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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanege|are
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfot|the
different types of ISO documents should be noted. This document was drafted in accordance'with|the
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subjeqt of
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details of
any patent|rights identified during the development of the document will be in the Ihtroduction and/or
on the ISO |ist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does|not
constitute pn endorsement.

For an explanation on the meaning of ISO specific terms and €xpressions related to conforrhity
assessmenf, as well as information about ISO’s adherence te.the WTO principles in the Techrlical
Barriers tg Trade (TBT) see the following URL: Foreword - Supplementary information.

The comm|ttee responsible for this document is ISO/TC 37, Terminology and other language and confent
resources, $ubcommittee SC 4, Language resource management.

ISO 24617 |consists of the following parts, under the general title Language resource managemenf —
Semantic ahnotation framework (SemAF):

— Part 1:|Time and events (SemAF-Time, ISOTimeML)

— Part 2:|Dialogue acts (SemAF-Dact$)

— Part 4:|Semantic roles (SemAF-SR)

— Part 5:|Discourse structures)(SemAF-DS) [ Technical Specification]

— Part 6:|Principles of.semiantic annotation (SemAF Principles)

— Part 7)|Spatial inffermation (1SOspace)

The follow|ng parts are in preparation:

—  Part 8:1Semantic relations in discourse. (Q‘pmAF Dl-?-r'nrp)

— Part 9: Reference (1SOref)

iv © ISO 2016 - All rights reserved
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Language resource management — Semantic annotation
framework —

Part 6:
Principles of semantic annotation (SemAF Principles)

1
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annotation framework (SemAF). It outlines the SemAF strategy for developing*separate
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SemAF-parts, such as negation, modality and quantification. Instances of both issues are ide
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and}drfacial expressions without any accompanying speech.

2.2

*:satisfactory for this part of ISO 24617 as semantic annotation may relate to non-verbal or mult

Scope

5 part of ISO 24617 specifies the approach to semantic annotation characterizing the IS

bmes for certain classes of semantic phenomena, aiming in the long termi-to combine t
le, coherent scheme for semantic annotation with wide coverage. In| particular, it s¢
ons of both an abstract and a concrete syntax for semantic annotations, mirroring the
veen annotations and representations that is made in the ISO, Linguistic Annotation H
escribes the role of these notions in relation to the specification of a metamodel and
rpretation of annotations, with a view to defining a well-foutrxded annotation scheme.

5 part of ISO 24617 also provides guidelines for dealingtwith two issues regarding the
emes defined in SemAF-parts: a) conceptual and terminological inconsistencies that ma
verlaps between annotation schemes and b) the treatment of semantic phenomena that

bme cases, direction is given as to how they mdy be tackled.

Terms and definitions
the purposes of this document, the-following terms and definitions apply.

E In addition, the terms ‘eyent’ and ‘eventuality’ are used (as synonyms) as defined in IS
pthing that can be said to obtain.or hold true, to happen or to occur.

mary data
tronic representation of text or communicative behaviour

MPLE Digital representations of text, transcriptions of speech, gestures or multimodal dial

b 1 to entriy:)ISO 24612 defines primary data as the ‘electronic representation of language data’. T

asistretches of spoken dialogue with accompanying gestures and facial expressions, and ey

D Semantic
annotation
hese into a
pts out the
distinction
ramework.
A semantic

annotation
i arise due
cut across
htified, and

24617-1 as

gue.

is definition
modal data,
en gestures

annotation
linguistic information added to primary data (2.1), independent of its representation

[SO
2.3

URCE: ISO 24612:2012, 2.3]

semantic annotation
annotation (2.2) which contains information about the meaning of a segment or region of primary data
(2.1)
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2.4

metamodel
schematic representation of the concepts that are used in the analysis and description of the phenomena

covered in

annotations (2.2) and of the relationships between them

3 Purpose and motivation

3.1 Purpose

The purpog

q

coherent
Framewor

First, by
defining i
ISO 24617-
or in prep
methodolo
future Sen

Second, by
with. Exan
discourse j

et of international standards for semantic annotation within the Semantic Anndta
(SemAF). It aims to do so in three ways.

ernational standards in the SemAF parts that have been published so far (ISO 24617-1
2, ISO 24617-4 and ISO 24617-7), and in parts that are close to publication (ISO 2461
hration (ISO 24617-8). This approach provides the Semantic Annotatipn Framework v
pical coherence and helps to ensure mutual consistency between existing, developing,
AF parts.

hples are the occurrence of temporal and spatial relatienssamong semantic roles an
elations between dialogue acts.

Third, by i
in these pa
may be tac
veridicity,

3.2 Mot

Semantic annotation enhances primary data‘with information about their meaning. The state of the

in computa
informatio
annotation
such as se
meaning o

SemAF standards in different’parts, with separate annotation schemes for those classes of sema

h would receive wide support from researchers and developers. Moreover, semal

entifying common issues that arise in various partsof SemAF (they are only partly cove
ts, if they are covered at all) and, where possible, by giving directions as to how these iss
kled. Examples of such issues are polarity, modality, quantification, measures, qualificaf
httribution and non-literal language use.

vation

tional semantics makes it unlikely that a single existing formalism for annotating sema

tasks often have the limited aim of annotating certain specific semantic phenom
mantic roles, discourse\relations or coreference relations, rather than annotating the
stretches of primary ddta. A strategy was therefore adopted in ISO TC 37/SC 4 to devise

phenomen
these sche

semantic apnotation.

bn for which the’state of the art would justify the establishment of annotation standa
es could beextended and combined over time, growing into a wide-coverage framewor}

and
fion

aking explicit which basic principles underlie the approach that has been(followed in

and
/-6)
vith
and

identifying overlaps between SemAF parts and indicating how’/such overlaps may be dealt

]l of

red
ues
ion,

art
tic
tic
bna,
full
the

Intic

rds;
for

This ‘crystal growth’ strategy has contributed significantly to the progress made in establishing

standardi

but it also ¢ntails certain risks:

d-annotation concepts and schemes supporting the development of interoperable resour

ces,

a)

especially in the case of overlaps in scope;

b)

the annotation schemes defined in different SemAF parts are not necessarily mutually consistent,

it may not be possible to combine the schemes, defined in different parts, into a coherent single

scheme with a wider coverage if they incorporate different views or employ different methodologies;

<)

entirel

y in some parts, and this may result in these phenomena being unsatisfactorily treated.

some semantic phenomena do not belong to the scope of any SemAF parts but cannot be disregarded

The methodological principles and guidelines provided in this part of ISO 24617 are designed to

minimize t

hese risks.
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With regard to the issue of mutual consistency between SemAF parts, it may be noted that |

SO 24617-1

for annotating time and events and ISO 24617-2 for annotating dialogue acts are concerned with
sufficiently distinct kinds of semantic information to allow their definitions to be established
independently. Other SemAF parts, such as those concerned with semantic roles, with relations in

discourse and with spatial information show a certain amount of overlap in the informatio

n that they

aim to capture, and the question therefore arises: can we ensure that the annotation schemes, defined

in these parts, are mutually consistent?

Mutual consistency of SemAF parts relates to the possible integration of annotation schemes defined

in dlfferent parts. For example it Would be de51rable to use the ISO 24617- 1 scheme ("ISO-Tl

are coherent whether, for example, temporal and spatial‘objects are viewed as event p
s the circumstances of an event.

regard to the risk of unsatisfactory partial treatnients of phenomena that are not

insflance, is to support the annotation of events, of their relation to time, and of the tempor
am@ng temporal objects, it is desirable to be-able to deal with sentences like the following:

M
(2)
(3

Sentence (1) is about a-set/of “teach” events, each of which is related to a different element g
tenporal objects that\are called “Monday”, so this is a case of quantification involving two s
eve
per

John teaches every Monday.
Mary called twice this morning.

John rang home twice a-day.

od of time. Sentence (3) is about a set of events and their frequency of occurrence.

In ofrder to deal with such phenomena, ISO-TimeML has certain provisions for annotating qua
but|theysare not really adequatel13] and do not generalize to cases of quantification wherg
arelinvolved.

e issues of any (current) SemAF part, it should benoted that some of these phenomenal

meML”) for
es, thereby
erties, but
htions with
be another
b to motion
ignificance
ally useful
ith a wide
text-based
omatically
ly possible
ent types),
articipants

among the
cut across
e generally
meML, for
i1 relations

f the set of
bts, a set of

hts and sets of-days. Similarly, sentence (2) about a set of two “call” events, both related to the same

Intification,
no events

4 Overview

The ISO efforts aiming to develop standards for semantic annotation rest on certain basic

some of which have been laid out by Reference [14] as requirements for semantic annot

principles,
ation, and

have been developed further in Reference [5]; others have been formulated as general principles for
linguistic annotation and are part of the [SO Linguistic Annotation Framework (LAF; see Reference [18]

and ISO 24623-1). The two sets of principles and requirements are considered in Clause 5.

The three kinds of risk associated with the SemAF ‘crystal growth’ strategy that have been identified

above correspond to the following issues of consistency and completeness that arise in th
semantic annotation schemes within the SemAF framework.

© ISO 2016 - All rights reserved
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Consistency among annotation schemes:

methodological consistency: the same basic approach is followed with respect to the distinction
between abstract and concrete syntax and their interrelation, and with respect to their semantics;

conceptual consistency: different schemes are based on compatible underlying views and ontological
assumptions regarding their basic concepts, as reflected in metamodels (e.g. verbs are viewed as
denoting states or events, rather than relations);

terminological consistency: terms that occur in different annotation schemes have the same meaning
in every scheme and the same term is used across annotation schemes to indicate the same concept.

CompletelLess of a set of annotation schemes: the combination of multiple annotation schemes leads to

a scheme that

covers|a wide range of semantic phenomena,

does n

bt have significant gaps when covering the semantic phenomena that it aifxs to cover, andl

but

deals in a satisfactory way with semantic phenomena that cut across the-combined schemes

which

Clause 5

do not belong to the core phenomena that any of the combined schemes'are designed to co

scribes the methodological framework for defining annotation schemes in SemAF p3

d
thereby elfsuring methodological consistency. Clause 6 discusses.‘conceptual and terminolog

consistenc
completen

y issues that arise due to overlaps between SemAF parts)while Clause 7 identifies issue
bss regarding the annotation of semantic phenomena that'cut across existing SemAF par

5 Annotation principles and requirements

5.1 Principles inherited from the Linguistic Annotation Framework

The annot
annotation
principle t
and the pr

ation of semantic information when using SemAF inherits the principles for lingui
as formulated in LAF. These principles are often of a very general nature; they include
hat relevant segments of primaty data are referred to in a uniform and TEI-compliant
nciple that different layers of annotation over the primary data can co-exist by using st3

Ver.

rts,
ical
s of
S.

stic
the
vay,
nd-

off annotatlion and a uniform way of erass-referencing between layers.

-off
[ion
for
les.
b of
ver,
ous

The latter|principle, which coneernis the distinction of layers of annotation enabled by a stand
representation format, is of particular relevance for SemAF because it allows different annota
layers to b used for differenttypes of semantic information; for example, one layer could be used
the annotdtion of eventss tihe and space, and another one could be used to annotate semantic rq
In principle, this allows for the use not only of layers that are not mutually consistent, but als
alternativg annotatioris that employ different annotation schemes for the same phenomena. Howe
the SemAH ‘crystalgrowth’ strategy is designed to ensure that the annotation schemes for the var
types of semantic information can grow into a coherent annotation scheme for a wide range of semapntic
phenomeng,(and it is therefore highly undesirable to have inconsistencies between annotation larers
concerned With different SemAF parts.

Also of particular relevance for SemAF is the distinction between ‘annotations’ and ‘representations’. [18]
An annotation is any item of linguistic information that is added to primary data, independently of any
particular representation format. A representation is a format into which an annotation is rendered,
for example as an XML expression. ISO standards are assumed to be defined at the level of annotations,
rather than representations. The fundamental distinction between annotations and representations has
prompted the development of a methodology for developing semantic annotation schemes that draws
a distinction between the ‘abstract syntax’ of annotations and the ‘concrete syntax’ of representations.
This methodology is described in Clause 6.

© ISO 2016 - All rights reserved
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Other general annotation principles

In addition to the principles that SemAF inherits from LAF, other general principles for designing
annotation schemes (in particular as part of an ISO standard) are worth mentioning; most of these
emerged during the development of the ISO 24617-2 standard for dialogue act annotation.

a)

Theoretical validity: Annotation standards should consolidate existing knowledge and
accordingly should be firmly rooted in theoretical studies of the annotated phenomena. Any concept

that may occur in annotations according to the standard should therefore be well establi
scientific literature.

shed in the

b)

f)

g)

h)

5.3

The

Empirical validity: Annotation standards are designed to be useful for annotating
recorded empirical data; the annotation scheme defined in a standard should not théref]
theoretical constructs that are not found in such corpora, but only concepts that’cor
phenomena that are observed in empirical data.

Learnability: For an annotation scheme to be useful in the construction“ef annotate
resources, it should be possible both for human annotators and for autdmatic annotati
to effectively learn how to apply the scheme with acceptable precision.

Generalizability: ISO standards should not be restricted in\their applicability to
languages, subject domains or applications.

Extensibility: While ISO standard annotation schemes ate designed to be language-in
domain-independent and application-independent, some applications and some lang
require specific concepts that are not relevant in.oether applications or languages. |
schemes should therefore be open, that is to say, ‘they should allow extension with
specific, domain-specific and application-specific'concepts.

Completeness: An annotation standard is.designed to provide a good coverage of the phg

corpora of
pre include
respond to

 language
bn systems

particular

Hependent,
llages may
Annotation
language-

bnomena of

which it is designed to enable the annotation; the set of concepts defined in an annotation standard

should, in that sense, be complete.

Variable granularity: One way to-achieve good coverage is to include annotation co
high level of generality and which cover many specific instances. Since an annotati
which uses only very general concepts would not be optimally useful, this leads to th
that annotation schemes should include concepts with different levels of granularity. ]
beneficial for its interoperability, as it provides more possibilities for conversion betwe
annotation schemes@nd the standard scheme.

Compatibility:dn‘order to enable mappings between alternative annotation schemes a
contribute to‘the interoperability of annotated resources, concepts that are common
existing annotation schemes should preferably be included in an annotation standard.

Principles specific to semantic annotation

idea behind annotating a text, which dates from long before the digital era, is to add infor

hcepts of a
on scheme
e principle
[his is also
en existing

Ind thereby
y found in

mation to a

primary text in order to support its understanding. The semantic annotation of digital source texts has
a similar purpose, namely to support the understanding of the text by humans, as well as by machines.

An annotation that does not add any information would therefore seem to make little sense, but the
following example of the annotation of a temporal expression using TimeML seems to do just that:[39]

NOTE 1

For simplicity, the annotations of the events that are mentioned in the previous

suppressed here.

© ISO 2016 - All rights reserved
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(4)

<timeml>
The CEO announced that he would resign as of
<TIMEX3 tid="tl” type="date” value="2008-12-01"/>

the

first of December 2008

</TIMEX3>
</timeml>

Inthisannotation, the subexpression<TIMEX3 tid="t1” type="date” value="2008-12-01"/>
adds to the noun phrase “the first of December 2008” the information that this phrase describes: the

date 2008-
This could
could be us
answering

NOTE2 1
difficult to

A case wh
utterance

It would be very simple to provide a semantics for the XML fragment shown here but.it would be

12-01.This does not add any information; rather, it paraphrases the noun phrase in Time
be useful if the expression in the annotation language had a well-specified semantics
ed directly by computer programs for applications like information extraction and‘gues
Unfortunately, TimeML does not have a semantics.

o so for the whole of TimeML. See also 7.3.

ere the annotation of a date as in the above example does add something is (5). From
Mr Brewster called a staff meeting today”, it is impossible to know tlie’date on which the ey

thatis me

NOTE 3
TIMEX3 ele
stand-off re|

(5) Mr Bre

<timeml
Mr Brey
<TIMEX
today

</TIMEX

</timem]

The exam;j
interpretin
defined se
dependent

A third fu
utterance
indicating
Note that 1
functions
designed ¢

I

ioned took place; in this case, the annotation, which is identicalto (4), would be informat

te that the examples of TimeML annotations shown here are("old-fashioned” in the sense that
ment is wrapped around the annotated string. Modern annotation methods (e.g. in ISO-TimeML)
presentations.

vster called a staff meeting today.

Ister called a staff meeting
tid tl type = ”“date” value = 72008%12-01"/>

3>
>

les in (4) and (5) illustratetwo different functions that semantic annotations may h
g a natural language exptession by recoding it in a formal annotation language with a
mantics, and adding context information, in order to allow the interpretation of cont
expressions.

hction that semdiitic annotations may have is to make explicit how certain parts o
hire semantieally related; for example, this is the function of semantic role labelling an
semantic relations between sentences in a discourse when no such relation is mentiol
he firstfunction presupposes annotations to have a well-defined semantics; the other

L.
that
fion

Fery

the
rent
ive.

the
use

hve:
rell-
ext-

[ an
d of
ned.
fwo

Ho not-presuppose this, but since semantic annotations in digital corpora are typig

annotation

o, support interpretation and inference, a desideratum for all functions that a semaln

i stic

ally
tic

annotations, may also serve the purpose of supporting linguistic research, such as identifying syntactic
and semantic patterns in sentences and texts.

These considerations lead to the following two principles for semantic annotation:

certain source data in a formal representation.

annotations machine-interpretable.

Semantic additivity: semantic annotations add semantic information to source data, or re-express

Semantic adequacy: semantic annotations should have a well-defined semantics, making the

© ISO 2016 - All rights reserved
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6 The methodological basis of SemAF

6.1 Steps in the design of an annotation scheme

An annotation scheme determines which information may be added to primary data and how that
information is expressed. The design of an annotation scheme from scratch should begin with a
conceptual analysis of the information that the annotations should capture. This analysis identifies
the concepts that form the building blocks of annotations and specifies how these blocks may be
used to build annotation structures. This may be broken down into two steps, the first establishing a

conceptual view of the phenomena to be annotated, the second an articulation of this view i
of a[formal specification of categories of entities and relations, and of hOw annotation Structy
built up from elements in these categories. The first of these steps corresponds to what is k1
projects as the establishment of a ‘metamodel’, that is to say, the expression of a conceptual
phenomena to be annotated in the form of a (UML) diagram. The formal specificationprod
secpnd step constitutes the abstract syntax of an annotation language.

While these two steps make explicit what information can be captured in thed@nnotations, {
congern the use of representation formats, such as XML strings, logical formulas, graphs
stryctures; the abstract syntax defines the specification of information in terms of se
structures, called annotation structures. An annotation structure is a collection of two kinds o
entity structures and link structures. An entity structure contains semantic information abou
of grimary data and is formally a pair <m, s> consisting of a-fnarkable, which refers to a

an entity structure that contains information about a participant in the event, and R; i
ting a semantic role.

Thethird step in the definition of an annotation s¢cheme is the specification of the meaning of the
defined by the abstract syntax, that is to say, the specification of semantics for annotation stru

The
seri
that it represents. In sum, this approach to designing annotation schemes consists of four ste
many feedback loops as may be.needed.

fourth and final step is the definitienof a format for representing annotation structure

Theg method consisting of these four steps is called ‘CASCADES’”: Conceptual analysis, Abstr
Senpantics, and Concreté syntax for Annotation language DESign. Figure 1 visualizes the
method, of which theCéntral concept, that of an abstract syntax for annotations with the sy
of al semantics for,almnotation structures (rather than for their representations in a particul
wag introduceddnReference [5].

Theg CASCADBES method is useful for enabling a systematic design process, in which due 2
givéen to the conceptual and semantic choices on which more superficial decisions, such ag

of particular XML attributes and values, should be based. Apart from supporting the dg

n the form
ires can be
own in ISO
view of the
liced in the

hey do not
or feature
t-theoretic
f structure,
a segment
kegment of

put the way

htion a link

5 a relation

structures
ctures.

5, such as a

alization in XML. The semanticsofan expression in this format is that of the annotation structure

ps, with as

act syntax,
CASCADES
ecification
ar format),

ttention is
the choice
sign of an

annotation scheme starting from scratch, the method also provides support for improving

An existing

annotation scheme. This support consists not only of the distinction of four well-defined design steps,

but also of procedures and guidelines for taking these steps. These procedures are outlin

ed in 6.3.

But before that, the use of metamodels, resulting from the conceptual analysis phase of designing an

annotation scheme, is discussed in 6.2.
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6.2 Metamodels

A metamo
the concep
annotation
projects, n

— A:asa
the do

— B: as
annotd

Type-A me
schemes; t]
to the schg
(Note that
shows the
semantic r

CONCEPTUAL k
ANALYSIS
6
1
| ABSTRACT SYNTAX :
i specification |
5
2
« SEMANTICS 4
3 definition |
+| CONCRETE SYNTAX -

spedification

Figure 1 — Steps and feedback loops in the CASCADES method

del of an annotation standard is a schematic representation of the relations betw
ts that are important in the analysis andZdescription of the phenomena covered in
s. Over the years, two slightly different-nhotions of a metamodel have been used in
hmely the following:

representation of the relations bétween the most important concepts that are mentione|
fument in which the standard is'defined;

h representation of the relations between the concepts denoted by terms that occu
tions, according to the standard.

tamodels may help-nontechnical readers to have a better understanding of annota
nose of type-B aré-avisual representation of the abstract syntax of the annotations accort
me and may.help readers see at a glance what information the annotations may conf
b type-A metamodel may have a type-B metamodel as a proper part.) For example, Figu]
metamodel 'of ISO 24617-4 for semantic role labelling. This metamodel reflects the view
ples are-relations between eventualities and their participants; different roles corresp

to differenft ways in which a participant is involved in an eventuality. For example, in “Chris wro
poem”, a pgenpparticipates in an event in the Result role (i.e. created by the event); in “Chris revised

een
the
ISO

d in

" in

[ion
ling
Qin.
re 2
that
ond
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the

poem”, the poem 1s involved in the Patient role (1.€. altected by the event); and in 'Chris read a poem”, a
poem participates in the Theme role (i.e. not affected by the event). The annotation of semantic roles
therefore involves the use both of eventualities, most often corresponding to verbs, and of participants,
typically expressed by noun phrases. The metamodel associates eventualities and participants with
markables, whose source is a stretch of text in the primary data. The participants in an eventuality are
typically individuals, but may also be properties, numbers, quantities, propositions, sets of individuals
or embedded eventualities, as the examples in (6) illustrate.

(6) a. He painted his house_blue.

b. The
c. The

birth of the twins increased the number of children to four.

weight of this suitcase exceeds_20 kilos.
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d. John believes he will get the money together.
e. Marie, Jill and Chris got together.

f- Eric and Nicole went to the concert.

[ PrimaryData E Markable

hasSource

TealiZesPartaipant

realizesEventuality

eventualityMayFunctionAs D
|:| Participant B Eventoality
= hasz..El:'\tualityType

N,

entityFunctionsAs eventuality Typelnstantiatign

|| Entity gy SemanticRole N7l EventualityFramd

'

NN

[ hasEntityType >

Figure 2 — Metamodel for semanticrole annotation (ISO 24617-4)

The term ‘entity’ is used in ISO 24617-4 to déhote anything except an eventuality; the [fact that a
parficipantin an eventuality can be an ‘entity’ of any sort as well as an (embedded) eventuality, as in (6f),
is reflected in the metamodel by the “entityFunctionsAs” relation between entities and pgrticipants,
and|the “eventualityMayFunctionAs” relation between eventualities and participants. Many gpproaches
to semantic role labelling (e.g. PropBayik, FrameNet and VerbNet) make use of “eventuality fjames” that
spefify the set of semantic roles.expected in a type of eventuality, and take the eventuality|frame as a
whole into consideration wheidetermining the choice of individual semantic roles. For that reason,
eventuality frames have also been included in the metamodel.

Is this a type-A metamodel or a type-B metamodel? The following is an example of an pnnotation
representation according to ISO 24617-4 (where m1 is a markable that refers to “The soprago”; m2 is a
markable that refersto “sang”, and m3 is a markable that refers to “an aria”):

(7)] a. The sopraho sang an aria.

b.

<event xml:id="el” target="#m2” eventFrame="sing.01”/>
Clltit lltl-id_,, l" ta;gct—”#ml”

<srLink event="#el” participant="#x1"” semRole="agent”/>
<entity xml:id="x2” target="#m3”/>

<srLink event="#el” participant="#x1"” semRole="theme”/>

In this annotation, eventualities are directly related to entities by means of an element like <srLink
event="#el” participant="#x1"” semRole="agent”/>. There is no ‘participant’ object,
related to an entity via an ‘entityFunctionsAs relation’, as there is in the metamodel. It follows that
this metamodel is not just a visual representation of the (abstract) syntax of annotation structures, but
rather a type-A model, since it has elements that do not appear in annotations. This is corroborated by
the fact that eventuality frames do not occur as such in annotations; eventuality frames may be used in
the process of semantic role labelling, but are not part of the resulting annotations.
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6.3 Abstract syntax, concrete syntax and semantics

The abstract syntax of an annotation scheme, as mentioned above, specifies the information in
annotations in terms of set-theoretical structures such as pairs and triples, like the triple <eq, ez, R;>
which relates the two arguments e; and ey through the relation R;. More generally, these structures
are n-tuples of elements that are either basic concepts taken from a store of basic concepts called the
‘conceptual inventory’ of the abstract syntax specification, or n-tuples of such structures.

A concrete syntax specifies a representation format for annotation structures, such as the XML format
illustrated in (7), where a triple like <ej, ez, R;> is represented by a sequence of three XML elements,
of which the element <srlLink event="#el” participant="#x1"” semRole="agent”/>
represents|the relation and the other two elements represent two entity structures.

the
mat

A represeTltation format for annotation structures should ideally give an exact expression’ of
informatiop contained in annotation structures. A concrete syntax, defining a representation for
for a given|abstract syntax, is said to be ideal if it has the following properties:

— completeness: every annotation structure defined by the abstract syntax can berepresented b
expregsion defined by the concrete syntax;

y an

— unambiguity: every representation defined by the concrete syntax is thétendering of exactly
annotation structure defined by the abstract syntax.

one

The repregentation format defined by an ideal concrete syntax is called an ideal representation format.
Due to its gompleteness, an ideal concrete syntax CS; defines a funetion F; from annotation structyres
to CS;-repifesentations, and due to its ‘unambiguity’, there is.al$¢ an inverse function F;~1 from [CS;-

represent tics
of the absf
La(Fi1(r)).
preserving

(8) Gi(r) =

This mapp
of the anng
any two id

Figure 3 v
syntax spe
CS; can be

by first applying the functionF;-1 in order to determine the annotation structure which it encodes,

applying ta

NOTE1
one represe
representat
structure).

ions to annotation structures. If I is the interpretation function defining the seman
ract syntax, then the meaning of a representation r in the ideal format CSy is defined
It follows that, for any two ideal representation formats CS; and CSj, there is a mean
conversion Cjj defined by:

Fy[Fi ()]
tation structure that it encodes.\Since this holds for any ideal concrete syntax, it follows

pal representation formats are semantically equivalent.

sualizes the relations between abstract syntax, semantics, and alternative ideal concr
converted into a sémantically equivalent representation r’ in the representation format

that annotatien structure the function Fj which encodes it in the format CS;.

'he conditienis defining an ideal concrete syntax require every annotation structure to have at |
ntation-(but they do not rule out the possibility of an annotation structure having more than

fthese conditions are met, a conversion function like the one defined in (8) assigns a set off

by
ng-

ng is meaning-preserving due to the-fact that the meaning of a representation is the meaning

that

pte-

cifications. It is immediately clear that a given representation r defined by concrete syntax

CSj
and

east
one

jon; the-encoding functions, like Fj, may assign multiple CS;-representations to a given annotdtion

CSj-

equivalents

0 a‘given CSi-representation

An ideal concrete syntax can be derived systematically from an abstract syntax. The procedure for
doing so depends on the kind of concrete representations that are aimed for. For example, a concrete
syntax defining XML representations can be constructed using the following procedure:

NOTE 2
a)
b)

The description given here is simplified, for illustrative purposes. For more details, see Reference [7].
For each element of the conceptual inventory specify an XML name;

For each type of entity structure <m, s>, define an XML element with the following attributes and
values:

— the special attribute ‘xml:id’, whose value is an identifier of the element;
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— the special attribute ‘target’, whose value represents the markable, m;
— attributes whose values represent the components of s.

c) For each type of link structure, define an XML element with three attributes, two whose values
refer to the representations of the entity structures that are linked, with the value of the third
denoting the relation between them.

—{deal-Consrate-Syntaxi—

Abstract Syntax » |deal Concrete Syntax i

,ax,—H ‘i

Idéal Concrete Syntax

Ideal Concrete Syntax »

Semantics

Figure 3 — Relations between abstract syntax, semantics, and concrete syntax of annotations

Proposals for semantics of semantic annotations include the Interval Temporal Logic|semantics
for [TimeML,[33] the event-based 'semantics for TimeML,[10] and other attempts to formally interpret
temporal annotations.[2Z][29]-Tn Reference [4] and Reference [11], a semantic annotation language
is presented with a formal semantics that integrates temporal information, semantic| roles and
corgference relations,“These proposals all involve a translation of annotation representptions into
firsf-order logic, aridhhave shown that it is very hard to define such a semantics in a satisfactory,
conjpositional manner, where the translation of a representation would be systematically cpnstructed
from the translations of the representation components (see Reference [29]). A differenf approach,
proposed in‘Reference [6], bases the semantics on Discourse Representation Theory (DRT).[g4] The use
of Discourse Representation Structures (DRSs) has an advantage over the use of first-order{logic, with
which/BRSs are formally equivalent, due to the fact that these structures were designed o facilitate
thejriincremental construction. This feature can be exploited when constructing DRSs systlematically
from the components of an annotation representation.

These proposals all make use of a translation of XML-representations into an interpreted logical
formalism. By contrast, the CASCADES approach defines a semantics for abstract annotation structures,
rather than XML-representations. Such a semantics is outlined in Reference[9] and makes use of the
fact that annotation structures consist of entity structures and link structures, defined as n-tuples of
semantic concepts, the significance of an element in an n-tuple being encoded by its position (rather
than being named by an XML attribute); moreover, annotation structures are translated into a DRS
in a compositional way by combining the translations of the component entity structures and link
structures. See also Annex A, where this approach is applied to annotations of quantification.
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6.4 Steps forward and feedback in the design process

While the procedures for making the CASCADES steps are helpful for defining well-founded annotation
schemes, it would be unrealistic to think that annotation schemes can be designed simply through
a linear sequence of steps, from conceptual analysis to the specification of a representation format.
Realistic design processes require feedback loops. Reference [37] has introduced the “MATTER” cycle
for developing an annotation scheme, which distinguishes six steps (see Figure 4). After the initial

design of an annotation scheme in step (1), a certain amount of primary data are annotated in step
The resulting corpus is used to apply machine-learning and train an annotation program in step

(2).
(3).

In step (4), this program is run and tested on an unannotated corpus. The results are evaluated in

hen

step (5)’ andused to decide gn revisions in the annotation scheme in step. (A) The entire r‘yr‘]n cant

be repeatefl for the revised scheme.

The MATTER cycle assumes that the testing and evaluation of an annotation scheme are ¢arried
with the h¢lp of a machine-learned annotation program. A slightly more general design cyele; propd

out
sed

in Referen¢e [38] and called the ‘MAMA'’ cycle, does not make this assumption and distinguishes ¢nly

four steps:|(1) Model, (2) Annotate, (3) Evaluate, and (4) Revise.

In the CASCADES method, feedback cycles can occur between each of the four design stages, as sh
in Figure 1| First, the specification of an abstract syntax is a way of formalizing,the conceptual anal
in the first stage of the process; this formalization may very well clarify er'alter some aspects of

wn
/Sis
the

initial analysis. Step 6 feeds the results of the formalization back into the.¢onceptual analysis. Sec¢nd,

the specification of a concrete syntax, defining a particular represéntation format, may motiy
adaptations in the underlying abstract syntax; step 4 represents €his feedback in the process. Th
since the definition of a semantics for an abstract syntax is a goodiway of detecting inadequacies in|
latter, thisfmay be fed back into the abstract syntax specification in step 5. And finally, the latter
feedback lgops can very well be combined; if the feedback instep 4 has resulted in a revised defini
of the abstfact syntax, this will require revising the semantics (step 2), which may in turn be fed b
again into the abstract syntax specification (step 5). Thiscycle <2;5> may be repeated until the abst

ate
ird,
the
two
[ion
ack
Fact

syntax andl its semantics are satisfactory and stable; at which point, the annotations are assummed

to meet thie requirement of semantic adequacy.»Ihe concrete syntax should now be adapted to
abstract syjntax (step 3).

{(2) Annotate (3) Train

A BEN

(1) Model (4) Test

this

€

(6) Revise

(5) Evaluate

Figure 4 — The MATTER cycle of developing an annotation schemel37]
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In fact, it would not make much sense to perform the ‘outer cycle’ <4;3> if it is not combined with
the ‘inner cycle’ <2;5>, resulting together in the iterative feedback loop <4;<2;5>*;3>. This feedback
loop is particularly important in the application of the CASCADES method for improving an existing
representation format, for detecting and resolving semantic deficiencies, and for turning an existing
format into an annotation scheme that meets the requirements of the ISO Linguistic Annotation
Framework and the requirement of semantic adequacy. In practice, the design of semantic annotations
often starts from an existing representation format or annotation practice. When developing an ISO
standard, an abstract syntax (with a semantics) should be constructed that fits the representations.
Starting from an existing practice, the CASCADES method can be used by following the iterative

feedback loop <4;<2;5>*;3>, commencing with the reconstruction of an abstract syntax.

The
Ting
the
rep
spe
The
gra
rea
Si

eML, starting from TimeML.[39] Ide et al. (2011) have ‘reverse-engineered’ an abstract]
representation format of the Penn Discourse Treebank (PDTB)[36] with the aim of déesigy
resentation (Ide and Suderman, 2001) for these annotations and have shown(that, ev
Cifying a semantics for this abstract syntax, this leads to improvements inithe PDTB a
y note that “the exercise of creating an abstract syntax for the PDTB scheme and rende
bhic form shows the structure of the annotations more clearly. The concrete syntax is

lable than the original format, and therefore errors and inconsistencies may be more readily
ilarly, in designing a GrAF-based representation for the annotatiofof semantic roles in

CASCADES method has been used in this ‘reverse engineering’ mode in the developnlent of 1SO-

syntax for
jing a GrAF
bn without
(notations.
ring it in a
much more
identified.”
PropBank

(Pajmer et al., 2005), it was noted that the existing annotation scheme is ambiguous with regard to

the[relations between the parts of an annotation. Applying the combined ideas of absti
and| GrAF to a variety of existing annotation schemes, Ide and)Bunt (2010) observe that “
PropBank encoding is close to an ideal concrete syntax, as_it €an be generated from the absti
However, the round trip back to the abstract syntax is not possible, because it is necessary
interpretation of associations among bits of annotations in order to construct the abstract
and Suderman (2007) conclude that this is a demd@nstration of an “all-too-pervasive featu
annptation schemes: reliance on human interpretation”.

Theg CASCADES design steps and feedbaek loops integrate perfectly with the MA
MAMA development cycles, viewing the *XCASCADES steps starting with Conceptual Ana
implementation of the Model stage of the MATTER and MAMA cycles and the feedback 1
impglementation of the ‘Revise’ stagex'To this, the MAMA cycle adds the stages of ‘Anno
‘Ev4luation’ while the MATTER cycleadds the additional stages of ‘Training’ and ‘Testing’ i
leajned annotation. An advantage of such an integration is that it clarifies the relation b¢
el and Revise stages in the)MATTER and MAMA cycles. Intuitively, revising an existing
bme should involve some bf the same activities as the Model stage; the CASCADES stepg
explicit, since the feedback loops for revising an annotation scheme are also part of the mode

gire 5 shows the integration of the MAMA and CASCADES cycles. The additional steps of th
e (Training and-Festing) could clearly be added in between the Annotation and Evaluatig

act syntax
he original
act syntax.
fo do some
yntax”; Ide
re of many

TTER and
ysis as an
DOpS as an
fation’ and
h machine-
ptween the
annotation
make this
lling stage.
e MATTER
n steps.
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GCOMNCEPTUAL e 2 EVALUATION
ANALYSIS
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L+ ABSTRACT SYNTAX
specification i |
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‘ SEMANTICS | 4 8
3 -‘ definition ‘
CONCRETE SYNTAX

specification

7

ANNOTATION }

Figure 5 — Integration ofthe MAMA and CASCADES cycles

6.5 Optional elements in an annotation scheme

The distinftion between the abstract and the concrete syntax of annotations opens up interesfing
possibilitids for optional elements to occur in annotations and their representations in various ways.

In a given pnnotation task;it may be relevant to take account of information that does not form jpart
of the foculs of the annotation scheme, but which can be useful for performing the task. The addition
of syntactic information to semantic annotations is an example of this. In co-reference annotatfion,
in order td identifyxchains of co-referential expressions, it is useful to identify the noun phrases that
are potent]al antecedents of referential pronouns according to their grammatical number (singulajr or
plural) and their grammatical gender (or their natural gender, depending on which of these is releyant
for prononriratreference-inthetanguageunder—considerationj—ttis-therefore-tseftttoannotate
grammatical number and gender of noun phrases and pronouns. This may now be supported by an
annotation scheme that includes the representation of gender and number in the concrete syntax but
does not include number and gender information in the abstract syntax, and therefore does not deal
with the semantics of number of gender annotations.

Another form of optionality is that the concrete syntax defines default values for certain attributes. For
example, an attribute ‘polarity’, with possible values “positive” and “negative”, can be assumed to have
the value ‘positive’ by default. Unlike the previous form of optionality, optional elements of this kind
correspond to elements in the abstract syntax and do have a semantic interpretation.

A third kind of optionality occurs when semantic information may take more or less elaborate forms.
Two examples of this are a) the occurrence of a ‘qualifier’ in dialogue act annotation to indicate
certainty, conditionality or sentiment associated with a communicative function and b) the annotation
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of attribution and argument type for discourse relations. The latter example is briefly considered here;
for the qualification of communicative functions, see 8.5.2.

In a preliminary study for developing an ISO standard for the annotation of discourse relations, where
the CASCADES method is used to re-engineer the annotation scheme of the PDTB (see Reference [12]),
the entity structures that annotate the arguments of discourse relations are defined as follows in the
abstract syntax: “An Argument Entity Structure, corresponding to an argument of a discourse relation, is a
pair <m,s> consisting of a markable m and the semantic information s, which is either vacuous (i.e. the entity
structure only identifies the markable corresponding to an argument of a discourse relation), or contains
information about the attribution (atr) of the argument and/or s specifies the type (aot) of the argument.
Formally, s is one of the following structures: s =<>: s =<atr>: s =<got>; or s=<atr,got>". This specification is
away of saying that the semantic information may include certain components, but does natHave to. The
opt{onality of attributions and argument types is thus formalized by allowing annotation|structures
with and without these elements. This form of optionality may be useful when dealing with ihformation
conjponents that are not always applicable or which in some situations are irreleyant:

It i therefore possible to distinguish three types of optional element in annotation represenjtations:
(1) [those that are semantically insignificant, and can freely be included.er léft out of repres¢ntations;
(2) |those that have a default interpretation when not included in a répresentation;

(3) [those that make representations more informative if includéd.

Elefnents that are not of one of these three types cannot be omitted from a representatipn without
making it incomplete or ‘underspecified’, which may beracceptable for annotation tasks|where the
annjotator does not always have sufficient information to make a complete annotation. This mjight lead to
an gmbiguous situation for optional elements of types(2) and (3); for such elements an “underspecified”
valye is strongly recommended so that it is possiblé to distinguish a situation in which ar] annotator
is unable to assign a value from one in which the annotator intends the default value to He assigned
[ty@e (2) case] or where the element is considered to be inapplicable or irrelevant [type (3) chse].

7 |Overlaps between annotation schemes

7.1 Semantic and terminelogical consistency

Thg mutual consistency of\tivo annotation schemes is in danger if the same or very closely related
notjons play a role in both/schemes. This may give rise to a semantic inconsistency in the serjse that the
samnje concept is treated/differently in the semantics of the two schemes. Terminological indonsistency
arides if the two schémes use different terms for the same concept. If the same term is ysed in the
twd schemes with-different meanings, there is both a semantic and a terminological inconsigtency. This
Clafise identifiesa number of cases where different parts of SemAF introduce overlapping pnnotation
schemes, primarily in order to provide an agenda of issues regarding mutual consistency that need to
be 3dddressed in future SemAF parts or in future versions of existing parts.

7.2 Spattat-and temporal refations as semantic roles

One of the overlaps between SemAF parts concerns the annotation of spatial and temporal relations.
The annotation schemes of ISO-TimeML and ISOspace include the annotation of relations between
events and their place and time of occurrence, as well as temporal relations between temporal entities
and spatial relations between spatial entities. The annotation scheme of ISO 24617-4 (‘SemAF-SR’) for
annotating semantic roles viewed as relations between events and their participants includes spatial
and temporal participants. The relations defined in SemAF-SR for annotating semantic roles concerned
with time and place also occur in ISOspace and ISO-TimeML.
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SemAF-SR defines the following eight semantic roles of a spatial or temporal character:

a) location;

b) initial-location;

c) final-location;

d) path;

e) distange;

f) duratipn;

g) initial{time;

h) final-time.

These condepts also occur in ISOspace and in ISO-TimeML, sometimes using the same terminology, pnd
this gives fise to both semantic and terminological inconsistencies. For exarhiple, ISOspace defines|the
concept ‘pdth’ as shown below (quoted from ISO 24617-7:2014, Clause 3) asa spatial entity like a roaf or
ariver, which can be used to get from one location to another.

3.13

path

series of lgcations (3.7)

NOTE 1 A spatial object path (3.13) is a location where'the focus is on the potential for traversal, or
which fungtions as a boundary. This includes common niouns like “road”, “coastline” and “river” and proper
names likg “Route 66” and “Kangamangus Highway?-Some nouns such as valley can be ambiguous: it fan
be understood as a path (3.13) in “we walked down the valley”, or as a place (3.14) in “we live in the vallgy”.
At this poipt, ISOspace is semantically inconsistent with SemAF-SR, which defines the term ‘patl’ as
dependent|on the occurrence of an event as follows:

/path/

Definition Intermediatélocation or trajectory between two locations, or in a designated

space, where an event occurs.

- Source Adapted from Sowa [2000]

Example ‘(The'baby [agent e1]) crawled el (across the floor [path el])’
The examy]le sentence in this data category would be annotated as follows (in the XML representafion
used in the 1IS0.24617-4:2014, Annex C; markable m1 refers to “The baby”; m2 to “crawled”, and mp to
“across thelfloar”):

(9) The baby crawled across the floor.

<event

<entity xml:id="x1"
<srLink event="#el”
<entity xml:id="x2"
<srLink event="#el”

xml:id="el” target="#m2” eventFrame="crawl.01”/>
target="#ml” />
participant="#x1” semRole="agent”/>
target="#m3" />
participant="#x2"” semRole="path”/>

So whereas ‘path’ is a spatial object in ISOspace, it is a relational notion in SemAF-SR.

16
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[SOspace also defines the related concept ‘event-path’, ‘which is the dynamic notion of a trajectory
followed in a motion, like the trajectory that a frisbee follows through the air when it is thrown. This
notion is defined in ISO 24617-7:2014 as follows.

3.3
event-path

path or trajectory followed by a spatial object coincident with a motion-event (3.9)

This notlon is 1n essence the same as the semantic role ‘Path’ in SemAF SR; it can be seen as a case of
’ hand, there
is a dlfference between the way ISOspace views an event-path and the way SemAF SR'views a Path
rolg, since the latter is as a relation whereas the ISOspace notion is as an object; this i§*broyight out by
conpparing the annotation representation (9) with the ISOspace example (10), taken from 150 24617-7
(where the markable m1 refers to “We camped”, m2 to “three miles”, and m3 to “the river”):

(10] We camped [three milesye2] from the [riverpi] [@p12]

path xml:id="pl” markable="4#m3”/>

place xml:id="pl2” markable="[1"/>

measure xml:id="me2” markable="#m2” value="3" unit="miles/+>

mlink xml:id="mll” figure="#pl2” ground="#pl” trigger="#me2”
relType="distance” val="#me2”/>

In ([LO), ‘path’ occurs as an object, whereas in (9) it occurs:as a relation.

A slmilar difference can be found concerning the conicept ‘distance’, which in ISOspace i a relation
betveen (a) two spatial entities and (b) an extent of.space [see (10)], whereas SemAF-SR us¢s Distance
to indicate a semantic role, as illustrated in (11);

(11] missiles [pivot s1] (capable s1) of (travelling e1) (more than 300 km [distance el])

Andther case, which will be discussed.in'8:2, is that of the semantic role Amount in SemAF-SH compared
with the concept ‘measure’ as defined;in ISOspace.

A general question that arises.concerning the overlapping sets of concepts defined in ISOppace, 1SO-
TimjeML and SemAF-SR is whether all the distinctions among spatial and temporal relations that
are|made in ISOspace and 1SO-TimeML should be reflected in distinctions between semanftic roles in
SemAF-SR. For examplefISOspace uses the attribute ‘goalReached’, with possible values “true”, “false”
and “uncertain, in order'to distinguish between cases like “John arrived in Boston”, where John reached
his Hestination, froni™John left for Boston”, where we do not know if he did. SemAF-SR has no|provisions
for making thisdistinction.

7.3| Events

In IFO-TimeML, which includes a typology of events (in a broad sense, including states and processes),
evebts falka cantra ctaga Buantc ava acually o apt ot 10 TCNcacn yayhich tpbhoriee £ 1 O-TlmeML
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the concept of an event plus everything that is said about events in ISO-TimeML annotations. Events are
also of crucial importance in SemAF-SR, where semantic roles are viewed as relations between events
and their participants, but SemAF-SR does not assume any particular typology of events. ISOspace,
while explicitly inheriting the event concept from ISO-TimeML, makes a basic distinction between
motion events and non-motion events that cuts through the ISO-TimeML typology. Whether this leads
to consistency problems is not immediately clear.

The distinction between motion events and non-motion events seems to be relevant for semantic role
assignment since only motion verbs have spatial entities in roles like ‘Initial Location’, ‘Path’ and ‘Final
Location’. Motion verbs used in a negative sentence such as “John did not leave home” seem to require a
different spatial role (‘Location’?) for characterizing the relation between “leave” and “home”; it is not
available in SemAF-SR. The same is true for “John stayed at home”.
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7.4 Discourse relations in dialogue

The semantic relations between sentences that lend coherence to a text also occur in dialogue. This
is well known and has been the subject of a number of studies in the literature (see Reference [45],
Reference [34] and Reference [28]); however, the overwhelming majority of studies of discourse
relations have focused on text, rather than on interactive discourse.

The ISO 24617-2 annotation scheme for dialogue act annotation includes the concept of a ‘rhetorical
relation’; this is designed to be identical to that of semantic discourse relation as used in ISO 24617-8
(“SemAF DR-core”), but leaves open which specific set of relational concepts may be used (i.e. in XML
representations of dialogue actannotations, the possible values of the attribute ‘rhetoRel’ are notspecified).
This is a gopd example of how the annotation schemes of different SemAF parts can be combined: oncd the
annotation[scheme for SemAF DR-core has been established, the set of discourse relations that it prepgses
can be takgn as the possible values of the ‘rhetoRel’ attribute in dialogue act annotations.

Both spoké¢n dialogue and written dialogue (e.g. chats on the internet) constitute partictilar formfs of
discourse in which utterances may also be related by relations other than the discourse relations that
have been [studied for written text. The ISO dialogue act annotation scheme distinguishes two other
types of relation: a) feedback relations, in which a dialogue act provides or eljeits’feedback about{the
success of [the interaction (such feedback acts are related to the preceding @itterance(s) about whose
processing|they provide/elicit feedback) and b) dialogue acts that, due to theirr communicative functfion,
are dependent for their semantic content on a preceding dialogue act (e.g-an answer being dependent
on a questjon, an accept apology on an apology, and a reject offer oman offer). This relation is callled
a ‘function@l dependence relation’ while the relation between a fe€dback and its ‘intecedent’ is called

a ‘feedback
for discout
scheme for
are needed
film script

dependence relation’. These relations are not present.in any existing annotation sch
se relations, presumably because of their focus on“written discourse. The ISO annota
discourse relations should inherit these from 1S@24617-2, not only because such relat
for the annotation of interactive discourse, but also since a written text such as a novel
may well contain dialogues.

8 Semantic phenomena that cut acress-annotation schemes

8.1 Ubic

This Claus
parts. The
the framey
be dealt w

8.2 Qua

It was not
and that IS
over time.

Juitous semantic phenomena

e identifies a number of ubiquitous semantic phenomena that cut across the various Sem
main purpose of this Clause is to provide an agenda for continued and future work wif

th.

ntification

bd in 3.2 that quantification cannot be disregarded when time and events are annotz

The“situation is very similar for the annotation of spatial information, as the follow

0-TirmeML therefore has some provisions, albeit very limited, for annotating quantificag

bme
[ion
ons
pr a

AF-
hin

vork of SemAF. For dome of these phenomena, suggestions are provided for how they ay

ted
on
ring

—

sentences

HuStrate

(12) a. There’s a computer on every desk.

b. We walked through all the valleys.

c. The

paper must be somewhere on my desk.

Quantification phenomena arise whenever a predicate is applied not to a single individual, as in
“John played the piano”, but to one or more sets of individuals, as in “Three men moved both pianos”.
Quantification has been studied extensively, but not so much in relation to events, times and places.
Nonetheless, in principle, any relation between two sets of entities is quantified, as are the relations
between events and temporal entities, for instance by means of temporal quantifiers such as “always”,
“sometimes” and “every Monday”. For this reason, ISO-TimeML has some provisions for annotating
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time-related quantification. The attribute ‘quant’ has been introduced for this purpose as one of the
attributes of temporal entities. For example, a temporal quantifier like “daily” is represented as follows,
where “P1D” stands for “period of one day”:

<TIMEX3 xml:id="t5” target="#tokenl” type="SET” value="P1lD”
quant="EVERY” />

However, temporal quantification cannot be analysed in a satisfactory manner by means of attributes
of temporal entities, since quantification phenomena are not properties of the entities participating in a
predication, but are aspects of relations, as the following examples illustrate.

(13) a. These boxes are heavy.

b. All the students read two papers by Bertrand Russell.
c. Three men moved both pianos.

d. Everybody will die.

In (13a), a predicate is applied to a set of boxes and the question arises whether it applies to the
ind{vidual members of that set (‘distributive’ reading) or to the set,as @ whole (‘collective’ jeading). In
(13b), a set of students and a set of papers are related by read-events and here, the well-khown issue
of relative scope arises: did all the students read the same two_papers? In (13c), sets of men and pianos
are|related by move-events, and here the issues of ‘distribution’/(how is the predicate ‘distriputed’ over
the[elements of a reference domain?) and relative scope axise. In (13d), a set of die-events 3dnd a set of
people are related and, in a not-so-obvious way, the issue of scope arises: does the sentencg mean that
evelyone will die in the same apocalyptic event?

Reference [7] and Reference [8] proposed an analysis of quantification in terms of feature|structures
which can be the basis for annotating quantification in such a way that components of pnnotation
stryctures by and large correspond to the linguistic expression of quantification. This is convenient
for [annotators and supports a semantic ‘interpretation that can be combined with a compositional
senjantics of noun phrases, which itselfis useful since many of the features of quantifi¢ations are
expressed syntactically within noun phrases. This approach is outlined in Annex A.

8.3 Quantities and measures

Duration, length, volume;weight, price and many other ways of measuring quantities (or ‘aounts’) of
sonjething are linguistically expressed by means of a unit of measurement plus a numerical|indication,
such as “one and achalf hours”, “90 minutes”, “just over two kilos”. From a semantic poin{ of view, a
megsure is an equivalence class formed by pairs <n,u> where n is a numerical predicate and| u is a unit.
[2] Given the relations between the units in a particular system of units, any of the equivalent pairs can
serye as a representative of the equivalence class. For instance, <1.5, hour> represents the same amount

of time as<90,minute>; they belong to the same equivalence class since 1 h = 60 min.

Unitscan be complex, like ‘kilowatt-hour’ (unit of electrical energy) or ‘meter/second’ (unit ¢f velocity).
FOF uaH_y, d uuit ;D Clthcl d baa;\, uuit Ul d tl ;lJ}\: M.Z, MZ, Q VVh\:lC Q - (lllu}tl}}}l\,atlul) Or Q = /
(division) and ul and u2 are (possibly complex) units. This allows for complex units such as meter/
(second x second) (meter per square second) for measuring acceleration, and euro per (meter x meter)

(euro per square meter) for measuring the price of land.

The abstract syntax of annotations for quantities can be defined by introducing pairs <n,u>, where u’is
either an elementary unit or a triple, as indicated above. A corresponding XML-based concrete syntax
uses an element ‘amount’ with attribute, value pairs for the numerical part and the unit part, as in (14)
(where markable m1 refers to “three miles”).

(14) a. three miles

b. <amount xml:id="aml” target="#ml” num="3" unit="mile”/>
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[SOspace includes amounts (called ‘measures’) of space for measuring distances; likewise, ISO-TimeML
includes amounts of time for measuring durations. In both cases, only elementary units are considered;
the above abstract syntax for complex units, which generalizes this simple notion of amount, would
correspond to the introduction of unit elements in the concrete syntax, as in (15) (where the markable

m1 in (15b)

refers to “sixty miles per hour” and m2 to “miles per hour”).

(15) a. sixty miles per hour

b. <amount xml:id="aml” target="#ml” num="60" unit="#ul”/>

<unit

xml:id="ul” target="#m2” unitl="mile” unit2="hour”

P /= K I Ly /4

ope

Amount ex
miles”, may
distance g
that is the
miles”, and

(16) a. We

b. <ev

<ent]
<srLj
<amo
<amo
<reld
<srL]

8.4

Negation, 1
an utteran

(17) “The |
Biederman

Even thoug

is plenty of grain to be shipped..It-is essential to take account of the source to which a statemer

attributed
that there Y

It is also ¢
text. ISO-T|

pressions involving comparisons, like “more than five miles” in “We walked more than
' be treated as involving an existential quantification over locations, as in:, “We" walkg
eater than five miles”, that is to say, there is an amount of space greater than five miles,
distance that we walked (where m1 refers to “We”, m2 to “walked”, m3‘to “more than
m4 to “five miles”):

walked more than five miles

ent xml:id="el” target="#m2” pred="walk”/>

Negation, modality, factuality, and attribution

bublic is buying the market whel_in reality there is plenty of grain to be shipped,” said
, Allendale Inc. director.

vas plenty of grain'to be shipped, it would perhaps be more justified to draw that conclus

imeML makes use of an attribute ‘polarity’, with possible values “positive” and “negat

ty xml:1d="x1"” target="#ml”/>

ink event="#el” participant="#x1" roleType="agent¥?/>
nt xml:id="d1” target="#m3”/>

nt xml:1d="d2” target="#m4” num="5" unit="milé&’/>

tion argl="#dl” arg2="#d2” relType="greaterThan”/>

nk event="#el” participant="#dl” roleTypex*distance”/>

h Biedermann says “ineality...”, it would be incorrect to conclude from this text that t}

if, for example, theAVall Street Journal were to report (rather than quote somebody as say

ear that negations have a strong influence on which information can be extracted fro

five

da

and
five

hodality, factuality and attribution are.different, but related, aspects of the factual content of
ce or a text. The following example cemes from the Penn Discourse Treebank:[36]

Bill

jere
It is
ng)
101.

m a

ve”,

as one of the attributes of an event. However, positive and negative are just two extremes or a scale of

possibilitie

(18) a. The

s, as the following examples illustrate:

e’s’'plenty of grain to be shipped

b. There’s not nearly enough grain to be shipped.

c. There’s probably enough grain to be shipped.

d. There’s probably not enough grain to be shipped.

e. There may not be enough grain to be shipped.

f. According to Bill Biederman, there’s surely enough grain to be shipped.

Sentences (18c) to (18f) make claims of varying strength about whether there is enough grain to be
shipped, with a strength which lies in between the extremes indicated in (18a) and (18b). Modalities

as expressed by “probably

20

»n o«
)

maybe” and “surely”, as well as the attribution of the claim to a cer

tain
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source, all have an influence on the possibilities of extracting information from a text. Expressions
of modality, including degrees of certainty and possibility, have been studied, e.g. in Reference [25]
and Reference [26]. The factuality of statements about events has been studied in Reference [42] and
annotated in the FactBank.[43]

Negations and modalities are important in relation not only to events, but also in relation to other types
of entity (e.g. an amount of time as in “I'll wait no more than 10 minutes”), amounts in other dimensions,
numerical quantities (“not less than five”) and properties such as “hardly surprising” and “probably made
in China”. See also Reference [32] and Reference [33] for work on the annotation of negation, modality
and attribution.

T

Epi b take into

acc

btemic modalities as expressed by “possibly”, “probably” and “maybe” are also relevant
unt in dialogue act annotation, as the following example illustrates:

(19] 1. A: Would you like to have some coffee?
2.a B: Maybe; how much time do we have?
2.b B: Not sure [ want any.

Int
ton

his case, the epistemic qualifiers “maybe” and “not sure” do not reldte)to the truth of a stafement, but

nodalities of accepting an offer. This is taken up in 8.5.2.

8.5 Modification and qualification

8.5]1 Modification and quantification

Thd or relative
hlar, issues

should be

modification of nominal expressions, for example, by adjectives, prepositional phrases
clayses, gives rise to many of the same issues asthe expression of quantification; in partic
of dcope and distribution arise in much the same way. In the following example, the text
visyalized next to a box of bell peppers.

(20) Bell peppers for fifty pesos

Thip expression is ambiguous as to whether the preposition phrase “for fifty pesos” is used|to indicate

tha
the
the

(21

Mot
plad
issy

The

the bell peppers in the box cost 50 pesos apiece (individual reading) or that the whole
box costs 50 pesos (collective reading). Similarly, the sentence in (21) below can express {
boxes in question is heavy (individual reading) or that they are heavy together (collectiv]

Let me help you with those heavy boxes.

e generally, adjectives and prepositional phrases, when used as modifiers, can be view
e predicatesiThe application of such a predicate to a set of arguments gives rise to quan|
es, as noted in 8.2.

ambiguity of (20) and (21) is not due to an ambiguity in the predicate, but to the way thg

is a

pplied to its arguments. Thls suggests an approach to the annotation of modlflcatlon

content of
hat each of
e reading).

red as one-
kificational

e predicate
similar to
e modifier’

formed by belng the Theme of a state of belng heavy. Such a structure allows the distribution of the
modification to be a property of the Theme. In a semantic role link in an XML representation, such an
annotation could look like this:

(22) a. heavy boxes

b.

<entity id="x1" target="#m2” signature="set”/>
<property id="pl” target="#ml />
<modLink id="ml” head="#x1"” modifier="#pl” relType="restrictiveModifier”

distribution="individual”/>
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Modification by means of relative clauses gives rise to all the issues that are known to arise in
quantifications; this can be seen by transforming a quantified sentence into a modified noun phrase, as
illustrated in the sentence pairs (23) and (24):

(23) a. That crane moved thirty big pipes.
b. Thirty big pipes moved by that crane.
(24) a. Two students read the six papers.

b. The six papers read by two students.

Sentence (P3a) is ambiguous in the distributive aspect of the quantification in “thirty big pipesithat
is to say, did the crane move the pipes one by one (distributive reading) or all in one go (cellecfive
reading), dr in smaller groups (‘subcollective’ reading, see Reference [2])? Sentence (23b) has|the
same ambiguity: does the modification “moved by the crane” apply collectively to the set(of 30 pipes,
or to individual pipes, or to subcollections of pipes? While less conspicuous, the ambiguity is tl‘{fre,
since the spntence might be intended to refer to that particular set of 30 pipes of which the memlbers
were moved one by one, rather than to another set of 30 pipes, which were moved) in one go. Similarly,
sentence (24b) has the same ambiguity as the quantifying sentence (24a) with(réspect to the scopds of
the quantifications over students and papers: did each of the students read sixpapers or were the same
six papers fead by each of the two students?.

In view of the analogy between modification and quantification, the deyelopment of an approach to|the
annotation of modification integrated with that of quantification is‘'tecommended (see Annex A).

8.5.2 Qualification

The notior] of a ‘qualifier’ has been introduced in ISO 24617-2 for dialogue act annotation in order to
make distiphctions between dialogue act types that arg&subtler than would be possible by simply u$ing
the set of p7 communicative functions defined in_the annotation scheme. Although this set is fdirly
compreher]sive and richer than that of other dialogue act annotation schemes, it is not sufficien{ for
dealing in a satisfactory way with subtle differences like those illustrated in the following examplds of
responding to an offer.

(25) 1. A: Would you like to have some coffee?
2.a. B: Pnly if you have it ready.
b. B: Maybe; how much tinre’do we have?
c. B: Maybe later

d. B: Coffee, wonderful!

e. B: Coffee? At midnight??

These examples show the conditional acceptance of an offer (2a); an uncertain acceptance (2b)} an
uncertain rejection (ZcJ; acceptance with pleasure (Zd); and rejection with surprise (Ze). In all these
cases, it would be unsatisfactory to simply characterize the dialogue act as either acceptance of
rejection of an offer. In order to take such modalities into account, which can occur with every dialogue
act that has a responsive character, Petukhova and Bunt (2010) have proposed the use of ‘qualifiers’ for
certainty, conditionality and sentiment. These are optional elements in the abstract syntax of dialogue
act annotations; this means that they do not have to be used in dialogue act markup, but if they are, they
have a semantic interpretation.

Note that qualifiers in natural dialogue are often expressed non-verbally, by means of facial expressions
or gestures, or multimodally by a facial expression and/or a gesture in combination with a verbal
expression or a nonverbal sound (e.g. a laugh, a cough or a sigh).

Qualifiers may be an interesting addition in other SemAF-parts as well, such as in the annotation of
semantic roles. Similar to the situation with dialogue act types, the use of a fixed, limited number of
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semantic roles is bound to run into problems in the analysis of a sentence where a participant occurs for
which none of the semantic roles is fully satisfactory. For example, the Agent role is defined in SemAF-
SR as the involvement of a participant who acts “intentionally or consciously”, so when a sentence like
(23) is annotated, the question arises whether Peter dropped his plate intentionally.

(26) Peter dropped his plate on the kitchen floor.

If Peter dropped his plate intentionally, for instance, in order to express anger, or disgust at its content,
it would be informative to make that explicit in the annotation, but the annotation scheme has no
provisions for that. The introduction of a qualifier to express intentionality would be useful here.

For
sch
exa
asi
whi
of c
be

an ppposition but also that the speaker felt uncertain about the oppositioh or felt good 3

ha

simply using the inventory of basic discourse relations.

8.5

The
phe

Ina

the annotation ol texts with JdISCOUTSE relations, similar considerations apply: the
bme will have a limited number of relations and these are bound to be inadequate in som
nple, the discourse connective “but” expresses some kind of opposition. When explicitl
h “but unexpectedly”, a qualifier could be useful to indicate that in this case, the opposition
it is described in the subsequent text and what was expected to happen. Sinjlar to the
pbmmunicative functions, discourse relations expressed by “but perhaps” or “but fortung
fit from the use of certainty and sentiment qualifiers, in order to anng@tate not just t}

ened, contrary to expectation. In such a way, more subtle distinctions can be annotated

3 Otherissues

set of issues discussed in the preceding subclausesis clearly not exhaustive. Othe
nomena that cut across SemAF parts include the folléwing.

Ellipsis: The resolution of ellipsis is, for example, relevant when identifying the partici
eventuality and therefore for the correct assighment of semantic roles.

Coreference: Interpretation of personal pronouns is, for example, relevant for t
assignment of semantic role annotations to the arguments of a verb. Reference [30] ¢
basis for a proposal to initiate a new,;SemAF-part for developing an ISO standard for the
of coreference.

Forms of non-literal language use, such as metonymy, irony, sarcasm and metaphor.

hnnotation
b cases. For
y qualified,
is between
annotation
tely” could
at there is
)bout what
than when

I semantic

bants in an

he correct
ntains the
Annotation

rder for SemAF to develop into a wide-coverage framework for semantic annotation, especially the
annotation of ellipsis and ¢oreference are of primary importance.
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Annex A
(informative)

An approach to the annotation of quantification in natural language

Quantification in natural language is the name given to a number of semantic phenomena that emerge
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f the questions that may be asked (and answered) about its meaning.

e men moved both pianos.

v many men were involved? (Answer: Three.)

v many pianos were involved? (Answer: Two.)

the same men move both pianos? (Answer: Yes.)

the men act collectively or individually? (Answer: Collectively, probably.)

‘e the pianos acted upon collectively or individually? (Answer: Individually, probably.)

Irs to questions like (Ala) and (A1lb) quantify the degree of involvement of the sets of men
are related by the ‘move’ predicate. These two sets are denoted by the restriction part of
b expressions: ‘men’ is the restriction in ‘three.mén’, and ‘pianos’ is the restriction par
s’. These sets are called the reference domains of-the quantifications; the quantifiers “th
count the number of elements of the referenge’domains involved in the predication. Ques
brns the relative scopes of the quantifications over the sets of men and pianos. Quest
(Ale) are about the way in which the.élements of the two reference domains are invol
lication: individually or collectively\(or in groups). This aspect, called the distribution
predication, determines the typeof-argument to which the predicate is applied; in the ¢
(A1), sets of men and individual ‘pianos. The sets of possible arguments are called predica

the case of collective distribution, the predication domain consists of sets of elements f
ce domain.

al quantifiers like&“all”, “some” and “most” specify the fraction of the reference don
a predication; numerical or amount quantifiers like “three”, “more than five” and “2 litreq
hve this function, but may alternatively also be used to indicate the size of a reference don
” in (A2).

e twelve-students in this room all speak two languages.

atand absolute quantifiers can also be used to indicate the number/amount of a predica
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(A3) Each of the dogs had five sausages.

The examples in (A1) to (A3) illustrate some of the most important aspects of quantification.[2]

(A3) Aspects of quantification

a) quanti
b)
c) size of
d)
24

fier’s restriction, describing the reference domain of the predication;

distribution, defining the predication domain;

the reference domain;

involvement of the reference domain (in absolute or relative terms);
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