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“Deep in the human unconscious is a pervasive need for a logical universe
that makes sense. But the real universe is always one step beyond logic.”
— from "The Sayings of Muad’Dib" by the Princess Irulan,
in Dune, Frank Herbert



Abstract

Tense and aspect categories have played a substantial role in theoretical and
computational linguistics for decades. However, in recent years, due to the
increased reliance on deep learning models, the role of tense and aspect has
somewhat moved into the backseats of linguistic analysis, even though such
models famously struggle with certain semantic properties such as modals,
negation, and also the categories that lie at the center of the present work.
In this thesis, I provide a formally well-defined feature space for the semantic
annotation of tense and aspect and a rule-based system for annotating the
syntax/semantics interface relevant to the interpretation of tense and aspect.

Cross-linguistic research is thriving and still provides new insights into
the commonalities and differences across languages. Specifically, typological
work has already shown how rich the variation in systems available across
languages is concerning tense and aspect. Furthermore, formal semantics still
uncover intricacies in the cross-linguistic variation of the meanings associated
with tense and aspect. This thesis aims to investigate recent advances
in cross-linguistic research on tense and aspect and compile these insights
into a computationally viable annotation scheme for the semantics of these
categories. This is done in two steps. First, an appropriate cross-linguistic
feature space is developed. Each feature is defined via an exact formal
semantic contribution based on cross-linguistic formal semantic research.
Secondly, a formal semantic interpretation component is developed for the
feature space that translates annotations into formal semantic representations
according to their specified formal semantic contribution.

The annotation proposed in this thesis is layered. The first layer provides
a general interpretation of the given feature. The morpho-syntactic context
primarily affects this interpretation: a direct mapping from syntax to seman-
tics. This thesis pays particular attention to indirect mappings from syntax
to semantics, i.e., the second layer of the annotation scheme. This layer
of the annotation scheme rewrites semantic features based on the semantic
context, mimicking compositional semantic processes. Finally, the third layer

of annotation serves as input for contextual resolution — i.e., the annotation



of pragmatic inferences.

The ParTMA annotation scheme is developed as part of the project Tense
and Aspect in Multilingual Semantic Construction, which was a daughter
project of the international ParGram effort, a project to develop cross-
linguistically comparable deep linguistic grammars in the Xerox Linguistic
Environment(XLE) based on the formalism of Lexical Functional Grammar.
The ParTMA annotation scheme is a modular system consisting of a semantics
for interpreting annotations and a syntax/semantics interface. While the
semantics are entirely independent, the syntax/semantics interface annotation
is, to some extent, influenced by the choice of a syntactic parser. In this
thesis, two syntactic parsers are considered: primarily the deep grammars
from the ParGram project and, secondly, Universal Dependencies (UD). The
reasons for comparisons are to show how the system can be made compatible
with different syntactic components.

The overall contribution of this thesis is a full implementation of a formal
semantic framework for tense and aspect. This implementation uses the
flexible Glue semantics formalism developed for dealing with semantics in
LFG. The semantic framework is specifically designed to interpret ParTMA
style annotations and can, thus, be used to evaluate annotations directly
by their formal correctness. Since the ParTMA features provide a cross-
linguistically viable feature space, the system for semantic interpretation
can provide cross-linguistically viable formal semantic representations with

minimal adjustment for language-specific implementations.



Zusammenfassung

Die Kategorien Tempus und Aspekt spielen seit Jahrzehnten eine wichtige
Rolle in der theoretischen und computationellen Linguistik. In den letzten
Jahren ist ihre Rolle aufgrund des zunehmenden Einsatzes von Deep-Learning-
Modellen etwas in den Hintergrund der linguistischen Analyse geriickt, obwohl
solche Modelle bekanntermafse mit bestimmten semantischen Elementen wie
Modalverben, Negation und auch den Kategorien, die im Mittelpunkt der
vorliegenden Arbeit stehen, zu kimpfen haben. Um dem entgegenzuwirken
bietet das ParTMA-Annotationsschema klar formalisierte semantische Merk-
male, die auf sprachiibergreifender Forschung basieren. In dieser Arbeit stelle
ich also einen formal wohldefinierten Merkmalsraum fiir die semantische
Annotation von Tempus und Aspekt vor. Auflerdem présentiere ich ein
regelbasiertes System fiir die Annotation des Syntax/Semantik-Interfaces,
welches fiir die Interpretation von Tempus und Aspekt relevant ist.

Die sprachiibergreifende Forschung liefert immer noch neue Erkenntnisse
iiber die Gemeinsamkeiten und Unterschiede zwischen Sprachen im Hinblick
auf Tempus- und Aspektformen. Insbesondere typologische Arbeiten haben
bereits gezeigt, wie vielfaltig die in den verschiedenen Sprachen vorhandenen
Systeme fiir Tempus und Aspekt sind. Dariiber hinaus deckt die formale
Semantik immer noch Feinheiten in der sprachiibergreifenden Variation der
mit Tempus und Aspekt verbundenen Bedeutungen auf. Ziel dieser Arbeit
ist es, die jingsten Fortschritte in der sprachiibergreifenden Forschung zu
Tempus und Aspekt zu untersuchen und diese Erkenntnisse in einem computa-
tionell realisierbaren Annotationsschema fiir die Semantik dieser Kategorien
zusammenzufassen. Dies geschieht in zwei Schritten. Zunéchst wird ein
geeigneter sprachentiibergreifender Merkmalsraum entwickelt. Jedes Merkmal
wird durch einen exakten formal-semantischen Beitrag auf der Grundlage
sprachiibergreifender semantischer Forschung definiert. Zweitens wird eine se-
mantische Interpretationskomponente fiir den Merkmalsraum entwickelt, die
Annotationen entsprechend ihrer formal spezifizierten Bedeutung in formale
semantische Reprasentationen iibersetzt.

Eine der priméren Anwendungen des vorliegenden Annotationsschemas ist
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die Erweiterung der derzeit existierenden ParGram-Grammatiken. Um jedoch
die Forschung fiir ein breiteres Publikum leichter nutzbar zu machen, nimmt
diese Arbeit eine generellere Haltung zur morphosyntaktischen Annotation
von Tempus und Aspekt ein.

Die in dieser Arbeit vorgeschlagene Annotation ist in sogenannte Tiers
oder Ebenen unterteilt. Die erste Ebene liefert eine allgemeine Interpretation
eines gegebenen Merkmals. Der morpho-syntaktische Kontext wirkt sich in
erster Linie auf diese Interpretation aus. Die erste Ebene ist also eine direkte
Abbildung von Syntax auf Semantik. In dieser Arbeit wird ein besonderes
Augenmerk auf indirekte Zuordnungen von Syntax zu Semantik gelegt. Dies
ist die zweite Ebene des Annotationsschemas. Diese Ebene schreibt semantis-
che Merkmale auf der Grundlage des semantischen Kontexts um und ahmt
so semantische Kompositionsprozesse nach. Die dritte Annotationsebene
schliefslich dient als Input fiir die Analyse im Kontext, d.h. die Annotation
pragmatischer Inferenzen.

Das ParTMA-Annotationsschema wurde im Rahmen des Projekts Tense
and Aspect in Multilingual Semantic Construction entwickelt, das ein Tochter-
projekt des internationalen ParGram-Projekts war. Das ParGram Pro-
jekt dient zur Entwicklung sprachiibergreifend vergleichbarer detaillierter
linguistischer Grammatiken im Xerox Linguistic Environment (XLE) auf
der Grundlage des Formalismus Lexical Functional Grammar (LFG). Das
ParTMA-Annota-tionsschema ist ein modulares System, das aus einer Se-
mantik zur Interpretation von Annotationen und einem Syntax/Semantik-
Interface besteht. Wéahrend die Semantik vollig unabhéngig ist, wird die
Annotation des Syntax/ Semantik-Interfaces in gewissem Mafe durch die
Wahl einer syntaktischen Analyse beeinflusst. In dieser Arbeit werden zwei
syntaktische Analysemoglichkeiten in Betracht gezogen: zum einen die des
ParGram-Projekts basierend auf LFG und zum anderen Parser die auf den
Universal Dependencies (UD) basieren. Der Grund fiir diesen Vergleich ist
zu zeigen, wie das System mit verschiedenen syntaktischen Komponenten

kompatibel gemacht werden kann.
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Der Gesamtbeitrag dieser Arbeit ist also eine Implementierung eines for-
malen semantischen Systems fiir die Analyse von Tempus und Aspekt. Diese
Implementierung verwendet den flexiblen Glue-Semantik-Formalismus, der
fiir den Umgang mit Semantik in LFG entwickelt wurde. Das semantische
Framework wurde speziell fiir die Interpretation von ParTMA-Annotationen
entwickelt und kann daher verwendet werden, um Annotationen direkt auf
ihrer formale Korrektheit zu iiberpriifen. Da das ParTMA-Annotationsschema
einen sprachiibergreifend addquaten Merkmalsraum bietet, kann das Sys-
tem sprachiibergreifend addquate formale semantische Reprisentationen mit

minimaler Anpassung an sprachspezifische Implementierungen liefern.
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Glossary

1 first person inf infinitive
2 second person intr intransitive

3 third person
loc locative

acc accusative

aux auxiliary m masculine

av active voice .
neg negation

cl classifier nf non-first person

comp complementizer nom nominative

non-past non-past marker

dat dative nonvis nonvisual evidential
dec decessive

del delimitative obj object

det determiner obl oblique

dm discourse marker
past past tense

e event perf perfect

erg ergative pnc punctual

poss possessive marker

f feminine pres present tense

foc focus particle prf prefix

fut future tense prog progressive
gen genitive prosp prospective aspect
prptcp past participle

impv imperfective prsprt present participle
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prt particle
prv perfective

pstptcp past participle

rec recent

reflx reflexive

s state

sg singular

subj subject

topic topic particle/marker

tr transitive

vis visual evidential
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Chapter 1

Introduction

Articulating the flow of time is a skill that is particularly developed within
human communication. The human language can express all but the most
complex of temporal circumstances. The language system responsible for this
ability can be intuitively (and informally) divided into three components:
Firstly, a lexical component which conveys more or less explicit references to
time such as temporal adverbials like yesterday, a week ago or in a little bit.
The second component I have in mind is intertwined with the lexical domain,
namely conventionalized elements such as dates and calendar units. The
third component is the encoding of temporal information within the grammar.
The categories associated with temporal semantics are (predominantly) tense
and aspect; these two categories lie at the center of the present thesis.

Concretely, I am interested in a computationally viable annotation scheme
for these categories. Various tasks in NLP require or could improve with a
proper interpretation of tense and aspect information. This proper interpre-
tation requires a thorough understanding of the underlying semantics. Thus,
the primary goal of this thesis is to provide a semantic annotation scheme
of tense and aspect that incorporates insights from formal semantics and
current typological and computational work.

The project during which the core of this thesis was developed is an
extension of an international grammar engineering effort spanning several

typologically distinct languages, the ParGram effort (Butt et al., 2002), which
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will be discussed in detail in chapter 2. This inheritance has a consequence for
the main goal of this thesis, namely, particular attention to the cross-linguistic
adequacy of the presented annotation scheme. This particular requirement
is, of course, not only required within this particular project but tends to a
broader need of NLP resources in general.

With the goals listed above in mind, this dissertation is about identifying
which different meaning concepts are realized in the surface form of language
(i.e., morphosyntax and phonetics/phonology, although the latter does not
play a role in this thesis) and labeling the data to encode these concepts.
This is not trivial since while grammatical features have a conceptual core
(e.g., pastness for past tense), this conceptual core can be employed in several
ways to create meanings that differ from the original concept. In this case, it
is not always clear how the two interpretations are related. In this thesis, I
provide a labeling mechanism that allows us to differentiate between different
uses of grammatical features in specific contexts while still preserving the
possibility of a common core concept of a given grammatical category. In
short, the main goal of this thesis is to provide a computationally viable
annotation scheme for tense and aspect systems.

An annotation scheme is a descriptive tool that aims at adding "inter-
pretive linguistic information" to linguistic data (Wynne, 2005). There, the
primary data should always be evident. In this thesis, I propose an annotation
scheme for secondary data. L.e., I enrich an existing linguistic annotation,
namely, morphosyntactic annotation of linguistic expressions. More con-
cretely, I focus on two types of representations: those derived from Lexical
Functional Grammar (LFG) and secondarily those derived via Universal
Dependencies (UD). For the sake of this thesis, I call these representations
tier-0 annotations: they form the base, the groundwork for the approach
followed in this thesis.

The semantics in the ParTMA annotation scheme, presented in this
thesis, are encoded in the ParTMA template, a set of strictly semantic
features. Within this template, semantic features can be layered based on the
annotation of the syntax/semantics interface. These layers are distributed

across different tiers. In total, I propose three tiers of annotation in this thesis.
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The first tier comprises the meaning contributed by morphosyntactic features
in isolation, i.e., what I called their core concept before. More specifically,
the first tier comprises rules that map morphosyntactic categories directly
to semantic concepts. An intuitively understandable example is the English
past tense form (simple past). It usually expresses the temporal anteriority
of the described situation. Thus, Mary kissed Tom means that at some point
in the past, there was a situation in which Mary kissed Tom. Thus, pastness
is the core concept of the past tense morphology in English.

However, there are morphosyntactic contexts in which the past tense
does not necessarily simply express anteriority. Two examples are i) a past
tense clause embedded under a past tense attitude verb. In such contexts, a
phenomenon called sequence-of-tense (SOT) occurs in which the embedded
clause is temporally limited by the matrix clause (Abusch, 1988, 1997). More
concretely, the SOT, shown in (1), introduces an ambiguity in embedded
contexts. The embedded clause Alex was sick has two possible interpretations:
an interpretation where the described state (being sick) holds during the
saying eventuality, or an interpretation where Alex was sick before the report.
A relative future interpretation is ruled out due to the limitation mentioned
above. This phenomenon is not universal but occurs in different disguises
across the tense/aspect systems of different languages (see Bochnak et al.
(2019) for an overview). The second example, (2), illustrates fake past tense
in counter-factual conditionals (see Romero (2014) for a discussion of the
underlying semantics). To summarize, the past tense seems to lose its function
as a marker for anteriority. Instead, it plays an integral role in expressing
counterfactuality, i.e., it indicates that the marked eventuality is not true in

the actual world.

(1) Jamie said that Alex was sick.
a. Jamie said: “Alex is sick”.
b. Jamie said: “Alex was sick”.

(2) If Susan was sick, she would be at home.



In these cases, a simple mapping from form to meaning is not sufficient.
For this purpose, I introduce a second tier, tier-2. Tier-2 annotations may
be derived by construction rules which can be interpreted as rules that
are part of the grammar and that derive meanings from interactions of
morphosyntactic and semantic elements in formal representations. Those
rules are, in principle, rewrite rules that elevate default interpretations to
higher-tier interpretations when applicable, overwriting the tier-1 default
interpretation. This is illustrated in the examples (3) and (4). The first
example illustrates the abstract idea that the rule wants to capture. Given two
eventualities E1 and Es both marked semantically as referring to a past time
point, if they stand in a complementizer COMP relation, then the embedded
eventuality, Fo is interpreted as either in the past or simultaneous to the
matrix eventuality, 1, rather than simply as in the past relative to the time at
which the sentence was uttered. The rule in (4) is a concrete implementation
of this rule in a rewrite system presented as part of this thesis. There, #a and
#c refer to a feature matrix describing the semantics of the eventualities Eo
and Fj respectively (i.e. the rule is reversed compared to its abstract counter-
part). The rule captures the COMP relation via the #a ~ (tmp>sem>comp) #b
part, which can be read as: check whether the eventuality that corresponds
to #a (= F3) is dominated by some matrix eventuality #b via a comp relation.
The second part of the rule (#b !(sem>tmp) #c TEMP-REF ‘past’) checks
whether this matrix eventuality also encodes past temporal reference. As
explained above, this rule yields a revision of the embedded eventuality’s
temporal reference to an ambiguous form. Encoding the syntax/semantics
interface in this way is one of the key concepts discussed in this thesis. Both
the abstract representation and the concrete implementation of these rules
are explained in detail. These rules are instances of linguistic rewrite rules
since they rewrite the TEMP-REF feature.

(3) TEMP-REFp; ‘past’ : At.t <tp A
COMP(Ey, E) A
TEMP-REF o ‘past’ : M.\fo.t < to —
TEMP-REF 5 ( present;, past; )
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(4) #a TEMP-REF ‘past’ &#a ~(tmp>sem>comp) #b ! (sem>tmp)
#c TEMP-REF ‘past’
==> #a TEMP-REF {past,present} & #a EVAL #c.

Linguistic rewrite rules are very powerful in terms of expressiveness and,
in this thesis, are used to model meaning shifts based on compositional
processes, such as the shift from past temporal reference, to a simultaneous
or past reading. This idea is based on extensive work in deriving semantic
representations via rule-based systems in the LFG tradition, such as (Bobrow
et al., 2007; Crouch, 2005; Crouch and King, 2006). This thesis aims to
present a principled way for defining such rules that makes them more
accessible for modeling semantic phenomena.

Finally, a third tier covers pragmatic reasoning, e.g., anaphora resolution
and extra-linguistic information. This layer is different from the previous
two because it is difficult to put into rules. I will only cover part of what
tier-3 is designed for in this thesis, namely, pragmatic default inferences for
tense/aspect categories, which can also be modeled in terms of linguistic
rewrite rules. Thus, tier-3 is a significant avenue for future work.

The resulting annotation scheme consists of two components: the first
component is a semantic annotation for which each feature is typologically
attested and formally encoded. This latter condition is crucial. It allows me
to provide a concrete semantics for the ParTMA annotation scheme. A major
contribution of this thesis is the implementation of a fragment of semantics
that can interpret ParTMA style annotations and produce appropriate for-
mal semantic representations. The second part of the annotation scheme
consists of a set of principles for defining the syntax/semantics interface for
tense/aspect that models the corresponding features in a layered system that
captures core contributions of certain categories’ core contributions and their
variation in the morphosyntactic and semantic context.

This means there are three main contributions of this thesis: i) a cross-
linguistically viable feature space for tense and aspect, ii) a concrete semantic
framework for interpreting the features modeled in the ParTMA annotation

scheme, and iii) a specification for designing a syntax/semantics interface
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using linguistic rewrite rules. Both the syntax/semantics interface and the
semantic framework come with a concrete implementation combining linguistic
rewriting and Glue semantics, a computationally viable semantic formalism

popularized by research in the LFG community (Dalrymple, 1999).

1.1 Putting things into perspective

This section serves to put this thesis into perspective by explaining its key
influences. I start the section by discussing how the present work relates
to the topic of semantic annotation. Then, I move to the related topic of
grammar development. Finally, I explain the linguistic phenomena that

inspired this thesis, namely tense and aspect.

1.1.1 Semantic annotation

Semantic analysis is a crucial component for natural language understanding
(Lev, 2007) which in turn finds applications in several NLP and related
systems, i.e., information retrieval, machine translation, question-answer
systems, artificial intelligence, and so on. The goal of semantic annotation is,
simply put, to facilitate the semantic analysis of (primary) data. Consider
the following quote:

“The idea behind annotating a text, which dates from long before the
digital era, is to add information to a primary text information in order to
support its understanding. The semantic annotation of digital source text
has a similar purpose, namely to support the understanding of the text by
humans as well as by machines.”(Bunt, 2015, p. 3)

Investigations like the one by Snow et al. (2008) make clear that simplicity
is vital. It may seem that the application of a particular framework to a
broad amount of data seems trivial — most sentences behave straightforwardly
boring after all — however, formal researchers are often very concerned with
the embedding of their idea in their theory of choice. It needs to be made clear
that the formal apparatus used, e.g., in formal semantics, makes it highly

resource-consuming to annotate large amounts of data. Thus, formal semantic
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papers usually only focus on a small sample of very complex phenomena with
the assumption that the extension of the theory to more simple examples is
trivial (or has been proven elsewhere). This is not always the case, especially
when considering various linguistic categories, as is desired in interoperable
semantic annotations. Thus, careful consideration of the relation between
annotation and the underlying assumptions about the semantics is necessary.

Much of the work in linguistic annotation and, in particular, semantic an-
notation is driven by ISO-standards (Ide and Pustejovsky, 2017). The appeal
to the International Organization of Standardization aims to guarantee a
cross-linguistically viable and interoperable annotation of linguistic data. In-
teroperability can be understood as compatibility between different resources.
There are several pitfalls when trying to make resources compatible (Bunt,
2015). For example, a temporal annotation scheme and a spatial annotation
scheme should not use the same labels to refer to different concepts. Yet
another formulation of this constraint is that different annotation schemes
should be mutually consistent. Although the annotation scheme presented in
this thesis does not (yet) strictly adhere to the ISO standards of linguistic
annotation, it takes the core concepts of linguistic annotation as stated in
Ide and Pustejovsky (2017) and Bunt (2015) to heart. Thus, cross-linguistic
viability and integration with a broader framework of linguistic annotation
such as that developed by the SemAF effort (Bunt, 2015) are essential con-
siderations that have affected the development of the present annotation
scheme. The present annotation scheme follows the principles mentioned
in the literature above by adhering to the CASCADE model for developing
semantic annotation schemes.

Developing an annotation requires several steps. The CASCADE model
for developing semantic annotation schemes provides a concrete guideline
5) illustrates the

proposed necessary steps for an annotation system. The first point is to

for following these steps (Ide and Pustejovsky, 2017). (

provide a conceptual analysis of the phenomena to be captured. This thesis
can build on a considerable amount of previous work regarding the conceptual
analysis of tense and aspect. The contribution of this work is to filter out

the innovations that may be useful for temporal annotation tasks and then
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translate them into an abstract syntaz, the second step. This, in principle,
means that we generate a consistent formal model of annotation objects,
e.g., “what are the properties of events and what are the properties of time
intervals? What kind of relations do we want to allow between these objects?
Temporal relations, causal relations, or some other kind of relation?” and so
on. Each of the syntactic properties that are defined also requires a consistent
semantics. One can apply various semantic systems to the same abstract
syntax. This may depend on various factors such as semantic complexity
or embedding in downstream applications which require a specific formal
semantic representation. Once the system is formally sound, it needs to
be translated into a machine-readable and processable representation: the
concrete syntax. The concrete syntax should be in one-to-one correspondence

with the abstract syntax to avoid inconsistencies in the semantics.

(5) a. Conceptual Analysis: Formulate a conceptual view of the infor-
mation to be captured in annotations. This results in an abstract

data model or ‘metamodel’.

b. Abstract Syntax: Articulate the conceptual view in the form
of an inventory of basic concepts and a formal specification of
the possible ways of combining these elements in set-theoretical

structures like pairs and triples, called annotation structures.

c. Semantics: Provide a formal semantics for the structures defined

by the abstract syntax.

d. Concrete Syntax: Specify a representation format for the annota-
tion structures defined by the abstract syntax;

(Ide and Pustejovsky, 2017)

In this thesis, I not only differentiate between abstract syntax and concrete
syntax but also between abstract and concrete semantics. This means I
use a compositional semantic framework informed by theoretical formal
semantics for dealing with tense/aspect as a foundation to implement a
concrete semantics. The concrete semantics differ from the abstract semantics

because fully fleshed out computational counterparts do not always exist for
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the proposals developed in the tense/aspect literature. Ultimately, this thesis
presents a concrete semantics that shares labor between a rewrite component
and a composition component for dealing with different aspects of formal
semantic modeling. Sharing the labor in such a way allows for a formally
sufficiently expressive system that can be mapped onto a conceptually simple

annotation scheme.

1.1.2 Grammar development

The ParTMA annotation scheme is also heavily influenced by ideas from
Lexical Functional Grammar both from a theoretical as well as a computa-
tional perspective. The Lexical Functional Grammar movement is one of
the driving forces in the development of deep linguistic grammars under the
international ParGram project (Butt et al., 2002). This effort is concerned
with developing cross-linguistically parallel (i.e., comparable) grammars for
morphosyntactic analysis. It is one of the main influences, or more specifically,
the raison d’étre for this thesis. This influence starts with the fact that the
ParTMA annotation scheme does not strictly propose a new annotation of
primary data but that it provides a new layer of annotation for the existing
morphosyntactic analysis provided by computational grammars written in the
Xerox Linguistic Environment (XLE; Crouch et al. (2017))." The philosophy
behind LFG, in brief, is that a grammar provides a function that maps
a linguistic expression to a meaning representation (Asudeh, 2006). This
function may be decomposed into several components that describe particular
elements of the grammar of a language in isolation. This is illustrated in
Figure 1.1. It provides an LFG analysis for the sentence John visited Mary.
As can be seen there, the analysis is represented in terms of two different
formal representations: a tree structure and an attribute/value matrix. The

two structures are called c(onstituent) structure and f(unctional) structure,

LThe thesis project’s primary idea was to improve the treatment of tense and aspect
in XLE. In this thesis, in particular, in chapter 5, I show that the annotation scheme is
designed to be more general in its purpose. Concretely, I show this by considering Universal
Dependencies as an alternative morphosyntactic base for annotating the syntax/semantics
interface and the semantics themselves.
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respectively. The c-structure encodes syntactic constraints on the surface
form of a linguistic expression. On the other hand, the F-structure encodes
certain syntactic roles, called grammatical functions and functional features
required for further semantic processing.

S PRED ‘visit<John,Mary>’

N OBJ [PRED ‘Mary’|

| o~ SUBJ [PRED ‘John’]

N M NP TENSE past, PROG -_,

| | | TNS-ASP -
John visited N PERF -, MOOD indicative

| VTYPE main, CLAUSE-TYPE decl
Mary -
Figure 1.1: C- and F-structure: John visited Mary

As the f-structure in Figure 1.1 shows, LFG encodes tense and aspect anno-
tation predominantly in terms of functional features. In this thesis, I analyze
the viability of these functional features concerning their capability to allow
semantic interpretation and conclude that functional tense/aspect features
confound syntactic and semantic information in an unprincipled way. The
present thesis argues for a treatment of functional features as exponents of
similar morphosyntactic structures rather than as quasi-semantic features
to remedy this situation. As a result of this reasoning, I propose a separate
semantic representation that captures purely semantic information on tense
and aspect: the ParTMA template.

The ParTMA template is an attribute/value structure, similar to LFG’s
f-structure but also similar to structures used in semantic annotation more
generally. It distinguishes itself from the former by attributing a concrete
formal semantic contribution for each feature, and it distinguishes itself from
the latter in that the underlying semantics preserve compositional semantic
processes devised in the formal semantic literature. Concretely, the semantics
of the ParTMA annotation scheme are grounded in a description-by-analysis
Glue semantics approach with the goal of integrating the resulting semantics

in the broader picture of semantic analysis within computational LFG.
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When introducing a new level of representation to the LFG formalism, it is
necessary to provide an exact formal description of how this intermediate
representation relates to the other representations in LFG (Kaplan, 1995D).
In general, the co-descriptive approach is popular in LFG. This implies that
different structures are built up more or less in parallel. To keep the ParTMA
template and the corresponding annotation more modular, I define a mapping
from (c- and) f-structures in terms of a set of rules that apply to fully formed
syntactic structures. I interpret these rules as a part of the syntax/semantics
interface. Thus, the ParTMA template can be understood as part of a
semantic projection in LFG.

Separating the ParTMA template from the LFG architecture in this way also
allows me to make it more broadly usable. Thus, The ParTMA template
could be populated with semantic features based on other syntactic analyses,
e.g., Universal Dependencies. Furthermore, it would be possible to devise a
mapping directly from primary data to the semantics (in principle, the same
possibilities that exist with other annotation schemes: manual annotation
or automated annotation). Only the former two approaches with a concrete
rule-based mapping from syntax to semantics are considered in this thesis.
However, it is important to keep in mind that the ParTMA template is an

independent tool for annotating the semantics of tense and aspect.

1.1.3 Tense and aspect: form and meaning

This work is about meaning encoded in linguistic expressions, particularly
verb phrase (VP) forms, and their embedding in the linguistic context. When
looking at the world’s languages, there is a broad spectrum of possibilities.
Below are examples from the ParTMA treebank. These sentences have
been handpicked to illustrate specific trends in the marking of tense and
aspect. They are parallel in their semantics in that they may occur in the
same context.” In this case, the target semantic feature that these sentences
represent is that of past tense. More specifically, these sentences are about

some past occurrence. This can be intuitively tested by combining them

2This does not mean that they all are restricted to the same context.
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with corresponding temporal expressions as illustrated in table 1.1.%

past tense
e.g. once,
a year ago,
yesterday

present tense future tense

- now — — >

€.g. now, e.g. tomorrow,
currently, next thursday,
at present soon

Table 1.1: Testing for tense meaning

(6) a. The people killed the king.

b. Peter was writing letters. English

(7) a. Peter sedang menulis surat.
Peter PROG write  letter

"Peter was writing letters’

b. Orang membunuh raja.

People kill

king

"The people killed the king.’ Indonesian

(8) a. peter xat

likH rahA tHA

Peter letter.sG write PROG be.PAST.M.SG

"Peter was writing letters’

b. logoN=ne baadshaah=ko maar daalaa
people=ERG king.M.SG=AcCC hit put.PRV.M.SG

"People killed the king.’ Urdu

(9) a. Piotr pisal

listy

Peter write-PAST.IMPV letter.3.M.SG

"Peter was writing letters.’

b. Ludzie

zabili kréla

People.3.M.PL kill. PAST.PRV KING.3.M.SG
"People killed the king.’ Polish

3While this test serves the present purpose of providing the reader with an intuitive idea
about tenses, this test is also tentative. See chapter 3 for a more elaborate understanding

of how to identify tenses.
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The sentences from different languages above express roughly the same
meaning as the sentences in the English example; however, the strategies
vary significantly in terms of the word forms used to express the meaning of
pastness that is part of each example. I will not go through all examples as
the strategies used will be discussed in depth throughout this dissertation.
However, I want to clarify some major and some more minor differences
across languages. In particular, if the reader investigates the glossing for
past tense — intuitively the morphosyntactic exponent of past meaning — they
will realize that not all languages seem to obligatorily express the meaning
of pastness in their verb form. For example, Indonesian simply omits past
morphology altogether. On the other hand, Urdu seems to use its Past
marker, an auxiliary in some cases but not in other cases — the tense there
seems optional.

The sentences also pattern with the English distinction between the progressive
form and the simple past form. Notably, the Perfective (Prv) glossing seems
to be used when in English the simple past is used, while either the Progressive
(PROG) or the Imperfective (Impuv) glossing are used in the other languages
to represent a meaning similar to the English progressive. While Indonesian
does not seem to express tense, there is some auxiliary aspectual marking
in the form of sedang in place. Urdu also has a dedicated progressive form.
Lastly, the Polish examples directly express tense and aspectual marking in
their verb forms. The label aspect or aspectual covers the forms (perfective,
imperfective and progressive). What is their function? It is clear that tense
primarily tells us whether a linguistic expression is about the past, the present,
or the future, but aspect is more subtle. Some readers may infer from the
examples and my remarks that the imperfective and the progressive share
at least some meaning properties. This is indeed the case. The prototypical
meaning attributed to the imperfective is that of ongoingness, i.e., it applies
in situations where some event, e.g., the writing of letters or the killing a
king, is in the process of happening.

In contrast, the perfective — intuitively — is used in sentences that describe
completed events. The examples above do not express whether Peter wrote all

the letters he wanted to write or how many he has written. However, in the
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durative change endpoint

state + - -
activity + + -
achievement - + +
accomplishment + + +

Table 1.2: Aktionsart

second type of example, the king is dead since the killing event is described
as complete by merit of the perfective aspect (see (8b), (9b); in the English
example, we infer the completeness of the event, or in other words: the default
interpretation of the simple past is a perfective interpretation). Based on
these examples, I adopt the view that grammatical aspect encodes whether
an event is expressed as a whole (perfective) or only partially (imperfective).
This view has been mainly coined by (Comrie, 1976; Smith, 1991) and is
widely accepted in the corresponding literature.

The notion of state and action reflect distinctions made at the level of inner
or lexical aspect. This can be understood as the third level of semantic
interpretation following the level of tense and the level of grammatical (outer)
aspect that have been introduced so far. The examples above present two
distinctions: momentary actions ((to) kill) and prolonged actions ((to) write
a letter). Together with states (e.g. (to) love,(to) know) and actions without
inherent endpoint (e.g. (to) ride a bike, (to) sing) these distinctions build the
groundwork for defining the lexical or inner aspect of verbs and verb phrases.
These distinctions are based on Vendler’s (1957) seminal work on so-called
Aktionsarten, i.e., categorizations for different classes of verbs. As explained
above, three properties are crucial: duration (momentary vs. prolonged),
change (dynamic vs. static), and the existence of an inherent endpoint. The
four classes proposed by Vendler are shown in 1.2.

As the name suggests, lexical aspect is usually grounded more in the lexicon
than in the morphosyntax. Thus, differences in the surface structure of
linguistic expressions with different verb classes are less apparent. However, as
more recent research on the topic has shown, several intricate morphosyntactic

reflexes are associated with this deep level of aspectual analysis, which is
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explored in this thesis.

Overall, the languages presented above vary more or less strongly regarding
the richness of their tense/aspect morphosyntax. In addition, to surface
structural cues, it is also necessary to consider deeper levels of encoding,
particularly encoding at the lexical semantic level, to cover inner/lexical
aspect. The richness also affects the meaning that they can express explicitly.
Thus, one can assume that the number of contexts where the Polish sentence
in (9b) may be used is smaller than the number of contexts of the Indonesian
counter-example, (7b). This observation is borne out since the Indonesian
example can occur not only in contexts that require a past tense interpretation
but also in contexts that allow for present or future tense readings. In other
words, the Polish sentence can only be used to describe a past occurrence,
but the Indonesian sentence may also be about the present or even the future.
How do we know then that the Indonesian example, (7h), is about the past?
In fact, we cannot answer this question because it depends on the context in
which the sentence is uttered. For example, if the sentence is uttered during
a history lesson about Charles I of England, it is most certainly about a past
situation. However, uttered by a fortune teller talking to a worried queen,
it is probably about the future. Similar reasoning can be used on the level
of aspectual marking in Indonesian. As the name suggests, lexical aspect
is usually grounded more in the lexicon than in the morphosyntax. Thus,
differences in the surface structure of linguistic expressions with different
verb classes are less apparent. However, as more recent research on the topic
has shown, several intricate morphosyntactic reflexes are associated with this
deep level of aspectual analysis, which is explored in this thesis.

I want to repeat that the examples above only illustrate a small part of
these languages and their tense and aspect systems. They only serve to
express some trends across languages to give the reader a rough idea of the
topics of this thesis. I have outlined three essential levels to the analysis of
tense/aspect: i) tense, ii) grammatical (outer) aspect, and iii) lexical (inner)
aspect. In chapter 3 and 4 the topics outlined here will be discussed in more
detail, paying attention to the existing research, in particular, the typological

and formal approaches to analyzing tense and aspect.
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1.2 The ParTMA annotation scheme

As already mentioned in section 1.1.2, the ParTMA annotation scheme is part
of an effort to provide formally sound descriptions for linguistic expressions
that are cross-linguistically parallel or as parallel as they can be. This effort
has been dubbed the ParGram project (Butt et al., 2002). This thesis is part
of the project Tense and Aspect in Multilingual Semantic Construction, which
I refer to by ParTMA (for parallel tense, aspect, and mood).* The project
identified a shortcoming concerning the cross-linguistic analysis of tense and
aspect in computational linguistics by virtue of a review of the TimeML effort
(Pustejovsky et al., 2003, 2010, 2002). The main findings of the review are
that TimeML lacks a proper treatment of tense and aspect in particular from
a semantic perspective (see chapter 2). At the same time, the treatment of
tense and aspect in the ParGram grammars was faced with its own challenges;
however, ParGram focused mainly on dealing with morphosyntactic rather
than semantic issues due to the lack of a proper semantics component in the
XLE, in which all ParGram grammars are developed. One issue that both the
TimeML and ParGram have in common is the conflation of morphosyntactic
and semantic properties in their features. Both approaches claim only to
encode those distinctions that appear overtly in the morphosyntax. However,
both approaches also assume that this annotation is sufficient for further
semantic processing, as already illustrated in the introduction of this chapter.
In this thesis, I propose to separate structural and meaning annotation for
these categories strictly. As is common in typological approaches to tense and
aspect (Bybee, 1985; Dahl, 1985, 2000), I suggest tense and aspect categories
as mappings from form to meaning. I hope this approach clarifies the role of
the morphosyntax and the semantics concerning the formation of linguistic
expressions. In particular, I think that such an approach makes it easier
for a formal description to remain cross-linguistically viable since meaning
and structural reflex can be encoded more precisely. As stated above, this

is one of the main pitfalls for the existing proposals to semantic annotation

4 Although mood is not discussed in this thesis; it will be considered for future work.
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considered in this thesis.

In this elaboration, I also mentioned a broader goal of the ParTMA project.
Namely, providing a semantics for ParGram grammars. This grand goal has
been reduced to a more manageable size by focusing only on the categories of
tense and aspect. Nonetheless, the results of this thesis and additional work
within the ParTMA project serve as an important milestone for introducing a
proper semantic analysis to the international ParGram effort and thus to the
grammar development community. This is necessary to provide linguistically

sophisticated analyses for typologically diverse languages.

1.3 Roadmap

Overall, this work bridges the gap between formal and computational linguis-
tics. Certain issues, in particular tractability or complexity, prevent the direct
percolation of formal semantic insights to the domain of natural language
processing, one of the main pitfalls being the combinatorial explosion puzzle,
which leads to sometimes excessive ambiguity, both intended and spurious
(Bunt, 2008; Ebert, 2005; Lev, 2007). Furthermore, semantic frameworks
often rely on notions that are difficult to model computationally, such as the
notion of possible worlds and modal reasoning in general (however, see Crouch
(2005), Crouch and King (2006), and Kalouli and Crouch (2018) for some
influential and promising approaches to deal with this issue). Beyond these
issues, another obvious problem with formal, in particular, logical models is
that of robustness (Martin and Jurafsky, 2009).

In the first half of the next chapter, I discuss the development of standardized
semantic annotations as supported by the International Organization for
Standardization (ISO). They try to remain independent of formal linguistic
research where possible and are mainly concerned with temporal relation
typing, i.e., defining temporal objects (events, time intervals) and the temporal
relations (before, after, simultaneous) that hold between these temporal
objects. There, I will specifically point out that there is a certain state of
ignorance towards interpreting tense and aspect features, especially from a

cross-linguistic perspective.
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The second part of the next chapter (starting at section 2.3) is concerned
with efforts beyond the standardized temporal annotation provided by ISO-
TimeML. I will discuss the computational treatment of both tense and aspect
morphosyntax and semantics, both of which have attracted the interest of
researchers for many years. Several people have proposed computational
systems to deal with tense and especially its relation to the context, e.g.Asher
and Wada (1988), Partee (1984), Passonneau (1988), and Steedman (1995).
However, also the purely morphosyntactic treatment has been and still is of
interest for computational linguists (Dorr, 1992; Ramm et al., 2017). Most
importantly, tense and aspect have proved a challenge for ParGram (Butt
et al., 2002) which gave rise to the more specialized ParTMA.

In summary, chapter 2 elaborates on section 1.1 in more detail and introduces
the core concepts relevant for this thesis. These concepts are first explored
in action in chapter 3, where the linguistic category of tense is discussed
in-depth. The chapter is divided into three parts. First, it provides a back-
ground on the typology of the category of tense. There, data from several
typologically unrelated languages is taken into account. This should give
the reader an understanding of the commonalities and differences in tense
systems across languages. In the second part of this chapter, this knowl-
edge is translated into a formal system. This involves a cross-linguistically
appropriate morphosyntactic treatment but mainly focuses on the semantic
formalization of tense and aspect and the syntax/semantics interface. The
issue of the syntax/semantics interface is carried over to the third part of
chapter 3. There, the annotation scheme that is presented as part of this
thesis is explained in detail. This involves several rules and conventions of
annotation that are necessary to make the system computationally viable.
At this point, the annotation scheme is presented qualitatively with selected
examples from the literature on tense.

Chapter 4 follows the same formula as Chapter 3. It discusses the cross-
linguistic picture of aspect, including grammatical aspect and lexical aspect.
This chapter focuses more on explaining the intricacies of all these categories
since annotation principles remain more or less the same. Nonetheless, the

understanding aspect is derived from the typological landscape and its adap-
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tion in formal linguistics. One novelty in this chapter is altering the semantic
framework from a pure interval semantics to a situation semantics. This
does not have major repercussions on the previously introduced framework
in terms of tense, but it helps us describe aspectual information better.

In Chapter 5, I present a concrete implementation of the annotation scheme
described on an abstract level in Chapters 3 and 4. Concretely, I introduce
the specification for a linguistic rewrite system that can be applied to ab-
stract syntactic representations. Abstract syntactic representations are graph
structures that are derived from various kinds of syntactic input. This is
exemplified by illustrating how LFG’s syntactic representation and Universal
Dependency representation can be translated into abstract syntactic graphs
and is based on work by Ide and Bunt (2010). This rewrite system is used
to implement the syntax/semantics interface annotation. By combining the
linguistic rewrite component with a formal semantic framework, in particu-
lar, Glue semantics, a semantic interpretation component for the ParTMA
template is developed. This component translates an annotated ParTMA
template into a Glue semantics proof (i.e., a semantic object that provides a
set of semantic representations and a proof that illustrates how these repre-
sentations have been compositionally assembled) by extracting partial glue
semantics representations based on a description-by-analysis approach An-
drews (2008) and Crouch (2005). The implemented system is also illustrated
in terms of selected examples discussed in previous chapters. This chapter
references the previous sections but should be self-sufficient enough for people
who are simply interested in implementing a syntax/semantics interface and
semantic interpretation via linguistic rewriting. The final chapter, Chapter 6
concludes this thesis. It summarizes the goals achieved in this thesis, and

aveneues for future work.
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Chapter 2
Background

In this chapter, I define the extent of linguistic expressions for which I provide
an annotation scheme (section 2.1). Then I introduce TimeML, an annotation
standard for temporal semantics of which tense and aspect information is
one component. [ identify challenges for the current TimeML standard
with respect to tense and aspect (section 2.2). In the rest of the chapter, I
introduce the tools with which I want to remedy this situation. Concretely, I
compare TimeML to another annotation standard that is grounded in deep
linguistic analysis, namely that provided by the parallel grammar (ParGram)
project (starting at section 2.3). Two main points will be discussed: how the
two approaches deal with cross-linguistic variation and the level of linguistic
analysis. Finally, this chapter introduces some of the fundamental building
blocks of this dissertation, specifically, some formal tools necessary to explain

the presented annotation scheme and its feature space.

2.1 The extent of tense and aspect marking

Extensive typological work has shown that tense and aspect categories can be
expressed in a number of ways (Bybee et al., 1994; Bybee, 1985; Dahl, 1985).
Following Dahl (1985), three main distinctions are relevant: inflectional,
derivational, and periphrastic marking, and, furthermore, combinations of

these marking strategies. For example, in English, past tense may be expressed
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by the use of the inflectional simple past form. The perfect and the progressive
aspect can be combined with tense. For this purpose, they have a periphrastic
component and an inflectional component. The periphrastic component
combines with tense, whereas the inflectional component is inflected for
the corresponding aspect form (i.e., present vs. past participle). On the
other hand, the future tense is purely periphrastic in the sense that aspectual
modification of the main verb is not required. These properties are exemplified
in (1). However, languages may lean more towards periphrastic tense and
aspect features, like Indonesian, a (mostly) tenseless language that only
provides a periphrastic future tense, and several other auxiliaries that express,
e.g., perfect and progressive aspect. This is exemplified in (2). There, it
is also shown that there is no obligatory tense distinction, as is necessary
for English. More concretely, unmarked verb forms can receive either past,
present, or future tense interpretations. This means that even the future
marker akan is not obligatory to express a future interpretation (Arka, 2013;
Zymla, 2017).

(1) a. Peter wrote a letter. stmple past
b. Peter has written a letter. present perfect
c. Peter is writing a letter. present progressive
d. Peter will write a letter. future tense

(2) a. Peter menulis se.buah surat
Peter Av.write one.CL letter

‘Peter wrote/is writing/will write a letter.’ no tense/aspect

b. Peter akan menulis se.buah surat
Peter FUT Av.write one.CL letter

‘Peter will write a letter.’ future tense

c. Peter telah menulis se.buah surat
Peter PERF AvV.write one.CL letter

‘Peter has/had written a letter.’ present/past perfect

d. Peter sedang menulis se.buah surat
Peter PROG AV.write one.CL letter

‘Peter is/was writing a letter.’ present/past progressive
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(3)

Peter pis-atl list
Peter write.IMPV-PAST a letter

&

‘Peter was writing a letter’ past imperfective
b. Peter na-pis-at list

Peter PRV-write-past a letter

‘Peter wrote a letter’ past perfective
c. Peter prze-pis-al list

Peter PRV-write-PAST a letter

‘Peter rewrote/copied a letter’ past perfective
d. Peter pis-ze list

Peter write.IMPV-PRES a letter

‘Peter is writing a letter’ present imperfective
e. Peter na-pis-ze list

Peter PRV-write-PRES a letter

‘Peter is going to write a letter (completely)’  future perfective
f. Peter bedzie pis-at list

Peter be-PRES write.INF a letter

‘Peter will be writing a letter’ future (imperfective)

The third main variation in tense and aspect marking is derivational in nature.
Aspect systems prototypically represent this in Slavic languages. Consider
the Polish examples in (3). The aspect system in Polish provides a distinction
between perfective and imperfective aspect. As is typical in Slavic languages,
the perfective is (usually) formed derivationally by applying an affix to the
imperfective verb stem ((3)a vs. (3)b). For this purpose, usually, multiple
affixes exist, some of which contribute additional semantic content. Compare
(3)b with (3)c, where the prefix perfectivizing prefix na- is replaced by the
perfectivizing prefix prze-. In this case, na- is the default perfectivizing prefix
and does not contribute any other semantic meaning. The alternative prefix

prze- suggests that the action is repeated or copied.'”

'Elicited from a native speaker of Polish.

2The Polish aspectual system is demonstrated in a very simplified manner here. For
a detailed overview, I refer the reader to Kipka (1990), or more recently Mlynarczyk
(2004). Furthermore, Dickey (1997) provides an overview over Slavic aspect as expressed
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In Polish, like in English, tenses are expressed via inflection, except for the
future tense. However, for the future tense, two main strategies exist: i)
similar to English, Polish uses an auziliary ((to) be) and an infinitival form
(which is similar to the past imperfective form) to express future tense. ii) By
combining the present tense and a perfective marker, a future interpretation
is elicited that commits to the full completion of the corresponding action in
the future (see (3)e).

To summarize the exploration of the examples above, the main point is that
tense and aspect categories can surface in a variety of ways in linguistic
expressions, but, for each category, one can find languages that express it
and languages that do not (necessarily) express it overtly in their surface
structure (Dahl, 1985).

2.1.1 The role of tense and aspect in the grammar

This thesis mainly focuses on tense/aspect marking in matrix clauses. This
is only the tip of the iceberg that is tense/aspect marking cross-linguistically.
Although the scope of this thesis does not allow us to explore this iceberg
fully, it is still crucial to understand what lies beyond the surface of the
relative safety of tense/aspect marking on verbs in matrix clauses.

Firstly, tense and aspect marking occurs in different kinds of embedded
clauses and modifying, i.e., adjunct clauses. This is particularly relevant from
the perspective of tense, as numerous researchers have shown (Abusch (1988),
Bochnak et al. (2019), Grgnn and von Stechow (2010), and Kusumoto (1999),
to name a few). Thus, this thesis touches on the topic of tenses in embedded
clauses in chapter 3.

Embedded and modifying clauses can be distinguished between finite and
non-finite clauses. Finiteness is a crucial property of languages mainly used
to identify what constitutes a full clause. Thus, non-finite forms are seen as

incomplete, defective, or dependent (Lowe, 2019). However, the conditions

in different Slavic languages providing a contrastive picture of the Polish aspect. Bittner
(2014) provides a more general cross-linguistic comparison between the Polish tense/aspect
system and other types of tense/aspect systems across the world. Aspectual prefixes are
also picked up again in Chapters 3 and 4 with a focus on their semantic properties.
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that need to be met to form a full clause vary across languages (Bittner, 2014;
Lowe, 2019). T assume, based on Klein (1998, 2006) that there is a crucial
relation between anchoring in time and finiteness, but the exact nature of
this relation is not crucial for the goals pursued in this thesis.?

As also proposed in Lowe (2019), my hope for the finite/non-finite distinction
is that the semantics of non-finite verb forms can generally be derived from
their finite counterparts. However, how feasible this view is from a composi-
tional semantic point of view remains to be seen, i.e., is left to be explored in
future work.”

The role of tense/aspect is further complicated by the introduction of inflec-
tional forms to the nominal domain. This has been already acknowledged
by Comrie (1976) and Vendler (1957) and has since been explored in great
detail, for example by Koptjevskaja-Tamm (2002, 2008), Nordlinger and
Sadler (2004), and Zucchi (2013) just to name a few. As shown in Zucchi
(2013) for English, and in Nordlinger and Sadler (2004) from a cross-linguistic
perspective, nominal tense/aspect marking provides puzzles for both mor-
phosyntactic analyses and semantic analyses. They are concerned with, for ex-
ample, whether such nominalized verb forms take arguments or whether they
express eventualities or full propositions. Generally, nominal tense/aspect
marking provides further challenges and complications that build on top of
the previous layers of complication provided by (non-)finiteness and clause
type.

All in all, this thesis aims at providing a solid foundation for expeditions that
venture deeper into these deeper layers of tense/aspect form and meaning, in
particular, from a computational and cross-linguistic perspective. The need
for such a solid foundation is made more clear sections 2.2 to 2.4, where I

discuss various implementations of tense/aspect annotations.

31 do not argue that all languages concretely anchor the content of a linguistic expression
in time via finiteness, but rather that the content is anchored in a model in such a way
that its temporal orientation (past, present, future) can be inferred.

4A particular concern here is the scope of temporal and aspectual operators in combi-
nation with other properties of finiteness such as subjecthood and the interaction with
different kinds of quantifiers.
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eventualities

T

states non-states

/\
dynamic static

processes events

T

protracted momentaneous

R

happenings culminations

Figure 2.1: Bach’s (1986) distinction of eventualities

2.1.2 Tense and aspect — intervals and eventualities

In the previous section, I have mentioned that tense/aspect marking applies
to both verbs and nouns, but what is the underlying semantic commonality
making this possible? Generally, it is the fact that language is used, among
other things, to describe occurrences of actions and states of affairs. This
idea has been particularly fleshed out by Davidson (1967), who proposed that
we can refer to actions in the same way that we can refer to individuals. This
gave rise to what is now typically called event semantics. Event semantics
have been closely related to the analysis of tense and particularly aspect
since their inception (see for example: Bach (1986), Krifka (1998), Parsons
(1990), and Vlach (1981)), however, they are also associated with the question
argument structure and other issues (Grimshaw, 1990; Hale and Keyser, 1993;
Levin and Hovav, 2005; Ramchand, 2008). As shown in chapter 4, the various
challenges surrounding event semantics are not completely independent.

At this point, the notion of eventuality (which I adopt from Bach (1986))
is of crucial importance for the following discussion. As shown in the tree
in Figure 2.1, eventuality is a generic term that subsumes both states and
actions (here: non-states), both of which themselves are subject to more

fine-grained distinctions, which are discussed in detail in chapter 4.
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Eventualities are mainly derived from the descriptive content of a linguistic
expression and the expressed argument structure; thus, the sentence Addison
hugged their friend describes a hugging eventuality in which Addison is the
actor, and their friend participates as the recipient of that hug.

As illustrated in the previous section, tense and aspect is not directly based
on the descriptive content but rather encoded morphosyntactically, i.e., via
derivation, inflection, or periphrasis (Dahl, 1985). They encode, at least,
relations between eventualities and time intervals. Time intervals are semantic
objects with a specific start and endpoint, which makes it possible to locate
and order them on a timeline (Allen, 1990).

Generally, the role of tense and aspect is to relate eventualities (or rather the
time during which they take place (actions) or hold (states)) to specific time
intervals expressed and implied in language. Through this, eventualities are
anchored in time, situating them in the past, present, or future and relative
to other eventualities. The focus of this thesis lies on this first role of tense
and aspect. However, tense and aspect also affect the relative ordering of
consecutively mentioned eventualities (e.g., in a narrative structure Lascarides
and Asher (1993)). That is, eventualities can be temporally ordered in the
same fashion as time intervals.

Overall, time intervals and eventualities are crucial components of temporal
semantics and the semantics of tense and aspect. This is also reflected in the

most prominent effort for annotating temporal semantics, TimeML.

2.2 TimeML: Annotation of Temporal Semantics

At least one goal of a semantic annotation scheme for tense and aspect is to
provide a feature set that allows one to generate semantic representations of
eventualities, a goal that is shared with the temporal annotation scheme, (ISO-
)TimeML (Pustejovsky, 2017; Pustejovsky et al., 2003, 2010, 2002).” In fact,

the inspection of the TimeML annotation standard and its treatment of tense

5Other goals include the anchoring of eventualities in time, space, and the domain of
possible worlds.
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and aspect has provided the main inspiration for developing the ParTMA
annotation scheme presented in this thesis. I lay out the results of this
inspection, which are qualitative in nature, as a starting point. Since TimeML
is an annotation scheme of temporal properties, the main focus also lies on the
temporal properties of tense and aspect features. Before properly starting this
section, consider that the result of this inspection confirmed what the TimeML
creators (Ingria and Pustejovsky (2002)) essentially already acknowledge:
The TimeML annotation standard only provides a basic template for tense

and aspect annotation. In this section, I want to address three questions:

(4) What tense and aspect features are available in the TimeML specifi-

cation for English and across languages?

(5) How well does TimeML cover the temporal properties of semantic

tense and aspect features?

(6) How does TimeML deal with cross-linguistic coverage?

To answer these questions, I first discuss the general architecture of TimeML.
I focus on the treatment of tense and aspect, concretely, in the English
implementation of TimeML. Afterward, I introduce some related efforts
developed based on the English TimeML implementation. Finally, I discuss
some implementations in other languages and point out some of the weaknesses
of TimeML concerning tense and aspect features from a cross-linguistic

perspective.

2.2.1 The development of TimeML

TimeML is an important milestone in the development of temporal annotation
schemes. In fact, TimeML has pushed the development of semantic annotation
in general and is often used as a primary example for new developments in
semantic annotation. A myriad of papers reflects this, but for reference, I
refer to, e.g., Bunt (2015) and Ide and Pustejovsky (2017), which provide
an overview on the topic. Furthermore, TimeML provides the foundation

for many NLP tasks related to temporal reasoning, most dominantly, the
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TempEval series (Bethard et al., 2015, 2017; UzZaman et al., 2013; Verhagen
et al., 2007, 2010).

The development of TimeML can be divided into two stages: the develop-
ment of TimeML and the development of ISO-TimeML, the latter being an
industrial and commercial standard that is not readily open to academic
research. Nonetheless, the development of both stages has been documented
in the academic literature. I will discuss both stages separately and ask the
reader to be wary that the original TimeML standard is still more widespread
in the computational linguistics (and NLP) community, mainly due to the
commercialization of the latter. Thus, much research is directly based on
or inspired by the TimeML standard. Although not central to this thesis, I
will mention the main differences between TimeML and ISO-TimeML in the

following sections, where appropriate.

2.2.2 TimeML: general structure

This section provides an overview of the linguistic information encoded in
TimeML annotations and how this encoding is done. As described briefly in
the introduction, semantic annotation schemes consist of a syntax, basically
the annotation itself and a semantics, the interpretation of the annotation
scheme that is used for semantic tasks, e.g., reasoning (Bunt, 2015). In this
section, I discuss the overall syntax of the TimeML annotation scheme and
discuss the semantics as far as necessary. As explained in the first chapter,
an annotation scheme consists of an abstract syntax and a concrete syntax
(i.e., its implementation). Since the concrete syntax is not relevant for this
thesis, I will provide an abstract description of TimeML structures, pointing
out the relevant features.

The example in Table 2.1 illustrates the main elements of a TimeML-style
annotation. Part of the TimeML annotation applies directly to the primary
linguistic data, describing spans of text. Our example, illustrates three

types of annotations: events (indicated by indices starting with e), temporal

5In the original TimeML standard, the text is marked with XML-style tags, e.g.
<TIMEX>2 days<\TIMEX>.
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Text Annotation

John

left el, occurrence

2 days t1, duration, [¢2 : t3]
before s1, signal

yesterday t2, date: 2002-07-10

TimeML objects

event instance eil of el, tense: past, aspect: none
temporal expression | t3, date: 2002-07-08

temporal link tl <t2

temporal link eil C t3

Table 2.1: TimeML annotation: John left two days before yesterday.

expressions (or TIMEX, indicated by indices starting with ¢), and signals (with
indices starting with s). Thus, the TimeML annotations introduce elements
relevant to temporal ordering in a given text. These can correspond to
semantic objects but also certain functional words. For example, el identifies
the verb left as a marker of an eventuality. The annotations not only identify
linguistic expressions as markers of temporal information but also add various
features, e.g., what type of eventuality or temporal expression we are dealing
with. This is explained in more detail in the following paragraphs.

Not all information is encoded in the linguistic data directly. Thus, additional
objects may be introduced to properly describe temporal information. This
includes relational information (e.g., the annotation of temporal links or
TLINKs) and the annotation of event instances. Temporal links are, as the
name suggests, responsible for temporal ordering. They are discussed in
section 2.2.4. FEwvent instances are concrete instantiations of the linguistic
descriptions mentioned in the text, i.e., of events. Generally, Relations
between different objects are expressed via reference to their unique id. Thus,
temporal links refer to two distinct objects that are supposed to be temporally
ordered (e.g., in Table 2.1, ¢1 precedes t2, and the leaving-event takes place
during ¢3: the run time of ei! is included in ¢3). In the same manner, event

instance annotations refer to the event that they originate from via the event’s
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Text Annotation
John
taught el, occurrence

TimeML objects

event instance eil of el, tense: past,
aspect: none, pos: verb
event instance et2 of el, tense: past,

aspect: none, pos: verb

Table 2.2: TimeML annotation: John taught on Mondays and Tuesdays.

id.

In the next couple of paragraphs, I focus on the annotation of events and event
instances since those are relevant to encoding tense and aspect information.
First, it is essential to understand the distinction between an event and
an event instance. All events invoke (at least) one event instance but can
invoke multiple instances, which motivated instances as a separate element
of annotation in the first place. An example of this is given in (7). In this
example, two different instances of teaching occur: one is described by taught
on Mondays, and one is described by taught on Tuesdays. This is necessary
since the two instances have different temporal properties based on their
modifier (Mondays and Tuesday respectively) but are introduced by the same
verb phrases headed by the linguistic expression describing a teaching event.
Correspondingly, the expected annotation for the verb taught is given in
Table 2.2.

(7) John taught on Mondays and Tuesdays.
Ingria and Pustejovsky (2002)

The label event is applied to linguistic expressions that describe an eventuality.
Events are annotated with the feature class which encodes different types
of eventualities expressed in terms of verbs (or nouns), e.g., reporting verbs,
perception verbs, states, or simple occurrences. In Figure 2.1 the value

OCCURENCE is used, which can be interpreted as a simple action. On the
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class ::= ’'REPORTING’ |’_PERCEPTION’ | ’ASPECTUAL’ |
'T_ACTION’ | I STATE’ | ’STATE’ | ’'OCCURRENCE’

Figure 2.2: Feature space for the attribute class

other hand, the STATE label describes states, i.e., linguistic expressions that
describe a state of affairs. Other than for occurrences, TimeML only foresees
the annotation of states that can be anchored to some other eventuality or
temporal expression (including the document time via tense) and states that
are identifiably changed (Sauri et al., 2006). The distinction between states
and non-states is crucial since non-states have more or less well-defined start
and endpoints while states do not. This also motivates the restriction of the
annotation of states mentioned before.”

The other possible values for the class attribute describe linguistic expres-
sions which embed other eventualities in one way or another. The embedding
is not encoded within the verbs themselves but in separately annotated rela-
tions between them and their embedded elements. Figure 2.2 illustrates all

possible values for the class feature. Examples are given in (8), including

the embedding of an occurrence.”
(8) Examples
a. John claimed that they were dancing. REPORTING
b. Maria heard explosions PERCEPTION
c. Peter began to climb the tree. ASPECTUAL
d. Clara attempted to catch a butterfly I_ACTION
e. Bart prepared for an attack I_STATE

"The state/non-state distinction is usually attributed to lexical or inner aspect. It is
discussed as part of Chapter 4.

8Syntactic embedding as illustrated in the examples in (8) is crucial for the interpretation
of certain tense and aspect features. More precisely, the means of embedding affect the
temporal relation between the matrix event and the embedded event. This is discussed in
more detail in Chapter 3.
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tense ::= ’FUTURE’ | ’INFINITIVE’ | ’PAST’ | ’PASTPART’ |
'PRESENT’ | ’'PRESPART’ | ’'NONE’

aspect ::= 'PROGRESSIVE’ | ’PERFECTIVE’ |
"PERFECTIVE_PROGRESSIVE’ | "NONE’

Figure 2.3: MAKEINSTANCE features

2.2.3 Tense and Aspect Features in TimeML

The most relevant part of the TimeML annotation scheme for this thesis
happens within MAKEINSTANCE objects, which are countable extensions of
EVENTs. The relevant features are shown in Figure 2.3. As pointed out before,
this feature space is designed particularly for English. The label PERFECTIVE
refers to the perfect construction in English. The feature PRESPART refers to
the -ing form used independently of the progressive (i.e. in non-finite verb
forms) and textttPASTPART refers to past participle forms respectively.’
As the feature space suggests, in TimeML, tense and aspect features are made
up from exactly those distinctions that are morphosyntactically motivated.
Table 2.3 provides an example for all available configurations in English and is
taken from the annotation guidelines (Sauri et al., 2006). The table suggests
that only finite forms of verbs receive tense and aspect features intended to
be semantically interpreted. Non-finite forms are annotated based on their
morphosyntactic status, i.e. as PRESPART or PASTPART.

A noteworthy property of this feature space is that certain inflections are
encoded within the category of tense in TimeML, e.g., the -ing form, encoded
as PRESPART. I assume that this goes back to Comrie’s (1985) distinction
between absolute tenses and relative tenses, where relative tenses are generally

found in non-finite forms.

9Currently, there exist conflicting sources with respect to the attribute/value pair
TENSE in TimeML. The description here adheres to the annotation guidelines (Saurf et al.,
2006). The specification of TimeML found at https://www.cs.brandeis.edu/ cs112/
cs112-2004/annPS/TimeML12wp.htm encodes form (e.g. present participle, past participle)
as the feature nf_morph suggesting a more strict distinction between form and meaning.
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Verb Group Tense Aspect

teaches PRESENT NONE

is teaching PRESENT PROGRESSIVE

has taught PRESENT PERFECTIVE

has been teaching PRESENT PERFECTIVE PROGRESSIVE
taught PAST NONE

was teaching PAST PROGRESSIVE

had taught PAST PERFECTIVE

had been teaching PAST PERFECTIVE PROGRESSIVE
will teach FUTURE NONE

will be teaching FUTURE PROGRESSIVE

will have taught FUTURE PERFECTIVE

will have been teaching FUTURE PERFECTIVE PROGRESSIVE

Table 2.3: Tense and aspect annotation in TimeML

2.2.3.1 Tense and aspect Features in ISO-TimeML

I[SO-TimeML still relies on the same basic building blocks for tense and
aspect annotation. It behaves similar to LFG in that it treats auxiliary verbs
as feature carrying elements (cf. Ide and Pustejovsky (2017) p. 946-948
for TimeML & Butt et al. (1996) for LFG). One of the main innovations of
I[SO-TimeML is stand-off annotation. This means that rather than having
in-line annotations as presented above, for ISO-TimeML, the data gets
segmented into word tokens or morpheme tokens (see, e.g., Im et al. 2009.
The annotation then can refer to tokens, spans of tokens, and disjoint tokens
that contribute to the same semantic element. However, tense/aspect features

are accumulated in the head verb as illustrated in (9).'"

(9) Text: didy not; teachs

Annotation: el, occurrence, offset: token2 type: process, pos: verb,

tense: past, aspect: none, polarity: NEG

10The change to stand-off annotation has been partially inspired by Korean TimeML,
which has proposed a morpheme-based stand-off annotation. There tense/aspect infor-
mation is also accumulated in an EVENT annotation; however, the offset refers to a span
of morphemes rather than only the head verb. This suggests that there is a discrepancy
between word-level and morpheme-level stand-off annotation.
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Verb Group Tense Vform
to teach NONE INFINITIVE
taught PAST PART
teaching PRESENT PARTICIPLE
NONE GERUNDIVE
to be taught NONE INFINITIVE
being taught NONE GERUNDIVE
having been taught PAST PART

Table 2.4: ISO-TimeML non-finite verb forms (Pustejovsky, 2017)

relType ::= 'BEFORE’ | 'AFTER’ | 'INCLUDES’ | ’IS_INCLUDED' |
'DURING’ | ’SIMULTANEOUS’ | °'IAFTER’ | 'IBEFORE’ |
'IDENTITY’ | "BEGINS’ | ENDS’ | 'BEGUN BY’ | ’ENDED BY’

Figure 2.4: Values of the relType attibute for TLINKs

ISO-TimeML incorporates further morphosyntactic information for non-
tensed verb forms. This is illustrated in Table 2.4. Since this thesis focuses

on finite constructions, a discussion of non-finite forms is left for future work.

2.2.4 Semantic Links in TimeML

The most prominent link in TimeML is the TLINK which indicates the temporal
ordering of two semantic objects. This includes TIMEX-EVENT, TIMEX-TIMEX,
and EVENT-EVENT pairs. Semantic links, such as the TLINK, link two objects
based on relation types, encoded in the relType attribute. For TLINKs these
are temporal relations, such as before and after, inspired by the classification
by Allen (1990). The full feature space is given in Figure 2.4. As can be
seen there, TimeML uses several symmetric relations (e.g. before and after).
This is done to make the labels conceptually more easy to understand and,
thus, annotate. Formally, they express the same relation. Thus, TimeML
distinguishes eight different temporal relations.

As shown above, tense and aspect are annotated as features, but their effect
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relType ::= ’INITIATES’ | ’CULMINATES’ | ’'TERMINATES’ |
"CONTINUES’ | ’REINITIATES’

Figure 2.5: Values of the relType attibute for ALINKs

on temporal ordering is not annotated in terms of TLINKs.'' Only explicit
temporal links are annotated by TimeML. This includes temporal links
introduced by temporal order relators such as before (see Figure 2.1 above).
However, section 2.2.7 presents some proposals that make more apparent the
relation between temporal ordering via TLINKs and tense/aspect marking.
TimeML also introduces SLINKs and ALINKs, subordination and aspectual
links respectively. These links are also relevant for encoding tense and aspect

information. They are discussed in the next two sections.

2.2.4.1 Aspectual links

ALINKs or aspectual links are elements that express relations between auxiliary
aspectual verbs and the event expressed by the main verb. Aspectual verbs are
those verbs which refer to certain phases of a given eventuality, as illustrated
n (10). In this example, the aspectual verb (to) begin refers to the initiation of
a sinking eventuality. In terms of aspectual verbs, the TimeML specification
distinguishes between initiation, culmination, termination, continuation, and
reinitiation verbs (see Figure 2.5; Saur{ et al. (2006)). The important aspect
here is that aspectual verbs — and other embedding verbs, i.e., those that
introduce an SLINK (see below) — affect the interpretation of the embedded
event. For example, in (10), the initial phase of the sinking event, or, more
formally, the temporal starting point, is restricted to the past (the sinking
could still go on at the now, the time of evaluation). The according annotation
is shown in Table 2.5. As shown there, an ALINK generally holds between an
aspectual verb, annotated in the EVENT tag, that specifies the relation type of
the ALINK and an embedded verb. The embedding relation may be indicated

by a specific signal — to in the present example.

Hgee also section 2.2.6.
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Text Annotation
The boat

began el, aspectual
to s1, signal
sink e2, occurrence

TimeML objects

event instance eil of el, tense: past, aspect: none

event instance ei2 of e2, tense: none, aspect: none,
nf morph: INFINITIVE

aspectual link etl initiates ei2

Table 2.5: TimeML annotation: The boat began to sink.

relType ::= 'MODAL’ | 'EVIDENTIAL’ | 'NEG_EVIDENTIAL® |
'FACTIVE’ | ’COUNTER FACTIVE’ | ’CONDITIONAL’

Figure 2.6: Values of the relType attibute for SLINKs

According to Bunt and Overbeeke (2008a), the ALINK encodes temporal
information but also indicates that the embedded eventuality (sink in Table
2.5) is the THEME of the main argument. Thus, the ALINK combines

semantic argument and temporal information.

(10) The boat began to sink. Ingria and Pustejovsky (2002)

2.2.4.2 Subordination links

SLINKs or subordination links express semantic subordination, e.g. in a factive
or counter-factive contexts. The full feature space of relation types is given
in Figure 2.6. Examples (11) and (12) illustrate a different subordination link
by virtue of a conditional construction. As shown in the concrete example in
Figure 2.6, SLINKs are used independently of TLINKs. As with aspectual and
temporal links they can be signaled by specific tokens, here if.

These links do not themselves encode temporal information but rather are
occupied with the modal dimension, as indicated by the corresponding feature

space. A concrete proposal for SLINKs using a possible world semantics is
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Text Annotation
If s1, signal
Graham

leaves el, occurrence
today t1, date

he will not

hear €2, occurrence
Sabine

TimeML objects
event instance eil of el, tense: present, aspect: none
event instance et2 of e2, tense: future, aspect: none,
polarity: NEG, modality: WILL
subordination link | eil — ei, signaled: s1

temporal link el < ei2

Table 2.6: TimeML annotation: If Graham leaves today, he will not hear
Sabine.

made in Katz (2007). In section 2.2.6, I briefly discuss some challenges that
SLINKs pose for a semantics of tense and aspect. The details are worked out

in chapter 3. There tense in different embedded contexts is discussed.

(11) If Graham leaves today, he will not hear Sabine.
Ingria and Pustejovsky (2002)
a. e1 — leaves
eas — not hear
SLINK(e2,el) = >CONDITIONAL’

(12) If Susan was sick, she wouldn’t be at work.

a. e; — was sick
es — would not be at work
SLINK(e2,el) = ’COUNTER_FACTIVE’
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2.2.5 Cross-linguistic Variation in TimeML

The original TimeML standard lays much of the groundwork for ISO-TimeML,
which is arguably more oriented towards cross-linguistic applicability. As
shown in the previous section, the original TimeML annotation scheme was
mostly tailored towards English, particularly in its treatment of tense and
aspect. However, some adaptions to other languages have taken place, e.g.
Bittar et al. (2011), Caselli et al. (2011), and Spreyer and Frank (2008). Some
of these directly adapt the treatment of tense and aspect in English (e.g.
Spreyer and Frank (2008)), while others accept the difference in tense and
aspect systems and modify the annotation guidelines accordingly, e.g., Bittar
(2010), Caselli et al. (2011), and Im et al. (2009)). TimeML acknowledges
cross-linguistic variation in tense and aspect in the literature; however, they
only provide a basic paradigm (see Ingria and Pustejovsky (2002)). The
creators of TimeML ask efforts that develop concrete implementations of
TimeML in different languages to model tense and aspect features according
to the specific needs of the respective language. This approach is sensible, but
the lack of specification potentially hurts comparability between languages.
To expand on this point, I provide a small survey on the existing TimeML
corpora in languages other than English.

The existing literature on cross-linguistic TimeML primarily consists of in-
sights from six languages that participated in the TempEval-2 task (Verhagen
et al., 2010): English, Chinese, French, Italian, Korean and Spanish. How-
ever, further resources have been generated, e.g., for German, Japanese,
Portuguese, Persian, Romanian, and Arabic. Most of these languages have
specified features for tense and aspect annotation that suit the corresponding
tense and aspect systems. In fact, Korean has triggered a complete shift
in TimeML from in-line annotation to standoff annotation to account for

the Korean morphological system (Im et al., 2009)."> On the other hand,

12This methodology has been later adapted as a new standard by ISO-TimeML. This
is highly relevant since “[t]his is in accordance with the general methodology to create
interoperable annotation languages that do not modify the text being annotated."” (Puste-
jovsky et al., 2010). This concretely means that ISO-TimeML allows for various parallel
annotations added to the same text without interference with the source material. It also
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the Japanese (Asahara et al., 2014) and Chinese (Cheng et al., 2007; Xue
and Zhou, 2010) documentations of their treatment of tense and aspect
acknowledge the specific tense/aspect systems, but concrete specifications are
not readily accessible. In fact, in the case of the Japanese language, it was
determined that aspect especially provides a challenge that does not seem to
have been addressed since (Asahara et al., 2014).

Overall, there is no openly available cross-linguistically valid specification
of tense and aspect features for TimeML. Conversely, the existing TimeML
resources do not conform to an underlying cross-linguistically uniform frame.
This makes the comparison between languages with respect to these features
challenging. As Im et al. (2009) have shown, it is not only important
to address the space of available tense and aspect features but also the
mode of annotation. Ideally, this mode of annotation is uniform across
languages. Some of these issues have been addressed in ISO-TimeML; however,
this standard is not openly available. Thus, although some of the insights
presented in relation to ISO-TimeML benefit the computational linguistics
community, there exists no publicly available standard for tense and aspect

annotation cross-linguistically.

2.2.6 Semantic interpretation of TimeML structures

There exist several proposals for a semantics for (ISO-) TimeML some of
which have already been mentioned before, e.g., Bunt (2010), Bunt and
Overbeeke (2008b), Katz (2007), and Lee (2008). As for example discussed in
Katz (2007), the main challenge for the TimeML annotation scheme is that
flat representations provide a challenge for a scope-based semantics (see also
Bunt 2019). However, with respect to tense and aspect, only rudimentary
semantics are generally proposed. This is illustrated in Table 2.7 from Bunt
and Overbeeke (2008a). There, the values for the feature TENSE are shown.

Semantic interpretation of tense/aspect features in TimeML runs into more

means that the ISO-TimeML annotation is independent of syntactic well-formedness. This
makes it inherently more robust since the pre-processing only requires proper segmentation
of a given text.
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tense value Translation
tense="PAST" Xe.Before(ET(e),Tp)

tense="PRESENT" | \e.Inside(Ty, ET(e))

tense="FUTURE" | Ae.Before(Ty, ET(e))

Table 2.7: Translation table for the EVENT tag attribute tense

issues when combined with other linguistic phenomena, e.g., when used in
conditionals that are analyzed as SLINKs. As shown in example (12), the
English past tense morphology may induce a counterfactual reading. In the
process of inducing a counterfactual reading, the past tense loses its past inter-
pretation (see latridou (2000) for an overview; chapter 3 for a more detailed
discussion on the role of tense in counterfactual conditionals). As a result, the
sentence in (11) is about the present rather than the past.'? It is not clear
how this is accounted for in TimeML and can lead to an incoherent semantics
since the default assumption is that tense and aspect are annotated based on
the morphosyntactic input. If the features are semantically interpreted as
illustrated in Table 2.7, the annotation then produces an incorrect semantics,
bar an intricate semantic analysis for conditionals, for example, along the
lines of Romero (2014). Generally, this means that tense and aspect features
potentially behave semantically different if embedded in such subordination
structures, which is not straightforwardly accounted for in TimeML.

Overall, the semantics of tense and aspect are incorporated inconsistently
into TimeML in the sense that sometimes tense and aspect are taken to
be morphosyntactic features without effect on the resulting semantic repre-
sentations, whereas in other instances, as the one illustrated above, tense
and aspect only receive basic interpretations which run into trouble when

embedded in more complex contexts. The problem that this poses becomes

13Counterfactuals are not available in future contexts. Intuitively, this is because it is
impossible to tell what is factual and what is counterfactual in situations that have not
yet happened (Iatridou, 2000).
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even more apparent when considering the relatively free stance towards the
cross-linguistic annotation of tense and aspect in TimeML described in the
previous section.

In the introduction, I described the CASCADE model for semantic annotation
schemes. As established there, a semantic annotation scheme requires an
appropriate semantic interpretation, i.e., a formal semantics that works in
tandem with the syntax of the annotation scheme. This means it would
be technically necessary to establish both a feature space and a correspond-
ing semantics for TimeML, when developing a resource for a new language.
However, the annotation guidelines generally only describe the syntax of
the corresponding TimeML resources. Thus, one of the main desiderata of
semantic annotation schemes, namely, a fleshed-out concrete formal seman-
tics, is not reinforced within the TimeML community for tense and aspect,
particularly from a cross-linguistic perspective. One of the main reasons
for this is the lack of resources for validating the semantic representations

produced by TimeML annotations.

2.2.7 Alternative approaches to tense and aspect in TimeML

In this section, I focus on two approaches to expanding TimeML with respect
to tense/aspect annotation. On the one hand, tense/aspect annotation can
be integrated into the annotation of temporal semantics by adding additional
objects (i.e. TIMEXs and TLINKs) to the annotation to increase granularity of
the temporal ordering. On the other hand, tense can be treated as a separate
layer for constraining temporal semantics.

The former approach has been advocated by Gast et al. (2016, 2015). The
main idea they pursued was the introduction of the Kleinian model of tense
and aspect (Klein, 1994) into the TimeML standard. This leads to a more
fine-grained granularity of temporal expressions in any given text. By making
topic/reference times of verbs explicit in the annotation, semantic theories
that distinguish between event run time and reference time (Reichenbach,
1947) are supported within the TimeML architecture. However, one needs to

consider whether this goes against the philosophy of only annotating those
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temporal expressions for which a human annotator can find a concrete value
(Ferro et al., 2001)."

Another issue of this system is that tenses are often ambiguous, and allow for
various different temporal relations (Derczynski, 2016). For example, in Ger-
man, the present tense morphology is compatible with both a future-oriented
relation between the speech and eventuality time and a simultaneous relation
between the speech and eventuality time. Derczynski (2017) describe the
same issue for the simple future in English. Thus, another proposal to incor-
porate the semantic contribution of tense and aspect into the architecture for
temporal relations provided by the TLINKs is to interpret tense as constraints
on TLINKs. In such a framework, the annotation of TLINKs is restricted by
the tense value of a given event instance. This approach allows the system to
handle the sometimes ambiguous or vague constraints imposed by tense and
aspect on temporal ordering, a crucial factor in annotating the semantics of
tense and aspect. Derczynski (2017) points out that an annotation scheme
encoding the Reichenbachian tense framework is cross-linguistically applicable

and can serve as a useful tool to constrain TimeML annotations.

2.2.8 Summary on TimeML

In summary, TimeML provides an annotation scheme for the temporal prop-
erties of linguistic expressions. The handling of tense and aspect is treated as
a language-specific phenomenon and more of a pre-processing step. TimeML
does not enforce a cross-linguistically viable feature space for the treatment
of tense and aspect, leading to various approaches to dealing with these
categories in different languages. Finally, alternative treatments of tense and
aspect have been discussed briefly. The approach in this thesis is closest in
nature to that pursued in Derczynski (2017), which proposes to treat tense

and aspect as constraints on temporal relations.

141t is noteworthy that this philosophy is somewhat relaxed in TimeML. Thus, TimeML
actually allows the annotation of implicit time intervals (Saurf et al., 2006).
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2.3 Tense and aspect annotation in deep linguistic

parsing

In this section, I describe an effort that strives towards linguistic analyses
that are parallel across languages based on Lexical Functional Grammar
(LFG), (Bresnan et al., 2015; Bresnan and Kaplan, 1987; Kaplan, 1995a),
namely, the Parallel Grammar (ParGram) project Butt et al. (2002). In this
project, LFG grammars for several typologically diverse languages have been
and are developed.

The difference between TimeML and the related efforts discussed in the
previous section and the ParGram project is that the latter explicitly aims
towards cross-linguistically comparable feature spaces at different levels of
linguistic interpretation (in particular, morphology and syntax). Thus, the
ParGram project stands in stark contrast to the TimeML effort since the
latter, as mentioned in the last section, argues that tense and aspect should
be treated as a language-specific issue.

This section is structured as follows: first, the linguistic framework employed
in the ParGram grammars, i.e., LFG, requires an introduction. Thus, in the
next section, I will focus on more common and basic linguistic phenomena
to explain the architecture of LFG. Readers familiar with this topic may
skip the next section and go directly to section 2.3.4. The treatment of
tense and aspect within the ParGram grammars is discussed in detail in
section 2.3.3 with reference to both the theoretical as well as the practical
literature on LFG. Finally, I compare LFG to the universal dependencies
(UD) effort, which also provides a cross-linguistically comparable syntactic
analysis, however, on a more shallow level. I present both UD and LFG in
this thesis to show that the present annotation scheme can be applied to
different syntactic formalisms. More generally, I want to carve out the formal
underpinnings necessary to provide an annotation scheme that covers both

morphosyntactic and semantic tense/aspect information.
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2.3.1 The ParGram Project

The late 1990s and early 2000s were prime years for deep linguistic parsing,
giving rise to workshops directly focused on computational syntax, e.g.,
Treebanks and linguistic theory and benefiting from international projects
such as the ParGram effort Butt et al. (2002), which first started in 1996.
This project has (and is) pushing theoretical and applied research in the LFG

community and provides grammars for various languages:

(13) a. Larger grammars for English, German, French, Norwegian, Chi-

nese, Japanese, Polish

b. Smaller grammars for Greek, Indonesian, Malagasy, Turkish,

Welsh, Wolof, Urdu, Georgian, Hungarian

As the name suggests, the goal of the project is to provide cross-linguistically
parallel (or comparable) linguistic analyses for semantically comparable
linguistic expressions. It makes use of the unique architecture of LFG to
distinguish between language-specific and universal properties. Although my
focus lies in presenting the insights on tense/aspect gained from the ParGram

project, it is first necessary to present LFG.

2.3.2 Lexical Functional Grammar

LFG has a long-standing tradition in both theoretical and computational
linguistics. Although it is most well-known for its contribution to syntactic
research, it is, in fact, a full-fledged formalism of language covering phonol-
ogy, morphology, syntax, and semantics. In this thesis, I will refer to the
morphosyntactic component of Lexical Functional Grammar (LFG) with the
label LFS (Lexical Functional Syntax). More specifically, I focus in particular
on those elements of LFG that have been implemented computationally. Con-
cretely, I rely on the implementation of LFG in terms of the Xerox Linguistic
Environment (XLE), which has been developed for the implementation of
large-scale LFG grammars (Crouch et al., 2017). It is the most widely used
platform for computational LFG research and is also the platform for the

biggest cross-linguistic grammar development project in the LFG community,
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the ParGram project (Butt et al., 2002). The implementation of LFG in

terms of XLE underpins the formal soundness of the formalism.

2.3.2.1 Projection structure

LFS is a constraint-based syntactic grammar formalism based on two different
levels of formal representations: the constituent, or c-structure, and the
functional core structure, usually referred to as f-structure. These two
structures can be understood as parts of a function that maps linguistic form
to meaning, i.e., a semantic model. Thus, each of these structures is itself
derived via a function usually called projections in LFG. Traditionally, the c-
structure is a constituent parse of the input string, and the projection pointing
from form to c-structure is called the m-projection. The f-structure is a more
abstract flat syntactic representation that encodes relational information as
well as certain functional linguistic features. It is derived from the c-structure
by placing additional constraints on constituent rules. The corresponding
projection is called the ¢-projection.

The projection or correspondence functions are intermediate representations
that serve to explore certain types of constraints (Kaplan, 1995b). Thus, the
structures provided by LFG are more of a tool for linguistic research rather
than any sort of mental representation of language. Due to this insight, LFG
allows for the introduction of novel intermediate representations between
form and meaning. However, these intermediate levels have to follow strict
mathematical rules. Most importantly, in the series of successive functions
from form to meaning, for each function, its domain is the range of the
previous one (Asudeh, 2006). Figure 2.7 illustrates a potential decomposition
of the function from form to meaning that LFG aims to describe. It shows
that the range of the 7 function is any input string. Furthermore, this
illustration shows that the ¢-projection has been decomposed into the u,a,
and A\ projection providing an intermediate morphological structure(Butt
et al., 1996) and an argument structure (Butt et al., 1997).

This kind of decomposition of functions is particularly valuable for computa-

tional approaches since it allows us to distribute particular steps of linguistic
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Figure 2.7: Parallel projection structure as shown in Asudeh (2006)

analysis among separate modules and has been implemented to great effect

in the XLE grammars.

2.3.2.2 Syntactic representations

In the previous section, I have mentioned two different representations that
are central to the research done in LFG. The first of these two structures is
the c-structure, a constituent parse of a given input string. More concretely,
the c-structure is provided by a context-free grammar encoded in terms of
phrase structure rules. These rules describe the set of admissible trees for a
given language. In other words, the output of the m-projection is the set of
trees that is available for a specific input string. This means the c-structure
allows for syntactic ambiguity as, for example, the well known prepositional
phrase (PP) ambiguities.'” The most important role of the c-structure is to
encode cross-linguistic variation by capturing linear order. Furthermore, it
encodes constituency and hierarchical relations between constituents. In an
LFG grammar, where terminal nodes of the c-structure are full form lexical
entries, c-structure also encodes morphological variation.

In traditional LFG, lexical entries are stored based on their surface string, as
shown in the sample grammar in 2.9. However, nothing prevents LFG from
introducing another projection that deals with morphological analysis, as

has been discussed above. In fact, arguments for a M(orphological)-structure

15Usually, the c-structure grammar loosely follows the rules of X’-theory (Jackendoff,
1977), but can, in principle, be substituted for by other kinds of tree structures expressing
categorical information (Bresnan et al., 2015).
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have been made in (Butt et al., 1996; Frank and Zaenen, 2002) and various
approaches to morphology in LFG have been undertaken since. The currently
best-articulated architecture for the morphology-syntax interface is found
in Dalrymple (2015), and this thesis largely adopts that architecture, which
also describes that of the morphology-syntax interface used by XLE.

As described in Butt et al. (1999), the morphology uses, in principle, exactly
the same mechanisms as the c- and f-structure. Morphological tags receive
their own lexical entries together with relevant f-structure annotations. These
tags are combined into full words via sub-lexical tree rules, specified via
finite-state machines (Kaplan et al., 2004). Those rules produce flat tree
structures that impose a certain order on morphological tags. The translation
of morphological features into functional features is discussed in section 2.3.3
with a focus on the treatment of tense/aspect morphosyntax in LFG.

The c-structure and morphological analysis encode properties of the surface
structure of a given input string, such as morphological features, constituency,
word order, and syntactic ambiguity. On the other hand, the functional
structure encodes functional relations and features which mediate between
surface structure and semantic interpretation. Thus, the f-structure provides
a level of abstraction from the surface structure. Its main purpose is to
describe syntactic relations and functional features that are cross-linguistically
available. The main idea is that different languages use different surface
structure cues to express certain grammatical functions (e.g., subject, object,
etc.); however, the role of these grammatical functions is (more or less)
invariant across languages and related to the semantic argument structure.
Similarly, functional features (e.g., tense, mood, case, etc.) result from
similar structural reflexes cross-linguistically. Functional features also mediate
between surface structure and semantic interpretation of an input string.
This dual role leads to a tension that is very similar to what we had seen
when the treatment of tense and aspect in TimeML was discussed.'®

In abstracting away from the surface structure, the f-structure also discards

16T assume that similar arguments can be made for the role of grammatical functions,
but this is of limited concern of this thesis.
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S [PRED ‘visit<1,2>’
T SUBJ 1[PRED ‘John’]
NP VP 0
| P OBJ Q[PRED ‘Mary’}
N v NP

| | | TENSE past

John  visited N

|
Mary

Figure 2.8: ¢- and f-structure: John visited Mary

hierarchical ordering to an extent. It is represented as an attribute/value
matrix that still encodes certain dominance constraints, but only those that
reflect the role of grammatical functions with respect to predicate/argument
structure. The importance of the argument structure is also reflected in
the PRED value, which plays a special role in the f-structure: for predicates
and arguments, it provides the string by which the element is encoded in
the lexicon, and its arguments, creating a semantic form. Every PRED value
introduces a new instance of a given object. Thus, each value is unique even
if they share the same semantic form (Borjars, 2020). The semantic form
also indicates precisely which grammatical functions need to be represented
in the f-structure (in other words, the semantic form provides a frame for
subcategorization). An example f-structure is given in Figure 2.8. As shown
there, the PRED indicates that the verb wvisit takes two arguments, both of
which have to be instantiated as sub-structures in the f-structure governed
by their grammatical functions (in this case: SUBJ and 0BJ).

The functional structure is provided by local co-description (Bresnan et al.,
2015) on c-structure rules. This means that the ¢ projection is built in
parallel to the c-structure by following certain annotations of c-structure
rules that constrain the f-structure. An example of this is given in Figure 2.9,
which provides a grammar consisting of a lexicon and annotated c-structure
rules for the sentence John visited Mary. The annotations on the c-structure
rules pick up the partial f-structures described in the lexicon and assemble

the full f-structure via unification. In the current example, the VP rules
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g NP VP
(1SUBJ) =1 1=
N
NP — ]
\4 NP
e e L

John N (tPRED) =‘John’
Mary N (tPRED) =‘Mary’

(1PRED) = ‘visit<(1SUBJ),(tOBJ)>’

visited V (TENSE) — past

Figure 2.9: Grammar for John visited Mary

generate an f-structure that contains the PRED value, a feature tense, and a
sub-structure embedded via the grammatical function 0BJ. This intermediate
structure is combined with the SUBJ NP via the top-level S-rule.

The process described above is managed via the meta-variables 1 and |, which
point at dominating f-structures and dominated f-structures nodes that are
aligned with the c-structure via the correspondence phi, respectively. As
mentioned above, these variables are instantiated in XLE via the unification
of functions and equations. In the present example, the two grammatical
functions (SUBJ and 0BJ) are encoded in terms of functions of the form
f(z) =y, where f is the grammatical function, and x and y correspond to
the indices in the syntactic structure. For example, the function (1tOBJ) =]
equates the f-structure of the dominated NP with the structure corresponding
to the SUBJ of the whole f-structure. The equation 1=J simply passes
the properties of the dominated f-structure to the dominating f-structure.
Furthermore, the TENSE feature of V' is passed up to S from its instantiation

directly in the lexicon. Thus, it occurs at the top level of the corresponding
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f-structure.'”

This section has shown that LFG is a constraint-based grammar formalism
that encodes grammatical properties as constraints on linguistic input expres-
sions. These constraints are distributed across various layers (projections),
such as the c- and f-structure explained above. In the next section, I concretely
describe the annotation of tense and aspect in LFS in particular. Special
attention is paid to the encoding of tense/aspect as functional features, i.e.,
features in the f-structure, which are assumed to be primary input for further

semantic processing.

2.3.3 Tense and aspect in LFG

LFG uses the f-structure to abstract away from the surface form to encode
cross-linguistically robust syntactic information. The main concern in the
LFG community was the distinction between analytic and synthetic forms of
tense and aspect categories (Butt et al., 1996; Frank and Zaenen, 2002). In
Dahl’s (1985) work, this roughly refers to the distinction between morpho-
logically constructed categories and periphrastically constructed categories.
The current treatment in XLE is to abstract away from such distinction
at the level of f-structure. I first present this in terms of an example from
the ParGram corpus shown in (14). In this example, the English past tense
represents a morphologically constructed category, whereas the Urdu past

tense is realized as an auxiliary construction.

(14) a. Peter had built this house.

b. piter=ne je ghor bonaja
Peter.M.SG.—ERG this house.M.SG.NOM build.PRV.M.SG
tha.
be.PST.M.SG
‘Peter had built this house.’ Urdu

17 At this point, I only explain the basics of encoding C-structure and F-structure in the
grammar. A full explanation of the possibilities provided by XLE is given in Crouch et al.
(2017) (more specifically: https://ling.sprachwiss.uni-konstanz.de/pages/xle/doc/
notations.html). Some more advanced operations are discussed in chapter 6 when they
become relevant.
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S
NP VP
\
Peter \V4 NP

‘ /\
built D N

this house

English
S
KP NP VCmain
/\
N‘P If DEM PRON N V. AUXtns
: \ | | |
piter ne je ghar benaja 1ﬁ:hc1
Urdu

Figure 2.10: Urdu and English C-structure: Peter built this house

In this comparison, the c-structure encodes the distinction between the
realization of the tense feature in the two languages (see Figure 2.10). While
the English c-structure expresses the verb form in terms of a simple V-node,
the Urdu c-structure composes the tense auxiliary and the main verb into a
verb complex (VC). This complex receives the tense feature from the auxiliary
and behaves, in principle, like the English V-node in the way it percolates the
TENSE feature to the top-level node S, thus, making it available as a functional
feature for the corresponding top-level f-structure. In the f-structure, both of
these constructions are mapped onto the same functional TENSE feature as

shown in (15).
(15) [TNS-ASP [TENSE past, H

Example 16 provides some further illustrations of this practice for future

tense. All of these sentences receive the f-structure attribute/value pair TENSE
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fut, (17), despite significant differences in the surface structure (as indicated
by the glossing).

The Indonesian example and the French example illustrate a contrast similar
to that seen between English and Urdu for past tense. The Polish example
provides a special case; however, as indicated by the glossing, the verb form is
not marked for future explicitly but rather implicitly by the combination PRV
+ PRES. This supports the idea that the f-structure provides a semantically
interpretable feature that mediates between surface structure and an actual
semantic representation. In fact, the process witnessed here by virtue of
the Polish example provides a precedent for the accumulation of semantic
features in the ParTMA annotation scheme, as will be discussed in detail in
Chapter 3.

(16) a. Peter akan menulis surat
Peter FUT write letter

‘Peter (is/was) going to write a letter.’ Indonesian

b. Peter écri-ra une lettre
Peter write-FUT a  letter
Peter will write a letter. French

c. Peter na-pis-ze list
Peter PRV-write-PRES a letter

‘Peter is going to write a letter (completely)’ Polish

(17) [TNS-ASP [TENSE fut, ]]

The approach covers not only tense features but also aspectual features.
Particular attention has been paid to perfect and progressive constructions
within ParGram (Butt et al., 1999, 1996). In fact, they served as the driving
force behind the simplification and cross-linguistic unification of f-structures
illustrated above. This is because auxiliaries have been traditionally treated
as complement-taking verbs (see, e.g., Falk (1984)). However, this treatment
of auxiliaries has gone out of fashion since at least King (1995) as summarized
in Butt et al. (1996). As explained there, the old analysis that treats aspectual
auxiliaries similar to raising verbs provides several challenges both from a

syntactic and a semantic point of view. The main argument is that such
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an analysis obscures the parallelism between languages at the level of f-
structure. Consider again the french example in (16). In french, the future
tense is not encoded by means of an auxiliary but as an inflectional element.
This also affects its behavior when combined with aspectual features. As
the examples in (18) show, English and German distinguish between tense
(will/wird) and aspect (have/haben) auxiliaries which leads to two levels of
embedding at f-structure (see 19a). On the other hand, the french auxiliary
aura encodes both tense and aspect information and thus only leads to one
level of embedding (see 19b).

(18) The driver will have turned the lever.
Der Fahrer wird den Hebel gedreht haben German

Le conducteur aura tourné le levier French
(Butt et al., 1996, p. 3)

(19)  a. [fur XCOMP .. [per XCOMP [y ... |]]
b. [fut XCOMP .. [rurm . |

To reiterate: the different levels of embedding in the f-structure enforce
a different predicate (i.e., semantic) structure across languages. This is
an undesired consequence of this kind of analysis since it undermines the
parallelism strived towards at the level of f-structure. This is another instance
of tension between the encoding of structural information and semantic
information that troubles tense/aspect annotation efforts more generally.

The approach presented above proposes some additional machinery, the mor-
phological structure (m-structure, u-structure). This additional projection
uses the same kind of equations as the f-structure on a morphological level.
The result is an attribute-value matrix encoding morphological dependen-
cies, i.e., agreement. See also Frank and Zaenen (2002) for some further
discussion on this topic. The use of the m-structure cleans up the f-structure
considerably by enforcing the idea that the f-structure abstracts away from
surface-level syntactic cues. Furthermore, it helps to resolve long-distance
dependencies, as, for example, in (20), where the VP is topicalized, i.e., moved

to a frontal position (compare with (21)).
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(20) [Den  Hebel gedreht| wird der Fahrer haben.
the.AcC lever turn.PSTPTCP will.PRES.SG the driver have.INF

‘The lever turned, will have the driver.’

German
Butt et al. (1996, p. 9)

(21) Der Fahrer wird den Hebel gedreht haben.
the driver will.PRES.SG the lever turn.PSTPTCP have.INF

‘The driver will have turned the lever.’ German

Within the ParGram grammars, morphology is not described in a separate
projection. It uses the CHECK feature, which stores attribute value pairs
relevant for well-formedness for different components of an f-structure. Thus,
the idea is similar, but encoding the morphological information in the CHECK
feature, which appears internally at the level of f-structure, leaves it more
accessible within a given grammar. Furthermore, this approach simplifies
debugging since it is not necessary to keep track of information across multiple
projections. However, the information in CHECK is not a part of the f-structure
but only an artifact used to ascertain the well-formedness of the morphological
surface structure (among other things). Thus, the information encoded at this
level is preserved in computational representations of LFG parses, although
they are supposed to be only used XLE internally (Crouch et al., 2017).
Additionally, sub-lexical information is stored as part of the c-structure
making morphological features overtly available for further processing.

At this point, it is important to note that the treatment of morphology is a
point of tension between theoretical and computational approaches to LFG.
As becomes evident in the triangular structure of Figure 2.7, in LFG, there
exists a tension between parallelism and direction of analysis. The approach
used in XLE decomposes word forms via sub-lexical rules so the system can
derive functional features from morphological information, i.e., XLE is, to
an extent, directional. On the other hand, Dalrymple (2015) (among others)
proposes a fully parallel treatment of morphology. This approach is prevalent
in theoretical LFG but is of little concern for the present thesis since the goal

is to extend the semantic and not the morphological capabilities of XLE.
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This kind of parallelization is what lies at the heart of the ParGram project
and has been applied to various tense and aspect categories, such as the
perfect, the progressive, and tense. An example of this are long-distance
dependencies between auxiliaries and their main verbs (Butt et al., 1996;
Frank and Zaenen, 2002). However, this is a syntactic issue that is not

relevant to the semantic analysis.

2.3.4 Insights from the ParGram project

As explained in the previous section, tense/aspect information is encoded
across various levels of representation in LFG. Structural properties like linear
word order and constituency are primarily encoded in the c-structure, which
is decomposed into a full-form constituent parse and a morphological analysis
providing sub-lexical features for the terminal nodes of said parse. Thus,
the lexicon in large-scale XLE grammars contains pseudo full-form entries
composed based on sub-lexical flat tree rules. In LFG theory, further possibil-
ities of decomposing structural information into morphological and syntactic
information have been put forward, but their implementation within XLE
remains, at best, implicit. More interestingly, LFG’s f-structure is supposed
to provide semantically interpretable features based on the morpho-syntactic
input. In other words, f-structure features must be directly discernible from a
given input string’s surface structure and must be semantically interpretable.
Within the ParGram project, these thoughts have resulted in the set of
semantic features for tense, aspect, and mood given in Figure 2.11.

This feature structure illustrates how features may be embedded in an f-
structure and their respective values. In this thesis, I will ignore the VOICE
matrix and focus solely on the TAM matrix. This structure alone contains a
wide variety of features, and it is impossible to cover all of them in detail.
Thus, I am mainly concerned with those features that are part of the three
major levels of tense/aspect analysis: 1) tense, ii) grammatical (outer) aspect,
and iii) lexical (inner) aspect. This means I will not provide a detailed
description of MOOD, EV-VALUATION, and MODALITY.'®

18Nonetheless, these categories will play a role in some analysis presented in this thesis.
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The semantic foundation of these features is a Reichenbachian system for
tense/aspect (Reichenbach, 1947). Similar approaches have been made for
semantic annotation within TimeML and related efforts, as we have seen
before. Reichenbach’s system (and subsequent efforts building on similar ideas,
most notably, Klein (1994)) deal with the temporal properties contributed
by tense and aspect. This reflects in the values for TENSE and ASPECT which
correspond to various potential temporal relations between points in time. In
addition to ASPECT, VIEWPOINT also contributes to the level of grammatical,
or outer aspect, however, the concrete semantic remain undefined. Each of
these categories plays an important role in temporal semantics. This role
is explored in detail in chapter 3. In addition to VIEWPOINT, EV-STR and
EV-EXEC are discussed in chapter 4, focusing on aspectual properties that
indirectly affect temporal semantics.

There is a reason I do not go into detail in explaining these features at this
point: although they provide a fine-grained system of semantically informed
features, most of them have never been actually implemented within the
ParGram project. This is indicated by the STANDARD_COMMON_FEATURES
template provided by the ParGram grammars. Similar to the template in
Figure 2.11, the features provided there decompose tense and aspect into
distinct features as proposed by Butt et al. (1999). However, the feature space
is much more limited, namely, to the morphosyntactically distinguishable
features available in English. The exact feature space is shown in Figure
2.12. With this they generally follow this insight: “The f-structure thus now
encodes exactly those distinctions which are made overtly in each of the
languages without attempting to second guess a semantic analysis |...|. Butt
et al., 1999, p. 697

This has consequences as to how the f-structure plays into the semantic
analysis of tense and aspect in LFG: According to the quote above, the
tense/aspect parameters are reduced to a bare minimum, namely to exactly

those that can be grammatically differentiated and are not dependent on

However, I will not propose substantial changes in handling these features.
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[TENSE [pres /past/fut /non-past/ non—fut] |
TENSE-DIST [neutral/remote/immediate]
ASPECT [follow Joverlap/precede/non-follow/ non—precede]
VIEWPOINT [imperfective / perfective]
_. . . . . . . ?
MOOD ?ndlcatn./e /sub ‘]un(?tlve / con‘].unctlve( ?)
imperative/hortative/optative
'EXTEND /-
ITER-DUR +/-/iter/dur
taM  |EV-EXEC HASTY +/-
DEIXIS away/towards
| HABITUAL + /-
[STATIVE +/-
INIT +/
EV-STR
PROCESS + /-
| RESULT +/-
EV.VALUATION eV1denF1al/.m1rat1V(.e/ certain/
quotative/inferential
MODALITY -uns.pec/d.eontic/ep.ist.emic/potential/
desiderative/permissive/...
[PASSIVE [ /-]

VOICE |PASSIVE-TYPE [personal /impersonal / adversative]

MIDDLE [Jr /dir-refl /indir-refl /caus-refl / anti—caus]

Figure 2.11: Tense-Aspect-Mood-Voice feature space ParGram (2010)

TENSE fut, null, past, pres

PROG +,-,+ -

PERF +,-,+_ ,-

MOOD imperative, indicative, subjunctive, successive

TNS-ASP

Figure 2.12: ParGram common features (2006)
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contextual disambiguation (for example, temporal reference in Indonesian).'”
I interpret this in the following way: Morphosyntactic features receive their
respective abstract representation in the f-structure based on their form
rather than their meaning. The meaning of a form contributes more to the
choice of the arbitrary symbolic label given to it rather than any semantic
distinction. For example, suppose the primary use of a given morphosyntactic
form is that of anteriority. In that case, the label TENSE with the value past
is employed. However, non-past forms, i.e., forms that are used to express
both present and future tense, get the value pres (for present tense), which
is more in line with the older naming conventions for this grammatical form
when compared with other languages. An example of this is found in the

German present tense.

(22) Peter besuch-t (*gestern/gerade/morgen) seine Mutter.
Peter visit-PRES (yesterday/currently)/tomorrow) his mother

‘Peter is visiting/will visit his mother’

Additional challenges are provided by languages that have a more fine-grained
tense/aspect system. They deviate from the proposed feature space (e.g.,
Polish, Urdu, Greek, etc.), usually referring back to the more detailed feature
space in Figure 2.11. However, the uniformity across grammars is less well
achieved than for the features concretely specified by the common features
template. For example, both Urdu and Polish encode viewpoint aspect (i.e.
perfective vs. imperfective) in the feature ASPECT, rather than VIEWPOINT.
Although those are minor inconsistencies, they seriously affect the possibility
of developing a cross-linguistically applicable semantic component for handling
tense/aspect in XLE grammars when they pile up. I summarize some further
inconsistencies in the ParGram tense/aspect annotations in the next few
paragraphs.

As explained above, the ParGram features are designed to mark morphosyn-
tactically overt tense/aspect features. However, there are some instances

within the ParGram grammars where this view is violated. This sometimes

19The ParGram grammars thus, ultimately, take a similar stance as TimeML.
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leads to more or less severe confusion when analyzing structures. Consider the
following example from Polish, which exemplifies one possibility of expressing
future tense by combining a verb marked for perfective aspect with the present
tense marker -ze. In comparison, (24) shows that the present tense and the
imperfective together form a sentence about the present. This suggests that
the contribution of the marker -ze is associated with present tense and future
tense, respectively, in the different examples. This is since the f-structure here
encodes the semantic interpretation rather than the contribution of a single
morpheme. The future reading in (23) is derived from the semantic properties
of the perfective and semantic properties of the present tense. Thus, although
this is a fair analysis of the construction, it can lead to potential confusion
concerning the analysis of the marker -ze as either present or future tense if

one assumes a strictly morpho-syntactic analysis.

(23) a. Peter na-pis-ze list
Peter PRV-write-PRES a letter

‘Peter is going to write a letter (completely)’ Polish

b. [TNS—ASP [TENSE fut, ASPECT perf]]

(24) Peter pis-ze list
Peter write-PRES a letter

‘Peter is writing a letter.
[TNS-ASP [TENSE pres, ASPECT imperfﬂ

Another area of conflict is the cross-linguistic comparison of categories. In
Urdu, past and present tense are only ever encoded by virtue of an auxiliary,
whereas these tenses in Germanic languages are encoded inflectionally. This
means the feature TENSE encodes a different morphosyntactic form in these
languages. Consider the two examples given in (26) and (27). They are
semantically similar, at least to the extent that they can occur in the same
context. The English tense morphology is used to express the meaning of
pastness. Urdu, on the other hand, does not necessarily carry a tense feature,

as illustrated by the difference between (27) and (28a). However, if the feature
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past is used in Urdu, it refers to an auxiliary construction with a past perfect
interpretation (Butt and Rizvi, 2010). Due to this last property, a problem

arises: the two instances of TENSE are not cross-linguistically comparable.?’

(259. CONTEXT: [Assuming that B was going to meet Peter, A asks:|
A: Did you meet Peter?

(26) a. B: I met Peter.

b. {TNS—ASP [TENSE past, MOOD indicativeﬂ
(27)  a. mé. pitor=se mila.
I.sG.MOM Peter.M.sG=with meet.PRV.M.SG
‘I met Peter.’ Urdu

b, {TNS-ASP [MOOD indicative, ASPECT perfﬂ

(28) a. m. piter=se mila tha.
I.sG.MOM Peter.M.SG=with meet.PRV.M.SG be.PAST.M.SG
‘T had met Peter.’ Urdu

b. [TNS—ASP MOOD indicative, TENSE past, ASPECT perfﬂ

This means that while the ParTMA tense/aspect labels stem from the desire
to analyze these languages in parallel, they do not, in fact, encode either
syntactic or semantic parallelism. It is impossible to make the same kind of
generalizations about these two seemingly congruent features across languages.
All in all, it is not straightforward which properties of a morphosyntactic form
should be generalizable across language for them to retrieve the same label
at f-structure and, if so, whether the label is cross-linguistically consistent or
language-specific on a semantic level.

In summary, although agreed-upon approaches exist to encode tense/aspect
morphosyntax in LFG grammars, the implementation of tense and aspect

features in the ParGram grammars has not been ideally regulated. This is

20This problem is further reinforced if we consider the distinction between optional and
obligatory tenses, possibly invoking further semantic differences between the two instances
of past tense (Cable, 2015; Plungian and van der Auwera, 2000).
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potentially due to the focus on other more general issues of parallelism that
took center stage in the ParGram research. Furthermore, the rich variation
in tense/aspect systems is difficult for parallel approaches. Nonetheless, the
general insights on encoding tense/aspect that have been gained so far will
form a valuable foundation for developing a new treatment of tense/aspect
in XLE (and in general) in the following chapters.’!

In the next section, I explore a second grammar formalism with respect to its
encoding of tense/aspect, namely Universal Dependencies (UD). UD serves
as a similar but more shallow approach to syntactic parsing and can thus

serve as an alternative input for a semantic analysis.

2.4 Tense and aspect in Universal Dependencies

Like LFG and the ParGram project, universal dependencies strive to create
cross-linguistically comparable syntactic analyses focusing on further semantic
processing. In this section, I investigate dependency parsers in a fashion
similar to the previous section on LFG. More concretely, I point out some
crucial commonalities and differences between the two formalisms. This
means that I explore their potential as input for a semantic annotation

scheme of tense and aspect.

2.4.1 The development of UD

UD is the result of a combination of efforts, namely, the (universal) Stanford
dependencies (De Marneffe et al., 2014; De Marneffe and Manning, 2008), the
Google universal part-of-speech tagset (Petrov et al., 2011), and the Interset
interlingua for morphosyntactic tagsets (Zeman, 2008). Two milestones in the
development of UD are represented by version one (Nivre et al., 2016) and
version two (Nivre et al., 2020) of the UD tagset that are represented by large

cross-linguistic treebanks.?” Similar to the ParGram project, the UD project

2!Note also that this is not an exhaustive list of issues with tense/aspect in ParGram,
but rather a series of examples that illustrate the general trends underlying the conflation
of syntactic and semantic features within (some of) the grammars.

22Generally, the facts listed below refer to UD v2, i.e., the most recent version of UD.
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strives toward cross-linguistic coverage. In fact, the UD project provides a
wider coverage of languages. According to the UD homepage, “UD is an open
community effort with over 300 contributors producing nearly 200 treebanks
in over 100 languages.”?? The size of these treebanks varies greatly across
languages, from under a thousand words to millions of words. Overall, UD
provides a much broader spectrum compared to ParGram, but the coverage
across languages varies significantly in both projects. This can be attributed
to the most glaring difference between ParGram and UD. ParGram provides
carefully handcrafted grammars with a deep level of analysis, whereas UD
grammars often rely on machine learning methods to generate large-scale
grammars.”! Such grammars are often more robust than their handcrafted
counterparts and are the de facto standard for modern NLP applications. As
such, it makes sense to tailor a semantic resource that relies on syntactic
input toward compatibility with UD. This will become especially relevant
in chapter 6 when I present a concrete implementation of the annotation

scheme developed in this thesis.

2.4.2 UD architecture and philosophy

The goal behind UD is to provide syntactic analyses that are ready for further
semantic processing, similar to LFG’s f-structure. However, UD stores all
relevant information in a single dependency structure, which preserves the
surface structure of an input string by applying the analysis to it in its
linear order. This is illustrated in Figure 2.13, where the linear order is
indicated by the enumeration of the tokens that make up the input string.
A UD parse (minimally) consists of a directed graph created from typed,
i.e., labeled dependencies, such as obj, nsubj, or det and a set of leaf nodes
corresponding to the words in a given sentence and their respective POS-tags.

Version two of universal dependencies also encourages further morphological

Bnttps://universaldependencies.org/#language-v2

24Note, however, that the underlying data and annotations still need to be derived
somehow. UD proposes two main possibilities:
i)  Convert annotations on an existing treebank to UD annotations
ii) Generate data from scratch via annotation
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root

det

John  kissed a girl
NNP/1 VBD/2 DET/3 NP/4

Figure 2.13: UD structure: John kissed a girl

obj

nsubj
[ f

John  has wvisited a girl
NNP/1 VBZ/2 VBN/3 DET/4 NP/5

Figure 2.14: UD structure: John has visited a girl

annotation of leaf nodes. While they provide a set of basic features (of which
tense and aspect are a part; see section 2.4.2.1), the general idea is that
additional annotations are added based on the needs of a given language
and/or the needs of downstream applications.

The semantic orientation of UD representations is perpetuated by the as-
sumption that UD prefers content words as heads. Thus, function words like
the quantifier in Figure 2.13 are subordinate to the noun that they modify.
This also holds for aspectual auxiliaries, as illustrated by means of the perfect
construction in Figure 2.14. This general principle of UD that content words
form primary heads leads to some linguistically unsatisfying analyses. A
simple example is given in Figure 2.15. On the left side, the UD structure
suggests that laughed can subcategorize for an NP object, which is modified
by a preposition. On the right side, a typical phrase-structure analysis shows
that laughed may be combined with a PP, which is the subcategorization
expected from the intransitive (o) laugh. Similar examples and additional

inconsistencies of UD are discussed in Osborne and Gerdes (2019).
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S
NP VP
‘ /\
He \Y% PP

He laughed at it |

Figure 2.15: UD vs. phrase structure analysis: He laughed at it.

The UD effort acknowledges these issues. As the following quote suggests,

syntactic correctness is sacrificed for other, presumably semantic, relations.

“The notion of dependency has limits: Not all grammatical relations
can be reduced to binary asymmetric relations between a syntactic
head and a subordinate element, and some of our typed “dependency”
relations therefore must be understood as convenient encodings of other
relations without implications about syntactic headedness.”

https://universaldependencies.org/u/overview/syntax.html

In general, UD parses are aimed more toward usability for further semantic
processing. Nonetheless, dependencies are encoded in terms of syntactic
rather than semantic relations. This makes UD representations fairly similar
to LFG’s f-structure representations. Both approaches strive towards a level
of parallelism across analyses for different languages encoded by elevating the
role of content words in linguistic analyses. Functional words are encoded
as sub-structures of those content words in UD and as sub-structures or

attribute/value pairs in LFG.%7>?% Overall, given the fact that UD parses omit

Z5However, note that LFG preserves headedness information in some cases at f-structure.
Taking the example in Figure 2.15, the corresponding f-structure specifies a substructure
for at it that embeds it as an 0BJ of at. Thus, the grammatical function satisfied by the PP
(e.g., OBL or potentially ADJUNCT) is correctly headed by the preposition rather than the
content word. In comparison, quantifiers are usually embedded under their corresponding
content words in XLE analyses.

26Some other differences between f-structures and UD structures are based on the fact
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certain syntactic information such as headedness but provide an output similar
to f-structures, UD parses are generally simpler in terms of the encoding of
linguistic information than LFG analyses which distribute different types
of information across different projections. Thus, although UD preserves
information about linear order and grammatical functions (i.e., it is encoding
information from both c¢- and f-structure), its core assumption to favor content
words as heads requires it to discard certain linguistic insights leading to

sometimes striking differences in terms of analysis.

2.4.2.1 Universal depenencies: tense and aspect

This section focuses on the encoding of tense/aspect in UD in more detail
and compares it to the encoding of tense/aspect within LFG presented in
the previous section.

As, for example, shown by Meurer (2017), dependencies share certain com-
monalities with LFG’s f-structure; namely, they encode grammatical relations
in a flat structure. Furthermore, in both formalisms, structures are usu-
ally headed by content words (PREDs in the case of LFG, which are derived
from content words in the c-structure via the lexicon). However, in con-
trast to LFG, UD preserves all functional words in its representation. This
has been shown by virtue of the perfect construction in Figure 2.14. As I
have explained in section 2.3.3, in LFG, some function words are reduced
to functional features at the level of f-structure. This is possible due to
the sharing of labor between f-structure and c-structure. However, UD also

differs from the alternative analysis of auxiliaries in LFG that treats them

that LFG is a lexicon-driven formalism. As has been shown in the previous section, the
PRED value encodes the semantic form of a content word, i.e., its arguments. This serves to
preserve the felicity conditions of f-structures (uniqueness, completeness, and coherence),
which do not hold in UD structures. Note also that the role of PRED structures at the
syntactic level could be transferred to a proper semantic component, as argued in Andrews
(2008). Another difference that UD handles differently is the distinction between argument
and adjuncts, which I have not discussed before. This is because it is i) not relevant for the
analyses presented in this thesis, and ii) there are ongoing arguments on the necessity of
the argument/adjunct distinction in LFG and UD (Przepiorkowski, 2017; Przepiorkowski
and Patejuk, 2018). Note that both of these points of tension are the results of a larger
tension between syntax and semantics.

66



CHAPTER 2. BACKGROUND

VB Verb, base form

VBD  Verb, past tense

VBG Verb, gerund or present participle
VBN  Verb, past participle

VBP Verb, non-3rd person singular present
VBZ  Verb, 3rd person singular present

Table 2.8: Penn treebank POS tags

as elements that select for complements. In fact, the auxiliaries in UD are
more easily reduced to attribute/value pairs on the main verb rather than
converted to complement-taking verbs. This underlines the point that UD
parses are relatively close to LFG f-structure in terms of the representation
of tense/aspect. This is explored in more detail in this section.

UD grammar minimally encode tense/aspect information via different POS-
tags in addition to the aux constructions illustrated above. The example
mentioned above relies on the Penn treebank POS-tagset, which is illustrated
in Table 2.8.

The Penn Treebank tag-set is specifically designed for verb forms in the
English grammar and, as pointed out before, was adapted and modified as
necessary for the needs of the UD project. However, as shown in the next
paragraph, the original tag sets are streamlined via Interset (Zeman, 2008).
In UD v2, POS-tags are replaced or expanded upon by the addition of
morphological features at the word level, such as tense and aspect. These
features are encoded on a language-specific basis, i.e., no cross-linguistically
viable tag-set has been proposed to my knowledge. Thus, UD v2 follows the
same philosophy as TimeML, treating tense/aspect as a language-specific
issue. As noted in the annotation guidelines for UD v2, similarly to the
ParGram effort, UD does not encode compound features (e.g., pluperfect)
and only explicitly expressed features. As I have said before, in UD, this
information is not accumulated at the head level of a UD representation.”’

However, Ramm et al. (2017) have provided a tense/aspect/mood annotation

https://universaldependencies.org/u/feat/Tense. html
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finite mood tense voice
present
presProg
presPerf
presPerfProg
past
pastProg
pastPerf
pastPerfProg
futurel
futurelProg
futurell
futurelIProg
condl
condIProg
condII
condIIIProg
no - - -

act
pass

yes ind

subj

Table 2.9: TMV combinations for English (Ramm et al., 2017)

for UD that shows that UD features can, in principle, be packed together
in a fashion similar to LFG to describe verb complexes.”® The resulting
analyses for German, English, and French are comparable in terms of their
level of detail to the tense and aspect LFG analyses employed in the ParGram
project. In their system morphosyntactic tense/aspect/mood/voice systems
are categorized in terms of a Tense/Mood/Voice(TMV) table. Table 2.9
shows the TMV feature space for English.

Although the approach by Ramm et al. (2017) provides a promising level of
abstraction over UD analyses, it deviates from the idea of encoding tense
and aspect separately. As work in ParGram has shown, this approach is

challenging for cross-linguistically comparable annotation of tense/aspect.

28 A similar approach is followed in Myers and Palmer (2019), providing a more precise
tool for deriving the same annotations. Ramm et al.’s (2017) is rule-based, whereas Myers
and Palmer (2019) train a neural network to deduce the relevant information.
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Furthermore, it is not completely clear how a UD+TMV representation
compares to an LFG (i.e., ¢- + f-structure representation) since a TMV table
strips a verb complex of information irrelevant to determining tense/aspect.
A concrete correspondence between UD parse and a TMV table would have
to be established to compare the two approaches in more detail.

Overall, universal dependencies favor an explicit annotation of word-level
features for tense/aspect. However, this approach can be enriched by us-
ing additional uses to abstract from word-level representations such as, for

example, presented in Myers and Palmer (2019) and Ramm et al. (2017).

2.4.2.2 Conclusion on tense/aspect in linguistic annotations

I have presented two additional approaches to encoding tense/aspect informa-
tion. Although both LFG and UD are technically syntactic formalisms, the
information they encode is highly relevant for further semantic processing. On
the other hand, I presented TimeML in section 2.2, which provides a semantic
annotation for tense and aspect that is directly based on the morphosyntax.
For each of the three systems presented so far, TimeML, LFG, and UD,
there has been one central issue: the tension between expressing syntactic
and semantic tense/aspect information. This has been clearly shown for
TimeML, but similar points can be made for LFG and UD. The tension is
particularly strong in LFG. Although the f-structure is considered part of the
syntactic module of LFG, it sometimes abstracts away from morphosyntactic
features to provide a semantic feature — a semantic feature with a concrete
morphosyntactic exponent. However, this abstraction puts the features
encoded within the f-structure on a continuum between more structurally
motivated features and semantically motivated features. One of the main
goals of this thesis is to explore this tension and relax it by providing a
concrete proposal for semantically interpreting tense/aspect information.
For this purpose, the next section lays some groundwork for the semantic
framework pursued in this thesis. Rather than developing an entirely new
framework, the semantics I propose for tense and aspect is grounded mainly

in the formal semantic research on tense and aspect.
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2.5 Motivating the ParTMA annotation scheme

This thesis aims to develop a cross-linguistically viable annotation scheme
for the semantics of tense and aspect. Although the insights that drive this
annotation scheme are heavily rooted in theoretical and practical approaches
to LFG, the need for proper treatment of tense and aspect is more general.
In this section, I motivate the ParTMA annotation scheme inside and outside
of the LFG framework. In the process, I elaborate on some of the issues
mentioned in the discussion of the three primary influences of this thesis,
namely, the tension between form and meaning when encoding linguistic
information as features. In my opinion, this point is explained best based
on LFG’s form-to-meaning mapping. Thus, I discuss the need for different
layers of linguistic annotation in general and the need for a separate semantic
annotation of linguistic features specifically. More concretely, the goal is
to motivate a separate semantic feature structure that is independent of
LFG’s f-structure, but that can be connected to it via semantic mapping
rules. Importantly, however, it can also be integrated into different pipelines.
Le., it is not assembled relative to some other structure (e.g., f-structure is
assembled relative to c-structure), but rather is a template filled out by given
syntax/semantics mapping.

The next part of this section explains the exact makeup of the semantic
structure I propose for tense and aspect semantics. It is inspired by Reichen-
bach’s (1947) approach to handling tense and aspect, briefly introduced in
section 2.6.1. As I show in section 2.6.5, Reichenbach is often implemented
following a hierarchical structure. By combining this structure with insights
from LFG’s treatment of semantics, I can propose a modular encoding of
tense and aspect represented via a feature structure while preserving the
hierarchical structure in the underlying semantics. The arguments for this
are summarized in section 2.6.6.

Finally, section 2.5.2 explains how the syntax/semantics interface is envisioned
based on insights that have been gained from the previous discussion. As
proposed in the introduction to this thesis, I propose a layered system that uses

various annotation tiers that roughly correspond to structurally, semantically,
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and pragmatically entailed meanings.

2.5.1 The tension between, structure, function, and meaning

The first main point is to clarify the role of functional features with respect
to the surface structure and the semantic interpretation, which has been
left open in the discussion of lexical functional syntax relying only on the
basic assumption that functional features inform semantic analysis. The
second point is to establish the semantics developed in this thesis such that
they are usable within the projection structure of LFG but are also usable
independently for researchers interested in the research of tense and aspect
more generally.

In accordance with the philosophy of LFG, we can assume (at least) three
distinct levels of features: structural features, functional features, and mean-
ing features. Example (29) illustrates the intuitive distinction between a
structural feature and a meaning feature. A structural feature can be under-
stood as a function providing a surface form given a particular PRED value.””
A semantic feature is a feature that corresponds to a (partial) semantic
representation here encoded in terms of a lambda expression(i.e., also a
function). In the simple example in (29b), the semantics of leave correspond
to a function that describes a time interval during which a leaving event
takes place. The past feature corresponds to a function that locates this time
interval in the past with respect to the speech time encoded as ty via the

precedence relation.?’

(29) a. leave + past — left

leave +  past
Atleave(t) + AP3t[t <toAP(t)] — 3t[t < to Aleave(t)]

We have seen that LFG’s functional structure is situated between surface

290f course, the example is simplified and designed so that it ignores other features that
affect the surface form, such as person and number, as well as features that ensure proper
agreement between verb and subject.

30The semantics is also responsible for ensuring that the correct semantic expressions
combine in the right order. However, this is not relevant to the present argument and
remains implied at this point.
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form and meaning, but what is the exact role of a functional feature? In the
literature, the functional feature in LFG is expected to be able to do both
form and meaning. On the one hand, generating a surface form string for
any f-structure should be possible given the grammar that produced it. On
the other hand, functional features should inform the semantic analysis, i.e.,
give rise to semantic representations (Butt et al., 1999).

In the following paragraphs, I discuss the idea of semantic features. Functional
features are semantic features in that they inform semantic interpretation,
but they are not purely semantic. Consider the present tense in German.
The German language forms an opposition between inflectional past tense
and inflectional present tense. However, in the semantic domain, the present
tense seems to express non-pastness rather than present temporal reference.
The examples in (30) illustrate this by combining past and present tense with

compatible temporal modifiers.

”

(30) a. Peter besuch-t (*gestern/jetzt/morgen)  seine Mutter.
Peter visit-PRES (yesterday/now/tomorrow) his mother

‘Peter is visiting/will visit his mother’

b. Peter besuch-te (gestern/*jetzt/*morgen) seine Mutter.
Peter visit-PAST (yesterday/now/tomorrow) his mother
‘Peter is visiting/will visit his mother’

German

On the morpho-syntactic side it makes sense to distinguish between (30a)
and (30b) as values of the same feature since the surface structure for the
verb varies accordingly. However, semantically, the present tense feature is
less precise. Of course, we could rename the feature to accommodate these
insights, but this solution is not always available. Again, German serves as an
example. Lobner (2002) argues that the German present perfect is ambiguous
between a semantic past tense (see (31) and an aspectual interpretation,
allowing for a non-past interpretation of the present tense auxiliary in the

perfect construction. This is illustrated in examples (32a) and (32h).
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(31) Peter hat mich gestern  angerufen.
Peter have.PRES me yesterday call.PSTPTCP

‘Peter called me yesterday.’

(32) a. Ruf mich, sobald der Computer abgestiirzt ist.
call me as soon as the computer crash.PSTPTCP is

‘Call me as soon as the computer will have crashed.’
(Lobner, 2002)
b. Ruf mich, sobald der Computer die Datei
Call me, as soon as the computer the file

heruntergeladen  hat.
download.PSTPTCP have.PRES

‘Call me as soon as the computer has downloaded the file.’

Consequently, the functional feature of present tense can occur in the context
of past, present, and future temporal reference given appropriate syntactic
and semantic contexts. Thus, the problem of functional vs. semantic features
is not only an issue of appropriate naming conventions but rather one of
providing the exact interpretations for different configurations of functional
features. This is precisely the goal of this thesis: to provide a system for
exploring tense/aspect features not only as certain forms of verb (phrases)

but rather as features sensitive to their syntactic and semantic context.

2.5.2 The syntax/semantic interface

The purpose of the syntax/semantics interface is to relax the tension between
form and meaning, resulting in a more adequate representation of tense/aspect
categories that is applicable cross-linguistically. For this modularization to be
successful, a good mapping from one module to the other has to be specified,
as has been established by the highly-modular LFG framework.

Inspired by LFG’s overall architecture, the ParTMA annotation scheme
proposes a syntax/semantics interface that can be understood as a cor-
respondence function between a structural representation and a meaning
representation. I.e., for every semantic annotation, there should be a mor-

phosyntactic annotation that accompanies it. Furthermore, there should be a
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module that creates associations between a given morphosyntactic structure
and a given semantic annotation. In this thesis, this module is covered by a
rule-based system to illustrate the initial generation of resources. However,
given enough resources, such a module could be implemented in terms of a
machine learning pipeline that takes a morphosyntactic annotation as input
and outputs a semantic annotation structure. This is left for future work.
The rule-based system mentioned above is inspired by works in computa-
tional semantics conducted with the XLE, e.g., Bobrow et al. (2007), Crouch
(2005), and Crouch and King (2006). These systems make use of XLE’s
transfer component to derive semantic representations. The transfer com-
ponent provides a platform for so-called description-by-analysi approaches
to generating semantic representations. This approach was first pursued
in Halvorsen (1983) and has since been explored in various works within
the computational and theoretical LFG community (Andrews, 2008, 2009,
2010; Bobrow et al., 2007; Crouch, 2005; Crouch and King, 2006). The
idea behind description-by-analysis is simple: an input structure is analyzed
and translated into a semantic structure based on this analysis. For this,
(generally) two kinds of methods exist: destructive methods (Bobrow et al.,
2007; Crouch, 2005; Crouch and King, 2006) and non-destructive methods
(Andrews, 2008, 2009, 2010). In the former, the input structure is destroyed,
whereas, in the latter, the input structure is preserved.

The system presented in this thesis preserves the input structure but crucially
uses recursive rules to develop multiple layers of analysis for a given input.
This allows the system to implement a syntax/semantics interface with
different levels of granularity in the rule-based approach. These levels are
called tiers throughout this thesis. Tier 0 is provided by the syntactic input,
Tier 1 comprises features that are generated directly from the morphosyntactic
input, and Tier 2 contains features that are generated on the basis of the
syntactic AND semantic context, i.e., rules that combine Tier 0 and Tier
1 (and potentially Tier 2 due to the recursive nature of the rules) features
to generate a new feature. As example (33) shows, the syntax/semantics
interface refines the foundational idea of LFG to decompose the form-to-

meaning mapping. I have already suggested in this section that f-structure
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features are not strictly morphosyntactic in nature. Thus, when considering
LFG as input, the analyses have to be evaluated concerning the question
of whether they correspond to a tier 0 feature or a tier 1 feature. This is
not necessary from a practical perspective, but it clarifies the generalizations

concerning the syntax/semantics interface made by the corresponding rules.

(33) Tier 0 Tier 1 Tier 2

Form = Meaning

It should be noted that there is no requirement for any feature to be evaluated
at a higher level than Tier 1. Tier 1 corresponds to the default semantic
interpretation of a feature, and it is thus by no means a necessity to further
process it. This means that the ParTMA annotation template ultimately
consists of the accumulation of the most specific feature from the various
tiers for each attribute. In general, the further right in the diagram in (33),
the more precise a feature is. In other words, the correspondence function
between syntactic input and semantic output is decomposed into multiple
tiers that ultimately all contribute to the same semantic structure.

One could consider a third tier, Tier 3, that enriches a ParTMA template
with pragmatic information. I will entertain this idea at different stages of
this thesis, but this thesis will not provide a fully fleshed-out formalism for
this potential third, pragmatic tier. In this thesis, I focus mainly on purely

semantic issues and issues at the interface of syntax and semantics.
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2.6 Semantics in the ParTMA annotation scheme

The gist of the proposal in this thesis is simple so far: define semantic features
whose values rely on their syntactic and semantic context. As the previous
section explains, these features are determined via rewrite rules that populate
a semantic feature template. Finally, formal semantics are used to validate
the semantic annotations by generating semantic representations based on
them. The remainder of this section serves to introduce the basic formal
concepts of tense/aspect semantics and their role in the ParTMA annotation
scheme. The following section is concerned with explaining tense and aspect

from the perspective of temporal semantics.

2.6.1 The semantics of tense/aspect forms

In this thesis, I use (and have been using) the term temporal reference to
describe the temporal semantic contribution of tense/aspect forms. Temporal
reference has been explored formally in the domain of temporal logic at least
since (Prior, 1962). However, an older, more descriptive work serves as the
main influence for developing modern formal semantic accounts of temporal
reference (Tonhauser, 2015). As already pointed out before, Reichenbach’s
(1947) approach to encoding the semantics of tense and aspect is integral
to the work presented in this thesis. In general, tense/aspect annotation
follows a common trend, namely, following the well-known system proposed
by Reichenbach (1947) and its successors (as mentioned before, most famously
Klein (1994)). This trend exists for a good reason. As Steedman (1997) bluntly
puts it: “there [often] is one early modern piece of insightful descriptive work
which most theories build upon, and which those who ignore seem doomed to
reconstruct.” Thus, this thesis focuses on relating current formal approaches
to tense/aspect forms to Reichenbach’s insights.

Reichenbach classifies simple and complex tense/aspect forms as tenses. The
distinction between simple and complex here refers to the distinction between

simple tenses (e.g., simple past) and compound forms such as the past
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perfect.?! He proposed to use three distinct temporal variables to account
for different tense/aspect forms: the evaluation or speech time S, which
generally denotes the point of utterance, the reference time R, which provides
a temporal perspective from which the event is perceived, and the event time
E, i.e., the time during which the event takes place, or a state holds. In
his preliminary work, Reichenbach (1947), he maps relations between these
three time points onto specific tense-aspect forms. Consider the following

constellations as representations of well-known tenses:

(34) simple past: E-R S
simple present: S-E-R
simple future: S E-R
perfect: E SR
past perfect: E R S

Simple past tense holds if the reference time and the event time coincide both
preceding the speech time. In the case of a present tense interpretation, all
three variables, S-E-R, coincide temporally. Future tense meaning is achieved
by allocating the compound of E-R after the speech time. These three tenses
do not necessarily warrant the existence of R. However, Reichenbach (1947)
treats the English perfect constructions as tenses as well. The reference time
is crucial to model them in his framework. This is in particular shown by
the past perfect. The past perfect expresses — in this formulation — that a
certain event has happened before a particular point in the more recent past.
Similarly, the relative past future, was going to + infinitive, construction
may be represented as R < F < S.

The system has been considerably refined over the years feeding into the
Neo-Reichenbachian tradition leading to a unified analysis of tense and aspect
in the sense that R and E are independently motivated by both the category
of tense and the category of aspect (Klein, 1994). Here, the role of tense and
aspect is clearly defined: tense relates the reference point R (Klein calls it

topic time) to the evaluation time S, whereas aspect relates the evaluation

31This distinction is fleshed out in more detail in Chapter 3 considering also a cross-
linguistic perspective.
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time to the reference time. This means that Reichenbach’s system encodes
two levels of temporal reference, capturing both the contributions by tense
as well as the contributions made by aspect.

In chapter 3, I introduce a relatively uncontroversial formal semantics for
tense and aspect that combines Reichenbach’s insight with a compositional
system for assembling meaning structures. However, tense and particularly
aspect do not only contribute temporal information. Thus, we need to extend

the semantics further in 4.

2.6.2 The semantics of grammatical aspect

Studies in grammatical and inner aspect have revealed that tense/aspect
semantics incorporate more than just temporal information. This means that
it is not enough to simply map tense/aspect features on a temporal semantics
as proposed by Reichenbach (1947) and (to some extent) by his successors.
The perfective and imperfective aspects, or, more generally, grammatical
aspect does not typically shift the evaluation time relative to the reference
time, other than prospective aspect and perfect aspect mentioned in the
previous section (exemplified in (35)).* Thus, for grammatical aspect, we
need to specify how to interpret the relation described by E-R. While this
relation implies temporal overlap between reference time and evaluation time,

it also contributes to another axis of meaning.

(35) past progressive: E-R S
past + going to future: R E S

This has been shown in particular for imperfective aspect and, more concretely,
progressive aspect that can be seen as a sub-class of imperfective aspect
(Comrie, 1976).

32What precisely this means for classifying such constructions in comparison to the
perfective /imperfective opposition is discussed in detail in chapter 4.

78



CHAPTER 2. BACKGROUND

(36) Aspectual oppositions by Comrie (1976)

Viewpoint

T

Perfective imperfective

TN

Habitual Continuous

RS

Nonprogressive Progressive

In broad strokes, approaches to analyzing the progressive can be divided into
two categories: those that derive the progressive from the non-progressive
form and those that do it the other way round. Arguably, the more popular
approach is to derive the semantics of the progressive from the non-progressive
or perfective semantics (Portner, 2019). For this reason, the progressive non-
progressive distinction serves as a simple way of introducing the differences
between imperfective and perfective aspect more generally.

A second division in formal analyses of the progressive is that between modal
approaches and event structure approaches. The first approach — deriving
the progressive meaning from the non-progressive meaning — is usually taken
by researchers deriving the semantics of aspect from event structure, whereas
the latter approach is supported by researchers who analyze the progressive
as an instance of modality (see Portner 2019 for an overview over both of the
two approaches and possible overlaps; see also Hallman 2009).

This thesis is based on the former approach, which is also in line with much of
the descriptive literature on the progressive. Thus, the most basic observation
about the progressive is still that it provides a partial view of an event based
on the perspective provided by the reference time (Smith, 1991). In the (Neo-
)Reichenbachian tradition, this relation boils to a subset relation between an

eventuality’s reference time and run time (derived via the function 7).

(37) tC 7(e)
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2.6.2.1 A second axis of meaning: existence

Semanticists aim to shed more light on the distinction between progressive
and perfective by explaining the inference pattern called the imperfective
paradox (Dowty, 1977) illustrated in (38). This phenomenon also serves to

explain why the simple analysis in (37) runs into various challenges.

(38) a. John was drawing a circle. /4 John drew a circle.
b. John was pushing a cart. — John pushed a cart.

(39) The chicken was crossing the road (when it got hit by a truck).

The imperfective paradox is concerned with a completeness inference when
applying the progressive to different kinds of eventuality descriptions (Dowty,
1977). When applied to a description that describes an action with a concrete
endpoint, a telic description, then the completion of that eventuality is
not implied. This intuition is most easily recognizable when combining the
progressive with a creation verb such as in (38a), or a motion verb with a
specific goal as in (39). However, when the progressive is applied to an open-
ended process like pushing a cart in (38b without a specific goal and, thus,
a specific endpoint, then the event description is entailed in the progressive
form. Example (39) makes the intuition that no endpoint is necessarily
reached concrete. The progressive can be used even if we actively deny the
existence of the expected result state(Landman, 1992).

Thus, for eventualities with an inherent endpoint, the question is: how do
we know that what we describe as a partial event is, in fact, part of a larger
eventuality that didn’t fully unfold yet? The imperfective paradox above
indicates that we use an expression that leaves open the veridicality of parts
of the event description in the actual world.

In section 2.1.2, I have introduced time intervals and eventualities as primary
building blocks for tense and aspect information. Example (37) reflects this
as well. The intricacies of the progressive are concerned with the question of
whether an eventuality based on an event description is (partially) real (the
modal approach) or whether we map a state onto an event description that

fits our cognitive/perceptual input under it (Ramchand, 2018).
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Analyses of the progressive show that modality, i.e., hypothetical reasoning, is
the potential second axis of meaning covered by grammatical aspect. An early
proposal for a modal analysis of the progressive has been made by Dowty
(1977). Subsequently, modal analyses of the progressive rose to prominence
within the tense and aspect literature, e.g. Arregui et al. (2011), Cipria and
Roberts (2000), Deo (2009, to appear), Landman (1992), and Portner (1998)
competing with an event-based semantics (e.g. Krifka 1998; Parsons 1990;
Szabd 2004).

Ramchand (2018) proposes yet another approach to the semantics of the
progressive. She argues that the progressive does not rely on a modal system
but rather on a system based on identifying state specified via cognitive or
perceptual information of an event property. In other words, this means that
the progressive maps an event description onto a state that is identifiable
with the event. This automatically accounts for the fact that the progressive
coerces an event description into a stative description (De Swart, 1998).
However, this insight is captured in any of the proposals mentioned above
in one way or another. More interestingly, theories of imperfective and
progressive aspect deal with the question of to what extent an eventuality
exists in the real world.

In Chapter 4, I introduce a semantics that is mechanically similar to the
modal approach but which crucially uses event structure to derive the entail-
ments imposed by the imperfective paradox. As this suggests, the approach
presented here is similar to Hallman (2009) approach, which also combines an
event structure and modal approach. However, the reasoning for this choice
is somewhat different. As it turns out, this choice makes the semantics more
expressive from a computational perspective for which hypothetical reasoning
by virtue of a modal semantics is untenable.*?

Similar observations can be made for other flavors of imperfective aspect
as well. They are discussed in detail in Chapter 5. The important basic
observations here are that to account for the imperfective paradox, we require

a semantics that allows us to account for the (partial) existence of eventualities

33Gee also section 2.6.4.
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and entities (the semantics of viewpoint aspect) and a semantics that helps
us distinguish different kinds of eventualities, such as actions, processes, and
states (the semantics of lexical or inner aspect). The basics of inner aspect

are discussed in the next section.

2.6.3 The semantics of inner aspect

As the imperfective paradox shows, analyses of the progressive aspect rely
crucially on the semantics below viewpoint aspect (Dowty, 1977; Parsons,
1990; Ramchand, 2018), i.e., the semantics of the verb phrase. The corre-
sponding aspectual features are subsumed under the term lexical or inner
aspect, often also called Aktionsarten, often attributed to Vendler (1957).%*
Section 2.1.2 has already introduced a classification for eventualities based
on Bach (1986). The linguistic tests for the temporal properties of verb
phrases have been coined by Vendler (1957). One of these has already been
discussed in the previous section: compatibility with continuous tenses, i.e.,
the progressive in English. The progressive cannot generally be applied to
states bar some that can dynamically change, as illustrated in the following

example.

(40) a. *John is knowing mathematics.

b. The socks are lying on the bed.

This gives us the first main distinction, namely, that between states and
non-states. However, as the imperfective paradox has illustrated, there must
be more fine-grained distinctions at play. In particular, I have distinguished
between verb phrases that describe an eventuality with an inherent endpoint
like draw a circle and verb phrases that describe an eventuality without
an inherent endpoint, e.g., push a cart. This property of having a natural
endpoint is generally called telicity as proposed by Garey (1957).The most
prominent test for telicity in English has been introduced by Vendler (1957)

and concerns the availability of different temporal modifier phrases for telic

31 According to Filip et al. (2009), Agrell (1908) first coined the term; however, Vendler
(1957) is generally accepted as the basis of the term in modern linguistics.
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and atelic predications. This is illustrated in the following examples.

(41) a. Jamie drew a circle in ten seconds/?for ten seconds.

b. Jordan pushed the cart for an hour/*in an hour.

In (41a), the modifier for ten seconds is infelicitous if the sentence describes a
single complete occurrence of the drawing eventuality.”> On the other hand,
in (41b), the continuation in an hour is completely infelicitous.

As the examples above illustrate, the telicity of a predication does not
necessarily rely on the verb itself — the verb might not specify telicity at
all — but on its arguments, in particular, its theme argument (Dowty, 1991).
Consider the intransitive verb (to) walk. It interacts differently with the
previously introduced test depending on its optional arguments. In example
(42), the existence of a natural endpoint depends on the path described by
the optional argument and the preposition that introduces it (Verkuyl, 1993).
In (42h), the exact path remains unspecified leading to a predication that
does not entail a natural endpoint, whereas the path described in (41a) has a

clear endpoint.*®

(42) a. Sam walked to the store in thirty minutes.
b. Sam walked in the park for thirty minutes.

As Krifka (1998), among others, has shown, the path need not be a literal
path. Different kinds of arguments introduce different kinds of paths. The
important distinction is between non-quantized and quantized arguments
(Krifka, 1998). Dowty (1991) dubs the latter kind of arguments incremental
themes. The idea is that, for a predicate to be telic, the event contributed by
the verb must incrementally affect its theme argument. Thus, each part of

the event affects a different part of the theme. An intuitive test for this is

350ne could imagine the example to be acceptable in a situation where Jamie is drawing
a circle multiple times (either the same or different circles).

36When observing verbs in their intransitive form, it is still possible to distinguish
between telic and atelic forms, e.g., walk is atelic, whereas collapse is telic. Generally,
bare verbs seem to have a disposition towards either telicity or atelicity, but their meaning
varies in the syntactic, semantic, pragmatic, and extra-linguistic context.
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that for the subinterval property (Bennett and Partee, 1978). In (43a), the
allotted time roughly corresponds to the distance travelled. I.e., we would
expect that Sam has only traveled roughly two-thirds of the way after twenty
minutes. Thus, each arbitrarily small interval of the thirty minutes maps onto
a different part of the path to the store, which in turn maps onto a different
sub-event.®” In comparison, in (43b), the path is not incremental. In fact,
Sam could walk the same fifty-meter stretch back and forth for an hour. As
long as she stays in the park, the predication is true. In other words, in (43a),
Sam walked to the store is not true of all its sub-parts, but in (43b), Sam
walked in the park is true of all sufficiently large sub-parts which becomes
apparent by mapping the predication on the given time scale.’® Aside from
this path example, a similar observation can be made for singular indefinites

vs. bare plurals (see (44)).

(43) a. Sam walked to the store in thirty minutes. 4 Sam walked to the

store in twenty minutes.
b. Sam walked in the park for thirty minutes. — Sam walked in the
park for twenty minutes.
(44) a. Jordan ate an apple in five minutes. /4 Jordan ate an apple in
two minutes.

b. Jordan ate apples for five minutes — Jordan ate apples for two

minutes.

For Vendler (1957) the in/for test distinguishes two groups of verbs classes.
The first group consists of states and activities. Other than states, activities

are compatible with the progressive, e.g.:

(45) John was learning for an hour.

37Tt is generally assumed that the progression happens monotonically, but this is not
strictly the case for all eventualities (Croft, 2012).

38 As, e.g., Champollion (2017) points out that properties such as the subinterval property
adhere to certain restrictions on the granularity of the underlying event. If we look for
subevents of the predication (to) walk, at some point, we will reach a level where the
property does not hold anymore. For example, it is not clear if taking one step forward is
already a walking eventuality. However, for the purposes of this thesis, we do not have to
pay particular attention to these fine-grained distinctions.
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However, as supported by the in/for test, activities do not have an inherent
endpoint and can be continued, in principle, indefinitely. thus, eat apples
and walk in the park are also activities. The intuition here is that activities
describe an undirected process.

The second group consists of achievements and accomplishments. Both of
these verb classes have a process component, making them compatible with
the progressive. They are also both telic. l.e., they are compatible with
in-adverbials, but not for-adverbials. The difference between these two verb
classes lies in their duration. Achievements are momentary eventualities
like reach the summit or arrive. Accomplishments, on the other hand, are
protracted events like write a letter or read a book. Both classes are compatible
with in-adverbials. Thus, even momentary events are available for temporal
modification. In other words, they can be used to describe eventualities
that take place over an extended period of time. The difference here can
be diagnosed with a test similar to the subinterval property test. However,
this time the grammatical aspect in the entailed sentence is changed to the
progressive. Thus, if someone wrote a letter, he has been writing that letter at
each point during the eventuality. In comparison, if someone has reached the
summit, then the process of getting to the summit is part of the predication
(the part that can be temporally modified), but only the final part of that

predication describes that the summit has been reached.?’

(46) a. Alex wrote a letter in ten minutes. — Alex was writing a letter

for ten minutes.

b. Alex reached the summit in ten minutes /4 7Alex was reaching

the summit for five minutes.

In summary, inner aspect is determined by the properties of the verb and its
arguments, particularly the theme argument in the sense of (Dowty, 1991).
Table 2.10 summarizes the main distinctions of inner aspect in the tradition

of Vendler (1957). States are distinguished from non-states, a heterogenous

39This last distinction also sheds further light on the progressive, which seems to make a
predication atelic. However, a detailed examination of the interaction between grammatical
and inner aspect is postponed until chapter 4.
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durative change endpoint

state + - -
activity + + -
achievement - + +
accomplishment + + +

Table 2.10: Aktionsart

group consisting of activities, achievements, and accomplishments. These
three verb classes have a process component (change in table 2.10), but only
achievements and accomplishments have an inherent endpoint. Thus, they
are telic. They are distinguished from each other in terms of whether they
are durative. Achievements are momentary, whereas accomplishments are
protracted.

Inner aspect is explored in detail in chapter 4. This includes more fine-grained
distinctions within the English language but also the state of research of
inner aspect cross-linguistically. In fact, we will see that prevalent tests like
the in/for test do not behave consistently across languages in the sense that
they do not allow for the systematic distinction of verb classes according to
grammatical reflexes. Thus, while tense and grammatical aspect already have
a relatively promising foundation for cross-linguistic research, inner aspect

has to be investigated more closely.

2.6.4 Modal semantics

In the previous sections, the basics of grammatical and inner aspect have
been discussed. There, we have seen that inner aspect is defined based on the
verb and its argument(s) and that grammatical aspect interacts differently
with different verb classes. In section 2.6.2.1, I have introduced the idea of
treating imperfective aspect, particularly the progressive, as an instance of
modality. This allows us to cover both the properties of the eventuality and its
arguments that might or might not come into existence under the progressive.
In this section, I describe the semantics of modality more generally to finalize
the ingredients for the semantics of tense and aspect proposed in this thesis.

Modality has played a role in linguistic analyses as early as Lewis (1918)
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when considering the semantics of certain connectives in traditional logic.*’
These early proposals relied on the notion of possibility and necessity. The
traditional building blocks of modal logic.*!

Possibility and necessity are prototypically exemplified by virtue of modal
auxiliaries in (47). Example (47a) expresses the possibility that Jordan visits
her aunt and (47a), conversely, describes the necessity of Jordan visiting
her aunt. Intuitively, possibility and necessity make assertions about actual
and hypothetical situations. Possibility asserts that there is at least one
hypothetical situation (that is presently relevant) in which Jordan would visit
her aunt. Necessity expresses that Jordan visits her aunt in every hypothetical

situation that is presently relevant.*’

(47)  a. Jordan may visit her aunt.

It is possible that May visits her aunt.

Jordan must visit her aunt.

It is necessary for Jordan to visit her aunt.

The distinction between possibility and necessity is called modal force and
only reflects the grammaticalization of modality in English. Other languages
may allow for additional distinctions requiring a more fine-grained system
for determining modal force.*?

The second ingredient of modality is the modal flavor. This property of
modals is not grammaticalized in English. Thus, may is of weak modal force

but can receive various modal flavors. This is exemplified in (48. In (48a),

40 Actually, even before that (see Ballarin 2021), but T take this as the point of entry for
the modern semantics of modality.

41 The basis for modern modal logics has been provided by Kripke (1963, 2014). However,
exploring the formalities in detail goes beyond the scope of this conceptual introduction.

42In this section, I use the term situation colloquially. In modal logic, necessity and
possibility refer to properties of the accessibility relation that holds between elements,
usually possible worlds, in a model (Priest, 2008). Our actual world is one such possible
world, and modal logic presupposes that other such worlds exist. We, then, reason about
possibility and necessity by referring to these possible worlds and their relation to the
actual world.

43For example, more recent advances in modal semantics propose a degree-based anal-
ysis that allows researchers to capture gradual changes in modal force and comparative
differences between modal forces (Kratzer, 2012).
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every passenger is allowed to only bring one piece of hand luggage (though
they are free not to bring any luggage at all). On the other hand, in (48b),
Jordan is not allowed to miss the flight. Rather, the utterance suggests that
the speaker thinks it is possible that Jordan has missed the flight according

to what they know or what evidence they have.

(48) a. Every passenger may bring at most one piece of hand luggage.

b. Jordan may have missed the flight.

Generally, modal flavor is dictated by the context.”* We can make this point
more apparent by looking at more fine-grained distinctions between various
modals. For example, they can be used to express wishes (bouletic modality),
as in (49), belief (doxastic modality), or knowledge (epistemic modality; in
(50)), requirements imposed by some kind of law (deontic modality; in (51)),

or abilities.

John wishes to own a fast car.

49

Jordan believes that Jamie is sick.

50

51) Every citizen has to pay taxes.

(49)
(50)
(51)
(52) Sam is able to open the door.

Regarding example (47a), I claimed that must expresses necessity. However,
this necessity is only one part of the meaning of the modal auxiliary. In fact,
depending on the context, must can cover most of the modal interpretations
mentioned above and more. As Kratzer (2012, Ch. 1) describes, we can
make this explicit by outsourcing the context into an in view of-phrase, for

example:

(53) a. In view of her family duties, Jordan must visit her aunt. deontic

“Example (48) incidentally also shows that modal flavor is also sensitive to the more
immediate syntactic and semantic context. In combination with the perfect in (48b), the
interpretation based on knowledge/evidence seems to be the most sensible choice. In
example (48b), the context favors the permission interpretation but a elaborate (albeit
maybe contrived) context may allow for other interpretations as well.
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b. In view of what I know about her plans, Jordan must visit her

aunt. epistemic

c. In view of Jordan’s love for her aunt, she must visit her aunt.

bouletic

This suggests that at least part of the meaning of must is highly context-
sensitive and leads to ambiguity in many cases since concrete specifications
such as the one in (53) are not the norm in natural language. This apparent
flexibility of modal auxiliaries is further expanded when we look at the
different flavors more closely. To exemplify this, let us look at deontic modals.
They further vary depending on the underlying law. Is it a law of nature, a
law imposed by the government, or just the conventions a family has settled
for? All in all, modal auxiliaries are extremely sensitive to the context in
which they occur.

Furthermore, modality is associated with counterfactual reasoning, which
is often associated with certain conditionals such as the one in (54a), but
counterfactuals, i.e., expressions that describe states-of-affairs that oppose
our view on reality also occur in certain embedding verbs, e.g., wish, see
(54b).

(54) a. If Jordan were sick, she would not be at work.

b. Kim wishes she had a fast car.

Consider (54a) in the context that Jordan is at work. A co-worker claims
that she is sick, but (54a), as a response, denies the truth of this claim. The
antecedent of the conditional is counterfactual: Jordan is not actually sick,
but if she were sick, she would not be at work. The counterfactuality in (54b)
is even more clear. If the embedded proposition that Kim has a fast car were
true, then there would be no need for Kim to have this wish.

Incidentally, in English, counterfactuality is closely related to the past tense.
Although both (54a) and 54b) do not make assertions about past situations
but about hypothetical situations that describe a situation that is untrue
in the actual world. Fleischman (1989) shows that it is not uncommon,

particularly for tenses, to expand their basic meaning to other dimensions.
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Recent research on modality suggests that there exist countless types of
modality that can be fine-tuned in one way or another (Kratzer et al., 1991).
Thus, the kind of modality explained in the previous section is just a small
branch of a big tree. The examples given in this section only cover some
significant categories. However, the main ingredients have been provided:
modal force and modal flavor. They provide a solid basis for discussing modal

semantics in relation to tense and aspect in this thesis.

2.6.5 Tense and aspect in formal semantics

I have provided a descriptive introduction to the semantic categories explored
in this thesis in the previous sections. This section finalizes the introduction
to semantics by touching on some key points in formalizing these categories.
First of all, this thesis follows a typical formal semantic approach assuming
compositionality (Frege et al., 1892) and a truth-conditional semantics in the
Montague tradition (Montague, 1970a,b). However, for the sake of this thesis,
I presuppose an understanding of the underlying ideas and their implications.
Thus, without further ado, I will delve into some concrete assumptions about
the formalization of tense/aspect semantics.

The foundation for a (Neo-)Reichenbachian tense/aspect approach in formal
semantics has been laid out by Kratzer (1998) based on Klein (1994). In
her work, tense and aspect are assumed to apply in a particular order to
descriptions of eventualities. The semantic interpreter I present in this thesis

makes crucial use of this order given in (55).

(55) TP
Tense AspP

N
Aspect VP

In Kratzer (1998) this structure is motivated through functions that select
for different kinds of arguments (e.g., aspect selects for a verb phrase and
tense selects for an aspect phrase). Traditionally, this hierarchy is stipulated

by the syntax as proposed in the Minimalist Program (see Chomsky (1957)).
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Ramchand and Svenonius (2014) argue for the existence of different sources of
ordering in such a functional hierarchy, ranging from syntactic to semantic, as
well as extra-linguistic factors. This approach is pushed further in Ramchand
(2018). No matter which position one subscribes to, the structure given
in (55) serves as the foundation for many formal semantic approaches to
tense/aspect.

The hierarchical approach in (55) stands in contrast to various approaches
that treat tense/aspect information as constraints in a more flat semantic
representation (generally based on DRS-representations; Kamp (1981)), most
prominently the approach presented in Partee (1984) and subsequent work.*”
Similar approaches have also been used for the semantics employed in TimeML
(Bunt, 2010; Bunt and Overbeeke, 2008b), but also within the LFG community,
e.g., Bary and Haug (2011a), Bary and Haug (2011Db), Fry (2005), Haug
(2008), and Lowe (2019), among many others.

These approaches present a salient alternative to the semantics pursued in
this thesis. However, and this is important, they are not strictly incompatible

with the approach presented in this thesis either.*°

Furthermore, although the
theoretical adequacy is still subject to discussion, establishing and following
the tree simplifies the underlying semantics. For example, in a flat structure,
the order of application of semantic features is arbitrary, which leads to much
spurious ambiguity in the semantic composition process (if not accounted
for elsewhere). On the other hand, interpreting the semantics following the
functional hierarchy (to some extent) filters out such ambiguities before they
even arise.

From a purely mechanical standpoint, this thesis does not deviate from the
norm, but Chapter 4 will show how to implement viewpoint aspect and inner
aspect in a self-contained way, expanding on Zymla (2019). The idea roughly

follows Ramchand (2018) in that the progressive is explained as taking an

4*Note, that an DRS approach does not necessarily imply a flat tense/aspect structure.
For example, De Swart (1998, 2000) implement Progressive aspect as a scope-taking
operator.

46By this, I mean that the approach presented here can produce the same semantic
representations as those proposed by the cited work, although the process (i.e., the semantic
composition) by which the present system gets there may be different.
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atemporal event description dictated by cause and effect (Ramchand, 2008) as
argument and realizing only the part of if that matches the truth conditions
an event description marked with the progressive. As shown in Chapter 4,
this approach allows us to capture the insights provided by modal analyses
of the imperfective using a modal part-of relation (Arregui, 2005; Arregui

et al., 2011) while also preserving ideas from event-based approaches.

2.6.6 A flat representation of the tense/aspect hierarchy

For the semantics, similar to the TimeML annotation scheme, I distinguish
between an annotation in terms of semantic features (the syntax) and a
corresponding interpretation (the semantics of the annotation scheme). The
syntax is encoded in terms of an attribute/value matrix similar to LFG’s f-
structure. This structure is supplied with a concrete (and complete) semantic
interpretation. For the sake of this thesis, I focus on simple first-order logic
representations that are derived compositionally from the building blocks of
the ParTMA annotation scheme. This means concretely that each annotated
attribute/value pair in the ParTMA annotation scheme “fills a hole” in the
compositional framework that underlies the ParTMA template. The feature
space of this template is presented in Figure 2.16.

The feature space is divided into three main categories: TEMP-REF, VIEWPOINT,
and LEX-ASP. Each of these categories has an independent internal structure
and feature space that is motivated in chapters 3, 4, and 5 of this thesis
(theoretically in chapters 3 and 4, and practically in chapter 5). Although the
structures can be annotated independently, ultimately, the subtleties encoded
in tense/aspect semantics arise from the interaction of these categories. This
part is covered by the “backend” of the annotation scheme, i.e., a semantic
interpretation component that, as the name suggests, serves as the interpreter
of a given annotated ParTMA structure. This interpreter follows the hierarchy
specified in the previous section based on the Reichenbachian tense system

and its implementation in formal semantics.
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[class ::= ’event’ | 'process’ | ’state’ | 'unspec’
extent ::= 'mom’ | 'dur’
I init ::= fid’ l
initP . .
m |:1-subJ = ’ﬁd’}
P |:proc n=fd’ ]
proc .
LEX-ASP p-subj ::= "fid’
FPS P res ::= 'fid’
res .
r-subj ::= fid’
head ::= 'fid’
) on’ | )
rheme |type ::= ’location’ | 'path’ |
’i-theme’ | 'unspec’
[t-ref ::= ’past’ | 'present’ | *future’ |
TEMP-REF ‘non-past’ | ’.non—pr.esent7 | "unspec’
t-restr ::= ’immediate’ | 'recent’ | 'non-recent’
|eval ::= "fid’
_aspect ::= "perfective’ | imperfective’
VIEWPOINT |restr ::= ’'progressive’ | "habitual’ | ’ongoing’ |
’terminated’ | ’culminated’

Figure 2.16: ParTMA eventuality template

In sum, this thesis follows the steps down the functional hierarchy presented
in (55). This means that the temporal node is discussed in the next chapter,
whereas both grammatical and inner aspect are discussed in 4. By the end
of this journey, we will arrive at a formally and theoretically sound, cross-
linguistically viable representation of tense and aspect. The computational
needs of these semantics are catered to in chapter 5. There, a computationally
viable compositional framework for the tense/aspect semantics developed
in this thesis is described. This system uses two layers of interpretation 1)
linguistic rewriting and ii) Glue semantics. Attaching the formal semantics to
a Glue semantics framework allows me to preserve the insights gained from
the formal literature on tense/aspect while providing sufficient flexibility to
work with a flat feature structure as input that has been motivated in this

section.
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2.7 Summary

This section has set up the stage for the following chapters. This was
achieved by presenting several computational linguistic approaches to en-
coding tense/aspect information at a syntactic, semantic, and intermediate
level, namely, TimeML, UD, and LFG. Through this, I have set up one of
the main topics of this paper, namely, the tension between the syntactic
and semantic encoding of tense and aspect in its current computational
treatments. TimeML has established that semantic features should be backed
by a concrete semantic framework within an annotation scheme. Such a
semantic framework has neither been developed for UD nor computational
LFG, as represented by the ParGram project. On the other hand, TimeML
ignores the intricacies that arise from the interaction of tense/aspect with
the surrounding morphosyntactic, semantic, and pragmatic context. This
thesis remedies this by combining the two syntactic frameworks described
in this section with a concrete semantics. The semantics is represented in
terms of an attribute-value matrix that encodes a well-established formal
framework for tense/aspect semantics. Although the resulting structure can
be, in principle, annotated as a stand-alone semantic object, putting it on
top of a syntactic analysis allows me to implement the syntax, semantics,
and the interface between the two clearly and concisely that is grounded in
formal linguistic research.

In the following two chapters, I establish a detailed semantics for tense
(chapter 3) and aspect, including both grammatical and lexical aspect (chapter
4) and a syntax/semantics interface that explains the relation between syntax
and semantics. Finally, in chapter 5, I present a concrete implementation
of this system based on the groundwork that I laid out in this chapter and
the more detailed exploration of the categories of tense and aspect in the

following chapters.
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Chapter 3

The annotation of temporal

reference

[...]when the Rabbit actually took a watch out of its waistcoat-pocket, and
looked at it, and then hurried on, Alice started to her feet, for it flashed
across her mind that she had never before seen a rabbit with either a
waistcoat-pocket, or a watch to take out of it, and burning with curiosity,

she ran across the field after it.

Lewis Caroll, Alice in Wonderland

This chapter and the following chapter describe the development of the
ParTMA annotation scheme for tense and aspect. The main goal of this
chapter is to explore the semantic property of temporal reference. As already
shown in the previous chapter, this semantic property relates two distinct
time points or intervals provided in the context of evaluating an utterance, i.e.,
evaluation time(S), reference time(R), and eventuality time(E) (Reichenbach,
1947). There generally exist two types of categories that are relevant for
temporal reference: those that relate the evaluation time and reference
time (the classic tenses primarily examined in this chapter) and those that

determine the relation between reference time and eventuality time.'

I The relation between the time of evaluation and the eventuality time naturally emerges
from these two relations.
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Tenses are the prototypical category associated with temporal reference. In
the absence of aspectual modifiers, tenses are usually sufficient to temporally
locate R and E since they overlap in this case. This is illustrated in (1),

where the content described by the verb is situated in the past.

(1) The people kill-ed  the king.
kill-pAST

The second type of category relevant for determining temporal reference is
usually seen as a subset of aspectual categories. As I will explain in section
3.1.6, aspectual categories form a less homogenous group than tenses. We
can distinguish between categories that specify overlap between R and E,
generally instances of grammatical aspect, and categories where there is no
overlap between R and E. Examples of this are the perfect construction
and prospective aspect, as illustrated in (2). The dashed lines describe the
contribution of the past tense in both instances and the unbroken lines encode

the contribution of the aspectual category.

(2) a. Jamie had finish-ed his paper.
have.PAST finish-PSTPTCP
Temporal progression diagram:

—  finish his paper — R — S —>

b. Sam was going to visit her aunt.
be.PAST PROSP  Visit.INF
Temporal progression diagram:

— R — wisit her aunt — S —>

In this chapter, I primarily discuss this second type of aspectual categories.
Grammatical aspect and inner or lexical aspect are discussed in chapter 4.
This is due to the fact that grammatical and inner aspect are not explicit
temporal ordering relators but rather invite certain inferences concerning
temporal reference (this is elaborated upon in section 3.1.6). For the reminder
of this thesis, I call aspectual categories that introduce explicit temporal

ordering aspectual tenses.
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Temporal reference encompasses at least three different meanings: anteriority,
simultaneity, and posteriority relative to some temporal anchor, usually
the speech/evaluation time, often also called deictic center (Comrie, 1985).
However, temporal reference also emerges in terms of meanings such as non-
future, non-past, or non-present, which can be understood as combinations of
the three basic meanings attributed to tense. For example, non-future then
means that the respective time interval is either simultaneous to the now
or precedes it (or both).” Temporal reference encompasses the often-used
term semantic tense (semantic tense is temporal reference contributed by
a morphosyntactic tense feature; Von Stechow 2009). However, as we will
see in this chapter, temporal reference is not always handled by tense (or by
tense alone). From a cross-linguistic perspective, the strategies vary heavily
both on a syntactic and semantic level. Thus, the category of tense only
serves as a stepping stone to understanding the broader semantic category of
temporal reference, which also includes aspectual tenses, grammatical aspect,
mood markers, and the context.

This chapter is structured as follows: First, I provide a descriptive overview
of the morphosyntactic and semantic properties of tense and other categories
that affect temporal reference in section 3.1 on a descriptive level. Then, I
explain how these properties have affected the formation of formal theories
describing the structural and meaning features of tense/aspect categories
in section 3.2. This, ultimately, leads to a formal semantics for temporal
reference. Exploring the formal tools used to describe tense and aspect
in form and meaning provides the backbone of the annotation developed
for the category. The annotation scheme consists of two components: a
syntax/semantics mapping and a template for semantic annotation grounded

in formal semantic research. This is explained in detail in section 3.4.

2In general, the treatment of temporal reference in formal semantics can be traced
back to (at least) Prior’s (1962) temporal logic. However, as mentioned in the previous
chapter, the most influential framework is that of Reichenbach (1947) and its successors.
As discussed in the previous chapter, computational approaches have, furthermore, been
influenced by (Allen, 1990) and refer to more general temporal relations going beyond
those expressed in tense and aspect.
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3.1 Tense/aspect descriptively

The default grammatical device for encoding temporal reference in many
languages is the category of tense. It is, thus, crucial to understand this
category before extending the understanding of temporal reference proposed
in this thesis to other categories. In this section, I provide a systematic
introduction to the structural variation of linguistic elements called tenses.
First, it is important to declare what I understand to be an instance of tense:
Early works such as Reichenbach (1947) understand tenses as all possible
structural variations of the form of the verb affecting temporal interpretation,
thus, including both temporal and aspectual markers. This means present
perfect and past perfect are tenses just as the simple present or the simple
past. However, more recently, tense categories and aspect categories are
analyzed more modularly (Comrie, 1976). Thus, following Comrie (1985),
tense categories are those categories that temporally relate the semantic
content of a linguistic expression with some point of evaluation (usually, but
not necessarily, the time of speaking).

Consequently, I use the terms tense and aspect roughly as proposed by
Comrie in the previously cited works. This means that tenses in the sense
of Reichenbach (1947), let’s call them compound tenses, can be decomposed
into building blocks contributing tense information and building blocks that
provide aspectual information. To avoid confusion, I call compound tenses
tense/aspect forms, distinguishing between simple and complex tense/aspect
forms. The simple past (V+ed) in English is a simple tense/aspect form,
since it cannot be (morphosyntactically) decomposed into a tense and an
aspect component. On the other hand, the past progressive (be+Past V+ing)
is a complex tense/aspect form, since it can be decomposed into past and
be V+ing.> Thus, combinability also plays an essential role in understanding
the structural properties of tense (and aspect) categories.

Before diving in to concrete examples, one last point is wort mentioning;:

3Note that this is also the approach that has generally been pursued in the annotation
schemes presented in the previous chapter.
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simple tense/aspect forms may still contribute complex meanings, i.e., both
temporal and aspectual meanings. In such a case, I point out the existence of
additional semantic properties beyond temporal reference but a more exact
description of these additional properties is postponed to the next chapter, or
left for future work. Generally, it is crucial to distinguish between structural
and meaning features associated with tense and aspect as already highlighted

in the background chapter.

3.1.1 The core structural properties of tense/aspect forms

Extensive typological studies on tense and aspect systems such as the one
conducted by Dahl (1985) show that tense varies heavily concerning its
structural properties. In fact, tense can be encoded in various forms on the
continuum of structural representation that reaches from lexical expressions
to syntactic and morphological expressions (Bybee and Dahl, 1989).

Following Dahl (1985) and Bybee (1985), I consider three main distinc-
tions with respect to tense/aspect morphosyntax: inflectional categories,
periphrastic categories, and derivational categories. As proposed in Bybee
and Dahl (1989), only the former two are considered as structural exponents
of the category of tense (encompassing past, present, and future-oriented
tenses). In addition, to this distinction, zero-marked tenses are also consid-
ered ((Bybee, 1994); see Johannsdottir and Matthewson (2008) and Reis Silva
and Matthewson (2007) for concrete examples).* Although the future tense
is often periphrastic in Germanic languages, more generally, the distribution
between periphrastic future tenses and inflectional future tenses seems to even
out cross-linguistically (Bybee and Dahl, 1989). Derivational morphology

plays a role in chapter 4 since it is associated with aspectual properties (as,

1Bybee (1985), Bybee and Dahl (1989), and Dahl (1985) argue that certain meanings
gravitate towards certain modes of expression. This is further supported by early work
in the semantics of tense and aspect, for example, in Comrie (1976, 1985). An example
of this would be that the past tense is prototypically encoded in terms of an inflectional
category. On the other hand, temporal aspectual categories (aspectual tenses) like the
perfect or the progressive are more likely to be expressed periphrastically. (I tentatively
use the the term temporal aspectual category for the perfect and progressive since they
bundle temporal reference with additional aspectual features (Portner, 2019).)
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for example, observable in many Slavic languages (Dahl, 1985)).

In tense/aspect systems, several different structural devices are often used
to cover the full spectrum of different meanings associated with both tense
and aspect categories. Thus, it is rarely possible to say that a category is an
inflectional category in some language. For example, in the case of tense, it
is usually necessary to describe past, present, and future tense independently.

This is the approach that I take for the reminder of this chapter.

3.1.2 Inflectional and periphrastic tenses

The most commonly researched instances of the category of tense are probably
found in the Germanic tense systems represented, for example, in terms of
the languages German and English. Tense marking is obligatory and part of
the inflectional system of these languages; furthermore, as pointed out in the
previous chapter, it plays a crucial role in determining finiteness. Example

(3) shows the dedicated past tense forms in English and German.’

(3) a. The people kill-ed the king.
b. Das Volk tote-te den Konig
the people kill-PAST the king
‘The people killed the king’ German

Inflectional tenses may carry specific references to past, present, or future
but, in some cases, also express less specific meanings such as non-past or
non-future. For example, the German past tense and present tense form
a paradigm that is complementarily distributed among past and non-past

contexts (exemplified in (4).

a. Peter besuch-t gestern/jetzt /morgen seine Mutter.
4 Peter b h * jet ine Mut
Peter visit-PRES (yesterday/now/tomorrow) his mother

‘Peter is visiting/will visit his mother’

SInflectional paradigms usually have irregular forms. In this thesis, I try to rely on
regular forms whenever possible to avoid confusion in the structural domain. See Bybee
(1995) for an overview of the apparent non-difference between regular and irregular forms.
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b. Peter besuch-te (gestern/*jetzt/*morgen) seine Mutter.
Peter visit-PAST (yesterday/now/tomorrow) his mother

‘Peter is visiting/will visit his mother’

German

In addition, there exists a periphrastic form in German that can be used for
future temporal reference. However, Comrie (1985) describes these auxiliary
future forms in German and other European languages as secondary at best
(p. 49). He elaborates on this by explaining that these forms are merely used
to counteract the vagueness of present tense, which belongs to the primarily
grammaticalized tenses. The German future tense is illustrated in example
(5). Thus, in Comrie’s (1985) view, German can be seen as a language that
exemplifies a past/non-past distinction at the level of tense but possesses
additional means of encoding future temporal reference.

According to Ehrich (1987), the wird + V.INF future tense form provides an
alternative rather than a secondary form. She claims that the future tense
may always be used, but it competes with the present tense and temporal
adverbs. The approach in this thesis supports this insight: temporal reference
may be expressed in several ways and is influenced by grammatical and
inner aspect (see Chapter 4), as well as temporal modification (i.e., temporal

adverbs) and the context.”

(5) a. Das Volk wird den Koénig téten
The people be.FUT the king Kkill.INF

‘The people will kill the king’ German

In contrast, English is more strict in this regard. Although it is not entirely
impossible to express future time reference in English using the present
tense, it is usually restricted to present time reference except in particular
contexts (Comrie, 1985). Despite the variation in tense systems, there is little

controversy in the literature about how these obligatory inflectional tenses

5Note, however, that the present annotation scheme makes no claims about any psy-
cholinguistic realities. The distinction between structural and meaning features advocated
for in this thesis is focused on descriptive accuracy and computational viability.
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are to be interpreted, namely, as overt instances of temporal reference, as
specified in the introduction to this chapter.

Inflectional tense forms in Germanic languages are outsourced to an auxiliary
in complex tense/aspect forms, as illustrated for English in (6). As shown
there, inflectional tense applies to the outermost aspectual auxiliary. In
comparison, the future in English (and the periphrastic future in German) is
applied externally to the aspectual modification as is presented in (7). Thus,

we can further distinguish inflectional tenses from periphrastic tense forms.”

(6) a. John visit-ed his mother. past
b. John ha-s visited his mother. present -+ past participle
c. John ha-d wisited his mother. past + past participle
d. John is wvisiting his mother. present + present participle
e. John was wvisiting his mother. past + present participle

f. John has/d been visiting his mother.
pres/past + past participle + present participle

(7) a. John will visit his mother. future
b. John will have visited his mother. future + perfect
c. John will be wisiting his mother. future + progressive

d. John will have been visiting his mother.

future + perfect + progressive

However, the distinction between aspect and tense auxiliary is not always as
clear when considering a cross-linguistic perspective. Recall example (8). In
German, especially in southern German dialects, most uses of the past tense
have been replaced by present perfect constructions (Musan, 2002). Thus, an
alternative (and more contemporary) way of expressing the statement in (3b)

would be:

"Abusch (1998) argues that future temporal reference is still marked inflectionally in
English and German. However, rather than applying to an aspectual auxiliary, future tense
applies to a (presumably) modal auxiliary. I do not discuss this distinction any further in
the scope of this thesis.
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(8) Das Volk hat den Konig getotet.
the people have-PRES the king kill.PSTPTCP

‘The people killed the king’ German

Although the present perfect can be used to express simple past time reference
in German, it nonetheless retains its aspectual interpretation in specific
contexts. Thus, it can be argued that the German perfect is ambiguous
between a tense-like interpretation and an aspectual interpretation (Lébner,
2002). This becomes apparent in examples where the present tense contributes
a future-oriented interpretation. In (9), the present tense and the perfect
construction make independent contributions to the interpretation of the
clause. This stands in contrast to example (8), where tense and aspect together
elicit a past temporal reference interpretation. The temporal contribution of
perfect aspect is discussed in section 3.2. Further aspectual properties are

discussed in chapter 4.

(9) Future perfect
a. Ruf mich, sobald der Computer abgestiirzt ist.
call me as soon as the computer crash.PSTPTCP is
‘Call me as soon as the computer will have crashed.’
(Lobner, 2002)

German

Similar effects can be observed more transparently in the Romance language
family (see, e.g., Abeillé and Godard 2002; Giorgi and Pianesi 1997). In
these languages, there often exist multiple past tense forms, some of which

are periphrastic tense forms as shown in (10) for French.

(10) Les gens ont tué le roi
The people have.3.PL kill. PSTPTCP the king
‘The people killed the king.’ French

There, the respective construction, called passé composé is also ambiguous

between an aspectual and a temporal interpretation.® As for German, this

8The emergence of periphrastic (past) tense forms can, at least in some cases, be
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can be shown by combining the passé composé with future temporal refer-
ence. In the case of French, this is provided by an inflectional future tense
form which applies to the auxiliary. Thus, temporal reference is provided
by the inflectional marking on the auxiliary and the aspectual meaning is
contributed by the combination of an auxiliary and a past participle. The
French inflectional future tense and the corresponding future perfect are

shown in (11a) and (11a) respectively.

(11) a. Le conducteur tourne-ra le levier
The conductor turn-FUT the lever

‘The conductor will turn the lever’
b. Le conducteur au-ra tourn-é¢  le levier
The conductor have-FUT turn-PAST the lever
‘The driver will have turned the lever’ French
(Butt et al., 1996)

Generally, these examples show that inflectional tense forms apply to the
main verb. However, in the case of aspectual modification, the tense marking
moves to the auxiliary, or even out of the scope of the aspectual auxiliaries

(as shown for the English future tense form will + V).

3.1.3 Non-obligatory tenses

Aside from tense systems that form a paradigm consisting of both periphrastic
and inflectional tenses, non-obligatory tense languages exist. There, tense is
not required to form a full clause. One such example is Urdu, where the past
tense can either be expressed explicitly in terms of a periphrastic construction
with the past form of the auxiliary verb be (similarly for present and future
tense) or by the meaning of anteriority that is (non-obligatorily) carried

by the perfective marker (see (12a); temporal reference of the perfective

attributed to a difference in their diachronic development (see Squartini and Bertinetto
(2000) for an overview). There, the distinction between perfect, perfective, and past tense
plays a crucial role (Condoravdi and Deo, 2008). The German language also may be
in the process of developing from perfect to past tense, considering it is frequently used
interchangeably with the simple past in many contexts (Musan, 2002).

104



CHAPTER 3. THE ANNOTATION OF TEMPORAL REFERENCE

is further discussed in section 3.1.6.1). Another example is given in (12b).
There the perfective marker occurs in a simple main verb rather than a

complex predicate, showing that the perfective marker is a proper inflectional

category.
(12) a. logo=ne badfah=ko mar dala.
people.PL=ERGC king.M.SG=ACC kill put.PAST.M.SG
‘People killed the king.’
b. ondzuvm adz. subah  skul tfal-i.
Anjum.F.SG.NOM today morning school.SG.LOC walk-PRV.F.SG
‘Anjum walked /went to school this morning.’
(Butt and Rizvi, 2010)
Urdu
(13) a. ondzum=ne odnan=ko deka
Anjum.F.SG=ERG Adnan.M.SG=ACC see-PRV.M.SG
tha.
be.PAST.M.SG
‘Anjum had seen Adnan’
b. bitftfPu par korne=ka toriqa  d"und.
scorpion.SG.NOM other-side do.INF.OBL=GEN method search
roha gha dzob vs=ne opne piffe ek

PROG be.PAST.M.SG when 3.SG=ERG Gen.REFLX behind one
médok=ko dek"a.

frog.SG.ACC see.PRV

‘The scorpion was looking for a way to cross, when he noticed a
frog behind him.’

Urdu

Similarly to German, the auxiliary construction can be used to express perfect
readings, as shown in (13a) from Butt and Rizvi (2010). Furthermore, as
shown in the first clause of (13b), the past auxiliary is used to modify aspectual
constructions such as the progressive temporally. In general, there is a much
richer variation concerning the morphosyntax of the modified (complex) verb.

For example, the auxiliary can combine with a verbal noun to express a recent
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event. This is illustrated in Butt and Rizvi’s (2010) example, taken from
Glassman (1983).

(14) dzeb doktor sahob bol-ne=ko the
when doctor sahab.M.NOM speak-INF.OBL=ACC be.PAST-M.PL
to sob log tfup ho ga-je.

though all people.NOM quiet become go-PRV.M.PL
‘When the doctor was about to speak, everybody fell quiet.’
(Glassman, 1983, p. 233)
Urdu

The combinatory possibilities of tense auxiliaries and different types of verbs,
e.g., verbal nouns, complex predicates, adjectival predications, etc., are, to
my knowledge, not fully explored yet; thus, close examination of the Urdu
tense auxiliary provides an avenue for further research.

As mentioned above, clauses can be formed without a proper tense in Urdu.
As Butt and Rizvi (2010) describe, the tense paradigm is only applied to
auxiliaries, however, in terms of tense/aspect marking, Urdu allows for the
formation of clauses that are only marked for grammatical aspect as shown

in the example in (15); see section 3.1.6.1 for more details.

(15) mé&-=ne kPana xorida.
[.SG=ERG food.M.SG.NOM buy.PRV.M.SG
‘I bought food.’ Urdu

According to Butt and Rizvi (2010), the perfective morphology is the default
past tense marker in Urdu.” If tensed auxiliaries in Urdu are optional, this
begs the question of whether tenses can be optional more generally.

In fact, non-obligatory tense marking represents an important hallmark in
the morphosyntactic variation of tense since this type of variation extends

to the semantic domain as well, as optional tenses are argued to carry

9Butt and Rizvi (2010) do not distinguish between perfect and perfective aspect. I
use the label perfective morphology here since it forms an opposition with imperfect(ive)
aspect morphology (on main verbs). Furthermore, as mentioned above, they also associate
perfect semantics with constructions involving a tensed auxiliary. This topic is further
discussed in section 3.1.6.1.
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implications that obligatory tense markers lack (Plungian and van der Auwera,
2006). A case study on these implications is presented in Cable (2015). I
will explain the insights gained from this study briefly through examples
(16) to (18b) taken from Cable (2015) (and originally based on Leer 1991).

(16) Kuwak’ei. (17) Kuwak’eiyeen.
IMPV.good.weather IMPV.good.weater.DEC
‘The weather is/was nice.’ ‘The weather was nice (but
(Leer, 1991, p. 464) turned bad)’

(18) a. I  tlaa  awé xwashaayin.

your mother FOC 3SG.OBJ.PFV.1.SG.SUBJ.marry.DEC

‘T married your mother (but we're not married any more)’
(Leer, 1991, p. 468)

b. Du x’eis aAwé weit’at xwalawaasin.
his mouth.for FOC that.thing 3.0BJ.PFV.1.SG.SUBJ.r0oast.DEC
‘I roasted that for him (but he didn’t want to eat it).’
(Leer, 1991, p. 468)
Tlingit

As in Urdu, the aspectual opposition between perfective and imperfective
aspectual morphology is sufficient to form a full clause in Tlingit. By adding
the decessive (DEC) marker, the content of the respective linguistic expression
is located in the past (compare (16) and (17)) and furthermore receives either
a cessation implication when combined with the imperfective or a canceled
result (18a) implication or an unexpected result implication (18b), when
combined with perfective aspect. Thus, generally, the type of implication
that an expression receives is based on its grammatical aspect marking. This
is in line with observations made by Plungian and van der Auwera (20006).
Ultimately, Cable (2015) shows that these implications are cancellable, and
the grammaticalized contribution of the decessive marker is that of past
time reference. Nonetheless, it is important to keep the semantic differences

between obligatory and optional tenses in mind.
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3.1.4 Relative tenses

This section presents the phenomenon of relative tense. Relative tenses are
recognized by the trait that they may pick up a time other than the speech
time as a temporal anchor. This definition invites the use of the term relative
tenses for different kinds of tense/aspect forms.

For example, the typical examples discussed in the previous sections receive
relative interpretations in some contexts, namely, when embedded under
complements. This is exemplified in the Japanese example in (19). This
utterance expresses that Mary was sick at some point before Peter reported

that situation.

(19) pita wa  meart ga byoki-da to it-ta.
Peter TOPIC Mary S sick-PAST COMP say-PAST

‘Peter said that Mary was sick’ Japanese

However, at this point, I want to focus on relative tenses that apply on top
of regular tense markers.'’ A straightforward example of this is provided
by two constructions that express future temporal reference in English: The
Auz + going to + infinitive construction and the auxiliary would.

The former combines with an additional tense similar to the perfect construc-
tion as shown in (20). On the other hand, would may pick up some sort of
antecedent as is shown in (21). This is indicated in terms of the co-indexation.
Abusch (1998) proposes to decompose would into a modal and a temporal
component, where the temporal component is that of past temporal reference.
This means the general semantics of the two examples presented below is that
of a future temporal reference relative to some point in the past provided by

a past-tense-like component.

(20) a. John was going to visit his aunt. [PAST [FUT ||
(21) John said; that he would visit his aunt. [FUT; |

Indonesian provides a more extreme example of a relative tense. Arka (2013)

establishes only one proper temporal marker in Indonesian, namely, akan,

!ORelative tenses in the sense demonstrated in (19) are discussed in more detail in 3.2.
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a future tense marker. This future tense marker can be evaluated both

relative to the speech time but also relative to some past time, i.e., it can be

understood as a combination of non-future + future temporal reference.'>'?
(22) Peter akan menulis se.buah surat
Peter FUT Av.write one.CL letter
‘Peter will write a letter.’
‘Peter was going to write a letter.’ Indonestan

According to Comrie (1985), English would and Indonesian akan apply to
some contextually provided reference point, whereas examples such as the
English AUX + going to + V and the relative tense in Japanese are not
cases of relative temporal reference in the same sense. For this purpose, I
distinguish between compositional relative temporal reference and contextual
relative temporal reference. This means we have seen two types of relative
tenses. Those that combine with an openly expressed tense to add a secondary
temporal orientation (e.g., the Auz + going to + Inf), or those that combine
with an apparently invisible element to provide a relative temporal orientation

(e.g., would in English).?

Hndonesian aspectual markers like the perfect marker telah behave similarly. Thus,
example (1) can express both present perfect and past perfect based on the context.

(1) Saya telah membeli makanan
1.sG PERF Av.buy food

‘I have bought food’/‘I had bought food’ Indonesian

120nly the future temporal reference is openly expressed. The origin of the non-future
temporal reference is explored in more detail in the next section (3.1.5).

13This section leaves a few open questions. Firstly, it seems like aspectual tenses are
generally instances of compositional temporal reference. However, as we have just seen,
this is not the case for Indonesian aspectual markers (see (1)). Cross-linguistically, the
picture is obscured further when we also consider non-finite tense/aspect forms (Comrie,
1985). Secondly, if we accept akan as a proper tense, then we would have to explain how
the contextual shift of the evaluation time works. It certainly is an instance of temporal
reference since it situates the evaluation time, but so far we have only discussed tenses
that either shift the reference time or the eventuality time. An in depth analysis of the
Indonesian tense/aspect markers goes beyond the scope of this thesis but they provide an
important avenue for further research. For the remainder of this thesis, I treat akan as an
aspectual tense operator. Thus, I assume tense to be a purely contextual in Indonesian
(see section 3.1.5). The backshifted reading then results from a contextually provided past
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3.1.5 Zero-marked tenses

In the previous section, I have already illustrated the existence of anchors for
temporal reference that are not expressed in the linguistic surface structure.
Consider these additional examples from Indonesian, where the same verbal
form occurs in combination with different temporal adverbials, each exclusive

to one of the three basic tenses we considered at the beginning of this section.

(23) a. Dia datang (besok).
3.8G come tomorrow

'She will come (tomorrow).’
b. Dia datang (kemarin).

3.8G come yesterday

"He came in (yesterday).’

c. Dia datang (sekarang).
3.8G come now

'She is coming (now).’ Indonesian

These examples show that temporal reference is generally provided by the
context rather than by some grammaticalized device. Nonetheless, the
discussion of the future marker has shown that Indonesian conceptualizes
different times and relations between them from a meaning perspective but
does not, or rather, only optionally conceptualize them in the grammar.

It is also possible that only part of a tense paradigm is zero-marked. This is,
for example, claimed for Gitksan, a Tsimshianic language spoken in north-
western British Columbia, Canada (Moseley, 2008, 65f) by Matthewson
(2012). Example (24a) illustrates that sentences with no overt tense marking
are compatible with either past time or present time reference (due to the
lack of morphological marking, a so-called null tense). On the other hand,
there is an obligatory future marker dim that is required in future contexts,
as illustrated in (24b) — dropping the future marker results in infelicity when

referring to a future point in time (Matthewson, 2012).

temporal reference combined with aspectual future temporal reference.
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(24) a. siipxw=t James (k’yoots)
sick=DM James (yesterday) /
‘James was sick (yesterday)’
‘James is sick.’

b. *(dim) siipxw=t James t’aahlakw
*(FUT) sick=DM James tomorrow

‘James will be sick tomorrow.’ Gitksan

This means that the zero-marked non-future is identified in terms of contrast,
other than in Indonesian, where the future marker is an optional alternative
to the unmarked variant. This further shows that temporal reference is

encoded on a spectrum from morphosyntactic to pragmatic mechanisms.

3.1.5.1 A quick note on temporal remoteness

Something I have not mentioned before is that various languages allow for
even more fine-grained distinctions of temporal reference, usually subsumed
under the label of temporal remoteness (Bochnak and Klecha, 2015; Klecha
and Bochnak, 2016), or graded tenses (Mucha, 2015). In these languages,
the temporal distance between the time of evaluation and the reference time
plays a crucial role and can affect grammatical marking, usually allowing
for a handful of distinctions (e.g., immediate, near, and remote). Although
temporal remoteness may also be associated with categories such as present
and past perfect (Fleischman, 1989), a detailed examination is left for future
work. This is mainly because temporal remoteness is often highly context-
dependent (Bochnak and Klecha, 2015).

3.1.6 Temporal reference beyond tense

Research on categories not traditionally analyzed as tenses further supports
the linguistic spectrum from form to meaning on which temporal reference

can be encoded cross-linguistically.

111



3.1. TENSE/ASPECT DESCRIPTIVELY

3.1.6.1 Temporal reference via grammatical aspect

For example, Smith (2006) proposes that grammatical and lexical aspect
encode different default temporal interpretations of untensed clauses. A
popular example of this type of language is Chinese, where a perfective
interpretation, i.e., an interpretation where an event is described as completed,
results in a (contextually or explicitly) defeasible past time reference. On the
other hand, imperfective and stative descriptions receive default present time

reference but can also be modified to refer to past or future situations.

(25) Ta dapuo yi-ge huaping.
he break one-CL flower vase
‘He broke a flower vase.’ (Lin 2003, p. 262)

(26) Ta hen congming.
he very clever
‘He is very clever.’ (Lin 2003, p. 263)

Chinese

I already mentioned the tendency of perfective aspect to express pastness or,
more rarely, future temporal reference. To elaborate on this point, let us look
at Urdu again. In this language, perfective morphology can occur both in past
and future tense constructions. The perfective marker by itself is generally
used to invoke a past tense interpretation. However, when combined with a
temporal modifier indicating present temporal reference, as shown in (27),
then the marked eventuality is shifted to the (immediate) future. Combining
perfective morphology with grammaticalized present temporal reference can

achieve the same effect. Example (28) illustrates this for Polish.

(27) m&. obMi a-i.
[.NOM now came-PRV.F.SG
‘I’ll be right there (come right away).’ (Butt and Rizvi, 2010)
Urdu
(28) Peter na-pis-ze list
Peter PRV-write-PRES a letter

‘Peter is going to write a letter (completely)’ Polish
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While perfective aspect usually associates with non-present temporal refer-
ence, imperfective aspect is predominantly associated with a present tense
interpretation. This is observable in language with and without overt tense
marking. For example, many romance languages have a dedicated past

imperfective form but not a dedicated past perfective form.

(29) John construis-ait une maison.
John construct-PAST.IMPV a  house

"John was building a house.’

In the same vein, the English progressive is compatible with present, past, and
future tense markers. However, the simple tense forms in English illustrate
a clear congruence with either perfective or imperfective aspect: the simple
past is assumed to have a default perfective interpretation as predicted by the
observations we made so far (Aloni and Dekker, 2016). On the other hand,
the simple present in English and French (among other languages) is used
primarily to describe habituality, i.e., regularly occurring habits, which is
assumed to be related to imperfectivity (discussed in more detail in Chapter
4). This is in accordance with the general picture depicting the relation tense
and grammatical aspect.

As the last example, I draw from Blaszczak and Klimek-Jankowska’s (2016)
examples of Polish. They discuss the combination of perfective vs. imper-
fective with non-past tense. In line with the pattern worked out above,
they point out that non-past imperfective verbs receive a present tense inter-
pretation (see (30)), while non-past perfective verbs receive a future tense
interpretation as shown in (28). This contrasts their respective combinations

with past tense, where aspect does not influence the temporal interpretation.

(30) Jan pisze artykut
John write.IMPV.NON-PST article

‘John is writing an article.’

The examples above allow us to draw some conclusions about the interaction
between grammatical aspect and temporal reference. These are summarized
in Table 3.1.
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perfective imperfective

present X v
past v v
future v v

Table 3.1: Temporal reference and grammatical aspect

As a result of the generalization in table 3.1, we will pay close attention to
grammatical aspect as a potential restrictor on temporal reference. Perfective
aspect, in particular, seems to imply some strong constraints on temporal
reference. In comparison, imperfective aspect seems to combine more freely
with temporal reference. However, its affinity with present tense, as opposed
to the perfective aspect, makes it potentially just as relevant to interpreting

temporal information in languages without overt tense marking.

3.1.6.2 Temporal reference and evidentials

Another example of inferential meaning may be provided by evidentials.
Evidential expressions are expressions that encode different relations between
the speaker and the knowledge the speaker wants to convey. For example,
evidential markers might indicate that the speaker has direct (e.g., visual or

auditory) evidence for his utterance.

(31) a. Juseirida  di-manika-ka
José football 3SG.NF-play-REC.PAST.VIS

‘José has played football (we saw it)’

b. Juseirida  di-manika-mahka
José football 3SG.NF-play-REC.PAST.NONVIS
‘José has played football (we heard it)’ (Aikhenvald, 2004, p. 2)

Tariana

According to Aikhenvald (2004) evidentials pattern with present or past
interpretations but rarely if never with future temporal reference. In other
words, evidential semantics may interact compositionally with the future

tense, e.g., to produce hypothetical modality in the case of a non-first-hand
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evidential. L.e., this indicates that the speaker only has indirect evidence. as
illustrated in the example below. Interestingly, the meaning associated with

the future tense marking seems to be canceled.

(32) a. a:che chuge-ge jo:dude-t ejrie-I’el-te-j
deer track-LOC turn-IMPV walk-NF-FUT-INTR:3.SG
‘He is probably walking along deer tracks’
b. locil-pin lebie-d emej-pin tadi:-nu-I’el-te-m

fire-DAT s0il-AT mother-DAT give-IMPF-NF-FUT-TR:3.SG

‘Probably, he used to give it to the Fire, to Mother of the Earth’
(Aikhenvald, 2004)

Yukaghir

Generally speaking, the association of evidentials with non-future contexts
makes sense since we usually do not have evidence for future occurrences.
The exact interaction of tense and evidentiality is highly language-specific.
Still, it should be noted that even categories beyond tense and aspect —
which traditionally affect temporal interpretation — affect the interpretation
of verbal predicates in terms of their temporal semantics.

Overall, the variation of the category of tense is rich. Particular instantiations
of temporal reference exist across and sometimes within languages. Linguistic
material might carry temporal reference as a by-product of its conventionalized
meaning leading to the emergence of new morphosyntactic constructions that
express temporal meaning. To better understand the category of temporal
reference and its variation, we require several parameters that restrict the
use of a given category on a morphosyntactic level, a semantic level (and a

pragmatic level). This is the topic of section 3.2.

3.1.7 Interim summary: encoding temporal reference

Up until this point, I have illustrated various ways of encoding temporal
reference cross-linguistically. I do not claim that I have provided a fully
comprehensive picture. For this reason, I use this section to summarize the
main points that I assume to be important for annotating temporal reference

and mention some loose ends.
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Temporal reference can be expressed explicitly; the corresponding category
is usually called tense. The main distinctions are either between past and
non-past, future and non-future, or between past, present, and future tense.
Temporal reference has at least two layers. The first layer relates the time of
evaluation with some point reference. The second layer connects the point
of reference with the time at which an eventuality occurs (the eventuality
time). Certain aspectual categories, e.g., perfect and prospective aspect, are
instantiations of the latter but can also be interpreted as constraints on the
relation between the reference time and evaluation time. For example, the
German present perfect is ambiguous between the two readings.

Tenses are not obligatory cross-linguistically. Thus, temporal reference can
be expressed by various kinds of linguistic encoding, e.g., grammatical aspect,
evidentiality, or simply by contrast (i.e., tenses can be zero-marked). These
different forms may entail or imply temporal reference. In fact, languages
may rely on a pragmatic system for inferring temporal reference.

Bohnemeyer (1998) argues that temporal ordering is not a semantic primitive.
Rather, temporal reference can be deduced from phasal markers referring to
different stages of an eventuality, such as pre- and post-state. However, while
I agree that temporal ordering must not be grammaticalized, I believe that
temporal ordering is an essential component of human reasoning and, thus,
temporal reference is, at the very least, a relatively basic semantic feature

that needs to be captured to model natural language reasoning.

3.2 Tense/aspect syntax and semantics formally

In the previous section, I have introduced varying ways of expressing temporal
reference. Based on Dahl (1985), we can distinguish between inflectional,
periphrastic, derivational, and zero-marked markers for temporal reference.
Furthermore, we have established that these markers can be either optional

or obligatory.
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form inflectional periphrastic  derivational zero-marked
optional(+/-)
meaning anteriority  simultaenity posteriority unspecified
relative(+/-)

Table 3.2: Temporal reference: basic feature distinctions

3.2.1 Distinguishing syntactic and semantic features

The main point of the ParTMA annotation scheme is to annotate form
and meaning more modularly. Thus, in this section, I describe a simple
classification for markers of temporal reference that makes this distinction
explicit. I will focus on exploring the basic meanings associated with temporal
reference: past (anteriority), present (simultaneity) and future (posteriority).
Overall, the interpretation of tense markers cannot be distributed among
the three basic tenses, but it seems that we require at least the existence of
non-future and non-past in the paradigm. The last logical alternative is non-
present. However, non-present readings seem to be rarely, if ever, available.
This is not necessarily surprising. As I have pointed out, there is an apparent
asymmetry between past and future temporal reference. Thus, any given form
compatible with either but not with the present might lean more towards
one of the two alternatives depending on its precise meaning. This is also
reflected in the fact that future temporal reference without morphosyntactic
marking requires, at the very least, a solid contextual restriction and often
either the use of future auxiliaries or lexical elements.

Table 3.2 describes the basic descriptive feature distinctions worked out in
this section for instances of tense/aspect categories. An instance of a tense
aspect category refers to the occurrence of that category in a particular
morphosyntactic context (e.g., matrix clauses) where it behaves predictably.
At the level of morphosyntax (more generally surface form), we have seen
distinctions between inflectional, periphrastic, and zero-marked tenses. We
have further proposed that certain other categories contribute temporal
reference, which may occur in terms of derivational morphology, thus, covering

the basic spectrum of variation proposed by Dahl (1985). An instance can be
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either optional or obligatory. In Germanic languages, aspectual markers are
usually optional. However, I also have presented some examples of optional
tenses from Plungian and van der Auwera (2006) and Cable (2015).

On the level of semantics or meaning, we have distinguished between an-
teriority, simultaenity, and posteriority. As I have shown, in some cases,
adjacent feature combinations can occur, e.g., non-past would be encoded as
+ simultaenity and + posteriority. The value unspecified corresponds to a
combination of all three features but boils down to there being no restriction
at the level of semantics on the respective instance. Based on the discussion
in section 3.1.4, I have also highlighted a distinction between composition-
ally relative tenses and contextually relative tenses. This distinction is not
highlighted here but will play a role in section 3.2.

Consider the example of the German complex tense/aspect form present
perfect again. In a (non-subordinate) main clause, I have proposed an
ambiguity between a past tense meaning and a perfect meaning, following
Ehrich (1987), Lobner (2002), and Musan (2002), among others. As explained
in section 3.1.2, the present perfect proper can be decomposed into two
components, namely a temporal and an aspectual component, both of which
contribute temporal reference (although the perfect provides some additional
semantic features that are discussed in chapter 4). Here, the only relevant
feature of the perfect is that it is an instance of relative anterior temporal
reference. It is relative to the present tense component. This fact is not
encoded in the basic table. Thus, the syntactic and semantic features of these

two components are given in table 3.3 and 3.4 respectively.

form inflectional periphrastic derivational zero-marked
optional(+/-) +

meaning anteriority simultaenity posteriority  unspecified
relative(+/-) +

Table 3.3: Basic features: the perfect

The past tense interpretation of the German present perfect combines these
two categories on the syntactic level but is semantically different in that it

generally conveys a non-relative anterior temporal reference making it similar
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form inflectional periphrastic derivational zero-marked
optional(-+/-) +

meaning anteriority —simultaenity posteriority  unspecified
relative(+/-) + +

Table 3.4: Basic features: the present tense

to the plain past tense in German. Note that every cell that receives a value is
obligatory to form the instance of the tense/aspect form. Thus, the optional
feature refers to the properties of the morphosyntactic components rather

than the properties of the complex tense/aspect form.

form inflectional  periphrastic derivational zero-marked
optional(+/-) - +

meaning anteriority  simultaenity posteriority  unspecified
relative(-+/-) -/+

Table 3.5: Basic features: present perfect as past

We have seen that past tense markers, although usually evaluated relative to
the speech time, can sometimes receive relative interpretations, for example,
in complement clauses. This has been concretely shown for Japanese. In the
present basic table, when we want to unify two contexts (in this case, matrix
clauses and complement clauses), we can use the -/+ feature to express that
a given category instance is morphosyntactically relative, i.e., relative in

well-defined morphosyntactic contexts.

form inflectional  periphrastic derivational zero-marked
optional(-+/-) +
meaning anteriority  simultaenity posteriority  unspecified
relative(+/-) -/+

Table 3.6: Basic features: Past tense in Japanese

In comparison, the relative future marker akan in Indonesian can be annotated
as shown in Table 3.7 since it is both optional and relative to some contextually

provided point in time.
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form inflectional periphrastic derivational zero-marked
optional(+/-) +

meaning anteriority simultaenity posteriority  unspecified
relative(+/-) +

Table 3.7: Basic features: Future tense in Indonesian

In summary, the table template given in table 3.2 serves as a guideline
for categorizing tense/aspect categories on a descriptive level. This is the
first step to providing a fully fleshed-out annotation scheme incorporating
syntactic and semantic information. In the next section, I work out the

formal underpinnings of the semantics underlying this annotation scheme.

3.2.2 Towards a formalization of temporal reference

In this section, I provide a compositional semantics for tense and aspect
that is used as the backbone of the ParTMA annotation scheme. In the
previous chapter, I have established three main criteria of this compositional
semantics: i) it follows roughly the analysis of tense/aspect forms as proposed
by Reichenbach (1947), ii) It follows a particular order of composition given

in (33), and iii) it uses lambda calculus to assemble meanings.

(33) TP
Tense AspP

N
Aspect VP

None of these criteria makes the present semantics special compared to the
numerous existing formal approaches to tense and aspect. However, by
providing a concrete way of composing tense/aspect meanings, we can infer
which features are necessary to derive the same semantics via annotation.

Before we can use this structure to assemble meaning, we need to decide how
temporal reference is encoded formally in the semantics. As before, we start

with the prototypical way of encoding temporal reference: tenses.
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3.2.3 Tenses: pronouns or quantifiers?

To begin with, a small overview of the development of tense semantics is
in order. However, I will not go back all the way to Prior (1967) in this
review (For a comprehensive summary, I refer the reader to Kusumoto
(1999)). Rather, I constrain myself to what I refer to as modern temporal
semantics. This stage of semantic research on temporal reference begins with
the observation of Barbara Partee that tenses share several properties with
pronouns (Partee, 1973), hence referred to as temporal pronoun hypothesis
TPH. A claim that quickly gained traction in the formal semantic literature
and has been entertained up to this day (Abusch, 1997; Heim, 1994; Hinrichs,
1986; Kamp, 2017; Kratzer, 1998).1

Partee’s idea questioned the traditional treatment of tenses in terms of simple
(existential) quantifiers. A popular approach pioneered by Prior’s (1967)
tense logic. The gist of her idea is that linguistic expressions are not just
about some arbitrary time as introduced by quantifiers but rather about
particular time intervals. The example in (34) elegantly displays the problem
in the interaction between a tense operator and negation. Scopal ambiguity
results in two readings, neither of which is very appealing. Consider the
following paraphrases: there is no time at which I turned off the stove (—3),
and there is a time at which I did not turn off the stove (3—). The first
paraphrase shows that wide scope of the negation makes far too strong of a
prediction for the meaning of the sentence in (34). The second paraphrase,
however, makes a prediction that is almost trivially true. In fact, nearly all
past times will be times at which I did not turn off the stove. In conclusion,
neither of the two readings is what we would intuitively associate with the
sentence in (34). Partee’s solution is to assume that tenses do not behave
like sentential operators as illustrated below in (35a) but instead appear as

variables in the object language.

T cite Kamp (2017) in place of several related papers often cited in the literature.
The present paper clarifies and summarizes many of Kamp’s observations and provides a
modern perspective on the impact of his work on the development of DRT and with respect
to temporal semantics. Thus, it provides a suitable starting point for tense semantics in
DRT and a good overview for the present purposes.
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(34) Ididn’t turn off the stove. (Partee, 1973, p. 602)

The original goal of Partee (1973) was to argue for a representation of
temporal variables in the object language. Thus, time variables would behave
in parallel to variables over entities, allowing Partee to explain the similarities
between nominal and temporal anaphoric reference (Partee, 1984). T will
not argue in particular whether tense should be represented in the extension
of a lexical entry or whether it should be treated as an operator, where the
meaning of tense is expressed in the meta language since the claim that tenses
behave similarly to pronouns does not necessarily warrant one approach
over the other (Kusumoto, 1999; Partee, 1984). In (35), I illustrate both
approaches of representing past tense as an existential quantifier over times.
(35a) represents the traditional Priorian tense operator, while (35b) illustrates
an explicit quantification over tenses in the object language.

The consequence of Partee’s original approach (Partee, 1973) is to put tem-
poral variables in the denotation of verbal predicates as is illustrated in (36).
Correspondingly, we can treat temporal reference as an existential quantifier,

the only difference being that it is explicitly stated in the object language.

(35) a. [PAST@]9t* = 1, iff there is a time ' such that ¢’ <t
and o] = 1.
b. [PAST]9" = AP € D.;~[\t € D;[ there is a time t' such that
t' <t and that P(t') =1 ] (Kusumoto, 2005)

(36) Example: John slept.
a. [ John sleep |"9 = A\t € D;[ John sleeps at t |

b. [ PAST(John sleep) |*9 = At € D;| there is a time ¢’ such that
t' < t and that John sleeps at ¢’ = 1 ]

Even if we accept the existence of temporal variables in the object language,
there is still the question as to how exactly tense should be formalized.
Example (36) obviously doesn’t incorporate Partee’s TPH. An implementation
of her approach needs to capture that a time interval is an element of the
domain that is referred to using a temporal pronoun introduced by an instance

of temporal reference (e.g., a tense marker). This can be formalized as in
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(37), where the assignment function assigns the temporal variable. However,
we then require a way to differentiate between the different orientations of
temporal reference (past, present, future, etc.). The traditional way to solve
this is to introduce a presupposition restricting a given pronominal tense to
a past time (Heim, 1994; Kratzer, 1998).

(37) [PAST]9™ = g(i), g(i) is only defined iff g(i) < to

This approach allows us to produce a valid semantic representation for the
stove example with the paraphrase: it is not the case that I forgot to turn
off the stove at t, where t is a specific past time provided by the assignment
function. If the assignment function, i.e., the context, does not provide
an appropriate value for ¢, i.e., some time in the past, the meaning of the

utterance is undefined.

3.2.4 Composing temporal reference

Either of the two approaches entertained above is compatible with Reichen-
bach’s system. However, how do they work in the compositional framework
proposed in this thesis? Generally, I assume that the sister node of the tense
operator provides a property of times (type < i,¢ >) that is compatible with
the temporal operator given in (35b) but would also be compatible with a
framework in which tense is treated as a simple temporal variable that is

defined by the assignment function.

3.2.4.1 Temporal reference via tense

Kusumoto (1999, 2005) proposes such a semantics that combines the two
approaches presented in the previous section. Tenses are constructed of two
elements: a temporal variable as specified in (37), and a temporal quantifier
that locally accommodates the presuppositional content (Romero, 2014).1

In this framework, Kusumoto (2005) proposes the following denotation for

5 Kusumoto’s (2005) original approach argues that the temporal variable does not carry
a temporal reference presupposition by itself and that the temporal quantifier properly
asserts the temporal restriction.
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verbs and nouns Importantly, both assume a temporal variable.

(38) [ sleep |*9 = [Ax € De.[At € D;. x sleeps at t ||
(39) [ man |9 = [Ax € D[\t € D;. x is a man at t ||

Based on the explanation above, the corresponding order of composition is
presented in (40). The tense variable saturates the time slot of the verb. In
Kusumoto (2005) proposal, the temporal variable needs to be licensed by a

temporal quantifier, making the quantifier obligatory in her semantics.'®

(40) TP

b: >\P<i’t>.3t[t < t() A P(t) = 1}

A VP

This is the general semantic composition that I will take as a basis for temporal
reference (in the sense that there is no anaphoric component). However, there
is still no contextual restriction on the reference time ¢ since the anaphoric
element is abstracted over to be compatible with the quantificational tense.
To remedy this issue, I follow Kusumoto (2005) and subsequent work in
introducing a function C' that restricts the available reference times to those
that are contextually salient (based on Von Fintel (1994)).

(41) IIPAST]]g’w — AC<7j7t>.>\P<Z‘7t>.zlt,[C(t,) A t/ < t() A P(t) - 1]

The lexical entry in (41) could be properly used for absolute tenses. However,
as I have shown, there are several arguments for the existence of relative
tenses as they, for example, appear in complement sentences. This issue is
quickly solved by introducing a lambda binder for t¢ and replacing it with

an arbitrary variable:

16The structure, thus, bares resemblance to a structure where an NP quantifier is moved
to a higher position, indicating a wide scope reading and leaving behind a trace to locally
saturate the verbal predicate (Kratzer and Heim, 1998). In other words, the lower variable
can be intuitively understood as a trace of the temporal quantifier. Thus, it is more of
a technical trick to get the scope of the quantifier right rather than a necessarily real
contribution of tense. This idea becomes relevant when computationally implementing the
present framework in chapter 5.
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(42) [PAST]9" = ACcsip> MNPy I [CH) N <t ANP(t') = 1]

In Kusumoto’s (2005) work, absolute tenses introduce a temporal variable
referring to the evaluation time that she calls sx. Thus, simple past tense

sentences will be evaluated in the following way.'”

(43) John visited his mother.
a. J'[t < t* ANvisit(j,m,t") = 1]]

Relative tenses, particularly compositionally relative tenses, do not introduce
such a separate evaluation time but rather have their evaluation time specified
compositionally. This is most easily understood by looking at how complex
tense/aspect forms are analyzed in this framework. This is illustrated in
(44a). The evaluation time of the lower temporal quantifier is saturated by

the higher temporal quantifier, thus establishing a relative evaluation.

(44) John had visited his mother.
a. [ <t A <t Avisit(f,m, ") = 1]]

There exist different contexts for compositionally relative tenses, as we will
see in section 3.3. However, it is also necessary to distinguish these from
absolute tenses in embedded contexts, as is, for example, the case with tensed

relative clauses as in:

(45) Hillary married a man who became the president of t he U.S.
(Kusumoto, 2005)

Kusumoto (1999, 2005) argues at length that the underlined tensed predicate
in the relative clause needs to be interpreted temporally independent from
the matrix tense. This means the temporal relation between the predicate
married in the main clause and became remains unspecified (the man may

have become president before marrying her, or only after he became Hillary’s

17 Although I have introduced the contextual restriction, I will generally omit it in the
following examples to keep the semantic representations simpler.
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husband).'® This independence can be achieved by introducing two different
absolute tenses, i.e., each tense introduces its own evaluation time. Conversely,
a variable for the evaluation time is not provided at a sentential level but by
absolute tenses.

Furthermore, to get the semantics of the relative clause right, the NP quantifier
needs to scope outside the tensed relative clause but inside the matrix tense.
This has two reasons: i) to ascertain co-binding between the entity in the
relative clause and the entity in the main clause, ii) to not violate movement
constraints of quantifiers (she illustrates this by embedding the relative clause
under an NPI; for more details see Kusumoto (2005)). Concretely, the

following semantics are desired for the sentence in (45):

(46) [3t]t < t* A z[man(z,t)A
[t < t*Abecome-president(z,t’)] A marry(h, z,t)]]]

How is this meaning achieved? In the present proposal, nominal predicates
like verbs, are of type < e, it >, and, thus, quantifiers are of type << e, it >
,< e,it >,it >. It is, thus, simple to derive the semantics of the main
clause. However, the relative clause provides a small challenge. Typically, the
semantics of relative clauses are derived via predicate modification (Kratzer
and Heim, 1998). Due to the condition that the relative clause needs to be
fully tensed, the corresponding semantic element ( [ who; became president
]9*) is of type < e,t >, which needs to be combined with man of type
< e, it > via predicate modification, which is impossible due to the type clash.
For this purpose, Kusumoto (2005) introduces a specific rule for combining
a tensed relative clause with its NP head. Since this is not of immediate
relevance to the topics discussed in this chapter, I will leave the discussion at
that here. However, I will pick it up in chapter 5 when I propose a concrete
implementation for the semantics presented here.

In summary, the present system consists of, at most, two levels of temporal

reference. One that specifies the temporal relation between speech /evaluation

8 There is also a potential reading, where the man was in the process of becoming
president during their wedding. However, this reading is based on the lexical and aspectual
semantics of (to) become and is thus ignored for reasons of simplicity.
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time and reference time, and one level that specifies the relation between the
reference time and eventuality time. The latter is always compositionally
relative to the former. Relative temporal reference is distinguished from
absolute temporal reference in that they introduce the speech time as an
additional element. Finally, in main clauses, NP quantifiers scope between
TP and VP, but due to the specific semantics of relative clauses, there, the
scope order is reversed. Example (47) reiterates the proposed semantics for

temporal reference, exemplified by past temporal reference.

(47)  a. Absolute temporal reference:
[PAST]9 — AC<i = My AP s F[C(#) A < t A P(t) = 1]
[now]9" = t*
b. Relative temporal reference:
[PAST]9" = ACeiys My APeiys I [CH) A <t A P(H) = 1]

3.2.4.2 Present and Future tense

In this section, I want to touch briefly on present and future temporal reference.
First, I will touch on present temporal reference. A quantificational approach
does not seem to be necessary. The most straightforward analysis is to
introduce a temporal variable that denotes the now and insert it into the
semantic computation at the same place as the temporal quantifier proposed
above. Alternatively to the actual now, there is also the possibility that
some tenses express a extended now (Dowty, 1982), which technically can
be described as a case of non-future. This notion has mainly been used
to explain the semantics of the perfect, which do not allow for temporal
adverbials that do not include the now (the so-called present perfect puzzle
(Klein, 1992)). Within the formal semantic literature, this is a fairly standard
assumption (Aloni and Dekker, 2016). It is, in principle, used disregarding
whether the perfect should be an aspectual or a temporal operator. I follow
the approach by (Arregi and Klecha, 2015; Klecha, 2016), which treats the
perfect as a temporal operator. I bring this up since the same question can
be put forward for future tenses and prospective aspect, as I have discussed

in Zymla (2017). It is difficult to make a decisive judgment at the level of
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sentential semantics, to say the least. For the remainder of this chapter, I
treat the perfect and prospective aspects as tenses, as illustrated by virtue of
the past perfect in the previous section. Furthermore, I assume that there
exist not only past, present, and future tenses but also non-past, non-future
(and non-present) tenses. This allows me to cover the tenses in terms of the
Reichenbachian tradition, which we have established as inspiration for most
of the current semantic analyses. Thus, I can circumvent (to a degree) such
issues as the present perfect puzzle mentioned before.

I have mentioned before that the future tense frequently comes with an
additional modal component or some other type of operator, e.g., a plan
operator (Abusch, 1998; Copley, 2009). I won’t provide a suitable semantics
for all of these different meanings. Rather, I constrain myself to purely
temporal semantics for the future.

Consequently, present and future temporal reference deserve closer investi-
gation in future work. For the present purposes, I find it useful to express
present time reference as a proper relation between two time intervals.Just
as past temporal reference, simple present time reference is then derived by
combining the present tense with a specified evaluation time. This is done
so that past, present, and future temporal reference behave similarly from
a type-logical perspective. The benefit of this will be worked out in more

detail in chapter 5.

(48) a. [PRESENT]%" = AP; s~ At.3t'[t ot A P(t) = 1]
b. [[FUTURE]]g’w — >\C<7jyt>.>\P<i,t>.>\ti.zlt/[0(t/)/\t < t//\P<t) - 1]
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3.2.4.3 Zero-marked tenses

In principle, Zero-marked tenses behave the same as the tenses introduced
in the previous section. In fact, there are no apparent differences between
the two variations since I have not specified a syntax/semantics interface
yet. However, I will generally analyze contextually relative tenses such as
the Indonesian akan and telah as instances of temporal reference between
the reference time and eventuality time. The higher temporal reference node
provides the invisible anchor that specifies the reference time.

An alternative way of dealing with Indonesian would be to let akan be an
instance of temporal reference that introduces a time t* # now, similar to
an absolute tense. However, then it would need to be explained what shifts
the temporal orientation of that evaluation time. This means, ultimately,
we need two different instances of temporal reference in either case. To my
knowledge, and as reflected in the Reichenbachian tense system, there exists
no language that introduces three separate instances of temporal reference in
its grammar.'”

In any case, the resulting semantics should be sufficiently similar. This is also
reflected in the following quote: “temporal reference in tenseless languages
under tenseless analyses is just as specific as in tensed analyses of tensed(and
tenseless)” languages (Tonhauser, 2015, p. 147). This might change in the
future when more fine-grained distinctions of temporal reference need to be
considered, but for the sake of this thesis, I subscribe to this statement.
Now that I have explained the basic formal semantic assumptions about tense,
I turn to some more complex phenomena discussed in the formal semantic
literature. In other words, I illustrate some challenges that any account

explaining temporal semantics has to face.

19Tt is not impossible to make TEMP-REF simply a recursive category. (The distinction
between S,R and R,E is then void. It remains implicit due to the specific articulation of
the evaluation time by some instances of temporal reference and the combination with
VPs in other cases).
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3.3 Alternative interpretations of tenses

One of the main arguments for the annotation scheme and, in particular, the
syntax/semantics interface presented in section 3.4 is that the semantic inter-
pretation of tense/aspect forms can systematically shift in specific syntactic
and semantic contexts. In other words, tense/aspect forms do not only vary
cross-linguistically in how they encode temporal reference, but their semantic
interpretation also shifts according to the immediate linguistic context.

This section exemplifies this by virtue of some well-known phenomena in the
domain of temporal reference. Furthermore, it exemplifies how the semantics

of these meaning shifts can be captured formally.

3.3.1 Sequence-of-tense

The first phenomenon I want to present is the so-called Sequence-of-
tense(SOT) phenomenon. The SOT-phenomenon is a language-specific behav-
ior of the past tense (or past temporal reference) in complement clauses, i.e., it
does not occur in all languages (Gregnn and von Stechow, 2010). Nonetheless,
it is still a fairly robust occurrence cross-linguistically (Bochnak et al., 2019).
For the sake of this thesis, I focus on its effects on temporal reference regard-
less of the mode of encoding. However, Bochnak et al. (2019) provide some
interesting insights on the cross-linguistic variation of the SOT-phenomenon,
showing that different ways of encoding temporal reference, as described in
section 3.1 lead to the same general behavior with respect to the SOT in
certain languages.

Consequently, I see the sequence-of-tense phenomenon as a parameter on
temporal reference rather than on tense. Nonetheless, the phenomenon is
illustrated most easily by inspecting a prototypical way of encoding temporal
reference. Consider example (49). As indicated there, embedded tenses are
ambiguous between two distinct ways of constraining temporal reference.
The first reading indicates that the saying eventuality is simultaneous to the
embedded eventuality of being sick. The second reading is the typical reading

we expect from an embedded relative tense, namely, a back-shifted reading
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which I have illustrated for Japanese in section 3.1.4.

(49) John said that Karen was sick.
a. John said: Karen is sick.

b. John said: Karen was sick.

With the semantics we have introduced so far, we seem to be able to at least
derive one of these readings. The back-shifted reading where Karen was sick
before the saying event.Assume the order of composition given in (50) for
this.

(50) [t* [rp PAST |vp ... [comp say |rp PAST [vp ... ||l]]]

As shown there, the matrix tense is related to the evaluation time. On the
other hand, the embedded clause is relative to the matrix clause or, more
specifically, to the eventuality time of the propositional attitude verb. To
clarify this proposal, first, let us compute the two main clauses of the sentence.
This concretely illustrates that the embedded tense does not introduce its
own evaluation time since it is provided compositionally by the matrix clause.
The resulting semantics in (51c), thus, capture the desired back-shift between

the time of saying (¢’) and the time of being sick (7).

(51) a. [Tom said that Q"¢ = Xt.3t'[t' < ¢t A say(t',tom,Q(t') = 1)]
b. [Karen was sick]“9= [Q]*9 = N"I"[t"" < t'Nbe-
sick(t" karen)]

c. X[ <t Asay(t',tom, " [t" < t' Nbe-sick(t"” karen)])]

The second reading can simply be computed by omitting the embedded tense
operator. This means the embedded clause is treated simply as a function of
type < it > after having its NP arguments saturated. The embedded clause
is then evaluated with respect to the tense of the matrix predicate with which

it shares the temporal argument, just as before.

(52) a. [Karen was sick]"9= [Q]"9 = At".be-sick(t”,karen)
b. A3t <t A say(t', tom,be-sick(t’karen))]
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This approach to derive the two readings of the SOT-phenomenon is based
on Kusumoto (1999, 2005). However, the underlying core-principles have
been discussed in the literature for a while now (Abusch (1988, 1997) and
Heim (1994), Ogihara (1994) and subsequent work, Grgnn and von Stechow
(2010)). There is an alternative line of analyzing SOT-sentences based on
the competition of morphological features and pragmatic inferences based on
them. Furthermore, the notion of stativity plays a role in these approaches
(Gennari (1999) and subsequent work, Altshuler and Schwarzschild (2012)).
While the debate does not seem to be settled, there are certain benefits
in following a structural approach, as entertained above. This will become
apparent in section 3.4 when I encode the observations made in this section

in a computationally viable annotation scheme.

3.3.1.1 The modal component of propositional attitudes

In the literature on the SOT-phenomenon, a second important factor is the
modal nature of propositional attitude verbs (Hintikka, 1969). In the proposal
made in this chapter, I ignore modality under the assumption that appropri-
ate modeling of the semantics of propositional attitude verbs accounts for
potential mismatches in the temporal interpretation of embedded clauses. In
this paragraph, I briefly illustrate cases where a temporal reference configura-
tion is compatible with different seemingly conflicting temporal coordinates,
i.e., examples where a modal coordinate may be used to account for differing
interpretations concerning the temporal allocation of the eventuality time,
reference time, and evaluation time.

Let us assume that Zuzana woke up at 6.00 am and saw that there was still
somebody in Vashek’s bed. However, in Zuzana’s belief worlds, it is 7.00 am
because she forgot to consider daylight saving time. This means that it is
6.00 am in the actual world and 7.00 am in Zuzana’s belief worlds. Given

this scenario, the following two sentences are true:

(53) a. Zuzana thought that Vashek was asleep at 7.00 am.
b. Zuzana thought that Vashek was asleep at 6.00 am.

The first reading, the de dicto interpretation, is true in case the complement
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is about Zuzana’s belief worlds at the time when she woke up. The second,
de re interpretation is true if the embedded clause is about the actual world.
In this thesis, I generally assume that E,R, and S refer to the same entity
across different worlds. However, by employing certain modal elements (as
shown in 53), we can reach a situation where that entity can receive different
temporal interpretations across different possible worlds.

The analysis presented here is completely compatible with this insight (see
Kusumoto 1999, 2005). However, for this thesis, I do not fully implement
a modal semantics for propositional attitude verbs. Generally, formal ap-
proaches to modal semantics need to be handled with care from the perspective
of NLP. I will illustrate this by virtue of an analysis of grammatical aspect in
the next chapter. There, the semantic analysis of the category is more intrin-
sically intertwined with the notion of modality, other than here, where the
more obscure cases fall out from the interaction with certain modal elements.
At the same time, the core semantics provided by temporal reference do not

have to be changed in the presence of these elements.

3.3.2 Double-access readings

A different kind of semantic shift, predominantly reported for (some) Ger-
manic languages, is encoded in terms of a phenomenon called double-access
interpretation. Double access here refers to the property that a reference time

is related to two different evaluation times. Consider the following example:

(54) Peter said that Mary is pregnant.

a. [t < t* A say(t',p, I"[t" ot’ Nt o t* Apregnant(t’,m)])]

As shown in (54a), the embedded present tense is simultaneously (and
obligatorily) evaluated with respect to both the speech time and the relative
evaluation time provided by the propositional attitude verb. In other words,
the pregnancy’s duration must overlap with the reporting event and the
time of speech. Ogihara (1994), for this purpose, suggests duplicating the
present tense. In this thesis, I adopt this approach, disregarding the modal
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components of this analysis.”’ As the formula in (54a) suggests, the two

different constraints are bound by the same temporal quantifier that provides
the reference time for both of them but only provides the evaluation time for
one of them. To account for this, I propose to discern the temporal quantifier

and the temporal constraint:”!

(55)  APciit>-AQ<ip> M I[P () () A Q)]

a. MV <t past
b. MM .t ot pres
c. MMt =<t future

In cases where it is possible to combine two temporal reference restrictions
along the lines of the double access semantics presented above, the second
constraint is treated as a modifier on the restrictor of the temporal reference
operator. Intuitively, the present tense in the present example is simultane-
ously interpreted as absolute and a relative present temporal reference in the
present framework.””

A complex restrictor can be created by using the device in (56). It works
similarly to predicate modification. The important feature here is that it
does not affect the reference time (i.e., temporal reference introduces at most

one reference time), but only affects its relation to other points in time.
(56) APcit>.AQcit>A.P(t) NQ(t)

To get the semantics right, the two arguments must be partially saturated
with distinct evaluation times. As pointed out above, this is accounted for if

we assume one instance of relative present temporal reference and one instance

20See Romero (2014) for a similar proposal that can be raised somewhat easily to form
an account that includes the modal elements of the double-access analysis.

21 As, for example, also proposed in Haug (2008).

22This begs the question of whether existential quantification is contributed by temporal
reference, or by some other mechanism (e.g., a finiteness effect or some other kind of clause
boundary). This question arises since the modifying instance of present temporal reference
does not introduce its own temporal quantifier (it could, but that seems uneconomical). For
the sake of this thesis, I aim to propose the most economical solution given the underlying
framework.
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of absolute present temporal reference. To be more precise, the mechanism I
propose for this, in principle, uses a trace for the relative temporal reference
constraint and ¢* for the absolute temporal reference constraint. The semantic
composition is illustrated in (57). It results in the quantifier in (58), which
can be combined with the VP it scopes over and then with the propositional
attitude verb to derive the desired reading of (54).

(57) TEMP-REF

3t

A1 A

T

At.tog(l) At.tot*

N

g(1) MMt ot
(58) AQAO3t[t ot Atot* AQ(t)]

Decomposing temporal reference in such a way is beneficial for analyzing
the double-access reading and also allows for dealing with other potential

modifiers of temporal reference. This idea is revisited again in chapter 5.%*

3.3.3 Tense as marker for counterfactuality

A final instance where tenses, specifically past tense, behave oddly in English
is in counterfactual contexts, as, e.g., in counterfactual conditionals but also
when embedded under modals with a counterfactual flavor, as in the following

example:

(59) I wish I had a car.

ZNote also that this picture is somewhat complicated when an analysis of the modal
component of propositional attitude verbs comes into play: as Bary et al. (2018) show,
double access readings are also possible in a context where the embedded belief is not true
at present in the actual world, i.e., the temporal anchor can be shifted on a modal axis.
Figuring out the exact semantics of such an account is left for future work.
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In this example, the underlined past-tense marker is not interpreted tempo-
rally but counterfactually. In some sense, it seems to “agree” with the modal
that dominates it.”* In such cases, I assume that temporal reference is simply

empty. Thus, the semantics of (59) would be as follows:*’
(60) Vs[s € BUL(z,t*) — have(z, c)]

This executive decision is made mainly based on the fact that counterfactuality
is expressed differently cross-linguistically. Furthermore, it is not clear if
counterfactuality works in the same way in the example above as it works,

for example, in counterfactual conditionals such as:*%
(61) a. If John was/(were) there now, it would be fun. (Romero, 2014)

Overall, from a temporal perspective, in both cases, the tense is not evaluated
in terms of temporal reference. Thus, this is another argument that the
syntax/semantics interface must allow for changing the semantic contribution

of a morphosyntactic marker. This is a topic for section 3.4.

3.3.4 Interim summary

The discussion in this section has focused on English since the center stage
was occupied by the formal semantics rather than the languages that they are
applied to. However, each of these phenomena has received considerable cross-
linguistic coverage. Sequence-of-tense has been discussed cross-linguistically,
e.g., by Bochnak et al. (2019), Grgnn and von Stechow (2010), Kusumoto
(1999), Mucha (2015), and Ogihara (1994). In addition to the previously
cited Ogihara (1999), many of these sources have also discussed double-access
readings in some capacity, since sequence-of-tense and double-access can be

subsumed under the general topic of tense in complement clauses. Romero

24Note that the requirement of the embedded tense is also somewhat affected by the
context. Thus, in a scenario where you utter a wish to a djinn, you could also say: I wish
I have a car or, less colloquially: I wish to have a car.

25 (to) wish is treated as a quantifier over situations with a bouletic modal base appealing
to the desires of the subject following a simplified Hintikka (1969)-style modal semantics.

26See Fleischman (1989) for a basic overview of different instances of non-temporal uses
of tenses.
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(2014) made use of the insights gained from the analysis of tenses in embedded
contexts to provide a formal semantics for counterfactual conditionals. Thus,
the formal devices presented here are not only supported by cross-linguistic
research but have also been explored across different linguistic contexts.

In summary, I have introduced a temporal semantics that is based on the
formal semantic advances made in recent years. I will translate this logic
into an approach compatible with computational approaches to syntactic and
semantic analysis. There, my goal is to strip the annotation of theory-driven
assumptions as much as possible and provide a general, powerful tool to
generate semantic representations from syntactically parsed inputs. This is
done in chapter 5.

The next chapter aims to establish a syntax/semantics interface that allows
us to capture the facts outlined in the previous sections of this chapter. The
interface should allow us to encode simple instances of temporal reference and
the more complex examples where temporal reference undergoes a semantic

shift, as illustrated in this section.

3.4 Annotation of temporal reference

As Comrie (1985) says, a theory of tense must be “sufficiently flexible to
accommodate tense distinctions that recur across the languages of the world
while being sufficiently constrained to exclude logically possible distinctions
that are not, in fact, possible in human language” (p. 50). The annotation
scheme presented in this work does not serve as a full-fledged theory of
tense in that sense. Rather I present a system that is deliberately capable
of describing all logical possibilities. Thus, the annotation can serve the
exploration of distinctions of linguistic categories without being constrained
by theoretical assumptions.”’

In the previous sections, I presented cross-linguistic variation of tempo-

2"The annotation examples presented in this work will depend on certain theoretical
assumptions made in the literature. However, this should be understood as a possible
representation of the behavior of specific linguistic categories, which provides a basis for
empirical testing of exactly these assumptions.
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ral reference at both the syntactic and semantic level. I have shown that
tense/aspect forms are combinations of different structural reflexes with
distinct but sometimes overlapping semantics. Importantly, there is rarely a
one-to-one correspondence between form and meaning. I have shown that
semantics can be derived from the morphosyntactic context of a tense/aspect
marker or even the semantic context (e.g., sequence-of-tense, embedding
under a counterfactual modal). Thus a system for generating intermediate
meanings is indispensable. These intermediate meanings can then be used to
construct the final meaning of an utterance if direct interpretation from the
morphosyntactic input is insufficient. In theoretical linguistics, this step is
interwoven with the principles of compositionality; thus, modeling semantic
phenomena is a delicate matter.

I intend to provide a more independent approach to deriving semantic rep-
resentations for language. To be more precise, I propose a model more
along the lines of Bybee (2006) (although Bybee’s work aligns meaning
with form in terms of phonetic representations rather than morphosyntactic
representations). Where I go further is that I assume that the existence
of certain meanings licenses additional inferences which can be interpreted
as being constructed from the original meanings. Thus the principles of
compositionality are not entirely lost. The resemblance (if rather superfi-
cial) to (Bybee, 2006) model stems from the idea that there should be an
easy-to-understand relation between form and meaning that may be easily
quantified. Furthermore, I reduce the load on the compositional apparatus by
representing intermediate steps simply in terms of rules rather than assuming
a full semantic analysis of the underlying meaning construction (sometimes
called description-by-analysis, in particular, in the LFG literature (Andrews,
2008; Crouch, 2005; Crouch and King, 2006; Wedekind and Kaplan, 1993)).
Another factor that differentiates the semantic construction that I assume
from the more traditional approaches in generative grammar is that my
system is not designed for a pairwise combination of meaning features but
allows for inferences of meaning features based on an unrestricted number of
premises either syntactically or semantically.

In short, compositional processes are simplified where possible. Furthermore,
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meaning contributions of different levels (i.e., semantic vs. pragmatic) are
treated similarly in their composition. To illustrate the simplified composi-
tion, compare the two structures in (62). Assuming that there is no external
motivation for the existence of §’, the computation in (62b)contains superflu-
ous steps in reaching the desired meaning. A binary tree is necessary for a
compositional framework based on functional application (all semantics based
on functional application ultimately result in a (set of) tree(s)). However,
by operating on a constraint or feature-based level, we can combine multiple
features non-compositionally, i.e., we collapse certain parts of the analysis into
construction rules that generate either semantic features (for further semantic
construction) or semantic representations if no other semantic construction

rules apply.
(62) Composing features vs. composing functions

a. aANBAy—0 b. 0

/\
vy o4

A~
68 «

This is the foundation of the syntax/semantics interface designed to translate
morphosyntactic features into semantic features. It consists of a set of rules
that translates syntactic features into semantic features and a set of rules
that translates semantic features into semantic representations. Before I
discuss the details of annotating the syntax/semantics interface, I will discuss
the feature space that is relevant in this chapter in the next section. I will
continue to discuss how these values are derived from the morphosyntactic,

semantic and pragmatic context, starting in section 3.4.2.

3.4.1 Feature space for the category temporal reference

Based on the observations made in the previous sections, I employ the feature
space I have organized in figure 3.1 as an attribute/value matrix. As shown
there, the annotation of tense is deconstructed into three elements: Temporal

reference, modifiers on temporal reference, and the evaluation time. In
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[t-ref ::= ‘past’ | ‘present’ | ‘future’ |
‘non-past’ | ‘non-present’ | ‘unspec’
TEMP-REF |t restr ::= ‘immediate’ | ‘recent’ | ‘non-recent’
eval ::= {‘sid’,...}
[a-ref :— ‘past’ | ...
ASP-TREF e
a-restr ::= ‘immediate’ | ...

Figure 3.1: Temporal reference feature template

unspec

N

non — future non — present mnon — past

>

past present future

Figure 3.2: Tense features

addition, I propose, for ease of annotation, ASP-TREF, which is an instance
of temporal reference that is always relative to the reference time provided
by TEMP-REF. Thus, it provides a more restricted version of TEMP-REF that
applies recursively to tense in the fashion discussed in section 3.2.4.1. The
evaluation time of a tense is specified in EVAL and refers either to the speech
time (now) or a compositionally specified reference time, as discussed in the
previous section.

As T have shown, there are several special properties of temporal reference: i)
temporal reference can be vague, e.g., non-past or non-future, ii) temporal ref-
erence can be ambiguous, as, e.g., in the sequence-of-tense phenomenon, and
iii) temporal reference can be semantically shifted or modified(as exemplified
by double-access readings).

Figure (3.2) summarizes the features associated with temporal reference
in a lattice. In this framework, the intermediate level is used to express
vague temporal reference, and the top level is used to express a temporal

anchor that is not temporally restricted. For example, a vague temporal
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reference is provided by tenses, where the reference time can follow one of
three configurations (depending on the value). For example, non-past can
indicate that the reference time is the speech time, some time in the future,
or an interval that is started by the speech time and ends at some future

time. This is illustrated in the following example:

(63) Temporal progression chart:
— S —>
[ NON-FUT |
[ NON-PAST |

The requirement for annotating vague semantic values is tricky. It is dif-
ficult to specify whether a reference time simply overlaps with the now or
extends beyond it. A possible candidate for testing vague tenses are temporal
expressions associated with the extended now (Bennett and Partee (1978)
and Dowty (1982) among others). These expressions specify a particular
start point or end point, but the respective other end of the specified time
interval is the utterance time, i.e., the present (although they might be used
relatively). Examples of these kinds of expressions are since yesterday for
non-future and and until 4:00pm for non-past. Taking these kinds of temporal
expressions as a test for vague tenses is an enterprise that needs to be handled
with care, but it provides a reasonable enough starting point.

Ambiguity, in principle, occurs when a set of mutually exclusive meanings
apply to the same target. For example, if a given feature can have either a
present or future interpretation, then it can be annotated in the following
way (the feature, there, is called non-past,, which makes a stronger semantic

claim than the previously introduced vague non-past).
(64) a. [non — pasty] = (present, future)

Example (64a) introduces a notion for sets of meanings that I call meaning
family, i.e., packed representations of meaning (Lev, 2007). This distinction
is necessary to differentiate it from the typical use of sets of meanings
in the semantics of questions. The benefit of this notion is that we can

pack meanings together that map onto different semantic representations.
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Thus, the intuitive idea that ambiguous expressions differ at some level of
representational structure is preserved. On the other hand, vague expressions
do not invoke multiple representational structures.

The precise implications of this variation depend on the semantic formalism
that is stacked on top of the annotation. However, it is particularly well
suited in combination with XLE grammars since it extends the idea of packed
representations to the domain of semantics. In the semantics I have proposed,
meaning families can be combined with other elements in the calculation via
pointwise functional application (PWA) to yield a family of meanings with

different semantic representations.

(65) [PWA(¢ C Depr>p CD;)] = (f(x) €EDr: fEPNT EY)
(Shimoyama, 2006)

Encoding the resulting semantic representations in a packed manner is a
separate issue. In this work, the resulting semantics are ultimately unpacked
(see chapter 5). In the next section, we will encounter another type of
ambiguity, i.e., ambiguities at the level of semantic structure.

While ambiguous and vague tenses constrain the possibilities of locating the
reference time, double-access introduces multiple evaluation times. Thus, the
evaluation time is encoded as a set of different evaluation times as specified
compositionally or by the context. Evaluation times are referred to via a
unique identifier. This is illustrated in more detail in chapter 5.

With the feature space presented in this section, we can deal with the discussed
semantic properties of temporal reference, such as vague, ambiguous, or
semantically unspecified temporal relations. The next section explains how

these features can be derived via a rule-based syntax/semantics interface.

3.4.2 The syntax/semantics interface in ParTMA

This section addresses the second part of the ParTMA annotation scheme:
the semantic construction rules. These rules are designed to simplify the com-
positional progress on the one hand and, on the other hand, anchor contextual
information in the interpretation of constructions that are underspecified in

terms of their overt morphosyntactic realization of meanings. To illustrate
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the concept, I begin with constructing meanings for simple tense/aspect
forms. I will then turn to more complex expressions, where the meaning
of a given tense/aspect form is shifted, such as the SOT-phenomenon and

counterfactuals.

3.4.3 Basic mappings from syntax to semantics

To begin, I provide straightforward rules that map a specific syntactic form
directly on their meaning feature, i.e., temporal reference. For this purpose, I
will again rely on the well-discussed tense system of the English language. As
per usual, I introduce examples of cross-linguistic variation where appropriate.
Mapping structure directly to meaning seems to be a redundant enterprise
that just serves to duplicate a given feature, but, as I have elaborated in the
previous section: the semantics of a tense category are more complex than a
simple feature: We need not only specify a temporal ordering with respect to
the evaluation time but also that very evaluation time.

Thus, the English past tense morphology can be simply mapped onto past
tense, as illustrated in (67), but we also need to specify the evaluation time.
This example visualizes a rule describing an implication relation between
morphology and syntax. The semantic features also receive a quasi-formal

interpretation to illustrate their formal meaning.”

(66) People killed the king.

(67) {TNS-ASP [TENSE pastﬂ TEMP-REF  ‘past’ : ¢ < to
EVAL {t}

(68) TENSE past — TEMP-REF ‘past’ : ¢ < t* A EVAL {t*}
The same type of rule can be used to compose multiple morphosyntactic

features into a semantic interpretation, for example, the past temporal

reference interpretation of the German present perfect:

28However, this is only to show that the annotations result in the correct temporal
constraints. As shown in Chapter 5, the actual relation between semantic features and
semantic interpretation is more modular.
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(69) Das Volk ha-t den Konig getotet
The people have-PRES the king kill.PSTPTCP

‘The people killed the king.’ German
TEMP-REF  ‘past’: t <t~

(70) [TNS—ASP TENSE pres, PERF +]J
EVAL {¢*}

(71) TENSE pres A PERF + — TEMP-REF ‘past’ : t < ¢* A EVAL {t*}

So far, I have discussed temporal reference as a relation between the reference
time and evaluation time. Let us now take a look at instances of tenses
with two layers. Firstly, the basic example of past perfect constructions. As
explained in the previous section, relative tenses that apply directly to a
reference time can be simply annotated with the ASP-TREF feature, as shown
below. In this case, the ASP-TREF behaves as if it was embedded under
TEMP-REF.

(72) Rory had left. ~~ [PAST|[PAST VP ||
Klecha and Bochnak (2016)

(73) [TNS—ASP [TENSE past, PERF +]J t-ref ;= ’past’]

TEMP-REF [eval . {t*}

ASP-TREF [a—ref - ’past’]

(74) TENSE past A PERF + — TEMP-REF ‘past’ : t < t* A EVAL {t*} A
ASP-TREF ‘past’ : t' <t

More generally, this can also be expressed via multiple instances of TEMP-REF,
which would be more faithful to the initial inspiration provided by Klecha
(2016) and Klecha and Bochnak (2016). Consequently, although we work
with the two distinct relations provided by Reichenbach, they behave formally

similarly in the temporal domain.

t-ref ::= 'past’
TEMP-REF r
eval ::= {t*}

t-ref ::= 'past’
TEMP-REF
eval ::= {7‘}

(75) [TNS—ASP TENSE past, PERF +]]
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In this example, the order of application is indicated by the evaluation time.
The symbol r stands for the identifier of the respective structure. This means
the TEMP-REF structure corresponds to a reference time or, more generally,

describes the temporal constraints on a time interval.

3.4.4 Structural ambiguity in the semantic structure

The German present perfect is ambiguous between a present perfect (' < o
t < t*) and a past (¢t < t*) reading.?’ In this case, simply applying ordered
rewrite rules is not sufficient to capture the ambiguity. Rather, we need to
introduce a structural ambiguity in the annotation structure that can be

resolved later. Let us first discuss how to arrive at this structure:

(76) a. TENSE pres — TEMP-REF ‘pres’ : tot*
b. TENSE past — TEMP-REF ‘past’ : ¢ <t*
(77) a. TENSE pres A PERF + — TEMP-REF ‘past’ : t < t*
b. TENSE pres A PERF + — TEMP-REF ‘non-future’ : ¢ <ot

The rules in (76) are our typical tense rules. However, the perfect introduces
two different possible semantic interpretations: the perfect-as-past interpreta-
tion that replaces the temporal information provided by (76a) with a past
interpretation, and a perfect interpretation that interacts compositionally
with present temporal reference.

Written as rules: the first rule in (77) rewrites the relation between the
reference time ¢ and the evaluation time t* resulting in the perfect-as-past
interpretation. The second rule describes the relation between a second
temporal variable ¢’ and the reference time, i.e., the temporal semantics that
the perfect contributes when interpreted as an aspectual marker. Both of
these rules are possible interpretations. This leads to a structural ambiguity
in the semantic feature structure, as illustrated in Figure 3.3, which displays
a set of possible (sub)structures of a given semantic structure. There, A1

and A2 refer to two sets of mutually exclusive constraints on the semantic

29¢" < o t here stands for non-future. A simple conception of the perfect’s temporal
semantics.
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t-ref ::= ’'past’
Al:| TEMP-REF R
eval ::= {t*}

t-ref ::= 7plres’]

TEMP-REF r[eval . {t*}

A2:
t-ref .= ’non-future’]

TEMP-REF [eval = {7’}

Figure 3.3: Ambiguous semantic structure

structure. A1 refers to the past interpretation, whereas A2 refers to the
proper present perfect interpretation.

This kind of ambiguity has been studied extensively in the computational
LFG literature, and the XLE provides tools to handle this (Crouch et al., 2017;
King et al., 2000). Crouch (2005) concretely describes ambiguity management
in the domain of rewriting. Further information is given in chapter 5 when
discussing the concrete implementation of these rules.

Although the examples above explain the basic considerations that go into
developing semantic mapping rules, the predictions made there are not fully
congruent with the observations made in the first part of this chapter. To
refine the analysis above, the German present tense should receive the vague
value non-present. This clarifies that although three basic tense forms are
available in German, the present tense is not mutually exclusive with the
future form. However, there are certainly instances where the present tense
in German receives either a present or future tense interpretation. This can

be made explicit by combination with temporal adverbs.

(78) a. Paul komm-t  gerade.
Paul come-PRES currently.

"Paul is currently arriving.’

b. Peter komm-t  morgen.
Paul come-PRES tomorrow.

"Paul kommt morgen.’ German

146



CHAPTER 3. THE ANNOTATION OF TEMPORAL REFERENCE

In such cases, the tense is restricted by the temporal orientation of the
temporal modifier. Thus, a future-oriented interpretation is ruled out for
(78a) and a present-oriented interpretation is ruled out for (78b). This is a
refinement of the original (and still correct) value. This, in principle, is not
an issue for rule-based approaches to mapping syntax to semantics but may
lead to contradicting annotations when manually annotating the semantics
based on a syntactic input (In this thesis, I will focus on the rule-based
syntax /semantics interface; see also section 3.4.8 for some additional thoughts
on this issue).

As I have shown in section 3.3, there are several additional semantic properties
of tenses, particularly in embedded contexts. In the next section, I will discuss
the annotation of these instances and how they can be derived via a rule-
based system of semantic construction rules, as presented in this section.
While the rules in this chapter have exemplified semantic construction via
graph expansion (the rules illustrated above have been used to introduce new
elements of the semantic structure), the next section will turn to semantic
annotation via rewriting, producing a layered annotation of temporal reference

features.

3.4.5 Secondary meanings of temporal reference in ParTMA

The main goal of this section is to firmly establish the rules I have introduced
above by applying them to more elaborate semantic phenomena. I want
to show that these rules allow me to cover a broad range of examples of
morpho-syntactically expressed meanings but also more complex cases which

require an in-depth semantic analysis.

3.4.6 Semantic construction: Sequence of tense

I have introduced the sequence-of tense phenomenon in section 3.3. There,
I briefly argued for a structural account over a pragmatic account, as is
recently debated in the literature. In this section, I show how to implement
a structural account of the SOT-phenomenon that allows us to capture

its semantic properties successfully. First, I will deal with the most basic
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examples of sequence-of-tense as reiterated below in (79). The main property
that needs to be captured is that the embedded eventuality can be interpreted

either simultaneously or back-shifted with respect to the matrix eventuality.

(79) Tom said that Karen was sick.
a. Tom said: Karen is sick.

b. Tom said: Karen was sick.

The basic requirements our annotation of the SOT-phenomenon should fulfil

are the following:

(80) i. Annotate the SOT phenomenon as a instance of ambiguity

ii. Root the inference of the semantic labels in the morphosyntax

and semantics

iii. Applicable cross-linguistically

The first point in (80) was discussed in section 3.3 . Point ii.) guarantees
that we, in fact, create a structurally motivated annotation rather than
one that is rooted in the pragmatics. The first two points are, of course,
intertwined. The third point is important since it makes it easier to compare
linguistic categories based on their annotations in different languages. The
more properties can be streamlined across languages, the better the cross-
linguistic validity of the proposed annotation is verifiable, and the better
different languages are comparable.

The prevalent treatment of the SOT-phenomenon in formal semantics is based
on coindexing the tense in the complement clause with the tense in the matrix
clause in one reading and introducing an embedded tense operator for the
other reading. In other words, the embedded tense is not realized as such but
is simply a vacuous element in one of the readings. This ascertains, without
any additional assumptions, that the upper-limit constraint entertained by
Abusch (1988) is met (i.e., this constraint guarantees that there can be no
future-shifted interpretation of the embedded eventuality). I want to stipulate
a similar approach that only differs in the technicalities. Firstly, the matrix
tense introduces a tense relative to the speech time, i.e., an absolute tense.

This tense stems from the basic English tense rule:
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(81) TENSE past — TEMP-REF ‘past’ : t <ty

We cannot apply the same rule to the embedded tense since the two tenses
would behave completely independently of each other (although, in this case,
we would explain the SOT patterns in terms of a type of pragmatic approach).
This independence would result in more readings than are typically licensed
by the SOT phenomenon, in particular, a reading where the embedded tense
situates the event it restrains between the time of the matrix event and
the speech time. The allowed readings are summarized in the table below,
where t"" stands for the reference time of the matrix event, t¢ stands for the
reference time of the event in the complement clause, and t° corresponds to

the speech time:
Table 3.8: SOT vs NON-SOT language

Readings SOT NON-SOT

(te=<tm)<tv  + +
(ttetm) <t® + -
tm <€) < 0 . -

The structural co-indexing approach to the SOT-phenomenon hinges on
the assumption that the embedded tense can be interpreted relative to the
reference time of the matrix tense. Accordingly, I propose a relative tense
treatment for the embedded tense as well. However, I do not argue for a simple
deletion of the embedded tense but rather for interpreting the embedded
tense as ambiguous between a relative present tense and a relative past tense.
The present tense then fulfills the task of co-indexing the embedded tense
with the reference time of the matrix tense. This assumption has its own
implications. Mainly, the matrix tense is interpreted semantically as such
(or at least has some temporal interpretation). This is necessary since it is
impossible to define the embedded tense as relative without an interpreted
matrix tense. Based on these assumptions, the sequence-of-tense rule must
interact with the basic tense rule in such a way that the semantic properties

of the two tenses are met, as illustrated in (82).

(82) a. [PASTmamis] = ALt <t
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b. [PASTeomp] = (Mt < t, A\t @ 1)

To achieve this goal, the SOT-rule (in (84)) rewrites the basic temporal
reference value provided by the simple tense rule. The SOT-rule, as mo-
tivated by cross-linguistic evidence suggests, takes into account that the
SOT-phenomenon results from two instances of temporal reference rather
than the underlying morphosyntactic representation. Consider the German
example in (83). At least in areas where the perfect construction robustly
carries a past tense meaning, the two readings attributed to the SOT-rule

emerge.
(83) Paul hat gesagt, dass Julia krank gewesen ist.

To reiterate, this means that the SOT-phenomenon is not restricted to
tenses but is invoked when two instances of temporal reference interact with
each other. Further evidence for this line of reasoning is provided by cross-
linguistic research on understudied languages (Bochnak (2016), Bochnak
et al. (2019), and Mucha (2015) and others). Thus, I propose to analyze the

SOT-phenomenon in the following way:

(84) TEMP-REF, 4z ‘past’ @ ALt <t A
COMP(E4,(E2) A
TEMP-REFcomp ‘past’ : M.t <t —
TEMP-REF o, ( present;, past; |

The rule in (84) states that given a complement construction with a matrix
eventuality E'1 and a complement eventuality F2 where both eventuali-
ties have a semantic past restriction (TEMP-REF), then the embedded tense,
TEMP-REF c4np, is rewritten into a ambiguous feature, ( present;, past; |).
This rule weakens an existing meaning (past temporal reference), transforming
it into a more general meaning (past or present relative temporal reference).
The rule above is, of course, not the end of the story, but it provides the
basic template for the SOT-rule that is cross-linguistically applicable. The
important fact that this section illustrates is that features can be layered,

which is modeled via rewriting in the present system. This is further described
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in the next section, where I model a possible analysis of counterfactuals in a

similar fashion.

3.4.7 Semantic construction: counterfactuals

Certain instances of past tense in English sometimes receive an interpretation
that is not associated with temporal distance but rather with counterfactuality
(Fleischman, 1989). In this section, I want to discuss two instances of this.
The first method is invoked via embedding under certain modals. A more
complex case is provided by counterfactual conditionals, where multiple layers
of tense can occur in the form of the past perfect.

Consider example (85). This statement is clearly about the present and
potential future state of affairs. Nonetheless, past tense morphology is used
in the embedded clause I had a car. Thus, in this case, we would have to
produce a rule that contradicts our initial idea that morphological past tense
in English implies a semantic past. However, this does not seem to be a case
of compatibility since the non-past interpretation is the only available one.*"

There is no past interpretation in this case.
(85) I wish I had a car.

It is true that there appears to be a shift in temporal meaning here. This
shift in meaning appears in very clearly defined morphosyntactic contexts.
In this case, the embedding is under a bouletic modal, i.e., a modal that
expresses the desires/wishes of the speaker. Generally, non-past uses of the
English past tense are all firmly restricted to certain morphosyntactic contexts.
Thus, it makes sense to write a rule that considers these specific contexts in
determining the value of the semantic tense. Consider the schematic rule in
(86), which tells us that embedded under a predicate, an eventuality marked

for past tense may express the meaning non-past.

(86) PRED ’wish’ A TENSE past — TEMP-REF ‘non-past’

300f course, if one assumes the temporal restriction in 85 to be a non-past restriction,
then one could devise a rule to choose one of the two in accordance with the context.
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Compare example (86) to our initial rule for the English past tense mor-
phology. The difference between the two rules is apparent: The rule for
the counterfactual use of the English past tense is more complex than the
rule for the prototypical use of the English past tense morphology, as was
also the case for the SOT-rule. However, since this rule does not rewrite
the default value of past temporal reference, this rule again introduces a
structural ambiguity. This ambiguity seems to be language specific. For
example, American English tends to allow utterances like the one in (87)
colloquially. There, the semantics of past tense and counterfactuality are

combined in the simple past tense marking.
(87) I wish I had a car back then.

This suggests that tense forms should retain their original semantic interpreta-
tion in cases where rewriting would delete the original value. The previously
discussed SOT-example preserved past temporal reference in the rewritten
value. However, in the example presented here, the suggested meaning shift
is from past to non-past. This seems to be defeasible by concretely specifying
a past temporal context. Thus, here, it might make more sense to introduce
an ambiguity at a structural level that can be disambiguated by the context
later on.”!

Furthermore, considering an annotation for modals, it might make more sense
to design the rule such that it is sensitive to certain modal features rather
than to a specific PRED value, making it more robust. Generally, this is one
of the main assumptions of this annotation scheme. Grammatically distinct
meanings also differ in the complexity of their rules. Frequent, prototypical
uses are described in terms of simpler rules, while more complex rules describe
more complex, often less frequent, meanings. Thus, there is a nice interaction
between complexity and frequency that is well worth exploring.

The non-past interpretation of the past tense in a counterfactual context can

31Generally speaking, the effect discussed here may be highly language and context-
specific. Thus, this simply illustrates a possible pitfall of rewriting semantic values rather
than providing a comprehensive semantic analysis of the issue or similar issues that may
be found in other tense/aspect forms.
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also be moved to the past explicitly by adding perfect morphology. This is
shown in (88b).

(88) a. I wish I owned a fast car.

b. I wish I had owned a fast car.

The examples in (88) illustrate that the counterfactual requires an additional
layer of tense to shift the temporal reference of the embedded predicate to
the past, leaving the second instance of temporal reference as the origin
for counterfactuality. A similar effect can be observed for counterfactual

conditionals.

(89) a. If John had come yesterday, it would have been fun.

b. If John was/(were) there now, it would be fun. (Romero, 2014)

Other than SOT, the fake tense in counterfactuals is not a parameter that
results in a two-way distinction of languages across the world. Rather, even
among languages that carry use a fake tense, the expression of counterfac-
tuality varies. I will briefly sketch an annotation for this phenomenon and
compare it to the approach I have chosen in the previous section with SOT.
Often, counterfactuals seem to pattern with imperfective morphology primar-
ily although nonetheless the role of the past tense morphology that often
occurs in these types of sentences has been thoroughly researched (Ferreira
(2016), Romero (2014), Tatridou (2000) and subsequent work, Arregui (2005)
and subsequent work, Ippolito (2003) and subsequent work). I will not be
able to do all of this work justice at this point, but I will sketch an idea for
implementation in the ParTMA annotation scheme. What I want to show
is how to annotate the temporal properties of counterfactual conditionals
while leaving a blank space for whatever is responsible for the counterfactual
interpretation of such event descriptions.

There exist different analyses of counterfactual conditionals in the literature:
a temporal remoteness line (Romero (2014) and subsequent work) and a
modal remoteness line (Iatridou (2000) and subsequent work). The former of

these two approaches assumes that the counterfactual past is still interpreted
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as a semantic past tense. The modal remoteness line assumes an ambiguity of
the past tense between a modal operator and a past tense operator. Pursuing
the temporal remoteness line could result in a treatment of counterfactual
conditionals in the same fashion as the SOT phenomenon. Consider the
following rule as a possible annotation. Again we have two relevant event
descriptions. One for the antecedent event E,,; and one for the consequent

event E..,s each with specific syntactic restrictions.

(90) a. If Susan was sickant, she would be at homecops.

b. If Susan had been sick,nt, she would have been at homecgns.

(91) TENSE.,. past — TEMP-REF., ’past’ : t < g
(92) TENSEcons pres A VIYPEcons modal — TEMP-REF oqs ’pres’ : t <t/

(93) ADJUNCT(ant) A PREDs ’if’ A  TEMP-REFay ’past’ A
TEMP-REF ons ’pres’ — TEMP-REF s ’non-past’ : —(t < tp)
A TEMP-REF,,¢ ’non-past’ : —(t < tp)

These rules model the counterfactual in such a way, that a semantic past tense
is attributed to Egy; which in turns feeds into the generation of the temporal
interpretation of tense in the counterfactual conditional (TEMP-REFo,s and
TEMP-REFapt ). The rewrite rule in (93) crucially relies on the morpho-syntactic
context of the conditional based on the ADJUNCT structure with the PRED ’if’.
A modal remoteness line-type of approach could be modeled by omitting the
first step, i.e., the rule in (91). Thus, the counterfactual interpretation would
simply rely on the morphosyntactic input. In this case, the temporal inter-
pretation of the counterfactual tense would simply be part of an alternative
mapping from form to meaning without any implications on the existence
of a semantic past tense. In fact, the fake tense analysis in counterfactuals
only describes a subset of languages. Other languages rely on different ways
of subjunctive marking. Consider counterfactuals in Indonesian, which are
expressed using a specific conditional marker (Sneddon et al., 2012). In this
case, there is no conceivable reason why the counterfactual interpretation

should stem from a past temporal interpretation. There are three distinct
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markers that seem to be associated with counterfactuality as shown in (94).%?

(94) Seandainya/andaikata/sekiranya musyafir itu kembali ia tetap

If traveller DET return he still
tidak akan memperoleh air ~ minum.
not FUT get water drinkable

‘Supposing/if that traveller returned he still wouldn’t be given water
to drink.’ (Sneddon et al., 2012)

Thus, even with both of these possibilities given, there are still languages
that will require a different architecture for temporal interpretation in coun-
terfactuals.

From this short discussion, making an executive decision is difficult. What is
important at this point is that the approach I advocate here is compatible
with either interpretation, although counterfactual rules do not align as neatly
cross-linguistically as SOT rules.*® Nonetheless, I have shown how different
types of meanings shifts are dealt with within the ParTMA annotation scheme.
Thus, I have shown, in general, how ParTMA can be used to annotate the
specific syntactic and semantic context that licenses certain variations in
meaning. However, cross-linguistic variation still requires careful examination

and modeling of the corresponding rules mapping syntax to semantics.

3.4.8 Pragmatic reasoning with ParTMA

As of now, I have only discussed morphosyntactically realized instances of
tenses. However, as elaborated in 3.1 and 3.2, sometimes languages make use
of covert tenses or unmarked instances of temporal reference. Such tenses
are, too a large degree, context-dependent. Although the main work of this
thesis is to provide an annotation scheme that reflects the formal semantics
of temporal reference, it is necessary to consider an extension to pragmatic

reasoning.

32The glossing is my own.

331 discussed only some very distinct cases and only very briefly. The cross-linguistic
variation in counterfactuals would provide me with many less clear-cut cases, and even in
the cases that I presented here, I have only introduced some basic examples. All in all,
this requires further investigation.
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In this section, I analyze a distinct language concerning its encoding of
temporal meaning compared to the mainly Germanic languages I have used
so far to illustrate the annotation scheme, namely Indonesian. Indonesian is
discussed as an example of a tenseless language. Through this, I will explain
the annotation of pragmatic inferences.

Indonesian does not contain any obligatory tense marking; however, some
auxiliary items may be used to construct periphrastic tense/aspect forms. I
will focus on particular on the aspectual markers sudah/telah (perfect) and
sedang (progressive) as well as the future marker akan which complement a
mostly pragmatic tense and aspect paradigm in Indonesian (Arka, 2013).
The first thing that needs to be clarified is whether the Indonesian, basically
zero-marked verb forms do interact in some way with temporal meanings. I
and many others argue that they, in fact, do.** Evidence comes from the fact
that they combine with the various lexical items — a test that I have mentioned
before. Especially the future marker akan provides interesting evidence as
shown in section 3.1. Consider the example in (95a), where the future marker
akan picks up a past time to express that something happened after that

past time but is still in the past (a relative future temporal reference).

(95) |Q: When you visited Peter yesterday, what did he do after you had
dinner? ANSWER: |

a. Peter akan menulis se.buah surat
Peter FUT Av.write one.CL letter

‘Peter wrote a letter.’ (Zymla, 2017)

(96) Temporal progression chart:

—  (dinner) — (writing a letter) — (conversation) — ST

The Indonesian akan behaves similarly to the English going to construction
(Eckardt, 2006; Traugott and Dasher, 2001).%> It provides an instance of

temporal reference directed to the future relative to some salient time point.

34For an overview, see Tonhauser (2015) and citations therein.
35The analysis by Eckardt (2006) suggests a greater similarity to the progressive form
than I assume for this comparison. More concretely, Eckardt (2006) assumes an analysis
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Thus, it could be interpreted either as a relative tense or a prospective aspect
(which are formally similar in the present system; (Zymla, 2017)). T do not
want to extend this discussion here. However, what remains is the fact that
there is some element in the expression in (95a) that picks up a contextually
salient time point. A property that we attribute to grammatical tense. The
same observation can be made for the perfect aspect, which can pick up
either a present or a past time point. This is explicitly shown in the examples

below.

(97) a. Dia sudah pergi (sekarang). (E < S,R)
3.SG PERF go now

‘S/he has left (now).’
b. Dia sudah pergi kemarin (E < R < S)
3.8SG PERF go  yesterday
‘S/he (had) already left yesterday.’ (Arka, 2013, p. 26)

I conclude from these examples that clauses in Indonesian carry a temporal
trace that does not necessarily coincide with the utterance time. In other
words, Indonesian instances of temporal reference provide a reference time
that may be contextually or explicitly restricted. This is confirmed in Arka
(2013). The challenge here is that the temporal anchor is naturally compatible
with any of the three basic tenses; thus, Indonesian verbal forms can only ever
entail unspecified temporal reference. The question is then how to describe
the relationship between form and meaning in terms of the rule system I
have proposed above. There is seemingly no morphosyntactic exponent which
we could faithfully map onto the semantics. In such cases, the mapping
relies somewhat on the morphosyntactic input. I propose a technical solution
based on the architecture of the Indonesian XLE grammar Arka (2012): The
relevant verbal forms that receive a tensed interpretation are exactly those

that are marked for MOOD in the XLE grammar. Ascribing the temporal

that is more in line with the preparatory progressive (see, e.g., Rivero and Arregui (2010))
rather than a temporal relation. Concretely, this means that the going to construction
relates a preparatory event stage with the reference time rather than relating the proper
eventuality time with the reference time (Aloni and Dekker, 2016). I will show in the next
chapter that such analyses are also possible in the present annotation scheme.
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interpretation to the PRED value would imply that the temporal interpretation
belongs to the lexical semantics of the verb. However, verbal forms can occur
both in tensed and non-tensed environments. Consequently, the following

rule is the base rule for tense and aspect interpretation in Indonesian:
(98) MOOD indicative — TEMP-REF ‘unspec’

However, this rule does not tell us anything except that there is a tense
node that modifies the underlying eventuality. Explicit specification through
lexical items or pragmatic reasoning is necessary to resolve the underspecified
tense value as illustrated in (97) and (95a), respectively. Aspect is not marked
obligatorily in Indonesian either. Thus it is not possible to draw inferences
from the aspectual markers available in Indonesian in many cases either.

Consider again example (95a) repeated in (99a). Without the specified
context, this sentence has the two readings paraphrased in (99b) and (99¢).
This suggests, at least, that contextual temporal reference is constrained to
non-future contexts (i.e., it is not possible to produce a future-shifted based
on a reference time in the future). Of course, such syntactic interactions have

to be investigated for each auxiliary separately.

(99) a. Peter akan menulis se.buah surat
Peter FUT AV.write one.CL letter

b. Tom will write a letter.

c. Tom was going to write a letter.

In the present case, the interpretation seems to rely on the existence of a
salient non-future time. In Zymla (2017), I entertain the idea that the future
marker akan is a reflex of a existing temporal relation in the context. If
a clause in Indonesian would simply pick up some reference time from the
context, then the use of the future tense appears odd since no future temporal
variable is salient. What is salient is a past time variable — introduced by did
do — that is in the future relative to some other past variable, namely the
dinner. Thus, akan does not refer to an anaphoric element alone but also to
the salient temporal relations that are available with respect to that anaphoric

element. While the absolute temporal allocation of a temporal variable is
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always available, this is not always the case for relative temporal allocation.
One could argue along the lines of Grice (1975) that the future marker is
picked up as a direct consequence of the maxim of relevance and quantity
since it identifies better with the anaphoric temporal element introduced by
the question in (95) which is also allocated in time via a posteriority relation.
This claim puts a heavy load on the theoretic assumptions that underly the
resolution of temporal anaphora and anaphora in general. In Zymla (2017), I
argued for an approach based on situation semantics (although it might be
easier to give up variables altogether and entertain a conceptual approach as
in Bobrow et al. (2007), Bobrow et al. (2009), and Crouch and King (2006)).
The basic idea was that anaphora resolution would work via conceptual
similarity. In this framework, verbal expressions refer to antecedent situations
with similar semantic properties. Thus, a situation that is described as being
temporally preceded by another situation is referred to as a situation that is
temporally preceded by another situation as illustrated in (95a).

Although this goes beyond the scope of this thesis, I would suggest analyzing
inter-sentential phenomena such as the one discussed above in the context
of discourse representation theory, following a rich literature (Kamp, 2017;
Lascarides and Asher, 1993; Partee, 1984). Consequently, pragmatic reasoning
still requires additional attention and is left for future work. However, an
important takeaway of this section is that zero-marked tenses are affected by
the temporal and aspectual auxiliaries in the context, as has been shown for
akan, which rules out contextual future temporal reference concerning the

reference time.

3.5 Summary

All in all, T have described the three steps necessary to represent the mor-
phosyntactic and semantic properties of language adequately. i) I have
investigated the empirical landscape to understand the types of variation
that may occur on various levels of grammar. ii) I have explored the formal
literature and have identified crucial notions in distinguishing different kinds

of linguistic phenomena. iii) Ultimately, I put forward annotations for various
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phenomena based on empirical and formal insights I explored up to this
point. I have introduced a temporal annotation scheme that mimics formal
semantic thought processes while simplifying or dropping many theory-driven
assumptions. In fact, I have proposed semantic labels that may be mapped
onto different semantic formalisms depending on the requirements of the
application. The annotation scheme is not fully independent of theory-driven
approaches and occasionally requires executive decisions in annotating seman-
tic phenomena and the syntax/semantics interface. However, it is important
to note that the annotation system is very powerful and can implement various
formal analyses while simplifying each of them more or less considerably.

One of the main benefits of the present annotation scheme is the strict
modularization of syntactic and semantic features. The idea of mapping
forms to meanings, even in trivial cases, allows us to explore how far semantic
meaning may take precedence over structural representations in terms of
identifying cross-linguistic generalizations. To this end, we first have to
identify the relations between form and meaning and then test if the same
semantics — based on different form-to-meaning mappings — allow for the
same generalizations within and across languages. Ultimately, we also want to
be able to quantify these generalizations, which is part of the role of linguistic
annotation. The role of the present annotation scheme in this machinery is
to ascertain the soundness of the semantic side by embedding it in a proper

formal semantics (see also Chapter 5).
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Chapter 4

Beyond tense: grammatical and

lexical aspect

The rabbit-hole went straight on like a tunnel for some way, and then
dipped suddenly down, so suddenly that Alice had not a moment to think
about stopping herself before she found herself falling down what seemed

to be a very deep well.

Lewis Caroll, Alice in Wonderland

In the previous chapter, I provided a cross-linguistic examination of tense
and, more generally, temporal reference to provide a general motivation for
the annotation scheme presented in this thesis. This foundation has led
to the development of a cross-linguistically viable semantic feature space
for annotating temporal configurations as proposed by (Reichenbach, 1947).
Based on this feature space, a formal semantics has been worked out, grounded
in cross-linguistically motivated formal semantic research, that accommodates
the possible features and their interactions. The formal semantics assure the
proper interaction of the features within the annotation scheme. Furthermore,
I have defined a procedure for developing rules describing a syntax/semantics
mapping and semantic construction for specific semantic interactions.

In this chapter, I extend the ParTMA annotation framework to incorporate

the categories of viewpoint and inner aspect as well. In the previous chapter,
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I have already shown that grammatical and inner aspect carry certain entail-
ments and implications with respect to temporal reference. For example, a
bare perfective marker usually provides past temporal reference. In contrast,
perfective + present temporal reference encodes future temporal reference due
to the incompatibility between the instantaneous time interval corresponding
to the speech time (or the now) and protracted time intervals bounded by

perfective aspect. This is exemplified again for Polish in (1).

(1) Peter na-pis-ze list
Peter PRV-write-PRES a letter

‘Peter is going to write a letter (completely)’ Polish

In this chapter, the main focus lies on two other layers of meanings. One of
these layers is associated with the modal location of eventualities. This is
shown in (2): the expression drawing a circle alludes to a possible view of the
world (w’) in which the described eventuality has happened in its entirety (as
indicated by the use of the simple past)'. One way to establish this intuition
is by comparing the resulting state of the respective worlds. In w’, res’ entails
the existence of a circle in that world. On the other hand, res in w® does not
commit to the existence of a circle (although it does not deny it either). The
contribution of the possible world, w’, allows us to explain why we describe
an arbitrary drawing eventuality as a drawing a circle eventuality. It shows a

world that describes our expected continuation of the eventuality in w®.

(2) a. Jordan was drawing a circle.

b. Temporal and modal progression diagram:

— drew a circle res’ — >
2
— drawing (a circle) res S —>,0

As indicated by the progression chart, this alternative world does not exist

at an arbitrary point in time but rather at the same point in time in a belief

!Usually, modal approaches to the imperfective universally quantify over all suitable
possible worlds. w’ can be understood as a prototypical world representing the relevant
set.
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durative change endpoint

state + - -
activity + + -
achievement - + +
accomplishment + + +

Table 4.1: Aktionsart

world.” This means that we generally expect two dimensions to be relevant for
modeling temporal reference and grammatical aspect: the temporal dimension
and the modal dimension.” The former has already been discussed in detail
in the previous chapter.

The second layer of meaning associated with aspectual semantics is concerned
with the internal makeup of an eventuality. In chapter 2, I used table 4.1
based on Vendler (1957) to explain inner aspect (see section 2.6.3). Thus, its
representation is more multidimensional.” These dimensions can vary across
languages (Bittner, 2014; Croft, 2012), as will be shown in this chapter.
Table 4.1 classifies verb phrases according to various verb classes. In this
chapter, I propose a more fine-grained distinction that includes other aspects
of the lexical semantics of verbs, particularly argument structure (Dowty,
1991; Hale and Keyser, 1993; Levin and Hovav, 2005; Ramchand, 2008). The

20ne might argue that belief worlds need not overlap temporally with the actual world
(This becomes more apparent when explicitly involving belief worlds by use of propositional
attitude verbs; Von Stechow 2009). As explained in the previous chapter, I assume that
temporal reference does not happen based on absolute temporal values (such as dates and
times) but is based on relative anchoring. Here, I extend this view. Temporal anchors —
such as E, R, and S — of belief worlds are mapped onto their counterparts in the actual
world.

This treatment does not rule out a more fine-grained modeling of the temporal properties
of E; R, and S, but it allows us to omit temporal coordinates in belief worlds when not
mentioned explicitly. Since the modeling of belief worlds is limited in scope in the first
place, as I will show in this chapter, I believe this to be a reasonable treatment of the issue.

3This is also reflected in many analyses of the progressive in formal semantics. They
often use world/time pairs rather than only worlds or only times (Dowty, 1986) (There
also exists a variety of approaches employing situations that can have both modal and
temporal coordinates, e.g., Arregui et al. (2011) and Cipria and Roberts (2000)).

4Croft (2012) proposes a two-dimensional model of inner aspect. He uses the dimensions
of time and quality. As indicated by Vendler’s (1957) linguistic tests for inner aspect, time
seems to be an obvious choice. However, the dimension of quality is quite opaque.
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resulting semantics also considers a pre- and post-state.

More generally, the treatment of verb classes I propose for this chapter
falls under the label of decompositional event semantics (Pustejovsky, 1991;
Ramchand, 2008). The goal of this enterprise is to formally compose eventu-
ality descriptions based on the available sub-events. For example, activities,
achievements, and accomplishments must have a process subevent. as already
mentioned back in section 2.6.3, this can be tested by applying progressive
marking to the VP in question, since it requires the process property (Portner,
2019). This insight is obviously covered by Vendler’s (1957) distinctions.
However, what we can deduce from his classification is the relation between
the aspectual property of having a process sub-eventuality and argument
structure. Following Ramchand (2008), I treat the two notions as semanti-
cally connected. Thus, an eventuality can (generally) only have a process
subevent, if we can also identify an undergoer, i.e., someone who is affected
by the eventuality (see (3a); the index ¢ maps the argument onto the relevant
subevent). Similarly, to have an initiation subevent, an initiator is required,
as illustrated in (3b).

(3) a. The ball; rolled process

b. Jamie; rolled the ball;. initiation;,process;

Verb classes are then defined based on different configurations of the partici-
pants of an eventuality. This is described in detail in section 4.3.2, where I
also include a discussion of result states already hinted at in the discussion
of (2). While the focus of this thesis does not liec on the semantics of argu-
ment structure, this approach allows for the description of subtle interactions
between syntax and semantics.

In this chapter, I explore these categories in a fashion similar to the previous
chapter. Temporal ordering will become less relevant, and the focus will shift
toward the question of how aspectually marked clauses relate to the actual
world in terms of internal properties of the event. As Vendler’s (1957) tests
show, these properties affect temporal interpretation more or less directly
but can not always be described by virtue of interval semantics alone. As

explained above, a modal dimension or something similar is also required.
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For this reason, there will also be a shift in the semantics in this chapter.
Rather than working with time intervals, this chapter introduces situation
semantics to describe the semantics of viewpoint aspect, and event semantics
to describe the semantic contributions of inner aspect.’

Starting in section 4.1, this chapter follows the same structure as chapter
3: By looking at the cross-linguistic variation, I provide a general picture of
the spectrum of marking grammatical and inner aspect and the semantics
of these categories. The corresponding formal framework is developed in
sections 4.3 and 4.4. This includes both morphosyntactic considerations, as
well as the semantic properties of these categories. The implications of the
formal framework for implementing aspectual semantics within the ParTMA

annotation scheme are discussed in section 4.5.

4.1 Cross-linguistic variation of grammatical aspect

This section provides an intuitive description of grammatical aspect, focusing
on its realization across languages as documented within the ParGram project
but also in the linguistic literature more generally. As in the previous chapter,
this part is structured based on different morphosyntactic forms, starting

with grammatical aspect via derivational morphology.

4.1.1 Grammatical aspect via derivational morphology

The main distinction pertaining to grammatical aspect is that between
perfective and imperfective grammatical aspect. The terms perfective and
imperfective have been coined by research on aspectual systems in Slavic
languages. In Slavic languages, verbs form aspectual pairs, with a perfective
and an imperfective variant. Consider the Russian examples in (4) and
(5) from Romanova (2007). They display infinitival forms of some Russian

verbs. As these examples suggest, perfective aspect is often derived from

5This shift does not affect any of the insights gained in the previous chapter. Time
intervals can be thought of as situations that only contain information about the time
interval that they correspond to. Conversely, situations CAN have temporal properties
that make them susceptible to temporal operators. More details are given in section 4.4.
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imperfective aspect via prefixation.

(4) za-pisatj, pro-citatj, po-sidetj, Vy-ucitj

in-write! .INF PRF-read? .INF DEL-sit? .INF out-learnt’

INF

‘write down, read completely, sit for a while, learn (by heart)’

perfective
(5) pisatj, citatj, sidetj, ucitj
write! .INF read!.INF sit!.INF learn’ .INF
‘write, read, sit, learn’ imperfective

The distinction between perfective and imperfective verbs usually encodes a
distinction between a bounded (e.g., po-sidetj: sit for a while) eventuality
or an eventuality with an inherent endpoint (e.g., pro-citatj: citaj) (Comrie,
1976; Dahl, 1985). Although this provides a fairly reasonable classification of
the aspectual opposition at the lexical level, the system is far more complex
than this classification suggests. The infinitival forms in (4) are subject
to various kinds of (further) aspectual marking. Concretely, the Slavic
aspectual system allows for the stacking of various affixes, as illustrated in
(6).9 As shown there, a given verb can alternate between perfective and
imperfective interpretation based on the affixes employed. As the glossing in
(6) suggests, the stacking of aspectual morphemes does not simply alternate
between perfective and imperfective aspect but introduces more fine-grained

distinctions such as, for example, iterativity.

(6) a. pf. dat’ "to give’
b. pf. dat’ > ipf. da-va-t’ 'to give’

c. ipf. vy-da-va-t’ > pf. po-vy-da-va-t 'to hand out, distribute’
(Gehrke, 2008)

Grammatical aspect in Russian is tied to a complex system of affixation.
This system is complicated further by the observation that Slavic aspectual

systems seem to contain two layers of aspectual modification: lexical and

5As explained in the last chapter, this system interacts with an inflectional tense system
in various Slavic languages (e.g., Polish, and Russian).
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superlexical modification, both of which are associated with the morphosyntax
of the perfective/imperfective opposition (Gehrke, 2008; Ramchand, 2004;
Romanova, 2007).” This is shown in example (7) from Gehrke (2008, p. 162).
There, the internal prefix changes the semantics of the verb. Generally, it
is argued that internal affixes affect the lexical semantics and “participate
in structuring the event” (Gehrke, 2008, p. 162). External affixes serve as
modifiers (for the temporal properties) of the event description they are
applied to. For example, the external affixes in (7b) mark a temporally

bounded event and the inception of an event respectively.

(7)  Perfective counterparts of (Russian) ipf. pisat’ ‘to write’
a. pf. pod-pisat’ ‘to sign’ (lit.: under-write) INTERNAL
b. pf. po-pisat’ ‘to write (for a while)’ EXTERNALS
pf. za-pisat’ ‘to (begin to) write’
(Gehrke, 2008)

To better understand the argument structure modifying effect of lexical affixes,
consider the following example from Ramchand (2004, p. 337). It illustrates
how lexical or internal modification may affect the argument structure of a
given verb while also perfectivizing it (as indicated by the superscript P).
In each of these cases, the lexically modifying prefix adds an object to the
argument structure, which is unavailable with the corresponding imperfective

form (shown on the right of each example and marked with a superscript 7).

(8) a. v-rezat’ zamok v dverj (*rezat’ zamok)
into-cutt lock.Acc in door.ACC cut!  lock.AcC

‘insert a lock into a door’

b. vy-bit’ glaz (*bit” glaz)
out-beat!” eye.ACC beat! eye.ACC
‘hit an eye out’

c. pro-gryzt’ dyru (*gryzt’ dyru)
through-gnaw® hole.Acc gnaw’ hole.ACC

‘gnaw a hole in something’

"Called internal and external modification in Gehrke (2008)
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(Ramchand, 2004)

The main caveat on the Russian aspectual system suggested by Romanova
(2007) is, that there is “no uniform morphological indication of perfective or
imperfective aspect” (Romanova, 2007, p.3). This means that in Russian
grammatical aspect is not a morphological category but is derived via addi-
tional morphosyntactic and semantic aspects. This is, for example, reflected
in the fact that affixes in Slavic languages can be stacked and is, furthermore,
underlined by the distinction between internal and external modifiers. This
indicates that aspectual modifiers interact not only with different levels of
aspectual interpretation (i.e., grammatical and lexical aspect) but also with
the syntactic and semantic context, as has been exemplified in terms of the
potential modification of argument structure.

As the examples above illustrate, the distinction between perfective and
imperfective grammatical aspect is far from clear-cut. The fundamental
distinction is between bounded or completed forms and unbounded forms,
but different configurations of aspectual affixes can affect various semantic
properties of the described eventuality, including the available participants.
We have also seen that there is a mapping from properties of grammatical
aspect (i.e., boundedness) to external modification and a mapping from
internal modification to properties of lexical semantics (e.g., telicity). However,
so far, we have no concrete proposal for isolating the relevant semantic features
beyond the basic distinctions made in the introduction to this chapter and the
more general introduction in 3. In other words, the contributions of markers
of grammatical aspect, at least in Russian, are not always as transparent
as the contribution of tenses (even in simple sentences). This is due to the
many subtle interactions between bare verb forms and internal and external
modification.

In the following few sections, I enrich the cross-linguistic picture on gram-
matical aspect. This allows us to get a better understanding of the relevant
semantic features. However, as already hinted, we will see an even stronger
interplay between grammatical aspect and inner aspect features compared to

their respective interactions with temporal reference.

168



CHAPTER 4. BEYOND TENSE: GRAMMATICAL AND LEXICAL ASPECT

4.1.2 Grammatical aspect via auxiliaries

In the previous chapter, we have seen that Germanic tense/aspect systems
heavily rely on the use of auxiliaries to encode temporal and aspectual
distinctions. This section examines several examples of aspectual modification,
mainly in Germanic languages, to exemplify aspectual auxiliaries.

In chapter 3, I have already introduced the auxiliary systems of German
and English. There, I have shown that auxiliaries follow a fixed order that
roughly moves from temporal to aspectual modification. The relevant auxil-
iary constructions in English were primarily the perfect construction (Auz +
Vipast_participle) and the progressive construction (Auz + Vipresent participle)- In
previous mentions, I have labeled the progressive an instance of imperfective
aspect. However, the perfect is not an indicator of perfective aspect (Condo-
ravdi and Deo, 2014). In fact, perfective aspect is not encoded periphrastically
in English and usually also not in other languages that employ auxiliaries to
encode (certain) aspectual distinctions. Particularly the progressive aspect
regularly emerges in terms of an aspectual auxiliary cross-linguistically (Dahl,

1985). The following examples illustrate this.

(9) John was building a boat.

(10) vo nad bona roha hae.

he boat.NOM make PROG.M.SG be.PRS.SG

‘He is building a boat.’ Urdu
(11) kare wa fune o  tsukut-te imasu

He SUBJ boat OBJ build-PRSPRT be.NON-PAST

‘He is building a boat.’ Japanese
(12) Dia sedang membuat perahu

3.8G PROG build boat

‘He is building a boat.’ Indonestan

In the examples above, English and Japanese form the progressive with
a present participle form and an auxiliary carrying temporal information.
Similarly, Urdu combines the infinitival main verb with rahaa (derived from

(to) stay) and a temporally marked auxiliary. Due to the lack of overt tense
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marking in Indonesian, the progressive marker sedang that serves as an
aspectual auxiliary does not carry any temporal information. Furthermore,
the main verb does not have a dedicated progressive form (such as, e.g., the
present participle in English). Thus, the Indonesian progressive marker is

similar to a lexicalized aspectual marker such as gerade in German.®

13) Er bau-t erade ein Boot.
( g
3.8G build-PRES PROG a boat.

‘He is building a boat.’ German

4.1.3 Grammatical aspect via inflectional categories

As already shown before (e.g., in chapter 3), certain languages tend to
combine temporal and aspectual information in the same morphosyntactic
form. In this case, grammatical aspect seems more likely to occur as part of
an inflectional category.

This tendency is more developed (but not exclusively) in Romance languages
such as Spanish, Italian, and French. Tense and grammatical aspect are also
more intertwined in Modern Greek, for example. These languages provide a
dedicated past imperfective marker such as the imperfetto in Italian. Italian
furthermore distinguishes between a progressive marker and the imperfetto,
which is used for general imperfective uses. This is illustrated in example
(14) from Giorgi and Pianesi (1997). Following the trend we have seen before,
the Progressive is formed using an auxiliary verb combined with the gerund
of the main verb (however, the present participle is distinct from the gerund

form in Italian).

(14) a. Quanto Arta entro, Merlino creava un unicorno.

8The claim that gerade is a progressive marker, might be to strong (Ebert, 2000). As
Schaden (2010) notes, gerade has several temporal uses. Most prominently, an immediate
past reading, when combined with the perfect:

(1) Peter ha-t gerade seinen Helm aufgesetzt.
Peter have-PRES just  his helmet put on.PSTPTCP

‘Peter has just put on his helmet.’ German
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When Arthuer entered, Merlin created(IMPV) a unicorn.

b. Quanto Arti entrod, Merlino stava creando un unicorno.
When Arthuer entered, Merlin was creating(PROG IMPV) a unicorn.
(Giorgi and Pianesi, 1997)

General imperfective uses are illustrated in the following example from Ferreira
(2016). As shown there, pure imperfective marking is ambiguous between a
habitual interpretation and a continuous interpretation, as indicated by the

glossing.

(15) a. Eperne to farmako
take-PAST-IMPV the medicine
"He was taking the medicine/He used to take the medicine.” Greek

b. Gianni fumava
Gianni smoked-IMPV

’Gianni was smoking/Gianni used to smoke.’ Italian
Ferreira (2016)

The continuous interpretation of the imperfective aspect is relatively similar to
the progressive in that both describe an unbounded eventuality. However, in
Italian, the imperfective typically patterns with activities (such as smoking),
whereas the progressive patterns with achievements and accomplishments,
i.e., telic predicates to express the ongoingness of a given eventuality.

Generally, habituality is expressed when one describes the tendency of some-
one (or something) to do something regularly (Carlson, 2012). However,
the habitual does not describe a state of affairs at a specific reference time
but instead in a broader time frame. The next section expands on this

explanation.

4.1.4 Contrastive inference of aspectual features

Inflectional forms are often used to form a contrast with other aspectual
forms (a similar process has been identified for some zero-marked tenses in

the previous chapter). As we have seen above, only the progressive aspect is
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marked explicitly in English. It stands in contrast with the simple present and
the simple past. However, both of these have default aspectual interpretations.
The realization of habitual aspect in English is indicated by the aspectually
unmarked present tense and (optionally) plural marking on the object. Thus,
(16¢) represents a prototypical habitual interpretation in English. Ferreira
(2016) points out that the plural marking is important for the habitual
interpretation. However, the plurality does not necessarily have to come from
the object. Thus, (16d) can also encode habitual aspect if the underlying
event is separated in multiple non-continuous instances. Importantly, none
of these instances has to overlap with the evaluation time.” Thus, both (16¢)
and (16d) are true even if Jamie is not engaged in the activity described by
the verb phrase. Habituality can also be expressed by combining the past
tense with plural marking on the object. However, as explained in the next
few paragraphs, the simple past has a default perfective interpretation. Thus,
in the past tense, there exist explicit lexical markers of habituality, e.g., the
phrase used to. As these examples suggest, aspectual marking is much more

context-dependent compared to temporal reference, at least in English.

(16) a. Jamie wrote a letter. perfective
b. Jamie is writing a letter. imperfective /progressive
c. Jamie writes letters. imperfective /habitual
d. Jamie builds a house. imperfective /habitual
e. Jamie used to write letters. imperfective /habitual

Compared to imperfective aspect, perfective aspect is generally incompatible
with a present tense interpretation (De Wit, 2016). Thus, the English simple
past is the main contender for perfective marking in English. However, as
mentioned above, the simple past can receive a habitual interpretation in the
right context. Thus, it would be more precise to say that the simple past can
express perfective aspect in a certain morphosyntactic and semantic context.
In other words, there is no concrete morphosyntactic marker for perfective in

English, but the default interpretation of the simple past is perfective.

9This is a tentative description of habitual semantics.
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4.1.5 Zero-marked grammatical aspect

Zero-marked grammatical aspect is arguably more prevalent than zero-marked
tenses. I have already pointed out a superficial similarity between German in
Indonesian with respect to progressive marking (see section 4.1.2). Following
this thread, we can say that both German and Indonesian allow for inferring
aspectual properties contextually or from the interaction with temporal

modifiers, as illustrated in (17).

(17) Dia makan sambil menonton TV.
3.8G eat  while Av.watch TV

‘He was/is eating while watching TV.’ Indonesian
(18) Er ak wahrend er fernsah.
3.8G eat.PAST while  3sg watch.pasT TV

‘He was eating while watching TV’ German

Thus, these languages provide more extreme examples of contextual aspectual
reference compared to English, where the aspectual semantics are inferred
from the contrast with other, overtly marked aspectual categories. In the
previous chapter, I mentioned that the optional marking of temporal reference
suggests additional implications. However, I am not aware of any such
implications associated with the markers presented here. However, this is not

conclusive evidence. Thus it provides another avenue for future research.

4.1.6 Complex interactions of aspectual features

Already in the discussion of Slavic-style aspectual marking, I have pointed out
that aspectual marking can be stacked. When stacked, the semantics of such
expressions do not simply switch from bounded to unbounded (or vice versa).
Rather complex stacking of aspectual features affects different semantic
properties between grammatical aspect and inner aspect. One example of
this was iterativity, which also emerges when combining grammatical aspect
with plural or pluractional markers. Pluractionality marks the repeated
occurrence of an action, for example, via reduplication as shown in (20);

Lasersohn (1995). As the example indicates, in this case, the progressive
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marker sedang is optional to express progressive aspect (Arka, 2013).

(19) John is building boats.
(20) Ali (sedang) me-mukul-i kepala=nya sendiri.
Ali PROG  AV.hit-1 head=38G.PosSs self

‘Ali is beating his own head.’ Indonesian

Various languages in the ParGram project provide avenues for further research
on complex interactions between aspectual features. However, while the
interaction with plural and pluractional markers is relatively straightforward
cross-linguistically, interactions between aspectual markers can induce more
fine-grained semantic distinctions. One noteworthy example is that of Urdu.
We have seen that aside from the progressive form that is derived from the
verb stay (Butt and Rizvi, 2010), there is a second similar form that allows

for aspectual stacking (see (21)).

(21) a. vonad bonata roha.
he boat.NOM build-IMPV stay-PERF

‘There is a boat building event which continued past a point at
which it was supposed to end.’
b. vo nao banata rehta hee.
he boat.NOM make-IMPV stay-IMPV be.PRS.SG
‘He is "obsessively" building boats’ Urdu

As these examples show, aspectual stacking can lead to highly specific readings.
For the sake of this thesis, I do not inspect such examples more closely.
However, I believe that the syntax/semantics interface introduced in the
previous chapter is especially well-suited to capture such interactions. A
more concrete investigation of this is left for future work. In this thesis, I
mainly focus on the more primary semantics associated with grammatical
and inner aspect since they are also more well-represented cross-linguistically.
Furthermore, it is unclear how well the meanings in (21) contribute to the
resolution of basic inference patterns such as the imperfective paradox.

All in all, we see a similar general pattern as with temporal reference in

the previous chapter: Aspectual categories can be encoded on a spectrum
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from structurally to contextually encoded meanings. Similar to complex
tense/aspect forms such as the past perfect, aspectual features can be stacked,
but rather than encoding some sort of relativity, the combination of aspectual
features allows for the expression of more fine-grained and varied meanings.
This trend becomes even more apparent in the next section, where I discuss

the encoding of inner aspect cross-linguistically.

4.2 Cross-linguistic variation of inner aspect

Although aspectual marking allows for encoding various complex meanings,
it is still possible to attribute certain features to specific forms. The semantic
contribution of inner aspect is less specific. In other words, the semantic
properties that affect the linguistic surface representation of eventualities
concerning their inner aspect are less clear-cut. In chapter 2, I introduced
some linguistic tests for inner aspect, such as the (non-)compatibility with
the progressive aspect or the combination with specific temporal adverbials
(i.e., the in/for alternation). Such tests indirectly elicit information about
the inner aspect of a given verb phrase. By this, I mean that the surface
form of the eventuality does not change corresponding to the inner aspectual
properties but only to the constraints on modification as imposed by these
tests (e.g., progressive aspect is formed in the same way for all verb classes
compatible with it). However, specific properties related to inner aspect
can be illustrated in terms of cross-linguistic variation, particularly when
arguments of the verb are taken into consideration as well. Consider the verb
(to) walk, which seems to be underspecified for telicity, as it is combinable
with different arguments to produce either a telic or atelic interpretation.

This is illustrated in the following example.

(22) a. Jordan walked to the store (7for thirty minutes/in thirty minutes)
b. Jordan walked around in the park (for thirty minutes/*in thirty

minutes)

However, the intransitive version of the verb, as, e.g., in Jordan walked, seems

to be strictly atelic. This suggests that argument selection is tightly related
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to inner aspect and that we cannot simply apply labels of inner aspect to
only the verb itself but also need to factor in its immediate syntactic and
semantic context (e.g., Dowty 1982; Krifka 1998; Verkuyl 1972; Verkuyl
1993). We also need to consider the internal makeup of these arguments,
which is illustrated particularly well by the distinct properties of the PPs
attached in (22). The first PP, to the store, clearly expresses a specific goal
which effectively suggests the existence of a clearly specified endpoint. On
the other hand, the PP around in the park describes an undirected path with
no linguistically specified goal, thus, implying atelicity.

In other languages, for example, Hungarian, telic and atelic readings are
sometimes grammatically distinguished by using particles. This is illustrated
in (23b), where the particle le indicates that the result stage is reached (the
door is completely painted). However, Hungarian also may introduce other
means by which telicity is distinguished, as is shown in (23c). There, the
adjectival modifier forces a telic interpretation where the natural endpoint is

a completely white door (Kardos, 2016).

(23) a. Péter 10 perc-ig /*10 perc  alatt festett egy ajito-t
P.NOM 10 minute-for /*10 minute under painted a  door-Acc

"Peter was painting/painted a door for 10 minutes’ atelic

b. Péter 10 perc alatt /*10 perc-ig  le-festett  egy
P.NOM 10 minute under /*10 minute-for PRT-painted a
ajito-t
door-Acc

"Peter painted a door in 10 minutes.’ telic

c. Péter 10 perc alatt /*10 perc-ig fehér-re  festett egy
P.NOM 10 minute under /*10 minute-for white-into painted a

ajito-t
door-AcCcC
"Peter painted a door white in ten minutes’ telic
(Kardos, 2016)
Hungarian
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4.2.1 The question of cross-linguistic uniformity

However, the classification of Aktionsart or aspectual class runs into further
problems from a cross-linguistic perspective. Not because they do not occur
in other languages but because different classes may be specified based on how
they interact with the grammar. This point is, for example, elaborated on in
Bittner (2014), who proposes a new set of aspectual classes for Chinese.'”

The classes and their diagnostics are shown in (24) and (25) respectively.

(24) Chinese verb classes
a. predicates of events
b. predicates of gradable states

predicates of point events

o

d. predicates of point-scale states

(25) Diagnostics
a. Compatibility with measure phrases
b. Compatibility with phase verbs
c. Compatibility with degree modifiers

Similarly to Vendler’s (1957) classification, verb phrases can be distributed
across four different classes according to tests based on the compatibility
with different types of modifiers. However, the resulting distinctions are
quite different. The following examples from Bittner (2014) illustrate the
application of the tests to examples from Chinese. The first test involves the
compatibility with event-measure phrases such as, for example, three times.
This is only available for events (marked by E/) in the glossing. Consequently,

states can not be pluralized in Chinese.

(26) [fevent]: (in)compatibility with event-measure ci ‘M’

a. Mingzi, Lisi xie san-ci le
name, Lisi E/write three-Mc,; PNC

10As Bittner (2014) herself points out, there are several proposals that provide an
alternative classification of verb classes. This only serves as an illustrative example.
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‘His name, Lisi wrote three times.’ event
b. Mingzi, Lisi xie.wan san-ci le

name, Lisi E/write.finish three-Mg,; PNC

‘His name, Lisi finished writing three times.’ point event
c. Lisi *hen lei san-cl (le)

Lisi pos s/tired three-M.,; (PNC)

gradable state

d. Lisi léi.si san-ci (le)

Lisi s/tired.die three-Me,: (PNC)

point-scale states

Chinese

The second test concerns the compatibility with phase verbs. According to
Bittner (2014), the item zai can be interpreted as a progressive marker. As
predicted, this marker is compatible with events (note that the progressive
marker makes all predications it applies to stative. Thus, the examples in (27)
do not provide any E/ annotations). However, it is not compatible with point
events.'! It also is not compatible with the two kinds of states identified by
Bittner (2014).

(27) [£point — event]: (in)compatibility with phase-verbs, e.g. zdi

‘S/be.in.prg’
a. Lisi zai xie  mingzi
Lisi s/be.in.prg write name
‘His name, Lisi wrote three times.’ event
b. Lisi zai *xie.wan mingzi

Lisi s/be.in.prg *write.finish name

INTENDED: ‘Lisi is finishing writing his name’ point event

c. Lisi *zai hen léi
Lisi s/be.in.prg POS S/tired
gradable state

H&imilarly, not all achievements in English are readily compatible with the progres-
sive,e.g., ¢Jamie was finding her keys.
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measure phrase phase verb degree modifier

event + + -
point event + - -
gradable state - - +

point-scale state - - -

Table 4.2: Alternative classification of Chinese inner aspect

d. Lisi *zai lei.si
Lisi s/be.in.prg s/tired.die
point-scale states

Chinese

Ultimately, Bittner’s (2014) tests lead to the classification in Table 4.2. Al-
though her approach and Vendler’s classification do not seem to be too far
apart, it challenges the idea of a cross-linguistically valid treatment of inner
aspect. Not necessarily because eventualities are perceived fundamentally
different in Chinese, but rather because the perception of eventualities fo-
cuses on different properties, which leads to different interactions with other
elements in the grammar.

Bittner (2014) raises a critical question: Do we simply try to fit Chinese
into a framework that is mainly based on research in Germanic languages, or
should we specify a separate aspectual system based on rigorous linguistic
testing? In the next section, I propose a uniform system for annotating inner
aspect based on Ramchand (2018) and Ramchand (2008). The gist of this
system is that it provides more basic building blocks for inner aspect via a
decompositional event semantics. Thus, the insights gained here provide an
overview of the topic of inner aspect but can be broken down more for the

sake of formalization.

4.2.2 Interim summary

The main point of this section is to show that semantic properties of inner
aspect usually emerge based on the possible interactions with other elements

in the grammar rather than some sort of grammatical marking. Concretely,
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aspectual properties arise from the interaction of properties of the verb itself
and the interaction with its internal arguments. However, some languages
furthermore allow for different strategies for indicating aspectual properties.
For example, it was shown for Hungarian that telicity can be encoded in
terms of particles. However, the exact aspectual distinctions might vary
cross-linguistically. An examination of this is potentially left for future work.
Compared to the other categories, this section is fairly short. This is in part
due to the language-specific nature of inner aspect. However, rather than
losing myself in minute details of aspectual interpretations across languages,
this thesis focuses on the bigger cross-linguistic picture. Thus, in the next
two sections, I work out a formal semantics that encodes distinctions of inner
aspect and explain how this framework can potentially be extended to more

difficult cases, such as the Chinese aspectual system.

4.3 Towards a formalization

The formalization of grammatical and inner aspect provides a more complex
challenge than temporal reference. Particularly, the many interactions be-
tween grammatical aspect and inner aspect enhance the difficulty of finding
a cross-linguistically common core. In this section, my goal is to line out
concrete distinctions between semantic properties contributed by grammatical
aspect and semantic properties contributed by inner aspect. More concretely,
this section is concerned with the question of whether it is possible to identify

some basic building blocks for annotating grammatical and inner aspect.

4.3.1 Grammatical aspect

As illustrated in the previous section, grammatical aspect, at the very least,
forms a dual distinction. This distinction has been traditionally based on the
Slavic aspectual system, where verb forms are categorized into two major
categories (Romanova, 2007): perfective and imperfective aspect. This view is
also perpetuated in the distinction by Comrie (1976), a more cross-linguistic

study of aspect, shown in (28):
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(28) Aspectual oppositions by Comrie (1976)

Viewpoint

T

Perfective imperfective

T

Habitual Continuous

TN

Nonprogressive  Progressive

In the previous section, I have shown that each of these distinctions has been
attested cross-linguistically. As the hierarchical structure of (28) indicates,
the progressive and the habitual are more specific readings of the imperfective
aspect. Accordingly, we would want our semantics to capture this intuition.
More concretely, our goal is to formalize imperfective aspect so that a pure
imperfective can receive either a habitual or a progressive interpretation, or
rather a habitual or continuous interpretation. However, the continuous inter-
pretation of an imperfective marker can also be a progressive interpretation.
According to Comrie (1976), the reverse should not be possible.'? Le., it
should not be possible to interpret a habitual form as a progressive form. In

English, this seems to be, in fact, the case.

12 A possible challenge to this view comes from other uses of the present participle form,
e.g.:

(1) Once there was a scorpion, standing by a river. adjunct

(2) Hunting deer is a difficult endeavor. gerund

The adjunct clause indicates a continuous interpretation. This is acceptable if we assume
that the English progressive encodes continuous aspect. However, the gerund does not
describe an actual situation but makes a generic assertion about hunting deer. This
suggests a semantics closer to that of habituals, which also do not commit to the fact that
the described situation takes place at the time of reference. For example, John smokes
does not mean that he smokes right now, whereas John is smoking indicates that he is
doing it at the time of speech. Of course, whether these examples should be compared to
progressive marking (i.e., Auz V+ing) in the first place is an open question (Ramchand
(2018) seems to answer it positively, though). This requires a more thorough analysis of
these forms.

Overall, this thesis does not commit to the fact that the formal system proposed here is
also transferable to non-finite forms without any modifications. As mentioned in chapter 2,
the analysis of non-finite forms is left for future work.
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While imperfective aspect is often researched more thoroughly due to its
heterogeneous nature, I believe that perfective aspect deserves more attention.
In the previous chapter, I have shown that the perfective aspect has strong
implications concerning temporal reference. While these have been addressed
in the literature, perfective aspect is usually simply described as perceiving
an eventuality as an unanalyzed whole (Comrie, 1976; Smith, 1991). However,
Singh (1991) presents evidence that the perfective aspect limits an eventuality

rather than entailing the achievement of its endpoint.'?

(29) a. m&-—ne ad3. oepna kek kMaja  or baki kol
I=ERG today mine cake eat-PAST and remaining tomorrow
kMati-ga
eat-FUT

‘I ate my cake today and I will eat the remaining tomorrow.’

Hind:
b. wakash-ita keredo wakanakatta
boil-PRvV  though boil.NEG
'I boiled the water, but it did not boil’ Singh (1991)
Japanese

Similar observations can be made for other languages, as well. For example,
in the discussion of the Slavic aspectual system, I have presented examples
that indicate that the perfective entails a boundary rather than an endpoint
when combined with a stative verb (see (4)). Example (30) shows the same

for Urdu.

(30) komra gonda roh-a.
room.SG.NOM dirty stay-PRvV

‘The room stayed dirty’/ ‘There was a period in which the room
stayed dirty.’ Urdu

The same is also the case for the simple past which can be applied to activities

and states to induce a bounded interpretation in English. Consequently, I

13 Another possibility is that the relaxed semantics of the perfective are due to a language
change from past perfective to a pure past tense marker (Condoravdi and Deo, 2014).

182



CHAPTER 4. BEYOND TENSE: GRAMMATICAL AND LEXICAL ASPECT

propose to annotate the perfective more distinctively, in particular, from the
semantic perspective. Thus, I suggest that perfective markers can receive the

following semantic features:

(31) perfective

T

complete bounded

To my knowledge, this distinction is not made overtly in the Grammar of any
language. However, in many languages, when combined with telic predicates,
i.e., predicates with an inherent endpoint, the perfective aspect usually entails
that this endpoint is achieved. Thus, the examples in (29) represent very
specific cases that need to be considered when annotating grammatical aspect.
For the same reason, it is important to properly distinguish the semantic

properties of grammatical aspect and inner aspect.

4.3.2 Inner aspect

The main distinction between inner aspect and grammatical aspect is that
the former is a property of the verb phrase before temporal modification,
while the latter plays a part in anchoring an eventuality with respect to its
temporal and, primarily, modal dimension. I.e., grammatical aspect affects
the relation between eventuality time and reference time, as already explained
in the previous two chapters. Thus, the semantics of grammatical aspect are,
in a sense, also relational like those of temporal reference, as we will see in
section 4.4.

According to the Cambridge handbook of formal semantics (Rothstein, 2016),
telicity is also affected by aspectual markers such as the progressive. Linguistic
tests involving the specification of a concrete temporal endpoint support this
view (Jackendoff, 1996; Tenny, 1987) Tenny (1987) shows this by virtue of

the following example:'*!?

Tn essence, these tests correspond to the same tests proposed by Vendler (1957) and
many researchers following his work.

15 As Jackendoff (1996) points out, some predicates can be coerced into a telic or an
atelic interpretation in the sense of Rothstein (see also Moens and Steedman 1988).
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(32) a. Patricia climbed the tree.
b. It took Patricia two hours to climb the tree.
(33) a. Patricia was climbing the tree.

b. ?7It took Patricia one hour to climb the tree.

Accordingly, there must be a property that is sensitive to these temporal
tests but is it telicity? The answer to this question, of course, depends on the
definition. In my view, there exist two layers of telicity: i) temporal telicity
(there exists an endpoint, and it is reached within the reference time), and ii)
aspectual telicity (there exists an endpoint, it must not have been reached in
the actual world; i.e., during the reference time — see section 4.4). Temporal
telicity affects the interaction with temporal modifiers as, e.g., in (32) or
with the for/in-adverbial test. In comparison, aspectual telicity (or aspectual
entailments of the telicity feature) affects the underlying aspectual inferences.
Consider the examples in (34). Tenny (1995) explains that motion verbs such
as (to) push are not specified for telicity. However, by concretely specifying
the path as in (34b), the description becomes telic. If the progressive would
cancel this (i.e. making the predicate atelic), then we must explain the

discrepancy between (34a) and (34b) in a different way.

(34) a. Jordan was pushing a cart. /4 Jordan pushed a cart.

b. Jordan was pushing a cart to the store 4 Jordan pushed a cart

to the store.

I see these two layers of telicity as two sides of the same coin. The interaction
with grammatical aspect dictates which side of the coin is relevant for a
given situation. Thus, when combined with the simple past, a telic predicate
realizes its endpoint because of the default perfective interpretation, and when
combined with the progressive (imperfective aspect), a telic predicate does
not necessarily realize its endpoint. Generally, an atelic predicate combined
with perfective aspect induces a bounded reading, whereas a combination

with imperfective aspect induces an unbounded reading.'®

16 As, for example, Krifka (1998), shows, this view is not necessarily controversial, but T
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As shown by the various examples in this section, telicity is not a property of
verbs themselves but rather arises from the interaction between the verb and
its arguments (Krifka, 1998; Verkuyl, 1972; Verkuyl, 1993). More specifically,
a relatively simple notion like quantizedness of the complement of a verb
(Krifka, 1998) is not sufficient to infer the telicity of an eventuality description.
In example (34), both complements of (to) push are quantized. Intuitively,
this means that if we dismantle the objects described by the complements,
then the resulting sub-parts do not describe the same object, e.g., parts of a
cart are not a cart, and parts of the path to the store are not paths that lead
to the store.!” Thus, as Krifka (1998) describes, the telicity of an eventuality
description relies on the mapping of the sub-events to the sub-parts of the
complement. In example (34a), each sub-part of the pushing event is mapped
onto the same cart (not its sub-parts). In comparison, example (35) contains
a creation verb. There, each sub-part of the drawing corresponds to another

part of the circle being drawn.
(35) John was drawing a circle. /4 John drew a circle.

Similarly, as shown in section 4.2, telicity can be expressed overtly by using
certain particles. This is also possible in English, e.g., climb up the tree. In
fact, telicity can be expressed in numerous ways. Important examples, based

on Hay et al. (1999), indicate telicity properties of various adjectives:

(36) They are straightening the rope. - They have straightened the rope.
(37) They are cooling the soup. — They have cooled the soup.

These examples are based on the degree to which the underlying property
is achieved, i.e., the property of being straightened or the property of being
cooled. This property can be measured according to a scale. (To) Cool induces
an open scale. This means that scale of cooling has no inherent maximum. In
comparison, (to) straighten (a rope) has a maximum: a completely straight
rope (Kennedy and McNally, 1999).

find it worth spelling out for the sake of this thesis, due to the conflicting accounts found
in the literature.
"Except maybe the final sub-part.
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Furthermore, certain adjectival verbs can be combined with an adjective to
induce a maximum of the scale attributed to the verb (Wechsler, 2005). This

is shown in (38).

(38) a. The metal was hammered flat.

b. The puddle froze solid.
(Wechsler, 2005)

The common notion across all the examples so far is that they involve some
kind of incrementality (Dowty, 1991), i.e., they follow some kind of path. This
path can be provided by a scale (Kennedy and McNally, 1999), a measure
phrase (Krifka, 1998), an actual spatial path (Jackendoff, 1996), among other
means. Objects that provide that scale (either the verb itself or its arguments
or modifiers) are generally called incremental themes (Dowty, 1991). Tenny
(1995) calls these objects elements that measure out.

Let us call the line of work that defines telicity based on a path, actual
or abstract, path-based telicity. Path-based telicity requires the following
properties (taken from Wechsler (2005)):

(39) a. Some property of the affected theme argument changes by
degrees along a scale due to the action described by the verb,

until it reaches a bound.

b. The telic event and the path must be (a) homomorphic (parts of
the event must correspond to parts of the path and vice versa) and
(b) coextensive (the event must begin when the affected theme is
at the start of the path and end when the affected theme reaches
the end of the path).

c. The affected theme must be an argument of the event-denoting

predicate.

4.3.2.1 Result states

An alternative view on telicity (or maybe a view on different core properties

of telicity) is associated with the attainment of a result state Dowty 1977;
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Pustejovsky 1991; Rappaport Hovav and Levin 1998). This is, in principle,
compatible with the path-based telicity view. However, as Ramchand (2008)
points out, verbs might differ concerning whether they lexically entail a
result state, i.e., whether it is part of the verb itself. According to her,
verbs like, for example, (to) break sth., (to) arrive, or (to) enter specify their
result state as part of their lexical semantics, in comparison to, e.g., motion
verbs where the result is calculated from the interaction between the verb
and its arguments (Ramchand, 2008). Thus, in addition to the properties
above, a telic eventuality description must entail or allow for calculating a
result state. This is simple in the case of verbs like (to) arrive or (to) enter.
There, the result state can be described as a transition from negp to p for a
given predicate (Pustejovsky, 1991). I.e., the result state of the predicate is
described by the predicate itself. Compare this with some kind of motion
verb, e.g., (to) push z to store. There, the result state is something like
at-store(x). (To) hammer x flat results in flat(z). Generally, the result state
is specified either by the verb itself or by the type of path/scale provided by
the verb’s argument.

In summary, telic predicates describe the congruent movement of an eventu-
ality and its arguments towards the maximal or boundary point of a path.
Some verbs entail their result state, whereas, for other verbs, the result state
is calculated based on the verb and its arguments (i.e., telic pair formation, a
compositional process according to Higginbotham 2009). As explained at the
beginning of this section, telicity is determined before aspectual modification.
There is no commitment to a result state being reached. This is determined

by grammatical aspect.

4.3.2.2 The process property

One of the most fundamental distinctions of inner aspect is that between
a state and a non-state (Bach, 1986). In chapter 2, I have explained that
the progressive in English only combines with verbs that describe a process,
i.e., have the process property according to Portner (2019). According to

the Vendlerian classification of verb phrases, the process property can be
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described as some kind of dynamicity or change. In accordance with the
observations in the previous section, change can be described as the movement
across a path. Of course, this path does not need to have a boundary. Thus,

both of the following examples express a process:

(40) a. Kim walked to the store.
b. Kim walked around in the park.

Consequently, processes themselves are unbounded but can become bounded
when combined with an argument providing an appropriate path. Verbs like
(to) enter or (to) arrive, which also entail a result state are still compatible
with the progressive, which suggests that they also entail a process.®

Generally, I assume that processes are an important building block for
distinguishing between states and non-states. Progressive aspect can be used
to test for a process state. As mentioned above, a process is the part of an
eventuality that affects its argument relative to the scale it provides. Thus,

the process property is also essential for encoding telicity.

4.3.2.3 Eventuality initiation

As of now, I described a process stage and a result stage as possible building
blocks for eventualities. Ramchand (2008) proposes a third building block
for verb descriptions, namely the initiation stage. The initiation stage can
be seen as the pre-state of an eventuality. In this pre-state, there is not yet
any qualitative change that would affect telicity. It could also be understood
as a preparatory stage.

While not affecting telicity per se, the INITIATION stage potentially affects
the interpretation of the English progressive. As Dowty (1977) points out,
the progressive has a futurate reading, where the described process is shifted
into the future. This is illustrated in examples (41) and (41).

8In the previous section, I used the term transition based on Pustejovsky (1991).
Arguably, achievements like (to) arrive instantiate such momentary transitions. For the
sake of this thesis, I assume that a transition simply refers to the relation between the
process and the result of a given eventuality. Typically, the process part is momentary but
can be protracted, for example, by applying the progressive.
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(41) John is visiting his family tomorrow.

(42) I am eating an apple now.

If we assume that the progressive refers either to the initiation stage or
the unfinished process stage, such examples will fall out naturally without
requiring the assumption that the present tense encodes non-past in these
cases. Rivero and Arregui (2010) similarly describes the potential of the
imperfective aspect, particularly the progressive, to refer to preparatory
Stages.l‘(’

Next to the process property and the result state, the initiation stage is the
third building block, I assume for the semantics of inner aspect. As shown
above, these properties are important in determining crucial notions of inner
aspect and its interaction with grammatical aspect. In the next section, I
will recapitulate the main inference patterns that I want to capture with the

semantics worked out in this chapter.

4.3.3 Aspectual inference patterns

Giving a complete overview of all semantic properties associated with gram-
matical and inner aspect goes far beyond the scope of this thesis. For this
reason, I limit the scope of this chapter mainly to some of the previously

introduced inference patterns, mainly the imperfective paradoz.

4.3.3.1 Inference patterns of progressive aspect

The imperfective paradox is concerned with the question of why some kinds
of eventualities but not others allow for an inference from the progressive
(PROG) form to a form where the completion of the given eventuality is
implied. Incidentally, this is the meaning that is generally (but not always)
associated with the English simple past. I call this a perfective (PRV)

interpretation of the simple past. The inference pattern is illustrated in (43).

(43) a. John was drawing a circle. /4 John drew a circle.

9The English going to expression might be a result of this property of the progressive
(see Eckardt 2006).
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i. PROG(draw a circle) /4 a circle came into existence.
ii. PRV(draw a circle) — a circle came into existence.
b. John was pushing a cart. — John pushed a cart.

(44) John was knocking on the door — John knocked on the door (at least

once).

Following the discussion in section 4.3.2, it should become clear that the
imperfective paradox distinguishes between (path-based) telic and atelic
sentences. When combined with an eventuality that describes a path with
a maximal boundary point, then the inference from the progressive form to
the perfective form fails. In comparison, the inference from progressive to
perfective form holds when the path is undirected /unbound or not specified
(the default interpretation of unspecified paths seems to be unbounded).

To leverage this information, it is necessary to be able to calculate the paths
as they are constructed for different verb classes. For example, for creation
and consumption verbs, the results are creation and consumption respectively.
However, this is almost tautological. A more general path would be from
non-existence to existence and vice versa. As explained before, the result
of an actual path entails the existence of the underlying argument at the
specified goal.

For adjectival verbs, the result state is lexically described, and the same
is true for most aspectual particles. On one hand, consider example (45a).
Obviously, the result state of the banana is not up. The particle’s contribution
solely indicates that the described eventuality has a specific boundary. On
the other hand, off in example (45b) might be sufficient to describe the result

state of the underlying result.”"

(45) a. Jordan ate up the banana.
b. The ball rolled off.

Consequently, to properly model the imperfective paradox, it is not only

necessary to annotate grammatical and inner aspect but also provide annota-

20Rather than specifying an endpoint of a process, off seems to describe a transition
similar to the previously discussed achievements.
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tions specific to various verb classes. In many cases, this calculation is bound
to be context-sensitive. In this thesis, I rely on the fairly well-understood
examples introduced so far, being well aware that this is a considerably large

avenue for future research. 2!

4.3.3.2 Inference patterns of habitual aspect

Similar to the progressive, the habitual also provides indicative inference
patterns when compared to the other grammatical aspects (Katz, 2011). Some
of the basic inferences that I aim to capture with the ParTMA annotation

scheme are presented in (46).

(46) a. Jordan eats apples. / Jordan is eating an apple.
b. Jordan eats apples. % Jordan ate apples.

Jamie ate apples. — Jamie was eating apples.

o

d. Jamie ate apples. %, Jamie was eating apples yesterday.

The notable difference here is between habituals in the scope of past temporal
reference and present temporal reference. Under past temporal reference, the
habitual entails an actual occurrence of the described eventuality. However,
this is only true if the past temporal is indefinite, i.e., the reference time is
not specified in more detail (compare with (46d)).

Similarly to the temporally constrained past temporal reference, present
temporal reference also does not assert a commitment to the described
eventuality in the actual world at the time of evaluation. Consider the

following examples from Fara (2005).

(47)  a. This orange-crushing machine crushes oranges (when it’s switched

on.)

b. This electric toaster crushes oranges (when it’s switched on.)

If there is an expected causing relation (i.e., a causes b) between the subject

of a sentence and the verbal predicate, then the expected activity attributed

2INot to speak of the integrating quantifiers into the mix, as discussed, e.g., in Verkuyl
(1993).
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to the subject does not need to occur. Furthermore, suppose the causing
relation is not expected, such as in (47b). In that case, two readings are
acceptable: one where the unexpected event happened, let’s call it precedence
reading, and second, a challenging reading that is based on an unlikely,
unverified claim that may or may not be proved in a creative way (In the
current example, one could expect that the person putting up the challenging
claim turns on the toaster picks it up the toaster and crushes the orange
by hammering on it. All in all, there seems to be no claim about an actual
instance of the described event to have taken place in the case of present
tense habituals.””

Consequently, the habitual does not entail the truth of the described even-
tuality during the time of reference. An exception to this occurs if the past
temporal reference is completely indefinite. Compared to the imperfective
paradox, the habitual inference patterns are simpler since they are not affected
in the same way by telicity. In the next section, I develop a semantics that

captures the basic facts outlined in this section and the previous sections.

4.4 Semantics for aspectual properties

In this section, I describe the formalization of grammatical and inner aspect as
proposed for implementation in the ParTMA annotation scheme. Since I have
pointed out several flaws of the ParGram system in chapter 2, I will not say
much more in this chapter. My main reason for this is that many discrepancies
in the ParGram grammars are a matter of naming conventions of features.”’
In some cases, e.g., the Polish perfective non-past, a semantic analysis has
found its way into f-structure. However, whether this step is implemented
in the grammar or the semantic rewrite component is not of immediate
concern for the overall architecture of the ParTMA annotation scheme. Such

smaller inconsistencies may even be desired on an application-to-application

22While this example supports the main point I am trying to make, I do not expect that
a computational system could discern the two interpretations proposed by Fara (2005).

23 Accounting for these belongs into a separate document, e.g., a specification for
tense/aspect annotation in ParGram.
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basis. I.e., maybe some applications benefit from a partial semantic analysis
directly at f-structure. As long as there is an entailment relation between
morpho-syntax and semantics, this should not be a problem.”* 2°

As in the previous chapter, I propose a compositional semantics for the
aspectual properties discussed in this chapter so far. As announced in the
introduction, I use formal semantics that describes aspectual properties in
terms of situations and events. More concretely, grammatical aspect is
modeled in terms of situation semantics following (Arregui, 2005; Arregui
et al., 2014; Cipria and Roberts, 2000), and lexical aspect is modelled in
terms of a decompositional event semantics (Ramchand, 2004; Ramchand
and Svenonius, 2014; Ramchand, 2008).

(48) TP
Tense AspP

N
Aspect VP

4.4.1 Situations and events

I continue the work on the ParTMA semantics under the assumption that
the TP now denotes a set of situations, i.e., is of type s,t. This does not
affect the points made in the previous section due to the assumption that
situations are (potentially) spatio-temporal entities that can be reduced to
only one property, e.g., their temporal anchoring (Kratzer, 2017), making
them, essentially, time intervals. This stands in contrast to a semantics

that uses world-time pairs for tense and aspect (see, for example, Deo (to

24 As noted in chapter 2, it is still an issue from the perspective of cross-linguistic
comparability. Thus, the fact that I focus on the semantics rather than the morpho-
syntactic analysis is merely a concession and should be taken more seriously in future
work.

25One important property of the aspectual systems presented in this chapter is the ability
to recursively apply them (de Swart, 2016; De Swart, 1998). Slavic tense/aspect systems
in particular have shown that recursive stacking does not result in a simple perfective or
imperfective value, but rather that each morpheme contributes a specific meaning to the
overall interpretation (e.g., iterativity, distributivity; Gehrke 2008; Romanova 2007).
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appear), Dowty (1982), and Kusumoto (2005)). In the present work, I assume
sufficient overlap between the two approaches to capture relevant insights
from both strains of research but encode them in a situation semantics to
keep the ontology (arguably) more straightforward. *° Thus, both tense and
grammatical aspect apply to and return sets of situations.

With respect to the level of the VP, I assume an event semantics that is
post-davidsonian as claimed by Ramchand (2005). However, this does not
affect the most basic claim that verbs, in their lexical semantics, denote an
event variable (Davidson, 1967). What is different in the event semantics
assumed for this thesis is the way in which arguments are related to this
event. Generally, the approach I assume follows a more Neo-Davidsonian
formalization, where (internal) arguments are not interpreted as inherent
properties of the verb but rather as predicates identifying relations between
the event and its arguments (e.g., Parsons 1990). Furthermore, as I have
done throughout this thesis, events are eventualities, i.e., they describe both
stative and non-stative situations (Higginbotham, 1985, 2000).%7

An important property of event semantics is that the event closure is generally
required to apply at the lowest possible scope (Champollion, 2015). This
means that NP quantifiers generally outscope eventualities. However, since
they affect telicity (Verkuyl, 1972), the event closure cannot be associated
with telicity directly. I will not discuss this issue in this chapter, but chapter
5 presents an analysis that circumvents some of the pitfalls from a formal

perspective mentioned in Champollion (2015). In section 4.4.3, I present a

26This consideration gets more weight if we take into account that we want to describe
lexical aspect in terms of a decompositional event semantics (see below), since then
events and situations together form a sufficient ontology. A potential counter-argument to
situation semantics is the fact that the order of composition does not fall out naturally
from the typing. This widely accepted practice has been coined by Kratzer (1998). There,
grammatical aspect takes as argument a property of eventualities and returns a property
of times, which in turn is saturated by a time variable (or a temporal existential closure
operator, as has been shown in the previous chapter). However, this argument does not
affect the present framework since we assume the rigid structure in (48) independently of
compositional utility. For a recent discussion on the order of composition, see Ramchand
(2018).

2TEvents are still distinguished from states, however, not in terms of their ontological
status but instead based on the properties of a given eventuality (see section 4.4.3).
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decompositional event semantics that strictly applies to the event variable
and, thus, bears no repercussions for the treatment of grammatical aspect
and temporal reference.

The last component we briefly need to discuss is the mediator between
eventualities and situations. I follow the traditional way of mediating between
eventualities and situations by means of exemplification (Kratzer, 2017).
With this, I follow approaches to defining aspectual semantics in a situation
semantics framework such as Cipria and Roberts (2000) and Arregui et al.
(2011, 2014). I rely on the definition of exemplification used in the former
approach shown in (49a). Crucially, the corresponding component in the
compositional framework is shown in (49b). Exemplification applies at the
top of VP to an existentially closed event predicate, as illustrated in (49¢).?
Note that the proposition embedded under eventuality exemplification is
not yet marked for tense and aspect. The result is a situation that is just
big enough to capture all constraints imposed on the situation by the event
semantics representation (see Cipria and Roberts (2000, p. 318) for a more

elaborate discussion of the notion of exemplification concerning events).

(49) a. FEwventualities that Ezemplify Propositions If s is any possible
situation and p any proposition, then s is an eventuality that
exemplifies p iff for all s” such that s’ < s and p is not true in s’,
there is an s” such that s’ < s” < s, and s” is a minimal situation
in which p is true.

(Cipria and Roberts, 2000, p. 318)
b. [ exzemplification |9 = Aps.As.exemplify(s,p)

c. [ Brutus stab Caesar |9 =

As.exempli fy(s, Je[stab(e) A ag(e) = Brutus A pt(e) = Caesar])

The plan for this section is as follows: Firstly, I motivate and describe the

formal semantics of grammatical aspect proposed for use in the ParTMA

28The description of the event participants in this example does not reflect the semantics
in this chapter but rather a standard Neo-Davidsonian treatment along the lines of Parsons
(1990). Furthermore, this example does not make any assumptions about the telicity of
the described eventuality.
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annotation scheme in section 4.4.2. Then, I propose a semantics for inner
aspect in section 4.4.3 that is capable of interacting with cross-linguistically
attested morphosyntactic reflexes of this category. As mentioned before,
this goal is achieved by using a first-phase syntax (decompositional event
semantics) as a mediator between the syntax and the semantics of inner

aspect.

4.4.2 Compositional semantics for grammatical aspect

Following the TAM structure down the tree in (48), the first step in developing
a compositional semantics for aspectual properties is to define a semantics for
grammatical aspect. In this section, I propose a semantics for perfective aspect
and then discuss a semantics for imperfective aspect and the distinctions

therein, such as the habitual and the progressive.

4.4.2.1 Formal semantics for perfective aspect

In section 4.3.1, I have adapted the view that the main contribution of
grammatical aspect is to distinguish whether a situation is described as
bounded or unbounded. There, perfective aspect was associated with a
bounded interpretation. Furthermore, we have seen that the boundary
contributed by the perfective coincides with the natural endpoint of a given
action in most cases. Describing the perfective as a boundary marker was
supported on the one hand on work by (Singh, 1991), but we have also seen
more general examples of perfective markers indicating boundaries. This
property of the perfective aspect is also reflected in the most basic, traditional

representations of perfective aspect, here shown as a constraint in (50a).

(50) a. Perfective: T(e) Ct
b. Imperfective: T(e) Dt
This formulation of the constraints imposed by grammatical aspect is based
on Neo-Reichenbachian tense semantics and, in particular, the work done

by Wolfang Klein (Klein, 1994, 2009). The most peculiar property of the

perfective, namely, that it is incompatible with the present tense, has been
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discussed in the previous chapter. In the present tense, reference or topic
time, ¢ in (50), coincides with the speech or evaluation time and is, thus,
assumed to be a moment in time. This means basically that the start and
the endpoint of this time interval are indiscernible. As such, it is not possible
to find a time interval that fits within the duration of the speech time and
of which a description of some eventuality holds true. Thus, I model the
perfective aspect as a part-of relation that holds between situations akin to

the traditional treatment of the perfective outlined above.
(51) [ perfective ]9 = Xs.\s'.s < s’

Rather than treating (51) as a constraint, as for example, in DRT (Kamp,
1979; Partee, 1984) 27 T treat perfective aspect as an existential quantifier.
Thus, the full denotation of the perfective in the present annotation scheme

is as in (52). %
(52) [ perfective’ |9 = Apt.Asp.3s[s < so A exemplify(s,p)]

As shown above, encoding the perfective aspect in terms of the part-of relation
is a good first approximation that captures the traditional insights in the
literature. To account for cases such as those presented in Singh (1991),
where the perfective actually denotes a cessation rather than a culmination
point, the semantics can be refined. In the previous chapter, I presented
a framework in which the semantic differences between operators rely on
defining the restrictor of a given temporal quantifier. Similarly, I argue that
a more fine-grained semantics for the perfective (and later the imperfective
and progressive) can be achieved by providing different denotations for the
restrictor of the existential quantifier shown in (52).

Concretely, I propose that there are two distinct interpretations of the perfec-

tive. One where the event(s) exemplified by a given situation s culminate (in

2Partee (1984) does not specifically describe aspectual properties but refers to a Reichen-
bachian tense system, where aspect plays a role in relating the reference time (constrained
by tense) and the event run time.

30Under this view, situations constrained by tense are not pure time intervals, else, the
sub-part relation would always turn out false, but situations with some spatio-temporal
content, thus, making the approach comparable to frameworks that use world/time pairs.
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the sense of Parsons (1990); i.e., they reach their natural endpoint), and one
where the exemplified event(s) terminate. Termination simply means that an
eventuality is bounded for states and processes. For accomplishments, this
means that they are potentially terminated prematurely. In other words, the
perfective slices out a relevant junk of an eventuality and presents that as a
complete whole. Given this explanation, I propose the definitions in (53) as

potential variations of the simple part-of restrictor used before.?!

(53) a. [ cul |9 = As.As’ : s exemplifies a telic eventuality. s is a
situation, such that all eventualities that begin in s’ reach their

natural endpoint in s.

b. [ bounded ]9 = Xs.\s'. s is a situation such that all eventualities

that begin in s’ terminate in s.

The restrictors defined in (53) carry some universal force to deal with plu-
ralities exemplifying multiple eventualities. This is necessary to account for
Singh’s (1991) partitive telic readings. From a temporal perspective, the cul
restrictor corresponds to the part-of relation. However, the bounded restric-
tor also allows for the reverse part-of relation, i.e., similar to imperfective
aspect, the reference time may be included in the run time of an eventuality
(the eventuality time), or in terms of situations, the topic situation may be
contained in the situation exemplifying the event. To avoid clashes with the
modal analysis of the imperfective in the next section, I further refine this
analysis in section 4.5. The gist of this idea is that bounded readings are
incompatible with lexically telic verbs (e.g., (to) arrive). Alternatively, they
are only compatible with eventuality descriptions that describe a protracted

process stage, i.e., an eventuality that follows an incremental path).

4.4.2.2 Formal semantics for imperfective aspect

The idea of associating grammatical aspect with quantificational force is

commonplace in the formal semantics literature. In fact, the semantics

311n principle, the part-of operator corresponds to an unspecified restrictor, whereas the
more specific readings are only available if inferable via the syntax/semantics interface.
This is explained in more detail in section 4.5.
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described above have been developed as a counter-part to the much more
discussed treatment of imperfective aspect as a universal quantifier over
situations, or world time pairs (Arregui et al., 2011, 2014; Cipria and Roberts,
2000; Deo, to appear; Dowty, 1977). The semantics I propose here are closest
in spirit to work by Arregui et al. (2011, 2014) and encode the cross-linguistic
variation of imperfective aspect in terms of the restrictor of a universal
quantifier over situations. The restrictor of this quantifier, called modal base
in Arregui et al. (2011, 2014); based on Kratzer (1981), can be understood
as a modal accessibility relation, relating two situations based on certain
conditions. This is, in fact, the same procedure that was used in the previous
section. However, the modal bases available for imperfective aspect are

generally distinct from those available for perfective aspect.””

(54) [ emperfective’ |9 = Apsi.Aso.Vs[M B(s)(so) — p(s)]

In accordance with Comrie’s (1976) typological picture, I start with the
distinction between continuous and habitual aspect. Incidentally, Arregui
et al. (2014) defines the ongoing aspect — continuous aspect without an event
in progress reading — in terms of the same part-of relation as the default
imperfective aspect. This means, the denotation for an ongoing interpretation

is as in (506).

(55) As.\s'.s <

(56) [ ongoing ]9 = Apst-Aso.Vs[s < so — p(s)]

This analysis of the ongoing aspect ascertains that the topic situation is
homogenous for states and processes since the predicate in question must
be true of all sufficiently large sub-situations. For telic eventualities, the
sub-situations are also restricted with respect to their granularity. The
sub-situations have to be at least large enough to allow the truth of the

telic eventuality in question. Thus, the given telic eventuality is iterated

32Making any claims about unifying modal bases across perfective and imperfective
aspect lies beyond the scope of this dissertation, and I mention them, at best, as potential
ideas for future work.
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back-to-back within the topic situation (Arregui et al., 2014), resulting in an
iterative interpretation.

Generic and habitual readings function similarly. The modal base is shown
in 57. The important notion here is that of a characteristic (sub-)situation.
Characteristic sub-situations are determined by virtue of the content of the ut-
terance, as well as the context (Arregui et al., 2014; Cipria and Roberts, 2000).
Obviously, the sub-situations must also be large enough to accommodate
for the eventuality described by the predication that the imperfective scopes
over. However, other than the ongoing modal base, this modal base does not
scope over actual but possible situations that do not (necessarily) happen
back-to-back. According to Arregui et al. (2014) this explains, why the
habitual modal base allows for the utterance of non-accidental generalizations
(see Arregui et al. (2014, 316ff)).*

(57) [ MByeneric |9 = As.As'.s" is a characteristic part of s.

The event-in-progress or progressive interpretation of the imperfective and
dedicated progressive markers differs crucially from the two previously dis-
cussed modal bases in one regard: the topic situation is a part of the situation
exemplifying an eventuality. In comparison, the habitual./generic interpreta-
tion and the ongoing interpretation treated the topic time as a super-situation
of the eventuality-exemplifying situations. This is in line with work by (Deo,

34 35

2009), who makes similar claims. Thus, the progressive clearly distin-

guishes itself from the other imperfective interpretations. The relevant modal
base is defined in (58).

(58) Event Inertia

MBE. inertia — As.As’.s" is an Event-Inertia situation for s,

33Deo (2009) provides a more formally more fleshed out account for defining the domain
of quantification of the imperfective, but since this is not relevant to the main point of this
section: Formalizing imperfective in terms of a universal quantifier and its different flavors
as different modal bases. I leave this note regarding the topic for the interested reader.

34 An important insight from Deo’s (2009) is that these part-of relations are constrained
to the temporal domain, as she models the imperfective as a quantifier over world/time
pairs.

35 A more relaxed view would be to state that the generic modal base identifies charac-
teristic situations that are accessible from the reference situation (see also section 4.5).
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where for any two situations s and s’, s’ is an Event-inertia situation
for s iff all the events that have actually started in s continue in s’
as they would if there were no interruptions.

(Arregui et al., 2014, p. 327)

With this, I have covered the basic cases of imperfective aspect. However, I
have also presented some additional variations in the previous section. As
mentioned before, I support the claim in the literature that further variation
can be encoded by inserting different modal bases (Arregui et al., 2014).
I exemplify this in terms of a final example, the preparatory imperfective,
which is used when an eventuality is anticipated to occur in the (relative)
future. For this, Arregui et al. (2014) assumes that preparatory stages of
eventualities and the eventuality itself can be sufficiently distinguished (the
decompositional event semantics in the next section provide one way of doing
this). Given this distinction, the modal base for future-oriented imperfectives
can be defined as in (59). For further aspectual distinctions, I refer the reader
to Arregui et al. (2011, 2014) and Cipria and Roberts (2000).

(59) Preparatory Inertia
[ MBp_inertia |9 = As.\s'.s" is a Preparatory-inertia situation for
S,
where for any two situations s and s’, s’ is a Preparatory-inertia
situation for s if all the events that are in preparatory stages in s
continue in s’ as they would if there were no interruptions.
(Arregui et al., 2014, p. 327)

In summary, I have presented a compositionally simple approach to encoding
grammatical aspect that ascribes the perfective, the core meaning of an
existential quantifier over situations, and the imperfective aspect, the meaning
of a universal quantifier over situations. Fine-grained distinctions in aspectual
systems are encoded in terms of variations in the restrictor of those quantifiers.
These restrictors serve as accessibility relations between situations. However,
not all of the accessibility relations are necessarily modal in the sense that

they refer to non-actual or possible situations rather than situations that are
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part of the actual timeline, including past and present eventualities that have
actually taken place. The proposal is built on existing literature that is still
discussed in current research and thus serves as a modern foundation for the

semantic annotation of tense and aspect.

4.4.3 Formalizing the semantics of inner aspect

As exemplified in section 4.3.2, inner aspect is only partially encoded in the
lexicon. In fact, verbs are often underspecified concerning typical notions
of inner aspect. Rather, it is encoded at the level of VP. This means that
inner aspect is (minimally) derived from features on the verb and its NP
arguments (in particular, its internal arguments, in the sense of Kratzer
(1996)). This insight has been confirmed syntactically and semantically by
many researchers, e.g. Hinrichs (1985), Kiparsky (1998), Kratzer (2004),
Krifka (1998), Ramchand (1997), Verkuyl (1972), and Verkuyl (1993), just
to name a few.

As Ramchand (1997), among others, argues, the morphosyntax of both the
verb and its internal arguments needs to be taken seriously to systematically
describe the interaction between form and meaning with respect to inner
aspect, which is, in fact, regular and predictable in many cases. To this end
Ramchand (2008) develops, what she calls, the first-phase syntax, which is,
in fact, a functional structure designed for a decompositional event semantics
(see also Ramchand 2004, 2018; Ramchand and Svenonius 2014).

The main idea behind this approach is to cover both syntactic and semantic
reflexes encoded in the description of an event with a small set of primitives.
As discussed in the previous section, the first-phase syntax, for example,
reveals that only a small set of verbs are truly telic. More often than not,
telicity is a property of the whole verb phrase rather than only the verb itself.
In the view adopted in this dissertation, eventualities are abstract objects
without any spatio-temporal anchor. They are only ready for anchoring via
tense and grammatical aspect, after a situation exemplifies them. Thus,
telicity is also an abstract concept that acknowledges the existence of a

natural endpoint but not whether this endpoint is actually reached. As seen
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in the previous section, this is the role of grammatical aspect. This distinction
is highlighted by encoding lexical aspect purely in terms of a decompositional
event semantics.

“Change” is seen as one of the fundamental properties encoded in lexical
aspect (Filip, 2012). In the present framework, eventualities are divided
into two categories: those that describe a state and those that describe an
eventuality that contains some internal change. They are identified via the

respective predications as shown in (60).

(60) a. State(e) : e is a state

b. Process(e) : e is an eventuality that contains internal change

The semantics presented here decompose eventualities into up to three sepa-
rate eventualities. Those eventualities are related via causal implication (Hale
and Keyser, 1993). For the present approach, two types of causal implications
are considered. Firstly, a state may lead up to a process, and secondly, a

process leads to a result.

(61) IF,3ey,eax[State(er) N Process(ez) A er — ez], then by definition

Initiation(ey)

(62) IF,3ey,ez[State(er) A Process(ez) A ea — e1], then by definition
Result(ey)

This distinction corresponds to the distinction between causing an event
and transitioning to the result state of an event, i.e., causative semantics vs.
resultative semantics (Ramchand, 2008). This assumption plays a core role
in defining the first-phase syntax and semantics. Generally, such transitions

are captured via the event composition rule shown in (63).

(63) Event Composition Rule:
e = e; — eg : e consists of two subevents, e, es such that ey casually
implicates es
(cf. Hale and Keyser (1993)) from Ramchand (2008)

The event decomposition rule makes available sub-eventualities of a given

eventuality for modification. More concretely, Ramchand (2008) proposes
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initP

DP

subj of ‘cause’
init procP

DP

subj of ‘proc proc osP

e >

XP
subj of ‘res’ res

Figure 4.1: First-phase-syntax template (Ramchand, 2008)

(at most) three sub-eventualities for a given predicate. This is illustrated in
Ramchand’s (2008) example in (64). There, the predicate (o) defuse the
bomb is decomposed into an initiation state, a process, and a result state.

This is the underlying structure of Ramchand’s (2008) first-phase syntax.

(64) ‘defuse-the-bomb’(e) where e = e; — (e2 — e3):
[initiate — defuse(er N process — defuse(ex A result — of —
de fusing(es)]
(Ramchand, 2008, p. 36)

The tree in Figure 4.1 illustrates the syntactic structure underlying this event
composition. Notably, the structure does not only define sub-eventualities
in terms of init, proc, and res but also defines subject positions for each of
them. Each of these sub-eventualities correspond to a different projection in
the first-phase syntax, called initP, procP, and resP respectively that stand

in a hierarchical structure from initiation to result.

4.4.4 The first-phase syntax

The subject positions of each projection correspond to a small set of primitives
roughly comparable to thematic roles (Dowty, 1991). However, compared to

other approaches for defining thematic roles (in computational semantics),
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they provide a more general set of semantic roles that are tied to concrete
syntactic diagnostics (Hautli et al., 2015). The concrete specification for each

of the subject positions in relation to the first-phase syntax is given in (65).

(65) a. Subject(x,e) and Initiation(e) entails that x is the INITIATOR of

e.

b. Subject(x,e) and Process(e) entails that x is the UNDERGOER of

the process.

c. Subject(x,e) and Result(e) entails that x is the RESULTEE.

Finally, the rhematic position is represented in terms of XP. Rhematic
material or RHEMES are components of a predication that are not part of the
sub-eventuality structure. Ramchand (2008) argues that they are part of the
description of the predicate, and can appear in different forms, as we will

see throughout this section’’

If any rhematic material is specified, it takes
the complement position of the lowest available projection. This means that
rhematic material can apply to each of the three projections depending on
the configuration of the underlying verb. This is explained in more detail

below.

4.4.4.1 The initiation

Telicity in the first-phase syntax is affected by the configuration of the sub-
eventualities as well as the configuration of the different subject positions and
a path. Predicates that concretely specify a result state are telic at some level,
as is the case for (to) defuse the bomb. On the other end of the spectrum are
stative, i.e. atelic, predications, which Ramchand (2008) argues, only encode
a initP. This is exemplified in (66). The init sub-eventuality describes a state

and determines John as the cause that this state holds.

(66) a. John loves Mary.

36Recall also section 4.3.2). The rhematic material affects the specification of the path
variable as in, e.g., the optional PP phrase in Jordan pushed the cart to the store.
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b. nitP
DP/>\
Holder it DP/NP

RHEME

In this case, Mary takes the place of the rheme. Ramchand (2008) does not
explain how the init head combines with its rhematic material in examples
such as (66). I tentatively suggest encoding such objects as themes in terms
of a Neo-Davidsonian event semantics. Thus, a sentence like John loves Mary

would have the semantics in (67).
(67) Fellove(e) A init(e) A state(e) A subject(j,e) A theme(e) = m]

As initially mentioned, the first-phase syntax allows various kinds of configu-
rations of different heads. This structure also affects the semantic denotation.
For example, in (66), the init head combines with rhematic material, an entity
of type e,vt, e.g. via predicate modification. However, in the presence of a
proc head, the init head is required to combine with an object of type < v, t >,
according to Ramchand. Thus, the semantic denotation of first-phase syntax
heads is directly affected by the immediate syntactic context, a property that
is particularly interesting from the perspective of the semantic construction
rules, as we will see in section 4.5. For the init head this means, we need to

presuppose (at least) two different denotations shown in (68a) and (68b).

(68) a. [init ]9 = APy.\xc.Aey. Pe) Ninit'(e) AState(e) ASubject(x, e)

b. [ init |9 = APy \xc.Aey.Teq, ea[P(ea) Ninit’ (e1) AState(e)Ne =
(e1 — e2) A Subject(z, e1)]

Let us look at the second possible denotation of the init head, (68b), more
closely. As it illustrates, the init head decomposes an eventuality into an
initiation state, e1, and a second eventuality, es, that is specified by the first
argument of the function. Accordingly, this object is of type < v,t > and is
provided by the next lower head: the proc head.
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4.4.4.2 The process

With the process head, it is possible to produce process and initiation, process
verbs. Consider the example in (70). As shown there, the subject Jordan takes
the role of INITIATOR and the object cart appears as UNDERGOER. Generally,
the UNDERGOER follows the path dictated by the RHEME in the XP.?"

(69) Jordan pushed the cart to the store.

(70) initP
DP
Jordan init procP
|
push
DP
the cart proc

‘ XP
<push> A

to the store

From the perspective of aspectual properties, the important role contributed
by the proc head is the component of “change”. The kind of change that
occurs depends on how the subject position, i.e., the UNDERGOER position,
is filled. Consider the case of consumption/creation verbs. Their objects
are often referred to as incremental themes (Dowty, 1977). The relation
between an eventuality and an incremental theme object can be defined via
a homomorphism relation as proposed by Krifka (1998). Thus, the change
in the eventuality is described by virtue of the change of the incremental
theme. However, in the first-phase syntax, the UNDERGOER of the change
is not the incremental theme but the entity responsible for causing the
change. This is due to the fact, that the UNDERGOER is supposed to serve as

a continuous experiencer of the eventuality (see Ramchand (2008, p. 60)).

37If the path describes a final place, i.e., is bounded, then it should be possible to also
specify a result state. The following example encodes a trajectory rather than a final place:

(1) Jordan pushed the cart towards the store.

For a concrete treatment of path PPs, I refer to (Ramchand, 2008, ch. 5). However, I
also make a tentative proposal for analyzing them in 5.
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However, consumption and creation prevent and cause existence, respectively,

disallowing continuous change.

(71) Jamie ate an apple.

(72) initP
DP/>\
Jamie it procP
|
eat
DP
i rocC
Jamie P | xXp
<eat> A
an apple

Due to this fact, Ramchand (2008) argues that the telicity in creation/con-
sumption verbs is an implication derived from the semantic relation between
the proc sub-eventuality and the rhematic material. Building on Krifka
(1998), Ramchand (2008) encodes objects that are gradually affected (for
example, incremental themes) as paths, and relates eventualities and paths
via the Path/2 relation, that takes an entity and an eventuality as argument.
According to the definition by Ramchand (2008) in (73), for an entity x, there
must exist some monotonic property of that entity that is also monotonic
with respect to the part-whole structure of an event. This monotonic property
of x, is a set of measures D,, which is defined such that for any two measures
d,d1, there exists a linear order for them in D, based on the part of the
entity, x, that they measure: Thus, iff 1,29 C z, and 21 C 29 then d < d;.%’
(73) PATH(x,e) =

def ARAD, Ve, d,d'[R(e,d)&d < d — Je' C e&R(e/,d')]

(mapping to measures) &

Ve, e/, d'[R(e,d)&e’ C e — 3d'[d < d&R(¢',d')]] (mapping to events)

38Ramchand (2008, 162f) also provides further syntactic evidence for such a treatment
of creation/consumption verbs from a cross-linguistic perspective.

39Ramchand (2008) treats the path variable (X in (73) as an entity of type e. More
concretely, she proposes to pragmatically infer a measure based of the denotation of a
given NP or PP (e.g., eat an apple or push a cart to the store. She does not explain how
she reduces both NPs and PPs to entities of type e.
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As explained in section 4.3.2, telicity entailments are generally based on the
properties of a given path. However, the presented implementation does not
allow us to distinguish these properly since we cannot infer from Ramchand’s
denotation whether the described path has a maximal endpoint (it depends
on the set of measures). Furthermore, I do not believe such a system can
be feasibly implemented computationally, or, at least, is much too detailed
to be testable in any real-world scenario. Thus, rather than formalizing the
relationship between an eventuality and the path it takes in terms of some
kind of mapping function, I believe it to be sufficient to describe the path
in terms of a set of features (see section 4.5). As a result, for the remainder
of this section, I treat Path(x,e) as defined by Ramchand (2008) as a black
box that gives us information about the a path specified according to some
variable x with respect to an eventuality e.

Throughout the past few sections, I have mentioned that the path is mainly
tied to the process stage of an eventuality. Thus, Ramchand proposes two
different denotations for processes. One that picks up a path and one that
combines with a res head, i.e., a result state. The semantics of the two

variants are shown in (74) and (75) respectively.*’

(74) [ proc |9 = APy.A\xe.Ney.Feq, ea[ Pe2) Aproc' (e1) AProcess(e1)Ne =
(e1 — e2) A Subject(z,eq)]

(75) [ proc 9% = Aye.Axe.Mey.Path(y,e) A prod(e) A Process(e) A
Subject(x,e)

In the first phase syntax, subjects can be merged into different positions,
consequently allowing for duplicate entries of an NP/DP. This process allows
for marking compound thematic roles such as initiator-undergoers (as in (72)).
For the sake of introducing the relevant concepts, I accept this treatment.
However, in chapter 5, I introduce a process by which compound roles are

formed via co-binding the respective variables.

40A potential avenue for future work is to merge these to denotations since, even if an
eventuality expresses a process and a result, it would still need to follow the path.
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4.4.4.3 The result

This behavior also extends to the result head. In Ramchand (2008), she
mainly focuses on result states that are part of the lexical semantics of a
given verb. She identifies these by attaching rhematic material that describes

a final state. One example she gives is:
(76) Sam broke the stick into pieces.

Accordingly, the first-phase syntax of broke the stick is given in (78). This
example also shows another instance of a compound thematic role, the

undergoer-resultee.

(77) Sam broke a stick.

(78) initP ]
DP
Sam
init procP
\
broke
DP
the stick
proc resP
\
<broke>
DP
~the res XP

stick> <broke>

The semantics of the result head are fairly simple, as shown in (79). The event
variable there is generally saturated by the proc head (see (74)). Furthermore,
these semantics can combine with a state description to model the result

state more specifically.

(79) AP, i Az Neyp.Tres’(e) A subject(e, z) A P(e)

4.4.4.4 The rhematic material

The rhematic material is essential for describing a given eventuality’s telicity

properties. Rhematic material on the process allows for the inference of
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telicity, i.e., by providing a path with a concrete goal. When combined
with the result head, the rhematic material is expected to simply describe
a final state. What does not become apparent in the first-phase syntax is
the relation between path and final state since no path is specified if a result
head is available. As already mentioned in section 4.4.4.2, this treatment is
somewhat confusing and is a potential avenue for further research. An added
benefit of this would be to reduce the number of differing proc semantics,
thus, simplifying the system.

As examples (70) and (72) have shown, a telicity inference is not congruent
with a result head in the syntax. However, as described in section 4.3.2, a
result state can be calculated based on the boundary of the provided path.
This is not worked out in detail in Ramchand’s (2008) work. However, in
the next section and 5, I illustrate some possibilities for treating telic pair

formation.

4.4.5 Interim summary

In this section, I have presented the tools provided by Ramchand (2008) to
describe the lexical semantics of verbs. More concretely, I have shown how
thematic roles are related to particular eventuality sub-events. Thus, the
present semantics tie together argument selection and aspectual properties.
For this fact alone, I believe the present system is worth pursuing. In the next
section, I describe how the present system can be implemented in a mainly
feature-based annotation scheme. Furthermore, I show how these annotations
can be linked with the annotation of grammatical aspect to provide a detailed

semantics of both of these categories.
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4.5 Semantic annotation of aspectual properties

In this section, I explain how the semantic insights presented in the last section
can be integrated into the ParTMA annotation scheme. As in the previous
section, I focus on deriving a semantic feature structure.*’ In the previous
section, I presented a formal semantics for grammatical aspect. However, I
have also indicated that it requires some adjustments to fit together with the
decompositional event semantics presented in 4.4.3. Thus, I first comment
on the annotation of inner aspect. Then, I explain how to leverage this
information to provide a formalization of grammatical aspect that captures
the basic facts of a modal theory of imperfective aspect as presented in section

4.4.2 and translates into a computationally viable formal framework.

4.5.1 Inner aspect

The annotation of inner aspect is based on the first-phase syntax developed
by Ramchand (2008). As she argues, some aspectual information is encoded
directly in the lexical semantics, whereas other information arises from the
interaction between the verb and its arguments in a more compositional
manner. More specifically, internal arguments are mapped onto a path
thematic role, whose properties describe the mode of affectedness of the
argument and, potentially, a boundary, indicating telicity.

In addition to the aspectual information, the first-phase syntax presents a
unique way to capture thematic roles. They are specified as subjects of the
sub-events identified by the first-phase syntax: initiation, process and result.
The configuration of the sub-events and their results can be understood as

subcategorization templates. Some of these are illustrated in (80).

(80) (to) roll o |indt]
(to) push sth.:  |init;, procj]
(to) eat sth. :  [init;, proc]
(to) arrive :  |init;,proc;,res;|

4L Concrete details on the interpretation of the semantic feature structure are given in
the next chapter.
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initP o init-evx,
initiation |, . .
mitiator *,
DP L
subj of init rocP procC-evig
‘cause’ p process
N undergoer *,
DP r
subij of Tes *4
‘u r(J)c’ proc resP result
p /B\ resultee *,
DP XP -
subj of TS rheme *g':|
‘res’ L L _

Figure 4.2: Flattening the first-phase syntax

These templates describe the available sub-events and the roles of their
arguments. For example, (to) push has a separate INITIATOR and UNDERGOER.
In comparison, (to) eat licenses a compound argument, an INITIATOR-UNDER-
GOER. This kind of encoding only captures the very basic facts of the first-
phase syntax. Thus, while it provides an intuitive way to refer to different
verb classes, it is not sufficient for a full-fledged semantics.

For a detailed annotation of the first-phase syntax, I propose the flat feature
structure in Figure 4.2 on the right. It does away with the framework-specific
assumptions of Ramchand’s (2008) work that are of no benefit when combined
with the computational grammars used in this thesis."”

A concrete annotation example is given in (81). As shown there, the values of
the annotation are indices in the f-structure. Thus, the general principle for
this annotation is that the first-phase annotation embeds partial f-structures

(or their semantic counterparts) to enrich them with semantic information.

(81) a. Sam pushed the cart. [init;, proc;]

42The hierarchy is preserved internally for semantic interpretation. This is discussed in
more detail in the next chapter.
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b. |PRED ‘push<Sam,cart>’ init-ev[0]
initiation
SUBJ 1[PRED *Sam’| initiator [1]
0 =
OBJ 2[PRED ‘cart’} proc-ev[0]
process
TENSE past undergoer [2]

As explained in the previous section, such an annotation would also receive a
default unbounded path variable, resulting in an atelic eventuality description.
Let us compare this to an example based on telic pair formation and a lexically
telic predicate.

Example (82) describes a lexically telic predicate. As pointed out in the
previous section, this can be tested by attaching PPs that describe a final
location. For example, (to) arrive at the store sounds fine, while (to) arrive
to the store sounds weird.*® In short, the example describes a init;,proc;,res;
verb. As the mapping from syntax to semantics indicates, this can be encoded

by mapping grammatical functions to nodes in the first-phase syntax.

(82) a. Sam arrived. [init;, proc;, res;]
b. [PRED ‘arrive<Sam>’ [ _init—eV[O] ]
initiation
0| SUBJ 1/PRED ‘Sam’} initiator [1]
TENSE past proc-ev[0]
process

undergoer [1]
res-ev|0]
result

resultee [1]

However, in example (83), there is no result state specified. I assume this is
a case where semantic construction rules come into play. As the annotation
indicates, I propose to decompose the PP to the store into a path component
and a goal component. From the perspective of telicity, the GOAL the final
bound of the path, whereas PATH describes the trajectory (based on Kracht

43 Although, to the store can be understood as a PP that describes a path and a final
state.
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(2002) and Zwarts (2005), as proposed by Ramchand 2008).

(83) a. Sam pushed the cart. [init;, proc;]
b. [PRED ‘push<Sam,cart>’ 17 -init-ev[O]
initiation
SUBJ 1[PRED ‘San’| initiator [1]
OBJ Q[PRED ‘cart’] -proc-ev[O] :|
0 process
PRED ‘to<store>’ _undergoer [2]
ADJUNCT 3 r
OBJ 4[PRED ‘store’| PATH [3]
RHEME | GOAL [4]
TENSE past .
- - TYPE ’spatial’

Similarly, other verbs also can be decomposed into a final GOAL state, as
well as a path, as argued by Ramchand (2008). Thus, in examples like (t0)
eat up the banana, up indicates that there is a final goal. However, since
up is not an entity (as, e.g., store), it does not describe the goal itself but
rather allows for the calculation of the result state relative to the type of
verb. For example, with respect to a consumption verb, the final state is that
of being completely eaten or not existing in its original form.** Accordingly,
the presence of a GOAL in the annotation leads to a telic interpretation. In
contrast, the existence of a PATH does not commit to the existence of an

inherent endpoint.

4.5.2 Grammatical aspect

Properly understanding the annotation in the previous section requires its
combination with the annotation of grammatical aspect. The tree in Figure
4.3 summarizes the distinctions that the annotation scheme is supposed to
capture. As explained in section 4.3, perfective and imperfective aspect are
affected by telicity. Thus, in this section, I explain how the two types of

telicity presented in the previous section interact with grammatical aspect.

“Different consumption verbs might need to be decomposed into more detailed types
since, for example, (to) swallow does not imply that the underlying object is destroyed.
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NONE

perfective imperfective

T

culminated bounded ongoing habitual

Figure 4.3: Feature space for grammatical aspect

4.5.3 Semantic annotation: perfective aspect

In this section, I want to plead for a semantics that distinguishes between a
perfective that realizes a unique natural endpoint and a perfective that simply
realizes an endpoint, i.e., a boundary. Generally speaking, this distinction is
only available for verbs that do not encode their result state lexically. This
means that the existence of a result state combined with perfective aspect
automatically results in a culminated interpretation.

However, verbs that do not specify their endpoint directly but are based on
following a path can be affected by contextual factors. An example of this is
given in (84) taken from Jackendoff (1996).

(84) Sam walked the Appalachian Trail.

The NP the Appalachian Trail can receive to distinct interpretations. One
that refers to a part of the trail and one that refers to the complete trail. A
possible semantics is given in the next example. As shown there, when the
NP simply describes part of the path, it combines with the process head, thus,
indicating a process. When a goal is specified, it introduces a result state
description which can only be accommodated by semantically constructing a

result state.

(85) a. [ Goal |9 = Xey.at-end(e)\NGoal = rx[trail(x)]

b. [ Path ]9 = = Aze.Xey.Path(uz[trail(x)],e) A prod(e) A
Process(e) A Subject(zx, e)
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Accordingly, the annotation culminated perfective forces the semantic con-
struction of a result state, whereas the bounded perfective neither presupposes
a lexically specified nor semantically constructed result state. Conversely, if
perfective aspect remains underspecified (i.e., simply s < s’), then telicity
annotation automatically derives the appropriate semantics.

Since both of these possibilities are available for the example in (84), the
annotation is entirely reliant on the annotation of the path: the Appalachian
Trail. Consequently, the example does not allow the inference from the
progressive to its result state based on grammatical aspect alone. The
inference is based solely on the annotation of the underlying path.
Generally, this section has shown that the perfective aspect interacts tightly
with telicity, as observed in the literature. Depending on the exact annotation,
various entailments need to be resolved (e.g., that a culminating perfective
requires the presence of a result state). Consequently, the imperfective
paradox is also based on the existence of such a result state (this has already

been postulated in section 4.3.

4.5.4 Semantic annotation: imperfective aspect

In the previous section, I have shown that the perfective aspect, in certain
instances, confirms the presence of a result state. Thus, the perfective
interpretation monotonically adds information to the eventuality description.
Consequently, the perfective and the imperfective are, in principle, derived

from the same underlying eventuality description.

4.5.4.1 The continuous aspect

In accordance with the formalization discussed in section 4.4.2, the continuous
aspect simply fills up the reference situation with instances of the described
eventuality. For this, the semantics do not have to be modified. However,
it is worth noting that iterativity can be introduced in a number of ways
in the morphosyntax, e.g., plural subject, plural object, and possibly verbal
modifiers (although in these cases, the iterative interpretation might stem

from the semantics of the modifier rather than the aspectual marking. Thus,
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the interpretation might appear iterative because of the context. The context
is not making the interpretation iterative). Thus, it introduces a variety of
variables such as pluractionality (e.g., Lasersohn 1995) and plurality (e.g.,
Link 1998). Since this interpretation is not related to the main inference

patterns described in 4.3.3, I leave it for future work.

4.5.4.2 The progressive aspect

In terms of the annotation, the progressive is straightforward since it uses
the same basic mechanisms as temporal reference. This is due to the fact
that it also introduces a quantifier where differences in annotation correspond
to differences in the restrictor of the underlying quantifier. Thus, I use this
section to focus on explaining the interaction between the progressive aspect
and the first-phase syntax in the present annotation scheme.

The general idea is that the progressive, similarly to the perfective, relies
on the existence of a syntactically or semantically constructed result state.
However, rather than describing the complete eventuality as part of the
reference interpretation, the progressive only entails the existence of either
the initation stage, or the process stage at the reference situation. Accordingly,
the modal bases need to be modified to account for these semantics. Since
both the progressive and the futurate progressive rely on inertia semantics in
the original proposal, they receive similar interpretations based on the first-
phase syntax rather than proper inertia. In (86a), the situation describes both
the wnitiation and the progress in cases where an initiation sub-event exists.
Since most processes are the result of some kind of initiation state (except
maybe in expressions like the ball rolled), this state must have occurred for

the process to be observable at the reference situation.*’

(86) a. [ MBprogressive 17" = Ass.Asl. s describes the initiation and

process of the eventuality described by s’

b. [ M Bpreparatory 19" = Ass.As. s describes the initiation of the

eventuality described s’

45To my knowledge, there are no tests that are sensitive to whether an eventuality has
actually come to be as predicted by the linguistic description.
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Concretely, the first phase syntax allows to explain in more detail which part
of a given eventuality takes place during the reference situation and which
part of an eventuality takes place in the inertia situations. Since we also
know which entities take place in which sub-events, we can also calculate
the existence or non-existence of the corresponding entities in the different
situations. This idea is difficult to formulate precisely in the semantics used
in this thesis. However, a possible implementation has been described in
Zymla (2019).

4.5.4.3 The habitual aspect

The original implementation of the habitual describes it as sub-parts of the
reference situation. However, based on Zymla (2019), I propose to describe
the habitual in terms of an accessibility relation, as in (87a). The accessible
situations are such that they exemplify the underlying eventuality, but the

underlying action must not be part of the reference situation.
(87) a. [ MBpapitual |9 = Ass.Ask. s7is a situation accessible from s

This straightforwardly allows capturing the intuition that the habitual does
not entail its progressive or perfective counterpart at the reference situation
(since it simply describes an empty situation with respect to the exemplifica-
tion of the described eventuality). In this case, the semantics of inner aspect
play a lesser role in relation to grammatical aspect than with the perfective
and the progressive. However, as with the continuous aspect, the habitual
aspect interacts with various elements in the syntax and semantics that have

not been discussed in this thesis. Thus, there is room for future work.
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4.6 Summary

This section had three goals: i) describe the cross-linguistic variation of
grammatical and inner aspect, ii) provide an overview of the basic demands
of a semantic theory of tense and aspect, and iii) show how these can be
encoded formally and in the ParTMA annotation scheme.

To achieve goals ii) and iii), I have introduced a situation semantics for
grammatical aspect and proposed to encode inner aspect in terms of the
first-phase syntax (Ramchand, 2008). As shown in section 4.5, the two layers
of meaning are closely connected. The result is, at its core, a semantics
for aspect that explains aspectual inferences by virtue of lexically encoded
or semantically constructed result states. Such result states are often not
computed based on a given verb but rather on its complementary material,
including the internal argument and further rhematic material.

This chapter has addressed only some fundamental aspects of aspectual
semantics, i.e., inference patterns between expressions marked for different
grammatical aspects. This thesis argues that the presented semantics allow
for capturing these inferences, but a concrete description of the underlying
algorithm /system is left for future work.

The next section further illustrates this by implementing the semantics
presented in this and the previous chapter. However, as noted towards the
end of this chapter, future work might benefit from a paradigm shift to another
semantic framework. A potential candidate is a semantics that has been used
to model the effects of modal operators in Bobrow et al. (2007), Condoravdi
et al. (2001), Crouch (2005), Crouch and King (2006), and De Paiva et al.
(2007). Zymla (2019) builds on this to propose a more suitable semantics
for grammatical aspect and inner aspect. However, discourse representation
theory, or at least one of its many incarnations, might also provide a more
suitable semantics for future work since it would make the incorporation of
discourse effects much easier. All in all, aspectual features still provide a

huge avenue for future research.
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Chapter 5

Implementation and

Applications

In the last two chapters, I have established the ParTMA annotation scheme for
the semantics of tense and aspect. There, the main point was to illustrate the
cross-linguistic variation in the realization of tense and aspect features and how
this variation can be captured. The annotation scheme presented in this thesis
has two components: a feature set and a ruleset. The feature set, of course,
provides descriptive information about tense/aspect features, whereas the
ruleset has shown to be necessary (or at least useful) to implement semantic
construction. Semantic construction covers a wide array of interactions
between tense and aspect categories and tense/aspect with other categories
that affect the interpretation of semantic features. In the tense domain,
this was illustrated primarily in terms of the Sequence-of-Tense phenomenon
and the treatment of tense in (counterfactual) conditionals. In the domain
of grammatical aspect, default interpretations have been constructed from
tense features and features of lexical aspect. Concerning lexical, or inner,
aspect, semantic construction has been illustrated in terms of telicity, which
was derived from the interaction of the verb and its rhematic material in a
first-phase syntax.

In this chapter, I describe an implementation of both of these components,

starting with the generation of semantic construction rules. These have been
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implemented in terms of a system of graph-rewriting, which is inspired by
the packed rewrite system used in XLE (Crouch et al., 2017) and graph-
matching algorithms used for querying treebanks, in particular, Rosén et al.’s
(2012) Infrastructure for the Exploration of Syntax and Semantics (INESS).
This system is described in section 5.1. The second component, the feature
space of the annotation scheme, has been motivated in the previous two
chapters. In section 5.2, I describe the compositional framework through
which the semantic features are composed into semantic representations based
on first-order logic. Concretely, I present a compositional system based on
LFG’s Glue semantics (Dalrymple, 1999), grounded in the description-by-
analysis tradition (Andrews, 2008; Crouch, 2005; Crouch and King, 2006;
Wedekind and Kaplan, 1993). I show that by employing Glue semantics as an
underlying semantic framework for the annotation scheme, the annotation can
be kept relatively simple while still being able to systematically encode certain
hierarchies involved in the composition of tense and aspect, for example, the
[T...[Asp...[V P]]] hierarchy, or the first-phase syntax. This means the abstract
syntax of the annotation scheme (in the sense of Bunt 2015) may remain
straightforward, while the semantics of the annotation scheme can become

more flexible in dealing with various complex semantic phenomena.

5.1 Semantic construction via graph rewriting

In this section, I first discuss the implementation of semantic construction
rules. For this purpose, I provide a formal system that is compatible with
both XLE’s output and the output of dependency parsers (in particular, the
universal dependencies parser that is part of the Stanford CoreNLP library
(Chen and Manning, 2014)). In other words, the system presented in this
chapter is compatible with the two grammar formalisms described in the
second chapter, LFG in 2.3 and UD in 2.4. It has two properties:

(1) Property 1: Identify partial syntactic (and semantic) structures

(2) Property 2: Add additional structural and semantic information to

an input structure
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To kick off this section, I explain how the present system implements Prop-
erty 1. Then, I will illustrate how the system can be extended to produce
semantic construction rules or, in other words, how to deal with Property 2.
The properties in 1 are fairly general. However, I will decompose them in the
next few sections to provide a detailed understanding of the implementation

presented in this chapter.

5.1.1 Identifying partial syntactic structures

The identification of partial syntactic structures not only plays a role in
syntactic parsing itself (especially in lexical approaches such as, for example,
LFG, HPSG (Pollard and Sag, 1994), or LTAG (Joshi and Schabes, 1997)).
It is also used to analyze syntactically annotated corpora (see Lai and Bird
(2004) for a comprehensive overview) or to add additional syntactic structures
to existing representations (e.g., the enhancement of universal dependencies
(Schuster and Manning (2016); based on Chambers et al. 2007). Techniques
of the latter kind have also been used to derive full-fledged semantic represen-
tations from the syntactic output of the XLE system (Crouch, 2005; Crouch
and King, 20006).

What all of the approaches mentioned above have in common is, that they
introduce a query language for identifying partial syntactic structures. For
this thesis, three query languages serve as the main inspiration: the query
language used in the infrastructure for the exploration of syntax and seman-
tics (INESS; Rosén et al. 2012), and two components from the XLE system
(Crouch et al., 2017). First, the query language used to identify partial
f-structures in the unification-based implementation of local co-description,
and second, the query language used in the packed rewrite system (PRS).
This system was initially envisioned for translating syntactic representations
between languages but was also used extensively for deriving semantic repre-
sentations from XLE’s syntactic representations (Crouch and King, 2006).
More generally, the identification of partial syntactic structures can be un-
derstood as identifying partial linguistic annotations. As illustrated in Ide

and Bunt (2010), one can abstract away from certain types of linguistic
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annotations to achieve an abstract annotation language, which, in turn, can
be queried by a corresponding query language. I compile components from
the three inspirations mentioned above into a query language for abstract
syntactic representations and show how this query language is applicable
to syntactic annotations provided by the XLE and the Stanford CoreNLP
dependency parsers. Concretely, I adapt Ide and Bunt’s (2010) approach in
that I translate the respective syntactic representations into abstract syntactic
graphs. This is explained in the next section. Understanding these struc-
tures then allows us to define a query language to identify partial linguistic

structures.

5.1.2 Abstract syntactic graphs

Ide and Bunt (2010) have shown that linguistic annotation schemes are suited
to be represented as graph structures. In the system implemented for this
thesis, I use this insight to generate graph structures that I have dubbed
abstract syntactic graphs. In this section, I explain the formal underpinnings
of these graphs, representations for the unified annotation of XLE’s syntactic
structures, and universal dependency structures, based on ideas from (Zymla,
2018).%? Both UD and XLE’s syntactic structures use enumeration to identify
core elements of the annotation (see Figure 5.1). However, in the case of
UD, the enumeration also encodes word order, as shown in Figure 5.1 on the
left. On the other hand, in XLE, integers simply serve as unique indices for
partial f-structures. For both of these structures, indexation plays an integral
role.” In abstract syntactic graphs, the indices used in the enumeration of

XLE and UD structures serve to encode nodes in the graph, thus preserving

!More concretely, abstract syntactic graphs serve to unify UD structures and XLE’s
f-structure representations, since the f-structure is assumed to be the input to further
semantic processing (Butt et al., 2002; King et al., 2005).

2Generally, syntactic parses consist of directed, possibly cyclic, graphs. For this reason,
the ParTMA query language is also tailored toward use with directed graphs. The benefits
of also covering graphs that are not directed still need to be explored and are, thus, left
for future work.

3This indexation is, in fact, relevant for relating c-structure and f-structure to each
other, but this is not relevant for the present purposes.
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a.
John  kissed a irl
g

NNP/1 VBD/2 DET/3 NP/4

PRED ‘kiss<SUBJ,OBJ>’
SUBJ 1 [PRED ‘John’}

PRED ‘girl
OBJ 4

DET 3 [PRED ‘a’]

TNS-ASP 5 [TENSE past}

Figure 5.1: Enumerated syntax for: John kissed a girl

Relational information:

determiner

Node representation:

Attrl Valuel
n| Attr2 Value2

Figure 5.2: Abstract syntactic graph for John kissed a girl.

the additional information encoded in UD structures.

Abstract syntactic graphs differentiate between relational information and

attribute/value pairs, the two cornerstones of linguistic annotation (Bunt,

2015). An example is given in Figure 5.2 for the syntactic representation

in Figure 5.1b). The translation is very straightforward. Dependencies and

grammatical functions are translated into labeled edges, whereas features

associated with specific nodes are encoded in corresponding attribute/value

matrices.
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Before more complex cases are discussed, let us first define an abstract
syntactic structure S. A tuple S consists of a set of graph node indices N, a

set of edges F, a set of attributes A, and a set of values V.

(3) a S=(N,E,AYV)
b. N is a set of integers referring to indices in a given syntactic

representation.

c. an attribute in A is a symbol (i.e. a string) representing a valid

relation, or attribute in a given syntactic representation.”

d. an edge is defined, for 4,7 € N and a € A, as: i —, j

e. For each n € N, there exists a (potentially empty) set of attribute
value pairs, PY. For any p € PV, p = (i,5), where i € A, j € V.

A graph adhering to the formal outlines presented above can also be rep-
resented as a set of facts F', as specified in (4). This is the computational
representation of f-structure graphs used in XLE. More specifically, it is the
f-structure representation that XLE’s transfer system uses — a simplification

of the actual f-structure representation.

(4) F is a list of facts, such that every f, f € F', is a triple of the form:
(r € N,y € A,z : either z € Njor z € V)

Figure 5.3 illustrates the fact-based f-structure representation used in XLE,
where a given fact is encoded in terms of the eq/2 predicate. Each fact
is wrapped in a choice fact, cf/2, which is used to handle ambiguities. In
an ambiguous structure, invariant facts receive the choice 1, whereas facts
that pertain to specific readings of an ambiguity receive separate choices.
This allows for the expression of ambiguous structures without the need to

duplicate unnecessary information (Maxwell III and Kaplan, 1989).

In the examples presented here, I do not deal with ambiguous XLE-structures.

The main reason for this is to preserve parallelism between f-structures and

4 Attributes could be divided into relations and features formally, but this step is not
required.
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f(1,eq(attr(var(2), D’) ,semform (‘kiss’ ,2,[var(1),var(4)],[]))),
f(1,eq(attr(var(2), ‘SUBJ’),Var( ),
f(1,eq(attr(var(2), ‘OBJ’) var (4))),
f(1,eq(attr(var(2), ITNS-ASP’),var(5))),
f(1,eq(attr(var(1l), ‘PRED ) ,semform ( ‘John’ ,1,[],[]))),
cf(l,eq(attr(var(4), D) ,semform (‘girl’ ,7,[],[]))),
f(1,eq(attr(var(4), DET ),var(3))),
f(1,eq(attr(var(3), PRED’) semform (‘a’ ,5,[],[]))) ,
f(1,eq(attr(var(b), D’ ), ¢ 1ndlcatlve’))7
f(1,eq(attr(var(5), ‘PE ),=)),
f(1,eq(attr(var(5),‘PROG’)," — 7)),
f(1,eq(attr(var(5), TENSE’), “‘past’ ),

Figure 5.3: Fact-based Encoding of an f-structure (Prolog style)

UD structures. Ambiguous f-structures can be represented efficiently using
choice packing (Kaplan and Maxwell, 1995), but this is not readily available
for UD parses. Thus, being able to deal with ambiguities is a desirable goal;
however, it is left for future work.

In the next section, I work out the operations I use to identify sub-graphs
in the kind of graphs discussed in this section. The first building block of
the rule system is presented in this chapter. For the sake of this thesis, the
corresponding query language is called ParTMA query language.

5.1.3 Basic query operations

The ParTMA query language is designed by taking inspiration from tree-
banking applications (in particular INESS; Rosén et al., 2012), as well as
LFG and general graph matching techniques.

As described in section 5.1.2, the syntactic input is translated into a list
of facts describing a graph. The most simple elements of the ParTMA
query language are such facts, where any graph node indices are replaced by
corresponding variables, indicated by a # followed by a lower-case letter, e.g.,
#f. This is exemplified in (5), which also indicates the instantiation of the

given facts with respect to the syntactic structure in Figure 5.4. 0

5In the following examples, I make use of universal dependency representations for ease
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(5) a. #a POS ‘NNP’

{#a — 1}
(nsubj) de
b. #a POS ‘VBD’ J — \ .
John  kissed a girl
{#a =2} NNP/1 VBD/2 DET/3
c.
{#a — 4} Figure 5.4: Dependency analysis

of John kissed a girl.
The system does not only encode variables over f-structures but also allows

variables for values that follow the same rules as f-structure variables. A
% sign precedes such variables for values. Strings can be compared via the
operators == (equals) and !'=(not equal). Thus, a convoluted way of writing

(5a) is shown in (6).
(6) #a POS %a & %a ==‘NNP’

The query language presented in this chapter also allows for the definition
of paths through graphs as illustrated in (7), as applied to Figure 5.4. This
example, furthermore, illustrates that multiple queries can be combined,
sharing the same variable bindings via the symbol & With this, more
complex sub-graphs can be queried.

nsubj

John kissed a girl
NNP/1 VBD/2/2 DET/3 NP /4

Figure 5.5: Example of path matching

(7) #a NSUBJ #b POS ‘NNP’ & #a OBJ #c DET #d POS ‘DET’
{#a — 2,#b — 1, #c — 4,#d — 3}

In addition to the simple graph matching outlined above, the system also

allows for queries inspired by LFG. In particular, the system allows users

of exposition.
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to apply techniques based on LFG’s functional uncertainty and inside-out

functional uncertainty. This is presented in the next section.

5.1.4 LFG-inspired query operations

Functional uncertainty expands on the basic functional application equation
which is used in LFG to identify whether some f-structure node either governs
some grammatical function or contains some attribute/value pair. To be
more precise, functional application in LFG checks whether an f-structure
node satisfies a path constraint defined by some string. The formal definition
for this is equation is given (8). Other than the paths outlined above, in
LFG’s FA, only the equation’s start and endpoint are defined. Intermediate
nodes that are part of the path are not instantiated. The ParTMA query
language allows for a similar mechanism, as illustrated in the example in (8a).
The exclamation mark expresses a direction (namely downwards; toward
sub-structures), and the following string surrounded by parenthesis defines a
path through the queried syntactic structure. In this case, the query succeeds
if a syntactic node, #h, is found that is reached via the relations COMP and
SUBJ in that order. A corresponding example is visualized below in Figure
5.6 and (12).

(8) Basic equation (corresponds to functional application; FA):
(f a) = v holds if and only if f is an f-structure, « is an attribute,
and the pair < av > € f. (Bresnan et al., 2015)

a. Example query: #f !(COMP>SUBJ) #h

Functional uncertainty uses the same mechanism as functional application.
However, rather than applying it to a single string, functional uncertainty
operates on a set of strings as the function’s argument. A set of strings
can be invoked by the use of the *-operator. This operator looks for one or

more instances of the preceding relation label (COMP in the example).® For

5The *-operator is handled differently in this implementation than in XLE, where the
*_operator corresponds to the Kleene star, meaning zero or more instances of the preceding
element (Crouch et al., 2017).
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each possible match, e.g. COMP>SUBJ,COMP>COMP>SUBJ, etc, a new solution
is generated by the query as long as corresponding COMP elements exist in
the underlying syntactic structure. A concrete example is shown in Figure
5.6. Compare the structure with the available solutions for the functional

uncertainty query in (12a).

(9) Functional uncertainty (FU):
For a any set of strings of attributes, (f a) = v holds if and only if

for some z in the set of strings «, (f ) = v. (Bresnan et al., 2015)

a. Example query: #f ! (COMP*>SUBJ) #h

The previous two techniques are convenient tools for checking if certain
sub-structures (partial f-structures in LFG, sub-graphs in the present work)
exist in a given syntactic representation. LFG, furthermore, provides tools
for checking whether certain super structures exist, i.e., whether a given
syntactic node is governed by specific grammatical functions (relations). The
formal definition is given in (10).

In the present query language inside-out functional application follows the
same syntax as functional application, however, the direction is specified as
upwards by means of the *. Thus, the query in (10a), checks whether there
exists any super structure #h from which #f can be accessed via the FA-path
('COMP>SUBJ). This is illustrated in (12b) in relation to Figure 5.6.

(10) Inside-out functional application (IOFA):
For any f-structure f’ and attribute «, (o f’) designates some f-
structure f such that (f o) = f'.

a. Example query: #f ~(SUBJ>COMP) #h

Finally, an inside-out version of functional uncertainty also exists, which indi-
cates multiple inside-out paths, just as its previously introduced counterpart,
functional uncertainty. The concrete formal definition from LFG is given in
example (11). As with FU, IOFU queries return all paths that satisfy the
query. The example in (11a) is illustrated concretely in (13b), as the previous

examples, with respect to Figure 5.6.
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(11) Inside-out functional uncertainty (IOFU):
For any f-structure f’, attribute a, and string of attributes z, (ef’) = f’
(where € is the empty string) and (z « f') = (z(af’)). For any set of
strings of attributes, (o« f) = v holds if and only if for some z in the

set of strings «, (z f) = v.
a. Example query: #f ~(SUBJ>COMP*) #h

(Bresnan et al., 2015)

-root
comp

John believed that Mary  said that Peter  was sick
NNP/1 VBD/2 IN/3 NNP/4 VBD/5 IN/6 NNP/7 VBD/8 JJ/9

Figure 5.6: Example for LFG inspired queries

(12) a. Example query (FA): b. Example query(IOFA):
#f 1 (COMP>SUBJ) #h #f ~(SUBJ>COMP) #h
{#/f — 2, #h — 4}, {#f — 4, #h — 2},
{#f —5,#h =7} {#f — 7,#h — 5}
(13) a. Example query (FU): b. Example query(IOFU):
#f 1 (COMP*>SUBJ) #h #f ~(SUBJ>COMP*) #h
{#f — 2, #h — 4}, {#f — 4, #h — 2},
{#f — 2,#h = T}, {#f = 7,#h — 2},
{#f — b,#h — T} {#f — 7,#h — 5}

The functionalities borrowed from XLE, from functional application to inside-
out functional uncertainty, follow a much simpler implementation than in
the computational LFG framework since the input to the query language is
always a finite f-structure as checked by the corresponding parsers (Kaplan
and Maxwell ITI, 1988; Kaplan and Zaenen, 1989). This minimizes the

computational challenges for the query language presented here.
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5.1.5 Dictionary look-up

The final functionality of the present system, with respect to querying syn-
tactic structures, is the use of dictionaries. In the sense of the present query
system, dictionaries are external files that categorize relations and values
according to specific tags. By calling a specific dictionary, relations and
values can be replaced with a specific category if the corresponding element
belongs to that category. Consider the toy example in (14a). It presents a
dictionary that specifies the temporal orientation of temporal modifiers into
either past or future orientation. This can be used to check the agreement
between the tense in a sentence and any available temporal modifier. An
example of how the lexicon is being accessed is shown in (14c) based on the
node given in (14b). What happens there is that for the lexicon with the
name TNS-AGR, the system returns the category that contains the value given
to the lex/2 function. Thus, in the current example %a is instantiated to
past since it is in the corresponding set shown in (14a). As of now, this
functionality is designed for dictionaries with mutually exclusive categories.

Ambiguous entries are left for future work.

(14) a. TNS-AGR past = {yesterday,recently,...}

future = {tomorrow, soon,...}

b. 0 TOKEN ‘yesterday’
TNS-AGR ‘past’
c. #a TOKEN %a & #a TNS-AGR lex(%a,TNS-AGR) —
#a TNS-AGR past
{#a — 0, %a —past}

We now have a query language for identifying partial syntactic structures. The
system uses simple graph matching techniques and additionally implements
some query operations inspired by LFGs equations on f-structure constraints.
Finally, the system also allows for the definition of dictionaries that can be
used to categorize groups of features. This last functionality is less practical
for simple querying tasks but proves helpful in section 5.1.6. In that section,

the ParTMA query language is integrated into a rule-writing system that
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enables the user to expand on nodes that match a given query with additional
edges and attribute/value pairs. This is used to model the syntax/semantics
interface. More concretely, the rules are used to generate semantic structures

related to the given syntactic input.

5.1.6 Formal underpinnings of rewriting and expanding ASGs

Now that I have established how to identify partial syntactic structures via
the ParTMA querying language, it is also possible to expand those structures
by introducing new structures with the same query language, following the
idea behind XLE’s transfer system. In such a system, the variables identified
in a query may be used to add additional relation between nodes, (15a),
add attribute/value pairs to a specific node, (15b), or rewrite values of
specific attributes, (15¢).” This means new features are constructed from
queries by instantiating the variables used in a query to particular graph
representations and using the nodes of these graphs to introduce new relations

and attribute-value pairs.

(15) a. a Ay by ANb Ag ¢y = a As ¢,
b. aA1 bn—>bA2Cv

c. a Ay b, = a A1 ¢

In addition to the operations on existing nodes and attribute/value pairs
exemplified in (15), the system also is capable of introducing new structures.
This is done by using unbound variables, which automatically instantiate a
new, not previously used, index. This is exemplified in (16). The rule shown
there introduces a new fact. Example (16b) illustrates this in terms of a set

of facts before and after the application of the rule.

(16) a. a Ay by, = b As ¢,
b. {ZAl 2}—>{1A1 2,2142 3}

"In this example, a...z are variables over nodes or values (indicated by a subscript n, or
a v respectively, where necessary, else they are variables over nodes). A;...A, are specific
attributes differentiated by the integer in the subscript.
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In principle, this system also allows the introduction of separate graphs,
but in the implementation presented in this chapter, this capability is not
explored (see section 5.2.4 for more details).

The right-hand side of a semantic construction rule is a list of facts. This
means that, compared to the left-hand side, which comprises a set of graph

paths, the right-hand side encodes partial graphs as a list of facts, e.g.:
(17) a A1 DN cAydNeAsfA ..

In summary, the syntax of a semantic construction rule consists of a list of
query expressions describing a partial graph, as discussed in the previous
section, and a list of new facts that are introduced by that rule’s right-hand
side. In the next section, I explain how the semantic rules designed throughout

this thesis can be implemented within the rule system outlined above.

5.1.7 From theory to implementation

In the theoretical chapters of this thesis, rules were encoded without references
to nodes. These references have remained implicit to make the rules more
easily readable. However, in some cases, indexation was used to differentiate
distinct annotations of two (or more) eventualities within the same sentence.
Consider the following example from Chapter 3, (19). E1 and E2 refer to the
matrix eventuality and the embedded eventuality respectively, as indicated in
(18). The rule says that if a semantic past tense is embedded under another
semantic past tense via a COMP relation, then this embedded semantic past
is interpreted as ambiguous between relative present tense or relative past

tense.

(18) John saidgl that Mary was sick g2
(19) TEMP-REFp; ‘past’ : M.t <tg A
COMP(El, EQ) VAN
TENSEgy ‘past’ : At.Atp.t <ty —
TEMP-REF 9 ( present;, past; )

In the previous section, I presented a concrete syntax (i.e., machine-readable)

syntax for semantic construction rules. This concrete syntax of the ParTMA
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annotation scheme uses graph matching techniques to identify partial syntactic
and semantic graphs and rewrites or adds new nodes and features to existing
graphs. A concrete example of this is given in Figure 5.7. The blue graph
represents the syntactic analysis of a sequence-of-tense sentence such as the
one given in (18). The two red graphs are semantic annotations of the two
eventualities described in the sentence. The graph headed by the node with
the index 6 corresponds to the matrix eventuality, while the graph headed by
the node with the index 10 corresponds to the embedded eventuality of Mary
being sick. Both of these graphs are anchored in the syntactic graph via the
projection relation, a special kind of edge that relates syntactic to semantic
graphs. The two red arrows are instantiations of the following default past
tense rule in (20a). Example (20b) illustrates the concrete implementation of
this rule in the present system. The left-hand side of the rule checks whether
there exists an annotation template for the ParTMA annotation scheme, and
if so, it assigns the REF feature of the TEMP-REF sub-graph the value past.
Checking for existing annotations is relevant for rewriting existing values, a
mechanism whose theoretical role in the present annotation scheme has been

discussed in Chapter 3.

a. |TNS-ASP |TENSE past ||— TEMP-REF : ‘past’ : At.Atg.t < {o
20 A P ‘p At At <t

b. #a TNS-ASP #b TENSE ’past’ &
#a proj #c tmp #d TMP-REF %a
==> #d TMP-REF ’past’

As can be seen in the graph, the rule in (20) applies twice to the complex graph
given in Figure 5.7. Once for E1 and once for E£2. The proper application of
this rule relies on the exact relations between the nodes in the graph (e.g., it
would be implausible to link the TNS-ASP node of the embedded eventuality
to the corresponding semantic node of the matrix eventuality and vice versa).
These relations are implicitly marked in the rule format used in Chapters 3
and 4 but are made concrete in this section.

To make this point more clear, I present a second example building on the
first one: The sequence-of-tense rule (seen in (84)), a tier-2 rule that applies

after the default rule for past tense has already been applied. The rule
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Figure 5.7: Example graph for sequence-of-tense sentence (tier-1)

uses functional application and inside-out functional application to check
whether a matrix clause, marked for past tense, governs a past tense in an
embedded clause. If so, the rule rewrites the value of the embedded tense
to the ambiguous {past, present}, which corresponds to the meaning family
( present, past ). Furthermore, the rule specifies that the evaluation time
of the embedded tense is the topic time of the matrix tense. The concrete
implementation of this rule using the tools presented in this chapter is shown
in (21).

(21) #a TEMP-REF ‘past’ &#a " (tmp>proj>comp) #b !(proj>tmp) #c
TEMP-REF ‘past’
==> #a TEMP-REF {past,present} & #a EVAL #c.

The application of this rule is visualized in Figure 5.8. The loop on node
11 illustrates the actual goal of this rule. It indicates that the rule rewrites
some information within itself, in this case, the TEMP-REF feature. The path
highlighted in red from node 11 to node 7 corresponds to the antecedent of
the rule in (21). As with the default tense rule, the tier-2 rule instantiates the
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Figure 5.8: Example graph for sequence-of-tense sentence (tier-2)

feature that is annotated on the left-hand side and is defined on the right-hand
side. Generally, the procedure follows the following rewrite path via the tier-1
rule and then the tier-2 rule: unspec — tier —1 — tier —2. For the embedded
tense of the SOT-example this means: unspec — past — {past, present}.
Generally, the goal of the annotation rules, exemplified via the tense example
in this section, is to populate the annotation template that has been discussed
throughout this thesis and is presented in Figure 5.9. In this section, I have
shown how the template can be populated by implementing the rules presented
in this thesis within a rewrite system for linguistic information encoded in
terms of graphs. I have appealed to research on LFG, universal dependencies,
the relation between the two, and research on linguistic annotation more
generally.

For the remainder of this chapter, I present the second use of the rewrite
system presented in this paper — namely that of semantic interpretation. As of
now, I have only presented semantic attribute/value pairs whose interpretation
I have explained in chapters 3 and 4. However, to complete the semantic

annotation scheme presented in this paper, I also show how these semantic
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[class ::= ‘event’ | ‘process’ | ‘state’ | ‘unspec’ 7]
extent ::= ‘mom’ | ‘dur’
[ init ::= ‘id’
initP
m [i—subj = ‘ﬁd’}
p [proc n= ‘id’ :|
proc .
LEX-ASP p-subj ::= ‘fid’
FPS rosP res ::= ‘fid’
r-subj ::= ‘fid’
head ::= ‘fid’
rheme [type ::= ‘location’ | ‘path’ |
‘i-theme’ | ‘unspec’
[t-ref ::= ’past’ | 'present’ | *future’ |
TEMP-REF ‘non-past’ | "non—pr'eserft’ | "unspec’
t-restr ::= ’immediate’ | 'recent’ | 'non-recent’
|leval ::= "fid’
[a-ref ::= 'past’ | ...
ASP-TENSE |>7'¢ past” | ...
a-restr ::= ’immediate’ | ...
-aspect 1= ’perfective’ | imperfective’
VIEWPOINT |restr ::= ’'progressive’ | ’habitual’ | ’ongoing’ |
’terminated’ | ’culminated’ ]

Figure 5.9: ParTMA eventuality template

features can be translated into formal semantic representations that can be
integrated into a broader semantic framework. For this purpose, I use the
framework of Glue semantics, which has the additional desirable effect of
being compatible with several different semantic formalisms. This is explained

in detail in the next section.

5.2 A semantics for the ParTMA annotation scheme

In chapters 3 and 4, I presented an abstract syntax for the ParTMA annotation
scheme. In the previous two sections, I have added a concrete syntax that
implements the semantic annotation in terms of a query language inspired
by tools for syntactic and semantic analysis, such as, for example, treebank
analysis tools. The result of the annotation rules is a set of semantic attribute-
value pairs, corresponding to Figure 5.9.

The template in Figure 5.9 is, like the f-structure in LFG, a flat structure.

This is at odds with the semantic framework postulated for chapters 3 and 4,

238



CHAPTER 5. IMPLEMENTATION AND APPLICATIONS

which is based on the hierarchical tense/aspect structure shown in (22).

(22) TP
Tense AspP

N
Aspect VP

In this section, I provide a semantics for the template given above that follows
the general idea presented in the previous chapters and is fully implemented.
For this implementation, a semantic formalism called Glue semantics is used.
Like much work of this thesis, Glue semantics is also inspired by LFG. In
fact, Glue semantics was specifically designed for LFG to account for the flat
f-structure, which was assumed to be the input to further semantic processing
(Asudeh, 2006; Dalrymple, 1999; Dalrymple et al., 1993).

Glue semantics provides a great deal of flexibility in more than one respect. On
the one hand, it has been shown to be an interesting semantic representation
for various syntactic formalisms, as, for example, dependencies (Garrette
and Klein, 2009; Gotham and Haug, 2019), HPSG (Asudeh and Crouch,
2002), and minimalist syntax (Gotham, 2015). On the other hand, Glue
semantics allows for the use of different semantic formalisms, such as DRT
(Garrette and Klein, 2009), and its variants (Kokkonidis, 2006; van Genabith
and Crouch, 1997), and simple first-order lambda calculus (Dalrymple, 1999).
In fact, the only real constraint imposed by Glue semantics onto a given
semantic formalism is that it requires a mechanism that parallels functional
application and abstraction over variables (or some equivalent mechanism).
In the next section, I provide a high-level overview of Glue semantics that
describes how these properties are achieved within the framework and will
then continue to explain how these properties can be used in the context of
this thesis. For a in-depth discussion of the properties of Glue semantics, I
refer the reader to Andrews (2009), Asudeh (2006), Crouch and van Genabith
(2000), Dalrymple (1999), and Lev (2007), with Andrews (2009) being most

relevant to the present discussion of a description-by-analysis Glue approach.
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5.2.1 Glue semantics: Compositionality via linear logic

The flexibility of Glue semantics stems from the distinction between a glue
language that guides semantic composition and a meaning language whose
assembly is guided by this glue language. In LFG, the object that combines
these two components is called a meaning constructor and consists of a
meaning representation M and glue representation G. For ease of exposition,
I adopt the term meaning constructor for such a pair for the rest of this

thesis.
(23) M: G

As explained above, the meaning language I use in this thesis is that of
first-order logic. I follow the traditional formal semantic approach of using
lambda expressions to describe partial formulas that must be composed into
complete first-order formulas.

The glue language guides this compositional process and dictates the order
of combination steps in the meaning language. This role, in Glue semantics,
is attributed to linear logic, a so-called resource-conscious logic (Girard,
1987, 1995). To be more precise, various fragments of linear logic have been
proposed for use in Glue semantics, although they often converge with respect
to certain properties (Crouch and van Genabith, 2000; Dalrymple et al.,
1999, p. 98f). The gist of these properties is that they ensure a level of
parallelism between the linear logic side and the semantic side of a meaning
constructor. How this is achieved is explained in the next section. However, in
this thesis, I do not provide a full overview of glue semantics and linear logic
but rather provide a sufficient introduction for its use in formal semantics,
and particularly in this thesis.® To this end, section 5.2.2 introduces the

implicational fragment of linear logic.

8Linear logic has been conceptualized by Jean-YvesGirard, who envisioned it as a tool
mainly for (theoretical) computational scientists (Girard, 1987), but also suggested a wide
array of uses in other science, e.g., chemistry (Girard, 1995).
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5.2.2 The implicational fragment of linear logic

The traditional (initial) approach to Glue semantics relies on deduction
rather than lambda calculus to combine meanings (Dalrymple et al., 1993).
In this thesis, I follow the more recent trend to guide computations within
the domain of lambda calculus via linear logic formulas (Dalrymple et al.,
1999). The crucial notion underlying this approach to Glue semantics is that
of the Curry-Howard isomorphism (Curry et al., 1958). This isomorphism
describes the relationship between inference rules in linear logic and semantic
operations in the meaning language. More specifically, linear logic inference
rules may be paired with corresponding semantic operations (Crouch and
van Genabith, 2000).

Up until now, I have described Glue semantics as a resource-conscious ap-
proach. Let us first clarify this term. Resource-consciousness in linear logic is
achieved by removing the rules of contraction and weakening from traditional
logic. The former rule is used to duplicate premises, and the latter one is
used to discard premises. The rules are specified in 24. As a result, in a linear
logic proof, all available resources also have to be used, and each resource

can only be used once.

Contraction: Weakening:

(24) A A B T'+B
IA-B IA-B

In this thesis, I make use of the implicational fragment of linear logic, the
only relevant operator of which is that of linear implication: —. Atomic
and complex terms, A,B,... may be combined via this operator to produce
complex formulas similar to the regular implication in traditional logic.
The resource-consciousness is also reflected in the definition of the rule for
linear implication, which generally corresponds to modus ponens (without
weakening and contraction as described above). Thus, the formula A — B
describes a complex term that consumes a resource A to produce a resource,

B. Consequently, the deduction in the following example is valid.
(25) AJA—-BFB
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However, the inference A, A — B+ A, B, which is valid in traditional logic,
is not valid in linear logic. This is due to the fact that the resource A is
consumed in the inference process, i.e., it disappears from the proof. A
common analogy is that of a snack machine. Consider a situation in which
you have only one coin, A, left in your purse. The snack machine consumes
this coin to return a specifically labeled snack of your choosing, B, that
matches the price of the coin. As a result of this process, the coin is gone,
but you gained a new resource, namely, the snack of your choosing.”
As explained in the previous section, Glue semantics pairs linear logic with
a meaning language. In accordance with the Curry-Howard isomorphism
(Howard, 1980), the deduction in (25) is paired with functional application, as
is illustrated in figure 5.10, on the right. As shown there, a formula containing
a linear implication generally corresponds to a function f. The antecedent
of the linear implication identifies the required argument (which itself can
be any well-formed linear logic term). Given such a resource, the deduction
in (25) can be applied, and, correspondingly, the function is applied to the
argument a.
The left side of the same figure illustrates the process that corresponds to
lambda abstraction: implication introduction. The figure is to be interpreted
as follows: One may introduce an assumption A with corresponding semantics
x. This assumption receives an index 4 and can be used freely in any other
computations leading to the resource B, where z is an argument in B. In
a resource B generated on the basis of the assumption A, this assumption
must be reintroduced at some point in the derivation to preserve resource
sensitivity. We achieve this by executing a lambda abstraction step on the
semantic side and a linear implication on the logic side of a given Glue
semantics term in which the assumption forms the antecedent.

There is an apparent relationship between linear logic and typed lambda
calculus. In fact, the glue language can be understood as providing types for

the meaning language. The following example makes this correspondence

9Girard (1995) uses a similar analogy but also explains more complex cases, e.g., such
cases in which multiple, or possibly even infinitely many coins exist. However, this is not
relevant for the present purposes.
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[:c::A] f:A—B a:A

f(@): B | fla): B
Ae.f(z): A— B -

N2

Figure 5.10: Implication introduction and elimination

concrete: a transitive verb consumes two resources of type e to form a
statement of type t. However, by simply using types as atomic elements on
the glue side, certain constraints imposed by the syntax are lost. Thus, the
premises shown in (26) yield two different solutions, depending on which

argument first combines with the verb.

(26) John e : john
Mary e : mary
kiss (e — (e —t)) : Axe.Aye.kiss(z,y)

(27) a. kiss(john,mary)
b. kiss(mary, john)

5.2.3 Linear logic and semantic types

In Glue semantics proper, the linear logic side of meaning constructors does
not only encode the type but also makes reference to the role of the underlying
resource in the structure of the sentence (Dalrymple et al., 1999). To put it
simply, atomic elements in the glue languages can be understood as pairs of
types and references to the syntax, here exemplified in terms of the f-structure.
Consider (28), there g can be understood as an entity of type e that fulfils
the role of the subject of the sentence, whereas h is also of type e but refers
to the object of the sentence. The verb is a complex formula that needs to
consume ¢ and h to produce some resource f that corresponds to the meaning

of the full sentence.

243



5.2. A SEMANTICS FOR THE PARTMA ANNOTATION SCHEME

(28) John kisses Mary.

PRED  ‘kiss{ SUBJ,OBJ )
7 |suBJ g[PRED ‘John’]
OBJ h[PRED ‘Mary’}

John g : john
Mary h : mary
kiss (g — (h —o f)) : Axe.Aye.kiss(z,y)

(29) a. kiss(john,mary)

In short, this means that the linear logic side of a meaning constructor
contains both type information and a reference to the syntax. Within the
literature on LFG in Glue semantics, there are two distinct ways of linking
meaning constructors to the syntax. In one, the semantic representation is
part of the lexicon. This is called the co-descriptive approach and is more
prevalent in theoretical Glue semantics (Dalrymple (1999) and Halvorsen
and Kaplan (1988) provide some examples as well as central arguments
for co-description). Just recently, Dalrymple et al. (2020) have provided a
system for integrating co-descriptive Glue semantics within XLE, opening up
possibilities for exploring it within the computational linguistics community.
On the other hand, there is the description-by-analysis approach, which has
been more widely used in computational Glue semantics (most famously
Crouch, 2005; Crouch and King, 2006). However, the description-by-analysis
approach has also been thoroughly investigated from a theoretical perspective
(e.g., Andrews, 2008, 2010; Gotham and Haug, 2019; Wedekind and Kaplan,
1993). In this thesis, I use this latter approach, which is in line with the
idea of implementing the syntax/semantics interface as a rule-based mapping
from form to meaning, rather than the idea that form and meaning exist
as parallel projections. The exact process by which the syntax/semantics

interface is established is explained in the next section.
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root

PRED ‘kiss<SUBJ,OBJ>’

o 2 [SUBJ 1|PRED ‘John’|
John kissed Mary OBJ 3 {PRED ‘Mary’}

NNP/1 VBD/2 NNP/3

Abstract syntactic graph:

subject objec

Figure 5.11: Parallelized syntax for: John kissed Mary

5.2.4 The syntax/semantics interface in Glue semantics

The syntax /semantics interface relies on the indexation of syntactic structures.
The previous section shows that this indexation is also the foundation for
generating Glue semantics terms. This process is highly relevant for the rest
of this thesis. For this reason, I focus mainly on this feature of Glue semantics.
Note that the process of establishing the syntax/semantics interface is parallel
in LFG and UD. In fact, the syntax/semantics interface presented in this
section is basically designed for abstract syntactic graphs extracted from
either LFG or UD structures. Consider Figure 77 in which nodes in the
dependency tree have been aligned with the labels of partial f-fstructures
via their indices (1,2,3). We can use these indices to form the meaning

constructors in (30).

(30) John 1: john
Mary 3 mary
kiss (1 — (3 —02)): \xeAye.kiss(x,y)

The proof that can be derived with these meaning constructors is given in

5.12, where each line corresponds to a deduction step, with the result written
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below the line (i.e., a proof tree). The result may be recursively picked up
for a new deduction step resulting in the given proof structure. It clarifies
the relation between implication elimination on the linear logic side and its

lambda calculus counterpart functional application on the meaning side.

Az Ay.loves(x,y) : 1 —o (3 — 2) john : 1

My.kiss(john,y) : 3 — 2 mary : 3

loves(john, mary) : 2

Figure 5.12: Derivation of John loves Mary.

In the spirit of LFG, we would expect there to be some function or pro-
jection that maps the syntactic representations to their semantic counterpart.
Although the end result is intuitively clear, at least in the simple example
above, the mapping (function) from syntax to semantics still needs to be
explained. As stated in section 5.2.3, the syntax/semantics interface pro-
posed in this thesis follows the tradition of description-by-analysis. The main

hallmarks of the approach that this thesis implements are:

1. A two-stage process for processing the semantics

— 1) A set of rules mapping syntactic representation onto semantic

features

— ii) A set of rules interpreting semantic feature structures

2. Use of propositional linear logic

The first hallmark describes the conscious decision of treating the syntactic
input as such: syntactic information. This information is translated into
semantic information that is stored in the s-structure, i.e., the template
for semantic features introduced in Figure 5.9. In Chapter 2, I noted that
there exists a tension between form and meaning in current approaches
to annotating tense and aspect. I have explored the corresponding issues
in chapters 3 and 4. There, I focused on establishing semantic feature

structures based on formal semantic insights. In section 5.1.7, I showed how
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the semantic feature structure can be populated via syntactic rewriting, i.e.,
the first component of the semantic processing component.

This section explains the foundations of the second hallmark, which is
crucial for establishing the second stage of the first hallmark. The next
few paragraphs are concerned with explaining the semantic interpretation
rules in more detail. These rules use the same general mechanism as the
syntax /semantics interface rules. The difference is that the rules explained
now do not map onto semantic features but on Glue semantics meaning
constructors for calculating meaning representations. Thus, Glue language
terms are instantiated via querying the feature-based semantic representation
that is the output of the machinery described in section 5.1, i.e., the template
in Figure 5.9. Rather than semantic construction rules, these rules can be
dubbed semantic interpretation rules and are cross-linguistically invariant.
They are simply a set of rules that translate a semantic feature structure into
meaning constructors. In principle, this boils down to adding a new node to
each sub-structure of the annotation template that has the attribute GLUE
and whose value is the corresponding meaning constructor.

This is demonstrated in (32a) in terms of the interpretation rule for a past

tense annotation.’

The right-hand side of this rule describes the resulting
meaning constructor. It illustrates that the linear logic side of the meaning
constructor is instantiated based on the reference to the variables used in the
left-hand side query. Thus, given the indexation in (31), this rule yields the
meaning constructor in (32b).'" This meaning constructor picks up a resource,
2 —o 1, and produces the resource 3 — 1. The resource 3 corresponds to
the evaluation time and 1 to the semantics of the whole eventuality. This
means the meaning constructor takes a proposition of type st and returns
a proposition of st. Due to the Curry-Howard isomorphism, this can be
confirmed by looking at the meaning side of the meaning constructor. The

resulting proposition of type 3 —o 1 expects as input the evaluation time

10T his rule serves illustrative purposes and is revised in section 5.3.

HThe string representation used in the meaning constructor is designed for ease of
use, i.e., not relying on any special symbols. In this chapter, I generally present a more
conventional representation of the corresponding expression, here in (32b).
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of the given annotation, here, simply the now. This gives us a semantics
that relates the reference time of the annotated eventuality to the time of

evaluation, i.e., the prototypical semantics of past tense.

(31) [PRED ...

t-ref ::= 'past’
SEM 1|TEMP-REF 2|t-restr ::= "unspec’
eval S[TIMEX ‘now’

(32) a. #a SEM #b TEMP-REF #c T-REF ’past’ & #c EVAL #d ==>
#c GLUE
[/P_<s,t>.[/s_s.Er_s[before(r,s) & P(r)]1]1]
((#c -o #b) -o (#d -o #b)).

b. APs.Asg.3rs[r < sAP(r)]: (2—o1) — (3 —1)

)

As mentioned above, this approach is heavily inspired by Andrews’s (2008)
description-by-analysis approach (see also Andrews, 2010). One of the main
points of Andrew’s approach to description-by-analysis is that the rules
are bi-directional. This means that in addition to producing a semantic
representation from a syntactic input, these rules also allow for creating
a syntactic representation off of a Glue semantics derivation. This is not
integrated into the present system — implementing and testing this is left for
future work. '

A second property that the present system shares with Andrews’s (2008)
is that each rule has a dedicated central node. This means that the left-hand
side is required to form a connected graph structure for which one (or more)
paths exist between any pair of nodes. More concretely, Andrews says that
each left-hand side of a given semantic interpretation rule (he calls them

Semantic Lexical Entries: SLEs) requires a central node from which all other

12 Although not relevant for the present purposes, this has interesting implications for
generation from a glue semantics proof, making the underlying proofs first-class semantic
objects (Asudeh et al., 2008).
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nodes are accessible. This principle is and has been adhered to in the rules
presented in this thesis. Andrews, 2008 proposes additional constraints on
the relation between the center and the other nodes in a rule, but these are
not of central relevance here.

Using the simple description-by-analysis glue semantics framework intro-
duced above, we can define semantic interpretation rules (corresponding to
Andrew’s SLEs). As initially explained, these rules apply to the feature rep-
resentation resulting from the tense/aspect annotation. In the next section, I
show how Glue semantics can be used to derive the appropriate semantics

from the attribute-value structure of the ParTMA template in Figure 5.9.

5.2.5 Tense/aspect annotation: from structure to meaning

Recall that the goal of the present annotation scheme is to provide a simple
attribute/value matrix as frontend for annotation while relying on a more
articulated semantic structure for interpretation in the back. Adhering to this
conceptualization, the tense/aspect annotation template can be translated
into a tree structure, as illustrated (in a simplified manner) in Figure 5.13.
As shown there, each node in the hierarchical tree structure is related to the
top node in terms of its linear logic representation. The tense and aspect
operators lift the calculation to the next higher node. Type-wise, both tense
and aspect take an element of type < s,t > and return an element of type
< s,t >. Note that the left node of each tree corresponds to some annotation,
i.e., a meaning constructor (see 32a). The branching nodes, on the other hand,
refer to intermediate results of the computation, eventually resulting in the
element 0 of type t. The linear logic types given in the tree are derived from
the nodes of the tense/aspect template shown in (33), a simplified version of
the template in Figure 5.9. Note that the final step in the interpretation is
the combination with the time of evaluation ¢x that is part of the annotation

of temporal reference.
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TP
0
t* T
1 1—0
tense AspP
(2—0) —(1—-0) 2—0
Asp \
(3—0)—(2—0) 3—0

inner aspect

Figure 5.13: Order of composition in the ParTMA annotation template

(33)
TEMP-REF 2
EVAL 1”

VIEWPOINT 3”

LEX-ASP 4H

Although this simple structure provides a nice approximation of the system
I want to present, it omits several crucial details for the treatment of some of
the phenomena discussed in this thesis. In the next few sections, I elaborate
on these details. As illustrated in chapter 3 and 4, tense and aspect both
can be represented relatively straightforwardly as quantifiers and, thus, can
be treated similarly from a formal perspective. The specifics of these two
categories are discussed in sections 5.3 and 5.4. Lexical aspect, on the other
hand, provides a more significant challenge and is discussed more extensively

in section 5.4.2.
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5.3 The semantics of temporal reference

Once again, I begin from the top of the hierarchical TAM tree to explain the
exact treatment of tense within the whole tense/aspect structure, i.e., first,
I explain how the temporal reference feature structure is translated into a
quantifier over tenses. In the process, I address how temporal restrictors, e.g.,
temporal remoteness morphemes and contextual restriction on time variables,
are implemented in the present semantic framework. Secondly, I explain the
treatment of absolute and relative tenses. Finally, I address how to deal with

aspectual tenses, e.g., the perfect or prospective aspect.

5.3.1 Temporal reference and temporal restriction

To begin with, let us recall the general architecture of our temporal semantic
framework, which is based on the quantificational tense approach introduced
in Kusumoto (1999, 2005). For this purpose, recall example (32a), here
repeated in (34), and the corresponding partial attribute/value matrix that

the rule applies to, repeated in (35).

(34) a. #a SEM #b TEMP-REF #c T-REF ‘past’ & #c EVAL #d ==>
#c GLUE [/P_<s,t>.[/s_s.Er_s[before(r,s) & P(r)]]]
((#c -0 #b) -0 (#d -o #b)).

b. APs. Asg.3rs[r < sANP(r)]: (2—-1) — (3 —1)
(35) [PRED ..

t-ref ::= 'past’
SEM 1|TEMP-REF 2|t-restr ::= 'unspec’
eval 3|TIMEX ’'now’

o

The structure given in (35) provides two indices, 2 and 3. These correspond
to the topic (or reference) time and the evaluation time, respectively. As the
meaning constructor in (34) indicates, the tense quantifier saturates the topic

time of its argument and returns an element that requires an evaluation time
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to form the meaning corresponding to the full eventuality. This is in line
with Kusumoto’s (2005) quantificational tense account presented in chapter
3. However, this iteration of the tense rule does not allow for the treatment
of temporal restrictors. Let us examine the case of temporal remoteness
morphemes. As mentioned in Chapter 3, Temporal remoteness markers
indicate a certain distance between the evaluation time and the reference
time leading to more a more fine-grained encoding of temporal reference
(Bochnak and Klecha, 2015; Cable, 2013). For the sake of simplicity, I model
these in terms of the two-place predicates close/2, recent/2, and far/2,
partially borrowed from Bochnak and Klecha (2015).'?

(36) a. At.At'.close(t,t'), iff the temporal distance between ¢t and ¢’ is

close.

b. At.\t'.recent(t,t'), iff the temporal distance between ¢ and ¢’ is

moderate.

c. M. far(t,t'), iff the temporal distance between ¢ and ¢’ is far.

The main idea of temporal restrictors is that they, as the name suggests,
modify the restrictor of the temporal quantifier. To achieve this goal, we
have to disentangle the restrictor from the quantifier to make it modifiable.

On the meaning side, this process is straightforward, as shown in (37).

(37)  APg.Ass.3rs[r < s A P(r)]
a. APsst AQst-AS5.3r5[P(1)(s) A Q(r)]
b, MMt <t
Since the temporal quantifier now takes two arguments instead of one, this

needs to be reflected in the glue side due to the Curry-Howard isomorphism,

as explained in the previous section. Since the restrictor of the temporal

130ther than in the cited work, those predicates do not return a degree but rather yield a
truth value. Through this, some benefits of Bochnak and Klecha’s (2015) work, pertaining
to the context sensitiveness and vagueness, are lost. Integrating a more detailed semantic
analysis is left for future work. At this point, I focus on the general idea of integrating
such modifications into the present work.

252



CHAPTER 5. IMPLEMENTATION AND APPLICATIONS

quantifier is relating the topic time to the evaluation time, we can straight-
forwardly supply it with an appropriate linear logic formula. In accordance
with the indexation in (35), the linear logic side of the restrictor is derived
from the index associated with the topic time and the index associated with
the evaluation time. Since this element is now missing from the quantifier,
we have to modify the quantifier so that it takes the restrictor as its first

argument (see (39)).

(38) Ao At <t :(2—o(3—4))

(39)  APsst AQst-Ass.3rs[P(r)(s) ANQ(r)] -
2—=@B—=4)—=(2—1)—=(B—1l)

As shown in section 5.2.4 (example (34)), GLUE nodes are anchored in the
indices of the tense/aspect attribute/value structure. The decomposition of
the temporal quantifier leads to a surplus of meaning constructors that need
to be anchored in the tense/aspect structure. To remedy this situation, the
semantic interpretation rules add covert nodes to the structure that serve as
references for the new resources that are introduced to the computation. This
is visualized in the tree in (40). Two new indices, 4 and 5, are introduced to
the structure using covert nodes. This is indicated by marking them with
a hyphen, as in T-REF’, which points to the additional covert node for the
T-REF feature. Similarly, T-RESTR’ provides an anchor for the modification
encoded in the restrictor. These attributes denote values rather than nodes
and thus cannot serve as anchors for their respective meanings by themselves.
The missing subscript indicates this in the tree.

The structure in (40) corresponds to the tense node in Figure 5.13. This
can be verified by combining the resources provided in the tree structure in
(40). The result is the same as the linear logic type given to the tense node

in Figure 5.13, except for different indices: (2 — 1) —o (3 —o 1)).
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(40) SEM;

TEMP-REF;
2—=@B—4)—=(2—=1)—@B—1)

EVAL3 T-REF T-RESTR

3 : now \ \
T-REF’4 T-RESTR’s

2—=(B—4) (2—=0B—4) =(2—=(B3—4)

This means the general framework given in Figure 5.13 holds up under the
assumption that we expand its subtrees such that we have enough resources
to provide all meaning constructors necessary for the computation. This
expansion is local within the sub-tree and thus does not require modification of
the overall tense/aspect annotation. In fact, such treatment is commonplace
in Glue semantics, as the following quote confirms: “One use of the semantic
projection is to provide a place to put some non-syntactic attributes, so that
each atomic sub-formula of the constructors [...] involve a different structural
location” (Andrews, 2010). In this quote, the semantic projection can be
understood as an expansion of certain nodes in the f-structure, the book-
keeping of which is attributed to a separate projection (albeit, in practice,
the semantic projection and the ¢-projection use the same formal tools in
computational LFG, in particular, in XLE).'*

One last remark needs to be made to close off the topic of modifying
the restrictor of a temporal quantifier. In principle, an arbitrary number of
modifications may be imposed on the restrictor. For example, a contextual
restriction may be added (on top of a temporal remoteness restriction). These

modifications always have the same linear logic type. This means contextual

“The introduction of additional nodes could be removed or at least reduced by storing
meaning constructors in sets rather than as single values of the GLUE feature. In the present
example, the node with the index 5 is not required to specify any meaning constructors but
only exists to attach the meaning constructor for the temporal restrictor. This node could
be removed, and the temporal restrictor could be added to the set of meaning constructors
in the T-REF node. Such optimizations are left for future work.
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restriction can be simply added like so:
(41) AP Mg ML.C(E)ANP(E)(E) 2 (2—(3—04)) — (2—(3—4))

The full interpretation for the annotation of absolute tenses (tenses with
now as evaluation time) is given in (42) in terms of three rules. The first
rule introduces the resources for the temporal quantifier, the quantifier itself,
and its restrictor. The second rule applies if the feature T-RESTR has been
annotated, indicating that the restrictor needs to be modified. It then
introduces a corresponding resource. The final rule saturates the second
argument of the tense quantifier with the evaluation time, in this case, simply
the constant now.”

(42) a. #a SEM #b TEMP-REF #c T-REF ’past’ & #c EVAL #d ==>

#c T-REF’ #e &
#c GLUE
[/P_<s,<s,t».[/Q_<s,t>.[/s_s.Er_s[P(r,s) & Q(r)111]
((#c -o (#d -o #e)) -o ((#c -o #b) -o (#d -o #b))) &
#e GLUE
[/t_s.[/r_s.before(t,r)]] : (#c -o (#d -o #e)).

b. #a SEM #b TEMP-REF #c T-RESTR ’remote’ & #c EVAL #d
==> #c T-RESTR’ #e &
#e GLUE
[/P_<s,<s,t».[/t_s.[/r_s.far(t,r) & P(t)(r)]1]]
((#c -0 (#d -o #e)) -o (#c -o (#d -o #e))).

c. #a EVAL #b TIMEX ’now’ ==> #b GLUE now : #b.

5.3.2 The evaluation time in matrix and embedded contexts

The annotation of the evaluation time is another noteworthy feature of the

implementation presented in this chapter. This annotation allows us to

50f course, these three rules do not cover the whole spectrum of tense annotation
but rather are examples of the three main steps: i) Introduce a temporal quantifier
and a restrictor in accordance with the tense annotation, ii) modify the restrictor where
appropriate, and, iii) closing of the tense by saturating the evaluation time.
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differentiate between absolute and relative tenses, as well as (some) temporal
anaphora. Consider the following examples (taken from Chapter 3). The first
two examples, (43) and (44), based on Kusumoto (2005), shed more light
on the treatment on absolute and relative tenses, including the ambiguity
resulting from the SOT phenomenon (see (44)). Examples (45) to (46)
exemplify the treatment of aspectual tenses. Specifically, prospective aspect
is illustrated in (45) and treatment of (past) perfect aspect is demonstrated
in (16).

(43) Hillary married a man who became president of the U.S.

a. Jt[t < to A Jx[man(x,t) Amarry(h,z, )\
't < to A become — president(x,t')]]] (Kusumoto, 2005)

(44) Tom said that Karen was dancing.
a. Jt[t < to A say(tom, IH'[t' < t A dance(k,t')],t)]]
b. 3t[t < to A say(tom, dance(k,t),t)]] (Kusumoto, 2005)

(45) Peter was going to write a letter.

a. Jt[t < to AV [t <t Aplan(p,t’) — write(p, letter)]]

(46) We arrived at Mwangi’s house, but he had (already) left.

a. Jt[t < to A arrive(we, house, t) A ' [t < t Aleave(m,t')]]
(Cable, 2013)

The gist of example (43) is that the two tenses are independently inter-
preted absolute tenses. The machinery presented above naturally accounts for
this. An important feature is that the EVAL feature provides an independent
copy of the externally provided temporal expression referring to the speech
time. As shown in more detail in Chapter 3, this captures the specifics of the
analysis presented in (Kusumoto, 2005).

Let me now show how the semantics of the annotation can be straightfor-
wardly integrated into a basic Glue treatment of relative clauses to deal with
cases such as (43). The treatment of relative clauses is based on Dalrymple
(2001), which treats the relative pronoun who as an instance of predicate

modification in the sense of Kratzer and Heim, 1998). This allows us to deal
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with examples such as The approach is shown in (47). The instantiation is

based on Figure 5.14.
(47) APt ANQet-Axe. P(z) NQ(x) : (6 —T7) — ((3—-8) — (6 — 7))

Using this meaning constructor in our established system leads to the proof
in Figure 5.15. The resulting meaning is given in (48), which corresponds to

the predicted meaning given in (44).

(48)  3t[t < now AJx[man(z,t) A
[t < nowA become-president(z,t’) | A marry(h, z,t)]]

As this calculation shows, the semantic interpretation can be built up so
that it can do both, preserve the specifics of Kusumoto’s (2005) approach
to quantificational tenses, as well as maintain compatibility with general
strategies developed within the Glue semantics literature. I will maintain
this approach for the rest of this section to illustrate the compatibility of the

system presented in this thesis with general ideas from formal semantics.
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11

[PRED ‘marry<Hillary,man>

TNS-ASP 16[...]

[PRED ‘man’
SPEC 1”
VAR 6[ ]
SEM 5
RESTR 7[ ]
[PRED ‘become<president> who’
PRED ‘president<who>’
XCOMP-PRED |SUBJECT [3]
OBJ 0
PRED ‘who’
TOPIC.REL 3| RED W O]
ADJUNCT {2
PRON-REL 3[ }
SUBJECT 3[ ]
TNS-ASP 4 ]
T-REF
SEM 8| TEMP-REF 9
EVAL
PRED ‘Hillary’
SUBJ 12
GLUE [ ]
T-REF ‘past’
SEM 13| TEMP-REF 14
EVAL 15[TIMEX now]

‘past’

|

Figure 5.14: Annotation: Hillary married a man who became president.

258




CHAPTER 5. IMPLEMENTATION AND APPLICATIONS

5.3.3 Interpreting SOT-sentences

The second example through which I want to illustrate the implementation of
formal semantic insights in the present annotation scheme is the annotation
of the SOT phenomenon, where the tense of the matrix clause constrains the
embedded tense. I have proposed to model this constraint as an ambiguity
between a relative present tense and a relative past tense. Thus, it deviated
slightly from its role model, which encoded the ambiguity in terms of a
difference between a relative past tense and a deleted tense, essentially
leading to a situation where the matrix tense also binds the temporal variable
of the embedded predicate. The implementation presented in this chapter
will make the choice of the former system more transparent.

The general structure for the SOT phenomenon is given in Figure 5.16
in terms of an enumerated example. A crucial role in this kind of example
is played by the propositional attitude verb, which serves as an eventuality
in its own right but also introduces the important COMP relation between
itself and the embedded eventuality. In chapter 3 I provided a very simple

semantics for the propositional attitude verb (to) say:
(49) [ say |9" = APg. Az Mts.say(x, P(t),t)

The main role of this lexical entry is to saturate the evaluation time of the

10" Provided this information, the corresponding linear

embedded eventuality.
logic side is given in (50), relative to Figure 5.16. The attitude verb takes
as an argument the embedded proposition with an unsaturated evaluation
time slot and returns a resource that requires a subject to yield a proposition
that can be modified by a tense quantifier (type according to the template:

(7—6) — (8 —6)).
(50)  a. APg.AzeAts.say(x, P(t),t) : (T—9 — (1 —o (7 — 6))

The T-REF feature (past,present| provides a so-called meaning family that

leads to an ambiguous reading. In the current implementation, meaning

16Recall from chapter 3 that the lexical entry is stripped of its modal ingredients as far
as possible, but nothing hinges on this simplification.
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(6 —7) —
((3 =0 8) —o (6 —0 7))

(3 —0 8) —0 (6 — 7)

3 — (9 —38)

9 o8 (9 — 8) —o

(10 — 8)
10 - 8 10
8
3—038

6]
7
m“mouoﬂv (6 —(4—7)) — o
12 12 —o (5 —o (16 —o 13)) ((5 —o (16 —o 13)) —o (14 —o 13)) %
5 —o (16 — 13) (5 — (16 —o 13)) —o
(14 — 13) (14 o 13)
e (15 — 13)
15 — 13

Figure 5.15: Derivation for Hillary married a man who became president
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[PRED ‘say<Tom,dance>

SUBJ 1[PRED ‘Tom’]

[PRED ‘dance<Karen>
SUBJ 4[PRED ‘Karen’}

coMp 9| TNS-ASP 3[...

T-REF ‘past’
SEM 6| TEMP-REF 7

EVAL S[TIMEX now]

TNS-ASP 3”

SEM

©

T-REF (past,present]
TEMP-REF 10

_ EVAL [7}

Figure 5.16: Annotation: Tom said that Karen was dancing

families are implemented as sets of semantic representations of the meaning
side of a meaning constructor. Thus, the meaning constructors satisfy the
condition of pointwise functional application that all elements of the set are
of the same type. Given the hidden node T-REF’ which introduces a new
index, 11, for Figure 5.16, we get the meaning constructor in (51a) for the
restrictor of the temporal quantifier of the embedded tense. When combined
with the temporal quantifier, the ambiguity in the annotation is percolated

up the computation, as shown in (51c¢).

(51) a. 10 —o (7 —o 11) : (M.t < ¢/, \tAE o t)
b. (10 — (7 — 11) — ((10 = 9) — (7 — 9)) :
APt AQst Ass.3rs[P(r)(s) A P(r)]
c. (10—-09)—(7—9):
ANQst-Ass.Trs[s < r AQ(1)], AQst-Ass.Trs[sor A Q(r)])

In Figure 5.16 the annotation is congruent with the semantics that is
intended for the sentence. The evaluation time of the embedded eventuality
is annotated as the topic time of the matrix eventuality. Since there is no free

copy of the topic time of the matrix clause to saturate the embedded clause,
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the computation requires that the topic time of the embedded predicate is
saturated elsewhere, namely, via the semantics of the propositional-attitude
predicate, as shown in (50).

There is one caveat to this solution: Rather than sharing the topic time
between matrix and embedded eventuality in the simultaneous reading, the
topic time of the matrix clause plays the role of the evaluation time of the
embedded tense. This is a stipulation that arguably is not desired from a
theoretical perspective since it introduces an additional temporal variable
that is not needed in Kusumoto’s (2005) approach. Furthermore, this can be
seen as introducing a covert present tense into the derivation. To circumvent
this problem, let me briefly sketch potential solutions more in line with the

formal semantic literature.
(52) [ undefined |9 = Xt Atht =1

This value simply equates whatever is given by the matrix COMP verb to the
topic time of the embedded eventuality. Aside from this minor difference, this
approach remains the same as the one previously illustrated and maintains
exactly the same compositional process, resulting in the solution given in
(53). In this approach, the only difference is the choice of restrictor for the

embedded tense.

(53) (10 = 9) — (7 —9) :
(])\Qst-)\ss-ars[s <7rA Q(T)L )\Qst-)\ss-HTS[S =7A Q(T)”)

The second way to stay closer to the actual formal semantic insights cited
as inspiration (Kusumoto, 1999, 2005) is to provide a modified interpretation
for the feature undefined, namely, the identity function. This would make it so
that the T-REF node in the annotation would simply percolate the embedded
semantic object up the tree without modifying it. The corresponding lexical

entry is given in (54).
(54) [ undefined ]9 = APg.Mts.P(t) : (10 —9) — (7 — 9)

Two distinct semantic structures would need to be generated in such a

framework. One that introduces the meaning constructors and invisible nodes
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associated with the past feature(in particular, T-REF’ and the corresponding
GLUE node) and one structure associated with the undefined feature, which
simply attaches an identity function to the TEMP-REF node.

The benefit of meaning families is that ambiguity in the ParTMA anno-
tation template is restricted to the introduced meaning constructors. As
shown in (53), meaning families are, in fact, intended to be encoded on
the meaning side of a meaning constructor. Moving the ambiguity to the
temporal quantifier rather than the restrictor thus poses a challenge since
there is a type mismatch between a temporal quantifier and the identity
function resulting in the aforementioned structural ambiguity within the
semantic feature structure.

We now have two possibilities for dealing with the undefined feature. The
first one preserves the general architecture of the ParTMA annotation scheme
and its interpretation. The second one results in a marginally more simple
semantic representation by omitting an additional quantifier and equation
constraint.

For the semantics in this thesis, I propose to use the second variant of the
undefined feature value but make it mutually exclusive to any other feature
or feature set.'” Thus, the benefits of the feature can be reaped while the
pitfalls are avoided. Concretely, in an annotation where temporal reference
is unspecified, the computation does not break down due to a missing link in
the hierarchical structure proposed for the semantic composition process.

This is also in line with the feature table presented in chapter 3. The
only shortcoming of this approach is that it makes the analysis of the SOT
illustrated in (53) impossible.'® Overall, the annotation and interpretation of
the SOT phenomenon can be accounted for in different ways. In this thesis,

I treat it as an ambiguity of the restrictor of a temporal quantifier. This

70f course, there is also the possibility to introduce a temporal reference feature , for
example,equal which provides the restrictor in (52), in addition to the special undefined
feature.

181t might make sense, to implement TEMP-REF in such a way, that its structure can be
shared between clauses. This approach would naturally account for the SOT phenomenon
but introduces structural ambiguity to the ParTMA template, resulting in all kinds of
different complexities. For this reason, I leave this line of thought for future work.
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captures the explored features of the SOT phenomenon while preserving the
key features proposed for the ParTMA annotation scheme, i.e., encoding
ambiguity at the level of semantic representation or only as a meaning family

of features. Further refinements are left for future work.

5.3.4 Aspectual tense

The last example of temporal annotation that I want to discuss in this chapter
is that of aspectual tenses, such as the prospective aspect and the perfect
aspect. In this thesis, I assume a framework where aspectual tenses are
interpreted between actual tenses and aspect in the semantic composition and
are treated generally in the same fashion as tenses, i.e., existential quantifiers
with a temporal restrictor (Klecha, 2016). In other words, they are also
simply instances of temporal reference. They follow the principles presented
in the previous section. Thus, for a sentence like (55), we would expect two
instances of temporal reference. There, the order would be determined by
annotating the evaluation time accordingly. As the annotation in Figure 5.17
illustrates, the reference time provided by the past tense encoded in 2 plays
the role of the evaluation time of the future temporal reference encoded in 4.

This is further spelled out in the meaning constructors in (56a) and (56a).

(55) John was going to visit his aunt. [PAST [FUT ||

(56) a. (2—1) —o(3—1):
AQst A8 Trs[s <1 AQ(r)]

(57) a (4—1) —(2—01):
AQst-Ass.Trs[s < A Q(r)]

Together with the SOT example from the last section, this shows that
temporal reference is treated uniformly across corresponding markers. This
also illustrates the difference between the different possible triggers of temporal
reference. Traditional semantic tenses check whether they are syntactically
governed by a temporal anchor. Some languages then are interpreted as non-

future tenses (SOT vs. non-SOT languages). Compositional relative tenses

264



CHAPTER 5. IMPLEMENTATION AND APPLICATIONS

[PRED ‘go<John,visit>’
TNS-ASP |TENSE past PROG + |, PERF - MOOD indicative}

[PRED ‘visit<John,mother>’ ]
[ [t-ref ::— 'past’ ]
TEMP-REF 2|t-restr ::= unspec’
0 eval B[TIMEX ’now’]
XCOMP SEM 1 [t-ref ::= future’
TEMP-REF 4| t-restr ::= 'unspec’
eval [2}

Figure 5.17: Partial annotation: John was going to visit his mother

such as the going to future require a directly governing instance of temporal
reference that provides their evaluation time. Contextual relative tenses work
similarly, but their evaluation time may be specified via a temporal modifier
or externally similar to the evaluation time. Since the overall mechanism
remains the same, this is not illustrated explicitly.

Overall, this section has shown how to deal with different instances
of temporal reference focusing on issues concerning the interpretation of
corresponding annotations. In other words, this section has shown how
the interpretation component of the ParTMA annotation scheme assembles
meanings compositionally based on the syntactic and semantic input. In
the following sections, this procedure is extended to grammatical and lexical

aspect.
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5.4 The semantics of aspect

In the introduction to this section, I have pointed out that the category of
temporal reference and the category of aspect use fairly similar formal tools
in the semantics I pursue in this thesis. For this reason, the next section,
dealing with grammatical aspect, will be considerably shorter than the section
on temporal reference. More focus is put on section 5.4.2, which focuses on

implementing the first-phase syntax as a tool to encode inner aspect.

5.4.1 Grammatical aspect

Aspect employs the same basic framework as tense, except that no specific
situation is provided for evaluation. This is because the corresponding
situation is always provided by the TEMP-REF node. Furthermore, the input
situation is attached to the LEX-ASP node. This makes the task of grammatical
aspect to provide the link between propositions exemplifying events and
temporal anchoring explicit. This is visualized in Figure 5.18. (58) shows the

corresponding attribute-value matrix representation.

(58)  [PRED ... ]
TEMP-REF 2. ]
0
SEM 1 a-ref ::= ‘perfective’,‘imperfective’
VIEWPOINT 3| a-restr ::= ‘bound’,‘culminating’,‘ongoing’,
‘inertia’,‘habitual’

Since the VIEWPOINT node provides the link between the TEMP-REF node
and the LEX-ASP node, the concrete instantiation of certain indices required
for the linear logic side of the meaning constructors is different from the
instantiation that we have seen for tense. However, all the components have

the same semantic types, as shown in (59).

(59)  a. APt AQst.Ass.3rs[P(r)(s) A Q(r)] perfective
b. APsst AQst-Ass.Vrs[P(r)(s) A Q(r)] perfective
c. A$5.ASL.MB,(s,8') =1
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SEM;

TEMP-REF; VIEWPOINT, LEX-ASP3
| (2— (1 —5)) - |
- (B=1)—(2—1) -

A-REF A-RESTR
\ \
A-REF’s A-RESTR’;5
(2 (4—5) (2—(4—o5)
(2 - (4 —5))

Figure 5.18: Composition of grammatical aspect

There is one other crucial difference between the semantics outlined for
tense and the semantics for aspect discussed in this section. More specifically,
there is a difference in terms of permitted annotations. In principle, it is
possible to annotate perfective aspect with restrictors intended to combine
with imperfective aspect and vice versa. This is primarily the responsibility
of the annotator, but it is also possible to design a set of rules that run a
consistency check over certain parts of the annotation and which, if necessary,
rewrite values into an appropriate default value. Consider the example in
(60), which combines a generally perfective viewpoint combined with an
inertia modal base, which is associated with imperfective aspect to yield a

. . 1¢
progressive semantlcs.l‘)

(60)
a-ref ::= ‘perfective’

0
VIEWPOINT 3

a-restr ::= ‘inertia’

9Recall that an inertia modal base provides situations that are continuations of the
origin situation if that situation would continue without any interruptions. This would
mean that, in the present configuration, we would say that there exists a situation that is
a continuation of the reference/topic situation where the underlying eventuality is true.
This goes against the intuitions of perfective aspect, which generally encodes culmination
or termination in the actual situation rather than in an arbitrary possible situation.
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A possible rewrite rule to fix this annotation is given in (61). This rule
simply replaces the a-restr annotation with a value that suits the more
general A-REF annotation. However, such rules must be carefully considered
since it is not always clear which of the two values is wrongly annotated. A
more safe strategy would be to use the rule in (62), the result of which makes
it so that the viewpoint aspect annotation is ignored completely during the
interpretation. This is a general technique that may be used to reduce the risk
of nonsense annotations in favor of simpler semantic representations. This
is possible since, as explained in the previous section, a unspec annotation
results in an identity function, which means the semantic representation that
is provided as input from lower in the tree, i.e., by the LEX-ASP node is simply
percolated to the next stage of interpretation, namely, the interpretation
of the TEMP-REF node as discussed in the previous section. To put it more
concisely, rewrite rules can be used to check for incompatible annotations
and rewrite them into identity functions.?’

(61) #a A-REF ‘perfective’ & #a A-RESTR ‘inertia’
==> #a A-RESTR ‘bounded’.

(62) #a A-REF ‘perfective’ & #a A-RESTR ‘inertia’
==> #a A-REF ‘unspec’ & #a A-RESTR ‘unspec’.

The major difference between tense and aspect in the formal system
presented here is that aspect always receives a reference situation from
within a clause, for example, by tense (63a), but possibly also by particular
embedding verbs, e.g., raising verbs (63b). However, since an undefined tense
feature raises the aspectually modified clause to the appropriate level, we do

not need to implement a separate anchoring mechanism for such clauses.

(63) a. Peter was writing a letter.

b. John seemed to be writing a letter.

290f course, these rules should be a last resort to correct annotations. However, anno-
tation errors are rarely completely avoidable, neither in rule-based systems nor systems
based on machine learning.
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This section has shown that the formal treatment of tense and grammatical
aspect is fairly similar. By linking the glue semantics representations to
elements in a tree structure, the order of application is preserved in a glue
semantics proof. The last task is to explain the semantic interpretation of
the annotation of lexical aspect to finalize the set of semantic interpretation

rules. This will be discussed in the next section.

5.4.2 Inner aspect and first-phase syntax

In this section, I illustrate the implementation of Ramchand’s (2008) first-
phase syntax in Glue semantics and how it can be integrated with the
broader semantic framework used in this thesis. This means concretely, a neo-
Davidsonian event semantics embedded in a situation semantics framework
for tense and aspect.

The first-phase syntax is a syntax for decomposing verb complexes, in-
cluding its arguments and other rhematic material, into sub-eventualities
that specify specific roles for event participants in the syntax. As shown
in chapter 4 and Zymla, 2019, this kind of decomposition may be used to
model different inference patterns associated with lexical and grammatical
aspect, in particular, the imperfective paradox (Dowty, 1977). Furthermore,
the first-phase syntax, in combination with LFG’s f-structure, allows for
sharing labor between syntax and subevent structure with respect to defining
thematic roles, as I will show in this section.

The system is designed in such a way that the first-phase syntax decom-
poses the Davidsonian event argument into the initiation phase, the process
phase, and the result phase. Verb classes and interaction with rhematic
material determine which of these phases are realized. Each level of the first
phase syntax has a subject position that, in the present implementation, is
aligned with event arguments, i.e., thematic roles.

Ultimately, the goal of the annotation is to enable the generation of
semantic subcategorization templates in the sense of Asudeh et al. (2008) and
Haug (2008). The gist of the implementation here is that these templates

are sensitive to the content of the first-phase syntax and saturate the subject
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initP

DP

subj of ‘cause’
init procP

DP

b' f 4 Y
Subj o1 pro¢ proc resP

DP

subj of ‘res’ res  XP..

Figure 5.19: First-phase-syntax template (Ramchand, 2008)

positions of the first-phase syntax with the same variables that saturate
grammatical functions in a syntactic representation (i.e., subject, object,
etc.). The main idea outlined above relies equally on the Glue semantics
machinery, as well as on the appropriate use of semantic construction rules.”'
In the next few paragraphs, I explain the details of the formal system and
the sharing of labor between those two components.

To begin with, I discuss the event decomposition in Ramchand (2008)
from an aspectual perspective, the main point for this thesis, then I show
how this structure interacts with the syntactic f-structure and what this tells
us about thematic roles in the traditional sense.

Starting in section 5.2.5, I have explained that, although designed for flat
structures, Glue semantics inherently models hierarchical structures in terms
of its proofs and, thus, also lends itself to model compositional processes
guided by tree structures. I apply the same technique to Ramchand’s (2008)
first-phase syntax. This, conversely, means that the structure given in Figure

5.19 can be reduced to a flat structure from the perspective of annotation

21This is due to the fact that the first-phase syntax is not developed with resource
sensitivity in mind and makes regular use of a copying mechanism, for example, when
different projections share the same subject (Ramchand, 2008).
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[class ::= ’event’ | 'process’ | ’state’ | 'unspec’
extent ::= 'mom’ | 'dur’
[ [init ;= "fid’ ]
initP
i-subj 1= ’ﬁd’]
-proc n=Ad
procP . s
LEX-ASP | p-subj = "fid
FPS p res = fid’
res
r-subj ::= "fid’
(head ::= 'fid’
rheme |type ::= "location’ | 'path’ |
"i-theme’ | "unspec’

Figure 5.20: Annotation of the first-phase syntax

(see Figure 5.20).

As the template in Figure 5.20 shows, the annotation values for each feature
of the fps-structure are fids, i.e., references to the syntactic f-structure.
Through this, the annotation references the PRED value. I assume that the
PRED value is the key to the (lexical) encyclopedic content. Furthermore,
this allows us to determine the semantics of the rhematic material based on
the syntactic properties of different kinds of rhemes specified at the level of
f-structure(e.g., NPs, PPs, etc.). In other words, we can use known Glue
semantics analysis for the f-structure and embed the FPS in it.

In the present analysis (recall chapter 4), the goal is to provide a small set
of primitives that allows for describing grammatical distinctions, similar to the
approach postulated, e.g., by Dowty (1991) or Jackendoff (1987). However,
by aligning the present approach with a thematic role based semantics, the
present system can also be integrated with further resources, e.g. PropBank
(Palmer et al., 2005), or VerbNet (Schuler (2005); see also Hautli et al. (2015)

for comparable work).??

22Quch alignments between different theories of interpreting thematic roles, furthermore,

271



5.4. THE SEMANTICS OF ASPECT

This means aligning the first-phase syntax with neo-Davidsonian event
semantics at a formal level is an exercise in interoperability of different
semantic levels that is necessary for any semantic annotation scheme.

Consider the simple sentence Mary ate the mango from Ramchand (2008).
According to her, the event described in this sentence can be decomposed
into the following structure. The important feature here is that Mary simul-
taneously takes the role of the initiator of the event as well as the undergoer
(by virtue of being the subject of the proc sub-event). However, in a neo-
Davidsonian analysis, Mary would simply describe the agent role, while the
mango would take the role of the theme, which is also often associated with
the notion of undergoing or receiving the action of the verb.

Compare this to the example in (66). It receives the same Neo-Davidsonian
analysis. However, as the event decomposition annotation indicates, the cart
is the undergoer of the event. The path is unspecified which allows for an
atelic interpretation, whereas the rheme in (64) provides a quantized path
(annotated as incr_theme for incremental theme; cf. Krifka, 1998). This
means concretely that the rhematic material is a crucial factor in determining
the aspectual properties of a given expression and specifies the compatibility
with aspect features higher in the composition, such as the available modal
bases for imperfective aspect. As illustrated in the previous section, such
presuppositions can be encoded in terms of axioms that ensure the soundness
of the annotation. An example of this is the axiom that the progressive
aspect is only available if the embedded element has a proc head and either a
res head or some rhematic material that specifies a quantized path, i.e., the

progressive modal base is only available if the element it applies to is telic.

(64) Mary ate a mango.
(65) Jeleat(e) A ag(e) = Mary A the(e) = tx[mango(z)]]

lends itself to the study of exactly the question, how thematic roles are to be understood
at the level of syntax as well as the level of semantics (Dowty, 1991).
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[PRED ‘eat<Mary,mango>’
SUBJ 1[PRED ‘Mary’]

[PRED ‘mango’
OBJ 2
SPEC [PRED ‘the’}

init ::= O[ ]
0 initP 5
i-subj ::= 1{ }
proc ;= O[ }
p-subj ::= 1{ }
_head = 2[ }
rheme 7
type ::=’incr _theme’

Figure 5.21: FPS annotation: Mary ate a mango

(66) a. John pushed a cart to every store.
b. John pushed a cart.

(67) a. Vy[store(y) — Jz[cart(x) A Je[push(e) A ag(e) = John Ath(e) =
x A goal(e) = ylf]
Jz[cart(x) A Vy[store(y) A e[push(e) A ag(e) = John Ath(e) =
x A goal(e) = ylf]
b. Fz[cart(x) A Je[push(e) A ag(e) = John Ath(e) = x]]

As illustrated above, subjects can be shared between different heads.
This leads to variability with respect to the available resources from a Glue
semantics perspective.

In this thesis, I provide a system that uses optional co-binding. More
concretely, I use semantic construction rules to check for structure sharing in
the annotation (as in (64)) and introduce an appropriate meaning constructor
accordingly. This means the different heads have multiple possible meaning

constructors depending on whether subjects are shared or distinct. The
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[PRED ‘push<John,cart>’

SUBJ 1[PRED ‘John’}
PRED ‘cart’

OBJ 2
SPEC [PRED ‘a’]

PRED ‘to<store>’

ADJUNCT {3
SPEC [PRED ‘every’}

0 init 0 |
initP 6
i-subj ::= 1[ }
proc ;1= 0[ }
SEM 4|FPS 5 procP 7 i
p-subj ::= 2[
head i~ 3 |
rheme 8§
type ::= 'path’

Figure 5.22: FPS annotation: John pushed a cart to every store.
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semantics of the init head are given in (68).%?

(68) a. APy xeNey e’ e [eat’ () Ne=¢e — e’ Ninit(e/,z) A P(e")] :
(0—=7) — (1 —(0—6))

b. AP, . Axc.Ney. 36! e [eat’ () Ne = € — € Ninit(e, z) NP(z)(e")]
(1—=(0—6)) = (1 —=(0—=5))

As the formulas in (68) show, the difference lies in the type of the next
lower head (the proc head). When the same subject appears in init and proc,
indicated by reference to the same resource at f-structure, then the formula
in (68b) is used, else the formula in (68a) is used. To complete the semantics
of the previous two examples, we need the following semantics of the proc
head.?*

(69)  Ay.A\x.Xe.Path(y,e) A eat'(e) A proc(e, x)

a. Instantiation for (64):
2—(1—=(0—06)

b. Instantiation for (66):
B—(2—(0—=T7)

For the sake of simplicity let us assume the semantics in (70) and (71)
for the NPS in the two running examples. What is important is, that the
semantics of proc map the entity, that is given to it as its first argument,
to the event via the path/2 predicate in accordance with Krifka, 1987 (see
chapter 4; Ramchand, 2008).

23 As specified in chapter 4, I make use of the following abbreviations of Ramchand’s
formula (Ramchand, 2008).

(1) a. Subject(x,e) and Initiation(e) <> init(e,x)
b. Subject(x,e) and Process(e) <> proc(e,x)

c. Subject(x,e) and Result(e) > res(e,x)

24Recall that, in accordance with Ramchand (2008), I have postulated two different proc
semantics, depending on the existence of a res head.
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(70) a. Mary:
MC: Mary : sl
[SUBJ 1”] s1 |

b. a mango:

MC: AQ¢i.3x[mango(z) AN Q(z)] : (s2 —0) — 0

[OBJ 2”} | VAR 3 |
| rESTR sl |
(71) a. John:
MC: John : sl
SUBJ 1”] s1 |
b. ;zcart:
MC:AQe¢.3x[cart(z) A Q(x)] : (52 —0) — 0
OBJ 2[H | VAR =N
' | rESTR sl |

c. every store:
MC: AQ¢t.3x[store(x) = Q(z)] : (s3 —0) — 0

OBJ-TH 3” | VAR s6[ }
[ ] RESTR 57[ }

As a mediator between the first-phase syntax and the neo-Davidsonian
event semantics, I make use of templates mimicking the subcategorization
of a given verb based on Asudeh et al. (2008). However, rather than being
only dependent on the subcategorization at the f-structure, the template is
also sensitive to the first-phase syntax. More specifically, the system works
such that a given template takes as a first argument a first-phase syntax
representation and provides it with a subcategorization template compatible
with a neo-Davidsonian event semantics. In other words, the first argument
of a template varies in terms of its semantic type, depending on how the
arguments are encoded in the first-phase syntax. The result of applying a

template to an fps representation is a subcategorization template in the sense
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of Asudeh et al. (2008) and Haug (2008). In the process of applying the
template, it shifts the indices relevant for the semantic computation, similar
to the function of a manager resource (Asudeh, 2004).?” In (72), the two
templates for the two examples are given.

As these examples show, the templates project the syntactic indices of the
f-structure to the semantic indices introduced in (70) and (71). This technique
allows the system to keep the semantics modular while still accounting for
the possibility of co-binding via the use of assumptions, i.e., the use of linear
abstraction and implication introduction. This is shown explicitly in the
proofs, (5.23) and (5.24).

(72)  a. AReevt-ATe.AYe.Fey[R(2)(y)(e) Aag(e) = z Ath(e) =y :
1 —o(2—(0—5)) —o(s1 —(s2—0))
b. ARecevt-ATe. AYe.A2Ze.3ey [R(2)(y)(2)(€) Aag(e) =z Ath(e) =y A
goal(e) = 2] :
1 — (2= (3 — (0 —=0))) —(s1 — (52— (53— 0)))

The resulting semantic representations are shown in (73a) and (73Db).

(73) a. Mary ate a mango.

Jx[mango(x) A Je[3e’, " [eat’ (') Ne = € — € Ninit(e', Mary)A

Path(xz,€") Aeat'(€") A proc(e”, Mary)|A

ag(e) = Mary Ath(e) = z]

b. John pushed a cart to every store.
i. Vy[store(y) — Jz[cart(xz) A e[3e', " [push’(e') Ne = ¢ —

e’ Ninit(e’, John) A Path(y, ") A push/(e”) A proc(e”, )] A
ag(e) = John Ath(e) = z A goal(e) = yl]]

ii. Jxf[cart(x) — Vy[store(y) A Je[3e/, e’ [push/ (') Ne = € —
e’ Ninit(e’, John) A Path(y, ") A push/(e”) A proc(e”, )] A
ag(e) = John A th(e) = z A goal(e) = y]]]

25 A manager resource can be understood as a (partial) identity function, which does
not affect the meaning side of a meaning constructor but changes the linear logic side of a
meaning constructor to behave differently within a glue derivation. For example, to change
the order in which certain elements apply.
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sl

2] 2—(1—(0—6)
1 — (0 — 6) 1—(0—6)— (1 —(0—5))
1 {05
0—5
2 — (0 — 5)

1 - (2— (0 —<5)) 1 —0 (2 —o (0 —0 5)) —o (s1 —o (52 —0 0))

51 —o (52 — 0)

s2—0

(s2 —0) — 0

Figure 5.23: Derivation (untensed) for Mary ate a mango
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As the previous two examples show, the semantics of the first-phase syntax
can be assembled via Glue semantics meaning constructors for each head, as
well as a template that takes the role of aligning the subjects of the first-phase
syntax with the event semantics used at the level of f-structure. This means
the semantics presented here provide an interface between first-phase syntax,
thematic roles, and f-structure more generally and show how the present
approach can be reconciled with existing insights from the Glue semantics
literature.

As discussed in chapter 4, the proc head has two different denotations
based on the existence of a res head. Furthermore, I have shown that to
achieve the desired variable bindings, the init and proc heads need to have two
different denotations based on shared subjects between the different heads.
At the beginning of this section, I pointed out that this choice is reflected
in the annotation. Thus, it is possible to use semantic construction rules to
check for the appropriate meaning constructors for a given annotation. I will
explain this in more detail next.

To begin with, I examine the use of the two proc heads postulated by
Ramchand (2008) and shown in (74).

(74) a. Ay.Az.de.Path(y,e) A %p'(e) A proc(e, x)
b. 1. AP Axe.Aey.3e e [P(x)(e”) A %p'(e) A proc(e/,z) Ne =
(e — €]
. APy Aze.Ney.3e € [P(e”) N%p'(e') Aproc(e’,z) Ne = (¢ —

e//)]

The condition for applying the first vs. the second semantics is simple.
(74b) is used, when the res head is unspecified, whereas (74a) is used, when
no res head is specified. Thus, the default semantics are given in (74a).
They are replaced by a more specific rule checking for a res head. The
argument of the res semantics in (74a) is always an entity of type e. If
there is no overtly specified rhematic material, then a contextual value is
provided. This means that a single rule is sufficient to cover first-phase syntax
representations without a res head. On the other hand, when there is a res

head, the semantics in (74b) are used. In this case, the exact semantics vary
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[s2]

sl

[3] 3—(2—(0—T7))

[2] 2 (0—7)
0—o7 (0 —7) — (1 — (0 —6))
(1] L —(0—6)
0—6
3 — (0 —6)

2 — (3 — (0 — 6))
1—(2— (3 — (0—6)))

1 — (2 — (83— (0 —6))) —o (s1 —o (s2 —o (83 — 0)))
sl —o (82 —o (83 — 0))

s2 —o (s3 — 0)

s3 — 0

(s3—-0) —0

s2 — 0

(s2 —o0) —0

Figure 5.24: Derivation (untensed) for John pushed a cart to every store
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depending on whether the proc head and the res share their subject, (74b-i),
or whether they have different subjects, (74b-ii).

The init head also has this division. By providing these two different
semantic denotations for init and proc respectively, all available co-binding
configurations in the first-phase syntax are covered. Note also that each of
the heads only needs to co-bind the head directly beneath it. This means the
head encodes whether it wants to co-bind the next lower projection in the
first-phase syntax, independent of the denotation of that lower head. The
same process can be extended to the res-head to fully cover the semantics of
the first-phase syntax. This architecture reduces context sensitivity for each

head in the first-phase syntax to a minimum.

5.5 Summary

In this chapter, I have presented how the annotation scheme and the corre-
sponding rules developed throughout this thesis can be implemented. For this
purpose, I have presented a novel system for querying linguistic structures and
adding annotations relative to those structures. The added annotation can
be represented as a graph or f-structure. The system also allows for creating
specific semantic representations, namely, glue semantics representations.
This is grounded in theoretical and practical research on Glue semantics.
By combining the possibilities provided by the rule system worked out in
this chapter and Glue semantics, I have provided a concrete syntax and
semantics for the annotation scheme presented in this thesis spanning a
cross-linguistically valid feature set for tense, viewpoint aspect, and lexical
aspect. Particular attention was paid to avoiding structural ambiguities in
the annotation template in virtue of ambiguities enabled by the concepts
worked out for the semantics of tense and aspect (and generally) in the
previous chapters (3 and 4. The present system is compatible with manual
and rule-based annotation efforts but also allows parTMA features to be
learned via machine learning or deep learning approaches. The validity of
such approaches can then be verified by applying semantic construction rules

on the resulting feature set and inspecting the resulting formula. A concrete
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implementation is left for future work.

The next step is to generate more expansive resources based on the current
system. In particular, the goal is to provide additional treebanks for the
ParGram grammars and to provide a venue for inspecting both the syntactic
and semantic annotation contained in those treebanks, thus making the work

more accessible to a broader audience.
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Chapter 6

Conclusions and future work

This thesis aimed to present a computationally viable annotation scheme of
tense and aspect. The main focus was on cross-linguistic applicability and
a grounding in formal semantics. Thus, the ParTMA annotation scheme,
developed as part of this thesis, is informed by various sources in the linguistic
research landscape. It combines insights from cross-linguistic computational
and typological research and the growing literature on cross-linguistically
informed formal semantics for tense and aspect.

The project that gave birth to this thesis was a follow-up project for the
international ParGram project with the goal of providing cross-linguistically
comparable syntactic analyses for typologically diverse languages. Although
tense and aspect have been heavily discussed within the project, only a few
key insights have been implemented in the ParGram grammars. So, for
example, the treatment of auxiliaries across languages (Butt et al., 1996), or
the separation of the categories tense and aspect into independent features
(Butt et al., 1999). All in all, the existing research on tense and aspect
from the perspective of the ParGram project has focussed on structural, i.e.,
morphosyntactic, issues rather than semantic issues. The goal of this thesis

was to pick up the efforts of the ParGram project at exactly this point.
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6.1 Summary

In the introductory chapters, 1 and 2, I examined the state of affairs with
respect to the treatment of tense and aspect within ParGram and in semantic
annotation. As the main idea of this thesis was to explore the semantic prop-
erties of tense and aspect, chapter 2 has focused on providing a broad overview
of tense/aspect annotation schemes used in computational linguistics and
compared them to work done in the ParGram effort. The main shortcoming
of the ParGram grammars was that they lacked an explicit formal semantics,
a crucial component for semantic annotation schemes (Bunt, 2015). Thus, the
background chapter solidified the main goal of this thesis to provide exactly
that: an annotation scheme with a concrete formal semantics supporting it.

The resulting annotation scheme, the ParTMA annotation scheme, con-
sists of a syntax/semantics interface encoded in terms of multilayered rewrite
rules and a semantic interpretation component for annotated structures that
produces formal semantic representations based on the input annotation.
Thus, the ParTMA annotation scheme can be understood as a separate
projection for LFG in the sense of Kaplan (1995b): it serves as a useful inter-
mediate representation that does not necessarily capture a psycho-linguistic
reality but can be seen as a tool for linguists to describe specific properties
of language. In this case, the semantic properties are provided by tense and
aspect. The foundations for this annotation scheme have been extensively
discussed in chapters 3 and 4.

The third chapter of this thesis provides an overview of both the structure
as well as the possible meanings encoded via the category of tense. The
category of tense has been chosen to exemplify the main features of the
ParTMA annotation scheme to the reader for the first time in 3. Tense is
arguably the more intuitive of the two major categories discussed in this
thesis and is mainly associated with locating situations described by linguistic
expressions marked with tense relative to some evaluation point, i.e., primarily,
temporal semantics. I proposed a system that isolates the temporal ordering
properties of tense and connects them to their respective morphosyntactic

reflexes, be it temporal ordering induced by aspectual marking or temporal
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ordering by tense proper. Both have shown to be available cross-linguistically.
Furthermore, I have discussed the annotation of languages without overt
tense marking. I dubbed these cases of inferential tense. An extreme case of
this has been presented in terms of Indonesian, which has neither obligatory
tense nor aspect marking, making temporal ordering a purely contextual
endeavor.

Based on the insights I gained from examining the tense and aspect
systems of the languages covered by the ParGram grammars and beyond, I
have proposed to separate structural and meaning properties of the category
of tense and modularize its semantic contribution. This yielded the semantic
category of temporal reference, which is an ordering function for temporal
intervals (inspired by the term semantic tense). I have illustrated this function
by embedding it in a compositional interval semantics based on work by
Kusumoto (1999, 2005), which has recently gained traction in cross-linguistic
research by, for example, Bochnak et al. (2019). The resulting semantics
model tense as a contextually restricted quantifier over times and temporal
reference as the restrictor of this quantifier. I have related the semantics to the
morphosyntax via a set of rules called semantic construction rules. Semantic
construction rules generate semantic features from the morphosyntactic and
semantic context. These rules can be applied iteratively, resulting in a tiered
system that calculates structural and semantic context dependencies as they
become available. The result is a set of semantic features from which a
semantic representation can be derived.

I have illustrated this style of annotation by applying it to two different
phenomena that have been discussed in the literature. Tense in subordi-
nate clauses and tense in counterfactual conditionals. Furthermore, I have
discussed the treatment of cases of inferential temporal reference. I have pro-
posed a set of axiomatic rules that reduce underspecified values for temporal
reference to default values, where this is possible based on the morphosyntac-
tic and lexical context, e.g., via concrete specification (yesterday, tomorrow,
etc.), or via default inferences induced by, for example, grammatical aspect.
Thus, chapter 3 illustrated the general methodology pursued in this thesis

of determining relevant morphosyntactic and semantic features, providing
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a formal semantics for these features, and, finally, a procedure for mapping
form to meaning.

This procedure has been applied to the categories of grammatical and
lexical aspect in chapter 4. The semantics for grammatical aspect have been
inspired mainly by Arregui et al. (2011, 2014), denoting grammatical aspect
as quantifiers over situations. This has been motivated in the literature,
mainly by exploring the various meanings of the imperfective aspect, which
has proven to be a more significant challenge than the perfective aspect.
Ultimately, the result was a semantics that mainly distinguished perfective
and imperfective aspects in terms of quantificational force. Perfective aspect is
encoded in terms of an existential quantifier over situations, and imperfective
aspect is encoded in terms of a universal quantifier over situations. Cross-
linguistic variation of these categories has been encoded as accessibility
relations encoded in the restrictors of those quantifiers. Thus, the treatment
of tense and grammatical aspect yields some parallels.

The treatment of lexical aspect has been based on a decompositional event
semantics, more concretely, on a framework for capturing the morphosyntactic
reflexes of event structure of which lexical aspect is an integral part. The first-
phase syntax that has served as the underlying framework for the modeling
of lexical aspect was devised in Ramchand (2008). The goal of this approach
was to reduce the properties of event structure to a small set of primitives that
can cover a large number of configurations by virtue of different combinations
of these primitives.

Chapter 4 points out some interesting synergies between the treatment of
grammatical aspect and the treatment of lexical aspect. Concretely, I have
proposed redefining the accessibility relations used in the quantifiers in terms
of the sub-event structure of the predicates they select. This, for example,
allowed me to provide a coherent distinction between the event-in-progress
and preparatory interpretation of imperfective aspect.

In the last part of Chapter 4, the insights made about grammatical and
lexical aspect have been incorporated into the ParTMA annotation scheme.
Grammatical aspect has been embedded in the ParTMA annotation scheme in

a fashion similar to tense. The first-phase syntax has been integrated in terms
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of an attribute-value structure, thus, reducing the hierarchical first-phase
syntax with the goal of encoding hierarchical effects in the semantic composi-
tion. This is elaborated upon in Chapter 5 where a concrete implementation
of the ParTMA annotation scheme is discussed.

Chapter 5 describes a concrete syntax and semantics for the ParTMA
annotation scheme. More specifically, I presented a linguistic rewrite system
that exemplifies a concrete implementation of the tiered semantic construction
rules described in chapters 3 and 4. By combining this rewrite system with
the capabilities of the Glue semantics workbench, a tool for evaluating proofs
in the semantic formalism of Glue semantics, I have furthermore presented a
tool that allows for the semantic interpretation of the ParTMA annotation
scheme resulting in full-fledged semantic representations. I have shown that
the semantics of the ParTMA annotation scheme can be carefully engineered
to capture the possible combinations of its feature space and thus capture
the linguistic insights coded into the semantics in the previous chapters.
To illustrate this point, I have revisited various examples discussed in the
previous chapters to highlight both the role of the syntax/semantics interface

and the role of the semantic interpretation component.

6.2 Future work

In this section, I discuss some potential and necessary venues for future
work with respect to the ParTMA annotation scheme. This includes the
generation of more resources, refinement of the underlying tense/aspect
semantics, expanding the annotation scheme to discourse-level phenomena,
and embedding the tense/aspect semantics in a general theory of formal

semantics, particularly Glue semantics.

6.2.1 The syntax/semantics interface

This thesis presents a fully fleshed-out formal semantics for tense and aspect
couched in a simple annotation scheme based on attribute/value structures.

I made a proposal to the effect that the annotation scheme is populated via
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a rule-based syntax/semantics interface. However, a ParTMA template may
be filled out by any other means of annotation, such as manual annotation or
automated annotation. The decision to provide a rule-based system stemmed
from the fact that tense/aspect categories heavily interact with one another
even within the confines of a single clause. The rule-based system was designed
to explain these interactions. Although the semantics are fully fleshed out, I
have only exemplified the syntax/semantics interface by virtue of carefully
crafted examples, such as the Sequence-of-tense phenomenon. Thus one of
my future goals is to further investigate and scale up the applicability of
rewrite rules to encode the syntax/semantics interface for tense and aspect

and in general.

6.2.2 Refining tense/aspect semantics

There are several points of interest where the present annotation scheme could
be refined even further. For example, future tense has only been discussed
briefly and has been reduced to the semantic property of future orientation.
Similarly, the perfect has been reduced to its temporal properties. The latter,
in particular, has received this treatment based on the ongoing debate in the
literature with respect to its status as tense or aspect. On the other hand,
doing the future tense justice would require expanding the present annotation
scheme to modals, opening a whole other can of worms.

The annotation for lexical aspect has been based on a decompositional
event semantics. Although I have shown that these semantics interact with the
syntax in an interesting way and, thus, provide a basis for annotating lexical
aspect in relation to its morphosyntactic reflexes, I have only discussed the
annotation of rhematic material by some chosen examples. More concretely,
there is future work to do in working out the semantics of rhematic material,
particularly the rhematic material that describes the result state of some
eventuality. Another issue that I have mentioned is the question of how to
deal with pluralities of either eventualities or the corresponding actors. In this
thesis, I have only modeled pluralities external to the eventuality argument;

however, plurality and pluractionality may affect the VP at different levels,
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creating a complex picture that needs to be examined in more detail.

The ParTMA annotation scheme mainly focuses on sentence-level phe-
nomena. This is an obvious shortcoming since many discourse effects are
induced by tense and aspect and, thus, call for a formal pragmatics that
captures these insights. This is another obvious avenue for future work that
includes extensive research in Glue semantics and the discourse effects of
tense and aspect in general.

Finally, some smaller refinements can be made, for example, concerning
the definition of the accessibility relations for the aspectual operators. These
and other smaller improvements of the annotation scheme, I believe, will
happen naturally with time, as more resources are created based on the

system.

6.2.3 Resources

As of now, the ParTMA annotation scheme has produced a small number of
treebanks on the INESS webpage. In addition, to these resources, a resource
for encoding the syntax/semantics interface on linguistic rewriting has been
developed. Based on this resource, a second tool has been developed for
deriving semantic representations from ParTMA style annotations. My next
goal is to provide more corpora annotated with the annotation tools that I
have made available. Producing more corpora will also serve as an exercise
in scalability of the present annotation scheme and the underlying semantic
framework.

An important factor that I want to pay particular attention to is working
on a packed system of semantic representations that spans from XLE’s output
to the final output in terms of glue semantics proofs. In other words, I want to
pay particular focus on working on ambiguity management for the ParTMA
annotation scheme and the related resources. This also entails the continuous
work on the related Glue semantics workbench that I have used to produce
semantic representations.

Overall, the results of this thesis provide lots of avenues for further research

that synergizes with different areas of linguistics, including corpus linguistics,
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formal linguistics, and computational linguistics. My main goal is to work
on computational tools. My conviction is that improving these tools with
a concise goal, such as the annotation of tense and aspect, will not only
improve the computational viability but also its benefits for the related

formal linguistic research fields.

6.3 Concluding remarks

The goal of this thesis is to breach the gap between formal semantic insights
and computational models of dealing with tense and aspect. As Steedman
(1997) said, research in tense and aspect runs the danger of repeating the same
points again and again. The annotation scheme in this thesis does not reject
this claim. Quite the contrary, many of the insights compiled in this thesis rely
on systems that are prevalent both in formal and computational frameworks
of tense and aspect. Thus, for example, temporal reference is a rendition of
the widely used Neo-Reichenbachian tense system, following the tradition
of Reichenbach (1947) and some refining proposals by Klein (1994). The
main contribution of this thesis is to embed these insights in a compositional
semantic framework that can be derived from a simple annotation structure.
Thus, the present thesis combines the appeal of devising different kinds
of annotation procedures for different tasks and the support of a fleshed-
out formal semantic framework that allows users to evaluate the resulting
annotation. Thus, the thesis follows general principles for semantic annotation
but provides a more intimate relationship between the underlying formal
semantic framework and the corresponding semantic annotation scheme. For
this reason, I believe that this thesis has achieved the goal it was set out to do:
bringing computational and formal linguistics closer together, particularly in

the domain of semantics.
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