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ABSTRACT

This paper presents research results on new
syllable structures for the Portuguese language.
The location of the syllable boundaries is a well
known problem of nonconsensual resolution in
Portuguese, mainly when the acoustic-phonetic
constraints are taken into account. Based on
various acoustic-phonetic restrictions of Portugue-
se speech, new syllable splitting rules were studied
in a corpus of 400K Portuguese words. All these
words were automatically converted into sequen-
ces of C (consonants) and V (vowels) and also
related to the new syllable structures. When sylla-
ble structures were outlined in a statistical form,
some mapping confirmed our expectations, others
apparently ran against the expectations and others
appeared to be new. These results provide clues
about Portuguese syllabification architecture and
can also guide the development of improved com-
plementary models for syllable processing in
speech applications.

Keywords: syllable prototypes, acoustic-phonetic
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1. INTRODUCTION

There are various well-known studies on the
Portuguese language about syllable structures
(hereafter, PS — Portuguese syllables). Mateus and
d’Andrade [7] discuss the internal structure of the
syllable in European Portuguese; Freitas and
Santos, among others, in [4] describe some phono-
tatic restrictions for the segment combi-nations
into the syllable, while Viga&io, Fronta and Martins
in [5] and [16], for instance, explore the syllable as
a prosodic unit which is hierarchically structured.
Regarding the relevance of frequency information
in linguistics, the works [1] and [18] (based on
“Portugu& Fundamental” corpora) and references
[6] and [19] (based on samples from the
“Portugu& Falado - Documentos Autéaticos™),
among others, are worth mentioning. Although the
subject of syllables in Portuguese has been studied
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for a long time, a clear acoustic-phonetic support
for it has not been entirely developed. This is
important in several areas, including speech
synthesis and recognition where the syllable unit
has been used to derive rules governing stress
determination (e.g. [2, 13, 14]). Unlike the studies
mentioned above which examined splitting PS, this
paper’s approach consists in presenting a complete
set of all syllable structures for the Portuguese
language and deals with acoustic-phonetic
parameters closer to actual speech. Based on
segment sequences of C (consonants) and V
(vowels), syllable structures were automatically
selected and manually checked in order to
accumulate knowledge of PS prototypes.

This study has three main purposes which
complement the previous approaches: (i) to argue
that syllable prototypes dealing with acoustic-
phonetic parameters are closer to actual speech (ii)
to describe statistically the syllable structure
prototypes in Portuguese using a large Portuguese
corpus, and (iii) to introduce PS as an intermediary
level between words and phones that can serve as a
consistent linguistic tool to explore complementary
acoustic models for speech processing in
Portuguese.

Section 2 of this paper briefly states the syllable
and the syllabification concepts. Section 3
describes the corpora and outlines the general
methodology used to locate syllable boundaries.
Section 4 presents the results of a statistical
analysis of PS and Section 5 draws conclusions.

2. SYLLABLE AND SYLLABIFICATION

Theoretically, a syllable is a unit of organization for
a sequence of speech sounds. Since vowels are
normally more perceptible than consonants, each
vowel of an utterance will correspond to a peak in
the curve of perceptibility or audibility. However,
this does not mean that certain sounds, according to
this context, cannot function as the syllable peak,
which is common for a vowel, or as the flanking
unit of this peak, which is normal for a consonant.
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The generativist description of Portuguese
phonology, described in [8], has been used as a
framework to describe the constitution of a
syllable. The PS has been postulated as a speech
unit of rhythmic organization, involving a sound
group around a vowel and produced by a single
expiratory movement (see [5] and [16], for
instance). It is assumed that the rhyme is the man-
datory nucleus, which corresponds to a vowel,
even if the nucleus is empty.

Syllabification means the determination of the
place of syllable boundaries in a word. This is not
a consensual procedure. Sometimes syllabification
deals more with a concept of “syllable” that
corresponds to the written form, while in other
situations it is correlated in some way with
audibility. Much work on the so-called sonority
sequencing principle introduced as early as the 19"
century by Sievers [12] and more recently by
Selkirk [11], has reflected the idea that phones may
be arrayed in terms of power and relative audibility
(a sonority scale). Clements’ studies (e.g. [3]) are
worth mentioning as well, since they suggest that
sonority is related to the relative resonance of
speech sounds. The sonority scale view was also
adopted in some work on the Portuguese language,
for example by Mateus and d’Andrade [7] and [8]
p. 39-53 and Vig&io and Falé[18] who showed
that phones form syllables according to their
perceived intensity, based on their condition of
dissimilarity. A good example of the sonority
sequencing principle in Portuguese language is the
single syllable word <graus> (meaning, degrees).
The first consonant in the syllable onset is <g>,
which is a stop, the lowest on the sonority scale;
next is <r>, a liquid which is more sonorous, then
we have the vowel <a> [a] - the sonority peak;
next, in the syllable coda, is <u>, the glide [w], and
finally, a fricative, <s> [S]. By applying these
principles any syllable is defined so that its center,
canonically a vowel, constitutes a sonority peak
that is preceded (onset) and/or followed (coda) by
a sequence of segments (none or more
consonants), with  progressively  decreasing
sonority values. It also means that the sonority
values of the syllable segments can be determined
by a sonority hierarchy. A great deal of work (e.g.
in [5, 16]) has been done in the last decade on
syllabification, particularly by intonational and
prosody experts, who have also shown some
violations of these principles at the phonetic level.
In fact, the location of the syllable boundaries is a
problem of nonconsensual resolution, mainly when
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acoustic-phonetic restrictions are considered. It is
also worth noting that the definition of the sonority
principle and its relation to the sonority hierarchy
is not enough to establish all possible PS
sequences — we shall see later that discrepancies of
this kind appear in some consonant clusters such as
lpg or [dv| or |bs|.

To summarize, the method of syllabification
depends mainly on the conventions of linguistic
communities. As different languages exhibit
different syllabic structures, there cannot be a
universal theory of base syllabification. A descript-
tion of the syllable structure prototypes deriving
from acoustic-phonetic properties is required for
the Portuguese Language. Complementing the
existent approaches with a statistical form, the
study described here takes a step in the above men-
tioned direction.

3. METHODOLOGY

3.1. Data

The corpus used in this study is a selection of
Portuguese words from the Natura Project’s
corpora [10] that was developed for spelling
purposes. This list has about 600k words including
proper names, acronyms, abbreviations and
common foreign-words. It also includes compound
words and pronominal tenses. In order to represent

the Portuguese language more accurately,
acronyms and foreign-words were deleted from
this corpus, resulting in a list of 401,345

Portuguese words. To begin with, the syllabi-
fication process was done automatically using the
Natura Project tool (the Lingua::PT::PLN
module). Subsequently, some syllable prototypes
were changed, according to new syllabification
rules, and some were manually corrected.

3.2.

One goal of this work is to map all sequential
Portuguese C/V syllable patterns and relate them to
syllabic structuring. According to our main idea
(outlined below), in order to solve some syllable
boundary problems we have to apply some new
splitting rules.

The problem that happens most often is the
syllable splitting of sequential vowels, because
they are considered ‘growing diphthongs' (i.e.,
adjacent  heterosyllabic vowels, which are
combined into diphthongs or even triphthongs).
For example, the first syllable in the words
<reunir> (to meet) and <biunwvoco> (biunivocal)

The analysis technique
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or the last syllable in the word <gasdeo> (diesel
oil) may be split using the tendency to admit a
prevocalic vowel as a glide: reu|nir, biu|nivo|co,
galsdleo (e.g. in [9]). Alternatively, as in the
present study, the syllables may be split, taking
into account either a tendency to make location
syllable boundaries coincide with potential
morphemes (for instance, in <re+unir> or in
<bi+un voco>).

Another principle is the tendency to link a
sequence of consonants in order to put plosives
always in an onset location. Accordingly, with this
last convention, words like <advertir> (to warn),
<obter> (to obtain), <opGo> (option) or
<absentismo> (absenteeism) have their syllable
boundary between the vowel and the plosive:
<a|dver|tir>, <o|pg@> and <albsen|tis|mo>
(versus the classical syllable splitting marked as
<ad|ver|tir>, <op|G> and <ab|sen|tis|mo>).

Obviously, there are some ambiguous cases.
The case around the diphthong <iu> is one of the
most typical of them, particularly because <i> and
<u> could both be a glide. There are some cases in
which we decide to take <iu> as a diphthong (e.g.
<ciulmar> (to be jealous) or <en|viulvar> (to
widow)), since it is possible to confront them with
similar contexts in which the diphthong is undone
(e.g. <ci|me> (jealous) or <vi|(vo> (widower)).
However, the same syllabification procedure
cannot be applied to all other cases.

We are in a tricky field here and there is
certainly no consensus on the answer to the
question where the location syllable boundary is.
We argue that our outlined syllable splitting is
more consistent than canonical location syllable
boundaries and this helps to strengthen our belief
that our PS structure prototypes are powerful tools
for Portuguese speech applications, in particular.

By applying all these criteria, partly automatic
and partly manual, to the corpus of roughly 400K
words, about 1.8M syllable items have been
mapped (see Table 1). For each word, a CV
syllable sequence is generated. For example, the
word <resultados> (results) is split into 4
syllables: <re|sul|ta|dos>. The resulting syllables
are then converted into a CV structure:
CVICVCI|CVI|CVC. Since this procedure has no
grammatical cons-traints, any syllable can follow
any CV order. However, the boundary
configuration allowed only 26 different PS
structure sequences, as shown in Table 1. The
number of different instances of each prototype is
indicated in the last column.
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Table 1: Number(#) of occurrences of both the
structures and the sequence prototypes of PS, as
observed in the corpus. The percentage (%) of
occurrences is also shown. *Closed syllables are
shown in bold.

PS
Structure of E’S Occurrences % PS Sequence
prototypes #) prototypes (#)
cv 856974 48.38 230
CvC 370514 20.92 662
ccv 140671 7.94 302
\Y 140042 7.91 15
VvC 93818 5.3 53
Cvv 62117 351 204
Cccve 37161 21 408
CvvC 33544 1.89 158
VvVvC 9146 0.52 12
CCvvC 8368 0.47 77
CCvv 6378 0.36 154
\AY 4622 0.26 12
cvcc 2095 0.12 48
VCC 1699 0.1 6
(OAVAVAY 1523 0.09 10
Cccvcece 1465 0.08 7
CvvVvC 671 0.04 3
ccev 415 0.02 15
C 20 <0.02 2
CCCvVv 20 <0.02 2
Cccve 16 <0.02 6
VVCC 4 <0.02 1
CCCVvVC 3 <0.02 3
cC 3 <0.02 2
Cvccce 2 <0.02 1
Cvvcc 1 <0.02 1
26 1771292 2394

4. STATISTICAL ANALYSIS

As mentioned earlier, the corpus contains
approximately 1.8M syllable occurrences, with
about 2.4K distinct PS sequence prototypes (Table
1). Percentages for the occurrences of the different
PS structure prototypes in the corpus are also given
in the table.

Although there are more closed than open
syllable prototypes (17 and 9, respectively), open
syllables are significantly more common than
closed syllables (68.47% and 31.53%, respecti-
vely). As mentioned before, there are 26 PS
prototypes, but they rely mainly on two: |CV| and
|CVC|, which account for 48.38% and 20.92%
respectively of all occurrences. From the remain-
ning PS, it should be noted that the |CC...|
prototypes (such as |CCV|, |CCVV|, |CCVC],
|CCCV|, |CCVVC|, |CCVCC|, |cCccVvC| and
|CCCVVC]|) account for 10.98% of the corpus.
This particular structure is mainly due to the
syllabification rule of plosive location. The plo-
sives are merged with the onset of the following
syllable to form a branching onset and increase the
consonant cluster structures by around 2.48%. In
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canonical Portuguese grammar, a consonant
grapheme cannot constitute a syllable, but if an
acoustic-phonetic constraint is applied, a syllable
composed of one consonant in a final word
position would be possible. In fact, we agree on
consonant syllables in Latin words such as
<delfici|t> or <halbi|ta]t>, and in the verbal
conjugation of the verbs <ter> (to have) and <vir>
(to come) (and their derivative verbs), expressly in
the 3™ person plural, present tense). Some cases
are as follows: <abs|t@m> (they keep away from),
<aldv@m> (they arrive), and <t@m> (they have).
The need for these 'partial' syllables (<|m|> and
<|t|>) arises from the presence of specific function
graphemes in the Portuguese language, which
could be pronounced as an added V, mainly an [s]
or a [e], sometimes evident in the acoustic signal.
Notice that the schwa [s], which may or may not
be perceived (thus manipulating the number of
syllables), is one of the most complex aspects of
Portuguese phonology (see [15] so far). To explain
the presence of an apparent syllable without any
vowel, Mateus and d’Andrade [8] proposed the
existence of a subjacent empty nucleus. Moreover,
|C| PS structure is rare in the Portuguese language,
accounting for <0.02% of all words in the corpus.

5. CONCLUSION

The potential of using statistical information
methods to increase specification of Portuguese
syllables is emphasized in this work. Supported on
a corpus of about 400k Portuguese words, this
study presents statistics of syllable prototypes,
showing, for example that about 70% of all
syllables have either the prototype |CV| or |CVC].
Although some evidence already existed, the exact
distribution of these prototypes dealing with
acoustic-phonetic parameters closer to actual
speech has never been reported before, as far as we
know. Some less frequent prototypes are proble-
matic because there is no consensus on the
syllabification rules, especially in VV and some
CC clusters. The results presented here in a
statistical form follow various syllabification prin-
ciples. A full list of all PS may be obtained from
the authors.
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