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2.1. Introduction

This chapter is a discussion of several basic issues which | have been ex-
ploring recently.’ All of them involve very simple questions, so simple that
they will no doubt frequently run the risk of striking the reader as having
been fully and satisfactorily treated in the past. I am convinced that this is
not so, and can do no more than invite the reader (o reconsider some of
these questions with me. Among the issues | am concerned with are the
matter of extnnsic rule ordering; the appropriateness in a derivation of in-
termediate stages which are not at a specifiable linguistic level; and, most
importantly, the notion of the derivation as a sequential set of steps, as a
part of a production system. In section 2.2. | describe more recent work
done in collaboration with Gary Larson, developing a dynamic model, an
explicit computation model that offers a more radical interpretation of
intralevel phonological processes.

Much of the material discussed here arose out of a critical analysis of
lexical phonology,’ which depends heavily on what appear o be thorough-
going uses of an implausible metaphor® involving space and time: “First
add an affix, then send that material through a set of rules which modifies
the resultant form; then go to the next level, add another affix, and finally
string all the words together, only after which do we reach a point where
the postlexical rules get a chance to apply.” The hope is implicit in such an
account that the ungainly metaphors are present only for expository rea-
sons; but as [ attempted to extract the essence from the packaging, for my
own purely pedagogical purposes, | slowly, and reluctantly, came to the
conclusion that the operation left little behind. In short, and at the risk of
oversimplifying, the essence of Iéxical phonology emerged as an implaus-
ible metaphor. But such a conclusion demands swift and positive action:
lexical phonology has the good sense to make us confront important ques-
tions, and we must not lose sight of that. More than that, there are some
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important insights at the core of lexical phonology that seem to easily get
lost—such as the thorough-goinyg identity of morpheme-stiucture condi-
tions and lexical phonological rules.

The phonological conclusion that the present paper aims toward is this:
that all phonological rules which apply at a particular level have the ex-
plicit function of moving a representation as far as possible toward meet-
ing the phonotactics of that level; that these rules, within a level, are not
ordered; that rules which apply across levels do not necessarily have such
propetties, in gencral, but that these rules do not give rise to derivations
(i.c., to derivations with intermediate stages); that the levels of a phono-
logical account are few in number, and that their properties are largely
independent of one another (pace suggestions of structure preservation);
and, finally, stratificationalism: that greater attention to what defines well-
formedness at a given level will lead to a far simpler overall grammar. The
present paper is perhaps no more than a propaedeutic to a proper and full
treatment.*

2.2. Representations, Levels, and Rules

All theories of phonology—and, more generally, of formal linguistics—
can be usefully divided into theories of representations, of levels, and of
rules. All three are potentially problematic notions, and the boundaries are
on occasion difficult to define. But this tripartite division is nonctheless
very useful, and worth the effort we expend on establishing it.

Of the three notions, that of representation is the most familiar at pre-
sent. Most of the work in phonological theory in the post-SPE period—
1975-1990, let us say, following the publication of The Sound Pattern of
English (SPE; Chomsky and Halle 1968)—has been in this domain. Over
the last fifteen years, phonologists have taken it to be a matter of debate
and cxploration to find the most appropriate geometrical and algebraic
models for representing phonological information. These explorations
have included the development of aulosegmental tiers and association
lines, of metrical trees and grids, of feature geometries, of dependency re-
lations among feature specifications, of “particulate” approaches to seg-
mental structure (involving hypotheses regarding the atoms that compose
vowels and consonaats), and so on.

It is worth bearing in mind that current openness to such discussion has
not been achieved cffortlessly. The generally unchallenged assumption
throughout American phonological thought had been that phonological
representation was largely unproblematic and consisted, in particular, of
sequences of segments. The dominance of this position was reinforced by
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its centrality to both Bloomfieldian thought and (o that of The Sound
Pattern of English, and the voices that were raised 1o question it had little
impact on the global assumptions made by theoretical phonologists during
this period. Much of this has changed now, to be sufe, but the change has
been a recent one. In the domain of rules and levels, the range of debated
issues has been much less varied and much more restricted than in the do-
main of representations, but we may reasonably hope that this has been in
large part a matter of focus of attention: as the field, in the last fifteen
years, has satisfactorily established for itseif a class of adeguate phonolog-
ical models, it is now in a position to turn its atlenion 1o other, equally
difficult matters whose consideration has largely, though by no means en-
tirely, been put on hold during this period.

2.3. Levels

The notion of level is perhaps the single most important notion in modern
linguistics, and there is a danger that our understanding of this notion iay
fade from our consciousness as various technical concerns vie for our pro-
fessional attention: the case could be made that linguists’ appreciation of
this notion has diminished as a result of certain competing interests. There
is a sense in which we* are all comfortable with the notion of levels in lin-
guistic analysis; but I invite the reader to consider some basic questions
once again.* Our first goal is to clarify the notion of level, and when we do
so, we find, first, that it is best (and quite well) explicated in pregencrative
wrilings; second, that gencrative grammar was originally conceived—no
surprise!—as an answer (0 questions formulated within this clear and tra-
ditional understanding of the notion of level; and third, that the notion of a
derivation has passed from being, at its origin, a possible approach to the
problem of linguistic levels, to a view of linguistic analysis which stands
in the way of a clear understanding of the notion of levels.’

Like all important ideas, that of linguistic levels is very simple: a lin-
guistic level is a way of looking at—of describing—a linguistic expres-
sion. We may look at an expression from a syntactic perspective, and posit
a syntactic level of representation; or from a morphological perspective,
and posit a morphological level of representation; and so forth. In our
usual linguistic way of thinking, there is an inherent ordering—or at least a
relationship close to ordering—of these levels based on the relative size of
the units that are established on each level of representation: if the units on
the syntactic level (always, or typically) correspond to one or more units
on the morphological level, then there may well seem to be an inherent
ordering of these two levels, with one “above” the other; and, indeed, the
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term “level” might encourage such an addition 1o the concept. But this
kind of ordering is not inherent to the notion of level.

Let us recall a simple example of how levels of analysis of an utterance
may differ. A representation on the morphological level consists of units
that are morphemes, and so as 10 be Jess misleading, it is ofien best not 10
spell a morpheme as, say, dog of {dog), but rather as . for example, to
emphasize that it has no internal segmental structure at that level. The
analysis of an utterance such as the dog barked into morphophonemic cle-
ments, which may well include boundaries (if our theory countenances
them) separating the morphemes, as in (Ic), does not conslitule a represen-
1ation on the morphological level—it is an analysis on a phonological or
morphophonological level, as evidenced precisely by the kind of units
(here, phonological units) that constitute the representation.

(1) a. The dog barked.
b. (det: definite] [j,,,} [Verb,, | [PasT]
c. da+dog+bark+d

(English orthography)
(morphological level)
(morphophonemic level)

Levels, indeed, may be guite autonomous and independent of cach other.
The degree of autonomy of the various levels was a significant issue in the
1950s; Hockeuwt (1961), for example, argued at length that the morpho-
logical level and the phonological (or, specifically, phonemic) level are
autonomous and cannot be viewed as having places on a single linear
hierarchy of levels. Pike’'s work generally addressed this question, in the
context of a theory involving three hierarchies of distinct levels; see Pike
1972 and references therein. Of this literature, litle seems to remain in Jin-
guists’ collective memory beyond the specific phonological issues forinu-
lated by Chomsky (1964), and yet the issues remain of significance.
Generative phonology—and generative grammar, more generally—pro-
posed a specific account of the relation among traditional linguistic levels,
an account that centers around Chomsky's 1975 [1955] conception of a
linguistic derivation. Certain pairs of levels were to be related 10 each
other by means of derivations (specifically, the systematic phonemic and
the systematic phonetic levels, as well as deep structure and surface struc-
ture); in other cases, the level itself was defined in terms of a derivation. In
a sense, this last move tumns the logic of analysis into levels on its head, in
a way that deserves our close atiention. The most striking example of this
is found in Aspects of the Theory of Syntax (Chomsky 1965, 138), where
the notion of deep structure is defined not simply as the result of lexical in-
sertion into the output of the phrase structure rules, the picture we tend to
remember; a further condition is set there on being a deep structure. A
structure which is created by the phrase structure rules and 10 which the
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rules of lexical insertion successfully assign lexical elements is called a
“generalized phrase-marker.” A generalized phrase-iarker is a deep struc-
ture only if, in addition, it is part of a derivation that includes a well-
formed surface structure, where “well-formed” is defined to mean “not
containing any appcarances of the symbol #'—where “#”° marks the edges
of sentences that have not yet been integrated derivationally into the
larges, matrix clause. Thus a surface structure that contains a “#" is no sur-
face structure at all, and it is this mechanism that Chomsky proposed to

mark as ungrammatical any derivation based on such monstrosities as (/.

saw the boy [the dog bir the cat}). Such a structure would “surface” with a
telliale “# (that is, as I saw the boy #the dog bir the cai¥); hence it would
not technically be a surface structure, and—the point here—its underlying
structure would not be a deep struciure as technically defined. In this way,
the notion of deep structure was defined derivationally and in a fashion in-
volving cross-level relationships (an effect which we would later learn 10
call a derivational constraint), rather than purely in terms of local condi-
tions on a given formal representation.

With the passage of time, and of a generation of linguists, the notion of
derivation changed, in many linguists’ perception, from being an account
of the fundamental problem of levels in linguistics 10 being the essence it-
self of a linguistic analysis. No precise moment dates this transition, but
the late 1960s saw the development of modes of speaking about syntax
and about phonology that were heavily committed 1o a dynamic model of
linguistic analysis, in terms of which one representation is successively
changed into another in a sequence that in its entirety is the account of the
expression in question.

In generative syntax, this view has been challenged successively by ap-
proaches such as GPSG and, to a somewhat lesser degree, LEG.* But the
derivational view remains powerful and vinually without challenge in
phonology (sce, for cxample, Bromberger and Halle 1989). We must ex-
plore why.

There is a close relationship—and frequently a competition—between the
notion of level and that of derivation. The Halle-Chomsky position that
challenged the adequacy of the classical phonemic level left a void which
the phonological derivation made straight o fill.

Traditional structuralist phonology allowed three guasi-phonological
representations: a phonetic representation (PT), a phonemic representation
(PM), and a morphophonemic representation (MP). Any expression in a
language could be associated with a representation on these three levels,
and an adequate grammar provided an account of the relationship between
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units on a given level (P, PM, MP) and those on the other levels.
Traditionally, ihe levels were hicrarchized, with rules of allophony relating
the phonemic and the phonetic levels, and automatic and nonautomatic
rules of ahiernation relating the morphophonemic and the phonemic levels.
If we indicate allophony rules, then, as (PM,PT) rules—rules relating the
PM and PT levels, though with no particular significance attributed to the
order of these terms—and rules of phonemic alternation as (MP,PM) rules,
then there is, quite evidently, an inherent ordering 1o rules of these two
“components,” as (2) illustrates.”

(2) Morphophonemic Phonemic Phonetic
Representation Representation Representation
MP PM

[ ] L] [ ]
(MP, PM) (PM, PT)

Thus the dismissal of a phonemic level, as argued by Halle and Chomsky,
scemed 10 leave the picture in (2) in a seriously weakened position, with
only two levels of representation, MP and PT, and thus only one set of
principles relating these levels, as in (3).

(3) Morphophonemic Phonetic
Representation Representation
MP PT

[ ] e ®

(MP,PT)

But the minimalistic organization offered by (3) is simply inadequate for
the wreaiment of the phonology of any human language, as Chomsky and
Halle were prepared to show. In case after case, it is necessary (o have rule
interaction, at the very least of the sort that (2) allows. Let us consider
briefly a simple example from a recent analysis of Chukchi by Odden
(1988), an example of a sort that could be multiplied ad libitum, to illus-
trate the kind of interaction that (3) does not permit, but which is very
common in language.

Odden demonstrates that there is a complex set of interactions among
the phonological rules of Chukchi, including two rules that are in a straight-
forwardly fecding order. The first is a rule (4) that changes an r to a ¢ be-
fore any coronal consonant (including y, which always acts in Chukchi
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like a coronal consonant). The second is a rule of nasal assimilation (5),
which turns stops 1o nasals before a nasal consonant (we see the cffects of
this process in the first column, where a schwa has been lost, permitting
the nasal assimilation (o affect a stop). Both rules are independently moti-
vated, as the examples provided below, from Odden, illustrate.

(4) r-Strengthening

pakir-ak ‘to arrive’ pakit-tak *you(pl.) arrived’
qeper ‘glutton’ qapat-Can-an ‘big glutton’
ener ‘star’ apat-log-an | ‘star’

kur-ak ‘to buy’ kot-yo ‘purchase’

Informally stated: r — t /| +coronal)

(5) Nasal Assimilation in Chukchi

Nasalized Non-nasalized
vye-ame-lin  “he ground” pane-k  “grind”
ramn-at “flesh sides of hides™ rapan  “flesh side of hide™
va-mgat-len  “having news” panal  “news”
va-nma-len  “he killed” tom-ak  “kill”
te-plen-9-3k  “make footware” plek-at  “footware”
Informally stated: [—sonorant] — [+son0ranl] !/ ____[+nasal]

+nasal

An example like kun-nin ‘he bought it’ (cf. kur-2k ‘to buy’, in (4)) illus-
trates that an r before an n first becomes a 1, and then the ¢ becomes a
nasal, n; in shon, rule (4) creates a structure to which (5) may then apply.

What do we say about rule interaction if there are only two levels in
phonological thcory? The least that can be said is that the rules do not
directly relate the levels, if there is to be rule interaction of this sor.
Oxrdering, quite necessary in linguistic accounts as we have seen, became
then (on this generative account) not the function of relations across levels,
but a property inherent to another type of object, a rule, whose function
was (0 create something that was not & representation on any particular lin-
guistic level. And that was a very special innovation in linguistic theory: a
representation that was of no particular linguistic level. Such representa-
tions are the intermediate forms of generative grammar; they will not be
retained here, in the model developed below.

Inherent in the notion of level is the idea that there are specific generaliza-
tions that can, and perhaps must, be drawn concerning the representation
of the expression on that level. For as we said carlier, a level is a way of
representing, or describing, or analyzing, an uticrance; many (perhaps a
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boundless nuinber of) levels are thus conceivable, and the correct ones
will be justified on the basis of the generalizations that can be stated at just
those levels.

Synthesizing, then, we may say that the logic of linguistic levels con-
sists in the breaking down of the analysis into a number of distinct,
autonomous representations, each with its own elements and its own gen-
eralizations (or tactics, or well-formedness conditions). To this we will
add, presently, the notion that each level also contains complexity mea-
sures, in such a fashion that certain representations on a given level may
be said to be more complex than others on the same level. We will then be
in a position to propose that all the functions of derivations be replaced by
two lypes of relations: rules that relate distinct levels, c.g., (MP, PM)
rules, and rules that serve to decrease the complexity of representation on
a single linguistic level. A grammar that consists of no other sort of rule
will be called a harmonic grammar.

The notion of derivation in phonology has its origin both in historical lin-
guistics and in the philosophy of mathematics. Historical linguistics, when
done as well as Indo-Europeanists know to do it, is based on the possibil-
ity of providing a consistent sct of protolanguage word forms and a set of
sound changes consistently ordered in time for cach daughter language.
Each stage of such a derivation is understood to represent a real time-slice,
a surface (quasi-phonemic) representation of the word in the course of its
evolution over time. And for this precise reason, each stage of the deriva-
tion has a panticular meaning or significance of its own: it directly answers
a question, so 1o speak, such as “What was the phonological shape of the
form in A.D. 13507 It is this characteristic that cach stage of the dia-
chronic derivation has in common with a level of linguistic analysis (and,
we may add, not in common with intermediate stages of a traditional,
synchronic phonological derivation): it has specific propenties in itself
that allow it to be the answer to some question about the expression in
question.

The second source of the notion of derivation in generative phonology
draws on the study of the formal propenties of proofs in logic and mathe-
matics. The end of the nineteenth century saw the overthrow of the
Kantian notion of synthetic a priori truths—that is, of substantive proposi-
tions that could be known to be true without being based on any experi-
ence. The very status of mathematics, the rationalist’s image of perfect
truth, was placed in jeopardy, and logicians and philosophers asked in
what sense traditional Euclidean geometry could be true if nontraditional
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geometries could be shown to have no inherent Haws. 1t became impera-
tive (o study the very nature of mathemal(ical thought— not its naiure as an
act of imagination but the logical nature of its content, which is to say, of
the production of certain and indubitable conclusions from acceptable as-
sumptions. This project had been begun, of course, by Euclid, but it now
was to be extended in a more radical and open-ended fashion. Mathe-
matical proofs themselves would be studied, and become the object of a
mathematical analysis: the field would become its own subject of study,
for the first time.

A proof has these two propertics: first, semantically, cach stage contains
(or, we might say, preserves) whatever truth inheres in the premises from
which that stage has been correctly inferred or deduced; and second, an ex-
plicit syntax of inference is defined whereby a stage of the proof can be es-
tablished—written in, we might say—just in case a specific rule R, of
inference can operate on one or more of the preceding lines in the proof
and produce from them the line in question. For example, given a proposi-
tion of the form a & b, we can establish a procedure by which it is syntac-
tically permitted to have the following proposition b; the matier is Irivial,
but then so are most small, local cffects in the syntax of language or
anything clse.

These various notions were synthesized by E. Post (1943) in the guise
of Post production systems, which have the explicit propertics just de-
scribed. Production systems have remained influential in Al work (e g.,
J. R. Anderson 1983) and have also, and carlier, served as an intellectual
source of the notion of phonological derivation.

Neither the historical derivation nor the Post production system seem,
upon mature reflection, likely to provide a sound basis for a practical and
psychologically valid theory of phonology. Each had evolved with particu-
lar ends in mind: historical derivations, to treat a long-standing problem of
regular Necogrammarian sound change, and production systems, 1o account
for a formal theory of systems that possess a semantics in which truth must
be preserved over the course of particular derivations—unlike anything,
we hardly need add, in phonology." I have emphasized the peculiar his-
toricity of the current view of derivations for one simple reason: it is far
100 casy for us, in our present position, to think of derivations in phonol-
ogy as arising somehow, ineluctably and logically, jointly out of the data
and the task. It is, rather, in large measure a historical, or even biographi-
cal, matter that the theoreticians who have most influenced our current
views on this (of whom the first and foremost is Chomsky) have offered us
this particular view; others are equally congenial to the task.
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What was lost in the generative eiphasis on denivations, and thus equal
emphasis upon rules, was the perception of the importance of levels, ic.,
that language could be viewed as a whole system of interacting levels of
representation.” Within recent years, the conception of language as an in-
teraction of autonomous components, of modules, has indeed returncd, but
100 frequently with the emphasis on the rules that function in each part,
and the breaking up of the derivation into successive autonomous picces.

Our central proposal is this: within the phonological part of a grammar,
just as within the other components of the grammar, the acquisition of a
language consists of the abstraction of a large number of well-formedness
conditions—patterns, crudely put—on a small number of levels—three, a
matter to which we shall return in detail. The proper definition of these
language-particular and language-universal patterns will require all of the
sophisticated phonological equipment at our disposal; with regard to mat-
ters of phonological representation, at least, this harmonic phonology will
need all the mechanisms that recent phonological theory has offered.

One more important point may be made now. An objection of consider-
able general significance has been raised to any theory with only three
levels of representation by Postal (1968). (His point was made morc
specifically in the context of criticizing Lamb (1966) and others.) Postal
emphasizes that in many languages, it is easy to establish derivations—in
a traditional generative sense-—with at least four stages, where there is a
feeding order among the rules: R, feeds R, feeds R, where

Underlying Rep, — Rep, —— Rep,
Representation  [Rule ] [Rule 2) [Rule 3}

Thus, if one views a derivation as a path—in some presumably metaphori-
cal sense—from the underlying representation to the surface representa-
tion (systematic phonemic to systematic phonetic), the path will have at
least four links in it; hence three levels will not suffice.

Postal’s argument, we suggest, is supported more by his visual meta-
phor than by logic. A linguistic level, the reader will recall, is a way of dc-
scribing a linguistic expression; it thus possesses a vocabulary: a set of
features, an inventory of permitted segments (feature combinations), of
permitted associations, and so forth. No requirement exists to the effect
that the rules or principles of the grammar that establish well-formed rep-
resentations on any given level must not interact in a feeding fashion. To
the contrary: from the suggestions of cognitive psychology, we would cx-
pect instead that each linguistic level functions so as (0 make maximal
sense out of the linguistic expression, i.c., to make it maximally conform
to its definition of well-formedness.
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We may cstablish, then, for cach level L, a set of intralevel (L.,L) rules
whose function is purely to allow the representation 10 achicve maximal
satisfaction of L's well-formedness conditions; we may say that the repre-
sentation at level L relaxes to a maximally well-formed state via the (L,L)
rules, which function as transitions. A level consists of a vocabulary of
items, a set of statcments regulating how they may be put together, and—it
is this third point that distinguishes our proposal from traditional theory—
a measure of well-formedness.

From the point of view of traditional generative phonology, the rule ap-
plications within a level may be vicwed as a mini-derivation, utilizing the
(L,L) rules, but with the following caveats: (1) the (L,L) rules are not (that
is, cannot be) ordered; (2) more generally, we will not expect that rules
apply sequentially, though for the moment we may make the simplifying
assumption that they do; (3) most importantly, intralevel (L,L) rules apply
only if their effect is 10 shift the representation toward a better-formed
slate; putting the matter differently, the intralevel rules define what the al-
lowable paths are that the representation may move through (or scarch) in
its quest for a maximally relaxed (well-formed) state.

Even this model is unsatisfactorily derivationally oricnted, and in some
recent work, which we shall discuss in section 2.5, we have succeeded,
explicitly and computationally, in eliminating that aspect.” For present
purposes, we will be satisfied with the conditions above. The difficulty
in avoiding cven these remnants of derivationalism lies in the question of
how to compose two or more distinct phonological rules; without a more
radical revision of the notion of a phonological vepresentation, it is diffi-
cult, and perhaps impossible, to treat the effects of several rules without
some remnants of derivationalism, which is to say, a lincar sequence of

" distinct, identifiable representations.

We have scen that cach level L consists of (1) a vocabulary penmitting a
linguistic description, (2) a sct of relations cxpressing relative well-
formedness, and (3) a set of intralevel (L,L) rules which express the paths
that a represcntation may pass through to find maximal well-forinedness.
A representation of a given expression on a level L is thus, in general, not
a single representation, but rather a pair of representations (L, L) (i.c., ini-
tial and final) where L, is the best-formed (with respect to L's phonotac-
tics) representation accessible to L, given the (1.,L) rules.

A grammar, however, consists of a set of perhaps as many as ten or fif-
tcen separate levels, and generally there are specific principles limiting and
defining representations on different levels; we will refer to these as cross-
level rules (Goldsmith 1990 refers to them as interlevel rules; Sadock 1991
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refers 10 them as interface principles). We propose, in pasticular, that there
are thiee levels of phonological interest. (I will not carry out the exercise
of illustrating the inadequacy of a system with only two levels; in light of
the remarks just above concerning teeding within a single level, the ex-
ample of feeding in Chukchi does not serve 1o establish the need for more
than two levels, but bleeding and counterfeeding relations, also common
in natural languages, do establish this; thus the proposal that there are
thiee levels is, we may assume, the very minimal assumption that could
even be considered.) These levels are:

* M-level, a morphophonemic level, the level at which morpheines are
phonologically specified;

o W-level, the level at which expressions are structured into well-formed
syllables and well-formed words, but with a minimum of redundant pho-
nological information; and

* P-level, a level of broad phonetic description that is the interface with
the peripheral articulatory and acoustic devices.

Of these, our greatest interest, as phonologists, will be with the W-level,
which is where the bulk of the significant well-formedaess conditions, or
tactics, ave stated.

There will thus be six types of phonological rules, in principle: three
intralevel rule types: (M,M) rules, (W,W) rules, and (P,P) rules, and
three cross-level rule types: (M, W) rules, (W.P) rules, and (M.P) rules
(we should emphasize again that the order of the symbols is irrelevant;
(M.W) rules could as well be called (W,M) rules, for example). This
could be depicted as in (6). The traditional hicrarchical conception of
phonology amounts 1o a denial of the existence of (M,P) rules, in effect
converting (6) 1o (7), whose form is hierarchical. For the present, we
have no need for (M,P) rules, and may assume that such rules do not
exisl.

We add to the three proposed definitions of levels above, then, the
assumption:

* Cross-level rules may or may not (i.c., need not) be harmonic.
©6)
M

N\

OG0

Hanmonic Phonology KX

) (M, M) intralevel
(harmonic)
M

l (M, W) cross-fevel

(harmonic v nonharmuonig)

w (W, W)inwralevel

l (harmonic) (W,P)cross-level

(harmonic or nonharmonic)
P (P.P) intralevel
(harmonic)

We shall refer 1o the model in (7) (which is the model we shall ex-
plore largely throughout this paper), with its thiee levels and its assump-
tions regarding harmonic and arbitrary rule application, as the M/W/P
model.

2.4. Examples

Let us illusirate these notions with two stmple and familiar examples, both
well known to practicing phonologists. Their function here is to illustrate
the general framework with respect 10 well-known analyses. The first is
the case of Lardil, an Australian language discussed by Hale (1973) and
several writers since, including Kenstowicz and Kisseberth (1979) and
also, notably, It6 (1986) und Wilkinson (1988), who arrived independently
at some simifar conclusions, under a different set of theoretical assump-
tions; the second is the classic case of vowel harmony in Yawelmani
Yokuts.

24.1. Lardil

In Lardil, whose consonantal inventory is listed in (8), several processes
can be seen to be at work in the creation of the uninflected noun, shown
in the first column in (9). While the uninflected noun can end in only two
ways—with a vowel or with a single apical consonant—a glance at the
inflected forms of each noun (heve, nonfutuse and future) dewonstrates
that at soine level, the stem of the noun may indeed end in more coinplex
sequences of consonants. The level at which this moiphemic constancy
is expressed is, as we have noted, the M-level. Let us consider the M-
level forms of the stems, group by group. The forms given here we take
10 be P-level representations.
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(8) Consonantal Inveutory (Lardil)
Labial Laminal Apico-

Laminal

dental alveolar alveolar
P { ' ¢
m v n n’
1 r
r
w y
(9) Uninflected Nonfuture Future
a. kentapal ketapal-in kentapal-ur
kejar kejar-in kefar-ug
miyar miyar-in miyar-ur
yarput yarput'-in yarpuj-ug
yaraman yaraman-in yaraman-kur
pirpen pirgen-in pirgen-kur
b. mela mela-n mela-r
wanka wanka-n wanka-f
kupka kupka-n kugka-r
guka pguku-n guku-g
kata katu-n katu-r
pawa gawu-n nawu-r
kente kenti-n kenti-wur
pine gini-n nini-wur
pape papi-n papi-wug
t"empe t'empe-n tempe-r
wite wite-n wite-p
c. yalul yalulun yalulur
mayar mayaran mayaraf
wiwal wiwalan wiwalar
karikar karikarin karikariwur
yiliyil yiliyilin yiliyiliwug
d. jurara furaragin juraragkuy
galu palukin nalukur
putu putukan putukar
murkuni murkuniman murkunimar
pawupa nawufawun pawupawur
tipiti tipitipin tipitipiwur
lapu faput’in japut’iwur

Apico- Velar
domal

Gloss
‘dugong’
‘river’
‘spear’
‘snake, bird’
*horse’
‘woman’

sea’

arm’

‘groin’

‘water’

‘child’

‘wife'

‘wife’

‘skin’

‘father’s mother’
‘mother’s father’
‘interior’

‘flame’
‘rainbow’
‘bush mango’
‘butter-fish”
‘oyster (sp.)’

‘shark’

‘story’

‘short’

‘nullab’
‘termite’
‘rock-cod (sp.)’
‘older brother’

mugkumugkun
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mugkumu mugkumunkuy ‘wouoden axe’
Cumput’'u  t'uinput’umpun Cumput’umpur  “dragonfly’
c. yukar yikarpan yukarpar ‘husbaund’
wulun wulunkan wulunkar fruit (sp.)’
wual wutalt’in wultalt’iwur ‘meat’
kantukan kantukantun kantukantur ‘red’
karwakar karwakarwan karwakarway ‘wattle (sp.)’

In (9a) the M-level representation is as seen in the given uninfiected fonm;
the M-level representation of the inflectional suftixes is equally unprob-
lematic: -in for the nonfuture, -ur for the future. In (9b) the P-level unin-
flected forms given differ from their M-level representation in that a high
vowel that is word-final at M-level is nonhigh at P-level (and, we presume,
at W-level as well). That is, in the case of a word such as kente —kentin—
kentiwur *wife’, there is a high vowel i at M-level corresponding (o a non-
high vowel at W-level and P-level:

(10) M-level ilyon
I
W-level el

P-level €lua

(On this type of rule formulation, see Lakoff, chapter 4 of this volume).
This correspondence is expressed by a cross-level rule—here, (M, W)
rule—given in (11).

an M [\I/I |
1
W [—high]

In (9¢) we see that the M-level representations ol these words are also
vowel-final—the final vowel being realized in the inflected forms before
the inflectional suffixes—but instead of comresponding to a nonhigh vowel
on the W-level, by (10), as with (9b) forms, the word-final vowel is en-
tirely missing on the W-level. This cross-level pattern holds for all forms
where there are three or more vowels on the M-level, i.e., where there are

two or more vowels on the W-level despite the effect of cross-level rule (i 2_) .

(12) M-level
1

W-level "]

vCcvey)

word
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The non-indication of a correspondence in (12) means correspondence is
identity. Any forin 10 which (12) is relevant will also be relevant to (1 1), but
in the case of such conflict, the more specific rule—here, (12)—has priority.

In (9d), we see examples of siems ending in a consonant at M-level
which is not present at P-level; thus the form for ‘shark’ ({urara, (urarapin,
turaragkur) clearly ends in an g, which appears at P-level in the two in-
fiected forms, but which does not appear at P-level in the uninflected form.
Similarly for paluk, whose P-level representation for the uninflected form
is galu.

All languages place heavy conditions on syllabification at the W-level,
and the effects we see here are the result of such conditions in Lardil (noted
also by Wilkinson 1988). The heaviest restrictions, here as clsewhere, are
placed on what is allowed in a syllable coda position. Lardil permits no
more than a single apical consonant in a word-final coda. Thus, all of the
uninfiected noun forms in the first column represent well-formed words at
W-level as well as P-level, but such forns as yukarp, for example, do not:

13) i apical apical

ANTT A AT

word word

Thus the transition within W-level of (i) 10 (ii) represents a shift toward
greater well-formedness, in that each segment must, in a well-formed W-
level structure, be licensed by an appropriate licenser (such as a syllable or
an appendix).

The offending, or orphaned, p in (i) is deleted in the transition from (i)
to (ii) by rule (14). This intralevel (W, W) rule applies harmonically, ic.,
only when its effect is to crealc a better-formed representation; or, alterna-
tively put (as we noted above), the rule defines a path, or transition, that a
representation may embark upon, but the representation will take that di-
rection if and ouly if it constitutes a relaxation, or improvement, for that
representation. If we interpreted (14) as a production rule—as a traditional
generative rule—its conditions for application would be entirely contained
within its structural description, and it would apply if, and only if, ils struc-
wral description were met.

(14) C—e/___1(WW)

In a harmonic system, a rule such as (14) indicates a (language-particular)
permissible change, but such a change is effected only if this provides an
increase in well-formedness, such as more properly mecting the condition
that at W-level, all segments are properly licensed.
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The rule in (14) is thus purely harmonic in function, unlike both (11) and
(12). As further examples in (9¢) illustiate (¢.g.. mugkumu), a high vowel
may appear word-finally at W-level; the shift in (11)1s thus not motivated
by a taclic, i.c., a condition on permissible W-level representations. (12) ap-
pears, similarly, not to be motivated by an cffort 10 satisfy a phonotactic on
the W-level, though Wilkinson (1988) has suggested in effect that it is; we
leave the matter open here. These differences illusirate an important point:

(15) All intralevel rules are harmonic in function; cross-level rules may or
may not be harmonic in function.

The forms in (9d) illustrate the logical feeding of the (W, W) rule (14) by
the (M, W) rule (12). In the case of a form like M-level yukarpa ‘husband’,
the (M,W) rule is responsible for the loss of the final vowel, and the
(W, W) rule atlows the resultant yukarp to get rid of its final, offending p-

(16) M-level yukarpa

W-level yukarp

yukar

The evolution of the W-level representation—here, the loss of the final
p—is entirely parallel to the construction of syllable and metrical struc-
ture. Rather than drawing the most fundamental distinction between, e.g.,
structure-building and structure-changing operations, as in lexical - pho-
nology, we here draw the most important distinction between operations
moving in a direction that holds generally across a level (roughly, that is
transparent), on the one hand, and those that relate repiesentations on dis-
tinct levels, on the other.

The devivation of a form such as mugkieny (froin mugkumupku) illus-
trates the double application of the (W, W) rule (14).

2.4.2. Yokuts

Let us turn now o the second example, that of Yawelmani Yokuts. Our dis-
cussion here is based on the now well-known interpretation of S. Newman's
work by S.-Y. Kuroda 1967 and by C. Kisseberth 1969; more recent work in
this area includes Archangeli 1985, and one may also see Hockett 1973 for
an overview of carlier work and Dell 1973 for a good introduction. Lakoff,
in this volume, presents a discussion of much of the same aterial within a
similar framework as well. Yokuts, like the Lardil exanple o a lesser exient,



c1966 ch2.qgk

10/18/92 8:04 PM Page 38

38 John Goldsmith

presents now familiar material which understandably serves as a litmus test
for initial plausibility of an approach to phonological analysis.

These facts has been taken in the past to illustiate, first, the necessity of
rule ordering—one may argue that five linearly ordered rules must be pos-
ited here—and, second, that the inventory of phonological elements (here,
vowels) shifts during the course of the generative derivation—in our
terms, the inventory of vowels is different at the W-level and at the P-
level, and, in a slightly more abstract sense, different also at the M-level.

Looking ahead, we find in Yokuts a 4 X 2 vowel system at the M- and
W-levels (17a), and a 5 X 2 vowel system at the P-level (17b).

(17) Vowel inventory (Y okuts)

a. i u short b. i u short
a 0 e a 0
i u: long (iz) (u:) long
a: o e: a: o

The materials we are primarily concerned with are given in (18), which
we may take as representing the stable, or final, state of the P-level repre-
sentation.

(18) Future Aorist Gerundive Dubitative Gloss

passive  passive

a. CvC
xilnit xifit xil?as xilal ‘confuse (a situation)’
hudnut hudut hud?as hudal ‘recognize’
gopnit gopit gopros gopol ‘take care (of a child)’
maxnit maxit max?as  maxal ‘obtain’
b. CV¥C . X ]
meknit meekit mek?as meetul ‘swallow’
sognut soogut sogtas soogal ‘unpack’
dasnit doosit dos?os doosol ‘recount’
tannit taanit tan?as taanal ‘go’
c. CVCVVC
hiwetnit  hiweetit  hiweffas hiweetal  “walk’

sudoknut sudookut sudok?as sudookal ‘remove’
Topotnit  ?opootit  Popot?os Popootol ‘getup’
yawalnit yawaalit yawal?as yawaalal ‘follow’

d.CVCVV
Tileenit  Pilet ilee?as Tilel ‘expose to wind’
cuyoonutl cuyot cuyoo?as cuyol ‘urinate’
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hoyoo?os hoyol ‘name’
panaafas panal rive’

hoyoonit  hoyot
panaanit  panat

c. Epenthesis CVCC

Tiliknit 2ilkit Pilik?as  ?ilkal ‘sing’
Pugunnit  Pugnut Pugun?as  ?ugnal ‘drink’
logiwnit  logwit logiw?as logwol ‘pulverize’
Rayiynit  Tayyit Rayiy?as ‘?ayyal *pole a boat’

Syllable structure plays an important role in Yokuts at both the W-level
and the P-level. It is at the P-level (and, as we shall see, not at the W-level)
that the very common CVX syllable struciure is found. In such a CVX sys-
tem, all syllables are of the form CV (with a short vowel), CV: (with a
long vowel), or CVC (a syllable closed by a single consonant or glide). At
the P-level as well, we find the canonical 5 X 2 vowel system of (17b).
There are, however, any number of cases where a long vowel is followed
by two consonants, as in the case of a form like faan *go’ when followed
by the suffix -nit, as in (19).

A A

taannit

Such a string cannot be syliabified at P-level into CVX syllables, and a rule
of closed syllable shortenings (20) applies harmonically (i.e., as needed) to
shorten vowels 1o achieve proper syllabification at P-level (we return below
to whether (20) is best formulated as a (P,P) rule or as a (W,P) rule).

(20) V:—/V or: X X

v

What has made Yawelmani Yokuts the testing ground for phonological
theories is a rule of vowel harmony whose effect is (o spread rounding to
the right, within words, among vowels of the same height regardless of
length. This generalization, though, is only accurate at a level of represen-
tation removed at a certain degree from the P-level representation of (18).
Looking at the forms in (18a), built from forms containing only short
vowels at M-, W-, and P-level, we sce the simple pattern clearly illus-
trated. A suffix -it, -nit will have the conesponding round vowel () after a
stem with -u- in it (¢.g., hud), and nowhere else; a suffix -al, - Zas will have
a round vowel in it after a stem with -o- in it (e.g., gop). The forms in
(18b) can only be understood if we take the M-level representations to be,
respectively, mi:k, su:g, do:s, ta:n; on the basis of these representations, a
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rule of vowel harmony can be straightforwardly established which copics
rounding (0 a vowel 10 the right of the same height, as in (21). The for-
mulation in (21) assuines (perhaps wrongly; see Archangeli 1985) that
consecutive identical specifications of vowel height have been collapsed
(i.e., an OCP cffect; see Goldsmith 1990, 309ff.), and that the vowel speci-
fications for the four-vowel sysiem of (18a) arc as in (22); that is, the
feature Low is equipollent and the feature Round is privative. This as-
sumption is necessary if we are (0 have a simple and direct formulation of
Round spreading, as in (21): the notion of two vowels being at the same
height can only be expressed if both height specifications play a role in the
phonology (i.e., if the feature is equipollent), and spreading of rounding
can most simply be stated if the target of the spreading—the unround
vowel that “becomes” round—is not specified for the feature Round.

(21) Rounding Harmony [a Low]

x\/x

[+ round]

(22) 1 u a 0
Low bigh - - o+ o+
Round 4 +

The effect of Rounding Harmony, thus, is 10 create a situation in which the
span of the feature Round matches up, as far as possible, with the feature
Low (the significance of this alignment of two spreading domains was first
proposed in Steriade 1981; it has been developed as well in Archangeli
1985, where this point was first made regarding Yamalmani Yokuts, under
a different set of assumptions regarding features, and also in Cole 1987,
where the Yokuts case, among others, is discussed further). This kind of
matching is more general than the gencrative-style notation in (21) sug-
gests. If we are to succeed in separating the goal state of this level, on the
one hand, from the path permitted to reach it, on the other, we will need an
effective and cfficient system for indicating appropriate goal states. One
such common goal is the matching in span of autosegmental association
over two distinct charts. We may express this “harmony” between the
charts F and G as: F = G. If we specify that the chart Round consisting of
the tiers {Skeleton, round) and the chart Height {Skeleton, low} are har-
monic in the sense that Round = Height, then the rule given in (21) may
be simplied to (23), a harmonic rule that applies only if it increases the
well-formedness of the representation. In this particular case, we take har-
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mony between chaits, when specified in the grammar, to contiibute to
overall well-formedness, a point emphasized in the woiks by Steriade,
Archangeli, and Cole referenced above.

(23) Rounding Harmony (revised) X X

\4

[+ round]

This well-known type of analysis of Yawelmam Yokuts vowel hannony is
based, as we have said, on the premise that what corresponds to any long
e: on the P-level is a long i: on the M-level; corresponding to some long
o:’s on the P-level are long u:'s on the M-level (other P-level o:'s corre-
spond to M-level 0:’s). We have no basis as yet for determining whether
the correspondence of i: with e: (and u: with o) occurs between the
M- and W-level, or between the W- and P-level. Put another way, does the
W-level have the 4 X 2 vowel system of (24a) or the 5 X 2 vowel system
of (24b)?

(24) Long Vowel Lowering

a. i u: M-level b.i: u: M-level
c: o: W-level it u: W-level
¢ 0: P-level e [i% P-level
(M. W) rule: (W,P) rule:

M: x \/x w: x\/ X

1 v v

W.x x P x \/x
[+ Iow] [+ low]

We cannot be certain yet. The three rules we have so far are insufficient to
motivate any propertics for a level other than the M-level and the P-level;
in fact, our three rules so far—Closed Syllable Shortening (20), Rounding
Harmony (23), and Long Vowel Lowering (24a or b)~—can be perfectly
well expressed in a much simpler model with only two levels (M and P,
we might call them), in which the three rules directly mediate the two lev-
els; no issues of feeding, bleeding, or ordering are necessary; the rules op-
erate independently—what has been called “simultaneously.”

When we consider the rule of Epenthesis, however, we find that the sit-
vation comes more sharply into focus. The forms in (18¢) illustrate a pat-
tern with roots whose M-level form is CVCC. When a consonant-initial
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suffix follows, a triconsonantal cluster is produced, as in (25). In such
cases an epenthetic i appears, clearly in order 10 allow a representation that
conforms to a proper syllabification.

LN
(25) M-level il -nit
tilik- nit
N

This epenthetic i, however, has a clear relationship to vowel harmony:
first, such an epenthetic i will be made round by Rounding Harmony (23)
(cf. (26a)); and second, an occurrence of an epenthetic i will serve to block
an occurrence of Rounding Harmony (23) between an o and a following o
at M-level (26b).

(26) a.?ugn-nit M-level b. so:ni-?as
Tugin-nit so:nil-?as
2ugun-nut *so:niltos

In generative derivational terms, Epenthesis both feeds and bleeds Round-
ing Harmony; there is a clear and extrinsic ordering established between
them. From the point of view of hurmonic phonology, this effect can be
the result only of the placement of the two rules in different groups of
the M-/W-/P-model, with Epenthesis “higher” than Rounding in the pic-
wre in (27).

Furthermore, Epenthesis cannot be an (M,M) rule, the “highest” group-
ing available, because epenthesis applies in a hannonic fashion to achieve
well-formed syllabification—in the event, to get rid of unsyllabifiable se-
quences of three consecutive consonants—and syllabification is not a well-
formedness condition in Yokuts, nor in any language, at the M-level.

Thus Epenthesis may be an (M,W) rule (or a (W,W), (W.P), or (P,P)
rule), and hence Rounding may be neither an (M, M) nor an (M,W) rule; it
may only be a (W, W), (W.P), or (P,P) rule, as in (27).

27) M-level =——— (M\M)

D (M, W) «— Epenthesis

W-level (W.W)

D (W, P) =—— Lowering (see text below)

P-level =—— (P, P)

Rounding

We may now draw a conclusion regarding whether the vowel system
at W-level includes the long high vowels (24b) or not (24a). Rounding
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Harmony must operate on a level at which the long high vowels are
found (otherwise, Rounding would not correctly apply 1o a torm such as
sog-nut, with M-level su:g-nit), hence W-level must have the 4 x'2
vowel system of (24a), and hence (24b) is correct. That is, Loweriwg is a
(W,P) rule, as in (27). We cannot determine whether Shortening (20) is
(W.P)or (P,P).

(28) Level Vowel System
M-level 4Xx2
W-level 4 X2
P-level 5x2

su:g-nit
su:g nit > su:g nut
$O:g nut > sog nut

Syllable structure at the W-level in Yokuts is more varied, we observe,
than at the P-level. While a long vowel is not permitted in a closed syllable
at the P-level, it is permitied at the W-level. This is not an uncommon dis-
tribution; J. Leer has argued convincingly for this aligninent of syllabifica-
tion in Alutiiq (Leer 1988).

If the vowel feature specifications given in (22) are correct for
M-level and W-level, they certainly cannot be correct for P-level, which
has the canonical five-vowel system [iu.c,0.a). | have argued
(Goldsmith 1985; 1988; 1990, 300) that the canonical five-vowel system
is the phonological result of a two-feature system in which one feature
(essentially height, or aperture) is privative and the other (essentially
rounding or backing) is equipollent (i.c.. bivalent), as in (29). The vowel
system consists of vowels with no fewer than one and no more than (wo
associations.

(29) [—round] [+round) {—round] [+round]
|

x x x X x
I I |

[low] [low) [low]
i u a [ [

The shift from the four-vowel system of (22) 10 that of (29), as in (30),
is thus part of the interface relation associating the W-level and the P-
level. Again, it is worth emphasizing that this relationship should not be
thought of as a familiar derivational one, in which the W-level represen-
tation is (somehow) trying to “get out” and can only do so by running
through the maze of phonological rules and consiraints. Each level, rather,
sets its own autonomous conditions, and the relationship in (24) is thus
parallel, e.g.. to the syntax/morphology interface, or a D-level/S-level
relationship. In the interface sketched in (30), there is an inversion in the
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character of both features: Low is equipollent on one level, privative on
the other, and the same holds for Round.

(30) M-level, W-level

[round] {round)
X X X X
[—low] [—low] [+low] [+low}
u i 0 a
P-level
(+round) [—round] [+round] {—round]
X X x x x
{low] [low] [low)
u i o a [

The feature interfaces utilized in (30) are both interesting and straightfor-
ward, and devolve from the shift in feature type noted just above.

(i) Round is privative at M-, W-level, but equipollent at P-level;
(+round) at P-level interfaces with [round] at W-level, while [—round] at
P-level interfaces with @ at W-level (as. of course, does @ at P-level).
These are the default correspondences that are imposed by the change in
feature type.

(i) Similarly, Low is equipollent at W-level and privative at P-level;
again, [+low] at W-level interfaces with (low] at P-level, while [—low] at
W-level interfaces with @ at P-level. In general, featural shifts of this son
across levels follow the natural pattern given in (32). If M-, W-level vow-
els are subject o the level-particular restriction that the (equipollent) fea-
ture Low must be specified for each vowel, then no vowel will directly
interface with the P-level, as desired. The lowering rule of (ii) may be re-
interpreted as a (W,P) rule, as in (32), or in a quite different fashion, as the
result of a P-level 1actic specifying that all long vowels (i.c., vowels asso-
ciated with two positions, nuclear and coda) are associated with [low], i.c.,
cannot be the vowels i or u; see (33).

(31) F: equipollent F: privalive
Level L, Level L,
+F F

-F (']
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32) x «x W-level

[— Iow]

| S P-level

[Iow]
(33) Well-formedness Condition (P-level): F  where F is any feature.

/\

Rule:" @ — {low] Liow

»
»

From a familiar generative point of view, the struciural differences be-
tween the M-, W-, and P-levels may scem odd, off-putting, and embarrass-
ing for the model. To repeat, this intuition, we believe, is solely the result
of the thorough-going power of the derivation inetaphor—the production
line metaphor, if you will, applied to a linguistic object. There is no object
moving or being translated from one of the three levels to another; what
is “happening” during the linguistic analysis is that three (simultancous)
types of analysis are being compared, contrasted, and measured for fit.
From this point of view, further structural differences between levels are
quite welcome.

Archangeli (1985) discusses another important matier that we interpret
here as such a structural difference between levels. She suggests, in es-
sence, that the vowel pattemn of stems as in (18¢c,d), with an “echo,” or
copied, vowel in the second syllable, is the result of autosegmental spread-
ing. We may illustrate this as in (34), for the forms hiweetit and Popootit.

(34) [rround]
a. hVwVVi-Vi b. 7VpVVi-Vi

[- 1ow] [- tow] [+1ow] [+ 1ow]

There is universal consensus among analyses of Yokuts that such echo
stems are (0 be analyzed with repetitions or copies of the same vowel in
the two vowel positions of the stems (thus: hiwi1, sudu:k, ?opo:1, yawa:l,
etc.), and autosegmental theory requires (on one view, 10 which I sub-
scribe; it strongly suggests, on another view) that the copying is done by
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autosegmental spreading illustrated in (34). However, the rule of Lowering
only involves a single syllable in Yawelmani Yokuts (on other dialects,
see Archangeli 1985); M-level hiwi:tit corresponds to P-level hiwe:tit, not,
afier all, hewe:1-it (or hewe:1et).

This suggests that the representation to which Lowering (24) applies is
“syllabically local,” as in (35), in a way in which the representations in
(34) are not.

(35) a. b. [+|rd] frrd] [+r|d]

hV wVV Vi TV pVV -V

[—l(l)w] [—le] [-I(l)w] Eo-lc!wv] [+le] [—l(!w]

In the local representations of (35), each syilable has copics (so to speak)
of the relevant autosegments (i.c., features).” While we have no specific
additional grounds, we may speculate that this syntagmatic splitting of fea-
tures is in some part due (o the restructuring of the feature types (equipol-
lent, privative) across W- and P-levels.

We have explored in this section the shift in perspective that arises when
we attempt (o decompose a phonological analysis into intralevel and cross-
level components, and to reinterpret the familiar and traditional deriva-
tional analyses in terms that emphasize the tactics specific to autonomous
levels of the phonological component.

Through this discussion, an unsatisfactory remnant of the derivational
conception has remained in our intralevel analysis, in the sensc that even
the free and unordered application of rules within a level reconstructs a
major pant of the notion of derivation, though with the differences noted
above. In the next section, we turn (o a new conception, that of a dynamic
model, which overcomes this defect.

2.5. Dynamic Computational Models

In this section, we turn in a new direction, and offer an explicit approach
that addresses directly the aspect of the M/W/P harmonic model men-
tioned just above, the residue of the lincar derivation within the intralevel
rule applications.

We generally view the typical interaction of two (or more) rules as the
composition of these rules, as if the output of one were to provide the input
specifications for the other. We do this, in general, for two reasons: first,
we often discover feeding relationships between two processes which,
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from an analytical point of view, appear to be conceprually distinct, as in
the case of the two rules in Chukchi mentioned above; cf. (4), (5). Second,
while a coherent definition of simultancous application is pussible under
certain conditions, it is often difficult to ascertain whether thuse conditions
will be met by a given set of rules. If the rules operate on sharply distinct
subparts of the representation, they may apply simultaneously; but it may
be difficult to prove that two rules are in principle independent in that re-
spect, and, worse yet, if we have a set of n rules which are independent in
that sense, it is in general not easy to determine whether adding some spe-
cific n + Ist rule will be possible without significant rule interaction aris-
ing. Composition of rules—guaranteed by our traditional notion of rule
ordering"—is a simple way out of this technical morass of potential rule
interaction and conflict.

In the previous section, | suggested that intralevel rules applied freely,
with free reapplication. Such a suggestion naturally raises questions such
as whether one could be certain that no instabilities would arise: whether,
for example, a case might not arise in which a rule of epenthesis fed a rule
of deletion, which in turn fed the epenthesis, which in turn fed the dele-
tion, ad infinitum. One might cqually auempt to demonstrate that frec rule
application of intralevel rules would not lead to unwanied and incorrect
ambiguities of output, depending on which of two rules R, and R,, was
*chosen” at a given point to apply when the structural description of each
was satisfied.

In this section I will sketch an approach I have been exploring more re-
cently that appears to be able to resolve many of the potential difficulties
just raised by shifting the nature of the rules in question, that is, by shrink-
ing the conceptual distance between the representations, on the one hand,
and the rules, on the other. Gary Larson and | refer 1o models of this
approach as dynamic compuiational models, und within the broader gram-
matical picture sketched in the previous section, we lake them to be mod-
els of the individual levels of the M/W/P model, along with the intralevel
rules of the level in question. A single dynamic computational model, that
is, represents simultancously the representations, the 1actics, and the in-
tralevel rules of a particular level.

There are three essential propertics to these models. The first involves
more a style of presentation than of rigid substance, but it is a precondition
for the second and third propertics. Rather than viewing representations as
concatenations of formal objects (segments, anlosegments, or constitucnts
composed of these) with various features assigned to them, in which one
feature specification may be algebraically replaced by anoiher to form a
new representation, we design a fixed device which can take on various



c1966 ch2.gk

10/18/92 8:05 PM Page 48

48 John Goldsmith

states; each of these states is a phonological representation. A represeila-
tion is viewed, then, as a state of the device, and its stale—the representa-
tion—can be thought of as a point in a space of high dimensionality, a
phase space. To be sure, more traditional modes of phonological thought
can be described in such terms not uncomfortably as well, but we will
make use of this mathematical perspective directly.

Second, the units cach take on an activation value, typically in the
range from O to |, but not restricted o that range. Specific phonological
properties are not, then, inhereatly binary or quantized in any way, though
categorical propertics may arise out of “winner-take-all” arrangements
among certain subgroups of units, or other similar constructs involving
threshold values.

The third, and final, property of the dynamic computational models is
that units communicate their activation values to their ncighbors in ways
that are in part universal and in part language specific. As they do so, the
state of the model as a whole shifts, and thus its character as a specific
phonological representation; the communication of activation from one
unit to another causes the device to shift from representational state S, to
represcntational state S,, . Under conditions that can be made precise, this
evolution of the system due 10 activation passing converges (o a fixed
point, or equilibrium, and this is the output of the system. Each such sys-
tem represents a phonological level of the sort discussed in the previous
section.

In a dynamic computational model, there is no sharp contrast between
the rules and the representations as such. Roughly speaking, rules (in the
traditional sense) correspond to the network of connections that pass acti-
vation from one unit to another, and to the specific arithmetic coefficients
assigned (o these connections. This correspondence is rough, 1o be sure.
The effects of familiar phonological rules cannot always, or in general, be
simply reformulated in such quantitative terms. But perhaps the single
most important effect of translating all dynamic effects into a quantitative
system is that we can deal with all interactions of conflicting demands as
a matter of arithmetic: conflicts are resolved, so to speak, by simply let-
ting the stronger influence dominate. The final, or equilibrium, state of
the device is the resultant of all the component forces simultaneously
recognized.

In the remaining pages, | shall bricfly sketch how a systen of this
sort operales in practical terms. More details are available in Goldsmith
(in press a,b), Goldsmith and Larson 1990, Larson 1990, and we refer
the reader as well to Goldsmith (to appear a), Goldsmith and Larson (in
preparation).
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We focus here on two central concerns of phonolugical theory, accent
systems and syllabification systems, for two reasons: first, these are sys-
tems that are highly productive and regular in, no doubt, the vast majority
of languages of the world, and second, these aie sysiems in which rule in-
teraction and long derivations have been the rule rather than the exception
in discussions in the literature.

Our basic model is the same for the treatment of both accent and syllab-
ification systemns. We consider a linear sequence of units u,, cach of which
has an activation value x, which may be positive or negative. These units
correspond roughly to the Row 0 units of the metrical grid" in the case of
the accentual system, and 10 the skeletal tier in the case of the syllabifica-
tion device. Each unit has an inherent activation, which is the sum of two
terms: the internal activation (corresponding to syllable weight in the case
of the accentual system, to and sonority in the case of the syllabification
operations on the skeletal tier) and positional activation—prominence as-
signed on the basis of position in the linear string.

Furthermore, each unit u is connected to its lefi- and right-hand neigh-
bors in such a way that the more activated it is, the more it inhibits its
neighbors, 4, , and 4, . Conversely, a unit with negative activation ex-
cites its left- and right-hand neighbors; we refer 1o this velationship, there-
fore, as one of polar inhibition.

Let us make these relationships a bit more precise. We inay imagine,
for expositional purposes, that the activation of all of the units is updated
at the same time, i.c., synchronously. The activation x, of a given unit u, at
time ¢ is, then, x ', and its value is determined by cquation (36), where a
and B are coefficients between 0 and — 1 (though more generally a and 8
can be positive as well) specifying the degree to which an element affects
its left- and its right-hand neighbor, respectively:

(36) x'*! = finherent activationof 1)) + a - x; , + B-x! _,

In general, the absolute value of the product of a and 8 must be less than
about 3@ for the system to be stable and achieve equilibrium; typical
values, for example, are a = —~0.5 and B= 0.1, i.e., a < §, though in the
case of accentual systems this relation may be inverted. We refer to the
final values x, as the derived activation of the units u,

These assumptions have already built something much like the rule of
Perfect Grid right into the architecture of the metrical systein. If a single
unit u, for whatever reason, has a positive inherent activation, then its left-
and right-hand necighbors will have negative aciivation; their neighbors, in
turn, will be positively activated; and the activation of unit u, will spread
out dynamically through the network. For example, if the fifth unit in a

0.2
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system with six units has an inherent activation of 1.0, with a and g
as above, then the system will reach an equilibrium with the following
values:

Gn unit 1 unit 2 unit 3 unit 4 unit § unit 6

0.08 -0.16 0.31 -0.59 AL =0.11

In general, stress or accent is assigned to those units whose activation is
a Jocal maximum, that is, whose activation is greater than that of their
neighbors on either side." In addition, a threshold value (6,) may be estab-
lished below which even a local maximum is simply ignored.

As we noled above, this quantitative approach allows for a simple no-
tion of dynamic interaction of phonological influences. Coasider, for ex-
ample, the interaction of positional activation and polar inhibition. In the
more familiar terms of metrical phonology, we may ask how the system
deals with a typical case such as the following. Suppose that a language
stresses the penultimate syllable, with alternating stress radiating outward
from that position, and that in addition, the first syllable is stressed. How
do these rules interact, and how is the potential conflict between the two
rules resolved, panticularly in the case of a word with an odd number of
syllables? Will the pre-antepenult, the fourth syllable from the end, always
be stressed? Will it be stressed if that would create a clash with the first
syllable? Will the first syllable “lose™ its stress because of competition
with stressed syllables to its right?

Stress on the penultimate, as well as stress on the first syllable, is inher-
ent positional activation. We assume that all inherent positional activation
is quantitatively the same: 1.0." Perfect Grid amounts, within this model,
1o any settings of a and B8 within (—1,0), and a low sctting for 6, the
threshold value. The resultant values can be calculated straightforwardly.
If we assume that the values of (a,8) are —0.5 and —0.1 respectively, then
the values we get for three-, fewramd-five-syllable words are as in (38);
this is based on a calculation in which an inherent activation of 1.0 is as-
signed 10 the first and 10 the penultimate syllable. In a system in which the
local maxima are phonetically realized as stressed, the syllables that are
marked with an acute accent will be stressed.

(38) (a.8)=(-0.5,~0.1)

3 syllables 4 syllables
o 6 o 6 [ 6 [
05 10 -01 135 =07 1.13 -0.11
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5 syllables 6 syllables
6 [ o 6 0 6 o 6 0 6 o
1.2 =039 05410 0.1 1.14 -027 032 —059 112 ~0.12

While these are the values of a,fB that appear to be correct in most of the
systems we have looked at, the space of systems available is larger, and
other equilibrium values are accessible with other settings of a,B (the set-
ting of these values for the accent system is, however, a constant for a
given language). This is illustrated in figure 2.1 for the case of a three-
syllable word. In region A, the first syllable u, is a local maximum, and x,
is greater than x,; in region B, x, is greater than x,, and u, dominates. What
we sce, then, is a system in which, by varying the explicit paramelers, we
can shift from one accent system to another, in the sense that within the
distinct regions, distinct accent patterns are found for cenain words or
word types; but the general and crosslinguistic properties of accent sys-
tems, such as stress clash avoidance and alternating stress, are the result of
the inherent architecture of the system.

04

02
{Region B: 2na Syliabie suess ,/",

0

02 e [Reanon A: lnal siress L

»
L

-08 f
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Figure 2.1

Any number of accentual conditions can be inposed simultancously,
and the output of the system is the quantitative resultant of these condi-
tions. It is not hard to see that what we have achieved here, in effect, is
something much like allowing rules io apply sunuliancously and yet hav-
ing a guarantec that there will be no unexpected and unresolvable prob-
lems of interaction due to composition; or rather, all problems of this sort
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what appear to be strong restrictions on the number of segiments permitted
in the onset and coda; such a case is discussed in detail v Dell and
Elmedlaoui 1985, and reconsidered from the piesemt point of view ‘in
Goldsmith and Larson 1990. In the latter paper, we suggest that the appar-
cut violation of the Sonority Principle is due to the effects of the dynamic
computational model, in the following sense.

The model consists of a sequence of units u, as before, but with the dif-
ference now that cach unit represents a seginent rather than a syllable or
mora; thus, the model as a whole represents the skeletal tier. The inherent
activation of each unit is the sonority of the element (and we return below
1o how that quantitative measure is established, i.c., how it may be shown
to be learnable). As with the accentual model described above, however,
when we look for peaks, or local maxima, it is not peaks of inherent sonor-
ity that we seek, but rather of what we call derived sonority. Assuming
values of a and B in the neighborhood of €73 and O-as belore, the high
activation (or sonority) of the clement s,, , greatly decreases the activation
of its left-hand neighbor, 5, while s, itself, greatly reduced in activation, af-
fects the activation of its left-hand neighbor, s; ,. very little; thus the de-
rived activation of the sequence s, _, s, 5, , declines from s, , 10 s, and then
increases from s, to 5, ,, and in general, the observed syliable nuclei may
coincide with the derived sonority.

Larson has explored (in Larson 1990 and in prep.) the ways in which
the salutary predictions of the Minimum Sonority Distance Principle
(Steriade 1982, Harris 1982, and much recent work) can be derived from
checking no more than the locations of peaks and troughs in the curve of
derived sonority, in this sense, while additional results follow as well, as
Larson (1990) discusses in connection with the syllabification pattern of
Spanish. Without going into great detail here, some of the general charac-
teristics of the model can be mentioned. Just as a peak of derived sonority
corresponds to the nucleus of a syllable, so the local minimum (or trough)
of sonority marks the boundary between syllables; in general,” syllables
are stretches from one trough of derived sonority up to, but not including,
the next trough of sonority.

Let us calculate when a sequence of segments s, s, s, inay constitute an
onset—nucleus sequence. That will be possible if the derived sonority (ds)
of the segments satisfics the condition iu (39).

(39) ds(s,) < ds(s)) < ds(s,)

We would like 1o know what conditions this sets on the inherent sonority
of the segments s,, s,. and 5, which segments will be permitted to appear
in such a sequence? Given any arbitrary values of a and 8, the relation
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between inherent and derived sonority is a bit complex, but we can begin
to get a feel for the effect if we consider as a first approximation the case
where 8 = 0, and where we calculaie only the first (but most significant) it-
eration in the step toward equilibrium. Under those conditions, the first
inequality in (39) reduces to (40), where x, is the inherent sonority of seg-
ment 5.

(40) (x, — ax,) < (x, — ax,), thatis, x, ~ x, > a 0y —xy)

Thus, what this model suggests is not that a minimuim sonority difference
is required between successive elements in the onset as such, but rather
that a strict upper limit is set on the difference between the sonority of the
second and third clement, a limit determined by the difference in sonority
between the first and second. (Larson 1990 describes this effect in greater
detail.)

Let us consider the treatment of a sequence of two consonants between
vowels a bit further. While a sequence such as ...alba... will be syllabified
uncontroversially as ...al-ba... in virally all languages, the sequence
..abla... is, as is well known, syllabified in some languages as ...ab-la...
and in others as ...a-bla.... The present model calculates the syllable divi-
sion purely on the basis of the determination of the local minimum of de-
rived sonority, and it is not difficult to observe that as we adjust the a
parameter from 0 up toward 1.0, we observe the syllable division per-
formed in these two different ways. With a at 0.0, b is a sonority mini-
mum; as a increases, I's derived sonority decreases, until it falls below b’s
at a high enough value of a. Precisely where this point is depends on the
assignment of inherent sonority values to the individual segments, a matter
to which we now turn.

In work currently in progress, Larson and | have explored the properties
of a system that abstracts the sonority values in the following way. We
present the device with a list of words from a given language, specified in
a familiar (binary) feature system, and we indicate which scgments are in
fact, on the surface, the syllable nuclei, i.c., the peaks of derived sonority.
The device then proceeds to calculate sonority in the following fashion. It
assumes that the (total) sonority of a segment is the sum of the contribu-
tions to sonority of cach of its individual features, and for simplicity’s
sake, we assume that one value of cach feature contributes no sonority.
The other value of the feature will contribute to the sonority of the seg-
ment—but how much? For every feature f there is a corresponding
amount ¢, and the task of determining the sonority hierarchy for a given
language is then equivalent to determining the values of ¢ for all the fea-
tures f, We may refer to the set of coefficients c, as the sonority vector S.
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Our results so far suggest that this is not a difticult task for even a
simple device. Our device assumes a fixed value of a and B (- 0.5,-0.1), -
and it begins (or rather, we begin) with purely random values of she set of
coefficients ¢,. It then calculates a sonority curve, with its maxima and
minima, on the basis of these totally random sonority coetficients, and
compares its guesses of where the sonority maxima are with the data as we
have presented it—since we inform the device which seginents are the
(surface) sonority peaks. When its guess is correct, the coefficients are not
changed. When the device guesses that a segment s is a peak but it is not,
then it decreases by 10 percent the coeflicients ¢; that coniributed to s’s
sonority, and conversely, when it fails to identify a true sonority peak, it
increases by 10 percent the coefficients ¢, of the features that contribute to
the sonority of that segment. In short, it acts like a perception.

For the first dozen words, the device does no better than close to chance
performauce. Its performance quickly improves, however. For example,
when we use the two hundred most common English words as a traming
set, the device comrectly assigns syllable peaks to approxiinately 82 percent
of the words after one trial, and to 97.5 percent after five trials.

This kind of performance, rudimentary though it is, suggests how an
explicit learning procedure of this sort can allow a formal device to arrive
at the correct sonority vector for a given language. We discuss this issue at
greater length in Goldsmith and Larson (in prep.). ’

Finally, as we noted above, the development of dynamic compuational
models for both accent and syllabification systems offers the prospect of
developing a deeper account of the relationships between the two systems.
There are two fundamental relationships between the two: (1) it is peaks,
and only peaks, of derived sonority that correspond to elements of the ac-
centual system (we may say that an accentual unit g, is associated with a
skeletal unit 5, or that they are associates, just in case s is a local maxi-
mum); (2) in what are called quantity-sensitive systenis, the activation, or
total amount of (derived) sonority, of a skeletal unit contributes to the acti-
vation of its associate on the accentual tier (Prince 1982).

In work in progress, Larson and | are exploring the nature of quantity-
sensitive accentual systems (discussed in detail, for example, in Halle and
Vergnaud 1987) by establishing local dynamic links between the local
maxima on the skeletal tier and their associates on he accentual tier. In
so doing, we have integrated into the heart of the accentual model the
two central properties of accentual systemis of the world: their propeasity
to promote alternate syllables to prominence (embedded in the model in
the local connections of polar inhibition, as in (36)), and their propensity
to assign greater accentual prominence 1o those syllables incorporating
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Notes

1. This chapter has scen a number of versions circulated among colleagues
over the past severaf years. {t develops ideas thut are discussed as well in Gold-
smith (1989, 1990, in press a), and has been influcnced by more linguists and non-
linguists than | could name. With regard 1o the notion of levels, | have been
especially influenced by Charles Hockett and Noam Chomsky, as well as by J. R.
Firth and Kenneth Pike; ihe reader will note the echoes of siratificaiional, prosodic,
and tagmemic writing in some of the discussion herein. | have had a number of dis-
cussions with George Lakoff since 1987 on the nolion of rule ordering and the
challenges to intermediate represcntations. On the matter of harmonic rule applica-
tion, the work by Singh and Sommersicin that 1 cile below deserves particular
mention, as do in other ways lectures by John McCanbhy at the 1987 Linguistic
Institute at Stanford University. With regand 1o levels and barmonic application,
various work on lexical phonology and phrase level phonology has been influential
in that much of the work in these traditions seems 10 me 1o be quite wrongheaded,
the present work aims 10 provide more atiractive aliematives. On the imponance of
the notion of harmonic application in a larger cognitive perspective, | have been
greatly encouraged by cument work in connectionism, as discussed, for example, in
Rumelhant and McClelland et al. 1986, and | have found especially helpful the
work of Smolensky (1986 and clsewhere), whose work on harmony theory was at
the origin of my choice of name for the present work.

1 have as well been influenced by the work of Sydncy Lamb and of Charles
Hockett, 1 should note. | am greatly indebted 10 my colleagues and students at the
University of Chicago, especially to Jerry Sadock, whose work on autolexical the-
ory stands behind the present discussion, and to discussions with the siudents in
our phonology seminars, including Anna Bosch, Diane Brentari, Gary Larson,
Karen Peterson, and Caroline Wilishire. Geoffrey Huck, Younghee Na, and Jessie
Pinkham have made very helpful comments on carlier drafis of this paper. This
material was presented ot the University of Toronto and the University of Cali-
fornia at Berkeley, and [ am grateful 10 the linguists there for helpful comments
as well.

This material is based upon work supporied by the National Science Foundation
under Grant No. BNS 9009678.

2. Goldsmith 1990, chap. 5. On iexical phonology, sce particularly Kiparsky
1982, 1985.

3. Perhaps the phrase Is 1endentious. There are no methodological principles
given 10 us a priori that would allow us to know when a theory’s constructs have
strayed 100 far from what can be translated into a psychologically accurate model.

4. To my surprise (and dismay), | have found that these preliminary observa-
tions are occasionally grected with a cenain hostility among my otherwise emi-
nently judicious and sensible colleagues. | wish 10 explicitly avoid giving the
impression either that 1 am rejecting all of contemporary phonological thought
(that is the fasthest thing from my mind) or that | am suggesting that my proposal
here is without precedent in the recent Jiteraiure. On the contrary, it is rather obvi-
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ous, as | have tried 10 suggest here and in Goldsmith (1990, chap. 6), that the pre-
sent proposal is a nawral developmem of proposals that have been made over the
past twenty years, and niore, in some cases. | would einphasize that the central
point of the p t discussion is 10 enc ge discussion, within the present con-
text, of the selutionship between derivations and levels.

A number of proposals in the current literature beur directly on the model dis-
cussed here. In certain respects, the “repair sirategy™ explorations of Singh (1987)
and, following him, Paradis (1988), bascd explicitly on the proposals of Semmier-
stein (1974), are the closest, but in other respects their proposals are quite distinct
(or perhaps “orthogonal” would be a better term) to the present discussion. Yip
(1988) explores similar ideas. As | have noted, the work by Sydney Lamb, men-
tioned exceedingly rarely in the present literature despite its influence, is 1o be
noted. Some work of Alan Prince, of John McCanhy, and of Junko lt6 is highty
relevant, though the list of work that is highly relevant would be hard 10 compleie
once it was started.

5. Throughout this section 1 use the vague pronoun “we™ 1o refer 10 a common
group of contemporary linguists. The reader muy take the word (0 be used cither
inclusively or exclusively as the reader wishes; my intention is that it be inclusive.

6. A recent and thoughtful discussion of these notions is found in Ladusaw

1988.

7. For purposes of concreteness, | take Hockett’s position in Hockeut 1961 10
cpiloniize the th ical p that 1 refer to here as American structuralism.
Chomsky 1975 [1955] offers a fine explanation of the notion of level:

The development of a sysiem of phonemic representation does not conclude the
process of linguistic analysis. We also want to discover the morphemes, words,
and phrases of the language, and to deiermine principles of sentence construc-
tion that could hardly be stated direcily in terms of phonemes. Instead of giving
a direct definition of these further notions within linguistic theory, we cun con-
tinue 1o construct systems of representation for sentence tokens, calling these
systems “linguistic levels.” A e (oken can be represented as a sequence
of phonemes; but il can also be represented as a sequence of morphemes,
words, und phrases. Thus each sentence token will have associated with it a
whole set of representations, each representation being its “spelling™ in 1erms of
clements of one linguistic level. (Pp. 98-99)

Perhaps better known is the following passage, on the opening page of
Chomsky 1957:

The central notion in linguistic theory is that of “linguistic level.” A linguistic
level, such as phonemics, morphology. phrase structure, is essentially a set of
descriptive devices that are made available for the construction of gramauars; it
conslifules a certain method for representing uiterances. (P. 11)

8. It goes beyond the scope of this paper 1o discuss the matter in detail, but the
puint may well be made that a major component in the lack of comniunication be-
lween the generative semanticists and the interprelive semanticists in the late
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1960s derived from the use, by the generative semanticists, of the technical notion
of derivation without a serious commitment 10 the view of syntactic analysis that
lies behind its most natural use. Global rules (Lakoff 1969, 1970) seem like a for-
mal abomination from the point of view of derivational syntactic unalyses, though
not from the point of view of a theory trying 1o link scinantic and syniactic levels
of analysis in as direct & fashion as possible—"direct” in the sense thu an su-
tonomous level of deep structure, distinct from semanlic representation, was not in-
cluded in the theory. This issuc is discussed further in Goldsmith and Huck 1991.

9. A reviewer poses the question at his point as 10 whether we are 1o interpret
the relation between levels as being achieved by rules acting simultancously at
cach step, ie., (MP,PM) and (PM.PT). The answer is yes, of course, though the
structuralist would say that the word “simultaneously™ is out of place. A relation is
not something that happens; it is a stale, we might say, not an event, and all cross-
level rclations are timeless states. If 2+6 equals 8, and 8 equals 2 X 4, are we
commitied 10 saying thut the two cqualities are simult when we wrile
2+6=8=2 X 4?7 In a word, no; 10 say they are lrue simultancously would be mis-
leading at best, a calegory mistake at worst.

10. Andrfis Komai informs me that he has recently argued that such a posi-
lion—developing a semantics, in effect, for phoiology—-has interesting coase-
quences; | have not had the opportunity to study this work (Komai 1991).

11. Chomsky 1975 [1955] provides a discussion of the introduction of rep-
resentalions that are motivated only by general simplicity of rule interactions
(pp. 114-16 especiully).

12. The present proposal teaves open a number of questions. If intralevel rules,
for example, are unordered, is the claim not implicit that no cases will ever arise
in which the order of application of two intralevel rules nust be specificd in a
language-particular fashion? We will not, in fact, address that question, because we
are trying to establish a rather differemt way of discussing phonological rules, ad-
umbrated in the final section of this chapter. The essence of the approach is that
what we take to be phonological rules can best be formalized as something ap-
proaching a field of force in a large-dimensional phase space; these fields can be
arithmetically summed, and the suin is what delermines the effect that the phono-
logical sule undergoes.

13. This well-formedness condition must be interprcied as having the equiva-
lent of a Structural Description and a Structural Change: the double association of
a feature is the SD, and the [low] is whal then inust be there. More is (0 be said
about this distinction.

14. Cf. Archangeli 1983 for a brief discussion aind recognition of the problem
that this material poses for a sinple uutosegmiental account of Yawelmani
Rounding Harmony and Lowering.

15. The guarantees that rule applicalion will be kept well behaved fiom a for-
mal point of view have been endangered by the increase found in the literature in
appeals 10 “persistent” processes that are distincl from rules, persisiciit processes
that regulate the representation by repairing structure or ensuring that it is weil-
formed (the first such example being the Welt-formedness Condition of Goldsnuth
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1979 [1976]). The danger (o be found in 1he increased use of such devices is this:
Suppose we have an ordered set of rules, R, and a set of (more than one) persistent
repair processes, I'; After one of the rules (say, R) applies, all of the persistent re-
pair processes ought to apply. But do they apply simuliancously or do they apply
sequentially? If sequentially, how do we know which one has first chance—will
universal principles determine that, or will the repair processes be ordered in a
language-particulas fashion? In either event, we will be left with two sets of or-
dered procedures, one set applying inside the derivation established by the other
set. To my knowledge, none of these baroque consequences have been addressed
in the literature, but the problems for current theory are very real. 1td (1986), in a
major development in this line of research, is led to establish two persistent
processes, Syllabification and Stray Erasure. A number of her examples, such as
the discussion of Lardil, illusirate the requirement that after a (real) phonological
rule has applied, Stray Erasure must not apply until gfier Syllabification has ap-
plied; but after that, the two processes apply freely, in aliemating fashion, until the
structural condition for neither of them is met. My point is not that this style of
process interaction is imnpossible, nor even that it is reprehensible in any sort of
way, but rather that familiar cile-orienied phonological theory has—on the basis
of cogent and valid argumentation—backed itself into a corner where radical re-
thinking of rule organization is simply a necessity.

16. Or rather, many of these are phonological representations: not all states of
the device need be defined as licit phonological representations.

17. Liberman and Prince 1977; Prince 1982; Halle and Vergnaud 1987.

18. This statement leaves open whether end units on either the left- or right-
hand end of the word are local maxima when their activation is greater than that of
their (single) neighbor. Either choice on this—saying that they do count as local
maxima, or that they do noti—would be reasonable, and this factor appears (o us at
this point to be a language-particular decision. When an element must be strictly
greater than elements on cither side, then no peripheral element will be a local
maximum no matter what its activation value, and we derive what is known in the
literature as peripheral extramerricality (extrapositionality).

The statement in the text is also incomplete in that in our studies of stress sys-
tems, we have found it appropriate in a number of cases to take siress (o be as-
signed 10 those clements whose activation is above a language-specific threshold,
regardless of whether the unit is a local maximum or not. The reader familiar with
the subject may note that this distinction is directly related to whether or not the
language allows stress clash.

19. This is not a gencral assumption across the theory; in fact, the option of
varying the relative strength of inherent activation is an imponant parameter within
the approach.

20. Except for Scots Gaelic; see Bosch 1991; here syllables are defined as
siretches from (butl not including) one rough up to and including the next
minimum.





