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Since the subject of linguistics is the relation between sound and
meaning, we must ask what the nature and form of the phonetic and
semantic levels are. For a generative linguistic system, this task
begins with hypotheses about the type of formal representation that
counts as a faithful rendering of the phonetic or the semantic aspects
of a word, sentence, discourse, and so forth.

Autosegmental phonology is an attempt to provide a more adequate
understanding of the phonetic side of the linguistic representation.
Viewed in this light, this is a proposal at the same logical level as the
proposal that a phonetic representation is a linear sequence of atomic
units—call them segments; it is at the same level as the suggestion
that these atomic units are cross-classified by distinctive features.
Autosegmental phonology constitutes a particular claim, then, about
the geometry of phonetic representations; it suggests that the pho-
netic representation is composed of a set of several simultaneous
sequences-of these segments, with certain elementary constraints on
how the various levels of sequences can be interrelated or ‘‘associ-
ated.”

To say that autosegmental phonology is a hypothesis about the
geometry of phonetic, and ultimately phonological, representations is
rather abstract at best. From a more down-to-earth vantage point,
autosegmental phonology is a theory of how the various components
of the articulatory apparatus, i.e., the tongue, the lips, the larynx, the
velum, are coordinated. At the most superficial, observable level the
linguistic signal is split up into a’large number of separate information
channels. Viewed from the production side, this consists of the
specific commands to the larynx, the velum, the tongue, and so on, or
perhaps the patterns which each channel then attempts to attain. At
an “‘abstract’’ level, this information comes about from splitting up a
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encouragement of Morris Halle throughout the development of this work; Paul
Kiparsky, Will Leben, and Mark Liberman have also made numerous suggestions, for
which I am grateful. This work was supported by a grant from the National Institute of
Health 5 TO 1 HD00111-10.
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more unified representation. Let us clarify this with an example.
Suppose we utter the word ‘‘pin’’. As the orthography suggests, the
linguistic representation of the word consists of three segments
linearly ordered, as in (1).

-

(1) | +conson +syllabic | | +conson
-nasal -nasal +nasal
+1abial -labial -labial
-coronal -coronal +qorona1

The production of this word, however, involves separate, though
coordinated, activity by the velum, the lips, and so forth, expressed
roughly in (2).

(2) A Score for the Orchestration of Pin

Lips: sawlel OSE WhenssOPBNsssssrvnnss s vumussss
Tongue: ...High and front.......... touch the palate
Velum: ..Raise............. lower......... e

The standard assumption regarding the nature of phonological
representations—that they look much like (1)—implies that the proc-
ess of language acquisition includes the development of the ability to
take a representation much like (2) and slice it vertically into
columns, assigning the appropriate feature specifications to each
column, ultimately deriving a representation like (1): P-I-N. In short,
the normal assumption about phonological representations implies
that in processing a signal, we learn to shift around slightly the
horizontal alignment of the commands in (2). We ‘‘justify’’ it and
patch it up so that it may be sliced up vertically into the phonologi-
cally, and hence psychologically, real segments. Let us call this
assumption the ‘‘Absolute Slicing Hypothesis.”’

In the example we considered, saying pin as in (2), the process
described above is essentially correct. The Absolute Slicing Hypothe-
sis is then adequate to the level of detail we have considered in (2).
Suppose, however, that we add to the orchestral score in (2) the
activity of the larynx that gives rise to pitch. If we utter this word pin
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in isolation, and if we disregard the actual sluggishness of the vocal
folds for the nonce, the syllable will be uttered at a rapidly falling
pitch. For reasons that will be developed in Section 1.2 and Ref. 6 I
will represent the Falling pitch as the sequence of a High pitch and a
Low pitch. A more faithful orchestral score for pin would be (3).

(3) A Revised Orchestral Score for Pin

Lips: «..CT0SE UP. .. OPBN. et ir it iiienennennns
Tongue: ...High and front............. touch the palate
Velum: i RO TS s smmumana s us Tower...coeveiiennn..
Larynx: ...High pitch..... Low pitch................

The assumption of the Absolute Slicing Hypothesis fails now, and
this failure is in no sense a trivial one. The laryngeal pitch specifica-
tions are, we shall argue below, (and in detail in [6]), not the result of
specification of any of the segments in (1), the phonological represen-
tation. The falling pitch of this utterance is not part of the phonologi-
cal segments in the same sense that the other commands are, as in (3)
(those for the lips, the tongue, or the velum).

The speaker of English thus factors out the pitch, and does not
attempt to include the pitch features in the huge musical score which
is sliced up into the more abstract segments as in (1). In this sense,
then, the Absolute Slicing Hypothesis fails; the slicing is not absolute
or complete, but rather may exclude some parts of the linguistic
signal.

This failure of the Absolute Slicing Hypothesis is nontrivial in two
separate, important senses. First, it is only an accident about English
that the laryngeal pitch features are excluded from the great slicing.
Other languages may well include pitch as a part of the signal which is
sliced up into successive segments. Conversely, a language may
exclude some features from the great slicing that English happens to
include. Guarani, as we shall see in Section 5, happens to exclude the
nasalization feature, while English includes it. Whether a particular
channel of articulation is included cannot be specified universally
once and for all.

The second sense in which the Absolute Slicing Hypothesis fails
nontrivially will be the key to the successful formulation of its
Successor. The articulatory levels that are excluded—in the present
e}(ample, pitch—are themselves susceptible to a slicing or segmenta-
tion. Thus, while the laryngeal pitch commands in (3) do not
correspond to the standard phonological representation in (1), they do
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in fact correspond to a more abstract segmented level, as follows:

(4) ﬁ L  where H=High and L=Low

In the present example, of course, the empirical significance of the
representation in (4), including the meaning of the star*, remains open
for the present. The important point is however: while a language
may exclude an articulatory level from the great slicing that leads to
the principal segmentation (corresponding to P-I-N in (1)), the
excluded articulatory levels themselves form segmented domains,
domains in which the segments are linearly ordered, and where the
segments are cross-classified by feature-specifications. In general, the
formal properties of the ‘‘phonological’’ representation, as in (1), will
be mirrored on each level. Just as (1) corresponded to (2), then, the
revised and now autosegmental representation given as (5) corre-
sponds to (3), the more adequate orchestral score. And (5), we see, is
a synthesis of (1) and (4). The precise significance of the ‘‘association
lines’’ linking the tonological and the phonological levels will become
clearer shortly.

(5) [ +conson | [+syllabic] [ +conson 7
honological: -nasal -nasal +nasal
PROnotogicatl: | t1apial || -labial || -Tabial
-coronal -coronal +coronal
*_ A

o +high] [-high]
tonological: [-1ow +low

To develop this idea, however, let us turn our attention from these
rather general comments on the nature of phonological segmentation
to some more pressing problems in generative phonology. A proposed
theoretical revision must in general be shown to resolve a dilemma in
the standard theory; we shall therefore proceed to several general
types of phenomena that are all difficult or impossible to account for
in the standard framework, which incorporates only one string of
segments in a phonological representation. We shall show how each
phenomenon of this type individually leads to the same solution, an
autosegmental solution. In the course of doing so, we shall see that
these phenomena in general, though not invariably, cluster together,
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as predicted by the autosegmental solution. We shall consider the
following:

A. The existence of contour-valued features, such as rising or
falling tones on vowels, or prenasalized stops, such as *d, ™b, etc.
Here the argument must be made that in some languages, short
vowels! bear these dynamic or contour tones, and that furthermore
such a contour tone is linguistically the concatenation of two level
tones, rather than being an atomic unit itself. The existence of short
vowels with contour-tones has been argued for recently by a number
of linguists, most forcefully by Leben [10]. No satisfactory alternative
theoretical account has been given, however.

B. The phenomenon of ‘‘stability.”” This is the tendency of a
feature value to persist despite the erasure of the major segment
(generally, vowel) which appeared to have borne that feature.
Roughly we find in tone languages that when a tone-bearing vowel is
deleted by a phonological rule, the accompanying tone does not also
delete, but rather shows up elsewhere on a neighboring syllable.

C. Melody levels in the grammar. These are linguistically signifi-
cant levels in the grammar which refer to just one or two features in
the utterance. We have already seen a foreshadowing of this phenom-
enon in the discussion of the difference between the pitch features in
English and the other features. If we view the musical scoring for the
utterance pin as in (3), and many more like it, we will notice a
difference in the different lines (or ‘‘voices”, in the musical sense).
Some, like the line of instructions to the velum legislating nasality,
will appear rather uninteresting when viewed alone. No generaliza-
tions can be made by looking at nasalization alone in English. In other
areas—such as the level of instructions for pitch—there are linguistic
generalizations to be gained by restricting our attention to just those
features. There are, thus, strictly pitch-feature regularities, which is
not to deny that further insight is to be gained by observing how the
pitch-level is coordinated with the other levels, of course. However,
the point is that certain subsequences of features do form linguisti-
cally significant melody levels, while others do not.

D. The heuristic notion of ““floating tone,”” which can be rigor-
ously defended in autosegmental terms. The floating tone has served

.‘ The requirement of “*short’” here is meant to avoid the possibility that a long vowel
might actually be two successive short vowels, each with a level tone. This, of course,
fioes happen frequently; it is, however, irrelevant in the present context. The situation
1s much the same for prenasalized stops: in some languages, these stops are clearly one
Segment, even though they have two successive feature-specifications for nasality.

B
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well in practical terms for linguists dealing with tone languages; it has,
however, had a tainted reputation because of its apparent anomalous
nature within the current theoretical framework.

E. Finally, we will consider some processes of automatic spread-
ing of features, both to the left and right, over segments unspecified
for those features. The accepted notation for phonological rules
implicitly predicts that spreading should be simpler if it occurs only to
the left or only to the right; we find, however, many cases of
bidirectional spreading. When viewed from an autosegmental per-
spective, the reasons become clear.

This is, perhaps, an appropriate moment at which to point out some
differences and similarities between autosegmental phonology and
other treatments of what have been called suprasegmentals. Much of
what is covered in this present analysis would be called suprasegmen-
tal by the criteria implicit in the literature. What is suggested by the
term ‘‘suprasegmental’’? Two things, I would submit, which are
entirely different but which have been continually confused in the
recent linguistic tradition.”

Calling tone ‘‘suprasegmental’’ immediately distinguishes it from
the ‘‘segmental,” correctly viewing pitch as different from and not
part of the phonological segmentation as in (1), the segmentation into
phonemes. But this first observation has led to the false assumption
that ‘‘suprasegmentals’’ could not be segmental in their own right—
the second, more fundamental, sense of ‘““segmental’’, which is
overlooked by the term ‘‘suprasegmental.”” If the ‘“‘suprasegmental’’
of pitch, does by itself form a sequence of tonal segments, then
“‘suprasegmental’’ is a misleading label. A more accurate picture we
suggest is parallel sequences of segments, none of which ‘‘depend’’ or
“ride on’’ the others. Each is independent in its own right; hence the
name, autosegmental level.

1. CONTOUR TONES

Let us proceed to particular problems within the theory of phonol-
ogy. Our first task is to make quite clear why having two tonal
specifications on a single vowel is incontrovertibly in contradiction

* For example, ‘‘Suprasegmental tones are by definition independent of any seg-
ments—rather than being expressed as features on segments, they are features on
larger linguistic units.”” [ 10:26]
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with the standard theory. I shall first sketch the argument heuristi-
cally, and then redo it in more technical language.

Suppose we analyze the tonal workings of a language and decide
that where contour tones occur, they are really the concatenation of
level tones.® That is, Rising tones are actually composed of the
sequence Low tone and High tone; Falling tones are composed of
High tone and Low tone. Suppose further that such contour tones
occur on short vowels. We shall consider several actual examples
shortly. A long vowel may be analyzed as a sequence of two short
vowels, but a short vowel has no such analysis. How can we
represent the contour tone of the short vowel?

Our conclusion will be simply that we cannot represent it if we stay
within the assumptions of the standard theory. Let us assume, for
purpose of exposition, that tone can be represented in terms of binary
features? (although the assumption of the binary nature is not relevant
at this point). Suppose, then, we try to represent a with a Falling
tone, that is, 4 as in (6). This Falling tone, as we have said, is the
combination of a High tone and a Low tone.

3 One could, in this regard, accept the suggestion of Woo [17] that all contour tones
are necessarily such concatenations. The logic of the situation would not be much
changed; we would simply not need to investigate the particular language in question to
come to the conclusion mentioned in the text. .

4 We shall, for the sake of definiteness, assume a theory of tonal features that is

defended at more length in [7]. We adopt two binary pitch features: = Highpitch and +
Lowpitch.

[+ Highpitch] _ s

| - Lowpitch | High tone (H)
(- Highpitch] _

|+ Lowpitch 4 Low tone (L)
[~ Highpitch] _

|~ Lowpitch | = Mid tone (M)

the fourth possible combination

[+ Highpitch]
+ Lowpitch

will tentatively be excluded b i inci istincti
1l te; y a universal principle. The distinction b
pitch is drawn in Chapter 2 of [7]. ? ction between tone and
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(6) + syllabic T
+ constricted
pharynx
- high
- round

- Lowpitch
b - Highpitch
{ L+~Lowp1tch

a { + Hiéhpitch

Now this clearly will not do. This curious segment (6) is both
+ Highpitch and —Highpitch; is both +Lowpitch and —Lowpitch.
The features in the part labeled (a) seem to indicate a High tone;
those in (b) seem to indicate a Low tone. But putting one on top of
another does not order them, as we require. In particular, we must
distinguish a Falling tone from a Rising tone; but to do so, a new and
theoretically momentous set of conventions must be introduced in
order to make vertical ordering of features within a segment play the
role of left-to-right (temporal) ordering of segments elsewhere.

Or one could attempt an equally radical revision of the notion of
segment with the introduction of a notation as in (7).

(7) |

-+

syllabic

constricted
pharynx

figh

round

+

+ Highpitch | [ - Highpitch
| La- Lowpitchy | | gt Lowpitchg |

One has here, however, what is to all appearance a category error.
The nontonal features have one relationship to the entire segment;
they are, let us say, ‘‘features-of it.”” The tonal features are features
of a subsegment (there are two subsegments here, A and B); and the
subsegments bear some entirely other relationship to the entire
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segment: they ‘‘subcompose’” it, let us say. Consequently, tonal
features are ‘“features-of a segment which subcomposes”’ the’ entire
segment; in particular, the tonal features are no longer features-of the
segment. Here, too, is a radical suggestion intended to make possible
the representation of a contour tone.

Non these two attempts, the second of which is rather a common-
place in the literature, are not misguided; quite the contrary even
though both are wrong. They recognize that the existence of C(’)ntour
tones is a problem for the standard representation. Qur task is to
outline a third proposal, one which is conceptually simpler and which
has a pumbqr of direct empirical consequences: autosegmental repre-
sentation. First, let us review in more technical terms the argument
that demonstrates the dilemma of the standard theory.

‘Segments are atomic elements ordered linearly left to right; this
simple and elegant hypothesis is at the foundation of staI;dard
phonology.. A feature-specification of a segment is, then, a property
f)r an attribute of the segment. The property of beir;g voiceless
‘:belongs” to the first segment in pin, just as the property of bein

front”” belongs to the second segment. More technically, we WOUl(gl
say that pin has a representation at the phonological level a7s in (8).

(8) S;5 S37 S33

The .subscripts indicate nothing but that these are primitive ele-
ments in the phonological vocabulary. We would further specify that
there are various f‘feature-projection” maps—characteristic func-
‘;lons‘,f in .mathematlcians’ language—that tell us what the feature
fllfrelziilcatlon§ for each segrpent are. For example, there is an F,
" ((én)w_hlch Tmf:lps Szs in the present example to — (minus).
o%,o;z; i;s Mot ;;oil;f]ess?js that the first segment in the representation
tioI:EZ‘f/:fli Vrvr;illde precise our notions of segment and feature-specifica-
Theoryy, 1t Sg elssentlally Choms.ky’s Logical Structure of Linguistic
speciﬁea o, feard that there is no way that a segment can be
rle Seonent anb — for some pa'rtlcular feature. In particular, no
Bl catn e both [.+ nghpl'Fch] .and [—Highpitch]; therefore
T Cangbeen can be High-Low in pltc_h, and therefore no single
“Falling"s o x lgf){ltot,l,r-toned unless there is a single feature which is

1sing’’, contrary to hypothesis. If a single segment

were both + Hi i i i
o Highpitch and — Highpitch, then Fhignpiten Would not be a

ncti i i
x vf/):’ nga;:n contrary to assumption, since it would be two-valued.
1shed to resolve this formal conflict by saying that there
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were two separate characteristic functions associated with each
phonological feature, one mapping to the specification + (plus) and
the other to the specification — (minus), we would avoid the immedi-
ate contradiction, but lose the formal representation of the fact that
the two values are values of the same feature; such an approach
would clearly lead in the wrong direction.

The correct position to take is that the formalism demands that no
segment may be doubly specified for a feature. If tones are features of
the vowel segment, then there may be no Low-High sequence on a
single vowel. Some other basic axiom must be abandoned.

The approach we will take toward a resolution of this problem is to
deny that tonal features are features of the vowel in the case of the
problematic contour tone. Rather, the tonal features are properties of
another level; feature specifications on the other level constitute
segments, but their relation to the vowels with which they are
associated is merely one of simultaneity in time. We represent this
dynamic element by association lines. The Falling-toned d, then, is

represented as in (9).

(9) +syllabic
+constricted ,/Q\
pharynx or H L
-high

+highpitch | | -highpitch

-Towpitch +Towpitch
A more complex example, like the word akdla would be represented
as in (10).

(10) akala

A\

L H LH

Before proceeding with the development of this notation, let us turn
to an example from a tone language.

1.1 IcBo

Our first example is from Uhuhu Igbo, as described in [8]. (These
facts are discussed in much greater detail in Chapter 2 of [7].) For the

SImplicity of
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present we will content ourselves with finding a contour tone o

single segment, and showing that it is indeed the concatenation of tn o
tones ; we shall then see why the notation in (9) or (10) does more thv;O
describe these facts, but predicts and explains the intuitively cle .
sense of left-to-right order of tones that is revealed inside of e fon
tones by the tonological rules. o comout

There is a simple tone rule that occurs in the ‘I Main’’ form

Throughout the Igbo language, the particular tone of the verb st .
suffixes, and prefixes is determined by the ““form’’ of the clause e\;’n’
may reserve our attention here to I Main form, in which the \'/erb?
s'tem is Low-toned, in unexceptional cases. Consider, for exampl

simple sentence in the I Main form where the subject i,s a pronouﬁ'g’ :

(11)

I Main form

(a) 0 «ci akhwd 'He must ca
. rry some eggs.' or
he carry eggs He was carrying someggggs.'

(b) o za alo '"He must
sweep t :
he sweep house P the house.

(c) M ci ant

"I was carryin '
I carry meat ying meat.

b \Z)E;l Z.eeathdatt;ln the I, Main fprrn, .the pronominal subjects are High
Fibiocs ,n : ;1 he verb stem is uniformly Low in tone. When the
o oun phrase (NP) ends in a Low tone, the tone pattern of the

ence is just what we would expect on the basis of the sentences in

(11). The verb stem i . : s
fones. stem 1s Low; the subject bears its inherent (isolation)

(12)

E2& ¢ akhwd 'The chi
i 'The chief was carryi '
Chief carry eggs  Ezé 'chief' (HL) ying eggs.

Uw‘a C\'i p z
akhwé 'Uwa was i '
Uwa carry eggs ( a5 calrying eggs.

Uwa (a name) (LL)

>In th
: € present example I shall consider forms with no suffixes on the verb for

presentation. More extensive data are discussed in [7]
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However, when the subject NP would normally (i.e., in isolation)
end in a High tone, here it undergoes a slight tonal change. As we see
in (14), the final H becomes a Falling tone.

(13) Ekwé ci akhwa 'Ekwe was carrying eggs.'
Ekwé (a name) (HH)

Adha ci akhwa ‘'Adha was carrying eggs.'
Adha (a name) (LH)

What is happening is clear if we observe the tonal melody. In (13),
the drop from the High on the last syllable of the subject NP to the
Low of the verb stem is shifted leftward, or ‘‘anticipated’” on the last
syllable of the subject. Using the autosegmental notation, this change
is represented as in (14), where the dotted line indicates that the
association line was added. The process (15) separates the before and
after stages; it says the same thing as (14) in more familiar but less

perspicuous notation.

(14) /////5\\\\\
NP VP
/ N\
v TP
Ekwe. ci akhwa
\\\
N
\\
H H |
structural
change
(15) Ekwe ci akhwa Ekwe, ci akhwa
LT =T IN
H HLL H H H LL

The point to observe is that the final syllable in Ekwe is associated
with two tones—H and L—in the derived structures; this is what is
identified as a contour tone.
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Before proceeding to the behavior of the irregular verbs in the I
Main form, let us see what this autosegmental notation has provided
us with. By setting the tonal segments or tonemes off on a separate
autosegmental level, we were forced to introduce ‘‘association lines”’
to coordinate the two levels in time. We hoped, thereby, to represent
contour tones, which is prima facie a phenomenon purely internal to
the vowel in question. The notation captures precisely, however, the
fact that the tone associated with a vowel on the right—here, the ’verb
stem—may associate with a vowel neighboring on the left, causing a
change in 'the righthand side of the latter vowel. Thus we find
processes like (16a), but not as in (16b), just as the notation predicts.

3

(16) a. VV > { V

The difference between two such rules is intuitively plausible, and in
fact borne out in empirical work in tone languages through’out the
yvorld. Process (16a) is in some sense a proper ‘‘assimilation’’; (16b)
is not. .The representation in (14) makes clear what that SCI,ISC is;
alternapve proposals, such as (6) or (7), do not. ,

Havmg called the tonal phenomenon in (13) an assimilation, and
having characterized it as a “‘flop”’ rule as in (14), we have comrr;itted
ourselves to a view with certain predictions. If the verb stem should
be on a Mid tone, for whatever reason, then the falling tone of the
subject’s final syllable must fall to Mid, rather than to Low. This is in
fact true, and is borne out in three separate cases, discussed in[7].

For example, a Low-toned suffix immediately following the stem
causes the stem to raise to Mid, as in (17a). The pitch of the utterance
1s as drawn; the autosegmental representation is as in (17b).

(17) a. Ha diri néry b, fAa i
~— NI

'They were at farm.

;Zszlre thﬁ accent over a means “H'igh vowel falling to a Mid which is
e wit t'he following vowe.l, W.hlch must be Mid.”” The reason for
» Comphcat.ed state?ment lies in the nature of Downstepping to-

emﬁ?s (the Mid here is one); these are discussed in Section 3 below
and in [7].
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1.2 ENGLISH

The next example is drawn from English, where the neutral
intonation pattern is HL, with a star * over the H, indicating that the
High tone is associated with the accented syllable.

Consider a polysyllabic word like archipelago. It has a tone pattern
as in (18).

(18) archipé]ago archipg1ago
AN
H L

This is derived by linking the starred elements in either level. The
Well-formedness Condition of autosegmental theory then comes into
play and does the rest. Thus we start with a representation as in (19),
with no linkage between the levels; then rule (20) comes into play,
creating (21a). The Well-formedness Condition derives (21b) from
(21a).

(19) archipelago (20) ¥

. ;
HL

*

T

In (20), as elsewhere, T stands for any arbitrary toneme, and V for
any arbitrary vowel; a dotted association line indicates that the rule
adds that line.

(21) a. archip§1ago b. arch1p elago

ag
* <7
H L L
(22)

Well-formedness Condition (initial statement)

(a) A11 vowels are associated with at least one tone
A1l tones are associated with at Teast one vowel

(b) Association Tines do not cross.
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Note that the Well-formedness Condition is in the indicative, not the
imperative. A derivation containing a representation that violates it is
not thereby marked as ill-formed; rather, the condition is interpreted
so as to change the representation minimally by addition or deletion
of association lines so as to meet the condition maximally. In the case
at hand, (21a) is changed to (21b) minimally by addition of four
association lines.

Holding aside one or two small points (cf. the discussion in [7]), the
description just given accounts accurately for the assignment of
neutral intonation to English words. So far no contour tones have
been encountered, but that is because the accented syllable was not
final in the example considered. If we consider a word like balloon,
we get a structure as in (23), corrected to (24) by the Well-formedness
Condition.

(23) balloon (24) balloon
/ \/
HoL i oL

What the theory predicts about English is somewhat reminiscent of
tone languages: nonfinal accent is realized as a High tone (as in (22));
final accent is realized as a Falling tone.

This conclusion is also true independent of the length of the final
vowel; our search for contour tones on short vowels has led us to
English with a clear example. Examples are provided in (25) (the
reader will recall that were the final vowels in (25) long, they would
undergo diphthongization and Vowel Shift).

(25) Japan hat  pi

N
HL H

1.3 Excursus oN FORMALISM

With the initial statement of the Well-formedness Condition (22) for
tones given, the central aspects of the autosegmental theory are clear.
In this excursus, I would like to formally restate some of these
Provisions. A formalization of these ideas is simple, almost too simple
in that it requires a certain amount of familiarity with the concepts

L




38 JouN GOLDSMITH

involved before the axiomatization makes as much sense as the
simple diagram notation.

Each autosegmental tier is a totally ordered sequence of elements,
aj: this is the jth element on the ith level. Call the set of segments on
the ith level Li. For now we shall restrict our attention to the case

with two levels. Thus we have:

alazazajas
aiazaza;
In addition to these two sequence of segments, there is a totally

ordered sequence of pairs—essentially the association lines—from the
geometric point of view.

(af, @) (@, @) (a5, ). ..

Call the sequence of these pairs A.
It is clear that A organizes the other levels. Define projection

from 24 (the set of subsets of A) to 2L (the set of subsets of L?) in the
natural way:

71-1({(('11'1’ a}%)a (al19 ar2n)y (arln ag)’ . }) = {ajla alla a711a § }

That is, the first projection ; picks out the set of first elements of the
pairs. Likewise, the second projection m, picks out the second
element of each pair, and so forth. Define the inverse of these
projections: ,~! may be defined as follows (or any other way that
makes clear that o, 7! is the inverse of 7 in the natural sense):

a, ! () is the largest subset « of A such that m(a) = a.
Then the Well-formedness Condition is:
(WFC) 7, and ;! preserve connectedness.
Recall that we have a notion of connected already defined on each
level Li and A since we assumed they were linearly ordered. This

ordering naturally induces a connectedness in which the set circled in
(26) is connected, but the one in (27) is not, and so forth.

(26) ab@dOf (27) a@c@Df
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I will briefly run through why the statement WFC above has the
effect of the Well-formedness Condition in (22).
Suppose we have a situation as in (28):

(28) ABC
\ X
ab

This violates (22b); we shall see that its corresponding formal
representation does not have a proper projection operator preserving
connectedness.

L* for (28) is, evidently, A B C. There are, rather trivially, seven
connected subsets: 9, A, B, C, AB, BC, and ABC.

Similarly, L? is @ b, with four connected subsets: 9, a, b, and ab.
We will see that there is no formulation of the set A with the correct
f[3roperties; there are only two candidates: (29) and (30). Consider (29)
irst:

(29) (A, a) (B,b) (C,a)

Since, {a} is a connected set, m '({a}) should be connected.
m'{a}) = {, a), (C, a)}, which is not connected in (29). Thus, a
contradiction.

If we try (30), we get a similar result:

(30) (A, @) (C,a) (B,b)

Now wz“l(q) ={(A, a), (C, a)} is connected.
However, in (30) {(A, a), (C, a)} is connected, so m({(A, a), (C,

a)}) = {A, C} should be connected, i.e., A and C should be

neighboring. But they are not; thus, a contradiction.
Therefore, any situation like (28) where lines cross must be ill-
formed; and so (22b) is derived.® Similarly in (31), which violates the

6 > . P
Strictly speaking this is not true: the one case we cannot rule out is essentially:

A B

X

a b

Eée;e aig, howe\{er, gooc_i reasons not to want to rule this out, for if we could rule it out

cve ou have given an inherent sense to ea}ch level, not just total ordering. In fact, in

andl”:’hposmble linguistic case, there will be linked boundary segments on the extremes,
ere WFC works correctly.
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first part (22a) of the Well-formedness Condition, we find WEFC
violated also.

(31) ABc L

ab L2

If m,”! and m, preserve connectedness, then m0m ™' must preserve
connectedness too. But mom " (ab) = AC, which is not connected
(although ab is); thus a contradiction. The same argument holds if a =
b. Thus WFC implies (22a).”

2. STABILITY

The second type of phenomenon we shall consider in motivating
autosegmental representation is what I have named ‘‘stability.”’® In
tone languages we find that when a vowel desyllabifies or is deleted
by some phonological rule, the tone it bore does not disappear;
rather, it shifts its location and shows up on some other vowel. The
toneme or tone melody has a stability which is maintained independ-
ently of the other aspects of the signal, and thus is preserved despite
modifications to the syllabic structure.

Reference to this type of phenomenon in the literature has generally
been associated with the notion of ‘‘conspiracy’’ or derivational
constraint: in this case, a derivational constraint or conspiracy to
move around the tonal specifications from vowel to vowel in order to
find on the surface the underlying tone melody. This is not to say that
there arc no tonal rules that delete or modify the tone melody:
certainly there are such rules. But the normal case is where the tone
melody survives the effects of phonological rules.

7 Again a proviso must be made. Example (i) is not in violation of WFC; in general,
we find, when we inspect the definitions provided here, that if segments on the end of
some L' are not associated, WFC is not violated. In fact, this odd formal characteristic
appears to be reflected correctly in the behavior of certain floating tones. That is, to the
extent that WFC differs from (22) above—WFC making curious predictions—WFC is
more correct.

8 This phenomenon of stability is the subject of [5] from which this section draws
heavily; further examples not mentioned here are treated there.
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If the tone of a vowel is specified by its features, then the pitch of a
vowel is just like any other of its characteristics, such as its tenseness
or roundedness. If a phonological rule should delete that vowel, then
its tonal specifications are deleted along with all other properties. For
example, suppose we have a phonological rule deleting a vowel as in
(32).

(32) V—p / —NV V-Deletion

(A common Bantu rule; see e.g. [16:78, rule (32)].) However, we need
to save the tonal information of the deleted vowel, because it shows
up on the surface. Looking at tone as a feature of the vowel, we could
do this in one of two ways, both similar in intent.

Solution 1. We could posit a special ‘““Tone Copy’’ rule which
copies the tone of the to-be-deleted vowel onto its neighbor. We
could do this, I should add, if we permit two tonal feature-specifica-
tions inside a single vowel segment, the position I have argued against
in section 1. But in order to consider the logic of stability independ-
ently of that of *‘contour specifications,”” let us permit the latter for
the moment to be expressed as in (33) below.

(33) Tone copy

v i v v
ahigh || yhigh| — | ahigh [ahigh] [yhigh
B1ow élow B8low Blow élTow
A gzical derivation applying Tone Copy and V-Deletion would be as
in (34).
(34) ...a1 ...
... a1 ... Tone copy
. i ... V-Deletion

S{)lution 2. Second, we could posit a general ‘‘derivational con-
St.ramt” to apply to all tonal rules—this is, the approach Spa takes in
his grammar of Enya, a Bantu language. He suggests, ‘“‘when a
Segmf:nt carrying a High tone is deleted or becomes incapable of
carrying a tone, the High tone is transferred to the nearest syllabic

L
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segment . . . [This constraint] applies each time any rule meets its
structural description’’ [16:139 passim]. In fact, the correct statement
of his derivational constraint should apply to preserve equally both
High and Low tones. This modification both simplifies his phonologi-
cal system and generalizes the derivational constraint.

Solution 2 is explicitly global, and therefore suspect within received
generative theory: a theory countenancing global rules approaches
vacuity. This solution introduces a general global condition on vowel-
affecting rules, and while this seems like an improvement, in that it is
a generalization, it is nonetheless worse theoretically because we now
permit not only global rules, but a whole new kind of object which is
global and applies anywhere in the course of a derivation, outside the
set of ordered rules. Only solution 1 holds promise, and yet what we
find in actual work is that for every case of vowel-deletion or
desyllabification, we must set up another case of tone-copying, and
thus we have missed a generalization. But the generalization is
precisely solution 2, the general derivation constraint. A paradoxical
situation: to effect a satisfactory linguistic solution, we need to state a
generalization; but inclusion of this generalization within the standard
theory amounts to a serious weakening of the theory of phonology.
We have reached a crisis point.

We might note that even if we did include the derivational con-
straint, in the belief that constraining a theory must always take a
back seat to stating a generalization, three important questions
would be left unanswered: first, why are tonal features copied, but
not the other features? What makes them special? Second, what is
meant by a representation with two feature specifications inside a
single vowel (the issue pursued in Section 1)? Is there a connection
between the fact that there can be contour tones and the phenomenon
of stability—apparently so different? Third, and most telling, the
““conspiracy’’ to preserve tonal melodies extends past a derivational
constraint that whisks the tone off of a sinking vowel. In fact, in a
tone language where the Derivational Constraint seems to generally
hold, what we find is that vowel assimilation rules such as (35) copy
all vowel features up to, but not including, tone features.

(35) V — [aHigh ] / — [aHigh
BBack B Back
yRound v Round

dATR 8 ATR
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A rule like (35) certainly exists in Igbo and Yoruba, and in Enya
according to Spa [16:47, 57]. So if two vowels come together, each
with its own tone, then either one vowel is deleted and its tone is
retained, as in (32), or one assimilates in quality in every regard save
tone. The only empirical difference lies in the length and syllable
quality of the remaining vowel(s). From the point of view of tone and
its conspiracies the same fate has come to pass. Yet the derivational
constraint speaks only to the case with deletion, not the case of
nearly complete assimilation: thus missing the generalization.

This is the logic of the situation. Let us look at some actual cases in
more detail.

Consider two articles by Julie Lovins [11] on Lomongo, whose
tonological rules, she suggests, ‘‘conspire, individually or in concert,
to derive surface tone patterns on words and phrases without chang-
ing the underlying melody.”’ Central to the analysis is what Lovins
calls “‘tone composition,”” in which ‘‘the tones stay where they are
when segmentals are deleted.”” She continues with an example, *‘if
two vowels are juxtaposed, within a word or across word boundary, it
is usual for the first vowel to be elided. Its tone remains and combines
with that of the following vowel.”” For example,

(36) baléngd bakaé — baléngdkdé 'his book'
s

bana bamd banamo 'other children'

bomd botamba —> bomdtamba  'another tree'

batswa 13 émi — batswemi 'you who lead
me away'

With a number of similar examples, Lovins concludes, ‘“The only
derived forms that occur are the ones that preserve the underlying
melody . . . and the only way to get these derived forms is to posit a
species of rule application that many linguists find objectionable.”
She is certainly correct, given the standard framework; and she is
e’Xceptional among writers on this subject in recognizing the implica-
tions for phonological theory of the type of rule she posits.

The existence of the tone melody’s *‘stability’’ is our concern: how
can it be that a tone refuses to be deleted when its vowel is deleted?
In autosegmental formalism, this is precisely what is predicted. In any
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theory of generative phonology, a deletion rule deletes a segment.
Now, if a rule—(32) for example, V-Deletion—should delete a vowel,
it does not delete any of the tone segments that the vowel is
associated with, since those tone segments are separate segments.
The worst that can happen is that the tone segments will be left
““orphaned”’ or free, without a vowel associated with it. That will be
the interesting case to look at in detail.

The point we have just seen should be emphasized: the stability
phenomenon, formerly paradoxical, is a natural consequence of the
autosegmental system—not by proposing a constraint on rules, but
rather by proposing in effect a new geometrical shape (in a somewhat
abstract sense) for formal representations.

Let us consider in more detail the reduplication treated in Lovins
papers. Verbs are lexically marked for tone, H or L; the stem is
reduplicated and an /a/ infix is added between the two copies of the
stem. A L or H desinence then follows.

(37) L-toned stem sik 'stop'

H-toned desinence L-toned desinence
*
sik + a + sik + V
% underlyingly %
L H L L

*
s?k +a + sik +V

%

*
sik + a + stk + V

\\\\J///// by the Well- | \\\\\{////

formedness Cond. L
a + sik +V sa + sik + V
| Phonological { v
E\\\WL//// rules y }//
sasikV sasikV

The last stage is reached by pure phonological rules: & — 9§ and
ia — a.
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(38) H-toned stem lomb 'be shy'
H-toned desinence L-toned desinence

*
lomb + a + Tomb + V 13mb +a+ Tomb +V

I |

i H b L

* *

Tomb + a\i\iifb +V Tomb + a + Tomb + V
| \ | \

H H H
12 + Tomb + V 13 + Tomb + V

a om a + lomb +
g\\\\l§(/// %\\\\;lf///
1416mbV 1a1ombV

In short, from the notation we get the ‘‘conspiratorial’’ results
automatically by keeping the syllabic and the tonal levels formally
separate. It may be noted that we get the desinence-tone spreading
automatically,’ as well as a formal understanding of the notion
‘““contour tone.’”’ Furthermore, the process of total vowel assimila-
tion—construed as, e.g., (39)—has the desired property of copying all
features up to, but not including tone features since tone features are
not features of vowels.

(39) X . +syllabic . +syllabic . Y
SDz 1 2 3 4 —
SC: 1 3 3 4

‘The resolution of the paradox in tonal stability was derived from
Viewing tones as segments on an equal rank with ‘‘phonological’’
Segments. This parallelism can be pursued; in fact, we find in general
perfect formal symmetry between the two levels. The ‘‘dual,” then,
of vowel deletion would be tone-deletion, followed by reassociation
to another tone by the vowel that had been associated with the

* A discussion of this general type of phenomenon is the content of Section 5 below.
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deleted tone. This in fact occurs; see the discussion of the II Main
form in Igbo in [7], and Sanskrit [13].

3. MELODY LEVELS

The third type of argument for autosegmental theory is motivated
by the existence of ‘‘melody levels.”” As explained above, these are
linguistically significant levels in the grammar which refer to just one
or two features in the utterance. Faute de mieux, this has been taken
sometimes to indicate tone features as ‘‘features of an entire mor-
pheme,”’ in some unexplained sense.

Let us begin with an example from Mende, a Mande tone language.
The analysis is due to Leben [10].

On short vowels in Mende, we can find Low, High, Rising, Falling,
or Rising-Falling tones. Morphemes are one to three syllables long,
and if the distribution of tones over these syllables were random, we
would expect to find five tonal classes of 1-syllable words, 5% or 25
classes of 2-syllable words, and 5% or 125 classes of 3-syllable words:
155 types in all. In fact, there are 5 classes for each, not 5", and they
are of a very particular sort. Leben explains this by proposing that
there are only 5 available underlying melodies in Mende, and that the
melody is mapped from left to right onto the word. The five
possibilities are:

(40) H  pélé, ké
L belé, kpa
HL  kénya, mbl
LH  niké, navo, mbé
LHL nikili, nyaha, mbd
Such an analysis, we might note, supports the contention that contour

tones are the concatenation of level tones, and that short vowels (and
these in (40) are) may bear several ordered level tones.

3.1 Tiv VERBAL SYSTEM

The next example is somewhat more complex and more interesting.
The Tiv verbal system has been the subject of a sequence of more and
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more refined analyses, including Arnott’s exposition [1], McCawley’s
reanalysis [14] and Leben’s proposal [10]. The present reanalysis
departs from Leben’s in one particular way; I shall indicate that the
inclusion of Leben’s principle (which I shall call the Obligatory
Contour Principle) leads to unnecessary complications, and that it
should be abandoned. This leads to certain particulars that are
different than their counterparts in Leben’s analysis; it should be kept
in mind that although I am using autosegmental notation here, the
principal empirical differences between Leben’s analysis and mine
result from the inclusion or rejection of the ‘‘Obligatory Contour
Principle,”” which may be stated as:

Obligatory Contour Principle (Leben): At the melodic level of
the grammar, any two adjacent tonemes must be distinct. Thus
HHL is not a possible melodic pattern; it automatically simpli-
fies to HL..

As I say, I shall argue against the inclusion of such a principle within
phonological theory at the phonological or tonological level.’ In
describing the Tiv verbal system, Arnott begins by explaining that the
tonal pattern for each tense need only be illustrated by a small
number of examples: six, to be exact. There are twelve ‘‘tenses’’:
General Past, Future, Imperative, Habitual 1, 2, 3 and 4, Recent Past
A and B, Subjunctive, Continuous, and Past Habitual. The verb stem
can in general be one, two, or three syllables long; and—it is
important to note—for each length there are at most two (generally
two) possible tone patterns. Thus, for example, the General Past is
illustrated as in (41).

(41) ve 'they' General Past

High Low = Drop; see text

' z2 \
vé'va vé dza
' 7 \ ’ N \
vé'lngwa Vvé vende
il o oa 4 . “is
vé'yévese Vvé ngohor

' In particular, I claim that it is not true at levels in the grammar where phonological
and tonological rules apply. Leben’s system requires there to be sequences of
identically-toned vowels (CVCVCYV) after his ‘‘tone mapping’’; thus, for him, the
Obligatory Contour Principle holds in the abstract levels but not at the superficial
levels. In Chapter 4 of [7], | argue that the opposite holds.
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(As of yet, the reason for calling the first column ‘‘High’’ and the
second ‘‘Low’’ is unexplained.) Normally two successive High tones
are the same pitch; sometimes, however, there is a “‘Drop’” of one or
two semitones between the successive Highs. This drop is indicated
by the raised exclamation point (!)

The point has been emphasized (in the three analyses cited above
and elsewhere) that the six tonal melodies in (41) are not unrelated—
that the language learner need not memorize six separate patterns for
each tense. While this is true and important, we should emphasize
equally the following point: whether the speaker knows six formulas
for the General Past or just one, these are melodies of the General
Past, not of the word. For each tense, there is a corresponding chart
as in (41), and from tense to tense the particular tone pattern on a
particular verb varies wildly. However, all verbs of the same syllabic
structure have the same tonal pattern in a particular tense. The
conclusion is that there is a level in the grammar which contains as
entries in its various melodic patterns independent of the words or
vowels; these entries can be assigned to particular tenses.

Here is the argument for autosegmental representation: the tonal
pattern found on each verb is linked in the lexicon not with the verb
but with the verb tense; thus the melody must be a separate entity in
the lexicon. The only system capable of merging into one simultane-
ous utterance two lexical (phonological) entries is autosegmental
phonology .

We might then conclude that for each tense, the speaker of Tiv has
learned six tonal melodies, two for verbs of one syllable, two for
those of two syllables, and two for those of three syllables, as in (42).
Which of the two possibilities a particular verb selects must be
arbitrarily marked in the lexical entry of the verb.

(42) General Past

1 syllable !H L

!

2 syllable ‘HL LL

3 syllable ‘HLL LLL

11 Ope could imagine logically the position that each verb has its tone marked on it in
the lexicon, arbitrarily selecting one of the tenses’ tonal patterns as the underlying one;
the other tonal patterns might then be derived by tonological rules sensitive to the
semantic mood and tense of the clause. While not impossible within current phonologi-
cal theory, such an approach does not in fact work.
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Such a tentative conclusion is implausible, for the six forms in (42)
have too much in common for it to be an accident. Arnott points out
that a “dr0p > is imperceptible before L; one could as well say that
the drop ‘occurs before all forms, and lessen the amount of arbitrari-
ness in the tone formulas.

Similarly, Arnott points out, it is only the first syllable whose tone
must be arbitrarily memorized, the distinction being between H and
L. Modifying Arnott’s notatlon slightly, we could summarize both 2-
syllable tone patterns as 'BL. B here is a Varlable that ranges over H
and L. Thus the abbreviation stands for HL or 'LL, which is
indistinguishable from LL.

If we adopt this formula for the 2-syllable forms, the Well-
formedness Condition accounts for the tones of the 3-syllable verbs
starting with the same formula. That is, if the first two syllables of
yévésé were treated as a bisyllabic verb, the third syllable would
automatically become L (see 43).

(43) vy

ev
o
" H

&5 e
///

Through the use of the B variable, we can generalize across the L
and H tonal forms (as Arnott points out); through the use of the Well-
formedness Condition, we can generalize over the 2- and 3-syllable
cases. One would hope that the 1-syllable forms would be expressible
by means of the same formula, for then we could conclude that the
Tiv speaker need memorize only one tonal formula for the General
Past.

The formula 'BL works, we observe, for the L-verb, since LL = L
in effect; however, for the H-verbs this formula predicts 'HL G.e.,
Falling) rather than !H, the correct form. In a sense, the difficulty has
been created by the Well-formedness Condition, which causes the L
to associate with the single vowel.

(44) va

AN

" HL

The theory now requires us to set up a language-particular rule to
delete the L in this context.

There are two reasons to believe that this is, in fact, a language-

Particular rule and not a shortcoming of the theory. First, recall that
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in the preceding example from Mende, the same melody HL does in
fact map onto a monosyllable as HL; thus the simplification to H is
certainly not universal. In fact, we have seen the same thing in
English ((25) above) where HL does not automatically simplify

Secondly, we need a process to delete the L toneme in (44)
anyway, assuming that 'BL is the correct formula. Arnott suggests
and McCawley argues that the Drop is reelly a Low toneme.
Independently of whether such a claim is true in all cases, it is
superficially true that a pitch drop does occur on the second of two
H’s when they are separated by a L. Thus an unattached L (diagram
(44) if the dotted line were not present) should cause a drop in the
pitch of the next tone if that tone is an H. In fact, no such drop
occurs; therefore the L has been deleted. In sum, the fact that the
Well-formedness Condition in this case forces us to draw the associa-
tion line in (44) is not unfortunate in any sense, for we need a rule to
delete the L here independently of any conventions like the Well-
formedness Condition. In fact, it is the inclusion of the Well-
formedness Condition that makes the Deletion rule simple to state, as
we shall see.

Our rule, then, will tentatively be (45), Fall-Simplification.

(45) y v
which abbreviates /\ — |
A0 — p AL H

With the inclusion of this rule, all the forms in (41) or (42) fall under
the single formula 'BL.

Our formula needs one more modification before it can be adopted
finally. Within a theory of downstep as described in Chapter 2 of [7],
we expect a downstep of Drop toneme that has the properties of the
sequence ‘* 'H (we have already illustrated this briefly in figure (17)
above) If we call this toneme ‘‘Drop’’ or D, then the formula written

'BL actually stands for DL (when B = High) and LL (when B =
Low); again using a suggestion of Arnott’s, we summarlze these two
formulas as B*L, which now replaces the formula 'BL.

To repeat: B is a variable that ranges over H and L; B* is a variable
that ranges over D and L; in particular, B¥* = D if B = H.

Let us now look at the rest of the Tiv verbal tone patterns. It is not
our intention to prove that in all tenses, the formulas reduce to one,
as they do in the General Past. To succeed in doing so would, it
appears now, require a fairly powerful set of rules, and to claim that
the learner of Tiv prefers to learn (say) two basic formulas for a tense
and stay with formally simple tonological rules permits us to posit an
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evaluation metric with which we can come very close to our ultimate
goal: that is, explaining why this particular solution was arrived at on
the basis of the data.

For purposes of exposition, I shall give for each of the remaining
tenses only the tonal patterns (as in (42)) rather than the actual
spellings of the verbs with tones marked diacritically.

(46) Continuous

High Low
1 syllable HL HL
2 syllable HLL HLL
3 syllable HLL  HLL

In the 1- and 2-syllable forms, a suffix is added to the stem, so two
tones are indicated for the ‘‘1 syllable’’ forms, and three for the 2.
But the conclusion is evident here: there is only one tone formula,
HL.

(47) Future

High Low
1 syllable D L
2 syllable HL LL
3 syllable HLL LLL

On the basis of the 2- and 3-syllable forms, the tone formula should be
BL; given this formula, in fact, the 2- and 3-syllable forms work
exactly as expected, and so does the Low 1-syllable form. As in the
General Past, the problematic form is the 1-syllable H form; here, the
sequence AT reduces to D.

But given the revision that the General Past formula for H-toned
verbs is DL, the revised form of (45) is D L — D. Using the features
Suggested in Section 1 above (and identifying the Drop toneme D with
Mid tone), we write the revised Fall Simplification rule (48).1*

"2 It is not without interest to note that if instead of giving D the features [—High,
—Low] as suggested here, we give it the features [+ High, +Low], then rule (48) takes
On a much more elegant shape:

N
[+High] [+Low]-—a[+High]
+Low

Whether this is more than an accident will require further research.
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(48) Revised Fall Simplification Rule

{a}_L — D or [—Loﬁjftilow] —3 [:h?gh]

Thus, having simplified the already needed rule of Fall Simplification
(simplified in that one feature specification has been eliminated), we
are left with BL as the Future tonal melody.

(49) Habitual 1

Hich Low
1 syllable O L
2 syllable DH LH
3 syllable HHL  LHL

The 3-syllable forms reduce to one formula, utilizing the B-notation,
BHL.** Maintaining left-to-right mapping as in Mende, the Low-toned
2-syllable verb works as expected, then LHL is mapped as

vV
|\
L HL

The ML contour is simplified to D, and, as we know, the sequence L
D and L H are indistinguishable.

Nonetheless, this formula (BHL) does not work for the remaining
cases, nor is there a simply formulatable rule that can derive the
correct surface form from underlying BHL. Rather, we posit the
melody B*H for the 1- and 2-syllable forms. This in turn requires
positing a complementary contour simplification rule (50).

(50) LH Simplification

{H >0

Habitual 2

High Low

I |

1 syllable D° D
I I
2 syllable DH’ LH"

3 syllable DHH ?

13 Here is the first case where the Obligatory Contour Principle is violated, for HHL

does not satisfy the principle.
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Maintaining the same principles, we have seen so far, the tone
formulas for this form are straightforward. Arnott notes that it is not
clear whether there is, in fact, a 3-syllable Low form in the Habitual.
The other trisyllabic form, inexplicably, does not have a following L
aside from that curious feature, the five forms cited above reduce to,
the formula} B*H!. The reader will recall that for the Low-toned
m(')nosyllablc form, this formula gives LH' and that this reduces to
D by (50) LH Simplification. If, in fact, Arnott is correct about the
ab.sence of downstep following the trisyllabic form, then either a
m1no'r rule must be posited to delete the Drop there, or two formulas
B*H* and B*H, must be posited. At present, these two cannot bé
compared on empirical grounds, and our evaluation metric is_not
subtle enough to decide for us. \

(51) Habitual 3

High Low
1 syllable DH DH
2 syllable DHH  LHH
3 syllable DHH LHH

Again, as in the Continuous form above, the 1- and 2-syllable forms
have a‘sufﬁx, apd SO an extra tone-bearing element. With no further
ado, this form simplifies to the melody B*H# H (see below).

(52) Habitual 4

High Low
1 syllable H+L H+L
2 syllable HH+L  HH+L
3 syllable HHH+L HH(H)+L

fln this form, .the suffix —n appears to bring and bear its own tone:
dze:;lccie\: tl}e + ,1\n tl}e t?pal ’fol”n}l}la. We find, then, forms like vddn,
- ’Zh ungv;t?n, vénddn, yévésén, ngo’héi'.. I shall tentatively presume
-l be #suhlx, preceded b}{ a phonological boundary (represented
kL v ') as a cgrrespondmg toneme (L) and the boundary on the

onological level is matched by one on the tonological level. Thus
We get a pattern like:

(53) yevese#n
\/ Li
H L
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But with this assumption the tonal formula for this form is just H#L.
(54) Past Habitual

High  Low
1 syllable D+L D+L
2 syllable DH+L  LH+L
3 syllable DHH+L LHH+L

In this form, we have the same appearance of a Low-toned suffix as
in the form preceding. Again, with the set of simplification rules
posited above, these six forms reduce to the formula B*H#L.

(55) Recent Past A

High Low
1 syllable D D
2 syllable DH LH
3 syllable DHL  LHL

The 3-syllable forms, considered alone for the moment, reduce
immediately to the familiar formula B*HL. This formula, however,
does not apply to the 1- and 2-syllable forms, which derive from the
formula B*H. We shall not posit an ad hoc rule to derive one from the
other; such a move does not, in fact, seem possible in this case. Some
sort of parenthesis notation may well be available for these lexical
melodies; the two would then be expressed B*¥H(L);, where the
subscript 3 indicates that the L is chosen when the word is trisyllabic.

The next two tenses have the same tonal melodies, a puzzling set of

tones:

(56) Recent Past B/ Subjunctive

High Low
1 syllable H H
2 syllable HH HD
3 syllable HHL  HHL

What strikes us as odd is that there is no tonal distinction between the
two columns for the 3-syllable forms, as there is for the 2-syllable
forms. On the basis of the 3-syllable forms, we would naturally expect
a melody HHL; this generalizes correctly to the Low 2-syllable form,
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put not to the High 2-syllable form or the 1-syllable forms. The 2-
syllable forms, considered alone, would derive from only one of two
possible melodies, given our assumptions: HHB or HBH. Neither of
these, however, generalize naturally to the 1- or 3-syllable forms. By
adopting the parenthesis notation that seemed plausible in the pre-
vious form (Recent Past A), we see that the melody HHB that is
appropriate for the 2-syllable forms can reduce to the 1-syllable forms
as:

(57) HH (B),

When the subscript option is not taken—that is, in the case of a 1-
syllable stem—the formula is HH, which is the same as H on one
vowel, as required.

Pursuing this analysis, we would attempt to see if formula (57) has
any natural relation to the formula for the 3-syllable forms, HHL. The
answer seems to be yes; the relationship may be stated as in (58).

(58) Recent Past B/Subjunctive

HH {Bzz}
L3

This:, then, is the formula we posit for the Recent Past B and the
Subjunctive.

(59) Imperative

High Low
1 syllable H H
2 syllable HL LH
3 syllable HHL  LHL

Thi's is the last of the 12 tenses to be considered, and the one for
which we can offer the least satisfactory explanation. Given our rules
S0 far, the formulas underlying the 1- and 3-syllable forms is immedi-
ately {iictated to us, fortunately: the 1-syllable forms are simply H (or
§0nce1vably HH, but there seems to be nothing supporting this); the
-Syllable forms are derived from the formula BHL.

ou;fhfhproblema.tic forms are ‘the 2—sy}1able forms. As Arnott points
for’ he ger‘l‘erahzatlon here, if there is one, is that the tone of the

m is the ‘‘Base tone’’ (B) followed by its opposite—thus L follows
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H, and H follows B. If we accept this proposal, then the 2-syllable
formula is, in Arnott’s terms, B-opp(B).

This is not satisfactory for two reasons. First, it is the first and only
time such a device, ‘‘Opposite,”” need be introduced in this statement
of the Tiv tonal system. From this we could not conclude, of course,
that a notion like ‘‘tonal opposite’’ does not occur in tone languages
in general. But while it is not impossible as a solution, we would hope
to see more motivation for the ‘‘opposite’’-function in Tiv.

Second (and leading out of the first point), all the other forms show
some coherence among the 1-, 2-, and 3-syllable forms; the adoption
of the “‘opposite’’ notation destroys this generalization.

The question, then, is to determine when a language-learner,
presented with data as in (59), will memorize independent melodies
for each syllabic structure (60), and when she or he will adopt a
simpler melody supplemented by tonal adjustment rules. To the
extent that the tonal adjustment rules necessary for the second
approach seem very complex, the independent memorization position
is supported; to the extent that they are fairly simple, the second,
general melody approach is supported. However, the notion of
““simple’’ is internal to a theory of tonological rules, not external to it,
and so we shall not be able, at this early stage, to reach a conclusion
about the actual form of the Imperative in Tiv.

(60) Tiv Imperative & la Memorization:

1 syllable H (essentially
2 syllable B + opp(B) Arnott's
3 syllable BHL solution)

If we attempt to fit all these patterns into one melody, we observe
that the 3-syllable formula, BHL, predicts the correct form for the 2-
syllable Low-toned ‘verb, because the melody LHL spreads over a
bisyllabic word as L IfI\L, which becomes L D, which is (we have
observed) indistinguishable from the reported LH. However, such an
approach is not straightforward for the H-toned bisyllabic forms, for
HHL would give HD, rather than the required HL. Suppose we could
resolve this problem; the formula for the I-syllable forms could
(rather trivially) be derived from the 3-syllable formula with paren-
thesis notation, leaving us with the Imperative formula as in (61):

(61) Tiv Imperative with Readjustment Rule
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The readjustment rule that is necessar .
. . y, as we have ob
the H-toned bisyllabic form, as in (62). served, is for

(62) Minor Rule for H-bisyllabic Imperative
y 4

N\

L

o

p

To repeat, the adoption of solution (60) or (61) or some intermediate
solution must await further theoretical work. To sum up this section
we 'have considered in some detail the verb tone system of Tiv ar;
Afrlcgn tone language, indicating how the tonal melodies rnust’ be
described at a particular tonological level in the grammar.

4. FLOATING TONES

Next we will consider the nature of ““floating tones’’, a device that
has proven useful in working with tone languages but w’hose theoreti-
cal status has always been suspect. A floating tone is, in essence, a
segmeqt specified only for tone which, at some p07int during t’he
dem{atlor}, merges with some vowel, thus passing on its tonal
speu:1ﬁcatlon§ to thgt vowel. This is, in any event, the traditional
t\;f;:;t}z:nci] thl? traditional view, framed within the standard theory,
Orderedeam(::lt;rsl% ;]cirﬁ:l eai t(})lne of the segments, and therefore linearly
the phonological representa(teiro,nl.nore OApRIely specifisd scpments of
Bi;l:il?u;o rltel,::rsn Il))l::en (s)u'gtgestte]d tl'lat certain affixes are purely tonal;
Ay ,c i;ze (sili; 2[11 O]c?atmg L tone for the Bambara definite
levve‘;:’ srlrllilclzhsay,.and we sh.all see, .that floating tones are melodic
Structl’]re - aasl -1r111 i[he previous section, that map onto the syllabic
floating tone slig tY more complex way than the Tiv forms. Often
- ones assoc1atf: 'after some phonological/tonological rules

: bapphed, though this is not always true.
detiﬂ?ﬂplgfslgn:s szveral interesting cases of floating tones, analyzed in
e th}; ‘erb l:)f [‘7]. For the present, let us consider the general
We will 1o klr Hhe pies i
A We(z;v . lallt the preverbal floating H tone, a mark of subordinate
. - W ill content oursg{ves he.re with observing its behavior,
g aside the factors conditioning its presence. If a tone “‘floats’’

cl
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when it has no vowel associated with it, let us say that the process of
associating a floating tone is ‘‘docking.”

We shall see four separate cases of ‘‘docking’” of this preverbal H
tone, four kinds of docking that are predictable on autosegmental
grounds, and on no other.

To describe these effects, we must review some of the basics of the
structure of Igbo. It is a Subject-Verb-Object (SVO) language; singu-
lar subject pronouns (though not plural) have two forms, noncliticiz-
ing or Strong, and cliticizing or weak. The cliticization of the subject
pronoun, however, includes a syntactic movement. In certain tenses,
that is, the verb stem is normally preceded by the prefix a— when the
subject is a noun phrase (NP). This a is realized as e when the verb
stem is in the ‘tense’ vowel harmony class. Thus, if the subject is
dnyi (‘we’. not a clitic) and the stem is za, we find (63).

(63) anyi azaa ala za = sweep
we sweep floor (stem followed by
suffix -a)

'we swept the floor'
If the subject cliticizes, the prefix a— disappears, because, we shall
see, the cliticization puts the clitic subject into the a-prefix position.
Thus we get (64).
(64) 6 zaa ala ‘'he swept the floor. o = he, she
We may formalize this operation as (65), illustrated in (66).

(65) [Pronoun] [Verb ]
Prefix Subject Cliticization

Weak
1 2 —
1) 1

(66)

N P/S\
|

[hee]
.

Such a rule must be a local rule, in Emonds’ sense, given the general

P\
NP

em  Suffix

o+ <<=

Prefix S
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structure-preserving framework (see [3]). Therefore, if any element
could appear in between the Weak subject and the prefix position, it
would blo.ck this cliticization process, and thus keep the a prefix fr(,)m
disappearing.

The na relative-clause marker does precisely that. In a structure
such as in (67), the clitic subject stays where it starts, and it cooccurs
with the a prefix.

67) NP
( A
NP S
7N\
N VP

Spec v
N
Prefix Stem
PRO
WEAK
ahya 0 na a la
I /
H H i rh \L
market he REL leave
CL.

ithe market he should have left'

The picture in (67) is important; around it will revolve our argu-
ment. TI}e tone attached there with the Relative Clause marker na is
the floating tone H. We shall see that under other circumstances, that
Same .H tone docks on other vowels, depending, we might sas,/ on
Wwhat is ““closest”’ to it in derived structure. ’

We have seen first that the na, when present, is H-toned. The na
f)n?' be nor present for t\fVO reasons: first, in a relative clause, it is
Stpmlgglal; 'thui we may snnply delet(_e it and see what the derived
Stabilitre Is. As we observed in Section 2, when we discussed tone
g d}',f’f we expect_the H tone to appear elsewhere. Second, and
appear; Zl;ently, while the na‘always marks a relative clause when it
adVerbi’l de H-tone appears 1n.other subordinate clauses indicating
happena egendenc;_/ (that is, in sentences translatable as ““Lest X
o » - . .). In this second case, the H tone is not a remnant of a

eted na, for the na could not have been there in the first place.
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In both cases when the subject of the clause is a normal noun
(noncliticizing, that is), the final tone of the subject is raised. For
example, the noun onui (a type of yam) shows up as gniz in the relative
clause ¢nir réré éré, ‘the onu that is rotten’ (réré éré is a complex
predicate meaning ‘is rotten’). Here, as elsewhere in Igbo, the
contour tone LH generally simplifies to what is called a Mid tone in
Igbo, but which is precisely the same as the Drop tone (D) in Tiv. Its
tone is slightly lower than the first preceding High tone. But since any
High tone is slightly lower than a preceding High tone if the two are
separated by a Low tone, High and Mid(or Drop) are indistinguisha-
ble after a Low tone. Thus in this position, LL nouns become
L+Rising or L Mid; HL nouns become H+Rising, or more com-
monly H+Mid, as in (68).

(68) 4zl réré éré 'the fish that was rotten'
azu 'fish'

Nouns that end in a High tone do not change; see (69).

(69) &anu réré-éra (4nG 'meat')

akwha réré éru (akwhd ‘'eggs')

In all these cases, the na could have been present, attracted the High
tone, and then these nouns would have displayed their isolation tones
as cited. In the following sentences, the na may not appear, since
these are not relative clauses, and the same subject tone raising
occurs as noted above.

(70) Khwachié Gzd
Shut the door lest...
aghu égblo éghi aght
leopard ki1l goat 'leopard' HH

oké ataa éakhu oké

rat eat palm kernels ‘'rat' LH
aze ataa ya aze

squirrel eat them 'squirrel' HL
énwdé  ataa ya enwo

monkey eat them ‘'monkey' LL

In (71)), the float

Sltuation
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If in on‘e.O‘f 'these “lest . . .’ clauses, as in (70), the subject were a
weak cliticizing pronoun, it would undergo the cliticization expressed
in (65) and (66) above. Looking at the tree in (67), we see it would
then be to the right of the H tone, in a certain sense; inasmuch as the
cliticizc?d pronoun partakes of the verb stem’s L-tone just as the a
prefix in (67), the H-tone docking rightward now will give rise to a
Falling tone! All this is clear geometrically: see 71).

(71) S\\

V. NP
PRO Pre stem suffix
WEAK |
|
0 )é gbu 0 eghu
0
s \\\Zi///// ) !
H L H H
he ki1l Teopard

'‘Test he kill the leopard'

0 gbud égh

La ;
ap;:i));n}’;’&eln ttl}le rIf:Ilatlve clause or spbordinate clause is constructed
B ylz the H-tone can dock right out of its clause. Thus, if the
ac 1t1c3 and moves by rule (65) over the floating H (much as
-y rel;x:igvH nllay then dock leftward§ onto what is to its left.
e it e t(;l ause Where. the. head is coreferential with an
26 Ty no der than subject' in the relative clause, we get a
or (730 . , an one can say either (73a), maintaining the na,
» Where the floating tone docks leftward onto the head mgbe.

we hay
P 1n so
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NP v
’ —NP

vV

///

Pre SL;;\ghf

o x|
mgbe __ | 1. zu la anu
I e N ||
L L O H H

gbé  5zyla ana
time he buy meat

"Whenever he buys meat,

N

(73) a. mgbé 5sndazula ang
(73) b. mghé 3zila and

In summary, the floating H tone appearing before the verb in certain
tenses in Igbo docks onto various vowels depending on the derived
syntactic structure: the end of the subject of the clause it is in, or the
beginning of the subject clitic pronoun of that clause, or the grammat-
ical particle na, or the head of the relative clause.

5. AUTOMATIC SPREADING

The fifth and last argument for autosegmental phonology here
comes from the phenomenon of bidirectional spreading and, we
would suggest, its ungoverned nature in these cases; that is, the
spreading is not due to a specific phonological rule, but rather to the
geometry of autosegmental representations, and its Well-formedness
Condition (or WFC as expressed in Section 1.3).

It should be clear from the examples in each section how the Well-
formedness Condition creates the spreading of tonemes over various
syllables automatically; we have seen examples from English, Mende,
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and Igbo. In Fhis section, I will look at a particularly interestin
example, one in which the autosegmentalized level is not tone bu%
rather nasalization. The language is Guarani; the data and much o,f the
initial arrangement of it comes from Lunt [12] and especially Rivas
[15].

Let us begin by considering the forms that morphemes may take
We observe in (74) that there are basically two forms for the afﬁxes.
no, ro, and i: each have a basically nasal form and a basically oral

form.
n
(74) a. "do + ro + hathu + i  (oral stem)

b. no + ro + hedu + i (oral stem with
nasal in it)
C. no+ro+ nupa + i (nasal stem)

The p'refix flo— thus alternates with "do, as does 76 with ro, and ;
with i. Which alternate appears is determined by the stem, the

morpheme which contains the acute accent in the examples above. In

gener'al, a vowel with an accent in Guarani is also one endowed with a
nasality meIO(.iy or specification. That is, if we say nasality is
autoseg'ment‘ahzed in Guarani, we specify that the nasality melodies
(essentla‘lly Just Oral or Nasal) are initially associated with accented
vowe'ls‘, Just as we saw in Section 1.2 that the tone melody in English
was initially associated with the accented vowel. In addition gtrue
:lljlsal consonants are endowed with an inherent Nasal speciﬁcati,on on
g“% a\l}:{tosegmental level (these true nasal consonants are m, n, n, 1,
. (.75bf;-shall represent a stem as in (74a) by (75a); a stem as in (74b)

(75) a. hashy b. he Dy
g p
0 NO

F .

:(illoihleill(&)lll}atllc)n of new syrn.bols,. see text.) The symbol D represents
e 1o lrlna feature specifications of an n except for nasality—
- thegte, and so forth. When associated with a [+ nasal] autoseg-
Symb’o s wo of them are“an n. The O symbolizes [—nasal]; N
[, [+r3ka_sall (read ‘‘oral”” and ‘‘nasal,” respectively). As
- ) star * indicates an accent; corresponding autosegments are

nted (starred) also.
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The Well-formedness Condition must apply to the forms in (75).
The form in (75a) becomes all oral, as in (74a). The form in (75b)
becomes the form in (76), which would be transcribed as /iénu in the

standard theory.

*
76 heDu
(76) N %
NO

The empirical difference between the form created by the Well-
formedness Condition and the actual form is that the Condition does
not create forms like "d, the prenasalized stops. This is not, however,
a bad result; the prenasalized stop is a complex configuration, and the
universal theory should not produce them automatically. Rather, the
language-particular rule (77) creates the form as in (74b) from the
form in (76). When we apply (77), Postoralization, to (76), we get the
correct form.

(77) Guarani Postoralization Rule: C 'V

(The reader will recall that the dotted line in an autosegmental rule
indicates the addition of an autosegmental line by that rule.)

With this autosegmental interpretation of the data, let us derive the
forms in (74) precisely. We note that when the Well-formedness
Condition applies here, if there is an ambiguity as to whether a
starred or an unstarred autosegment spreads, it is the starred element
that does.

(78) * %*
Do + ro + hathu + i Do + ro + heDu + i
| | | |
N 0 N NO

*
Do + ro + Dupa + i

N N N

(78) represents the underlying forms. The Well-formedness Condition
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changes these to (79)'; rule (77) Postoralization creates (80), the
correct output (compare (74)). '

(79) . .
Do + ro-* hashu + i Do + rq + heDu + i

*
Do + ro_+ Dupa + i

P
N N N

(80 N
o_+ heDu + i

) x
Dot ro + hathy + i Do + r ‘
n‘: \\g\g/// JV\\W*
NO

b

e

Do + ra + Qun% + 9
N N

As e?(pected, we have seen that prefixes and suffixes adopt their
na}slallhty from the stem they are attached to. These prefixes are found
\S)&I')l;ea dti}Ille .usual + morpherr}e. the? that this bidirectionality of
. 1g s e)l(pres?ed.on_ly with additional specification if handled by
Brio oglcg rul_e, within autqsegmental theory, the bidirectionality
prenasalpreg ing 1s' the re.sult, in a sense, of the fact that there are
requiredlzt; stops! That is, the existence of the prenasalized stops
bidiress (; autosegmental analysis, which in turn brought with it
it I(l)na .spreadlng.. Ir.1 summary, borrowing from Rivas [15],
asality spreading is as in (81).
—~
(81) Stem + suf — stem + Suf (nasal)

Stem + suf — stem + suf (oral)

Stem + suf — Stem + suf (nasal-oral)

14
The reason wh
y the starred autose i ing i
e t gment has precedence in d
©S, as opposed to cases like (21), is detailed in Chapter 3 of [7]. presding in these
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There are also suffixes separated by word-boundary (#) endowed
with their own nasality-specification, according to Rivas [15], as in
(82).

We see in (82) what has been only implicit up to this point: the
universal convention that corresponding word boundaries, but not
morpheme boundaries, are connected by association lines.

Another logical possibility is predicted by the notation so far: why
could there not be an accented suffix—that is, one with its own
nasality melody—but one which has only a morpheme boundary, not
a word boundary. With a morpheme boundary, there will be no
association line, and the nasality autosegments of the stem and the
suffix will interact. We predict, then, the following type of suffix, one
which meets the description given by Rivas for the —ré suffix.

From —ré, endowed with an oral melody on its stressed vowel, we
derive ifiré, as in (83). Autosegmental theory does not predict
whether the second r is nasal or oral; when surrounded by vowels
with conflicting specification as in (83), such a determination is not
possible.
(83) ir from 17U

\

+r

O¥——( *

=2%—c %

+

When —re is placed on a nasal stem with a nasal consonant to the
right of the accent (such as ménd) we get the correct result, as
illustrated in (84), a remarkable form.

(84) BoDa+roe BelDa+re
L A N
NN N 0 NN N 0
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6. CONCLUSION

In the five general cases reviewed in the foregoing sections, we
have seen that phenomena that are puzzling on the standard view of
phonological representations are quite tractable and reasonable when
viewed from an autosegmental perspective. We have seen, further-
more, connections between these phenomena that are not otherwise
revealed. If we may draw some morals from this result, perhaps they
are that advances in phonological theory may start from an interest in
low-level articulatory facts; that if they are interesting, they go
beyond these superficial facts to unexpected phenomena; and most
importantly, that we do not begin our research with an understanding
of the nature of the most elementary linguistic observables. The most
astounding revelations may be those that change our conception of
what we thought were the observables, either in phonology or
semantics. We should not restrict our attention to constraints on
rules—phonological, syntactic, or semantic—at the risk of missing the
very nature of the items involved.
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This article aims to consider some characteristics of English
intonation and to formulate an account of those that draw on what we
know about tonal systems in general. I will focus on two problems in
particular: first, the vocabulary in which intonation contours are
expressed, and second, the principles which match a given intonation
contour with a given string of words. The general outlines of this
study are drawn from Armstrong and Ward [1] and Goldsmith [8]. I
will attempt to deal with a few of the phonological complexities in
English intonation discussed by Bolinger [3-5], but from a different
vantage point.

Armstrong and Ward describe two ‘‘tunes’’ for English: a falling
contour, which characterizes normal declarative sentences along with
some wh- questions and exclamations, and a falling-rising contour,
which is used for yes-no questions and for certain polite statements.
The latter tune also appears in a modified form, with the rise
preceded by a more level low pitch rather than by a falling contour. In
the following sentences from Armstrong and Ward, dashes represent
the pitch of what they refer to as *‘stressed”’ syllables, and dots
represent the pitch of their ‘‘unstressed”’ syllables.

TUNE 1

I nggwed him to a tiny apartment//at the back of the house.
' b oee T

* s .
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