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ABSTRACT

This study approaches a methodology for the intigmaof
temporal information belonging to a historical cop in a
Geographic Information System (GIS), with the puepad
analyzing and visualizing the textual informatidrhe selected
corpus is composed of business letters of the Gastilerchant
Simén Ruiz (1553-1597), in the context of the DympGled
Project (Dynamic Complexity of Cooperation-Based -Self
Organizing Commercial Networks in the First Globalelghat
aims to analyze the dynamic cooperation procedofesocial
networks.

The integration of historical corpus into a GIS hasolved the
following phases: (1) recognition and normalizatioof
temporal expressions and events in 16th century il@ast
following the TimeML annotation guidelines and $®rage of
tagged expressions into a Geodatabase. The imptatiwn of
this process in a GIS would allow to later carryiogt temporal
queries, dynamic visualization of historical eveatsl thus, it
addresses the recognition of human activity patteland
behaviours over time.
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1 INTRODUCTION

Events are placed in time and space; both are detxdeet a full
representation of historical events. Traditionaligse two components
have been studied separately by History and Gebgragithough both
disciplines require for their understanding andsogéng the joint
consideration of space and time of any given phesmam. The
Geographic Information Systems (GIS) have greathcilitated
management, editing analysis and visualization ebggaphic data
related to the territory. However, the use of GESaatool of spatio-
temporal analysis and dynamic representation dbiiésl facts with
the purpose of reviewing and strengthening mangaspof geographic
history [1] is an issue which has been contemplatade de 70’s [2].
At the present time one of the subjects which isrenily an open
research line is the incorporation of reasoning godntification of
time and the recognition of temporal patterns.

One of the objectives of the DynCoopNet Projectwihich this
research study is framed, is to inquire into theadgics of cooperation
commercial networks that were established in thest RGlobal Age
(1400-1800). Our contribution to that project isstacourage the use of
GIS in social science and humanities and approaehstudies of
confrontation and review of historical events, immrating for that end
tools capable of carrying out analysis in a tempGi&.

In this paper we propose a methodology for incaapon of the time
variable into a GIS. First, we aim at identifyingmporal expressions
using TimeML that allows describing both definiteda indefinite
temporal expressions; it also allows defining thergs and establishing
temporal relationships inspired by Allen’'s temporalgebra [3].
Second, we propose the incorporation of temporatepts included in
written texts into a GIS. For that purpose we idtdn extract the
temporal information from a historical corpus maneof letters written
in 16" century Castilian by the merchant Simén Ruiz bipgidNatural
Language Processing (NLP) tools.

In the next section the temporal component willshedied in depth
taking into account the two research areas as ibescrSubsequently
the annotation guide used to extract temporal mé&tion will be
described, and in the fourth section the methodolaged in the
identification and normalization of temporal exmiess of the Spanish
language will be shown, also paying attention te thtegration of
TimeML into the Geodatabase. Finally the conclusiofithe study and
future work will be outlined.
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2 TIME

The temporal information has been researched froiffierent

disciplines. From the computational viewpoint, temgd information
processing has aroused great interest in the #aieobmmunity, as
attested by the large number of workshops whiclehtaken place in
the area of creation of extraction and temporalysiatools (TERQAS
[4], TANGO [5], DAGSTUHL [6], MUC [7]); in the areaf temporal
semantic annotation languages (TIDES [8], TimeM]);[ the area of
annotation systems (TERSEO [10], TARSQI [29]) amnd different

evaluation workshops (TERN [11], TempEval [12])kéwise, in the
field of geographic information a large number dfidses have
approached this subject. The incorporation of émepioral variable into
GIS has been investigated along the 1990 decade.fifdt studies
focussed on the management of time in the dataslja8g [14]; recent
research is focussed on spatio-temporal modellihgs data modelling
is being carried out from a conceptual framework an technical
viewpoint [15] [16]. Many models are based on thgligon of the

temporal variable within the spatial databasedriotésd to individual
layers, such as the ‘Spatio-temporal Cube’ Modél],[ISnhapshot’
Model [18] or the Composite Spatio-temporal Mod&®][ The most
recent spatio-temporal models are associated &rtzhjMoving Object
Data Models [20], Spatio-Temporal Object-OrientegtddDModel [21],
and Object-Relationship Model [22]). Other studiase currently
developing advances in spatio-temporal databasash sas the
Intentionally-Linked Entities Model (ILE) [23], wbh allows

representing complex entities and establishing latiomal context.
However, although great conceptual efforts havenbeade for the
building of databases and prototypes based on osgmtiporal
databases and their implementation for a particytgnlication, there is
no global model as yet that might be used for gipfieation.

As discussed above, this study will be used maramguages to
integrate temporal information of historical phereara. The specific
markup language for geographic information is GMGefgraphic
Markup Language), delineated by the Open Geosp&t@isortium
(OGC) in 2000. This language has been defined fadeting,
transportation and storage of geographic infornma{i®4]; however,
even though it has a temporal reference systerfacks a detailed
description. Actually there have been initiatives extend the
geographic markup language over the temporal dosmias to being
able to represent this type of information [25].eThhoice of the
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temporal markup language has been made subsetwith# geographic
tool since an already known language was neededsetifor this tool,
at the same time enabling description of the tewdpwariable and
information interchange.

Temporal information stored as metadata of the ggaigc data of a
document may be appropriate for queries relatethéodate of that
document but they are insufficient if event duratie queried or other
dates other than the publishing date wants to eirsdd [26]. For the
incorporation of temporal expressions coming fromatural language
document into a database, those expressions mystebented with a
certain structure and they must be subjected tonalization. To this
end the TimeML markup language has been used.

3 TIMEML TEMPORAL MARKUP LANGUAGE

The TimeML temporal semantic annotation is a lisgiaispecification
to annotate events and temporal expressions, thgirdvides a
systematisation for the extraction and represematdf temporal
information and for information interchange. It canmto being with
the aim of annotating newspaper articles, althoaghwe will see, it
may be extended to another type of text informatidte most
characteristic properties of this language arerpretation of temporal
expressions, temporal annotation of events, armhgement of events
to others through a temporal anchorage. TimeML etigped in 2002
[4] [5], is being consolidated as an ISO standd&O(WD 24617-
1:2007), and it is compatible with ISO 8601 whicpesifies the
standard notation to store dates. It should bedntitat it has been
approved as an annotation language for TempEvadsalobjective is
to evaluate the automatic systems in text semantdysis [12].
TimeML combines and extends characteristics of rotieenporal
annotation standards such as STAG [27] (guide ttate events and
time in newspaper texts, whose tag for temporairmétion is TIMEX)
and TIDES [8], developed to mark temporal expressiof a document
and identify the value of the temporal expressi@iMEX2). In
TimeML the temporal expressions are marked with THRAEX3 tag,
which intends to indicate an improvement in relatio previous tags.
For treatment of the differetimexesthere are different annotation
languages and an annotated corpus for the Englaéigubge,
TimeBank, made up of 183 articles of the US pr@83.[There are also
automatic tools of temporal annotation, TARSQI [28]d TERSEO
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[10] and temporal ontologies, among them Time Qmggland its
forerunner DAML Time 2006 [20] standing out sindeid related to
TimeML. Yet the majority of those resources canbetused for the
Spanish language or they have ended up being dbsstethe creation
of Spanish corpora annotated in TimeML and the kigweent of
specific tools would be necessary.

3.1 TimeML: description and characteristics

This markup language has three basic tags: TIMEEYENT,
SIGNAL and three link subtypes: TLINK, ALINK and 8iK. Next a
brief explanation of each tag is presented:

- TIMEX3 is used to mark temporal expressio2d:st March
2001, yesterday, at 6 PM, next year.

- EVENT is used to mark events mentioned in a texaiccur, to
believe, to study, to begin.

- SIGNAL is used to annotate temporal signdiefore, after,
during.

- TLINK is used to mark temporal relationshipouise went to
Romania from the 21st to the 27th of Marthe temporal
information is related to the eveotgo.

- ALINK is used to annotate aspectual relationshigsry will
begin presentation of her paper at 12 ndtme verbwill begin
is showing a phase of the event).

- SLINK is used to annotate relationships of modality
evidentiality: John said he would go to Romania in March.
(conjecture is made before the realisation of thens).

TimeML offers the possibility of expressing diffetegranularities. It
owns four types for time expression (TIMEX3):

- DATES is used for expressions referring to a adderon the
22nd of March 2010, last Sunday, yesterday morning.

- DAY TIMES is used for a temporal expression lesmth day:
this afternoon, at twenty minutes to threAttention should be
paid to the distinction between these two typesnoés because
of the different granularity of the expressions.

- DURATION is used to describe a duration in tinfer four
days, two years ago.
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- SET is used for expressions of repetition in titnéce a week,
every eight days.

The natural language does not have a single wagxpfessing a
specific granularity but there may be different pemal expressions
referring to the same granule. Granularity is tbeel of detail with
which the time is measured; it may be stated thairal language does
not have a canon for time expression [26]; howévisrknown that the
granularity of linguistic temporal expressions eiff adapting to the
Gregorian calendar. Equivalencies may be found eéetwthe natural
language and this calendar, at least in westergukegres. Hence the
differences proposed to model time following thiendar [30] [31].

In order to ensure the consistency of data stractar all the
documents, a DTD has been used. It allows defitfirggdata format
and the document structure, its elements and tatinge Thus, those
documents may be validated since the element steucf the elements
and their description may be known.

4 METHODOLOGY FOR INCORPORATION OF TEMPORAL
EXPRESSIONS INTO AGIS

The purpose of this methodology is the incorporatid the temporal
variable, described by means of a temporal markmguage coming
from a text information, into a GIS. The corpus dismmes from a
selection of 20 letters of the Spanish merchan®8iRuiz, dated in the
16th century.
The procedure has been divided into three steps:
- Automatic identification of the temporal expressiaf the
corpus using th&eoParserserver
- Manual normalization of the temporal expressiorn$ wi
TimeML.
- Incorporation of TimeML into a Geodatabase.
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Fig. 1. Diagram of the processes included in tlippsed methodology.
Source : author of the study.

4.1 |dentification of the temporal expressions

No automatic tool associated to TimeML has beereldped yet for
recognition of temporal expressions in the Spaldsguage. In view of
this lack, we have opted to u§&eoParser a text processing tool that
identifies these expressions and recognizes thgrgpbic scope of the
document, as well as the whole geographic entitiesntioned
throughout the document. This tool, a spinoff af IGMAP Project
[32], has been used with the aim of assisting ie thetection of
temporal expressions, disambiguation and assignwfeatgeographic
environment to those expressions. In this casedtimment to deal
with is written in old Castilian, so that it is ressary to carry out some
modifications in the lexicon of the application, that these expressions
are properly recognized, therefore normalized.

This recognition process implements the Named ¥ER#&cognition
Method (NER), based on seeds and supplemented dnches in
gazetteers and register queries containing namésstarical periods.
This approach has been extended with rules of egjme for
recognition of dates, durations and frequenciesaeted from the
TimeML annotation schema. This process has beemiedarout
manually, marking the temporal expressions recaghidy the
GeoParseras well as those that were not identified.
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The procedure for recognition of these temporalresgions is
facilitated by the Dat eTi me tag, with whichGeoParsermarks and
describes the already identified expressions.

An additional advantage of the utilization GeoParseris that it
facilitates the incorporation of the expressiomiifeed in the GIS since
not only identifies but it also infers the geogriptontext to which it is
related. For this purpose it relies on a gazettesing a register of
placenames, historical periods and descriptioeif tproperties, e.g. it
contains place types, coordinates, temporal inkervaierarchies,
alternative names and semantic associations. Thettgar used [33]
integrates data from multiple sources, among thesaNames and the
directory of historical periods ECAI [34].

4.2 Normalization of temporal expressions in Tihe

The normalization of temporal expressions has lweeried out semi-
automatically due to the fact that at the presené GeoParserdoes
not normalize recognized expressiobgsides, since we are dealing
with a historical corpus of old Castilian, the at#ion of TimeML has
been necessary in accordance with that linguisticety and the
incorporation of its rules. This adaptation hagadtly been carried out
for the English, Chinese and ltalian languages,ati@ptation for the
Spanish language being underway [35] [36]. It isvant to note that
for the time being no studies have been undertadmout the old
correspondence in TimeML. So far the ground on twhiork about
temporal extraction has been done is newspapegat texts [37].

After identification of temporal expressions in Ressance Castilian,
the next step has been the TimeML annotation cfehexpressions that
had not been previously normalized. From the beginXML has been
chosen as language, without forgetting that Timeisilnot dependent
on this format.

Next an example is shown of the corpus of normttimaof these
temporal expressions in TimeML where the guide eslwappear:
TI MEX3, EVENT and TLI NK.

“A primero de agosto recibi la de v.m. de 12 desa@do” (On the first
of August | received yours of the 12th of the pashth from your
honour)
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<TIMEX3 tid="tidl2" t
01" anchorTi nel D="tid
agost o</ TI MEX3>

ype="DATE" val ue="1570-08-
11">prinero de

<SI GNAL sid="sidl"> a </SIGNAL>

<EVENT ei d="ei d28" aspect =" PERFECTI VE"
nood="NONE" pos="VERB" vfor m=" NONE"

cl ass=" OCCURRENCE" t ense="PAST"

st en¥" RECI Bl R" >r eci bi </ EVENT>

<TI MEX3 tid="tidl3" type="DATE" val ue="1570-07-
12" anchorTinel D="ti d11">12 del pasado </ Tl MEX3>

<SI GNAL sid="sid2"> de </SIGNAL>

<TIMEX3 tid="tidll" type="DATE" val ue="1570-08-
08"> ocho de agosto de 1570</ TI MEX3>

<TLI NK rel Type="1 NCLUDEs" |id="1id31"
tinel D="tidl12" rel atedToEvent | nst ance="ei d28"
signal I d="si d1"/>

<TLI NK rel Type="BEFORE" |id="1id32"
timel D="tidl13" rel atedToEvent| nstance="ei d28"
signal I d="si d2"/>

The type of temporal information we are likely todf in the letters
is varied and rich due to the rhetoric of that tiemed the type of
document, with temporal expressions of the typea téntos dias
(within that many days “de pocos dias a esta pdrtdgrom a few days
hither) or “diez del que vierigtenth of neXxt As can be observed by
the example, the linguistic expressions used in ldteers may be
deictic, i.e. knowledge of the narrative moment which the
expressions are framed is needed to be able tad@im the time
interval comprised by the expression. The corpesl @lows using the
temporal metadata in order to determine at whichmemt the events
occur, so as to be able to locate them on a timellthis is achieved
with the AnchorTine attribute, as in the example, allowing
establishment of a temporal axis.

In order to arrange the events of the corpus, thesetwo ways of
proceeding: extrinsic and intrinsic. The former mearranging the
letters of Simon Ruiz only taking into account ttecument publishing
dates, i. e. the metadata. The latter consistsrahging all the temporal
expressions appearing in the document. Since thi i a more
sophisticated process, it is necessary to deal tiétentire information
of the corpus.
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The tag marking the temporal relationships is e NK, those
relationships being based on the thirteen bindgtiomships of Allen’s
temporal algebra. Th&LlI NKs represent the temporal relationships
existing between two events, two times, or betwaepvent and a time.
In the example, the event would beecibi” (I received) which is
accompanied by two temporal expressionsjniero de agosto” ( the
first of August)and “12 del pasado” (the 120of the past month)The
temporal relationships between these three elenmstsmarked with
theTLI NK tag, as can be seen in the example.

It is relevant to remember that the XML is not ird@& to the
TimeML since the latter may turn into other formats a matter of fact,
a web annotation tool is being developed that gaesrdata in database
tables from text annotation [39].

4.3 Incorporation of TimeML as part of a geodatabas

After having annotated the corpus in TimeML we go with the
integration of the text in the geographic inforroatisystem. The GIS
have different data formats, all of which assumdagabase-oriented
structuring of information: geodatabases, tabldgl§1Access, tables in
MS Excel (with certain restrictions), etc. The jugt of TimeML
annotation into any of these formats is guarantegdhe fact that
TimeML does not allow for recursive entities, arehbe it provides a
stable, predictable structure, so that a relatiahatiabase could be
designed to store the information contained by Nihennotation.

In order to automate the transfer of informatiomeation of a
mapping algorithm between both structures (datalzesk corpus)s
required with the purpose of saving and extracting information
freely. Such tool could be implemented as an imtemodule of the
database manager or as an independent software ooemtp[38].
Consequently both entities (geodatabase and the RIEfNing
TimeML) would be practically identical. This wouldacilitate
introduction of the information, and in additionhet annotated
expressions of the corpus would not undergo anynghaThe XML
and the geodatabase turn into the two faces ofstheage of the
temporal expressions.

Finally, having the information within the geodaasb, the
representation of the annotated corpus will depmmgbeculiarities the
historical events described; for example if we wdealing with the
binnacle of a ship’s captain, the representationsinipping routes,
goods transported, oceanic currents, winds andmstocould be
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emphasized, but if the corpus was made up of téatribing land
voyages, the representation details would be snotisig different,
highlighting other aspects. In this regard, asafarepresentation of the
linguistic annotation of the corpus is concerned,may add that this is
a future line of research which involves the dyradisplay of events.

5 CONCLUSION AND FUTURE WORK

A methodology has been designed for the recognitiand
normalization of temporal expressions following thEBimeML
specifications; the procedure followed has beesgired and the union
of the two scopes for the development of the temfigrin the GIS has
been pointed out. Likewise the methodology for limguistic corpora
and the Geographic Information Systems has beeseptred.

The functional advantages of integrating documentstin natural
language and the representation of their tempygriia GIS have been
exposed.

The advantages of utilization of the TimeML havebealescribed:
its standard character, its format as a datab&sapplicability to any
language by providing a defined grammar and abdyédow allowing
the arrangement of events on a timeline. TimeML,ot®er markup
languages, allows massive treatment of text inféiona

Some of the limitations to carry out the proposavén been
described: (a) to achieve the representation ofahmporal information
tagged in the corpus, the Geographic Informatiost&y should have a
spatio-temporal database allowing storage and qenof the
information coming from the corpus, i.e. a tempded$ reflecting the
TimeML; (b) corpora tagged in TimeML are scarce liorguages other
than English which prevents the use of automaticnieg techniques
and gives rise to the use of semi-automatic andualaannotation; (c)
adaptation of TimeML guide to old Castilian is neddto facilitate
identification of temporal expressions in this tyfdexts.

As future work we intend to get the recognitionymalization and
qguantification of temporal expressions in wider 19ph historical
corpora as well as the integration of temporal apdtial linguistic
annotation. In addition we have anticipated theatioa of an analysis
tool allowing the utilization of temporal express®oat the time of
specifying the query within a spatio-temporal GEs well as the
extension of the SQL queries with diffuse temparapressions and
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temporal proper names, i.e. we seek facilitateithglementation of
natural languages queries containing temporal espes in a GIS.
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