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Abstract

This thesis addresses two issues: the feature geometry of
tone: and the formal relation of tone with respect to other
aspects of phonological representation.

The tonal geometry I propose can be stated simply: tone (t)
consists of register (r) and contour (c):

(1) t (2) r c
/ \ | / \
r c [stiff] [aslack] [Bslack]

r is specified by the laryngeal fez?ure [stiff], and c by the
laryngeal feature [slack]. In addition, ¢ is allowed to
branch. The structures of r and ¢ are in (2).

Since tone is phonetically executed by the VC node, it is
claimed that the geometry of tone is a substructure of the
geometry of laryngeal features. The geometry of laryngeal
features is shown in (3) (CT=cricothyroid; VOC=vocalis):

(3) LARYNGEAL
//\\
VOCAL CORDS GLOTTAL
CT vocC
| | [constricted glottis]
[stiff] [slack] [spread giottis]

It is speculated that register is executed by the articulator
CT;: and contour by the articulator VOC over time.

I argue against a tone plane. The mapping of tones to tone
bearing units (TBU) is an adjunction process: tone is adjoined
to the tone bearing unit. Given that the rime is the TBU, tone
mapping creates the structure below:

(4) R’

[

R t

Thus, tones form a tier on the syllable plane, rather than an
independent plane. This accounts for structure-dependency of
tone stability.

After tone sandhi rules have applied, t is linked to the
laryngeal node of the head of TBU through the process of
segmentalization. This allows tone tc be phonetically realized
on vowels or other segments which may be the head of tone
bearing units.
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Chapter One

An Overview

This thesis is a study on tone. It addresses two issues
which are at the center of research in nonlinear phonology:
the internal structure of phonological elements (such as
segments and tones), and the overall structure of
rhonological reprecentation. The thesis deals with the
geometry of tone and how it fits in the geometry of
larvngeal features, and the relation ketween tone and other
autosegments, particulaviy syllable structure. In this
chapter, I sketch in general terms the theoretical results

of this study.

1.i The Gecmetry of Tone

First, the geometry of :¢one. I argue that tone consists
of reaister and contour, fnrmally represented in (1):

(1) t
/ \

r C

The two nodes play different conceptual roles. The ¢
node specifies the pitch level of the tone; whereas the c
node specifies how the tone behaves in the temporal duration
of the tone bearing unit. The register is therefore tone's
static aspect, and the contour its dynamic aspect. These two

- 7 -



An Overview
components of tone are encoded in the structure in (1) as
sister nodes dominated by the tonal root node t. In Chapter
Three I show that the structure in (1) accounts for a wide
range of phonological phenomena of tone sandhi found in
various dialects of Chinese and other Southeast Asian
languages.

The register node is specified by the laryngeal feature
[stiff (vocal cords)]. Formally the r node is a nonterminal

node which dominates a single feature:

~(2) T
[stlff]
The contour node is specified by the laryngeal feature

[slack]. Following Yip (1980, 1989), the feature [slack] may

occur in sequence. The ¢ node has two formal configurations:

(3) a. c b. c
/\
[sllck] [aslack] [Bslack]

(3a) is the configuration for an even (or level) tone; and
(3b) is the configuration for a contour tone. The values of
the feature [slack] in any given sequence are different. It
is assumed that the configurations in (4) are conceptually

equivalent to (3a):

(4) a. c b. c
/ \ /\
[-slack] [-slack] [+slack] [+slack]

- 8 -



An Overview

In articulatory terms, the features provide
articulatory instructicns to the relevant articulators
(Halle (1983)). Since the branching of the ¢ node is
temporal, the sequences of [slack] in (4) provide the same
articulatory instructions tc the same laryngeal articulator
(more on this later) over time. Similarly, in the
configuration (3a), the single feature [slack] provides the
same articulatory instructions over time. The articulatory
effect produced by the configurations in (4) and that
produced by (4a) are identical. An articulatorily meaningful
branEhing structure involving a single feature must have
different specifications.1

The formal apparatus postulated so far gives the

following structures:

1. It is possible to invoke the Obligatonry Contour
Principle to rule out the structures in (4). Since no where
in the thesis is the OCP invoked, I do not attempt to use it
for this purpose. For recent discussions on the theoretical
status of the OCP, see McCarthy (1989a) and the references
cited there.



An Overview

(5) Register: High r
[+st1ff]
Low r
[-stlff]
Contour: Even c
I
[+slack]
c
|
[-slack]
Rise: c
/ \
[+slack] [-slack]
i Fall: c
/ \

[-slack] [+slack]

Since tone is phonetically executed by the vocal cords,
it is claimed that the geometry of tone is a substructure of
the geometry of laryngeal features. The laryngeal geometry I
propocse has the following structure (LAR=laryngeal; VC=vocal

cords; GL=glottal; CT=cricothyroid; VOC=vocalis):

‘e L};R\
vé " GL
CT vocC [constricted glottis]
I
[stiff] [slack] [spread glottis]

The geometry of tone is the geometry of the VOCAL CORDS,

which I take to be the articulator that executes tone. It is

..lo_



An Overview
speculated that the cricothyroid executes the register
feature [stiff] and the vocalis executes the contour feature

[slack] (see §3.5).

1.2 Tone as Autosegmental Tier
The claim that the geometry of tone is part of the

geometry of laryngeal features commits one to the view that
tone is phonetically realized on segments. I assume that
tone is realized on segments which serve as syllabic
nucleus. The canonical tone-bearing segments are vowels.

"At the level of representation prior to phonetic
execution, tones must be represented as autosec¢ments
independent from the segments on which they are realized.
The tone-segment segregation accounts for the phenomenon
known as tone stability -- tone often survives segmental
deletion. In nonlinear phonology in which phonological
representation is rich in structure, the notion of tone-
segment segregation can be formally captured in two ways:
tcne as an autosegmental plane, or tone as an autosegmental
tier on the syllabic plane. Planes and tiers are distinct

formal entities, as shown by the bi-planar representation in

(7):

- 11 -
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(7)
3\
R --> syllabic plane
N
X X --> x-skeleton
I I
Root Root
--> segmental plane
LARYNGEAL LARYNGEAL |----- ---> laryngeal tier
SUPRALARYNGEAL SUPRALARYNGEAL -|---> supralaryngeal
tier

The terms "plane" and "tier'" have many different uses
in the literature. My usz of the terms essentially follows
Archangeli (1985). Archangeli's definitions are as follows:

Tier refers to plane-internal sequences of matrices

parallel to the core skeleton. Plane refers to the

entire melody (or structure) anchored in the core

skeleton. (p. 336)

"Core skeleton" is the x-skeleton. Since segments are no
longer conceived as feature matrices, but rather as root
nodes having internal geometrical structure, the term "tier"
is modified to refer to sequences of nodes of the same type.
In (7), the laryngeal nodes of the onset and nucleus form
the laryngeal tier. The same is true of the supralaryngeal
nodes. The LARYNGEAL and SUPRALARYNGEAL nodes do not form a

tier, as they are of different types. Tiers are internal to

...12...



An Overview

a plane, and the root melodies which define a plane are

anchored on the x-skeleton. They can only be anchored on the

x—skeleton.2

Tone can be represented as an autosegmental tier on the
syllabic plane, as in (8a); or as an autosegmental plane

anchored on the x-skeleton, as in (8b):3

(8) a. Tone (t) as Autosegmental Tier

o]
/
N (6] R t
N
I
X X
\ \
Rt Rt
2. Pulleyblank (1986) makes the following stipulation:
(1) Autosegmental tiers can only link to slots in

the skeletal tier

Pulleyblank's use of the term "tier" is eguivalent to
"plane." See also discussion in Chapter Five.

3. The representation of tone i3 indenpendent of the
issues of V/C segregation, since tone stability can be
accounted for only when tone is assumed to be autosegmental,
regardless whether vowels and consonants are on separate

planes.

_13_



An Overview

b. Tone as Autosegmental Plane

o
//A\\ .
0 R ----> Syllabic Plane
N
b3 X
\ ,l\ ! ----> Segmental Plane
Rt + Ru!
‘ )
/ 7T
t / ----> Tonal Plane

In both rernresentations tone mapping may be governed by the
same set of conventions called Association Conventions and
the same Well-Formedness Condition. The Association

Conventions and the Well-formedness Condition in (9) are due

to Pulleyblank (1986:11):

(9) Association Conventions
Map a sequence of tones onto a sequence of
tone-besring units, (a) from left to right

(b) in a one-to-one
relation

Well-Formedness Condition

Association lines do not cross.

I have nothing to say about the empirical validity of
the Association Conventions, particularly the directionality
of mapping (a). The Well-formedness Condition may be

derivable from extra-linguistic considerations, see Hammond

(1988) and sagey (1988).
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In the structure (8a), tone is adjoired to the tone-
bearing unit, which in this thesis is argued to be the rime
(R). The syllabic elements are temporally ordered by virtue
of their x-skeleton positiuns. O necessarily precedes R in
time. Tone, when adjoined to the R node, dce3 not preceds R
in time. It is "simultaneous”™ with R, with whkich it is
associated. In the structure (8L), tone is associated with
the x-slot of the nucleus segment. Tone is an element on the
tone plane, which is anchored on the x-skeleton.

I argue in Chapter Five that tone stability is
structure-dependent, and can be explained only by assuming
the structure in (8a). To derive the structure in (8a), I
assume that tone mapping is an adjunction process: it

adjoins tone t to R, creating a new segment of the rime

node, R':
(10) R'
I\
R t

Tones form an autosegmental tier on the syllabic plane; they

do not form an autosegmental plane.



Chapter Two

Theories of Tone: A Survey

2.1 The Yin-Yang Registers

In Chines: philological ana linguistic literature tones
are classified into the yin and yan9 registers. Historically
the yin tones occur on syllables with voiceless initial
obstruents, and the yang tones occur on syllables with
voiced initial obstruents. The voiced obstruents of Middle
Chin?se (ca. 600AD) are lost in many modern dialects, mostly
of the Mandarin variety. But dialects which are spoken
mostly in the southern coastal areas of China still maintain
voicing as a distinctive feature among obstruents. In many
dialects with voiced obstruents the yin tones are higher in
pitch than their yang counterparts. The tones are further
classified into four tonal categories, ping "Even",
shang "Rising", qu "Departing" and ru "Entering". Each of
the four tonal categories can be realized in both yin and

yang registers, giving a total of eight tones:l

1. Unless otherwise stated, tones are listed in accordance
with their historical origin, as follows:

(1) (a,h) represent the Ping (Even) tones
(b,B) reoresent the Shang (Rising) tones
(c,C) represent the Qu (Going) tones
(d,D) represent the Ru (Entering) tones

(ii) Lower-case letters represent the yin tones;
upper-case letters, the yang tones.

- 16...



Theories of Tone: A Surv.y

(1) Traditional Classification of Tones
yin-register yang-register
a. ping (Even) A. ping (Even)
b. shang (Rising) B. shang (Rising)
c. qu (Departing) C. qu (Departing)
d. ru (Entering) D. ru (Entering)

The ru tones are the so-called checked tones, because
they are realized on syllables ending in /p t k 2/,
depending on the dialect. As we will see later, the ru tones
are derivable from either ping, shang or qu. The
classification in (1) does not give the phonetic pitch of
the tones, which is the reason why we have no clear idea
what the tones in Middle Chinese were in terms of their
phonetic realization. The names may reflect the phonetic
properties of the tones at the time when they were coined,
but, judging by modern dialects, the names of the tones are
hardly an indication of their pitch height or shape. For
instance, the yin ping (la) is realized as 55 in Beijing
Mandarin, but in Tianjin, a port city a hundred miles or so
towards the southeast, the tone is realized as 21.

The system in (1) is non-phonetic in character; since

it specifies eight tones without giving their phonetic pitch



Theories of Tone: A Survey
values.2 The insight of the system as an abstract
representation of tone is that it explicitly recognizes no
more than two pitch registers, the yin register and the yang
register, which are correlated with the voicing qualities of
the syllable-initial consonants. The system serves a
diachronic purpose by helping identify the historical oricin
of tones in modern dialects. Blthough it fails as a phonetic
tool for synchronic analysis, the yin/yang registers prove
to be a viable theoretical device to capture the
phonolcgical regularities of tone sandhi. Attempts have been
made: notably Yip (1980) and Pulleyblank (1986), to
formalize pitch registers in terms of tonal features, as

will be apparent in the discussion to follow.

2 According to Mei (1970:104), the toncc in Middlc
Chingcse can be characterized as follows:
Level: long, level, and low, with a higher and a
lower allotone.
Rising: short, level, and high, its lower allotone
having merged with the departing tone.
Departing: slightly drawn out and hence longish.
Entering: short.
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2.2 Chao (1930)

The numbers by which the two yin ping tones were
represented in the preceding section, the high level 55 and
the low falling 21, are the relative pitch values of the
tones, with 1 being the lowest in pitch and 5 the highest.
This system is widely used in Chinese linguistics
literature. The number notation was first introduced in Chao
(1930/1980) as a systematic method cf representing the
phonetic pitch of tones. Chao's system divides a pitch scale
into five distinct levels, ranging from 1 (the lcwest) to 5
(the highest). It provides a convenient method of
phonetically transeribing auditory impressions of tone
height. A high falling tone may be transcribed as 53, a high
concave tone as 535. Short tones are represented with a
single digit if they are level, and with underlined digits
if contour. So a high short tone may be 5, and a high
falling short tone, 53. It must be pointed out that the
numbers represent relative pitch values. For phonological
purposes, a 42 in one tone system may be a high falling
tone, but in another it may be low falling.

The number notation is inadequate in two ways. First,
the system generates too nany tones. By Wang's (1967:98)
calculation, there will be a total of 125 theoretically

possible tones if up to three positions are allowed for

_19_



Theories of Tone: A Survey

3 No tone language contains so many

tonal specification.
distinctive tones in its tonal inventory. Second, the
numbers fail to give a straightforward account of
phonologically relevant tonal alternations, among them the
correlation between syllable-initial consonant voicing and
tone pitch (see the tone inventory of Songjiang below). By
using five digits, Chao's notation provides up to five tones
with distinct pitch levels. Ever since Chao (1930), the
number five enjoys a special status in the investigation of
tonal systems, at least in the field of Chinese
dialectology. Languages with five distinct level tones
phonetically and phonologically remain to be documented.4
Using the number notation, the tonal inventory of
Songjiang, spoken in the suburb of Shanghai, is as follows

(Jiangsu...(1960)) ("Even," "Rising," "Departing" and

"Entering" are the traditional names for tones):

3. Chao (1930/€0) stipulates that points 2 and 4 can not
be used in combination with 1, 3, or 5. This reduces the
number of tones considerably. But this stipulation is often
ignored in later work on tones.

4. See the discussion in §3.7.2, Chapter Three.

_20_
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(2) Tonal Inveatory of Songjiang

yin-register

a. 53 (Even): ti “low"; t'i "ladder"

b. 44 (Rising): ti "bottom"; t'i "body"

c. 35 (Departing): ti "emperor"; t'i "tear"

d. 5 (Entering): pa? "hundred"; p'a? "tap"
yang-register

A. 31 (Even): di "1ift"

B. 22 (Rising): di "brother™

C. 13 (Departing): di "field"

D. 3 (Entering): ba? "white"

2.3 Wang (1967)

In Chao's numerical representation the tones are
conceived to bhe single, atomic entities. 53 does not imply
that the high falling tone is composed of the high point 5
followed by the mid point 3. 53 is a unitary high falling
tone, and its yang-register counterpart, 31, a unitary low
falling tone. With the introduction of distinctive features
(oppositions) intoc phonnlogica! theories (Trubetzkoy
(1958)), segments were ro longer conceived as entities which
were not further decomposable. In the framework of
generative phonology, as spelled out particularly in the
influential work of Chomsky and Halle (1968), segments such
as vowels and consonants are conceived as bundles of
features. Wang (1967) is a systematic attempt in this
direction. He decomposes tones into seven features. (3) is
the feature specification of thirteen tones (Wang

- 21 -
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(1967:97)):
(3) Table of Tones and Their Features
1 2 3 4 5 6 7 8 9 10 11 12 13
1T 1 1 4 4 49 4 N J 01 4 1 A
contour e S S + +
high + -+ - - -+ - + -
central - -t + - - - - - - - -
mid S - - -
rising - - - = - - -t + + +
falling - - - - - - - o+ o+ 4
convex - - - - - = === - - + +

Among the seven features, [high], [central] and [mid]
are responsible for pitch levels, and four, [contour],
[rising], [falling] and [convex] give the pitch contours of
the thirteen tones. Since seven features can specify 128
distinct tones, excessive ones are trimmed by means of
redundancy conventions.

Like Chao's number notation, Wang's feature system
generates five distinct pitch levels, but two tones are
theoretically possible for each of the [4+contour] tones. As
the tone table in (3) indicates, the pitch level opposition
among the [+contour] tones is that between high and
non-high. The other two features, [central] and [mid] play
no role in defining [+contour] tones. This implies that a
tone language can have only two falling tones which are
phonologically distinct, and the difference in their pitch
levels is high versus non-high. The same is true of the
other contour tones. The feature [high] has special status

_.22_
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A Survey

in Wang's system in that it draws the basic distinction in a

tone language, at least among the [+contour] tones. This is

consistent with the traditional binary groupirg of tones

into the yin (high) and yang {low) registers, although the

yin/yang division extends %to all tones in the traditional

analysis. The inclusion of [central] and [mid] is motivated

solely by the descriptive need to represent five distinct

level tones. The thirteen tones that Wang's system provides

are distributed as follows:

. (4)

o0 oe

level tones:
rising tones:
falling tones:
convex tones:
concave tones:

NN

Number of Tones in Wang's System

Using Wang's features, the Songjiang non-checked tones

can be specified minimally as follows:

(5) Tonal Inventory of Songjiang

yin-register

a. 53
b. 44
c. 35

- +contour

+high

- +falling

-contour
+high
+central

+contour
+high
i1rising

23

31

22

13

yang-register

+contour
~high
+falling

-contour
-high
+central
-mid

tcontour
~high
+rising

J
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The short tones (2d,D) are derived from (5a,A); the
shortening can be attributed to the obstruents in syllable
coda position.3

Two properties may be noted concerning Wang's features.
First, like Chao (1%30/1980), up to five distinct pitch
levels are made available for any given tone language;
however, the thecry has no formal device which correlates
the pitch levels with the voicing qualities of the initial
consonants of the syllables on which the tones are realized.
Thig differs from the traditional analysis which groups
tones into the yin and yang registers, although, as we have
mentioned earlier, Wang's treatment cof contour tones bears
resemblance to binary opposition. The yin/yang registers in
their historical context have a strict correlation with the
voicing qualities of the initial consonants. Second, in
order te describe the contour tones which exist abundantly
in Chinese and other languages of South-east Asia, Wang's
system makes use of the temporally dynamic features such as
[falling] as theoretical primitives. This is made necessary
in part by the unstructured nature of the three level
features, and the conception of tones as matrices (or

vectors) of features lacking internal organization. If the

5. 1t is possible to view the short tones 5/3 as derived
from 44/22. In the absence of phonological data, the
decision to treat 5/3 as derived from 53/31 is, admittedly,
arbitrary. But nothing hinges on the issue.

..24..



Theories of Tone: A Survey
features were allowed to occur in temporally meaningful
sequence at some level of representation, contour features
as primitives could be avoided. Theoretically, however, this
is still several years in the future, after the advent of
autosegmental phonology (see Williams (1971/1976), Goldsmith
(1976a,b), Yip (1980)). Wang's system is consonant with the
general thecretical temperament of the time. After all,
early SPE-style generative phonology treats a phoneme as a

bundle of features, an unstructured bundle at that.

2.4 Woo (1969)

The postulation of dynamic features generates a great
deal of controversy. The success of describing tonal
phenomena of African languages in terms of pitch levels
leads one to expect thal languages such as Chinese may be
analyzable in the same way, and contour tones (what Woo
calls dynamic tones) in those languages may simply be the
result of concatenating two level tones on a single,
sufficiently long syllable. For instancec, a high level tore
followed by 2 low level tone on the same syllable creates
the dynamic contour of falling. This is precisely the
approach Woo takes in her analysis of contour tones. But in
a linear representation which Woo's theory assumes, tones
must be realized on segments, and there can only be one tone
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for one segment. A contour tone on a single syllable
therefore requires that the syllable be long. In Woo's
theory contour tones do not occur in short syllables. Short
syllables imay have level tones only.

Three features, [high tone], [low tone] and [modify],
are proposed to specify five distinct pitch levels. Contour
tones are concatenations of the five level tones. (6) are
the feature specification of the level toues (Woo

(1969:146)); the number notation is added:

_(6) 5¢ 44 33 22 11
high tone + + - - -
low tone - - - + +
modify - + - + -

The features in (6) are functionally similar to [high],
[central] and [mid] of Wang (1967). Redundancy rules are
needed to trim the number of level tones down to five. For
comments on Wang's and Woo's features, and a survey of other
feature systems which are not discussed here, see

Fromkin (1972,1974).

What sets Woo's theory apart from Wang's (1967) is the
treatment of the dynamic aspect of tone. In Wang's system,
contour tones are specified in terms of the dynamic features
of [contour], [fall], and [rise]. The length of the syllable
ic irrelevant. Woo, on the other hand, represents contour

tones as concatenations of level tones. The syllable length
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becomes important in justifying the existence of cortour
tones. In syllables of the form CV, the vowel is treated in
her theory as geminate clusters. CV is in effect CVV. This
allows a sequence of two level tones to be realized on a
single syllable. The claim, as we= have noted e¢arlier, is
tnat contour tones can occur in long syllables (either
geminate vowels CVV or CV3, where S represents sonorants
other than vowels), but not on short syllables (Woo
(1969:62)).

This claim, however, is not empirically supported. In
Mandarin Chinese Woo's theory does not appear to be
problematic, since the coda of a Mandarin syllable can only
be a nasal. When we consider dialects with syllables ending
in obstruents such as /p t k/, we discover a whole range of
dynamic tones realized on short syllables. Pingyao is a case
in point. This dialect has five tones, as in (7) (Pingyao

data are taken from J.Y. Hou (1980)):

(7) a. 13: pu "hatch"
b. 35: pu "cloth"
c. 53: pu "mend"
d. 23: pA? "push aside"
e. 54: PA? a musical instrument

The short tones are underlined. In citation form, we see two

falling tones 53 and 54, three -ising tones 13, 35, and 23.

The short tones, which are dynamic (falling in 54 and rising

in 23) are realized on syllables ending in the glottal stop.
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Consider now the following sandhi data:

(8) a. 13 53 > 3L 53

tegi t'un "ehicken leg"
sa t'u "sandy earth"
ku kua "ankle"
tz'ig isu "relative"”
h 23 53 > 32 33
sA? k'an "mouthpiece for draft animal"
kx'uaz te'i "start crying"
XuA? t'io “"mix"
tsAa? po "tie"”

c. 53 53 > 35 423

. ta tig "take a nap”
me gi "curry favor"
tg'i ts'o "in heat"
er nzuang "soft ear™

d. 53 54 > 35 423

ts'uag niA? "establish"
sa99 liaz "save strength”
ts'e yA? "gather herbs"

e. 54 54 > 4 23

sA? miAz? "gather wheat”
XUAZ YA? "take medication"
tuaz sA? "fight for food"
XUA? 1A? "military service"

The sandhi patterns in (8a,b) are what Hou calls Type A

patterns, and those in (8c,d,e) are Type B patterns. Phrases
of the verb-object or subject-predicate construction exhibit
Type A sandhi; and phrases of other syntactic constructions
exhibit Type B sandhi. The sandhi patterns in (8) show that

3 and 13, 54 and 53, are derived from the same underlying
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tones, since they have the same sandhi behavior. What is of
interest to us is the distribution of the short tones.
Notice that more dynamic short tones are generated through
sandhi: 32 (8b) and 423 (8d,e). These two tones, and 31 and
423, do not occur in citation form. I arrange the two series

nf tones in (9)J

(9) in long syllables: 13 35 31 53 423

in short syllables: 23 45 32 54 23

The contour tends tc level off when realized on short
syllébles except the concave 423, of which the concavity
remains the same on both types of syllable. As for the
rising and falling tones, the contour does not level off
completely. The two series of tones in (9) present a problem
for Woo's theory, which predicts that dynamic tones cannot
occur on short syllables. The contour of a tone is not
directly related to the length of the tone bearing unit.
Another problem for Woo's treatment of dynamic tones
has to do with the interaction between the voicing gqualities
of consonants and the pitch height of tones. Consider the
two falling tones of Songjiang 53 versus 31 (cf. (2)). In

Woo's theory the two tones can be represented as in (10):

6. For a detailed analysis of the Pingyao tonz sandhi, see
§3.3.2, Chapter Three.
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(10) a. 53 [ATAY) b. 31 cvVv

| | ]
HM ML

In Songjiang, 53 and 31 are in complementary distribution:
53 occurs with voiceless consonants in syllable-initial
position, whereas 31 occurs with voiced consonants. Suppoese
that 53 is the underlying tone. Voicing depresses the tone's
pitch height (namely the register) without changing the
dynamic aspect of it. Both tones are falling in contour.
This fact cannot be captured in Woo's model, since the
influence of consonant voicing will not only be upon H, but

also upon the nonadjacent M, as shown in (11):

(11) C 'A% (surface: C Vv )

[tvoice] HM [+voice] ML

To derive 31 within Woo's model, the syllable-initial
consonant voicing must condition the H>M sandhi as well as
the M>L sandhi simultaneously. In Halle and Stevens (1971),
voiced consonants and low pitch are specified as [-stiff].
The phenomenon in (11) is a case of assimilation. The M>L
alternation violates the locality requirement on
assimilation. Woo's theory is therefore inadequate in
explaining the distribution of contour tones, as well as the

interaction between consonant voicing and tonal pitch.
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2.5 Yip (1980)

The two systems of tonal representation which we have
reviewed here, Wang (1967) and Woo (1969), are
representative of the work in this area, particularly with
respect to the treatment of dynamic tones. Since
Chao (1930), linguists appear to agree that any feature
system must be capable of providing five distinct levels to
be descriptively adequate. This necessitates the postulation
of at least three features, with excessive tonal
specifications to be ruled out by redundancy rules or
conventions. True to the theoretical spirit of early
generative phonology, the three level features, [high],
[central] and [mid] in Wang's theory and [high tone], [low
tone] and [modify] in Woo's theory, are arranged into
matrices, and there is no internal structure among the
features. In this regard, Yip (1980) represents a
significant theoretical departure in the number of features
postulated (two) and their relationship (one dependent on
the other).

Yip's work must be understood against the theoretical
background of autosegmental phonology with its vastly
enriched phonological representation (see Williams (1976),
Goldsmith (1976a,b), McCarthy (1979), Halle and Vergnaud
(1980,1982), among others). The meager, single-tiered
representation of early generative phonology gives way to
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multi-tiered representation with intricate internal
structure. In Goldsmith's work, tones are considered as
independent entities on a tier separate from that of the
tone bearing units or TBUs, and the two tiers are linked by
means of the universal association conventions (see
discussions in Chapters One and Five).

The two features that Yip (1980) prcposes, Register and
Tone, are to be interpreted in autosegmental terms. They

interact to give four pitch levels (Yip (1980:196)):7

(12) Register Tone
+high (H)
+ upper
-high (L)
+high (H)
- upper —
-high (L)

(The Tone feature [high] was later renamed by Pulleyblank

(1986) as [raised], and it is this feature we will use in

7. Gruber, as reported in Fromkin (1972), has a two
feature system which can specify up to four distinct level
tones. He calls the features [high] and (high 2], and the
four level tones are specified as follows:

+high +high -high r -high -
[ +high 2 I ~high 2 J | +high 2 1t ~high 2 ]

According to Fromkin (1972:47), implicit in Gruber's
proposal is "the claim that the basic distinction in any
tone language is between high tones and non-high tones, with
all other tonal contrasts being made within these two
disjunctive sets." Gruber's system anticipated Yip's.
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place of [high].) Yip's theory is innovative in two ways.
First, the two features play different theoretical roles.
The Register featuire first splits the entire pitch range
into two halves, each of which is in turn subdivided by the
feature [raisedj. Although both [upper] and [raised] are
binary features which bisect 2 certain pitch range, the
operation of [raised] depends on [upper]. In Yip's
(1980:196) terms, Register is "dominant." Secondly, the two
features are distinct autosegments associated with a single
tone bearing unit. The relationship between the TBU and the
Regiéter is one-to-one; and that between the TBU and the
Tone is one-to-many. In other words, the Tone feature may
occur in sequences of two (or possibly more) which are
associated with a single TBU, but not the Register feature.
The sequence of the Tone feature gives the contour of the
tone. The relationship among Register, Tone and TBU is
illustrated in the representations of a high falling tone

and a high rising tone in (13):

(13) a. High Falling Tone

[+ upper] = ------- Register
L TBU
/ \
L - Tone
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b. High Rising Tone

[+ upper]

| e
m -

The two pitch registers specified by the feature
[upper] can be seen as functionally equivalent to the yin
and yang registers we have discussed before. Since the
sequence of the Tone feature gives the tone its contour,
Yip's feature system makes the claim that the contour of a
tone is relativized to its pitch register. The register
itself, in Yip's (1980:196) words, "remains counstant over
the morpheme." Languages which contain 51 or 15 as
contrastive tones in their tonal inventories are rare.
Typically, in dialects which have two contrastive falling or
rising tones, we will find 53 (or 42) in opposition with 31.
Given sufficient degree of idealization, the high variant is
in the yin register, and the low variant is in the yang

; 8
register.

8. The phonetic difference between 53 and 42 is
phonologically irrelevant. Often it is an idiosyncracy of
the field linguist. Wanyg (1967:98) lists two reports of the
Suzhou dialect (spoken in Suzhou, the Jiangsu province)
prepared at roughly the same time, as follows:

(i) a. 44 13 52 412 31 5 2
b. 44 24 41 513 331 4 23

The differences between the two reports on the phonetic
pitch of the tones are "probably mcre spurious than real."
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Yip's system is highly restrictive. The representation
of contours as sequences of specifications of the feature
[raised] puts an upper limit on how contours may be created.
In the unmarked case, contours are restricted to the
register specified by [upper]. In all, Yip's theory gives

twelve tones, as in (14):

(14) a. Level:
[+upper, H] [-upper, H]
[+upper, L] [-upper, L]

b. Rising:

[+upper, LH] [-upper, LH]
c. Falling:

[+upper, HL] [-upper, HL]
d. Concave:

[ +upper, HLH] [-upper, HLH]
e. Convex:

[+upper, LHL] [-upper, LHL]

Yip's position on the concave and convex tones is not
clearly spelled out. In her analysis of Fuzhou, the tone 24?2
is represented as [+upper, LHL] (Yip (1980:341)), so at
least she allows sequences of three Tone features. It may be

observed that no language contains tones with more complex

Under certain degree of idealization, the difference between
53 and 42 is no more real than that between 532 and 41. What
is interesting is that 51/31 remains observationally rare.
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pitch contours than convexity or concavity. This is explicit
in Wang's (1%67) feature system, which is incapable of
specifying featurally a fall-rise-fall-rise contour. Such
contours are theoretically possible in Woo's (1969) theory.
Since contour tones are represented by sequences of level
tones, the sequence HLHEL, all associated with a sufficiently
long syllable, is expected to occur. The same is true of
Yip's (1980) theory, in which the Tone feature seguence of
HLHL is possible. To avoid overgeneration, Yip's system

needs the following stipulation:

-

(15) The maximuin number of Tone feature occurrences
in sequence is 3
This stipulation allows concave tones such as [+upper, LHL],
but rules out non-occurring tones such as [+upper, LHLH] or
[+upper, HLHL].

By now the differences and similarities between Yip's
theory and that of Wcoo (1969) should be clear. In terms of
the tone inventory generated, a major difference between
Yip's system and that of Woo's lies in the number of
possible level tones. Yip's system can generate four
distinct level tones,'whereas Woo's system generates five.
The representation of contour is similar in that neither
theory makes use of primitive contour features, and both
theories represent contours as clusters. In Woo's model
clusters consist of feature matrices; in Yip's model they
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consist of sequences of specifications of the feature
[raised] on the Tone tier. The two representations of the

high falling tone in (16) illustrate:

(1e6) a. Woo's Representation
cVvVyv
b

b. Yip's Representation

[+upper]

!

/\

[+raised] [-raised]

-

where * is the tone bearing unit.

2.6 Clements (1983)

In the feature systems surveyed so far, tones are
specified by binary features. Clements' theory provides for
multiple tone heights without the express use of binary
features. Recall that in Yip's theory the two features
[upper] and [raised] bisect the pitch scale. The feature
[upper] is dominant in that it divides the pitch into two
registers, which are then further divided by the feature
[raised] into two subregisters. The feature [raised] is
dependent on the feature [upper]. The dominance relationship
between the two features is made explicit in Clements's
(1983) theory of tone hierarchy, and encoded in the notion
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of rows. Tones are defined as "tonal matrices which consist
of ordered rxows of the elements h, 1, or 0." (Clements
(1983:150)) h is relatively high pitch, and 1 relatively low
pitch. The number of rows in the tonal matrices is limited
only by human perception. The exact number of rows is
dependent upon the tonal inventories of individual
languages. Twc-ievel, three-level and four-level tone

systems are specified as follows:

(17) a. two-level system
H L
row 1: h 1

b. three-level system

H M L

row 1: h 1 1
row 2: h 1
c. four-level system

H HM M L
row 1l: h h 1 1
row 2: h 1 h 1

In (17b), the low register is further divided into two
row 2 pitches, which Clements considers as the unmarked
case. This expresses the fact that the primary opposition
among tones is that between high tones (H) and nonhigh tones

(M and L). Note that in a four-level system (17c) Clements's
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system is identical to Yip's: row 1 features correspond to
Yip's [upper]; and row 2 features correspond to Yip's
{raised]. Thus, H in (17c¢) is equivalent to [+upper,
+raised], HM to [+upper, -raised], M to [-upper, +raised],
and L to [-upper, -raised], which is lowest on the pitch
scale. Despite the ready correspondence, there are major
conceptual differences between Yip's features and Clements's
rows. I will have more to say on the notion of row shortly.

In a recent paper (Clements (1989)), the tonal matrices
are represented in a tree notation in which occurrences of
h/1 on each row link to a class node called tonal node. The

four-level system in (17c¢) has the tree structure as shown

in (18):
(18) A B C D
tonal node: * * * *
row 1: h l\\\\ [\\\ f\\
\ N\
row 2: h 1 h 1

The tree notation captures an often observed fact of tone
sandhi, that is, the features which define tones spread as a
unit. If row 1 occurrences of h/l and row 2 occurrences of
h/1 are not linked to a single tonal node, tone spreading
would have to be expressed as the simultaneous spreading of
row 1 and row 2 occurrences of h/l, which is the consequence
of Yip's (198C) theory. In Yip (1980) [upper] and [raised]
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are two independent autosegments associated with a single
tone bearing unit. This runs into difficulty in accounting
for tone spreading facts (see §3.3.1). The difficulty does
not arise in a representation such as (18), where the two
rows (or [uppcr] and [raised] features) are sister nodes
under the tonal nodes.

The tree notation is not merely a notational variant of
the matrix notation first proposed in Clements (1983).
Compare the representations of a four-level system in (17c¢c)
and (18). In (l7¢) row 1 dominates row 2 within the tonal
matrices. The matrices are linked to the TBUs, not the
individual rows that make up the matrices. In (18) the two
rows stand in a sisterhood relationship under the tonal
node, which is linked to TBUs. One important feature of
Clements's theory needs to be emphasized. Although the
elements h and 1 may be characterizable in terms of a single
binary feature, the organization of the rows is
hierarchical. The occurrences of h/l on row n depends on
occurrences of h/l1 on row n-1. In other words, (19a) is
interpretable, but (19b) is not, be it underlying or

generated by some phonological rule:

(19) a. tonal node: *
row 1: g\\\\
row 2: 1
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b. tonal node: *
row 1l: \\\\\
row 2: 1

The representation of tone heights in terms of feature
trees makes it difficult to interpret the hierarchical
property of rows. There are three areas where the hierarchy
of rows may meet with difficulty. First, in the tree
structure (18) row 1 h and 1 elements technically do not
dominate row 2 elements of h and 1. However, row 1l is
dominpant because it is "higher" on the hierarchy than row 2.
Tree structures are ordinarily not able to express
Clements's notion of rows. Second, no other phonological
features are hierarchical. This makes tone features special
within a general theory of features. With the notion of
rows, tone features are in effect multi-valued, while
features in general are binary. Lastly, features may spread.
Given the representation in (18), we expect row 1 and row 2
elements to spread independently. However, if row n elements
spread to an adjacent tonal node, does the spreading carries
row nt+l elements as well? If row n and row n+l are sister
nodes under the tonal node, row n+l elements are not
expected to spread with row n elements, although they may
spread independently of row n elements. But, on the other
hand, since row n is dominant over row n+l on the pitch
hierarchy, row n+l elements necessarily spread with row n
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elements, although row n+l elements may spread independently
of row n elements. Hence the tree representation of tone
heights and the hierarchical nature of rows are
incompatible. Nonetheless, the tree representation of
features underscores an important insight inteo the
organization of tonal features. Features have internal
structure, as various works on segmental features have shown
(see Clements (1985a), Sagey (1986), Steriade (1986), Halle
(1989), MccCarthy (1989a), Trigo (1989), among others). The
tree in (18) provides a structured model of tones. In
chapter Three, we will use the tree notation to organize the
tonal features. The features, however, are strictly binary,

and the row hierarchy is abandoned.

2.7 Hyman (1986)

The representation of tones as matrices of tonal
features is a common practice in many works, such as Wang
(1967), Woo (1969) and Clements (1983) reviewed above. One
disadvantage of matrix representation is their inability to
express partial assimilation in terms of the spreading of a
component tonal feature. Theories which make use of matrices
have an inherent weakness as a result. Hyman (1986) departs
from this practice. He postulates a single tone feature T,
which means "effect a tone modification”™ (Hyman (1986:115)).
The positive value of T (represented as H) effects an upward
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effects a downward change of one step. The feature is
arranged hierarchically, as in Clements (1983, 1989), except
in Hyman's theory the hierarchical relationship is expressed
as dominance on a tree structure. The notion of ordered rows
in a matrix is replaced with multiple tiers filled w’th
occurrences of the tone feature T. A four-level system would

have the structures in (20):

(20) A: % B: % --> TBU
I
. H A --> Primary Tier

' L
H --> Secondary Tier

C: * D: *
i |
L L
I |
H L

Note that H is [+T] and L [-T]. In the structures in (20), ¥
is the tone bearing unit; the tier which is directly linked
to TBUs i che primary tier; its H and L are primary H and
L. The tier dominated by the primary tier is the secondary
tier, made up of secondary H and L. The number of tiers
required apparently depends on the tonal system of the
language in question.

The advantage of Hyman's representation over Clements's
(1983) matrix representation is the ability (o express

spreading of the secondary H/L, as shown in (21):

_43_.



Theories of Tone: A Survey

|

X

ok

X
k
Lf", [
L

h and 1 in Clements's theory are equivalent to H and L in
Hyman's. 1 in (21b) can not spread to the following tone
because it is bound to the first tonal matrix. Note that the
spreading of primary H/L, namely the entire feature
spaecification of a tone, can be expressed in both
representations. To the extent that empirical evidence of
secondary H/L spreading is attested, Hyman's tier
representation is superior to the matrix representation.
This model is abandoned in Hyman (1989), to which we will

return in §2.10.

2.8 Shih (1986)

The central theme of Shih's (1986) work is the prosodic
nature of tone sandhi, rather than the feature
representation of tones per se. How tones are represented is
related to the theoretic account of their prosodic behavior,
therefore a prosodic theory of tones must also address the
issue of tonal representation. Exactly how tones are
represented by Shih is not entirely!clear to me. Shih adopts

the register feature [upper] of Yip (1980), but rejects the

Tone feature and its sequential properties. In this regard,
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she seems to favor the "unitary'" approach, meaning that
contour tones are units, rather than combinations of level
tones or sequences of the Tone feature. This is at least
implicit in the "hierarchically organized system'" in (22)
(shih (1966:24)):

(22) high
register

~—1low
tone

level
melody<<::::::j rising
contour<<::::::
falling

If I read her correctly, this hierarchy postulates
pitch contours as part of the theory, and as such, (22)
appears to impose some structure on the features of Wang
(1967), particularly the contour features. While Wang's
features can specify five distinct pitch levels, the tone
hierarchy is able to specify two level tones only. No convex
or concave tones are on the hierarchy.

But this hierarchy appears to play no theoretical role
in Shih's account of some tone sandhi phenomena. She
cautions that things like register, contour are not
primitive features, but "meta- or macro-features.'" The
difference between features and macro-features, however, is
not explained. In formulating rules for the Zhangping
bisyllabic tone sandhi, the meta-features are used in the
same way features are used. To see this, consider the
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Zhangping bisvllabic tone sandhi facts in (23). and the

rules in (24) (Shih (19386:24)):

(23) Zhangping

(a) 22]
[(33] / __ [11]
[24] l 55]
(113 ----> [53])
Egé} (551 / _ f[3111
(211}
(b) [311}
[53]} ----> [2r1 / __ X
(24)
- a mid
(a) [- fall] ---> [ + level ] / __ [-a mid]
- lew

(b) [+ fall] ---> [+ low] / __ X

(24a) accounts for facts in (23a), and (24b) for (23b). We
are not concerned with the sandhi facts, but with the rules
which account for them. The rules make specific reference to
features which occur in the tone hierarchy, such as [fall],
[low] and [level], as well as features which do not occur,
such as [mid]. Notice that the use of [low] in the two rules
suggests that it is used as a feature which, with [high],
defines the pitch of the tone. If so, it would appear,
contrary to her claim, Shih's conception of register is not
the same as that of Yip (1980) at all. Recall that in Yip's
system, the Register feature [upper] defines only two pitch
registers. The two features [high] and [low] in (22) are
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Ccapablie vl deliuning thiee disliunct plich reygisters (assuwuing
that [+high, +low] is ruled out logically), giving rise to
three level tones, and three distinct contour tones as well.
In this regard, Shih's theory not only differs from Yip's,
but from the theories of Wang (1967) and Woo (1969). Shih is
not explicit about the roles of (22) in the specification of
tones; it is therefore difficult to pin down its empirical

consequences.

2.9 Yip (1989)

Recent research in nonlinear phonology has shifted its
focus to the internal organization of phonological features.
Most work in this area, among them Clements (1985a), Sagey
(1986), Halle (1989) and Trigo (1989), has been on the
geometry of supralaryngeal features. Yip (1989) is an
attempt to provide a structured model of tone features (see
also Inkelas (1987) for a similar model).

The model that Yip (1989) proposes for contour tones
parallel the structure of affricates argued for in Sagey
(1986). Sagey's representation of affricates involves a
sequence of the continuancy feature [cont(inuant)]
associated with a single root node, as in (25):

(28) root
/\

[-cont] [+cont]
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The branching continuancy feature is interpreted linearly
along the temporal dimension. This model captures the
intuition that affricates involve a change in the state of
continuancy: they start as stops ([-cont]) and end as
fricatives ([+cont]). Similarly, contour tones can be seen
as resulting tfrom a change in pitch during the temporal span
of the tone bearing units on which the tones are realized.
Using the two features [upper] and {raised] of Yip (1980)
and Pulleyblank (1986), Yip proposes that the register
feature [upper] be the tonal root node, which dominates a
possibly branching {raised]. The high falling tone, for

instance, has the representation as in (26):

(26) o  mm——- > tone bearing unit
[ +upper] ~=--==> tonal root level

/\

[+raised] [-raised]

This use of the feature [upper], however, differs from
that of Sagey (1986) and Halle (1989), among others. In the
works cited, terminal nodes are features. Nonterminal nodes
such as PLACE are articulators. Articulator nodes dominate
features which represent the articulatory behavior of the
articulators. Features therefore do not dominate other
features. In this regard Yip's model is similar to Hyman's
model in (20), in which the terminal node of T on the

primary tier dominates another terminal node on the
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secondary tier. In terms of the representation of tones,
(26) differs from Yip's earlier treatment of contour tones
in that the register [upper] and Tone [raised] now form one
single melodic unit, which is associated with a TBU. In Yip
(1980), the register and Tone are considered as two distinct

autosegments asscciated with a single TBU (cf. §2.5).

2.10 Hyman (1989)

Hyman's recent work markedly differs from his 1986
study (see §2.7). Hyman (1989:2) proposes two tone features

defined below:

(27) Tone features:

H at or above a neutral tone height

L

at or below a neutral tone height

The neutral reference tone height is the M(id) pitch. The
features are related to one another in the tone geometry

shown in (28):

(28) TBO:

Tonal root node (TRN):

O—O0—=%

Tonal node (TN):

The features H and L link to the 7N; which may be optionally
branching. The sequences LH and HL merge to define M. The
system generates therefore three level tones:
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(29) a.

C.

n u
I I
o o
I |
o o

r—Q0=-—0—T%

LX—O0—o0o—=%

/\ / A\
L H H L

Contour tones are represented as concatenations of level
tones. The rising ai:d falling tones are given by Hyman

(1989) as follows:

(30) a. R b. R
/ \ / \
c o o o)
. [ |
o o o o
I | ]
L H H L

The tonal geometry in (28) is augmented further by what
Hyman calls the R-plane (the register plane). The features
which link to the TNs form the T-plane (the tonal plane).
The register plane is specified by the same two tone
features H and L, plus a zero value. In all a total of nine

levels may be generated, as the following table show:

(31)

T-plane: H L LE H L LH H L LH
R-plane: 0 0 0 fl E LH H L LH
TONE: H L M ‘H 'L ‘M ™ ™M

Within the tonal geometry, the register-plane featurss
link to the TRNs. The model thus allows three types of
structure, as in (32):
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(32) a. n b. n c. n
I /\ I

o o 15) o)

I | /I

o o o o

/\ | I

L H L H L H

(32a) defines a M tone; (32b) a rising tone; and (32c) a
downstep. Since the register feature links to the TRN,
Hyman's model differs from that of Yip (1989), in which the
register is the TRN (see §2.9). But the notion of register
in Hyman's work differs from that in Yip's work in two
respects. First, in Yip's model, the register feature is
bina;y, therefore the register is [+upper] (the high
register) or [-upper] (the low register). A zero valued
register is not permissible featurally and geometrically:
the structure in which the sequence of {raised] is dominated
by 0 register is not interpretable. Secondly, in Yip's
model, the high register dominating the sequence [-raised],
[traised] defines a high rising tone. In other words, the
register is a relevant geometrical property not only of
level tones but also contour tones. For instance, Yip's

model captures the alternation of 53/31 in Songjiang (cf.

(2)) as follows:

(33) 53: [ tupper] 31: [-upper]
/ \ /\
[+raised] [-raised] [+raised] [-~raised]



Theories of Tone: A Survey
The two falling tones 53 and 31 alternate on their
registers. In Hyman's model, however, contour tones can not
in principle alternate on the register, as the structures in
(34) show:

(34) a. R b. R
/ \ / \

o
A

/]

L

Hi—— 0 -0

Z

(34a) is the structure of an upstepped ¥ followed by a L;

t—0-—0

(345} is the structure of a downsteppeda H followed by a L.
The register does not affect the second TRN in bhoth
structures. £3 and 31 may best be represented in Hyman's
model as HM and ML respectively. But these representations
do not reflect the fact that 53 and 31 alternate on the
register conditioned by syliable-initial voicing, and the
fact that the differential between the start and end points
of the tones remains constant while the register changes. It
has the same problems as any cluster model of contour tones

(see §2.4).
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2.11 Halle and Stevens (1971)

The last feature system we will consider is proposed by
Halle and Stevens (1971). Two properties of the Halle-
Stevens' feature system need to be emphasized, since they
play « crucial role in the theory of tone to be developed in
Chapter Three. The feature systems examined in the preceding
are mostly based on auditory impressions; Halle-Stevens'
system is articulatory. The features they posit do not
describe auditory impressions of pitch; but rather provide
articulatory instructions to the relevant articulators for
the ;ctualization of pitch (i.e. tone). The second important
property of the Halle-Stevens system is that it treats
voicing in consonants and pitch in vowels as featurally the
same phenomenon. The tonal features proposed in various
theories lack a phonetic basis, partly because the phonetic
mechanism of pitch control is poorly understood (see, for
instance, Maddieson (1974), Fujimura (1977, 1981), Ohala
(1972, 1977), Stevens (1977, 1981), Sawashima and Hirose
(1983), Collier and Gelfer (1984)). However, despite the
fact that many factors are involved in pitch regulation,
there is linguistic evidence (see the tonal inventory of
Songjiang in (2)) that correlates the voicing of consonants
and the pitch of the following vowels (see Haudricourt
(1954), Halle and Stevens (1971), Matisoff (1973), among
others). This correlation is not captured in a theory that
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makes use of tonal features unrelated to voicing. Halle-
Stevens's system captures this correlation by using the same
set of laryngeal features for both vowel pitch and consonant
voicing (but see Gandour (1974)). In other words, laryngeal
musculature whose activities lead to voicing in consonants
is also responsible for pitch in vowels. Vowel pitch and
consonant voicing are the same laryngeal phenomenon.

The four laryngeal features which Halle and Stevens
(1971) propose are based on two independently controllable
parameters, "the stiffness of the vocal cords, and the
static glottal opening. (p.201)" The parameters are
controlled by intrinsic laryngeal muscles. The description
of the features is in (35) (Halle and Stevens (1971:201-

202).

(35)

Spread glottis. By rotation and displacement of the
arytenoid cartilages, the vocal cords can be displaced
outward relative to their positions for normal voicing,
leaving a large glottal width. If the vocal-cord
stiffness is sufficiently large, the combination of
wide glottis and stift glottal walls inhibits vocal-
cord vibration. On the other hand, slackening ot the
glottal walls by reducing the stiffness can lead to a
condition in which vocal-cord vibration will occur,
even with a relatively wide glottal opening.

Constricted glottis. Adduction of the arytenoid
cartilages relative to the position for normal voicing
(accomplished, perhaps, by fibers of the thyroarytenoid
muscles, as well as by the lateral cricoarytenoid
muscles) can cause the vocal cords to be pressed
together and the glottis to narrow or to close. When
the vocal-cord stiffness i3 large in this situation,
vocal-cord vibration does not occur, and no air passes
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through the glottis. For a lower coupling gtiffness,
vocal-cord vibration can be initiated, probably with
relatively narrow, peaked pulses.

Stiff vocal cords. Increasing the stiffness of the
vocal cords makes the coupling between upper and lower
edges of the vocal cords larger. Stiffening of the
vocal cords affects glottal vibration, regardless of
the size of the glottal aperture. When the vocal cords
are in a configuration for normal voicing (neither
spread nor constricted), the rate of vocal-cord
vibrations increases with increasing stiffness,
Increased stiffness of the vocal cords will inhibit
vocal-cord vibration under the following circumstances:
(a) when an obstruction in the vocal tract causes the
intraoral pressure to build up and hence the pressure
across the glottis to decrease; (b) when the glottis is
spread to cause a wide aperture or when it is
constricted. Thus an increased stiffness of the vocal
cords tends to narrow the range of transglottal
pressures and glottal apertures over which vocal-cord
vibration occurs.

Slack vocal cords. The vocal cords can be made more
slack by decreasing the coupling between upper and
lower edges of the vocal cords. This is probably
accomplished by a decrease in the tension of the vocal
cords, as well as by a decreased stiffness of the walls
of the glottis. Slackness of the vocal cords can allow
glottal vibration to occur even with a spread or
constricted glottis. When the vocal cords are
slackened, there is a decrease in the frequency of
glottal vibration.

Two laryngeal features, [stiff vocal cords] and [slack
vocal cords] (henceforth [stiff] and [slack]) are primarily
responsible for pitch of vowels and voicing of consonants.
The two vocal cord features define three states of vocal
cord tension, their effects on obstruents and vowels are

listed below:

_55_



Theories of Tone: A Survey

(36) vowels M L H
obstruents b; b P
stiff - - +
slack - + -

The feature combination [+stiff] and [+slack] is ruled out
on logical and physiological grounds, since the vocal cords
can not be both stiff and slack at the same time. Notice
that voiced obstruents share the same feature matrix as low
pitch vowels, and voiceless obstruents share the same
feature matrix with high pitch vowels. This readily accounts
for the lowering effect of voiced consonants on the pitch of
the following vowel found in many tone languages.
Halle-Stevens's system provides for three distinct
vocal cord states which correspond to three distinct pitch
levels. A common criticism of the Halle-Stevens system is
that it provides only three pitch levels, which is not
sufficient (Fromkin (1972), Anderson (1978), Yip (1%80)). In
Chapter Three I will re-interpret the features [stiff] and
[slack] as features which are independently controllable.
The feature combination [+stiff] and [+slack] is
permissible. A total of four pitch levels are specified with

two features [stiff] and [slack].
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Chapter Three

The Representation of Tone

3.1 The Geometry of Tone

The tone model which I will propose and argue for makes
use of the two binary features of Halle and Stevens (1971),
[stiff] and [slack]. As I have pointed out in §2.11, the
advantage of the KHalle-Stevens' feature system is its
ability to express the pitch of vowels and voicing of
consonants as featurally the same phenomenon. Thus, [+stiff]
specifies voicelessness in conscnants, and relatively high
pitch in vowels, and [-stiff] specifies voicing in
consonants, and relatively low pitch in vowels. This
captures directly the well-known correlation between tone
registers (the yin/yang registers) and the voice qualities
of consonants. Under the interpretation of Halle and Stevens
(1971), the feature [stiff] provides the articulatory
instruction to raise the degree of stiffness of the vocal
cords; while the feature [slack] gives the opposite
instruction. The two features combine to determine three
states of vocal cord tension, which produces three distinct

pitches:
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(1) H M L
stiff + - -

slack - - +

[+stiff] and [+slack] are thought to be mutually exclusive
on logical and physiological grounds.

By Halle and Stevens's account, the two features are
not identified with any laryngeal muscle, whether intrinsic
or extrinsic. Unlike the feature [nasal], which provides the
articulatory instructions to the snft palate (Sagey (1986)),
the features [stiff] and [slack] must rely for their
phonetic execution on muscle complexes whose activities
affect in one way or another the tension of the vocal cords.
To rule out [+stiff,+slack] on logical and physiological
grounds, one must assume that [stiff] and [slack] are
executed by the same set of muscles ~- [+stiff] stiffens the
vocal cords while [+3lack] slackens them. This assumption is
no more experimentally supported than the assumption that
the two laryngeal features are articulatorily executed by
different sets of muscles (see §3.5 for further discussion).
The latter assumption leads to a different interpretation of
the features. The muscular activities of the feature [stiff]
can be interpreted as determining the overall tension of the
vocal cords, which is subject to modification by the
muscular activities regulated by the feature [slack].
Instead of three states, they combine to produce four states
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of wocal cord tension. The two features have different
functions. Their interaction gives rise to four distinct

pitch levels:

(2) -slack
+stiff

+slack

~-slack
-stiff

+slack

The features [stiff] and [slack] are functionally
equivalent to [upper] and [raised] of Yip (1980) and
Pulleyblank (1986). The feature {stiff] specifies two
registers, each of which is divided by the feature [slack]
into two subregisters. Following Yip (1980,1989), I assume
that two specifications of the feature [slack] may occur in
sequence under the same tonal node. The sequence is
temporally significant and is directly dominated by what I
call the ¢ node. The ¢ node specifies the tonal contour. The
register and the ¢ node are dominated by the tonal root
node, denoted by t. The geometry of tone is shown in (3):

(3) t
/ N\

The register (the r node) is either H ([+stiff]) or L
([-stiff]). The contour (the c¢ node) may optionally branch.

When it branches, it has the structure shown in (4):
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(4) c
/ \

[a@a slack] [-a slack] where a=+ or -

A tone therefore consists of two components: the
register and the contour, represented by the r node and the
c node respectively. The register specifies the relative
pitch height for the tone, while the c¢ nnde specifies how
the tone behaves over the duration of the tone bearing unit.
The two notions, register and contour, are familiar ones in
the literature. The¢ r node is functionally equivalent to the
traditional notion of the yin/yang registers (cf. §2.1); the
Register autosegment of Yip (1980) (cf. §2.5); the primary
tier of Hyman (1986) and register of Hyman (1989) (cf. §2.7
and §2.10); row 1 of Clements (1983, 1989); the tonal root
node of Yip (1989) (cf. §2.9).!

The novel feature about the tone model in (3) lies in
the conception of register and contour, and the structural
relationship between the two notions. Structurally the r
node and the c node are sister nodes dominated by the tonal
root node t. The relation of temporal precedence is
irrelevant between the two sister nodes. The two structures

below are formally equivalent:

1. Lin and Repp (1989) report that in Taiwanese, F, height
and movement are the most important faccors in tonal
perception. Among tones with the same or similar contour,
the F height (i.e. the register) is the most prominent;
among tones with the same or similar register, the F
movement (i.e. contour) is the most prominent factor.
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(5) a. t b. t
/\ /\

r C C r

Conceptually they are distinct. The r node is static in the
sense that it provides the overall pitch registar which is
relatively stable throughout the duration of the tone
bearing unit. Since it specifies the pitch register in which
the tone is to be realized, the r node must be either L or
H. The ¢ node is dynamic; and is interpreted over time. A
branching ¢ node is temporally significant: the seguence
[-slack] followed by [+slack] involves a change from the
high end to the low end of the register specified by the r
node, creating a falling contour. A rising contour involves
a change from [+slack] to [-slack]. A non-branching ¢ node
(an even contour) maintains the same pitch level during the
temporal span of the tone bearing unit. I make the following
stipulation:

(6) Underlyingly, the contour node may have at most

two branches

This stipulation constrains the number of tones that
the model in (3) can generate. It is necessary bscause no
tone has the contour rise-fall-rise, which is the sequence
[+slackl{-slack][+slack][-slack] or the contour fall-rice-
fall, i.e. the sequence [-slack][tslack][-slack][+slack]. If

the ¢ node is not so constrained, such non-occurring tonal
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contours would be expected to occur. The stipulation (6)

implies the proposition in (7):
(7) Concave/convex contours are surface phenomena

In §3.4.2 I will show that at least two dialects which
exhibit surface complex contours can be analyzed without
postulating the complex contours as underlying. (6) makes
the correct empirical prediction.

The tonal geometry proposed in (3) generates two
registers and three contours, for a possible inventory of

eight underlying tones:2

(8) a. Even Tones
i t il t
/ \ / N\
r c e c
|
Aod b
iii. t iv. t
!/ \ /\
r c r c
Lo !
b. Falling Tones
i t ii t
/\ /\
r c r c
AR l/\
H h1l h 1
2. For ease of exposition I use upper-case H and L for

register and lower-case h and 1 for contour. They are
defined as follows: H=[+stiff], L=[-stiff], h=[-slack] and
1=[+slack].
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c. Rising Tones
i t ii t
/ \ /\
r To] r c
| /7 \ l / \
H 1h 1 h

In (8a) I use the word "even" to denote the pitch
contour resulting from a non-braw..l.ing ¢ node. The word
"level" is used to refer to points on the pitch scale. The
even, falling and rising contours are the three possible
underlying contours that the model allows. The structures

below are equivalent to the ones in (8):

(9) a. Even Tones
i. [H,h] ii. [H,1]
iii. [L,h] iv. [L,1]
b. Falling Tones
i. [H.hl] ii. [L,hl]
c. Rising Tones
i. [H,1h] ii. ([L,1h]

It has often been observed that voicing of obstruents
and the pitch of vowels are related (see, for example,
Haudricourt (1954), Halle and Stevens (1971), Matisoff
(1973)). The correlation between voicing and tone height can
be seen clearly in the tonal inventory of Songjiang

(Jiangsu...(1960)):
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(10) Tonal Inventory of Songjiang

yin-register

a. 53 (Even): ti "low"; t'i "ladder"

b. 44 (Rising): ti "bottom"; t'i "body"

c. 35 (Departing): ti "emperor"; t'i "tear"

d. 5 (Entering): pa? "hundred"”; p'az "tap"
yang-register

A. 31 (Even): di "1ift"

B. 22 (Rising): di "brother"

C. 13 (Departing): di "field"

D. 3 (Entering): ba? "white"

(5 and 3 are short tones realized only on syllables ending
in the glottal stop.) In the datz im (i), both aspirated
and unaspirated voiceless obstruents occur only with high
tunes (the yin-register tones), and voiced obstruents cnly
with low tones (the yang-register tones).3 Songjiang's tonal
inventory is a paradigm case which exhibits the direct
correlation between the voicing qualities of syllable-
initial obstruents and the tonal registers (the r node): if
the syllable-initial obstruent is voiced ([-stiff]), the
register of the tone on the vowel is low ([-stiff]), if it
is voiceless ([+stiff]), the register is high ([+stiff]).

The tones of Songjizng car. be represented in (11):

3. (10a,A,b,B) and (10C,D) are used in sonorant-initial
syllables. See Appendix for the sound system of Songjiang.
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(11) Tone Inventory of Songjiang

Falling Tones:

a t b. t
/ \ /\
r c r c
| /7 \ l/\
H h1l h 1
Even Tones:
c. t d. t
/ \ / \
r c r c

b Lo

Rising Tones:

e t f. t
/ \ / \
r (] r c
| /7 \ | /7 \
H 1l h L 1h

In the structures in (11), the r nodes need not be
specified, since they are predictable from the syllable-
initial obstruents. 1 include the registers for clarity. The
short tones 5 and 3 are not distinctive, and are derivable
from the falling tones (l1la,A). The tone inventory of
Songjiang makes full use of the contours that the proposed
theory provides: the falling contour, the even contour and
the rising contour.

The geometry of tone features proposed here makes
several claims about possible tone sandhi processes.
Specifically, it predicts the four kinds of assimilation by
spreading shown in (12) (stars are tone bearing units):
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(12) a. Tone Spread b Register Spread
* * % *
/ \ / \ /N TR
r c r c c £ £ ¢
c. Contour Spread d. Feature Spread
* * * *
/N - / \ /\
r c cr r c c r

—
-

[aslaéﬁi’[ﬁslack]

.In (12a), the entire tone structure spreads as a
melodic unit, whether it is a level tone or contour tone.
This is not expressible in theories such as Woo (1967) and
Hyman (1989), which treat contour tones as clusters of level
tones. Since the r node and the ¢ node spread together, the
tone spreading phenomenon exemplified in (12a) supports the
geometry of tone in which the r node and the ¢ node are
sister nodes dominated by the tonal root node t. In (12b),
the register node spreads without affecting the contour.
This phenomenon can not be explained in Yip's (1989) theory,
in which the register dominates the sequence of the feature
[slack] (i.e. the ¢ node). In Yip's theory, spreading the
register automatically takes along the contour. In (12c¢),
the contour node spreads without affecting the register,
which justifies representing the sequence of the feature
[slack] as a separate node, namely the c node. In other
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words, a structure in which the features [stiff] and [slack]
are sister nodes, as shown in (13), will fail to account for

the phenomenon of contour spreading.
(13) t

////
[+stiff] [-slack] [+slack]

The fourth pessibility of assimilatory spreading is
illustrated in (12d), in which a single feature spreads.
This kind of spreading involves a terminal node dominated by
the c node, and differs from contour spreading, which
involves the nonterminal c¢ node.

We now proceed to show that the theoretical predictions

are borne out empirically.

3.2 The Motivation of Underlying Contour

It is not obvious that centour must be present in the
underlying representation. Intuitively, a contour is created
if two tones of different pitch are placed next to each
other on the same tone bearing unit. The default assumption
is that such an abstract notion uf contour (as represented
by the ¢ node in (3)) does not exist at the underlying level
(cf. Woo (1969), Pulleyblank (1986), Duanmu (1990), among
others). Any postulation of underlying contour must be
empirically motivated. One motivation comes from the
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consideration of the tonal inventory of a tene language.
Given the two tone features [stiff] and [slack], we can
account for four tones at the underlying level. The system
fails if there exists a language which has more than four
distinctive tones in its tonal inventory. When we consider
such tone inventories, we must pay attention to factors such
as the relationship between voicing qualities of syllable-
initial obstruents and pitch height of tone, as well as the
structure of the syllable on which tones are realized.
Consideration of tone inventories of languages which do not
show a correlation between consonant voicing and tone pitch
leads to the conclusion that contours must be represented at
the underlying level. Weining Miao, a dialect of Miao spoken
in Weining, Guizhou Province, is a language with such a tone
inventory. Weining Miao has seven tones, as in (14) (F.-S.

Wang (1957)):4

33 ko "root"
11 ku "be"

31 la "friepd"
13 v'ae '"grab"

(14) a. 55 ku "I1"

d. 53 1ly "willow"
f. 35 v'ae "that"

QoD

As the data in (14) show, the tones can not be reduced

on the basis of syllable-initial consonants, since there is

4. The values given in (1l4) must be understood in a
relative sense. F.-S. Wang (1957:121) notes that when
pronounced, 35 is 24, 13 is 12, 33 is 44, 11 is 22, and 31
is 21. But Li and et al (1959) gives the same tonal values
as (14).

_68_



The Representation of Tone
no correlation between consonant voicing and tone pitch. The
voiceless consonant /k/ occurs with both the high even 55,
the mid even 33, and the low even 11 (cf. (l4a,b,c)); and
the voiced aspirated consonant /v'/ occurs with both the
high rising 35 and the low rising 13 (cf. (14f,q)). The same
is true of the two falling tones (cf. (14d,e)).

The distribution of tones in the inventory of Weining
Miao furnishes evidence that the falling and rising contours
which we see in the citation tones can not be reduced to
underlying level tones, unless we introduce more features to
supplement [stiff] and [slack]. Supplemental features are
not necessary if we allow the [slack] feature to occur in
sequence, as suggested by Yip (1980, 1989). Any system which
employs two binary features must allow contour to be

represented underlyingly.

3.3 Assimilation in Tone Sandhi
3.3.1 Tone Assimilation
3.3.1.1 Danyang

Danyang, a Wu dialect spoken in the province of
Jiangsu, has been discussed in M. Chen (1986b), Yip (1989)
and Chan (1989). These works are based on the original paper
of LU (1980), from which I draw my data. Danyang has six
surface tones in citation form, as in (15) (The original
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data are given in characters; the tranacription used here is

in Pinyin, except the glottal stopr in square brackets):

(15) a. 11 lan "rotten"
b. 33 wang "net'"; gao "high"
c. 24 fang "house"; dao "arrive"
d. 55 tu "earth"
e. 3 vi[2] "one"
£f. 4 ful[2] "coat"

Unlike most Wu dialects, Danyang does not have voiced
and voiceless contrast except in fricatives. The tones in
(15) do not show the effect of syllable-initial voicing, as
is the case with dialects which maintain the voiced and
voiceless contrast among obstruents. (15e,f) are short
tones, realized on syllables ending in the glottal stop.

There are six bisyllabic tone melodies in this dialect,
which are enumerated in (16):

(16) a. 11-11: shi zi "persimmon"

di yu "hell®
jiu jiu "uncle"

b. 42-11: ji dan "chicken egg"
ming ci "noun"

c. 42-24: nu er "daughtez"
jie mei '"sister"
zhi tou "finger"

d. 33-33: lao hu "tiger"
mo li "jasmine"

e. 24-55: peng yo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>