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ABSTRACT

This document describes the semantic (“tectogrammatical”) representation of Czech
and English in its initial, yet annotation-proven version. It has three parts — an exposi-
tion (this document) to the scheme and its role in the Companions project, and then
two Appendices. Appendix 1 (1471 pages) describes the technical details of the tecto-
grammatical representation for the Czech language, as applied to the Prague Depend-
ency Treebank 2.0, and Appendix 2 (282 pages) describes the tectogrammatical repre-
sentation of English, as it is currently being used in large-scale annotation of written
English, with some preliminary annotation having been done on the first Companions

dialog corpora.
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1 Introduction

The Deliverable 3.2.1 presents the semantic representation of English and Czech in
the form of annotation manuals, which are used to build language resources for ma-
chine learning tasks such as text and speech analysis, as well as text and speech gen-
eration (described in more detail by the Deliverable 3.3). Rendering the transition be-
tween the (surface) linguistic features and the semantic content, the semantic repre-
sentation is an indispensable interface between the dialog management module(s) and
those performing the automatic speech recognition (ASR) and text-to-speech (TTS),
which are going to be employed in the development of both the Senior and the Life-
style (or any other scenario(s) of) Companion(s). This Deliverable comes in three
parts — this short overview, and two appendices (Appendix 1 with the complete speci-

fication for Czech, and Appendix 2 with the current specification for English).

2 The Role of Semantics (“Tectogrammatics”) in the
Project

2.1 The idea

The novel ideas in the project proposal (and in the Description of Work as found in
the Technical Annex) that concern language analysis and generation and that differen-

tiate this project from previous dialog projects are:

e the very existence of the separate language component and novel interfacing to
the rest of the system;

e generality (language, domain);

e breadth;

e machine learning capability.

Dialog systems usually concentrate on the core component — the dialog management

module and its associated knowledge representation system with inferencing etc. The
language part (even in systems that can deal with real speech) is often only rudimen-

tary and ad hoc, meaning it is heavily language and domain dependent, and has to be

redone for every new language and domain. We are not claiming that we can develop
a completely domain-independent component (the less so a language independent

one), but the use of the proposed semantic representation should at least go this direc-
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tion and ease some of the “language burden” for those who are interfacing language

with the core dialog management system.

It follows from the above what this semantic representation is not: it is not supposed
to replace any of the knowledge representation systems possibly in use in the dialog
management systems or in connection with it, nor is it supposed to be used directly for
inferencing or dialog planning. These things are not only language independent
(which the representation necessarily is not, at least not completely), and there are bet-

ter and proven formalisms to deal with these issues.

On the other hand, individual language features that are part of the language descrip-
tion can be used by either the interfacing module(s) (e.g., for named entity resolution,
predicate and argument identification, sentence mode resolution (ques-

tion/command/statement/...) etc.). Details of the language features can be, of course,
found in the actual representation description (see the Appendix 1 and Appendix 2 as

part of this Deliverable).

2.2 Interfacing scheme

Having a separate language component that handles semantics raises a question how

to interface it to the rest of the system.

2.2.1 The “lower” interface

As “lower”, we describe the interface between the speech (audio) component and the
language system. Generally, the interface is very simply — it is on the text level both
for input to the language module (from the ASR), as well for its out (from the NLG to

the TTS module), although some information might be different in either direction.

For the “front-end”, i.e., analysis of the (user’s) spoken input, the interface is the tran-
scribed text using the standard conventions (single case, no punctuation, etc.). It is the
responsibility of the language component to deal with issues which differ in the tran-

scription from “usual” text input (see also the extension of the representation for spo-

ken input in Chapter 5 of this document).

For TTS, we expect to pass on the full textual representation as generated by the NLG
module, including punctuation, capitalization etc., so that the TTS module can take
advantage of it. We are also ready to pass the information about emotionor specific
prosody, if passed onto the generation as a whole from the dialog management sys-

tem.
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2.2.2 The “upper” interface

This is the crucial new and relatively complicated part of the system. By “upper” in-
terface we understand the internal interface between the semantic component and the
dialog management module(s) — again, in both directions (analysis (user input) / gen-

eration (output of the system presented to the user)).

The “interfacing” or “bridging” interface will be necessary to be delivered together
with the language analysis and generation proper. We as the authors of this Deliver-
able and of the representation itself will work closely with other partners to identify
exactly what the needs of the dialog representation are (e.g., the named entity recogni-
tion module) and will work closely together while developing these “bridging” mod-
ules. They should benefit from the language “preprocessing” (i.e., from the availabil-
ity of the semantic representation as output by the language analyzer, and from the
fact that the language generator does not have to be told the language specifics when

creating the system’s response).

This interface (and software) depends largely on the dialog management formalism
used. For analysis, it is typically crucial to identify predicates, their arguments and
their features (such as semantic number, deontic modality, tense, aspect etc.), recog-
nize named entities, and identify sentence modality. For all of these except named en-
tities the semantic representation is very close to the usual predicate expressions used
in dialog systems, and only “technical” conversion is assumed; for the named entity
resolution task, it can benefit again from language features normally not available to
named entity recognizers that work off plain text. Machine learning can be employed

in this stage, too.

For generation, the situation is similar, even though the generation module will proba-
bly take advantage of the fact that some system responses are quite fixed (such as
“Yes” or other short, clearly defined reactions), and a simple conversion of these pre-
defined responses to the languages in question (English, Czech, ...) is all that is
needed. However, for the rest of the responses, if they are “real” sentences (or even
partial ones with ellipsis etc.) with values of “variables” (such as person names,
events, etc.) to be filled in, one can benefit from the fact that only the dependency tree
with some basic semantic information must be passed on to the natural language gen-
eration module which then produces text for the TTS to take over. It is obvious, how-
ever, that even though these modules exist (Deliverable 3.3., to be followed by Eng-

lish NLG soon), they will have to adapted during the remaining course of the project
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to at least pass through or take advantage of the discourse-related features that are
specific to dialogues (e.g., proper situation ellipsis generation, emotion and stress to

passed over to the TTS etc.).

2.3 Generality

Generality is the core issue, in the sense that the formal representation is reusable for
other domains and languages, while the concrete instantiation of certain labels might
be language dependent (but still domain independent). For example, the determination
information crucial in English might not be present in Czech or other languages which
do not use determiners (yet it is minimized if it can be derived from context). On the
other hand, we expect the differences to be small; in the core semantic label set, only a
few labels are not shared across Czech and English in our representation (see Chapter
7 of the Czech specification — Deliverable 3.2.1, Appendix 1, vs. Chapter 6 of the
English specification — Deliverable 3.2.1, Appendix 2).

2.4 Breadth

The representation also aims to be as broad as possible, in order to achieve the
claimed domain independence. The goal is not to have to rewrite the language com-
ponent every time the domain is changed. In the Companions project, the two scenar-
i0s (Senior Companion and the Lifestyle Companion) will demonstrate that, and we
are now ready to change to other domain if necessary without a change in the formal

specification.

2.5 Machine Learning capability

Machine learning is a novel approach to dialog systems as well. We will use the de-
veloped specification to annotate data in such quantities so that automatic tools can be
developed by machine learning to perform both language analysis and language gen-
eration. Our initial generation module(s), which are obviously simpler than their
analysis counterparts, will not be using machine learning so extensively, but we will
gradually add to them once more data becomes available (the Czech one has already
been delivered — Deliverable 3.3., the English one is being worked on). The existence
of the annotated data, shared with the annotation of dialog acts, speech transcription,
speech standardization, emotion etc. done by other partners within the project will

also allow using global machine learning approach on the top level.
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Of course, there is always a risk that the resulting tools will not perform as expected,
or will not be able to perform at least as well as those developed “by hand” for the
specific domain. However, this is the risk as in all research projects; we will do our
best to deliver also the necessary software (for both Czech and English) to do well,

maintaining the main goals (generality, breath, and the possibility to use ML) intact.

3 The Tectogrammatical Representation

3.1 Semantics in the Functional Generative Description

The semantic representation is based on the Functional Generative Description (FGD),
a formal natural-language description framework, developed in Prague since the
1960°s [Sgall, Hajicova and Panevova 1986]. As FGD always has combined the struc-
turalist linguistic tradition with current trends within computational linguistics, it is

easy to implement in treebank annotation.

FGD stratifies the language in several levels, with the most important ones being the
morphological, the analytical (surface-syntax) and the tectogrammatical (underlying-
syntax) levels. The tectogrammatical (semantic) level is the topmost and most abtract
level within FGD. The essential features of the tectogrammatical representation
(henceforth TR), i.e. syntactic dependencies, semantic labeling, valency (predicate-
argument structure), ellipsis resolution and coreference, along with topic-focus articu-
lation annotation, reflect the linguistic meaning of each sentence. TR describes syntac-
tic as well as semantic relations among autosemantic words within a sentence, with
coreference (pronominal anaphora) markup exceeding the sentence boundaries. This
section gives a brief survey of the essential principles of TR. For complete reference

see the attached annotation manuals (Appendices 1 and 2).

3.2 Tree structure

TR (as it is implemented in treebank annotation) displays each sentence as a rooted
dependency tree with nodes and edges. Each tree (i.e. each sentence) has a technical
root node with sentence ID. The effective root of the sentence, though, is its governing
predicate. (Fig. 1 displays the TR of a sentence from the NAP corpus — it comes from

within the Senior Companion scenario).

The dependency relations between autosemantic nodes are represented as edges. Be-
sides, non-dependency edges are employed with certain node pairs, e.g. with paratac-

tic structure root nodes.
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Each autosemantic word has its own node, which contains a set of attribute values.
The attribute values are used to store technical parameters (e.g. node-ID, position in
the word order) as well as linguistic markup. The essential attributes are ¢-lemma
(mostly the basic form of the word) and functor (a label describing the semantic rela-
tion of the given node to its parent node). Function words (auxiliary verbs, articles,
prepositions etc.) do not have their own nodes on TR. Instead, they are stored as refer-
ences to ID’s of the corresponding nodes on the surface-syntax level (a-level) within
the relevant nodes. E.g. the prepositional phrase in the cars in the sentence “There
was no air conditioning in the cars.” would be represented as one node with the t-
lemma car and the functor LOC (location). It would contain references to the ID’s of
the a-level nodes in and the. It would be governed by the node with the t-lemma be

(which, as the main predicate, would have the functor PRED).

With some POS the t-lemma does not correspond to the dictionary-codified basic
form of the given word, having a ¢-lemma substitute instead. This is typically the case
of pronouns, whose class and (if relevant) person, number etc. is defined by the so-
called grammatemes — additional attribute values capturing lexical and semantic deri-
vation. Other t-lemma substitutes belong to artificially generated nodes that do not
have any correspondence in the surface syntax. Artificially generated nodes are em-

ployed e.g. in verb control.

3.3 Functors and subfunctors

The semantic relation between a node and its parent node is defined by a semantic la-
bel, in FGD called functor. There are approximately 70 functors in FGD. Five func-
tors (Actor, Patient, Addressee, Origo and Effect) are assigned to obligatory argu-
ments of verbs, nouns, adjectives and certain types of adverbs (see 2.4). The functors
APPS, CONJ, DISJ etc. mark the roots of paratactic constructions like appositions
(e.g. Mark, i.e. my brother) and various semantic types of coordination (e.g. Mark and
Jane, Mark or Jane). Yet most functors classify free modifications. There are e.g.
temporal functors (TWHEN, THL — “how long”, THO — “how often”), locative and
directional functors (LOC, DIR1-3), functors for causal relations (CAUS, AIM etc.),
functors expressing manner (MANN, EXT, MEANS etc.), functors for rhematizers
and sentence adverbials (RHEM, MOD — “modality”, ATT — “attitude” etc.), functors
for multi-word lexical units and foreign expressions, adnominal functors (restric-

tive/descriptive attribute and appurtenance), and the predicative complement functor.
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Many functors have additional semantically motivated attribute values (subfunctors).
E.g. the functor EXT (“extent”) must be further specified by adding the subfunctors

basic, approx, more and less.

3.4 Valency

In FGD, verbs, nouns, adjectives and some types of adverbs have their valency (predi-
cate-argument structure) patterns (see [Panevova 1974, 1975, 1980]). They are listed
in a lexicon of valency frames, which is interlinked with the data. Each occurrence of
a POS with valency is related to the appropriate valency frame in the lexicon via a

reference link.

3.5 Anaphora and ellipsis resolution

Pronominal anaphora is annotated within the coreference annotation. Anaphoric pro-
nouns are linked to their text antecedents/postcedents. When an anaphoric pronoun
refers to an entire text segment it is marked without delimiting the segment antece-
dent. Even exophoric anaphora is identified, and hence exophoric references can be
easily related to named entities outside the text. Besides, the coreference markup in-
cludes grammatical coreference, i.e. verb control etc. Coreference annotation should
provide substantial “help” to any name entity resolution software (which is an impor-
tant part of any dialog system, the more so in the Senior Companion scenario) - cur-
rent NER systems are typically unable to handle the assignment of pronouns to named

entities.

Ellipses of two types are reconstructed. TR distinguishes between textual and gram-
matical ellipsis. When a node or a subtree is omitted in the sentence but is explicitly
mentioned elsewehere in the text, the given node/subtree is copied. Grammatical ellip-
ses are e.g. missing predicates that cannot be inferred from the context (but only from
common knowledge), as in Careful! (= be careful!). Nodes of grammatical ellipsis do
not have any corresponding nodes on the a-level, and therefore they get t-lemma sub-

stitutes.

3.6 Topic-focus articulation

On the tectogrammatical level, also the topic-focus articulation (TFA) is annotated.
We consider TFA to be a phenomenon of the underlying structure of the sentence —
two surface realizations of a sentence with differing TFA correspond to two different

tectogrammatical trees. The TFA annotation comprises two phenomena:
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« contextual boundness;
* communicative dynamism.

Contextual boundness is represented by the values of the attribute #fa for each node of
the tectogrammatical tree. Contextual boundness is a property of an expression (be it
expressed or absent in the surface structure of the sentence) which determines whether
the speaker (author) uses the expression as given (for the recipient), i.e. uniquely de-

termined by the context.

Communicative dynamism is represented by the underlying order of nodes. It is a pro-
perty of an expression that reflects its relative degree of importance in comparison wi-
th other expressions in the sentence attributed to it by the speaker; we consider con-
textually non-bound expressions to be more dynamic than expressions contextually

bound (be they non-contrastive or contrastive).

Annotated trees therefore contain two types of information — on the one hand the va-
lue of contextual boundness of a node and its relative ordering with respect to its sister
nodes reflects its function within the topic-focus articulation of the sentence, on the
other hand the set of all the TFA values in the tree and the relative ordering of sub-
trees reflects the overall functional perspective of the sentence, and thus enables to
distinguish in the sentence the complex categories of topic and focus (however, these

are not annotated explicitly).

4 Data and reference sources

Since the onset of powerful computer technologies the theory of FGD has been con-
tinuously verified and refined by being implemented in treebank annotation. There are
two types of FGD-based language resources: corpus data and valency lexicons inter-
linked with the data. These resources will be used not only for verifying the annota-
tion scheme (by evaluating annotator’s agreement (kappa or similar) rates, etc.), but
mainly for training the analysis and (parts of the) generation software that will actu-

ally carry out the analysis and generation, as described in the Section 2.5 above.

4.1 Prague Dependency Treebank 2.0

The first FGD-based corpus to build was the Prague Dependency Treebank, a parsed
corpus of Czech texts, taken mainly from newspapers. Its second version [Haji¢ et al.

2006] comprises approx. 800 000 tokens manually annotated on the tectogrammatical

Companions * Deliverable 3.2.1 ¢ Charles University ¢ Version 1.0 11



level, including coreference and TFA annotation, and automatically generated mor-

phological (2 million tokens) and surface-syntactic annotation (1.5 million tokens). It

is interlinked with the valency lexicon PDT-Vallex [Haji¢ et al. 2003], which contains

valency frames of all verbs and of defined types of nouns, adjectives and adverbs that

have occurred in the data.

® . TN
SEnglishT-dialog-30.1.1-M1-s
root
o’
o] left #PersPron

PARTL DIR1  ACT
atom n.denot n.pron.def.pers

andrea
PAT
n.denot

riend
RSTR
n.denot

#PersPron
APP

~

-Q
and
CONJ
coap
e
PRED
v
and right tom
CONJ LOC ACT
coap n.denot n.denot
#Comma Jess riend
APPS PAT RSTR
/ ! coap n.denot n.denot
sister  becca #PersPron #PersPron
PAT PAT RSTR APP

n.denot n.denot n.pron.def.pers n.pron.def.pers

Jess
APP

n.pron.def.pers n.denot

So from the left, we 've got our friend Andrea and Jess 's sister, Becca and Jess herself and on the right is

our friend Tom.

Fig. 1 Tectogrammatical representation of a sentence from the NAP corpus.

4.2 Prague English Dependency Treebank

A parallel English-Czech treebank is under construction. Its English counterpart has

been obtained by an automatic conversion of the Penn Treebank — Wall Street Journal
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section into the FGD-like shape. The Czech counterpart comprises translations of
PTB-WSJ [Mitchell et al. 1994]. The manual tectogrammatical annotation of the Eng-
lish data was launched in the fall of 2006. The current annotation focuses the follow-

ing issues:
e correct tree structure, including mainly:
a) rules for coordination, apposition, parenthesis

b) some specific constructions like comparison, restriction, consecutive

clauses with quantifiers etc.
c¢) determination of function words
e assigning and completing valency frames in verbs
e correct semantic labels (functors) in nodes
e correct t-lemmas
e correct links to a-layer
The following issues have been left aside for the moment:

e coreference (will be dealt with shortly, however, for its importace to the na-

med entity recognition task)
e topic-focus articulation
e subfunctors, grammatemes.

The valency lexicon for the English TR annotation EngVallex [Cinkova 2006] com-
prises only verbs at the moment. It was built by a semiautomatic conversion of the
PropBank Lexicon [Palmer et al. 2004]. Manual corrections are going on in parallel
with the data annotation. Currently, about 150,000 words are annotated for English
(and linked to the English valency lexicon), the goal being (a) the full WSJ corpus
(about 1 million words) and (b) dialog sample annotation for the analysis software ad-

aptation to the dialog domain(s).

4.3 Prague Dependency Treebank of Spoken Czech

Since recently, TR has not been applied to speech in terms of actual annotation. The

manual annotation of spoken data was launched last year. The data have been taken
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from the Czech part of the MALACH corpus [Byrne et al. 2004], which comprises
testimonies by holocaust survivors. The TR annotation was built upon a manual tran-
scription synchronized with the source audio file. A manual speech-reconstruction an-

notation was added as a complement to the morphological level.
5 Tectogrammatical annotation of dialogs

5.1 From speech to dialog annotation

The Companions project has given rise to adapting the TR to dialogs. The project
“Prague Dependency Trebank of Spoken Czech” has already proven that TR is capa-
ble of capturing speech. The experimental annotation of a part of the NAP corpus
(approx. 120 sentences) has shown that no substantial alterations to the current TR
annotation scheme are needed. All dialog-typical features like ellipses and fragmen-
tary answers, turn switching and overlapping talk pose no problems. The dialog-
specific features include expanding anaphora annotation, references to entities outside
the text and additional linguistic links between questions and answers as previously
used in the TIBAQ question answering system (wh-path) [Hajicova (ed.) 1995],
which will be applied depending on which semantic features of speech acts the dialog-
structure annotation provided by USFD (or any such annotation/formalism that will be
used in the final scheme of the Companions) is going to provide (see the Deliverable
3.1.1). This will be used then for the interfacing to the dialog manager (as described in

the section 2.2.2 above).

5.2 Preparation of the corpora

The TR annotation of dialogs could have been performed on two corpora so far: the
AAA corpus and/or the NAP corpus. For the immediate future, the exact form of au-
dio transcripts to be provided by AAA and NAP has already been defined and agreed
upon among AAA, NAP, CU and ZCU. USFD is even considering the possibility of
providing CU with speech reconstruction annotation (to be built upon the transcripts)
carried out by native speakers (hired students). If this turns out to be impossible, CU

will hire native English speakers in Prague.
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