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ABSTRACT

This paper presents a cognitive approach to prosodic planning in a language generation
system. The macro- and microprosodic planning component is part of a computational
modeling of main processing stages of the human language production process. The
architecture of the system which is motivated by appropriate psycholinguistic insights, and
some representational formats of prosodic knowledge are introduced.

INTRODUCTION

This paper is concerned with the phonological and phonetic planning component of the
SYNPHONICS (Syntactic and Phonological Realization of Incrementally Generated
Conceptual Structures) Formulator, and in particular with the representation of
phonological and phonetic knowledge. The SYNPHONICS approach to the computational
modeling of natural language production takes into consideration results from
psycholinguistic research about the time course of the human language production process
as well as recent developments in theoretical linguistics and phonetics concerning the
representation of syntactic, phonological, and phonetic knowledge. The crucial point of
linguistic investigation lies in the analysis and modeling of the syntactic and prosodic
realization of different information structures (e.g. focus-background structure) in
accordance with conceptual and contextual variations. The SYNPHONICS Formulator is
the central part of the SYNPHONICS System!, which is at present in a conceptual stage
and will comprise the whole generative processing of utterances from pre-linguistic
conceptual structures over complex semantic/syntactic/phonological structures onto
acoustic parameter sets for controlling a speech synthesizer.

In our approach, language production is seen as an incremental process (Levelt 1989)
which combines parallel and serial processing. Therefore, the planning processes must be
hold local and must act over incomplete structures (e.g. there will be no preplanning of
metrical trees or of complete intonation contours over whole utterances). This assumption
about processing properties adheres to a special relational account of linguistic structures.
In this account we assume that semantic, syntactic, and phonological information can be
linked to each other, building a complex sign with inherent constraints. In abandoning a
strictly functional dependency of phonological structure on syntactic structure we assume a
direct interrelationship between semantic and phonological structure?. Such a view directly
influences the organization of the prosodic planning processes and also the structure of the
processing units (increments). In the next section, the architecture of the phonological and
phonetic encoder within the SYNPHONICS Formulator will be described.

1 For a detailed description of the SYNPHONICS system see Herweg (1992) and Schopp (1993).
2 Evidence for the relevance of such a direct relationship between semantic and prosodic structure is shown
by means of examples of focus/background structuring in Giinther et al. (1993).
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THE MODEL OF THE PHONOLOGICAL AND PHONETIC ENCODER

The architecture model of the phonological and phonetic encoder (Figure 1) with its
processing steps of phonological, phonetic-articulatory, and acoustic encoding shows a
clear separation of declarative knowledge components from procedural control
components. This is due to the integration of a declarative grammar component (a variant
of a HPSG (Pollard&Sag 1992) for German) in a procedural control structure. The
grammar component is expanded by abstract semantics/phonology schemes (e.g., a
Focus-Accent Scheme), a detailed phonological lexicon , and prosodic principles.
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Figure 1. The architecture of the phonological and phonetic encoder.

Segmental Template

oS Gostures.
7} (Syliabary)

Within the SYNPHONICS Formulator, we will represent phonological and phonetic
information according to the event-based paradigm (Bird&Klein 1989). But the type of
events and their properties will be separated into phonological and phonetic ones,
reflecting the peculiarities of phonological and phonetic processes. During phonological
encoding, we use a type hierarchy based on autosegmental phonology, whereas during
phonetic encoding, we prefer a type hierarchy and property assortment that takes its
bearings from articulatory processes (Browman and Goldstein 1989). A separation of
phonological and phonetic encoding processes with adjusted structures increases the
modularity of speech production models and applies to the research topic of current
language generation investigation: Each decision or evaluation has to be carried out on its
hereditary processing stage.

The SYNPHON Flood Gate forms the interface from semantic and syntactic to
phonological planning. This module ensures the incremental subsequent treatment of
already semantic and syntactic specified utterance fragments. The Flood Gate selects
structure units which meet the inherent needs of phonological processes. According to
psycholinguistic investigations (Levelt 1989), phonological phrases or accent domains
(Gussenhoven 1983, Ladd 1983) - a semantic pendant to the well known syntactically
defined phonological phrase - are conceivable to be such incremental units.

The Lexeme Selector selects the corresponding lexemes from the lexicon by
dereferencing the lexeme pointer (an abstract address determined during lemma selection)
and using syntactic agreement information as well as case information. Only this second

193



194

Working Papers 41, Dept of Linguistics and Phonetics, Lund, Sweden

lexicon access (after lemma selection) makes available the concrete word form information
(Levelt 1992a). In the Lexeme Lexicon, morphological, metrical and segmental
information are stored. This information is specified during lexical-phonological spellout
processes. Figure 2 shows a prosodic specified lexical entry of the proper name Hans in
an HPSG-like style (semantic, syntactical, morphological, and concrete subsegmental
event information is omitted).

Hansi= ;ON: RTH: Hens

SYLL:  fgpgm: JONS:  <h >
NUCL: <a>
DA: <n s

MEFR: FSL:

[ L:

WL

PL: BOOL

FOL: BOOL,

TONAL:< TONE, TONE >

DURA: < DURATION >

4

>

SYN:

vt
Figure 2. A prosodic specified lexeme entry of the proper name Hans.

The feature SYLLabic is a list of syllable templates with syllabic, metrical, tonal, and
durational information. A complex type hierarchy of METRical types permits prominence
rules to interpret feature values (of type BOOLean) as metrical grid positions. The number
of grid levels is limited to five prosodic structure levels (syllable, foot, phonological word,
accent domain, intonational phrase). The TONAL and DURAtional features are not
specified till application of postlexical prosodic rules. The feature TONAL has two tone
place holders because some syllables can carry an accent tone and a boundary tone (e.g.,
focused monosyllabic words at the end of a sentence).

The Prosodic Planner obtains results from the lexical-phonological speliout processes.
The system's architecture allows a meirical and a tonal planning which is independent of
the concrete segmental spellout. Such an architecture corresponds to the findings in
psycholinguistic priming experiments of speech production (Levelt 1992b). Within this
module, the macroprosodic planning takes place. The Prosodic Planner derives an abstract
prosodic structure3 of the utierance from semantic, syntactical and lexical information
according to prosodic principles. Prosodic planning involves the projection of the focus
structure onto prominence structure (specifying the feature METRic of the syllable
template), the rhythmical planning (e.g., in order to avoid stress clashes) and the text-tune
association (specifying the feature TONAL for representing pitch accent or boundary
tone). The internal ordering of the prosodic planning steps has to follow prosodic structure
building constraints, e.g. in accordance with mutual dependencies between metrical
structures, boundary tones, and accent tones. Figure 3 shows an HPSG-like rule which
ensures that the word accent bearing syllable of a focused word will become the most
prominent one within an intonational phrase and carry a high accent tone.

PHON:[SYLL: METR: [SL: + PHON:|SYLL: METR: [ SL:  +
oL 4 FL: +
'WL: + WLt +
PL: BOOL jf || =—*= PL
FOL: BOOL FOL: +

'TONAL:<TONE,TONE > TONAL:<h*,TONE >

ACCENT: + ACCENT: +

Figure 3. The Focus-Accent Rule.

The next processing stage is the Phonetic Interpreter, which forms our interface between
phonology and phonetics and deduces a phonetic-articulatory event structure from abstract
prosodic and segmental information by paying attention to segmental phonetic parameters.
An interplay between global abstractly planned prosodic features and segment specific
parameters takes place determining the concrete phonetic events which realize the prosodic

3 The psychological reality of an abstract prosodic structure representation during sentence production was
recently demonstrated by Ferreira (1993).
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features. The standard articulator hierarchy of Browman and Goldstein's proposal (1989)
is expanded by the articulator jaw, which is necessary in order to plan correctly the co-
articulation effects and formant transitions of vowels. The phonetic interpretation of sub-
and suprasegmental information relies upon a declarative knowledge base, the syllabary
(Levelt 1992b). According to psycholinguistic investigations, the eventual increments
which will be handed over from phonological encoding to phonetic interpretation are
metrically structured, subsegmentally underspecified syllables or phonological words.
These structures serve as the access code to the appropriate gestural score.? In order to
model the cognitive language production process, we represent articulatory gestures as
well as articulatory scores within our syllabary. Articulatory plans of syllables are already
fully specified temporally and only the syllable environment has to be taken into account.
But in case of assembling an articulatory unit from single gestures an articulatory
constraint satisfaction process must be performed. At this point it is possible to implement
a learning process which enlarges the syllabary in the case of frequently appearing
articulatory scores.

The output of the phonetic constraint solver controls a speech synthesizer. Because of
using an acoustic synthesizer, namely a Klatt-based formant synthesizerS, a phonetic-
acoustic interface is required. This module calculates the acoustic control parameters in
accordance with the articulatory targets on the different articulatory event tiers.
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