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Abstract
In this paper, we present ISO-TimeML, a revised and interoperable version of the temporal markup language, TimeML. We describe the
changes and enrichments made, while framing the effort in a more general methodology of semantic annotation. In particular, we assume
a principled distinction between the annotation of an expression and the representation which that annotation denotes. This involves not
only the specification of an annotation language for a particular phenomenon, but also the development of a meta-model that allows one

to interpret the syntactic expressions of the specification semantically.

1. Introduction

In order to fully interpret a natural language utterance, it is
necessary to understand the temporal information conveyed
in the text, including all event and temporal expressions, as
well as their anchoring and ordering relations. TimeML
(Pustejovsky et al. 2005a, 2005b) (www.timeml.org) is an
annotation scheme specifically designed for the markup of
events, times, and their temporal relations in text. The
TimeML scheme annotates all expressions having tempo-
ral import, broadly categorized as temporal expressions and
eventualities (situations, events, states, and activities). The
EVENT tag specifies various attributes, including the class
of event, tense, grammatical aspect, polarity (negative or
positive), any modal operators which govern the event be-
ing tagged, and cardinality of the event if its mentioned
more than once. Likewise, time expressions are flagged
and their values normalized, based on TIMEX3, an exten-
sion of the ACE (2004) (tern.mitre.org) TIMEX?2 annota-
tion scheme. Temporal expressions and events participate
in temporal relationships (e.g., “before”, “simultaneous”),
subordinating relationships (e.g., “intensional”, “factive”),
and aspectual relationships (e.g., “initiates”, “continues’).
TimeML provides an additional expressive capability of
capturing and representing the complexities of these rela-
tionships.

Within the context of the ISO TC 37/SC4 Semantic Anno-
tation Framework (SemAF), TimeML has been adopted as
the foundation for a a formal specification language called
1ISO-TimeML, for temporal information markup in natural
language.

Unlike prior event annotation schemes, ISO-TimeML’s
somewhat unique definition of an event does not limit the
standard’s applicability to other natural language genres.
An ISO-TimeML event is simply something that can be re-
lated to another event or temporal expression using an ISO-
TimeML relationship — thus an ISO-TimeML-compliant
representation can be adapted (derived) from the full stan-
dard specification, appropriate to different genres, styles,
domain, and applications. Future work will involve ap-
plying the standard in such different contexts, and for-
mulating guidelines and principles for appropriate use of

ISO-TimeML in a variety of language engineering environ-
ments.

2. Semantic Annotation and Interoperability

Following ISO CD 24612 (Language resource management
- Linguistic annotation framework) and Ide & et al. (2003),
we assume a fundamental distinction between the concepts
of annotation and representation ). The term ‘annotation’
is used to refer to the process of adding information to seg-
ments of language data, or to refer to that information itself.
This notion is independent of the format in which this in-
formation is represented. The term ‘representation’ is used
to refer to the format in which an annotation is rendered,
for instance in XML, independent of its content. Accord-
ing to the proposed internation standard (LAF), annotations
are the proper level of standardization, not representations.
Hence, ISO-TimeML defines a markup language for anno-
tating documents with information about time and events at
the level of annotations.

The distinction between annotations and representations is
reflected in the specification of ISO-TimeML, which makes
a distinction between an abstract syntax as well as a con-
crete syntax. The abstract syntax specifies the elements
making up the information in annotations, and how these
elements may be combined to form complex annotation
structures; these combinations are defined as set-theoretical
structures, independent of any particular representation for-
mat. There are infinitely many ways in which these struc-
tures can be represented. In line with other ISO TC 37/SC
4 proposals, an XML-based concrete syntax is defined for
representing ISO-TimeML annotations. Any other repre-
sentation that is a faithful rendering of the abstract syntax of
ISO-TimeML can readily be converted into this XML rep-
resentation and vice versa. ISO-TimeML has a semantics
associated with its abstract syntax, which defines the mean-
ings of ISO-TimeML annotation structures. The fact that
this semantics is associated with the abstract syntax, rather
than with a particular concrete syntax, explains why all con-
crete representations of ISO-TimeML annotations are se-
mantically equivalent.



3. ISO-TimeML

3.1. Introduction

When talking about the semantics of events and temporal
entities generally, there are three things that need to be ac-
counted for. Assuming both events and times are interval-
like, these are:

(1) a. The position of the interval relative to others (OR-
DER):
b. The size of the interval (MEASURE):;
¢. The number of intervals (QUANTITY):.

Currently, the ISO-TimeML framework adequately handled
positional information (order), captured generally by Allen-
like interval relations.

(2) a. John taught on Tuesday.
b. John taught before Mary arrived.

The TLINK mechanism provides temporal ordering and an-
choring of event predicates interpreted as intervals. We in-
troduce a function, 7, which interprets an event as an inter-
val.

(3) a. teach= ey, tuesday= to
b. JeyFtafteach(er) A tuesday(te) A T(e1) C ta]

The anchoring relation of the teaching event to the TIMEX?3
Tuesday is represented by a TLINK relation, as shown be-
low:

<TLINK eventID="el" relatedToTime="t2"
signalID="sl1l" relType="IS_INCLUDED"/>

In (2a), the event e is anchored within the temporal expres-
sion to. Similarly, in (2b), e; is ordered before the event es.
TLINK handles both adequately.

(4) a. teach= ey, arrive = eo
b. JeyJesfteach(er) A arrive(es) A T(er) < 7(e2)]

<TLINK eventID="el" relatedToEvent="e2"
signalID="s2" relType="BEFORE"/>

In the discussion that follows, we will indicate how mea-
sure and quantity can be represented within [ISO-TimeML.
First, however, we turn to the distinction between an ab-
stract syntax and an annotation specification.

3.2. Properties

The specification of ISO-TimeML consists of three com-
ponents, mirroring the LAF distinction of abstract annota-
tions and concrete representations: (1) an abstract syntax
of ISO-TimeML annotations; (2) a format for representing
these annotations in XML (a concrete syntax); and (3) a
semantics of [ISO-TimeML.

The abstract syntax of ISO-TimeML defines the set-
theoretical structures that constitute the information about
time and events that may be contained in annotations. The
definition of the abstract syntax consists of two parts:

(5) a. a specification of the elements from which these
structures are built up, called a ‘conceptual inven-
tory’; and
b. a set of syntax rules which describe the possible
combinations of these elements.

What these combinations mean, i.e. which information they
capture, is specified by the semantics associated with the
abstract syntax.

A concrete syntax consists of the specification of names for
the various sets forming the conceptual vocabulary, plus a
listing of specific named elements of these sets, and a speci-
fication of how to represent ISO-TimeML annotation struc-
tures defined by the syntax rules of the abstract syntax men-
tioned above. A particular XML-based syntax for temporal
annotation has been defined in the TimeML effort (Puste-
jovsky et al., 2003; 2007) and is largely adopted by ISO-
TimeML, modulo the stand-off character of ISO-TimeML
annotations, illustrated in the next section.

The final component of ISO-TimeML consists of a spec-
ified semantic interpretation of the XML representations
provided by the concrete syntax. There are currently two
semantic fragments: one using Interval Temporal Logic, a
first-order logic for reasoning about time; the other one uses
a DRT-like, event-based semantics for the abstract ISO-
TimeML syntax.

3.3. Standoff Annotation

There are several changes to TimeML, introduced by the
ISO-TimeML specification. Perhaps the most significant
structural change is the move from in-line to stand-off an-
notation. This is in accordance with the general method-
ology to create interoperable annotation languages that do
not modify the text being annotated.

ISO-TimeML conforms to the following three ISO stan-
dards: ISO 24610-1:2006 FSR (jointly developed with the
TEI Consortium), ISO DIS 24611 MAF, and ISO DIS
24612 LAF. A proper management of stand-off annotation
requires dealing with identifiers (xml:id) and pointers in
conformance to most recent XML technologies and artic-
ulate these mechanisms with the XML elements provided
by the other ISO standards for linguistic annotation. For in-
stance, MAF species how a text is segmented into tokens
and how these tokens are represented in XML (element
(token)). In turn, ISO-TimeML annotations may point to
such tokens as illustrated in the example sentence below.

(6) Mia visited Seoul to look me up yesterday.
This data is now segmented into word forms, as follows:
(7) TOKENIZATION:

<maf xmlns:"http://www.iso.org/maf">

<seg type="token" xml:id="tokenl">Mia</seg>
<seg type="token" xml:id="token2">visited
</seg>
<seg type="token" xml:id="token3">Seoul
</seg>
<seg type="token" xml:id="tokend">to</seg>
<seg type="token" xml:id="token5">look
</seg>
<seg type="token" xml:id="token6">me</seg>
<seg type="token" xml:id="token7">up</seg>
<seg type="token" xml:id="token8">yesterday
</seg>
<pc>.</pc>

</maf>



As is specied in LAF, this inline segmentation may also
be replaced by an offline identification of tokens through
spans based, for instance, on character shifts: e.g., <seg ...
form="Mia”/> is replaced by <seg ... from 0 to 3/>. Note
here that the complex verb “looked ... up” is treated as a sin-
gle word segment, consisting of two discontinuous tokens,
“looked” and “up”. On the basis of the segmented text,
ISO-TimeML can now annotate the given text in a standoff
manner, as represented below:

(8) STANDOFF ANNOTATION:

<isoTimeML
xmlns:"http://www.iso.org./isoTimeML">
<TIMEX3 xml:id="t0" type="DATE"
value="2009-10-20"
functionInDocument="CREATION_TIME"/>
<EVENT xml:id="el" target="#token2"
class="OCCURRENCE" tense="PAST"/>
<EVENT xml:id="e2"
target="#range (#token5, #token7) "
class="OCCURRENCE"
tense="NONE" vForm="INFINITIVE"/>
<TIMEX3 xml:id="t1" type="DATE"
value="2009-10-19"/>
<TLINK target="#range (#el, #t0)"
relType="BEFORE" />
<TLINK target="#range (#el, #tl)"
relType="ON_OR_BEFORE" />
<TLINK target="#range (#e2, #tl)"
relType="IS_INCLUDED"/>
</isoTimeML>
<tei-isoFSR xmlns:
"http://www.iso.org./tei-isoFSR">
<fs xml:id="t0">
<f name="Type" value="2009-10-20"/>
</fs>
</tei-isoFSR>

Note that the temporal expression “yesterday” is interpreted
as referring to the date “2009-10-19” on the assumption that
the creation time for the text is 2009-10-20. Further, the
event time of Mia’s visiting Seoul is understood as taking
place in the past, “yesterday” or earlier.

3.4. Measuring Events

Another significant change introduced by ISO-TimeML
is in the treatment of temporal durations. The TimeML
DURATION type is based on the TIMEX2 treatment of du-
rations, which is interpreted as a contiguous temporal inter-
val. Consider, for example the durative events below:

(9) a. John slept for 2 hours.
b. a three-day vacation

It was assumed that the interpretation in such event readings
situated the event completely within a specific and named
interval. For this reason, it was thought adequate to treat
such cases with a TLINK relation; namely, the SIMULTA-
NEOUS relType, as shown below:

<EVENT id="el" pred="SLEEP" />

<TIMEX3 id="t1l" type="DURATION" value="P2H"/>

<TLINK eventID="el" relatedToTime="t1"
relType="SIMULTANEOUS" />

This is inadequate, however, on two accounts. First, it is de-
scriptively incomplete, in that this is not always the desired
interpretation for a duration phrase. For example, consider
the sentence below.

(10) John taught for three hours on Tuesday.

In this case, the interpretation is ambiguous. Did John teach
without stopping for three hours sometime during the day
or did he teach for an hour, take a break, teach again, and so
forth? Either interpretation is possible, so it would be incor-
rect to commit the interpretation to the contiguous (convex
hull) interval reading. The second problem with this treat-
ment is that it fails to characterize the temporal expression
as a measurement of the event, as expressed in the abstract
syntax for the language (as mentioned above).

To deal with this problem, ISO-TimeML reifies the role
that certain expressions in the language play in measuring
over a domain; that is, a new link is introduced for mea-
suring out events, called MLINK, with the inherent relation
type of MEASURE. A temporal expression such as 3 hours
is expressed as a TIMEX3 of type DURATION, with the
interpretation of a “time amount” (Bunt and Pustejovsky,
2010). This can be used in either non-contiguous or con-
tiguous interpretations. A measure is equal to the sum of
all times that add up the desired period of time (ex. P3H
= Vi[$i = P3H]). This reflects more transparently the
abstract syntax specified within ISO-TimeML, where the
distinction is made between an interval and the measure of
an interval. The annotation fragment is illustrated below.

<EVENT id="el" pred="TEACH" />
<TIMEX3 1d="t2" type="DURATION" value="P3H"/>
<MLINK eventID="el" relatedToTime="t2" />

Formally, we assume that a measure function, p, such as
introduced in Bunt (1985), can be used interpret this rela-
tion, as represented as below. The details of this proposal
are more fully presented in Bunt and Pustejovsky (2010).

(11) a. teach= ey, tuesday= to, m= 1 hour
b. ey Jtafteach(er) A p(r(er)) = vAv = 1_hour A
tuesday(ta) A 7(e1) C to]

3.5. Counting Events

Anchoring and ordering relations in ISO-TimeML intrinsi-
cally quantify the event participating in the relation. But
as has been pointed out, there is no clear way to embed
an event within a temporal quantifier expression (Pratt-
Hartmann, 2007, Bunt and Pustejovsky, 2010). Consider
again the sentence mentioned above:

(12) John taught on Tuesday.

Within TimeML, the translation between the distinct ele-
ments are given below:

(13) a. EVENT tag introduces a quantified event expres-
sion = Je [teach(e)];
b. TIMEX3 tag introduces the temporal expression
= Tto[tuesday(t2)];
c. TLINK introduces the ordering relation —
Aydz[r(z) Cyl.



Assuming approaches to the semantics of TimeML as taken
in Pratt-Hartmann (2007) and Katz (2007), the resulting se-
mantics of the sentence is a conjunction of these relations:

(14) b. ey Tta[teach(er) A tuesday(ta) A T(e1) C o)

Now, what happens if we have a quantified expression? The
TimeML representation is not really very clear in how it
interprets sentences such as (15) below.

(15) John taught every Monday in November.

As before, the translation between the distinct elements in
this sentence would be given as follows:

(16) a. EVENT tag introduces a quantified event expres-
sion = Je; [teach(eq)];
b. TIMEX3 tag introduces the temporal expression
= Jt1[monday(t1)];
c. TIMEX3 tag introduces the temporal expression
= Jto[november(tz)];
d. TLINK introduces an ordering relation —
AyAz(r(z) € y];

But this does not give us the right scope and interpretation.
This results in an interpretation where one event of teaching
occurs over every Monday in November. Bunt and Puste-
jovsky (2010) explore the option of explicitly marking the
distributive property (Bunt, 1985) of the quantification in
the annotation directly. This would allow us to then scope
the temporal expression over the event predicate, as illus-
trated below:

(17) b. Vt13e13to[(Monday(t1) A November(t2) At1 C
ta) — (teach(er) A7(e1) C t1)]

The details of how quantification should best be expressed
in the annotation specification are still being worked out;
the abstract syntax of ISO-TimeML, however, does allow
us to express such scope relations in the syntax directly.

4. Concluding Remarks

The primary purpose of constructing ISO-TimeML in ISO
24617-1 SemAF-Time is to produce sustainable language
resources with annotation for practical applications. Any
system that utilizes and processes such resources is ex-
pected to be robust and sustainable independent of syntac-
tic well-formedness. Such sustainability can easily be sur-
mised because ISO-TimeML only relies on the proper tok-
enization of text in compliance of MAF without requiring
syntactic information in general.

As specified in ISO DIS 24617-1 SemAF-Time, ISO-
TimeML is still being revised at this stage of writing this
abstract, but is expected to be published as an international
standard by ISO. It has been approved by ISO/TC 37/SC
4 for its submission to ISO/CS for publication. Some is-
sues that relate to quantification and measurement, as men-
tioned above, still need to be fully implemented within ISO-
TimeML. There is, however, general agreement on the ap-
proach adopted towards these issues.
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