantic roles. Also, the semantic features may be the only ones that distinguish

the verb patterns. Farnst anc e, i n EXx. 5, t he ssamantic f
Shuman® are the only ones that di sOthenmpeii sh t
if semantic roles are used, it results only one verb pattern, narhef@N [nom Ageni, 2.

GN [ac Themd", which is less relevant for tasks of word sedsambiguation.

Example 5:

aborda “approach’
.
1.GN[nom+ per $ 8.6M[AC+t € mL
a pune fatratadGosnciushliae a abordat probl ema adoj
HO question; to addres§:he Commission approached the issue of adoption.
Il.
1. GN [nom+umai, 2. GN [ac+umari}
a se apropia de cineva pentrunerbi: Dan -a abordat pe profesor pentruigpune

"ntrebtri suplimentare.
HoO approach someone to talk to hidan approached the teacher to ask him extra
guestionsu

We have defined a set of 90 semafe@&tures,discovered by generalizing over sets of lexical
items found in the argument positions in the corpus, such as:

+abilitate is defined as "ability to do something"; it appears, for instance, in valence
patterns of verbs likantrenartb, r gcultiviatrc ul t i v;at e, et c.

+animati "(domestic) animal; it includes human being",e.g. abandonara b and o n r
accidentashur t L et c. ;

+ c a uiz"anything can trigger or maintain a certain state of affairs; it includes a
circumstance; it includes +stimuluse.g. agavawor sen”™ or al erta " al er t

+fapt T "what has happened or is likely to happen in realityg.g. absolviabsolvey
califica Hyualifyror prevedeastipulatey

+i nf o i ''whatHs leeing communicated e.g. afla i i n d, anandi fereraembenror
a r bhanwd,

+ p e r sid'matural or legal perséi e.g. abandonasa b a n drabatert, u r n H;

+umani "human i ndi vi du a lpersomthi$ doncept invqlvesrssnsosay iard
motor manifestatiolsi e.g. abandonaa b a n dr@abatertt ur netc. et c .

Sometimes we have used semantic features in connection with prepositional phrases lacking a
lexical information, in order to give a hint about what kind of prepositions characterizes the
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complement, like in Ex. 6. The semantic feature +cause staydl filve prepositions able to
express a cause: de, de |l a, din cauza, din g
this convention raises the need to obtain additional information (about preposition semantics)
from sources external to this tanary.

Example 6:

chinuibortur er
. V[sd
1.GN[nom+viura | i],2.¢fac.)GP[ + c a wzatu]s e K,
asuferiC®©i ni i se chinuie de f oame.

Ho suffer:Dogs suffer from hunger,

Note that the presence of several semantic features is allowed in this field either with a
cumulative reading (seeautoritate +judiciar in Fig. 1 for "legal authority) or with a
disjunctive one, marked by / (as possible variants).

XML Format. The verbpattern is described in the ArgStructure element, which has two
children <LemmaFeaturezand <ArgPosition3.

<LemmaFeature> has the structure described in section 3.2.1 above.

<ArgPosition> comprises @PositionNr=number, <PositionStateand <Arguments
<PositionState> is made up of @ PositionState=text, i.e. fac. or opt.

<Argument> contains @POS={V, GAdj, GAdv, GN, GP, GV}and <AFeatlire>

<Afeature> only has @Gram=text (i.e. Field 2) and @Sem=text (i.e. Field 3).

3.2.3.Sense

A sense comprises a) a meanirgactibed by one or more definitions and b) one or more
examples.

a) Information about meaning is expressed by one or more synonyms or by a short
paraphrase. We tried to choose synonyms that, as much as possible, can successfully replace
the lemma verb ithe examples.

It is worth mentioning that this verb valence dictionary is a meaoiiented one, that is, for

each meaning registered in conventional dictionaries one or more possible verb patterns are
provided. This differs from corpugriented valenceekica, which register all the verb patterns
found in corpus, irrespective of their meaning. At first, we used the Romanian Explanatory
Dictionary (DEX) for the meanings inventory of a verb but we should realize that the meaning
identification in DEX doesat fit with the appropriate valence patterns of the verb. Actually,

it has been reconfirmed the claim of Heddsal. (2004:x x x v i i Es}ablighihgasenses
according to their valency patterns in some cases results in a rather different identifitation o
senses than in conventional dictionarieso.

There are cases in which, for the same verb pattern, more slightly different meanings are
appropriate, because there are no specific semantic features that diststgsh In Ex. 7,
there is such an examphdth two meanings, marked by a. and b.:

Example 7:

cutremuras ha k e ™
.
1.GN[nom+ ¢ a Uczatu]s2eGN[ac+corpp hysi chBIl body”
V[ sd 1. GN[nom+corp, 2. (fac.)GP[dela+ c aJu z L
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a. a produce suferi un cutremurSeismul a cutremurgd £t mMOARPuMO©nt ul se
cutremur k.
“to produce /suffer an earthquaRédte earthquake shook the eartfTie earth shakes”
b.a ( s e ) Cazelg @l cui@murat (de la explozié).
“to tremble:The houses shook (from the explosidn).

b) Examples, written in italics and separateddtfyy, make a pair with a meaning. They cover

every variant of verb pattern, part of speech, lexeme etc. used in the valence description. They
are created by the author for the usual meanings or are adapted eggmples for special

uses or meanings. Facultative arguments are placed inside parentheses (see Ex. 7, meaning
b.). Variants described in a verb pattern can be reproduced in the same example, if this is
possible They are also marked Isy/ as,one casee in Ex. 8 below.

XML Format. The sense information is described by the element Sense, formed by
@SenseNumber=number, <Definitiocnand <Example>

<Definition> is made up by @Definition=text.

<Example> is made up by @Example=text.

3.2.4Note

A note assigned to a verb context gives supplementary information about the use of the verb
in that context or about other aspects. For instance, in Ex. 8, the note, marked by Obs.,
indicates that, irthe correspondingontext, the verb can be used onlyr@flexive-passive

form.

Example 8:

dispuneror der K
. V[ se3]
1. GN [nom+rezultattb e s]UGM[(Hc a Frezuital
a fi |l uatSla di spulsr ®uspendar la] / st se sus
HO make a decisionSuspension of the law was ordered.
Obs.Cu sens pasiv; singura formbL de pasiv a
"‘Refl exive with passive meaning; the onl\

XML Format. The element corresponding to a note is Clue, made up by @Clue=text.
3.3. Expression

An entry also contains one or more expressions (or idioms) centred on the lemma, if it is the
case. ldioms are described in DCV because they can be considered verbal contexts with
lexicalized complementation. The vesbajunge reach has the idiom in Ex9, where what
follows the 6=06 mark is its gl oss. An i diom
italics (including the verb itself), and a mobile one, written with normal character. The mobile

part can take different references (sa&a to somebodyin Ex. 9) or can be inflected.

Example 9:

a-i ajungae fwouisnwrua™i e disper
to-clitic.dat reach somebody.dat knife.the to bone = to be in a desperate situation
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XML Format. The set of idioms is described in ExpressionList element, which has as unique
child <Expression>*. <Expression> is made up by two attributes: @LemmaSign=text and
@Definition=text.

Fig. 3 synthesizes the DTD of the dictionary and also shows the éfidading of the Ex. 8.

4. Final remarks

In our opinion, even if the actual version of the verb valence dictionary for Romanian is rather
a small one, it is sufficiently comprehensive for language engineering experiments on word
sense disambiguation or syntacparsing. To our knowledge, some attempts of semantic
disambiguation have used common monolingual dictionaries. But if, as an alternative, a
valence dictionary has been taken as the reference, we would expect the results to be greatly
improved, becauseush a resource better reflects the formal aspects found in corpus.
Actually, this dictionary is the first endeavour at this level of comprehensiveness and
consistency for Romanian, covering important linguistic facts, such asfgggeech variants
compeing in the same argument position, control and raising verbs, dependencies between
the complements of a verb pattern or fine distinctions between verb patterns based on the
semantic features of the arguments. All of these are encoded in the consistgnbwidsd

and validated by the XML module of a professional lexicographic editor.

DTD schema XML example for dispunell.
Lemmiemmasign ext <Lemma LemmaSign=ispuné
ArgUnit*: ArgUnitNr = integer <ArgUnit ArgUnitNr="2">
LemmaFeatufe <LemmaFeature ReflForm="se" FlexForm="3"

<ArgStructure >

RefIFom{O’iE [se, &, 0, 1] <ArgPosition PositionNr="1">
NegForn‘\‘; 1): text <Argument POS="GN">
FlexForni®t= text <AfeatureGram="nom"
ArgStructuré: Sem="+rezultat"/>
LemmaFeatufe </Argument>
ReflForn{e-d= [se, #, o, ] <Argument POS="GV">
NegFornP =text <AFeaturecGr am="f"ca) st
FlexForm®:-Y= text Sem="+rezultat"/>
— </Argument>
- Arg|_305|t|orT. </ArgPosition>
PositionNranteger </ArgStructure>

<Sense SenseNumber="1">

. Dt
PositionStaté&Y:PositionStatetext <Definition Definition=" a fi luat. o

Arg“m;_”f- i hot £/r ©r e
POS=[GN, GAd;, <Example Exarple="S-a dispus suspendarea
GAdv, GP, GAVf’ V] g s ke suspende legea."/>
22%; text <Example Example="@u dispus Asuri
. compensatorii."/>
Sem=text

' <Example Example'S-a dispus cddoliles £
Sens& SenseNumbeinrteger se” n ¢ Ipé pertoada viscolului."/>

Definition*: Definition*=text </Sense> o
Examplé: Examplé=text <Clue Clue="Cu sens pasiv; singdrao r mt
Clu€': Cluetext pastwv ./a'd mi st
P, </ArgUnit>
Expressiort
LemmaSigntext []
Definition=text </Lemma>

Figure 3: XML Encoding

Of course, this enterprise is far from being finished, because further work has to be done for
improving the actual encoding and add new types of information, such as semantic roles or
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diathesis uses, fomcreasingthe number of entries and for gettingffelient kinds of
generalizations. We hope to get valuable feedback from the users of this dictionary, both in
the educational domain and the computational linguistics, in order to have supplementary
guidelinesfor improvement.

The dictionary in XML formais available for free, by request from the authbe hope that
the dictionary will be able to prove its usefulness in various NLP tasks and that it will soon be
available as an online data base.
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Abstract

The UD-Romanian treebank was introduced in the Universal Dependencies group in
2015 by the Institute of Artificial Intelligence of Bucharest (RACAI), with the
contribution of the Treebank crted at the Faculty of Computer Science, Al. I. Cuza
University of | a Hi (UAI C) . This Treebank <co
Contemporary Standard language. The UAIC treebank is balanced; after 2015, the
annotation of nonstandard language styles (MldpularRegional, Chat) was
developed. In order to capitalize on these resources, in November 2017 another
treebank, called UBRomaniarNonstandard was created. For this purpose, two
tools have been created to transpose the treebank from the quitentiéi@netation
conventions of the UAIC Treebank into the UD conventions, and the XML format
into the CONLLU one. A new woikg interface that supports multiple conventions

and formats has been created. The nonstandard treebank was increased from 1,200
to 10069 sentences, and the automated statistics produced by the UD site tools
displayed very interesting conclusions about the annotation differences, but
especially about the differences between standard and nonstandard Romanian, which
linguists will study.

Key wordsd conllu format, dependency grammar, nonstandard language; POS
tagging, standard language, syntactic parser.

1. Introduction

UAIC-RoDiaDepTb is a resource recognized by the International Standard Language
Resources sitelt is a Dependency Treelarior Diachronic Romanian created @Al. |.
Cuzao University, F a cHhiRomgnia.of Comput er Scienc

It is also a balanced treebank in use, having now 23,534 sentences and 462,502 tokens;
punctuation included, automatically annotated both morphatgicand syntactically,
entirely manually checked. The syntactic annotation conventions, founded in 2007, are quite
different from the UD ones. 4,000 sentences were transposed into the UD conventions in
2015, to contribute to the formation of the UD_Roraantireebank (Mititeltet al., 2015),

which contains only Contemporary Standard Romanian and is currently called Romanian
Reference Treebank (RRT) (Mitited al.,2016).

In 2017, because the UD affiliated treebanks were more and more varied and matiaéatiec
the contemporary standard style, another treebank has been started, called UD_Romanian

L http://mww.islrn.ord
113



CITFLI NA M| RHCIDRIABOBIZEV

Nonstandard and containing seventeerghtury and folk texts, some of which came from the
Republic of Moldova (Mbritnduc and Bobicev,

Language observingcademical orthographic and morphologic standards is used only in
publications, public occasions or in education. Neither spoken, familiar, or social media, nor
poetry, nor popular language observes the academic rules, being creative styles of the
language Furthermore, the old language did not follow any of the current rules, while the
regional language has rules specific to each geographical area. If we do not study these
natural language facts, we will not be able to understand the overall dynamicsanhigo. If

we do not train the processing tools on such language facts, they will not face the
confrontation with natural language creativity.

Participation in UD makes possible comparative studies by aligning the Alba lulia New
Testament, first printed iRomania in 1648, with other Old Testament translations from
PROIEL (Haug, 2014), a UD affiliate project. Also, it will be possible to preserve folk poetry,
which is another type of cultural heritage (Bobia\al.,2016), and to compare the spoken
languae in Romania with the one of the Republic of Moldova.

Romanian treebanks have now access to various very useful tools for validating and
correcting errors. But we have mostly benefitted from the output of the automatic statistical
comparison between thlieo Romanian treebanksThis statistic does highlight some errors.

Nevertheless, what is most important is that it highlights the differences between the current
language according to academic norms and the language in old or popular and regional texts.

For more accurate annotation, some specific conventions are used in the nonstandard
treebank, other than those used in the RRT treebank. Studies about these differences, that
statistics make possible, are just starting out and will have more data taantetple
treebanks grow. The condition for his to happen is that in the first Romanian Treebank will
continue the uploading of only contemporary language (The Institute of Artificial Intelligence

in Bucharest being interested in scientific texts and Raamalaws) while, in the second
treebank, only the nonstandard (Old, Folk, Regional, Social Media) texts will be uploaded.

2. Related Work

In the field of dependency treebanks, the reference remains the Pennsylvania Treebank, which
is also the basis of the caentions adopted by the group of 151 treebanks for 72 languages
affiliated to the Universal Dependencies (UD). The Stanford research regarding the tools for
the morphologic syntactic annotation, focusing on ctioggial studies (Marneffeet al.,

2014) arewell known. The annotation in this type of grammars is based on words, and not on
multiword structures (Marneffe and Manning, 2008).

The Prague Dependency Treebank is another important member of the UDHg@ypt(al.,
2017) and it participates inadving many linguistic or computational problems (Zeman,
2008).

The UD group, whose initial aim was to create a universal syntactic parser trained on all
families of languages, is now growing and in addition to developing more and better tools for

2 http://universaldependencies.org/treebankstmparison.html
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morpholagyical and syntactic annotation and for error detection, is especially interested in
linguistic and computational comparisons among affiliated languages @tiate2016).

Tools for processing texts in all the 72 languages affiliated continues to le tme main
concerns for the members Word segmentation Borschinger and Johnson, 2011
morphological annotation and syntactic or semantic par@Ragsooli and Tetreaul2015,
Simov and Osenova, 201&ye the most important subjects die studies thathis group
generatesAs far as morphology is concerned, it starts from universal categories (Beaiov
2012), and it comes to detailed annotations, e.g., for the rich inflexion East European
languages (Erjavec, 2012).

Many affiliated treebanks have \ddoped parallel annotations in several annotation
conventions and formats, in order to add semantic or other types of inforrfitiom metv §
al.,20030senova and Si moeval.,h2028)Sg4lkt al.X19868).L n d u c

3. Tools for Old and Regional Romanian processing

Creating tools for processing old and regional languages is a difficult task. These language
variants have peculiarities and inconsistencies different from those of standard languages. It is
difficult to obtan a large corpus of such texts for the training of these tools. Such studies are
recent; they date back to the last decade.

The method which we used was to process old texts with tools for annotating contemporary
Romanian language, and then to manuallyexd the output, which contained many errors.

This way a training corpus for Old Romanian was obtained. An instrument was created to
automatically add into the P&8&gger lexicon, all the new combinatiowsrd formi lemma

T analysiscontained in the mailly corrected corpus. This lexicon was also completed with

lexical variants extracted from the Thesaurus Dictionary of the Romanian Language. Data
extraction from specialized dictionaries and from the indexes of old books issued in critical
editonswasdne using a tool <call ed DEZRAR201{7DI ct i on
The improved accuracy of the OldRRDSt agger was 9 letaZ¥%c)( ML r £ nduc

Uploading of the Alba Iulia New Testament (1648), printed in Old Romanian Cyrillic letters,

requ red a speci al optical charact etral,,2086c ogni z
Cojocaruet al., 2017). Lettergligits, overwritten letters, abbreviations, inexistent hyphen,

joint words are some of the difficulties encountered (Maladtcad.,2017).

A parser was also trained on the contemporary treebank adding a small number of old texts at
the beginning (Bobiceet al.,2017). Experiments showed that quantity was more important
than sorting the types of texts to increase the accuracy. The accegistered on®Lof July

2017 was 0.8201% (label precision), 0.8403% (head precision) and 0.7503% (overall
precision), after the training on 20,784 sentences in various styles.

4. Tools for the Conversion into UD

The conventions of the UAIC treebank @dtshed in 2007 and intended also for didactic
use) are quite different from the UD ones. UD annotation convention highlights words with
full meaning and the relational words are subordinated to them. In the UAIC convention, the
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types of relations are Hijjghted, and the related words are heads, being placed between the
head and the subordinated word in the tree.

In the UAIC format there are 14 kinds of circumstantial modifiers, which is a rich source of
semantic information that we cannot overlook. Acifie type of annotation, called logic
semantic, has been created to preserve the semantic information, already annotated in the
UAIC format, and increase it. In order to use as a pivot, the basic annotation convention,
automatically processed and fullypgrvised, is now transformed into two new conventions,

the UD and the semantic ones.

For this, a rulebased transformation tool, called TREEOPS, has been created, with two
different sets of such transformation rules for the two conventions. The transéor el

works in the XML format. Rules for the Semantic transformation does not transform all
syntactic relations into semantics, but leaves unmodified the semantically ambiguous ones, so
that a human annotator or a statistical parser needs to inteiene Rules for the UD
transformation apply to all relationships. The result is supervised. By comparing the output
with the corrected version using MaltEval_Viz program, it results that TREEOPS has an
accuracy of 78.9% for the UAKDD transformation.

Rules are in the formif  (condition) then (action). There are three types of
rules:

1 Rules with a single condition;

1 Rules with more conditions (and more actions);

1 Rules for structural transformations, which, for example, reverse the direction of the
relation etween the noun and the preposition case marker.

There is also a list of other rules included in the program for establishing the order of these
rulesé application. Overalll, there are mor e
convention (Colho et al.2017).

For example, the transformation of a circumstantial modifier is a rule of the first type in the
conversion of UAIC into SEMANTIC:

/lword[@deprel="c.c.l.']//@deprel => changeAttrValue('LOC")

For the transformation of a circumstantial in td® format there are three rules for each
circumstance. The rules are of the type with two or more conditions; a dependency relation
and a morphological analysis:

/lword[@deprel="c.c.l.' and starts - with(@postag,

'R")]J/@deprel

=> changeAttrValue(‘advmod')

/lword[@deprel="c.c.l.’ and starts - with(@postag,
"V])/@deprel

=> changeAttrValue(‘advcl’)

/lword[@deprel='c.c.l." and (starts - with(@postag, 'N) or
starts - with(@postag, 'P") or

starts - with(@postag, ‘M")))/@deprel =
changeAttrValue(‘obl’)
Errors are often caused by small morphological annotation errors in the input document.
Otherwise, errors are caused by unexpected exceptions commonly encountered in natural
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language, especially in the nonstandard one. Therefore, the supervision of TREEQRS outp
iS necessary, although it is not as tinmsuming as the morphological and syntactic
supervision of the POfagger and parser output.

Because TREEOPS works only with XML, after the supervision of its output, the UD XML
format is automatically transfored into the CONLLU format by the program called
"XML2CONLLU".

The program is a Python script that receives as input (1) an XML document where the
relationships and structural transformations of the UAIQ are already made; (2) a
document that contains nmh ol ogi c al equivalences between
XML with the content that must appear on columrs-@ in the CoNLLU; (3) the name and

the place for the resulting CONLLU document.

The program must make the following changes:

1 Write the informaibn found in XML features in the form of columns in CoNLLU;

1 Changethe o s t a gwith'the tesult found in the document on the second line of the
input, to columngl-5-6;

1 Renumber the sentences;

1 Write the text of the analysed sentence;

1 Write the citation-part="MATT 19.28" (from the sentence features) in the for#:
citation-part=MATT 19.28;

1 Expand it in the formref=MATT19.28in the 10th column of each word of the
sentence.

1 The annotation |SpaceAfter=No is automatically added in tkta £6lumn.

In order to be able to supervise corpora in a number of conventions and formats, we had to
create a working interface that accepts all of them. As usually, these frameworks are specially
created for a particular format and convention. Each treebank hasnittamework, and the
UAIC-RoDiaDep Treebank has one that supports only the basic convention and the XML
format.

The new framewor k i s t heetdl201dd).dmskoolhasdeg at or
down lists from the morphological and syntactic tagscdise the treebank will be available

in three formats, each of them has a Configuration that must be chosen before opening the
document, the dredown lists are different for each format.

Because the UD format is not XML, but CONLLU, the Treebank Annotats set to open,
display, change and save documents in both XML and CONLLU formats.

All the features of each configuration are displayed by the framework and can/cannot be
modified (according to the configuration). Also, the tool allows the introductiomords in

text or deletion of words, renumbering ids of words and of heads, without changing the
relationships in the tree.

For adding a word, a table with features must be completed (i.e. word form, lemm#&d0OS
head and dependency relation), theother table with the word order is displayed and the
user must move the new word to the place where it is needed. For example, in UD we must
separate the compound prepositions. SeelFig.
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|
(@
X

Wame Valye
Id 20

Farm la

Lemma la

Part of speech tag Spea -

Head word id e la -

Chunk:

Dependency relation | fixed e

Ok | Cancel

Figure 1. The table for the add word function.

After theaddword, we must delete the second part of the compound preposition, in the word
form field. The UD convention does not allow compounds in the form field.

Another function isCompare sentences

It displays a table with two columnis eachcolumnanotherdocument can be selected. After
the selection of 1 sentené@ each column, generally with the same text in two conventions,
it displays a linear graph. See Fig. 2.

| QEXIST]

TEMP

[ Era odata
cct

lPl.Il‘lCI.
Figure 2: The sentencélfhere were three thieves onbeSEMANTIC and UAIC conventions.

Now, we decided to add two new functions: the formation of a sentence from two existing
sentences and the formation of two sentences from one existing sentence. These functions are
necessary because often the split function of the-R2@&er does not ditgy identical results

as the citation part (the number of the chapter and of the verse in each translation of the New
Testament in the entire world).

For example, in -theveaentAncet ACmchsoatHul meu
(Salute you Astarh, my fellow prisoner, and Margothe period should be a comma.

The following sentence i s: Anepot ul Var nave
cttrt vdi the Varnavammejiew whom | have commanded you, if he comes to
you,receive it). The two sentences must be merged, the result can be seen in Fig. 3.
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5. Particularities of the Old Romanian

Romanian linguists and computational linguists can benefit from the fact that the Universal
Dependencies site has programs that maksilplescomparative statistics between treebanks,
especially between those for the same language. The statistic displays only the peculiarities of
the nonstandard Romanian as they are revealed in the treebank contributed to the UD at this
time; perhaps othgreculiarities will emerge ithe future whenthe corpus will be increased.

This parallel is very important to maintain, the contemporary texts of the UAIC treebank can
be uploaded only in the RRT treebank.

s e S
& § "N T el
- s AR —~{E
N g £ -
== =R
- =3 \ ;j\, 1
= J e
= = T—
-
e 2
==
P //**\ -
= . T
= Ll a
o 3 G
r >l /»T‘
R~ s v
C P -
_‘\'__,

Figure 3: Thetwo sentence in the examplabove are merged.

At this time, the nonstandard treebank consists of only 1,138 sentences in the folk style and
the remaining 8,931 are New Testament (1648) sentences. Popular language is generally more
conservative than the standard academic languageves@an say that statistics show
predominantly peculiarities of the old language.

First observation: The number $paceAfter=N@annotations, intended for the correct reading

of the text by the computer, is also interesting for researchers. It is much higher in
nonstandard language occurrences (higher by 5%). Here are many topical inversions that are
marked by a dash. Examples:

Example 1:

rogut e = te rog (Il-mpvioeiaus e= ymtw)voimOm®mi ui (1
Trimetus £ apostol i = apostolii-wseiurwmet =(ft e
wie (I wild@l give you), etc.

In examples of this type, there is dash in the contemporary language (see the form after the
=). Romanian is a language with free word order, and Old Romanian is even more a language
with free word order than contemporary Romanian. The hyphen is a mark of the inversion of
the word order.

Brackets are frequently used by the translator to give an alternative word or an explanation.
The quotes are also used for marking the text that is cited and commented. Examples:
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Example 2:
Un om purt©nd un vas (Urcior)= a man carryi
Auzita W i ct Eu am wbsuvadaovo'l meargme cttrt voi

have said to you: "l will go and come to you".

Another observation to be made is that the Gospels contain many dialogues, in direct speech.
We found in the four Gospels thelibwing number of occurrences for the verbs dicendi:

l emma="2zice" (say): 1,711, l emma="spune"™ (
l emma="rtspunde” (answer): 225, l emma="gr ti"
Folk verses have an oral style t@md are richly dialogical. The topical inversion (marked by

a hyphen) is used in the interrogative clauses.

In the morphological section of the statistic, the Ro_nonstandard has 66 lemmas tagged as
pronouns, and the ones cited below are old and popuiasfoever (or rarely) used in the
Contemporary Romaniarc i n deding f i e Ot e Of feic ead,tewi cni, emckir(-sap

n e Otniinnei , oare@eaoarecing 0 a r e foit(say 5 a ne A "Gis"unl s,u mig u O

" nslwa,lis@ IThese ardlifficult to translate, (Whoever, Everyone, Myself, our majesty,
Somehow, Someone, our Sanctity, You self, Himself, the Othey, Thatforms” n s,u mi

" n s U dsaneused today only as determiners and not as pronouns. If the word form of
pronouns isconsidered, and not only lemmas, the number of special lexical peculiarities of
the nonstandard language will be stronger.

Another peculiarity of UD rmmonst andard treebank 1is the exi
feature of some pronouns. Examplearele,c ar i i , car ea, cari a. car e
English:which

Another difference between nonstandard and standard Romanian treebanks is the verbal form

i n which the auxil i avri esséedinthe contempbrary [Rngwagea u x i |
asa future tense formant. But it is not used in the verbal participle form, which has in the old
language the function of constructing the past of the conditional nifb&da mp | e : ATu ai

ceare deau aviiEut dHaYolihoald aye askerd Him,cand He would have
given you living water

6. Differences of annotation

Il n the UD_nonstandard treebank.,avg hetd,i ar ¢
Aputcam 0 @ tmus)b,u ifowarie a o kifdw.i Examples:

Example 3:

A Gadue el uce-hi giultarr £ Thvii ndiec aad. (And |
disciples, and they could not heal him).

APreuwi cktrturari Oi oameni "nWwel epwi , car
priests and wise men, who know how (to) writeNke& Testament).

AMoGOi a trebe cmpirn iihe Gl mustqdbe)tmovenptiee hen must (be)
divided).

The APolarity=Negd is much more richly repre
RRT treebank, there are only two negative polasitg not at i ons: A-ADE ndne,
APART::-inu] nnt-rhensUtDamdard treebank, there are

annotations (with t he&OS$tagithe R mardan BA&g)o nt ai ned i
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1 ADV: nu, n+, nu, nece, n e cNeaecum,tiNicecurm(Rz, e, n,

T AUX-Ger : neput n-éd+w), nefiind (Vag

1 CCONJ: nece, nici, neci, nice (Cccsz);

1 VERB-Fi n: face, duce, speria, wRwmb)] a, goOndi ,
1 VERB-Ger : neavond, nektiind, rR-e-a)f | ©nd, necr e
T VERB-Par t : nesptl at e, nestinsu, necunoscut ,
necununat, necusutsmz, Vmpestze-s5 Viop-sH--0, e/mp-pmZ, mp
Vmp--pf-z).

Another difference between the annotation system of two treebanks is that¥aniag for
the infinitive and plural imperative, specific of Old Romanian. Examples:

Example 4:

AUX-Inf: fire (Van-----1 ) Ex: ca st ~ n-@éré puteaiio algprdexeive ei al
pre-elected ones, if he could);

VERBFin (imperative negative fam) : teamerewi, grijirewi,
oprirewi, pl " ngerewi, spktm ntaelp¥Wi, adunare
VERBInf: cearere, ertare, perie sl ujirea, stv r Gi-rlpa, treac

In the other treebank, thewre los of examples annotated as Variant=Short, words with
hyphen. It is about the annotation of the hyphen word forms with y, as +clitic. Examples
(from the list of t aaggernused by t he RACAI OG6s P

Example 5:
"Afpfpoy” ="Ad|. q. positive fem. pl.ld. +def.” (or without def. and +clitic?)
"Afpfpoyy"="Ad,. g. positive fem. pl. obl. +def. +clitic"

In the UAIC treebank this annotation was removed, because it is confusing with y showing
the definite eaalt2016)] and beddise, Bsnwbigied out above, in the
nonstandard language there is a very large, virtually infinite number of such forms, which we
consider variants of the word (A lexical variant may be shorter or longer than the lemma, and
may occur for various reasons, includingmunciation with something else).

7. Conclusions anduture work

The intention of our team is to develop the Old Romanian section, including quotes and texts
illustrating the sixteenth to nineteenth centuries, and to compare the syntactic and
morphologic pecliarities of each period. The sections Folk poetry and Chat will be also
increased.

We intend to align the entire text of the Alba lulia New Testament (1648), the first one
printed in Romaian, to similar corpora of the PROIEL project. A small part ofAles of

the Apostles is still work in progress. The variant with word form in Cyrillic letters can be
uploaded in the UD if there is interest in this work. Aligning the entire text of the New
Testament with the ones in the Ancient Greek, Latin and Slavamés will be of great
importance to etymologists and students of ancient texts who will be able to elucidate the
source of ancient sacred texts translations.
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Developing the UAIC treebank is an increasingly important resource illustrating all the styles
of Romanian, and what we have to do is not only to continue working on it, to develop new
instruments on its basis, but also to highlight the resources and tools, to make them known
and useful to other research.
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Abstract

CoRolLai the Representative Corpus of the Romanian languiagas developed
during a period of 4 years, and is available since 2017. At this moment it contains
almost one llion Romanian words, covering a wide variety of domains (politics,
humanities, thelogy, sciences, etc.) and all literary genrégtion, poetry, theatre
plays, scientific texts, journalistic texts, etc.). Thaw texts are tokenized,
lemmatized, and morphologically processed. This paper describes two main research
directions for the x@ension and improvement ofoRoLa. The first issue discussed

is the adding of new layers of annotation, such as noun and verb groups, syntactic
trees, and some semantic information. Secondly, we describe an interoperability
standard for textual and lexiceesources for Romanian (such as wordnet and a
dictionary) which opens the way for aefficient coupling of these resourcesith

the benefit of a much more diverse display about the use of the Romanian language

Key wordsd CoRolLa lexical resourceswordnet, electronic dictionary, textual
linked data

1. Introduction

Linguists around the world are deeply preoccupied to build linguistic resources that best
describe languages and their structure, starting with simple collections of scanned documents,
as invirtual libraries, to text collections organised as corpora, dictionaries and thesauri.
Linguistic resources are the primary ingredients fuelling the constant and relentless concern of
researchers to study languages as they are or in their evolutiorllaaswo facilitate the
automation of language processing technologies, so much needed today by the web and
mobile industries.

Isolated, each linguistic resource was thought to fulfil some specific needs, but, very recently,
the benefits of exploitinghem interlinked has become evidektcCraeet al, 2011;Navigli

and Ponzettp2019. For instance, to name only the domain of language learning, lexical
resources are very important tools, structured in many ways: word lists, corpora, dictionary
entries,wordnet synsets, language models, etc. In this study, we will concentrate on three
types of resources, each with a different structure, showing a proposal of interlinking them
and some experiments:

1 ROWN ' The Romanian WordNetT(u f i kCristea, @002; Tuf Bt al, 2013) is
created following the model of the Princeton WordNet (Fellbaum, 1998), which can
be considered a real revolution in computational linguistics through the scientific
advances it has generated in recent years. It is a collection of neuos, adjectives,
and adverbs placed in a graph, where the nodes, called synsets, are sets of literals of
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the same syntactic category for which there are contexts in which they can be
considered synonyms. The literals, members of synsets, are pairedndatkes
denoting specific senses and one lita@hse pair can be member of only one synset.

Thus, each synset expresses a distinct linguistic concept and it can be seen in semantic

relations with other synsets of the graph. For instance, synsets «f andrverbs are
placed in a conceptual hierarchy through hypernymy and/or hyponymy relationships
As shown in Figure 1, RoWordNet synsets have unique identifiers, which point to
synsets of the English WordNet, considered the backbone of a whole network of
different languages wordnets.

<SYNSET>
<ID>ENG30-00027167-n</ID>
<P0S>n</P0S>
<SYNONYM>

<LITERAL>10C<SENSE>1</SENSE></LITERAL>

</SYNONYM>
<DEF>Punct, portiune determinatd in spatiu.</DEF>
<STAMP>Dan Cristea</STAMP>
<ILR>ENG30-00002684-n<TYPE>hypernym</TYPE></ILR>
<ILR>ENG30-00028651-n<TYPE>part_holonym</TYPE></ILR>
<ILR>ENG3@-02694933-v<TYPE>near_eng_derivat</TYPE></ILR>
<ILR>ENG3@-02333689-v<TYPE>near_eng_derivat</TYPE></ILR>
<ILR>ENG30-02286204-v<TYPE>near_eng_derivat</TYPE></ILR>
<ILR>ENG30-00413876-v<TYPE>near_eng_derivat</TYPE></ILR>
<ILR>ENG30-08489497-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08489627-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08489765-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08490199-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08490402 -n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30@-08500433-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08562067-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08593262-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08620061-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08630039-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30@-08630985-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-08683383-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30@-08795880-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-09386842-n<TYPE>hyponym</TYPE></ILR>
<ILR>ENG30-13910384-n<TYPE>hyponym</TYPE></ILR>
<DOMAIN>factotum</DOMAIN>
<SUMO>Region<TYPE>=</TYPE></SUMO>
<SENTIWN><P>0</P><N>0</N><0>1</0></SENTIWN>

</SYNSET>

Figure 1. A ROWN entry

1 CoRolLa (the C@pus of contemporary ROmanian hduage) is a resource completed

at the end of 2017, as a result of a team work of approximately 4 years, contributed by

two institutes of the Romaniacademy: the Research Institute for Artificial
Intelligence in Bucharest and the Institute of Computee®cc e i n | a 'Hi
moment, CoRoLancludes texts that sum wmost 1 billionRomanian words from a
wide range of fields (politics, humanities, tih@gy, sciences, arts, etc.) and covers all
genres (literature, poetry, theatre, scientific texts, journallsiogy (Bibiri et al,

2015). The texts were obtained, on the basis of written protocols, from their IPR
owners (publishing houses, bloggers,epdndent writers), and were passed through a
processing chain (partially manual, partially automatic) along which the-8TF
cleaned raw texts were extracted, metadata was filled in and an XML annotation that
includes tokens, lemmas and part of speechesawhsl e d ( Tuf i H and |

1 eDTLR, the electronic form of the Thesaurus Dictionary of the Romanian Language
(Cristeaet al, 2011), is the searchable digital form of the largest and most complete
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Romanian dictionary, elaborated by the Romanian Acaderaponit one century and
covering the Romanian language in diachronicity, from its first written origins to the
contemporary usage. The entries of this resource are partitioned in a hierarchy of
senses, from main to very specific. For each sense arsesigbof the title word, its

part of speech (POS), definition and examples of usage are selected from the approx.
4,000 bibliographical sources, in chronological order (see Figure 2).

All three described resources (RoOWN, CoRolLa, eDTLR)agenfreely for online access,
but their XML formats are available on the basis of restricted licenses of use, which address
precisely the community of (computational) linguists.

2xml X [oV testxml X | o X [# VIOARA—-1184627934xmi* x| < » B ® DACA— 2xml* X [# VIOALA=-1184622166.xmi X

"1.0" encoding="UTF-8" standalone="no"7>

ncoding="UTF-8" standal

SVIOALAL n-1</list>
AL

\\\\\\\
ioaral. </b></RegDef>

fiarale cele
"I'>TELEMAH, T,

"KLEIN" "456' "KLEIN, D."
IN, D. 456</AUTHCITE>, <AUTHCITE "BUDAT-DELEANU"
LEANU, LEX." "LEX. ">BUDAT-DELEANU, LEX.</AUTHCITE>
xem>A cinta in vioard.</DefExem<SG>
"BELDIMAN, ALEXTT" "ALEXTT"

fincenti, facatorul de organe

rde si cu doa arcusuri.
"1829">(R (1829),

CCITE>

Pair></DefExenlist>Undefined <sup>2</sup>

hara sau ,
t. < <SG><AUTHCITE
"373 HELTADE, 0. 0. II">HELTADE, 0. II,
373</AUTHCITE>, cf. <AUTHCITE "I GOLESCU" "I. GOLESCU, C."
'C.">T. GOLESCU, C.</AUTHCITE>, <AUTHCITE "VALIAN"
"VALIAN, V. V.">VALIAN, V.</AUTHCITE>, <AUTHCITE “STAMATL"
"STAATI, D." "D, ">STAMATI, . </AUTHCITE>
“ </SG></exenPair><exenPoir d-"-1615757629-4"><DefExem>Fratele tau... cintd din vioara

Figure 2: eDTLR dictionary entries

2. Indexing eDTLR and RoWN in CoRoLa

2.1. Pre-processing the resoges

In eDTLR, the complexity of the entries vary widely, they do not have a predefined size, i.e.
an exact number of definitions and examples, because the number of sensessambesi s

very different Fig. 2 displays extracts from the XML represeradatbdf two words, one with a

very rich tree of senses, with many different definitions and with more citations for each
sense, and one with a very simple structure, including only information about POS and
synonyms.

Another problem encountered in extractithg indexing information from eDTLR was the
presence of accent on exactly one character of each title word. The accents are intended to
make explicit the correct pronunciation of
Since accented charactersbalifferent codes than their correspondingagoented ones, we
doubled each original title word with a variant in which the accented letter was automatically
replaced by the uaccented one. As such, eDTLR could be easily indexed at the title word
level in view of allowing sarch operations over them, withe retrieved forms always being

their accented variants.

Compared to eDTLR, both CoRoLa and RoWN have a compact structure, observing a well
defined template, which makes easier both information éxraand processing.
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2.2. Correspondence files

A first step in indexing the resources was to extract the information relevant to their
alignment. Thus, a first indexing is done at the input word and their corresponding part of
speech levels. In order to indeRELR and RoOWN in CoRolLa, we first extracted all lemmas

in the CoRoLa documents, and then we merged them, obtaining a list of unique pairs,
containing lemma and part of speech. We have also extracted lists of title words in eDTLR,
together with the attacheohorphological descriptions for the entry and a list containing
RoOWN literals, their part of speech and the ILI code identifying the synset the literals belong
to.

Having these lists available, we have created a correspondence file as follows:

1 match theémma of a CoRoLa word to the entries in eDTLR and the literals in RoOWN
sysnsets;

1 refine the match on the basis of the idiead POS for the corpus wordhe
morphological definition for the eDTLR entry and the POS of the ROWN synset.

The information is witten in a correspondence file that contains POS of the corpus word, the
lemma, the eDTLR file name that contains the entry, and the corresponding words in ROWN,
ascan be seen in Fig. Many lexical tokens in the corpus have correspondences in both
eDTLR and RoWN, but there are also words that correspond only to one of the two resources
or to none of them. This is because the three lexical resources do not cover identical time
periods, showing once more that the language is in a continuous proceseg#, dba true

"living organism” with a spectacular evolution.

<entry "5">
<CoRoLaP0S>NPN</CoRoLaP0S>
<CoRoLaWord>aspect</CoRolLaWord>
<DLRFileName "1">ASPECT-194@12566@ . xml</DLRF1ileName>
<Synsetld "1">ENG30-13804669-n</SynsetId>
<SynsetIld "2">ENG30-05850624-n</SynsetId>
<SynsetId "3">ENG3@-8582017@-n</SynsetId>
<SynsetId "4">ENG30-04677514-n</SynsetId>
<SynsetId "5">ENG3@-04679419-n</SynsetId>
<Synsetld "6">ENG30-05064037-n</SynsetId>
<SynsetId "7">ENG30-04733118-n</SynsetId>
<SynsetId "8">ENG3@-84674715-n</SynsetId>
<SynsetId "9">ENG3@-8594@302-n</SynsetId>
</entry>
<entry "6">
<CoRoLaP0S>S</CoRoLaP0S>
<CoRoLaWord>de</CoRoLaWord>
<DLRFileName "1">DE--67536.xml</DLRFileName>
<DLRFileName "2">DE--67537.xml</DLRFileName>
</entry>
<entry "7
<CoRoLaP0S>NSRN</CoRoLaP05>
<CoRoLaWord>alergologie</CoRoLalNord>
</entry>
<entry "8">
<CoRoLaP0S>CR</CoRoLaP0S>
<CoRoLaWord>si</CoRoLaWord>
<DLRFileName "1">SI-10923.xml</DLRFileName>
</entry>
<entry "g"s>
<CoRoLaP0S>NSRN</CoRoLaP0S>
<CoRoLaWord>imunologie</CoRolLaWord>
<Synsetld "1">ENG30-06051542-n</Synsetld>
</entry>

Figure 3: Correspondence file for the three resources

With this correspondence file available, in order to help researchers of the Romanian
language, we have created a web interface in which the user can choose the desired associated
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resources and which dynamically displays pairings. The left side windowsshdmgment

from a CoRolLa document file, while the right side one displays entries on one of the
associated resources. When the user is hovering over a word in the left window, the interface
brings in the right window an entry of the other two resourthks.created links are based on

the correspondences mentioned above. As stated already, not every word in the corpus has a
connection with elements from the other resources assigned, which makes that only part of the
left hand side words be activeig. 4 shows the functionality of the interface.

Currently, this interface can only input a CoRoLa file, which is matched against eDTLR
and/or ROWN, but we intend to develop the application to allow for multiple file processing
and for word searches in the CoRat@pus that generate text snippets related to that word
(somehow similar to the KoRAP kayord-in-context interface).

A problem encountered in making the correspondence file is that the number of single
lemmas is very large and the access time for tlesdislow. We have tested the system over

a set of one hundred thousand files, for which the total number of words exceeds three
hundred million, of which about one million eight hundred thousand of unique lemmas has
been identified. As a necessity in fteyit would be ideal to make one correspondence file for
each entry in the CoRolLa corpus, which would help optimize the search for connectivity
between resources.

CoRolLa - eDTLR griSaidiiis

ENG30-06744396-n

Inout Output

VERES aspect de s imunologie in practica valoare diagnostica testare cutanat definitie reguil indicatie contraindicatie DEFINITIE 0 n-2 s. f. Operatie logica prin care se arati, se explica continutul unei nofiuni, sensul sau sensurile unui cuvant,
tehnica interpretare rezultat test identificare reactie Ig fi domina net metoda diagnostic usor executa sensibil specific putin indicindu-se genul proxim si diferenta specifici; enuntul prin care se exprim aceasta operatie; p. e x L. determinare a
resursd material sine indica a efectua interpreta specialist pentru efimina sursd ercare atit executare integrare context clinic Tnsugirilor propril unul lucru, unei activititi, unui fenomen etc. Dobitoacele care se cuprind in definifia (ticuirea) aceasta sint
principiu consta realizare contact mastocit derm cu unul sau mai mult urma efiberare mediator care determina aparitie triadd de doud feliuri, adec selbatece §i bidnde, sau de casi. ECONOMIA, 73/10. Nu se deslusaste gi nu se infelege cu aceasta
Lewis edem eritem prurit incepe ord un apogeu intensitate intre remarca infiltrat inflamator reactivitate la depinde cantitate definitie. EPISCUPESCU, O. 1. 218/20. Niciunul nu a putut si innemereasca cea potrivita §i fird gregald a lui definitie.
injectat grad sensibilizare scop demonstra prezentd anticorp clasd fxa pe putea strict localiza insoti fenomen distantd HELIADE, O. Il, 27, f. .. GOLESCU, C. Definitia ... veninului este numai relativi. FM (1843), 211 Undefined ' /3. Aceasti
réaspuns organ sistemic dacd fazd inifial precoce aparent rapid motiva efect prima tardiv datora bogat celuld activare local importantd definiie care rezumd toate principurile acestul uvragiu. NEGUUICH, E. I, 190/29, cf. STAMATI, D., PONTBRIANT,
necformatie dezvoltare intirziat sindrom avea aprecia ca semnificativ rol real administra factor etiologic activ calitate D. Reproduce preficasa definitiune a teritoriului muntean. HASDEU, |. C. 1, 5, cf. BARCIANU, COSTINESCU. In deosebire de
administrat capacitate rapiditate structurd efiberat risc major caz anafilaxie localizare nivel vital chiar deces usurintd descriere, definifiunea este o ariitare completd, dar resumati, a confinutului unei nofiuni induntrul unui sistem. MAIORESCU,
efectuare greva dificultate 3 necesar ce trebui respecta orice orienta anamnezi medic ghida L 124. i atunci cind nu existau drumusri de fier definifiunea ci negoful ridica valoarea unui produs prin transportul dintr-un
selectie alegere secunda urméri moment introducere minut maxim supraveghers eventual sugera potential loc intr-altul era aceeasi. EMINESCU, O. XIll, 151. Definifiunile termenilor de stiinii s3 fie toate rectificate dupe starea

actuali a cunogtinfelor omenesti. ODOBESCU, S. I, 347. Autorul s-a varit intr-un labirint de definifiun. SAM. 1, 78, .
ALEXI, W., SAINEANU Undefined ?, TORG, RESMERITA, D., CADE. Pe cine socotesti tu de Dumnezeu al t3u? ... Fa-
definitiunea s3 cunosc §i eu pe Dijumnejzeul thu. VISSARION, B. 374. Noul autor didactic isi insemnase definiia
neologismului. CALINESCU, 1. C. 140. Acest cuvint .... va continua totusi si aibd pentru cameni ... 0 sumd de definifi.
SADOVEANU, O. XX, 190, cf. SCRIBAN, D. Definfiunea formaidi a naturaiului poate fi aceeasi. STANILOAE. O. 16. In lumina
celor expuse aici, ... iu putem afia definifie mai bund ... a intemelerii statelor roméanesti. BRATIANU, T. 229. in sfirsit face 0
definipe, ca la coald. ARGHEZI, C. J. 244. E necesar si-i definesti obiectul. Definijia fenomenului social esential e prima
sarcing a sociologukii. RALEA, S. T. ll, 139. O asemenea definifie este, evident, convenionala. SANIELEVIC, R. 144
Definiia mi se pare amuzants, dar nu rezists unui examen serios! VINEA, L 1, 117, cf. DL, DM. Cele dous pirti ale unei
definiti, genul i diferenta (latineste genus §i differentia), [Cantemir] le numeste neam i decsebire. VARLAAM -
SADOVEANU, 137. Definitia legendei este, in primul rand, de ordin functional. IST. LIT. ROM. |, 93, cf. DER. Cercetarea pe
care o facem aici este in funclie de definifia lmbajulul poetic. COTEANU, S. F. I, 58, cf. DN Undefined 2 . Definitia actuald a
Cuvantului .. ar imi, desigur, pe muifi. FLACARA, 1975, r. 40, 15, ci. M. D. ENC., DEX, D. FIL. flahve) este cu neputinta de
cuprins, de infeles, de formuiat: prin urmare el este in acelasi timp .milostiv™ $i _nedrept”™: @ un mod de a spune c3 nici 0
definitie nu poate s3-1 circumscrie, nici un atribut nu-| epuizeazi. LIICEANU, J. 59, cf. PATAPIEVIC, C. L 2. Un ai dollea
memoriu ... a fost prezentat in vara aceluiagi an, acesta reformutiind definfia torturi in cadnul interogatorilor. RL 2005, ne. 4
505. + (Mai ales in legiturd cu verbul 2 da”) Stabilire cu precizie, conturare, Caracterizare (a unel persoane). Cuncsc p-alfi
de-i descriu $i cu elocventi au, Definifi ia tofi dau. MUMULEANU, ap. GCR 1, 251/10. Mulf iteratori au scris despre sublm
$i s-au incercat a da definitia lui. HELIADE, O. Il, 27. Acestea .... se fin de functiile sufletului, cirora a le da definitie, las pre
fiosofi. ANTROP. 189/25. Vainvata ... a da patriel, patriotulul §i patriotismului definiti limurite. FM (1843), 169 Undefined *
727. Toij naturalistii au recunoscut c3 este foarte greu a da o defingiune stricta. BARASCH, M. |, 25/10. Piinius Junior
distinge prin definiciunea de homo sociabilis. GHICA, C. E. |, 166. Face o scurtd introducere, in care dé citeva definii
asupra materiei. CONTEMPORANUL, 1, 48. Este cazul de a da o definitie mai impede naturalismului. CALINESCU, C. O.
144. Autorii evitd s3 dea o definitie. DANIELOPOLU, F. N. I, 79. L 0 c. a d v. Prin definie = prin insiigi natura lucrulu,
decurgand in mod necesar din totalitatea notelor sale caracteristice. Ca exemple de absurditatea metodel de a procede prin
definitie i prin tezd data, profeson Citeazi un pasaj dintr-un discurs de filosofie. EMINESCU, O. XI, 415. Dupé d. Streitman
carte in care sii#ghuiesc 250 de poefi e, prin definifie, 0 inchisoare irespirabia. LOVINESCU, C. V, 78. Revolutile economice
sunt pagnice prin definitie. RALEA, S. T. I, 69. Vocativul este prin definie mult mai mult foiosit pentru numele de persoane.
GRAUR, N. P. 137. Mitici este sociabil prin definitie, cici igi debiteazd verva intre amici. CONSTANTINESCU, S. I, 36, cf.
DL, DM, DN Undefined 2, M. D. ENC. Congtiinta ... opusa prin definitie inerjiei i nutinei. CINEMA, 1975, n. 9, 3. Acegtia din
urmd sunt, prin definie, ... imuni la ameteala indltimilor. FLACARA, 1975, ne. 46, 11, cf. DEX. Timpul ... e, prin definipe, o
instanta temporari. PLESU, M. M. 55.

- PL: definifi. - $i: (invechit) definitine, (invechit, rar) definiciine (STAMATI, D. 65), definaciine (GHICA, C. E. |, 166) s. 1.

- Din Iat. definitio, -onis, fr. définition.

Figure 4: Web interface for correspondences between CoR®RTLR and CoRoL& RoWN. Herelt is
exemplified a CoRoL& eDTLR pairing

A second approach to indexing resources would be from the reverse perspective, namely,
indexing the eDTLR and RoWN in the CoRolLa corpus.

The approach does not differ much from the previous indexing, namely, epetke lists
described in the previous step, only that now there will be two, one for each resource, as
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correspondence files. Thus, for both eDTLR and RoWN we will do a similar verification, first
matching head words and then refining with the POS.

The resilting information is written in a correspondence file containing the POS of the input
word from eDTLR, the input word and the name of the input file containing the eDTLR entry,
and, from the CoRoLa corpus, contexts related to the search Wusdcan als be seen in

Fig. 5, where contexts of 9 words are displayed, i.e. the search element is surrounded by four
words before and four words after. The length of the preceding and succeeding windows can
be easily altered, although in most situations-&o®ds wndow is sufficient for providing
adequate context overview.

<?xml version="1.0" encoding="UTF-8"?>

<entry "n" "mare" "6">
<eDTLR_FileName>MARE--76941771</eDTLR_FileName>
<corpus>

<entry "L

<N "direct" "munte" "Ncmsry" "NOUN" "52.9">muntele</W>

<W "direct" "hem" "Ncmsrn" "NOUN" "52.10">Hem</W>

<N o "de~1dngd" “Sp" "ADPOSITION" "52.11">de langa</W>

<W "direct" "tarm" "Ncmsry" "NOUN" "52.12">tarmul</W>

<W "oblique" "mare" "Ncfsoy" "NOUN" "52.13">Marii</W>

<W "oblique" "negru" "Afpfson" "ADJECTIVE" "52.14">Negre</W>
<N ot "in~sus" "Rg" "ADVERB" "52.15">in sus</W>

<W o "catre" "Sp" "ADPOSITION" "52.16">catre</W>

<N "direct" "apa" "Ncfpry" "NOUN" "52.17">apele</W>
</entry>

<entry 2.

<W "direct" "etnic" "Afpfprn" "ADJECTIVE" "80.10">etnice</W>
<N "direct" "stabilit" "Afpfprn" "ADJECTIVE" "80.11">stabilite</W>
<N o ALa® "Sp" "ADPOSITION" "80.12">1la</W>

<W "direct" "tarm" "Ncmsry" "NOUN" "80.13">tarmul</W>

W "oblique" "mare" "Ncfsoy" "NOUN" "80.14">Marii</W>

<N "oblique" "negru" "Afpfson" "ADJECTIVE" "80.15">Negre</W>
<W 5 "pe" "Sp" "ADPOSITION" "80.16">pe</W>

<W "oblique" "Arimaei" "Npfpon" "NOUN" "80.17">Arimaei</W>
<W e i "SLASH" b "80.18">/</W>

</entry>

<entry o o

<N o 3 Gy "LPAR" i "84.18">(</W>

<N "adica" "Rg" "ADVERB" "84.19">adica</W>

<N o ftn" 2 "ADPOSITION" "84.20">1n</W>

<N "direct" "apropiere" "Ncfsry" "NOUN" "84.21">apropierea</W>
<W "oblique" "mare" "Ncfsoy" "NOUN" "84.22">Marii</W>

<W "oblique" "negru" "Afpfson” "ADJECTIVE" "84.23">Negre</W>
<N e 0 R "RPAR" il "84.24">)</W>

<W e "COMMA" e "84.25"> ,</W>

<W el "locui" "Vmip3p" "VERB" "84.26">1ocuiesc</W>

</entry>

<entry "4">

<W "direct" "stepa" "Ncfpry" "NOUN" "106.8">stepele</W>

<N "direct" "aflat" "Afpfprn" "ADJECTIVE" "106.9">aflate</W>
<W 15 La? "Sp” "ADPOSITION" "106.10">1a</W>

<W "direct" "nord" "Ncmsry" "NOUN" "106.11">nordul</W>

<W "oblique" "mare" "Ncfsoy" "NOUN" "106.12">Marii</W>

W "oblique" "negru" "Afpfson” "ADJECTIVE" "106.13">Negre</W>
<W e "si® i & ong "CONJUNCTION" "106.14">si</W>

<W "direct" "al” "Tsfsr" "ARTICLE" "106.15">a</W>

<N "oblique" "mare" "Ncfsoy" "NOUN" "106.16">Marii</W>
</entry>

<entry 2K

Figure 5: Correspondence file between eDTLR and CoRoLa

A similar process was carried out for the ROWN to CoRolLa correspondence, but instead of
the name of the eDTLR file containing thkictionary entry, ROWN ILI code for the
corresponding synset was used. For this approach, we have not yet developed any user
interface.

3. Indexing eDTLR in ROWN

In order to extend the coverage of the lexical resources mentioned (eDTLR and RoWN), we
also investigated some ways in which to link the senses of words in the thesaurus to synsets in
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RoWN. This encumbers a sense disambiguation problem and for that we try to match eDTLR
glosses against ROWN senses.

The problem encountered in eDTLR sense glosses mothelexity of entries. Complexity is

given by the variable number of senses andsarses of the input word, to which general
and specific definitions with examples are addéd can be seen in Fi®, sense tree
complexity varies largely, and it is thecomplexity which makes it difficult to analyse and
extract the necessary information in the process of comparing definitions. We have extracted
from eDTLR lists containing: the entry name, a list with all the definitions extracted from the
<RegDef>tag aml the POS. For the RoWN, a similar list was created for each synset. The
match function used is as follows:

if edtlrList[POS] = rownList[POS] and edtlrList[entry] =
rownList[literal] then return the match between glosses by counting
the number of common wo rds, normalized to [0, 1]

We ran this function on the three eDTLR entr
and the others nouns (the name of a plant and the musical instrument). In ROWN, the literal
AVI OARIF 0 i s present tswalinseumenw(one moderm and anetimes e o f
archaic). In the first phase, applying the above described matching test, we only leave two of

the three eDTLR entries, namely the nouns. In the second step, for the entry describing the
plant, the algorithm iderfted, for all sense definitions-2% matches, since it referred to
common words such as ficareo, ideo, Acuo. F
instrument, we have three distinct senses, of which the first sense is further partitioned into 14
subsenses. After analysing the results, we found that the definition in ROWN pertaining to

the musical instrument is 100% matched to one of thedesse definitions in eDTLR, and

the one referring to the archaic instrument only has a 55.55% match witdmtkeedgfinition.

This is explained by the fact that: some RoWN sense definitions originated in Dex Online;
which in turn is based on definitions from DEX, which has as a main resource the DLR
thesaurus.

4. Conclusions

In this paper we have described a methodthe alignment of three lexical resources for
Romanian, eDTLR, RoOWN and CoRoLa, at the word level, which allows users to access them
in a common interface. We have also investigated a manner in which existing lexical
resources can be enriched and linkédhe sense level, as an aid for future attempts at word
sense disambiguation for the Romanian language. We intend to further investigate ways in
which lexical resources such as eDTLR and RoWN can be further linked at the sense level
with greater accura¢ynd thus attempt to propose new synsets or to extend existing ones.
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Abstract

Writing is a central learning activity that requires both practice and experience.
However, a problem arises because evaluating the quality of student text productions
in order to provide timely and constructive feedback for improving their writing
skills is a timeconsuming task for tutors. The aim of this paper is to introduce a new
version of our Automated Writing Evaluation system, calehdMe extended to
support Romanian language. Based on an extensible rule engine dystie
provides personaled feedback at four granularity levels: word, sentence, paragraph,
and document. A corpus of approximately 2,900-owverlapping text segments
from 43 books written in Romanian language was used in our experiments. The
opensourceReaderBenclramework geerrated over 300 textual complexity indices
tailored for Romanian language, which were afterwards considered as input for our
custom rulebased engine. Personalized feedback is provided using driesely

web interface that facilitates evaluation based ao combination of text colour
highlights, coupled with comprehensive text suggestions for improvement.

Keywords Natural Language Processing, Textual Complexity, Feedback Generation
and Visualization, Automated Writing Evaluation

1. Introduction

Writingisacent r all |l earning activity that requ

a i,

i re:s

capabilities and their performance are frequently evaluated using the quality of their writing.

The entire process is a tineensuming task, and many tutors do not haweugh time to
perform thorough iterative analyses for their students. Thus, corfipaged writing systems
have been developed in order to help tutors to provide constructive feedback to stude
These systems can provide quick feedback and help studaniprove their writing quality.
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In addition, students need to be engaged in their writing activity, and these cobymedr
writing systems can support them throughout their endeavours.

The aim of this paper is to introduce a new version of our Automatetihg Evaluation
system, calledReadMe(Botarleanu, Dascalu, Sirbu, Crossley, & Traubsatu, 2018; Sirbu,
Botarleanu, Dascalu, Crossley, & Trauddatu, 2018) extended to support Romanian
language, as well as multiple improvements made on the web interface amivirside
processingReadMecan provide personalized feedback at four granularity levels based on an
extensible ruldbased engine system: document, paragraph, sentence, and word. We used over
300 textual complexity indices based on a corpus of 2,87 grgamples in Romanian
language and our opeaource advanced Natural Language Processing framework
ReaderBench(Dascalu,2014; Dascalu, Dessus, Bianco, Traub&atu, & Nardy, 2014)

These indices are used as input for our extensiblebaged engine system. A ugdgendly

web interface was created to provide personalized feedback. Feedback is generated using a
combinaton of text colour highlights based on red and blue gradients, together with easy to
understand text recommendations for improving writing quality.

The next section is focused on existing approaches of Automated Writing Evaluation systems.
The third sectiompresents our corpus and methods. Afterwards, the fourth section is centered
on presenting preliminary results, followed by conclusions and future work.

2. State of the Art

Roscoe and McNamara (20118yhlighted two major categories of textual evaluation systems
that provide feedback to students with regards to their writing: Automated Essay Scoring
(AES) and Automated \Viting Evaluation (AWE). AES system@ttali & Burstein, 2004;

Grimes & Warschauer, 201@rovide accurate and sumrnvat scores to learners, and their
performance can be automatically evaluated and correlated with human judgments. AWE
systems include a feedback loop, are built on top of AES systems with the aim to provide
objective feedback that goes beyond holistic isgp(i.e., strive to be formative, besides
providing summative scorindWarschauer & Ware, 2006pverall, AWE systems are more

useful for students to practice writing and to receive feedback (with or without whiestter
interaction in the classroom). These systems are aimed to help students be aware of potential
issues, as well as introduce methods for improvement. Even users are sceptical about the
potential usage of these systef@simes & Warschauer, 201@gcause both AES and AWE
depend in general on summative feedback that is derived from textual complexity indices
computed givenm i nput t ext . Il n fact, these indice:
quality or traits of writing style, and can measure different aspects ranging from readability,
surfacelevel numerical metrics, etc(Crossley, Allen, Snow, & McNamara, 2015;
McNamara, Crossley, Roscoe, Allen, & Dai, 2015)

Several automated writing evaluation systems, described below, employ similar methods that
are meaningfully integrated into the updated version of our tool, ReadMe. This work is an
extension of our previous studies, with new features and increasednpente.

Part of existing systemare freely available (and, in most cases, these are developed by
researchers), while systems developed by companies usually require a small to medium fee.
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For instance, MyAccesSls a webbased writing guide which helps students to improve the
guality of their own text, while also considering a version tailored for teachers. The system
offers writing instructions and feedback to students, including grammatical advices, spell
checler, as well as an automated scoring system. For teachers, the systemthaffers
possibility to monitor students, to create templates, and essay assignments.

Another AWE system is WriteToLeafrwhich helps students enhances their comprehension
by teaching tem summarization techniques and their writing quality by providing automated
feedback. We also list PEGProject Essay Grade) or LightSide Revision Assiétamth
capable to provide automated feedback to students or any individual who wants to improve
his/her writing.

3. Method

Our aim withReadMeis to create a fully Automated Writing Evaluation system, capable to
provide personalized feedback in both English and Romanian languages in order to help
learners improve their writing. The underlying processingeline, as well as the selected
corpora, is detailed below.

3.1. Corpus Selection

Our corpus consists of approximately 2,900 -ooBrlapping text segments from 43 popular

Romani an books. Mo s t of them are I|literature
CurteaVe c he o, en. i PChoi ul ratnod ely ye r Maotf e iQUl dCfaetiom g i al e)
books which were added for diversity (e.g.,
Romanian Literatureo by George CLlinescu). \Y
exceptions; thus, a great variety of writing styles is expecteded¥er, the periods when the

books were written are diverse, starting frc
to Vasile Alecsandri o by lon Ghica from 1883

nontoverlapping fragments, which weratér used in theReaderBenchframework as
individual texts to be analyzed. The fragmentation was performed by selecting continuous
collections of 3 to maximum 10 paragraphs, each fragment containing at least 250 words, and
no more than 1000 words. Duringid splitting phase, some text parts from the original books
were discarded due to their violation of the previously mentioned rules.

3.2. The ReaderBench framework

ReaderBencl{Dascalu, Crossley, Méamara, Dessus, & Trausdmatu, 2018)is an open

source advanced Natural Language Processing framework grounded in Cohesion Network
Analysis (CNA) (Dascalu, McNamara, Trausaatu, & Allen, 2018) which supports

multiple languages, including Romanian langudéBascalu & Gifu, 2015)and computes

various lexical, syntactic, semantic, and discowesatered textual complexity indices.
Indices derived at surface level are based on lexical components of the text: word, sentence
and paragraph lengths, word, sentence and paragraph cpuntfuation marks. Syntax
measures are computed by analyzing the text based on words and sentences, part of speech

! hitps://www.myaccess.com/myaccess/do/log
2 https://www. writetolearn.net

? http://www.pegwriting.com

* hitps://www.revisionassistant.com/
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tagging (POS) and correspondent syntactic dependencies. Multiple semantic models, such as
Latent Semantic Analysis (LSAjLandauer, Foltz, & Laham, 1998) atent Dirichlet
Allocation (LDA) (Blei, Ng, & Jordan, 2003)and word2veqMikolov, Chen, Corrado, &

Dean, 2013pare used to measure semantic similarity.

3.3. The ProcessingPipeline

Various processing stages were applied on the previously mentioned corpus in order to
compute the correspondirigxtual complexity indices. These steps are presenté&iginl

First, we selected an appropriate corpus. Second, we extracted all paragraphs from the books,
with titles and authors, if there are any. Third, we cleanup the data by replacing some
charactes (e. g. ,0 rwigdh.cie Afit er cl eanup, we use Sy
NLP PreProcessing step which includes: tokenization, part of speech tagging, syntactic
dependency parsing, and lemmatization. As the fifth step, we eliminated all wisictsare

not in the dictionary, have not a part of sp
such as prepositions, conjunctions, etc. The final sRpgcessing represents the most

complex part of the processing pipeline. In this step wipeed the following stages: build

cohesion graph, identify topics, perform CNA scoring, build disambiguation graph, build
lexical chains, determine semantic chain / voices, determine voice distribution and
importance, and compute textual complexity irgic

3.4. Textual Complexity Indices adapted for Romanian language

The ReaderBenclramework computes a high number of textual complexity indices and it is
centered on semantic and discourse analysis by evaluating textual cohesion. A multi
dimensional analysisrpsented irig. 2is performed.

Surface analysiss applied on lexical level and computes the following indices: fluency,
complexity, legibility, etc., based on lexical elements, such as: words, commas, punctuation
mar ks, sent ence6 dirthigganaysis canrbe diveledsn thcee cafegoties:
surface indices, entropy at word and charac
surface indices are: average length of characters per paragraph, average number of commas
per paragraph/senten@verage number of sentences per paragraph, average number of words

per paragraph/sentence, standard deviation of counted words per paragraph/sentence, etc.

Regarding the entropy, there are two types
entropyad wor dsé entropy. Wordsd complexity <con
standard deviation of countedech act er s, wordés polysemy, etc.

AGather relevant collection of reference documents

AAutomated segmentation

AData cleanup

1 ANLP preprocessing pipeline
AWords filtering

AFollow-up text processing

—— — NN N

Figure 4. Processing pipeline.
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Syntax analysis ef er s t o each sentenceds structur e,
specific syntactic dependency tree. Even if nouns and verbs are the most common parts of
speech used in analysis, adjectives, adverbs and prepositions contain also valuable
information that they indicate a more complex and deep structure of text. Also, the pronouns
illustrate a more complex structure of discourse and the presence of anaphors.

Semantic analysis based on analyzing the terms. A correct representation afftnenation

is needed to easily understand a text. Besides the text segments correlated between them, a
well-structured document must have a clear and logical movement of the highlighted ideas.
Previous studiegDascalu, 2013)shown that the semantic similarity WRalmer (Wu &

Palmer, 1994)based on ontologies and combined with semantic models like LSA, LDA and
word2vec, can complement each otherntlen to compute a detailed semantic analysis.

Regardingdiscourse structuremultiple regular expressions and cue phrases can be used to
recognize the occurrence \Wdrd cenplextycohsiders tliki s ¢ o u |
number of s ypolysenty coarg, the deptlr ird Kymernym tree, etc. The number of
syllables is direct proportional with the difficulty of a wordmore syllables means it is

harder to pronounce; a muiense word is harder to use and to identify its correct sense.

Multi-dimensional analysis
Word

Figure 5. Textual complexity indices available for Romanian language.

3.5. System Overview and Architecture

ReadMecontains two major components: the backendi responsible for text processing,
rule-based engine system configurations, retpigwocessingi, and b)the frontend i
designed as an interactive and usEemdly web interface which allows users to introduce an
essay and receive comprehensive feedback based on text highlighign@. presents the
architecture of our ReadMe systems well as the exchanged requests. ReadMe
Visualization Interfacemodule represents the interactive views in which users introduce
essays and receive feedback. The texts are afterwards sent Reatide Servemodule
using a REST web service. TRealMe Servemodule processes the text usRgaderBench
frameworkcomponent which sent back as response many textual complexity indices. After all
complexity indices are computed using tReaderBench framewaqgrkhe ReadMe Server
processes them, applies the -pedined rules and sends the feedback back toRéedme
Visualization Interface

re Textual Complexity Indices \ Receive feedback
Spacy Language Tool Rest Services Angular CLI Angular 6
Rule-based
ReadMe  Java ReadMe
Engine . s
ReaderBench framework Server Grizzly Server Visualization Interface
Gensim Python Java .
L Process text Send text for processing

Figure 6. ReadMé' System Architecture.
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3.6. Personalized Feedback Generation using an extensible-h#sed engine

ReadMecontains an extensible rubmsed engine system capable to provide comprehensive
feedback based on multiple rules manually configured in a JSON file. The engine supports
two types of rules for English language: rules based on textual complexitgsna@ind rules

based on components generated using a Principal Component Analysis({Bli#g, 2011)

For Romanian language, the current release of the system supports only rules based on
individual indices computed by tliReaderBencliramework. A rule contains the followings:

a)a minimum acceptable value, &)maximum acceptablealue, c)one or more feedback
messages in the case the document exceeds the minimum threshold for a given maex, d)

or more feedback messages for exceeding the maximum threshaddye)l as the level for

which the index is applied: word, sentenparagraph or entire document. In order to provide

a more tailored feedback, besides considering the normal distributions of selected indices, we
also introduced some rules based on expert
35 wor dscase; triggenng thib iiule generates a message to cut thgephto more
coherent suiphrases).

ReadMesupports four levels of granularity for the performed analysis, namely: document,
paragraph, sentence, and word level. For each level, multiple ardedefined. Due to the
facile manner in which experts can add, remove or update a rule via the JSON configuration
file, more rules can be added every time. In order to avoid monotony, we defined more than
two feedback messages for each rule which areteelén a random manner.

3.7. A userfriendly, interactive and multilayered visualization interface

We created an interactive web interface usknpgular 6, capable to provide comprehensive

and personalized feedback to users. The interface is intuitiveisardriendly 7 i.e., users

must type a text as input and follow a simple sequential wizard. Users can go to the next step
or return to the previous one, as they see fit. In the current version, our interactive interface
has two steps: ahecking for gramimar and b)provide feedbackn thechecking for grammar

step, the interface highlights the words that are incorrect and provides some recommendations
to replace those words, on a mouser event. Regarding the second step, the interface
generates feedblat four granularity levels, as previously defined.

Users have to select the granularity level for which they want to receive feedback from a
dropdown; document level is selected by default. After selecting the desired granularity level,
feedback is proded using text highlights and recommendations for improvements. In the
right-hand side, the text is displayed as being highlighted with two colour gradients (red and
blue) which indicate the severity of problems. On a manss event on a word, sentence,
paragraph, or document (depending on the selected granularity level), the rules that were
triggered are displayed in the léfand side, together with corresponding recommendations.
The twoacolour gradients indicate if the selected text has problem orAwed gradient
means that at least one rule was triggered by the engine, with darker shades suggesting more
problems with the text. Blue gradient means that no rules were triggered for that specific text
fragment, with darker shades suggesting that éte fragments are similar to the average
values across the entire reference collection.

® https://angular.io/docs
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4. Results

We have introduced a us&rendly web application, capable to provide recommendations
regarding spelling, together with personalized feedback, in ordergoukets improve their
writing skills. Using a wizard component, the feedback is provided in steps, helping users
throughout the learning process. Step one consists of orthographic afadysAgpresents the
recommendations obtained for speliecking aspecific input text. In the rightand side the
text introduced by the user is displayed, with incorrectly written wordsucadoin red. On a
mouseover event over a calmed word, in the left side the recommendations offered to
replace that word will apgar. The word is underlined on mowseer event. InFig. 5 the
mouse cursor was put over the agloed wor d #fAl i mbagiul 06 whic
the recommendations for this word are: i |
lumbagoud . From all of these recommendations
recommendation).

h i
a my
t !

@ start processing © orthographic Analysis

SPELL-CHECKING Dar noi suntem in definitiv in ruajul acesta al existentei nu putem sa ignordm in adevar ceea ce ni se impune . De indatd ct
. comanzi sa se dea la o parte . Poli sa te dai cel mult tu |a o parte in masura Tn care nu realitate dar realitatea nu poti sa o

Cuvantul este scris
limbajul, limba;

esit ortografic. Sugestii de inlocuire: [lampagiu

tul, imenagiul, lumbagoul] BHBHste evident ¢4 noi astazi in filosofie judecam in afara de elementul personal de elementul realitatii propriu zise cu L
ceea ce s @ spus panala noi . Astazi la drept vorbind nici nu mai putem s facem ca Pascal sau Descartes lasd cani s ar:
fi loemai un greu de suportat dar pentru uzul nostru personal problematica este astfel schimbald instrumentele noastre d
daca am face filosofie ca pe vremea lui Pascal nu am avea desigur nici un succes . De ce . Pentru 3 am vorbi pur simplu
vorbesc

Ati deschis vreo istorie a filosofiei unde 53 vedeti pe Pascal . Nu existd . Ati deschis vreo istorie a filosofiei unde 53 gasiti |
ce. Nu erau dactori

Prin urmare [IBE@MIilosofic schimbandu se Tn mésura in care se schimba schimbarea aceasta facand astazi parte integ
ironie din structura noastra spirituald noi suntem finuti in adevar s3 urmam punctul de vedere al realitatii noastre de azi . 4
de ziua noasira de azi s& nu avem nici un rost

Deci interesul nostru pentru problemele de teoria adica interesul nostru pentru tratarea dupd metode a problemelor de teo
deplasal . lar pe mine personal nu ma surprinde decat un singur lucru ¢4 teoria a trebuit 3 puna de ani ca s& ajunga de la
lucrul acesta c3 Tn momentul cind structura noastr spirituali se adaptase deja demult Apusului nu am ajuns la concluziu
teoria cand admisesem deja toate modalitatile de lucru de cercetare ale epocii

latd prin urmare unde std fundamentarea necesitatii acestui curs de teoria iatd in imp cari sunt rezervele ce trebuiesc faci
curs rezerve cari se incheaga in cea mai insemnata anume ci teoria nu este o discipling de sine statitoare iar ceea ce stu
realitate in imbinare Tn Tnchegare Tn care se vor prezenta problemele in seria de prelegeri pe care am s4 o fac inaintea

Prin urmare teoria ce poate s4 fie altceva decit o considerare a acestei realititi care se cheama

0 58 spuneti desigur ca teoria definita ca o teorie a este o tautologie . Ei bine nu este iat de ce pentru c& numele acesta ¢
de ceea ce cuprinde ea propriu zis -fa(; de obiectul ei dar nu 7ic fat3 de obiectul ei pentru un motiv foarte simplu . E
proprie nu numai filosofiei dar in general care crede cd orice se poate defini prin obiectul ei . Parerea aceasta este pentru t
motiv cd nu existd n toatd activitatea noastra omeneasca nici o care 3 aibad un anumit obiect . Tot ceea ce formeazd obi

realitalea aceast realitate realitale 3n toate noastre nu numai in cele ciTn cele filos
matematica psihologie estetics etc .ms(; obiect care 3 delimiteze un teren anumit al unei

Orice se raporteaz la intreaga realitate altfel spus campul de activitate al fill8g@llsau campul la care se refera obiectul or
Figure 7. Orthographic Analysis Recommendations for replacement.

Going further, the second step consists of generating personalized fedRibadkleprovides

feedback at four granularity levels, as previously defined, and consistent with thdodvap

menu: document, paragraph, sentence, and word. Two colour grabieatand red, are used

to indicate the severity of issuEig. 5 presents a feedback generated at document level, the

text is colared depending on the severity level in the right side, while personalized feedback

is provided in the lefhand side. In thepecific example presented kig. 5 the document

presents issues, defined in the-ledind side: the number of paragraphs is too high reported to
document 6s size, the average | ength of words
recommended.
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° Start processing a o Orthographic Analysis

Granularity Document

NUMAR DE PARAGRAFE

Eseul este mult prea fragmentat pentru dimensiunea acestuia. Ideile
similare ar trebui compactate Tn cadrul unul paragraf coerent

DIVERSITATEA CONCEPTELOR

Nu au fost gasite probleme.

LUNGIMEA MEDIE A TUTUROR CUVINTELOR

Textul pare mult prea complicat din prisma lungimii medii a cuvintelor
Recomandam utilizare uni limbaj simplificat pentru a facilita lectura
eseului

COEZIUNE INTER PARAGRAF, BAZATA PER WORD2VEC
Nu au fost gasite probleme:

COEZIUNE INTRA PARAGRAF, BAZATA PER WUPALMER

Nu au fost gasite probleme.

Figure 8. Personalized Feedbatldocument level.

Going deeper into the analysis by selecting granularity at paragraphHeyeg shows the
feedback for each paragraph on a measer event. Each paragraph is highlighted depending

on the identified problems (e.g., paragraphs 2 and 4 to 8 exhibit a more intense red due to the
increased number of issues). For example, the sixth patagthe one selected in the
printscreen) has problems with the number of sentences;patagraph cohesion based on
Wu-Palmer similarity (Wu & Palmer, 1994) and intraparagraph cohesion based on
word2vec.

° Start processing a o Orthagraphic Analysis

Parsgraph v

NUMARUL DE PROPOZITII

Paragraful curent contine prea putine propozitii. V recomandam
de detalii suplimentare pentru a accentua ideea centrald a

NUMARUL MEDIU DE PREPOZITII PER PARAGRAF

Numarul de prepozitii din acest paragraf este prea mare. V recomandam
eliminarea unora dintre acestea pentru © mai bund Tnfelegere a eseului

COEZIUNE INTRA PARAGRAF, BAZATA PER WORD2VEC

Textul are o coeziune locald scazutd intre propozifile incluse in paragraf.
va prezentarea cursiva si legatd a ideilor subsecvente In

COEZIUNE INTER PARAGRAF, BAZATA PER WUPALMER

Textul are o coeziune locals

intre propozitiile incluse in paragraf
Recomandam prezentarea cursiva $i legata a ideilor subsecvente in cadrul

paragrafului

Figure 9. Personalized Feedbathkparagraph level.

Sentence level granularity provides feedback at a lower level. Depending on the severity, a
darker red shade is used for highlighting the sentences with a higher number of isBiges. In

7, the sentence for the second paragraph has most issues: a large number of words, nouns,
adjectives, and adverbs, all together. Sentences with blue require the least attention, because
no issues were identified.
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Figure 10. Personalized Feedbatksentence level.

By setting the granularity at word level, feedback regarding individual words can be observed
(seeFig. 8. Words colared in blue suggest that these concepts do not present irregular
values among the indices usedthe word level rules.

Figure 11 Personalized Feedbatkvord level.

5. Conclusions and Future Work

Writing quality is a valuable component in e
In this paper we have introduced thew version of our AWE systeirReadMe with a new
visualization interface and improvements to underlying methods, capable to provide tailored
feedback for essays written in Romanian language at four granularity levels. Thsoopes
ReaderBenchframewok was extended to support 300 textual complexity indices for
Romanian language, which were afterwards considered as input f&etddMerule-based

engine. Personalized feedback is provided using a-fueadly web interface which

combines text colour hidights with comprehensive text suggestions for improvement. This
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