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Abstract—In this paper we will present an ongoing research on  « extracting the features (type of time unit, referential
the development of a temporal expression tagger and normaler status, and presence of modifiers);

for Italian, compliant with the TimeML specifications. Similarly . computing the interval of reference on the time line;

to other existing temporal expression taggers, the systens rule- vina the ti . lize th lue t tandard
based and benefits from an extensive corpus study to identify resolving the imex, 1.e. normalize the vajue 1o a standar

the reserved time words. However, it differs from other sysems output format.
since it implements WordNet-based semantic relations beteen Our tagger so far is set to deal with the first two

temporal expressions in order to improve its accuracy. So . . :
the F;ystem Eeports an F-measure ofp86.41% for the gubtasliaof SL_jbtaSkS_’ .e. recognition and_ b_racketlng, and fgature
temporal expression detection and bracketing. extraction. With respect to most existing systems for timex
recognition (and normalization) based on TIDES ([3], [4]),
the system is based on the TimeML specifications [1]. The
remaining of the paper is structured as follows: in Section |
ECENTLY, a renewed interest in temporal processhe markup of timexes in TimeML will be briefly described.
ing of real texts has spread in the NLP communitection Il will illustrate the methodology followed in oced
boosted by the presence of specific mark-up languages stlimplement the system and the general architecture.lizinal
as TimeML [1]. Moreover, a growing number of initiativesin Section IV we report the results achieved by the system,
(CLEF', TERN?, TempEval) has been developed focussingummarising strenghts and limitations and some suggestion
on automatic extraction of temporal information from textdor its improvements. Conclusions and future works will be
This task is both challenging and extremely useful singgesented in Section V.
it may improve semantic access to information from which
many NLP applications, such as Information Extraction),(IE Il. TIMEXES IN TIMEML: THE TIMEX3 TAG

and Question-Answering (both Domain-Specific and Open'The specifics of the TimeML tagset for annotating timexes

Domain) can |mprove_the|r .perforr.nance. . . ___.do not simply extend or modify previous tags for this annota-
A temporal expression, (timex), is a phrase which pnmanlt\(on task, namely th&IMEX tag in STAG [5] and thd IMEX2
denotes a temporal entity, i.e. an interval or an inétahhis '

—— . . . . tag in TIDES, but tint ting diff hicheh
definition of timex is a standard in the NLP community [3] an gmn Ut present inieresting diterences whichenav

ricts th " fii i vt it een introduced in order to improve the representationdl! an
restricts the notion ottimex to purely temporal items, m".m informational strength of the tag. Provided the fact that ou
ng an overextens!on of this concept to semanuca}lly clfee tagger is not able at the moment to perform all the four
words such a;;)reS|dencypregnancyschoo!etc., Wh'Ch have subtasks, we will illustrate only those parts of thBVIEX3
a contextually erendent temporal r_eadmg. Tlme_xes d(_) ng specifications which are relevant for the comprehension
convey only strict temporal information but they instatdia

lso t Llink h both for locati vali the functioning of the tagger .
aso temporaliinks, or anchors, both for focating an & -ntgu The <TIMEX3> tag is used to mark up any timex referring
in time (event time stamping) and to put eventualities ineord, .

one with respect to each other (event temporal ordering)sTh ) o ) o
timexes have a primary role to perform temporal reasonitg-) Day times; e.g.:rhezzogiornd[noon], 3:00, “la matting!

I. INTRODUCTION

since they offer explicit temporal information. [the morning], ...; _ o
The task of automatically extracting timexes can be dividd§:) Dates of different granularity such as days (eigri
into four subtasks: [yesterday], 8 Gennaio 1980[Jan, 8 1980], Venerd

scorsd [last Friday]), weeks (e.g.la prossima setti-
mand [next week]), months (tra due mesi [in two
month], ‘il mese prossinio [next month]...), seasons

_ or business quarters (e.gla“scorsa primavera [last
ntp:/fwa. clef-campaign.org/ spring], o scorso semestie[last semester ears
2http://www.nist.gov/speech/tests/ace/2007/indext htm P g‘!' A [ ])’ y
Shttp://www.timeml.org/tempeval/ (e.g. _19801_ I?-nno scorsd [last year]...), decades,
4Following [2] we consider interval and instants as both terapprimitives. centuries, millenium;

« recognizing and bracketing the portion of text which
denotes the timex;
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(c.) Durations; e.g.:due mesi[two month], “un periodo di included into the tag span. Nevertheless, if the appositive

cinque oré [a 5-hour period], ...; clause contains a lexical trigger for timexes, two distinct
(d.) Sets; e.g.: Una volta al mese[one a month], ‘ogni TIMEXS tags must be created.
marted” [every Tuesday], .... When two consecutive timexes are encountered, different

The surface-oriented approach to the tagging of expressidHles apply for the tag span according to the type of relation
in TimeML implies that the annotation of timexes is basejl (iwhich exists between the two timexes. In these cases:

on the constituent structure and (ii.) on the granularityhef « The timexes will be marked up in a single tag if:

time units and, finally, (iii.) on their relations. , (i.) the two expressions belong to the same temporal unit
The span of the tag must correspond to one of the following or if they are related by a meronomical relation of

categories: part_of, or if they correspond to a clock time:

« Noun _Phrase 7.) venerd sera
« Adjectival Phrase Friday night

« Adverbial Phrase TIMEX3 di TIMEX3
« Time/Date Patterns < >venerd | seras< >
8.) venerd ore 11

A standardTIMEX3 tag will look like as in the following

examples: Friday, 11:0Q

1.) il pomeriggia <TIMEX3>venerd i ore 11</TIMEX3>
the afternoon 9.) marted 26 giugno
<TIMEX3>il pomeriggio</TIMEX3> Tuesday, June 26

2.) 01/12/80 <TIMEX3>marted 1 26
<TIMEX3>01/12/80</TIMEX3> giugno</TIMEX3>

When a timex is introduced by a preposition or by sub-  10-) alle 13 e 56

ordinating conjunction, these parts-of-speech are noteo b at 13:56

included into theTIMEX3 tag. Relevant temporal prepositions <SIGNAL>alle</SIGNAL>

and other signals are marked with a tag of their own, namely <TIMEX3>13 e 56</TIMEX3>

the SIGNAL tag, thus: (ii.) the second timex is introduced by the prepositidns

3.) nel pomeriggio or del and it represents a definite time specification:
in the afternoon 11.) la mattina del 20 giugno
<SIGNAL>nel</SIGNAL> the morning if June, 20
<TIMEX3>pomeriggio</TIMEX3> <TIMEX3>

4.) per l'autunna la mattina del 20 giugno
by the fall </TIMEX3>
<SIGNAL>per</SIGNAL> 12.) ottobre del 1963
<TIMEX3>I'autunno</TIMEX3> October 1963

The only exceptions are represented by the prepositions <TIMEX3>ottobre del 1963</TIMEX3>
“circa”, “intorno & and “versd which must be included 13.) alle 11 di ieri mattina

into the extent of the tag because they have a role in the at 11 yesterday morning
normahza_tlon of the tlmeg. . _ - <SIGNAL>alle</SIGNAL>

When timexes are realized by multiword expressions, like <TIMEX3>11 di ieri mattina</TIMEX3>
“per ord’ [for the moment], ‘dopo domarii [the day after

tomorrow], “fin ora’ [up to now], and similar the whole ex- ¢ TWO tags must be created:

pression is considered as a single time unit ([6]). Conseilyye (i.) when two timexes are in an anchoring relation with

all elements forming the timexes must be included into the ta each other:

as illustrated in the following examples: 14.) due settimane da oggi

5.) per ora two weeks from today
nowadays <TIMEX3>due settimane</TIMEX3>
<TIMEX3>per ora<TIMEX3> <SIGANL>da<SIGNAL>

6_) dopo domani <TIMEX3>oggi</TIMEX3>
the day after tomorrow 15.) tre giorni prima di ieri.
<TIMEX3>dopo domani<TIMEX3> three days before yesterday

Modifiers must be included into the tag with the exception <TIMEX3>tre giorni</TIMEX3>
of postmodifiers denoting an eventuality. Appositive caunst <SIGNAL>prima di<SIGNAL>

tions are considered as post-modifiers, and thus they are <TIMEX3>ieri</TIMEX3>
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(ii.) when the timexes are separated by an intervening el- Chunk-it
ement, like temporal prepositions (with the exception B HTtatin 205,
of di) or conjunctions: & -

16.) venerd sera alle 20.00
Friday nlght at 20:00 Clumked Text

<TIMEX3>venerd i sera</TIMEX3>
<SIGNAL>alle<SIGNAL>

<TIMEX3>20.00</TIMEX3> IT-TIMEX MODULE
Among non markable time expressions, together with those Q
expressions which can have a temporal meaning but are not piEiTE et S T DT ETeE
considered trigger words, are also included (non markable i

Sem. Relations

elements are in bold):
« Frequency expressions, when no time period is given;

17.) L ltalia & campione del mondo péa quarta volta. CI\%_ \J
Italy has become World Champion for th& 4ime. Dictionary | TIMEX TAGGER

« Sequencing and ordering expressions:
18.) Le indagini erano stateénizialmente approvate dal

presidente
The investigations were initially approved by the TIMEX3
. Tagged Text
president
« Manner adverbs:
19.) Subito soccorsa dai medici presenti nel villaggio Fig. 1. The architecture of the system.
Immediately helped by the doctors who were in the
village.
« Non-quantifiable durations: parts-of-speech, the choice of using as input chunked texts
20.) a breve termine. strictly related to the fact that the textual extent of THMEX3
in the short term tag corresponds to a limited and well defined set of phrases
« Proper names that contain or comprise a time expressamd the output of a shallow parser represents an approximati
but denote named entities or similar. of the target phrases, thus facilitating the writing of thées.

In order to write the rules and adapt tA#MEX3 speci-
fications to Italian we have performed a corpus exploration.
X “The corpus used is composed by 179 Italian newpaper articles
([7], [8], [9], [10] among _ot_hers) have been implemented 'Bnd a total of 62 thousands words. The corpus has been
large part by means of finite state transducers or rule_-ba lyzed by the shallow parser and then we have automsticall
taggers. These .appro.ac.hes are the most u;eful .for th|s t%%racted those constituents which could contain a timex as
In fact, the relatively limited set of words which give nse Uthei head, including also prepositional chunks, for altota
a.tlmex suggests that rule-pased systems can be |mpIeme|6tp ve different chunk types (nominal, adverbial, adjeativ
with a small effort a_nd provide good resul_ts._ . _.prepositional andli_chunks). The extracted chunks have been

The general grchltecture of the t_ag_ger is illustrated irv F'.gonnected to a semantic lexical resource, SIMPLE/CLIPS
Ere é The tagl:]glngdptr)ogra? tliakes In 'an{[ a documentlwhl%hZ])’ and augmented with ontological information frometh

as been analyszed by a shallow parseriITe tagger relies resource, by associating the head noun of each chunk to its

on two main components: an identifier of timexes (TIME%)ntological type. By means of a simple query, all instandes o

DETECTOR) and a grammar (TIMEX TAGGER). The 9raMiimexes have been extracted by restricting the noun heads to

mar, which combines a general condition for activation ar}He type “TIME”, which, in SIMPLE/CLIPS, is defined as all
a set of Iogal ru_Igs, S responsible both for the braCket'%uns referring to timexes. This subsets of chunks has been
and for the identification of the features of the tlmexes.kBognanua”y checked to exclude instances of false positives. A
thjm_ponent_s are Ilnkedd to two exte(rjnal_rﬁsources:_a dl(llty_)naa result we have identified a total of 1485 chunks of potential
o _t|mex t_rlgger words augmente V.V't. semantic re _a_t'or}ﬁnexes. A first interesting result is the distribution ofeth
(T'mFT).( Tngg_er Dictionary) and a dictionary of modifiers,, it ents: more than 60% (968 out of 1485) is realized
(Mlod|f|er D|gt|0nar¥)r.] h le-based like 181, 9 y prepositional chunks (including the class dif chunk),

h'n ;:ompans_on W':} ot erl rute- ar']sel s_ys’:emsl, I'el[' ],I[ ollowed by the class of nominal (254) and adverbial chunks
which use as input the simple morphological analysis lewel, (195), and finally by the class of adjectival chunks (68). The

5The chunker’ s performance in terms of precision and resat £ 90.65 data show that the vast majority of .timexes is introduced by a
and R = 91.62. temporal preposition. This has an important consequence fo

IIl. SYSTEM ARCHITECTURE AND METHODOLOGY
Previous systems for timex recognition and normalizati
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the development of our rules, since, in order to be compliante the absolute reference type of the trigger word, in partic-

with the TimeML specifics, the tagger must distinguish the ular if the trigger word is an absolute timex or a relative

real timexes from the class of signals which are not to be one;

considered as part of tHEMEX3 tag. « the default type according to the TimeML specifications,
Analyzing the various chunks, we have identified four main i.e. whether the timex corresponds to a calendar date

patterns which may correspond toT8MEX3 tag, namely: (DATE), a clock time or a part of the day (TIME), a

o Pattern 1: a single chunk; e.g.ietispy_¢” [yester-
day], “lunedy <" [Monday], “di domenica; " [on
Sunday], 1l semestrg; " [the semester], fiello stesso
periodop_” [at the same period], ...

« Pattern 2: a combination of two consecutive chunks; e.g.:
“sabatoy_c nottey_¢” [Saturday night], il mesey_¢
scorsoips _¢” [last month], la mattinay o di ven-
erdip; " [Friday morning], ...

o Pattern 3: a combination of three consecutive chunks;
e.g.: ‘gliultimiap; ¢ tre mesiy_¢ dellannop; ¢ [the
last three months of the year], ...

« Pattern 4: a combination of four consecutive chunks; e.g.:
“il primo semestrg  fiscalesp; ¢ dell annop; ¢
scorsoips ¢ [the first fiscal semester of the last year],

duration (DURATION), or a set of times (SET);

the basic time format and value according to the 1SO
8601 standard which is associated to the trigger word
on the basis of its semantics; for instance a trigger
word like “domant [tomorrow] has an associated time
format corresponding to that of a calendar date, i.e.
YYYY-MM-DDwhere the values for the year, month and
day remain underspecified since it is not possible to
associate a specific value to any of them in a principled
way. Notice the difference with a trigger word like
“Natalé€’ [Christmas] which has the same time format as
“domant [tomorrow] but can be associated with a more
specific value where only the year is underspecified e.g.
YYYY-12-25 ;

« a description of the semantic of the trigger word, when
possible, by means of a metalanguage;

the associated granularity level of the time unit expressed
by the trigger word, i.e. whether the time word denotes a
hour (TH), a day D), a part or time of the dayTQOD),

a day of the weekJOW), a year {), a decadeYE), a
century C) and so on an so forth

ontological information, expressed by this_‘a” relation
whose primitives are represented by the vaioterval
andinstant

a set of 8 semantic relations automatically obtained from
the combination of ItalWordNet and SIMPLE/CLIPS,
comprehending both classical lexical semantics relations
like synonymy, merony, holonymy, hyponymy and hy-
peronymy, temporal relations, likafter and before and

a general semantic relation, i.&izzynym This set of
relations connects the lemmas of temporal trigger words
with each other and extends the relations to all the
other features which are associated with that lemma, thus
forming a rich semantic network which offers important
information both for the bracketing task and the nor-
malization process. For instance, knowing that a trigger
word like “serd [evening] stands in gart_of relation
with “venerd” [Friday] implies that their time units stand

in the same relation as well thus avoiding that the two
trigger words are assigned to two differemtMEX3

tag labels. Moreover, this set of relations facilitates the
creation of normalization rules.

In principle, it is also possible to have two further patgern
which may be obtained by the composition of five or six ®
consecutive chunks and which correspond to timexes of the
kind “gli ultimisp; ¢ tre mesi_c del primo semestig; ¢
fiscalesp; ¢ dell annop; ¢” [the last three months of
the first fiscal semester of the year] angli“ultimiap; ¢
tre mesy o del primo semestig; o fiscalesp; ¢« dell’ .
annop; ¢ scorsoipy_¢” [the first three months of the first
fiscal semester of the last year]. Such complex chunk pattern
have not been identified in the corpus but though their exis-¢
tence cannot be excludedpriori, they have been considered
as possible patterns as well.

Our development efforts concentrated on writing rules Base
on these patterns. One of the main advantages of working with
chunks and their possible combinations is the reduced numbe
of rules for tagging timexes since the longer the pattera, th
fewer the types of chunks involved.

A consequence of the corpus analysis is the creation of the
two external resources: the timex trigger dictionary, THnE
Trigger Dictionary, and the modifier dictionary, Modifier @i
tionary. In the next section we will illustrate their strucs
and the information they make available to the tagger.

A. The external lexical resources

The two dictionaries represent two key elements for the
correct functioning of the tagger. Both dictionaries haeer
created in a semi-automatic way and then manually postpro-
cessed to check for wrong or missing information. . - oo

The TimEx Trigger Dictionary is composed by 157 lexical An instance of how a dylct|onary entry looks |.Ike is rep_orted
entries corresponding to a comprehensive list of words gent! ex.ample 21. For C'a”tYS sake, when presentmg the s_daman
ing timexes, including proper names of national holidays ar;elatlo_ns we have not listed all the lemmas with which the
festivities. The dictionary is not simply a list of lemmast fitu entry is connected to but only a reduced sample:
represents a repository of information on timexes. Evetyyen21.) lemma = LUNEDI’ |
in the dictionary has the following structure: part of speechNN

« the lemma and its associated part-of-speech; absolute referenceaelative
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default type DATE 1_anchorValuegranularity

basic time format and value/YYY-MM-DD temporal relationsBEFORE anchor

semantic descriptianWEEK c (DAY _1) ]

time unit granularity level DOW The meaning of the normalization value is an approximation
is_a: INTERVAL of the semantics of the modifier. In this case, it means that th

is_a_part_of: settimana, mese, anno, has hyperonym presence of 4corsd requires that the value of the associated
giorno; has fuzzynymoggi, domani, vigilia, ieri, Natale, timex can be obtained by subtracting 1 to the anchoring timex
.., has as part: mattina, pomeriggio, alba, ora, .be- 4t the time unit granularity level. For instance, if we have
fore: martediafter: domenica a timex like 1o scorso annb [last year], from the timex
] trigger dictionary we know that the time unit of this timex
The modifiers’ dictionary is composed by 63 lexical entriefias granularityy ear and a time format of typ¥YYY. Once
It contains two classes of modifiers: those whose semanttbe anchor is identified, which is usually an absolute timex,
is essential in order to assign an absolute value to relatie value of the timex is obtain by subtracting 1 to the anchor
timexes, like ‘scorsd [last], passato[past/last], In corsd value at the same time unit granularity level, which in this
[current] and similar, and those modifiers which code a vagaase isY.
guantification over the timexes, likecifca” [about], “non Vague modifiers have the associated standard value which
pio di’ [no more than], hon meno di[less than], versd has to be added to the dedicated attribute inTtHdEX3 tag.
[towards] and similar. This second type of modifiers has la example 23 we illustrate the structure of an entry of vague
special role in determining the meaning of timexes, sinceodifiers:
it introduces fuzziness in the intended values, in pamicula3y |emma = META [
with respect to when the denoted time period starts and ends. psjtion PREMODIFIER
For instance, a timex likei“primi anni Sessanta[the early mod attribute valueMID
Sixties] is rather vague with respect to what part of the deca

is refering to. It could be a period ranging from 1961 to As for numbers, only ordinal numbers have been introduced

1965, or even a smaller one, from 1961 to 1963. Due 1o - . .
. ||Bthe dictionary. We have restricted the set of ordinal narab
the fact that an absolute calendar date or duration cannot bée

. . : . .10 the first four, since these are the most used in timexes.
reliably assigned to these expressions, it has been deci deset es of modifiers are twofolded: on the one hand, the
since the development GIMEX2 tag, to express this intrinsic yp :  they

vagueness by means of a dedicated attribates, which is can contribute to the identification of the absolute valuea of

implemented in th&' IMEX3 tag as well . In addition to this, r_elat|ve expression, like inif'primo_giorno dell'annd ['Fhe.
- e first day of the year], and, on the other hand, they indicate
due to the very limited set of vague modifiers, they have

been associated with standard values. Modifiers are c@rtaia particular period .O.f time, as inil"primo jmmestré [the
. : . . st quarter]. In addition, when they occur in the plurakyh
more important in the normalization phase rather then in the

bracketing one, but observing the various pattetPattern assume the status of vague modifiers, as iipfimi mesi
g " 9 P dell'annd’ [the first months of the year], and are associated
1 - 4) we can notice that the chunker output does not alwa%s

e ith a default value of themod attribute. Introducing these
clusters all modifiers into the same chunk. Consequentgnev_ .- -~ o
. . . maqdifiers as two distinct entries is not the best way to deal
in the bracketing phase being aware of the fact that the he . - . -
o . : with them, since it will complicate the dictionary lookup
of a chunk represents a modifier of a timex is necessary In

order to be compliant to the TimeML specifications. mechanisms creating unnecessary complexities for thersyst

T T - Thus we have opted for a different solution, that is to remain
The entries in the modifier dictionary have a common . o : )

. . . silent in the dictionary about this double values of this set
structure but differ from each other according to their type

: o Tof modifiers and shift the issue of values’ assignment to the
as we have described above. Thus, every modifiers has: N . :
normalization phase. Thus, ordinal numbers are presehein t

« lemma and part of speech; _dictionary but the set of information associated with them i
« information on its position, i.e. if it is only a premodifier,gstricted to the lemma, part-of-speech and position.
or a postmodifier, or both;
Then the entries differentiate for other information. ModiB. Detecting and tagging timexes and signals
fiers which are essential to the identification of the absolut The recognition of the chunk patterns corresponding to

value of the temporal trigger word have information necessar|\MEX3 tags is performed by means of local rules which
for the normalization process in terms of general rules angerk as previously stated, on a limited number of chunks,
when possible, the associated temporal relation with ®@Spgat is those which have as their head a timex trigger word.
to the anchor. An instance of an entry of modifiers of this kinfl,e TIMEX DETECTOR component analyzes the chunked

is represented in example 22. text which it receives as input and identifies both the timex
22.) lemma = SCORSO [ trigger words and the modifiers by means of a lookup in
position PREMODIFIER — POSTMODIFIER the dedicated dictionaries. When a positive match is foitnd,

normalization value CurrentTimExgranularity - marks the chunk head with this information. In case the chunk
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: : 38B- P.C PREP: nel in PREP_A MS!!!!!
head is a temporal trigger word the detector extracts all t 25, B C POTGOV: villaggio villaggio NN MSII!1P

additional information necessary for the bracketing phsiseh | 408 punct_c POTGOV: ™ " PUNCT 1111111
as the granularity value of the time unit and the default tyy 535 15 "0 kartibubbo kartibubbo NP 11t
of the trigger word. This information represents the inpart f | 438- o1 c PREP:  di di PREP 111111}
the second component, the TIMEX TAGGER which applie 221~ DI-C POT6OV: campobello canpobello NP 1111
the recursive rules. 46T- DI_C POTGOV: mazara mazara NN_P 111111
The TIMEX TAGGER has two types of conditions which 78 7 PFEP: :‘:;p;:;ﬁ’;ip:ﬁ;;;'l’w .

must be satisfied in order to activate the grammar rules resp( 4ss- punct_c POTGOV: , , PUNCT 1110111
H 0 H i S0B- FV_C AUX: & essere V_FIN !S3PI!!
sible for the bracket_lng gnd the creation of_ ?he cor_resmgldl .~ C POTGOV: morta morite v PP FSIRSI
TIMEXS3 tag. The first is a general condition which state sze- n.c roTGov: sabato sabato NN MS!!!!P efffem—

. . S3B- P C PREP: PREP !I11111
that the heaq of the chunk in analysis must corregpond B e oen: e ART I FSIILL
a temporal trigger word. The second are local conditions ( ss1- P_c PoTGov: scarica scarica NN FS!1!!P
the type of chunk which contains the trigger word, and th 255 2-c @ 2o0oow: ;g:;:21;:n§}2t25;3°,‘f?ff?"
head of the immediately previous and immediately followin sss- Fv_c PoTGov: faceva fare v_FIN IS3IT!!

H H S9B- N.C DET: una una ART_I Fs!!!!!

chun_k_s. The local rg_les are activated only if th_e_ 9eNer 11" \"C porcov: doccia docela NN FSIi1iP
condition has a positive match. If the local conditions ate—- -~ -— ” T
true, the tagger activates the corresponding grammar foites Fig. 2. Chunked input for temporal tagger.
the bracketing, otherwise it looks for other local condigo
and related grammar rules. The final output of the tagger
is a a chunked text with an additional layer of annotation In this small excerpt the only trigger word issébatd
represented by th&IMEX3 tag. In case no positive match[Saturday]. The tagger is activated and first checks if the
for the local conditions can be identified, the tagger will fageneral condition is true, i.e. if the head of the chunk is a
and noTIMEX3 tag is assigned. However, even in case démporal trigger words. This corresponds to the second line

failure, a partial output is always provided and is représen in the example 24, i.ecCOND ( POTGOV_lemma equals

by the output of the detector component. In this way, it igmexTrigger ) . Once a positive match is found, the
possible to check which local conditions or rules are mgsifocal rules are activated, and, as illustrated in example 24
and integrate them into the tagger. the tagger checks that (i.) the type of chunk in which the

To illustrate in details the functioning of the tagger wéemporal trigger words is located which could be either a
will present the rule for recognizing timexes belonging toominal chunk, or an adjectival one or an adverbial one;
Pattern 1, i.e. timexes corresponding to a single chunk, likthat (ii.) the head of the previous chunR@QTGOV_lemma
“sabatd [Saturday], ‘feri” [yesterday] and similar. The rule CHUNK-J) is not a modifier, and that (jii.) the head of the
is illustrated in example 24. following chunk POTGOV_lemma CHUNK}1s neither a
24)) COND modifier or another temporal trigger word. If all local rules

' . . are true, then it creates th€IMEX3 tag, which, in this

EZ%TGOV_Iemma equals timexTrigger) case, coincides with the temporal trigger churBEGIN_AT

(or (POTGOV_CHUNK equals N_C) :ﬁﬁsctlja?e'\éb(ir?nlrdigﬁ:[;__AT E_CHUNMW. The final output is
(POTGOV_CHUNK equals ADV_C) The system does not limit itself to the identification of
(POTGOV_CHUNK equals ADJ_C)) timexes, but it recognizes and marks signals as well. In

(not (POTGOV_CHUNK has PREMODIF) fact, the input provided by the chunks allows to detect the

(not (POTGOV_Iemmq C.HUNK'l temporal prepositions that introduce the timex triggensiciv

equals modifTrigger)) are annotated with their corresponding tag, ISIGNAL,

(or (not (POTGOV_Iemma_ CHU’.\IK+1 according to the TimeML specifications.

equals timexTrigger)) The tagger works with a set of 33 rules, including three

(not ( POTGOV_Iemma .CHUNK+1 rules for timexes realized by time or date patterns, whieh ar
equals modifTrigger))) retrieved by means of regular expressions and a special rule

) which checks the second following chunk to deal with timexes

then belonging to Pattern 4 and, possibly, to Pattern 5 and Patter
CREATE TIMEX3_tag 6, i.e. five or six consecutive chunks which form a unique
(and (BEGIN_AT B_CHUNK) TIMEX3 tag.

(END_AT E_CHUNK) )
C. Semantic relations: a strategy to improve reliability

As already explained, the tagger takes as input a chunkeJhe major novelty introduced in this work is represented
text, as illustrated in Figure 2, and then activates theatete by a cluster of semantic restrictions which must be satisfied

comppnent which identifies the temporal trigger words andeIn all the rulesB_CHUNKstands for the beginning aril CHUNKor the
modifiers. end of the temporal trigger chunk.
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388- P_C PREP: nel in PREP_A MS!!!!! semantic relation between the two trigger words to obtaén th
391- P_C POTGOV: villaggio villaggio NN MS!!!IP .
408- PUNCT_C POTGOV: " " PUNCT 1!!!111! correct tagging.
41B- N_C POTGOV: kartibubbo kartibubbe NN_P !11111!
42 B- PUNCT_C POTGOV: * " PUNCT !t11tt! 1V. SYSTEM EVALUATION
43B- DI_C PREP: di di PREP !!!I!!! ] o
441- DI_C POTGOV: campobello campobello NN P 1!ttt In order to verify the reliability of the system we have done
B e L B R an evaluation session. We have manually annotatéth the
47B- P_C PREP: nel in PREP_A MS!!!1! TimeML specifications a subset of 42 articles (16 thousand
481- P_C POTGOV: trapanese trapanese NN _S!!!!P words) from the lItalian treebank ([13]), containing a todél
498- PUNCT_C POTGOV: , , PUNCT !11111] : -
S0B- FV_C AUX: & essere V_FIN (S3PI! ! 367 tlmex_es. Due to the fact that the normalization phase has
S1I- FV_C POTGOV: morta morire V_PP FSIRP!! not been implemented yet, the system has been evaluated both
Zi :' g_g gg; SOV; fabzfor,:;ga'tfl"\tw‘"ﬁ PP B-TIMEXS == \ith respect to the general task of recognition and bracgeti

- P : per per PREP 111111 . e ..
S4I- P_C DET: una una ART_I FS!!111 of timexes and for the Sl_Jbtask of modifier recognition. Th_e
S51- P_C POTGOV: scarica scarica NN FS!!!1P evaluation of the bracketing comprehends also an evahlatio
I Mol sl o netie de P of the system with respect to the tagging of BKSNAL tag.
588- FV_C POTGOV: faceva fare V_FIN IS3II!! In fact due to the input format, a wrong tagging for signals,
59B- N_C DET: una una ART_I FS!i!!! corresponds to a wrong bracketing of the timexes. In Table |

we report the results obtained by the system.
The columns COR and MISS and INC report, respectively,
the number of items correctly identified, those not recoeghiz

by the system but present in the corpus and, finally, the numbe

during the brgc_ketmg phase_ in order to be compllant. t(_) % items both incorrectly annotated and false positives Th
TIMEX3 specifications. To illustrate how these restrictionsyerall evaluation of the system is computed in terms of

work, consider the following examples: precision (P), recall (R) and F-measure (F). Precision and

Fig. 3. Final output of thelETI Tagger.

25.) il venerdl ¢ seray_c. recall are computed at the tag level, this means that foryever
Friday evening instance of a timex correctly bracketed we have assigned one

26.) il perioday_¢ 93y _¢ - 94~ _c- point, in case of partial identification we have assignea zer
the period 93 - 94 points.

According to TimeMLTIMEX3 specifications, in the exam- As for Italian, to our knowledge, four systems have been
ple 25 we have two timexes which are inpart_of relation developed for the task of recognition and normalizations of
one with each other. Consequent®attern 2 applies and timexes and three of them implement rule-based methods.
we have to create a uniqUEIMEX3 tag as the follow- Unfortunately, these systems implement THHMEX2 specifi-
ing, i.e<TIMEX3> il venerd i sera </TIMEX3> .On cations which differ from TimeMLTIMEX3 ones with respect
the contrary in the example 26, we have three autonomd@sthe bracketing of timexes, thus preventing a comparison
timexes, andPattern 1 applies. In absence of rules whichPf the systems’ performance. The results obtained show a
include the contribution of semantic relations between ti00d overall performance of the system. The error analysis,

timex trigger WordS, we will have Only one correct taggind',]OWeVer, shows that there is still room for improVementE Th
namely: relatively low number of missing timexes is only in a minimal

« if the rules allow the application oPattern 2 to two part a result of missing entries in thg 'Iijx Dictionary. A .
. source of errors is the presence of elliptic phrase heads as i
consecutive NCs, then only example 25 would be oo u N
correctly tagged, while example 26 will result as wron almeno 4v_c 0 5 giomiy_c, "at least 4 or 5 days’, where
% <TIMEX3>il ériodo 93</TIMEX3> - Yhe first chunk misses the time word trigger. Another source
<TIMEX3> 94p</TIMEX3> ) of errors is represented by the relative high number of false
if the rules don't allow the é lication dPattern 2 to positives. These are instances of numeric expressionshwhic
* o consecutive NCs. then orr)fl) example 26 would behave a pattern similar to calendar and time timexes. These
correctly tagaed ;vhiI'e exam I?e/ o5 willoresult as wroncerrors are mainly due to the fact that we have used regular
y tagged, R P ge'xpress;ions to identify these kinds of timexes. A possible
*<TIMEX3>il vener I</TIMEX3> .
<TIMEX3>sera</TIMEX3> §trategy_ to avoid these errors could be_ r_epre_sented by a more
_ ~ fine-grained POS tagset which could distinguish betweea bar
As a general procedure, when the tagger identifies th@meric data and numeric data which correspond to timexes.
presence of two consecutive temporal trigger words, first Apparent dates, i.e. proper names with a timex composing
checks for the chunk type of the two trigger words, and ff, |ike in Il Sole - 24 Ore are not always recognized by
they are of the same type, then it applies rules which talge chunker as named entity and, thus, are incorrectly thgge
into account the semantic relations between the two triggg$ timexes. The error analysis has also indicated that some

words. Since these relations are projected over the erlirefs ryjes need refinements, in particular when date patterns and
information which forms an entry in the TimEx Dictionary, it

is sufficient to further lookup in the dictionary for the red@t ~ "The annotation tool used Ballisto from MITRE.
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TABLE |
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TETI EVALUATION RESULTS.

Tag TOT. COR | MISS | INC P R F
TIMEX3 367 321 35 66 82.95 | 90.17 | 86.41
TIMEX3:modifier 90 55 12 23 82.09 | 70.51 | 75.86

semantic relations co-occur. In fact, the former are mgssin A further improvement for the system is represented by the
from the TimEx Dictionary, and this calls for a strategy te@reation of a GUI which will allow the realise of the system,

insert them. Finally, the incorrect identification of the&GBIAL
tag has contributed to worsening the results preventing a
correct bracketing. Most of them are multiwords likBn®

a’ [up to], or “rispetto & [(with) respect to], which are not [
recognized as such by the chunker.

As for modifiers the results are less satisfying. We have
identified only 90 timex with at least a modifier in it. Only 55 2!
of them have been identified by the system, thus suggesting
that some rules which deal with modifiers need to be refineds]
Moreover, most modifiers are not identified by the systems
(column INC) resulting in an incorrect tagging for this sub-[4
task. The missing modifiers correspond to numeric values,
namely cardinal numbers expressed by words. A possibIIfS]
though time consuming, solution could be to insert them i
the modifiers'dictionary. On the other hand, we claim that
the best solution is to exploit the information provided by[6]
the chunked text, in particular their position in the chunk,
which corresponds to the premodifier position, and the paff]
of speech, which clearly state that these words are numbers,
thus improving the tagging.

8
V. CONCLUSION AND FUTURE WORK 8]

The system described in this work is a module of a
wider reasearch project on temporal processing of texts in
the perspective of Open Domain Question Answering, whickl
includes event detection and identification of the temporﬁb]
links between the relevant entities, i.e. timexes - timggesnt
- event and event - timexes. Though the results are quite,good
improvements are needed in order to reduce the number'df
false positives, which may bias further processes of teaipor
analysis, like the identification of the temporal relatidres
tween an eventuality and a timex. Further research is neteded-?!
complete the tagger, in particular for the normalizatioag
Provided the good results obtained by using rules for dietgct
and bracketing, we suggest that this methods could be usetd|
for the normalization phase as well. In order to obtained a
good normalizer some issues must be resolved, in particular
as far as the identification of the correct anchor is conakrne
In this sense previous studies on anaphoric definites repreg14)
a starting point for the identification of reliable heurstifor
anchor detection.

once completed, as a web-based tool.
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