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This work takes the position that phonological rules
are applied across a string either from left-to-right or from
right-to-left in & direction that is predictable from the
relative locations of the conditioning factor and the segment
undergoing the rule (focus). It thus diverges from the
"standard theory" of N. Chomsky & M. Halle, as well as from
the alternative theories of C. D. Johnson and S. Anderson.

The first part of this work develops the directional
theory of rule application through consideration of a large
number of empirical examples drawn from a wide variety of
languages. A comparison is made throughout the work with
the treatments required by the standard theory. Chapter 1
introduces the problem and reviews some relevant aspects of
the standard theory. Chapter 2 illustrates directional rules
and how directionality is to be predicted. Chapter 3 dis-
cusses disjunctive ordering and its treatment within the
directional theory. Chapter 4 calls for a distinction between
the unmarked repetitive and marked simultaneous modes of
application. Chapter 5 presents the crossover constraint,
which prohibits the application of a rule to a segment that
is separated from the conditioning factor by a segment meeting
the internal requirements of the focus. It is argued that
disjunctive ordering is characteristic of accent rules, while
the crossover constraint is characteristic of nonaccent
rules. Chapter 6 considers those cases, such as intervocalic,
where the conditioning factor is on both sides of the focus.

The second part of the thesis is & comparison among the
various theories of rule application. Chapter 7 introduces
Johnson's and Anderson's theories and compares these and the
standard theory with the directional one. Chapter 8 deals
with a type of rule that is a potential counterexample to
the directional theory and shows how the various theories
treat it. Finally, Chapter 9 briefly summarizes the major
claims of the work.
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"It is not enough to show that something may
be done in such-and-such a way; it is important

to show that it must be done that way."

- Morris Halle -
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INTRODUCTION

The purpose of this work is to present, exemplify, and
attempt to justify a particular view of rule application in
phonology. Since that view ié characterized by the claim
that all phonological rules are applied in a given direction
across a string and that the direction is predictable on the
basis of the formal properties of the rule, it seems appro-
priate to refer to this view as a '"directional" theory of
rule application.

The title of this work is in a certain sense presump-
tuous, for what I have done is to provide an outline of vari-
ous important aspects of the theory and have necessarily
ignored others and left some problems unsolved. Consider,
for example, notational devices such as parentheses, sub-
scripted expressions, braces, angled brackets, mirror-image
rules, etc. These devices are utilized within generative
phonological theory to collapse a set of rules into a single
more comprehensive statement which Chomsky & Halle (1968)
refer to as a schema. In this work I refer frequently té
parentheses and subscripted expressions and their positions
within the theory are accordingly quite clear. Other nota-
tional devices in .common usage are either not used in this
work or used sparingly in a way that requires some comment
here.

Consider brace notation as a case in point. A number

of rules in this thesis use the brace notation but nowhere
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in the work itself will one find a statement of how this
notation is to be interpreted in the directional theory.

This is not an accidental omission, but rather a strategic
one. I maintain that brace notation is not a legitimate
abbreviatory device and is thefefore not to be included
within a statement of this theory. Yet, I have used it sev-
eral times in a very restricted and straightforward way in
order to make other theoreticgl points without having to en-
tertain lengthy arguments dealing with brace notation and
its alternatives. 1In the first draft of this work approxi-
ﬁately 150 pages weré devoted to the brace notation and cer-
tain other conventions subor&inate to it, such as the op-
tional shifting of featuges from the left of the arrow to
the corresponding position in the environment. Since that
draft my views on this subject have developed much further
and it would have been far too unwieldly to incorporate
these arguments into this work. The reader is thus asked to
bear with the postponement of this issue and perhaps to raise
for himself the question as to whether the rules expressed
herein using brace notatian constitute legitimate generaliza-
tions and, if so, how the generalization might most appro-
priately be captufed if the brace notation is disallowed.
Angled brackets have been omitted from consideration
here for two major reasons. First, if this notation is to
be incorporated into the theory it would have to be substan-

tially -clarified. Chomsky & Halle provide two contradictory




conventions of expansion for expressions abbreviated with
angled brackets and it would be necessary to argue for the
correctness of one or the other. This wculd involve a sub-
stantial investment of space for an issue of peripheral sig-
nificance to the principal claim of this work. In fact, the
first draft of this dissertation contained a lengthy chapter
dealing with this convention alone and that barely touched
upcn the significant issues posed by angled brackets.
second, no novel properties are claimed for angled
brackets that would force further elaboration of the theory.
The most significant claim made about this notation is its
disjunctive ordering and this is capturable within the di-
rectional theory in precisely the same way as disjunctive
ordering is captured in the case of parentheses. In general,
the interesting problems posed by angled brackets fall into
a domain somewhat outside the scope of this dissertation,
namely the question of how the modifications in the string
are made. The focus of this work is rather upon how seg-
ments meeting the structural description of the rule are
identified and the relative ordering of one application of
a rule and another.

Perhaps a more interesting omission from this work is
the question of how mirror-image rules might be incorporated
into the directional theory. The problem here is that the
mirror-image convention abbreviates a pair of rules and the

directional theory would predict from one of these rules
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that it should apply from left-to-right across the string, but
it would predict the opposite directionmn from the other rule.
If a schema abbreviated by the mirror-image convention con-
stitutes a unitary generalization, the question arises as to
how it might be applied in a theory with predictable direc~-
tionality.

Three major types of response can be offered to this
challenge. The first would be to deny the existence of mirror-
image rules altogether. This is a distinct possibility that
should not be overlooked, despite the growing number of inter-
esting cases that have been reported. Lightner (1971) has
recently questioned the validity of mirror-image rules as
unitary generalizations (cf. Chapter VI, footnote 3) and this
convention is not included in SPE. It is probable, however,
that a total prohibition on mirror-image rules is too strong
a position to be maintained in the face of the wide variety.of
empirical examples.

A second altermative would be to assume that the first
rule of the pair is applied across the string in the direction
predicted for it and that when all applications of this rule
are completed the second rule is applied in its own predicted
direction. The third alternative would be to apply the rule
across the string in a direction predicted by the first expan-
sion, but successively attempting to match the string against

the first and then the second expansion.
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The purpose of this discussion on mirror-image rules is
not to argue for a particular way of incorporating them into
the directional theory (or indeed for their incorporation at
all), but rather to illustrate that chere are a number of
possible alternatives that requ;re consideration. To deal
with these adequately would have required a very extensive
treatment, since there is a real question as to the validity
of most individual cases of mi;ror—image rules. Lightner's
admonition is based upon one type of objection, the question
of whether a mirror-image rule is in any sense a simplifica-
éion of a pair of seﬁarate rules (or of only one of these
rules). Anderson (1969) poiﬁted out that some mirror-image
rules apparently have to ge disjunctively applied and others
conjunctively.applied, which would give this convention the
unique honor of allowing nonpredictable disjunction. I con-
sider these issues to be significant and to be a cause for
caution in relation to attempting to modify a theory -- or
justify a theory -- in terms of mirror-image rules.

As a final qualification of this work I would like to
point out that there is oﬂe well-known rule which simply can-
not be expressed in terms of the more restrictive theory
developed here. That rule is the Main Stress Rule of English
as described in SPE. If that rule is correct as it stands,
the theory I am proposing must be considered falsified, for
this theory denies the existence of schemata involving the

complex interrelationships of braces, parentheses and aﬁgled
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brackets utilized by that analysis. My theory claims that the
MSR is not a legitimate generalization about English and I
believe this claim to be correct. To substantiate it in any
convincing way would require a lengthy argument well beyond
the immediate purposes of this work, however, and this has
been deliberately omitted. I therefore accept the MSR as a
potential counterexample to the directional theory I am
proposing and will make only passing reference to it in the
text to follow.

It is with great pleasure that I take this opportunity to
acknowledge the many people who have contributed to this work.
First and foremost among these acknowledgements must be to the
faculty and students at M.I.T. who are ultimately responsible
for whatever this dissertation contains that is of value.
These individuals are the primary source of what I know about
linguistics and have givén me encouragement as well as deep
and constructive criticism at every turn. The unique atmos-
phere at M.I.T. in which we were all treated fully as col-
leagues rather than as "students" makes it difficult to
recognize individual contributions, for so many individuals
have played a significant role in my education through discus-
sions and criticisms both inside and outside the classroom.

In recognizing a few of the most significant contributors
below I do not intend to minimize the important roles played

by many other individuals who shall remain unnamed.
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To Morris Halle I extend a particular debt of gratitude.
He educated me in phonology through his excellent course
(which I sat through three times) and he taught me to frame
phonological questions in terms of empirical hypotheses
rather than a priori assertions. In spite of his heavy admin-
istrative burden as chairman of the department, he was still
one of the most accessible individuals when students needed
sounding boards for their ideas.

Noam Chomsky, through his provocative writings, brought
me into linguistics to stay. It was only after reading his
works that I realized that the intriguing phonological and
morphological puzzles I had been playing with were deep and
meaningful hypotheses about the mental representation of
language. More than any other individual he has shaped my
outlook on science and upon the fascinating inquiry into the
nature of language. |

Haj Ross, Paul Kiparsky and Ken Hale all influenced my
thinking about phonology in various ways. Haj not only was
my mentor in syntax (along with George Lakoff), but was also
working on English phonology during the initial stage of my
dissertation research when my own concerns were with English
phonology. We have shared many ideas but because the topic
of this dissertation has shifted his influence is not imme-
diately apparent. Paul Kiparsky has helped to carry this
dissertation through to completion as its chairman, and has

contributed greatly through his rich and provocative hypotheses
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about linguistic change and language acquisition. Ken Hale
has been a frequent sounding board for ideas and analyses and
has contributed in many ways by his insights and extraordinary
breadth of knowledge of specific languages.

I would also like to express my appreciation to Steve
Anderson, my third committee member and a former classmate at
M.I.T. His stimulating and insightful writings on phonology,
as well as his extensive comments and criticisms of various
drafts of this dissertation, have helped t»o shape my ideas
and the way théy are expressed herein in numerous ways.

My colleagues and students at the University of Hawaii
have also played a significant role in this work. Byron
Bender, chairman of the department, has been extremely patient
during my long procrastination and has given me constant
encouragement and support. He has also been one of the prin-
cipal sources of criticiém and commentary in relation to my
work among the UH faculty, along with Bob Hsu, Ann Peters,
George Grace, Greg Lee and Fang-Kuei Li.

Several of my students at the University of Hawaii have
nade sizeable contributions to this work. I would like to
acknowledge especially Geoff Nathan, Ken Rehg, and Ron Scollon
for their valuable ideas and assistance.

Les Rice, my roommate-by-chance at the 1965 Summer
Iﬁstitute, ﬁlayed an early but important role in my devel-
opwwent as a linguist. It was d;ring this period that i first

came into contact with generative grammar and for an entire
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summer every time I thought I understood somethiug, Les
showed me why I didn't. This helped me to avoid many of the
basic pitfalls of learning generative grammar and provoked me
to seek out the critical appraisals of others, as well as to
supply self-criticism during the remainder of my career as a
linguist.

I would also like to acknowledge a stimulating exchange
of ideas with Theo Vennemann during the 1971 Summer Institute,
although there is nothing in this particular work that makes
his influence obvious.

I am grateful to the National Science Foundation for the
grant which enabled me to attend the Summer Institute spon-
sored by the Linguistic Society of America at Ann Arbor in
1965 and to M.I.T. for awarding me an N.D.E.A. Title IV
fellowship (No. 66-2311) under which I pursued my graduate
studies.

To my parents, who supported my early education and have
waited patiently and fatalistically during the past few years,
this work is a repayment for their love and trust. My
brother, Alan, has contributed in so many ways to my intellec~
tual development that it is difficult to give proper
acknowledgement. My wife, Agnes (Niyekawa-Howard), to whom
this work is dedicaﬁed, has supported me in every imaginable
wéy during the course of my career as a linguist and has
served as my intellectual model. I extend to her both my

appreciation and my continuing admiration. Finally, to my
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so".

In concluding these acknowledgements I would like to add
that none of those who contributed in any way to this work

should be held responsible for errors, inconsistencies, and

deviant opinions that it may contain.



CHAPTER 1

GENERAL BACKGROUND

1.0 The Problem. This work is an attempt to provide a

more satisfactory answer to the question, "How are phono-
logical rules applied?”. It follows in the footsteps of other
attempts to deal with the question, most notably Chomsky &

Halle's extremely significant work entitled The Sound Pattern

of English. In a very short period of time that book has

stimulated an extiaordinary amount of research into a wide
variety of problems in phonological theory, as well as into
the specific languages (especially English) analyzed by those
authors.

As part of their overall theoretical framework, Chomsky
& Halle present a very specific proposal concerning the appli-
cation of phonological rules. This proposal has been chal-
lenged at least twice, leading to the alternative theories of
Johnson (1970a) and Anderson (1971). This current work 1is
also a challenge to the SPE position and at the same time a
challenge to the other alternatives that have been preseﬁted.
In thé course of presenting the directional theory of rule
application I shall use the "standard theory" of SPE for
comparison in order to provide perspective. Accordingly,
sections 2 and 3 of this chapter briefly review some of the
more relévant aspects of the SPE position that will be referred
to in the exposition. General familiarity with this position,

however, will be assumed. A more detailed comparison of all



of the theories discussed above will be presented in Chapters
VII and VIII.

When we raise the question of how phonological rules are
applied it is natural to think in terms of an answer to that
question. The answer may be a formal algorithm for rule
application similar to, but more carefully stated than, the
algorithm I have tried to outline in this work. On the other
hand, it may be argued quite appropriately that any attempt
to answer this question at this point in time is premature.

A formal algorithm for rule application necessitates an under-—-
standing of what phon;logical rules are and implies a clear
knowledge of all of the notational devices that correctly may
be used in such rules.

This objection is without doubt well-taken, since we are
very far from having a theory of phonological rules that is
anywhere near adequate to capture the facts of language., How
can we talk about how rules.apply if we are not even sure of
what (legitimate) phonological rules are in the first place?

The answer to this objection is really very simple: we
must be careful not to také ourselves too seriously. We must
understand that the theories we offer are merely steps toward
the right answer and that each theory must be judged in com-
parison with alternative theories in terms of their ability
to deal with the knowledge éurrently available. Most impor-
tantly, we must regard a theory as a research tool., By

attempting to force what we know and what we believe to be



true into a single logical framework we become more aware of
the pieces that don't fit in, of the internal inconsistencies,
and of problems that remain unresolved. 1In this sense there
is enormous value to the postulation of a theory of rule
application for it brings into focus what we need to know in
order to have a truly adequate theory -- not only of rule
application but also of those other aspects of phonological
theory upon which a theory of rule application depends. It

is in this spirit that this work is written.

2.0 The Standard Theory.

2.1 Levels of Representation. The phonological compo-

nent of a grammar ccntains a level of representation which we
refer to as the phonetic level. As its name implies, it is
the closest representation within the grammar to the actual
sound of sentences. However, it must be understood that the
phonetic level is itself an abstraction (Chomsky 1964; Chomsky
& Halle 1968). It characterizes the grammatically predictable
aspects of the sound continuum and is, in effect, an idealiza-
tion of that continuum.

The phonetic level is conventionally represented as a
linear sequence of matrices each of which contains a number of
rows indicating some articulatory or acoustic feature together
with a value (generally an integer value) for each feature.
For most expository purposes this degree of detail is ignored

and phonetic symbols representing entire matrices are used.



Phonetic representations are customarily enclosed in square
brackets "[ ... ]" and this notation will be used throughout
this work whenever confusion might otherwise arise.

At the other end of the phonological component is a more
abstract level of representation which may be referred to as

the underlying, phonological, or (systematic) phonemic level.

Virtually every thebry of pronology has assumed the existence
of some level more abstract than the phonetic level, although
there has been considerable disagreement over the degree of
abstractness of that }evel and the nature of the rules that
interrelate it with the phongtic level. Representations at
this more abstract level are conventionally enclosed within
diagonal lines "/ ... /", a practice that will be followed
throughout this work.

Chomsky & Halle (1968:9-11) distinguish between '"lexical
representation" and "phonological representation". Lexical
representation involves the syntactically~derived surface
structure stated in terms of constituents with labelled brac-
keting. Within these brackets are formatives as they are
entered in the lexicon. Each formative consists of a string
of matrices representing phonological segments (in terms of
their feature comp;sition) and other information idiosyncratic
to the formatives such as exceptionality to various rules.

There are major differences between the matrices at the
lexical level and those ét the phonetic level, however. For

one thing, the value for a given feature at the phonetic level
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will be "an integer specifying the degree to which the segment
in question is characterized by the corresponding property"
(Chomsky & Halle 1968:165), while at the lexical level there
is only a binary choice of values for each feature, represent-
ing categorical presence or absence of the characteristic.
Another crucial difference is that the lexical representation
includes only information that is idiosyncratic to the forma-
tive and all information that may be predicted by general rule
is omitted. The lexical representation is therefore redundancy-
free.

The phonological representation is identical to the
lexical representation except for the contribution of a set
of rules of a restricted character. One subset of these rules
modifies the syntactic surface structure in various ways, such
as by raising subordinate clauses to the level of conjuncts
and by converting syntactically-given word boundaries to mor-
pheme boundaries in certain contexts. This type of rule is
called a "readjustment" rule.

Another subset of rules mediating between lexical and
phonological representations supplies the values for features
which are redundant in relation to other features of the same
formative. These are the '"morpheme structure'" rules of the
early model of generative phonology (cf., for example, Halle
1959). Morpheme structure rules have largely been replaced
by more gemneral universal redundancy rules (or '"marking con-

ventions") according to the model proposed in Chapter 9 of SPE.



Whichever device is used, the subset of rules in question
converts a redundancy-free lexical representation of a forma-
tive to a phonological representation that is fully specified

in pluses and minuses for each feature in each matrix.

2.2 Phonological Rules. The phonological representation

as described above constitutes the input to the phonologzical
rules of the grammar. These rules mediate between the phono-
logical and phonetic levels of representation and may change
feature values or add, delete, or permute segments. At some
point the binary specifications for features are converted
into the scalar values characteristic of the phonetic level,
but little attention has been paid by phonologists to thié
type of rule and it will be similarly ignored here. It is
important to point out, however, that it is an empirical issue
whether the subset of rules performing the conversion from -
binary to scalar values has the same properties as the rules
phonologists are typically referring to when they speak of

"phonological" rules.

2.2.1 Form of Phonological Rules. Each phonological

rule has the general form A - B / X Y, where any of the
symbols A, B, X, Y may be null, except that either A or B must
be nonnull. This may alternatively be written XAY - XBY and
is simply an instruction to replace a string characterized

by XAY with another string characterized by XBY. Rules of

this shape (or their notational equivalents) are used in all



phonological theories, although theories differ as to how X,
A, B, and Y may be specified, the way in which such rules

may be ordered relative to each other, etc. The restricted
use of a finite set of features, for example, is one sort of
constraint placed upon the form of such rules. I shall return

to the implications of such a constraint shortly.

2.2.2 Linear Ordering. The claim embodied in SPE and

discussed in greater detail in Chomsky (1967) is that phono-
logical rules are linearly ordered. The rules constitute an
ordered sequence from rule R1 to rule Rn' Rule R1 applies
to an underlying string S converting it to Sl' If the struc-
tural description of rule R1 is not met, the change from S§
to S1 is vacuous. Rule R, then applies to S1 and converts

2
it to S,. This procedure is followed with each rule applying

2
in turn until the last rule of the grammar Rn is reached.
The output of this rule, Sn’ is the phonetic representation
and the derivation is terminated.

In contrast, the ideal of structuralist phonology was
that each rule converting an underlying segment, or phoneme,
into its corresponding phonetic realization is specified only
in terms of neighboring phonemes. No derived elements (or

strings) can participate in derivations. This is essentially

the position that phonological rules are simultaneously

ordered, the changes described by all rules being performed

at once.



It cannot be emphagized strongly enough that the issue
of rule ordering is not a matter of taste or of a priori
"simplicity". It is an empirical hypothesis about the nature
of language subject to support or to falsification on empir-
ical grounds. The justificatio; for the position that rules
are sequentially (rather than simultaneously) ordered has
been provided in many places, including especially Yalle
(1962), Chomsky (1967), Chomsky & Halle (1965, 1968), and
Postal (1968). I am in full accord with the statement by
Chomsky & Halle (1968:342) that '"the hypothesis that rules are
o;dered ... seems to ﬁs to be one of the best-supported assump-
tions of linguistic theory", ;nd I see no reason to attempt to
justify it further here. 'It is worth pointing out, however,
that the precige character of this sequential ordering is
still open to debate and alternatives to the SPE position

(e.g., Anderson 1969) are beginning to appear.

2.2,3 Transformational Cycle. An important addition to

this basic notion of rule ordering is what Chomsky & Halle

term the transformational cycle. According to this hypothesis,

phonological rules are applied to a string in a way governed

by the syntactic constituent structure of the string as modi-
fied by the readjustment rules. Rules are applied first

within those constituents with no internal constituent struc-
ture and are then reapplied to successively larger constituents

until the level of the sentence is reached. This hypothesis,



which "asserts, intuitively, ... that the form of a complex
expression is determined by a fixed set of processes that

take account of the form of its parts" (Chomsky & Halle 1968:
20), is usually illustrated by stress rules from English, but
since these examples have been repeated so often in the litera-
ture I shall refer the reader to SPE for illustrations of

the transformational cycle at work.

It is of some interest to note that the SPE position
concerning the transformational cycle appears to be frequently
misunderstood. Since not all rules can be applied cyclically
and still derive the correct empirical outputs, a distinction
must be drawn between those rules which are cyclic and those
which are not. Noncyclic rules, in general, are applied only
at the level of the word. The common misunderstanding arises
over the question of what is meant by a cyclic rule and its
application relative to ﬁoncyclic rules. It is easy, but
incorrect, to infer that a given cyclic rule, Rj’ will apply
only after all rules Ri (i<j) have been applied and at that

point R, is applied beginning with innermost constituents and

3
working outward. R, would then be followed by all rules Rk

3
(j<k) until the last rule of the grammar is reached. This
is a possible interpretation of the transformational cycle,
but not the one that Chomsky & Halle have in mind.
The transformational cycle according to Chomsky & Halle

involves the repetition of the entire linear sequence of rules

at each level of constituent structure, with the qualification
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that some rules are only allowed to apply when the level of
the word is reached and not before or after that level.

Chomsky & Halle (1968:20) characterize this view as follows:1

(1) a. "The rules of the phonological component are linearly

ordered in a sequence R,,..., R _.
1’ > Tn

b. Each rule applies to a maximal string containing no

internal brackets.

c. After applying the rule Rn’ we proceed to the rule
Rll
d. Unless an application of Rn intervenes, the rule R

3

cannot be applied after the rule R, (j<i) has applied.

i

e. Rn is the rule: erase innermost brackets."

This characterization of the transformational cycle is a
strong hypothesis defining a specific relationship between -
embedding of constituents and the number of cycles in which
the rules are applied. For each level of embedding there is
exactly one cycle, and one more for the matrix sentence.

There is an empirical difference to these two conceptions
of the cycle that should not be overlooked. According to the
SPE view described above, it is poésible for a noncyclic rule
to precede a cyclic rule at that stage in the cycle (at the
level of the word) where both are allowed to apply, but for

the cyclic rule to precede the noncyclic one by applying on
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an earlier cycle. Thus the order of applications of the two
rules can be Rc (on cycle one); Rn’ Rc-(both on cycle two).
With the first conception of cycle described above the cyclic
rule must always either precede or follow a given noncyclic
rule (or cyclic rulie for that matter), never both.

The evidence in favor of the SPE interpretation comes
primarily from the relative ordering of cyclic rules with other
cyclic rules., It can be shown that, if the analysis of English
stress presented in SPE is correct in general outline, certain
of these rules must both precede and follow others when com-
plicated constituent structures are involved. The transforma-
tional cycle is thus an interesting and important hypothesis

concerning rule ordering.

2.3 Notational Conventions. A fundamental characteristic

of the SPE theory is its use of various notational devices ‘to
"abbreviate" or "collapse'" sets of rules into "schemata".
Thus, given 5 bair of rules such as those in (2) below, the
theory (under certain well-defined conditions) requires that

they be expressed with parenthesis notation as in (3):

(2) a. A>B/ X __ Y2
b. A+B/ X ___ Z
(3) A+B/ X ___ ()2

It is important to understand that the use of abbreviatory

conventions has no effect upon the ability of phonological
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rules to map a given set of underlying strings into a
corresponding set of phonetic strings.2 For each expression
such as (3) there is a set of rules (perhaps specified in
somewhat more detail than those in (2)) which can perform the
equivalent mapping. Thus the justification for abbreviatory
conventions is not in terms of generative power but rests on
other grounds.

The justification for including abbreviatory conventions
in the theory of grammar comes instead from our concern with
capturing the notion "linguistically significant generaliza-
tion". If we hold, as we must, that there is a set of pro-
cesses which is characteristic of human languages and a
converse set which is not characteristic of human languages,
it is necessary for us to distinguish the two sets. If we
want to define the properties of human language, we must
certainly differentiate them from the properties of nonlanéuage.
An abbreviatory convention, therefore, constitutes an empirical
claim that each set of rules that it may abbreviate into a
schema constitutes a unitary linguistically significant
generalization. It is quite clear that the various conventions
that have been postulated thus far have had differential
success in relation to this claim.

The general character of abbreviatory conventions may be
illustrated with a rather nonconventional example. We normally
do not think of our phonological feature system as an abbrevia-

tory convention for collapsing rules into schemata, but it is
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just that and must be justified in exactly the same way as
parentheses and other abbreviatory devices. Consider, for
example, a language with five vowels (a, i, e, o, u) and
three nasal consonants (m, n, n). Assume that this language
has a general rule nasalizing vowels before nasal consonants,

which we would conventionally write as follows:
(4) [+ syl1) » [+ nasal] / [+ nasal]

The use of the feature system allows us to abbreviate into
this one expression what might otherwise be regarded as a set
of 15 nasalization rules, one for each vowel in the system
before each nasal consonant.

Rule (4) would meet general acceptance as a linguistically
significant generalization. Why should this be so? What
evidence is there to support such a claim? First of all, it
seems quite clear from our understanding of phonetics that:
(4) constitutes a unitary generalization in terms of the
articulatory process involved. That.is to say, the changes
that take place have a common phonetic motivation.

A second fact that lends credibility to such generaliza-
tions is that we fully expect all of the 15 subrules to share
the same ordering relations with other rules. Suppose, for
example, there is a rule of epenthesis inserting anm i between
the secénd and third members of a consonant cluster. Assume
that all three nasal consonants can occur as the third member

of the consonant sequence. Now, under the assumption that (4)
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constitutes a unitary generalization we would expect either
of the following results: (a) all of these epenthetic vowels
are nasalized before a nasal consonant; or (b) none of these
epenthetic vowels are nasalized.3 In the first case, the
nasalization rule (4) follows epenthesis and in the second
case it precedes epenthesis. What we do not expect is that
epenthetic i will nasalize before m but not before n and g,
yet this result would be perfectly plausible if (4) were
replaced by 15 separate nasalization rules which did not share
the same ordering relations with other rules. Thus, the
feature system regards the generalization (4) as more highly
valued than a set of separate rules and this is corroborated
by empirical observations concerning shared crucial rule
orderings.

A third fact which lends support to this view is that
rules tend to apply symmétrically to natural classes. It 1is
quite common that a language with the inventory of vowels and
nasal consanants mentioned above will nasalize only a subset
of vowels. Under these circumstances, however, we normally
find that the vowels that nasalize constitute a natural class.
Under the assumption that rule (4) should be replaced by a
set of 15 rules, there would be no reason not to expect i and
o or some other arbitrarx subset of vowels to be the only ones
in the systém that nasalize,

A feature system is thus intended to capture the notion

of linguistically significant generalization. The fact that
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it succeeds very well in doing so is attested by the observa-
tion that its various empirical consequences are generally
supported rather than falsified.

Similar considerations apply to notational devices such
as parentheses, braces, angled brackets, etc. To be abbre-
viated by these conventions, two rules must be adjacent in
the ordering -- i.e., they must share identical ordering
relationships with the other rules of the grammar. They must
be formally similar in ways which tend to insure that they
have common phonetic motivation. 1In some cases, they have
additional empirical consequences such as disjunctive ordering
which support them. These arguments and others may all be
adduced in support or falsification of the hypotheses posed

by any given notational convention.

3.0 Multiple Application. The most significant battle-

field upon which the contest among theories of rule applica-
tion will be fought is what I call the problem of multiple
application of rules. This question arises when a string

has more than one segment that meets the structural description
of the rule, or when the output of the rule can also serve as
its (nonvacuous) input. Different theories of rule application
make different claims about what happens under these circum-
stances.and fhese positions have broad ramifications which
render them amenable to empirical confirmation or disconfirma-

tion.
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3.1 Simultaneous Application of Rules. The position

taken in SPE is a somewhat complex one. On the one hand,

the basic view of rule application is as follows:

(5) "To apply a rule, the entire string is first scanned
for segments that satisfy the environmental constraints
of the rule. After all such segments have been
identifiasd in the string, the changes required by the
rule are applied simultaneously." (Chomsky & Halle

1968:344)

This implies that when there is more than one segment in the
string meeting the structural description, all of these undergo
the rule and the application of the rule to one segment cannot
affect the application of that rule to another segment. It
is also understood that this position prohibits the applica-
tion of a rule to its own output.

On the other hand, the transformational cycle makes a
different claim. It states that under certain conditions if
a string contains two segments meeting the structural desfrip—
tion of a rule, the rule will apply first to one of these and
then to the othef on.a later cycle. Such sequential applica-
tion is reasonably.well-defined, however, by the role of
bracketing in the operation of the transformational cycle.
Simultaneous application and the transformational cycle apply
under mutually'exclusive circumstances, with simultaneous

application holding only within the domain of a single cycle.
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It is important to point out this relationship between |
the principle of simultaneous application and the transfor-
mational cycle because similar arguments might be advanced
by the proponents of alternative theories. The directional
theory to be defended here, for instance, claims that appli-
cation of a rule is sequential across a string rather than
simultaneous. This view is not incompatible with the
transformational cycle any more than the principle of simul-
taneous application is. It is perfectly possible to maintain
that for cyclic rules application is directional on each
cycle. Thus, the exi;tence of the transformational cycle
is not sufficient in itself t; falsify the directional theory

of rule application.

3.2 Simultaneous Application of Schemata. Chomsky &

Halle extend their principle of simultaneous application in

a very interesting way. They claim that simultaneous applica-
tion is not only a characteristic of rules, but also of
certain schemata as a whole. These schemata are abbreviations
for iﬁfinite sets of rules-and are defined in terms of two
related types of notational conventions: (a) subscript zero;
and (b) parenthesis~star. Chomsky & Halle (1968:344) extend
the principle of simultaneous application to cover these

schemata as follows:

(6) "In the case of a schema standing for an infinite set

.of rules, convention (39) /= (6) above: IH/ is applied
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to each rule of the set and all changes are made

simultaneously rather than in sequence."

To illustrate the use of the subscript zero convention,.
consider a language with a rule. of final stress that has
words ending in from zero to three consonants. 1In the SPE

formalism, such a rule would be written as follows:
(7) V + [+ stress] / Co it

According to Chomsky & Halle, the expression above abbreviates
an infinite set of rules that are identical except that the

number of consonants'they contain ranges from zero to infinity:

#

(8) a. V > [+ stress] / _—
b. V » [+ stress] / ___ C #
c. V> [+ stress] / ___ cC #
d. V> [+ stress] / ___ CCC #
e. V> [+ stress] / ccce #

Rules (8a-d) are necessary for the language in question if
stress regularly falls on the final syllable. The proposal
to collapse these ;nto a single schema is justified by con-
siderations of adjacency and formal similarity parallel to
those discussed in the last section.

The claim that these phenomena should be handled by an

infinite schema rather than by an abbreviation éonfined‘to
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(8a-d) rests on different grounds. This claim is justified
by the fact that the upper limit on the number of consonants
is an arbitrary one contingent only upon the maximal number
to be found in the strings of that language. If a word with
four final consonants should be added to the language we
fully expect it to behave as predicted by (8e). The funda-
mental fact here is that the number of consonants is entirely

irrelevant to the operation of the rule. The notation chosen

in (7) expresses this clearly and, I think, correctly.

This notation may also be used in a way more crucial to
the problem of multipie application that concerns us. Sup-
pose that rule (7), instead of stressing the vowel in the
final syllable, devoices a consonant in exactly the same

envirdnment:
(9) C + [- voice] / C0 it

The schema in (9) abbreviates an infinite set of rules iden-
tical to (8) in terms of its environmental specifications.

In this case a word with three final consonants will meet

the stfuctural description-of the first three expansions of

the schema (parallel to (8a-c)). According to Chomsky & Halle,
each of the consonants in the final sequence will be iden-
tified as meeting the structural description of some rule in
the set and the changes will be made simultaneously to all
consonants thus marked. It is specifically not the case that

the consonants are devoiced in sequence.
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A similar claim is made about the pargnthesis-star
notation, which is really nothing more than the subscript
zero notation referring to a sequence of segments. The
expression (1l0) below represents an infinite set of rules

varying only in the number of occurrences of the sequence MN:
(10) A~>B /X (MN)* Y

The arguments in favor of this notation are perfectly parallel
to those for subscript zero and need not be elaborated here.
Counterarguments to this notation, however, will be given

throughout this work beginning with Chapter II.

4.0 Summary. The crucial issue with which we are con-
fronted is just how our theory should deal with the multiple
application of phonological rules. The SPE position may be

summarized as follows:

(11) a. Application of a rule to two different segments in a
string may be sequential provided that (1) the rule
is cyeclic and (2) the two segments fall within the

domain of different cycles.

b. Application of a rule is simultaneous under all other

circumstances.

c. Schemata abbreviating infinite sets of rules are

applied simultaneously.

d. Except under the conditions provided in (a), rules

may not apply to their own outputs.



In the remainder of this work I will argue that the SPE

position on rule application is incorrect and will propose

an alternative theory and attempt to justify it on empirical

grounds.
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NOTES

1 This statement is still quite imprecise, as the

authors point out, but it is sufficient to illustrate the

points under consideration here.

2 The closest thing to a counterexample to this

statement is the use of variables in "exchange rules'". These
rules effect a mapping of A onto B and B onto A under the

same environmental constraints: This cannot be carried out

as a sequence of operations A - B followed (or preceded) by

B + A, since the application of the second rule will not only
30 what it is supposéd to do but will also reverse the changes
made by the first rule. Eitﬂer all instances of A will

become B or vice-versa, b;t never both.

The validity of this type of rule is somewhat ques-
tionable, although exchgnge rules have been postuiated in
several languages. If such rules are valid, however, it would
be possible to derive the same results by a less direct
sequence of rules in which A becomes C (which is otherwise
nonexistent in that context in the particular language) before
B becomes A and later thesé instances of C are converted to B.

It might be pointed out that this problem does not
arise in the directional theory since both rules could not

be applied to the same segment.

3 Alternative (a) seems far more likely than alter-

native (b), owing no doubt to the fact that (a) is "transpa-

rent" in the sense defined in Kiparsky (1971).



CHAPTER I1

DIRECTIONAL RULES

1.0 iIntroduction. The simultaneous theory of rule

application presented in SPE has been challenged by Johnson
(1970a), who proposes that each phonological rule applies in a
linear sequence of applications across a string. Johnson
refers to rules of this type as linear rules, a somewhat un-
fortunate choice of terminology due to potential confusion
with the currently accepted use of the term "linear" in refer-
ence to rule ordering, as in Chomsky (1967).

Johnson's argument in favor of linear rules takes several
forms. First, he points out that many rules are more economi-
cally stated when they are assumed to apply in a linear fashion.
Some rules are more economically stated when applied from left
to right and others when applied from right to left. The

former are termed right linear rules and the latter left linear

rules. Still other rules may be stated in either way because
the choice of one mode of application over the other is incon-~-
sequential.

Second, Johnson provides a mathematical argument that a
theory utilizing linear rules of both types is no more powerful
than a theory utilizing only simultaneous rules. In fact, he
contends that there is no difference in power between a theory
which uses both linear rules and simultaneous rules and a
theory which uses only linear rules. There is thus no reason
to dismiss the possibility of linear rules on the grounds of

excessive power.
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Finally, Johnson argues that there appear to be no rules
which require a simultaneous application and cannot be stated
as either left or right linear rules. He provides an example
of what such a case would look like (cf. Chapter IV, §2.0) a;d
concludes that until we have evidence to the contrary, theore-
tical consistency forces us to maintain that simultaneous
rules must be eliminated from phonological theory.

The theory that will be developed on the pages to follow
is based to a large degree upon the fundamental insight of
Johnson that rules are applied across a string either from
right to left or from left to right. There are some differ-
ences, however, in the conception of precisely how this appli-

cation takes place. I shall therefore use the term directional

rules to differentiate this particular conception from Johnson's

linear rules. Accordingly, I shall also use the term directional

theory to differentiate my overall position from that of
Johnson.

It may also be pointed out that Johnson's arguments in
favor of linear rules are equally valid for directional rules.
The one qualification that must be made in this statement is
that some of the more significant insights of the directional
theory can be incorporated into the theory only if simultaneous
rules of a particular type are also allowed (cf. Chapter 1IV).
The discussion that follows is devoted to the explication of

the directional theory. A comparison between the directional
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theory and Johnson's linear theory will not be made in a

systematic fashion until Chapter VII.

2.0 "Feeding" and "Bleeding'". Kiparsky (1968a) proposed

that there is a naturally optimal ordering between any pair of
rules. When rule A provides an output which is appropriate
input to rule B and the rules are ordered A, B, Kiparsky refers

to this as feeding order. That is, A creates new input to B

that would not have been available if A were not in the language

or if A followed B in the ordering. A bleeding order is when

rule A operates on potential input to B and modifies it so
that it is no longer input to B. In addition to these two
possibilities, of course,-is the nonfeeding-nonbleeding situa-
tion in which neither rule affects the other. I shall refer

. 1
to this as neutral order.

An analogous distinction may be drawn with the sequencing
of applications of a single rule within the directional theory.
Unlike the simultaneous theory of SPE, the directional theory
allows rules which may create new input or destroy potential
input.to subsequent applications of the same rule. It seems
reasonable to adopt a parallel terminology for these cases.

Feeding application is thus the case where one application of

a rule creates new input for a second application of that rule,

while bleeding application is where one application destroys

a potential second application. I shall refer to rules of the

former type as self-feeding and those of the latter type as
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self-bleeding_.2 Neutral application denotes the large number

of cases where self-feeding and self-bleeding are impossible.

2,1 Feeding Application.

2.1.1 Tshiluba 1l-Nasalization. In Tshiluba, a Bantu

language of the Congo, the lateral 1 becomes n if the preceding
consonant is a nasal., The following data are taken from

Johnson (1970a:83):

(1) a. ku-kwat-a 'to take'
b. u-kwal-ile 'he took'
c. ku-kwaé-il-a 'to take (benefactive)'
d. u-kwad-idv-ile 'he took (benefactive)'
(2) a. ku-dYim-a 'to cultivate'
b. u-dYim-ine 'he cultivated'
c. ku-dY¥im-in-a 'to cultivate (benefactive)’
d; u-dYim-inY-ine 'he cultivated (bencfactive)'

Of particular relevance to this problem are the stem morphemes
~kwat~ 'take' and -dYim- 'cultivate' and the suffixes -il-
(benefactive) and -ile- (simple past). Johnson states that
the changes from t to & and 1 to dY (and presumably n to nY)
are quite regular in the environment before the high front
vowel.

In examples (2b) and (2c), the lateral of the suffix

becomes a nasal due to the nasal consonant in the preceding

syllable. In (2d), however, both suffixes undergo the change
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to n. These facts would be expressed within the standard

theory by the following rule:

+ nasal
(3) [+ lat] - - lat / [+ nasal] (Vo [+ lat])* Vo _

The parenthesis-star notation is used here to express the fact
that in any sequence of such syllables cont;ining 1 which
follows a nasal consonant, all instances of 1 will (simulta-
neously) be modified to n.

The directional theory asserts that nasalization is
propagated along the string from left to right. The first
modification in the string is due to the influence of the
underlying nasal consonant, but subsequent modifications are
due to the influence of derived nasal consonants. The Tshiluba
l-nasalization rule may be stated within the directional theory

as follows:

+ nasal
(4) [+ lat] ~» - lat / [+ nasal] Vo

Rule (4) must be applied from left to right. A rightward

application yields the following derivation of udYiminYine:

(5) /u-dim-il—ile/3 infut string
u-dim-in-ile first application
u-dim-in-1ine second application

" u-dYim-inY-ine palatalization

The facts of Tshiluba l-nasalization are statable in

either the directional or simultaneous theory as has already
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been shown. A comparison of these two formulations, however,
reveals that the simultaneous rule is identical to the direc-
tional rule except that it involves an extra expression within

parenthesis-star notation:
(6) (Vo [+ lat])*

It is frequently the case that simultaneous formulations
require less concise statementé than the equivalent directional
rules, which is a major point that Johnson tried to argue.
Thisris not necessarily a fault, it should be recognized, since
it is always possible that a theory which involves lengthier
descriptions of processes makes more correct claims about the
nature of those processes - and their relative naturalness.
Thus, for example, Chomsky & Halle argue in Chapter 9 of SPE
that a rule which converts t to 6 should have to mention
[- strident] in the structural change, even though there is no
change of this feature, while a change from t to s need not
mention [+ strident]. The purpose of this formalism is to
capture the naturalness of the change to the strident dental
fricaﬁive by adding. to the cost (in terms of feature-count) of
retaining the value [- strident]. In such a case, it is not
a valid argument that a theory which expresses the change of
t to § without mentioning the feature strident is in any sense
superior to the théory utilizing marking conventions. Thus,
simplicity can be sensibly judged only within a single theory.
There is another aspect to this argument tﬁat mgst,be

considered, however. The extra expression shown as (6) above



29
is not a random sequence of segments. It contains a lateral
segment which is in itself in the correct environment to under-
go the rule. In fact, the parenthesis-star notation is
intended to capture the notion of a recursively enumerable
set of environments in which the modification will take place.
Anderson (1969:118-21), in discussing stress assignment in
Tubatulabal, showed that the environment within parenthesis-
star notation was an extremely complex one and yet was largely
a repetition of the environment to be found outside of that
expression. That is, the same complex statement had to be
stated twice in order to describe the process within a simulta-
neous framework. Clearly, the more complex the expression
that must be repeated, the more suspicious the formalism
becomes. Anderson thus quite properly took the parenthesis-
star notatién to task for its redundant character.

In the examples to follow, I shall refer to the repetitions
or partial repetitions of the environment necessary for the

shortest expansion to apply as redundant expressions, or

redundancies. The complexity of the redundant expressions

required in different rules varies, but the strongest evidence
comes, as Anderson recognized, from the cases where the redun-
dant expression is a very complex one. Tshiluba l-nasalization
is a relatively simple case illustrating this redundancy in
comparison with a theory that involves application of a rule

to its own output.
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2.1.2 Arabela Vowel Nasalization. An even simpler case

is the process of vowel nasalization in Arabela, a Zaparo
language of northern Peru. Vowel nasalization is a process
that frequently involves a spreading effect that is captured
neatly by directional rules, and the Arabela case is a parti-
cularly simple and straightforward example of that phenomenon.
The following data are taken from Rich (1963). Note that in

Arabele h is an underlying nasal.

(7) a. ['tukoru?] '‘palm leaf'’
b. ['"tokwi?] '"clothes'
c. ["mdnu?] 'to kill'
d. ['nuwa?] 'partridge’
e. ["kironi?] 'deep'
f. ['huwa?] 'a yellow bird'
g. ['ny@2'ri?] 'he laid it down'
h. ['Ré&g.?] 'termites'
i, ["mWérati'tyenii?] 'cause to be seen'

Nasalization, once initiated by an underlying nasal segment,
is stopped only by oral consonantal segments or word boundary.
As a simultaneous rule within the SPE theory, Arabela nasaliza-

tion would be expressed as:
(8) [- cons] + [+ nasal] / [+ nasal] [- cons]o

The same facts within the directional theory would be expressed

by a rightward rule of the following shape:

(9) [~ cons] + [+ nasal] / [+ nasal] -
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In this case the redundancy is only a subscripted nonconsonantal
segment, but it still represents a sequence of segments all of

which will themselves undergo the rule.

2.1.3 Southern Agaw Vowel Raising. Some types of vowel

raising rules can be of a feeding nature. In Southern Agaw
(also known as Awiya; cf. Palmer 1970:579), a Cushitic language
of northern Ethiopia, a mid vowel becomes high when the follow-
ing syllable contains a high vowel. Vowel raising has a spread-
ing effect toward the left of the string, as shown in the

following examples (cf. Johnson 1970a:81-82; Hetzron 1969a:8-9):7

(10) a. muliqisd{ "monk"' moleqéska (pl.)
b. dunizi }potato' donezka (pl.)
c. dikied 'healthy' deketka (pl.)
d. liggisimi '"long' leggesemka (pl.)

in a simultaneous format, the required rule would be

expressed:

(11) + syll + syll + syll
_ - low -+ [+ high] / Co ( |- low Co)* + high

By comparison, the same facts would be stated in a directional

theory as the following leftward rule:
(12) + syll + syll
- low + [+ high] / Co + high

Once again, the entire redundant parenthetical expression
required by the simultaneous format may be omitted from.the

directional rule.
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2.2 Bleeding Application.

2.2.1 Woleaian Low Vowel Dissimilation. Woleaian is a

Micronesian language closely related to Trukese. In a very
insightful analysis, Sohn (1971) describes a rule which dissi-
milates the first of a pair of low vowels to e. The operation

of this rule can be seen in the following noun paradigm:

(13) a. [ma:t] /mata/ 'eye (indep. form)'
b. [métaj] /mata + ji/ lst sg.
c. [metamV] /mata + mu/ 2nd sg.
d. [metal] /mata + la/ 3rd sg.
e. [metad] /mata + ca/ 1st (inc.) pl.
f. [matemanm] /mata + mami/ 1st (exc.) pl.
g. [metami] /mata + mii/ 2nd pl.
h. [meta:r] /mata + jire/ 3rd pl.

The underlined vowels are those which undergo dissimilation.
In the representations above, j is a glide.

The alternating pattern of dissimilation can be most
clearly observed in (13f) [matemam]. The following data

demonstrate this pattern even more clearly:

(14) a. [tepani] /tapan+ija/ 'to help it'
b. [xetapetzp] /xa+tapan=tapan/ 'to make help'

c. [xetapetepa] /xa+tapan=tapan+ja/ 'to support him'

Example (14a) illustrates the simple case of dissimilation
where only two vowels are involved. In (14b) the alternating

pattern emerges clearly. Note that redu,lications involve an
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internal word boundary, here represented as "="_ which shares
some of the properties of full word boundaries. The stem-
final consonant deletes word-finally as well as before internal
word boundary. Moreover, the apparently irregular pattern in
(l4c) is explained by a general rule which raises a to e in
prejunctural position.

An initial attempt to state the low vowel dissimilation

rule of Woleaian within the simultaneous theory of SPE might
be:

+ syll -back + syll + syll + syll
(15) |+ low low + low + low | )* C + low

Even though this formulation is already very complex, it is
still inadequate to deal with the facts. Within the SPE
theory, (15) would be interpreted as an infinite set of rules
differing in the number of occurrences of the expression ip
parenthesis-star. Any vowel which meets the structural
description of any of these rules will undergo the stated

change. But notice that the shortest expansion of (15) 1is:

+ syll - back + syll
(16) + low > - low / Co + low

According to the shortest expansion, then, any low vowel which
itself is followed py a low vowel will undergo the dissimilatory
process; The effect of (15) is thus to front and raise every
low vowel in a sequence of syllables containing low vowels,

except for the last vowel in that sequence. This is not the
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alternating pattern we desire. In order to achieve such an
alternating pattern, it is necessary to build into rule (15)
the fact that the last low vowgl in the sequence is the
reference point from which the various changes emanate. Thié

must be done as follows:

(17) + syll - back
+ low - - low
7 it
+ syll + syll + syll + syll
/ (C |+ low {C |+ low {)* C |+ 1low |]C -~ low
—_—"0 o o o
The formulation-of the Woleaian low vowel dissimilation

process within the directional theory is far less complicated.

It may be stated as the following leftward rule:

(18) + syll ' - back + syll
+ low -+ - low / Co + low
The difference between the two formulations is as follows:
(19) + syll + syll #
(Co + low Co + low ) R B

+ syll
- low

In this case, the expfession in parenthesis-star notation
must refer to four low vowels: one as the determinant, one as
the focus, and two more to characterize the alternating sylla-
bles in which this process occurs. Needless to say, this is
highly redundant in comparison with the expression required by

the directional theory as given in (18).
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Another interesting problem that occurs here is the

following word boundary or nonlow vowel. This expression is
included in the simultaneous rule only to guarantee that the
last low vowel in the sequence is the point of reference from
which all others are measured. The fact that such a statement
is not needed within the directional theory is a claim that
such behavior is expected from the simple dissimilatory nature

of the process itself. That is, a leftward rule automatically

defines the last low vowel in the sequence as the focal point.

2.2.2 Warao Alternating Stress. The phenomenon of

alternating stress bears many similarities with the Woleaian
rule just considered. Alternating stress is perhaps one of

the commonest manifestations of bleeding application and
numerous other examples of alternating stress will be considered
elsewhere in this work. The rule required for Warao is parti-
cularly clear and straightforward and thus will serve well to
illustrate directional rules at this early point in the
exposition,

Warao is a language spoken in Venezuela and adjacent areas
of Guyana. It has been classified as "Independent" by McQuown
(1955:526). According to Osborn (1966:115), "alternate
syllables are stressed with a weaker secondary stress, counting
back frém the strongly stressed syllable." This pattern is

illustrated by the following examples:
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(20) a. nahordahdkutii 'the one who ate'
b. yapurukitianehdse 'verily to climb'
c. enahordahdkutdi 'the one who caused him to eat'
d. yiwarande 'he finished it'

Within the simultaneous format of SPE these facts could be

expressed as follows:

r 4
*
(21) [+ syll] + [2 stress] / (COVCOV) COVCOV

Here, as in the Woleaian example, the parenthetical expression
is used to capture the notion "alternate syllable".

In the directional theory proposed here, these facts have
a much simpler expression. If the rule is leftward, it is only
necessary to state that the vowel following the vowel to be

stressed is unstressed:

(22) + syll + syll
- stress + [2 stress] / C° - stress

According to this formalization, the word ndhordahakutdi would

be derived as follows:

(23) /nahoroahakutai/ underlying form
nahoroahakutdi primary stress placement
------------- I *not followed by v
____________ |- *not unstressed
---------- |—-— *not followed by \
'nahoroahdkutdi first application

______ [— *not followed by V
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nahordahdkutdi second application
------------- *not followed by v
nahordahakutai third application

The vertical line represents the vowel under consideration at
each point in the derivation.

Notice that the more concise formulation of the process
as a leftward directional rule obviates the necessity of having
a redundant expression to characterize the notion of alternating
syllables.

It is worth noting here that the analysis given above and
that provided by Osborn assume an independent rule for primary
stress placement. There is good reason to doubt the independ-
ence of these two processes and to consider primary stress
assigﬁment as part of the alternating stress phenomenon.
Restricting our attention to the examples in (20), which con-
stitute the predominant pattern of primary stress, a general-
ization of the alternating stress rule will provide for all

stresses of the word:

+ syll
(24) [+ syll] -+ [+ stress] / Co - stress

It will be necessary in addition to have a rule providing for
the relative stress values, but this can be part of the low
level rules which interpret pluses and minuses in terms of
scalar values.

There are certain complications in this collapsing of

primary and secondary stress placement which are not worth
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extended treatment here. These are morphologically defined |
contexts in which primary stress falls either on the final or
on the antepenultimate syllable, as well as a few unassimilated
Spanish loans and onomatopoetic forms. The former appear to
be attributable to relative str;ngths of boundaries in different
contexts, and when this is taken into account can probably be
regularly derived by rule (24). The latter require lexical
stress and/or exceptionality which reflects their true non-

systemic status.

2.2.3 Southern Paiute Alternating Stress. A particularly

famous example of altermating stress is that found in Southern
Pajute, a Uto-Aztecan language spoken in southwestern Utah
and northwestern Arizona. The treatment of Southern Paiute
alternating stress given here diverges significantly from that
found in other works on the subject. In actuality, the alter-
nating stress rule is only partially responsible for the stress
patterns of the language and justification for the treatment
given here will be presented in the context of a more extensive
discuésion of the language. in Chapter V.

The alternating stress rule of Southern Pajiute stresses
the second mora of each word and every alternate mora following
it. This effect would be achieved in a simultaneous format as

follows:

(25) [+ syll] -+ [+ stress] /#cov(covcoV)* C,
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Within the directional framework, Southern Paiute alternating

stress is simply expressed as the rightward rule:

(26) [+ syll] - [+ stress] / v C0

As in the case of Woleaian low vowel dissimilation, the
Southern Paiute alternating stress rule in its simultaneous
formulation not only has a redundant characterization of
alternating syllables but must also have a word boundary and
word initial syllable in order to provide a point of reference
from which the process begins.

A comparison of the Southern Paiute altermating stress
rule and the alternating stress rule from Warao demonstrates
that the same type of phenomenon may be a rightward rule in
one language and a leftward rule in another. This is an

interesting and important fact.

2.2.4 Klamath Deglottalization. 1In a recent paper,

Kisseberth (1972b:1) discusses a rule of deglottalizaticmn in

Klamath:

(27) "Klamath, an Amerindian language spoken in southwestern
Oregon, has phonemically both glottalized stops and
also glottalized sonoraﬁts -—~ i.e., é, i, é, E, ﬁ and
h, &, ¥, W, i. The glottalized stops are deglottalized
in Pre—consonantal position, except before the voiced
non-glottalized sonorants m, n, w, y, 1. All other

consonants -- obstruents, voiceless sonorants,
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glottalized sonorants -- require tbe deglottalization
of a preceding stop. The glottalized sonorants, on
the other hand, are deglottalized in all pre-consonantal
positions (with certain minor restrictions not relev;nt

here)."

Kisseberth illustrates the various possibilities for deglottal-
ization with simple examples, but the crucial cases for his

argument are those given below:

(28) a. nlod-1lg-a 'ears are stopped up'
b. nqu-iaq-Wi:y-a 'ears are almost stcpped up'
c. toj-lg-a '"'stops an action’
d. hos-tad-lg-a 'makes someone stop an action'
e, hos-taq-iaq 'make him stop'
f. sno-ntap-lg-a 'causes to rot down'’
g. sno-nﬁap-iaq—s 'rotted wokas'

In these examples there is an alternation of lg and igg. The
vowel is apparently epenthetic and the alternation between

g and g is the result of a very general rule neutralizing the
aspirated-nonaspirated distinction.

If the base form is lg with the first member of the cluster
an underlying glottalized sonorant, the deglottalization would
follow naturally frém the rule of deglottalization needed in
6ther cases. If the nonglottalized alternant were taken as
basic, an ad hoc rule would be required to glottalize the 1 in

the context iag, a very unreasonable and -unlikely rule.
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In the last example of each group in (28) the epenthetic
vowel prevents the liquid from deglottalizing. As a result,
the glottalized consonant preceding the liquid is forced to
deglottalize. In the remaining examples, however, there is Ao
epenthetic vowel and the liquid itself thus deglottalijzes.
Notice that in these cases the deglottalization of the stop
preceding this liquid does not take place. Kisseberth correctly
argues that this phenomenon is not explainable in a theory
using simultaneous rules. Since both the stop and the fol-
lowing liquid are in the covrect position in the underlying
string to undergo the rule, a simultaneous theory would predict
that both would be deglottalized.

In a theory based on directional rules the phenomena
observed in Klamath are exactly what would be predicted. A
leftward rule of deglottalization will apply first to the
liquid and this would reﬁove the necessary environment for the
deglottalization of the stop which precedes it. Kisseberth
does not attempt to give a formal statement of the deglottaliza-
tion rule nor will I attempt it here. There are interesting
problems with such a formulation that deserve more extensive

treatment elsewhere.

2.2.5 Eastern 0jibwa Glide Formation. Another common

type of rule that is of a bleeding character is that of glide

formation. Quite commonly vowels become glides intervocalically

or prevocalically and consequently when one becomes a glide its
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neighbor may no longer be intervocalic or prevocalic. As an
example, consider the rule described in Johnson (1970a:80) and
taken from Bloomfield (1956:4-5). Eastern Ojibwa is an
Algonquian language spoken along the north shore of the Great
Lakes. It is thus a close relative of Menomini, which will
also receive extensive treatment in this work.

According to Bloomfield, Eastern Ojibwa has a three vowel
system with vowels /i, o, a/. Glides are predictable from the
two nonlow vowels. The rule upon which Johnson focusses (and
the one most relevant here) turns o and i into w and y,
respectively, when they are prevocalic. Bloomfield points out
that this rule must opera?e from right to left in order to
derive eniniwak8 'men' from underlying /eninioak/. Applying
the rule in the opposite direction (or simultaneously, as in
SPE) would incorrectly give *eninywak.

To state this process in a simultaneous theory would be

very difficult. If the rule is stated as prevocalic glide

formation /eninioak/ would incorrectly yield *[eninywak], since
two vowels in the underlying string are prevocalic. To state

the rule as intervocalic glide formation would work correctly

above but would not be able to handle sequences of only two
vowels. Moreover; in a string of four or more vowels several
adjacent vowels could be converted to glides since they would
all be intervocalic in the underlying string. It is even
impossible to state the rule as follows and achieve the correct

output:
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(29) + syll - syll + syll
- low + |+ high] / (1+ low [+ syl1])* [+ syll]

Although this is the way the alternating pattern was provided
for in earlier examples, it fails here because one rule of
the infinite set abbreviated by (29) will convert a nonlow
vowel to a glide before any vowel. Since the claim made by
a simultaneous theory is that any vowel meeting the structural
description of that rule in the underlying string will undergo
the rule, (29) will derive *[eninywak] and other incorrect
outputs. It is not immediately obvious how this difficulty
could be resolved within the simultaneous theory.

A leftward directional statement of this proéess is simple

enough:

(30) + syll - syll
- low -+ + high / [+ syll]

This follows perfectly the spirit of Bloomfield's own rule.
The real situation in Eastern Ojibwa is slightly more

complex than Johnson represents it, however. Bloomfield

(1956:4) presents an additional rule of glide formation which

must clearly precede (30):

(31) "At the end of the word, in the sequence oi, the o is
nonsyllabic, yielding wi: epwi 'paddle', muwi 'he
weeps'., In all other combinations, final i and o

after a vowel are nonsyllabic: nentay 'my dog', Ee§iw

"lynx'."
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All of these sequences except for oi (= wi) violate the pattérn
presupposed by (30), where it should be the first vowel in a
pair that becomes a glide. The simplest way to deal with

these facts seems to be to assume a rule like the following:

(32) + syll - syll + syll
- low > + high / - round it

This rule will give ay, aw, and iw. Apparently sequences of
identical vowels do not exist bere and thus we do not have to
worry about the potential outputs of /oo/ or /ii/. With /oa/
and /ia/ rule (32) cannot apply because the final vowel is
1;w. Rule (30) will Ehen apply to correctly yield wa and ya.
In the remaining case, /oi/ is not permitted to undergo (32)
because of the restrictio; that the preceding vowel be unround

and therefore it will also undergo (30) to yield wi.

2.3 Neutral Application. Neutral applications are those

where a given rule is incapable of creating on one application a
new input for a second application and is at the same time
incapable of destroying a potential second application. In
other ﬁords, neutral rules. are those which are neither feeding
nor bleeding. Neutral rules provide little evidence for the
nature of rule application since they are compatible with most
theories and hence are relatively insignificant. The following

examples are intended only to illustrate this type of rule.

2.3.1 Woleaian Vowel Assimilation. In addition to the

rule which dissimilates a low vowel to e when preceding a low
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vowel and to the prejunctural rule which raises a to e,
Woleaian has a more assimilatory rule which raises a to e.
In this case the relevant environment is a high vowel in both

adjacent syllables. The assimilation rule is demonstrated in

the following noun paradigm taken from Sohn (1971:17):9

(33) a. [u:1] /ulim/ 'drinking object
(indep. form)'
b. [Ulumej] /ulum-a-ji/ lst sg.
c. [Ulumem¥] /ulum-a-mu/ 2nd sg.
d. [ulumal] /ilim-a-la/ 3rd sg.
e. [Uluma$] /ulum-a~-ca/ 1st (inc.) pl.
f. [Ulimemam] /ulum-a-mami/ lst (exc.) pl.
g. [Ulumemi] /ulum-a-mii/ 2nd pl.
h. [Ulime:r] /ulum-a-jire/ 3rd pl.

The underlined instances of e are the result of assimila-
tion. In (33f) the mid vowel is instead the result of
dissimilation. Where neither of these factors is operable,
the vowel is a. Notice that in these cases of assimilation
the underlying high final vowels are relevant to the application
of the rule and therefore assimilation must be earlier in the
ordering than final vowel deletion.

Since the vowels on either side of the vowel to be
modified must be high vowels, it is obvious that there will be
no other vowel potentially affected by one application of this

rule. It is tnerefore an example of neutral application.
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2.3.2 Kaliai-Kove Vowel Laxing. One very general type

of neutral rule is exemplified here. 1In some instances, the
rule involves specific influence of a consonant on a vowel or
vice versa. In such cases it is impossible for the output of
one application to be input to another unless, for example,
the vowel loses its syllabicity by the rule and hence will
be able to qualify as a consonant for the next application.
In Kaliai-Kove, a Melanesian language of New Britain
described by Counts (1969), non-low vowels are laxed before

the velar nasal:

(34) a. [im{yim{yi] 'he lives'
b. [owalna] 'cats cradle game'
c. [loBdne] 'today, now'
d. [B3ni] 'evening'
e. [natdnu] » 'I drink'
f. [undnal 'a drink'
g. [isdyo] 'he decorates'
h. [soy3na] 'decoration'’

The fact that vowels lax before the velar nasal is most clearly.
shown by comparing (34e, f) or (34g, h). Each pair involves
the same morpheme and the final vowel of the stem can be seen
to lax before the nominalizing suffix.

This ryle is very simply stated as below. It could be
applied in either direction or simultaneously with no difference

in output.
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(35) + syll + [- tense] / + nasal
- low - ant

2.4 Feeding and Bleeding Reconsidered. There are very

meaningful things to be said about feeding and bleeding appli-
cations aside from the fact tha; these cases constitute some
of the best evidence for determining the nature of rule appli-
cation. For example, several of the rules given above involve
feeding application: Tshiluba'l—nasalization, Arabela vowel
nasalization, and Southern Agaw vowel raising. All of these
cases share something in common -- they are clearly assimila-
tory processes. Thag assimilatory processes should tend
toward feeding application ig quite natural since the effect
of the rule is to modify ; segment to become more like the one
which caused the change. It stands to reason, then, that the
derived segment is likely to be able to cause a further change
by itself.

The examples given of bleeding application were Woleaian
low vowel dissimilation, Warao and Southern Paiute altermnating
stress, Klamath deglottalization, and Eastern Ojibwa glide
formation. There is good %eason for considering all of these

to be dissimilatory processes. The way in which an alternating

stress rule is stated in the directional theory clearly
attributes the stressing of one vowel to the unstressed charac-
ter of the adjacent vowel -- a dissimilation. The most basic
context for Klamath deglottalization is before another

glottalized segment -- another dissimilation. Finally,‘Eastern
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Ojibwa glide formation converts a vowel to a glide before
another vowel, likewise a dissimilation.

In the case of dissimilations it is reasonable to expect
a bleeding or "alternating'" pattern to develop. In dissimila-
tion we begin with a sequence of like things and make one
less similar to the others. The result is to make it unlikely
that this modified segment will have the properties required
to cause a change in another segment. It has become unlike
the very factor that caused the rule to apply in the first
place.

It is possible to conceive of cases where dissimilatory
rules may actually be feeding. One would be an exchange rule
such as the following. Suppose that for any sequence of
syllables involving a liquid and a vowel the first liquid

dissimilates from the second liquid in laterality:

(36) + son + son
+ cons + [~-a 1lat) / ___ [+ syll] | + cons

- nas ~ nas

a lat

In this case if we had a sequence /rV1Vl/ we would have the

following derivation:

(37) /xv1vl/
rvrvl first application

1vrvl second application

Such circumstances are undoubtedly rare if they exist at all.
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When there is any possibility that one application of a
rule can affect a subsequent application, the following

generalization holds:

(38) Assimilatory processes are conducive to feeding
application and dissimilatory processes are conducive

to bleeding application.

Neutral rules, which by definition are those where one applica-
tion cannot affect a subsequent application, are irrelevant to
this generalization.

Kiparsky in his discussion of feeding and bleeding orders

formulates the following hypotheses:

(39) a. Feeding order tends to be maximized.

b. Bleeding order tends to be minimized.

How far may the analogy between rule ordering and rule applica-
tion be pushed? Are the analogs to (39) applicable to the

domain of rule application?

(40) a. Feeding application tends to be maximized.

b. Bleeding application tends to be minimized.

In some sense there is validity to this extension, in
that dissimilation is much less common in general than assimila-
tion. For certain types of rules, however, dissimilation is
both coﬁmon and obviously '"natural". Examples of this type
are glide formation rules, which are dissimilations to adjacent

vowels, and alternating stress rules, which are dissimilations
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to adjacent unstressed vowels. 1In these cases we certainly |
do not expect a historical change which would make them
assimilatory (or feeding) in character. The forces that
motivate them are clearly of a nature which yields alternating

or dissimilatory patterning.

3.0 Predictability of Directionality. According to the

theory advanced by Johnson, directionality is an ad hoc property
of phonological rules. Each rule may have associated with it

a ma;ker indicating ghe direction in which the rule is to be
applied. For rules which are self-feeding or self-bleeding

in :haracter, there will generally be different empirical
consequences depending upon the direction in which the rule

is applied. Such a theory, then, allows the generation of
approximately double the number of different outputs as the
number of rules in this class.

Suvpose that it could be shown that each rule must be
applied in a given direction across a string. A theory that
is revised to incorporate this predictability will be caéable
of geﬁerating only a single output for each rule rather than
the two generated by a theory with ad hoc directionality. As
a result, a certain subset of phonological processes described
by the theory with ad hoc directionality cannot be described
by the revised theory. Whether this is a vice or a virtue, of
course, is contingent upon whether there are any empirically

valid cases which fall into the controversial subset of .
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describable rules. If none exist, the more restrictive theory
(the one with predictable directionality) is more highly valued.

A major claim of this work is that the directionality of
a rule is predictable from its formal properties. To illustrate
the relevant properties, I shall repeat below the rightward

rules which have already been presented:

(41) TSHILUBA L-NASALIZATION

+ nasal
[+ 1lat] = - lat / [+ nasall Vo

(42) ARABELA VOWEL NASALIZATION

[~ cons] + [+ nasal] / [+ nasal]

(43) SOUTHERN PAIUTE ALTERNATING STRESS

[+ syll] »+ [+ stress] / v C0

The most obvious quality that these three rules share is
that the segment to be affected (henceforth the focus of the
rule) is on the right extreme of the environment. A look at
the leftward rules presented thus far demonstrates that the

opposite condition holds for these rules:

(44) SOUTHERN AGAW VOWEL RAISING
+ syll + syll
-~ low + [+ high] / Co + high
(45) 'WOLEAIAN LOW VOWEL DISSIMILATION

+ syll - bac + syll
+ low > - low / C, + low
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(46) WARAO ALTERNATING STRESS
+ syll
[+ syll] » [+ stress] / C0 - stress
(47) EASTERN OJIBWA GLIDE FORMATION
+ syll —.syll
- low > + high / [+ syll]

KLAMATH DEGLOTTALIZATION is also clearly a leftward rule which
would parallel the ones above in terms of the relative location
of its focus.

Is this relationship between the directionality of a rule
and the position of its focus an accidental one? It is my
claim that the relationship is not accidental and that it
suggests that an intuitively reasonable and linguistically real
principle is in operation. 1In each case, the rule is applying
from the conditioning factor toward the focus of the rule. In
phonetic terms, we can say that the conditioning factor exerts
a force (usually assimilatory) on the focus and this force is
either progressive or regressive. 1In a regressive or anticipa-
tory assimilation, the effect extends to the left of the
conditioning factor and hence the rule is leftward. 1In a
progressive assimilation the effect is rightward.

Since the "conditioning factor" now serves two functions --
(1) constituting the phonetic motivating force for the change
and (2) determining the direction of the rule -- I will hence-~

forth use the term determinant to refer to it. The fundamental

principle for predicting directionality is then:
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(48) A rule is applied across a string from the side
corresponding to the location of the determinant to

the side corresponding to the focus.

This principle will be further developed in following chapters.
It has numerous interesting implications which bring about
greater theoretical simplicity and also appears to be more

adequate to handle many phonological phenomena.

4.0 Preliminary Informal Statement of Algorithm. 1In

proposing a theory as to how phonological rules are applied

it is important to be a: precise as possible, for it is only
when a position is made explicit that it can be challenged and
falsified. 1In this section I will provide an initial statement
of what directional rules mean, which will be revised and
extended in several important respects later in this work.

The application of a phonological rule involves two basic
operations. The first is a procedure for matching a string and
a rule to determine whether the string meets the structural
description of the rule. The second is the modification of
the string to be made in accordance with the structural change
of the rule. By and large, theoretical differences with regard
to application of rules rest primarily upon the way in which
a string is matched with a rule rather than upon the modifica-
tion procedure. I will therefore focus in this section upon

the matching algorithm.
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A phonological string involves a sequence of fully
specified matrices, together with lexical category symbols,
syntactic bracketing, and certain information about exceptional-
ity, etc. A fully specified matrix is one in which every
universal feature is mentioned, together with a plus, minus,
or integer value for each feature. For the purposes of this
discussion, I will refer to each matrix, category symbol, etc.
in the string as a segment.

A rule consists of two basic parts, a structural descrip-
tion and a structural change. The structural description
specifies the requirements that a string must meet in order
to undergo the modification, while the structural change
specifies the particuiar nature of the modification. The
structural description of a rule likewise consists of a
sequence of matrices, category symbols, etc., but these are
generally only partly specified, mentioning only the subset
of features which define the requirements the string must meet.
A more important distinction between a phonological rule and
a string is that the rule often contains abbreviatory devices
such as parentheses, subscripts, etc., which a string may not
contain. These devices are intended to capture generalizations
and may be regarded for our purposes here as special iastruc-
tions about how to match the rule against the string. Some of
these devices will be considered in subsequent chapters. 1In
this immediate context I shall only deal with the most simple

cases of matching where no abbreviatory devices are used.
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To illustrate the matching algorithm, consider the
following modified version of the Southern Agaw vowel raising

rule:

(49) + syll _ + syll
- low -+ [+ high] / ____ [~ syll] + high

c c B A

This rule has been simplified for expository purposes by
removing the subscript zero frgm the [~ syll] element in the
environment. Each element in the structural description has
been assigned a letter in order to facilitate reference to it
in the following diséussion.

How is this rule applie& to a given string of the language?
Take the form /#deketi#/ ;s an example. The leftward direc-
tionality of the rule is an instruction to begin the matching
process at the rightmost extreme of both the word and the rule.
Each match is a pairwise relationship between one element in
the rule and one segment in the string. The first attempt tn
match is illustrated below:

c B A

(50) ' + syll : + syll
- low [- syll] + high rule
tdeketd # string
8765432 1

Again, I have labelled each segment in the string with a number
to facilitate reference. The letters and numbers are assigned

in such a way that the earliest letter and lowest number are
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at the rightmost extreme of the rule and string, respectively.
The match between A-1 clearly fails, but the match between
A-2 is successful,

What does it mean to say that an element in a rule and a
segment in a string match? Matching is an inclusion relation-
ship, such that the string segment is included in the set
defined by the partially specified matrix of the rule. The

match A-2 is successful because the fully specified segment

i falls within the set of high syllabics defined by A. On the
other hand, the match A-1 fails because the matrix corresponding
to the symbol # does not fall within the set defined by A.

The structure of the theory and notation we are using makes it
quite obvious whether a string segment 1is or is not included
within the set defined by a rulé element. If the segment

contains a feature value which is contradictory to the value

for the same feature in fhe rule element, the match fails.

A contradiction occurs when the rule element is specified with
a plus, minus, or integer value for some feature 2nd the seg-

ment has a different value for that same feature.10 If there

is no contradiction, the match succeeds.

It is useful to differentiate between the pairwise match

of a single segment and a single element in a rule, and a

match sequence. A match sequence is a series of pairwise

matches terminated by one of three conditions: (1) a'l elements
in the rule have been matched with corresponding string

segments, indicating that the structural description of the
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rule has been satisfied; (2) all segments in the string have
been exhausted, but the rule elements have not; or (3) a
pairwise match between a segment and a rule element fails.

In the above example, the first match attempted was
between A and 1. Since 1 is not included in A, the match
failed. This also ended the match sequence begun at 1. The
next step was to attempt a match between A and 2, which in
fact succeeded. Since none of the three conditions mentioned
in the preceding paragraph are met, the following match will
be in the same match sequence. That match will be between B
and 3.

It is easier to discuss the matching process if the notion
of markers is introduced. Let us say that when a string

segment and a rule element are being matched, a match marker

is associated with each of thenm. The match marker associated

with the string segment will be called a string marker and

that associated with the rule element will be called a rule

marker. In addition, a sequence marker will indicate the

string segment at which each match sequence begins.
In matching A-2, the rule marker will be at A and both

the string marker and sequence marker will be at 2:

00 ==

deket it
(51) C B A 76 5 4 3 2

Since that match is successful, both match markers are advanced

and the next pairwise match attempted between B and 3:
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(52) C B A

-

Notice that the sequence marker remains at the same location,
indicating the point at which the match sequence was begun.
Finally, the match C-4 will be attempted and successful, com-

pleting the match sequence:

o 3=
~a
(O
&0
w e
N He
TS

o

(53) C B A

The successful completion of the match sequence indicates that
the string segment corresponding to the dash in the rule (C

in this case) will be subject to the modification stated in
the structural change. The string #deket{# thus becomes
fdekiti#.

Under the assumption of simultaneous application of rqles
as in the SPE theory, for rules such as the simple case under
consideration here it makes no difference where a match sequence
is begun or what happens to the sequence marker at the termina-
tion of each sequence. The algorithm need only be able to
determine which segments belonging to the type specified as
the focus occur in the correct environments. The order in
which these segments are determined is inconsequential, since
no changes will be éffectuated until all such segments are
identified. When the basic assumption changes, however, so
that rules are allowed to apply to their own outputs, the

question of from where the first match sequence and each
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subsequent sequence is attempted becomes a significant one.
In many such cases, there is an empirical consequence to the
choice.

The fundamental claim of a theory with predictable
directionality is that the choice of a point from which the
first match sequence originates is fixed -- namely, at the end
of the string corresponding to the position of the determinant
in the rule. Upon completion of each match sequence, however,
where do we reposition the sequence marker? That is, from
which point in the string is the next match sequence attempted?

One possibility which can immediately be eliminated 1is
éhat the sequence marker moves to any point more advanced in
the string (to the left of, in a leftward rule; to the right
of, in a rightward rule) than the previous focus. If such
were the case it would preclude the possibility that the change
in a string made on one épplication of a rule could affect a
second application. That is to say, this view is not congruent
with the notions of "self-feeding" or "self-bleeding" as
espoused here,

Another alternative would be to move the sequence marker
to the beginning of the string -- that is, to the point from
which the first match was attempted. Obviously this cannot
be done when a match sequence fails, since failure of the first
pairwise match would result in infinite cycling upon that pair.

It would be possible to advocate that after each successful

match sequence the sequence marker is returned to the beginning
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of the string, however. This is what Johnson refers to as
iterative application, using the term in a specialized sense
differentiated from his linear application (or my directional
application), which would normu}ly also be called iterative.
Johnson points out that this mode of application allows
generation of languages which are not finite-state in character,
and therefore adds to the power of the theory, an undesirable
consequence., Furthermore, it creates difficulties with the
formulations of certain rules, since it permits multiple
gpplication of a given rule to the same segment. An example
of such a rule is the vowel shift rule of English, according
to the analysis in SPE, which is of the basic type known as

"exchange" rules:
(54) [« £] » [~-a £] / X Y

The output of this rule is always potential input to the same
rule and if iterative application is allowed in Johnson's sense
rule (54) would keep reapplying to the same segment ad infinitum.
A similar problem would be posed by a rule which converted t

to d ;nd d to 8 intervocalically. By this application algorithm
the rule would apply to an intervocalic t to derive d but a
subsequent application will convert the derived d to 3. It

would thus be impossible to block the change of t to 6.11

While both of these algorithms appear to be incorr-=ct,
other candidates present themselves. One possible algorithm

is to move the sequence marker one segment forward after each
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match sequence, regardless of whether the termination of that
sequence was due to success or failure. In the string under
discussion, after the first application of the rule the string
and sequence markers would both be positioned on the segment
immediately to the left of the point from which the preceding

sequence was begun:

o0 ==
~N A
o0
v =
I
W rt
N

[

(55) C B A

-

In simple rule., of this type, there would be as many match
sequences as there are segments in the string, since the
sequence marker is only moved one position at a time.

An alternative to this view is that the sequence marker
advances one position each time a match sequence ends in
failure, but that if the sequence is successful the marker
moves to the segment undérgoing the change. For purposes of
this discussion the algorithm under consideration may be termed
the "complex advance" algorithm and the one characterized by
moving the sequence marker a single position regardless of the
reason for terminating the sequence may be referred to as a
"simple advance" algorithm.

These two algorithms appear to have different empirical
consequences, but only in a fairly small subset of rules in
which various optional elements may appear. Under special
circumstances, the simple advance algorithm could conceivably
cause a single segment to undergo a change more than once where

the complex advance algoerithm would not allow it.
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Consider, for example, the rule of vowel harmony in
Finnish to be discussed in greater detail in Chapter V. Accord-
ing to XKiparsky (1968L), back vowels are modified in such a
way that native words conform to the generalization that all
vowels in the word belong either to the harmonic set (i, e, u,
o, a) or the set (i, e, U, 0, a). Notice that the vowels i
and e are '"neutral" in thét they may appear with vowels of
either harmonic set. 7The vowel harmony rule in question makes
a back vowel agree in backness with a vowel preceding it. The
vowel causing the modification may be separated from the vowel
to be changed only by a sequence of neutral vowels; in all
other cases it is the immediately preceding vowel. Thus, the
sequence aCu does not change (or rather the u changes vacuously),
nor does the sequence aCiCu since the intervening vowel is
neutral. If the sequence is dCu or dCiCu where the 4 is
derived by a previous application of the rule (or perhaps is
the result of a morpheme structure condition -- cf. Chapter V),
the u harmonizes and becomes fronted. If the only preceding
vowel is neutral, it functions as a front vowel and causes a
change: e.g., #CiCu... becomes #CiCu...

Suppose that we are confronted with a string of the fol-
lowing shape: CaCiCiCu. With either the simple or complex
advance -algorithm, the first match sequence will involve all
four vowels. The sequence begins with the cause of the
(vacuous) change, namely a, includes the neutral vowels i,

and ends with the back vowel that is the focus of the rule.
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In terms of the complex advance algorithm, the next match .
sequence will begin with the preceding focus, namely u. With
the simple advance algorithm, however, the sequence marker
would be moved only one step at a time, first to the C follow-
ing the a and then to the nedtr;l vowel i. By beginning a
match sequence with a neutral vowel the algorithm will yield
an incorrect result, fronting the u that follows. It thus
appears that cases like Finnish vowel harmony support the
complex advance algorithm over the simple advance algorithm.

The purpose of this discussion has been to provide a
somewhat more explicit account of what is meant by directional
rules. Some of the terminolégical points that arose, such as
the notion of "match" or ;match sequence'" will allow greater
clarity in developing further the notion of directional rule
later in this work. It should be clear, also, that different
algorithms commonly make different empirical claims and when
algorithms are sufficiently.clarified they can be subject to

falsification.

5.0 Summary. The principal evidence supporting directional
rules must come from cases which are self-feeding or self-
bleeding, since here there is empirical content to a difference
in mode of application. In this chapter, therefore, I have
attempted to illustrate these self-feeding and self-bleeding
rules and to discuss some of their basic properties. Self-

feeding rules were shown to be strongly correlated with
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assimilatory processes and self-bleeding rules with dissimila-
tory processes. The position was taken that rules are applied
in a direction that is predictable from the shape of the

rules themselves -- in particular, from the relative locations
of focus and determinant. Finally, an initial attempt was
made to characterize somewhat more precisely what is meant by
a directional rule through the discussion of various possible

algorithms for matching a rule with a string.



NOTES

1 It is possible for rule A to feed rule B in the

order A, B and for rule B to feed rule A in the order B, A.
Koutsoudas et al. (1971:2), by.taking such factors into con-
sideration, expand the total number of possibilities to nine.
A significant development of this idea was made by
Anderson (1969), where he argued that the question of natural
or "unmarked" rule orderings is not a diadic relationship
between rules but rather a triadic relationship between rules
and a form to which ghey apply. Thus two rules applied in
the order A, B may be feeding with regard to one linguistic
form but nonfeeding or even bleeding in relation to another
linguistic form. Anderson assumes that the rules will tend to
apply in the order that is optimal in relation to each form.
That is, different forms may undergo the rules in a different

order.

2 The terms "self-feeding" and "self-bleeding" have

been suggested to me independently by Steve Anderson and Bob

Hsu.

3 The same surface string could be derived from either

a stem with underlying 1 or one with underlying d.

4 The facts described above are not peculiar to Tshiluba.

A great many western Bantu languages also convert a liquid to
a nasal in the syllable following a nasal consonant. In Kongo

(Laman ‘1936:LV-LVI), Lamba (Doke 1938:203, 235, etc.), Ndonga
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and Herero (Brincker 1886:9-10) it is clear that nasalization
of a sequence of syllables containing liquids takes place just
as in Tshiluba. Herero is additionally interesting in that
the liquid is r rather than 1. Two further examples of lan-
guages in which 1 is converted to n in the syllable following
a nasal consonant are Mbundu and Kuanyama fMeinhof 1932:180-81),
but I have been unable to locate material on these languages
which will demonstrate whether or not the effect spreads to
sequences of syllables. It is clear, however, that the
phenomena observed in Tshiluba are not idiosyncratic of that

language.

3 The association of nasalization with glottal and

pharyngeal consonants and with low vowels is well attested.
Art Crisfield has pointed out to me that in Thai (Noss 1964:15),
low vowels are nasalized after nasal consonants, /h/, and in
"zero initials": /'maa/ 'come', /'hte/ 'parade', and /'dog/
'exit'. What Noss represents as a '"zero initial", however,
begins phonetically with a glottal stop, which is almost cer-
tainly the cause for the nasalization. For other examples of
the association between glottal and pharyngeal consonants
and nasalization see also Ohala 1971 a, b, c, Hetzron 1969b
(but Leslau 1970 for a different view), and the treatment of
Sundane;e vowel nasalization presented in Chapter III.

It is also worth noting that nasalized vowels are

associated with h and glottal stop in certain English expressions,
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such as the irterrogative huh? and the exclamations for 'yes'
and 'no' represented coughly as uh huh and uh uh, respectively.
That this is not an isolated idiosyncracy of Engiish can be
seen in the following quote from Bright (1957:11) concerning

the Karok language:

"Certain vowel sounds, found in exclamations, either

do not occur at all elsewhere, or do not occur else-
where in the same phonetic environment. Thus nasalized
vowels occur in Eé; 'yes' and E?zé; (exclamation of

annoyance)."

6 The use of [- cons] to the left of the arrow in this

formulation implies that glottal stop could also be nasalized.
There are two solutions to this problem. First, glottal stop
is predictable in Arabela and therefore the rule inserting it
could be ordered after the nasalization rule. The second
possibility is that the glottal stop is indeed nasalized =--
i.e., articulated with the velum lowered. I suspect that the
latter alternative is correct. For discussion of a directly
related case, see my treatment of vowel nasalization in Sunda-

nese in Chapter III.

It appears from Hetzron's des~ription that these
phenomena are somewﬁat more complex than the facts above. Part
of this complexity is certainly a direct consequence of the
model in which his work was done. In any case, the general

character of the analysis seems to be sound.
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A subsequent rule reducing short vowels to u before

w will convert this string to eninuwak (cf. Bloomfield 1956:5).

? The forms of the suffix morphemes are as in Sohn.

The treatment of the stem-final consonant and an assumed
epenthetic a is a modification of his treatment, however, for

which he should not be held responsible.

10 The relationship between plus and minus values for

a feature and integer values is a very important one. It is
obvious that there is linguistic significance to fairly fine
dist_nctions on each phonetic continuum, yet at the same time
there are strict limitations upon what feature values can
function contrastively. The standard view -- and very probably
the correct one -- is that features at the lavel of underlying
representations are binary and serve a classificatory function
and that these are ultimately mapped onto n-ary scales which
are phonetically more real. The question arises, then, as -,
how the conversion from binary to n-ary takes place. It would
he tempting Lo hold that onity the value 'plus' can be mapped
onto an integer value other tham 0., If such were the case,
since 0 implies minus it would br possible to state that no
contradiction occurs (and therefor2 there can be a match) when
a rule specifies plus fcr a given feature and the segment with
which it is being matched has any positive integer value. A
more realisti: position, however, is that a certain range of

integers coucresponds to the minus value for a feature as well.
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This suggests that a segment may have various integer values
for a feature and not contradict a plus (or a minus) for that

feature in the corresponding rule element.

11 The strength of this argument is ccntingent, of

course, upon the existence of rules of these types.



CHAPTER III

PARENTHESES AND DISJUNCTIVE ORDERING

1.0 Disjunctive Ordering. Disjunctive ordering is a

relationship between rules whereby the application of one rule
is precluded by the application of the other. 1Its use in
phonological theory is consistent with the notion of linear
ordering, since one of the disjunctively ordered rules must be
tried before the other. Disjunctively ordered rules thus
constitute an internally ordered block,

A directional theory of rule application has very interest-
ing consequences for disjunctive ordering. In this chapter I
will first present a description of the role of disjunctive
ordering in the standard theory, with special reference to its
association with the parenthesis notation. The latter part of
the chapter will view parentheses and disjunctive ordering

from the perspective of a directicnal theory.

2.0 Disjunction in the Standard Theory.

2.1 Properties of Parenthesis Notation. Chomsky (1967)

and Chomsky & Halle (1968) have offered an extremely profound
proposal concerning disjunctive rule application. They note
that rules which have been abbreviated 'with the parenthesis
notation in generative analyses of language share several
properties. The first two properties are purely formal:

(1) the rules abbreviated by parentheses are similar in appear-
ance, in that each performs the same uperation as the other

and the environment of one "is included in" the environment of
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the other; (2) the rules are "adjacent"1 in the ordering so
that they share the same crucial ordering relations with other
rules of the grammar.

In addition, there are two properties relating to rule
application. The first of thege, which I will refer to as the

principle of longest expansion, states that the longest expan-

sion -- the rule that "includes" all of the other rules of the
disjunctively ordered set -- is the first rule that must be

tried. The second property 1is the principle of disjunctive

application which prohibits any member of a disjunctively
érdered set from appiying if an earlier rule of that set has
already applied. |

The notion of disjuﬁctive ordering can be illustrated with
a well-known example from English. In the table below, the
verbs in column I have stress on the penultimate syllable,
those in columns II and III have stress on the final syllable,

and those in column IV have stress on their only syllable.

(1) I II IIT IV
astdnish maintain collapse rin
édit erase defénd win
elicit . devdte adapt gét

Chomsky & Halle note that the verbs in column I are character-
ized by ending in a weak syllable, containing a lax vowel and
at most a single consonant. They therefore propose the fol~-

lowing rule:
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(2) V + [1 stress] / C0 v Ci

i

This rule will correctly place the stress on the penultimate
syllable of the forms in column I. It would be possible to

write similar rules for columns II, III, and IV:

(3) a. v + [1 stress] / c #
+ tense °
b. v + [1 stress] / C2 i
c. Y + [1 stress] [/ # Co Co it

Chomsky & Halle cogently argue, however, that such a
proliferation of stress rules misses a very basic generalliza-
tion. The appropriate statement would seem to be that stress
in English is basically final unless other special conditions
are met, such as those given in (2). They therefore suggest
that the phenomena in (1) are best explained by a pair of rules

as follows:

(4) a. V> [1 stress] / C vc #

b. V = [1 stress] / C0 i

The first member of this pair assigns stress to the penultimate
syllable when the final syllable is weak and the second member,
which is the "elsewhere" case, assigns stress to the final
syllable.

This statement would capture the ‘appropriate generalization
perfectly gxcept for one difficulty. If our assumption about
rule ordering is that rules apply in a simple linear sequence,

the forms in column I meet the structural descriptions of both
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rules and would therefore incorrectlv receive stress on both'
of the last two syllables. On this account Chomsky & Halle
propose that the notion of disjunctive ordering be introduced
into phonological theory to preclude the application of (4b)

to strings which have already been subject to (4a).

2.2 Disjunction as a Consequence of the Notation. One

possible position that might be taken is that disjunctive
ordering is an option available to any pair of rules in a
graﬁmar. Such a position could be implemented by the free use
of rule features (cf, Kiparsky 1968b; Chomsky & i.alle 1968:
374-75; Lakoff 1965:I5-8) in_ the structural change of phono-
logical rules. Thus, if .I want to claim that rules 7 and 15
are disjunctively ordered I can add [~ Rule 15] to the struc-
tural change of rule 7. Together with the generally accepted
convention that a segment must be specified [+ Rule n] to
undergo Rule n, this addition to the structural change of rule
7 would make rules 7 and 15 disjunctively ordered. It can
readily be observed that in order to make any more restrictive
claim about the nature of disjunctive ordering than the one
proposed in this paragraph, it is necessary to constrain the
use of rule features considerably. Unless this is done any
more restrictive claim will be empty.

A second position that could be taken 1is that there are
certaln necessary conditions for disjunctive ordering, such as
the conditions mentiongd in 2.1. This position.implies that

there is still a free choice between disjunctive ordering and
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some alternative (say, conjunctive ordering), but that the
circumstances under which disjunction is éossible at all are
well-defined.

The strongest position that could be taken is that thera
is a defining set of conditions which are both necessary and
sufficient to establish disjunctive ordering. In this view
there is no freedom of choice and disjunctive ordering is a
direct consequence of other independent conditions of the
grammar. This is, in fact, the position taken by Chomsky &
Halle.

The strong position deserves some elaboration since its
significance appears to be frequently overlooked. 1In the
Chomsky & Halle view, there exists an optimal organization of
any set of linguistic data or of any grammar. This is not to
say that we know what constitutes an optimal organization on
a priori grounds but rather that this is the fundamental ques-
tion for linguistic research. It is also not a denial that
there may be alternative "optimal" organizations. Rather, in
such a case it is assumed that there is a restricted and
definable set of optimal grammars as distinguished from non-
optimal grammars which differ on more fundamental properties.
Suppose, for example, that some speakers of English have an
underlying representation for speak with /p/ while others have
a representation with /b/. Current theory assumes that the
optimal representation is with /p/ (Schane 1968b) and that

therefore we must assume for all normal speakers a mental
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representation with /p/. Current theory tlhius makes a claim
divergent from our hypothetical truth. Would this lead us to
conclude that there is no optimal representation? The answer
to this question must be that there is no optimal representa-
tion for the second segment in'gkggg that is more narvowly
defined than the set {/p/, /b/}. However, such a situation
wouid not destroy the fact that the grammar allowing this
optionality is more nearly oppimal than grammars allowing
underlying representations beyond the se. {/p/, /b/}. That is
to say, the optimal grammar may allow some indeterminacy but
it remains true that'grammar is more nearly optiual in compari-
son with yet other alternati§e grammars.,

This notion of an oétimal organization is supportive of
the idea of having rn evaluation criterion or simplicity metric.
If it is true that there is reason to prefer one grammar over
another and that the child acquiring a language in fact makes
such . choice, it must necegsarily be possible to give an
accourt of this choice by determining the factors taken into
consideration and their "weighing". This is not an argument
that a particular evaluation metric such as that found in
Halle (1962) or the revised version found in Chomsky & Halle
(1968) 1is correct; but rather that the notion of an evaluation
metric, however complex it must be, is consistent with and
follows from tne notion of an optimal grammar.

Chomsky & Halle utilize this general argum:nt in the fol-

lowing ‘way. They assume that the child, in acquiriné his
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languuge, determines the set of rules rquired to generate the
surface strings of that language and orders them in an optimal
way. He then regards certain pairs of rules as constituting
unitary generalizations of some sort, collapsing them into a
more abbreviated representation or schema. Such collapsing is
a recursive process (Chomsky 1967:121) by which a schema and
a rule mey be further collapsed into a new schema. At this
point disjunctive ordering or its absence are determined on
the basis of the notation of representation involved.

The impcrtant thing to note here is that disjunction and
other modes of rule application are not considered relevant to
how rules are collapsed. The only thing that is relevant is
the shape of the rules themselves. Thus, given the palr of
rules in (4), there is an optimal representation (5) which is
determined by purely mechanical evaluation procedures from the

shape of the rules:
- 1
(5) V~+ [1 stress] / Co (v Co) i

It is then a consequence c¢f parenthesis notation that the

second expansion is not allowed to apply 1if the first applies.
The mechanicazl nature of this process of collapsing is

well illustrated by the following footnote from Chomsky & Halle

(1968:30), as well as in numerous other places in the two

works in question:

(6) "The question of when a sequence of rules is to be

abbreviated by the parenthesis convention i& not a
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matter of choice but raiher one of fact. That is, the
convention regarding parentheses 1s just one part of
an evaluation procedure to be applied to grammars.
This procedure is perfectly general (language-indepen-
dent) and performs the function of determining which
of the grammars consistent with the data is to be
selected as the grammar of the language for which the

data provide a sample."

That disjunctive ordering is determined directly from the
abbreviated set of schemata can be similarly shown in the

following statement by Chomsky & Halle (1968:36):

(/) "In earlier work these notations have been regarded
solely as part of the system for evaluating grammars...
But now we are also making use of the notations to
determine how the rules apply, in particular, to
determine disjunctive ordering. That 1is to say, we
are proposing that certain formal relations among
rules, statable in terms of the notations that are
used for the evaluation of grammars, are significant

in determining how the grammar generates derivations."

The claim made by Chomsky and Halle, therefore, is that
the following hierarchy holds, where the arrow is to be read

as "determines":
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(8) FOKM OF THE RULES
¥
NOTATIONAL CONVENTION

¥
MODE OF APPLICATION

As can be seen, the proposal offered by Chomsky & Halle
is a very strong position, the strongest of the three dis-
cussed above. Chomsky (1967:120) points out that this
position removes disjunctive ordering from the status of
being a "prime"-of the theory, since it is uniquely determi-

nable from other facﬁs of the grammar.

2.3 Domain of Disjunction. In order to give content

to a proposal that disjunctiﬁe ordering is a property of
phonological rules it is Erucial to establish the domain of
disjunction. 1In spite of occasional statements that disjunc-
tive ordering is a diadic relationship between pairs of rules,
it is clearly recognized by Chomsky & Halle that the relation-
ship is basically triadic, invnlving the pair of rules and

a string from that language:

(9) a. "... two rules R, and R lincarly ordered so that R

1 22
are said to be DISJUNCTIVELY ORDERED if

1
precedes Rz,

R, cannot apply to a given string at a certain stage

N

of the cycle if R1 has already applied to this string

at this stage of the cycle." (Chomsky 1967:120)

b. "A certain subsequence may form a block of rules which
are 'disjunctively ordered' in the sense that if one

of these rules applies to a certain substring, the
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other members of the block are not applicable to this
substring in this stage of the cycle." (Chomsky &

Halle 1968:60)

The question that must be resolved, then, is what is the
"given string" or '"certain substring'" spoken of in the above
two paragraphs, which define the domain over which the dis-
junctive relationship is applicable? This question is clearly
not a trivial one, but absolutely crucial to any meaningful
claim about disjunctive ordering.

In the remaining parts of section 2.3 several hypotheses
about the domain of disjunction will be discussed. Within the
general framework of SPE it can be shown that the domains of
disjunction that have heretofore been proposed are clearly
falsifiable, although a revised hypothesis might be capable of

accounting for the facts.

2.3.1 Word-Level Disjunction. The impression one derives

from reading the first several chapters of SPE is that the
domain of disjunction is the word. In considering a case like
edit and why it does not receive two stresses, it is very easy
to conclude that the second stress rule is blocked because the
first stress rule has already applied to that word.
It is quite clear that within the general framework of

SPE the'dOmain of disjunction cannot be the word., A myriad of
examples could i1illustrate this point. One of the earliest

sources of my own skepticism with regard to disjunctive



80
ordering was the observation that it would make incorrect and
counterintuitive claims about a rule such as aspiration in
English. One euvironment in which aspiration applies is when
a voiceless stop precedes a stressed vowel, whether or not
there is an intervening liquid'or glide. Consider, for example,

the following words:
(10) appease appraise applaud acquire acute

In each case the first consonant of the word is aspirated
before a stressed vowel, although appraise and applaud have
intervening liquids and acquire and acute have intervening
glides.

These facts may be expressed in the following rule:

(11) - cont - syll "~
- voice + [+ asp] / ____ (|+ son ) [+ stress]
- nasal

If word-level disjunction is assumed, the theory would
predict that if a word contains two voiceless stops, one
immediately before a stresséd vowel and the other separated
from the following stressed vowel by a liquid or glide, anly
the latter would aspirate. Since (11) abbreviates a pair of
rules which are disjunctively ordered, when the first expansion
applies to the latter sequence it would preciude the second
expansion from applying to the former sequence. It seems
quite clear that word-level disjunction makes a claim here
that is not only false but counterintuitive, In a word like

proCRAstinaTOry, the capitalized sequences are possible inputs
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to (11). Word-level disjunction would predict that the last
t of the word would not aspirate, counter to fact. That such
a phonetic rule could be prevented from applying by considera-
tions such as these seems completely contrary to our beliefs
about how language works.

A similar case is given in Johnson (1970a:127-30), who
points out that the rule that tenses and unrounds underlying
lax /u/ in English appears to falsify the notion of disjunctive

ordering:4

(12) - tense a voc
+ back + tense 1 a cons
+ high > -~ round / Co (| - ant ) [~ cons]

Johnson points out that the word usual involves one
instance of lax /u/ before a consonant followed by a noncon-
sonantal segment and one instance of /u/ immediately before a
nonconsonantal segment. If word-level disjunction were valid,
the second /u/ would be prevented from undergoing the rule
because the first expansion would have applied. Thus, this
is a second case where word-level disjunction gives a false
statement about disjunctive relations, given the other aspects

of the framework presented in SPE.

2.3.2 Environmental Disjunction. Bever (1967:110-11)

proposed an alternative principle of disjunction which he called
"segmental .disjunction". According to this principle, when
the longer of a pair of disjunctively ordered rules is matched

against a string, each segment of the string corresponding
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to an element in the environment of that rule is marked with

a [- Rule] feature so that it cannot undergo the next rule.
The term "segmental" was used to characterize this notion of
disjunctive ordering presumably because segments in the string
are marked with the [- Rule] feature. For reasons that will
appear obvious in the next section, I prefer to characterize
this form of disjunction on the basis of the domain over which
this restriction holds, namely the segments corresponding to
the-elements in the entire environment of the rule.

The operation of environmental disjunction may be illus-

trated with a rule of the following abstract form:
(13) A~+B/ (a) C

A sequence AAC will be matched first against the longest
expansion of (13). The first instance of A will be changed by
the application of that rule. By the principle of environ-
mental disjunction, the second A and the C will be marked with
a [- Rule] feature for the next rule since they correspond to
the elements in the environment of the rule. Thus, the final
resulf is BAC. On the other hand, given an input string
AACAC, the same facts hold true for the first three segments
but the final AC do not correspond to any elements in the
environment of the first application of the rule and are thus
not marked with [- Rule] features. This enables the second
expansion to apply, yielding the final string BACBC. This
output differs from that yielded by word-level disjunction

(BACAC) or from having no disjunctive ordering at all (BBCBC).



83

It is easy to demonstrate that environmental disjunction
is incorrect within the SPE framework. The example of tensing
and unrounding of /u/ given in the preceding section not only
falsifies word-level disjunction but also environmental dis-
junction. Consider again the word usual. Since the second u
corresponds to an element in the environment for the first
expansion, it will be marked as unable to undergo the shorter
expansion. The derived form would then be *[yﬁwzﬁwal].5 The
incorrectness of this derivation 1s directly attributable to
the principle of environmental disjunction.

A similar example would be a rule which lengthens a vowel

in an open syllable:

(14) C (a)

V>V/ # (b)

According to Chomsky & Halle, (l4a) abbreviates a pair of rules
differing only in the presence or absence of the consonant.

The two rules are thus disjunctively ordered. However, with
either word-level or environmental disjunction, the string
VCVVC would become VCVVC instead of the expected VCVVC.

In the section of Chapter 8 where Chomsky & Halle intro-
duce their own version of environmental disjunction they
clearly intend it to replace word-level disjunction everywhere.
It is noteworthy that even the move in this direction does not

appear to add greater precision to the notion of domain of

disjunction:
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(15) "When we try to make this notation precise, we

immediately face a variety of cases where a specific
decision arises as to how the formalization should
proceed. There is no difficulty in principle in
resolving these cases, one way or another, but having
so little relevant information, it would be pointless
to make these decisions. We therefore leave the
matter in this semiformalized state, noting simply that
further empirical evidence is needed to determine just

how the relevant conditions should be formulated."

(1968:366)

2.3.3 Parenthetical Disjunction. Since neither word-

level disjunction nor environmental disjunction are workable
within the SPE framework, one might propose a further modifi-
cation in the domain of disjunction which is still more limited.
Instead of marking all segments in the word as being unable to
undergo the second expansion 1f the first expansion applies,

or marking all segments corresponding to the environment of

the first expansion, a more limited alternative would be to

mark only the segments corresponding to the parenthetical
expression itself. The difference between environmental aand
parenthetical disjunction can be illustrated by the following

rules:

(16) a. A+ B / __ _(A) ¢C

b. A+B / __ _(C) A
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With environmental disjunction, any A which correspends to
either A in the environments of the above rules will be marked
as unable to undergo the shorter expansion of that schema.
Under parenthetical disjunction, however, only an A which
corresponds to an A in parentheses will be so marked. An A
which corresponds to the A in the environment of (16b) will

not be marked. Thus we would have the following derivations:

(17) ENVIRONMENTAL PARENTHETICAL
AAC ACAA AAC ACAA underlying string
BAC BCAA BAC BCBA output
(16a) (16b) (16a) (16b)

The cases that were used to falsify both word-level and
environmental disjunction can be handled adequately with
parenthetical disjunction. Consider again the rule for tensing
and unrounding /u/. What was optional in that rule was the
consonant between the u and the following vowel. With paren-
thetical disjunction the consonant would be unable to undergo
the following rule, but the second u in usual would be free
to undergo it. The same situation holds for the rule
lengthening vowels in open syllables, where it is again the

consonant which is optional, not the following vowel.

3.0 Disjunction Within a Directional Theory. 1In the

preceding section I demonstrated that disjunctive ordering
makes a valuable and profound claim about the nature of

language. It allows us to state many generalizations that
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are clearly linguistically significant in a concise and
straightforward form. At the same time, the claims are not
truly meaningful vntil the notation is well-defined, and the
domain of disjunction is crucial in this regard. I have
shown that word-level disjunction is overly restrictive and
clearly falsified and that parenthetical disjunction is more
in accord with the facts. In this section I will consider
the role of disjunctive ordering within a directional theory
of rule application and show that the same insights are

capturable within this theory.

3.1 English Romance Stress Rule. Consider again the

data presented in section 2.1 and the rule used to express

these facts:

(18) V > [1 stress] / ____ C0 (6Ci) i

In the directional theory proposed here, rule (18) is
predictably leftward.

In discussing the algorithm for applying rules direc-
tionally in Chapter II, the example used was simple in that
it contained no abbreviatory devices. The question that
must be raised here, then, is how rules with optional
elements are to be treated. One possibility, of course, is
to consider the two.expansions of (18) to be separate rules
which are sequentially applied to a string. This requires
the adoption of a principle of disjunctive ordering similar

to that needed within the standard theory.
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For expository purposes let us consider the role of

disjunctive ordering with reference to the algorithm provided
in Chapter II. Recall that in simple expressions with no
abbreviatory devices a sequence'of pairwise matches were used
to determine whether a rule can apply to a given string. When
abbreviatory devices such as parentheses are used it is possible
for more than one sequence of pairwise matches to be consistent
with the rule. For example, the string #editi# allows two
possible sequences of pairwise matches that will satisfy (18).
?he theory of rule application proposed in SPE requires that
the longest expansion be attempted firsr. The principle of
longest expansion must algo be adopted in the directional
theory in order to make the correct choice of match sequences

with strings like #edit#. We may therefore state:

(19) In matching a string with a rule, the longest possible

match sequence must be attempted from any given point.

The effect of the principle of longest expansion is to
correctly stress the first vowel of edit. By the algorifhm
preseﬂted in Chapter II, when this match sequence is completed
the sequence marker is moved to the position of the first
vowel of edit. This procedure makes it impossible for any
further application to take place since there is no possible
match sequence from that point which will satisfy the conditions
of the rule. In this way, by the algorithm independently

required for simple rules with no abbreviatory conventions, the
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directional nature of the rule together with the principle of
longest expansion yield disjunctive ordering. The principle
of disjunctive application is thus independently motivated in
the directional theory as part of the algorithm defining direc-
tional rules.

One additional problem arises when rules with abbreviatory
conventions are considered. 1In deriving a word like erase
(from /#erzs#/), the longest expansion of (18) is partially
fulfilled. It is not until the maftch between the vowel 2 and
the lax vowel in parentheses is attempted that the longest
expansion fails. If the algorithm presented in Chapter II is
maintained as stated, the failure of this match sequence would
cause the séquence marker to be advanced and there would be
no application of rule (18) to the string at all. This is
obviously incorrect and what is required is that if the longest
expansion is not satisfiéd, the next longest expansion must
be attempted, and so on, until all possible expansions have
been exhausted. Only then can it be said that the rule does
not apply.

One modification that must therefore be made in our
algorithm is that the sequence marker must not be advanced
after failure of a match sequence unless that is the shortest
expansion from that point. Recall that in the algorithm
presented in Chapter II, the sequence marker is advanced
differently depending upon whether the match sequence was

successful or not. The facts of disjunctive ordering accentuate
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the difference between success and failure, for when a given
expansion of a rule with optional elements is satisfied the
sequence marker is advanced immediately, but when that expan-
sion fails it is not advanced until the shortest expansion is
reached.

A second modification that must be made is that in 6£der
to deal with shorter expansions when longer expansions haéé.
been partially successful it is necessary to unmatch certain
pairs. For example, in deriving the word erase the final
consonant is matched with the optional consonant in parentheses
and when the longer expansion ultimately fails, it must be
matched instead with the subscripted consonant preceding the
parenthetical expression. In terms of the algorithm presented
here it would be necessary to keep track of the optiomns that
have been taken in matching the string and, when a given option
fails, to return to the point where that option (the last |
preceding one) was taken and to match the segment instead with
the rule element adjacent to that option. This may be thought
of as a kind of "layering'" and "extraction'" process. A more
formal account of this algorithm has been developed by Bob Hsu
of the University of Hawaii, with encouragement and occasional
aséistance from Ron Scollon and myself.

It . is perhaps easier to depict this layering and extraction
process, however, in the way that Chomsky & Halle presented 1it.
Rule (18) in their terminology represents a sequence of expan-

sions equivalent to separate rules and one first attempts to
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match the longest expansion and then each shorter expansion
until either one expansion is satisfied or all expansions are
exhausted. The difference in these two ways of presenting
the algorithm is essentially t;ivial and chosen primarily for
expository purposes. There are some real differences in claim
that are involved, but these are not necessarily fundamental
components of the two types of statement. For example, Chomsky
& Halle assume that there is an independent order of expansion
for ‘different abbreviatory devices contingent not upon their
gosition in the rule but rather upon the type of device. Thus,
there is a fixed order of expansion of braces in relation to
parentheses, etc. I havg assumed, however, that the order of
expansion is such that successively shorter expansions of the
optional elements nearest the focus must be taken first and
optional elements nearest the determinant last. This con-
stitutes an empirical difference in claim, but it is not crucial
to either position.

Another difference is that the SPE framework is stated
as if -the domain of disjunction were the word. Yet, it has
been argued earlier in th£s chapter that the notion of paren-
thetical disjunction is what is required. If this revision is
made within the SfE theory, it will be necessary to speak of

an order of expansion as related to different substrings

centered about each potential focus. That is, there may be
two or more (potentially overlapping) substrings upon which

disjunctive ordering mhst be defined. This necessar&
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modification in the SPE theory thus makes it more closely

parallel with the directional theory, since the latter requires

disjunctive ordering to be defined with the sequence marker

as a fixed point of reference. Since the sequence marker may

be anywhere in a string, there is a possibility of utilizing
disjunctive ordering in more than one substring.

It is important to add that this account of disjunctive
ordering within a directional theory is contingent upon having
predictable directionality. As a predictably leftward rule,
(18) yields the correct output by the algorithm I have
stated. If (18) were allowed to be a rightward rule, however,
the result would be application of the rule to both vowels of
edit. If the possibility existed of treating a rule like (18)
as rightward, the theory would fail to capture the significant
theoretical claims concerning disjunctive ordering made by
Chomsky & Halle in SPE. 'This point will be returned to in
Chapter VII in relation to a comparison of the directional

theory presented here with Johnson's linear theory.

3.2 Latin Stress. A case very similar to the rule

discussed above is fhe Latin stress rule as presented in
Schane (1969:28). 1In Latin, stress falls on the antepenul-
timate syllable if one exists and if the penultimate syllable
is weak (i.g., has a lax vowel and no more than one conso-
nant). Stress falls on the only vowel in monosyllables and

is penultimate under all other conditions. Schane offers rule

(20) to account for these facts:
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(200 V- [+ stress] / ___ ¢ ( (¥cg) v ) #

This rule abbreviates the sequence of expansions:

(21) a. V » [+ stress] / Co Gci ve #
b. V > [+ stress] / c vc ¢#
— 7o o
c. V> [+ stress] / ____ Co #

Latin stress, like English stress, is a leftward rule.
The algorithm for rule application presented here will yield
the correct disjunctive results as it did in the case of English

stress.

3.3 Komi Jazva Stress. A more interesting example was

presented by Johnson (19i0a:136—37) from Komi Jazva, a Permian
language (Uralic) spoken in Komi A.S.S.R. in the European part
of the Soviet Union. According to Harms (1968:74), Komi Jazva
words are stressed on the rightmost vowel that is not preceded
anywhere in the word by a tense vowel. Thus, stress falls on

the first tense vowel of the word or, if the word contaips no

tense vowel, upon the final vowel of the word.

Johnson stated that Ehe SPE framework is inadequate to
capture the disjunctive ordering involved in Komi JazZva stress.
The parenthesis-sﬁar notation, necessary to express the idea
"any number of syllables containing lax vowels", requires
simultaneous application in the SPE framework and therefore
would incorrectly stress every vowel of the word that is not

preceded by a tense vowel. Johnson claimed that these facts
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could not be expressed within the SPE theory, but his claim is

incorrect because the following rule, though definitely not

very attractive, is adequate to deal with the relevaut facts:

[+ tense]
[— tens;] v Co #

. . ¥y
.

Johnson proposed his own way of handling Komi JaZva stress but

(22) V > [+ stress) / # (COV)* c,

his device is of peripheral significance here and more relevant
to the discussion in Chapter VII, so discussion of it will be
delayed until that point in the exposition.

Within the directional theory of rule application, however,
Komi Jazva stress is simply and adequately accounted for.

Consider the following rule:

(23) V > [+ stress] / # (Co G)o c

It follows directly from the explication of the revisions in
the algorithm that are required in order to handle optional
expressions with parentheses that rule (23) will yield the
correct outputs for Komi JazZva stress. By taking the longest
expansion available and by advancing the sequence marker when
some expansion is satisfied, rule (23) will apply disjunctively
and stress the correct vowels. Thus, the directional theory
differs from the siﬁultaneous theory of SPE in claiming that

subscripted expressions are disjunctively applied and Komi

Jazva stress is evidence that the claim made here is correct.
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3.4 Sundanese Vowel Nasalization. In his review of the

work of the London School, Langendoen (1964:318; 1968:100-1)
proposed a generative analysis of Sundanese nasalization that
appears to violate the conventions associating disjunctive
ordering with parenthesis notation. According to Robins
(1957),8 vowels in Sundanese nasalize after nasal consonants
and the nasalizati;n extends as far as the next supraglottally
articulated consonant (any consonant other than h or glottal
stop). If there is no following consonant, the nasalization

will extend as far as the end of the word. Langendoen proposes

the following rule to describe this phenomenon:

(24) [+ voc] + [+ nasal] / [+ nasal] [- cons]o

There is a very curious wrinkle to Sundanese nasalization,
however, beyond that described by rule (24). Sundanese has a
plural infix of the shape al/ar which immediately follows the
first consonant of the stem, if the stem begins with a con-
sonant. Unlike the other sﬁpraglottally articulated consonants,
inclu@ing 1l and r in other environments, this particular'
consonant permits the passage of nasalization over onto the
following vowel sequence. An additional peculiarity is that

the vowel immediately following the plural infix is not

nasalized but the subsequent ones are. Thus there are contrasts
between forms like [mi3ri3k] from /m + ar + iak/ and [marios]
which is monomorphemic. Langendoen proposes to capture these

facts with the following rule:
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(25) [+ voc] » I+ nesal]/[+ nasal](+ Plpral [ I- cons]o__“

This rule is intended to apply to /m + ar + iak/ in the
following way. First, the longest expansion will apply, skip-
ping over the plural morpheme and the following segment
(indicated as [ ]) and nasalize the remaining vowel, yielding

m + ar + iik. Then the shorter expansion, identical to (24),

will apply to nasalize the vowel of the infix.
Although these rules are abbreviated with parentheses,

Langendoen clearly intends them to apply conjunctively rather

than disjunctively. In this sense, Sundanese nasalization

appears to be counterevidence to the proposal associating
disjunctive ordering with parentheses. Moreover, it would
also serve as a counterexample to the directional theory of
rule application proposed here.

The sclution suggested by Langendoen is not a very natural
one, although it 1is straightforward and yields the correct
output if the restrictions on disjunctive application are
relaxed. There are two peculiarities to this problem, however:
(1) the consonant of the infix does not block the spread of
nasalization, and (2) the vowel following the infix doesn't
nasalize although the vowels after it do. Both of these
peculiarities are hgndled in an ad hoc way in rule (25) ~-- the
first b§ referring to the morpheme [+ Plural] and the second
by including the empty brackets t 1.

I propose that it is more natural to think of Sundanese

vowel nasalization as consisting of the interplay of several
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rules. The first of these to be considered is:

(26) [- cons] »+ [+ nasal] / [+ nasal]

Rule (26) is exactly the same rule that was posited for
nasalization in Arabela. We can see its operation most clearly
in a form like [mIdk], which results from the sequential
application of the rule to the two vowels.

Aside from the intricacies involved with the plural
infix, (26) appears to have one failing. According to Robins,
nas;lization spreads'over h and glottal stop but is blocked
by supraglottally articulated consonants, including y and w.
Yet rule (26) is stated as if all of these segments (vowels,
h, y, w and glottal stop) get nasalized. 1In spite of this
discrepancy, I believe (26) to approximate the correct state-
ment of the main nasalization rule in Sundanese.

Anderson (1972a), in a paper stimulated by an earlier
draft of this dissertation has an extensive discussion of the
problem of including h and glottal stop in the rule. To use
[~ cons] as in (26) or in Langendoen's formulation is too
broad; since y and w would be included and apparently
nasalization neither passes over them nor do they become
nasalized. There is no provision in the SPE feature system
for stating the laryngeal glides and vowels together as a
class opposed to the vocalic glides. The closest we could
come is to have a disjunctive expression to incorporate

the vowels and laryngeal glides and exclude y and W.
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Anderson reccgnizes three alternatives to the problem:
"First, we could simply accept the disjunctively defined class
just given, and deny that the class in question constitutes
a unified generalization; secondly, we might suggest a modifi-
cation of the feature system which would allow us to define
the class in question more naturally; or thirdly, we might
look for evidence that our formulation of the rule is incorrect."
(1972:22)

Anderson argues that the first two alternatives are
inappropriate and that the resolution of the problem lies in
the third. He points out that if the rule is an iterative (or
directional) rule there is no need to combine vowels and

laryngeal glides. One could state the nasalization rule thus:

- cons
(27) [+ syll] + [+ nasal]/[+ nasal] (|- syll] ) __
- high

and simply include an optional laryngeal glide between the
nasal segment and the vowel to be affected in each case. How-
ever, this solution is possible only if the laryngeal glides
are not in themselves nasalized, for if they were the disjunc-
tive expression would reappear at the left of the arrow and
little would have been gained.

The question of whether the laryngeal glides are nasalized
appears to pe answerable in terms of the kymographic tracings
presented in Robins (1957). Anderson points out that the nasal

tracings for h are sufficiently weak to suggest no nasalization,
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even when between nasalized vowels. When h immediately

follows a nasal consonant as in [bynhdr] the nasal tracing
indicates true nasalization. Anderson thus concludes that
there is a separate rule nasalizing h immediately following
a nasal consonant, but otherwise h does not become nasalized.
These facts would argue for his formulation of the nasalization
rule as in (27).

This solution seems unreasonable in one principal respect.
It is assumed that the velum is raised for h and glottal stop
and then lowered again in articulating the following vowel.
Yet, the very reason-we would expect h and glottal stop to be
skipped over is that they caﬁ be easily articulated with the
velum lowered. For glottal stop, in particular, the position
of the velum is entirely irrelevant since no air passes through
the upper vocal tract during the articulation.

A further inspection of the kymographic evidence suggests
the solution. During the a;ticulation of intervocalic h, it
is not only the nasal tracing which is weak but also the oral
tracing. The instance of h after a nasal consonant shows both
tracings very strong. In this instance Robins notes peripherally
that the h is also voiced. The important fact, it seems to me,
is that the nasal.tracings for each type of h in this environ-
ment are parallel to their respective oral tracings. This
suggests that the velum is open during the articulation and
that the two cavities are thus subject to the same influences.

I therefore believe that it is correct to consider h'(aﬁd
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presumably glottal sﬁop) as being [+ nasal] in these environ-
ments, the feature nasal being defined in terms of the position
of the velum during t%e articulation.9

This modificatioﬁ still does not resolve the difficulties
posed by the groupingiof vowels and laryngeal glides to the
exclusion of consonan;s and vocalic glides. I believe that
this difficulty repre;ents an inadequacy in the feature system
and that what is rele%ant here, as Robins' statement assumes,
is the lack of a radiéal obstruction in the upper vocal tract.
Rather than constructiand elaborate argument on the feature
system here (on admit%edly sketchy evidence), I would rather
note that there is aniarticulatory parameter shared by vowels
and laryngeal glides éhat is not captured in the current
feature system and I 4111 assume that it is relevant to the
formulation of this r@le. With this simplifying assumption,
rule (26) is taken to%be'the basic nasalization rule of

l

Sundanese with the feiture relating vowels and laryngeal glides
replacing [- cons] in{that rule,.
In an earlier anahysis of this problem I proposed that
!
nasalization skipped over the plural morpheme (but not the
following vowel) to give the intermediate representation

m + ar + I3dk. This was followed by a simple and natural rule

which requires that a vowel agree in nasality with an immediate-

ly preceding consomnznt.

+ cons ]
(28) [+ syll]) »+ [a nasal] / a nasal



100
Rule (28) would operate on the intermediate representation

m + ar + 13k resulting from the first nasalization rule and

would nasalize the vowel of the infix while denasalizing the
vowel following the infix, correctly yielding [maridk].
Anderson cogently argues that the plural infix must be
regarded as a prefix at some stage of the derivation. If
infixation is ordered after nasalization, it will not be
necessary to include reference to the plural morpheme in the
nasalization rule, as was necessary in my original proposal

and that of Langendoen. We would thus have the following

derivation:

(29) /ar + miak/
ar + miak primary nasalization
m + ar + i3k infixation
m + dar + i3k nasal agreement

Since Sundanese also has prefixes that remain prefixes,
under what conditions does infixation £ake place? Aside from
the plural infix, there are two other infixes: =-in- and -um-.
Anderson observes that these and only these "prefixes" have a
VC form. He thus proposes a rule of infixation which metathe-

sizes a VC prefix with a stem-initial consonant:

(30) + v ¢ # () Vv

1 2 3 4 (5) 6 = 4 (5) 236

Anderson insightfully points out that this type of infixation

has some phonetic motivation. By changing a VC#CV structure
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to CVCV, a costly consonant cluster is broken up and the basic
canonical form preserved. Notice that prefixes of other
shapes (e.g., CV, CVC, C) will not give any advantage if they
are thus metathesized.

This proposal with regard.to infixation has crucial
consequences for the analysis we have proposed. While the
ordering given in (29) works fine for the plural infix, it is
not adequate to deal with the other infixes. The infix -um-
can .be added to a stem such as drh¥s 'to approach (a supe-
rior)' yielding dumyhy¥s. While Robins does not provide any
éuch form in phonetié transcription, it is reasonable to
assume that nasalization spréads here yielding [dumrhys].
Given the same ordering a;sumptions as in (29), we would have

the following derivation:

(31) /um + dyhys/
---------- primary nasalization
d + um + vhys ' infixation
*d + um + Yhys nasal agreement

The crucial point here is ‘that nasal agreement is not a
spreading rule since the vowel affected must be preceded by
a consonant. We must therefore assume that it is primary

nasalization which is responsible for nasalizing the vowels

in this word. This implies a different ordering:
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(32) /um + dyhys/
d + um + vhys infixation
d + um + Yhis primary nasalization

————————————— nasal agreement

An ordering paradox such as this creates difficulties
for a theory based upon strict linear ordering, such as the
standard theory of SPE. Anderson, however, has proposed a

theory of local ordering that is based upon the natural

ordering between pairs of rules in terms of the considerations
advanced in Kiparsky (1968a). That is, the natural ordering
between a pair of rules A and B will be one that maximizes
feeding and minimizes bleeding. In this theory, it is
possible and even expected that the ordering of rules may be
different in relation to different forms. Anderson thus

assumes the following order of application:

(33) primary nasalization
infixation
primary nasalization

nasal agreement

It will also be noted that there is no adverse effect of
applying nasalization both before and after infixation in
the two examples considered.

There *are two principal ways in which this problem may
be handled within the general view of rule ordering of SPE.

First, and least attractive, would be to posit two different
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infixation rules, one for the nasal infixes (which are
derivational) and one for the plural infix (which is inflec-

tional). The rule ordering would then be:

(34) nasal infixation
primary nasalization
plural infixation

nasal agreement

This would be sufficient to derive both [mariZk] and [dum¥R¥s].
There are obvious reasons for regarding (34) with scepticism.
In particular, the separation of infixation into two rules
would appear to be losing a generalization. However, it is

not an entirely unreasonable analysis, in that the two classes
of infixes are different in nature. Furthermore, consider

the following forms from Robins (1959:356):

(35) a. geode 'to be big'
b. gumade 'to be conceited’
c. garumade (regularly formed plural of
gumade)

The form garumade illustrates double infixation. The order

of infixes is consistent with the ordering of rules in (34).
The facts in (35), taken together with the nasalization

processes under discussion, suggest another more plausible

analysié within the more standard SPE theory of rule ordering.

It is quite conceivable that the rules under discussion are

applied as part of a phonological cycle. In this view, the

ordering of rules would be:
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(36) 1. infixation
2. primary nasalization

3. nasal agreement

Infixation thus precedes nasalization on any given cycle.

Consider the following derivations:

(37) [ar[miak]] [um[dyhy¥s]] [ar[um[gade]]]

——— = ———— 1

[ar[mI3k]] —— I 2

- e e.————— R 3

[mariak] [dumyhy¥s] [ar[gumade]] 1
[m3ariak] [dum¥h¥s] [ar[gum3de]] 2

[m3ridk = —====-- = mm=me——-- 3
[garum3de] 1

-------- 2

———————— 3

A cyclic interpretation of the Sundanese nasalization
phenomena seems clearly a preferable treatment within the
ordering assumptiéns of SPE. It, of course, is contingent
upon the validity of the cycle as a theoretical devicel0
as well as upon the consistency of this analysis with other
facts of Sundanese and with the general conditions under

which cyclicity is expected.
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o Anderson's analysis is also consistent with the facts
of Sundanese, if the infixation rule is applied iteratively

(cf. the discussion of Anderson's theory in Chapter VII).

It is just as concise as the cyclic explanation and just as
adequate, but is also subject to the general validity of the
theoretical devices required. It is thus uceful to present
these analyses side by side in the hope that future researches
will be able to differentiate between them on crucial
empirical grounds or in terms of the general theoretical
devices.

This discussion of Sundanese nasalization began with a
rule proposed by Langendoen which violates the conventions of
disjunctive ordering. Both of the analyses offered here
replace this rule with a sequence of more natural rules
(primary nasalization and nasal agreement), together with
the independently needed rule for infixation. Either assump-
tion -- cyclicity or local ordering -- is consistent with
directional rules to handle the nasalization processes, as

well as with the strong claim concerning disjunctive order.

4.0 Summary.

The discovery that certain types of phonological rules
must be disjunctively applied is a major contribution of
Chomsky-& Halle. Their claim is a profound one and it seems
imperative for any competing theory to capture the same

insights. 1In the preceding sections I have shown that the
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domain of disjunctive ordering is a relatively restrictz=d one
comprising only the segments in the optional expression
itself. This modification must be made in the theory regard-
less of whether the directional theory is to be preferred

in other respects. I have shown that the directional theory
deals with disjunctive ordering in a straightforward way as

a result of the algorithm for application provided in Chapter
II with the addition of the notion of longest expansion. It
was pointed out that this is true only if the directional
theory involves predictable directionality. Finally, it was
argued that subscripted expressions behave like parentheses

in that they, too, must be disjunctively applied.



NOTES

! This notion of "adjacency" is modified in a case

such as the Main Stress Rule of English, where a set of

conjunctively ordered rules belonging to the same rule schema

intervenes between members of the disjunctively ordered set.

However, see McCawley (1968) for a dissenting

opinion.

3 . ' .
This is, of course, only one context for aspiration.

Voiceless stops also aspirate in word-initial position for
most speakers, regardless of the stress on the vowel of that
syllable. The feature [+ asp] is intended only as a short-
hand for what Halle & Stevens (1971) refer to as [+ spread

glottis].

Although this rule uses the subscript-superscript

notation (e.g. Ci) as well as parentheses, Chomsky and Halle
(1968:62) assume that the former is definable in terms of the
latter and shares with it the property of disjunctive ordering.
Henceforth in this work the two notations will be used inter-

changeably.

> The second u would tense by another rule since it

is prevocalic, but it would not receive the y-glide and hence

would not cause palatalization.

6 In a recent paper, Kiparsky (1972) aréues, however,

that disjunctive ordering is independent of the use of
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abbreviatory conventions like parentheses or angled brackets.
He claims instead that there are more general conditions
which characterize the circumstances under which disjunctive
ordering holds. Kiparsky's provocative paper came to my
attention only when this dissertation was in its final typing
stages and it has been impossible to give his arguments the
attention that they deserve. His argument if valid would
force a different interpretation of disjunctive ordering upon
all current theories, including the directional one. Kipar-
sky's evidence is far from conclusive, however, and such

modification in the theory must not be made prematurely.

7 This claim is further supported by the stress rule

of certain dialects of Eastern Cheremis, a related language.
Kiparsky (1972:16) refers to the description of Eastern

Cheremis stress as described in Itkonen (1966:156):

(I) a. The accent falls on the syllable containing the last
full vowel of the word.
b. If the word has only reduced vowels, the accent is

usually on the first syllable.

These facts can be expressed in the following way:

-

(11) V > [+ stress] / ___ C_ (VC )y 4

As Kiparsky points out, the Eastern Cheremis rule
is a perfect mirror-image of the Komi Jazva stress rule and

must also be applied disjunctively. The Komi Jazva stress
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rule thus does not stand alone as evidence for the disjunctive

character of subscript notation.

8 See also Robins 1953a, 1953b, 1959, 1965.

2 This view of the feature nasal is supported by

recent experimental evidence. See Ohala 1971la, b, c.

10 Although the cycle has been called into question

with regard to its use word-internally in English (Ross 1969),
in Yawelmani (Rice 1969), and elsewhere, there is recent
renewed interest in and evidence for cyclic rules (cf. Kis-

seberth 1971, 1972a; Selkirk 1972).



CHAPTER IV

SIMULTANEOUS RULES

1.0 Introduction. In proposing his linear theory,

Johnson (1970a) argued that there is no evidence to support
the existence of simultaneous rules. He presented a descrip-
tion of the type of evidence which is required to prove that
simultaneous rules exist, which will be discussed in section
2 of this chapter. Since the theory I am proposing differs
in crucial ways from Johnson's linear theory, however, it is
appropriate to reconsider this question in greater detail.

The most crucial difference between Johnson's theory and
that presented here is that the direction in which a rule
applies is an ad hoc fact of each rule in the former and a
predictable fact of each rule in the latter. The significance
of this difference lies in the fact that there is a small sub-
set of rules which appear to violate the predicted direction-
ality. Johnéon's theory can handle them by applying the rule
in the opposite direction from that which the directional
theory requires. Unless th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>