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ABSTRACT

Here we describe our work on extending the temporal tagger HeidelTime for the Greek
language. HeidelTime is a Multilingual rule-based Temporal Tagger that performs the
full task of temporal tagging including the extraction and normalization subtasks. It
achieves multilingual capabilities by using language-specific resources that are
separate from its source code and can be easily adapted. It contains manually
developed resources for 13 languages and automatic resources for 200+ languages
including Greek. HeidelTime can extract and then classify temporal expressions into
date, time, duration and set classes and then normalize them with a standard format
value. For instance, when the expression "March 11, 2013" is detected, it is extracted
and normalized with the value “2013-03-11". The goal of the project is to manually
develop publicly available Greek Resources extending the automatic ones. We did this
developing language specific resources which are .txt files with a specific syntax. For
the development process a manually annotated Greek corpus was necessary for the
training. For this purpose we created WikiWarsEL, a corpus with Greek annotated
expressions which contains 19 war documents from Greek Wikipedia. Finally, we
evaluated the newly developed resources with more war documents from Wikipedia
which were not used in the training process. The Value F1-score result we achieved
was 82.31%, a significant improvement over the 2.19% of the automatic resources.

SUBJECT AREA: Natural language processing
KEYWORDS: time, temporal expressions, temporal tagger






NMEPIAHWH

Edw Trepiypd@oupe Tnv OOUAEId POG yia TNV €TTEKTACON TOU AOYIOMIKOU OXOAIAOHOU
XPOVIKwV ekppdoewv HeidelTime vyia umootipiEn ™S EAANvIkKAG yAwoocag. To
HeidelTime cival évag TTOAUYAWOOIKOG XPOVIKOG OXOAIQOTHG TTou AEIToupyei Baon
Kavovwyv 0 oTToiog ekTeAei TNV TTARPN diadikacia oXoAIaCuOoU CUPTTEPIAANBAVOUEVWY
NG €¢aywyng Kal KavovikoTroinong. Emmituyxdvel TTOAUYAwOOIKOTNTA ME  €10IKOUG
YAWOOIKOUG TTOPOUG O OTTOIOI Eival dIaXWPIOUEVOI OTTO TOV TTyaio KWOIKA Tou Kal
MTTOPOUV EUKOAQ VO TTPOCAPHUOCTOUV. MepIAaUBAVEI XEIPOKIVATA AVETTTUYUEVOUG TTOPOUG
yia 13 yYAWOOEG KAl QUTOPATA QVETTTUYMEVOUG VYia TTEPIoOOTEPEG aTTd 200 YAWOOES
ouptrepiAauBavopuévng kal TnG EAANVIKAG. To HeidelTime ptropei va €€ayel XpovikEG
EKQPPACEIC KAl VA TIC TAEIVOUEI O€ nuUEpOouNvia, wpa, dIAPKEIa Kal OUVOAQ Kal PJETA va TIG
KOAVOVIKOTTOIEI PE MIO TUTTOTTOINPEVNG MOPQNG TIUN. MNa TTapddelyua, Otav avixveuBei n
ékppaon “13 Maprtiou 2013”, e€ayeTal Kai KavovikoTrolgital ge v iy “2013-03-11”. O
OKOTTOG QUTH TNG €pyaoiag €ival va avatmTu{ouphe dnuooia dIaBECIPHouUg XEIPOKIVNTOUG
EAANVIKOUG TTOPOUG ETTEKTEIVOVTAG TOUG AUTOMOTA QVETTTUYMEVOUG. AUTO TO KAVAME
avaTITuooovTag €I0IKOUG YAWOOIKOUG TTOPOUG Ol OTroiol gival .ixt apyeia pe pia
OUYKeKpIMévn ouvtagn. MNa Ttnv diadikacia TG avamrtu¢ng nrav amapaitnto £va
EAANVIKO ocwpa yia Tnv ekmmaideuon. MNa Tov OKOTTd autd OnuUIoUpyAoapE TO
WikiWarsEL, éva ocwpa pe EAMNVIKEG OXOMOOPEVEG eK@PAOEIC TTOU TrepIEXEl 19
TTOAEUIKA Keipeva atrod Tnv EAAnvikA Wikipedia. TEAOG, agloAoyAoaue Toug VEOUG TTOPOUG
ME TTEPIOOOTEPA TTOAEUIKG Keipeva atrd TN Wikipedia ta otroia dev xpnoiuoTroinonkav
Katd Tnv ekmraidoeucn. To atroTéAeoua Tou OTaTIOTIKOU péTpou F1-score Arav 82.31%,
MIa onuavTikh BeATtiwon atrd 10 2.19% Twv auTOuaTWY TTOPWV.

OEMATIKH MNMEPIOXH: Emre¢epyaaia uoikng MNwooag
AEZ=EIZ KAEIAIA: xpOvog, XPOVIKEG EKPPATEIG, XPOVIKOG OXONACTHG






2YNOINTIKH NMAPOYZIAZH THZ AINAQMATIKHZ EPIrAZIAZz

H egaywyn (extraction) kai kavovikotroinon (normalization) xpoviKwv &KQPACEWV
(temporal expressions) €ival onuavtikd pépn yia TTOAAG CUCTAUATO AVAYVWPIONG
QUOIKAG YAWOOOG. 2ZUCTANOTA ETTECEPYATIOG QUOIKAG YAWOOOG XPNOIMOTToIoUVTal Yid
OIAPOPES EPAPPOYES OTTWG £Eaywyn TTANPOPOPIWY, XPOVOAOYIKN TAEIVOUNGON YEYyovOTWY
KAl A1ravinon epwTAoEwV. XPOVIKEG TTANPOQYOPIEG MTTOPOUME va Bpoupe OTd
peTadedouéva (metadata) eyypdowy OTTWG N nUEPOPNVia dnuioupyiag i TPOTTOTTOINONG
QUTWV TWV £YYPAPWY aAAA KAl OTO TTEPIEXOUEVO KEINEVO OTTWG OUVOETEG EKPPATEIS YIa
TOV KABOPIoUS YEYOVOTWV.

O xpovikog oxohlaoudg (temporal tagging) civar n diadikacia 1mou TrepIAaUBAavel TV
€€ayWYNA Kal TNV KAVOVIKOTTOINON TwWV XPOVIKWV EKQPACEWV O€ KATTOIO KEipevo. AuTh n
dladikaoia ptropei va uhotroinBei pe peBddoug TTou KAVOUV Xpron VEUPWVIKA dikTud,
aAAG pTTOpEl Va uhoTToINBEl Kal Baon kavévwy (rule- based) ol otroiol opiouv AeCIKA Kal
OUVTOKTIKA KPITAPIA VIO TNV avayvwpIon TWV XPOVIKWYV EKPPACEWYV. Z€ QUTA TNV £pyacia
Ba aoxoAnBoupe e Tn deUTePN PHEBODO KAl CUYKEKPIUEVA PE TO AoylouIkG HeidelTime [1]
TO OTT0i0 avatrTuxOnke oTo lMavemoTiuio TG XAideABEPYNS KAl XPNOIKOTTOIEI KAVOVEG
TTOU aTroTeAoUvTal aTTd KAVOVIKEG EKPPATEIC (regular expressions) yia TNV eEaywyn Kal
kavovikotroinon. To HeidelTime eival évag 1ToAuyAwooikog (multilingual) Xpovikog
oxoAiaoTtri¢ (temporal tagger) O&id@opwyv TOpEwv (cross-domain). EmmTuyxavel
TTOAUYAWOOIKOTNTA HE €IBIKOUG yia KABE yAwooa TTOPoug (resources) ol OTToiol gival
dlaxwplouévol atrd Tov TTNyaio KWOIKA Tou. 2TOUG TTOPOUG auTOUG TTEPIAaUBAvovTal ol
Kavoveg (rules) TTou ava@EpaPe TTPONYOUUEVWG, Ta TTPOTUTIA (patterns) ekppdoewy yia
TNV €¢aywyn Kai ol TINEG (values) kavovikoTtroinong. O1 ToPEIG Toug OTToioUG UTTOOTNPICEI
10 HeidelTime cival n agpriynon (narrative) yia €yypaga OTTwG €ival 1o I0TOPIKA Kal TA
VOMIKQ, N €1dnoloypagia (news), n kabopiAoupévn (colloquial) kai n emoTtrun (scientific).
21N TTapouoa epyacia Ba aoXoAnBouue Pe KEipeva agrynong.

O1 duo opiopoi oTOUG OTToIoUG Ba avaPePOUAOTE OuXva KaB OAn Tnv éKkTaon Tng
EPYaciag autng gival n XPoVvIKA ék@paon Kail n TipA (value). Xpovikr ékgpaon givai €iTe
MIO  éK@Pacon TIOU avo@épeTal o€ dia nuepounvia (m.x. tov Mdaio Ttou 2020)
OTTOIA0ONATTOTE AETITOMEPEIOKOTNTAG (granularity), yia éK@paon TTOU Qva@EPETAl OE HIA
dIdpKela (TT.X. 5 WPEG) A MIA EKYPOACN TTOU AVOQPEPETAl OE IO TTEPIODIKOTNTA (TT.X. KAOE
MEPQ). AUTEG OI EKQPACEIC KATATAOOOVTAI OF:

. pNTEG (explicit) 6tav TrepIAauBAavouv 0AOKANPN TNV TTANpogopia yia TNV TIUA TNG
KAVOVIKOTTOINONG XWpPIig va eEapTwvTal atmd AAAO PEPOG TOU TTEPIEXONEVOU KEIMEVOU KAl
XWPIG va XPEIACovTal Kapia eTTITTAEOV yVwWOn

. éupeoeg (implicit) 6tav n TIYR Toug KaBopileTar ATTO yvwon €KTOG Tou
TTEPIEXOPEVOU OTTWG Ol YyIoPTEG (TT.X. Ta XpIOTOUyeEvva evvoeital OTI gival oTIg 25
AekepBpiou)

o OXETIKEG (relative) OTav n Tiufp Toug kaBopiletal ammd Ta Cup@paloueva Kal
TTPETEl va avadnTnBei éva xpovikd onueio ava@opdg OTO TTEPIEXOUEVO KEIPMEVO €V N
oxXéon METAEU TNG €KPPAONG KOl TOU ONMEIOU ava@opAG CUVETTAYETAI ATTO TO KEIPEVO
(Tr.X N @pdon “To TTponyoUnEeVOo £TOG” KAVOVIKOTTOIEITal 08 1999 €Av TTPONYOUNEVWG EXEI
avaepBei To £1og 2000)

. utro-oplopéveg (underspecified) étav oute n oxéon PETAEU onueiou ava@opag
ouUTE TO onuEio ava@opdg cival yvwaoTd, TOTE N KAVOVIKOTTOINUEVN TIMN ATTOTEAEITAI ATTO
“X” (11.X. y1a TNV ékppaon “25 Aekepppiou” n TiuA givar XXXX-12-25)

To HeidelTime trepiAapBaver mépoug yia 1eplocdTepeg ammd 200 yAwooeg o1 OTToiol
€XOUV TTapaxBEi YE AUTOPATOTTOINKEVO TPOTTO Kal Ogv TTApEXOUV TnVv idla TToIdéTNTa UE
TOUG XEIPOTTOINTOUG Ol OTToi0lI aTTOTEAOUV £va oUvoAo atrd 13 yAwooeg TN OTIyUr TTOU



ypa@eTal autd TO Keipevo. O okomoOg autiAg NG OITTAWMATIKAG €pyaciag eival va
etrekTeivoupe 1o HeidelTime avarrtuocoovtag mopous yia Tnv EAANVIKA yAwooa Kal va
Toug dlaBéocoupe dnUOCIa yia cupTTEPIANWnN Toug oTo HeidelTime.

MNa 10 épyo autd avamTuéaue éva owpa (corpus) Pe EAANVIKG keipeva amd tnv
BikiTTaidcia o1a o1T0ia EQAPPOCANE XEIPOKIVNTO OXOAIAOUO TWV XPOVIKWY EKQPACEWV
Yl VO TO XPNOIMOTIOINCOUNE WG OUVOAO ekTTaideuong (training set) katd Tnv avamTuén
Twv EAANVIKWYV TTépwyv. To cwpa autd 1o ovoudoaue WikiWarsEL piag kai atroteAgital
atmd  £yypa@a UE IOTOPIKEG TTEPIYPAPES OIAPOPWY TTOAEuwyv. H douAeid yia 1O
WikiWarsEL kaAUTTTEl TO AUIOU QUTAG TNG epyaciag. ETTeidf dev uttdpyouv ETTiIONUES
odnyieg oxoAiaopou yia Tnv EAANVIKA yAwooa n otroia TTapoucidlel HOP@POAOYIKN
TTOIKIAIQ, avaTTTuXOnkav PEPIKEG OUUBAOEIS yia TOV TPOTTO OXOAIQOUOU TNG EAANVIKAG
YAwooag. O oXOMACPOG TWV XPOVIKWV EKPPACEWY TOU CWHATOG TTPAYHATOTTOINONKE
amd éva artopo 1O omoio diIdface Ta £yypa@a TOUAAXIOTOV OUO QOPEC yia va
ehayiototroinBei n mMOavoeTnTa TTAPAANYNGS KATTOIWY EKPPACEWY. TOo aTTOTEAECUA Eival
éva ocwpa TTeEPITTou 77 XINAdwv Aé€ewv pe xelpokivnTa oXOoMaouéveg 1575 XpOVIKES
ekQpAoEIC.

To deUTEPO PIOO TNG epyaaiag amoTéAeoe Tnv avamTuén Twv EAANVIKWY TTOpwV yia TO
HeidelTime péoa ammd pia eravalaupavépevn diadikaoia dOKIUAG Kal BEATIWONG TOUg
TTPOOTTABWVTAG Vva TaIPIGEOUUE OAO Kal TTEPICCOTEPEG EKPPAOCEIC TOU GOUVOAOU
EKTTAIOEUONG. =€eKIVAOAPE BEATIWVOVTAG TOUG TTOPOUG TTou TTapéxel To HeidelTime yia
TNV EAANVIKA yAWOOQ o1 oToiol €xouv TTapaxBei PE AUTOUATOTIOINUEVO TPOTIO,
O10pOWVOVTAG TOUG Kal ETTEKTEIVOVTAG TOUG. AVOTITUEQUE KAVOVIKEG EKPPAOEIS yIa ThV
e€aywyn Kal KAVOVIKOTToinon A£Cewv Kal eKQPATEWV TTOU gu@avifovtal aTo GUVOAO
EKTTAIOEUONG KAl OTN CUVEXEID KAVOVWYV TTOU 0pPiCouV TTOTE TTPETTEI VA YiVETAI OXOANIQOUOG
XPOVIKAGC ék@paong. lNa Tapddeiypa, PE TIC KAVOVIKEG eKQPACEIC €Caywyng Kal
KAVOVIKOTTOINONG MTTOPOUME Va opicoupe OTI N AéEn “lavoudpiog” KavoviKoTToIEiTal oThV
TIu 01 KAl hE TN XPron KAvOvwy TTOU EAEYXOUV TO YEITOVIKO KEIMEVO YIA TTEPIOCOTEPEG
AECEIC TTOU €VOEXOPEVWG VA AVIKOUV OTNnV idla Ek@paan, TEAIKA TTapdyeTal n TIPR 0TV
Tutrotroinuévn (standard) popen cupewva pe 1o 1ISO 8601.

To amrotéAeopa ATAV N AVATITUEN CNPAVTIKA TTOIOTIKOTEPWY TTOPWYV ATTO TOUG AUTOUATA
TTaPAYUEVOUG PE aUgnon TNG TIWAG OTATIOTIKOU PéTpou F1 eéaywyns & Kavovikorroinong
atmd 2.19% oe 82.31% kard Tnv agloAoynon (evaluation) oe €yypaga 10U OEV Eixav
xpnoigotroindei katé Tnv ektraideuon. Ta éyypag@a auTd TTou XpnoiyoTroindnkav yia Tnv
agloAdynon arroteAouvTal atrd Keigeva OXETIKA PE TTOAEPOUG €TTiong atro Tn Bikitraideia,
OUVOAIKOU pey€Boug 18 xIANIGdwy Aé€ewv kKal 440 xeipokivnTa OXOANIQOPEVWV XPOVIKWV
eEKQpAocewyv akoAouBwvtag Tnv idla dladikacia kal TIG CUUBACEIG oXOMAOPoU TTou
akoAouBrbnkav yia 1o cwpa WikiWarskeL.
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PREFACE

The present thesis is part of the requirements for the acquisition of a Master’s degree in
the Department of Informatics and Telecommunications of the National and
Kapodistrian University of Athens (UoA), in cooperation with the Technological
Educational Institute (TEI) of Athens, and in collaboration with the Foundation for
Biomedical Research of the Academy of Athens (BRFAA) and the Institute of
Informatics and Telecommunications of the National Centre for Scientific Research
"Demokritos".

The goal is to develop an automatic process to detect temporal expressions in Greek
text documents. For example, expressions like “one hundred years” should be extracted
and then normalized with a standard format like “P100Y” which stands for Period of 100
Years in ISO 8601. Then temporal information can be easily passed to software
programs and used in various ways.

This task involved working with the Greek languages’ structure which was an
experience that made me realize the complexity of natural languages and also gave me
an insight of how natural language processing and Atrtificial Intelligence in general is an
important part of knowledge.



Extending the temporal tagger HeidelTime for the Greek language

1. INTRODUCTION

Extraction and Normalization of temporal expressions is an important part of Natural
Language Processing. It is the task of detecting the expressions which carry a temporal
meaning and then understanding and conveying this meaning in a computer readable
format. Expressions of time and date are what mainly constitute temporal expressions in
formal or colloquial parts of written text. Other types of temporal expressions include
duration and frequency of events. All these different types of expressions are easily
understandable by humans but it is a difficult challenge for computers. A word like
“today” is simple for us to understand and deduce the exact date but a complete
different story for computers.

There are various different approaches that accomplish the task of temporal expression
tagging. One approach is using Machine Learning with Neural Networks to train a
system on recognizing temporal expressions. This approach can be designed in various
ways with different Neural Network arrangements. Another approach to this problem is
a rule-based system that follows explicit manually developed rules. It is also possible to
combine Machine Learning and rule-based approaches and use one for extraction and
the other for normalization.

In this work we use HeidelTime[4] which is a solely rule-based Temporal Tagger that
performs the full task of temporal tagging including the extraction and normalization
sub-tasks. It achieves multilingual capabilities by using language-specific resources that
are separate from its source code and can be easily adapted. It contains manually
developed resources for 13 languages and automatic resources for 200+ languages
including Greek. The resources are files that define the rules which must be followed by
the system to extract and normalize temporal expressions for a specific language.

HeidelTime can extract and classify temporal expressions into date, time, duration and
set classes and then normalize them with a standard format value. In particular for
dates, it can work with explicit expressions like "March 11, 2013", implicit "Christmas
2013", relative "the following year" and under-specified "December". All these are
dictated by the language specific resources which are text files easily editable and
adaptable to different languages.

The goal of the project is to manually develop publicly available Greek resources
extending the automatic ones. To develop the Greek resources we needed a manually
annotated corpus of Greek text so that we can use it for training. This training process
involved the development of the resources necessary to successfully extract and
normalize as many temporal expressions as possible in the corpus. We developed
resources to match certain expressions or groups of similar expressions that occurred in
our training set.

The corpus that we used for the training process is a Greek annotated corpus with 19
war documents from Wikipedia. The Greek corpus we developed is WikiWarsEL and
was inspired by WikiWars, WikiWarsDE and WikiWarsVN which are the English,
German and Vietnamese versions of the corpus. The development of this corpus was
started out of the necessity to have a frame of reference for temporal expressions. So
our work consists mainly of two parts. The first part is the development of the Greek
corpus and the second part is the development of the Greek resources for HeidelTime.
The development of the corpus was done by one Annotator who read the untagged
texts and tagged it following the guidelines of TimeML (Time Markup Language).

The complete text of the corpus consists of about 76.868 words and the Annotator
found and tagged 1.575 temporal expressions. All text was read two times and some of
them more than two. This was done because we observed the Annotator’s blindness

E. Kapernaros 19
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phenomenon where some of the temporal expressions were missed by the Annotator.
Also, after completing the annotation, the automatic tagging of the system revealed
errors in the Annotator’'s manual work which we fixed. After some iterations the corpus
reached a stable period where no modifications were necessary to continue our work.
This corpus is also made publicly available.

The organization of the rest of the dissertation is as follows. Section 2. presents
background knowledge on which our work is dependent such as the basics of temporal
annotation, the structure of HeidelTime, the software versions and the tools we used.
Section 3. presents the development process of the Greek manually annotated corpus
WikiWarsEL and Section 4. presents the development processes of the Greek language
resources for HeidelTime. Finally, Section 5. concludes the dissertation.

E. Kapernaros 20
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2. BACKGROUND

2.1 The Annotation Task

The interest in temporal tagging has resulted in the creation of standards that can be
used for the manual or automatic annotation. Two of the standards are the TIDES
TIMEX2 [1] and the TimeML [2] (Time Markup Language). They define what and how
exactly to annotate text with temporal meaning. The extent of an expression as well as
the standardized format value that must be assigned to it are parts of these standards.

TimeML extends TIMEXZ2 with many changes and additions which make the two
standards incompatible to each other and therefore it uses the TIMEX3 tag. Our work in
this project did not involve the annotation with tags other than the TIMEX3 tag. We
focused only in annotating temporal expressions so we skipped most of the guidelines
about the EVENT, SIGNAL, MAKEINSTANCE, TLINK, ALINK, and SLINK tags which
are also defined in TimeML.

When an expression in natural language text is to be annotated like the expression “5
days” in the text “it was raining for 5 days”, we wrap it around the <TIMEX3> tag. There
are three mandatory attributes for this tag. The attribute tid which is an integer which
uniquely identifies the expression, the attribute type which can be of either DATE, TIME,
DURATION or SET value accordingly and the value attribute which holds the
normalized value. In our example the annotated text becomes:

It was raining for <TIMEXS tid="t1" type="DURATION” value="P5D”">5
days</TIMEX3>.

The value “P5D” (which stands for Period of 5 Days) and the value attribute in general
follows the standard format ISO 8601. There are more attributes defined for TIMEX3 for
other uses some of which will be described in Section 3..

2.2 HeidelTime Temporal Tagger

HeidelTime is a Temporal Tagger developed at the University of Heidelberg. It is
publicly available and offers natural language processing of many languages provided
that there are language specific resources already developed for it. It is designed to
make the development of these resources easy by decoupling them from its source
code. That means adding support for a language can be accomplished by developing a
number of .txt files related to the grammar and syntactic of this specific language.

The job of HeidelTime is the Extraction and Normalization of temporal expressions in
natural language. These two are the sub-tasks that constitute the full task of Temporal
tagging. Temporal Tagging can be done using either a neural network approach or a
rule-based approach. HeidelTime is a rule-based Temporal Tagger using rules
contained in the resources mentioned above. In the extraction phase it detects
expressions with temporal meaning and in normalization phase it assigns the temporal
meaning in the ISO 8601 standard format.

2.2.1 Types of Temporal Expressions

Temporal expressions can be explicit, implicit, relative or under-specified. HeidelTime
handles these cases differently according to the domain of the document(s). The
domain of the document(s) can be news, narratives, scientific or colloquial and in any
case this is set accordingly in configuration before runtime. First let's discuss the
different expression types.
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An explicit expression contains all temporal information needed for normalization. For
example the expression “March 14, 1998 “can be normalized to “1998-03-14" without
the need of any other context.

An implicit expression does not provide all the information for normalization because it
relies on the general knowledge of the reader. An example is “Christmas” which implies
December 25 without mentioning this date anywhere in the text.

A relative expression can be normalized only in relation to another expression. This is
the main challenge for HeidelTime as it has to find the correct reference of a relative
expression to deduce the missing temporal meaning. For example “the previous year”
can be normalized to “1999” if the year 2000 is mentioned earlier in the text which can
be used as reference.

Under-specified expressions are those expressions that the full temporal meaning
can not be deduced from the context because there is not any reference expressions
nor relations to expressions. For example this is true for the expression “Monday” where
it is not clear which year, month or day is referring to.

2.2.2 Normalization of Relative Expressions

When an expression cannot be fully normalized without context, HeidelTime will search
for and use this context according to the domain in which it is set to operate. Two of the
domains that are supported are narrative documents and news documents. Figure 1 is
used exactly as published in [4] to get an intuitive idea of how HeidelTime normalizes
relative expressions.

Document Creation Time:; [1998-04-18

Hungarian astronaut Bertalan Farkas
is leaving for the United States to
start a new career, he said foday.
On |May 22, 1995, Farkas was made a
brigadier general, and [the following year
he was appointed military attache
However, cited by District of Columbia
traffic police in [December for driving un-
der the influence of alcohol, Farkas was or-
dered home and retired.

Document Creation Time: [2009-12-19

1979 Soviet invasion

. land in Kabul on [December 25| . .. Ac-
cording to the Soviet Politburo they were
complying with the 1978| Treaty of Friend-
ship ... entered Afghanistan from the
north on December 27. In the morning,
the 103rd Guards ...

March 1980-April 1985 Soviet offensives
The war mowl developed into a new ...

(a)

(b)

Figure 1: HeidelTime Relative Expressions Normalization, (a) for news, (b) for narratives

The expressions highlighted in dark boxes are relative expressions and context is
necessary to normalize them. Expressions in white boxes are explicit expressions. In
the first scenario (a) where the document’s domain is news, the tense of the verb “cited”
is used to determine that “December” refers to December 1997 instead of December
1998. To normalize the expression “the following year”, HeidelTime uses the previous
explicit expression “May 22, 1995” and to normalize “today” it uses the document’s
creation time.

For narratives (b), this time, HeidelTime looks backwards for a reference expression
which can only be an explicit expression.
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2.2.3 Language Resources

Language specific resources are .txt files divided in three subdirectories, pattern,
normalization and rules according to its purpose. Pattern files contain one regular
expression in each line for use in the extraction phase. Normalization files contain one
regular expression in each line for use in the normalization phase and rules files contain
a rule in each line of how the extraction and normalization phases should be performed.

Pattern files

These files are used to create groups of words within a same meaning category and/or
different forms of a word instance to make the extraction phase simpler and more
efficient. For instance, the word “nuépa” (day) can take different forms according to the
number and the case as demonstrated in Table 1.

Table 1: Forms of the word "day" in different Numbers and Cases

Singular Plural
Nominative nuépa NUEPES
Genitive nuépag NUEPWV
Accusative nuEPa NUEPES

(1}

Also, this word can be written without the first letter “n”. Consequently, the following
three lines with regular expressions where included in a file called
resources_repattern_reUnit.txt.

N?uépag?
N?pEPES
N?HEPWV

This method gives us the ability to use an abstract concept of a group instead of
complicated regular expressions in the extraction part when developing the rules.

Normalization files

To assign a value on the extracted expression we use the normalization files. Inside
these files each line contains a regular expression pattern and a value. We can have
multiple files with the same regular expression patterns but a different value. For
example, the word “day” can be used to denote a duration but also a particular point in
time, depending on the context.

An example is shown in Table 2 where two normalization files are used for the word
‘nuépa” (day), to normalize it with the value “D” for duration and “day” when a particular
calendar day has to be determined by HeidelTime. When developing a rule for duration
expressions we can use resources _normalization_normUnit4Duration.txt while for
points in time we can use resources_normalization_normUnit.txt.

Table 2: Example of Normalization files

Filename: resources_normalization [resources_normalization
_normUnit4Duration.txt |_normUnit.txt
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Pattern and Value: "n?uépag?”,"D" "n?uépag?”,"day”
lln?pépsgll’"Dll lln?pépsgll’"dayll
llr]p?ep(i)vll’llD" llr]?usp(i)vll,"day"

Rules

Finally, the missing piece in the resources puzzle are the rules files. Each line in the
rules files puts together the extraction and normalization phases for a particular type of
expression. Continuing the previous examples, let's say we want to build a rule for the
type of expressions like “5 nuépeg” (5 days). Following the correct syntax we write a
regular expression in the EXTRACTION field which matches an integer of one or more
digits, a space and the patterns inside the pattern file resources_repattern_reUnit.txt
from the previous example. Then we capture the values of the extracted regular
expression groups and compose a value in standardized format as seen in the
NORM_VALUE field below:

RULENAME="duration_example_rule",
EXTRACTION="([\d]+) %reUnit",
NORM_VALUE="Pgroup(1)%normUnit4Duration(group(2))"

This rule will return the normalized value “P5D” of the example expression. At this point
we can expand pattern and normalization files with the inclusion of more unit-type words
like week, month and year, so that the rule can become more general.

2.3 Installation

2.3.1 Software Versions

We installed heideltime-kit-2.2.1 from the official github repository’ following the
instructions in the README file. We used Debian 10 for the operating system with
OpendDK 1.8.0_222 installed from the oldstale repository as the default Java Runtime
Environment and Python 2.7.16 as the default Python Interpreter.

Because some of the links that were provided in the README file were no longer valid,
we used the most recent versions at the time of writing as an alternative to UIMA?Z,
TreeTagger®, TreeTagger scripts*, TreeTagger english parameters®, TreeTagger
german parameters® and TreeTagger Greek parameters’ files.

2.3.2 Reproducing German evaluation results

To get familiar with the system and test its operation we followed the instructions in the
wiki® to reproduce the evaluation results on the German WikiWarsDE corpus.

'https://github.com/HeidelTime/heideltime

2http://archive.apache.org/dist/uima/uimaj-2.6.0/uimaj-2.6.0-bin.tar.gz

3https://www.cis.uni-muenchen.de/~schmid/tools/TreeTagger/data/tree-tagger-linux-3.2.2.tar.qgz

“https://www.cis.uni-muenchen.de/~schmid/tools/TreeTagger/data/tagger-scripts.tar.gz

Shttps://www.cis.uni-muenchen.de/~schmid/tools/TreeTagger/data/english.par.gz

Shttps://www.cis.uni-muenchen.de/~schmid/tools/TreeTagger/data/german.par.gz

"https://www.cis.uni-muenchen.de/~schmid/tools/TreeTagger/data/greek.par.gz

8hitps://qgithub.com/HeidelTime/heideltime/wiki/Reproducing-Evaluation-Results
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The results from the generated file evaluation_results/wikiwarsde/evaluation_results.txt
are shown in Table 3 and are about the same as the published results on the wiki. The
maximum difference we observe is 0.4% which is probably due to the difference in the
software versions we used.

An important metric is the F-score of Extraction & Normalization (lenient) which shows
us how how well the system performs while taking into account both the ability to
correctly match expressions and assign them the correct values. As we can see this
metric is 83.3 for German.

Table 3: German Evaluation Results

Precision |Recall F-score
Extraction (lenient) 98.7% 89.7% 94.0%
Extraction (strict) 92.6% 84.1% 88.2%
Normalization (value) 88.6% 88.6% 88.6%
Extraction \& Normalization (lenient + VAL) [87.5% 79.5% 83.3%
Extraction \& Normalization (strict + VAL) [83.3% 75.7% 79.3%

2.3.3 Development Environment for Greek Resources

HeidelTime contains automatically created resources for 200+ languages including
Greek. We started developing our manually created resources building upon auto-greek
resources, by improving and extending them.

We began by creating a similar directory structure as in the evaluation process to take
advantage of the already existing scripts and tools for testing the performance of Greek
resources during the development process.

We started with the latest automatic Greek resources (as of Oct. 2017) and we modified
the scripts to support Greek characters and be more verbose for debugging purposes.
In particular we replaced ascii with utf8 inside the script evaluate entities.py, added
support for the wikiwarsel option to evaluate_corpus_tempeval3style.sh and created
wikiwarsel _workflow.xml using the following settings:

* Collection Reader: TempEval-3 Reader
* Input Directory: ../corpora/WikiWarsEL/untagged
* Annotate Creation Time: true

* Analysis Engine: TreeTaggerWrapper

* Language: greek

* Annotate_tokens: true

* Annotate_partofspeech: true

* Annotate_sentences: true

* Chinese Tokenizer Path: empty

* Analysis Engine: HeidelTime

* Language: greek

* Date: true

* Time: truewith cpeGui.sh

* Duration: true

* Set: true
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* Type: narratives
* CAS Consumer: TempEval-3 Writer
* Output Directory: ../uima_output/wikiwarsel

2.4 Annotation Tools

We started the manual annotation of WikiWarsEL (discussed in Section 3.) using the
latest version Callisto® software. We completed 3 out of 19 documents using this
software but due to some bugs and the fact that Callisto was no longer supported we
developed custom VIM scripts™ for the annotation of rest of the documents. A preview
of the annotation task using our custom scripts can be seen in Figure 2.

Novpayia tng Toovoipo

Ta patia oAwv MAEov, NTAV OTPAUUEVA OTO PWOLKO BaATiko IToho, o omolog £iyE
amonAgUogl und Tov ZivoPu PoleoTBevokl

Tov OKTWRplo TOU TMpPONyoUUEVOL ¥POvVOU KAl £QTACE OTA

VEPG TNC AMW AvaToANg

To Mdio Tou 19085. Av KOl 0 OTOAOC KATEQPOQGCE

KoBuoTeEpNUEVT yla va kKepbnBel o moAepog, evroUTOlg 01 Puool £Tpegav Tnv eAnida mwg
60 UMOPOUCE VO OMOKATACTNOEL TO CTPATIWTLIKO yonTpo ThNg YWPAC KOl va TOUC EMLITREYPEL
pia 1kavonolnTikh bleuvBEtnon pe HlampaypaTELOELC.

H ouykpouon £AaBe Ywpa oTa OTEVE TNG Toouoipa oTig <TIMEX3 tid="t20" type="DATE"
value="1985-85-27" temporalFunction="true"=27</TIMEX3>-<TIMEX3 tid="t21" type="DATE"
valde='!9®5-®5-28' temporalFunction="true">28 Maiov</TIMEX3>. 0 1QMWV1KOC OTGAOC
npaypatonoince Tow Asyopevo Aiypd Tav, abpavonoilwviag Touc Pwooug. TeAlka, o
BaAT1kOC ITOMOg €yace 34 mhoia kal 12.000 nepimov avbpeg, £vavTl Tplwv mioiwv Kal
110 avbpuv TOU 1AMWY1KOD.

AREN ToOU TOAEMOUL

To 1905, o mpoebpog Twv HvWpEVWY

MoAltelwy, Blovtop PoUCPEAT, MPOTEIVE E1PNVEUTIKECG OLlOAMPAYUATEUCGELC KAl T1URONKE HE
To Noumeh Eipnung

-- INSERT -- 73,216-178 78%

Fiaure 2: Examble screen usina VIM for annotation

®https://mitre.github.io/callisto/
"®https://github.com/mkapernaros/vim-timex-annotation/
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3. CORPUS DEVELOPMENT

The work on WikiWarsEL was based on the Viethamese WikiWarsVN [5], a narrative-
style corpus with <TIMEX3> annotated temporal expressions. The Viethamese corpus
is based on the English WikiWars[7] corpus which is a corpus of 22 most famous wars
in history but annotated with <TIMEX2> tag. We used WikiWarsVN as a template for
our Greek version. We downloaded the same war articles from the Greek Wikipedia'
except the ones about the French Indochina War, the Mexican Revolution and the
Biafran War. These articles were not available in Greek.

We extracted the main text from which we removed the cross-page references, citation
brackets and pictures. Then we placed the text inside the <TEXT> tag and modified the
<DCT> (Document Creation Time) and <DOCID> (Name of the document) tags
accordingly. The result was 19 files with the .tml extension. The entirety of these files
consists of 76868 words. The completed WikiWarsEL corpus is publicly available on
github™

3.1 Annotation Overview

The process of the annotation we followed was as close as possible to TimeML
Annotation Guidelines [2] a part of which is inherited from TIDES [1] concerning the
TIMEX3 tag.

One Annotator read the texts at least twice and manually annotated temporal
expressions with <TIMEX3> and its attributes tid, type, value, mod and
temporalFunction. For each expression a decision was made on what extent the
expression should be marked for annotation. This decision making process is
summarized in Figure 3 flow chart. Afterwards, a unique value of the format "tX" was
given to the tid attribute where “X” is an incremental integer. The value of the attribute
type was selected accordingly from "DATE", "DURATION", "TIME" and "SET". Then the
value of the attribute value was set according to ISO 8601 and the extensions of TIDES.
If necessary, also the attributes mod and/or quant was set according to TIDES. Finally,
the attribute temporalFunction was set to "true" when the value of the expression was
under-specified or when the expression did not contain all the information necessary to
fill the higher-order (left-hand) positions in the value and "false" in all other cases.

"https://el.wikipedia.org

2https://github.com/mkapernaros/WikiWarsEL
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Start

/ IN: Text with a Lexical trigger /

Mark Lexical Trigger

Is it the
Syntactic Head of a
Noun/Adjective/ Adverb
Phrase?

Mark Phrase

Does it have
modifier(s)?

Mark Modifier(s)

.II OUT: Marked Expression ——

Stop

A

Figure 3: The process of Marking the expression to be Annotated

Here is an example expression with an english translation:

O oT1paTdg atTOXWPNOE OTO TEAOG TNG NUEPQG.
The army left in the end of the night.

E. Kapernaros

28



Extending the temporal tagger HeidelTime for the Greek language

Which is analyzed in:
e Lexical Trigger: "nuépag”
¢ Noun Phrase: "tng nuépag”
e Modifier: "réAog"

And here is after the annotation:

O oTpatog ammoxwpnoe oto <TIMEX3 tid="t129" type="DATE"
value="1812-12-12" mod="END">TéA\o¢ TnG nuépag</TIMEX3>

The development of WikiWarsEL was in parallel with the development of Greek
HeidelTime Resources and this provided us the ability to detect some temporal
expressions that the Annotator failed to notice while reading. Even though all articles
were read at least two times by the Annotator, having an Automatic Tagger like
HeidelTime was proven very useful for efficiency.

Note that on each of the two decision blocks in the flow chart, if the full marked
expression was to become a prepositional phrase or a subordinating clause, then the
answer was no and the additional text was not marked.

3.2 Conventions

Since the guidelines we followed have not been adapted for the Greek language, we
had to make some conventions about whether or not an expression is mark-able.

3.2.1 Contractions

The guidelines dictate that the full extent of the annotated expression cannot be a
prepositional phrase. That is it cannot start with a preposition. However, in Greek there
is a phenomenon where an article and a preposition can be combined into one word.
This is extremely frequent when referring to a time or date. For example, the English
expression “on June 17, 2020” must be annotated excluding the preposition on but in
the same Greek expression “oric 17 louviou 2020” the word o7i¢ is a contraction
containing the preposition o€ and the article ric. We made the convention not to include
contractions in WikiWarsEL.

3.2.2 Compounds

On the other hand, we decided to include compounds when their head is a temporal
lexical trigger and therefore denotes a duration as in “dijuepo” (two days).

3.2.3 Ages

The third convention we had to make was about ages like in ”17 erwv” (17 years old).
We decided not to include ages because they do not denote any point in time or a
duration.

3.3 Annotation Examples

Here are some examples from WikiWarsEL using brackets to indicate what was
annotated.

Example 1:

2116 [30 OkTwRpiou 1918] utrOoypAQETAI N TTPWTN AVAKWXH TOU TTOAEUOU
In October 30, 1918 the first truce of the war is signed
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This is the usual expression for a calendar date which starts with the contraction 27ic.
Example 2:

atréXovTag [uévo Aiyoug Prveg] atrd Tov avaTTOQEUKTO TTAEOV TTOAEO.
being away only a few months from the inevitable war.

Here, both pévo (adverb) and Aiyoug¢ (adjective) are modifiers of the temporal urvec
hence their inclusion in the annotation.

Example 3:

[UoTepa aTTd TTEPITTOU EKATO XPOVIA]
about one hundred years later

This expression was annotated in its entirety even though it contains the preposition
arré because it is part of the adverbial modifier phrase “Uorepa amé” which means
“later”. lNepitrou (adverb) which means “about” is a second modifier of ekaro xpdvia.

For reference here are the same expressions when fully annotated:
Example 1:

2116 <TIMEXS3 tid="t149" type="DATE" value="1918-10-30"
temporalFunction="false">30 OkTwppiou 1918</TIMEX3>
UTTOYPAQETAI N TTPWTN AVAKWXI TOU TTOAEOU

Example 2:

atréxovrag <TIMEXS tid="t32" type="DURATION" value="PXM"
temporalFunction="true">povo Aiyoug purivec</TIMEX3> até Tov
AVOTTOPEUKTO TTAEOV TTOAEO.

Example 3:
<TIMEXS3 tid="t17" type="DURATION" value="P100Y"
mod="APPROX" temporalFunction="true">0oTepa amod tepitTou
€KATO XpOvIa</TIMEX3>

3.4 Statistics

The complete annotated corpus has 1575 temporal expressions tagged with <TIMEX3>
which are further analyzed in Table 4.

Table 4: WikiWarsEL statistics by filename

Filename Words | TIMEX | DATE | TIME | DURATION SET
01_WW2.tml 7624 169 150 0 18
02_WW1.tml 6870 239 218 2 19
03_AmCivWar.tml 13468 161 128 7 27
04_AmRevWar.tml 1227 27 26 0 1
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05_VietnamWar.tml

10489 233 186 7 36
06_KoreanWar.tml 2532 39 34 2 3
07_IragWar.tml 518 22 23 0 0
08_FrenchRev.tml 5210 99 91 2 7
09_GrecoPersian.tml 6178 96 82 1 14
10_PunicWars.tml 2786 20 13 0 7
11_ChineseCivWar.tml 4080 72 67 0 6
12_lIranlraqg.tml 752 19 14 0 6
13_RussianCivWar.tml 7304 209 199 0 11
16_SpanishCivilWar.tml 2928 38 30 2 7
17_AlgerianWar.tml 1194 33 29 0 5
;Infi_SovietslnAfghanistan.t 1047 25 23 0 3
19_RussoJap.tml 1730 35 32 0 4
20_PolishSoviet.tml 435 12 13 0 0
\zlﬁa_riﬁqclondltaloAbyssinian 1196 27 27 0 1
Total 76868 1575 1385 23 175

3.5 Notes and Further Work

One thing that recurred in the annotation process was finding expressions that the
Annotator failed to detect when reading the texts even multiple times. A second
Annotator may be needed for an independent evaluation of the annotation.

One factor that slowed down the process is the lack of Greek specific guidelines. We
had to make conventions every time we found an expression that was not clear how to
annotate. Sometimes this meant that we had to re-annotate the texts every time a new
convention was made. Further work on adapting TimeML Guidelines to Greek may be

helpful in future projects.
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4. RESOURCES DEVELOPMENT

HeidelTime uses .txt files for language specific resources which can be created with any
text editor following the syntax described in [4]. In this section we describe the
development process of these .ixt files which are divided in three categories. The
patterns files, the normalization files and the rules files. This was a trial and error
process involving development and testing, trying to match more temporal expressions
from WikiWarsEL in each step. The final resources are publicly available on github™.

4.1 Testing Automatic Resources

Before we begin discussing the development of the resource files, we can have an idea
of the quality of HeidelTime's auto-greek resources. We evaluated auto-greek on the
same test documents we used for the final evaluation which are not part of the training
process and we present the results in Table 5. The results show that 60% of the
extracted expressions are correctly extracted even though the extent of the expressions
is 30% correctly matched. In other words Precision is 60% when counting relaxed
matches and 30% when only counting strict matches in regards to the extent of the
extracted expressions. The problem is that this is only a fraction (Recall is 2.75% and
1.38% accordingly) of all the temporal expressions in the test documents. HeidelTime
with its automatic resources missed most of the expressions leading to Value F1-score
of 2.19%. We will discuss in more depth these metrics in the final evaluation of our
Greek resources in Section 4.4

Table 5: Auto-Greek Performance

F-score Precision Recall
Extraction (Strict Match) 2.63% 30% 1.38%
Extraction (Relaxed Match) 5.26% 60% 2.75%
Value Type
Normalization F1 2.19% 5.26%

4.2 Extending Automatic Resources

4.2.1 Pattern and Normalization Resources

The first changes we made to auto-greek resources were to add month names,
inflection cases and capital letters for the words in the beginning of a sentence. For
example, two patterns were used for the word “lavoudpio¢” (January) to match
Nominative, Genitive and Accusative cases:

/l example for cases:
"lavoudpiog?"
"lavouapiou"

/I example for capitals:

"[Zo]npepa”

Bhitps://github.com/mkapernaros/heideltime-resources-greek
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Continuing on inflections, we started adding whenever needed genders and numbers to
adjective, noun and article patterns. For example, for the adjective everyday in all
numbers, cases, and genders the patterns are:

/l english: everyday P1D
Kabnuepiv[on]g?
KaBnuepivou
Kabnuepivoi
KaBNUEPIVES

KabnuepIva
KaBnuePIVWV

We translated the weekday names in normDaylnWeek which were in English and
deleted some words which were in ancient Greek. We also changed the normalization
values of duration according to TIDES and the normalization value for mid-day in
PartOfDay according to /SO 8601. In particular we changed:

"DE" to "E" (for decades)
"CE" to "C" (for centuries)
"WE" to "W" (for weeks)
"L" (for "millennia)

"MD" to "MI" (for mid-day)

Additional pattern and normalization resource were developed including:

e reHour, reMinute and normHourPM, for time expressions like 5:00 pm to be
normalized to T17:00

e PointsDurations, for expressions which need the mod attribute when annotated
e Agolater, for modifier phrases

e PastFuture, for phrases that denote the “PAST_REF”, “PRESENT_REF” and
‘FUTURE_REF” in the value attribute

e SetWord, for expressions that denote a value when the type attribute is “SET”

e UnitWord4DurationPrefix, UnitWord4DurationSuffix,
UnitTimeWord4DurationPrefix and UnitTimeWord4DurationSuffix, for
compound words like “dieria” (two years) and “rrevraAsmro” (five minutes).

There are more additions and modifications which are not mentioned here. In terms of
file and line changes Table 6 show the result of the commands git diff --stat
./normalization/* and git diff --stat ./repattern/* that we used to compare the respective
folders of the Automatic Resources to the ones of the Manual Resources.

Table 6: Pattern an Normalization file changes

Folder name Files changed Line instertions Line deletions
normalization | 16 416 248
repattern| 16 415 244
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4.2.2 Rules Resources

The first rule we added had the purpose of matching four-digit years after the article “ro”
(the). This rule alone improved precision noticeably because this is a very frequent type
of expression like "to 1940":

RULENAME="year r1",
EXTRACTION="T0 %reYear4Digit",
NORM_VALUE="group(1)"

This rule, like every rule with an article in the beginning, was later changed to
accommodate the fact that some words have a suffix identical to articles and invalidate
the expression matching. This was solved with the boundary matcher “\b”. Also instead
of the article “r0” we used the pattern file “%reThe” which contains all inflections of this
article. So this rule became:

RULENAME="year_r1",
EXTRACTION="\b(%reThe)?%reYear4Digit",
NORM_VALUE="group(3)"

Making the article matching optional with the “?” quantifier in all rules turned out a good
strategy to increase extent precision. Only one negative rule was necessary to discard
4-digit numbers which do not denote a year:

RULENAME="year_r1negative",

EXTRACTION="%reYear4Digit (uéTpalekaTOOTA|XINOUETPA|XAM|OPaXUEG|OPX]
doAdpial$|eupwl€)",

NORM_VALUE="REMOVE"

We continued to add and modify rules but as the development was advancing we
reached a point where every rule was essentially completely rewritten.

For convenience we organized the new rules in sections ordered by granularity. For
example, we have separated the rules that match expressions of day granularity from
the rules that match expressions of month granularity. The separation is done by the
first word in their name. The rule name "year r1" indicates that this rule is of year
granularity. There are exceptions to this naming scheme but overall it was helpful when
debugging. Here are two examples:

/I EXAMPLE century_r1: 200 aiwva
/I EXAMPLE setword_r1: kaBnuepiva

The first one matches expressions with century granularity like "the 20th century" and
the second one matches set expressions like "everyday".

We developed 121 rules in 24 categories analyzed in Table 7.
Table 7: Developed rules count by type

TOTAL DATE DURATION |TIME SET

Automatically |37 25 2 6 4
Developed
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Manually 121 69 17 26 9
Developed

4.3 Not covered expressions

There are still temporal expressions that are not detected (False Negatives) and
expressions that are wrongly detected (False Positives). Even though the resources
were developed with WikiWarsEL as the training set, they do not cover 100% of its
expressions.

4.3.1 False Positives and False Negatives

We identified at least 3 categories of False Positive expressions for which we have not
developed a sufficient rule set:

e Idioms: For example, the expression “xpdvo” (timel/year) is matched even
though it is part of the phrase “képdioe xpovo” (bought time). We tried removing
these expressions when they have a verb before the temporal unit using
POS CONSTRAINT. The result was 8 false positives to be removed, but with
them there were 5 true positives also removed and we decided not to apply this
approach.

e Conjoined Expressions: For example, “ro kaAokaipi tn¢ idiag xpoviag” (the
summer of the same year) is detected as two separate expressions instead of
one. Additional rules that cover conjoined expressions with date and time were
developed and worked successfully but we practically doubled the count of the
respective rules. More work is needed to test this approach for the rest of the
possible conjoined expressions.

e Ages: For example, “0 55xpovo¢” (the 55 years old man) which is exactly the
same as the duration of 55 years. We did not test any solution for these
expressions.

The situation with False Negatives is different. There are some types of expressions
that we failed to match with regular expressions.

e Dots: For example “ro 494 m.X.” (494 B.C.) could not be matched by creating a
pattern like "ro \d\d\d m\.]X[\.]". The same applies to time expressions when they
use a dot instead of a colon to separate hours from minutes. This kind of
expressions is the majority of False Negative expressions.

e Semicolon and Comma: For example when the expression ends with a
semicolon (-) or a comma, the expressions are not matched. No solution was
tested.

e Numbers: For example when a number denotes a day of a month but it is not
accompanied with some other lexical trigger. We did not develop any rules for
these cases.

4.3.2 Relaxed matches

These are the expressions that were matched but not in their entirety concerning their
extent. Two categories of such cases are the following:

e Multiple Modifiers: For example, the expression “Uorepa amd mepimou ekaro
xpovia” (about one hundred years later) have two modifiers Uotepa and mrepitrou
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which could be also in different positions. For such cases we have not developed
any rules.

e Variety of Modifiers: For example, “15 oAdkAnpa xpdévia” (15 whole years), “tnv
GAn uépa’ (the other day) and “véo éro¢” (new year) contain adjectives that were
unusual and we did not develop any rules for such cases.

4.3.3 Resources Syntax

For the most part the syntax is straightforward and we immediately managed to adapt
and expand auto-greek. During the development we noticed two cases that we did not
expect.

When we use UNDEF-year or UNDEF-month for the whole value, without the -REST
part, the disambiguation phase returns unexpected results like the DCT year even
though HeidelTime is set to narrative article type. If instead we use UNDEF-this-year,
then the problem for the most part is resolved. This behavior is consistent for also
century, and day units.

Another problem we encountered was with the use of OFFSET and the “?” quantifier in
the same rule. If the group that is quantified like the article ro in "(to )? (\d\d\d\d) - (\d\d\
d\d)" does not exist, then we cannot extract the groups using their expected numbers,
for example with “OFFSET="group(3)-group(3)"”. We solved this by creating two
separate rules for such expressions, one with the article and the other without the
article.

4.4 Evaluation

For the evaluation of our manually developed resources we used 3 test document files
created similarly to the document files in WikiWarsEL. The document files are
February Revolution.tml, Greek _Civil_War.tml and Napoleonic_Wars.tml which contain
the relevant war text from the Greek Wikipedia. In total there are 18 thousand words in
these test files. The test files are available at github™.

The metrics we will use to quantify the performance/quality of the resources are
Precision, Recall and F-score. In Figure 4 we define these terms where TP, TN, FP and
FN stand for True Positives, True Negatives, False Positives and False Negatives
accordingly.

. TP
Precision:P=
colsiot TP+FP
oll-p=_ 1P
Recall R L EN
PePxfR
F —score:F =——
= score: F ==

Figure 4:  Statistical

maetrics definitione
We can describe Precision as the percentage of the correctly extracted expressions out
of all the extracted expressions. Similarly, Recall is the percentage of the correctly
extracted expressions out of all the expressions which should have been extracted. We
calculate Precision and Recall both for Strict Matches and Relaxed Matches. A Strict
Match is defined as the extraction of the complete extent of an expression and a
Relaxed Match as the extraction of at least one character of an expression.

"“https://github.com/mkapernaros/TestWarsEL
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With F-score we can have a metric that takes into account both Precision and Recall
and in our case this is 85.87% for the Strict Match Extraction Phase and 94.33% for the
Relaxed Match Extraction Phase as presented in Table 8. Incorporating the results of
the Normalization Phase into the F-score, where TP this time is the correctly extracted
expressions with correct normalization values, we receive 82.31% Normalization F1.

Table 8: Greek Resources Performance

F-score Precision Recall
Extraction (Strict Match) 85.87% 83.37% 88.53%
Extraction (Relaxed Match) 94.33% 91.58% 97.25%
Value Type
Normalization F1 82.31% 90.32%

Table 9: All performance test results

Tests Strict Match Relaxed Match Normalization F1
F-score Precision Recall F-score Precision Recall | Value Type

auto-greek | go, 65.05%  4.26% 11.69% 95.15% 6.23% | 6.09% 10.14%
on

WikiWarsEL

auto-greek | 263%  30% 1.38% 5.26% 60% 2.75% | 2.19% 5.26%
on

TestWarsEL

new-greek | 87.72% 87.78%  87.67% | 96.25% 96.31%  96.19% | 82.32% 91.09%
on

WikiWarsEL

new-greek | 8587% 83.37%  88.53% | 94.33% 91.58%  97.25% | 82.31% 90.32%
on

TestWarsEL
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5. CONCLUSION

In this work we extended the Greek language support in HeidelTime. In the beggining
we tested HeidelTime on the Greek documents TestWarsEL and the results were of low
performance with F1-score of 2.19%. This performance could be easily improved with
the development of hand-crafted language specific resources that were not available
and instead only automatically generated resources existed for the Greek language.

HeidelTime is designed to be extendable with more resources which are separate from
its source code. We examined the automatically generated Greek resources that were
available and found many areas that could be improved. All sorts of changes were
necessary from deleting obsolete words like ancient Greek words, to syntactic
corrections and more importantly additions of missing words and rules for many
expressions. A basic level of familiarity with regular expressions was a prerequisite but
apart from that the resources were easy to understand and to extend them. In addition
there are already available various scripts available that made the debugging process
smoother. We could effectively detect false positives and false negatives during the
development which guided the way to completing our task. Some of the resources were
kept with minimal changes but the vast majority were written from scratch.

The development was practically impossible without having a corpus already annotated
to use it as a training set. Without a corpus we could not test our progress as we would
not with certainty the effect of the newly developed resources. For this purpose we
started also the development for a new Greek annotated corpus. We developed the
WikiWarsEL corpus inspired by the English WikiWars and its German and Vietnamese
versions. This corpus was carefully annotated by one Annotator with the tag <TIMEX3>
for every temporal expression that was found in the text. We followed the TimeML
guidelines to annotate the text with at least two passes for every text file to lower the
probability of missing some temporal expressions.

After the development reached a level of high performance we froze any further work on
the resources and instead we focused on the evaluation process. So we ended up
producing the newly created Greek resources and the newly created WikiWarsEL
corpus. We wanted to evaluate the performance of the new resources on Greek text
documents that were not used on the training process and did not interfere with the
development process at all. This was the time to create TestWarsEL, a collection of
Greek war documents, that we used for the evaluation process. After this point we did
not do any further development on the resources to avoid biased modifications towards
the TestWarsEL documents.

The evaluation process showed an increased quality of our new resources overall over
the automatically generated resources. In particular, the biggest weakness of the
automatic resources is noted in the Recall metric with the value of 2.75% which means
that only 2.75% of the temporal expressions inside the test documents were detected.
This number is for the Relaxed Matches where even if only one character of an
expression is correctly matched, it counts as a True Positive. The second weakness
was that only 60% (Precision 60%) of the expressions that were detected were truly
temporal expressions which ultimately resulted in the very low Extraction F1-score of
5.26% and when we take into account the normalization correctness we end up at the
even lower F1-score 2.19%.

All of the above weaknesses were remedied with our manually developed resources as
we can observe on the evaluation process. Precision and Recall went up to 91.58% and
97.25% respectively resulting in Extraction F1-score of 94.33% and when we take into
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account the normalization correctness we end up with F1-score 82.31% which is
comparable to previous works on different languages.

It is shown that HeidelTime performs Temporal Tagging of high quality for the Greek
language similarly to what is shown in previous works for Arabic, Italian, Spanish,
Vietnamese[3] and Chinese[8]. The effort of developing Greek language specific
resources was minimal because of the simplistic syntax and file structure which also
makes them suitable for quick and easy updates or revisions. The evaluation on test
documents that were not used in the training processes resulted an 82.31% F1-score
even though some expression categories were left out of training. For the annotation
task of temporal expressions in formally written documents, this approach can be used
effectively. More work is needed for the adaptation of the Annotation Guidelines for the
Greek language and to investigate for possible solutions to improve the newly
developed Greek Resources.
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MINAKAZ OPOAOrIIAZ

ZevOyAwooog 6pog

EAANvVIK6g Opocg

Extraction

Egaywyn

Normalization

Kavovikotroinon

Temporal Tagging

XPOVIKOC 2XONACUOC

Regular Expresssion

Kavovikr ‘Ekgpaon

Metadata MeTadedouéva
Corpus 2 WU

Training Set 2Uvoho Ektraideuong
Value Tiun

Evaluation A€loAéynon

Standard TuTtrotroinuévn
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ABBREVIATIONS - ACRONYMS

TP True Positives
FP False Positives
TN True Negatives
FN False Negatives
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