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Abstract. Reliability of tools and reproducibility of study results are
important features of modern Natural Language Processing (NLP) tools
and methods. The scientific research is indeed increasingly coming un-
der criticism for the lack of reproducibility of results. First step towards
the reproducibility is related to the availability of freely usable tools and
corpora. In our work, we are interested in automatic processing of un-
structured documents for the extraction of temporal information. Our
main objective is to create reference annotated corpus with temporal in-
formation related to dates (absolute and relative), periods, time, etc. in
Ukrainian, and to their normalization. The approach relies on the adap-
tation of existing application, automatic pre-annotation of WikiWars cor-
pus in Ukrainian and its manual correction. The reference corpus permits
to reliably evaluate the current version of the automatic temporal an-
notator and to prepare future work on this topics. The corpus is freely
available for the research on https://github.com/thhamon/WikiWarsUA
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1 Introduction

Unstructured documents are the most common source of information, and they
may represent the majority of information available in different sources and do-
mains. Yet, the work on unstructured narrative texts is very demanding on auto-
matic methods for detecting, extracting, formalizing and organizing information
contained in these documents. If information extraction (IE), which is part of
Natural Language Processing (NLP), proposes such methods and aims at detect-
ing and extracting relevant pieces of information from textual data, the question
on availability of corpora, resources and reference data is very important. In-
deed, such data are crucial for designing, testing and evaluating the automatic
methods. Another important issue is related to the reliability of tools and to the
reproducibility of study results across similar data from different sources. The
scientific research is indeed increasingly coming under criticism for the lack of
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reproducibility of results [5, 7, 6]. First step towards the reproducibility of results
is the availability of freely usable tools and corpora.

In our work, we focus on detection and extraction of temporal information,
such as it occurs in these sentences:

– Корабель Аполлон-11 стартував 16 липня 1969 о 13 годинi 32 хви- лини
за Грiнвiчем. (The Apollo-11 ship took off at 1:32 pm GMT on 7/16/1969.)

– Протягом трьох годин, поки налагоджували зв’язок iз Москвою, Гагарiн
давав iнтерв’ю i фотографувався. (During three hours, while establishing com-
munication with Moscow, Gagarin was interviewed and photographed.)

– Корейська вiйна - збройний конфлiкт мiж Корейською Народно-Демо-
кратичною Республiкою та Пiвденною Кореєю, який тривав з 25 червня
1950 року до 27 липня 1953 р. (Korean war is an armed conflict between Demo-
cratic People’s Republic of Korea and South Korea, which lasted from 25th of June
1950 up to 27th of July 1953.)

– В екваторiальному та тропiчному поясi припливи i вiдпливи здебiль-
шого повторюються двiчi на добу. (In the equatorial and tropical areas, high
and low tides mostly occur twice a day.)

– Тривали 118 рокiв, з примиренням. (Lasted for 118 years, including armisti-
ces.)

– До середини 260-х до н. е. Римська республiка остаточно пiдпорядку-
вала собi Апеннiнський пiвострiв. (By the mid of 260 BC, the Roman Re-
public had gained control of the Italian peninsula.)

– Основним джерелом з iсторiї греко-перських воєн є «Iсторiя» Геродота,
що мiстить опис подiй до 478 до н. е. включно. ("The Histories" by Hero-
dotus, which contains description of events up to 478 BC, is the main source on
history of the Greco-Persian Wars.)

Temporal information is important for several tasks and areas, as it allows to
structure the entities and events according to their chronological occurrence. This
is important in several situations. For instance, in historical studies, the events
are usually ordered and then taught and studied in this order. Temporality has
become an important research field and several challenges addressed this task
up to now: ACE [1], SemEval [22, 23, 21], I2B2 2012 [20]. Yet, the main work
is done on texts written in English. We propose to work with texts written in
Ukrainian.

In what follows, we first present some related work (Sec. 2). We then precise
our objectives (Sec. 3), introduce the material used (Sec. 4) and the proposed
method (Sec. 5). Our results and their discussion are presented in Section 6.
Finally, we conclude with some directions for future work (Sec. 7).

2 Related Work

Work on temporal information relies on three important steps when process-
ing unstructured narrative documents: identification of linguistic expressions
that are indicative of the temporality and their normalization [22, 4, 17, 11], and
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modeling and chaining of temporal information and events [2, 13, 14, 20, 9]. Iden-
tification of temporal expressions, which corresponds to the first step, provides
basic knowledge for further tasks aiming at the processing of the temporality.
The existing available automatic systems, such as HeidelTime [17] or SUTIME
[4], exploit rule-based approaches, which makes them adaptable to new data,
areas, and languages. Such tools usually encode temporal information with the
TimeML standard.

TimeML1 [14] is an annotation standard for temporal expressions proposed in
2010. Since then, it has became the reference for encoding temporal information
in different languages. For instance, it has been used in several contexts: for
encoding temporal data in challenge corpora such as TempEval [23, 21, 3] and
I2B2 [20], for preparing corpora2 annotated with temporal expressions such as
TimeBank, TempEval, I2B2 and Clinical TempEval corpora.

TimeML offers the possibility to encode several types of temporal information
and expressions (i.e. TIMEX3 tags):

1. Expressions of dates, time, durations or sets (attribute types). Dates and
time are represented according to the ISO-8601 norm;

2. ISO-normalized forms of the expressions (attribute value), such as in (from
examples above):
– 16 липня 1969 о 13 годинi 32 хвилини ⇒ 1969-07-16T13:32:00
– трьох годин ⇒ P3H
– двiчi на добу ⇒ P1D

3. Quantity and frequency of the set expressions (attributes quant or freq),
such as in this expression of frequency:
– двiчi на добу ⇒ 2X

4. Begin and end anchors for durations (beginpoint and endpoint attributes).
For instance, in exampleКорейська вiйна - збройний конфлiкт мiж Корей-
ською Народно-Демократичною Республiкою та Пiвденною Кореєю, який
тривав з 25 червня 1950 року до 27 липня 1953 р. (Korean war is an armed
conflict between Democratic People’s Republic of Korea and South Korea, which
lasted from 25th of June 1950 up to 27th of July 1953.), the begin anchor is 25th
of June 1950 and the end anchor is 27th of July 1953. The implicit duration
is 3 years, 1 month and 2 days, which is normalized in P3Y1M2D.

5. Temporal modifiers, which have been introduced in order to annotate changed
or clarified temporal expressions. For instance, in exampleДо середини 260-х
до н. е. Римська республiка остаточно пiдпорядкувала собi Апеннiнський
пiвострiв. (By the mid of 260 BC, the Roman Republic had gained control of the
Italian peninsula.), the date 260 до н. е. is changed by середини, which is the
date modifier attribute MID.

In addition to the annotation of temporal expressions, TimeML also allows to
describe events as well as relations between temporal expressions and/or events.

1 http://www.timeml.org
2 http://timexportal.wikidot.com/



4 N Grabar, T Hamon

In this paper, we only focus on the annotation of temporal expressions (TIMEX3)
related to dates, durations and time.

There is quite few available corpora with temporal annotations. In addition to
corpora mentioned above and created as part of challenges, there is the WikiWars
corpus3 [12] which provides a collection of texts issued from Wikipedia articles.
These texts describe the course of the most famous wars in history, including the
biggest wars that happened in the 20th century. The corpus contains 22 articles
(such as WW1, WW2, Vietnamese war, Russo-Japanese war, or Punic wars).
The main interest in working with these Wikipedia articles is that they contain
several dates, as they are typically associated with battles, meetings, armistices,
etc. The initial project contains articles in English. It has been extended to three
other languages (German, Vietnamese and Croatian) [16, 10]. Hence, another
interest in working with this corpus is that is contains comparable information
and data in several languages.

3 Objectives

The purpose of our work is to build reference corpus in Ukrainian language
annotated with temporal information. Temporal information is detected and
normalized in the ISO format with respect of the TIMEX3 norm. By compari-
son with the previous work, which focused on the adaptation of HeidelTime to
Ukrainian [8], we currently propose the manually verified reference corpus anno-
tated with temporal information. The corpus is freely available for the research4.
The availability of this corpus may permit a more thorough evaluation of the
automatically obtained results.

4 Material

Encyclopedic articles are obtained from the Wikipedia resource in Ukrainian5,
which is a free and collaborative resource. This encyclopedia contains informa-
tion on a great variety of topics. For our work, we created the WikiWars corpus
[12] in Ukrainian, which contains Wikipedia articles describing the most famous
wars in history, including the biggest wars of the 20th century. Since the ar-
ticles related to the Riffian War, the Sudanese Civil War and the Chaco War
are available and contain enough temporal expressions, we also included them
in the corpus. Overall, the corpus contains 25 articles (such as WW1, WW2,
Vietnamese war, Russo-Japanese war, or Punic wars), and 66,479 word occur-
rences. The articles have been collected similarly to the building of the original
WikiWars corpus [12].

3 http://timexportal.wikidot.com/wikiwars
4 https://github.com/thhamon/WikiWarsUA
5 https://uk.wikipedia.org
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5 Methods

The methods are composed of three main steps: pre-annotation of texts with Hei-
delTime adapted to Ukrainian, manual correction, and evaluation of the current
version of automatic annotations obtained with HeidelTime. We also propose a
comparison with the English version of the annotations.

5.1 Pre-annotation

For the pre-annotation, we use the HeidelTime application. During a preliminary
study, HeidelTime [17] has been extended to over 200 other languages [18] using
existing multilingual resources such as Wiktionary 6, which provides data for
170 languages. The test of this version provided no results for Ukrainian (lexical
ambiguity and polysemy, missing translations, Wiktionary resources not suit-
able for the purpose...). Hence, HeidelTime was first adapted to the Ukrainian
language [8].

HeidelTime is a cross-domain temporal tagger that extracts temporal expres-
sions from documents and normalizes them according to the TIMEX3 annota-
tion standard, which is part of the markup language TimeML [14]. This is a
rule-based system. Because the source code and the resources (patterns, normal-
ization information, and rules) are strictly separated, it is possible to develop
and implement resources for additional languages and areas using HeidelTime
rule syntax. Three kinds of resources have been improved:

– linguistic patterns, which describe linguistic elements of the temporality
(days of the week, months, numbers, etc.). This type of resources is used
for the detection of temporality in texts;

– normalization resources, which are created to permit the normalization of the
detected elements. In this way, all the detected units are normalized. Thanks
to these resources, normalization can be performed for absolute (Example
(1)) and relative (Example (2)) dates, durations and sets. Thus, the nor-
malized values of Examples (1) and (2) are 2015-05-07 and 2017-05-09,
respectively if we consider that these two dates are related;

– rules for composing more sophisticated detection of temporality, such as
periods, intervals and specific expressions.

(1) 7 травня 2015 року. (May 7th, 2015.)

(2) Через два днi. (Two days later.)

HeidelTime was adapted to Ukrainian language on newspaper articles from
Українська правда7. Then, it was used for the automatic annotation of the
WikiWars corpus, which provided 2,226 annotations. Because of the diversity of
Wikipedia articles and topics, the detection of temporal information must cover
a great variety of dates and formats, several of which do not occur in modern
newspaper articles, on which the system in Ukrainian has been developed.
6 https://www.wiktionary.org/
7 https://www.pravda.com.ua/news/



6 N Grabar, T Hamon

5.2 Manual correction of annotations

Fig. 1. Reading and annotation of temporal information with Callisto on example of
Punic wars.

The results provided by the automatic annotation of temporality are then
corrected and completed manually. We use the Callisto application developed
by the MITRE Corp.8. As can be seen in Figure 1, this application permits
to visualize the existing annotations in the text (upper part) together with the

8 https://mitre.github.io/callisto/manual/use.html
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detected linguistic units and their normalizations (lower part). Then, each an-
notation can be modified or deleted, and new annotations can be created. The
same operations are available for the normalization information. Modifiers can
also be added to the annotations, such as mid, end, after.

5.3 Evaluation

After the manual correction of the annotations and the creation of the refer-
ence data, the results from the previously obtained automatic annotation [8] are
evaluated against these reference data with classical evaluation measures [15]:

– true positives TP : number of correctly extracted or normalized temporal
expressions;

– precision P: percentage of the relevant temporal expressions extracted and
normalized divided by the total number of the temporal expressions ex-
tracted and normalized.

– recall R: percentage of the relevant temporal expressions extracted divided
by the number of the expected temporal expressions;

– F-measure F : the harmonic mean of the precision and recall values P∗RP+R .

The evaluation is done with scripts available from previous work [17]. The evalua-
tion measures are computed with strict and relaxed values, according to whether
the boundaries of the temporal expressions are detected correctly (strict bound-
aries) or not (intersection between reference and automatically extracted linguis-
tic units).

6 Results and Discussion

During the manual correction of the results, we observed two main difficulties in
the results of the current version of HeidelTime in Ukrainian:

– Ambiguity of пiвнiч meaning both midnight and north. Currently, every oc-
currence of this marker is automatically annotated as temporal information,
like in this example:
У спробах полегшити тиск з <TIMEX3 type="TIME" value="1967-06-
12T24:00">пiвночi</TIMEX3>, <TIMEX3 type="DATE" value="1967-
08-09">9 серпня</TIMEX3> мобiльна бригада армiї Бiафри у складi
3000 осiб за пiдтримки артилерiї та бронемашин переправилася на
захiдний берег Нiгера. (Trying to ease the pressure from north, 9th of August
mobile group of the Biafra army composed of 3,000 people and supported by artillery
and armoured cars crossed the Niger river and reached its western side.)
The disambiguation of this marker may rely on prepositions it subsumes or
on additional analysis of texts, as pre-processing or post-processing step.
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– The native tokenization of HeidelTime is unable to tokenize text in several
situations, for which reason, several dates have been missed by the automatic
annotation. For instance, all the dates have been missed in this example:
Пунiчнi вiйни — три вiйни (Перша Пунiчна вiйна 264–241 рр. до н. е.,
Друга Пунiчна вiйна 218–201 рр. до н. е., Третя Пунiчна вiйна 149–146
рр. до н. е.) мiж Римом i Карфагеном за панування над Захiдним Серед-
земномор’ям. (Punic wars - three wars (First Punic war 264-241 BC, Second
Punic war 218-201 BC, Third Punic war 149-149 BC) between Rome and Carthage
for the for the conquest of the Western Mediterranean.))

Further to the manual correction, the reference annotations amount up to
2,719 temporal units. The automatic extraction provides 2,116 temporal units,
among which 2,018 are correct (True Positives). For comparison, in the English
version of the WikiWars corpus (19 files), the reference data contain 1,858 tem-
poral expressions.

Table 1 indicates global strict and relaxed values of Precision P, Recall R
and F-measure F of the extracted results. As expected, relaxed values are bet-
ter because they accept intersection between reference data and automatically
extracted results. Yet, the strict values are high as well, which means that the
system is quite successful in the extraction of temporal linguistic expressions.

Table 1. TIMEX3: strict and relaxed values for Precision, Recall and F-measure.

P R F
strict match 0.85 0.66 0.75
relaxed match 0.95 0.74 0.83

Table 2 indicates performance of the system for the detection of types of
temporal expressions (which may be of three natures: date, duration, time) and
for their normalization. As in other works, we can see that evaluation values
obtained for the extraction of linguistic temporal expressions are higher than
values for their normalization [19]. In several situations, it may indeed be com-
plicated to compute the normalized values, and typically when past of future
events are just mentioned in the texts. Improvement of the computing of the
normalization values is one of the challenges for future work.

Table 2. TIMEX3: extraction and normalization values (Precision, Recall, F-measure).

TP P R F
type 1,897 0.90 0.70 0.80
normalization 1,651 0.78 0.60 0.69
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7 Conclusion and Future Work

The main purpose of this work is the creation of the reference corpus with anno-
tations of temporal expressions and their normalizations. We proposed to build
such corpus in Ukrainian as part of the WikiWars corpora. The pre-annotation is
done automatically with the Ukrainian version of HeidelTime. The annotations
are then verified and completed manually. Overall, on 25 Wikipedia articles,
we count 2,719 reference temporal units. This reference corpus permits to make
the evaluation of the current version of HeidelTime: up to 0.80 F-measure for
the detection of temporal expressions and up to 0.69 F-measure for their nor-
malization. This corpus is freely available for the research and accessible on
https://github.com/thhamon/WikiWarsUA. For people working on the auto-
matic detection of termorality, it will permit to improve and to evaluate the
automatic detection of temporal expressions in Ukrainian. One of the challenges
is related to the normalization of the temporal expressions and to their link with
the events described.
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20. Sun, W., Rumshisky, A., Uzuner, Ö.: Evaluating temporal relations in clinical text:
2012 i2b2 challenge. JAMIA 20(5), 806–813 (2013)

21. UzZaman, N., Llorens, H., Derczynski, L., Allen, J., Verhagen, M., Pustejovsky,
J.: Semeval-2013 task 1: Tempeval-3: Evaluating time expressions, events, and
temporal relations. In: Int Workshop on Semantic Evaluation (SemEval 2013).
pp. 1–9. Atlanta, Georgia, USA (June 2013), http://www.aclweb.org/anthology/
S13-2001

22. Verhagen, M., Gaizauskas, R., Schilder, F., Hepple, M., Katz, G., Pustejovsky, J.:
Semeval-2007 task 15: Tempeval temporal relation identification. In: Int Workshop
on Semantic Evaluations (SemEval-2007). pp. 75–80. Prague, Czech Republic (June
2007), http://www.aclweb.org/anthology/S/S07/S07-1014

23. Verhagen, M., Sauri, R., Caselli, T., Pustejovsky, J.: Semeval-2010 task 13:
Tempeval-2. In: Int Workshop on Semantic Evaluation. pp. 57–62. Uppsala, Sweden
(July 2010), http://www.aclweb.org/anthology/S10-1010


