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ABSTRACT. Precedence-free Phonology (PfP) limits representational redundancy and enhances
theoretical restrictiveness. This paper argues that tone should, like other aspects of melodic
representation in PfP, be represented by hierarchical structure consisting only of head-dependency
relations between tonal units, rather than by autosegmental tonal tiers that encode precedence

relations between tonal units.”
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1. The representation of tones: autosegmental tiers and precedence

Phonological analysis has revealed that tonal patterns are typically stable, i.e.
unaffected by segmental properties (Goldsmith 1976, et passim). This has led phonologists to
conclude that tonal units are autosegments which are arranged on separate levels or tiers. An
example from Margi (a Chadic language: Hoffman 1963, Katamba 1989) is given in (I).
When the definite suffix -ari, with its HL tones (a sequence of high and low tones), is added
to the definite form fa, the suffix-initial vowel is deleted to produce the form fari (rather than
faari). What is important here is that the underlying LHL tone pattern is preserved, even
though the H which was originally associated with the suffix-initial vowel loses its docking

site and then links to the preceding stem-final vowel instead.

* Part of an earlier version of this paper was presented at the workshop on nasality and laryngeal
representations in phonology held at the University of Essex, Colchester, U.K. on 8 January 2020 and
at the 10th workshop on the phonological externalization of morphosyntactic structure held at Tokyo
University on 15 February 2020. My thanks go to the participants of the workshops for their
constructive comments, and to Phillip Backley for discussion and corrections of an earlier draft. This
work was supported by the following MEXT/JSPS KAKENHI grants: Grant-in-Aid for Scientific
Research on Innovative Areas #4903 (Evolinguistics) Grant Number JP20H05007, Grant-in-Aid for
Scientific Research (S) Grant Number JP19H05589, Grant-in-Aid for Scientific Research (A) Grant
Number JP19H00532 and Grant-in-Aid for Scientific Research (B) Grant Number JP15H03213.
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(1) Margi (Katamba 1989: 198; data from Hoffman 1963)
fa (INDEFINITE ‘farm’) + -ari (DEFINITE SUFFIX) > fdri (DEFINITE ‘farm’)

Tonal tier - L-——HL-—-- - L-HL -

Segmental tier --- fa+ -ari --- - fa--- ri---

This illustrates the autosegmental nature of tones, and supports the shift away from classical
SPE-type phonological representations (Chomsky and Halle 1968) in which an utterance is
regarded as a set of linearly ordered segments consisting of unordered bundles of primes.
Autosegmental tiers ensure that some phonological properties are treated as belonging to
prosody rather than to melody (segments). Note that tonal tiers such those in (1) incorporate
precedence relations between tonal units, just like segmental tiers do, although tonal tiers are
independent of segmental tiers (or in some theories, skeletal tiers). This kind of
precedence-based structure is a well-established way of representing tones. However, it is not
consistent with the Precedence-free Phonology (PfP) model of phonological representation,
where precedence relations are completely absent at all levels of phonological structure in
order to eliminate representational redundancy and strengthen theoretical restrictiveness
(Nasukawa 2014, 2016, 2017ab; Nasukawa and Backley 2017, 2018; Backley and Nasukawa
2020; Lin 2020; Onuma and Nasukawa 2020). This paper considers how PfP can represent
tones—which in standard approaches are assumed to be linearly ordered on tonal tiers.

The paper is structured as follows. First, in section 2 I briefly review how phonological
entities (other than tones) which are smaller than a syllable are represented in PfP. Then in
section 3 I argue how tonal patterns are formally represented without referring to precedence.
I also discuss the question of where to locate tonal properties within the hierarchical

phonological structure. Section 4 concludes the discussion.

2. Melodic representations in Precedence-free Phonology
2.1 Representing vowels

Precedence-free Phonology aims to limit representational redundancy and enhance
theoretical restrictiveness. To facilitate this, the only formal structural units it permits are
melodic primes called ‘elements’, which have a dual function: they represent melodic
properties and they also project onto higher levels as organizing units.

In PfP, a ‘nucleus’ is represented by a single element chosen from the set of three
resonance elements |A|, |I| or |U|; the choice of element is parametric, based on the phonetic

quality of a language’s baseline resonance, e.g. English selects |A| (realised as [9] in its
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acoustically weak form), Fijian selects |I| (giving [i]) and Japanese selects |U| (giving [w])
(Nasukawa 2014). By contrast, full vowels have complex structures in which the baseline
element takes one or more dependent elements, as given in (2). These examples show vowels
which take |A| as their baseline resonance, as found in languages such as English and

German.

(2) Vowel representations

a. [9] b. [i] c. [u] d. [a]
Al Al Al
N\ N\ VAN
Al Al 1] Al U] Al [A]

The structure in (2a) has a baseline element without any dependent elements, so it is
phonetically realized as the unrounded central vowel [2]. On the other hand, when the
baseline takes |I|, |U| or |A| as a dependent, the acoustic pattern of this dependent element
overrides that of the baseline. As a result, the structures are phonetically realized as [i], [u]
and [a] respectively, as illustrated in (2b), (2¢) and (2d). What these figures show us is that
when head-dependent structure is pronounced, the relative prominence of dependents is
reflected directly in the overall phonetic outcome. This is defined by the following principle

of phonetic realisation.

(3) The principle of phonetic realization of head-dependency structure (Nasukawa 2014,
2015, 2016, 2017ab; Nasukawa and Backley 2015, 2017; Backley and Nasukawa 2018)
Dependents, which are not necessary for structural well-formedness, are phonetically
more salient in terms of their modulated carrier signal than heads, which are important

for building structure.

In the phonology-phonetics mapping process, the relative salience of (dependent) elements
corresponds to the relatively large modulations of the carrier signal with which salient

elements are phonetically realised.! This is found not only in structures which consist of two

! Harris (2009) claims that the carrier signal makes it possible for linguistic messages to be heard
while the energy associated with a modulated carrier signal contains linguistically contrastive
properties that allow a listener to recognise morphemes/words. As discussed in Ohala (1992), Ohala
and Kawasaki-Fukumori (1997), Traunmiiller (1994, 2005) and Harris (2006, 2009), the carrier signal
in speech manifests itself as a schwa-like quality (which is characterized by an absence of converging
formants in its periodic signature). The size of the modulations of this carrier signal are then defined
in terms of acoustic attributes such as periodicity, amplitude, spectral shape, fundamental frequency

and duration/timing.
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elements, but also in more complex structures involving further levels of embedding, as
illustrated in (4b) and (4c).

(4) Varying sizes of carrier signal modulation in complex vowel structures

a. [u] b. [v] c. [o]
A A A
A @) A ) A
Ul {(JAl) A (Ul

__________

For example, the mid vowels [p] and [o] have complex structures in which their constituent
elements |A| and |U| form asymmetric relations. In this model, unlike in standard Government
Phonology, Element Theory and Dependency Phonology, the |A|-headed set of |A[+|U]| is
realized as [p] when |A| is a dependent and as a less open [0] when |U| is a dependent, as
shown in (4b) and (4c) respectively (where larger circles denote a bigger contribution in

terms of salience by the relevant element).

2.2 Representing consonants: laryngeal contrasts

In P{P, the ‘consonant’ portion of a representation has structures similar to that employed
for ‘vowels’, adhering to the same principle of phonetic realization described in (3): i.e.,
dependents are phonetically more salient than heads in terms of carrier signal modulations.

As in vowel structures, there is a parametric choice of baseline element in a ‘consonantal’
domain: either |H| (or ‘noise’, its acoustic pattern containing high-frequency aperiodic
energy) or |?| (or ‘edge’, its acoustic pattern involving an abrupt and sustained drop in overall
amplitude), but significantly, not |L| (or ‘murmur’, its acoustic pattern being characterized
by a broad resonance peak at the lower end of the frequency range) (Nasukawa and Backley
2018).

(5) Laryngeal contrasts in a ‘consonantal’ domain
a. [h] b. aspiration c. true voicing d. nasality
Hi Hi 12|
VAN AN VAN
Hi H| [H] H| - [L] 2] L]

The bare baseline |H| in (5a) is realized as [h], which marks the pre-deletion stage on the
lenition trajectory (Harris 1994: 119-124). But when baseline |H| takes a second |H| as a
dependent, the resulting structural set is realized as aspiration, as shown in (5b); this
represents positive VOT, which is an exaggerated form of baseline [h]. When the dependent

is |L|, on the other hand, the complex structure is phonetically realized as obstruent voicing,
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as shown in (5c¢); this corresponds to negative VOT, which is a more salient form of |L]|
(Nasukawa 2017).

Note that the edge element |?| can also serve as the baseline in ‘consonantal’ expressions
because like |H|, but unlike |L|, |?| 1s inherently voiceless (Backley and Nasukawa 2009,
2018; Backley 2011) and therefore produces a significant modulation of the carrier signal
(which is inherently voiced). When |L| is not a dependent of |H|, then the whole expression of
the domain is phonetically realized as a nasal consonant, as in (5d). On the other hand,

obstruent voicing comes from |L| as a dependent of baseline |H| (Nasukawa 2005: 74-89).2

2.3 Representing syllable-sized structure

With respect to the hierarchical structure which forms a C-domain, it is typically headed
by either |H| or |?|, as described above. Now let us turn to the relation between the C- and
V-domains. In PfP, the C-domain (which causes a significant modulation of the carrier signal,
which is inherently voiced) is dominated by a V-domain comprising vowel elements. This
conforms to the principle of phonetic realization of head-dependency structure in (3), which
prescribes that dependents are phonetically more salient than heads in terms of carrier signal

modulations.

(6) The structure of [gi] in voicing languages (Nasukawa et al. 2019 and references therein)

______ i Al
|H||I| V domain
Ul [H]}
VAN

1
1
]

1?2l [U| Cdomain
AN
LI 2|

C domain >V domain in terms of the degree of carrier signal modulations

2 In addition, it should be noted that |L| manifests itself as nasality even when |?| is absent, as
illustrated in (a). Without |?| and |H|, the phonetic outcome of |L| contributes to the V-domain: i.e., it
represents the nasal resonance in a nasal(ised) vowel, as in (b).

a. [7] b.  nasal vowel [2]
Al
VAN
IL| Al LY
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3. Tonal representations in Precedence-free Phonology
3.1 Representing tones

Following arguments in Halle and Stevens (1971) and Halle (1997), PfP follows
standard Element Theory (Harris 1994, Backley 2011, Kula 2012) in exploiting |L| and [H]
not only as units for expressing phonation contrasts (7a) but also as tonal units (7b), since

phonation contrasts and tone are both associated with laryngeal-source activities.

(7) |L| and |H| and their phonetic correlates (Harris 1994, Backley 2011; cf. Halle and
Stevens 1971, Nasukawa and Backley 2018)

a. Consonants b. Vowels
realization articulatory execution realisation articulatory execution
IL| (truly) voiced slack vocal cords low tone (pitch) slack vocal cords
[H| voiceless stiff vocal cords high tone (pitch) stiff vocal cords

As (7) shows, the difference between phonation and tonal contrasts comes down to whether
IL|/[H| is associated with a consonant expression or a vowel expression. The strong
correlations between voicing and low tone and between voicelessness and high tone are
confirmed by analyses of tonogenesis (Yip 1980, Bao 1990 and others).

Models which use the elements |L| and [H| follow other approaches to tonal
representation in that they assume |L| and [H| must be linearly organized in order to account
for phenomena including tone sandhi, even though they are thought to reside on their own
autosegmental tier(s) (Goldsmith 1990, Hyman 1993 and others). However, PfP formally
excludes all reference to precedence relations, which raises the question of how the theory
handles tonal representations. The answer developed here is that, like the melodic
representations discussed in section 2, the tonal categories |L| and |H| also enter into
asymmetric relations and form hierarchical structure.

Unlike the C-domain discussed in section 2.2, |L| is assumed to be the baseline of a
tonal expression; this stems from the observation that |L| is more basic than |H| in terms of
phonological markedness (although this does not exclude the opposite case). On this basis

(8a) shows a bare |L| as the tonal baseline.
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(8) Tonal contrasts in PfP
a. low tone b. high tone c. risingtone (LH) d. falling tone (HL)

IL| IL| IL|
L |L|Af1ﬁ1‘- |L|/71ﬁ[" |L|/\flf[‘-
H| {1} L {JH] )

On the other hand, when baseline |L| takes |H| as a dependent, the resulting complex structure
is phonetically realized as high tone, as in (8b), where the acoustic signature of head |L| is
overridden by that of |H| since the dependent |H| is more salient than its head |L| in terms of
the degree of carrier signal modulation. It is also possible for a structure with the baseline |L|
to take a second |L|. The resulting expression may then be realized as low tone, which is
lower than the phonetic manifestation of the sole |L| in (8a). It is assumed that this low tone
with a dependent |L| is employed in languages with level tones.

Regarding tonal contours, I assume that rising LH is the phonetic manifestation of the
|[H|-headed [HL] set which is a dependent of the baseline |L|, as shown in (8c). Here the most
deeply embedded dependent |L| is phonetically realized before its head |[H| (cf. Nasukawa
2016, Nasukawa et al. 2019). By contrast, falling HL is the phonetic manifestation of the
|L|-headed [LH] set which is a dependent of the baseline |L|, as in (8d). Note that in both
cases, the most deeply embedded element is phonetically the most salient. Given this, other
tonal types may be represented by extending the structure-building patterns in (8). In the next
section, the discussion moves on to consider where the tonal domain is located within PfP’s

hierarchical structure.

3.2 Locating the tonal domain in hierarchical structure

Tones display a strong correlation with vowels because they are phonetically realized
on vowels. There are therefore three candidates for the location of the tonal domain: either
(9a) the position which dominates the V-domain, or (9b) the position which is dominated by
the V-domain and dominates the C-domain, or (9¢) the position which is directly dominated

by the head of the V-domain (|A[) but has no dependent domain.
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(9) Two candidates for the location of the tonal domain

IL|
VAN
IL| |H| | tonal domain

Y

i)
/|li Ul  Cdomain
Ll 2
First consider (9b) and (9c), which are both dominated by the V-domain. If the
existence of vowel structure is a prerequisite for the existence of phonological tone, then both
(9b) and (9c) may be suitable candidate locations since they are both structurally dominated
by the V-domain. The only difference between (9b) and (9c) is whether they have
dependent(s) or not: (9b) typically has an associated C-domain while (9¢) has no dependent
domain. However, (9b) does not seem an appropriate location for the tonal domain because
the domain which intervenes between the C- and V-domains must be structurally transparent
in order to facilitate a range of common assimilatory processes such as palatalization and
velarisation between the C-domain (‘onset’) and the V-domain (‘nucleus’). Positioning the
tonal domain in the (9b) location could hinder the application of processes such as
assimilation between C and V. By contrast, no such problem arises with the location in (9c).
Next consider (9a), which is the position dominating the V-domain. In contrast to the
above, if the grammatical properties of tones control the behaviour and quality of vowels,
then (9a) would be an appropriate location for the tonal domain since the V-domain is
dominated by the tonal domain. Furthermore, this structure does not prevent assimilation
processes from taking place between the C- and V-domains.
At this stage in the study of tonal representation in PfP, we may provisionally regard
(9a) and (9c) as both being potential locations for the tonal domain. We may assume that (9a)
is appropriate for register tones, which are typically found in Bantu languages, because
register tones typically display complex tonal interactions independently of segmental
structure but are triggered by grammatical (marking) requirements. On the other hand, (9¢)
may be suitable for the contour tones that are typically observed in languages like modern
Chinese dialects, because they are lexical properties which express semantic contrasts. A
similar argument is found in the literature (Huang 1980, Clements 1983, Hyman 1986,
Manfredi 1993, Snider and van der Hulst 1993) in the context of autosegmental phonology.

In order to validate this suggestion, further investigation is required.
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4. Summary

This paper has explored the formal representation of tonal expressions in
Precedence-free Phonology. This approach employs the privative laryngeal elements |L| and
[H| as tonal units (Harris 1994, Backley 2011), but rather than making use of autosegmental
tiers, it assumes that |L| and |H| enter into asymmetric (head-dependency) relations and form
hierarchical structure. In a tonal expression, |L| is regarded as the structural baseline, with a
sole |L| being phonetically realized as low tone. Then, when the baseline |L| takes [H| as a
dependent, the resulting complex structure is phonetically realized as high tone (since the
acoustic signature of the head [L| is masked by that of the dependent [H|, which is acoustically
more prominent in terms of the degree of its carrier signal modulations). With respect to tonal
contours, for example, rising LH is the phonetic outcome of the |H|-headed [HL] set, where
the most deeply embedded dependent |L| is phonetically interpreted before its head |[H|. On
the other hand, falling HL is the phonetic outcome of the |L|-headed [LH] set, where the most
deeply embedded dependent |H| is realized before its head |L|. Other types of tonal expression
are hierarchically represented by extending this line of argument.

Regarding the location of the tonal domain within PfP’s hierarchical structure, there are
two possibilities: (i) the position dominating a V-domain and (ii) the dependent position of
the head of a V-domain. It is assumed that (i) is for register tones typically found in Bantu
languages, while (ii) is for contour tones typically observed in languages like modern
Chinese dialects.

This paper is merely a first attempt to represent tones in PfP. To determine whether the
proposed structure for tonal patterns is psychologically real or not, further investigation is
needed in conjunction with cross-linguistic research not only on tone languages but also on

other language types which employ tone, such as pitch-accent languages.
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