Feature-Geometric Harmonic Serialism and
the RUKI Sound Law

A proposal for a modern diachronic phonology

JOHN SHAFTOE

A DISSERTATION SUBMITTED TO THE FACULTY OF GRADUATE STUDIES IN
PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF DOCTOR OF
PHILOSOPHY

GRADUATE PROGRAM IN LINGUISTICS
YORK UNIVERSITY
TORONTO, ONTARIO

AUGUST 2024

© John Shaftoe, 2024



Abstract

The RUKI Sound Law, wherein the reflex of Indo-European *s comes down as [s] in Sanskrit
after [r u k i], has remained an open question in linguistics for over a century. The problem with
this change is that [r u k i] do not form a natural class: there is no way to define them as a set
according to articulatory features which both include all of them, and exclude every other
segment.

This project aims to provide a solid answer to the RUKI problem using current analytical
techniques. Specifically, it proposes a constraint-based analysis using a modified version of
Harmonic Serialism (McCarthy 2016) which has integrated the Clements & Hume (1995)
version of feature geometry. It expands on the interpretation that feature changes constitute a
single operation in HS GEN. We must explicitly attach a feature theory to the model so that we
know which features are available in the derivation. This dissertation proposes Feature-
Geometric Harmonic Serialism (FGHS) to address this issue.

This dissertation also addresses concerns about constraint-based diachronic phonology,
examining and challenging many of the criticisms levied against it. While FGHS is not itself
capable of solving all the concerns, it has the potential to develop into a model which does solve
the problems.

The formal analysis of the RUKI Sound Law argues that it is a telescoping of at least two
changes: the first was a general place-assimilation of *s to the place if the preceding segment,
with the assimilated allophones later being phonemicized into the singular [s]. This analysis is
backed by a statistical analysis of a large sample of Sanskrit tokens of [s s] which show that the
RUKI set should not be defined as a natural class, but is instead as an “accidental class” shaped
by distributional patterns rather than featural characteristics. *s only appeared after a subset of
segments, and The RUKI Set were the only ones which would be able to assimilate /s/ to anything
other than its organic dental place. Through this analysis, this dissertation shows that
derivational-serial constraint-based models are entirely viable for historical research.
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1. Introduction

The development of phonology and historical linguistics has always been linked closely
together. The Neogrammarians, after all, planted their flag on the claim that there is a process of
sound change which is exceptionless, as all apparent exceptions were hypothesized to really just
be signs of other rules at work in the data (Ringe & Eska 2013). The ensuing mantra, ‘sound
change is regular’, could not be anything but phonological in nature (/bid). However, over the
last few decades a growing divide has developed between formal phonologists and historical
linguists, beginning primarily with the introduction of Optimality Theory (OT) in the 1990s
(Prince & Smolensky 2004). While the phonological innovations of the preceding twenty years
had been derived from the commonly accepted Sound Pattern of English model (Chomsky &
Halle 1968), albeit with significant revision, the shift from generative phonology to Optimality
Theory brought with it a revolution in the field’s approach to phonology. Those who accepted
OT quickly abandoned the traditional generative focus on featural representations, instead
relying solely on the constraint ranking to map a vaguely defined ‘input’ to a more definite
‘output’. Those who rejected OT simply continued working in the reliable generative framework,
this being a group which included many historical linguists (Longerich 1998; Ringe & Eska
2013). Thus, both camps became increasingly disconnected from each other in research,
assumptions, and methods. It is the considered opinion of this present study that such a divide
has been a mistake for both fields, and has left both the lesser for it.

For any Optimality Theorist, or researcher working in any of the numerous derived theories
such as Harmonic Serialism or Maximum Entropy (which shall henceforth all be grouped
together as ‘Optimality Theorists’ unless there is need to discuss contrasts within that broad

family of theories), the loss to historical linguistics is obvious (Goldwater & Johnson, 2003;
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McCarthy, 2016). Without adapting to the use of OT, historical linguistics lacks the easy solution
to phonological conspiracies on which OT was built. It furthermore lacks, as do all rules-based
theories, the firm explanatory power of OT, as the rules fundamentally remain descriptive, while
OT constraints explicitly give motivation for why the grammar emerges in the shape it does. It
furthermore means that historical linguistics is limited in terms of the modern research and
innovations it can access. Only the remaining generativists and the historical linguists themselves
can modify and revise the phonological theories and methods in use, rather than historical
linguists being able to focus on explaining sound changes while phonologists focus on
developing the theory as theory.

For those who immediately reply that there is no reason historical linguists cannot also be
phonologists, this is of course completely true. But it does lead into the other issue, which is that
the divide between historical linguistics and OT phonology means that such interdisciplinary
work becomes much harder. When historical linguistics and theoretical phonology operated from
the same theories and held all the same assumptions, it was trivial for innovations and
discoveries in one to percolate to the other. Consider the work of Kiparsky (1981), who used the
analysis of a historical sound change, the RUKI Sound Law, as part of his argument for a
synchronic theory of phonology, that being Lexical Phonology. To be a phonologist was to study
contemporary historical linguistics; to be a historical linguist was to study past phonology. But
with phonology and historical linguistics divided this unity is lost. Thus, it would be of great
benefit for historical linguistics to be brought into the use of OT or some related theory.

However, there is another side to this, as it is not only historical linguistics which stands to
benefit from such a reintegration. OT itself suffers as much from this separation as historical

linguistics. Since the advent of OT, the focus of analysis has been primarily on synchronic data



and particular changes in particular environments, while largely ignoring diachrony and the
broader context of a language. An entire paper can cover a single constraint ranking, and make
little reference if any to how this ranking fits in with the overall language in terms of creating an
overarching, unified grammar in the old style (Elfner 2016; Gleim 2019; Jesney 2009). Now, this
includes much work with factorial typology and the analysis of what languages can and cannot
exist, a very important project and one which OT can be justly proud of adding to our
understanding of human language. Others will in essence use a language simply as the means by
which some new constraint or theoretical mechanism is proved or disproved, passing through
one language after another across the article to show evidence in favour of the thesis (Kimper
2011; McCarthy 2003, 2008b, 2018; Tanaka 2013). Now, these are in themselves good things, as
synchronic data is the bread and butter of phonological research. Indeed, it would be a worse
situation if we could properly model only historical data, and could not explain how any living
speakers spoke. Nor are articles like this unique to OT, and the articles cited here are all excellent
additions to the field and to phonological study. But it does reveal something of a gap regarding
diachrony, leaving a wealth of important data largely underanalyzed.

Optimality Theory likewise often struggles to acknowledge or incorporate an understanding
of the particular history of the language in question, as these things run counter to the basic
principles of OT. Given the principle of the Richness of the Base, it is in practice impossible to
establish a firm and consistent underlying representation, and therefore every phonological
alternation must be the result of a single-step, fully parallel derivation. This may or may not
capture how language works in the mind of any particular speaker; that is a discussion for
another time. It certainly does not at all capture how language changes over time. Particular

changes occur and become incorporated by young learners, which then lays the groundwork for
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further changes. That is, the outputs of the older generations are taken as material from which a
full suite of new inputs must be reverse-engineered by younger generations. Change develops via
the failure to properly transmit the actual underlying representations of the language, leading to
younger speakers creating differing hypotheses and building a grammar from that. This kind of
step-by-step change is the bread-and-butter of historical linguistics, concerned as it is with the
various changes which brought one language to be another, but it is totally beyond conventional
OT analysis. This is precisely where, from a broad perspective, OT is under-tested. It has proven,
albeit with much revision and often through the use of modified theories which diverge from its
original form, quite adept at explaining synchronic data. But it has yet to substantially prove
itself useful for analyzing historical data. This is not to say that OT is necessarily poor at it, but
rather that the research which would show its value, for good or for ill, does not at present exist
in sufficient quantity.

This should give reason for pause. It is practically axiomatic in this day and age to assert that
language is always changing, and the most obvious way, after the constant churn of lexical slang,
of showing this is in phonology. If OT is capable of handling diachronic data, then we should at
once turn at least some focus to properly analyzing such data in light of the new models, so that
we can better understand language as a whole. But if it is not so capable, then this should be a
matter of great concern. Whatever the benefits of OT in analyzing the current state of particular
languages, we should be wary of continuing to accept any phonological theory which proves
incapable of explaining how language got to its current state.

This then, at the most basic level, is the purpose of this present study: to attempt a
reintegration of historical linguistics and theoretical phonology, to show the value of both to the

other. The above problems require resolution, and that is exactly what this present study intends



to provide. For this purpose, this dissertation will need to provide that very constraint-based
analysis of diachronic data mentioned just above, and will need to do so convincingly.

Now, before we get to the topic of what material the dissertation shall cover in pursuit of this
reintegration, some comments must be made as to the choice of theory. As noted, ‘Optimality
Theory’ is in some ways a family of theories all working from their common origin in (Prince &
Smolensky 2004). Each of the variant theories which have spawned from the original OT
proposal have their quirks, their benefits, and their drawbacks. It is therefore important to
establish which kind of OT is going to be used in this present study. Despite the above, this
present study is not intending to make use, or defend in particular, classic Parallel OT. Whatever
its merits, Parallel OT is fundamentally limited, and while it is not as bad for analyzing
synchronic or diachronic data as some have claimed, it is far from an ideal choice (McMahon
2000, 2007). Rather, this present study will instead make use of Harmonic Serialism (HS,
McCarthy 2016), in particular outlining a modified version called ‘Feature-Geometric Harmonic
Serialism’ (FGHS), discussed in detail in Chapter 3.

This dissertation will argue that HS is superior to OT in terms of analyzing diachronic
phonology, primarily due to its derivational nature, as opposed to the parallel nature of OT. By
acknowledging that operations must apply in sequence, HS is better suited to model the kind of
one-by-one changes which actual history shows, without the risk of telescoping changes which
may have taken generations to actually develop. However, HS in its conventionally understood
form shares a key characteristic with Parallel OT: it in practice ignores the underlying
representation. That is to say, HS retains the OT principle of the Richness of the Base, whereby
any input can be mapped to a licit output. Under this assumption, the particular structure of the

input is irrelevant so long as the broad-strokes are known, as the constraint ranking alone is held
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to be sufficient to ensure that the attested output will emerge regardless (McCarthy 2010, 2016).
As will be discussed later in the dissertation, the representational agnosticism which Richness of
the Base encourages is somewhat at odds with the actual theoretical structure of HS. Specifically,
the assumption of Gradualness in HS, while not by any means contradicting the belief that any
input can be mapped to some licit output, significantly limits the possible input-output mappings
based on the featural structure of the input. To the end of addressing this tension, and better
situating the model for use with diachronic data, specifically that data in which we observe
successive featural changes over the span of multiple generations, this dissertation proposes a
variant of HS which selects a particular feature theory, here that of Clements & Hume (1995),
and fully integrates it into the model. This will allow for a better working out of the assumptions
embedded in HS Gradualness, and will become essential for the analysis of the data this
dissertation intends to work with.

On that note, it is at last time to introduce the primary data for the dissertation. The RUKI
Sound Law has been a matter of some discussion for over a century in phonological study. The
observed process in Sanskrit, as well as effectively all of the Satem-branch languages of Proto-
Indo-European (PIE), whereby *s retracted after any of [r u k 1] is quite a difficult sound change
to analyze. It has been acknowledged as a problem for decades, with various proposals put
forward to try and explain it (Allen 1973; Kiparsky 1981; Longerich 1998; Vennemann 1974;
Zwicky 1970). As our understanding of feature theory developed it became only stranger, as the
new feature definitions only reinforced the fact that these four segments do not in fact form
anything resembling a conventional natural class. Zwicky (1970) did manage to define a
conventional natural class, but rather than proposing to have solved the issue, that study rather

held it to be both an unusual class by the conventions of its model, SPE, and a mark against that
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model for allowing such a class. Venneman’s (1974) proposed solution involved the creation of a
new kind of natural class, the relative acoustic natural class, which would bypass the need to
group [r u k 1] by any coherent set of features, and instead rely on the idea that all four had a
common acoustic effect on adjacent segments. This analysis received empirical support from
Longerich (1998), using data from English speakers.

This present study takes a different approach, one based on the work of Allen (1973), who
expanded on ideas present in Zwicky (1970) to argue that the problem with RUKI may be that it
simply is not a natural class at all, but rather the result of neutralizing multiple separate
processes. These separate processes were argued to have been various instances of place-
assimilation altering the single fricative of Sanskrit at that stage, whereafter they all neutralized
to [s]. It is on this basic assessment that the rest of this dissertation will be based.

Fundamentally, this dissertation asserts that the RUKI Sound Law has never made sense as a
conventional natural class because it is not one. Rather, it is what shall be termed an ‘accidental
class’, a set of segments united not by any qualities of the sound themselves, but rather by their
distribution in the lexicon of the language. As will be seen in Chapter 5, when assessing a large
sample of Sanskrit words, it was found that of those segments which ever actually appeared
before *s in meaningful numbers, only [r u o k 1 €] would be able to trigger any sort of visible
assimilation. This is an important point which has not been discussed in any previous study. To
this point in the field, it was taken for given that RUKI should be analyzed internally, that is,
with references to the characteristics of the set and how they might form a class. This dissertation
asserts that this approach, while conventional, was incorrect, and that rather we should consider
RUKI as something emergent from the particular lexical entries which existed in Sanskrit at the

time. That is, the problem with the existing RUKI analyses is here held to be that they tried to



answer the question of how to make [r u k 1] a natural class. This dissertation contends, in
contrast, that we should instead seek to answer why we should only see this change after [ru k i].
While the difference between these two angles is subtle, it is important. This dissertation will
show that the RUKI Sound Law is best understood as a product of segmental distribution, with [r
u k 1] forming not a ‘natural’ class, but what might be termed an ‘accidental’ class. The set of [r u
k 1] is simply the set of segments which could procedurally show evidence of place-assimilation
on a following *s, and which were also in a position to actually trigger such assimilation.

The dissertation is structured as follows: Chapter 1 has been the introduction. Chapter 2
covers the Literature Review, going over the sources on which the present study is built,
including discussion of Optimality Theory, historical linguistics, Feature Geometry, Harmonic
Serialism, and analytical approaches to the RUKI Sound Law itself. Chapter 3 outlines Feature-
Geometric Harmonic Serialism, establishing its place in the assumptions of classic HS and
demonstrating it use and its own theoretical assumptions. In particular it argues for the need to
explicitly incorporate a feature theory into HS in order to properly obey Gradualness, and shows
the consequences of such integration. Chapter 4 covers an extended discourse on the
reintegration of theoretical phonology, particularly constraint-based models like OT and FGHS,
with historical linguistics. It includes a response to the various critiques laid against the use of
OT for diachronic research, particularly those of McMahon (2000, 2003, 2007). Chapter 5
discusses the problems of the RUKI Sound Law itself, giving a brief history of its analysis and
comparing different approaches. It then discusses the above-mentioned statistical analysis of
RUKI, showing that the Sound Law is better explained by reference to segmental distribution
than to the featural characteristics of [r u k i]. Chapter 6 gives the analysis proper for the RUKI

Sound Law, using FGHS to explain each change independently and the neutralization to [g].
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Chapter 7 provides discussion on the RUKI analysis, with reference to outstanding questions and

avenues for future research. Chapter 8 concludes.
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2. Literature Review

2.1 Introduction

Before we can proceed to the dissertation proper, we must first set the stage. This present
study draws on multiple linguistic traditions in the hope of synthesizing them for the greater
benefit of the whole field. Specifically, the intention is to reunite Historical Linguists with
Optimality Theorists, with a simultaneous integration of Feature Geometry into Harmonic
Serialism, and to then show how the union of these two branches of phonology can be of great
benefit to ongoing diachronic and synchronic linguistics research. Therefore, quite a bit of
groundwork must be done before the full scope of the dissertation can be either appreciated or
properly understood. This is not a study which would be entirely transparent to a student of any
one of these fields: rather, at least one of them would likely remain opaque without some
baseline being established. That is, therefore, the purpose of this chapter.

This chapter covers the broad theoretical background of the dissertation. Section 2.2 briefly
covers the RUKI Sound Law, the topic which will be the main analysis of the dissertation in
Chapter 6. Further discussion of RUKI can be found in Chapter 5, but this section here will
establish the basic framework of the discussion. Section 2.3 covers Feature Geometry insofar as
it is relevant to this dissertation. Section 2.4 discusses Optimality Theory, which is given a
greater focus in this chapter than the prior two sections, as it will not be discussed in as much
detail afterwards. Section 2.5 shifts to Harmonic Serialism, a serial-derivational variant of
Optimality Theory which forms the basis of the analytical model this dissertation will propose.
This section will include the definition of HS GEN which is in use in this present study, as this is

an important part of any HS analysis. Section 2.6 discusses historical linguistics as relevant to
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this dissertation, with an eye towards the controversies around using constraint-based models for
diachronic analysis. Section 2.7 concludes.
2.2 The RUKI Sound Law

In the Satem branch of the Proto-Indo-European languages, there is a historical rule by which
*s became retracted after non-low vowels, syllabic and non-syllabic [r], and velars (Whitney
1895). This set is normally referred to by the acronym RUKI, and this change is consequently the
RUKI Sound Law. In each of the major Satem languages, the reflex of retracted *s is a different
fricative: it comes down as [x] in Slavic; as [f] in Iranian; and as [s] in Sanskrit (Allen 1973).

The RUKI Sound Law has been an acknowledged problem of Proto-Indo-European (PIE)
linguistics in some form or another for over one hundred years. The unexpected and seeming
unnatural composition of the triggering environment is noted as being strange at least as far back
as Whitney 1884). However, it is not until the 1970s with Zwicky (1970), Allen (1973), and
Vennemann (1974) that formal analyses of the change seem to appear. Prior to this point the
analysis of RUKI was hedged entirely in Sanskritist terms, with a focus on pronunciation and
translation. Other work would focus on the historical linguistic aspect, arguing over the grouping
of the RUKI changes across the Satem branch and the order of changes. The issue at hand is why
the RUKI set should act as a natural class: what do non-low vowels, velars, and coronal rhotics
have in common? Many answers have been offered to this question, though as of yet none seems
to have been accepted as consensus.

The earlier stages of RUKI analysis were primarily done from a Sanskritist lens, and
therefore do not answer questions in the manner of later generative analyses. The first of these is
found in Whitney (1884), who gives a clear description of the pattern we now call the RUKI

Sound Law. He covers the environment in which the alternation to [s] occurred, being after a
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non-low vowel, the [r] (both consonantal and syllabic), and the dorsal stop. He speaks also of the
exceptional environment, as the RUKI Sound Law does not apply if there is a following [r].
However, as the purpose of his work is not to provide a modern linguistic analysis, and is rather
intended as a guide for students of Sanskrit to learn how to understand and translate Sanskrit
texts into English, he does not go into any particular detail on how or why this RUKI Sound Law
emerged. It would be two years later, with Brugmann (1886), that the first attempt to explain the
change would be put forward. As described in Allen (1973), Brugmann (1886) posited the
existence of a Proto-Indo-European phoneme, being a dental fricative distinct from /s/, which in
time developed into the RUKI reflex among other reflexes not relevant to this present study.
Given that the debate surrounding RUKI has continued to some degree even to the present, it is
safe to conclude that this analysis was not felt to be satisfactory.

Pedersen (1895) is an oft-cited source for the first satisfactory description of the RUKI Sound
Law, being the origin of the formulation that PIE *s—x when it followed [r u k i]. Now, this is
clearly not the Sanskrit formulation, and that sees *s—s. This is because Pedersen (1895) was
researching the Slavic languages, where [x] is the RUKI reflex. As is common with the earlier
Sanskritist analyses, he is ultimately focused on giving a reasonable etymology which explains
the reflexes.

Martinet (1951) provided a more modern style of analysis, arguing that the output of RUKI,
[s], was the ‘high variant’ of underlying /s/, and that the set of high vowels, dorsal stops, and [r]
all conferred this ‘high’ quality. Noting that “the apicoalveolar articulation acoustically
intermediate between English s and s/ [sic]” was the most likely identity for the RUKI output, he
proposed that “the degree of raising of the tip of the tongue would depend on the phonic context,

and it is understandable that, when preceded by a closed vowel like i or u, syllabic or not, or by a
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dorsal stop, the articulation would tend to be higher and the sound slightly more hushing”
(Martinet 1951). He further holds that if we assume [r] to have “a pretty high apical articulation”,
then the same effect would hold for it (/bid). The RUKI Sound Law, then, is not the result of a
conventional sound change, whether in a single development or multiple independent process.
Rather, it is simply the “phonemicization of the high variant” (/bid). Thus he gives a seemingly
reasonable explanation for the RUKI Sound Law. However, his analysis clearly did not entirely
satisfy his contemporaries, as it would be challenged in the years which followed. Discussion of
these later analyses will be left for when we turn to Allen (1973), as he directly addressed the
‘high variant’ hypothesis. Worth noting is the fact that Martinet (1951) was writing before the
publishing of SPE, and therefore before modern phonology as we understand it. Thus, he makes
these assertions without the use of any modern feature theory, as indicated by his direct reference
to relative articulatory position. Before we move into the period of SPE and generative
phonology, however, it is worth noting that we here see the argument that [s] emerged as a
phonemicized allophone, rather than the product of what Martinet (1951) terms a ‘common
innovation’.

With the rise of generative linguistics came a renewed focus on trying to tease out how RUKI
could be made to make sense, or how it could not. Anderson (1968) focuses on the Baltic and
Slavic instantiation of the RUKI Sound Law, and so has less to say about the Sanskrit problem in
particular. However, his findings, while open to criticism as we will discuss in Allen (1973), do
have significant bearing on the matter overall. He agrees with the common concern that [r u k 1]
simply do not share a proper set of common features. In Anderson’s (1968) case, he is concerned
with the lack of common articulatory elements. The best he can put forward as a commonality is

to argue that the RUKI segments are all in some way ‘marked’, and that the alternation could be
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a spreading of that markedness to the following fricative. However, Anderson notes that
markedness-driven assimilation generally has a clear articulatory explanation, which is of course
absent from RUKI given that RUKI still has no common articulatory trait.

Zwicky (1970) examined RUKI as a test case for the then-new Greek-letter-variable system
introduced by Chomsky & Halle (1968, henceforth SPE). Using that system he successfully
defined RUKI as a natural class, but felt more disappointed with the variable system than
enthused at having solved the problem. At the end of his squib, Zwicky indicated a suspicion of
RUKI being conceived of as a single set, and seemed to indicate a preference for conceiving of it
as multiple changes which later converged. Vennemann (1974), following directly on from
Zwicky, argued for a radical change in approach: rather than attempting to solve RUKI via
common phonological features, he instead proposed grouping them by a common acoustic effect.
All of the RUKI sounds, he argued, had a disrupting effect on following /s/, leading ultimately to
its reanalysis as retroflex. This theory would later be put to the test by Longerich (1998) and
found to have merit, with the RUKI set showing distinctive disruptive effects which were not
found in similar, non-RUKI sounds.

Allen (1973) took an opposite approach from Zwicky and Vennemann: he argued that RUKI
simply did not make sense as a single change, but rather as four sound changes which overlapped
in time, and which later underwent a levelling or neutralization process. Drawing from earlier
research on PIE and other languages, Allen notes that in languages with only a single fricative,
place-assimilation of the fricative is very common, and that across the Satem-branch languages
which underwent RUKI, each has as its reflex of RUKI-/s/ a different fricative which would
logically result from one of the RUKI sounds. It would thus make sense that, since PIE has only

one fricative, it had allophones for when it followed the RUKI set, with each allophone
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assimilating to the respective place of the triggering segment. This explanation has significant
merit, as among other things it avoids the primary problem in trying to analyze RUKI: the
nonsensical composition of its triggering environment. By denying the unity of RUKI, Allen
(1973) is able to focus primarily on the change itself, with a neutralizing rule coming by later to
produce the unified reflex found in later Satem-branch languages. Of note is that Allen’s (1973)
analysis neatly accounts for the varied reflexes across different languages by treating RUKI as
four rules which were later neutralized. In any given language, a different allophone of *s could
be selected as the basis for the new phoneme, allowing each language to develop a different
reflex of *s in response to the conditions of that language. Sanskrit, dealing with a heavy
retroflex influence from Dravidian languages, selected [s], while others chose the palatal or velar
variants. Notably, none of the Satem-branch languages have RUKI reflexes which are not
derivable from at least one of the RUKI segments, which strongly implies a connection between
the reflexes and those segments.

Allen (1973) is a very insightful source regarding the RUKI Sound Law. He covers the bulk
of the extant research by his day, and systematically assesses them. A number of these analyses
are noted to have characterized the RUKI reflex as a “high variant” of *s, notably Martinet
(1951) mentioned above. Allen (1973) takes a critical view of such analyses, noting that first, the
characterization of the entire RUKI set as [+high] seems untenable, and second, that [s] could not
possibly be ‘the’ high variant, but at most one of several possible high variants. As he notes, it is
strange that some ‘high’ characteristic would drive /s/—[g] after a [k], rather than —[x]. Allen
(1973) also cites Jakobson (1968) for the idea that when a language has only one fricative, that

fricative is often very susceptible to place-assimilation, a key point in his own RUKI proposal.
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Allen (1973) also cites Benveniste (1937) and Merlingen (1958) as being critical of
Brugmann (1886). Benveniste (1937) found that the proposed reconstructed fricative should have
resulted in alternating forms which have never been observed or otherwise reconstructed.
Merlingen (1958) held that Brugmann’s (1886) reconstruction was more of a post hoc
description than any explanation of the pattern.

Allen (1973) seems to be sympathetic to Zwicky (1970), in that both ultimately hold as
suspicious the characterization of RUKI as a single change: the triggering set is too disparate in
place and feature-definition to make intuitive sense. Allen (1973) agrees with Zwicky’s (1970)
concern that if there exists a feature theory which can neatly define the set of RUKI, that it is
more likely a failing of the feature system in question rather than a strength.

Allen (1973) cites Morgenstierne (1929) to note that the Kafiri languages, situated on the
border of the Iranian and Indian languages, have a different reflex after /i/ versus /1/. Following
/1/ *s comes down as [[] or [¢], while after /r/ *s comes down as [g]. Furthermore, neither /u/ nor
/k/ trigger /s/-retraction in Kafiri, which would make little sense if RUKI were a unified change
occurring at an early stage of Satem’s development. From this, Allen (1973) argues that RUKI is
better analyzed as multiple sound changes which, in the major Satem languages, were later
levelled or neutralized. This view is further supported by noting that in Iranian, the RUKI reflex
appears after PIE *o where it merged with /i/. This implies that the /i/-driven RUKI change was
still productive after the o~i merger.

Allen (1973) further notes an interesting point: in Avestan and Sanskrit, at the very least, PIE
*k) comes down as a fricative identical to the RUKI reflex. This would seem to imply that *k’

had been affricating to some degree by the time RUKI was productive, being something like [ks]
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or [k¢]. The fricative would then have been subject to RUKI, or perhaps a later neutralization
process, with the original /k/ later leniting to zero and leaving only the retracted fricative.

Uhlenbeck (1977) asserts that the Slavic and Sanskrit RUKI changes are unrelated, though
the grounds for this argument are left somewhat unclear. This kind of treatment is a recurrent
issue in attempting to research RUKI that many of the non-generative sources give it so little
space: in the grand scheme of Sanskrit, the RUKI Sound Law is something of a minor footnote,
and rarely given more than a paragraph or two. While this serves well the purposes of Sanskrit
dictionaries or broad linguistic overviews, it makes attempts to analyse RUKI itself rather
difficult. In contrast, formal, generative analyses of RUKI often provide significant space for the
analysis, but are often light on the historical aspect: they are focused on how RUKI functions as
a system, not the winding paths by which it came about in history.

This focus on system rather than history can be most clearly seen in Kiparsky’s (1981)
analysis, where he proposes that the spreading of [+high] (used as a marker for retroflexion in his
paper) triggered RUKI. By applying [+high] to the - and k-series RUKI sounds, he provides a
unified Lexical Phonology account of RUKI. In order to account for RUKI environments which
do not display the retroflex, but rather retain the historical dental, he argues that RUKI reflexes
are underlyingly specified for [+high]. While this analysis successfully captures the data, it does
not explain how [+high] was spread to those environments and not to the exceptions. At no stage
does it seem that Kiparsky is analysing RUKI as a historical development, as something which
might have had intervening stages or a complicated development: rather, he is analysing it in
synchronic terms. This is fine for his purposes, but leaves much to be desired for one seeking to

understand the RUKI Sound Law as a historical change.
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An approach to the RUKI Sound Law from something of a different angle is found in Hall
(1997). His analysis follows a pattern more akin to Allen (1973) than Kiparsky (1981), arguing
for an intermediate stage before full retroflexion of the RUKI reflex. However, rather than
focusing on the definition of the RUKI Set as a natural class or on other representational
solutions, Hall (1997) argues that we should understand the RUKI Sound Law as an act of repair
to address problems in the phonemic system. He follows an analysis, which he cites as the
standard one in his period, that the RUKI retroflex fricative is a Sanskrit reflex of an Indo-
Iranian palatoalveolar */, itself being a reflex of Indo-European *s, with a context-free change
causing *[>[s]. He contends that this change occurred in response to the development of the
palatalized velar stop, *k!, into an alveolopalatal fricative [¢]?. He notes that the reflex of *k!
could not have been the fully palatal [¢] due to the reflex being a sibilant while the fully palatal
fricative is not, a point which we will refer back to during the RUKI analysis proper in Chapter
6. What matters for the moment is that the emergence of [¢] put Sanskrit into an unnatural
phonemic position: it now had a contrast between [¢] and [[], a pattern which Hall (1997) notes is
unheard of in natural language. Thus the phonemic system shifted in response to this problem,
with RUKI [[] undergoing retroflexion in order to maintain its contrast with [¢]. He holds that the
choice to retroflex [[] rather than [¢] is likely due to palatoalveolars being more like retroflexes
than alveolopalatals, as the two share [-anterior]. Thus the change would require one less feature
change compared to retroflexing the alveolopalatal fricative. While this present dissertation will
not follow Hall (1997) in all its assumptions about the development of the RUKI Sound Law, the

argument that retroflexion was driven by contrast maintenance is important to keep in mind.

1 All symbols have been converted to modern IPA for ease of reading, as the original article uses both traditional
Indo-Europeanist transcriptions and IPA depending on context.
2 The actual change is shown to have several intermediate steps, but for our present purposes all that matters is that

the reflex of *ki was [¢].



119

There are some further oddities regarding the RUKI Sound Law in Sanskrit. One of the most
interesting is that RUKI can be blocked if the *s is followed by [r] (Whitney 1884). Why this
should occur remains unclear, as if anything having [r] on both sides should more firmly
incentivize retroflexion. Lamentably, few sources seem to give much focus to this phenomenon,
and the data on which this dissertation is based provided too meagre an offering to make any
meaningful statements about it. Thus, the peculiarities of this interaction must be left for another
study, though for now it can be tentatively hypothesized that it is likely some sort of
dissimilation process which drives this apparent blocking.

A similarly fascinating oddity is the oft-cited limited application of RUKI within a single
word. Some unidentified process prevents RUKI from applying more than once in a word, no
matter how many potential loci of change are present. Furthermore, there does not seem to be
any clear or simple pattern by which the retroflexing locus is selected: the change can be
anywhere in the word, rather than being always, say, the first or the last. This pattern will
ultimately have to be discussed in another project, but for now it bears noting that the application
of an operation once followed by its blocking is something very natural to Harmonic Serialism. It
is to be admitted here, however, that it is also quite natural for Lexical Phonology, and indeed
may be more natural to that theory than to HS. There is therefore interesting room with this data
to compare these two theories.

2.3 Feature Geometry

To give a full and proper account of the history and discourse around feature geometry would
be a rather epic undertaking, and one not well-suited to the discussion at hand. Nonetheless,
some discussion is necessary so as to situate this dissertation in its proper context, and to give

context for the assumptions in which it is based.
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Fundamentally, feature geometry as it is generally understood is an elaboration of the feature
theory of Sound Pattern of English (Chomsky & Halle 1968). More specifically, it developed out
of the autosegmental phonology of the 1970s, organizing the earlier feature bundles into a
hierarchical structure (Martin 2012). This served to better explain patterns of assimilation, as
certain features were found to generally be assimilated alongside each other, while other feature
combinations rarely, if ever, would pattern together in this way (/bid).

The most popular model to emerge was that of Clements (1985), which used the SPE features
in a tree built around a ROOT node and a subordinate PLACE node. The ROOT node governed
features relating to the manner of articulation, including [sonorant], [consonantal], and
[approximant]. A LARYNGEAL node governs things like [spread glottis] and [voice], and
manner-specific features like [lateral], [continuant], and [nasal] are simply made directly
subordinate to the ROOT. The PLACE node was immediately dominated by the ROOT, and
itself immediately dominated the three specified PLACE nodes, being CORONAL, LABIAL,
and DORSAL. These specified PLACE nodes each dominate the relevant place features. An

example of the Clements (1985) model is provided below.

Figure 1: Clements (1985) Feature Geometry Tree

sonorant
consonantal

approximant

LARYNGEAL [ continuant] [ nasal][ lateral] [ strident]

[ voice] [ spread] [ constricted]

PLACE

CDHDI\AL DORSAL

[rGLL ] [ anter 101][ d.lstributed] [ back] [ low] [ high]



|21

The Clements (1985) model was revised over the following decade, ultimately producing the
Clements & Hume (1995) model. It was largely the same, but importantly it introduced a split
between consonantal place and vocalic place, represented by the use of C-PLACE and V-PLACE
nodes. These nodes were essentially duplicates of each other, with the same specified PLACE
nodes dominating the same features, but C-PLACE represented the place features of the
consonantal portion of articulation, while V-PLACE covered the vocalic portions. A regular
segment would have either C-PLACE or V-PLACE, and which kind of PLACE node it had
would define whether it was a consonant or a vowel. However, it was possible for a segment to
have both a C-PLACE and V-PLACE node at the same time: this would produce a secondarily
articulated consonant, with the V-PLACE defining the secondary articulation. An example of this

is provided below.

Figure 2: Clements & Hume (1995) Feature Geometry Tree

sonorant
consonantal

approximant

LARYNGEAL [ contimant] [ nasal] [ lateral]-[ strident]

[ woice] [ spread] [ constricted]

C-PLACE V-PLACE

LABIAL CORONAL DORSAL LABIAL CORONAL DORSAL

[round] [ anterior] [ distributed] [ back] [ low] [ high] [I’OLLd] [ anterior] [ distributed] [ back] [ low] [ high]

Other models of feature geometry have, of course, been proposed, but they are not
particularly relevant to the present study. The Parallel Structures Model (PSM) is worth noting,
since in Chapter 3 one of the analyses this dissertation discusses was originally done in PSM

(Morén 2006), and is here reanalyzed using the model this dissertation proposes, ‘Feature-
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Geometric Harmonic Serialism”. PSM takes the splitting of C-PLACE and V-PLACE to its
logical extreme, and entirely does away entirely with the featural differences between consonants
and vowels. Future research may possibly benefit from transitioning away from the Clements
(1985) model and to PSM, but for present purposes it is not clear that there is any need to use
this less common model over the more widely recognized one. Thus, while it is worth bringing
PSM up at this time, it will not play any further role in this dissertation.

The introduction of Optimality Theory (Prince & Smolensky 2004) triggered a split between
the old guard generative phonologists, who were primarily responsible for the further
development of representational models such as feature geometry, and the new wave of
constraint-based Optimality Theorists. OT is discussed in more detail in the following section,
but it is worth noting now that from its introduction, OT has generally ignored representational
models, as Richness of the Base meant that researchers could be agnostic about the specific
featural representations of segments. What mattered was not the specific phonological materials
available to GEN, but how those materials were shaped by CON and EVAL. This led to a
growing divide in phonology, with generativists continuing to iterate on their representational
models while Optimality Theorists left it behind, focusing exclusively on the interaction of
constraints, with featural representation being left as an afterthought at best. This dissertation
holds that, whatever the benefits of full parallelism and its consequent devaluing of featural
representations at the time, this split was fundamentally a tragedy which has left both sides the
lesser. While the discussion of how to reconcile featural representation with an Optimality
Theory model is a matter for the next chapter, it is worth stating now that such reconciliation is

an explicit goal of this dissertation.
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Thus, what is important to take away here is the nature of feature geometry in general, and in
particular the Clements (1985) model and its revisions. The model which will be proposed in
Chapter 3 is based heavily on Clements (1985) and Clements & Hume (1995). While other
feature-geometric theories have their merits, they are, for reasons which will be outlined in the
next chapter, not presently held to be appropriate for our current purpose. If nothing else,
Clements & Hume (1995) serves perfectly well for solving the RUKI Sound Law, as will be seen
in Chapter 6.

One last point to be made here concerns not quite Feature Geometry as generally discussed,
but rather a point of earlier feature theories which has some bearing on how the model this
dissertation will propose is structured. This is the concept of archiphonemes, that is, underlying
segments which are not fully specified, and rather have certain features specified based on the
surrounding context (Trubetzkoy 1939, cited in Martin 2012). Now, this is not a concept which is
much discussed in modern phonological theories. Rather, it seems to have been largely left
behind as phonology and representational theories have moved on. This present study does not
rest on any particularly detailed understanding of that early idea, but does find that, as a
consequence of the adoption of underspecification which is detailed in Section 3, something
much like it will also need to be adopted. Thus, to summarize the basic concept, an
archiphoneme is “the shared information of two contrastive segments in a neutralization position
minus the neutralized feature” (Martin 2012). They are generally marked with a fully-capitalized
letter, such as <N> or <I>. This present dissertation will make use of such symbols in a similar
capacity, as an underlying representation which does not contain all its features fully specified,
and rather attains its full meaning based on context and through feature-filling rules which

depend on its structure at the end of phonological derivation. The similarity to archiphonemes



| 24

will be referenced several times in the dissertation ahead, but this should not be taken as an
unambiguous identification of these underspecified segments as traditional archiphonemes.
Rather, it is intended to emphasize that these segments are underlyingly underspecified in some
way.

These underlyingly underspecified segments could also be termed ‘generic segments’, this
reference being intended to emphasize that it is merely a partial featural representation. Segments
like this have been used in HS analyses already, often representing a segment which has
undergone Place-deletion as per the two-step deletion process of HS (McCarthy 2018; Tanaka
2013). These segments are specifically placeless, however, as would be expected given their
origin. This dissertation will extend the usage of the symbol to refer to segments which are
specifically underspecified, but which will consistently be outputted as a certain segment unless
otherwise acted upon. These segments and how they are handled in the model to be proposed
will be discussed more in Section 3.2.2.

A last discussion which should be had here concerns not so much feature geometry in
general, but rather the definition of a particular class of segments: retroflexes. Retroflexes as a
class, and retroflexion as a process, is essential to the matter of the RUKI Sound Law, and thus a
proper understanding of their nature is important to this present study. In a standard SPE-based
feature theory, the retroflex place of articulation is understood to be [-anterior, -distributed], with
related feature geometries then assigning those features to a CORONAL node. However, several
sources argue strongly that we should instead understand retroflexes as being something like a
coronal with a dorsal secondary articulation. This proposal has interesting implications for any

analysis of the RUKI Sound Law, and so we shall now turn to discuss these arguments here.
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While not the first source to discuss retroflexes, Hamann (2003) stands as a major
culmination of research on the topic, and is thus very relevant to the matter at hand. It would be a
disservice to the excellent work in that dissertation to attempt to fully summarize it here, and so
the focus will rather be on how its findings impact our understanding of the structure of
retroflexes and retroflexion as a process. On a basic level, it must be understood that retroflexes
are marked crosslinguistically, and this is a fact which any proposal about them must account for
this fact. Following from this, Hamann (2003) notes that retroflexes only appear in languages
with large segmental inventories.

Hamann (2003) argues for a formal definition of retroflexes based on four characteristics:
apicality, posteriority, sublingual cavity, and retraction. To summarize the discussion, this
definition holds that retroflexes can be understood as apical coronals, being made with the
tongue tip away from its resting position, which are articulated behind the alveolar ridge
(posterior) with a large sublingual cavity and a retraction of “the tongue back towards the
pharynx or velum” (Hamann 2003:35). This definition is very relevant to this present study, as
she emphasizes that retraction here does not refer to the feature [RTR], but is instead better
modelled as being [+back]. That is, Hamann (2003) argues that retroflexes are best understood as
something like segments which have a primary CORONAL node and some sort of secondary
DORSAL node which is specified for [+back]. Now, this definition does not accurately represent
what Hamann (2003) actually proposes, but that discussion will be put aside briefly, and taken
back up when it becomes relevant. The point here is that this is an important characteristic when
we consider the nature of the RUKI Sound Law in future sections.

Expanding on this, Hamann (2003) draws on a tradition going back to Bhat (1974) which has

observed a patterning of retroflex consonants with back vowels. Retroflexion of consonants after
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back vowels has been observed in a number of languages, and very interestingly, they pointedly
do not pattern with front vowels. That is, retroflex consonants often seem to be disallowed from
co-occurring with front vowels in various ways (Haman 2003). This can manifest through de-
retroflexion, vowel retraction or lowering, diphthongization, or vowel rounding. Interestingly,
secondary palatal articulations are also largely incompatible with retroflex segments. The
secondary articulation can be deleted or spun off into its own segment, and if this does not occur
then the retroflex will often simply cease to be retroflex. These two patterns point strongly
towards retroflexes possessing some characteristic which is strongly compatible with back
vowels while also being incompatible with front vowels. This supports Hamann’s (2003)
characterization of retroflexes as coronal segments with a [+back] specification, as front vowels
are defined as [-back] and therefore would have difficulty coexisting with a [+back] segment.
Now of course, there is a pointed exception to this pattern, which Hamann (2003) notes and
discusses: the RUKI Sound Law itself. In this change, not only does a retroflex fricative co-occur
with a front vowel, but it in fact emerges after it. She notes that several analyses of RUKI have
treated it as a telescoping of several changes which took place sequentially over a longer span of
time. While each analysis differs in some details, they all broadly agree that there was a single
Indo-Aryan fricative *s, that it underwent some sort of assimilation, and that sometime after
Sanskrit broke off into its own language, the reflex or reflexes of that initial change became the
retroflex fricative. Different analyses, including Hamann (2003) herself, make various different
predictions as to what the intermediate stage would look like, but all agree in the basic structure
of the change. That said, the intermediate stage is the less problematic part of the telescoping
analysis of RUKI. As Hamann (2003) notes, the issue is why the later neutralization of these

variants would coalesce into the retroflex variant rather than the velar or some form of
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alveopalatal. This is further complicated by the fact that the selection of retroflex was clearly not
strictly necessary in a typological sense, as other Satem-branch languages ultimately selected
other, non-retroflex variants as the reflex for the change.

Hamann (2003) cites Allen's (1954) argument that “retroflexion was already an established
process in connection with liquids”, and so retroflex as a category was already available for use.
That is, it is argued here that the retroflex fricative was selected because the category was
independently present in the system. It is worth noting, however, that Sanskrit would also have
had palatal and velar categories, and so this solution does not seem to necessarily fully explain
why the retroflex would be the most preferred out of these, even if it was available. Nonetheless,
Hamann (2003) notes that under an analysis like this, we can decompose the RUKI Sound Law
into a series of changes, with each individual step being perfectly natural in itself. The unnatural
appearance of RUKI, therefore, is likely just a sort of historical illusion produced by the opacity
of the processes involved.

As we turn back to the bearing of this work on the Feature Geometry used in this present
dissertation, we must now turn to Hamann’s (2003) criticisms of Feature Geometry in the
tradition of Clements (1985). Much of the discussion Hamann (2003) puts forward on this topic
is beyond the scope of this present dissertation. For reasons outlined earlier in this section, and
further discussed in Section 3.2, this present dissertation assumes Feature Geometry with
articulatory features as its featural model. This is not a work which is focused on the nature of
featural representation itself, and so that discussion will be left to more dedicated work.
However, it is important to acknowledge here that Hamann (2003) disagrees with any attempt to
properly represent retroflex segments in a Feature Geometry model, arguing instead that we must

turn to more perceptually-based feature theories to properly model phonological segments. Her



|28

discussion of the representation of retroflexes in such a system, specifically focusing on her own
proposed feature theory, is an informative read, but as such a model has not been adopted by this
present dissertation, further discussion of it will be left aside here.

Regarding the relevance of this work to the present dissertation, the key takeaway is the
strong evidence that Hamann (2003) presents in favour of retroflexes having a [+back]
specification. She is not the first to propose this, but she provides perhaps the most
comprehensive account of the evidence and arguments, and quite convincingly argues for that
interpretation. Thus, this will form the basis of this present dissertation’s featural representation
of retroflexes.

Turning now to other sources which comment on the featural structure of retroflexes, it is
best here to return to earlier discussions. Bhat (1974) functions as a fine starting point, being
often cited in later works for the structure of retroflexes. The essence of this paper is the
argument that retroflexes should be understood not as retracted segments, though it does not
seem to settle on a firm concept of how we should define them. It provides a good overview of
the information available at that time regarding retroflex segments and the phonological
alternations they could be involved with. It should be noted here, however, that Hamann (2003)
pointedly disagrees with Bhat’s (1974) argument, citing significant later evidence which shows a
strong correlation between retroflexion and retraction. This point aside, it is worth noting that
despite not holding retroflexion and retraction to be linked, Bhat (1974) does acknowledge a
correlation between retroflex consonants and back vowels, a theme taken up by several other
sources discussed here.

A more particular response to Bhat (1974) can be found in Hamann (2002). While this article

agrees with Bhat’s (1974) argument that retraction does not pattern exclusively with retroflexion,
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it does contend that retroflexion exclusively patterns with retraction. That is, all retroflexes are
retracted, but not all retracted segments are retroflexes. Two implications are immediately drawn
from this idea: first, that the non-retracted retroflexes claimed to exist in Tamil and Badaga are in
fact not phonetically retroflex; and second, that it is impossible to palatalize retroflexes, as
palatalization is incompatible with retraction. Thus, retroflexes will either cease to be retroflex if
palatalized, or will simply not palatalize in the first place. The article goes into a more detailed
discussion of Badaga and Lardil, which while interesting is ultimately not relevant to this present
dissertation. The key takeaway for this present dissertation is that this article provides a clear
means of defining the retroflex place of articulation: a CORONAL node specified for [-anterior, -
distributed] with an additional DORSAL node specified for [+back].

A similar conclusion can be found in Arsenault(2008), which argues that the CORONAL node
is not more structurally complex than LABIAL and DORSAL, but that rather some places of
articulation understood to be coronal in fact have secondary articulations. He draws data from a
mix of Australian and South Asian languages to support his proposal. He builds a significant
pillar of the article on the fact that the presence of marked articulations in a language generally
imply the presence of an unmarked articulation, but that this relation does not necessarily hold in
reverse. Taking that as the ground, he asserts that nonetheless, a language can prefer the marked
form over the unmarked when there is a crowded phonetic inventory. That is, a language which
has a large number of contrasts could end up favouring a marked articulation over an unmarked
one in order to ensure that “maximal distinction with other articulations” is maintained
(Arsenault 2008:5-6). Furthermore, he continues a tradition of questioning the feature [anterior],
as its existence implies a natural class of retroflexes and palatals, which contradicts the attested

evidence cited in this article and in Gnanadesikan (1994). This problem, he notes, led to the
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development of [dental] and [retroflex] as distinct features used to define their respective places
of articulation. These features were generally considered to be dependent of monovalent
[laminal] and [apical] features respectively, these two features having replaced [distributed] in a
number of modern feature theories. However, this has the effect of making not only retroflexes
more marked than alveolars, which is to be expected, but dentals more marked than palatals,
which is something quite unexpected.

Leaving aside the more detailed discussion of feature definitions, as here the article turns to
focus on feature theories which begins to substantively diverge from that adopted in this present
dissertation, Arsenault (2008) argues that the best way the model retroflexes is not to give them
their own dedicated feature, but rather to specify them with a [back] feature. In this proposal he
draws on a wealth of prior research which is discussed in this section of this present dissertation.
He argues that retroflexes should be understood as coronals with an attached DORSAL node, thus
avoiding the prediction that all segments specified for [back] are necessarily coronal and apical.
Rather, most dorsal segments simply lack a CORONAL node, and it is only retroflexes which
combine both nodes into a single segment.

Given that the contrast between dental and palatal segments will also play an important role
in this present dissertation, it is also worth noting Arsenault’s (2008) proposal for the structure of
palatals. He proposes that palatals are akin to retroflexes in being coronals with a secondary
dorsal articulation, with palatals specifying [high] rather than [back].

Further discussion of retroflexion in the context of coronal features can be found in Arsenault
(2009). This article iterates on Hamann’s (2003) proposals concerning the featural definition of
retroflex segments, specifically her argument that retroflexes should be defined as [-anterior].

Using data from various Indo-Aryan languages he argues that [-anterior] is not actually necessary
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to account for the phonological activity of retroflexes in practice. From this, he contends that we
should understand [-anterior] on retroflexes as something derived from the conjunction of [-
distributed] and [+back]. This feature combination still allows both retroflex and palatal to be
defined against dental and alveolar, and against each other. Retroflex is [-distributed, +back]
while palatal is [+distributed, -back], while dental and alveolar both lack [back] as features
entirely. As a note, this would imply a close connection between dentals and palatals on the one
hand, and retroflexes and alveolars on the other, with the members of each pair differing only by
the presence or absence of a specified [back] feature.

2.4 Optimality Theory

Optimality Theory (OT) was introduced in Prince & Smolensky (2004) as a radical
alternative to more traditional generative phonology. It rejected the use of phonological rules in
favour of focusing solely on phonological constraints. These constraints were conceived as being
violable, in contrast to the inviolable rules of earlier models. The intention was to produce a
system which could go beyond merely describing observed sound changes and actually explain
why they occurred. There have been issues and controversies in the development of OT, but
overall the model has flourished since its inception.

The basic components of OT are as such: CON, GEN, and EVAL. CON is the constraint set.
GEN produces candidates for the analysis. In OT, GEN has few if any functional restrictions
EVAL covers the ranking of the constraints and evaluates the candidates against it. Together
these components produce a constraint ranking by which potential outputs can be judged, and
then selects the preferred output. It is on a first glance an elegant system, eliminating the need for
lengthy lists of stipulative, or at the very least merely descriptive, rules. In practice it requires

lengthy constraint rankings to accomplish the same effect, though since older generative
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phonology required both long lists of rules and a set of constraints, it can be argued that OT is
still simpler from a theoretical perspective (McMahon 2000; Prince & Smolensky 2004).

In Parallel OT GEN is unrestricted, and infinitely many operations can be applied to each
candidate. It is left entirely to the constraint ranking to determine the shape of the output. This is
a necessary part of the system due to its parallel nature: the entire point of parallel OT is that all
operations can occur simultaneously, which circumvents rule-ordering paradoxes and allows for
a more elegant analysis of phonological conspiracies. By carrying out all operations in parallel,
there is no need to enumerate each operation as its own rule: rather, each particular change is
simply the optimal method of obeying a singular constraint, or constraint interaction, with the
particular operations being applied determined by the relevant constraint ranking. The
consequence of this is that in every analysis, there is in fact a theoretically infinite number of
potential candidates. In practice an analysis will only focus on those candidates which are
considered directly relevant based on the displayed constraint ranking.

However, a lingering, though largely undiscussed, problem is that there is always the
potential for a pathological winning candidate to exist beyond the knowledge of the analyst.
Such a candidate would be patently absurd in shape, but would still exist, and thus would be
taken into account by the grammar itself, if not the formal analysis. To some degree, this does in
fact happen: the concept of pathologies in OT refers to certain candidates which take unattested
forms, but which win out over attested outputs when added to the analysis. A pathological
candidate is one of the clearest signs that there is a problem with at least one of the constraints in
the analysis. It is always good practice to watch out for potential pathologies in any analysis, and
any newly proposed constraint must be tested against those constraints already accepted in order

to guard against the introduction of new pathologies.
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A fundamental principle in OT is “Richness of the Base,” which states that there are no
restrictions on inputs. Theoretically, OT can take any input, no matter how malformed it would
look like as a surface form, and produce an output pronounceable by the language being
evaluated. This is generally held to extend so far as to functionally render the featural
representation of the input irrelevant. OT is explicitly agnostic regarding feature theory, and
depending on the source in question can either be made to work with any given feature theory,
with relevant constraints designed to account for said theory, or that the constraint ranking
should simply work regardless of feature theory. This often leads to articles leaving aside any
explicit discussion of featural representations. Instead, there is an implicit assumption of
something like a modified SPE system, and even that is only commented on insofar as a
particular feature may be held to be relevant to the analysis. The particular feature definitions are
left largely undiscussed, since what matters most is the mapping of an input to an output. So long
as there is a mapping that produces the attested output, most Optimality Theorists will be
satisfied.

An important point with CON in OT is that it is, in theory at least, superior to traditional
phonological rules in terms of explaining phonological phenomena. Fundamentally, phonological
rules are descriptions of patterns. They can be very well-grounded rules, with a solid
understanding of the features involved and therefore a clear demonstration of why the pattern
played out. But they lack something very important, which is an explanation of why this change
happened rather than not. It is well-known that many phonological rules which could happen do
not, in practice, happen in every language. That is, indeed, the basis of phonological diversity
and, to some degree, the very existence of phonology as a discipline. But it is a notable fact,

since it calls into question why certain rules only apply to certain languages. Rules themselves
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have little in the way of answers. They are fundamentally, as noted above, descriptions, telling us
what did happen.

In contrast, OT constraints are inherently explanatory. No constraint says anything about
what did happen. Rather, each one makes a demand that a certain structure be preserved,
enforced, or avoided. The interaction of these constraints across the ranked hierarchy then causes
particular solutions to emerge organically in response. A constraint which says that form A must
become form B in environment C is a bad constraint. Rather, a good constraint says that form A
must be avoided, perhaps in environment C. It is up to the interaction with other constraints to
determine whether form B is a satisfactory solution; depending on the ranking, it could well
result in form D or form N. Every constraint represents some factor in phonology: physiological
preferences, typological markedness, the desire to maintain transparent mapping between lexical
items and phonetics outputs, etc. Therefore, by hinging the analysis directly to the factors which
logically shape phonological output, we dispense with the stipulation inherent to a rule, and
create a reasoning as to why certain patterns exist and others do not. Indeed, a constraint ranking
itself creates a logical reason for crosslinguistic variation: different speech communities decide
that different factors are of different values, as it is inherently impossible to satisty all possible
constraints.

This is related to one of the original selling points of OT, that it allowed for a more coherent
explanation of so-called ‘phonological conspiracies’, where multiple seemingly unrelated rules
would all ‘conspire’ to prevent a certain structure from emerging. Rules had no clear way to
explain these phenomena, because they were solely focused on describing what was happening.

Constraints instead could unite what had previously been analyzed as multiple rules into a single
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constraint ranking, showing how different factors worked together to obey a single underlying
principle: that structure A was to be avoided.

Something notable for OT is that is has no built-in feature theory. This was considered a
selling point in the original proposal, with Prince & Smolensky (2004) emphasizing that OT is a
theory of computation rather than one of representations. OT is intended to be designed such that
any feature theory can be brought to it and the model will still function. In practice this has
played out quite neatly. Due to the unrestricted GEN and parallel application of operations, the
details of feature definitions or hierarchy are largely irrelevant. It does not matter much if a
segment is [+voice] unless the analysis is specifically looking at voicing alternations. Even then,
it has been noted that OT is almost agnostic to the shape of the input, that it can take any input
and map it to the observed surface form. This idea is obviously exaggerated, but it has some
grounding. Due to the global harmonic improvement inherent to OT, the constraint ranking
should naturally enforce a limited range of possible words, and should naturally map multiple
potential inputs to the same output. After all, if there is a ban on word-final voiced obstruents, for
example, it does not matter much whether the underlying segments are voiced, voiceless, or lack
a [voice] feature entirely. What matters is that any output obstruent in word-final position will be
[-voice].

Now, this explanation does itself hint at a largely ignored but nonetheless existent issue. To
define such a pattern, we must acknowledge certain characteristics of the input, and tacitly make
a claim as to some sort of representation. This is done regularly in OT analyses, but rarely
commented on. Rather, most papers seem to tacitly assume the modified SPE features mentioned
above, and then functionally ignores them except as needed. Natural classes will be referred to

and used, but often not explicitly defined, relying instead on the reader’s presumed familiarity
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with SPE features to carry the representational legwork. It must be noted that there is no sign this
is an intentional deception, but rather just the result of Optimality Theorists themselves being
generally familiar with feature theory.

Thus, much of the discussion inside of OT is focused on CON and EVAL: articles beyond
count exist to argue in favour of or against the existence of various constraints. There are
arguments over whether or not gradient constraints should be included, or if all constraints
should be categorical. There are arguments about whether some constraints exist in language-
universal hierarchies, or if some constraints should be defined stringently, such that their ranking
is mostly irrelevant via more complex constraints ‘containing’ simpler ones within them. More
commonly, the discussion is simply whether a given constraint is necessary to analyze a
particular data set, and whether that constraint will produce a pathology or not.

Very important to the ongoing discussion of CON is the existence of language-specific
constraints. The orthodox OT position is that all constraints are universal: that is, languages
differ in terms of constraint ranking alone, never in which constraints are available. This results
from a strong belief in Universal Grammar (UG), and indeed, OT is very much so a UG theory.
All the constraints are held to be universal, and all the mechanisms of OT are treated as parts of
the UG inheritance. Some, however, argue against this, claiming that certain constraints only
exist in certain languages. Such arguments generally arise when dealing with phenomena which
certainly look to be language-specific, such as the English stress system. However, the existence
of language-specific constraints remains controversial at best, and is in practice a minority
opinion.

An ongoing discussion in OT is the relationship of phonology and morphology. While most

of this discussion is irrelevant to the present dissertation, there is one point worth covering:
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indexed constraints. The theory of Indexed Morphophonemic Constraints is discussed well in
Flack (2007) and Jurgec & Bjorkman (2018). Under such a model, CON is able to duplicate
universally-available constraints and index those duplicates to certain morphophonemic features.
These features can be language-specific, something which is normally considered a violation of
the universality of OT constraints. In this model, however, it does not seem to be so dire a
problem, as the constraints themselves remain universal: all that is language-specific is the
indexation. English alone is proof enough of language-specific quirks, such as the simultaneous
existence of Anglo-Saxon and Latinate stress in the language. The only distinction between
words falling under one system as opposed to the other is their etymology as assumed (on some
level) by the speaker: Latinate words follow Latinate stress, while Anglo-Saxon words follow
Anglo-Saxon stress. With indexed constraints, there would simply be some feature LAT which
represents Latinate origin, and which several constraints are indexed for. These constraints are
then ranked independently of the unindexed original, and can thus be ranked higher than it.
Indexed constraints are only active for inputs which bears the relevant feature: thus,
IDENTLAr[high] would only protect the [high] feature in Latinate inputs.

Now, it is worth briefly discussing a particular limitation of OT as a model: the problem of
operational interactions, especially opacity. Fundamentally, opacity is understood as an instance
where one operation interacts with another in such a way that the output is not obvious from the
input. This is a major problem for any parallel model of phonology, such as OT, since parallelism
disallows the very concept of operational interaction. For operations to interact, they must exist
in sequence: A cannot produce environments for B if it does not also precede B. This is known to
cause problems in the fully parallel computations of OT. For any candidate which manifests the

opaque outcome, there is always another which does not, and which harmonically binds the first



|38

one. The reason for this is that during EVAL, no reference is made to the operations themselves,
merely how well a given candidate satisfies the constraint ranking. Thus, if the context which
drove the first operation is erased, then OT will only ever detect the post-erasure context, and
therefore penalize that candidate for including a surface-unmotivated change. In contrast,
candidates which simply ignore the opaque interaction will always harmonically bind their
opaque counterparts due to lacking that extra penalty.

Much work in the 2000s focused on various attempts to solve the opacity problem in OT,
including Stratal OT and Sympathy Theory, and later even including Optimality Theory-with-
Candidate-Chains (OT-CC) (Kiparsky 2000; McCarthy 1999; McCarthy 2007b). The details of
these theories are not relevant to the present discussion and so will not be discussed here. They
are mentioned simply to note that opacity as a problem in OT has long been recognized and that
much work has been done to try and solve it, though such attempts have largely resulted in the
creation of new sub-theories or variant theories apart from classic Parallel OT.

2.5 Harmonic Serialism

Harmonic Serialism is a serial-derivational variant of Optimality Theory. It was first
proposed by Prince & Smolensky (2004), albeit very briefly. The concept of a serial-derivational
constraint-based model was introduced, with a note that it would need to be limited to a single
change at every step to remain usable. It was then summarily dismissed as an unnecessary
complication over parallel OT. The various problems which Parallel OT has encountered in the
decades since, however, has led some, beginning with McCarthy (2008b, 2008a) to reconsider
HS as a legitimate alternative.

HS shares most of its architecture and terminology with parallel OT. The basic concepts of

GEN, CON, and EVAL are all drawn directly from OT. The key difference is in the definition of
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these elements. EVAL is essentially the same as in parallel OT. HS GEN is the most important
point of divergence. As noted above, HS holds that at each derivational step, only one change
from the present input can be applied to any given candidate. The winning candidate is then fed
back in as the input of a new step. This process continues until the winning candidate is identical
to the present input, an event called ‘convergence,’ at which point the derivation ends. This
change has had major ramifications for the construction of HS, most notably with its CON.
There are numerous classic OT constraints which do not function properly in HS. Sometimes this
has required the patching in of replacements, while other times the non-function is by design.
One of the key advantages HS holds over parallel OT is the concept of “local harmonic
improvement” (McCarthy 2016). In parallel OT, candidates are assessed ‘globally’: the total sum
of their violation marks are assessed simultaneously, with a theoretically infinite number of
operations being able to apply prior to EVAL. This characteristic is referred to as ‘global
harmonic improvement’, as the derivation will seek to improve ‘harmony’, being obedience to
the constraint ranking such that violation marks are minimized, in all places at once. That is,
since all operations apply in parallel, EVAL will seek out the candidate with the absolute fewest
violations of high-ranked constraints out of all possible candidates. Such a system is powerful,
arguably too powerful for the purpose of constructing grammars which will produce all and only
those languages which exist. Many of the pathologies which plague OT research are a direct
result of global assessment, since it is relatively easy to produce a clearly unnatural candidate
which will harmonically bind the attested winners. HS in contrast requires that each locus of
violation be analyzed independently, with only one unfaithful operation being applied at a time.
This principle is called ‘Gradualness’. Thus, while HS and OT EVAL seek a winner according to

the same principle, being the one with the fewest high-ranked violations, the options available to
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HS EVAL are significantly more limited. There is only ever a small selection of available
winners for each step, ensuring that EVAL can never use multiple operations to select an
unnatural spoiler candidate.

Gradualness in GEN has led to much of the focus of HS research being on the definition of
operations. In OT whether a change constitutes one operation or two means little, since they all
apply in parallel anyways. In HS, however, since only one can apply per step, it is vital that
analysts know how many changes can be applied at each step. Thus the importance of carefully
defining GEN in an HS paper: if two researchers have differently defined operations, then the
same constraint ranking will produce different results. This is also why one of the most classic
examples of HS is McCarthy's (2018) two-step deletion: it demonstrates a clear example of how
to determine whether a change is one step or multiple, and shows how the delineation of
operations can produce intriguing new predictions. Two-step deletion, after all, aligns very neatly
with theories of Feature Geometry, with deletion first removing the PLACE node and only
thereafter removing the ROOT node (which causes full deletion).

This example touches on a point which, though rather vital, has received minimal discussion
in HS literature: the importance of feature theory. According to McCarthy (2010), HS assumes
that feature changes must be made one-by-one, as feature change itself is considered an
unfaithful operation. Furthermore, as seen above, McCarthy (2018) claims that deletion targets
feature-geometric nodes, specifically the PLACE and ROOT nodes. These two assumptions
together necessitate that HS must have some sort of attached feature geometry to function. If
features must change one-by-one, then it is necessary to know which features are present to be
changed. This covers both which feature set is in use, as that will determine the basic pattern of

available operations, and which features may or may not be underspecified at that stage of the
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derivation. If a feature is not underlyingly specified, and has not been inserted at the time of the
operation, then it would not need to participate in the ongoing derivation: that is, an operation
could functionally cause a change which technically would alter more than one feature, but
operationally have only altered one. All of this is vital information to know if performing an HS
derivation, but which is normally glossed over in actual HS analyses. The cause of this glossing
over is most likely an inheritance from Parallel OT, which as discussed above generally
disregards featural representations in favour of pure computation.

The integration of feature geometry into HS will be further discussed in Chapter 3, when
outlining this dissertation’s primary theoretical model. For now, it suffices to note that, as stated
above, the underlying assumptions of HS necessitate at least some systematic knowledge of
feature theory to make a derivation work. Indeed, this dissertation will argue that not just some
information is necessary, but all of it: the representation, though not necessarily fully specified,
must be fully known to ensure the proper development of the derivation. This claim is a step
beyond the conventional discourse on HS, though one which does emerge from that discourse by
quite a logical progression.

Shifting back to other concerns in HS, it must be acknowledged here that HS traditionally has
trouble analyzing certain kinds of opacity. While the local harmonic improvement of HS is
superior to the global harmonic improvement of Parallel OT, it is still something of a double-
edged sword. To its benefit, it, like global harmonic improvement, makes a clear prediction about
why phonological alternations happen: there is an ideal harmony’ to which every word aspires,
and the derivation’s purpose is to bring every given word as close as possible to that, striking a
balance between all factors as best as possible. The problem is that many instances of opacity are

specifically counter to regular conceptions of harmonic improvement. Rather, they are by
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definition phonological phenomena which make no sense on the surface: allophones outside of
possible environments, alternations blocked without cause, and so on.

This has always been a problem for Parallel OT, as opacity is quite obviously a result of
interaction between operations: one operation causes a change, and then another wipes away its
context, for example. HS, therefore, is better suited to deal with certain kinds of opacity than
Parallel OT, as it can at least order its operations such that they can interact (Elfner 2016; Gleim
2019; Tanaka 2013). It can even resolve the most basic problem of opacity in OT, which is the
fact that parallel operations combined with global harmonic improvement does not allow for an
environment to have an effect if it is not present. That is, in Parallel OT, if one operation deletes
an environment, then the deleted environment can no longer exercise influence over surrounding
segments. Rather, there will always be a candidate which does not show such changes which will
harmonically bind any candidate which actually expresses the opaque alternation.

HS at least, due to Gradualness, is able to change the current input such that the middle point
of an opaque process could in principle simply be encoded, and then a later operation can further
alter the sequence of inputs such that opacity is achieved. However, in practice HS has had a
middling history with certain kinds of opacity.

To its benefit, HS is capable in principle of modelling some opacity. Tanaka (2013) gives
examples using Japanese and English showing HS capable in principle of analyzing instances of
all four standard kinds of opacity: bleeding, feeding, counterbleeding, and counterfeeding. This
is made possible due to the ordering of operations which HS allows. Similarly, Elfner (2016) and
McCarthy (2008b) both provide HS analyses of opaque phenomena. However, these papers do

not represent an uncontested view of the matter.
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Rasin (2022) provides a recent account of Harmonic Serialism and opacity. Citing McCarthy
(2000, 2007b), he briefly describes the position that HS is considered unable to model canonical
counterfeeding and counterbleeding. He goes on to describe the results of Elfner (2016) and
McCarthy (2008b) as analyzing what he calls ‘shifting’ and ‘counter-shifting’, being a new form
of opacity to which HS is well-suited.

The fundamental issue for HS and opacity is that HS is focused on harmonic improvement,
and canonical opacity is quite often the opposite of that. In practical terms, opacity can be
defined as the appearance of what should not be, whether that be through the overapplication or
underapplication of some regular process. This means that the output must, in some sense, be ill-
formed. Since harmonic improvement is primarily concerned with well-formedness, it is difficult
for any model built on it to produce a form which ultimately disobeys it.

Nonetheless, while HS has met with problems regarding opacity, the situation is not entirely
hopeless. At the very minimum, the local harmonic improvement which HS uses remains
superior to the global harmonic improvement of OT in terms of solving opacity. Furthermore, as
shown in McCarthy (2000) and Elfner (2016), HS is able to process noncanonical
counterbleeding opacity. This is a direct result of one of the advantages of HS over Parallel OT:
not merely the ordering of operations, but their decomposition. In HS, as noted above, there is
much discussion as to what operations are included in GEN. That is, the debate concerns what is
and is not an operation. Two-step deletion is a perfect example. Conventionally, we would think
of deletion as a single operation: there was a segment in one step, and in the next there is not.
However, in HS, McCarthy (2018) shows this to be not entirely accurate. Rather, there must be

an intervening step in which first the PLACE node is deleted, leaving a bare ROOT which can
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then be targeted for deletion. This is a classic case of decomposing what had been a single
operation into multiple, smaller operations which simply occur in sequence.

First, we should look at the problem of single-step deletion. McCarthy (2018) represents with
this an OT analysis of the data, which is in practice identical to the first step of an HS derivation
which assumes single-step deletion. It concerns consonant cluster reduction in Arabic, wherein
/patka/—[paka]. McCarthy contends that a single-step deletion operation is unable to explain
why [paka] is the output rather than [pata], and that instead we need to treat segmental deletion
as a sequence of two nodal deletion processes. For this first analysis he uses two constraints,
which can be defined as seen below:

(1) NoCoDA: assign a violation mark for every coda segment.
(2) MAX: do not delete

The analysis itself is reproduced below.

(3) Failed OT Analysis

/patka/ NoCODA MAX
a. —pa?.ka *
b. —pat.?a *
c. patka *1

As we can see, this results in a tie, that is, a failure to predict a single, consistent output. The
problem is that in Arabic, the output is not random, but rather is consistently [pa.ka]. Thus, we
see that treating deletion as a single-step operation simply will not suffice. We need something
more complex if we want to properly capture this asymmetry.

Thus, we now can turn to McCarthy’s (2018) solution to this very problem. To properly
explain this pattern, he uses five constraints, listed below. The following definitions are not
present in the original text, but have been created here for the purpose of clarity.

(4) CoDA-CONDITION (CODA-COND): assign a violation mark for every segment with a
PLACE node which is syllabified into a coda.
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(5) HAVE-PLACE: assign a violation mark for every ROOT node which does not link to a
PLACE node.

(6) MAX(PLACE): do not delete a PLACE node.

(7) MAX(ROOT): do not delete a ROOT node.

Now follows the analysis.

(8) Step 1: Place-Deletion

/patka/ CoDA-COND HAVEPLACE MAX(PLACE) MAX(ROOT)
— a. pa?.ka * *

b. pat.?a *1 * *

c. pat.ka *1

In the first step, CODACOND requires that something be done to eliminate the presence of a

PLACE-bearing coda segment. Operationally the two options available are to either delete the

PLACE node of /t/ or that of /k/. Deleting the PLACE node from /k/, however, does not actually

reduce violation marks from CODA-COND, and so it is eliminated. The fully faithful candidate is

likewise eliminated from consideration, leaving us with the deletion of /t/’s PLACE node as the

only viable candidate. This leads us into Step 2, where we can fully delete the segment.

(9) Step 2: Root-Deletion

pa?.ka CobA-COND HAVEPLACE MAX(PLACE) MAX(R0OOT)
— a. paka *
b. pa?.ka *1

Here we see that HAVEPLACE is now the highest-ranking active constraint. Conventionally,

we would say that it requires that every segment have a linked PLACE node. In this system,

however, we would better describe it as requiring that every ROOT node present in the candidate

be linked to a PLACE node. This is because it can be vacuously satisfied by the absence of a

ROOT node. This is a necessary facet of its definition, as we would not want it to assign

violations for segments which do not exist. However, such a definition also allows the derivation

to solve violations of this constraint by simply deleting the offending ROOT node. This is the
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solution here, as Coda-Cond prevents any insertion of a new PLACE node. Without the option to

undo Step 1, the only solution is to simply remove the offending ROOT node.

(10) Step 3: Convergence

pa.ka CoDA-COND HAVEPLACE MAX(PLACE) MAX(ROOT)
—a. paka
b. pa?ka *1 *

At the third step no further improvement is possible: indeed, attempting to return to the input
of the previous step would now incur two violations marks, whereas remaining faithful in the
previous step only incurred one. Thus, we see that two-step deletion is able to correctly predict
the asymmetry in Arabic. It is on these grounds that McCarthy (2018) asserts and demonstrates
the necessity of making deletion a two-step process in HS.

This leads into another important point to discuss, that being a way in which HS, despite
being serial-derivational, diverges pointedly from traditional rules-based phonology. In any
conventional rules-based grammar, the rules are fundamentally ordered by stipulation. There can
be constraints which govern the relative ranking of some rules, but fundamentally the rules exist
in the order they need to so that the correct outputs are produced. This in itself is not really worth
mentioning much: all grammars rely on this kind of stipulation. The key point is rather that in
rules-based phonology, there is not, as a rule, much of a higher force than stipulation, or rather,
historical accident, to determine the ranking of rules. They are the way they are because they
developed in that order. In contrast, HS does not rank operations: it ranks constraints, like in OT.
And this creates a marked difference, because while the order of operations is fundamentally
stipulative in rules-based phonology, it is emergent in HS. That is, in each derivation, the order in
which operations are applied derives itself from the interaction of constraints. It is possible for
two words in the same language to experience a different order of operations, based on how their

segments and environments interact with the constraint ranking.
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Now, normally the order of operations will remain relatively constant, simply due to the
nature of the constraint ranking. But it is nonetheless possible for operations to change order
organically in an HS derivation, as the goal is not to enforce a particular sequence of changes,
but for the best candidate to be selected from those available at each step. This expands on the
explanatory power of constraints which was already an advantage of OT over generative
phonology. In OT, rules were put aside so that the patterns they encoded could be emergently
generated by an explanatory constraint ranking. In HS, rule ordering is furthermore put aside, not
so that it can be ignored as in Parallel OT, but so that it can be emergently generated by an
explanatory derivation.

2.5.1 Definition of GEN

In any HS analysis, the definition of GEN is of vital importance, as discussed above. This
dissertation is no exception, and so the assumptions and definitions of GEN at play here must be
discussed. Not everything will be covered in detail, and so as a general point this analysis makes
all the standard assumptions of HS except where noted.

The first, if most basic, point is that this dissertation adopts McCarthy’s (2018) assumption
that deletion is a two-step process. That is, deletion first removes the PLACE node, and only
thereafter can delete the ROOT node, at which point the segment is fully deleted. This
assumption is adopted primarily because of the strength of McCarthy’s argument, but also
because of the implications, discussed above, which it has for the topic of this dissertation: the
implication that HS is closely tied to a feature-geometric theory of representations.

Following from McCarthy (2010), this dissertation also assumes that GEN can change only
one feature value at every step. One point of difference between McCarthy’s assumption in his

paper and the assumption here is, however, the explanation and justification. McCarthy does not
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at any point in the paper explicitly justify the assumption. No argument was given per se for the
assumption, but rather, so far as the article itself is concerned, it was simply adopted for the
purpose of the analysis. There must certainly be an explanation, but for whatever reason it was
not included in the published version. Here, due to its importance for FGHS, it will be more
explicitly justified, though it must be noted that the grounds for adopting the assumption here are
likely the same in principle as those which were behind its adoption in McMcCarthy (2010).

As will be discussed in Section 3.3, concerning the ultimately incorrect Nodal Faithfulness
Model, there is no particularly good reason to assume anything other than what McCarthy (2010)
proposes. We must changes features one at a time, as our feature theories do not include any unit
of organization which could provide a principled grouping of features which engage in non-
assimilatory feature changes. That is, when not dealing with feature spreading, there is no clear
way to justify changing multiple features simultaneously under the assumption of Gradualness.
As well, the definition generally taken of Gradualness is that it limits HS to one unfaithful
operation at every step. The changing of a feature meets this definition, as evidenced by the
wealth of IDENT[feature], MAX[feature], and DEP[feature] constraints (dependant on whether the
analysis assumes binary or privative features). Lastly, as will be shown in Chapter 3, this
definition makes a number of interesting predictions about lenition, fortition, and similar feature-
changing processes.

A consequence of the confluence of the feature-by-feature assumption and the adoption of
underspecification is that this dissertation assumes GEN to be capable of producing something
like the old idea of an archiphoneme, such as [S], which can also be termed a ‘generic coronal
fricative’. It is not necessarily an alveolar fricative, nor a dental, retroflex, or postalveolar: it is

simply coronal to the phonology. It is entirely possible to underspecify a segment beyond the
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point where it can be meaningfully identified amidst its peers, and this must be accounted for in
the system. In HS, these archiphoneme-like segments act like any other segment in the analysis,
and are distinct only insofar as attention is called to their underspecified status. After all, to some
degree all underspecified segments would qualify for this descriptor.

This analysis also adopts the common assumption that operations which are not governed by
faithfulness constraints can be applied an unlimited number of times at every step: this includes
things like syllabification, which can change ‘for free’ at every step (McCarthy 2016). A change
in syllabification violates no faithfulness constraints, and would always improve in markedness,
and therefore is allowed to simply occur.

For simplicity’s sake, this analysis assumes binary features with underspecification: that is,
features can be specified as either [+F] or [-F], or can be unspecified underlyingly. That is, if a
feature is specified, it can be specified in the negative or the positive. However, some features in
a segment can also be left undefined or underspecified in the underlying form. Unlike other
assumptions made here, this one is not due to a hard-and-fast principled stance, but out of
convenience. In principle, FGHS should work just as well with privative features. It is, however,
more straightforward for the discussion in this dissertation to be able to insert features with either
a [+] or [-] value as appropriate in the situation. Specification to either value is different from
changing the value of an already specified feature. Changing the value of a specified feature
would violate IDENT, as the operation is altering the nature of a present element of the input. In
contrast, the specification of a feature would violate DEP, as specification of an otherwise
unspecified feature is indistinct from inserting a new feature. The removal of an underlyingly
specified feature would violate MAX, and thus be treated identically to the deletion of any other

element. Thus, it assumes that GEN can insert and delete specified features as an operation.
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2.6 Diachronic Linguistics

Even more than with feature geometry, this dissertation is not the place for a full account of
historical linguistics. It is, however, an appropriate place to discuss some key points which will
be relevant for the dissertation ahead. This primarily concerns the use of Optimality Theory in
diachronic linguistics, as other relevant discussion on this topic has already been covered in
Section 2.2 above. It is, however, worth noting that around the time OT broke away from
traditional generative phonology, it also largely broke off from historical linguistics (Ringe &
Eksa 2013).

Attempts were made in the early years to apply OT to diachronic data, with varying degrees
of success, and with definite controversy (Holt 2003; McMahon 2000; Ringe & Eska 2013). Just
as many were testing out the new model on historical data, so too were many criticizing its use.
Some argued against OT as a whole, holding that it was simply a broken model. Others
specifically contended that OT was not workable within some specific context, such as historical
data or segmental alternations (McMahon 2000).

A key argument this dissertation seeks to address is the criticisms of McMahon (2000, 2003,
2007) against Optimality Theory as a model for diachronic linguistics. Across these papers,
McMahon strongly criticized OT both as a model for historical sound change specifically, and
more broadly as a general phonological model. The key points of these arguments will be
addressed more fully in Chapter 4, but it is worth overviewing them here.

The arguments developed somewhat over the course of the three sources, but with certain
recurrent themes. The most enduring idea was that OT works best when dealing with prosodic
phenomena, and that it is rather inept with segmental alternations. McMahon (2000, 2003, 2007)

also strongly and repeatedly criticizes Parallel OT for being too universal in its approach. As will
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be discussed in more detail in Chapter 4, McMahon (2000) contends that many historical
developments in language are mere accidents, things which cannot be explained by universal
constants but rather by particular circumstances. She even goes so far at points as to assert that
certain developments are functionally inexplicable, and that we must simply accept that in one
language phenomenon X occurred because it must have occurred. This stands in pointed contrast
to the principles of OT, which unequivocally state that constraints are universal, and that in
consequence every development in every language should be explicable, in principle, from the
application of those universals.

Such claims will be discussed and answered in Chapter 4, but for now it is appropriate
simply to note them, and to acknowledge their importance. If these criticisms of OT as a
diachronic model are true, then any and all attempts at diachronic OT should cease at once, as
they would be nothing more than a waste of time. Furthermore, all told, phonologists should
seriously reconsider their use of OT generally, since any phonological theory which cannot
explain, in principle, the long millennia of sound change is not likely to in the end be an accurate
model of phonology. It could possibly be that what we are examining in synchronic grammars is
fundamentally different from what we mean by the analysis of historical sound change: that only
synchronic grammars truly ‘exist’, and diachronic study is instead the eliding of many successive
synchronic grammars to describe not actual languages or phonological alternations, but rather the
differences between two communities separated by time. In that case it could be appropriate to
have one model which explains synchrony, and another which describes diachrony. We must
however be wary of distinguishing too firmly between these two without good cause, if for no
other reason than that sociolinguistics as a field already stands as a sort of ‘diachrony-in-motion’.

That is, in sociolinguistics we study sound changes in motion, while in historical linguistics we
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study sound changes of long ago. The only fundamental difference between them is the scale of
time. If we say that synchrony and diachrony should have entirely different models, then we
should not expect to be able to model changes happening in society in that very synchrony. If we
do not say this, then we should, in the end, expect that any synchronic model can in principle
explain the diachronic means by which that synchrony emerged.

A brief note should be made here that while there has been significant discussion on OT as a
potential diachronic model, there has been comparatively little, if any discussion of using HS in
historical linguistics. This likely results from the fact that HS is a theory-within-a-theory, simply
one variant among many which has emerged over the past thirty years. Thus, it is less likely to be
known about or understood by scholars who work outside the OT tradition. Furthermore, its
adherents are fewer than those who work with OT more generally, and it is therefore less likely
by sheer statistics to have people who work both in theoretical and historical linguistics.

This is, however, rather a shame, since HS is mechanically better suited to historical work
than Parallel OT. Whatever the merits of OT as a model for diachronic phonology, a matter
which is discussed further in Chapter 4, it cannot be said to be naturally inclined towards the
ordering of changes in a timeline. HS, in contrast, is derivational, and thus shares with rules-
based phonology, the propensity for organizing phonological changes into a sequence. This is,
after all, demonstrably how language develop over time: it is inconceivable that any speaker
would, by a single, parallel derivation, derive modern English from Proto-Indo-European.
Rather, we would all accept that Modern English speakers derive their speech from more recent
forms. OT certainly is capable, in principle, of capturing the phonology of any given stage of the
language. But it does not naturally capture the actual changes which speakers have experienced

and passed down through the generations.
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2.7 Conclusion

This chapter has been primarily about getting everyone on the same page. It has gone over,
with varying degrees of detail, the various fields which are being brought together in this
dissertation. Without this information, the chapters to follow may well spiral into incoherence for
the unprepared reader. Thus has this chapter been assembled, to ensure that no matter the
background of the reader, whether in Feature Geometry, Optimality Theory, or simply historical
linguistics, the dissertation to follow will at the very least make sense. The key takeaways are
now to be summarized.

The central analysis of this dissertation is the RUKI Sound Law, a historical change in
Sanskrit which saw *s become retroflex after any of [r u k i]. This RUKI set is generally
speaking indefinable as a natural class, and therefore the change has posed a recurring problem
in phonological study for over one hundred years. Most analyses end up finding fault with the
treatment of RUKI as a single change to be explained by a single natural class, and instead
propose that it be broken down into two or more changes which were later neutralized.
Vennemann (1974) and Longerich (1998) instead proposed that RUKI should be understood as a
‘relative acoustic class’, whereby [r u k 1] are united not by any traditional phonological
characteristics, but by a common acoustic effect on following /s/. We therefore have a strong
indication towards an unresolved problem on the phonological side of the change: the ‘relative
acoustic class’ analysis fundamentally abandons phonological explanation, and the primary
phonological analyses cannot resolve the observed pattern as a single change. Therefore, we
must look either outside phonology, or deeper into the data to find the answer.

This dissertation proposes that such answers require a reintegration between constraint-based

phonology and featural representations. OT abandoned any kind of featural representation in its
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pursuit of pure computation, while feature theorists simply continued using traditional generative
methods. Being a derivative of OT, Harmonic Serialism has similarly either ignored or been
quite vague about feature representation, but its actual principles, most importantly Gradualness,
necessitate a specific knowledge of the representation for the model to actually function. Thus,
Chapter 3 will discuss in detail a model for Feature-Geometric Harmonic Serialism. This model
will be based on the Clements & Hume (1995) model of feature geometry, as it provides strong
tools which will aid the eventual analysis of RUKI, most particularly the split between C-
PLACE and V-PLACE.

As regards Optimality Theory itself, the theory has been summarized and explained for the
benefit of any reader who is not particularly familiar with it. The fundamental element of OT is
the parallel application of operations in a constraint-based, rather than rule-based, model. That is,
the output of an OT analysis is organically generated in response to the pressures of the ranked
constraint hierarchy: no given constraint necessitates a particular outcome, but simply bans
certain situations. Instead of rules each applying their stated changes in order, there is the
mechanism of GEN, which simply produces an infinite set of possible outputs, from which one
winner is selected. This allows it to dispense with the stipulation inherent in rules-based
phonology, as each particular word or phrase can respond to its particular context without
needing extra rules to undo earlier changes or some such strange interaction. Instead, the
evaluation mechanism simply tests the products of GEN against the constraint ranking, selecting
the one which has the least high-ranked violations. However, the parallel nature of OT leaves it
unable to account for opacity, as opaque interactions are necessarily predicated on there being an

order in which operations occur.
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This leads neatly into the more important model for this dissertation, that being Harmonic
Serialism. HS introduces the concept of ‘Gradualness’, whereby GEN is limited to only applying
one operation to the input at a time. This limits the possible candidates to those within one
operation of said input, with the winner of the evaluation being used as the basis for a new
evaluation until the winner is identical to the input of its step. This system reintroduces the
ordering of operations, though without reintroducing the stipulation of rules-based phonology.
Instead, it subjects operational order to the same process that OT did output selection, that is,
made it the organic result of the constraint ranking. This both increases the explanatory power of
the model, and allows for variation in the order of operations depending on context. HS therefore
is better-suited to model opacity than Parallel OT, though due to HS inheriting the concept of
‘harmonic improvement’, whereby every change must reduce the count of high-ranked
violations, its ability to model opacity has remained traditionally limited. Nonetheless, HS seems
to be mechanically better suited to handle diachronic changes than OT due to its explicit ordering
of operations.

Lastly, this chapter has introduced the use of OT in diachronic linguistics. Efforts have been
made to apply OT to diachronic data with varying degrees of success, and it seems that over time
Optimality Theorists simply gravitated towards synchronic data, while historical linguists often
ignored OT. Heavy criticisms were also levied on OT which must be addressed if it is to ever be
held as a legitimate model of diachrony. In this debate HS has barely figured, despite it

potentially being better than OT for this job.
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3. Feature-Geometric Harmonic Serialism

3.1 Introduction

This chapter therefore covers the background for and development of the Feature-Geometric
Harmonic Serialism (FGHS) model which forms the structure for the analysis in Chapter 6. Here,
we will discuss the key assumptions of Harmonic Serialism (HS), and how they point to a largely
undiscussed underlyingly assumption regarding the use of featural representations in HS. From
this basis, this chapter develops a modified version of HS which explicitly adopts the Clements
& Hume (1995) model of feature geometry, as well as the assumption that features can be
underlyingly specified. The adoption of underspecification will be shown to be necessary
through comparison to a fully-specified alternative model called ‘Nodal Faithfulness.’ It will
show how this model develops from the principles of HS, and argues that this model should be
treated as an extension of conventional HS. It will further demonstrate validity of the model
through a series of analyses, thereby establishing a baseline for how the main analysis in Chapter
6 will function. Section 3.1 introduces the chapter. Section 3.2 describes the FGHS model itself,
outlining its theoretical composition, basic predictions, and basic function. Section 3.3 compares
FGHS to its potential alternative, Nodal Faithfulness (NF). NF will be explored through a sample
analysis using Chilean Spanish, with its shortcomings shown through the awkwardness of its
solution to the problem at hand. This will form the first argument for why FGHS with
underspecification is superior to fully-specified NF. Section 3.4 introduces a case study to stress-
test FGHS, being a brief study of various lenition processes from across the world. Section 3.5
details the specific lenition analyses, covering Latin, Catalan, Serbian, and Chilean Spanish, the
last of which provides a direct comparison to the Nodal Faithfulness analysis earlier and

completes the argument for underspecified FGHS. Section 3.6 concludes.
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3.2 Feature-Geometric Harmonic Serialism

In McCarthy (2010), there is introduced an assumption that HS must change features one at a
time during a derivation. This assumption is not clearly given an explicit justification in the
paper, treating it as a logical working-out of the principle of Gradualness, simply listed alongside
other operations asserted as ‘unfaithful’, such as syncope and epenthesis. Certainly, it makes
sense that if only one unfaithful operation can be applied at every step, then it makes sense that
the changing of each feature must be one operation. It is difficult to conceive of what an
operation defined as changing multiple features would look like without involving assimilation,
that is, an operation whereby featural nodes become attached to each other, rather than individual
features themselves actually changing. However, while this assumption is explicitly present, it is
never explicitly defined or justified within the article itself.

It is furthermore of note here that one of the basic tenets of HS is that deletion is a two-step
process (McCarthy 2016). It is held that a full segment has too much information to be deleted,
and so deletion must first remove the PLACE node in a single operation, and then delete the
ROOT node in a second operation. The definition of this process involves direct reference to
Feature Geometry on the model of Clements (1985). Now, the justification for involving Feature
Geometry is not given, and neither is there much focus placed on working out the implications of
incorporating it. But nonetheless, it is another point of evidence towards the fact that, unlike
Parallel OT, HS must have an explicitly attached Feature Theory. After all, it would be difficult
to define deletion as targeting a PLACE node which either does not exist, if we assume some
other feature theory which does not use PLACE nodes, or one which we cannot know exists, if

we adopt the traditional OT agnosticism regarding featural representation.



| 58

Parallel OT was explicitly designed such that it could account for any feature theory (Prince
& Smolensky 2004): it was entirely agnostic on the nature of representations, being focused
entirely on computation. This was achieved primarily through the parallel nature of OT, in which
all operations could occur simultaneously. In such a system the details of the underlying
representation are largely irrelevant: so long as there is a broad structure known, operations can
be applied to make whatever changes are necessary before the output is ever seen. Thus, while in
principle any given OT analysis would adopt a particular feature theory, in practice it is very easy
to leave most of its details aside. In particular, OT rarely gives the specific feature definitions of
the involved segments, in no small part because full parallelism means that in many cases the
specific feature values are simply not relevant. As noted in Section 2.4, if there is a ban on
voicing in final position, such as with a high-ranked *FINALVOICE constraint, then it does not
really matter whether the input is specified for [+voice], [-voice], or lacks a [voice] feature
altogether. The output will end up being voiceless. In contrast, HS, being gradual, must work out
not only each of those operations independently, but must order them properly. It is therefore
vital to know which features are present or absent, and what values they have. In order to
function, HS must therefore have an explicitly attached feature theory. That is, an HS derivation
must be concerned with the featural representation of its inputs to a degree beyond that which
OT usually considers. Like with OT the specific feature theory being chosen can vary, as the
computational system will function regardless. But while OT can in practice often get by without
specifying which exact features have which values, HS cannot, as it must explain every feature
change independently.

This dissertation will argue for Feature-Geometric Harmonic Serialism (FGHS), a model

based on the Clements (1985) model of feature geometry, and its expansion in Clements & Hume
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(1995). This is the best-established feature-geometric model, and has on those grounds been
selected for use. Furthermore, it is, as noted above, the one which HS already has some
connection with. Other options are available, such as the Parallel Structures Model (Morén
2003ab, 2004ab, 2006). However, while these alternatives have their merits, they do not seem to
have achieved mainstream popularity after the manner of Clements (1985), and are therefore ill-
suited to this early proposal when there is not at present a clear advantage to them regarding the
particular analysis at hand. The intention of this dissertation is to establish a theoretical structure
in which HS makes explicit use of feature theory to fully work out its assumptions. Due both to
the greater popularity in the field of Clements (1985) and the above-mentioned fact that extant
work on HS already makes use of that model for deletion, it would be most logical to use
Clements (1985) here. However, as will be seen in Chapter 6, the analysis of the RUKI Sound
Law itself, the revised Clements & Hume (1995) model is ultimately better suited to explaining
the data at hand. Thus, it is this expanded feature geometry which will be assumed for FGHS in
principle, though depending on the dataset in question both it and the classic Clements (1985)
model will work quite well.

Given the discussion above, a conclusion can be reached as regards the integration of a
feature geometry into Harmonic Serialism: that is, a Feature-Geometric Harmonic Serialism
(FGHS) can be constructed. This system is intended to provide a principled account of how HS,
based on its extant research and underlying principles, should operate with its feature geometry.
It further incorporates more innovative elements in order to solve certain emergent issues created
by the basic design of OT being used in this context.

The core principles are thus: only one feature may be changed at a time; only one node may

be deleted at a time; if a node is deleted, then all dependent features automatically become
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disconnected (and are effectively deleted); underlying representations are underspecified in the
lexicon; unspecified features receive specification during phonetic implementation via a set of
feature-filling rules.

Otherwise, FGHS is identical to classic HS: GEN, CON, and EVAL remain identical. That is,
no more than one unfaithful operation can be performed per step; in principle, any constraint
which works in HS will work in FGHS, and furthermore the idea of having a grand unified
ranking of all the language-universal constraints which determine through their interactions the
observed phonology of a language holds true as well. The winning candidate is selected at each
step of the derivation via the elimination of constraint-violating candidates according to the
constraint ranking.

In McCarthy (2018), it is argued that Parallel OT is incapable of providing a principled
explanation of the “coda deletion asymmetry.” This asymmetry is the observation that when
there is a word-medial consonant cluster which becomes simplified, the first (or leftward)
segment will be deleted and the second (or rightward) will be retained. In Parallel OT, coda
deletion as a general process would be explained by ranking NOCODA>>MAX. This causes a
problem when dealing with word-medial cluster simplification:

(11) Cluster Simplification Failure (McCarthy 2018)

/patka/ NoCODA MAX

— a. pa.ka *

— b. pata *
c. pat.ka *1

As can be seen, there is a tie in winning candidates here. In many versions of Parallel OT,
such a tie would result in free variation: either candidate could be outputted essentially at

random. However, this is not what is observed in the actual data. Rather, candidate (a) [pa.ka] is
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the regular output, and onset-favouring candidates consistently win out over coda-favouring ones
cross-linguistically.

It is to address this issue that McCarthy (2018) argues for two-step deletion in HS with the
following analysis, as we discussed in Section 2.5. In this system, only one feature node can be
deleted at a time. Thus, before the ROOT node can be deleted, its PLACE node must first be
deleted. Due to this requirement, positional effects will determine which segment will be deleted.
Rather than using only NOCoDA and MAX, McCarthy invokes four constraints: CODA-
CONDITION>>HAVEPLACE, MAX(PLACE)>>MAX(R0OT). The expansion of constraints is
necessary to deal with the increased analytical complexity. Note that CODA-COND is defined as
banning coda consonants from having PLACE.

(12) Step 1: Place-Deletion

/patka/ CoDA-COND HAVEPLACE | MAX(PLACE) MAX(ROOT)
— a. pa?.ka * *

b. pat.?a *1 * *

c. patka *1

In step 1, CODA-COND drives deletion of the PLACE node of /t/. Candidate (b) deletes the

place node of /k/, but as it is in onset position this does not improve on any constraints, and

increases violations of HAVEPLACE and MAX(PLACE). Candidate (c), being fully faithful, remains

in violation of CODA-COND. This leaves Candidate (a) as the winner, despite violations of

HAVEPLACE and MAX(PLACE), due to its satisfaction of high-ranking CODA-COND. This step

therefore shows why coda consonants would be prioritized over onset consonants for deletion.

(13) Step 2: ROOT-deletion

/patka/ CoDA-COND HAVEPLACE | MAX(PLACE) MAX(ROOT)
a. — paka *
b. pa?.ka *1
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In Step 2, HAVEPLACE becomes the crucial constraint. Having been violated in Step 1, it now
demands satisfaction. Candidate (b) continues to violate it by containing [?], a segment without
PLACE. In contrast, Candidate (a) simply deletes the ROOT node of [?], vacuously satisfying
HAVE-PLACE at the cost of violating MAX(ROOT).

(14) Step 3: Convergence

/patka/ CobA-COND HAVEPLACE | MAX(PLACE) MAX(ROOT)
a. — paka
b. pa.?a *1 *1

The third and final step is convergence, since HAVEPLACE ensures there is no benefit to
reducing /k/ even after deleting /t/. Thus Candidate (b) is eliminated by HAVEPLACE and
MAX(PLACE), while candidate (a) violates none of the relevant constraints. Note that in HS,
Faithfulness constraints refer to the input of the current step, and thus once a chance is integrated
it ceases to cause Faithfulness violations.

Thus is established two-step deletion for HS. On the basis of this analysis, it is clear that HS
ought to take two steps in deleting segments rather than one, as single-step deletion would
simply result in the trouble faced by the Parallel OT analysis above. As McCarthy (2018) further
argues, this analysis provides a clear empirical prediction: where full deletion is found, reduction
to glottal segments in the same position will also be found.

Now, having established that HS has two-step deletion, several important points emerge. The
first is that in order to work out two-step deletion, McCarthy (2018) was forced to commit to a
specific feature theory, here being “a simplified feature geometry (Clements 1985; McCarthy
1988)”. That is, two-step deletion as a facet of HS is reliant on Clements-style feature geometry,
and could not function without it (or at least something very like it). A world in which
phonologists adhered only to a disordered Feature Theory, without any hierarchical Geometry,

would be unable to make use of two-step deletion in HS, as there would be no clear PLACE
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node under which all Place features are conveniently gathered. It can therefore be concluded that
in order to function, at least in matters like this, HS must have an explicitly attached feature
theory, and more specifically must make use of a developed feature geometry. This, of course,
leads into the quandary of which feature geometry.

While there are many theories which could be selected, only two will be particularly
considered here: that of Clements (1985) and Clements & Hume (1995). The rationale for this is
simple: it is explicitly a Clements (1985) model which McCarthy assumes in the relevant
articles. The only question is whether we should continue to use the ‘simplified feature
geometry’ referred to above, or if something more complex will be necessary. This dissertation
asserts that in principle, the expanded Clements & Hume (1995) model is preferable over the
original Clements (1985) model, for the simple reason that separating C-PLACE and V-PLACE
makes it easier to both account for consonant-vowel interactions, and to account for secondary
articulations. However, both models will serve just fine depending on the data, and where a split
of C-PLACE and V-PLACE is unnecessary it will not be used in the analyses presented in this
chapter.

3.2.1 The nature of MAX(PLACE) and MAX(ROOT)

A final aside on this matter is the nature of MAX(PLACE) and MAX(ROOT): these constraints
are essential for the principled explanation of the asymmetry which McCarthy (2018) gives.
Their ranking relative to HAVEPLACE and CODACOND is the asymmetry in constraint terms: so
long as HAVEPLACE and CODACOND are ranked above MAX(PLACE) and MAX(ROOT), place-
deletion will occur. However, the use of nodal deletion as an operation opens up the fair question
of why we cannot delete the ROOT node first. In McCarthy (2018), the prevention of ROOT-first

deletion is taken as an assumption, holding that a ROOT node which has an attached PLACE
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node simply cannot be deleted. This is a fair assumption in that paper, but it is worth taking time
to question if that assumption is perhaps premature. Certainly, ROOT-first deletion feels at first
glance like it should be pathological. After all, what would a ROOTless segment even be like?
The results of such an operation would seem to be patently absurd. The result would be a step at
which there is a segment which has a place but no root: imagine, for example, a coronal segment
which is neither stop, fricative, nasal, liquid, or glide. It is practically impossible to imagine such
a segment being pronounced: it would be like articulating [t] and never providing the air for it,
and quite possible the result would be something even less developed than that (as [continuant]
and [consonantal] are both connected to the ROOT node rather than PLACE). If such a segment
were to surface in an output it would be a true unpronounced segment, still bearing meaning but
never heard or said. Note that this description assumes that while dependant features would be
automatically deleted if their associated node was deleted, other nodes would be to some degree
able to endure. Specifically, that the ROOT node and the primary PLACE node are capable of
independent survival, while PLACE nodes dependant on the primary PLACE node are likely not
capable of such. If we do not assume that specific PLACE nodes are deleted alongside the
primary PLACE node, then we would need deletion to be a three-step operation, or perhaps even
longer for more complicated segments. As we do not assume three-step deletion, we will go
forward assuming that specific PLACE nodes are deleted in the same operation as the primary
PLACE node.

However, if we put aside this initial concern and examine actual data we can in fact find
some surprising evidence in favour of ROOT-first deletion. We will see when we turn to the
Latin analysis in Section 3.5.1 (Cser 2011), and the Catalan analysis in Section 3.5.2 (Hualde

1992). HS, unlike Parallel OT, has the capacity to produce incomplete segments in intermediate
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steps. A segment such as [S], being defined as [CORONAL, +continuant, -voice] with no further
featural definition, could be produced in the midst of a derivation (further discussion of this
concept can be found below in Section 3.2.2). If allowed to surface, this segment would be
unpronounceable, as it lacks any definite place of articulation. However, HS never would allow
such a segment to be actually pronounced. Leaving the fuller discussion for Section 3.5.1, there
must either be constraints which require the full definition of such segments prior to
convergence, or there must be feature-filling rules which will fill in the absent features. It is
possible that a segment which has a PLACE node but no ROOT node could exist within the
same broad sphere. That is, it may be that ranking MAX(ROOT)>> MAX(PLACE) will indeed
produce a rootless PLACE, but that some other constraint (for example, something like
HAVEROOT constraint) will drive either insertion of a ROOT node or deletion of the PLACE
node.

The apparent problem here is that HAVEROOT would permit PLACE-deletion as a solution by
vacuous satisfaction: with neither ROOT nor PLACE, there is no segment, and a non-segment
would not violate HAVEROOT, as any definition of HAVEROOT which was violated by the absence
of a ROOT node when there is no corresponding PLACE node would be violated by any silence
in a human being, which is of course patently absurd. Therefore, we would expect there to be
two patterns of deletion: one in which the ROOT node is deleted first, and another in which the
PLACE node is deleted first. This trouble would not arise in deletion driven by CODA-COND,
since that constraint would only ever motivate the deletion of a ROOT node. Nonetheless it is a
concern worth noting, as constraints other than CODA-COND can drive deletion: even something
as simple as *t could motivate deletion, in which case the order of node deletion suddenly

becomes an issue.



| 66

Fascinatingly, there is direct data, already noted above, which can bear on this question, and
it addresses the above concerns (Cser 2011; Hualde 1992). Section 3.5.1, concerning Latin, and
Section 3.5.2, concerning Catalan, give data demonstrating phenomenon in which the most
sensible analysis would claim that there is a floating PLACE node. That is, there is a PLACE
node which does not have a ROOT node, and this PLACE node being something derived from
what was once a full segment. This certainly looks like it could be an example of ROOT-first
deletion. Leaving the details of this analysis for the appropriate section, it suffices to say for now
that the concerns given above are ultimately unfounded. ROOT-first deletion does indeed seem
to not only be possible, but it is actually attested. This makes for a fascinating if unexpected
advantage of integrating feature geometry into HS: that it allows us to so easily model both kinds
of deletion, with evidence showing the output of the intermediate steps.

3.2.2 Underspecification and FGHS

There is next a matter which must be resolved: how specified are the representations? Once a
theory of representations is adopted, it must be decided whether they are fully-specified or
underspecified. There are clear theoretical reasons in favour of underspecifying FGHS rather
than working with fully specified underlying representations. The key problem is thus: in certain
derivations, multiple features must be changed simultaneously to account for the alternation:

consider the alternation /z/->[j]. The diagram below shows the necessary feature changes in red.



|67

Figure 3: /z/—[j] changes

[l
- sonorant "+ sonorant
+consonantal -consonantal
- approximant "+approximant
LARYNGEAL [ continnant] LARYNGEAL [rcontinuant]
[+voice] [-voice]
PLACE Lr: PLACE
CORONAL CO QAL
Franterior] [-distributed] [-anterior] [+distributed]

If this derivation cannot allow an intermediate [r], then [sonorant], [consonantal], and
[approximant] must be changed in the same step, as well as the specified place feature of
[anterior] since [z] is dental and [j] is palatal. In a feature-by-feature system with full
specification, this change is impossible: four features must each independently be shown to be
harmonically improving for the change to take place, and none can produce a non-alternating
sound, such as the above-mentioned [r].

There are two potential solutions to this issue. The first would be to expand the number of
features which can be changed in a single step. This method, which we might call “Nodal
Faithfulness” (NF), allows all features grouped under the same node to change in a single step.
Changes made in this manner are governed by “Nodal Faithfulness” constraints, which are
violated by a change in the feature-value configuration of a node, rather than by the feature

changes themselves. With such a definition, the NF constraints ignore how much has changed
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and penalize equally one change or many. This equalizes the weight of feature changes within a
node. Furthermore, it must come with a Specified PLACE Exception, which allows the specified
place features of a segment to change ‘for free’ at each step. In such a system it would constitute
the same number of operations to change from /z/—[j] as for /z/—|[r]. If there are then
independent reasons for [j] to be favoured over [r], EVAL will selected the [j] candidate.

While effective, this solution has several worrying theoretical issues. The most glaring of
these is the Specified PLACE Exception: it has no empirical grounding, and is contrary to the
theoretical assumptions of HS. In HS, ‘free’ operations may only occur if they are faithful: that
is, they must violate no faithfulness constraints. The Specified Place Exception necessarily does
violate faithfulness constraints, as Ident[anterior] (among many others) is clearly an existing
constraint. It is also suspect on the grounds of it being ad hoc inclusion: it exists for the sole
reason that Nodal Faithfulness cannot generally account for the derivation, and provides a patch.
Now, the other problem here is the definition of feature-changing as being under the node. There
is no clear reason why this would be the case: no solid argument can be provided for why feature
value-changes would group under the node rather than in some other way. There is well-attested
evidence for assimilation by node, but assimilation and feature value changing are not the same
thing. Further discussion of Nodal Faithfulness as a model is reserved for Section 3.3.

An alternative, ultimately superior solution, is simply to involve underspecification. The
purpose of Nodal Faithfulness is to resolve the problems introduced by feature-by-feature
changes in fully-specified representations. It is an attempt to deal with the awkward fact that
there are too many features in fully-specified segments to meaningfully change one at a time in
HS. However, the same effect can be achieved through simply leaving out the problematic

features and specifying only those which are necessary for the phonology. Features which are not
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present cannot interfere with the progression of a derivation. Therefore, the derivation can avoid
problematic features and focus only on changing, or maintaining, those features which are
relevant, without any need for theoretically suspect mechanisms such as the SPE.

A further issue is the language-specific nature of underspecification. While there are
universal principles at play, each language is ultimately idiosyncratic in which features are
underspecified, and what default specifications are preferred in which context. There exist three
broad types of underspecification: Radical Underspecification, Contrastive Underspecification,
and Naive Underspecification (Martin 2012). Within each of these camps there is room for detail
and disagreement, most of which is irrelevant to the present discussion.

Radical Underspecification is, as the name implies, the more extreme of the camps (Kiparsky
1982a). It argues that underlying representations store only those features which are absolutely
required to define the segment in question against the rest of the phonological inventory. That is,
features which are not contrastive in a language are underspecified, as are any which can be
considered to be ‘default’. Default feature values are inserted via feature-filling rules after the
fact. Taking this to its extreme is where we see the underspecification of all features which are
not absolutely necessary to define a segment against the rest of the inventory. Features
underspecified in this way are referred to as ‘redundant’, as they are not necessary to define
every segment available in the system. The main disadvantage of this system is that its claims are
argued to be too strong, and it fails to properly model all observed languages. That is, it often
underspecifies features which we have empirical reason to believe are in fact specified.

Thus came Contrastive Underspecification (Steriade 1987). It holds that so-called ‘redundant’
features can in fact be stored in the underlying representation. This claim is based on the

observation that in many languages, there are phonological processes which require the presence
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of redundant features in order to function. Thus, it rejects the extremity of Radical
Underspecification and instead posits a universal rule for determining if features should be
underspecified: that only features which are non-contrastive can be underspecified. This plays
out as identifying all minimal pairs in the language and marking the relevant features as
’contrastive’. Any feature which does not distinguish a minimal pair is non-contrastive, and can
be underspecified. This model thus resolves several issues in Radical Underspecification, but
does have its own holes. It is, in contrast to Radical Underspecification, a universalist theory.
Radical Underspecification ultimately treated underspecification on a language-specific basis,
that each language could have its own patterns of underspecification relevant to its segmental
inventory. Contrastive Underspecification therefore has trouble with any language which
displays an idiosyncratic pattern of markedness, such as specifying [u] as the default vowel
(Martin 2012).

The third camp is not a principled position; in fact, to the degree it exists as a formal ‘type’ of
underspecification, it derives primarily from the principle of pragmatism. Naive
Underspecification takes the view that the underlying representation should be specified to the
extent that is required in order to properly explain attested phonological patterns. It is rather
brazenly a pragmatic, post hoc model of underspecification. However, it has been noted to be the
most accurate model of underspecification available (Martin 2012). Due to the outstanding
debate between Radical and Contrastive Underspecification, which as of yet remains unresolved,
this dissertation will adopt Naive Underspecification.

A consequence of underspecification is that, of course, segments do not enter the derivation
fully specified. Now, assuming, as the Clements (1985) model does, that features are primarily

articulatory in nature, it stands to reason that a segment would be, in practice, unpronounceable if
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not fully specified. Imagine, for a moment, if you tried to pronounce a segment without [voice]:
not a voiceless segment, but one which is neither voiced nor voiceless. It is practically
impossible to conceive such a thing. We can thus assert that all features must be specified at
some stage prior to actual pronunciation. Therefore, if FGHS is to use theories of
underspecification, then it must also adopt some system to insert underspecified features.
Certainly, the pre-OT theories of Underspecification all included some form of feature-filling
rule by which all features would become specified by the end (Martin 2012). The issue at hand is
how to implement such a thing into an OT environment.

The most obvious solution would be to include constraints which require the specification of
features, something like SPECIFY (assign a violation mark for every feature which does not have
a specified value), with an example being SPEC[high]. These constraints could either require
specific values, such as SPEC[+high], or merely demand that some specification be implemented,
with the details left to the rest of the ranking. This system has the advantage of remaining wholly
within the OT tradition of constraint-only analyses, and the requisite constraints could be easily
slotted into CON. However, there are several glaring issues with such a system.

The most obvious is that feature-filling or feature-specifying constraints would, in principle,
be able to be ranked anywhere in a language’s ranking. However, factorial typology clearly
shows that it is possible, therefore, to rank something like SPEC[high] below a constraint like
*Thigh], or SPEC[+high] below *[+high]. Consider the following toy grammar. We here assume
an input of the underspecified segment /I/, which we will treat as a non-back vowel without a
specified [high] feature. For ease of discussion, we will only examine the insertion step itself.
(15) *Thigh]>>SPEc[high]

/I/ | *Thigh] Spec[high]

a. [i] x|
b, [1] *
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If any feature-filling constraints were to be ranked too low, as seen in the toy grammar above,
then it could in principle be blocked from ever actually applying. If full specification is required
for pronunciation, then we have an unpronounceable segment being produced. This stands in
direct contravention of Richness of the Base, by which any input should be able to be mapped to
a pronounceable output. Very low-ranked constraints are functionally never obeyed, especially in
an HS derivation: given the limited candidates GEN can produce, low-ranked constraints will
practically never become active in the evaluation of two candidates. Thus, it becomes possible
for a derivation to reach convergence without ever specifying some feature. This would then
produce an unpronounceable segment, which is a pathology: definitionally, no language uses an
actually unpronounceable segment, since at the very minimum such a thing could never be
learned by a new generation, as it could not have any input data for a segment which no adult
speaker could ever actually produce.

Conversely, if feature-filling constraints were ranked too high, then they would always be
satisfied first and would be unviolated, as high-ranked constraint in OT models are always
considered inviolate in practice. This, however, means that the language is effectively fully
specified underlyingly, as there would be no way to tell the difference. We can see this latter
pattern demonstrated in the toy grammar below.

(16) SPEC[high]>>*[high]
/I/'] SPeC [high] *[high]

— a. [i] m

b. [I] x|

Given the constraint ranking in this toy grammar, neither we nor anyone actually acquiring
this language would ever have reason to believe that the UR was the underspecified /I/ rather
than the fully-specified vowel [i]. Consider the situation if we assume the UR to be /i/ instead.

(17) SPEC[high]>>*[high]
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/il | Spechigh] *Thigh]

. a. [i]

b. [I] x|

The output is exactly the same. Now, it is a separate matter which UR would be selected by a
learner for lexical storage. But it is certainly a problem for anyone wanting to analyze the
language, since we could not possibly become aware of the possibility of an underspecified UR.

Now, putting aside the matter of SPEC constraints themselves aside, some feature
specification would be solved naturally during the derivation: various constraints and operations
would enforce feature specification, such as through assimilation. However, what about those
features which are left over? For these, there must be some failsafe system in place.

Thus, we come to an alternative which avoids these problems: the simple use of feature-
filling rules. Now, the addition of rules to an OT system is a highly controversial idea, and its
proposal here comes with certain caveats. The first is that FGHS does not propose to restore rules
to phonology proper. Rather, I argue to integrate something like a concept from Lexical
Phonology (Kiparsky 1982), that being postlexical phonology, or similar to the model proposed
in Kirchner (1997). In FGHS, there are language-specific feature-filling rules which are situated
in the phonetics interface. Phonetic implementation is already language-specific: consider that
phonologically English has what we generally describe as a voiced-voiceless contrast which
phonetically manifests as voiceless-aspirated (Rogers 2000). If full specification is required for
pronunciation, it makes sense that the interface dedicated to pronunciation (with phonology
being concerned primarily with abstract phonemes and their alternation) would have a system in
place to patch underspecified phonological outputs.

This system is intended to follow after the model elaborated in Kirchner (1997), reproduced

below.
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Figure 4: Kirchner (1997) Model of Representational Development

Underlying representation (ideally) pure representation of contrast

l

Phonological component | non-contrastive properties may be filled in, particularly if
contrastive in other languages

!

Phonetic component remaining non-contrastive phonetic properties, including
gradient values, filled in

!

Phonetic representation  representation of all speaker-controlled phonetic properties
of the utterance

Let us take the example covered above, of an underlyingly underspecified /I/ which is to be
mapped to a pronounceable surface output [i]. Let us for this example assume that no constraint
has pressured it to adopt an actual [high] value: it is defined as a [-back, -low, -round] vowel. The
proposed feature-filling model for FGHS holds that when this segment is sent to the Phonetics
interface for production, a rule such as follows is applied:

(18) [-back, -low]—[+high]

This rule takes any vowel which meets its structural requirement, and inserts a specified
value. There can be as many or as few rules as are necessary for the language or speaker in
question. These rules can also vary in complexity, in a manner similar to the selection of
allomorphs from a morphological paradigm. In consequence, we would expect these rules to be
ordered according to complexity, with the more specific rules applying first and the more general
rules being ‘ports of last call’ in order to ensure that something can be pronounced.

A key difference between these and the rules of Generative Phonology must therefore be

made very clear. These rules do not layer upon each other. There preferably is to be no
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interaction between rules, or at most only the minimal interaction which would be expected from
the insertion of a feature causing a segment to suddenly meet the requirements for a later rule.
Other than this, however, the feature-filling rules would simply insert missing features, and then
the segment is sent off to be pronounced.

The overall system, from a phonological perspective, would thus look like the following:
underlying forms would be stored in the lexicon as abstract, underspecified feature bundles. This
lexicon would necessarily be language-specific, as lexicons generally are. After one or more
items are selected from the lexicon, they are fed into the syntax and morphology to receive
position and combination. Once that is done, they are fed into the Phonological Interface, where
they become subject to a Harmonic Serialism derivation. Features can be added, removed, or
changed during this stage, and they may end up fully specified by coincidence. There is,
however, no requirement for full specification at this stage. Once convergence has been reached
and an output is selected, that output is sent to the Phonetics Interface for implementation. Here
the output consists still of a series of feature bundles, and is most likely still underspecified to
one degree or another. The Phonetics interface then has a set of ordered feature-filling rules by
which it fills in the default feature values where none are specified. These rules should be
ordered like those in Distributed Morphology, with the most specific rules being ranked above
the more general: the feature-insertion for a marked sound in the system should apply first, with
the least marked feature values being applied last. Once every segment has been fully specified,
pronunciation can begin.

3.2.3 FGHS Summarized
Now, the above section has spent much time in discussion, at times trailing off along a train

of logic which was ultimately rejected. Such things are necessary when constructing a new
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model, so as to ensure that all possible concerns are addressed. Justifying the use of
underspecification over full specification is an important matter for a feature-geometric version
of a model which traditionally lacks defined representations. However, it can very easily make
for confusing reading, leaving the reader unsure of what from the above is to be taken forward as
a definite part of the model, and what has been rejected. Thus, before moving on, this subsection
will endeavour to summarize the FGHS model in a relatively concise manner.

Fundamentally, FGHS is just an elaboration of the existing assumptions of classic HS. It
agrees with HS regarding Gradualness, GEN, CON, and EVAL, and it disagrees with Parallel OT
in the same places that HS does, primarily concerning the superiority of serial-derivation over
parallelism. Where FGHS differs is not in disagreeing with HS, but in explicitly working out the
implications of what HS already tacitly claims. This specifically concerns the adoption of a
particular feature theory. McCarthy (2018) adopts a simplified version of the Clements (1985)
and McCarthy (1988) feature geometry in order to solve two-step deletion in HS. FGHS argues
that we should go a step further and fully adopt not just Clements (1985) in a simplified form,
but the fully elaborated model of Clements & Hume (1995), in principle at least.

FGHS is fundamentally built on the principle that feature changes are an operation in HS
(McCarthy 2010). That is, every feature must have its specification changed one at a time, in
order to satisfy Gradualness. To adopt this assumption, however, HS must also adopt a particular
feature theory, as it is not possible to change each feature one at a time if you do not know which
features are even available to be changed. In theory, of course, any feature theory could be
selected to begin this integration. However, since Clements (1985) is already in principle used by
HS, FGHS holds that we should simply iterate on its use. Both Clements (1985) and Clements &

Hume (1995) serve the purposes of FGHS well enough, and in practice the former would serve
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perfectly fine in any data which does not require a split between C-PLACE and V-PLACE in its
analysis. But, for reasons which are demonstrated in the Latin and Serbian analyses in Section
3.5, and further exploited in the RUKI analysis in Chapter 6, the expanded Clements & Hume
(1995) model is to be held as the actual chosen feature geometry of FGHS at this time.

It should be noted here that while feature changes must occur one-by-one, deletion can still
target nodes, as per McCarthy (2018). If a PLACE node is deleted, then everything dependent on
it becomes functionally deleted along with it. From a theoretical point of view, those features or
subordinate nodes may still technically exist, but without a ROOT to link to they cannot be
expressed. They could become so-called ‘floating’ features, and indeed the Catalan analysis in
3.5.2 relies on the existence of such a thing, but the exact fate of these features in FGHS is a
matter better explored at another time. What matters is that unless a feature is ultimately
connected to a ROOT node, it cannot be pronounced, and is therefore functionally deleted even if
it technically continues to exist in some form.

The next topic is the nature of the input. Parallel OT treats the input rather ambiguously,
generally treating the details of featural representations as less important, since the constraints
should cause any given input to map to the correct output. HS has not particularly challenged this
assumption. FGHS, however, argues that the input must be specifically known, since unless the
feature values of a segment are known they cannot be changed during the derivation. In Parallel
OT it is possible to gloss this over due to the fully parallel application of operations: it costs the
system nothing to apply an extra feature change. In HS, however, if each feature change is itself
an operation which must form an entire step, then we must know the underlying value so that we
can identify whether or not an entire extra step must pass through EVAL. As part of this

knowledge of the input, FGHS must necessarily adopt some form of underspecification, as
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discussed in Section 3.2.2. In principle FGHS is committed to no particular theory of
underspecification. Both Contrastive and Radical Underspecification have their advantages and
their drawbacks, and this dissertation is not the place to debate between them. Therefore, at this
early stage of the theory, FGHS adopts instead the so-called ‘Naive Underspecification’, in
which features are underspecified as necessary to make the analysis work (Martin 2012). This is
not a particularly satisfying theoretical adoption, but it is a practical one, especially when there
are at this point so many moving parts in the theory. Without underspecification, FGHS would
become unworkably cumbersome, as will be further discussed below in Section 3.3, and so some
version of it must be adopted alongside the feature geometry.

In consequence of the adoption of underspecification, FGHS must also adopt some means of
inserting underspecified features. While the obvious solution would be to simply add feature-
filling constraints, this is not actually a workable solution, as discussed in Section 3.2.2. If any of
these constraints were ranked too high, then the features they require be inserted would be added
so early that they might as well be underlyingly specified.

Now, this is not a particular problem, but the next point is: if any were ranked too low in the
hierarchy, then it is possible for an output to never actually insert them, if it reaches convergence
before those constraints come into play. Thus, we would predict a multitude of pathologies, all of
them predicting languages with literally unpronounceable segments, if we assume that all
features must be specified for pronunciation to occur.

Therefore, an alternative solution must be adopted, based on the distinction between
phonology and phonetics. Phonology is fundamentally about phonemes, and their derivation to
allophones. It is not concerned with pronunciation itself, as that is a matter of articulation, which

is the domain of phonetics. Thus, as discussed in Sections 2.3 and 3.2.2, FGHS proposes that
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features which remain underspecified at the end of the derivation are inserted by feature-filling
rules during the Phonetics stage. These rules are language-specific, and fill in default values
based on the structural definition of a given segment. Thus, most unspecified segments would be
filled in as the default consonant or vowel of a language, while a more specified segment would
be filled in according to what it is.

Thus, in practical terms an FGHS derivation should be almost identical to an HS one, save
that more attention should be paid to the featural specifications of the segments involved. The
outstanding underspecified features can be assumed to be handled after the fact, and do not all
need to be resolved in the constraint-based derivation. That is, no more steps are required here
than in a conventional HS derivation.

3.3 Nodal Faithfulness vs. Underspecified FGHS

At this point an aside is necessary. As discussed above, there are two possible models that
could be used to satisfy the desires of this chapter, each representing a different approach to the
problem of feature-by-feature operations. The first, Underspecified FGHS, has been outlined
above. The alternative would be the Nodal Faithfulness model introduced above in Section 2.5.1.
In this model full specification is assumed for underlying forms. The model is largely identical to
FGHS, capable of working with the same associated feature theories and making most of the
same assumptions. However, in consequence of its full specification, it must introduce a new
kind of faithfulness constraint: the Nodal Faithfulness constraint. A Nodal Faithfulness constraint
targets a feature node, specifically the ROOT, general PLACE, for any of the specified PLACE
nodes. It is violated whenever is there at least one feature change in the features immediately
dominated by, or contained within, that node. Given this definition, it would incur the same

number of violations marks regardless of how many changes were actually made. A single
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change creates a violation, but three changes would only produce that same, single violation. In
practical terms this allows Nodal Faithfulness to correctly model similar data to what FGHS can.
However, it makes different predictions about what data we should expect to find.

The key difference is that Nodal Faithfulness constraints imply that nodes are quite internally
variable, especially the specified PLACE nodes, as the Specified PLACE Exception, which is
necessary for Nodal Faithfulness to function, would imply. According to this principle, the
features of the specified PLACE node of a segment can change their values ‘for free’ at each
step. This is, of course, a significant violation of Gradualness, and this in itself is likely sufficient
grounds to reject the model. Nonetheless, it is worth looking at how Nodal Faithfulness functions
in practice, as it serves well as a strong example of why FGHS must adopt underspecification.
Without the use of underspecification, Nodal Faithfulness is the only practical means for
working with fully specified inputs in HS.

Thus, we will now cover an analysis using Nodal Faithfulness. The purpose of this is to show
how any feature-geometric HS would ultimately have to work if it assumes both feature-by-
feature Gradualness and full specification in the lexicon. Note that the analysis below does
technically work, albeit only through the use of the Specified PLACE Exception. The purpose
here is to show how even with relatively straightforward data like that analyzed, Nodal
Faithfulness shows significant strain. This will be contrasted in Subsection 3.5.4, where an
FGHS analysis of the same data will be shown to be superior.

3.3.1 Stop Gliding: Nodal Faithfulness

The following section has been adapted from Shaftoe (2019), which provided the original

version of this analysis. The data to be considered here is from Chilean Spanish (Pifieros 2001).

It is a useful data set, as it gives a demonstration of a non-assimilatory feature change, which is
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one of the exact situations both Nodal Faithfulness and FGHS are intended to solve. Specifically,
this is a lenition process, and one which leads to outputs which are markedly different from the
inputs. For the purpose of this analysis, we assume Moraic Theory (Hayes 1989; Zec 1995). This
section will involve showing the justification for the Specified PLACE Exception, and therefore
that assumption will not be used until it is introduced in context partway through the derivation.

Let us first examine the data, show below from (Pifieros 2001).

(19) /adkirir/ — [a.kirir] “to acquire”
(20) /etniko/ — [ej.niko] “ethnic”
(21) /kaptura/ — [kaw.tura] “capture”
(22)/absurdo/ — [aw.sur.do]  ““absurd”
(23) /korekto/ — [ko.rew.to]  “correct”
(24) /dogma/ — [dow.ma] “dogma”

Chilean Spanish has no phonemic glides or glottal obstruents (Sadowsky & Salamanca,
2012). [h j w] are available as allophones, while [?] is completely absent. [w] is omitted from the
chart below for the same reasons it is omitted from the IPA chart. Note that the chart lists the
coronal stops as dental, which is the accurate place of articulation. However, since there is no
contrast between alveolar and dental in Chilean Spanish, the alveolar symbols will be used

throughout this section for the sake of convenience.

Table 1: Chilean Spanish Phonetic Inventory

Bilabial | Labio- | Dental | Alveolar | Postalveolar | Palatal | Velar | Glottal
dental
Plosive pb td kg
(stop)
Affricate )
Nasal m n n
Tap/Flap c
Trill r
Fricative f S ] X h
Lateral 1
Approximant
Approximant ]
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As shown above in (19)-(24), in coda position, Chilean Spanish stops will lenite into glides,
with /t d/ leniting to [j] while [p b k g] generally lenite to [w]. Meanwhile, no sonorants undergo
any kind of lenition in coda position, most importantly [r]. [h] emerges from non-word-final coda
/s/, but that analysis is left for another time. The key interest of the coda stop gliding is that no
coda sonorants glide: only the stops do. Thus, any analysis must account for the fact that the
stops must not pass through any sonorant segment on the way to becoming glides, despite glides
being the furthest consonant from a stop. Limiting the discussion to coronal stops, the central
issue is that [r] is a better choice in almost every regard: it is [+consonantal] as opposed to [j]’s [-
consonantal], and being alveolar is closer in position to dental stops than the palatal [j]. Since
underlying [r] does not glide, and since HS cannot distinguish between derived and underlying
segments in any given step, the question is obvious: why [j]?

The diagram below shows the overall changes which must occur.

Figure 5: Overall change of /t/—[j]

It/

\ \

- sonorant +sonorant
+ consonantal -consonantal
- approximant +approximant

LARYNGEAL LARYNGEAL

[-contimant] [ nasal] [ - lateral] [-strident] [+contimuant] [-nasal] [ - lateral] [-strident]

[+voice]

PLACE :> PLACE

CORONAL CORONAL

[- voice]

[+anterior] [+distributed] [-anterior] [+distributed]

This present study proposes that this phenomenon results from a minimum sonority
requirement for mora-bearing segments: only [+sonorant] segments may licitly bear morae,

which are assigned to any coda. For the purposes of this present dissertation, the discussion here
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will focus on the coronal stops and their participation in this stop gliding process. This is because
the coronals have the move complex derivation, and therefore serve the best as an example of the
troubling means by which the Nodal Faithfulness model solves difficult featural problems. Note
that the derivations in this subsection will focus on underlyingly unvoiced segments. This is for
the sake of being comprehensive: the voiced equivalent undergoes the same procedure, omitting
only the voicing step itself.

The constraints required for this analysis are as follows:

(25) WEIGHT-BY-PoSITION (WBP) (Hayes 1989): assign a violation mark for every coda
which does not have a mora attached.
(26) *OBSTRUENTMORA: assign a violation mark for every obstruent segment which bears a
mora.
a. *VOICELESSSTOPMORA>>*VOICELESSFRICATIVEMORA>>*VOICEDSTOPMORA>>
*VOICEDFRICATIVEMORA
(27) *SONORANTMORA: assign a violation mark for every sonorant segment which bears a
mora.
b. *NASALMORA>>*LIQUIDMORA>>*GLIDEMORA
(28) *SEGMENT: assign a violation mark for every instance of the specified segment.
(29) DEP[mora]: do not add a mora to a segment.
(30) DEP[segment]: assign a violation mark for every instance of the specified segment which
was not in the input.
(31) MAX[NODE]: do not delete the specified node
(32) IDENT[F]: assign a violation mark for every instance of the specified feature where it
does not match the value of its correspondent in the input.
(33) IDENT[node]: assign a violation mark for every output segment which does not match the
feature values of the specified node of its input correspondent.
a. IDENT[coronal node]: assign a violation mark for every output segment which
does not match the CORONAL node features [anterior, distributed] of its input
correspondent.

While some of the above constraints will be immediately familiar to anyone who works with
OT, such as IDENT and DEP, others require some further discussion. The constraint Weight-by-
Position is a direct conversion from the same concept expressed in Hayes (1989), whereby
syllable weight is dependent on the presence of a coda. The constraint as used here is based on

Moraic Theory (Hayes 1989; Zec 1995) and the updated version of WBP which came with it,
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specifying that codas have a mora assigned to them based on their position in the syllable. This
constraint is used as the basis for the analysis to follow, as its primary purpose is to drive the
insertion of morae into a word.

Now, in OT it is common to have a sort of opposite to every constraint. Not necessarily a
direct negation, but rather to have constraints which, directly or indirectly, create pressure
towards the opposite outcome relative to a given constraint. Such is the case in this analysis.
WBP drives the insertion of morae: the *SEGMENTMORA constraint family instead motivates the
deletion of morae. *SEGMENTMORA stands for a fixed-ranking constraint family, which in turn
represents the crosslinguistic preference for morae to be assigned only to higher-sonority
segments (Hayes 1989; Zec 1995). It can be divided into two subfamilies, being
*OBSTRUENTMORA and *SONORANTMORA. *OBSTRUENTMORA always outranks
*SONORANTMORA, and each of these include several constraints which have their own internal
ranking shown in the list above.

The *SEGMENT constraint is another constraint family, one which is far more commonly seen
than *SEGMENTMORA. It simply represents some restriction against the use of a particular
segment. The general definition is given in the list above, and any given particular *SEGMENT
constraint will simply specify a particular segment it bans.

The MAX[NODE] and IDENT[NODE] constraints require some discussion. MAX[NODE]
disfavours any deletion of a feature node, whether that be ROOT, the general PLACE, or some
specified PLACE. IDENT[NODE], however, is where things become somewhat more complicated.
This is the titular ‘Nodal Faithfulness’ constraint for which this model is named. It is a constraint
which is violated by changes in the feature values of those features which are immediately

connected to the specified node. However, it is not concerned with the number of feature changes
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which are occurring: it is impossible to acquire more than one violation mark per specified node,
as it only checks whether the configurations are the same or not. If there is any difference
between the input and output, then a violation mark is incurred. It does not matter whether a
single feature is changed, or if all of them are. As discussed above, this is necessary for fully-
specified HS with featural representations to function. Thus, while it is certainly an uneasy
assumption, we will assume the existence of such constraints for the purpose of illustrating how
a Nodal Faithfulness analysis would work.

The initial step of this present derivation is simple: mora insertion. This initiates the lenition
process, seeing underlying /t/ glide to output [j], as the *OBSTRUENTMORA constraint family will
henceforth require further changes to be satisfied.

(34) Step 1: Mora insertion
etniko WBP *OBSTRUENTMORA DEP[MORA]

* *

a. — et.niko

u
b. et.ni.ko *|

The derivation is presented with the choice to either insert a mora or not.> DEP[MORA]
disfavours the addition of any mora not present in the input, while *OBSTRUENTMORA disfavours
the addition of morae to any obstruent. However, WBP demands that codas bear a mora.
Candidate (a) violates DEP[MORA] and *OBSTRUENTMORA in order to obey WBP. Candidate (b)
violates WBP to satisfy *OBSTRUENTMORA and DEP[MORA]. Since WBP is ranked higher,
candidate (a) wins, and the output of Step 1 is fed into the next step.

The addition of the mora now places the input under the purview of the *OBSTRUENTMORA

family, and it must contend with that constraint family’s internal structure. Thus,

3 Features changes are possible at this step, but this analysis assumes that WBP is undominated, and thus mora
insertion is expected to be the first step in practice.
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*OBSTRUENTMORA has been removed from the ranking, and replaced with its member-
constraints. The first step of this is shown in Step 2, below.

(35) Step 2: Voicing
et.ni.ko *? | DEP | *VOICELESS | *VOICELESS | *VOICED | IDENT | IDENT

| STOP MORA | FRICATIVE | STOP [voice] | [continuant]
u MORA MORA
[-voice]
[-continuant]
CORONAL

a. —ed.ni.ko * *

|
u -
[+voice]
b. etni.ko *1
|
H -
[-voice]
C. es.ni.ko *| *
|

il
[+continuant]

d. e?.ni.ko *1
|

0
CORONAL

e. e.ta.ni.ko *1
|
1)

This second step offers a wide array of options. Candidate (b) attempts to remain faithful,
violating *VOICELESSSTOPMORA to satisfy IDENT[voice], IDENT[continuant], and MAX[PLACE].
Candidate (c) violates IDENT[continuant] to satisfy *VOICELESSSTOPMORA, though in doing so it
also violates *VOICELESSFRICATIVEMORA. Candidate (d) attempts to vacuously satisfy the
entirety of *OBSTRUENTMORA by PLACE-deleting to [?]. However, this violates a high-ranked
MAX[PLACE], omitted here for space, and *?. Candidate (e) attempts to render the situation moot
by epenthesizing a [9] to absorb the mora, thus vacuously satisfying all IDENT and *OBSTRUENT

MORA constraints at the cost of violating DEP. Candidate (a) violates IDENT[voice] and
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*VOICEDSTOPMORA by voicing to [d], allowing it to satisfy *VOICELESSSTOPMORA. Since those
constraints are low-ranked, this leave Candidate (a) as the winner at this step.

The high ranking of *? eliminates (d) from consideration immediately. As noted above, there
is also a MAX[PLACE] constraint which is not very highly ranked: if [?] were allowed to win, the
derivation would simply PLACE-delete at the following step rather than lenite, following
McCarthy (2018).% The faithful candidate (b) is eliminated by markedness considerations: moraic
voiceless stops are the most marked of the sonority curve, and without a high-ranked faithfulness
constraint to protect it a change must be made. The high-ranked DEP constraint rules out
candidate (e). Thus, the choice comes down to either frication, as fricatives are more sonorous
than stops, or voicing, since a voiced segment is more sonorous than an unvoiced one. As the
ranking shows, in this situation voiced stops seem to be more sonorous than voiceless fricatives.
Since it is one step to either [s] or [d], and [d] is the more sonorous choice, candidate (a) wins out

(Parker 2002:55, 226).° This derivation can be seen in tree form below, in Figure 6..

Figure 6: /t/—[d]

i [dl

- sonorant - sonorant
+consonantal +consonantal
- approximant - approximant

LARYNGEAL [ contimuant] [ wasal] [ tateral] [ amident] LARYNGEAL [-continuant] [ nasal] [- tateral] [strident]

[+voice]

PLACE :: PLACE

CORONAL CORONAL

[- voice]

[+anterior] [+distributed] [Fanterior] [+distributed]

4 The reasoning for this solution over simply ranking MAX[place] high in the derivation is not relevant to this
present dissertation, but can be found in Shaftoe (2019).
5 See the above Shaftoe (2019) for further discussion of why we must derive to [d] rather than [s] here
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Note that there was no option for lenition directly from [t] to [z], even though both [s d] were
offered as options. This is because while [s d] are each only one step away from [t], their changes
are focused on different feature nodes. The feature [continuant] is dominated directly by the
ROOT node, while [voice] is part of the LARYNGEAL node. Thus, as per the assumptions in
Sections 3.2 and 3.3, both of these features cannot be changed at the same time. Only one of the
two nodes under consideration can be altered. Thus, [z] was not a licit option at this step.

In step 3, however, [z] finally comes under consideration.

(36) Step 3: Frication

ed.ni.ko *VOICED | *VOICED | IDENT *z
| Stop FRICATIVE | [continuant]
1) MORA MORA
[+voice] [-continuant]
CORONAL
a. ed.ni.ko *1
|
il
[+voice] [-continuant]
b. — ez.ni.ko * * *
|
il
[+voice] [+continuant]

The choice here is whether to converge or to lenite further. Candidate (a) is faithful,
satisfying IDENT[continuant] and avoiding the markedness violation on *VOICEDFRICATIVE
MORA. However, in doing so it violates *VOICEDSTOPMORA, which is the highest-ranked of the
three. In contrast, candidate (b) obeys *VOICEDSTOPMORA by changing to [+continuant], though
this in turn violates the lower-ranked *VOICEDFRICATIVEMORA and IDENT[continuant]. Thus, the

ranking clearly favours candidate (b). This change is represented in Figure 7, below.
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Figure 7: [d] —/[z]

[d] [z]

- sonorant - sonorant
+consonantal +consonantal
- approximant - approximant

LARYNGEAL [-continuant] [ masal] [ lateral] [ strident] HARTNGEAL [reontinasi]F aasal] |- lateral] [ strdent]
[+voice] [+voice]
PLACE ::> ‘ PLACE
CORONAL /Cigl
[+anterior] [+distributed] [*anterior] [+distributed]

The frication of the input leads the derivation to its next, most crucial step. The proper
derivation of this step will require some explanation, as well as a new assumption not yet used in
this derivation. Important to note is that this derivation must, if done properly, converge on the
output [j]. As the next step will show, this is a task easier said than done. Note that the inclusion
of palatalized [3] is used only to consider a conceivable, though seemingly not actually possible,
path to [j]: palatalization of the fricative. This would align the CORONAL features correctly for a
follow-up transition into palatal [j]. However, while it has a more convenient PLACE, it is still a
voiced fricative, and would therefore have the same sonority as the input [z]. Thus, the candidate

is included only to show why a fricative palatalization solution does not seem possible.
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ez.ni.ko *VOICED MAX[PLACE] | IDENT *LIQuID
| FRICATIVE [ROOT MORA
0 MORA NODE]
[+voice] [+continuant]
CORONAL
a. ez.ni.ko *1
|
i

[+voice] [+continuant]
[-anterior, +distributed]

b.

ez.ni.ko

n
[+voice] [+continuant]

[+anterior, +distributed]

*|

C.

«— er.ni.ko

i
[+voice] [+continuant]

[+anterior, +distributed]
[+approximant]

d.

eh.ni.ko

0
CORONAL

*|

Four candidates are considered at this step. Candidate (d) offers PLACE-deletion to vacuously

satisfy all the *OBSTRUENTMORA and *SONORANTMORA constraints, being blocked only by the

ranking of MAX[PLACE]. Candidate (a) is, of the three, the most reasonable for further derivation

into [j]: it agrees with the [anterior, distributed] values of [j], where [z] agrees more with dental

[r]. However, there is no clear harmonic advantage to this palatalization; it does not seem to

actually increase sonority to any meaningful degree, and it would also violate any IDENT

constraint which targets any of the relevant features. Furthermore, candidate (c) harmonically

binds candidate (a). The difference between [z] and [3] is a single step, changing the values of

the CORONAL node. Equally far away is dental [r], which has only differences in the ROOT node,

changing [z]’s [-sonorant, -approximant] features into [+sonorant, +approximant]. There is no
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harmonic advantage to palatalization at this step, as [r] will always be more sonorous than either
[z] or [3]. Thus, while candidates (a) and (b) are eliminated by violating some variant of
*VOICELESSFRICATIVEMORA, [1] satisfies it and wins. It does this despite violating IDENT[ROOT

NODE].

Figure 8: [z]—[r]

= [zl
- sonorant Tsonorant
+consonantal [+consonantal]
- approximant +approximant

LARYNGEAL [+continuant]f nasal] [- lateral] [-strident] LARYNGEAL [+eontinuant][ nasal] [- lateral] '[-stddmt}
[+voice] [+voice]
PLACE :> . PLACE
CORONAL COSONAL
[anterior] [+distributed] Cranterior] [+distributed]

Thus, in this step a problem arises, rooted in the specifics of the CORONAL node. The attested
output is known to be [j]. However, [j]’s CORONAL node is valued as [-anterior, +distributed],
while that of [z] is [+anterior, +distributed]. Furthermore, there is a possible [+anterior,
+distributed] approximant: dental [r]. If we retain the basic assumption that only one node can be
changed at a time, then any alveolar alternation into [j] must pass through [r]. Important to note
here is that Chilean Spanish does not allow dental [r], not even allophonically (Sadowsky &
Salamanca 2012:74). Since [j] would differ from dental [] by features from two different, being
[anterior] and [consonantal], Gradualness would prevent [j] from appearing as a candidate at the
next step. These two facts taken together imply that any derivation to dental [r] would result in a
following step that made the segment alveolar [r], as [j] would not yet exist as a candidate and

the input of dental [r] demonstrably will not be allowed to surface. Since the regular Chilean
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Spanish [r] does not lenite to [j], the derivation would logically end there, as HS has no means of
differentiating the derived [r] from its underived counterpart. Thus, the derivation cannot be
allowed to pass through an [r] stage, as that would create a paradox: one set of [r] would lenite to
[j1, while another did not, and yet both would be under the same conditions. In any form of HS,
there is no inherent difference between underlying and derived segments: the constraints target
the feature definitions at the present step, not the history of the segment. Therefore, this derived
[r] should surface just like the underlying /r/ does.

The solution is to reconsider the Gradualness assumptions at play. To this point this
derivation has acted on the assumption that only the immediately dominated features of a single
node can be changed in one step. This alveolar-to-[j] problem requires an addendum to be
resolved: the Specified PLACE Exception. Under this principle, in addition to changing any
number of features within a node in one step, it is possible to change the constituent features of
the specified PLACE node in the same step. That is, the constituent features of the CORONAL node
can be revalued at the same time as the ROOT node features. Note that this does not allow
multiple nodes to be changed: one cannot change the ROOT node features and change the PLACE
node to change from CORONAL to LABIAL. The PLACE changes must remain internal to current
specified PLACE node of the input at that step. What it does allow is for a single step to change,
say, ROOT node features as well as the features of the specified PLACE node, such as [anterior,
distributed].

Under this new assumption, consider an updated Step 4, below.
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[+voice] [+continuant]
[-anterior, distributed]

ez.ni.ko *VOICED | *VOICED | IDENT *LIQUID | *GLIDE | IDENT
| FRICATIVE | FRICATIVE | [ROOT | MORA MORA | [CORONAL
0 MoRA MORA NODE] NODE]
[+voice] [alveolar] | [palatal]
[+continuant]
CORONAL
a. ez.ni.ko *1
|
u

b. ez.ni.ko

i
[+voice] [+continuant]

[+anterior,-distributed]

*|

c. er.ni.ko

n
[+voice] [+continuant]

[+anterior,-distributed]
[+approximant]

*

d. —e¢j.niko

n
[+voice] [+continuant]

[-anterior,+distributed]
[+approximant]

Here, the same step is shown again with a new fourth candidate. Candidate’s (a-c) are the

same as in the first attempt at Step 4. The new candidate (d) glides and palatalizes into [j], a

change made possible under the new assumption. Elsewhere, IDENT[ROOT NODE] would be used

to prevent the gliding of underlying moraic [r] into [j], due to the two segments disagreeing on

the feature [consonantal], and that derivation therefore incurring a violation mark. In this

derivation, however, derivation to either of these segments would make changes to the ROOT

node of [z], and thus both options violate the constraint. This causes a tie, allowing moraic
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sonority principles to take effect. Thus, candidate (d) wins due to *GLIDEMORA ranking below
*LIQUIDMORA.
The changes are shown below.
Figure 9: [z]—[j]

[

]
- sonorant +sonorant
+consonantal -consonantal
- approximant +approximant

LARYNGEAL [+contitmant]E masal] [ tateral] [<mident] LARYNGEAL [+continmuant]- nasal] [- tateral] [strident]

[+voice] [+voice]
PLACE : . PLACE
CD\HDNAL CDBIDNAL
[+anterior] [+distributed] [-anterior] [+distributed]
This brings the derivation to its final step, convergence.
(39) Step 5: Convergence
ej.ni.ko IDENT[Syllabic] *GLIDE MORA
|
M - -
[+voice] [+continuant]
[-anterior, +distributed]
[+approximant] [-syllabic]
a. —ej.ni.ko *

i
[+voice] [+continuant]

[-anterior, +distributed]
[+approximant] [-syllabic]
b. e.i.ni.ko *1

I
[+syllabic]

At this step the derivation can either converge or continue on to fully vocalize. Vowels, after
all, naturally bear morae and thus would be exempt from minimum sonority concerns. Thus,

from a markedness perspective, they would be the most favoured mora-bearers. This is borne out
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in the tableau through the absence of any markedness constraint disfavouring it. What candidate
(b) does violate, however, is the relevant faithfulness constraints. At present, this study does not
make claims regarding of the position of the feature [syllabic], save that it does not seem to be in
the same place as the ROOT node features [consonantal, sonorant, approximant]. Thus,
IDENT[syllabic] is used to represent the faithfulness restriction against, among other things,
glides becoming vowels. IDENT[syllabic] ranks above *GLIDEMORA, indicating that it is better to
avoid changing a segment’s syllabicity than for a glide to be moraic.® Thus, candidate (b) is
eliminated and the faithful candidate, (a) wins. This causes the derivation to reach convergence.
3.3.2 Nodal Faithfulness Discussion

Thus, from the above analysis we can conclude a few points. The first is that, albeit through
the use of the rather dubious Specified PLACE Exception, the Nodal Faithfulness model was
able to successfully model a non-assimilatory feature-changing process, that being the lenition of
/t/ into [j]. This is important to comment on, as there is a difference between a model which is
fundamentally broken, in that it fails to correctly model the data it is intended for, and one which
is cumbersome or theoretically suspect. The latter is what we face with Nodal Faithfulness. As
seen above, it is entirely possible to create a derivation which correctly predicts the attested
input-to-output relationship observed in Chilean Spanish.

This leads into the second point, which is that the means by which Nodal Faithfulness is able
to succeed are problematic. The model should, all told, have failed at the original Step 4, where it

became impossible to avoid deriving into dental [r], and then on to non-dental [r], on the path to

® Note that several other constraints might also prevent full vocalization just as effectively as IDENT[syllabic]. ONSET
bans onsetless syllables, which a new vowel would naturally form. Similarly, VOWELHIATUS, which disfavours
adjacent vowels, would be violated by the resulting V.V sequence. Further research would be required to determine
which of these constraints is actually preventing vocalization in Chilean Spanish. For this present analysis, however,
IDENT[syllabic] functions adequately, and will continue to be used.
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[71, as [j] itself could not be a licit candidate at that step when assuming feature-by-feature
changes. This was a major issue, as underlying /r/ does not lenite into [j] when moraic, meaning
that there must be some other difference between underlying /r/ and this derived [r] if that
derivational path were to succeed. No such difference was apparent, and so it produced a wrong
output. This outcome was averted in the alternative Step 4, which invoked the Specified PLACE
Exception to make [j] an available candidate at that step. Thus, by permitting a change directly
from [z] to [j], the problem of [r] was avoided. For a broader analysis to work, all that is required
is to make it such that no [r], whether underlying or derived, would be a target for lenition. This
can be simply handled by inserting IDENT constraints which protect sonorants but not
obstruents. This is starting to shift into looking like quite a reasonable analysis, and it is along
these lines that in Section 3.5.4 the later FGHS analysis of this same data will proceed. However,
at the present time, the issue remains that this rather solid path forward is built in a shaky
foundation.

The Specified PLACE Exception is obviously ad hoc at best, being based on no broader
observed patterns. It is an invention of convenience, intended to solve a problem which cannot
be solved when assuming both feature-by-feature changes and full specification of underlying
segments. As noted, without it [j] could not be a candidate at Step 4 without the SPE. If we
question the SPE, rather than simply accept it without external justification, then we find it has
no real grounds. Keep this in mind when reading the FGHS alternative, and see how the same
data is much better explained through the use of underspecification.

3.4 FGHS and Lenition
This leads into the purpose of the rest of this chapter. Before further work can be done

regarding the reintegration of modern phonology and historical linguistics using FGHS, the
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validity and usefulness of FGHS must first be ensured. To this end, the following section will
cover a selection of assimilation and lenition processes. The assimilation processes have been
selected to expand on the core ideas introduced in McCarthy (2008a, 2018), that is, to show a
fuller account of how nodal feature geometry is essential to HS. The above-mentioned sources
introduced it as necessary for explaining how deletion works in HS. This section will show the
implications of the adoption of nodal feature geometry of the broader theory. The lenition
processes are used to explore more mundane processes and show how even they require a
knowledge of the feature structure to properly account for. Included in the assimilatory processes
are several instances of what seems to be ROOT-first deletion, analyzed from the floating
PLACE nodes which are left behind.

To that end, this section will cover a crosslinguistic survey of three lenition processes and
one assimilation process, so as to test FGHS in the field. The selection of lenition as the primary
topic is very important: the key to investigating FGHS is what can be called ‘non-assimilatory
feature alternations.’ Cases of assimilation do involve knowledge of the feature structure of the
segments involved, but are more concerned with the reassociation of feature bundles.
Assimilation allows for multiple features to change at once through the assimilating segment
attaching to the relevant node of the other involved segment. That is, features undergoing
assimilation do not need to necessarily ever change themselves: they are simply replaced by
features with a different specification, generally by the reassociation of feature nodes between
segments.

Here we will primarily focus on segment-internal changes, as these are generally the best
suited for testing out this model. In these cases, the features must actually change their

specification, or (depending on which features are underspecified) be inserted anew with a
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particular specification. Hence the long discussion above of how many features can be changed
at once, as that is crucial to analyzing the progression of one segment into another via non-
assimilatory means. In lenition processes not driven by assimilation, this is what is observed:
features are changed not to agree with surrounding segments, but to achieve some other end.

It should be noted that many phonological processes, even cases of non-assimilatory lenition,
are relatively simply procedures. Consider voiced stop spirantization, in which voiced stops
fricate under a variety of environments cross-linguistically (Kirchner, 1998). In an alternation of
/d/—[0] the only feature change would be [-continuant]—[+continuant] (Hall 2007). Such
alternations are well within the capacity of FGHS, but do not particularly test its derivational
aspect: being only one operation long they are too fast, procedurally speaking, for the broader
featural structure to bear on the outcome. It is only in more extreme alternations, in which
multiple features change, where FGHS becomes important.

3.5 FGHS Analyses

The following examples will be used to demonstrate the usefulness of FGHS: coda stop
gliding in Chilean Spanish; coda /1/ vocalization in Serbian; ROOT deletion and place
assimilation in ancient Latin; place assimilation and ROOT deletion in Catalan. Each of the
phenomena has been analyzed before, using other models. All the data here is drawn from
published papers noted in the relevant sections, and the analyses to follow are designed as
adaptations of these analyses into FGHS. The purpose of this section is not, therefore, to solve
unanswered questions in phonology. Rather, its purpose is specifically to show how FGHS works
by using data which is already understood and has already been analyzed in other reputable
models. After all, a model which cannot explain data which is known to have been solved by

another model is, in the end, a waste of time and effort. Thankfully, as these following analyses
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show, FGHS is at the very least equally as capable as the models originally used to analyze this
data. Note that the Chilean Spanish analysis here is a direct response to that given in Nodal
Faithfulness above, demonstrating the superiority of FGHS over Nodal Faithfulness.

Each of the following sections acts almost as a small paper of its own. They assume the
theoretical framework discussed through this chapter, and move directly into a short explanation
of the data followed by relevant analysis and discussion.

3.5.1 Latin

At a certain early stage of the history of Latin, there is evidence of a floating consonantal
PLACE node (Cser, 2011). Words which in the prehistory of Latin had initial [gn] sequences saw
reduction of the [g], leaving the overt pronunciation of these words as only initial [n]:
[gnoskere]—[noskere]. However, the [g] does not seem to have been fully deleted, as evidenced
by two things: first, that only prefixes which ended in coronal segments could be attached to
these words; and second, that those morpheme-final coronals would assimilate to velar place
when attached (Cser 2011). It is the second fact which is most interesting. From a surface
perspective, these alternations make little, if any, sense. Consider the prefix in-: the
concatenation of in- to [noskere], with two coronal nasals becoming adjacent, somehow outputs
to [in.noskere]. This could be argued to be an instance of dissimilation, but the grounds for such
a claim are vague outside of the obvious surface data. The key question is, of course, why the
velar place should be selected over any other option.

The solution is, as argued by Cser (2011), is to analyze the reduction of [g] not as full
deletion, but as reduction to a floating PLACE node: that is, as the deletion of the ROOT node. If
the PLACE node remains behind, then both the above facts are to be expected. Non-coronal

consonants and vowels cannot properly link with the floating PLACE node, and due to an



| 100

apparent refusal by Latin to delete it, the resultant output would cause a crash: therefore, the
affixation is simply banned. As regards the assimilation of morpheme-final coronals, it is well-
attested that coronal place is ‘weaker’ than dorsal and labial. This weakness often manifests as
underspecification of coronal PLACE, though it can also be represented as constraints which ban
coronal PLACE. Either way, the product would be a segment which lacks a native PLACE node,
and could therefore provide an easy home for the floating velar node. The result would of course
be a velar segment, as is attested in the data. The sequence can be represented as such:

(40) [#gn]—[#[DORSALn]—[in+[DORSAL]n]—[iy.n]

The deletion of the ROOT node is shown below in a diagram from Cser (2011).

Figure 10: Diagram of ROOT-first deletion, adapted from Cser (2011)

- sonorant

LARYNGEAL [-contiant] [-nasal]

C-PLACE l::> . C-PLACE

DORSAL DORSAL

[+voice]

[+back] [rhigh] [+back] frhigh]

The requisite constraints are as follows:

(41) *#gn: assign a violation mark for every instance of word-initial [gn]

a. According to Cser (2011), [g] was lost as a full segment word-initial sometime in
the prehistory of Latin; due to a lack of information on this change, it has been
represented by the above temporary constraint

(42) MAXROOT: do not delete the ROOT node
(43) MAXC-PLACE: do no delete the C-PLACE node
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(44) HAVEROOT: assign a violation mark for every segment which does not have a ROOT
node
(45) HAVEPLACE: assign a violation mark for every segment which does not have a PLACE
node
(46) NOLINK[PLACE]: do not add an association line to a PLACE node
b. Note: this constraint can be specified to target either C-PLACE or V-PLACE, or
could be used to refer to any association line linking to either kind of PLACE
node
(47) ConDACOND: do not have PLACE in the coda
c. Note: this does not ban segments having PLACE while in coda, just that the
PLACE node be in an onset (McCarthy 2008)
(48) *FINALSTOP: assign a violation mark for every word-final stop

With the constraints established, we can begin the analysis. Here we begin by reducing the
morpheme-initial /g/ to a floating PLACE node.

(49) Step 1: ROOT-deletion

[#gn/ MAX[C-PLACE] *#en MAXROOT HAVEROOT
a. #¢n *|

—b. #{C-DORSAL]n *
c. #fign *| i

In Step 1 the restriction against word-initial [gn] sequences must be satisfied in some manner.
Putting aside the discussion of why the [n] is not reduced instead, there are two options for
achieving this: either reducing the [g] to [?] by deleting its C-PLACE node, or reducing it to a C-
PLACE node by deleting its ROOT node. If this environment is to trigger velar place
assimilation in prefixes, and block the affixation of prefixes which cannot so assimilate, then it
cannot be the C-PLACE node which is deleted. Rather, the ROOT node must be deleted here,
leaving behind a floating C-PLACE node. This is represented by the high ranking of Max|[C-
PLACE], which prevents candidate (a) from winning.

(50) Step 2: Convergence
#[C-DORSAL]n MAXC-PLACE *Hon MAXROOT i HAVEROOT




| 102

a. #n *|

—b. #{C-DORSAL]n

The derivation converges in the second step, as nothing further happens when dealing with
this process. While not directly analyzed here, it remains something of an open question as to
how the ROOTless C-PLACE node was handled in actual speech: it was obviously left
unpronounced, but whether this was due to it being deleted by some process before production,
or simply being left unparsed, is not clear. Do note that this change seems to have affected the
lexical entry: it does not seem that the ROOT node was continually re-deleted, but that it was
absent from the underlying representation (Cser 2011). Thus, the structure would resemble the

diagram below:

Figure 11: Diagram of rootless C-PLACE and follow [n], adapted from Cser (2011)

[n-]

[+nasal]

C-PLACE C-PLACE
DORSAL CDLDI‘-AL
[+back] Fhigh]

After the ROOT-deletion had occurred, its reflexes continued to trigger place assimilation to
velar in prefixes. A situation would thus arise in which a prefix ending in a coronal nasal, such as

in-, could attach to a word which began phonetically with another coronal nasal, such as
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gnoscere [noskere], and be pronounced [innoskere]. This clearly shows the persistence of the
velar C-PLACE node.

(51) Step 1: Place Assimilation

/IN+H[C-DORSAL]In/ | MAX[C-PLACE] | HAVEROOT HAVEPLACE | NOLINK
[C-PLACE]

— a.in.n *

b. iN.[C-DORSAL]n *| i *|

c.iIN.n *| *

In Step 1 the ROOTless C-DORSAL node must be resolved. It is a standard assumption that
coronal segments are underlyingly placeless, since coronal is the default place and will be
inserted automatically. There are therefore three options for resolving this situation: the C-
DORSAL can be deleted, which would violate MAX[C-PLACE]; the situation can be left as is,
with a placeless nasal and a rootless C-PLACE node; for the C-PLACE node can attach to the
preceding nasal, making it velar. Since Max[C-PLACE], HAVEROOT, and HAVEPLACE outrank
NOLINK[C-PLACE], Candidate (a) wins out: it avoids deleting the C-PLACE node, and provides
a place for the nasal and a root for the C-PLACE node, all in a single operation.

(52) Step 2: Convergence

.n MAX[C-PLACE] HAVEROOT HAVEPLACE | NOLINK[C-PLACE]
— a.in.n
b. in.N d L

With the C-PLACE reassociated there is no need for further changes, and the derivation
reaches convergence at step 2. Note that HS nasal place assimilation follows a similar pattern to
two-step deletion, with PLACE-deletion followed by reassociation. The PLACE-deletion has
been omitted here despite the conventional analysis and despite Cser including it in his analysis,

due to the assumption that the nasal in in- would be underlying placeless. Since the assimilation
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only occurs with coronal segments, it is most reasonable to assume that the coronal segments are
underlyingly underspecified for PLACE. Even Cser (2011) argues that coronals were allowed to
attach to the floating [C-DORSAL] node due to the “weakness” of coronal place, which in
feature-geometric terms would be explained as being underspecified.

The next matter to attend to is what happens when there is not a conveniently placeless
consonant to take the floating PLACE node. In particular, what happens when a vowel precedes
the floating PLACE node? As Cser (2011) notes, the empirical answer is that it simply did not
happen. Forms such as *renoscere and *regnoscere are both conspicuously absent from
surviving Latin data. The reason for this is somewhat explained by the partial derivation given
below. This will only cover one step, as nothing more is required to make the relevant point.

(53) Step 1: Crash

/re+[C-DORSALI]n/ MAX *? | DEP HAVE | HAVE | NOLINK
[C-PLACE] [ROOT] | RooT |} PLACE | [C-PLACE]

a.r7.n P ] *

«b. re.[C-DORSAL]n *

c.re.gn *|

d.ren *|

Some notes on the tableau above are in order. The first is the use of <?> as a segmental
symbol. It represents that the output of this operation is unclear: it is presently unclear what
would result from attaching a C-PLACE DORSAL node to [e]; it should result in a consonant
with a secondary articulation, as per Cser (2011), but which segment exactly would emerge is not
entirely obvious. Furthermore, it does not ultimately matter, as this form is never attested. Since
there is no attested Latin segment of this form, we can assume that there is some constraint

which would ban it from surfacing, leading to the *? constraint. This constraint is functionally
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temporary, simply representing the fact that Latin did not use or allow this segment to emerge.
Since it is never observed, the details of its prohibition are not currently relevant, though perhaps
would be interesting material for future research. The feature-geometric situation is depicted
below, in another diagram from Cser (2011). We see here that there is no licit node for the
floating C-PLACE to dock with, as the following nasal has a C-PLACE and the preceding vowel

has a V-PLACE. It thus produces a malformed structure.
Figure 12: Diagram of Assimilation Crash, adapted from Cser (2011)

X re + [ﬂ—]

\

Fnasal]

V-PLACE
| C-PLACE! C-PLACE

DOESAL DORSAL COEREONAL

[-back] [-high] [+back] Frhigh]

The deletion of the floating PLACE node is banned for the same reasons it was banned in the
earlier analysis, that being the high ranking of MAX[C-PLACE)]. Since this outranks everything
else in the derivation, save potentially for whatever constraint bans [?], there is no available
option to eliminate it. This leaves a C-PLACE with nothing to dock to, creating a pronunciation
crash. That means that the only solution which would allow a pronounceable word to emerge

would be to reinsert the ROOT node for initial [g], which would incorrectly predict an output
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such as *regnoscere. Thus we are left with an insoluble problem, as the only available options all
violate the data as observed.

Fascinatingly, however, it is this very problem which is the source of the solution. As Cser
(2011) says, the actual Latin solution seems to have been to simply ban the use of phonologically
incompatible prefixes, leaving forms such as *renoscere and *regnoscere unattested. That is, the
language had no coherent solution to the interaction of the floating [C-DORSAL] node with a
vowel, and so it instead simply prevented them from ever interacting. This is an important point
to take away for phonology generally, and FGHS in particular: that not all phonological
problems have phonological solutions. Distribution, and other non-phonological linguistic
factors which amount to distribution, can decisively shape or even solve phonological problems.
Indeed, as the analysis above shows, there is no good phonological answer for what should
happen if that floating [C-PLACE] node follows [e]. But that problem is irrelevant if it never
actually does interact with [e]. By preventing the two segments from being adjacent within a
word, Latin prevents any such insoluble problem from arising in practice. This should be taken
as a strong example of alternatives to simple derivation and constraint ranking when dealing with
difficult problems. That is, if an environment never actually exists, it does not need to be
accounted for in the constraint ranking.

From this we find the full explanation for the data. Where there is a placeless preceding
segment, prefixation is allowed, since the floating C-PLACE can simply attach to it. Where there
is a preceding PLACE node, however, either an illicit segment would emerge, which was banned
by the grammar, or the C-PLACE would be left floating without a home, intervening between the
prefix and the root. This would seem to have risked some sort of phonological crash, and so such

interactions were simply banned, leading to the asymmetric distribution of prefixes in Latin.



| 107

This data also strongly demonstrates two principles for FGHS. The first is that it must allow
ROOT-first deletion, as otherwise there would be no way to explain the floating [C-DORSAL]
node. This is a point which will be explored more in the Catalan analysis below. The other
principle is the importance of underspecification in FGHS. Without underspecifying the coronals
in the prefixes, there is no clear way to explain why coronal-final prefixes were allowed to attach
for *gn words, while other prefixes were not.

3.5.2 Catalan

The next example comes from Catalan, as per Hualde (1992). Catalan has no phonemic /1/,
but does have nasal place assimilation (Hualde, 1992). This leads to allophonic [g] emerging
before velar stops. This process interacts opaquely with word-final stop deletion, which can leave
orphaned [n] in word-final position. This process can be optionally blocked when it precedes a
vowel, producing the situation shown below, cited from Hualde (1992):

(54) El ba[nk] obre
(55)El ba[n] obre

I will argue that this process violates the conventional HS deletion method, and requires
instead ROOT-first deletion. In doing so it demonstrates the necessity of feature-geometric HS,
as without accurate awareness of the feature-geometric structure of the segments (and
intersegmental interactions), incorrect predictions would be made about the progression of the
derivation. FGHS predicts the possibility of this process by delineating the two steps of HS
deletion into independent operations: PLACE-deletion and ROOT-deletion.

We will use the following constraints to derive /bank/—[bang]

(56) HAVEPLACE: assign a violation mark for every segment which does not have a PLACE
node

(57) NOLINK[PLACE]: assign a violation mark for every association line in the candidate
which is not present in the input

(58) *FINALSTOP: assign a violation mark for every word-final stop
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(59) MAX[ROOQOT]: assign a violation mark for every ROOT node in the input which does not
have a correspondent in the output

We can see the overall change in the diagram below.

Figure 13: Diagram of /baNk/—[bay]

[N]

+ sonorant
+ consonantal
_ approximant

[- continuant] [ nasal]

- sonorant
+ consonantal
- approximant

[-contimant] [-nasal]

LARYNGEAL LARYNGEAL

[+ voice] [ voice]

DORSAL g

[+back] [-low] F+high]

With the groundwork established, we can now turn to the analysis itself.

(60) Step 1: Nasal PLACE assimilation

/baNk/ HAVEPLACE | NOLINK[PLACE] *FINALSTOP [MAX[ROOT]
—a. bagk * *

b. baN? *1* *

c. baN[C-DORSAL] *| B

d. baNk *| i

At this step HAVEPLACE needs to be satisfied on [1]. This blocks any application at this step
of PLACE-deletion for [k], as deleting that C-PLACE node only adds a new violation of
HAVEPLACE. As well, at this stage deleting the ROOT node off the [k] fails to immediately
resolve the HAVEPLACE violation. Thus the solution is to link the velar C-PLACE to [g]. This
violates NOLINK[PLACE], but as HAVEPLACE outranks it the assimilation still wins.

(61) Step 2: ROOT deletion
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bank HAVEPLACE NOLINK[PLACE] | *FINALSTOP  [MAX[ROOT]
—a. bayg
b. baN? *P* *

It is thus at Step 2 that ROOT deletion becomes a viable option. With HAVEPLACE satisfied,
the derivation must now resolve the violation of *FINALSTOP. There are two options: the
derivation can either engage in conventional HS deletion, or delete the ROOT node first.
Something which FGHS predicts which is missed by regular HS is that at this stage, PLACE-
deletion (the conventional first step in full deletion) would not only reduce [k] to [?], but would
also reduce [n] to [N]. These two segments share a PLACE node as a result of Step 1; therefore,
the deletion of PLACE for one automatically deletes PLACE for the other. While this would
satisfy CODACOND (not here depicted), it would fail to satisfy *FINALSTOP due to the continued
presence of [?]. Instead, [k] must have its ROOT node deleted. The result of this would be to
leave the C-DORSAL node still attached to [n].

(62) Step 3: Convergence

bay HAVEPLACE NOLINK[PLACE] *FINALSTOP  [MAX[ROOT]
—a. bayg
b. baN *

At this step no further improvements can be made, as all relevant constraints have been
satisfied. Thus the derivation reaches convergence. This process shows the importance of
incorporating specific information about the feature geometry in HS: without that, the double-
place-deletion possible in Step 2 would go unpredicted, and without opening up to ROOT-first

deletion the process in general cannot be analyzed.
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3.5.3 Serbian
The Serbian analysis here is based on Morén (2006), and is both an adaptation to FGHS, and

to a Clements & Hume (1995)-style feature geometry. Observe the data, from Morén (2006):

(63)/'oral/ — [o.ra.o] “eagle”
(64)/ peval/ — [ pe.va.o] “sang”
(65)/'ka:lan/ — [ 'ka:.lan] “dirty”
(66)/'val/ — ['val] “wave”

In this data, there is an alternation between /1¥/ and [o] when in coda position. This is
therefore a rather classic case of vocalization, something which Morén (2006) notes is often
difficult in traditional feature theories but is made very easy by the Parallel Structures Model he
uses. The analysis to follow here will show that it is also entirely possible to model this change
in FGHS via the use of Clements & Hume (1995).

Before getting into the analysis proper, we must first briefly discuss notation and the nature
of [o] in this data. Something interesting is that Morén (2006) does not ever represent the output
[0] as its own syllable. Rather, without any comment, he consistently marks it as part of the same
syllable the underlying /I¥/ had been part of prior to vocalization. This decision implies that,
despite the lack of any direct symbolic marking, the resulting vocoid is a glide rather than a full
vowel. This proposal has some interesting backing in the fact that if preceded by a consonant, /1/-
vocalization is blocked and the /I¥/ instead becomes syllabic (Browne (1993). This is very
relevant, as it shapes decisions in terms of what the present derivation is attempting to
accomplish. It should be noted that the following discussion is a consequence of using Clements
& Hume (1995): the Parallel Structures Model which Morén (2006) uses does not seem to have
the issue outlined below, as there the /1/ directly vocalizes into [9].

There is a potential problem hanging over this particular vocalization in FGHS, which is that

the /1/ is understood as being velarized in Serbian, thereby explaining why it vocalizes to a back
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vowel. However, it surfaces as [0] rather than [u]. In Clements & Hume (1995) the latter vowel is
much more like velarization than is [0]. Indeed, velarization is represented in that model as being
a consonant with a V-PLACE node identical to that of [u]. This is a problem that could perhaps
be resolved inside of a derivation, but here the matter will instead be dealt with here.

This is where the relevance of [o] being a glide rather than a full vowel comes into play. If
Serbian /I/ fully vocalizes into a full vowel, then there is no clear reason why it should not then
become [u]. There are three possible solutions in theory, the first two of which would be
derivational, while the third is more a matter of establishing preconditions. The first solution is
that there is some constraint which prevents vocalization to [u], and makes [0] the preferable
choice at the time of vocalization. This runs immediately into the problems listed above, and is
all told precisely what we are at present attempting to avoid. The second solution is to say that
there is some constraint ranking which would first cause vocalization to [u], and then derive that
[u] into a final [0]. The causes for this are unclear at best, and without more specific details on
the featural nature of that intermediate [u], it runs into the same problem observed with the
Chilean Spanish data in 3.3.1 above, and which will be revisited in 3.5.4 below: HS does not
distinguish between underlying and derived segments. An [u] is an [u] as far as EVAL is
concerned, unless we could demonstrate some difference in the feature definitions which those
symbols represent. After all, if underlying /u/ were to differ in its featural definition from the
derived vowel labelled as [u] for convenience, then there could be an operation which targets one
and not the other. Lacking any clear motivation for introducing such a distinction, however, we
must move on to the third option. This is to reject the idea of winning a competition with [u]
entirely, by invoking the above-discussed point that in this data, the [o] being discussed seems to

be a glide rather than a full vowel. If it were a glide, then it would not be competing with [u] for
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realization, as the difference in syllabicity, however one chooses to represent it, would be an easy
way to distinguish them. So long as there is something like IDENT(syllabic), or some other
constraint which fills the same role, in a high-ranked position, then we would not expect [u] to be
a viable candidate at all. Therefore, [0] would not be competing against what is clearly a better
vowel for the situation, but against the glide inventory of Serbian.

This is where things become quite interesting. Serbian only has one phonemic glide, marked
as [v]. This glide is not identical to [w], but is instead purely labial. Therefore, as is obvious, it
lacks any dorsal V-PLACE node. This means that it cannot appear as a candidate within a single
operation from input /1¥/, and is therefore not a viable competitor to [o] at the crucial moment.
This assumption will shape the derivation shown below. It allows for the analysis to take on a
shape rather like that of the second proposal above, wherein we would first derive to [u] and then
lower to [o]. That direct path is, as noted, not clearly likely. There is, however, a similar path
through the glides. We have noted elsewhere that in FGHS, it is possible to produce purely
intermediate segments, that is, segments which only emerge as part of a derivation and are never
allowed to surface in a language. This data gives us a clear example of this, as rather than
deriving through [u], we will instead derive through [u], the glide counterpart to [u]. This
provides the featural difference mentioned above: a difference in [syllabic], or whatever feature
is held to distinguish glides and vowels.

Thus we come to the constraints for this analysis. They are as follows:

(67) *CoDA/I: assign a violation mark for every [1] in coda position

(68) MAX[lateral]: do not delete [lateral]

(69) *uy: assign a violation mark for every non-syllabic, non-[-high] dorsal glide (that is, for
every [uj])

(70) DEP[high]: do not insert [high]

(71) DEP[LABIAL]: do not insert a LABIAL node

(72) IDENT[syllabic]: assign a violation mark for every [syllabic] feature which does not
correspond to its specification in the input.
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With the constraints established, we can begin the derivation, as seen below.

(73) Step 1: Gliding

/pe.val/ IDENT[syllabic] | *CobaA/l Max[lateral] | *uy | DEP[high]
a. pe.val *1

— b. pe.vay * *
C. pe.va.u *1 * *
d. pe.val *1

Due to a high-ranked ban on coda /1/, the segment must undergo some sort of change. A
simple solution would be to make /1/ syllabic. However, this option is not permitted in Serbian
unless the /1/ is preceded by another consonant in the initial coda: this implies that Ident[syllabic]
is blocking the syllabification of /1/ directly. Therefore, the easiest solution is to simply delete the
[lateral] feature: without this feature *CoDA/l would be automatically satisfied, as the resultant
segment could not be a lateral at all. The CORONAL C-PLACE node would logically be
underspecified, as CORONAL usually is. After underspecifying out other redundant features, /1/
would be defined by [lateral] and, on the basis of its involvement in this process, a DORSAL V-
PLACE node. Since HS allows resyllabification as a free change at each step, there are
consequently two possible outputs of deleting [lateral] out of a dorsalized /I/: [uf] and [u]. These
are essentially the same segment, being vocalic dorsal segments. The only difference is that one
is syllabic and the other is not. Due to IDENT[syllabic], Candidate (c) fails, leaving Candidate (b)
as the winner. Note that [w] does not appear as a candidate here due to Gradualness: it requires
the insertion of a LABIAL node on top of deleting [lateral], and thus is not an available candidate.

(74) Step 2: Rounding

pe.vayy IDENT[syllabic] | *Copa/l | MaXx[lateral] | DEP[LABIAL] | *uj | DeP[high]
a. pe.vay *1

— b. pe.vas *
C. pe.va.o *1
d. pe.vaw *1
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At Step 2 a key issue must be resolved: why is [uf] not the output? After all, it is the glide
form of the default dorsal vowel. The answer must derive from segmental inventory.
Demonstrably, Serbian permits a glided form of [0]. However, there is no evidence that Serbian
permits [u]] in any position or environment. There must therefore be some constraint *uj which
intervenes. So long as it outranks DEP[high], there is a clear solution: insert [-high] to the
DORSAL V-PLACE, which will prevent it from deriving into [uj] or [u]. This would leave [0] as
the only segment available: Serbian has /o/ phonologically, and thus there cannot be any high-
ranked constraint banning it. Note that here [o] stands for some sort of uvular glide, as there is no
clear indication that it is acting as a syllable nucleus, as discussed above. There is a potential
alternative option, of gliding to [w], as this is a typologically common segment. However, that
solution is clearly not adopted and so there must be a reason for it to not emerge. The most likely
solution is a ban on the insertion of a new LABIAL node which outranks DEP[high].

In Step 3 the derivation reaches convergence, as no further improvements can be made.

(75) Step 2: Rounding

pe.vao IDENT[syllabic] | *CopA/I MAXx[lateral] | *u Dep[high]
a. pe.vay *1

— b. pe.vas
C. pe.va.o *1

Now, there is another alterative analysis here: if Serbian /I/ is uvularized as opposed to
velarized, then the second step is unnecessary, as [0] would be the logical output. This analysis
would not make the same prediction as the above, whereby there is an explicit ban on [u]].
However, for the purpose of this data, both analyses provide an accurate model.

3.5.4 Chilean Spanish
The last case study is found in Chilean Spanish. As the data has already been discussed in

Section 3.3.1 above, we do not need to go over it again here. To refresh what was discussed
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there, we found that fully-specified NF was unable to properly model the alternation of /t/—{j]
with the use of an ad hoc device called the ‘Specified PLACE Exception’, a mechanism which
has no clear theoretical justification. This left us with the problem of how to handle the many
feature changes required to derive from underlying /t/ to surface [j] without passing through an
intermediate stage of [r], as [r] does not lenite in Chilean Spanish. The solution to this problem is
underspecification: by leaving out most of the features of these segments, it is possible to permit
frication to [z], and then make a single jump into generic sonorancy. From there, if [r] is assumed
to be specified for [+consonantal], while [j] is does not have [consonantal] underlying specified,
then a simple change of [-sonorant] to [+sonorant] should neatly solve the issue. Thus, observe a

new diagram showing the changes required for /t/—{j] after we underspecify irrelevant features.

Figure 14: /t/—[j] with underspecification
" il

- sonorant +sonorant

LARYNGEAL LARYNGEAL

[-continuant] | nasal] [ - lateral] [+continant] [ nasal] [ - lateral]

[+voice]

PLACE :> . PLACE

CORONAL CORONAL

[- voice]

The following constraints will be used for the FGHS analysis presented below.

(76) WEIGHT-BY-POSITION (WBP) (Hayes 1989): assign a violation mark for every coda
which does not have a mora attached.

(77) *OBSTRUENTMORA': assign a violation mark for every obstruent segment which bears a
mora.

(78) *SONORANTMORA: assign a violation mark for every sonorant segment which bears a
mora.

(79) DEP[MORA]: do not add a mora to a segment.

(80) IDENT[feature]: do not change the specified value of the indicated feature. feature.

(81) *z: assign a violation mark for every instance of [z].



With the constraints now defined, we can turn to discuss the analysis. The begin, let us
observe the underlying structure of /t in Chilean Spanish.
(82) Underlying features of /t/

Figure 15: Underlying features of /t/
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(83) Step 1: Voicing

et.ni.ko *VOICELESS | *VOICELESS *VOICED IDENT
STOP MORA | FRICATIVE MORA STOP MORA | [voice]

— a. ed.ni.ko * *

b. et.ni.ko *|

c. es.ni.ko *|

At step 1 the input is coda /t/. Due to sonority requirements on mora licensing, it must
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become more sonorous. A high-ranking DEP and *? prevent PLACE-deletion and epenthesis as

solutions to mora licensing. Only two options in a feature-by-feature HS derivation are to either

fricate or voice. Since voiceless fricatives are less sonorous than voiced stops, Candidate (a)
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wins. This is also necessary due to coda /s/ in CS PLACE-deleting to [h] and vacuously
satisfying moraic sonority.

Figure 16: Featural structure of [d]
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(84) Step 2: Frication
ed.ni.ko *VOICED | *VOICED | IDENT IDENT *z | DEP[strident]
Stop FRICATIVE | [continuant] | [nasal]
MORA MORA
ed.ni.ko *|
— b. eZ.ni.ko * *
ez.ni.ko * * *1 *|
d. ed.ni.ko *| *

At Step 2 input /d/ must further lenite to satisfy mora licensing. Shown here are two options,
both of which represent some form of frication. It is presently impossible for /d/ to become a
sonorant in a single step due to needing to change both [sonorant] and at least one other feature:
either [continuant] for liquids and glides, or [nasal] for a nasal stop. Candidate (d), [d], shows a

hypothetical first step towards nasalization: as can be seen, it technically remains a voiced stop
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(as it is not a full nasal at this step) and provides no harmonic improvement. The remaining
competition is thus between (b) and (c), both of which represent frication to a coronal fricative.
The difference between them lies in the feature [strident]. [Z] represents an archiphonemic
coronal fricative: it is simply some manner of voiced fricative with coronal place, and does not
necessarily correspond to any surface consonant in CS. [z] in contrast is specifically the voiced
alveolar fricative. CS has a blanket ban on surface [z]. It would furthermore always be less
harmonic to add a feature than not if the additional feature is unneeded; it can also be noted that
adding this feature would arguably violate Gradualness, since we would be both changing
[continuant] and adding [strident] in a single step. However, it is entirely possible to assume that
[strident] would simply be underspecified at this stage and would only receive a value during
phonetic production, in which case it would have no bearing on the analysis and the constraint it

violates would not be activated. Nonetheless, [Z] wins at this step.

Figure 17: Featural structure of [Z]
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We can now turn to Step 3:



(85) Step 3: Gliding
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eZ.niko *VOICED IDENT IDENT *LIQUID *GLIDE
FRICATIVEMORA | [sonorant] | [distributed] | MORA MORA
a. eZ.ni.ko *1
— b. el.ni.ko * -
c. er.ni.ko * *|

The generic fricative [Z] is then fed into the final non-convergence step. It is now possible to

change the [sonorant] feature in a harmonically-improving operation. First, we should quickly

note that while Chilean Spanish has an alveolar tap [r], Gradualness disallows it from appearing

here due to differing from [Z] by both [sonorant] and [continuant]. Similarly, [r] is not actually

available at this step, and is only shown to demonstrate how it would fare if it were available. As

we have specified our dental inputs for [+distributed], the [r] therefore differs from [Z] by two

features: [sonorant] and [distributed]. With each feature change being its own operation, [r] is

prevented from being a candidate here by Gradualness. There are therefore only two sonorant

candidates: [r] and [J], which represents a generic coronal glide. Since *LIQUIDMORA outranks

*GLIDEMORA, candidate (c) is eliminated. Thus the derivation instead converges on [e].ni.ko].

Figure 18: Featural structure of [J]
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/Z/ and /J/ stand-in as representatives for ‘generic’ segments or archiphonemes, as discussed
in Section 2.5.1. That is, /Z/ is not specifically the alveolar voiced fricative, but rather stands in
for a voiced Coronal fricative; likewise, /J/ is a Coronal approximant. These segments are not
identical to any of the phonemic segments in Chilean Spanish, but are allophonic-only feature
configurations.

Underspecification necessarily leaves out features which are needed for phonetic
pronunciation: it does not propose that underspecified features do not exist, but are simply not
specified in the lexicon. In rules-based phonology these features can simply be added throughout
or at the end of a derivation. In HS, however, there is no clear way to insert underspecified
features consistently.

If feature-insertion constraints are ranked too high, then the features will be harmonically
improving too early in the derivation, and thus will be inserted prior to the processes which rely
on them being underspecified. Conversely, if ranked too low, then it could be that some features
will never be inserted at all, leaving us with a necessary-feature-insertion problem still. The
solution to this issue is to assume that it is the phonetics interface, rather than the phonology
itself, which inserts underspecified features. If this is so, then phonological derivations can
output generic segments such as /Z/ and /J/; they will be specified into particular segments at the
phonetics interface and be made fully pronounceable then.

I argue that if we are to take seriously McCarthy’s (2010) proposal that HS derivations are
feature-by-feature, then we will need to also invoke Underspecification in order to make the
derivations work. To not underspecify features will cause crashes or make incorrect predictions:

to get from [Z] to [J] in a fully specified derivation we would need to change [approximant,
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sonorant, consonantal], while Underspecification allows us to limit this to just changing
[sonorant].

We thereby see that FGHS makes significant predictions about lenition processes: cross-
linguistically, we should see lenition processes at each intermediate step of the derivation
presented here. It predicts that HS derivations need not ever be fully specified, and can converge
with ‘incomplete’ or ‘generic’ segments: full specification is predicted to be a function of the
phonetics interface.

3.6 Conclusion

The purpose of this chapter has been to outline and demonstrate Feature-Geometric
Harmonic Serialism (FGHS) as a phonological model. We began by introducing the idea that the
assumptions of classic HS imply a need for an explicitly associated feature theory. McCarthy
(2018) takes us a step further, explicitly using a form of Clements (1985)-style feature geometry
to explain deletion, making direct use of ROOT and PLACE nodes. From this starting point, this
dissertation has articulated a full revision of HS in order to work out the implications of
integrating feature geometry into a serial-derivational constraint-based model. The result of this
has been the FGHS model. FGHS was compared to a potential alternative, Nodal Faithfulness,
which primarily differed in that Nodal Faithfulness assumed full specification of features
underlyingly, while FGHS assumed some form of underspecification. A crosslinguistic study of
three lenition processes and one assimilation process was performed to show how FGHS works
in practice, demonstrating that it is capable of correctly analyzing data we already know and
understand. Part of this study revisited the Chilean Spanish data used to demonstrate Nodal
Faithfulness, showing the superiority of FGHS as a model, with underspecification eliminating

the need for the more cumbersome and concerning parts of Nodal Faithfulness. What remains
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now is to take FGHS and apply it to new data. After all, it is one thing to make a model which
can correctly model previously analyzed data. It is another thing to make one which will
correctly model data which we have not yet solved, namely, the RUKI Sound Law.

However, before we can turn our attention to the FGHS analysis of the RUKI Sound Law,
which is of course the primary purpose of this dissertation, there are other matters that must be
attended to first. Of these, the most pressing is the validity and general usefulness of constraint-
based models for analyzing historical linguistics in principle, which will be the topic of our next

chapter.
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4. Historical Linguistics and Optimality Theory

4.1 Introduction

In addition to reintegrating feature geometry and constraint-based phonology, this
dissertation seeks to reintegrate modern theoretical phonology with diachronic linguistics.
Historically there has been a strong connection between theoretical phonology and diachronic
linguistics: after all, the Neogrammarians were driven primarily by a phonological assertion, that
sound change was regular (Ringe & Eska 2013). However, since the advent of Optimality
Theory, theoretical phonology and diachronic phonology have largely parted ways. Despite some
valiant efforts in the early years, most Optimality Theorists seem disinterested in diachronic
work, preferring to focus on synchronic data and how that shapes our understanding of CON,
GEN, and EVAL. Elsewhere, diachronic linguists seem to have largely abandoned OT as a model
for their work, if any significant number ever accepted it in the first pace. Ringe & Eska (2013),
a work which expressly sought to reintegrate historical linguistics with modern linguistic
theories, rejects OT as a viable model for diachronic change, preferring to instead maintain
traditional generative rules-based phonology. Earlier criticisms were levied by McMahon (2000,
2003, 2007) to similar effect, arguing that OT was a flawed model which should not be applied
to historical sound changes.

This dissertation argues that such dismissals were premature, and furthermore that the
ignoring of diachrony by Optimality Theorists has been a significant loss to the field. Many
languages and phonological phenomena exist, or are attested, only in diachronic data, having
been worn down by time. Furthermore, all diachronic speech was once synchronic, and therefore
should from that angle fall under the purview of any synchronic phonological theory. Noting of

course that sometimes what we perceive or describe as a single phonological change is in fact
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multiple changes layered in sequence, diachronic data should not in principle pose more of a
problem to any viable phonological theory than synchronic data does.

As this dissertation has already adopted Harmonic Serialism as its theoretical model over
Parallel OT, the detailed examination of how a constraint-based diachronic linguistics model
should be structured will be focused on FGHS. Any defense of diachronic OT offered here is
intended only to defend the principle that constraint-based models are legitimate options for
diachronic study, not to argue that Parallel OT itself is necessarily the best choice for such
research.

This chapter therefore has two matters which it must address: first, whether Optimality
Theory-based models can in principle be used to analyze diachronic data; and second, the nature
of diachronic Harmonic Serialism. The second question will be left for later in the chapter. The
first question will be divided into two subsections. First the focus will be on a small literature
review examining the history of OT and historical linguistics, with an eye towards the rate of
success and the controversies of the shift to OT. The other part, first referenced above in Chapter
2, is more argumentative. As indicated above, historical linguists have largely rejected OT as a
diachronic model. Ringe & Eska (2013) specifically cites McMahon (2000) as their justification
for this rejection, on the grounds that her work has thoroughly debunked OT as a diachronic
model. If this dissertation is to stand, it is therefore imperative that the criticisms of McMahon be
addressed. If she is correct, then any further examination of the RUKI data in an FGHS
environment is pointless. Thus, if an FGHS analysis is to have any chance, it must be
demonstrated that McMahon’s criticisms are, at the very least, not fatal to the cause of OT, or
potentially unsound entirely. This shall be demonstrated in Section 4.2, accepting that certain of

her criticisms are sound or at least demand a more significant response than can be properly
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explored within the scope of this dissertation, though not always as biting as she portrays them,
but nonetheless showing flaws in many of the more damaging arguments. Section 4.3 will
outline a system of diachronic FGHS, discussing the implications FGHS has for diachronic
study, and examining the scope of phonology in explaining sound change.

4.2 Response to McMahon

McMahon has written several critiques of diachronic Parallel OT, ranging from 2000 to 2007.
Each of these advances a different argument, and the 2007 article shows a shift in her focus away
from attempting to debunk OT as a whole towards limiting OT to prosodic phenomena (leaving
other phonological effects to rules). Of these, McMahon (2000) is the firmest rejection of OT, as
it ultimately seeks to undermine the entire model, though the others will need to be addressed in
their due time. McMahon (2003) provides an argument which functions poorly as a criticism of
modern OT-based models, but does serve well as a warning on bad practices which were more
common in the early days of OT. McMahon (2007) provides one of the clearest challenges to
modern OT in the form of the Great Vowel Shift, showing that parallel OT is ill-equipped to
explain chain shifts. A full examination of this particular challenge is beyond the scope of this
dissertation, and thus must be left to future research. Nonetheless some comments can be made
about the argument advanced by McMahon (2007) as a whole, which will be discussed in
Section 4.2.3 below.

It should be noted that this section is primarily concerned with the arguments as arguments,
rather than as products of their time: as will be noted where relevant, some of McMahon’s
arguments were much more biting when they were originally put forward than they are in a
modern OT context. For the purpose of this present dissertation, what matters is the content of

the arguments in that modern OT context, as the intention of this section is to demonstrate that,
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while there are definitely problems which OT models must contend with, constraint-based
phonology is not inherently illegitimate as a model for diachrony. Of further note is that this
dissertation is interested in defending diachronic OT only insofar as is necessary to defend
diachronic FGHS. The following section will be explicit when the response to McMahon’s
criticisms relies on the structures and design of FGHS, rather than the Parallel OT she is directly
critiquing.

4.2.1 McMahon 2000

McMahon (2000) is a full monograph, and therefore a full exploration of every argument and
criticism is regrettably beyond the scope of this dissertation. This section will therefore focus on
what can be regarded as the key points. The crux of McMahon’s (2000) argument is that OT has
numerous flaws which are fatal in a diachronic context: it has trouble analyzing common
segmental effects and requires increasingly complicated machinery to resolve this problem; OT
is claimed to only work well with prosodic data; OT fails, even in principle, to explain every
sound change which has ever occurred; OT has significant trouble with opacity, and requires
increasingly complex machinery to resolve this problem; OT constraints are universal, which
McMahon argues prevents them from accounting for language-specific phenomena; OT has a
chicken-and-egg paradox since constraint reranking is supposed to trigger phonological changes,
but it’s not clear which comes first. Each of these points must be addressed in turn.

The Argument from Excess Machinery, as it might be called, is one which was much more
fair when it was levied than it is now. As can be seen in McMahon (2000) itself, in the early days
of OT there was a much fiercer debate on the relative merits of rules-based Generative
Phonology against OT. In that context, the relative elegance of the two theories stood as a salient

factor. Generative phonology used both rules and constraints, while OT used only constraints,
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thereby simplifying matters (McMahon 2000). However, that time has passed. Modern OT seems
to value itself in terms of its explanatory power primarily, not being a more elegant theory
through the elimination of rules. OT now discards rules on the grounds that rules are more
descriptive than explanatory.

This is important when considering the criticism that OT requires increasingly complex
machinery to resolve common segmental effects. The matter at hand is why the addition of extra
machinery to the theory is a problem outside of Ockham’s Razor or other principles of elegance
themselves. Certainly, all things being equal, a simpler theory is better. But this presumes that all
things are equal in this debate, which they do not seem to be: as indicated above, OT’s focus on
constraints is intended to make the theory primarily explanatory, in contrast to Generative
Phonology being primarily descriptive with its rules. If the extra machinery provides better
explanatory power, then it cannot be something which is in principle inferior to the simple
theory. Now, of course, particular mechanisms may be bad: and it may be the case that all the
proposed machinery for OT will turn out to be poorly grounded, or produce unacceptable
pathologies, or otherwise turn out to be bad. But that is a different matter from the addition of
extra machinery in principle. It the extra machinery is bad on its own merits, then it should be
rejected primarily because it does not work, not because it is less elegant. Conversely, if it works,
and by using that machinery we as phonologists are better able to analyze and understand the
nature of sound change than we could using rules-based Generative Phonology, then we ought to
accept the complexification of the theory as all linguists have done when faced with similar
situations.

Consider the parallel development of Generative Syntax: the old Government-and-Binding

model became increasingly complex as it sought to explain more and more phenomena
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(Hornstein et al. 2005). These expansions became increasingly burdensome, but the alternative of
returning to the models which preceded Government-and-Binding was not taken, as the burden
was a worthwhile price to pay for the increased explanatory power. The ultimate ending of that
story is also worth noting here, as the increasingly complex Government-and-Binding theory did
not last forever, but in the 1990s was collapsed into the modern Minimalist Syntax model. All the
extra machinery, though worth accepting over its predecessor, was not worth keeping forever.
The solution to its weight and complexity was, however, to look beneath it to seek out he
underlying truths which it has revealed (/bid).

This is very much so what Optimality Theorists should expect and be prepared for in the
coming years with OT. Many mechanisms have been proposed to fix the various limitations and
problems of OT, and most advanced OT work today operates with the use of some combination
of this machinery, whether through the use of a derived theory such as Stratal OT or Maximum
Entropy (Goldwater & Johnson 2003; Kiparsky 2000), or simply through the addition of
assumptions and new kinds of constraints to what is otherwise an ostensibly conventional
Parallel OT analysis. We should therefore expect that, if constraint-based phonology is in general
superior in explanatory power to its rules-based predecessor, then we shall soon as a field need to
reflect and condense down all the myriad models and proposals into a single, more coherent
model which seeks to unite the various advantages of OT’s successors, and, more to the point,
creates a unified underlying system which can, without the need for excess machinery, explain
the various phenomena which we have to this point dealt with piecemeal with bespoke
exceptions.

Putting Parallel OT aside, the explanation and analysis of segmental effects is very much so

what FGHS is intended to provide for. By explicitly integrating feature geometry into a serial OT
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environment, FGHS is much better equipped than Parallel OT to handle segmental alternations.
This is not to say that FGHS has yet been fully tested; the theory is young, and requires further
work before it can be unambiguously leveled as a solution to this problem. Nonetheless, there is
strong potential here for a solution to be found to this criticism.

The Argument for Prosody Alone seems to ultimately be an extension of the above:
McMahon argues that OT is bad at explaining segmental effects, but has a strong track record of
explaining prosodic effects, and consequently we should divide phonological labour between
segmental rules and prosodic OT. The simplest answer to this would be to point to the great
wealth of segmental work done in OT in the twenty-four years since the publication of McMahon
(2000).

The Argument from Opacity is a solid critique: opacity has been widely acknowledged as a
weak point in OT from early on, and it continues to be an issue the field wrestles with. Certainly,
Parallel OT is essentially incapable of analyzing opacity on its own, requiring various other
mechanisms to solve the issue. As discussed in Section 2.5, the ability of Harmonic Serialism to
account for opacity remains somewhat controversial. Some authors have shown that HS can
indeed model opaque interactions with certain data, while others have argued that it is unable in
principle to handle such data due to its focus on harmonic improvement. Variant theories such as
Stratal OT or OT-CC have, however, proven quite effective at solving opacity. However, this
problem is not as devastating to the cause of OT as it may seem: it operates on the assumption
that all opacity is purely phonological in nature. This assumption is notably not held by other
theories of linguistics, most notably Minimalist Syntax and Distributed Morphology.

At least some opacity should be solvable by attributing it not to productive, synchronic

phonology, but to morpheme selection. That is, opacity can to some degree be understood as the
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ossification into the lexicon of once-transparent sound changes. The alternation continues to
show evidence in speech, but is no longer the result of direct phonological operation, being
rather baked into the lexical entries themselves. This explanation seems unlikely to be able to
satisfactorily explain all instances of opacity, if for no other reason than that there do seem to be
at least a few cases of productive opacity, which of course could not be explained in this manner
(McCarthy 2007a). Nonetheless, it is something worth considering in this context. Cases of
productive opacity constitute a vital and fascinating component of the debate on diachronic OT,
but must for now be put aside for future research. It is simply too large a question to be dealt
with in the scope of this dissertation. For now, it is sufficient to note that this remains a widely
accepted issue, and that there do exist potential solutions of sufficient plausibility that opacity
alone should not disqualify OT or HS as diachronic models.

Contending with the Argument from Inability, that is, from the inability of OT to, even in
principle, explain every sound change, requires a more round-about approach than the arguments
above. There is something of an interesting contradiction in McMahon’s (2000) argument which
bears discussion. While discussing the evolution of language, McMahon (2000:163) cites
Richard Dawkins in support of the proposal that whenever a structure is found in an extant
creature which seems too complex to have developed by chance, it must be assumed, without
any direct evidence, that each necessary intermediate step is in fact advantageous over its
predecessor. That is, having just part of the structure must be superior to having none of it,
axiomatically and without any actual evidence. This is invoked as part of a broader argument as
to the evolutionary infeasibility of OT, advancing the position that OT’s insistence on innateness

renders it impossible in a neo-Darwinian context.
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The key element here is the belief that unobserved intermediate steps must be assumed as a
matter of faith. The validity of this position in terms of biology is not at issue here; but when
extended into historical linguistics, this undermines a key element of McMahon’s argument
against OT. One of her points is that there are many changes which OT cannot explain in a single
tableau, and therefore we should find OT inferior to rules-based Generative Phonology. The issue
here is that she never once discusses the possibility that the changes which have been put
forward to challenge OT are not single-step changes. As will be shown in Chapter 6, through the
example of the RUKI Sound Law, there is plenty of potential for telescoped changes: sound
changes which are the result of multiple independent changes which are erased or obscured from
direct evidence, leaving behind strange and even seemingly unnatural reflexes. OT as a theory is
concerned with the synchronic mapping of the input to the output, not the diachronic
development of a proto-form to its distant reflex. This is not to say that OT cannot derive
diachronic effects; rather, it is to say that where OT analyzes diachronic data, it must do so in a
temporally displaced synchrony. It is not fair to permit OT only a single derivation and then
claim it has failed because it did not produce an input-output mapping which no speaker ever
actually derived, when the equivalent rules-based analysis may well require, and use, multiple
rules to explain the same process.

The contradiction here is of course that OT is not permitted this rather logical concession. In
fact, McMahon omits to even broach the topic; based on the discourse provide in the text, it
would seem that there is some reason for not extending this principle to diachronic OT which is
so powerful and so obvious that it need not be mentioned. But in the absence of such a principle

being explained, it is very strange that we must fault OT for something which we must accept for
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evolutionary biology. On this ground it seems that we can dismiss this argument against
diachronic OT.

The Argument from Language-Specific Phenomena seems to be somewhat missing the
design of OT. McMahon argues that by making constraints universal, OT becomes incapable of
resolving phonological phenomena which is considered language-specific. This seems to ignore
that the whole point of OT, which is that universal tendencies align in certain ways to produce
specific outputs. This is in fact a point McMahon touches on when comparing OT and
Evolutionary Biology, that universal rules produce specific effects. However, she seeks to lay
down an exception, claiming that these universal rules only operate on a certain scale: to borrow
her example, the universal principles of biology can determine whether a species develops horns,
but it is only historical accident whether they develop one horn or two (McMahon 2000).

This argument seems strong, until one delves into the details. Fascinatingly, the argument and
its hidden problems almost look like a parallel to the differences between OT and HS. In
McMahon’s example, the presence of horns is ultimately treated as a binary: either the mutation
which added a horn is good or bad: if good then add, if bad then not. That is, this is treated,
though perhaps not necessarily conceived, as an act of global harmonic improvement: the
intermediate steps are assumed to be good and can be ignored. This, however, does not seem to
align with a deeper assessment of how horn development would proceed. Rather, it would be
more like HS: each element of horn development would have to be independently improving in
its own step, or generation, in order to advance to the next stage. If one subspecies has two horns
while another has one, then the presence of two horns must have been harmonically improving in
some way, no matter how small or transient, in order to win out at the relevant stage of

development. Now, it could be that the benefit was only salient for a single generation, after
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which it was simply something inherited. This is no contradiction: rather, it is a parallel to the
embedding of sound changes into the lexicon. Once a sound change is ossified, all future sound
changes must work from it as a baseline, rather than competing with it as an equal. The
underlying representation is not subject to the same concerns of universal markedness to which
alternations must submit. Rather, it is what it is, especially if one adopts the Richness of the Base
and holds that there are no restrictions on the shape of the input. However, before it becomes
ossified into the UR, it must have won at least one derivation in the grammar of at least one
speaker: that is, it must once have been the optimal choice for at least one situation, after which it
could spread out, perhaps achieving an effect outsized to its inherent quality. It is therefore not at
all a strong argument to claim that OT should not be able to model language-particular data
through the application of universal principles. In the end, this argument holds that linguistics
alone should act unlike any other science, in that the particular should be held to be specifically
not the result of a confluence of the universals. Thus, we can safely dismiss this criticism as well.

The last argument to be considered in this section is best described as the Chicken-or-Egg
Argument, which holds that OT is trapped in a paradox: regarding sound changes, do constraint
reranks trigger the change, or does the change happen independently and trigger a constraint
rerank? According to OT’s principles, constraint reranking should be the trigger for sound
changes, but there does not seem to be any real motive for these reranks. McMahon argues that
in practice, OT constraint reranks seem to be more responses to independent changes in the
phonetics or phonology of words, which drive speakers to rebuild their constraint rankings.

There is a question which might be asked in response to this challenge: why does it need to
be one or the other? The criticism presumes that all phonological changes must be either the

result of phonetics and acquisition, or of grammar-internal phonological processes. This
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presumption does not seem to hold. Language is acquired anew each generation, rather than
being strictly passed from mind to mind (McCarthy 2007a). New speakers do not necessarily
have the same underlying forms as their predecessors; rather, they must each generate a fresh
lexicon based on the ambient linguistic data being fed into the principles of Universal Grammar.
Surely it is no betrayal of phonology to say that some speakers will phonetically reanalyze some
of the sounds they hear, and thereby impose a change on the phonology. This is, indeed, how we
discuss the phonemicization of formerly allophonic forms, that a sound which was once merely
allophonic is reassessed by learners as something independent, and thereby added to the
phonemic inventory (Martinet 1951). This has significant phonological effects, such as allowing
that segment to spread out into new environments. The constraints would then be ranked such
that this form is permissible, in the same way that all constraints are ranked in order to permit the
perceived language to be produced.

However, with a new constraint ranking comes further changes, both actual and potential.
Old processes can now interact with the new ranking; some of them may drop off, while new
alternations may now result due to the shifting in the preferences of EVAL. An allophonic
segment reanalyzed as phonemic can now change further under the pressure of the general
ranking. There is also nothing stopping the constraints from simply reranking independent of the
phonetic shifts. As will be shown in Chapter 6, if [s] is reanalyzed as [¢], it can then be pressured
by a raising of *¢ to become [s]. Phonetics, acquisition, and phonology all have their role to play,
and we need not value one higher than the other.

Overall, the above demonstrates that while McMahon (2000) is certainly a formidable
critique of OT, especially in its earlier forms, it is not as cutting a deathblow as it may initially

seem. When distilled down to the essential arguments, it can be seen that there are strong
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responses available to the work. Some have resulted from further development in the model, with
holes in the theory being patched or improved upon. Others, however, are the result of the
arguments themselves being based on shakier logic than is initially apparent. Either way,
McMahon (2000) should not be taken as a full refutation of OT-based models as viable
diachronic models.
4.2.2 McMahon 2003

McMahon (2003) advances a tightly defined, technical argument against OT, with an eye
both to diachronic and synchronic uses of the theory. She takes as her data a phenomenon in
West Saxon called Palatal Diphthongization. This process saw non-high-front vowels
diphthongize when they followed a palatal segment. This is a very strange phonological
alternation, which McMahon is upfront about admitting: in fact, that is her very point. Palatal
Diphthongization is generally held to not actually be a phonological alternation: rather, it is an
orthographic convention adopted by the West Saxons, and the West Saxons alone (McMahon
2003). McMahon’s argument is that despite West Saxon Palatal Diphthongization not being a
real phonological change, OT can still provide an analysis of it. Therefore, she argues, OT is at
best no better than rules-based phonology in terms of predicting all and only those languages and
alternations which exist, but in losing its advantages becomes less viable than the old generative
phonology.

This dissertation, of course, disagrees with this assertion. The argument which McMahon
advances is flawed, though it should be noted here and now that its flaws would not necessarily
have been as obvious at the time it was published: constraints of the kind which will be critiqued

below were more common in the early days of OT. However, those errors have been largely
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excised from OT, and therefore it is fair to criticize them when dealing with the question of
whether OT as a modern phonological model is a legitimate option for diachronic study.

The analysis on which McMahon’s (2003) argument is based is not directly provided
anywhere in the work. Rather, the constraints are provided and defined, and the construction of
the actual tableau is left as an exercise for the reader. Such construction has been done here for
the purpose of critique. To be clear, this is a Parallel OT analysis, not an HS one of any kind. The
constraint definitions have been collected below, with two of them converted from formal
definitions into prose for reader convenience.

(86) DIPHTHONG BACKNESS': the first element in a diphthong must be [-back], and the second
element must be [+back]

(87) DIPHTHONG HEIGHT HARMONY?®: elements of a diphthong must agree in height

(88) *PAL: no mid-front vowels after palatal consonants

(89) PAL: nonhigh-front vowels following a palatal must be diphthongs

(90) V=[+high]: vowels prefer to be high (cited from Archangeli & Suzuki 1997)

(91) DISTANCE: composed of two constraint families, MAINTAIN CONTRAST and MINIMAL
DISTANCE (MINDIST), the latter “requiring a minimal auditory distance between
contrasting forms” (Miglio 1998:8)

With these constraints, we can construct the following Parallel OT tableau:

(92) Palatal Diphthongization

Jeeran | DIPHBACK | DIPHHEIGHTHAR | *PAL | PAL | V=[+high] | MINDIST | FAITH
a. [eeran *1 *
— b. fearan * * *
C. Jagran *1 * * *
d. figeran *1 * ? * *
e. [@iran *1 * ? * *
f. [eeuran *1 * * *

As can be seen above, it is possible to construct a formal analysis based on McMahon’s

argument such that OT can produce Palatal Diphthongization. However, there are problems

7 This definition is paraphrased from the formal definition and prose description provided by McMahon (2003)
8 This definition is paraphrased from the formal definition and prose description provided by McMahon (2003)
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below the surface for this argument which make the formal analysis less ironclad than it might
appear. There are two grounds on which it can be criticized: the first, that it contains at least one
badly-defined constraint, PAL; and the second, that this constraint, key to the analysis, has no
clear justification even if it were to be properly defined.

As to the definition: PAL is defined in (10) above. This definition is unusual as OT
constraints go: a study of McCarthy (2008)’s sample list of constraints will give nothing that has
a shape like this. Rather, PAL is defined like a pre-OT rule: it provides an environment in which
an input must be transformed into a particular output. That is to say, PAL’s definition could be
written as V-high,-back] —D/[-anterior, +distributed]. This undermines both the spirit and the
function of OT, as it encodes the output into the constraint itself. PAL should be instead
formulated in a manner like this:

(93) PAL: assign a violation mark for every sequence of a palatal consonant followed by a
nonhigh-front monophthong

Now, this constraint provides the same ban on palatal-monophthong sequences which the
original definition required, but no longer provides a fiat required output. In this scenario, the
changes made are unlikely to change the formal analysis shown above. Thus, attention must be
turned to the second matter.

McMahon omits discussion of the fact that OT is not itself a theory of constraints, but of
computation. Furthermore, OT has no native theory of CON; rather, a theory of CON must be
brought to it, similar to how OT has no feature theory but needs one to be inserted by
researchers. That a constraint can be proposed and used to produce an unattested output is
nothing new or outrageous: pathologies are well-known as a problem in OT. This is why in
addition to theories about how EVAL and GEN work in OT, researchers must be careful in the

construction of theories about CON. In OT, just because a constraint can be formulated doesn’t
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mean it should be automatically accepted: rather, as per McCarthy (2008), every constraint
proposed must have some sort of justification. These justifications come in two broad categories,
with the best constraints drawing on both: functional and formal. PAL does not clearly fit into
any extant constraint family or archetype to any meaningful degree, and thus does not seem to
have strong formal backing. Certainly, it is not a necessary member of any known constraint
family, and thus claiming a place for it on formal grounds seems weak.

This leaves the functional explanation. Here it could be argued that PAL is required on the
grounds that there is an observed pattern of banning monophthongs after palatal consonants.
Such an argument could work until one considers that the data which would be used to justify
this claim is held by McMahon herself (among many others) to be unreal. That is, McMahon’s
argument is that by using PAL, OT can analyze the non-existent Palatal Diphthongization change
in West Saxon. However, PAL itself can only be justified on the grounds of observing PD in West
Saxon. The basis of the constraint is thus hopelessly contradictory: PAL is necessary to analyze
PD despite the latter’s non-existence, but can only be justified if PD is something we hold to
really exist.

It can therefore be seen that McMahon’s (2003) argument is not as strong as it might seem.
Rather than demonstrating a weakness of OT in regards to analyzing diachronic data relative to
rules-based phonology, it functions more clearly as a warning against using ad hoc constraints in
formal analysis. This is a well-understood risk when working with any variant of OT, and does
not constitute a significant blow to its legitimacy as a phonological model, whether dealing with
synchronic or diachronic data. Now, an argument could be advanced that the same restrictions
existed for rules in generative phonology, and therefore, McMahon has still made her point. This

does not hold true, due to the difference in the nature of rules and constraints. Rules remain
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situation-specific descriptions of surface alternations: they make no predictions in and of
themselves, and can be generated for any apparent pattern.

For an example, simply look at the very RUKI Sound Law this dissertation aims to analyze.
This dissertation argues, as will be described in Chapter 6, that the RUKI Sound Law is not a
single process, but the telescoped result of multiple independent changes. Yet while there has
long been concern in rules-based phonological models about the RUKI Rule, it has still stood as
a rule for quite some time. This rule persists because, while it is strange, it stands alone, and
really does not have an effect on other analyses or the broader theory. In contrast, OT models
cannot ever produce something so specific. Every constraint is held to be not only available to
every language, but directly involved in the ranking of every language. OT, holding that
constraints are part of UG, predicts that every constraint should be part of every language, and
therefore disallows language-specific constraints. Furthermore, in OT outputs are the result not
of singular rules, but of two or more constraints interacting.

Since any constraint can interact with any other constraint, any given constraint could be
disproven by a pathology which would emerge in any language. Rules, in contrast, can in the
utmost only be dismantled by demonstrations of their illegitimacy within the language they were
proposed for. OT thus enforces a much higher standard of proof, in principle at least, on its
constraints, in addition to those which were enforced on rules. Lastly, once accepted, constraints,
being universal, makes predictions about human language as a whole, about what kinds of
language can and cannot exist. Rules do not do the same, as they are language-specific.

The point of all this is to say that the constraint PAL is far more illegitimate in OT than its
rule equivalent would be in generative phonology. Not only is PAL a bad constraint structurally

for the reasons discussed above, but it is cross-linguistically bad. It not only would permit OT to
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analyze a phonological pattern which is unreal, it would predict that similar effects should be
available to other languages across the world, something which could happen, in theory, at any
time in any place.
4.2.3 McMahon 2007

The core critique leveled in McMahon (2007) is that OT is simply not equipped to model
chain shifts such as the Great Vowel Shift (GVS), nor its residue, referred to here as the
synchronic Vowel Shift Rule (VSR). She contends that the opacity of these processes,
particularly in the case of VSR, renders them incompatible with Parallel OT, and that
furthermore OT is unable to analyze their morphophonological nature (McMahon 2007:343-
344). She does admit that there have been some proposed Parallel OT analyses of the GVS itself,
though she notes that almost none seem to exist for the synchronic VSR. The existing Parallel
OT analyses are held to be less than fully legitimate, however, on the grounds that they introduce
new machinery, new constraint types, or compromise the universality of constraints as a class.

This criticism will not be contested here, insofar as it refers specifically to Parallel OT being
incapable of analyzing the GVS and its residue. However, some response will be given in regards
to the use of constraint-based phonology in principle on these matters, and in regards to some of
the principles underlying the criticisms given. It must be stated at the outset, however, that the
discussion to follow is not intended to be a full exploration, and certainly not a full refutation, of
McMahon (2007). That would require a much larger, more in-depth discussion on the GVS,
which is beyond the scope of the current project. This dissertation intends to formulate and apply
a model for a modern, diachronic-capable version of HS, and to specifically test it against, and
thereby analyze, the RUKI Sound Law. The GVS is too broad and complex a process to be

addressed in a subsection here, and will likely require further development of the theory than is
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possible at the present time. Likewise, the synchronic VSR is a matter better saved for another
time to be properly explored.

That said, the principles on which McMahon’s criticisms here are based is worth examining.
If nothing else, it must be shown that constraint-based models are not to be hereby inherently
dismissed as useless for diachronic study. Not all of the criticisms levied here can be properly
addressed given the constraints discussed above, however, and it is here admitted that some of
the levied criticisms are to be taken very seriously as points on which constraint-based
phonologies must either improve, or demonstrate a capacity for answering.

McMahon (2007) argues that VSR is both productive and opaque, which constitutes a
significant problem for OT. After all, it is widely understood at this point that parallel OT is
simply not properly equipped to analyze most, if not all, forms of opacity. Many of the variants
of OT over the past twenty years have been focused on trying to resolve this issue, to varying
degrees of success (McCarthy 2007a). This is a criticism which this present study will not
contest. Opacity in general may be more explicable under FGHS than under Parallel OT, but for
this FGHS would rely on the assumption that most opacity is not productive, but rather baked
into the URs. That is, in FGHS most opacity would be conceived of as primarily lexical, rather
than phonological per se. This is merely a proposal, of course, and one which must be properly
tested and explored before it constitutes a proper refutation. For now, it merely stands as a
possible solution, to show that the situation regarding opacity is not in principle entirely
hopeless.

However, productive opacity defies even this possible explanation. If an alternation is
productive, in OT terms it should be the emergent result of the synchronic constraint ranking. It

should not, indeed cannot, be the result of phonologically ossified lexical entries. At the present
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time, FGHS is unable to offer a refutation to this, and must concede that productive opacity is
beyond its present capabilities. Hopefully future research will uncover some method, but present
problems cannot be ignored on the grounds of uncertain future solutions. Thus, this point is
functionally conceded at the present time.

One matter of particular interest is the assertion by McMahon (2007) that it is a problem for
OT to introduce new machinery to deal with difficult data. Certainly, there is something to be
said about avoiding the multiplication of extraneous mechanisms, but that does not mean that the
addition of extra machinery in itself is bad: it is an admonition to exhaust the available tools first,
and to carefully consider the grounds on which new theoretical machinery is based. After all,
while theoretical elegance is something to be valued, it is not the be-all-end-all measure of a
theory. It may, as has occurred many times in the long history of scientific advancement, be that
the extra mechanisms will eventually grow too burdensome, and demand the simplification of
the theory, but their existence does not invalidate the theory now, nor does it unmake the insights
which the theory has brought. We discussed this above, in Section 4.2.1, in regards to the
development of Government-and-Binding into Minimalism. There is no clear reason why we
cannot simply undergo the same process in phonology as we did with syntax.

From a theoretical perspective, this criticism follows a running theme in McMahon’s
criticisms: she generally refuses to permit OT to expand beyond its original, or at least core,
conception. When opacity turned out to be a problem for Parallel OT, researchers began to search
out solutions, with varying degrees of success. Certainly, some of the proposed solutions were
poor choices, or too complex to be particularly viable in the long run, such as Sympathy Theory
(McCarthy 1999). But McMahon almost seems to disagree that it worthwhile was attempted at

all. Consistently across McMahon (2000, 2007) she criticizes OT as becoming ‘unnecessarily
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complex’ compared to rules-based generative phonology. This was somewhat fair in McMahon
(2000), as at that time the greater simplicity of OT over rules-based phonology was a salient
talking point. But that argument has largely been abandoned in modern OT discourse, and has
been abandoned without consequence for any of the other advantages of OT-based models.
Modern OT papers essentially never mention simplicity relative to rules-based Generative
Phonology when discussing their findings or proposals for the model. Much more focus is placed
on the devising and revising of constraints in order to account for strange phonological
phenomena. Criticism of the expanded mechanisms as being failures in their purpose is
thoroughly legitimate; likewise, criticism of the form of the solutions. But criticism of their
existence in principle as somehow undermining OT, treating the need for new mechanisms with
difficult data as a critical weak point in OT, is simply not the same. It stands as something out of
date, an old criticism which no modern scholar seems concerned with.

Thus, we must conclude that McMahon (2007) does have some solid criticisms of OT as a
model, but that not all the arguments therein are fatal, or even clearly relevant. The weakness of
OT in regards to opacity is well-known, but is always fair as a criticism. In the long run,
constraint-based models must either produce proper machinery for accounting for opacity, or
phonological research must demonstrate the non-existence in principle of opacity. However, the
argument that OT is flawed simply because new machinery is being generated for the purpose of
resolving the first criticism is itself rather flawed. All scientific theories have the right, in
principle, to address criticisms and provide solutions, even if that requires introducing new
theoretical machinery or otherwise modifying the model.

Let us assume for a moment that productive opacity is uncontroversially real. Certainly, this

is a major problem for Parallel OT, and in practice for many theories derived from it. But in
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principle, a model with multi-step derivations, rather than a single fully parallel mapping, could
be designed based on the underlying principles of OT to solve this problem. So long as one
change can occur at a later stage in order to erase the context of an earlier change, then
productive opacity can be solved. Whether the resulting model should be considered a variant of
OT or to have instead invalidated OT as a model is something to be determined at such time as
this model is put forward. The invalidation of OT, however, does not occur at the moment when
some modification, whether grand or small, is put forward.

From this example we see the issue here. It is unfair to treat OT as something other than a
normal scientific theory. Certainly, like all scientific theories, it can be proven wrong in the face
of contradicting data. Similarly, it can be fundamentally broken through modifications, such that
the assumptions inherent in the new machinery contradict the underlying assumptions of the
model. But, like all scientific theories, OT has the right to be modified, to progress, and to adapt
to new data and new circumstances. We cannot therefore dismiss constraint-based phonology as
a model of diachronic data simply on the ground that it has adopted a variety of possible
solutions in the form of new theoretical machinery.

Lest this section seem to be making a strawman, it is here reiterated that the inability of
Parallel OT to account for opacity is a definite problem. However, opacity in general is a large
and difficult matter which would be better served by a full discussion at another time, as solving
it in principle in a constraint-based model is beyond the scope of this present dissertation. Some
discussion, however, is both relevant and possible, and will be handled as part of the following
section. Nonetheless, we should still in light of this be sufficiently confident in the value of
constraint-based phonology as a model for diachronic change. It has notable limitations at

present, but not all of the criticisms are nearly as fatal as some have held. We can therefore rest
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somewhat safely in the knowledge of its success in synchronic data, and know that there is little
reason to hold that it cannot in principle analyze historical data.
4.3 Diachrony and Harmonic Serialism

Having argued above that OT is in principle a viable model for diachronic change, albeit one
which still has significant flaws, it is now time to turn to the more specific matter of diachronic
Harmonic Serialism. Though it has been established that constraint-based models in and of
themselves are not inherently incapable of analyzing diachronic data, it must still be asserted to
what degree HS specifically is capable of such, and how diachrony would interact with the
systems of HS. The answer is that HS is quite well-equipped, if still facing certain potential
limitations inherent to any model which adopts the principle of harmonic improvement, that is,
the problem of opacity.

Harmonic Serialism has a distinct advantage over OT as regards diachronic data: it is serial.
Parallel OT, by its very nature, can only represent the input and the output, not any of the
intervening steps: but diachronic phonology is essentially a long list of intermediate steps. HS, in
contrast, is full capable of representing multiple layered operations in sequence, thereby
capturing the effect of independent sound changes layering on top of each other over time. It
should be noted, however, that HS does not represent the history in an unlimited manner.
Especially when the considerations behind FGHS are accounted for, any form of diachronic HS
must necessarily derive the output from a historically recent input, rather than from some ancient
form. This is not really a radical idea, for no one seems to seriously argue that modern English
speakers are deriving their words from Proto-Indo-European roots in the moment. It is
nonetheless worth explicitly noting, as it leads into a useful advantage of HS over OT, and

potentially over most rules-based phonology.
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In order to function as a computational system, FGHS must be fed particular inputs in order
to produce the attested output. This forces FGHS to make continual predictions about the nature
of the input in each derivation, which in turn makes predictions about the development of
language. For diachronic analysis, HS must make a prediction about the specific nature of the
input the speaker is using. This is a claim about when diachronic change becomes baked into the
lexicon, and ceases to be productive. These predictions change naturally as the language moves
forward, which directly parallels how language develops: speakers slowly add on new sound
changes until the very lexical entry takes on a new shape.

This informs how HS may be able to resolve at least some of its opacity problem: by
referring to the lexicon and the morphological processes at play. Phonology by its very nature
deals with the outputs of morphology: it is only after lexical insertion has occurred that
phonological processes begin their work. In cases of non-productive opacity, it could be held that
the opacity is the result of the morphology selecting lexical items which have already integrated
sound changes, rather than those sound changes being applied by the phonology in the
synchronic grammar.

All linguistic theories ultimately admit to the existence of something like the classical
linguistic concept of the Lexicon (Fabregas & Scalise 2012). This implies that the lexical form of
a word exists independently of, and prior to, the phonology itself. It must of course pass through
the phonology before it can be phonetically pronounced, and when speech is heard it must pass
through the phonology again before it can be lexically interpreted. For production, which is what
most historical phonology is really discussing, this means that the initial state of the lexical form
is decided prior to the phonology. In Distributed Morphology, the lexical form of each morpheme

is selected from its paradigm prior to reaching the phonological interface. This implies that to
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some degree, differences in phonological material are the result not of synchronic phonological
operations, but of old changes which have become integrated into the shape of the morpheme
itself. This allows for once-productive rules to continue to show evidence despite no longer being
the direct result of the synchronic constraint ranking.

This leads into an important component of diachronic FGHS, since it directly concerns an
important issue for any form of diachronic OT: ‘illusory’, or telescoped, changes. There are
changes which are often expressed as a single rule which were not in fact a single-step change
(Blevins 2004; Fallon 2002; Hock 1991; Jeffers & Lehiste 1979). Rather, the rule simply
captures the beginning and end of a longer process of smaller changes, each of which came in its
own time. These processes, summarized as a blanket rule which can cover a process which took
centuries to fully develop, can be very difficult for OT models, including FGHS. Many of them
make little sense in featural or markedness terms, and may even seem to be unnatural. This is not
a sign of weakness in OT models, but rather a warning against treating these summarizing rules
as hard fact: they are descriptions of the reflexes of ancient roots, nothing more. FGHS is very
well-equipped to decompose these rules, and to analyze when the intermediate stages became
ossified into the lexicon, rather than being derived on the spot. The very fact that OT-based
models have trouble with these changes could well prove to be an asset, since it means that OT is
predicting the non-existence of changes which, upon deeper investigation did not actually
happen. Indeed, if we were to find a diachronic shift which does not make sense in terms of a
single-step change, then OT-based models, especially FGHS, would naturally predict that it must
be a telescoped change, and require the analyst to decompose the shift into more fine-grain

constituents.
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Something that must always be remembered is that all sound changes were once synchronic:
each change was the result of real speakers making changes to their linguistic inheritance, and
then in turn passing their modified grammar and lexicon onto the next generation. The analysis
of sound changes in an OT environment must therefore examine these changes not as historical
artifacts, but as synchronic alternations which just happen to take place in the distant past.

FGHS must have at least some explanation of the relationship between constraint reranking
and phonetic shifts. Diachronic FGHS contends that the question of whether reranks or phonetic
shifts come first is a false dilemma: it can be either, depending on circumstances. There is no
reason to believe that a phonetic change cannot result in reanalysis by language learners, which
consequently causes a different ranking to emerge. Likewise, there is no reason to believe that
once a constraint is reranked, phonetic changes cannot ensue. Each instance should be assessed
in its own turn, on a change-by-change basis.

With that matter resolved, the discussion can now turn to the details of how constraint
reranking and phonetic shifts are to be modeled in FGHS. Constraint reranking can generally be
conceived as a generational phenomenon, not a strictly synchronic one: that is, constraints rarely
re-rank (without significant effort or pressure) in adult speakers, and it is children who do most
of the constraint reranking. Setting aside for the moment theories of variable rankings (as that is
a distinct matter from the kind of permanent constraint reranks being discussed for diachronic
purposes), generally, it should not take place in the middle of a synchronic derivation. Rather,
reranks should occur in-between derivations. These reranks should be justifiable in terms of the
linguistic environment (presumed or attested) of the learner. At the present time FGHS has not

adopted any particular theory of phonological acquisition, and thus has little to directly say on
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the details of intergenerational constraint reranking. Further research is required in order to fully
develop a principled theory of this.

The matter of phonetic shifts requires a different tact. The first question which must be asked
here is what is meant by ‘phonetic shifts’. To a certain extent, FGHS contends that phonetic
changes are not a concern for phonological theories. Rather, they exist outside of the
phonological sphere. They can be a result of changes in the phonetic manifestation of the same
underlying phonological features. Such changes would be the product of changes in the interface
between phonology and phonetics, rather than the result of a particular rule. They might also be
the result of an underlying representation which has been constructed in a way inconsistent with
how older speakers understand the relevant morpheme.

A very important component of diachronic FGHS is lexical reanalysis: that is, the acquisition
of an incorrect lexical entry by a language learner. As will be seen in Chapter 6, there are times
when mechanically speaking, there is no feasible way to explain how a diachronic change has
progressed using the most recent output. In these instances, if there are solid grounds by which a
reanalysis can be justified, then one should be used. This would be something like, as will be
seen below in Chapter 6, taking a palatalized dental fricative and reanalyzing it as a fully palatal
fricative. This is a logical misinterpretation for a learner to make, and one which need never
quite pass through the phonology itself. Certainly, phonology would play a role, as the learner
attempts to map the acoustic input to some abstract form. But that decision is not being made as
a result of the original speaker’s phonological knowledge, but rather a decision in a still-learning,
still-developing grammar as to what shall be stored in the lexical entry. Reanalysis in FGHS is
described as a lexical effect on these grounds, that it represents a change in the lexical entries

which provide inputs, rather than something which was produced by the phonology itself.
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While the admission of these changes into the theory may at first seem to be a betrayal of the
very purpose of phonology, as it opens the door for every change to be handwaved as reanalysis,
rendering phonology largely irrelevant, this is not so. This kind of change has been long
acknowledged, under the name of analogy. Analogical change was always an alteration of the
lexical form without direct reference to regular phonological processes. Lexical reanalysis in
FGHS simply takes this further and holds that during acquisition, learners can reinterpret
phonological stimuli into a different, but notably related, form. It must further be emphasized
that the use of reanalysis in FGHS does not in any way claim to be a change made without
reference to phonological knowledge. Rather, it is a change made with reference to language
learner knowledge. The assumption is that reanalysis in this sense happens with children who are
still acquiring adult language. They would have access both to whatever inherited linguistic
knowledge they possess, and whatever specific details of their language have been acquired at
the relevant point in time. Where there is a lack of knowledge is specifically in regards to the
structure under threat of reanalysis. The result of reanalysis should be explicable either in terms
of facts about the phonological system the speaker has to that point acquired, or in terms of
typological universals.

4.4 Conclusion

This chapter has been focused on two topics: the defense of constraint-based phonology as a
model for diachronic change; and the outlining of how FGHS adapts to diachronic analysis,
particularly as regards the matter of opacity. The first has been achieved to a satisfactory degree.
Parallel OT itself still has many problems with diachrony, and while FGHS addresses a number
of these issues, productive opacity remains a problem for any system based on harmonic

improvement. However, it has been demonstrated that many of the arguments against OT-based
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models are much less solid than they initially appeared, especially in light of how the field has
advanced. It can thus be said that OT-based models, speaking here in particular of FGHS, can be
treated as legitimate options for diachronic analysis. However, just because they are legitimate
does not make them superior to the existing Generative Phonology approach; it merely means
they are allowed to compete. To make a proper argument for constraint-based diachronic
linguistics, some particular strengths must be demonstrated. This will be done across Chapters 6
and 7, showing how an FGHS analysis works and discussing its implications, strengths, and
weaknesses. However, before that, we must first take one last detour to discuss the data being

assessed here: the RUKI Sound Law.
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5. The RUKI Sound Law

5.1 Introduction

This chapter is the final theoretical detour before the analysis proper. This can be understood
as an expanded data section of a normal phonology paper, covering the available RUKI data. The
chapter will review the extant analyses of RUKI, in particular that of Allen (1973), which this
dissertation largely follows. This chapter will also outline the reasons why, upon review of the
research on RUKI and analysis of the data, Allen (1973) constitutes the best basis for a
theoretical phonology approach to RUKI. As well, this chapter will discuss the analysis of
Longerich (1998) and examine the differences between phonetic and phonological
understandings of sound change. The bulk of this chapter will be found in Section 5.4, which
provides a simple statistical analysis of the RUKI environments. Something which does not seem
to have been done to this point is a comprehensive analysis of all the segments which can
possibly appear before [s] and [s] in Sanskrit. This dissertation holds that much of the confusing
nature of RUKI can be attributed to an over-focus on traditional phonological environments, that
is, an assessment of the segments which condition the change: the oddity of the RUKI set,
however, may be resulting as much from the segments which do no appear before it as those
which do. While the data analysis given here does not cover the actual totality of these words, it
does work through a large number of them to provide statistically relevant conclusions, drawing
data from MacDonell (1893). The ultimate finding of this chapter will be to say that the RUKI
Sound Law is best understood as the accidentally visible reflexes of a theoretically broad-

reaching process of place-assimilation.
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5.2 A Brief History of RUKI

The earliest modern analysis of RUKI can be found in Whitney (1889), the text which in
some ways forms even the basis of this present dissertation. Being primarily a Neogrammarian
text, and beyond that a text concerned with the translation of Sanskrit after the manner of Latin
or Greek, it provides a relatively short, functional explanation of RUKI. No significant attempt is
made to explain why the RUKI set exists, or how it triggered /s/-retraction. Rather, there is an
explanation of the environments in which the RUKI Sound Law applies. Notably, it provides as
explicit something which many later analyses leave as assumption: the explanation that several
sets of segments neutralize to the RUKI set when before /s/. That is, it discusses, albeit briefly,
the fact that of all the front vowels, only /i/ ever appears before /s/; likewise, of the back vowels,
only /u/; of the velars, only /k/. This fact seems to have been largely either ignored or assumed
by the later analyses which drew on Whitney, or the chain of sources which followed him, for
their data. The data analysis in Section 5.4 shows that such an assertion is not unambiguously
correct, as there are instances of both [s] and [s] occurring after [e] and [0], though they do not
constitute a large portion of the data set. Nonetheless, it is relevant to note that while not
generally directly mentioned, both [e] and [0] can be considered RUKI segments.

Other accounts of the RUKI Sound Law were given over the following decades, such as
Martinet (1951) discussed in Section 2.6. While interesting in their own right, they do not
directly bear on this present analysis except insofar as has already been discussed in Section 2.2,
while covering Allen’s (1973) discourse on them.

Zwicky (1970) stands as the key turning point in the analysis of RUKI. He provides, in a
mere handful of pages, an analysis of RUKI which establishes, using the most advanced methods

of his day, a natural class which can define the RUKI set. In the article he gives two different
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natural classes, each based on a different feature system. For that of Jakobson & Halle (1956), he
gives the class of [a consonantal, o compact]. For that of Sound Pattern of English (Chomsky &
Halle 1968) he proposes [-anterior, -low], though he does not go into any particular detail about
the nature of that definition of the class. However, in accomplishing this, Zwicky does not
declare the matter solved, nor does he even seem to take any pride in making so significant a
step. Rather, he reflects on the systems which allowed this class to be defined. In this reflection,
Zwicky expresses significant concern that, rather than seeing the ability to group RUKI as a set
as a strength of the system, it should be considered a weakness, a flaw resulting from too
powerful a model. It should be noted that Zwicky does go on to acknowledge that the set he uses
for RUKI, while it is technically valid in the system of Jakobson & Halle (1956), does not follow
the pattern for any other set which had to that point been acknowledged. As he notes, natural
classes in this system generally related features of the same type. Meanwhile, his definition for
RUKI involved two types: [compact] is a ‘cavity’ feature, while ‘consonantal’ is a manner
feature. Thus, while the Jakobson & Halle (1956) feature system does allow him to create the set,
he was the first to use that particular combination of kinds of features, which he feels implies that
the set is not as natural as the system might suggest.

Allen (1973) can in some ways be seen as an expansion of Zwicky (1970), taking Zwicky’s
concern over the ability of a phonological system to group RUKI as a natural class to the next
logical step: denial that RUKI is a set. In precise detail, Allen (1973) goes through several
possible explanations of RUKI as a single process, and demonstrates the holes in those theories.
As this was covered in Sections 2.2 and 2.6, it does not need to be repeated here.

Having dismissed the existing attempts to analyze RUKI as a single operation, Allen (1973)

take a radical step: he argues that RUKI does not act like a set and cannot be grouped as a set, on
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the surprisingly sensible grounds that it is not a set. Rather, since Sanskrit inherited only a single
fricative from PIE, that sole fricative underwent a very natural process of place-assimilation.
When a language has only one fricative, frication can become the only salient feature. The
segment thereby becomes very susceptible to place-assimilation. In modern terms, this can be
understood as the segment being underspecified for PLACE, since only the feature [continuant]
matters. Once this is acknowledged, the development of the RUKI Sound Law can be understood
as a telescoping of a much more complex process of initially independent changes.

Each member of the RUKI set, [r u k 1], would trigger place-assimilation in the following
fricative, resulting in [s x ¢]. A later process would then trigger the neutralization of the three
variants, reducing them to a single form. In the case of Sanskrit, likely under the influence of the
Dravidian languages and their heavy use of retroflexes, the single form chosen was [s], with [x ¢]
disappearing. With the non-retroflex variants having been eliminated, all evidence of the
intermediate stages would likewise disappear, leaving the impression of a single operation which
changed /s/ into [§] in four very different environments. This, then, would be the source of
RUKT’s strange nature. The reason we could not properly group the set because it was not, in the
end, a real natural class. It was the product of several interacting processes which ultimately gave
the impression of a natural class which had not existed at any point in the actual development of
Sanskrit. This follows on quite naturally from the concerns expressed in Zwicky (1970) that we
should be wary of a feature theory which neatly provides a natural class for RUKI, and comes to
the same conclusion as that paper, namely that we simply should not try to understand RUKI as a
single set undergoing a single rule.

There do, however, exist other analyses in the context of relatively modern linguistics for

RUKI. Vennemann (1974) is something of a direct response to Zwicky (1970), accepting
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Zwicky’s concern about the definition of RUKI as a true natural class, but taking the opposite
track from Allen (1973). Where Allen (1973) followed Zwicky and dismantled the RUKI class,
Vennemann (1974) argued for an expansion of our understanding of possible natural class types.
Vennemann (1974) uses the RUKI Sound Law as the basis for arguing for the existence of a
relative acoustic natural class, being a set of sounds with similar acoustic effects. He posited that
[ruki], as a set, all caused an acoustic distortion in following fricatives. This distortion would
have similar characteristics to retroflexion, and consequently could lead to language learners
reinterpreting the segments as full retroflexes, rather than distorted dental fricatives.

Vennemann (1974) would receive empirical validation in Longerich (1998), which expressly
set out to assess his claims. The fuller implications of this analysis will be left for Section 5.3,
but for now it suffices to say that Longerich (1998) could well provide a solid vindication of
Vennemann’s (1974) proposal. Whether the phonological field as a whole should therefore accept
the concept of relative acoustic classes, or whether the proposal requires more research before
being solidly acceptable, is a question outside the scope of this present dissertation. Something
important to note here is the incorporation of reinterpretation into the diachronic process.
Relative acoustic classes can, by their very nature, only have an effect on sound change through
the acoustic perception of a listener. The speaker is unlikely to notice the distortion in his own
production. If such is supposed to be the trigger, then it must be distortion perceived by a
listener, who must then interpret the distortion as a native characteristic of the segment.

In the same timeframe as Longerich (1998), Hall (1997) put forward his analysis using more
conventionally phonological tools. This analysis has been discussed already in Section 2.2 and
does not need much reiterating here. The important takeaway is that Hall (1997) argues that the

situational trigger for what we understand as the RUKI Sound Law was the emergence of an
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alveolopalatal fricative emerging from the historical palatalized velar stop. He argued that at the
time there were only two other fricatives in Sanskrit, being the dental and a palatoalveolar. Since
no language ever contrasts alveolopalatals and palatoalveolars, Hall (1997) argued that the
palataoalveolar fricative was retroflexed in order to maintain contrast against the new
alveolopalatal. While this present dissertation will not focus much on this matter, it will be
brought up when we come to the I analysis in Section 6.3.2, and the value of contrast
maintenance in shaping the RUKI Sound Law will be brought up. However, as will be discussed
then, the elaboration of a contrast maintenance system for FGHS is beyond the scope of this
dissertation.
5.2.1 The Segmental Inventory of Sanskrit

This section is intended to provide the clear phonological context in which the RUKI Sound
Law operated. The inventory given here is adapted from Miiller (1879), which gives an early
system of transliterating Sanskrit into English, and information provided in Whitney (1884). I
have adapted this system into modern IPA here for modern reference. Note that Sacred Books of
the East covers more than just Sanskrit, and so not all the segments it provides transliterations
for were actually part of Sanskrit itself.

The format used below is based on the structure of the modern IPA, but with small revisions
intended to suit it better to this particular language. Most notably, aspirated stops have been

entered in their own row, as opposed to being included with the unaspirated stops.
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Labial Dental Retroflex | Palatal Velar Glottal
Stop pb td td cJ kg
Aspirated p" b" t"an th ch yh kb gn
Stops
Fricatives S S ¢ h
Nasals m n n n N
Approximants u/w I r (t) J

Some segments could not be properly represented in the chart above and are therefore
explained here. First, there is the Visarga, an [h] which is derived from final [s r] (Whitney
1884). Since it does not seem to show any particular interaction with the RUKI Sound Law, it
will be treated as a phonetic [h] just like the regular glottal fricative shown in the chart above.
Sanskrit also has a place-variable nasal known as the Anusvara, which is assumed here to be a
placeless [N].

All of the approximants shown here had a syllabic variant which is not enumerated here as it
does not seem to matter in regards to the RUKI Sound Law. Nonetheless, for purposes of
completeness it is mentioned here.

Something important to note is that there are four fricatives, five if we count the Visarga as
something separate. As discussed in Section 5.2 and Sections 2.2 and 2.6 above, the analysis of
Allen (1973) on which this dissertation is based requires that there be only one fricative in the
language so as to justify wide-ranging place-assimilation. Thus, we must here point out that of
the four primary fricatives, one is itself the RUKI reflex, and thus obviously would not have
existed prior to the application of the Sound Law. The palatal fricative does not seem to come

from the same source as the RUKI reflex, and seems to be a later development. Thus, at the early
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stage when the RUKI Sound Law happened, there was only one fricative in place, save possibly
for [h], which if it were in play at that time must not have been particularly relevant.

Next we will describe the Sanskrit vowel inventory, drawn from the same sources as above.

Table 3: Vowel Inventory of Sanskrit

11 uu:

e ai oau

aa:

As we can note here, Sanskrit has a single low vowel (which simply participates in the length
distinction seen across all the vowel spaces save for the mid vowels, which contrast a
monophthong with a diphthong). The traditional description of the RUKI Sound Law varies
somewhat in whether the mid vowels are considered to trigger it, or if they instead neutralize to
high vowels before *s. Either way, we can see that RUKI is triggered by all vowels save for the
sole low one.

5.3 Acoustics, Phonology, and Diachrony

Something which deserves a more particular focus is the analysis of RUKI by Longerich
(1998). This Master’s Thesis stands as a significant component of the RUKI literature, being
seemingly the first attempt to test RUKI using modern methods and technologies. It stands out
from previous attempts to analyze RUKI, which had been essentially theoretical in nature,
focusing on feature definitions and other formal modes of analysis. Longerich (1998) instead
turns to empirical data in an attempt to settle the debate. The short version, as this paper has
already been discussed in Chapter 2, is that, using English speakers as a data source, Longerich
(1998) found that indeed, the set of [r u k 1] have distinct acoustic effects on following [s], being

distortions which are not seen when compared to similar segments such as [1].
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The Longerich (1998) analysis thus provides an excellent acoustic and phonetic explanation
of RUKI. However, it remains something of an open question whether her analysis is satisfying
from a phonological perspective. That is, the debate, especially in OT-based research, remains
open as to whether or not the phonology has direct access to acoustic information. Now, it must
be stated here that while FGHS holds that acoustics per se are not part of the phonological
interface, the phonological component of language is absolutely affected by acoustics via lexical
reanalysis. This does not, however, totally abdicate the responsibility to provide a phonological
explanation for phonological problems: it is merely an acknowledgement that some changes
happen outside the phonology, and in such cases the phonology must simply impose an order on
it without having had a say in its development.

Longerich (1998) demonstrates a common acoustic effect of the RUKI set, albeit using
English data which may not be wholly phonetically appropriate for dealing with a Sanskrit
change. That is, when compared to a non-RUKI set of [1 t p a A 9], the RUKI segments caused
“the presence of an initial noise frequency component below 3500Hz” (Longerich 1998). This is
a strong finding in favour of the argument for relative acoustic classes. On the basis of this
finding, she argues that the output of the RUKI Sound Law was probably something like /f/
initially, with the daughter-languages later shifting it to their various reflexes based on their
various needs.

Nonetheless, these findings are not necessarily the final word in regards to the phonological
problem. From the perspective of theoretical phonology, the selection of [s] in Sanskrit (or [X] in
Slavic, etc.) must be the work of the phonology, rather than the acoustic character of these
sounds. The acoustics could absolutely trigger reanalysis of *s into some other fricative, as

Longerich (1998) demonstrated. Something her analysis does not neatly account for is the fact
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that the various RUKI reflexes across the Satem languages are drawn from the set of fricatives
which would result from simple place-assimilation by one of the RUKI members (Allen 1973).
This clearly implies the involvement of purely phonological machinery, for the selection of
phonemes and allophones is the defined domain of phonology.

This would seem to be an acceptable model for structuring the relationship between acoustic
data and the purely mental processes of phonology. In such a system, the acoustics provide
information which must be processed down to units of meaning, and, importantly, provide the
data on which language learners construct their acoustic definitions for various phonemes and
allophones. Through this acquisition, acoustic data can trigger reanalysis between generations,
which leads to the learners acquiring a different underlying representation from their parents.
This causes changes which the phonology must deal with, regularize, and process, but which
were not in themselves of phonological origin.

5.4 A Statistical Assessment of RUKI

The key trouble in regards to analyzing the RUKI Sound Law, as discussed above, is that the
conditioning environment, of preceding [r u k 1], does not form a natural class in traditional
terms. If we put aside the relative acoustic natural class proposed by Vennemann (1974) and
supported by Longerich (1998), then we are left with a difficult question indeed. There is,
however, another option not presently discussed in the literature: that, from a logical perspective,
the RUKI set is an accident, or to put it another way, that RUKI forms not a natural class, but
what might be called an ‘accidental class’.

The proposal here is straightforward: as noted by both Zwicky (1970) and Allen (1973)
attempts to define RUKI as a class according to phonological characteristics have routinely

encountered troubles where they have not outright failed. Nonetheless, there must be something
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common across them in order to explain why they pattern together with respect to the RUKI
Sound Law. What I propose is that phonologists have, entirely reasonably, been looking at the
issue from the wrong angle: that the RUKI set is united not by their internal characteristics, but
by their external distribution. That is, that the RUKI set can be defined as the set of segments
which could both precede /s/ and were able to leave a visible sign of assimilation.

Consider the analysis of Allen (1973), which in summary noted that when a language has
only one fricative, said fricative will be very flexible in its place of articulation. It will commonly
assimilate to a surrounding place in order to facilitate easier pronunciation, since frication is the
only salient feature. This indeed forms the basis of Allen’s (1973) analysis of RUKI as separate
changes which were later unified, the analysis on which this present study is built. If we accept
this position, then it stands to reason that the single fricative, *s, of Indo-Aryan would regularly
engage in place-assimilation in Sanskrit. This variably assimilated fricative would seem to have
originally passed by unnoticed by speakers until some later point, at which time the many
variants were neutralized into a single allophone, which itself then later phonemicized.

Now this analysis falls immediately under a major criticism: if it were true, how would it
explain the selection of [r u k 1] alone as the triggers for the change? Surely therefore [s], or other
identifiable reflexes, should be widely seen in other environments, as the result of other
assimilations. The answer to this forms the basis of my proposed ‘accidental class’: that the
criticism is entirely valid in theory, but not particularly relevant to the data in fact.

Thus far in the literature, the discussion has focused on where [s] and [s] appear. None that I
have found yet, however, discusses the environments where neither appear. These non-RUKI
environments reveal a surprising result: that the non-RUKI environments are irrelevant to the

RUKI Sound Law. I do not mean that they reveal no interesting information, but rather that they
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reveal interesting information in the absence they show. A sample of over 3000 Sanskrit words,
discussed in more detail below, shows a staggering lack of [s s] tokens which do not immediately
follow segments from one of four categories: dental sounds; placeless sounds; RUKI sounds; and
labial sounds. Now, this may at first seem like a strange way of categorizing the data, but it
follows a certain very relevant logic.

If we assume for a moment that *s was subject to broad place-assimilation based on the
preceding segment, then one of the first things that would be observed is that any segment which
shared a place of articulation with the default place of *s would leave no evidence of any
assimilation. A placeless underlying /S/ would simply assimilate to dental [s], and an
underlyingly dental fricative would give absolutely no sign of any change, even if its place were
deleted, since it would be assimilated back to the default it would have used anyways. A similar
result would be found for any preceding segment which itself lacked place: either the pair of
them would simply have to assimilate to something even earlier in the phonological string, or
they would need to have the default place inserted directly. Regardless, both dental and placeless
segments would therefore leave no visible evidence of assimilation.

In contrast the RUKI segments would of course leave evidence: the very evidence that has so
far been the subject of all debate around the RUKI Sound Law. That is, we would expect that if
*s were to undergo assimilation according to its preceding segment, that we would not find [s]
after the RUKI segments following the sound change. This is therefore perfectly in line with all
expectations and not worthy of further discussion at this present juncture.

The interesting part of this list is the labials, as Sanskrit has no labial fricative. This implies
one of two scenarios: either there is an accidental gap, and it just so happened that Sanskrit never

had any words with labial fricatives; or there was some high-ranking constraint to the effect of
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*LABIALfricative which banned such from ever emerging. Given that in OT-based models, we
prefer to explain as much as possible through the ranking of constraints, the latter situation seems
the more likely, and this would easily explain why labial segments would fit into the group of
four listed above. It was simply the case that any /s/ which followed a labial segment would be
prevented from assimilating at the first step, and therefore would not be in a position to
participate in the later neutralization, remaining dental in both cases.

Fascinatingly, the data explained below will show that, statistically speaking, [s s] only rarely
following segments other than [a] and the RUKI Set. There are some here and there, but given
the sample size, they are vanishingly rare. This is a surprising revelation, but one which is key to
the discussion in this section. If it is the case, as the data will show, that [s s] functionally never
appeared after these other places, then analysis of RUKI does not need to account for their
exclusion. Their exclusion would not need to be phonological in a traditional sense: there would
need to be no explicit rule or constraint which banned them from participating. Via what looks to
be an act of historical accident, they are already excluded by the happenstance of the
distributional state of Sanskrit. It is a fair and intriguing question to ask why this distribution
exists, but that is beyond the scope of the present study. What matters at the present is that this
distribution does exist, and would therefore necessarily shape the progress of any historical
change. Environments which do not exist do not participate in changes, no matter how much
they would match its conditions if they did exist.

Thus why I have called the RUKI set an ‘accidental class’ here: because when considering
the above, the RUKI set consists of the sounds which were allowed to cause visible assimilation

and were in a position to actually do so. It is a result not of common features, but of common
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distributional patterns which themselves seem, in the absence of further investigation, to be a
mere historical accident.
5.4.1 Methodology

All data was collected from MacDonell (1893), specifically the Amazon.ca reprint.
According to the dictionary’s Preface, it was intended to fill a gap in the literary market at the
time, as there was no in-print Sanskrit-English dictionary available for learners and scholars. It
claims that by the time of its publication at least three other such dictionaries had been published,
but that it stood out for having “nearly double as much material as any of the dictionaries in
question” and was “the only one of the four, [sic/ which is transliterated” (MacDonell 1893). A
sample of 3523 tokens was collected from the dictionary by hand over a span of several months,
all performed by the sole author of this dissertation. The tokens were collected in alphabetical
order based on the structure of the dictionary, though it should be noted that all tokens were
word-internal in the data analyzed below, and in consequence the bias towards earlier-in-
alphabetical-order initial segments did not significantly impact the data. The only effect which
this selection had was the exclusion of [s]-initial and [s]-initial words. Since all words were
analyzed in isolation and therefore without reference to any preceding words, a necessary
limitation given that the source was a dictionary, fricative-initial words were not directly relevant
to the discussion of preceding environments and would have been excluded regardless.
Nonetheless, a short discussion of the raw word-counts of [s]-initial and [s]-initial words in
comparison to each other is given later in Section 5.4.3.1.

All data was stored in a single Excel file, a modified version of which is attached as

Appendix A.° Each word was entered into the data in two columns: the first contained the

° Due to space limitations, the full document could not be included. Unnecessary columns were deleted, leaving only
the transcriptions, segmental tallies, and the RUKI Exceptions column (which was renamed to ‘EX’. All dental
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transcription as given by MacDonell (1893), while the second contained a conversion of that
transcription into modern IPA. Each word was entered on its own row, with both transcriptions
being in the same row as each other. The Sacred Books of the East, vol. 1 (Miiller 1879) was used
to provide definitions of the symbols used in MacDonell (1893) and to thereby convert it to IPA.
Some minor differences exist between the original text and the Excel file as regards the
MacDonell transcriptions, largely arising from the nature of modern typing. Stress markers,
which showed no sign of impacting RUKI and which have not been referenced in any discussion
of the Sound Law, were generally omitted. Similarly, for most of the data, diacritics were
replaced with similar symbols, generally placed after the segment the diacritic had been on: <>,
as in <a”™>, was used instead of <a>; <.>, as in <n.>, was used instead of <n>; and in some cases
<’>, as in <a’>, was used instead of <a>. As well, throughout the MacDonell transcriptions in the
Excel file, <:> often stands for <:>. All of this was done to increase the efficiency of data
collection, as it reduced reliance on copy-pasting the relevant symbols into the Excel sheet, or
the switching between a normal English keyboard set-up and a digital IPA keyboard. The use of
these substitution symbols did not seem to impair the purpose of the transcriptions for this
analysis. For the IPA transcriptions a digital IPA keyboard was used, and all relevant symbols
and diacritics were used in their proper place, save that stress was never marked.

After being thus twice transcribed, each word was analysed for the number of [s ] tokens it
contained, and which segments preceded them. Every RUKI fricative token in a given word was
counted and entered as a whole integer in the relevant column. Thus, for a word which had one

[s] token, a ‘1’ was entered in the [s] column, while a word with two [s] tokens would have a ‘2’

segments were combined into a single column labeled ‘Dental’, while all labials were collected into a single column
marked ‘Labial’. Some preceding environments had very low token counts, and so were grouped into the ‘Other’
column: [s s ¢ d #]. All other preceding environments kept their own columns. As well, some transcriptions were
broke up into multiple lines within a single cell in order to accommodate the available space.
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entered in the same column. The same procedure was followed for those segments which
immediately preceded the RUKI fricatives: the number for each preceding segment was tallied
and then entered as a whole integer into the relevant column. Thus, for a word which had three
[s] tokens, two of which were preceded by [a] and one by [t], a ‘2’ would be entered in the [a]
column, and a ‘1’ in the [t] column. Calculations entered into the Excel file automatically kept a
running tally of every numeric column, providing instant total counts for [s] and [s] tokens, and
for how many times either of them were preceded by a given segment. At the end of the row each
word was marked for any of the following which applied: the count of any exceptions to the
RUKI rule it contained; and the count of how many times there was a following [r], as this
environment should block the application of the RUKI Sound Law. Regular checks were
performed to ensure that the number of RUKI fricatives in each row was equal to the count of
preceding segments. This was done using an Excel SUM function to tally the total counts for
every segmental-numeric column. These were then checked using Excel’s ‘Search’ function to
find any odd numbers, and to check any even number greater than 2, in order to ensure that no
segments were either missed or double-counted.

The raw counts of preceding environments were automatically collected into a running
calculation which grouped them into a series of categories: dentals; placeless; RUKI segments;
labials; and ‘other’, which contained any preceding environment which did not fit the previous,
but which had too few tokens to justify a separate line. The collection was performed by the
Excel SUM function, set to automatically tally the total count in each column.

Dental segments included [d t 1]. While [s] is technically also a dental segment, its low token

count and direct involvement as the subject of the RUKI Sound Law led to it being counted
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separate in a subcategory of ‘Other’ along with [s]. Note that the ‘dental’ category did not
include [n], for reasons discussed below.

Placeless segments included [h n N a]. The inclusion of [h N] in this category is obvious, but
[n a] require some explanation. In the data, due to ambiguities surrounding the underlying nature
of [n], the segment was treated as being underlyingly placeless, with its dental PLACE node
added later in production. Importantly, nasals in general seemed to generally follow cross-
linguistically common patterns of nasal place assimilation, making it very likely that the Sanskrit
[n] is underlyingly more of an archiphoneme-like [N]. How the surface-dental [n] and the
Anusvara would be distinguished in their underlying representations is not entirely clear. It could
be that [n] had a CORONAL node while the Anusvara did not, or it could be that they were
phonemically indistinct. Ultimately, their strict featural definition is a matter for a more
dedicated study. What matters for the present purpose is that in regards to the potential
assimilation of *s, these two segments would have the identical functional effect of not triggering
visible assimilation. The dental [n] was therefore counted with [N] in a single column. [a] was
the only low vowel, and therefore considered to not have an underlyingly PLACE node. This
assumption neatly explains why it did not participate in the RUKI Sound Law, as it had no
PLACE node to spread during any assimilation process. As will be discussed in Section 6.3.5,
this assumption does not entirely hold up in practice, and we will ultimately adopt the view that
Sanskrit [a] had a bare V-PLACE node. Nonetheless, as it acts like the other placeless segments,
it will still be counted among them for the purpose of this analysis.

As regards the counting of preceding segments, the following logic was used. In most cases,
each preceding segment received its own column, in which a value would be entered so long as it

exceeded zero. Any line which did not include a token for a given column was left blank as a
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convenience, as blanks were treated as zeroes by the calculations. Length distinctions for vowels
were ignored, on two grounds: the first, that no discussion of RUKI has made reference to length
as a factor; and the second, that there was no apparent pattern in the sample data of length having
an effect. Therefore both long and short vowels of the same quality were grouped together. As
well, the Anusvara, which is a Sanskrit phoneme defined as a placeless nasal distinct from the
surface-dental nasal, was grouped with the said surface-dental nasal [n], as both would produce
the same effect upon following *s. That is, the surface-dental [n], treated here as being
underlyingly placeless, would fail to produce any visible assimilation. Lastly, the Visarga and
regular [h] were grouped together, as the Visarga seems to just be a phonetic [h] and both would
have the same effect upon following *s.

Tokens which displayed a violation of the RUKI Sound Law as traditionally defined were
marked as ‘RUKI exceptions’, with a running tally kept as with all other data in the Excel file.
An exception was defined as any occurrence of [s] following a RUKI segment, or [s] appearing
in any context other than following a RUKI segment.

An admitted limitation of the methodology in this study was the duplication of morphemes
with morpheme-internal tokens. For logistical and definitional reasons, it was not possible for
this study to omit duplication of morphemes which contained *s tokens inside them. The key
issue comes from the fact that this study was analyzing words, and the definition of a ‘word’ can
be a tricky affair. It was not clear, as someone who is not deeply immersed in Sanskrit as a
language as opposed to a source of data, when a duplicate morpheme should be included because
it forms part of a meaningfully different word rather than excluded because it does not. Thus, to
ensure that the maximum quantity of data was accounted for, duplicate morphemes were

considered to form new words when attached to roots which had not yet been processed. This
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certainly increased the count of certain preceding environments, but given the disparity in results
which will be seen in Section 5.4.2, it does not seem likely that this would substantively change
the overall analysis of the data.

Relatedly, this data is limited due to the nature of the collection method. By using a
dictionary there is a risk of the data being somewhat unmoored in time and possibly comparing
forms which never existed contemporary to each other. In comparison, using actual Sanskrit texts
as a source would ensure that we were examining a specific language at a specific point in time.
Furthermore, since this study collected data in an alphabetical order, it is possible that certain
sequences are overrepresented due to being frontloaded in the source. However, while these are
limitations, they do not seem fatal to the purpose of the study. The dictionary, while not a perfect
source, provided a clean and straightforward collection of data on which to build the following
analysis. Fundamentally, this study is focused on trends rather than specific numbers. Based on
the data collected, as will be shown below, there are significant asymmetries in the data. It is not
at all clear that further data would undo these trends. Thus, the data as collected is nonetheless
useful for the role which this study plays in the larger analysis: demonstrating that certain
environments do not need to be excluded from triggering assimilation by the constraint ranking,
since they are already effectively excluded by the lexicon.

5.4.2 Data

The data collected consists of 3260 Sanskrit words containing 3523 tokens of [s] and [g]. Of
these tokens, there were 1896 [s] tokens and 1627 [s] tokens, meaning that [s] made up 53.82%
of the assessed tokens, and [s] 46.18%. As these numbers imply, several words contained

multiple tokens of the fricatives in question, in various combinations. All the numbers which
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follow are based on token counts, without further reference to raw word count except as
specified.

Of these 3523 tokens, 423 were considered to be exceptions to the regular application of the
RUKI rule, constituting 12% of the data.. It should be noted, however, that these exceptions
concerned only the distribution of [s s], and not that of historical *s. While these exceptions have
their importance, they do not impact the overall discussion at hand, which concerns specifically
the environments in which *s could appear in Sanskrit prior to the RUKI Sound Law. The claim
of accidental class is, after all, predicated in the idea that prior to the onset of RUKI, *s was
distributed so as to produce the RUKI Set by historical accident. The results of that rule are
therefore less important than the environments in which its subject could be found.

A total of 9 instances of a following [r] seeming to prevent the application of RUKI were
found in the sample, forming 0.25% of the data. Since so few tokens were found, /r/-blocking
will be excluded from further discussion here on the grounds of a lack of meaningful evidence to
analyse. Presumably more tokens could be found with further data, and especially with the use of
sentential data not available in a dictionary. However, that must be left to future research.

The total set of tokens can be organized according to which segment preceded the fricative.
These preceding environments have been grouped for the purposes of analysis, and are as shown
below. All percentages have been rounded to two decimal places.'® Any data which is shown in a
sublevel is considered to be part of the macro-category it is under. All percentages are out of the
total set of tokens.

(94) Organized list of preceding environments of *s

10 Note that the percentage totals for the categories do not always quite equal the total of the percentage values given
for specific segments. This is a function of rounding to two decimal places, as each percentage value given in this
section was calculated independently. The category percentages can be taken as more accurate than the sum of
segmental totals given here. See Appendix 1 for the full data.
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1. RUKI set: 1757 tokens, 49.87%
a. [r]: 209 tokens, 5.93%
b. [u]: 349 tokens, 9.91%
c. [k]: 616 tokens, 17.49%
d. [i]: 442 tokens, 12.55%
e. [e]: 76 tokens, 2.16%
f. [o]: 65 tokens, 1.85%
2. Placeless/dental/labial: 1759 tokens, 49.93%
a. Placeless: 1645 tokens, 46.69%
i. [n N]: 83 tokens, 2.36%
ii. [h]: 33 tokens, 0.94%
iii. [a]: 1529 tokens, 43.40%
b. Dental: 86 tokens, 2.44%
i. [d]: 2 tokens, 0.06%
ii. [t]: 79 tokens, 2.24%
iii.  [1]: 5 tokens, 0.14%
c. Labial: 28 tokens, 0.79%
i. [b"]: 7 tokens, 0.20%
ii. [b]: I token, 0.03%
iii. [p]: 18 tokens, 0.51%
iv. [m]: 2 tokens, 0.06%
3. Other: 7 tokens, 0.20%
a. [¢]: 1 token, 0.03%
b. [ss]: 3 tokens, 0.09%
c. [d]: 1 token, 0.03%
d. #: 2 tokens, 0.06%

The above is given in the form of a list due to constraints of space: there are simply too many
categories to provide a legible chart here. Thus, to make the numbers somewhat more
understandable, a series of pie charts are provided below. The first simply covers the total data

set. The design of the chart has been selected to maximize readability.
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Table 4: *s distribution: total preceding segments

Total Preceding Environments

1529
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Next, we turn to compare the four broad categories shown in the list above.

Table 5: By Segmental Categories

Segmental Categories
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Labial | 28
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These charts should give a clear sense of the distributional asymmetries in the RUKI data.
For Table 4, we see that [a] constitutes almost half the total preceding environments, and is
roughly 2.5 times the size of the next most common environment, [k]. For Table 5 we see that
Placeless and RUKI preceding environments overwhelmingly dominate the chart, leaving only
slivers for all other environments.

5.4.3 Discussion

From this data, several observations can be made immediately. The first is that while [s] was
the more common of the two RUKI fricatives, it made up only slightly more than half the total
tokens in question. The second is that there is a similar distribution of RUKI environments
compared to non-RUKI environments, with RUKI segments making up 49.87% of the total
preceding segments.

Digging into the finer details, the breakdown by particular preceding segments is quite
striking. 43.40% of all tokens saw one of the fricatives preceded by [a], making it by far the
single most common preceding environment in the entire data set. Indeed, its commonality
accidentally inflates the importance of [h n N] due to falling into the same macro-category, as
without [a] they only collectively comprise a mere 3.29% of the data. There are almost as many
[a] tokens are there are total RUKI environment tokens, with [a] alone being 43.40% of the data
compared to the 49.87% of the collective RUKI set.

Comparing [a] to the other non-RUKI environments and it quickly becomes apparent that
there are clear distributional gaps for [s s]. Other non-RUKI environments make up only 6.73%
of the sample. Of this 6.73%, non-[a] placeless segments are the majority environment at 3.29%,
followed by dental segments at 2.44%. This means that out of the 6.73% of non-[a], non-RUKI

environments, 5.73% would be unable to trigger any visible assimilation. This leaves just 0.99%



| 175

of the data to fill the category of segments which are theoretically capable of causing observable
assimilation. Of this 0.99%, 0.79% are labials, with 0.51% of that being [p]. This leaves just
0.20% of the overall dataset for the ‘Other’ category. We can therefore conclude that the non-
labial, non-dental ‘Other’ segments are statistically irrelevant as preceding segments.

It must be made clear that the commonality of [a] as a preceding segment is not at all
unexpected. That a vowel will precede a consonant is something quite normal across all
languages. Rather, the emphasis here is not on how often [a] appears, but instead on how rarely
anything else does. If we exclude [a], then *s only appeared after non-RUKI segments in 6.73%
of assessed words. This is a strikingly low number when compared with how often it appears
after RUKI segments. Even if we only compare consonants to consonants, [r k] are preceding
environments for roughly 23.47% of the data in comparison. That is, *s in this data set appeared
after RUKI consonants almost four times as often as it did for all other consonants combined.
Now, it should be noted here that the [r] data may not be entirely accurate for this purpose, as
there was a syllabic [r] in Sanskrit which is generally considered a vowel (Whitney 1884).
However, the total [r] data in this study constitutes only 5.93% of the total data. Even if we
removed it from consideration entirely here, [k] alone would stand at 17.49% against 6.73% for
all non-RUKI consonants. We therefore see the striking asymmetry in the data, and from it can
only conclude that many segments would not have participated in a general process of place-
assimilation simply because those respective environments did not exist in any significant
numbers.
5.4.3.1 [s]-initial and [s]-initial words

In the discussion above, no direct reference has been made to findings in the word-initial

environment. As noted above, this is because the source for the data, a dictionary, does not
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provide preceding words for its entries, and so there is limited information to be gleaned from
this. Nonetheless, it is worth briefly going over the numbers and what they say regarding this
matter. It must be emphasized here that this subsection is not intended to provide any new
revelations, as the data here certainly tells us nothing new. Rather, this digression here is simply
intended to explain the raw findings from a major preceding environment which otherwise
features very little in the primary analysis: word-initial position.

Now, as this section is a side topic from the main discourse, a different methodology will be
used from the primary data analysis. Rather than counting every possible word, a method which
counted every combination of root and affix which the dictionary provided, this section will only
count dictionary headwords. That is, every word which gets its own entry in the dictionary is
counted, even if there are multiple entries which look like they contain the same root morpheme.
Variants within each entry, showing what would result from attaching different morphemes to the
root, will not be counted. As will be shown, adding the extra polymorphemic words would not
change the essential results, and so they were excluded.

The count of [s]-initial words came to 31 entries. In terms of space, this came to about two-
thirds of a page in the dictionary. The count of [s]-initial entries, in contrast, came to a total of
1929 entries across 51 pages. The first of those pages took up about a quarter of a page, having 3
entries, while the final page was likely about an eighth or less of a page, with 5 entries. The other
49 pages had an average of 35.4 entries per page. This gives a sense of just how asymmetrical
these two groups are. The [s]-initial words were able to fit 31 entries, with any given entry for
either category potentially having one or dozens of variants listed within it. Meanwhile, there are
not only roughly 62 times as many [s]-initial words, they on average would have about as many

variants as the [s]-initial words.
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Overwhelmingly, therefore, more words begin with [s] than with [s]. While this does not
account for instances of RUKI which may have appeared contextually based on preceding words,
it does strongly fall in line with what would be expected of [s] as a phonemicized allophone: that
it would be rare for it to appear word-initially, since it would need to either be consistently
allophonically derived there, borrowed in from another language, or innovatively placed there in
a novel word.

5.4.4 Analysis

The obvious conclusion to draw from this data is that there is an incredible bias in the data as
regards the environments for *s. A mere 6.73% of tokens of *s do not come after either RUKI or
placeless segments. Now, the data itself does not make clear why this is the case, and that in
itself is certainly a tantalizing question. But it is ultimately secondary to the present discussion.
Whatever is as the bottom of this discrepancy, whether it is truly historical accident, as this
analysis will henceforth assume, or the result of some as-yet unclear restriction, what matters is
that it exists. Overwhelming, *s in Sanskrit was distributed after either [a] or a RUKI segment.

This strongly supports the analysis of RUKI as an accidental class as opposed to a natural
one. If *s was found relatively regularly after other segments, then the accidental class argument
would quickly collapse. But that is not the case. Rather, *s overwhelming appears following
either a RUKI segment or [a]. Of the other segments, most of them are [e o], which as has been
noted throughout this dissertation could be considered RUKI segments themselves. The
remaining few percent are overwhelmingly dental or labial. This asymmetry should strike us. We
are not dealing here with a small difference, the indication that there may have been some small
preference for *s to follow RUKI segments. Rather, there are entire categories of segments

which were practically banned from preceding *s. Whatever the cause of this asymmetry,
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whether it was truly just the happenstance of those word which happened to exist, or if it was the
result of some more principled phonotactic constraint, the fact of the distribution is undeniable. It
was simply not the case that *s appeared in meaningful numbers after non-RUKI, non-[a]
segments. We are therefore left with a situation where those segments which could cause visible
assimilation of *s and did so consists of practically just the RUKI set. The unassimilated [s] was
overwhelmingly otherwise restricted to appearing only after [a], a segment which was not
capable of causing visible assimilation in that fricative.

Now, the 0.99% of the data which comprises segments which could in theory cause visible
assimilation of *s is worth some discussion. There are two key points to be made here regarding
it. The first, though important, is little more than an observation of this category’s size. Out of
3523 tokens, a mere 35 fit into this category. This alone speaks volumes to the distributional
disparities which preceded the RUKI Sound Law. It is no wonder that none of these segments
form part of the RUKI Set: they barely interacted with *s at all.

The second key point here is the breakdown of this already small category. Out of the 35
tokens here, 28 of them, 0.79% of the overall dataset, are labial segments. As noted above, the
overall lack of a labial fricative of any sort in Sanskrit implies a high-ranking constraint to the
effect of *LABIALFRICATIVE, which would have interfered with any attempt at assimilating *s in
that environment.

The conclusions from this data are, therefore, quite overwhelming. An incredible 99.01% of
the data fit neatly into the accidental class analysis. All these environments are either part of the
RUKI Set, and therefore must have had *s following, or would be expected to not show any
visible sign of assimilation regardless of whether a broad change operated on them or not. That

there are exceptions on where [s] appears as opposed to [s] is no particular problem to this
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analysis, except insofar as all formal phonological analyses, whether constraint-based or rules-
based, have problems with the residue of real-world sound changes. Fundamentally, phonology

is concerned with systems of interaction, and the sociolinguistic factors which drive the spread of
changes through a language, or fail to completely spread it, remain in the same place they always
have: as their own discussion, apart from the formal analyses themselves. What matters for this
present discussion is simply the distribution of *s and its reflexes. This distribution holds strong
for the accidental class analysis.

The matter of whether the distribution of *s is accidental or systematic is fascinating but
ultimately irrelevant to the present study. If it is accidental then there is simply no challenge to
the current analysis, as the present claim is that RUKI emerged from accident. If it is the result of
some underlying systematic ban, then it is also no challenge, though it is certainly a much more
interesting topic for future research. Whatever system prevented *s from appearing outside the
above-discussed contexts must necessarily predate the RUKI Sound Law itself, and therefore
cannot be part of the Law. It would be like a region which was beset by floods. There may be
good reasons why flood walls and dams had been erected in some places but not others, but those
reasons themselves would not explain why some regions suffered more flood damage than
others. Rather, it is the dams and walls themselves which would explain the relative damage. The
situation here is similar: the reasons why *s had the distribution it did are important and worth
discussing, but are not themselves the direct explanation of the pattern.

5.5 Future Research

Obviously, the data above, while substantial, is as of yet incomplete. Two major tasks remain

in regards to this project. The first is to perform a more comprehensive analysis of [s]-initial and

[s]-initial words, with a particular eye towards why the [s]-initial words exist at all, given the
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origin of [s]. The second outstanding task is to complete the overall analysis of the dictionary.
The data as it stands is not yet complete, and while it seems very unlikely that further data would
alter the trends discussed above, it is certainly worth investigating to be sure. As well, further
quantity of data may shed light on some of the edge cases and rarities observed in the collected
data. As it stands it is difficult to say much of interest about the interactions of [s] with palatals,
as the raw numbers available are so small. While this lack of data serves well in supporting the
‘accidental class’ analysis proposed here, it does mean that discussion of the palatal-*s
interaction itself remains outside the realm of reasonable discussion. The same holds true for
other preceding segments which were simply too rare in the data to support meaningful analysis
beyond the fact of their rarity. Further data could either provide the sheer numbers required for
analysis, thereby allowing further testing of the ‘accidental class’ analysis, or could prove still far
too few. This latter outcome would be most fascinating in some ways, as it would strongly
support the ‘accidental class’ analysis by unequivocally demonstrating the absence of *s from
those environments.
5.6 Conclusion

Fundamentally, the RUKI Sound Law does not operate on a conventional natural class. Two
options are therefore available: we must either accept the concept of a relative acoustic class as
per Vennemann (1974) and Longerich (1998), or we must accept the concept of an accidental
class as outlined above. Certainly, the accidental class analysis has clear accordance with the
data, as a mere 0.99% of the sample does not fall into the category of either being attested as
triggering RUKI, or being contextually unable to leave any evidence of place-assimilation. If
there was general place-assimilation of the singular fricative *s, and that *s simply never

appeared outside of these contexts, then the strange RUKI Set is exactly what we would expect
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to see. The set of “those segments which could leave evidence of assimilation and were in a
position to cause it” would fall directly to RUKI. This strongly demonstrates that it was
distribution which made RUKI a set, rather than some elusive common feature. It was not the
internal phonology, but rather the external lexicon which determined the path of RUKI in this
sense. In the same way that loanwords are not subject to sound changes which occurred before
they were borrowed, words and environments which did not exist in Sanskrit did not participate

in the general process of place-assimilation that the RUKI Sound Law was derived from.
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6. Analysis

6.1 Introduction

This section will focus on the analysis proper of the RUKI Sound Law, based on the
Diachronic FGHS model which this dissertation has thus far been focused on explaining. This
analysis follows the principles of (Allen 1973), arguing that the RUKI Law is in essence an
illusion, being the levelling of multiple separate processes into a unified output. That is, as per
Chapter 5, the RUKI set does not appear to be a natural class because, in fact, it is not one.
Rather, it is an accidental class, wherein each member engaged in normal place-assimilation
processes, the reflexes of which were later neutralized into a single, common output. As
discussed in Chapter 5, there was a surprisingly small set of segments which ever actually
appeared before /s/ in Sanskrit, which conveniently explains the lack of segments which engaged
in the overall RUKI phenomenon. Important to the entire analysis is the fact that *s, being the
only native fricative, would have been incredibly susceptible to place-assimilation. This is best
represented by being underlyingly placeless, as that would allow simple constraint rankings such
as HAVEPLACE>>DEP to drive the spreading of place. It must be noted here that the placeless /S/
would seem to be distinct from /h/, as /h/ did not participate in RUKI. Due to its necessity for
other reasons, discussed below, it will be assumed that the difference between /S/ and /h/ in
Sanskrit is that /S/ was specified for [-sonorant], while /h/ was not. Thus, /S/ functioned as the
sole historical fricative phoneme, while /h/ filled other roles in the system.

As regards the members of the RUKI set, this analysis proposes four separate developments,
listed below. Note that for reasons of phonetic accuracy, the retroflex [;] symbol is used for the

Sanskrit rhotic in this analysis, as opposed to the conventional <r>.
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(95) ts—1s

(96) us—us¥*—ux—us

(97) ks—kx—ks

(98) ig—ig—i¢—is

In prose terms, the R component, being already retroflex, is easily explained in terms of
regular place-assimilation: R spread its C-CORONAL node to the placeless fricative, naturally
producing a retroflex fricative. The U component spreads a dorsal V-PLACE specified for
[+back] which triggers secondary articulation on the fricative. The secondary articulation is
reanalyzed as a primary articulation, after which it undergoes the insertion of a CORONAL node to
shift to retroflex. The K component is initially simple place-assimilation like with R, which later
undergoes neutralization to [s] via an intermediate two-place segment. Lastly, the I component is
similar to the U process in that it spreads its [-back] V-DORSAL node to the following fricative.
This leads to reanalysis of a palatalized fricative into a fully palatal one, and a later neutralization
process shifts it to being retroflex.

This chapter also demonstrates the importance of language acquisition to diachronic study,
by showing how reanalysis can explain otherwise mechanically strange changes to phonological
structure. At several stages in the /i/ and /u/ analyses reanalysis will be invoked to explain
changes which are otherwise difficult to model in a Clements & Hume (1995) model of feature
geometry. The implications of involving inter-generational reanalysis will be discussed in more
detail in Chapter 7.

6.2 Constraints
The following constraints will be used in this analysis.
(97) *SEGMENT: assign a violation mark for every instance of the noted segment

(98) HAVEPLACE: assign a violation mark for every ROOT node which is not connected to a
PLACE node



| 184

(99) NOLINK: assign a violation mark for every association line which does not have a
correspondent in the input

(100) IDENT[distributed]: assign a violation mark for every [distributed] feature which has a
specification which does not match its correspondent in the input

(101) IDENT[anterior]: assign a violation mark for every [anterior] feature which has a
specification which does not match its correspondent in the input

(102) IDENT[back]: assign a violation mark for every [back] feature which has a specification
which does not match its correspondent in the input

(103) DEP: assign a violation mark for any entity in the output which does not have a
correspondent in the input

(104) MAX[C-Place]: assign a violation mark for every C-PLACE node in the input which
does not have a correspondent in the output

(105) MAXLINK: assign a violation mark for every association line in the input which does
not have a correspondent in the output

(106) *DOUBLECONSONANTALARTICULATION (*DCA): assign a violation mark for every C-
PLACE node which dominates more than one specified PLACE node

Some comments on the nature of these constraints are in order. The first note is also simplest,
being that ‘“*SEGMENT’ will not appear per se in the analyses to follow. Rather, there are a variety
of constraints, each of which ban a specific segment, which will be used in their appropriate
places. Since they all function the same, simply having different segmental targets, their
definitions were condensed here for more convenient reading. The *SEGMENT constraints
primarily exist to explain patterns of segmental inventory, and to show a language’s preferences
when confronted with multiple possible segmental candidates. As with all constraints, they are of
course not absolute, and a segment which is banned by a *SEGMENT constraint could potentially
still surface. It is also possible, due to these ultimately being separate constraints which can be
ranked relative to each other, for a derivation to serially satisfy these constraints one at a time,
slowly shifting through several intermediate candidates before finally reaching the surface-
attested output. Note that in this analysis, *SEGMENT targets specifically the segment it lists: a
segment which has some modification, such as double articulation or secondary articulation, is

not considered to violate the constraint.
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The constraints HAVEPLACE and NOLINK are both relatively self-explanatory. HAVEPLACE
requires all segments to have place noes. More specifically, it requires that every ROOT node
have an association line connecting it to some PLACE node. Note that it does not specify what
kind of PLACE node: both V-PLACE and C-PLACE nodes can satisfy the constraint. Equally, it
can be vacuously satisfied through ROOT-deletion. The constraint NOLINK is intended to prevent
the shifting of nodes from one association to another, and to prevent shared nodes disconnecting
from some of their associates. It is not per se violated by the deletion of nodes themselves, but
more the deletion of the association of nodes which continue to exist in the candidate. So, for
example, if there is a C-PLACE node which is shared by two ROOT nodes, and a candidate
proposes that it only continue to be connected to a single ROOT node, then NOLINK would be
violated.

MAXLINK can be considered the reverse of NOLINK: it serves the purpose of preventing
established association lines from being deleted. It does not itself play much of a role in the
procession of the analysis, but it brought up to show that it must be low-ranked for some of the
following derivations to function.

IDENT[BACK], IDENT[ANTERIOR], AND IDENT[distributed] are all classic Ident constraints
which do not particularly need explanation here. They functions the same as all other standard
Ident constraints. In this analysis, it is used to explain various patterns in feature change
preferences which will be explained as they become relevant.

Likewise, DEP is simply the same conventional DEP commonly used in OT models.
Specifically, this analysis will use two primary DEP constraints: DEP[C-PLACE] and DEP[ V-

PLACE], which will be ranked separately from each other. This is necessary, as will be shown in
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Section 6.3.5. MAX[C-Place] is the conventional MAX constraint, though in this analysis it is
only used in regards to Place nodes.

Lastly, there is *DOUBLECONSONANTALARTICULATION, shortened to *DCA throughout. This
constraint has both a broad and a specific role. Broadly, it represents the crosslinguistic trend
against the use of doubly-articulated consonants. While [w] is relatively common, other double
articulations are rather rare, which implies that there is some constraint which is violated by their
existence. More specifically, *DCA here is used as part of the [k] and [u] analyses to help
explain how dorsal fricatives following dorsal segments could become retroflex. The explanation
which will be shown involves an intermediate period where the fricative is both velar and
retroflex, allowing it to avoid censure by *x. *DCA will thereafter be used to justify the deletion
of the original C-DORSAL node.

In the analyses to follow, there are broadly speaking two constraint rankings in use. The first
represents the ranking for the earlier Sanskrit speakers who underwent the proposed general
place-assimilation process. The second ranking represents a new ranking adopted by some later
generation, wherein all fricatives except for [s s] become banned.

(107) First Sanskrit Constraint ranking

HAVEPLACE>>DEP[V-PLACE], DEP[C-PLACE]>> NOLINK>>IDENT[back]>>
IDENT[anterior]>>IDENT[distributed]>>*s, *s/l, *s¥, *DCA>>*¢, *x

Something important to note for the first ranking is that the relative ranking of *s against *s/
*sY is unknown, as they never interact in this analysis. Indeed, it is entirely possible for *s to be
ranked down with *¢ and *x. However, it must be the case that *s/ and *s* respectively outrank
*¢ and *x, and so the ranking above is given.

(108) Second Sanskrit Constraint Ranking
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*¢, *x >> *g) >> HAVEPLACE >> DEP[V-PLACE)], DEP[C-PLACE] >> NOLINK >>
IDENT[back]>> IDENT[anterior|>>IDENT[distributed] >> *s, *s!, *DCA, MAX[place]
>>MAXLINK
In this ranking we see that *¢ and *x become more highly ranked relative to the first ranking.
This is what will drive the neutralization to [g].
6.3 Proposed Analysis
The analysis will be broken up into four processes, as dictated both by the data, and by the
requirements of the model. It should be noted that the ranking of the *Segment constraints is to
some degree estimated rather than assured. Since they are concerned only with telescoped or
invisible steps, it is difficult to know for sure where each one should sit in the overall ranking:
that is, generally speaking, their exact position may vary by a few places without issue for the
analysis. Note further that the following analysis assumes a high-ranking MAX[ROOT]
constraint which prevents deletion from being a default solution.
6.3.1 The R analysis
The R components of RUKI is the simplest to analyze, being a straightforward case of
PLACE-assimilation. Assuming that the driving constraint behind RUKI, HAVEPLACE, outranks
DEP and NOLINK, then the analysis would go as follows:

(109) Step 1: Retroflexion

ItS/ HAVEPLACE DEP[C-PLACE] | NOLINK *s
a. S *1
b. s *1
— C. T8 * *

In Step 1 the underlying /S/ violates HAVEPLACE, as shown through Candidate (a). This
necessitates the attachment of some PLACE node to /S/. Broadly speaking there are two options:
either a PLACE node must be inserted, or an existing one must be borrowed. Candidate (b)

represents the first option, here using a default dental C-PLACE, though any CORONAL node
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would technically suffice. Since it violates DEP, it is eliminated in favour of Candidate (c). This

candidate violates NOLINK and *g, but since these are lower-ranked it wins out, resulting in the

structure shown below.

Figure 19: Diagram of Step 1

=

Is/[s]
+sonorant -sonorant
[-continuant]
C-PLACE

CORONAL DORSAL
/// \

[ -anterior] [ -distributed]  [+back]

Note that here we have defined [(] with a Dorsal node bearing a [+back] specification. This is

based on the arguments, discussed in Section 2.3, that retroflex segments should be considered

coronals with a [+back] specification (Arsenault 2008, 2009; Hall 1997; Hamann 2002, 2003).

While this does not play much role in the current analysis, it will become increasingly important

throughout much of the remainder of this chapter.

(110) Step 2: Convergence

s HAVEPLACE DEP[C-PLACE] | NoLINK IDENT[distributed]

- a.s

C. s *1
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In the second step there is no real room for further improvement. It is possible to change the
[distributed] feature and make the fricative dental, but this provides no improvement due to
Ident[distributed]. Thus, the derivation reaches convergence. The simplicity of the R-sequence is
thereby seen, explained by the addition of a single association line. The other analyses, however,
will require more complex solutions.

6.3.2 The U analysis

The U analysis will now follow, showing the use of intergenerational reanalysis in FGHS,

though it starts in the same place as all the others, with a simple instance of place-assimilation.

(97) Step 1: Velarization

uS | HAVEPLACE DEP[C-PLACE] | NOLINK *X
a. usS *1
— b. us¥ *
C. Us *1

As with the R analysis, the initial step is simply an assimilation effect. Now, this is where the
analysis begins to differ in form from R: the result here is not a fully-PLACE-assimilated
segment, but a secondarily-articulated fricative. In fact, this segment, as indicated by its
representation in the tableau, will have a dental C-PLACE node inserted prior to pronunciation.
This does not violate DEP because it is not a phonological insertion: it is a product of the
phonetics interface, as discussed in Chapter 3, and thus not subject to the constraint ranking.
HAVEPLACE immediately eliminates the fully faithful candidate (a). Thus, like with R, the contest
1s between the insertion of some C-PLACE node, here assumed to be a default dental, and the
spreading of a preceding PLACE node. Candidate (c) represents the insertion option, and is
eliminated by DEP. This leaves Candidate (b). Note that Candidate (b), if immediately sent for

pronunciation, would be pronounced as [is'] due to feature-filling rules defining /S/ as [s].
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Figure 20: Diagram of Step 1

uf s/ —[s1]
Tsonorant -sonorant
+approximant
[-continuant]
V-PLACE

DOERSAL

[+back] [-low] Fhigh]

There must be a reanalysis stage wherein the link to the V-PLACE node is removed and an
independent C-PLACE node is inserted into the fricative. This would result from learners
misinterpreting the velarization on the fricative as indicative of primary PLACE, rather than a
secondary characteristic. This is not itself a function of the regular phonology, but rather of the
acquisitional phonology of a language learner. Phonological information would be applied in
selecting a structure, but that information would be limited to whatever the learner in question
had acquired by that point, in addition to whatever universal linguistic inheritance was available.

To be clear, reanalysis like this is not something that a speaker does: it is a way by which we
describe language learners acquiring a different representation from adult speakers. It is in fact
better to say that the fricative simply has a new velar C-PLACE node inserted, though this is not
quite right either. Rather, the situation is best described as the learners constructing a fully palatal
segment from an input which is itself merely palatalized. There is not, strictly speaking, a

‘change’ here: there are two different analyses of the same acoustic data, with the different
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analyses being favoured by different groups of speakers. This results in a change between

generations, but no individual speaker has made a change in terms of his or her own grammar.

Figure 21: Diagram of Reanalysis

. /s¥ 5 [x]
Tsonorant -sonorant
+approximant

[-continuant]
] C-PLACE
V-PLACE I

DORSAL
[back] [-low] [-high] [+back] [How] [+high]
Thus we come to the final stage, which begins with the reanalyzed fricative as a new
underlying representation for a new generation. At this point we return to normal HS derivation,

as the intergenerational reanalysis is finished.

(98) Step 2: Retroflexion

ux | *x HAVEPLACE DerP[C-PLACE] NOLINK | *DCA *s
a. UX *1
—b. Us * *
C.uS *1

With the reanalysis complete, we finally come to the retroflexion itself. With a ban on [x]
emerging, there is a shift towards the retroflex via the insertion of a CORONAL C-PLACE.
PLACE-deletion to [S] is blocked by HAVEPLACE, and so insertion of the new C-PLACE node is
preferred. Due to the reanalysis, it is entirely possible to transition into a full retroflex in a single

operation by simply inserting a CORONAL node specified for [-anterior, -distributed].
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Now, the question of why a retroflex CORONAL node would be selected rather than a dental
one is not entirely understood given the present model. There must be some system maintaining
contrast between this fricative and the default dental [s], but how such a constraint would operate
at this stage is unclear. It is likely from the typological research discussed in Chapter 2 that
retroflex was selected in order to maintain contrast between the RUKI reflexes against the
alveolopalatal reflex on the one hand, and the dental fricative on the other. Furthermore, for both
this analysis and the follow U Analysis, it is rather likely that there is some constraint which
would prefer retroflex to dental here, as retroflexes require a DORSAL node anyways, while a
normal dental segment would not include one. Nonetheless, at present the development of a
system of contrast maintenance constraints for FGHS is beyond the scope of this dissertation.

Thus we come to the structure shown below.

Figure 22: Diagram of Step 2

w/ [x] - [s]
Tsonorant -sonorant
+approximant

[rcontinuant]
DORSAL CORONAL DORSAL

N

[+back] [-low] Fhigh] [-anterior] [-distributed] [+back] [-low] [-high]

The next step is convergence, as no further improvements can be made. The dental fricative

would never be available as a candidate due to Gradualness, as a regular dental both does not
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have a DORSAL node and is furthermore two Coronal features different from retroflex, thus
leaving no further candidates which could provide harmonic improvement.
6.3.3 The K analysis

The analysis of the K requires us to again examine some of the finer points of our featural
representation. Before we attend to those, however, we should first cover the first step.

(99) Step 1: Velarization

kS | HAVEPLACE | DEP[C-PLACE] NOLINK *DCA *X
a. ks *|
— b. kx * *
c. kS *1

This step represents the involvement of [k] in the general place-assimilation process which
seems to have been the origin of the RUKI Sound Law. Once again, HAVEPLACE drives
assimilation to the preceding segment, and DEP ensures that association to a pre-existing PLACE

node is preferred over the insertion of a new one.

Figure 23: Diagram of Step 1

-sonorant
Frcontinmant]
C-PLACE
DOERSAL

[+back] [Flow] Fhigh]
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Thus we come again to a generational shift. Since we have no V-PLACE to be concerned
with, we can skip over the reanalysis of featural representations, and proceed directly to the
reranking of constraints. Like with the U analysis, neutralization is driven by the *x constraint,
representing a ban on dorsal fricatives.

(100) Step 2: Retroflexion

kx *X HAVEPLACE | DEP[C-PLACE] | NoLINK | *DCA *s
a. kx *1

— b. kxr * *
c.CS **
d. kS *1 *

Thus, the second step results from a ban on [x], now reranked between generations to outrank
DEP, which now necessitates further change. The solution is to insert a new place node, such that
the segment will no longer technically qualify as [x]. The resulting segment has a single ROOT
node which connects to two C-PLACE nodes, and is represented by the symbol [xr]. This is

represented in Figure 25 below.
Figure 24: Diagram of Step 2

i/ [x]- [E]

-sonorant

Frcontinmant]

C-PLACE
C-PLACE /
DORSAL CORONAL

[+back] [-anterior] [-distributed]
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Given the assumptions at play in the current model, there are two ways we can
understand this segment. The first would be to assume that we must treat this as a doubly-
articulated consonant, as it has two C-PLACE nodes. In this analysis, assuming that double
articulation is neither typologically common not particularly desired in this analysis, we would
next need to find a way to delink these two segments while maintaining the [+back] specification
on the fricative. The alternative would be to interpret this segment as functionally
indistinguishable from a regular retroflex, as it shows a single ROOT node which links to both a
DORSAL node and a CORONAL one, with the necessary feature specifications for the retroflex
place of articulation.

This second analysis is certainly a bit strange, as it does not provide a good reason for
these two C-PLACE nodes to not collapse into one, save for the fact that we know the [k] did not
become retroflex itself. However, we do have access to a tool which could resolve the matter. If
we follow this assumption that [xr] is functionally indistinct from [s], then we could expect
reanalysis to solve this particular problem. That is, we would predict a first generation which
reached convergence after the step above, and thereby produced a fricative which linked to two
separate C-PLACE:s, and then some later generation which reanalyzed the fricative as an organic
retroflex, without any link to the preceding [k]. This would leave us with a final structure as seen

below, with a [k] followed by a standalone, fully retroflex [s] as seen in Figure 25 below.
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Figure 25: Diagram of Reanalysis

k [xr]—[s]
-sonorant
Fcontinuant]
C-PLACE
\ CORONAL DORSAL
[+back] [-low] [high] [-anterior] [-distributed] — [Thack]

There would be no further steps, as there is no further need for any changes. Thus, we can
now turn to the most complicated of the analyses.
6.3.4 The I analysis
The I analysis brings us to the close of the RUKI analyses proper. As with the entire set, it
begins with PLACE-assimilation, but now must contend with explaining why this assimilation
eventually resulted in retroflexion.

(101) Step 1: Palatalization

/iS/ HAVEPLACE DEP[C-PLACE] | NOLINK *gj
a. IS *1
b. is *1
— c. ig * *

At the first step, the vocalic DORSAL node spreads to the placeless non-sonorant fricative,

which results in the phonetics interface later inserting a dental C-PLACE node. This leads to a
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palatalized dental fricative being pronounced. The fully faithful Candidate (a) violates

HAVEPLACE and is immediately eliminated.

Figure 26: Diagram of Step 1

i isf — /s
+ sonorant -sonorant
+ approximant
Fcontinmant]
V-PLACE

DORSAL
[ “back] [-low] [+high]

Whichever depiction the reader prefers, one fact remains consistent between: association of a
ROOT node to a V-PLACE node should result in vocalization. Here, however, it does not. The
answer to this problem is the [-sonorant] feature specified on the fricative. In addition to
delineating this segment from /h/, as discussed in Section 6.1, this feature specification prevents
vocalization. A non-sonorant vowel is a contradiction in terms, since a vowel is the most
sonorant segment type. Thus, [-sonorant] here prevents vocalization. Phonetically, it requires the
insertion of a C-PLACE node, presumably dental, in order to resolve the contradiction and
output an articulatorily possible segment. This results in a dental fricative with a secondary
palatal articulation. While this can seem strange, it is what FGHS proposes is by and large

happening in most phonological derivations: that underspecified segments are manipulated in
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regards to contrastive or otherwise relevant features during the phonology, with predictable
features being later inserted to fill out a coherent pronunciation. At this stage, this segment is the
best possible candidate to resolve the constraint ranking, and so it is kept. This leads us into the

next stage: reanalysis.

Figure 27: Diagram of Reanalysis

i fs/-[g]
+ sonorant -sonorant
+ approximant
[-continuant]
V-PL ACE C-PLACE
DORSAL COFOMNAL DORSAL
[ “back] [-low] [+high] [-back]

That said, the important factor here is that the fricative receives its own organic C-PLACE
node. This is key to the following step, as otherwise the derivation cannot produce the attested
RUKI output: [ig]. Either there would be no further modification to the fricative, or change to the
PLACE node would cause the /i/ to change along with the fricative. As has been noted several
times in this dissertation, most clearly in Section 3.5.2, when a node is shared, changes to the
shared node will result in changes to both associated segments. Thus, a change of the fricative to
retroflex would necessarily require the [i] to also become retroflex, which is obviously not what
happened. By reanalyzing the fricative, that unattested joint fate can be averted, and the

derivation allowed to proceed along historically attested lines.
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With that said, we must now discuss what exactly the product of this reanalysis would look
like in terms of featural representation. Our first instinct could be to simply use a CORONAL node
defined for [-anterior, +distributed]. This follows from the feature definition given in Hall (2007)
and provides a neat basis for further development of the analysis. However, Hamann (2002,
2003) and Arsenault (2008) both argue in favour of palatals also being defined with a [back]
feature, though they differ in exactly how to represent this. Given the feature theory which we
have adopted for this present dissertation, the most logical solution would be to follow the
precedent set by the retroflex representation given in Section 6.3.1, and give palatal consonants a
CORONAL node specified for [-anterior, +distributed] with an additional DORSAL node specified
for [-back].

This, however, leads into a problem: such a definition puts two steps of separation between
palatals and retroflexes, as they differ both in [distributed] and [back], both of which need in
principle to be change to transition from one place of articulation to the other. This would require
two steps in order to make the change. Furthermore, recall Hamann (2003), which argued that
retroflexes generally cannot be palatalized, as their characteristics are exclusive to each other.
However, while palatalized retroflexes do not seem to endure for any significant length of time,
it is notable that they can engage with palatalization as a process at all. This implies the
possibility of an intermediate stage of something like a palatalized retroflex, which thereafter
will almost always lose the following step to a harmonically superior candidate only made
available at that time. Thus, we shall solve our problem through Gradualness rather than through
featural definition.

Note that we have here underspecified the features of the CORONAL node. This

underspecification is key to how the derivation will proceed. It derives from the fact that Sanskrit
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at this time would only have two primary places of articulation which shared both a CORONAL
and DORSAL place: retroflex and palatal. Thus, simply having both nodes would be enough to
contrast them against just about any other place of articulation. To differentiate between each
other, they would need to either specify [distributed] or [back]. Either feature would accomplish
the same purpose: [back] has been chosen here to emphasize the initial agreement between the
fricative and its preceding vowel.

Thus, now that the fricative has been reanalyzed, the stage is set for a future change. The
following change may have occurred in the same generation as Step 2, or it may come from a
later generation. Lacking extant records from so far back in history, it is difficult, if not
practically impossible, to know. Nonetheless, we can assert that some new generation acquired
not merely a different featural representation for post-[i] *s, but also a new constraint ranking.
For whatever reason, the non-[s], non-[s] fricatives became banned, leading to the diverse
reflexes of *s neutralizing to a single output. This is represented here with the constraint *¢. As
discussed in Hall (1997) and Hamann (2003), the retroflexion of this segment was likely caused
by contrast maintenance systems accounting for the emergence of [¢] in Sanskrit. As the
elaboration of contrast maintenance constraints for FGHS is beyond the scope of this
dissertation, the segmental ban used here stands in place of such constraints. It will also be noted
here that [¢] must have differed from [¢] sufficiently that it did not trigger violations of *¢. The
details of such differences, however, are better left for a time when FGHS contrast maintenance
constraints can be worked out, as that is where the crux of the matter will be found.

_ (102) Step 3: Beginning of Retroflexion

ic *C IDENT[back] *s

* *

— a. g
a. ic *1
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Once the reanalysis has been accomplished, then the retroflexion can ensue. A ban on the
palatal fricative] would drive the segment towards an end goal of [s] as an output. So long as *¢
outranks IDENT[back], then a shift towards [+back] will be preferred as a solution. Given how
few features we have defined [¢] with, there are very few viable candidates allowed by
Gradualness at this step. The dental fricative [g] is not available here for this reason, as dentals
lack DORSAL nodes and thus would be at least two operations away. Thus we have a change
within a single step from palatal to retroflex.

Figure 28: Diagram of Step 3

< [s]

-sonorant -spnorant

f-continuant] [rcontinuant]

c-PLACEN ::> C-PLACE
CORONAL D0175£ CORONAL DORSAL

[-back]

[+back]

The following step would simply be convergence. Thus, we come to the end of the I
derivation.
6.3.5 The A analysis

The analysis to follow is not part of the RUKI Sound Law itself. Indeed, it will not be much

of a change at all. Rather, it is intended to show how underlyingly placeless segments fit into the
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analysis given above. It is in this analysis that the constraint DEP[V-PLACE] will finally play a
role.

Here the underlying form of the vowel [a] is represented as /A/. This is intended to indicate
that it is underlyingly placeless. The place-having version of the vowel is represented by the
usual [a]. This placelessness, however, brings up an important point in regards to the featural
space of Sanskrit. It was discussed above that both [S] and [h] fill very similar roles in the
system, being placeless and [+continuant]. There, a difference was made by specifying [S] for [-
sonorant], while leaving [h] without a specification for [sonorant] at all. This difference would be
negated in the pronunciation, but during the feature-filling stage, the lack of a [-sonorant] feature
would lead to the application of the [h]-filling rule rather than the [s]-filling rule. Now, a vowel
without a V-PLACE node must also be defined in such a way that the phonetic feature-filling
rules can identify it as different from [h]. Thus, we need at least one feature in which it can differ
from [h]. Since both vowels and [h] are [-consonantal], and we cannot specify [h] as [-sonorant]
without abandoning its contrast with [S], the only solution is to specify [A] as [+sonorant] (Hall

2007). Thus, [A] will not be misidentified with [h] during feature filling.

(103) Step 1: Dental Insertion

IAS/ DEP[V-PLACE] | HAVEPLACE DePP[C-PLACE] NOLINK
a. AS **]
b. aS *1 *

— c. AsS * *

In this single step of the derivation, HAVEPLACE requires that PLACE nodes be attached to
the two placeless segments. Since DEP [ V-PLACE] outranks HAVEPLACE, insertion of a V-
PLACE is not a viable option. Thus, keeping the A placeless is simply the best option, and the
derivation moves on to the next matter. The /S/ is of course also violating HAVEPLACE, and the

derivation must at least attempt to solve it, as seen in the tableau above. This is where the relative
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ranking of HAVEPLACE and Dep[C-PLACE] becomes key, as due to the higher ranking of
HAVEPLACE, insertion of a C-PLACE node is a possibility. In the RUKI analyses, this was
always harmonically bounded by a spreading solution, since DEP[C-PLACE] outranks NOLINK.
Here, however, there is no possible target for a place-linking operation, and it is thus not a
possible operation at this step. Thus, we are left with two options: either we select Candidate (a),
in which neither segment receives a place node, or we must favour Candidate (c) and insert a
dental C-PLACE node for /S/.** Since Candidate (a) violates HAVEPLACE twice, it is eliminated
in favour of Candidate (c). It should be noted here that in practical terms, Candidates (a) and (c)
are indistinct: both would end up being pronounced the same way after phonetic feature-filling.
Thus, this analysis poses no direct problem for the RUKI analysis presented in the preceding
sections.

This does, however, lead us into a new problem: why does [A] not itself not follow the
pattern of [S] and simply link back to the place of a preceding segment? If the current analysis of
RUKI is to hold, then there must be some explanation for this. Ultimately, there are only two
clear solutions at this present time. The first is to assume that there is some constraint which
prevents [A] from assimilating during the productive phonology, leaving it to be filled in by the
feature-filling rules. This is a possible solution, but the nature of that constraint is unclear, and so
we cannot at present go much further with this option.

The second solution requires us to give up the assumption that [A] is totally placeless. It must
still be the most heavily underspecified vowel, but it cannot be totally without a PLACE node.
This is all told a rather reasonable development based on the assumption of Clements & Hume

(1995). There, the consonant-vowel distinction is defined not so much as a [consonantal] feature]

" The details of why dental over another are not mechanically important to discuss here, as we have thus far already
assumed dental to be the default coronal place in Sanskrit.
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but by whether the ROOT node connects to a V-PLACE or C-PLACE node. Thus, we should not
in the end really expect any vowel to be truly placeless, as to be a vowel at all it must have at
least a V-PLACE node, and would therefore be better represented by [a].

If there is a V-PLACE node in play, then we must assume that, all things being equal, it will
act like the V-PLACE nodes of /i u/ and spread to the following placeless segment. That is, given
the nature of constraints, we cannot create a constraint which bans the spreading of a V-PLACE
which would not block the other spreading patterns, as we only have the V-PLACE to target and
it is common to all the vowels. Thus, if we want to hold onto this whole analysis, we must find
something which is not equal. The most logical option here is to say that [a] is specified for
[+low]. This gives it something which can be targeted by a constraint such that its spreading
would be banned. A simple ban on [+low] secondary articulation would solve the problem then
and there.

6.4 Conclusion

The RUKI problem, though complex, is fully explicable under FGHS. It requires the use of
many of FGHS’ theoretical tools, such as intermediate segments and the effects of shared
PLACE nodes, but nonetheless is solvable. FGHS thus agrees on some level with the assessment
of Allen (1973) that RUKI is actually four separate changes, later neutralized to a single output.
This process was obscured by the telescoping effect of the neutralization, as by reducing four
separate developments to a single output, the impression was given that a single unified process
had been at work. It differs, however, in that while Allen firmly treats each RUKI trigger as
being part of an independent change, the FGHS analysis treats it as a general process of place-
assimilation in which there were only four triggers which produced observable effects. This

arguably returns it to being a single change, though not in the manner of earlier analyses like
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Zwicky (1970), or Vennemann (1974). Rather, it groups RUKI not through any common featural
characteristics, but rather through the accident of the distribution of *s. Thus, we can conceive of
the RUKI Set as an ‘accidental class’, a concept which will be further explored in the following
chapter. This analysis shows the importance in diachronic linguistics of remembering that,
strictly speaking, language changes very little: each generation simply acquires a slightly
different grammar. The role of reanalysis via learning errors is here shown to be quite important,
as it makes possible the UI components of the RUKI Sound Law.

There remain some outstanding questions, most pointedly that of why a retroflex node is
selected for insertion when neutralizing [x] rather than a presumably default dental node. The
intuitive answer is that there is some sort of contrast maintenance going on which prevents the
altered fricatives from merging with the default fricative. However, the matter of how that works
mechanically is an open question. FGHS has not at the present time adopted a theory of contrast

maintenance, and so that must be left for future research.
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7. Discussion

7.1 Introduction

This chapter has a simple purpose, no matter how complex the chapter itself may become: to
discuss the analysis presented in Chapter 6. This will be a comprehensive discussion, covering
not only the analysis itself, and its implications for our understanding of the RUKI Sound Law,
but the broader implications for phonological theory and diachronic linguistics. This includes
discussion on both the analysis of the RUKI Sound Law, and how it relates to the Sanskrit data
analysis from Chapter 5.

Section 7.2 will be the Discussion Proper, covering the analysis itself and what it can directly
tell us about FGHS, phonology, historical linguistics, and the integration of constraint-based
phonology, feature geometry, and diachrony into a single model. Section 7.3 discusses FGHS
and its comparison to OT, examining the two as models for synchronic and diachronic
phonology. Section 7.4 covers avenues for future research resulting from this present study, both
in terms of the RUKI Sound Law itself and the fields of phonology and historical linguistics
generally. Section 7.5 concludes.

7.2 Discussion

The analysis presented in Chapter 6 covered the core of the RUKI Sound Law, that is, the
problem of the RUKI set. It described how a common phonological process, that of simple place-
assimilation based on the preceding segment, could result in so strange a set of triggers. It did so
by breaking down the RUKI Sound Law into two broad phases: the initial place-assimilation,
and then the neutralization to [s]. By decomposing the change like this, the analysis avoided any
need for complex theoretical machinery in service of explaining the change. Both place-

assimilation and phonemic neutralization are common enough as operations: it is only the
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confluence of them in so restricted an environment as we find for RUKI which causes the whole
process to appear far more complicated. There is certainly complexity in the analysis, but it is
more a function of independently-necessary expansions of the assumptions of HS than it is
actually new theoretical machinery.

This decomposition into multiple operations is a quintessential characteristic of HS, though
here it was not the letter but the spirit of HS which was most important. The decomposition into
two stages is more than simply ordering one operation after another: this could be done in any
derivational phonological theory. Rather, the most relevant decomposition is the very treatment
of the different operations as being independent changes at different stages of the language: that
is, that RUKI is not a single process, to be explained in a single derivation. It is the integration of
historical linguistics and language acquisition which proved here decisive. Diachronic change
occurs, of course, across the span of history: that is, it occurs across the span of generations, each
of which must independently acquire language on its own. This leads to something of a ‘reset’ in
terms of the underlying representation being used. A conventional HS analysis, like with most
phonological theories, will take a single UR at the beginning, and derive all further changes from
it. The form will be modified throughout the derivation, but fundamentally there remains an
unbroken chain of intermediate forms between the UR and the eventual surface representation.
Consequently, each change must be explicable in purely phonological terms, whether that be by
rules (as in generative phonology) or by constraint interaction (as in HS).

The FGHS analysis provided in Chapter 6 breaks somewhat from this tradition. For each of
the UI analyses there is a “reanalysis” step which, rather than referring to conventional
phonological operations, instead makes recourse to misinterpretation in acquisition. Each of

these sees the replacement of a secondarily articulated fricative with a fully place-assimilated
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fricative. This step is a necessary consequence of the FGHS model and its adoption of the
Clements & Hume (1995) feature geometry. A V-Place node should cause either vocalization or
secondary articulation: it cannot simply allow a segment to remain consonantal without
interference from a C-Place node. The solution to this problem is the reanalysis step.

Thus, there are essentially two models of diachronic development seen in the analysis: the
consonantal model, and the vocalic model. This distinction is a function of the split between C-
PLACE and V-PLACE adopted here. For [r k], the process is, in this context, relatively straight-
forward. The [r] simply triggers normal consonantal place assimilation and requires no further
discussion. For [k] the matter requires some more discussion. The phonological alternations at
play here are surprisingly simple, consisting only of the initial assimilation and later the insertion
of a single C-PLACE node with a dependant CORONAL node. As per Hamann (2003), retroflex
segments can generally be understood to have both CORONAL and DORSAL places of articulation,
and thus the change from [x] to [s] is largely as simple as adding this CORONAL node. If any
further change is required, it would seem better explained by reanalysis from a fricative which
links to two C-PLACE nodes to an organically retroflex fricative.

For [u 1], it is simply impossible for a consonantal segment to fully place-assimilate to them
while remaining consonantal, since full place-assimilation would necessitate the acceptance of
the V-PLACE as its sole place, which would render the segment no longer a consonant. Thus the
need for reanalysis after the initial place-spreading, so that C-PLACE nodes can be inserted.
These C-PLACE nodes then participate in the remainder of the RUKI Sound Law, leaving the V-
PLACE nodes untouched. The reanalysis serves also to mark the beginning of phonemicization,
as the segments are no longer secondarily-articulated variants of underlying [s], which would be

rederived each time the word is produced, but rather independently stored segments. The
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speakers may or may not have retained an understanding of the connection between [s] and its
reflexes, a good question which must be answered in some future research. But either way the
change in underlying lexical representation marks out an important stage in the diachronic
development. We will expand further on the topic of reanalysis in FGHS, but for the moment it
must be put aside to discuss the rest of the I and U analyses.

The U analysis is rather pleasingly straightforward. After reanalysis, it is as simple as adding
a relevant CORONAL node to change from velar to retroflex. This fits in well with the patterns
described in Hamann (2003) concerning the common patterning of back vowels and retroflex
consonants.

The I analysis is similarly simple. By underspecifying the features of the Coronal node,
retroflexes are made to be only a single operation apart from each other. This makes a
surprisingly degree of sense, as Hamann (2003) notes that intermediate forms between these two
places rarely, if ever, occur. If we required two steps to get from palatals to retroflexes, we would
expect to see palatalized retroflexes more often. We do not observe this, and so we would expect
the alternation between them to be a single operation in an HS-based model. That is to say, the
oddity here is not that palatals and retroflexes can somewhat easily alternate with each other, but
rather that we find a retroflex after a front vowel. Further discussion of that point is better left to
a future project which can elaborate a proper system of contrast maintenance constraints for
FGHS whereby we can explain the underlying pressures to keep [¢] and [¢] distinct.

Returning at last to the topic of reanalysis, its use in the U, K, and I analyses would seem like
a worrying complication of the theory simply to resolve the complexities of RUKI, were there
not independent reason to believe in the necessity of inserting a new PLACE node in an FGHS

context. As discussed in Section 3.5.2, Catalan shows a situation in which regular PLACE-first
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deletion is prevented by the fact that two ROOT nodes share the same PLACE node. The logic of
that analysis more or less applies here. Changes made to a shared PLACE node necessarily cause
both segments to change: if a shared PLACE node changes from [+anterior] to [-anterior], then
both of the segments sharing that node would now be [-anterior]. The corollary of this is that if
one of those segments becomes [-anterior] while the other does not, then they must no longer
share a PLACE node. Since this is required independently for FGHS, its use alongside reanalysis
seems to be no significant cost to the system. There is therefore no concern in using this
mechanism for RUKI.

The matter of transitioning from a secondarily articulated consonant to full place-assimilation
provides grounds for some interesting discussion. This analysis has treated [s'] and [¢] as
meaningfully distinct segments, based on their differing featural representations. However, while
this is certainly the path which the analysis necessitates, it may somewhat overstate the changes
which occurred. Noting that the relevant acoustic research has not yet been performed for this
specific hypothesis, it is entirely possible that these segments are phonetically indistinct, despite
being phonologically different. That is, we must consider the possibility that multiple
representations could map to the same phonetic product, or near as makes no difference. This,
indeed, is similar to the basis of Longerich’s (1998) thesis on the RUKI Sound Law. In her
research, Longerich found that the RUKI segments produced in [s] significant acoustic
distortion, which she argued formed the basis for Sanskrit reanalysis of those segments. That is
to say, different segments with different phonological featural representations, being various
distorted [s] tokens and [s], could be phonetically realized in such a way that they were

effectively indistinct.
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This being the case, it is quite logical to assume that these two segments may be so
acoustically similar as to not constitute separate phonemes in the mind of a language learner.
This is the basis on which reanalysis is proposed here. Given a certain acoustic input, a language
learner must create a mapping between it and some featural representation which can then be
stored in the lexicon. If there are two possible structures for the same output, then when
presented without any clear evidence for one of them, the most logical solution is to pick the
simpler form. This requires less storage for the lexical form, and fits in with the general trend for
language acquisition to be as much about carving off unnecessary information and forms, so as
to winnow down to what is needed, as it is about ‘acquiring’ particular forms.

Now, the very use of reanalysis in the RUKI analysis deserves further discussion. It does not
seem to be a conventional inclusion, certainly not in an OT context. Usually, analyses of change
pass all changes to phonological content through the phonological matrix, as of course makes
perfect sense. And certainly, this should be the bias and tendency: to seek out a phonological
explanation for changes to the phonology first. However, to structurally deny the possibility of
other components of language altering the phonological content is rather limiting. Language
acquisition occurs every generation, and every language learner starts not with their parents’
grammar, but the Universal Grammar (Isac & Reiss 2013; Ringe & Eska 2013). Each person
must take the raw material of their genetic inheritance, and make from it a grammar and lexicon
which permits comprehensible communication with peers. This marks out an important factor in
any discussion of language change, one which is not always seen in otherwise parallel historical
developments. Political systems are handed off wholesale, and must be changed directly from
their old form. Language acquisition does not function like this, and it is in acquisition where

most sound changes develop. Language acquisition has no constitutions or judiciaries. Each
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speaker is like the king of a new realm, who must make a whole new set of laws suited to the
circumstances at hand.

Sound changes of course are governed by regular laws and processes; otherwise the
Neogrammarians could never have enjoyed as much success as they did. Nonetheless, it must be
acknowledged that every lexicon is built afresh by independent learners making the best they can
of what they hear, passing through their inherited systems of language acquisition. It is therefore
completely possible for learners to incorrectly analyze ambient speech, misreading the
implications of the acoustic ranges they hear and thereby assigning a different, though of course
related, structure to the lexical representation. All of this can happen without ever passing the
change through phonological review, so long as the phonetics matrix has already made the
decision. When the phonology is still developing, it is heavily dependent on the phonetics to
inform its ranking. It is only as the mass of phonetic details is analyzed by the learner that
phonological rules are established. This therefore leaves plenty of room for those learners to
make changes to a language without those changes being subject to a conventional phonological
rule, being rather subject to whatever systems are used to select between two possible forms in
acquisition.

The analysis thus provided is certainly complex, though that would seem fitting for so vexing
a change as the RUKI Sound Law. Nonetheless it does seem to hold up, providing a natural
explanation of how a single broader process, being place-assimilation, could become telescoped
into a strange and seemingly unnatural pattern. It requires no ad hoc theoretical machinery
developed solely to explain RUKI. It certainly takes full advantage of the rules and systems of
FGHS, but that does not seem a particularly egregious sin for a computational system. After all,

the whole point of such a system is to provide rules for explaining phonological alternations.



| 213

A very important component of the analysis is in what is not being analyzed: that is, the
environments which do not exist. As has been repeatedly discussed throughout this dissertation,
much ink has been spent trying to determine how RUKI could be grouped as a natural class, or if
it should be grouped at all. Across all that research, one possibility does not seem to have played
any significant role: that RUKI is not a natural class, but an arbitrary one. That is, RUKI is
simply the set of non-dental sounds which could actually appear before [s], and therefore were
the only sounds available to trigger place-assimilation. This should not be construed as a
surrendering over to the idea that some things are historically contingent and therefore cannot be
explained. Rather, it is an acknowledgement that every language exists in a certain form at a
certain time, as a result of earlier changes. Thus sound changes come to each language in a
particular context, reacting to that context, and leaving a new context for future changes.

This hypothesis has been demonstrated above in Chapter 5. As it turns out, from a sample of
3523 tokens, a mere 0.99% were neither RUKI segments, dentals, or placeless. The
overwhelming evidence from this data is that the RUKI Set is a result of distributional accident
rather than traditional notions of natural classes. It is no contradiction of the concept of natural
classes, but rather a supplement, an acknowledgement that phonology exists not only in theory
but also in the real minds of real speakers. Phonology is a set of universal principles which
interact with many sets of particular speakers and particular languages. We should therefore
expect that from time to time that very particularity will produce peculiar environments. The
absence of a certain phonetic sequence which might have otherwise existed is a thing which is in
itself sometimes strange, but in general is commonly found. English lacks any *bn sequences,
and would therefore never expect to find [b] in a set of segments that could trigger some change

in following [n]. The same principle applies here.
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This is why the analysis in Chapter 6 does not provide a principled explanation of why other
segments did not participate in RUKI, nor does it give any particularly strong reason as to why
the RUKI set is as it is. It simply does not need to give such an answer. The analysis explains
how the RUKI set as the RUKI set could result in [s] and nothing more. Placeless and dental
segments, as discussed in Chapter 5, would not have been able to leave any evidence of
assimilation, regardless of whether they participated in the broad change or not. It is most likely
that they did, given the nature of *s, but since dentals would assimilate a by-default dental
segment back to its default state, and placeless segments by definition have no PLACE node to
spread, they do not need to be directly analyzed. The lack of analysis is itself sufficient for them.

To elaborate a bit more on the segments identified as ‘placeless’, we observed in Section
6.3.5 that [a] cannot be truly considered placeless. It acts sufficiently similarly to a truly
placeless segment in regards to the RUKI Sound Law that it can be fairly grouped with them, but
we were forced to operational reasons to specify it with a V-PLACE node and a [+low] feature.
This was because [a] does not as a rule attach to the place node of preceding segments. Thus, it is
worth noting that the [N] segment does in fact undergo assimilation, as we would expect of a
placeless segment. The interaction of [h] with other segments is not a focus of this dissertation
and thus is left to be discussed at another time.

The other segments are not analyzed for the simple reason that they barely occur in the data.
Those other segments may be subject to convenient principled exceptions which explain why
they did not participate, though given the history of RUKI analysis this seems rather unlikely.
Indeed, it would seem most likely that, given the constraint ranking in Chapter 6, they should

have also participated in the assimilation. That they did not is a result of distributional patterns,
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not a precise constraint ranking by which [r u k 1] were permitted to cause assimilation while
other segments were not.

Thus, the discussion turns again to the concept of an accidental class. This concept having
been introduced and explained in detail in Chapter 5, the topic will here be relatively brief. An
‘accidental class’, as proposed here, is a set of sounds which are united not by any qualities of
the segments themselves, but rather as an accident of distribution at a particular time. They are
not sounds which naturally pattern together, though parts of the set may do so. They cannot be
united by common features, whether articulatory or acoustic. Rather, they are simply a subset of
sounds which could potentially have engaged in some process, and were the only ones which
were in a practical position to do so. The larger set alluded to here would presumably form a
natural class of some sort, whether broad or specific. It also may not be, as with the RUKI Sound
Law itself, purely a result of segmental distribution. Now, whenever a distribution exists such
that it so dramatically effects the output of a process to the point that an accidental class must be
proposed, the question should always be asked as to why that distribution exists. It is not
necessary to answer that during the explanation of the process itself, since the process would be
ignorant of any such distribution and simply active in its available contexts. Nonetheless, it is a
question that must be asked, and should in principle be eventually answered. It may be that in the
end the explanation of the distribution must fall back on pure accident, that the distribution
simply is what it is without any rhyme or reason. It may also be that there is some definable
phonotactic constraint which prevents certain segmental sequences such that certain segments
which could in principle have engaged in the change did not. There could be some other, more

detailed, more principled explanation. Whatever the case, while it does not need to be explained
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in the course of explaining the process itself, it should eventually be discussed, as this will in
itself add to the general pursuit of the knowledge of human language.

Thus we come to the final point of this section. Mechanisms have been employed, and an
argument made for FGHS as a particular model, this is true, and not one word of it is at present
retracted. But this model is not the only focus of this dissertation. The analysis of the RUKI
Sound Law should stand or fall somewhat on its own. That is, the argument that RUKI is not a
single rule, but a telescoping of at least two separate changes, the shape of which was determined
not so much by phonologically-defined natural classes but rather by the accident of segmental
distribution. From a historical linguistics point of view, the exact means by which the analysis
was computationally supported are less important than the statistical evidence in favour of the
concept of the accidental class. Similarly, while the details of the FGHS analysis may change in
the years to come, as new solutions are found for problems seen here, what will remain is the
assertion that between generations, there can be changes in language which affect the phonology
but are not derived directly from it. Most importantly, this refers to the reanalysis of secondarily-
articulated segments into ones which take their primary place from what had been a secondary
articulation. Lastly, turning back somewhat more to the mechanical side, this analysis shows that
it is possible in principle to use FGHS to analyze diachronic data. Whether the particular analysis
presented here is ultimately accepted as correct or not, what remains is that the model was able to
put forward as earnest an attempt as the rules of generative phonology.

7.3 FGHS vs. OT

For the theoretical phonologists reading this dissertation, this section will perhaps be the

most interesting. Having outlined and applied FGHS, it must now be compared to OT. If nothing

else, the comparison is a longstanding tradition of HS literature: there is almost always a pressure
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to demonstrate how HS is not only equal to OT, but superior, how it better captures the data and
provides better generalizations. Thus, for the next section our attention will turn to this
comparison, primarily focusing on the big-picture differences between FGHS and OT in regards
to both the analysis of the RUKI Sound Law in itself, and the use of constraint-based models for
diachronic work generally.

No small intention in this work has been to legitimize the use of constraint-based models in
diachronic analysis. Much of Chapter 4 was dedicated to arguing against the general criticisms
laid against OT and its variants. But countering criticisms is one thing: it is another to
demonstrate that constraint-based phonology is not merely ‘not incapable’ of analyzing historical
changes, but in fact actively useful as a tool in that endeavour. The success of FGHS is analyzing
RUKI, a problem which has endured for over a century, should be a strong argument in favour of
constraint-based phonology. Certainly, this is not a vindication of Parallel OT itself. It is not clear
how classic OT would have been able to properly analyze the RUKI Sound Law. The limitation
is not that it is necessarily impossible to create an OT analysis which could cover similar ground
to that which was here covered by FGHS. Rather, it is somewhat a matter of what such an OT
analysis would even begin to look like. There is no individual step which has been done in this
analysis which could not in principle be modeled in OT. However, at some point we would need
to start making recourse to multiple OT tableaux which span across multiple generations. This is
not something that OT was really designed to do, and so it is unclear what shape that final
analysis would ultimately take. Contrast that to the serial-derivational analysis used in this
present dissertation, which very clearly predicted a minimum number of generations required for
the change. This allows FGHS to predict when on derivation ends and the next begins: if

reanalysis has occurred, then we predict that regular phonological processes have run their
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course and reached an endpoint. Further phonological development will have to be put off until
the reanalyzed representation is available to act at the input for a new derivation.

Yet serial-derivation was not the only difference here, and this dissertation does not directly
discuss conventional HS. Indeed, many modifications have been required for the theory to be
made ready for the task to which it was set here. However, many of those changes were
independently required to properly fill out the assumptions of HS itself, as discussed in Chapter
3. The structure of FGHS stands as an important development for HS whether or not it becomes
adopted for broader historical use. This ought to, therefore, stand as a strong argument for the
usefulness of constraint-based phonology for diachronic study, as by independently expanding
out the theory it has become more capable of handling diachronic changes.

Having been expanded to take direct account of the feature geometry, FGHS is better
equipped to explain feature changes in phonological data than basic HS. To this point, a form of
Clements (1985), or Clements & Hume (1995), feature geometry has been tacitly assumed, as
discussed in Chapter 3. The reasons enumerated there for the adoption of feature geometry will
not be reiterated here, but they are nonetheless important to this discussion. HS requires some
sort of feature geometry to properly act out its basic assumptions, most particularly Gradualness
and two-step deletion. Now that this has been done, it is prepared to delve into the details of how
this adoption bears on the comparison of FGHS and OT.

First, to simply get it out of the way: FGHS inherits all of the advantages and disadvantages
of HS in comparison to OT. FGHS, while complexly outlined in this dissertation, is not so much
an independent entity as it is an expansion and reformation of HS. It is, in essence, what happens
when Gradualness is taken seriously and worked out into a principled system. This is not to say

that Gradualness has not been taken seriously prior to now: simply that to this point, no one
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seems to have sat down to try and work out the full implications of its adoption. Therefore, every
argument for the superiority of HS over Parallel OT automatically applies to FGHS and does not
need to be specifically mentioned here. Such arguments have been made, both for and against
HS, in other works which have given them better elaboration and focus than there is space for
here. Those arguments shall thus be left to their respective places, and the remainder of this
section will largely assume that the arguments in favour of HS hold so that we can discuss the
shape and implications of the model as proposed. Some points may be worth reiterating, if FGHS
sheds new light or provides a firmer understanding of the extant advantages. But in general, the
following discussion will focus primarily on what the adoption of feature geometry adds to the
discourse.

The clearest advantage diachronic FGHS offers over Parallel OT is that it naturally makes
predictions about the incorporation of sound changes into the lexicon. Whether as a result of
acoustic reanalysis, lexical analogy, or regular sound laws, FGHS must make firm statements
about the nature of the underlying representation in every derivation. Furthermore, as seen across
much of the analysis in Chapter 6, it must make specific claims about when the UR changes
during a broader period of phonological development. That is, FGHS marks out a clear
delineation between what is diachronic, being those things which have become baked into the
UR, and what is synchronic, those things still being productively derived in the active grammar.
Otherwise, it will make wrong predictions. OT makes no such predictions: it produces single-
step alternations with an often unclear provenance as to how far back in diachrony the lexical
entry reaches. OT tacitly requires the changing of inputs between generations in order to properly
structure an accurate constraint ranking. However, it is quite easy, given the theoretical structure

of OT, to construct a ranking which encapsulates several generations of smaller changes,
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brushing over the fact that no actual speaker experienced a change from Form A to Form D. This
has always been the classic disadvantage of OT relative to HS, and its claim to superiority over
rules-based phonology: that by applying all changes in parallel, the ordering of operations
becomes irrelevant. This allows for multiple rules to be coalesced into a single underlying
principle, but loses the ability to account for when the order of operations has an impact on the
shape of the output.

Relative to rules-based phonology, parallelism allowed for an easy solution to the problem of
phonological ‘conspiracies’, by uniting rules which could not otherwise be unified. The
advantages and disadvantages of parallelism over rules-based derivations are a debate which
need not be rehashed here: enough ink has been spilled by better hands on that topic. What is
important here is that, as noted often in this present study, diachronic linguistic development
does not work this way. Historical linguists do not, as a rule, assume that modern English
speakers are deriving their speech from Proto-Germanic, let alone something so ancient as Proto-
Indo-European. But this is what the use of telescoping rankings in OT tacitly implies should be
the case. OT must make a fundamentally arbitrary assumption of which input a speaker is
actually using, since it is possible to make rankings which apply in parallel change which in
reality occurred across multiple generations. Certainly, OT would never do something so
outrageous as derive a modern English word directly by one step from Proto-Indo-European. But
this extreme example serves primarily to cast a light on the issue of deciding which version of
Modern English should be assumed when selecting an input.

In contrast, FGHS is afforded little such wiggle room, if any, in regards to selecting inputs.
Given the need for precise knowledge of the feature-geometric structure, and the need to explain

every change in sequence, it cannot telescope stages of linguistic development. Certainly, an
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FGHS derivation can stretch across multiple generations: this has been done in the this present
study of the RUKI Sound Law. But it did not do so by tacitly treating RUKI as a one-step
change, a thing which occurred entirely within a single generation. Rather, it proposed that at
least two generations were required: the first to apply place-assimilation to *s, and a second to
reanalyze the assimilated reflexes of *s into new fricatives, whereafter some generation after the
first, which could in practice have been quite distant in time, neutralized then all into [s]. Now,
FGHS does not claim to effortlessly predict exactly how many generations are involved: such a
prediction is beyond the scope of phonological theory itself. That is fundamentally a question of
history and society rather than language itself, as it is quite possible for a language to sit at a
certain stage of its development for an arbitrarily long time before it finally carries out any
particular change. Nonetheless, FGHS can predict, in regards to a particular series of changes,
how many stages the language went through.

FGHS must theorize a particular input, Form A, which is proposed to be in use by the speech
community at a particular time. This forms the basis of the analysis. It must then propose a
ranking which would trigger some change to Form B. It can then continue to define the ranking
such that Form C would emerge, and so on. This can all then represent then-synchronic
phonological activity. However, there will eventually come one of two stages, should the changes
continue to layer for long enough: either there is a change which cannot be accounted for by
regular FGHS feature changes, or there is a change which would require a new ranking. If
reanalysis is required, then FGHS predicts that this change occurred in a later generation than the
previous changes: that they have some other underlying form in their lexicon than their
predecessors did. If the change necessitates a change in the constraint ranking, this then also

implies a new generation. This does not, however, necessarily imply a new underlying form. It
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can be possible to change a ranking and derive the new output from the same old input. This is
the basis of all proposals for variable rankings on constraint-based models. If this is the case,
then all is well: we have a new generation with a new output, but the old input remains the same.
However, it is possible for a new constraint ranking to prevent the attested sequence of
operations by which the output has hitherto been derived from its input, in such a way as to
prevent the new output from possibly being derived from the old input. In such a case, FGHS
requires that a new input be proposed, one which is built from the old input but no longer
formally derived from it. One of the old outputs, which were in their time derived from the old
input, must be selected and installed as the input for a new generation which can no longer
reverse-engineer the old input.

Such predictions are generally not found in classic OT, since it often brushes over the details
of featural structure and operational sequencing which underlies these predictions. This may or
may not be all well and good if we are only concerned with synchronic data. But history simply
does not operate in parallel, but rather in sequence. Each generation is derived from the last, and
do not exist in parallel. Thus, FGHS seems better suited to handling diachronic data than is
Parallel OT.

This also implies a more general superiority of FGHS over Parallel OT, for the simple reason
that synchronic data is not the whole scope of phonology. To its credit, Parallel OT is well suited
for handling many changes, even historical ones, by projecting backwards to treat them as they
were when they were synchronic. After all, every diachronic change was once synchronic. But as
discussed above, this is not the same as analyzing the change as diachronic, that is, as something

which occurred both within and across generations.
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Interestingly, this advantage which FGHS holds over Parallel OT is also one it holds over
rules-based phonology. Now, rules-based phonology is superior to Parallel OT for analyzing
diachronic pattern in that it acknowledges clearly the individual changes which occurred to
derive the modern form from its ancient ancestor. However, where rules-based phonology comes
up short in this regard relative to FGHS is in the distinguishing of diachronic and synchronic
processes. Rules-Based Phonology certainly can list out every operation in its proper order, but it
has no principled means by which to predict when the underlying forms change. Rather, with a
sufficient rich list of rules, you could easily give a derivation for a modern English word and
how it, step-by-step, was derived from an ancient Proto-Indo-European word. At no point in this
sequence, however, would you be able to predict when speakers ceased deriving from the PIE
original and began to use a later form as their input. This is the very thing which FGHS adds:
that it predicts when what was once a derived form becomes lexicalized and forms a new input
from which further changes are derived.

This touches on a recurrent theme in this present study: the nature of diachronic change. The
traditional treatment is to tacitly speak as though languages are entities in themselves, which
grow and change like any living thing, and which humans then access by some unexplained
magic. This is not of course what any linguist actually believes, but it is implicit in the ways we
talk about historical changes. It is just like how people talk about countries as living things which
change and grow, rather than as the constructs of human effort that they really are. But when we
assume that language is a genetic inheritance, that UG causes each generation to reinvent
language with each generation, we cannot continue to treat language in this manner (Isac & Reiss
2013; Ringe & Eska 2013). We must firmly remember that for every speaker, language is a new

discovery, a magical and wonderful thing acquired fresh in the days of our youth. Speakers of all
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ages engage in regular phonology, the allophonic variation of speech according to our
understanding of the phonological rules. But diachronic change is a thing which primarily
manifests in that juncture between the old and the young, when aged and veteran speakers pass
on what they have learned, not through teaching, but through the example of use, to the fresh-
faced youngsters, to make of what they will.

Now, a potential weakness must be here acknowledged. Much has been made here of how
FGHS predicts when new generations will begin to use a new input. This is a strong prediction to
make, and one which has a clear potential issue. Such a prediction necessarily also predicts
which sound changes are still productive and which are not: for any alternation which is
derivable from the current constraint ranking will be productive. That is, after all, the nature of
constraint-based phonology, to say that the changes we observe are those which the constraint
ranking demands. But the corollary of this is that any change which is found to be productive
must be derived from the current constraint ranking. This means that if there is a process which
is attested as productive, but is not explained by a coherent constraint ranking, then the proposed
ranking must be wrong. For FGHS, that means that if it predicts that an input change has
occurred which necessitates the neutering of an allophonic change, and then that change is found
to apply to new forms as well as old, then at minimum the constraint ranking is wrong. If no
alternative constraint ranking can be found which should account for this contradiction, then it
would be a terrible, possibly fatal blow, to FGHS in its current form.

The discussion above made much of the manner in which FGHS deals with sound changes
over time. It uses both the conventionally-understood system of constraint reranking, as well as
accepting that some changes are lexical-acquisitional. It is this latter point that bears on

phonological analogy, as they would seem to be describing almost the same matter. Now, what
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was discussed above was focused on phonemic changes: that during acquisition, learners could
derive an alternate phonemic structure based on positing an alternative underlying structure
which was capable of producing the same acoustic product to which they were exposed during
acquisition. That is, it was focused still on systematic changes according to unambiguously
universal principles. Analogy is rather the idiosyncratic change of a single form for reasons
which cannot be explained via reference to the sound patterns of a language. Yet FGHS, by
accepting that some changes are fundamentally lexical alterations driven more by acquisition
rather than actual phonological operation, should be able to better accept these changes.
Certainly, there is nothing which stops Parallel OT from using an analogically altered input. But
there is equally nothing by which Parallel OT could give an explanation of why the input was
altered. FGHS does not claim to give a derivation for such a change, but it explicitly puts
forward a theoretical explanation of why the change happened. While small, this is nonetheless a
valuable advantage of FGHS over Parallel OT.
7.3.1 Rules vs. Serial-Derivational Constraints

This short subsection is intended to cover a question which, while not identical to the above,
follows from a similar comparison. The section above essentially dismissed any real comparison
between FGHS and rules-based Generative Phonology. This was done in order to focus the
discussion on the comparison between FGHS and OT, to follow in the above-mentioned,
longstanding tradition of such comparisons in HS research. However, this dissertation is not
intended to only speak to Optimality Theorists, but to all modern phonologists and historical
linguists. Therefore, this subsection will now turn to a somewhat general discussion of FGHS, or

more accurately constraint-based phonologies, and rules-based phonologies.
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At this present time, all phonologists are well aware that, despite the problems regarding
conspiracies which helped drive the introduction of OT in the first place, rules-based
phonologies are simply better than constraint-based phonologies at describing phonological
processes. A rule is the researcher’s first instinct when trying to describe an alternation, not a
constraint ranking. Rules can easily describe operational interactions simply by ordering the
rules so that the overridden process occurs first, and the overriding one is second. However, it is
not descriptive power which drove the shift to OT. Rather, modern Optimality Theorists,
regardless of their specific preferred model, are far more concerned with the explanatory power
of a model. Explanation is what drives OT research as much as the ability to model a change.
The purpose of an OT derivation is to explain the change, rather than simply describe it. This is
why long, at times complicated rankings of often conflicting constraints are made, so that
through their interaction we can create an explanation of why the output is the best possible
option for the speaker.

This is ultimately where a comparison between FGHS and rules-based phonology is to be
made. FGHS, as far as OT variants go, is much closer to the rules-based side of phonology. It
uses a multistep derivational structure, and is very focused on featural representations in order to
produce an accurate derivation. However, it remains a constraint-based model, and that brings
with it certain limitations and benefits. Like all constraint-based models, it is forced to describe
every phonological phenomenon through constraint interaction. This can lead to needing
relatively complicated tableaux to describe alternations which in rules-based phonologies could
be easily described in a single rule to the format of X—Y/Z . However, because it must provide

constraint interactions for every alternation, it retains from OT the greater explanatory power.
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FGHS may, as an example, require three derivational steps and a constraint ranking of
A>>B>>C to describe the same phenomenon that Rules-Based Phonology may have handled
with a simple X—Y/Z rule, but nonetheless FGHS in its complexity better shows by the
alternation occurs. Indeed, it may even imply that the single rule is not actually accurate. The use
of Gradualness, inherited directly from HS, implies a potentially greater limitation than do the
rule-writing conventions of Generative Phonology. This is not to say that Generative Phonology
considered any possible rule to be a good or legitimate rule, but rather than HS, and through it
FGHS, has a strongly principled limitation. It cannot perform more than one operation at a time,
and through this is forced to very strictly define what is and is not an operation. All of this leads
towards a system that is more tightly focused on explaining why a given alternation happens,
even if it makes the mere description of that process more cumbersome.

As was noted in the section above, there is another advantage of the constraint-based FGHS
over rules-based Generative Phonology. Previously it was mentioned that rules-based phonology
can be easily used, in principle, to create an unbroken chain of rules deriving a modern English
word from its Proto-Indo-European antecedent. This chain in itself is no bad thing, and indeed
shows just how far modern historical linguistic research has come. The problem here, however,
is that at no point does the rule-list give any indication of when the actual input form changed.
As all phonologists are aware, it is possible to apply multiple rules to a single input, which
implies that you can have the same input across several stages of a language’s development.
However, since we know that modern words are not synchronically derived from ancient ones,
but rather from more recent reflexes of those ancient forms, we must also assume that at some
point learners cease to acquire the old form and instead acquire some new form from which

further development is then made. Rules-based phonology gives us no clear answers on this, but
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FGHS does. This was discussed in relation to OT, but it applies equally well in comparison with
any rules-based phonology.

The nature of serial-derivational constraint-based phonology is such that eventually a hard
line must be drawn and a proposal made for when the input itself changes. Otherwise no relevant
constraints can be reranked, as they would instead be altering the derivation from the ancient
input, which may well not be a possible input for the attested output. In contrast, the application
of each rule is an independent matter, making changes to the output of the previous rule. Now, on
the surface this sounds not dissimilar from what HS does: in HS, each step save the first gets its
input from the output of the previous step. However, importantly, at each step the constraint
ranking remains the same'?. This is very different from the independent application of rules. We
must recall that what rules do in Generative Phonology is in OT-based models the result of
constraint interactions. The constancy of the constraint ranking means that their interactions will
remain the same unless some force alters their ranking. A change in the initial input will certainly
lead to a different output, as the constancy of the interactions means that a different input, which
will therefore be subject to different priorities in those interactions, will produce a different
output. To change the interactions, we must ultimately change the ranking. But in changing the
interactions, we can no longer reliably derive the forms which we did previously, because they
relied on those interactions.

Thus, the only solution is to eventually change the initial input. This could occur often, or
could be relatively rare, a thing which only occurs every few generations, at least for any given

word. Its relative commonality or rarity is ultimately irrelevant. What matters is that the change

"2 For the purpose of this discussion, we assume a model which does not allow variably ranked constraints. Their
inclusion does not substantively change the overall point here. It would simply require that we acknowledge the
constraint ranking to remain generally consistent, save for select exceptions.
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must occur, and in any diachronic analysis it must be explicit. The theory itself makes
predictions as to the minimum set of input changes, as it will be marked by those times when it
becomes impossible to correctly derive the attested output from the old input.

7.4 Future Research

While this dissertation has covered a lot of ground, there remains much work to be done
regarding the integration of HS, feature geometry, and diachronic linguistics. Likewise, there is
yet more work to be done in untangling the whole of the RUKI Sound Law. These outstanding
questions and threads will now be briefly discussed, outlining where future projects would be
beneficial to the field.

The RUKI Sound Law is, as has been noted elsewhere, more than just a strange instance of a
non-natural class of sounds triggering a change: it is also the subject of certain odd restrictions.
Where /1/ followed *s, the application of RUKI was blocked. As well, the RUKI Law generally
seems to only apply once in a word. Neither of these problems have been tackled in this present
study, but both warrant some further comment.

The R-blocking process seems, on a surface assessment, most likely to be an instance of
dissimilation: Sanskrit, it would seem, will not suffer so many retroflex sounds in a row, and so
blocks the retroflexion of /s/ in that environment. This explanation leads to two points. The first
is that as of yet, there is no established analysis for dissimilation in FGHS. This is left to future
research to work out, as assimilation is significantly more straightforward to explain. Moving
beyond the narrow terms of FGHS, the second point is that if R-blocking is simply a blocking of
retroflexion when there is a following /r/, it does not properly explain why the blockage would
have occurred where the change was conditioned by IUK. After all, if the motivation is to

prevent too many retroflex sounds from being adjacent to each other, then such a process should
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not have been triggered by the palatalization or velarization of the fricative. Furthermore, it
seems somewhat odd to argue that two adjacent retroflexes are acceptable so long as the
sequence is [rs], but is unacceptable if [sr]. This could imply that the R-blocking did not in fact
prevent the assimilation of the fricative, but was a later process which undid RUKI wherever /r/
followed. There remains the matter of why following /r/ would trigger this, however, and thus
further research into this matter is required. It would also be useful to investigate the data and see
if [r] also de-retroflexed other segments. If that were to be the case, then it would point towards a
more general underlying ban on having a retroflex segment immediately precede a retroflex
sonorant.

The claimed single application of RUKI per word, a pattern so important it helped form the
basis for Lexical Phonology, is another conundrum which must eventually be solved (Kiparsky
1982b). It has at first glance the appearance of a classic HS product: the operation must apply
each time independently, and after its first application no longer meaningfully improves on the
constraint ranking. At the present time, however, it is quite unclear why this would be so. On the
other hand, Kiparsky’s (1982b) analysis strongly argues it is sort of morpho-phonological
restriction, given that it does apply on the word level, implying an interaction with the
morphological interface. If this is the case, then the solution is quite beyond the scope of this
present study: it would require a fuller development of a theory of morpho-phonological
interaction in FGHS. It is further complicated by the fact that HS has no built-in system for
accounting for effects at morphological boundaries in the manner of Stratal OT. Such
development is likely to be necessary in the future, certainly if this is what is happening to
RUKI, but is far too great an undertaking to be worked out presently. Rather, it demands a

dedicated study to properly solve.
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Of particular interest is the potential for integrating Contrastive Hierarchy Theory (Dresher
2009) into FGHS. It provides a more detailed system of explaining feature contrasts than
traditional feature geometry, and it has interesting parallels with the heavily underspecified
feature geometry used in FGHS. Contrastive Hierarchy Theory articulates a principled structure
for determining which features are phonologically active, that is, which features are able to have
an effect on the phonology. This could help solve the traditional problems constraint-based
models face when trying to explain phenomena such as the Great Vowel Shift in English. By
combining cyclic development with the restructuring of the contrastive hierarchy, explanation
could be provided for the ‘knock-on’ effects observed in vowel shifts, whereby certain changes
happen not because of phonological environment, but in response to changes in the contrast
system. The spirit of such a system fits in well with FGHS treating some changes as the result of
lexical changes rather than direct phonological change. Lexical changes are not the same thing as
changes in the contrastive hierarchy of course, but both point towards the capacity to change
phonological forms without the use of conventional phonological operations. Investigating the
potential integration of Contrastive Hierarchy Theory into FGHS is therefore a high priority for
the theory.

Such integration would relieve FGHS of one of its more apparent weaknesses, which is its
presently agnostic theory of underspecification. At present, underspecification in FGHS is
somewhat ad hoc, simply leaving in features which are relevant to the analysis and omitting
those which are not. The integration of CHT would alleviate this issue, without resorting to
committing to something like Radical Underspecification. Instead, the contrastive hierarchy

would naturally explain which features are active and which are not.
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A notable question in this regard is how such an integration would take place. Broadly
speaking there are two options: either there should be Contrastive Hierarchy Constraints, or the
Contrastive Hierarchy should exist prior to the Constraint Hierarchy. The latter hypothesis is at
present more preferable, pending research into what specific Contrastive Hierarchy constraints
could be formulated, as Contrastive Hierarchy is language-specific, while OT constraints are
generally held to be language-universal. It furthermore makes intuitive sense that the Contrastive
Hierarchy would exist prior to the constraint ranking, as it has a similar relationship to derivation
as the lexicon does: it feeds content into the derivation, but does not itself perform derivation.
The Contrastive Hierarchy does not seem an appropriate addition to the Lexicon directly: rather
it should function as a Lexico-phonological interface, transferring data between the two stages of
language. The Contrastive Hierarchy, like the lexicon, becomes subject to change as a result of
derivational processes, and then in turn alters the inputs for derivations. A vowel is changed by
regular phonological derivation, and in response the other vowels are shifted so as to maintain
contrast in a new system. This allows the constraint set to remain language-universal while still
integrating the strengths of Contrastive Hierarchy.

It would also require complexifying the conception of underspecified features into two
categories: Enhancement Features and truly underspecified features. The former would be
available to enhance phonetic contrast without having any contrastive value, while the latter
would be truly absent from the segment until absolutely needed. However, while this would
increase the complexity of the model, it would be a fair price if it solves the current
underspecification question and increases the explanatory power of FGHS.

On a related matter, something worth investigating at a later date is the present claim of

FGHS that underspecified features are inserted by phonetic rules after the phonology is
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concluded. As we often acknowledge, though do not always explicitly integrate into formal
phonological theories, the actual instantiation of segments can vary within a variety of bounds.
Free variation is the most obvious occurrence of this, in which feature values can vary without
having any effect on meaning. Further consideration of this would ultimately have to await the
integration of CHT, as without such a system there is too much potential for pathologies.

On a similar topic of further developing FGHS as a model, this dissertation does show quite
clearly the need for an elaborated system of contrast maintenance constraints. The RUKI analysis
given here relies on the existence of a contrast maintenance system to explain why so many
disparate segments would be driven into a single phoneme, and to explain why the alveolopalatal
fricative would not have engaged in the same shift. Such a system is beyond the scope of this
present dissertation, but must eventually be dealt with as part of working out FGHS specifically,
and HS generally, as a model.

We must now discuss, if somewhat briefly, one of the major findings of this dissertation. A
core concept in the final analysis of RUKI herein proposed is the concept of an accidental class,
being a set of unrelated sounds which are united by a common distribution and therefore are able
to exclusively participate in a phonological process which is itself strictly more general. This
concept is quite out of the ordinary for a phonological analysis, and as of yet has only been
applied to the RUKI Sound Law for which it was developed. Now, the very nature of the
proposal implies that such sets should be very rare, as otherwise we would not be able to so
clearly find evidence of the power of natural classes. Nonetheless, if accidental classes are truly a
part of human language, then they should be found in other contexts. Therefore, it is important
for future research to scour the Earth and discover if any other such accidental classes exist, so as

to substantiate its use.
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It should also be emphasized here that the concept of an accidental class is one used
cautiously and only in the face of strong data. As a concept, accidental classes are potentially
very powerful things, able to brush over potentially any oddity in a data set. This, however,
would be an abuse of the concept. Accidental classes are proposed as a potential explanation for
data sets which are not merely difficult, but have no ‘natural’ solution via appeal to feature
classes.

Lastly, the most important topic for future research in regards to FGHS is to apply it to more
data. It has begun by tackling a very hard change, but if it is to prove itself as a theory then it
must be shown capable of handling many more, both those which are difficult and those which
are easy. It would be a terrible blow if FGHS could not handle simple changes. And difficult
changes may well necessitate further revision of the theory, so as to account for strange new
circumstances.

7.5 Conclusion

Fundamentally, the discussion of the RUKI Sound Law here presents two major conclusions.
The first is that by integrating feature geometry, it is possible to use a Harmonic Serialism
ranking to explain the RUKI Sound Law as it has been observed. Such an analysis provides an
explanation for why four so disparate sounds would result in the same output, by including
reference to intergenerational reanalysis and giving a proposal for a neutralization process. On
this basis this present study has established a modified version of HS which is both better suited
to handle diachronic data, and more completely works out the foundational assumptions of the
model. The second is that the quest to define the RUKI set in terms of its members has been
misguided. Rather than there being some secret commonality across the RUKI Set, it is the facts

of Sanskrit phonological distribution themselves which explain the pattern. By arguing, with the
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backing of the strong data discussed in Chapter 5, that RUKI is simply the result of a general
place-assimilation process shaped by the historical accident of *s distribution, this present study
shows that historical sound changes can be shaped by more than just pure operations. It shows
that phonological distribution and the nature of the lexicon as it exists are just as important as

operations and feature definitions when explaining phonological problems.
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8. Conclusion

Thus we come to the end of this present study. This dissertation set out with the goal of
analyzing the RUKI Sound Law by using modern methods, and in doing so provide a model
which could reunite Optimality Theory, Feature Geometry, and Diachronic Linguistics. The
result is the Feature-Geometric Harmonic Serialism analysis of the RUKI Sound Law presented
in Chapter 6.

The dissertation started by laying the groundwork by establishing a basic framework for each
of the fields involved in the study: Feature Geometry, Optimality Theory, and Historical
Linguistics. Feature Geometry and Optimality Theory were then reintegrated as Feature-
Geometric Harmonic Serialism, a serial-derivational version of OT which is explicitly sensitive
to the feature geometry of its segments. Doing this required the model to explicitly define an
input so that its features could be manipulated during the derivation. It also required the adoption
of some form of underspecification, as full specification proved unworkably cumbersome, as
shown with the alternative Nodal Faithfulness model. The usefulness and validity of FGHS was
demonstrated with a series of analyses focusing on lenition processes, using data from Latin,
Serbian, and Chilean Spanish, and one on nasal assimilation in Catalan.

Having established FGHS, the discussion then turned to its application to historical data.
Chapter 4 discussed the potential issues with and benefits of applying constraint-based models to
diachronic data. HS in particular was advanced as a natural fit, FGHS even more so, because it
inherently made predictions about when speakers adopted a new underlying representation. Since
FGHS requires explicit knowledge of the input to function properly, it must be careful in
checking when a new input is being used by a new generation. As was noted then, no modern

speaker of English derives words directly from Proto-Indo-European. Rather, we use much more
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recent data as the basis for our lexical entries. Therefore, there must come a point at which the
UR being adopted by new speakers is no longer the UR used by older speakers. This is what
FGHS makes predictions about: whenever a change must occur which would trigger a ranking
paradox in order to derive it from the input, then a later form can be identified as having become
the new UR. This is something which was noted to be an advantage over traditional rules-based
models, as a list of ordered rules cannot naturally predict when speakers would adopt a new UR.
Rather, lists of rules if anything predict that each speaker of English is deriving directly from
Proto-Indo-European, albeit by a ludicrously long derivation. As we can agree such a thing is
absurd, the advantage must be given to FGHS.

Chapter 4 also discussed criticisms of using OT as a historical model. These criticisms were
largely argued against by various means, though some were acknowledged as sound. Most
importantly, it was argued that there is no principled reason to hold that constraint-based models
are inherently incapable of analyzing diachronic data. It was also conceded that many OT-based
models, including HS, have problems analyzing instances of opacity, a weakness which must be
properly addressed if we are to fully transition into the use of constraint-based diachronic
models. The discussion then turned to how FGHS specifically avoids most of the issues which
affect diachronic OT. By showing the places where FGHS improved on OT, while
acknowledging that it inherits the limitations of classic HS regarding opacity, the dissertation
asserted that FGHS was a legitimate option for diachronic phonology. It also noted that FGHS,
by predicting when inputs changed across generations, could possibly resolve the HS opacity
problem, though only so long as there are no productive opaque processes.

The dissertation then turned to discuss the RUKI Sound Law in detail. There was an

expanded discussion of the various solutions which have been proposed over the past century,
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with a particular focus on the analyses of Zwicky (1970), Allen (1973), and Vennemann (1974).
This dissertation most strongly followed after Allen (1973) and Zwicky (1970), disagreeing with
the view that RUKI could be understood as any coherent natural class. Following from Allen
(1973), this dissertation asserted that RUKI is best treated as multiple changes which were later
neutralized. More specifically, this dissertation argued that, since there was only a single fricative
*s in Sanskrit prior to RUKI, this fricative was subject to place-assimilating allophony in all
positions it appeared. These place-assimilated allophones were the subjects of that later
neutralization, with [s] being favoured as the output. The outstanding question then, of course, is
why RUKI is not observed after other segments.

The solution to this was found in an analysis of 3523 Sanskrit tokens of either [s] or [s]. In
this data, it was found that 99.01% of [s s] tokens appeared after dentals, placeless segments, or
RUKI segments. Other segments preceded the fricatives a mere 0.99% of the time. This result
strongly supported the hypothesis that the RUKI Set is not, in fact, any sort of natural class. It is
rather what was termed an ‘accidental class’, a set of segments united not by any featural or
acoustic characteristics, but simply by the accident of distribution. The RUKI Sound Law does
not need to explain why only [r u k 1] triggered the change, and why other seemingly logical
segments did not. The fact of the matter is that [r u k 1] were really the only segments which both
could cause visible assimilation and were in positions which allowed them to interact with *s.
However, it was noted that further research should be done to determine whether the distribution
of *s itself is truly just an accident, or if it derives from some other principle.

This distributional explanation formed the basis for the formal analysis. Chapter 6 provided
this, showing FGHS analyses for each of the RUKI segments. The constraint rankings correctly

predicted the attested output, but were notably of such a kind that they would also predict similar
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changes for nearly any non-dental segment which preceded *s. This is indeed the contention of
the dissertation: that any segment with a non-dental place could have participated in RUKI, but
did not simply because practically nothing but the RUKI segments were in position to alter *s.

This led into the discussion, which explained the implications of the analysis in particular
and FGHS as a whole. It argued that the FGHS RUKI analysis is strong evidence of the validity
of FGHS as a model for diachronic change. From this central point, it further argued for the
advantages of FGHS over both OT and rules-based phonology. Potential avenues for further
research were discussed, with particular attention paid to places where FGHS requires further
development.

FGHS is put forward here as an avenue for a reintegration of some of the different streams of
phonological research which have emerged since the introduction of Optimality Theory in the
1990s. Each of these streams has produced excellent work and important discoveries in this time.
This dissertation shows what can be accomplished when they are all brought back together,
providing a new analysis of an old problem, being the RUKI Sound Law. FGHS restores the
embedding of historical development which could be found in rules-based phonology, while also
making explicit predictions about the change in underlying representations across generations.
We have also put forward the concept of an ‘accidental class’, emphasizing the importance of the
lexicon in explaining sound changes. Words which do not exist to not participate in sound
changes, and environments which never instantiate in a lexicon do not need to be defined out of
the set of triggering environments. These findings point towards the need to restore some of the
importance of underlying representations in phonological study, so that we can better understand

how the speech of our ancestors has come down to the speech of today.
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Appendix A: The RUKI Data

Dictionary IPA [s]? [s]? r? |ju? | k? i ? e? |o0o? |n? |a? h_? | Labial | Dental | Other | EX
Transcription Transcription
Sum Totals 3523 | 1896 | 1627 | 209 | 349 616 | 442 76 65| 83| 1529 33 28 86 7| 423
Percentages (%) 53.82 | 46.18 | 5.93 | 9.91 | 17.49 | 1255 | 2.16 | 1.85 | 2.36 | 43.40 | 0.94 0.79 244 | 020 | 12
amsa ansa 1 1
amsa-k(ta ansaku:ta 1 1
amsa-prishatha | ansaprigatha 1 1 1 1
amsa-tra ansatra 1 1
amsa-phalaka ansa-phalaka 1 1
amsa-la ansala 1 1
amsa-vartin ansavartin 1 1
amsa-vivartin ansavivartin 1 1
amsa-vyapin ansavja:pin 1 1
admh-as anhas 1 1
a-kanishtha akanigtha 1 1
akali-prasara akaliprasara 1
a-kasmat akasma:t 1 1
akasmad-agantu | akasma:d 1 1
a:gantu
a-kéma-tas aka:matas 1 1
akéla-kusuma aka:lakusuma 1 1 1
a-kéala-kshepam | aka:laksepam 1 1
a-kala-saha aka:lasaha 1
a-kutas akutas 1
a-kutsita akutsita 1 1
a-kusumita akusumita 1 1 1
a-krita-lakshana | akritalakgsana 1 1
a-krita-srana akritasrana 1 1
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akrita-samkalpa

akritasamkalpa

a-kritsna akrtsna

a-kritsna-vid akrtsnavid

a-krisa-lakshmi | akrglaksmi: 1 1
a-krishivala akrigi:vala 1 1
a-krishta akrigta 1 1
a-klishta aklista 1 1
aklishta-kara akligtakara 1 1
AKSH aks 1 1

ashta asta 1

aksha akgsa 1 1

asksha- aksaksapana 2 2
kshapana

aksha-gfa aksajna 1 1
akshan-vat akgsanvat 1 1
ak-sh-at akgat 1 1

dkshata akgsata 1 1
akshata-kesara akgsatakecara 1 1
a-kshatra akgsatra 1 1
aksha-dydta aksadju:ta 1 1
askshan aksan 1 1
&-sksh-an akgsan 1 1
aksha-naipuna aksanaipuna 1 1
aksha-patala akgsapatala 1 1
aksha-priya akgsaprija 1 1
aksha-blmi aksabu:mi 1 1
a-kshama aksama 1 1
aksha-mada aksamada 1 1
a-kshama aksama: 1 1
aksha-métra aksama:tra 1 1
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aksha-mala aksama:la:
aksha-malika aksama:lika:
a-khsamin aksamin
a-kshaya akgsaja
a-khayya akgajja
a-kshara aksara
aksha-vati akgsavati
a-kshanti akgsa:nti

a-kshara-lavana

aksa:ralavana

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1
a-kshélita akga:lita 1 1
aksha-avali akgsaa:vali 1 1
akshi aksi 1 1
akshi-kata aksiku:ta 1 1
akshi-gata akgsigata 1 1
&-kshita akgita 1 1
akshi-pat akgipat 1 1
aksht aksi: 1 1
&-khsina akgsina 1 1
a-khsiya-ména | akgi:jamana 1 1
a-kshunna aksunna 1 1
a-kshudra aksudra 1 1
a-khsetra akgsetra 1 1
dkhsetra-tara akgsetratara 1 1
a-kshetrin akgsetrin 1 1
akshoda aksoda 1 1
a-kshodhuka akgsodruka 1 1
a-khsobhya aksobhja 1 1
akshauhini aksauhini: 1 1
akshaupati akgsaupati 1 1
akshnaya aksnaja 1 1
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agasti agasti 1 1

agastya agastja 1 1

a-ga-smahi agasmahi 1

aguru-sara agurusa:ra 1 1
agni-parish- agniparigkrija: 1 1

kriya

agni-shtut agnistut 1 1

agni-shtoma agnistoma 1 1

agni-shtha agnigstha: 1 1

agni-shvétta agnigvatta 1 1

agni-samskara agnisanska:ra 1 1 1
agni-samkaya agnisanc¢aja 1 1 1
agni-sakshika agnisa:kgsika 1 1 1 1
agni-sat-kri agnisa:tkri: 1 1 1
agni-shéma agnisoma 1 1

agni-shoma- agnigomabhuta 1 1 1
bhita

agni-shomiya agni:somi:ja 1 1

agni-utsadin agniutsa:din 1

agra-tas agratas 1 1

agra-mahishi agramahigi 1 1

agra-sas agrasas 2 2

agra-nasika agrana:sika: 1 1

agra-samdhya agrasandhja 1 1

agra-sara agrasara 1 1

agra-hasta agrahasta 1 1

agraakshan agraaksan 1

agre-didhishu agredidhisu 1 1

agre-sara agresara 1 1
agrya-tapas agrjatapas 1

agha-marshana | aghamarsana 1
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anka-lakshana anpkalaksana
ank-as ankas
ankasasya ankasa:sja
anga-yashti angajasti
anga-rakshaka angarakgaka
anga-raksha angaraksa:

anga-samskara

angasanska:ra

anga-sam-a- angasam

khyayam a:kPjajam

anga-sparsa afggasparga 1
angu-shtha angustha

angushtha-ya angusthaja

angushtha- angugsthaparvan

parvan

dka-sam-ud akasamud 1
dka-sam akasam 1
a-kshur-vishaya | acaksurvisaja

a-kashus acaksus 1
akarama-vayas | acaramavajas 1
a-kikitsaniya akikitsanija: 1
akira-bhas acirabha:s 1
akira-rokis acirarocis 1
akira-amsu aciransu 1
a-ketés acetas 1
akeshta acegsta

aga-gala-stana ajagalastana 1
a-gasra agasra 1
a-gata-paksha aga:tapaksa
a-gata-ragas aga:tarajas 1
a-gigisha ajagi:sa

a-gugupsita ajugupsita 1
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a-gahal- ajahallak:sana

lakshané

a-gushta ajusta

a-ghata-vasa agna:tava:sa

a-gfiasa-tas ajna:satas

a-ghas agna:s

a-gyeshtha ajjestha

afgvriksha anyvriksa

afng-as anjas 1 1
afgah-savé anyahsava

atta-hasa a:ffaha:sa 1 1
an-ishtha a:nistha

an-iyas ani:jas 1 1
a-tattva-tas atattvatas 1

a-tapas atapas 1

a-tamisra atamisra 1

a-tas atas 1 1
ati-kashtha atikastha: 1
ati-krishna atikrigna

ati-gariyas atigari:jas 1 1
ati-kirasya aticirasja 1 1
ati-kkhandas aticchandas 1 1
ati-tapasvin atitapasvin 1 1
ati-titirshu atititi:su

ati-trishna atitrigna:

ati-trishna atitrisna

ati-tegas atitejas 1
atithi-satkara atithsatka:ra 1

ati-durdharsha atidurdarsa

ati-durmanas atidurmanas 1 1
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ati-dushkara ati-dugkara

ati-dustara atidustara 1

ati-nashtha atina:stha 1
ati-nir-tas atinirtas

ati-nir-vasutva atinirvasutva

ati-nish-karuna | atinigkaruna 1

ati-nishthura atinigthura 1

ati-ni-shnata atinigna:ta 1

ati-nikais atini:cais 1 1

ati-pari-kshata atiparikgata

ati-parusha atiparuga

ati-paurusha atipauruga

ati-pratydsanga | atipratja:sanga 1 1
ati-pra-sakta atiprasakta 1 1
ati-prasakti atiprasakti 1 1
ati-prasanga atiprasanga 1 1
ati-baliyas atibali:jas 1 1
ati-bhishana atibh:gana 1

ati-bibhatsa atibi:bhatsa 1

ati-manusha atima:nuga

ati-ramhas atiraNhas 1 1
ati-rabhasa atirabhasa 1 1
ati-rasa atirasa 1 1
ati-rakta-tas atiraktatas 1 1
a-tiras-krita atiraskrta 1 1
ati-rush atirug

ati-vatsala ativatsala 1

ati-varsha ativarga

ati-vatsalya ativa:tsalja 1

ati-vipra-karsha | ativiprakarsa
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ati-vimanas ativimanas 1

ati-vishama ativisama

ati-vistara ativistara 1 1
ati-tas atitas 1

ati-vistara ativista:ra 1

ati-vistirna ativisti:rna 1

ati-visarin ativisa:rin 1

ati-vrishti ativrgti

ati-vaishamya ativaisamja 1

ati- ativaicakganja

vaikakshanya

ati-vyasana ativjasana

ati-vyasanin ativjasanin 1

ati-sastra aticastra

ati-slishta aticlista 1

ati-shkand atigkand 1

a-tishthat atisthat 1

ati-sakti atisakti 1 1 1
ati-sakhi atisakhi 1 1 1
ati-samkata atisaNkata 1 1 1
ati-samkruddha | atisaNkruddha 1 1 1
ati-samkshepa atisaNksepa 1 1 1
ati-samkaya atisaNcaja 1 1 1
ati-samrambha atisaNrambha 1 1 1
ati-satvaram atisatvaram 1 1 1
ati-sa-daya atisadaja 1 1 1
ati-sadrisa atisadrica 1 1 1
ati-sam-tata atisaNtata 1 1 1
ati-sam-dheya atisaNdbeja 1 1 1
ati-samnidhana | atisaNnid"a:na 1 1 1
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ati-samartha atisamartha 1 1 1
ati-samipa atisami:pa 1 1 1
ati-sambhorga atisaNbroga 1 1 1
ati-sambhrama atisaNbhrama 1 1 1
ati-sarasa atisarasa 1 1 1
ati-sarga atisarga 1 1 1
ati-sarpana atisarpana 1 1 1
ati-sarva atisarva 1 1 1
ati-savisankam | atisavigankam 1 1 1
ati-sahasa atisahasa: 2 1 1
ati-sdmvatsara atisam:Nvatsara 2 1 1
ati-sadhvasa atisa:dhvasa 2 1 1
ati-sandra atisa:ndra 1 1 1
ati-sdyam atisa:jam 1 1 1
ati-séra atisa:ra 1 1 1
ati-sahasa atisa:hasa 1 1 1
ati-sitaanga- atisitaanga 1 1 1
vihamga vihaNga

ati-sukha atisukha 1 1 1
ati-subhaga atisubhaga 1 1 1
ati-surabhi atisurabhi 1 1 1
ati-sulabha atisulabha 1 1 1
ati-su-vritta atisuvrtta 1 1 1
ati-skshma atisu:ksma 1 1 1
ati-srishti atisrsti 1 1 1
ati-sauganya atisaujanja 1 1 1
ati-sauhitya atisauhitja 1 1 1
ati-sneha atisneha 1 1 1
ati-svalpa atisvalpa 1 1 1
ati-svastha atisvastha 2 1 1
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ati-harshula atiharsula 1
ati-hasita atihasita 1
ati-hrishta atihrsta 1
ati-késa ati:ka:sa 1
a-ttkshna ati:ksna 1
a-tushara-kara atusa:rakara 1
a-tushta atugta 1
a-tushti atusti 1
a-trishna atrsna 1
atiashti atiagfi 1
atiasita atiasita 1
ati-ayus atia:jus 1
atidsanga atia:sanga 1
atidsanna atia:sanna 1
atiushna atiugna 1
atilirgasvala atiu:ryasvala 1
atiautsukya atiautsukja 1
a-trasta atrasta 1
atra-stha atrastha 1
a-trésita atra:sita 1
a-tri-varsha atrivarsa 1
atharva-angiras | atharvaangiras 1
a-dakshina adakgina

a-dakshina adaksina

a-d-as adas 1
a-dékshinya ada:kgsinja 1
a-dasa ada:sa 1
a-dits-at aditsat 1
a-dit-su aditsu 1
4-sattva asattva 1
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a-stra asu:tra

a-vishaya avisaja

a-dushta adugta

a-dlra-tas adu:ratas

a-ddra-stha adu:rastha

a-dushprépa adugpra:pa 1
a-dushéna aduga:na 1
a-ddsh-ita adu:gita 1
a-drishta adrsta 1
a-purusha apuruga 1
a-para- apara

samarthya sa:marthja

a-drishti-dana adrgtida:na 1
a-deva-gushta adevajusta 1
a-desa-stha adecastha

a-dosha adoga 1
ad-bhis adbhis

ad-bhyas adbhjas

adya-divasa adjadivasa

a-dvi-varsha advivarga 1
a-dvesha-ragin advegsara:gin 1
a-dveshtri advestr 1
adha-keshta ad"acesta 1
adharaoshtha adharaost"a 1
a-dharmishtha ad"armigtha 1
a-dharshana adharsana 1
a-dharshaniya adMargani:ja 1
adhéas adhas

adhas-tala adhastala

adhéas-tat adhasta:t
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adhah-stha adraHstha 1 1
a-dhéra-varsha | ad"a:ra:varsa 1

adhika-vayas adhikavajas 1 1
adhi-kashta adhikagta 1 1
adhi-kshepa adhiksepa 1

adhi-purusha adhipuruga 1

adhi-paurusha adMipauruga 1

adhi-bubhd-shu | adhbubtu:su 1

adhi-rukma- ad"irukmaman 1

mandira- diragava:ksam

gavaksham

adhi-vakshas ad"ivakgsas 1 1 1
adhi-varkas adhivarcas 1 1
adhi-vasati ad"ivasati 1 1
adhi-vasa adhiva:sa 1 1
adhi-shavana adhisavana 1 1

adhi-shtha-tri adhigtha:tr 1 1

adhi-shthana adhigthana 1 1

adhi-shthita adhigthita 1 1

adhi-senépati adhisena:pati 1 1

adhi-hasti ad"ihasti 1 1
adhiraaksha adhiraakga 1

adhi-vasé adMi:va:sa 1 1
a-drishta adrgfa 1

&-drishya adrgja 1

adho-ksha ad"oksa 1

adho-ksha-ga adhokgaya 1

adho-drishti adModrgti 1

adhovekshin ad"oveksin 1

adhiamsa ad"iaNsa 1
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adhiaksha adhiakgsa

adhiadhikshepa | adhad"ikgepa

adhiayana- adMajana 1 1
sampradéana samprada:na

adhiava-séna ad"iavasa:na 1 1
adhiava-sijita adMavasa:jita 1 1
adhiava-sajin adMavasa:jin 1 1
adhiava-sita adhiavasita 1 1
adhiasa adMasa 1 1
adhiés-ita adhiasita 1 1
adhiés-itavya adMasitavija 1 1
adhiés-in adhiasin 1 1
adhiuras adhiuras 1 1
adhiushita adMugita

adhieshana adhiegana

anu-sam anusam 1

an-akshara anakgsara

an-ati-trasnu anatitrasnu 1 1
an-anu-tishth-at | ananutigthat

an-anushthatri ananugtha:tr

an-anushthéna ananugtha:na

an-anu- ananusaNd"a:na 1

samdhéna

an-anusarana ananusarana

ananta-sira anantasi:ra 1 1
an-antika-stha anantikastha

ananya-drishti ananjadrsti

ananya-na’\ri- ananja 1

sa"ma’ narisama

ananya-manas ananjamanas 1 1
ananya-ma”nasa | ananja

ma:nasa
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ananya-vishaya | ananjavigaja
ananya-sasana ananjagasana
ananya-samtati | ananja
saNtati
ananya-sama ananjasama
ananya-sa’- ananjasa:
dha*rana dha:rana
ananya-sa’- ananjasa:
ma’nya ma:nja
an-anuish-yat ananuigjat
an-apasara anapasara
a'n-apa-sphurat | anapasp"urat

an-apaa”-krishta

anapaa:krsta

an-apeksha an apeksa
an-apai”*ksha- anapai:
ma”na ksama:na
an-apeksha” anapeksha:

an-apai”*kshita

anapai:kgita

an-apekshin anapekgsin
an-apna's anapnas
an-apsaras anapsaras

an-abhikhya’ta-
dosha

anabhikhja:ta
dosa

an-abhibha”*shin

anabPib"a:gin

a'n-abhisasti anabhigasti
an-abhi- anabPigecani:ja
shekaniya

an-abhishvan.ga | anabhigvanga
an-abhi- anabhisaNhitam
samhitam

an-abhi- anabhi
samdha’na saNdMa:na
an-abhisamdhi anabPMisaNdM
an-abhi-sneha anabhisneha
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an-abhi*kshna

anabi:ksna

an-abhya”sa anabhja:sa 1 1
an-abhiut- anabhiut

krushta krusta

an-alasa analasa 1 1
anala-sakha analasakha 1 1
an-abhyasu“ya | anab"jasu:ja 1 1
an-avabha’sa anavabha:sa 1 1
an-avasara anavasara 1 1
an-avasita anavasita 1 1
an-avastha” anavastha: 1 1
an-ava-himsita anavahiNsita 1

an-aveksha” anavekgsa

a'-nashta-pasu anagtapacu 1
a'nas anas 1 1
an-asu‘y-a anasu:ja 1 1
a'n-asta'n anasthan 1 1
an-a'sthi-ka anasthika 1 1
an-a"kasmika ana:kasmika 1 1
an-a"-krishta ana:krsta

an-a"-ksha‘rita | ana:kgarita

a'n-a"gas ana:gas

a'n-a“gas-tva ana:gastva

an-a"-kakshat ana:cakgat

an-a“tma- ana:tma 1 1
sampanna sa:Npanna

an-a“tma- ana:tmasa:krta 1 1
satkrita

a'n-a-dhrishta | ana:drsta

an-paribha”sha” | anparibha:sa: 1

a'n-a™-dhrishya

ana:drgja
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an-a®-mrishti ana:mrsti 1

an-a’yati- ana:jatiksama

kshama

an-a"-yasita ana:jasita

an-a’‘yasa ana:ja:sa

an-a*yushya ana:jugja 1

an-a’rsha ana:rsa 1

an-a’rsheya ana:rgeja 1

an-a”-lakshya ana:lakgja 1

an-a“lasya ana:lasja 1 1
an-a’vish-krita | ana:vigkrta 1

an-a’vrishti ana:vrsti

an-a"s-ishtha ana:¢istha 1

an-a"sis ana:cis

a'n-a"s-vas ana:gvas 1
a-na’shtra’ ana:gstra 1 1
an-a"-sanna ana:sanna 1
an- ana: 1 1
a’savaa"khya savaa:khja

an-a*-sad-ayat | ana:sa:dajat 1 1
an-a’‘stika ana:stika 1 1
an-a"-stirna ana:stirna 1 1
an-a"stha" ana:stha 1 1
an-a’‘sva’\dita ana:sva:dita 1 1
a-ni-kshipta anikgipta 1

a'-nimish animigs 1

a-nimisha’ animiga 1

a'-ni-mishat animigat 1

a-nimesha animegsa 1

a-niri“ksha-ka aniri:ksaka 1

a-nir-dishta anirdigta 1
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a-nivritta- anivrtta 1

ma”msa ma:Nsa

an-ishavya anisavja 1 1
a-ni-shiddha anigidd"a 1 1
an-ishu-karin aniguca:rin 1 1
a-nishkasha™ya | anigkaga:ja 2 1
a-nish-krita anigkrta 1 1
an-ishta anigta 1 1
a'n-ishta anigta 1 1
anishta-gandha | anistagandha 1 1
a-nishthura anigthura 1 1
a-nish-panna anigpanna 1 1
a-nih-sarat anihsarat 1

an-i“psita ani:psita

an-i"rshya ani:rgja 1

anu-karsha anukarsa 1

anu-karshin anukarsin 1

anu-ka™n.kshin | anuka:pksgin 1

anu-krishta-tva | anukrstatva 1

anu-kshanam anukganam 1

anu-kshapam anukgapam 1

an-uk-khishta anucchigta 1 1
an-uk-khvasat aucc"vasat 1

anu-gighriksha™ | anuyig'rksa 1

anu-gi*vi-sa™t- | anijo:visa:tkr 1 1
kri

anu-tishtha”su anutigtha:su 1 1 1
an-utsa’*ha anutsa:ha 1

an-utsa”™*hin anutsahin 1

an-utsuka-ta anutsukata: 1
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an-utsura- anutsu:tra 2 1
pada-nya’sa padanjasa

an-utseka anutseka 1

an-utsekin anutsekin 1

an-ud-a’si®na anuda:si:na 1

anu-divasam anudivasam 1

anu-na”sika anuna:sika 1

an-upa- anudegstavja

deshtavya

an-upa-nyasta anupanjasta 1 1
an-upapatti-tas anupapattitas

an- anupasa

upasamha”rin Nha:rin

an-up-lakshita anupalakgita

an-upasarga anupasarga

an-upa-skrita anupaskrta

anu-sas anucas 1
an-upekshana anupeksana

anu-pra’sa anupra:sa 1
anu-bha”shitri anubha:gitr 1 1
a'nu-ru”pa-tas anuru:patas 1
anu-vasha-kara | anuvagakara 1
anu-va”\sin anuva:sin 1
anu-sasana anugasana 1 1
anu-a*kshepa anua:ksepa

anu-sa’“saniya | anugasanija 1 1
anu-sa’sitri anugasitr

anu-sa”sti anucasti

anu-sakshin anugaksin

anu-sasin anucasin 1 1

anu-susru”‘sha”

anucagaru:sa:
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anu-shan.ga anuganga 1

anu-shan.gin anugangin

anu- anugajnjani;ja

shan~gani®ya

a'nu-shtuti anugfuti

anu-shtu'bh anugtubh 1

anu-shtha”- anugtha:tavja 1

tavya

anu-shthatri anugtha:tr 1 1

anu-shtha”*na anugtha:na 1 1

anu-shthita anugthita 1 1

anu-shtheya anugtheja 1 1

anu-shthya anugtja 1 1

an-ushna anugna 1 1

anu-shvadha'm | anugvad"am 1 1

anu-samtati anusaNtati 1 1 1
anu-samta™na anusaNta:na 1

anu-sam- anusaN 1 1 1
dhatavya dha:tavja

anu-samdha™na | anusaNd"a:na 1 1 1
anu-samdheya anusaNdbeja 1 1 1
anu-sara anusara 1 1 1
anu-sa™nu anusa:nu 1 1 1
anu-sa’“ra anusa:ra 1 1 1
anu-sara-tas anusaratas 2 1 1
anu-sa”rin anusa:rin 1 1 1
anu-seva” anuseva: 1 1 1
anu-sevin anusevin 1 1 1
anu-sta'rani® anustarani: 1 1 1
anu-smarana anusmarana 1 1 1
anu-syuta-tva anusju:tva 1 1 1
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anu-sva’ra anusva:ra
anu-rikshara' anurkgara 1
anu-ri-naakartos | anurnaarkartos
a'n-samhita ansaNhita
a'n-abhi- anabhi¢caNsana
samsana
an-tva-sas antvagas
an-tva-sam- antvasaN
sayaukkhedin cajaucchedin
an-tva- antva
samstha™na saNstha:na
an-tva-san.khya | antvasapkhja
anekaupava™sa | aneka
upava:sa
an-ena's anenas
an-ehas anehas
an-ogas anojas
an-aushadha anaugadha 1
anta-ta's antatas
a'nta-tasmin antatasmin
antara-ta's antaratas
antara-pu”rusha | antarapu:rusa 1
antara-prepsu antaraprepsu
antara-stha antarastha
antara-sthita antarasthita
antaraanveshin | antaraanvegin 1
anta'r-iksha antarikga 1
antarikshaga antariksaga 1
antar-i“ksha antariksa 1
antar-ushya antarugja 1
antar-gala- antarja
niva’\sin laniva:sin
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antar-gala-supta | antar 1 1
Jalasupta

antar-dushta antardugta

antar-gyotis antargjotis 1

antar-ba”shpa antarba:gpa

antar- antar 1 1

madaavastha madaavastha

antar-vastra antarvastra 1 1

antar-va”sa antarva:sa 1 1

antar-va’sika antarva:sika 1 1

antar-va”sas antarva:sas 1 1

antar-visha antarviga

antar-ha”sa antarha:sa 1 1

anta-satkriya antasatrkrija 1

antas-tapa antastapa 1 1

antah-samgn~a | antahsaNjna 1

anta-sattva antasattva 1 1

anta-salila antasalila 1 1

anta-salila-stha | antasalilast"a 1 1

anta-sa’nu antasa:nu 1 1

anta-sara antasara 1 1

anta-sukha antasukha 1 1

anta-stha antastha 1 1

andha-tamasa andhatamasa 1 1

andha-ta®misra | andata:misra 1 1

a'ndh-as andhas 1 1

a'ndhas and"as 1 1

a'nna-dosha annadogsa

a'’nna-rasa annarasa 1 1

a'nna-samkara annasaNkara

anya-ketas anjacetas
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anya-sya™m anjasja:m 1 1

anya'-tas anjatas 1 1

anyatha™- anjatha:

sambha’vana” saNb"a:vana:

anyatha™- anjatha: 1 1

sambha’vin saNbha:vin

anyatha™-siddha | anjatha:sidda 1 1

anyatha™-siddhi | anjatha:siddhi 1 1

anyatha”-stotra | anjatha:stotra 1 1

anya-manas anjamanas 1 1

anya-ma”*nasa anjama:nasa 1 1

anya-pushta anjapugsta 1

anya-visha-ya anjavisaja 1

anya-san.ke-ta anjasanketa 1 1

anya-stri-ga anjastriga 1 1

anyaan.ka-supta | anjaanpkasupta

anya’-driksha anjadrksa 1

anye-dyu's anjedjus 1

anuaveksh-a® anuavekga:

anuashtaka” anuagtaka: 1

anua’dhi-a®sana | anua: 1 1
dhia:sana

anuesha anuesa 1

anvesh-in anvegin 1

apa-karsha apakarsa 1 1

apa-karshaka apakargaka 1 1

apa-karshin apakargin 1 1

apa-karshana apakargana 1 1

apa-kalmasha apakalmaga 1 1

apa-krishta apakrsta 1 1

a-paksha’ apakgsa 1
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apa-khsaya apakgsaja 1

a-paksha-lopa apaksalopa 1

apa-gata-tegas- | apag 1
ka atatejaska

apa-gihi~rshu apajihi:rsu 1

apa-gihi~rsha® apayihi:rsa: 1

a-pati”-kshepa apati:ksepa 1

apa-tusha’ra apatusa:ra 1

apa-sneha- anasneha 1
Kripa-maya krpamaja

apa-dosha apadoga 1

apa-dhvasta apadhvasta 1
apa-nini~shu apaninigu 1

apa-nu-nut-su apanunutsu

apa-payas apapajas 1
apa-bhrashta apabPragta 1 1
apa-yasas apajacas 1
a-paydhara- apajdhara 1
samsarga saNsarga

apara-tas aparatas 1
a-paraspara- aparaspara 2
sambhu”ta saNbhu:ta

apa-vriksha apavrkgsa 1

a-pari-lishta apariligta 1

a-pari-kshata aparikgata 1

a-pari-kshina- apariks 1

sakti inacakti

a-pari-tushta aparitusta 1

a-pari-nishthita | aparinigthita 1

a-pari- aparibhagana 1
bha”shana

a-parii®kshita aparii:kgita 1

apa-rush aparug 1
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a-parusha aparugsa 1

apare-dyus aparedjus

apare- apare

sampra’pte saNpra:pte

a-paroksha aparokgsa

aparokshaya aparoksaja

a-paria’sita aparia:sita 1 1
a-pariushita apariugita 1

apa-vi-kshata apavikgata 1

apa-sastra apacastra 1 1
apa-shthu apasthu 1 1
apa-sada apasada 1 1
apa-sarana apasarana 1 1
apa-sarpa apasarpa 1 1
apa-savya apasavya 1 1
apa-sa’*ra apasa:.ra 1 1
apa-sa’ri-ta apasa:rita 1 1
apa-sa’rin apasa:rin 1 1
apa-sna’™na apasna:na 1 1
apa-spasa apaspaga 1 1
apa-sma’ra apasma:ra 1 1
apa-sma’rin apasmac:rin 1 1
apas-ya' apasja 1 1
apas-yu apasju 1 1
apa-harsha apaharsa 1

apa-hastaya apahastaja 1 1
apaa’-karishnu | apaa:karisnu 1

apaan.ga-drishti | apaangadrsti 1

a-varshana avargana 1

a-varshin avargin 1
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a-ketas acetas 1 1
apaaya- apaaja 1 1
samdarsana-ga saNdarcanaja

api-sasas apicasas 2
a-pums apuNs

apurush apuruga 1

aapara’“dha apara:dha

a-pushkala apugkala 1

a-pushpa’ apugpa 1

a-prishta aprsta 1

apai“ksha” apai:kgsa: 1 1

apaikshita apai:kgita 1 1

apekshin apekgsin 1 1

apekshya apekgja 1 1

a'p-nas apnas 1 1
a'-praketas apracetas 1 1
a'-pra-gas aprajas 1 1
a'-pra-ga's-ta” aprajasta 1 1
apra'-gasya’ aprajasja 1 1
a-pratima-ogas | apratimaojas 1 1
a-prati-sa®sana | apratiga:sana 1 1
a-prati-sheda apratigedta 1

a-prati-shtha apratistha 1

a-prati-shthita apratigthita 1

a-pratiaksha apratiaksa 1

a-pradakshinam | apradaksinam 1

a-pra-dushta apradugta 1

a-pradhrishya aprad®rsja 1

a-pra-va’sa- aprava: 1 1
gamana sagamana

a-pra-sasta apracasta 1 1
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a-pra-sanna aprasanna 1 1
a-pra-sahishnu aprahisnu

a-pra-sada aprasa:da 1 1
a-pra-sa’dita aprasa:dita 1 1
a-pra-siddha aprasiddha 1 1
a-pra-su’ta aprasu:ta 1 1
a-pra-sphuta aprasp"uta 1 1
a'-avasara aavasara 1 1
a-pra’sta*vika apra:sta:vika 1 1
a-prekshani®ya | apreksani:ja

a-preksha”- apreksa: 1

pu”rva-karin pu:rvaka:rin

a-prekshya apreksja

a-praushita apraugita

ap-sara's apsaras 1
apsaras-ti*rtha apsarasti:rtha 1
a'psas apsas

a-pha’a-krishta | apha:lakrista

a'-baliyas abalijas 1 1
a-bahish-ka’*rya | abahigka:rja

a-bahu-bha”shin | a-bahuba:sin 1
a-bahu-vyakti- abahuvjakti

nish-tha nist'a

a-ba’a-sattva aba:lasattva 1
a-stha astha 1
ab-saras absaras 1
ab-bhaksha abbhakgsa

a-bhakshya abhaksja

abhaya-dakshi- | abMajadakgsina:

na®

abhi-ka”n.kshin

abhika:pksin




abhi-ka™n.ksha | abhika:nksa 1 1

a-bhiksha-da~ abhiksada 1 1

abhi-kakshana abhMicakgsana 1 1

abhi-ka'kshe abMicakge 1 1

abhi'-tas abtitas

abhi-vayaska abhivajaska

abhi-na’sika- abtina:sika

vivaram vivaram

a'-sthiti asthiti 1 1

abhi-prishthe abhiprsthe 1

abhi-praka'kshe | abMipracakse 1 1

ahbi-prepsu abhiprepsu 1

abhi-bha”shana | abhibta:sana 1 1 1
abhi-bha”shin abhibra:sin 1 1 1
abhi-svamin abMisva:min 1

abhi-rakshana abhirakgsana 1 1

abhi-raksha” abhirakga: 1 1

abhi-rakshitri abhiraksgitr 1 1

abhi-lakshya abhilakgsja 1 1

abhi-lakshyam abhilakgjam 1 1

abhi-lashani*ya | abtilagani:ja 1 1 1
abhi-lashya abhilagja 1 1 1
abhi-lashita abhilagita 1 1 1
abhi-la”sha abhila:sa 1 1 1
abhi-la*shuka abhila:suka 1 1 1
abhi-samsana abhicaNsana 1

abhi-samsin abhi¢aNsin 1

ahbi-sastaka abhicastaka 1 1

abhi-sasti abhicasti 1 1

abhi-siras abhigiras 1 1
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abhi-shan.ga abhiganga 1 1

abhi-shan.gin abhisangin 1 1

abhi-shishe abhigisenajisu 3 3

nayishu

abhi-shikta abhigikta 1 1

abhi-shekta abhigekta 1 1

abhi-shekta-vya | abhigektivja 1 1

abhi-shekana abhigecana 1 1

abhi-shekani®ya | abhigecani:ja 1 1

abhi-shenana abhisenana 1 1

abhishenaya abMisenaja 1 1

abhi-shotri' abhigotr 1 1

abhi'-shti abhigsti 1 1

abhi-shyanda abMigjanda 1 1

abhi-shvan.ga abhigvanga 1 1

abhi-samdhaka | abMisaNdraka 1 1 1
abhi-samdhana | ab"isaNd"ana 1 1 1
abhi-samdhi abPisaNd"i 1 1 1
abhi-sambandha | abhisaNband"a 1 1 1
ahbi-sara abhisara 1 1 1
abhisa’ra abhisa:ra 1 1 1
abhi-sa’*rika abhisa:rika 1 1 1
abhi-sa’*rin abhisa:rin 1 1 1
abhi- abhisisa:rajisu 2 1 3 2
sisa”rayishu

abhi-sneha abhisneha 1 1 1
abhi-svare' abhisvare 1 1 1
abhi”®-kshnam ab"i:ksnam 1

abhii®psu abhii:psu 1

abhiishta abhiigta 1

abhi-varshin abMivargsin
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a-dosha adoga

a-bhumi-shta ab"u:migta

a-bhu™yah- ab"u:jah 1

samnivritti saNnivrtti

a-bhu”yishtha abMu:jahistha

abhiasana abhjasana 1 1
abhiasu”yaka abhiasu:jaka 1 1
abhiasta abhiasta 1 1
abhiastam abhjastam 1 1
abhiasa abhia:sa 1 1
abhya”sin ab"ja:sin 1 1
abhiukshana abhjugana

abhiupa abMupag 1 1
gama-tas amatas

abhram-kasha ab"raNkaga

a-bhru~-vilasa abPru:vilasa 1

a-matsara amatsara 1

a'-manas amanas 1

a-manas-ka amanaska 1 1
a-manushya- amanugja

nishevita nigevita

a-paksha-pa’tin | apakgsapa:tin

a-dvish advig

amara-sadas amarasadas 2 2
amara-sarit amarasarit

a-marsh-a amarsa

a-ma”msa- ama:Nsabrakgsa 1

bhaksha

a'-ma”nusha ama:nuga

aman-va’s-in ama:va:si: 1 1
amitra-karshana | amitrakarsana

a-mi“ma’®msya | ami:ma:Nsja 1
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amu'-tas amutas 1 1
a-bha”shana abMa:sana 1
a-varshin avargsin

amrish-ya- amrgjama:na

ma”™na

a-krodha-harsha | akrod"aharsa

ambarisha ambariga

ambaraokas ambaraokas 1 1
amba-shtha ambagtha 1
ambu-aksha ambuakgsa

ambu-a~sana” ambua:sana: 1 1
ambu-pakshin ambupaksin

a'mbas ambas 1 1
a'mbas-tas ambastas 2 2
a-yakshma' ajaksma

a-yatna-tas ajatnatas 1 1
a-yatha"-sthita ajatha:sthita 1 1
a-yasas ajacas 1 1
a'y-as ajas 1 1
a-yuk-san.khya | ajuksankhja 1

a-yuga-sapti ajugasapti 1 1
a-yuga-arkis ajugaarcis 1

a-raga's arajas 1 1
a'ran-va*sa aranva:sa 1

a'ran-va’\sin aranva:sin 1

a'ran-shashtika” | arangagtika: 1
aranyaokas aranjaokas 1 1
a-ratnaa™loka- aratnaa:loka 1 1
samha”*rya saNha:rja

a-rantos arantos

a-rasa’' arasa 1
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a-rasika arasika 1
a-ra™ga'- ara:yalaksman 1

lakshman

ar-i-karshana arikargana

a'-rishta arigta

a'-rishti arigti

ari-su™dana arisu:dana

ar-psu arpsu

arunaanuga- arunaa

arkis nujyaarcia

a-rush arug 1 1

a-rusha aruga 1 1

a-rushyat arugjat 1 1

a'rushi® arugi: 1 1

a-repas arepas 1
arkish-mat arcigmat 1

ark-i's arcis

arna-sarid- arnasa 1
a’srita rida:grita

a'r-nas arnas 1
a'rna-sati arnasati

artha-kilbishin arthakilbigin 1

artha-tas arthatas 1
artha-trishna® arthatrgna: 1

artha-du”shana | arthadu:sana

artha-pa”- arthapa:rugja 1

rushya

artha-sastra arthacastra 1
artha-samsiddhi | arthasaNsidd"i 1
artha-samkaya arthasaNjaja 1
artha-samdeha arthasaNdeha 1
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artha- arthasa 1 1
sampa’dana Npa:dana

artha- arthasa 1 1
sambandha Nbandha

artha-sa*dhana | art"asa:d"ana 1 1
artha-sa”dhaka arthasa:dhaka 1 1
artha-siddha arthasiddha 1 1
artha-sa’*ra arthasa:ra 1 1
artha-siddhi arthasiddhi 1 1
artha-agama- arthaa:gama 1
nya’*sa njasa

arthi-sa™t-kri arthisa:kr

arthautsarga arthautsarga

ardha-krishta ardhakrsta

ardha-nish- ard"anigpanna

panna

ardha-ma”sika ard"ama:sika 1
ardha-ma”sa ardhama:sa 1
ardha-bhakshita | ardhabhakgita 1

ardharka-sas ardharcacas 1
ardha-lakshya ardhalakgja 1

ardha-vastra ardhavastra 1
ardha-samgata- | ardhasaNjata 3
sas-ya sasja

ardha-sa-ma- ardhas 1
vritta amavrtta

ardha-siddha ardhasiddha 1
ardha-si”-rin ardhasi:rin 1
ardhaakshi ardhaaksi 1

ardha-a"-vishta | ardraa:vista 1

ardha-ukkhishta | ardhaucchista 1

a'rs-as arcas 1
arsh ars 1
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a-lakshmi” alaksmi 1

a-lakshya alaksja 1

a-laksh-ana alaksana 1

alam-kar-ishnu | alaNkarignu 1

alam-artha- alamarthavacas 1 1
vakas

alambusha” alaNbusga:

a”k-shana a:ksana

a-la"sya ala:sja 1 1
ali“ka-supta ali:kasupta 1 1
a-lupta-sattva- aluptasa 1 1
kosa ttvakoca

a-loka- alokas 1 1
sa”ma”nya a:ma:nja

alpa-tegas alphatejas 1 1
alpa-medhas alphamedhas 1 1
alpa-sa's alpacas 1 1
alpa-sesha alpacesa 1

alpa-sattva alpasattva 1 1
alpa-sara alpasa:ra 1 1
alpa-sna’yu alpasna:ju 1 1
alpa-svara alpasvara 1 1
alpaan.ga-a*yus | alpaangaa:jus 1

alpaan.ga-bha”s | alpaangbha:s 1 1
alpaan.ga- alpaang 1

avasishta aavagisfa

alp-i“yas alpi:jas 1 1
ava-kshepa avakgepa 1

ava-garsha-na avagarsana 1

ava-kiki~sha” avacici:ga: 1

ava-tamsa avataNsa 1

ava-tamsa-ya avataNsaja 1
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avatamsi™-kri avataNsi:kr 1

ava-tamasa avatamasa 1
ava-tar-titi*rshu | avatartiti:rsu 1

a-vatsa® avatsa:

a-vyavasa-ya- | avjavasa: 1 1
va“hya java:hja

ava-dhamsa' avad"aNsa 1

avanti-sundari® | avantisundari: 1

avanti-sena avantisena 1

avanti-sva®min | avantisva:min 1

a-prasa’*da aprasa:da 1 1
ava-bhas-a avabhasa 1

a-varka's avarcas 1 1
a-varsha avarsa 1

a-varshtos avarsfos 1

ava-sish-ta avacista 1

ava-sesha avacesa 1

ava-sya® avasja: 1 1
ava-shtabh-ya avastabja 1 1
a'v-as avas 1 1
ava's avas 1 1
ava-sakta avasakta 1 1
ava-sak-thika” avasakthika: 1 1
ava-sanna avasanna 1 1
ava-sara avasara 1 1
ava-sa'rpana avasarpana 1 1
ava-sarpini® avasarpini: 1 1
ava-sana avasana 1 1
ava-sita avasita 1 1
ava-siti avasiti 1 1
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ava-seka avaseka 1 1
ava-sekana avasecana 1 1
ava-skand-a avaskanda 1 1
ava-skara avaskara 1 1
ava's-ta’t avastat 1 1
a-vastu avastu 1 1
ava-stha' avastha 1 1
a-sthita asthita 1 1
a-sthiti asthiti 1 1
ava-sphotana avasphotana 1 1
avas-yu avasju 1 1
ava-ha*sa avaha:sa 1 1
ava-ha’‘syu avaha:sju 1 1
a-va™n.-manasa- | avanpmanasa 1 1
gokara gocara

a'-vi-kshata aviksata

a'-vi-kshubdha aviksubdha

a-vi-khya’ta- avikhja:tadosa

dosha

a-vikakshana avicakgana

a-vida”sin avidasi:n 1 1
a'-vidush-tara avidugtara

a'-vidvishe avidvige

a'-vidvas avidvas 1 1
a'-vidvesha avidvega

a-vibu~shana avibu:sana

a-vi-sishta avigista

a-visastri' avicastr 1 1
a-visesh-a avigesa

a-vi-svas-at avigvasat 1 1
a-visha avisa
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a-visva’s-a avigva:sa 1

a-vi-shakta avigakta 1 1

a-vishaya avisaja 1 1

a-vi-shahya avigahja 1 1

a-visha™d-a aviga:da 1 1

a'v-ishtha avistha 1 1

avi-shya avigja 1 1

a-vi-sti*rna avisti:rna 1 1 1
a-vi-spashta avispagta 1 1 1 1
a-vi-spandita avispandita 1 1 1
a-vi-smita avismita 1 1 1
a-vi-smrita avismrta 1 1 1
a-vi-hita-siddha | avihitasidd"a 1

a-vii“kshita avii:kgita 1

a-vrishana avrsana 1 1

a-vrishta avrsta 1 1

a'-vrishti avrsti 1 1

avai“ksh-ana avai:ksana 1 1

a-vesa-sadrisa avecasadrca 1

a-vairi-gushta avairigugta 1

avaukshana avaukgsana

a-vyavasa’\yin avjavasa:jin 1

a-vyava-stha avjavastha

a-vyava-sthita- avjavas

kitta thitacitta

a'-viushta aviugfa 1

asana™-pipa’se | acana:pipa:se 1

a-sanais acanais 1 1 1
a-sa's acas 1

a-sastra acastra 1
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a-sa’s-at aca:sat 1

a-sa’stra- aca:stra 1 1 1
kakshus caksus

a-sikshita aciksita 1

a-siva-samsin acivacaNsin 1

a-bhakshana abMaksana 1

a-sesha acesa 1

asesha-ya acesaja 1

a-vriksha avrksa 1

a-soshya acosja 1

a-sreyas acrejas 1 1

a's-gha’*sa acgha:sa 1 1

asva-pa*-datta- | agvapa: 1 1

sa’rameya- da:tasa:

maya ramejamaja

asva-ra“dhas agvara:dhas 1 1

asva-vrisha' agvavrsa 1

asva-sada agvasa:da 1 1 1
asva-sa™din agvasa:din 1 1

asva-sara-thya | agvasa:rathja 1 1

asva-sena agvasena 1 1

asva-stha”na agvastha:na 1 1

a'-sha™dha asa:d"a 1 1 1
ashadhin agsa:d"in 1 1 1
ash-ta asta 1 1 1
ash-ta-ka astaka 1 1 1
ash-ta'n astan 1 1 1
ashta-pada astapada 1 1 1
asta-ma’' astama 1 1 1
ashta-mu”rti astamuurti 1 1 1
ashta-varsha astavarsa 2 1 1
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ashta-pushpika” | astapuspika: 2 1 1
ashta-shashti agtasasti 3 3 1
ashtaakshara astaakgsara 2 1 1
ashta"-dasa’ agta:daca 1 1 1
ashtaadhya™yi® | astaad"ja:;ji: 1 1 1
ashta-navati astanavati 1 1 1
ashta- agtaras 1 1 1
rasaa’*sraya aa:graja

ashta-pad agtapad 1 1 1
ashta’-pada astapada 1 1 1
ashtaa”yudha astaa:judha 1 1 1
ashta-vakra astavakra 1 1 1
ashtaasi’i- astaas:tis 3 1 3 2
sahasra ahasra

ashtauttara astauttara 1 1 1
ash-ti asti 1 1 1
a'sh-tra® agtra 1 1 1
ashthirlan asthi:la 1 1 1
ashthi®-va't asthi:vat 1 1 1
a's-ti asti 1 1

a's-asmi asasmi 2 2

asti asti 1 1

a's-ya asja 1 1

adhya”sita adha:sita 1 1

apa”sya apa:sja 1 1

a-sam-yama asaNjama 1 1

a-sam-lakshita asaNlakgita 1 1 1

a-samsaya asaNc¢aja 1 1

a-slesha aclesa 1

a-sam-sarga acaNsarga 1

a-sam-sa”rin acaNsa:rin 1
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a-sam-srishta acaNsrsta

a-sam-srishtin acaNsrstin

a-sam-ska’‘ra acaNska:ra 1 1
a-sam-skrita acaNskrita 1 1
a-sam-stuta acaNstuta 1 1
a-sam-sthita acaNsthita 1 1
a-sam-sprishta acaNsprsta 1 1

a-sakrit asakrt 1 1
a-sakta asakta 1 1
a-samkara asaNkara 1 1
a-sam-kshipta asaNksipta 1 1
a-samkhya asaNkhja 1 1
a'-san.ga asanga 1 1
a-sam-gata asaNgata 1 1
a-sam-sukham asaNsuk"am 2 1 1
a-sa-gati”® asajati: 1 1
a-sag-gana asajjana 1 1
a-sagga-ma”na | asajjama:na 1 1
a-sam-ketaya- asaNcetaja 1 1
ma”™na ma:na

a-sam-ga’ta asaNja:ta 1 1
a-samgn-~a asaNjna 1 1
a'-samgn~a” asaNjna: 1 1
a'-sat asat 1 1
a-satya’ asatja 1 1
a-sam-dha asaNdha 1 1
asat-samparka asatsaNparka 2 1
a-sadrisa asadrca 1 1
asad-graha asadgraha 1 1
as-a'n asan 1 1
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a's-ana asana 1 1
a-sa-na“ma asana:ma 1 1
a-sam-ta’pa asaNta:pa 1 1
a-sam-tushta asaNtusta 1 1
a-sam-tosha asaNtosa 1 1
a-sam-dadha™na | asaNd"a:na 1 1
a-sam-naddha asaNnaddha 1 1
a'-sa-patna asapatna 1 1
a'-sama asama 1 1
a-sama asama 1 1
a-samagra asamagra 1 1
a-saman~ga asamajja 1 1
a'-samad asamad 1 1
a-samana’ asamana 1 1
a-samaya asamaja 1 1
a-samartha asamartha 1 1
asama-va”™na asamava:na 1 1
a-sam-avaita asamavaita 1 1
a'-sama”*na asama:na 1 1
a-sam-asta asamasta 2 2
asama-sa’yaka | asamasa:jaka 2 2
a-sam-a"pta asama:pta 1 1
a-sama’vrittaka | asama:vrttaka 1 1
a-sam-i“kshya asami:kgja 1 1
a-sam-i”rita asami:rita 1 1
a-sam-patti asaNpatti 1 1
a-sam-baddha asaNbadd"a 1 1
a-sam-bhava asaNbhava 1 1
a-sam- asaNbPa:sana 1 2

bha”shana
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a-sam-bha”sha | asaNbPa:sa
a-sam-bha’shya | asaNbPa:sja
a-sam-mata asaNmata
a-sam-mrishta asaNmrgfa
a-samyak asamjak

a-sarpa-bhuta

asarpabhu:ta

a'-sarva asarva
a-savarna asavarna
a-savya asavja
a'-sask-at asaccat
a'-sasat asasat
a-sah-a asaha
a-sahay-a asaha:ja
a-sah-ishnu asahisnu
a-sa’kshika asa:ksika
a-sanda’ asa:da
a-sa’\drisya asa:drgja
a-sadh-aka asa:dhaka

a-sadha”rana

asa:dharana

a-sadhu' asa:du
a-sa"dhya asa:dhja
a-sa”manya asa:Nanja
a-sa”ma”nya asa:Na:nja
a'-sa™mi asa:mi
a-sa”mprata asa:Nprata
a-sa’yaka asa:jaka
a-sa’ra asa:ra
a-sa’hasa asa:hasa
as-i' asi

a-simha”*sana

asaNha:sana
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a-sikta asikta 1 1
a'sikni® asikni: 1 1
a'-sita asita 1 1
a's-ita asita 1 1
a-siddha asiddra 1 1
a'-siddhi asiddhi 1 1
asi-dhara asidhara 1 1
asi-dha’*ra® asidha:ra: 1 1
a-sinva' asinva 1 1
asi-pattra asipattra 1 1
a's-u asu 1 1
a-sukha asukha 1 1
a-sukh-in asukhin 1 1
a-su-tara asutara 1 1
asu-tri'p asutrp 1 1
a'su-nini asuni:ti 1 1
a-sundara asundara 1 1
a-subodha asubodra 1 1
a'su-ra asura 1 1
a-ru-saksha arusaksa

asura-druh asuradruh 1 1
a-surabhi asurabhi 1 1
asura-rakshasa' | asurarakgsasa 2 2
asurya~ asurja 1 1
a-sulabha asulabha 1 1
a'-sushvi asugvi 1 1
asu-su” asusu: 2 1
a-sustha astutha 1 1
asu-sthiraa"dara | asusthiraa:dara 2 1
a-suhrid asuhrd 1 1
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asuhrid-gana asuhrdgana

a-su”ki- asu:kisaNka:ra 1 1
samka”ra

a-suMti asu:ti 1 1
asu’ya asu:ja 1 1
asu’yaya asu:jaja 1 1
asu’ya asu:ja 1 1
a-surya' asu:rja 1 1
asrik-pan.ka- asrkpanka 1 1
pesham pesam

asrig-dha™ra® asrydhra:ra:

a-senya asenja

asrin.-maya asrpmaja

a's-rig asty

a-sevaka asevaka

a-sev-a® aseva

a-sodha asodhra

a-soma asoma

a-s-au' asau

asau-na”man asauna:man

a-saubha’gya

asaubPa:gja

a-sauvarna asauvarna
a'-skanna askanna
a-skhalita askhalita
a's-ta asta
astam-yat astaNjat
asta-giri astagiri
astam-gata astaNgata
a-stabdha astabdha
astam-aya astamaja
a-stambha astambha
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asta-samaya astasamaja 2 2
a's-tah asta: 1 1
astaakala astaacala 1 1
astaabhilashin | astaab® 1 2
ila:sin

a'-stuta astuta 1 1
a-stu-tya astutja 1 1
astu-vid astuvid 1 1
a's-tri astr 1 1
a'-strita astrta 1 1
a'-steya asteja 1 1
as-tra' astra 1 1
astr-in astrin 1 1
a-strin astri: 1 1
a-sambhogin asaNbPogin 1 1
astraup astraup 1 1
anishad anigad

a-stha™na astha:na 1 1
astha”\snu astha:snu 1 1
a'sthi asthi 1 1
a-sthita asthita 1 1
a-sthiti asthiti 1 1
asthi-danta- asthida 1 1
maya ntamaja

a'-sthira asthira 1 1
asthi-sesha asthicesa 1 1
asthi-sthu”na asthistuna 2 1
a'-sthunla asthu:la 1 1
a-sna’tri’ asna:tr 1 1
a-sparsana asparcana 1 1
a-spashta aspagta 1 2
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a-spris-at aspreat 1 1
a-sprisya aspreja 1 1
a-sprishta asprsta 1 1
a-sprishta- asprsfa 1 1
purushaantara purusaantara

a-spriha® asprha: 1 1
a-sma’ asma 1 1
a'-sma asma 1 1
a-sma asma 1 1
asmat-kuMi“na | asmatku:li:na 1 1
asmat-sami”®pa- | asmar 3 2
tas sami:patas

asmat-tas asmattas 2 2
asma-tra asmatra 1 1
asmad-artha asmadartha 1 1
asmad-itya asmadi:ja 1 1
asma-dri'ak asmadriac 1 1
asmad-vat asmadvat 1 1
asma-yu' asmaju 1 1
asma'aka asmaaka 1 1
asma”aka asma:aka 1 1
asma”-drisa asma:dr¢a 1 1
a-smriti asmrti 1 1
asme' asme 1 1
asme'-hiti asmehiti 1 1
asya-va™m asjava:m 1 1
as-ra' asra 1 1
a-sridh asridh 1 1
a-srema'n asreman 1 1
asrauttaram asrauttaram 1 1
a-sva asva 1 1
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a-svaga'-ta” asvagata: 1 1
a-sva-tantra asvatantra 1 1
a'-svad-ita asvadita 1 1
asva-dharma asvadharma 1 1
a'-svapnag asvapnajy 1 1
a-svayam-krita | asvajaNkrta 1 1
a-svarita asvarita 1 1
a-svarga-yogya | asvargajogja 1 1
a-svargya' asvargja 1 1
a-svastha asvastha 2 2
a-sva’tantrya asva:tantrja 1 1
a-svaadhi™na asvaadi:na 1 1
a-sva’mi-ka asva:mika 1 1
a-sveda asveda 1 1
ahah-sesha ahahgega

a'has ahas 1 1
a-hasta’ ahasta 1 1
a-hims-aka ahiNsaka 1

a-hima-rokis ahimarocis 1

ahia'rshu ahiargu

a'-hrasva ahrasva 1 1
a’-karsh-a akarsa

a’kalpa-sara a:kalpasa:ra

a’-kalpa- a"kalpastha:jin

sthayin

akasmika a:kasmika 1 1
a’-ka™n.ksh-a® | a:ka:pksa:

a-ka’s- aka:gbha:gita 1 1
bha”shita

a-kas- akagsaNca:rin 1

samka’*rin
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a’-krishta-vat a:krstavat 1

an-krishti akrsti 1

aksh-ana' a:ksana 1 1
a’-kshiptika a:ksiptika 1 1
a’-kshepa a:ksepa 1 1
a”-ksheptri akgseptr 1 1
a"-kshepya a:ksepja 1 1
a’\gastya a:gastja

ang-as agas

a’gna”- a:gna:v 1

vaishnava' aigsnava

a-gharsha a:gharsa

a™-ghoshana” a:ghosana: 1

a’n.girasa’ a:fgirasa 1

a’n.gusha' a:mgirusa 1

an-ki-khya™-su acikja:su

a"-kkha™d-vas- | a:ccha:dvastra 1

tra

an-garasa'm a;jarasam 1

a’g-sesha a;jcesa 1

an-tita”m-su a:tita:Nsu 1

a’-sastra a:castra 1

a’-sva a:sva 1

a-sa’ra a:sara 1

a’tma-ghosha a:tmag"oga 1

a’tma-dvesha a:tmadvegsa

a’tma-paksha a:tmapakgsa 1 1
atma- a:tmap 1

prasamsa’ racaNsa:

a’tma-ma™msa | a:tmama:Nsa 1

a“tma-vidhitsa®

a:tmavidhitsa:
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a’tma-samta’na | a:tmasaNta:na 1 1
a’tma-samsa” a:tmasaNsa: 1 1
a’tma- a:tmasaNjogha 1 1
samyogha
a’tma-samstha a:tmasaNstha 2 1
a’tma-samdeha | a:tmasaNdeha 1 1
a’tma-sama a:tmasama 1 1
a’tma-sambhava | a:tmasa 1 1

Nblava
a’tma-sarpana a:tmasarpana 1 1
atma- a:itma
sambha’vana” saNb"a:vana:
a’tma-sa’t-kri a:tmasa:kr 1 1
a’tma-stava a:tmastava 1 1
a’tmaa”dishta a:tmaa:dista 1
a’tmaandishta- | a:tmaa: 2
anapeksha digtaana

peksa
a’tmaandishta- | a:tmaa: 2
amisha distaamisa
a™-pustaka a:pustaka 1
an-d-tas a:dtas
a’ditya-sena a:ditjasena
a’di-purusha a:dipuruga 1
a’di-pu”rusha a:dipu:ruga 1
a’-dish-ta a:digta 1
a’-drishti- a:drstigocaram 1
gokaram
a’-drishti- a:drgtiprasaram 1 1 1
prasaram
a’-ba”shpa a:bagpa 1 1
a’n-as-us a:nagus 1
a’nu-kuMl-sha'k | anuku:lgak 1
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a™nu-ku/l- amnuku:

shan.gika Ishangika

a™nu-ku/l- a:mnuku

shtubha Istubha

a“nanda-utsava | a:nandautsava 1
a’ntariksha' a:ntariksa
a“nvitksh-iki® a:mnvi:ksiki:

sam-anu-pra samanupra 1
anu-sam-pra anusampra 1
a’pat-sahaya a:patsaha:ja 1
a™pas a:pas 1
a’pastamba a:pastamba 1
a’-goshthi® a:gosthi

an-pa’rshni a:pa:rsni

a’\pta-dakshina | a:ptadakgina

an-su”kta a:su:kta 1
a’-brahma- a:brah 1
sabham masab"am

a™-bhash-a a:bha:sa

a’bhi-sheka a:bhigeka
a’bhi-shekanika | a:bhisecanika
a’“ma’va’sya' a:ma:va:sja 1
a*-miksha” a:mikgsa:

a’m-ish-a a:miga

a™m-is a:mis 1
a’mushmi-ka a:mugmika

a”mush a:mug

yaayana' jaajana

a’ma-ishtaka a:maigtaka
a”-mokshana a:moksana

an-sa’rin a:sarin 1
a’mbhasa a:mbhasa 1
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a"-yag-ishtha a:jayistha
a’yata- a:jatap
pakshmala aksmala
a’yata-aksha a:jataaksa

a’yatai“kshana

a;jataiksana

a’yasa' a:jasa
an-yais-a' aja:sa
a’-sahaya a:saha:ja
a’yuh-sesha a:juhgesa
a’yusha a:jusa
a’yush-ka a:jugka
a’y-us a:jus
a’-raksha a:raksa
a’raksh-aka a:raksaka

a’-radh-ayish-
nu

a:radajisnu

a-ra’sa

arra:sa

a™-ripsu

a:ripsu

a’‘rira™dhayishu

a:rira:dhajigsu

a”-rurukshu

a:ruruksu

ardra'-vastra

a:rdravastra

a’rya-ketas a:rjacetas
a’rya-gushta a:rjajusta
a’‘rya-dasi® a:rjada:si:
a’‘rja-vesha a:rjavesa

a’rya-samaya

a:rjasamaja

a’“rya-suta a:rjasuta
a’rya-stri® a:rjastri:
a’ryaad a:rjaadhigthita
hishthita

a’rsha a:rsa
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a’rshaba a:rsaba 1 1

a’‘rsheya arseja 1 1

a’rshau~dha” a:rsau:dha: 1 1

a’‘rshtishena’ argtisena 2 1

a’-lakshya a:lakgsja 1

aMas-ya a:lasja 1 1
a’-lidha- a:lidha 1

visesha-sobhin vigesagpbhin

a’-sesha a:gesa 1

a™-vatsar avats 1

aantam araantam

an-vas a:vas 1 1
a’-vas-ati' a:vasati 1 1
a™-vas-a a:vasa 1 1
a’vi-ka-sau- a:vikas 1 1
trika autrika

a’-vid-vas a:vidvas 1 1
a’vish-karana a:vigkarana

a’-vishta a:vista

an-vi's a:vis 1

a’-veshta a:vesta 1

a”-samsa a:saNsa 1 1
a’n-sams-i-tri a:saNsitr 2 1
an-sas a:gas 1 1
asa"-va’sas a:ga:va:sas 2 2
a’-ishtha a:istha 1

a’\sir-vakanaa a:cirvacana

"kshepa a:ksepa

a’si*-visha' a:¢i:visa

an-susuksha'ni a:guguksani

a’su-sushka a:cugugka

a’\su-sravas a:cucravas 1 1
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a’su-samdheya | a:¢ua 1

aNdheja
an-va’\sin a:va:sin
a’\srayaa a:crajaa:
"saasiddha caasiddha
a’-slishta-sanu | a:¢listasa:nu
a”-slesha a:glesa
an-sva’s-a a:.gva:sa 1 1
a’shadha a:sa:dha 1
a’sha~dhi® a:sa:dhi: 1
a’shtamika a:stamika 1
ans as 1 1
a’s-te a:ste 1 1
a’sta™m a:stam 1 1
adhya”sita ad"ja:sita 1 1
sam-adhi samadhi 1
as-a a:sa 1 1
a™-samsa’*ram a:saNsa:ram 2 1
an-sakta a:sakta 1 1
an-sakti' a:sakti 1 1
an-san.g-a' a:safnga 1 1
a’-sa'n~g-ana a:sajjana 1 1
an-satti a:satti 1 1
an-sa'de a:sade 1 1
asa'n a:san 1 1
a’s-ana a:sana 1 1
a’sani”-kri a:sani:kr 1 1
a’sandika® a:sandika: 1 1
a”-sanna a:sanna 1 1
a’-prasava’ a:prasava: 1 1
a’-sapinda a:sapinda 1 1
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a’-sapta-ma a:saptama 1 1
a’-sampa’ti a:sampa:ti 1 1
a’-samudra a:samudra 1 1
a™-sava a:sava 1 1
an-sa™ a:sa:t 1 1
ar-sa™d-ana a:sa:dana 1 1
a’t-sayam a:sa:jam 1 1
at-sa’ra a:sara 1 1
a’s-ika® a:sika: 1 1
a’s-ita a:sita 1 1
a’sidha’ra a:sidha:ra 1 1
an-sisa™d-ayi- a:sisa:dajisu 2 1
shu

a’s-i“na a:si:na 1 1
at-sima”ntam | a:si:ma:ntam 1 1
a’sura a:sura 1 1
an-srikva a:srkva 1 1
an-srishti a:srsti 1 1
a’-seka a:seka 1 1
a’-se'kana a:sekana 1 1
a™-seddhri a:seddhr 1 1
a™-sedha a:sedha 1 1
an-sev-ana a:sevana 1 1
a’-skand-a' a:skanda 1 1
a’skra a:skra 1 1
an-stara a:stara 1 1
an-sta'rana a:starana 1 1
a’sti-ka a:stika 1 1
a’stik-ya a:stikja 1 1
a’sti“ka a:sti:ka 1 1
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a’\s-te a:ste 1 1
a’-stha” a:stha: 1 1
a’-sthana a:sthana 1 1
a’-stha™ni a:stha:ni 1 1
a’-sthita a:sthita 1 1
a’-spada a:spada 1 1
a’-spha”lana a:sphalana 1 1
a’-sphota a:sp"ota 1 1
a’s-ya a:sja 1 1
an-sra™va' a:sra:va 1 1
a’sva a:sva 1 1
ar-svaid-a a:sva:da 1 1
a-han-a's a:hanas 1 1
a’-hasa a:hasa 1 1
a’-nihsarana- a:nihsarana 1

ma”*rga ma:rga

a’-nirgama- a:nirgama 1 1
stha”na sthana

ikshu' iksu

ikshva"ku' iksva:ku

ikkha"-sadrisa iccha:sadrga 1 1
ikkha”-sampad iccha:saNpad 1 1
i-tas itas 1 1
iti-haa”sa itihaa:sa 1 1
i-nak-sh inaks

indi*vara-aksha | indi:varaakgsa

i'nd-yasas indjacas 1 1
ind-avatamsa indavataNsa

ind-purusha indpurusa

indra-dhanu's indradhanus

indra-sena” indrasena: 1
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indra-sena indrasena
indra-stuti indrastuti
indra-stotra indrastotra

i'ndra-pu”*shan indrapu:gsan 1

indriya'- indrijas

samyama' aNjama

indraishita indraigita 1 1
indrautsava indrautsava

i-yak-sha ijaksa 1

iyak-shu ijaksu 1

i-y-esh-a ijesa 1

iras-ya' irasja

iras-ya® irasja:

isha isa 1 1
ish-a isa 1 1
ishanaya isanaja 1 1
isha'-ya isaja 1 1
isha'-yu isaju 1 1
ish-i' isi 1 1
ishi'dh igid® 1 1
ish-ira isira 1 1
ishirka” isi:ka: 1 1
ish-u isu 1 1
ishu-dhi' isudhi 1 1
ishu-dhya” isudhja: 1 1
ishu-mat isumat 1 1
ishu-varsha isuvarsa 2 1
ishu”ya isu:ja 1 1
ish-krita igkrta 1 1
ish-ta’ ista 1 1
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ishta-ka" istaka: 1 1

ishta-ka"ma-duh | istaka: 1 1
maduh

ishta-gana istayana 1 1

ishta'ni istani 1 1

ishta'rga istarga 1 1

ishta-la™bha istala:bha 1 1

ishta'-vrata istavrata 1 1

ishta™-purta istapurta 1 1

ish-ti' isti 1 1

ish-tva istva 1 1

ishnu-k isnuc 1 1

ish-mi'n ismin 1 1

ishuasana isuasana 1 1

ishua’sa isua’sa 1 1

iha-stha ihastha

i"ksh-aka i-ksaka 1

i"-driksha i:drksa 1

i"p-sa i:psa

i"p-sa” i:psa:

i"y-ivas i;jivas

i"y-ush-in ijusi: 1

i“rshy-a® irgja: 1

i"sh-te i:ste 1 1

i"s-tas i:gtas

i"sha irsa 1 1

uksha' uksa 1 1

u'ksha uksa 1 1

uksh-ana ukgsana 1 1

ukshan-ya' uksanja 1 1
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ukshan-yu' ukgsanju 1
uksh-a'n uksan 1
ug-rush ugrus
ukka-kais- ucckais 3 2
a’sana-tas a:sanatas
uk-kakshus uccakgus 1
ukka-samsraya uccasa 1
Ncraja
uk-kiki~sha” uccici:ga: 1
ukkair-ukkaih- uccairu 1 1
sravas ccaihgravas
ukkair-ukkais- uccairu 1
tara™m ccaistara:m
ukkair- uccair 1 1
bha”*shana bha:sana
ukkair-bha’shya | uccair 1 1
bha:sja
ukkaih-siras uccaihgiras
ukkaih-sravas uccaih
cravas
ukkais uccais 1
ukkais-tara uccaistara 1
ukkaih-stha”na uccaih 1
stha:na
uk-khiras ucchiras 1 1
u'k-khishta ucchista 1
uk-khi~rsha-ka | ucchi:rsaka 1
uk-khush-ka ucchugka 1
uk-khesha ucchesa 1
uk-kkvasanna ucchasanna 1 1
uk-khva”sita uccha:sita 1 1
uk-khca”sa uccha:sa 1 1
uk-khva”sin uccha:sin 1 1
ug-gesha’ ujyesa 1
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un~kha- unchagagstha 2
shashtha
ut-karsh-a utkarsa
ut-kashana utkagana
ut-krish-ta utkrsta
ut-tams-a uttaNsa
uttamsa uttaNsa
uttama-tegas uttamatejas
uttama-purusha | uttama 1
purusa
uttama-sa™hasa | uttam 1
asa:hasa
uttara-kosala uttarakosala 1
uttara-tas uttaratas 1
uttara-paksha uttarapakgsa 1
uttara-a’*san.ga | uttara- 1
a:sanga
uttare-dyu's uttaredjus 1
uttaraoshtha uttaraogt"a 1
ut-tutu™r-shu uttutu:rsu 1
ut-paksh-man utpaksman 1
ut-aksha utaksa 1
ut-sa utsa 1 1
ut-preksh-ana utpreksana 1
ut-san.g-a utsanga 1 1
utsa-dhi' utsadhi 1 1
ut-sarga’ utsarga 1 1
ut-sarp-ana utsarpana 1 1
ut-sava' utsava 1 1
utsavaya utsva:ja 1 1
ut-samketa utsaNketa 1 1
ut-sa’*r-ana utsa:rana 1 1
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ut-sa“ha utsa:ha 1 1
ut-sa™*hin utsa:hin 1 1
ut-suka utsuka 1 1
utsuka-ya utsukaja 1 1
ut-su”™ra utsu:tra 1 1
ut-srishti utsrsti 1 1 1
ut-sek-a utseka 1 1
ut-sedha utsedha 1 1
ut-sthala utsthala 1 1
ut-srash-tavya utsrastavja 1 1 1 1
ut-sra™vin utsra:vin 1 1
ut-svapnaya utsvapna:ja 1 1
uda-sparsana udasparcana 1 1

udakaupaspars- | udakaupa 1 1

ana sparcana

udak-tas udaktas 1 1

ud-ambhas udambras 1 1

ud-arkis udarcis 1

uda-va’s-a udava:sa 1 1

ud-ava-sita udavasita 1 1

ud-a”sitri uda:sitr 1 1

ud-a"-sthita uda:sthita 1 1

ud-a"s-i“na uda:si:na 1 1

ud-i"ksha” udi:ksha: 1

ud-etos udetos 1

u'd-egas udejas 1 1

ud-garshana udgarsana 1

ud-ghosha udghosa 1

ud-dhu”s-ita uddhu:gsita 1

ud-ba”*shpa udba:spa 1 1

1302



ud-kshetra udkgsetra 1
ud-bha”s-in udbha:sin
ud-bhu”ta- udbhu:ta
sparsa-vat sparcavat
ud-yog-a'- udjoga
samartha samartha
ud-vasa udvasa
ud-vi~kshana udvi:ksana 1
ud-vika”sin udvika:sin
ud-veshtana udvegtana 1
ud-veshtani®ya | udvegstani:ja 1
un-sattva-sa™lin | unsatt

vaga:lin
un-mad-ishnu unmadignu 1
un-manas unmanas
un-mishita unmisgita 1
un-mesha unmesa 1
upa-kaksha' upakaksa 1
upa-tas upatas
upa-kshaya upakgsaja 1
upa-kshepa upakgsepa 1
upa-ghoshana upaghosana 1
upa- upa 1
paribhrashta paribPragta
upa-ga™Ma- upaja:
visa“\sa taviga:sa
upa-gigamishu upajigamisu 1
upa-gosham upajosam 1
upa-tishtha™-su | upatistha:su 1
upa-desh-tavya | upadestavija 1
upa-drashti upadragfi 1
upa-nikshepa upaniksepa 1
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upa-ni-sha'd upanisad 1
upa-nish- upanis 1
kramana kramana
upa-nyas-ana upanjasana
upa-nyasa” upanjasa:
upa-prekshana upapreksana 1
upa-praisha upapraiga 1
upa-bha”sha upabha:sa 1
upa'rish-ta"t uparista:t 1
upari-laksh-aka | uparilaks 1
aka
upala-prakshin upala 1
praksin
upala-vishama upalavisama 1
upa-lip-sa® upalipsa:
upa-varsha upavarsa 1
upa-vasatha' upavasatha
upa-va™s-a upava:sa
upa-vishta upavista 1
upa-siksha” upaciksa 1
upa-slesha upaclesa 1
upa-shtambha upagtambha 1
upa-samvya’na | upasa
Nvja:na
upa-sam-ha’ra upasa
Nha:ra
upa-samkra™nti | upasa
NKkra:nti
upa-samkshepa | upa 1
saNksepa
upa-samkhya”™na | upa
saNk"ja:na
upa-sam- upasaN
gamana gamana
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upa-sattri upasattr 1 1
upa-sadana upasadana 1 1
upa-samdhyam | upasaNd"jam 1 1
upa-sapatni upasapatni 1 1
upa-sarana upasarana 1 1
upa-sargana upasarjana 1 1
upa-sarga upasarga 1 1
upa-sarp-ana upasarpana 1 1
upa-sadya upasadja 1 1
upa-sanna upasanna 1 1
upa-sa’“ntvana upasa 1 1
:ntvana
upa-sindhu upasindtu 1 1
upa-sunda upasunda 1 1
upa-se'kana upasecana 1 1
upa-sev-aka upasevaka 1 1
upa-skara upaskara 1 1
upa-stambha upastambPa 1 1
upa-sta'rana upastarana 1 1
u'pa-sti upasti 1 1
upa-sti're upastire 1 1
u'pa-stuti upastuti 1 1
upa'-stha upastha 1 1
upa'-sthatavya | upastha:tavja 1 1
upa'-stha’-tri upastha:tr 1 1
upa'-stha”-na upastha:na 1 1
upa'-stha’yika upastha:jika 1 1
upa'-stha’yin upastha:jin 1 1
upa'-sthita upasthita 1 1
upa-hasti-ka" upahastika: 1 1
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upa-i”-kiki*rshu | upai:ciki:rsu 1

upa-ha’s-a upaha:sa

upaavasa’yin upaavasa:jin

upaa’s-aka upaa:saka

upai”*ksh-aka upai:ksaka

upaoshana upaogana

upaushita upaugita 1

ubhaya'-tas ubhajatas

ubhaya'-sasya ubhajasasja

ubhaya-tas-ti"k- | ubhaja 1

shna tasti:ksna

ubhaya-sna™taka | ubhaja 1 1
sna:taka

uragaa’*sya uragaa:sja 1 1

urah- urah 1

pratipesham pratipesam

u'r-as uras 1 1

ulu~khala- ulu:khala 1 1

musala musala

ul-las-ita ullasita 1 1

ul-la"s-a ulla:sa 1 1

u-va*sa uva:sa 1 1

us-a'n-as ucanas 1 1

u'sh us 1 1

u'sh-a usa 1 1

ushar-bu'dh ugarbhud 1 1

ush-a's ugas 1 1 1 1

ushas-ya ugasja 1 1 1 1

ush-a® usa: 1 1

ush-ita ugita 1 1

usho-gala ugsojala 1 1

u'sh-tri ustr 1 1
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ush-tra ustra 1 1

ushtr-ika” ugstrika: 1 1

ush-na' ugna 1 1

ushnaamsu usnaaNe¢u 1 1

ushnaaMu ugnaa:lu 1 1

ushn-i-man usniman 1 1

ushnih usnih 1 1

ushni™-kri usni:kr 1 1

ushni”sha ugni:sa 1 1

ushnaudaka usnaudaka 1 1

ush-man usman 1 1

us-a'r usar 1 1 1
us-ra' usra 1 1 1
us-ra® usra: 1 1 1
u's-ri usri 1 1 1
usri-ka usrika 1 1 1
usr-iya usrija 1 1 1
uk-us u:cus 1 1 1
u™r-mradas u:mradas 1

u~rdhva-drishti | w:rdhvadrsti 1

urdhva-retas u:rd"varetas 1

u”sh-a u:sa 1 1

u~shara’yita u:sarajita 1 1

u”sh-us u:sman 1 1

u”sh-ma'n u:sman 1 1

u”shma-pa u:smapa 1 1

rik-tas rktas 1 1

ri'ksha rksa 1 1

riksha' rksa 1 1

ri‘kshaishti rksaisti 2 1
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rik-samhita” rksa hita: 1
rig-yagusha rjjayusa
rik-i"sha-ma rci;sama
ri'g-i“yas ryizjas 1
rig-i“sh-a ryizsa
rig-mitaakshara | ry

mitaaksara
ri-sam-ni® rsaNni: 1 1
rina-da’\sa rnada:sa 1
rina-nirmoksha | rnanirmokga 1
rita-sap rtasa:p 1
rita-stu'bh rtastub® 1
ritu-samha”*ra rtusamha:ra 1
ritu-sas rtucas 1
ritu-samaya rtusamaja 1
ritu-sma”ta® rtusma:ta: 1
rite-rakshas rteraksas 1 1
ribh-ksha™n rbkgan 1
rish rs 1 1
risha-bha' rsaba 1 1
rish-i rsi 1 1
rish-u rsu 1 1
rish-ti rsti 1 1
rishya-mu”ka rgjamu:ka 1 1
rish-va rgva 1 1
eka-kakshus ekacaksus 1 1
eka-tas ekatas 1
eka-drishti ekadrsti 1 1
eka-naksha-tra | ekana 1

ksatra
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eka-pati- ekapati

bhaksha bhaksa

eka-pati-manas | ekapati 1 1
manas

eka-yashti ekejasti 1

eka-rasa ekarasa 1 1

eka-vasana ekavasana 1 1

eka-vastra ekavastra 1 1

ekaardha- ekaardha 1 1

samvrita saNvrita

eka-va’sa ekava:sa 1 1

ekava’sas ekava:sas 2 2

eka-vriksha ekavrksa

eka-vrisha ekavrsa

e'ka-sesha ekacesa

e'ka-sas ekacas 1 1

e'ka-srushti ekacrugti

e'ka-shash-ta' ekasagta 2

e'ka-shashti ekasasti 2

eka-samsraya ekasaNc¢raja 1 1

eka-sapta-ta ekasaptata 1 1

eka-saptati ekasaptati 1 1

eka-sarga ekasarga 1 1

eka-sa’ra ekasa:ra 1 1

eka-sahasra ekasahasra 2 2

eka-sa’rtha- ekasa:rtha 1 1

praya’ta praja:ta

eka-srika ekasrka 1 1

eka-stambha ekastambbha 1 1

eka-stha ekastha 1 1

eka-stha”na ekastha:na 1 1

ekaaksha

ekaakgsa
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ekaakshara ekaakgara

ekaanudishta ekaanudigsta

eka™nta- eka:nta 1
vidhvamsin vidhaNsin

eka-samupeta ekasamupeta 1
ekauddishta ekauddista

enaakshi® enaaksi:

etat-sama etatsama 1
etat-samgn~aka | etatsaNjpaka 1
etasmin etasmin 1
etad-avastha etadavastha 1
eta-driksha eta:drksa

edhas edhas 1
e'n-as enas 1
evam-vidvas evaNvidvas
evam-vishaya evaNvigaja
evam-avastha evamavastha 1
e-sha’ esa

e'sh-a esa

aika-svarya aikasvarja 1
aikshava' aiksava

aikshva”ka' aikgva:ka

aitiha”s-ika aitiha:sika 1
aishi“ka aisi:ka

aishtaka aistaka

aishtika- aistika

paurtika paurtika

o'k-as okas

0'g-as ojas 1
0g-ishtha oyistha

o'sh-a osa
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o'shadi ogadi 1

o'shadi-prastha | osadi 1 1 1
prast'a

osha'm osam 1

o'shtha ostha 1

oshth-ya osthja 1

auksha' auksa 1

auksha-ka auksaka 1

au'kshna aukgsna 1

aukkaih-sravasa | auccaih 1 1
cravasa

autsuk-ya autsukja 1

audarkish-a audarcisa 1

auda’*si®n-ya auda:si:nja 1 1

aupakkandas-ika | aupaccandas 1 1
ika

aupanishada’ aupanisada 1

aupavasta aupavasta 1 1

aupa’*sana aupa:sana 1 1

auras-a auras 1 1

ausanasa aucanasa 1 1

aushadha augsadha 1 1

aushas-a augasa 1 1 1 1

aushtra austra 1 1

aushtha augtha 1 1

aushn-ya ausnja 1 1

ka’esha kaesa 1

kamsa'-krish kaNsakrs 1 1

kamsa'- kaNsa 1 1

nishu"dana nisu:dana

kaku't-stha kakutstha 1
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kakubha'- kakubha 1
surabhi surabhi
ka'ksha kaksa 1
kakshi”-vat kakgsivat 1
kakshya”~ kaksja: 1
kan.-kan-varsha | kapkanvarsa 1
kan.-kan- kapkanvargin 1
varshin
kata-akshepa kataa:ksepa 1
kati-nivasana katinivasana 1
kathaupanishad | kat'a 1
upanigad
ka'n-as kanas 1
kanta-kautsa kantakautsa 1
kantha- kantha 1
bhu”shana b'u:sana
kantha-su”tra kangrasu:tra 1
kantha-sthali® kanghasthali: 1
kanthaa”slesha | kangha 1
a:clesa
kati®-musha kati:muga 1
katha”- katha: 1
prasan.ga prasanga
katha”-sesha katha:gesa
katha™avaseshi | katha:
avacesi
katha™-sandhi katha:sand™ 1
katha”-sarit- katha: 2
sa’*gara saritsa:gara
ka-sukham kasuk"am 1
ka'n-rasa kanrasa 1
ka'n-sutra kansutra 1
kanakaa”sana kanaka 1

a.sana
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kanish-ka kanigka 1 1
kan-i-shkan kanigcan 1 1
ka'n-ishth-a kanistta 1
kan-du”shin kandu:sin 1
kan-bhaiksha kanbraiksa 1
kan-stha” kanstha:
kapata-vakshas | kapa:fa 1

vaksas
kapi-vastu kapivastu
kapi-shthala kapigthala 1 1
kapi-samhita™ kapisaNhita 1
kapola-kasha kapolakagsa 1
kam-sambhava | kamsaNbtava
kamalaaksha kamalaakgsa
kamalai® kamalai:
kshana ksana
kara-kisalaya kara 1

kisalaja
kara-bhu”shana | karab"u:sana 1
ka'r-as karas
kara-stha karastha
kara'-sna karasna
kar-ishnu karignu 1 1
kar-ishyat karigjat 1 1
karishya karigja 1 1
ka'ri~sha kari:sa 1 1
karna- karna 1
bhu”shana bhu:sana
karna-visha karnaviga 1 1
karna-siri“sha karnaciri:sa 1 1

karna-veshta

karnavesta
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karnaantika- karnaantika 1
avatamsa avataNsa
karni®-suta karni:suta 1
kartu-manas kartumanas 1 1
kar-tos kartos 1
karpa’sa karpa:sa 1
karpura-saras karpurasaras 2
karma-kshama | karmakgsama 1
karmakeshta karmacegta 1
karma-dushta karmadugta 1
karma-dosha karmadoga 1
karma-nishtha karmanistha 1
karma-nya”sa karmanya:sa 1 1
karma- karma 1
mi*ma”msa” mi:ma:Nsa:
karma-tas karmatas 1 1
karma-stha karmastha
karmaabhyasa | karma
abhja:sa
karsh-a karga 1
kala-bha*shin kalab"a:sin 1 1
kala-hamsa kalahaNsa 1
kal-usha kaluga 1
ka'lpa-kshaya kalpaksaja 1 1
kalpa-sutra kalpasutra 1 1
kalmasha kalmaga 1 1
kalma’*sha kalma:ga 1 1
kalma”sh-ita kalma:gita 1 1
kalya”na- kalja:na 1
lakshana laksana
kalya”na- kalja:na 1 1

sva”mi-kesava

sva:mikecava
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ka'vasha kavaga 1 1 1
kavi-sasta kavicasta 1 1
kavaushna kavaugna 1
kasha kasa 1 1 1
kash-pa”sha™na | kagpa:sana 2 2 2
kashaya kaga:ja 1 1 1
kash-ta kagsta 1 1 1
kash-tapas kagtapas 1 1 2 1
k-as-un kasun 1 1
ka-stambhi” kastambhi: 1 1
kasturika” kastu:rika: 1 1
kastu/rint kastu:ri: 1 1
ka'-smat kasma:t 1 1
ka”msya ka:Nsja 1
ka’ka-paksha ka:papaksa 1
ka”kaakshi- ka:kaa 1
nya’ya ksinja:ja
ka™kutstha ka:kustha 1
ka”kshivati® ka:ksi:vati: 1
ka”*n.ksha ka:pksa 1
ka™n.ksh-aniya | ka:pksanija 1
ka’tha-u- ka:tha 1
panishad upanisad
kadambara- ka:dambara 1 1
sagdhika® sagdhika:
ka”-purusha ka:puruga 1
ka”ma-tas ka:matas 1
ka”ma-ka’ra- ka:maca:
vatda-bhaksha | rava:d
abhaksa
ka”ma-bhaksha | ka:mabhaksa 1
ka"ma-rasika ka:marasika 1 1
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ka”ma-varsha ka:mavarga
ka”ma-va’sin ka:mava:sin 1 1
ka’ma-sa”sana | ka:magasana 1 1
ka”ma-sa”stra ka:maga:stra 1 1
ka”ma-su ka:masu 1 1
ka’ma-sutra ka:masutra 1 1
ka’ya-stha ka:jastha 1 1
kasma’t kasma:t 1 1
kasmin kasmin 1 1
ka’rana-tas ka:ranatas 1 1
ka’ra-skara ka:raskara 1 1
ka’ru”sha ka:ru:sa
ka“rta-svara- ka:rta 1
maya svaramaja
ka’rtsn-ya ka:rtsnja 1
ka’rpa’*sa ka:rpa:sa 1
ka’‘rpa’sa- ka:rpa:sa
sautrika sautrika
ka’rpa”saasthi ka:rpa:saathi 1
ka’rpas-ika ka:rpa:sika 1
ka’*rya- ka:rjakara 1
karanaapeksha” | naapeksan
ka’rya-tas ka:rjatas 1 1
karya-dhamsa | ka:rja 1

dhraNsa
ka’rya-vyasana | ka:rja 1 1

vjasana
ka’rya-siddhi ka:rjasidd"i 1 1
ka’rya-sesha ka:rjagesa
ka*rya-sakiva ka:rjasaciva 1 1
ka‘rya-apekshin | ka:rjaapeksin
ka’ryaartha- ka:rjaartha 1 1
siddhi siddhi
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ka’‘rya- ka:rjaupeksa 1
upeksha”
ka*rsha-ka ka:rska 1 1
karsh-ika ka:rsika 1 1
ka*rshna ka:rsna 1 1
ka’‘rshnaayasa ka:rsnaajasa 1 1 1
ka’*rshn-ya ka:rsnja 1 1
kaatas ka:latas 1
kaasya ka:lasja 1
ka"la- ka:lak 1
ka”*n.kshin ammksin
kaa-kshepa ka:laksepa 1
ka’a-purusha ka:lapuruga 1
ka™a-samrodha | ka:las 1

aNrod"a
ka’a-san.khya™ | ka:lasapk"ja 1
kaa-sarpa ka:lasarpa 1
kaa-sutra ka:lasutra 1
ka’aatyaya ka:laatjaja 1
apadishta apadigta
kaMaanu ka:laanu 1
sarya sa:rja
ka’a-kshama ka:lakgsama 1
ka’a-ayasa ka:laajasa 1
ka’li-dasa ka:lidasa 1
kaMiN-vilansin ka:livila:sin
kaush-ya ka:lugja
kavya-goshti® | ka:vjagosti:
ka’*vya-rasa ka:vjarasa
ka’vya- ka:vjami:
mi“ma”“msa-ka | ma:Nsaka
ka"vya-sutra kavjasu:tra 1
ka’sha ka:sa:ja 1
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ka’shaya ka:sa:ja 1 1
ka’*shtha' ka:stha 1 1
ka’shtha'- ka:stha

loshta-maya logtamaja

ka”shtha'- ka:stha 1 1 2
stambha stambha

ka’*shtha ka:stha: 1 1
kashth-ika ka:sthika 1 1
kas-a ka:sa 1 1
ka’s-a' ka:sa 1 1
ka’sa’*ra ka:sa:ra 1 1
kaN's-ika ka:sika: 1 1
kim-vishaya-ka | kiNvigajaka 1 1

kim-sakhi kiNsak"i 1

kiknasa kiknasa 1 1
kim-purusha kiNpuruga 1

kila”s-a kila:sa 1 1
kilbish-a kilbiga 1 1

kilbish-sprit kilbigsprt 1 1 1

kishkindha kigkind"a 1 1

kishku kigku 1 1

kisalaya kisalaja 1 1

ki's kis 1 1

ki*kasa ki:kasa 1 1
ki~-driksha ki:drsti 1

ki*r-sesha kirgcesa 1

ki*r-sa’ra ki:rsa:ra 1

Ki*r-sena ki:rsena 1

ki“r-soma ki:rsoma 1

kuk-shi' kuksi

kukshi® kuksi
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kuti-manas kutimanas 1 1
ku-tapasvin kutapasvin 1 1
ku'-tas kutast 1 1
kutas-tya kutastja 1 1
ku-tapasa kuta:pasa 1 1
ku'ts-a kutsa 1
ku-da’ra-drishti | kuda:ra

drsti
ku-parik-sha-ka | kuparik

saka
ku-pari~kshita kupari:

ksita
ku-purusha kupuruga
ku-bhikshu kubhiksu
ku-deshna kudegna
ku-sam-bhava kusaNb"ava 1
ku-sena kusena 1
kumbha'- kumbta 1 1
sambhava saNbhava
kumbhi'-nasa kumbtinasa 1 1
kumbhi'-nasi® kumbhinasi: 1 1
kuran.gaakshi® | kurangaaksi:
ku-rahasya kurahasja 1 1
kuru-kshetra kurukgetra
kula-krama- kulakrama 1 1
sthiti sthiti
kula-kshaya kulakgsaja
ku-lakshana kulaksana
kula-purusha kulapuruga
kula-pa”ms-ani”® | kulapa:Ns 1

ani:
kula-pratishta kulapratigta
kula-prasu’ta kulaprasu:ta 1 1
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kula-yoshi kulayosi 1
kula-san.khya™ | kulasapk"jas
kula- kula
samudbhava samudbava
kula-sevaka kulasevaka 1
kula-stambha kula 1
stambla
kula-stri® kulastri: 1 1
kula-sthiti kulasthiti 1 1
kulma”sha kulma:sa 1 1 1
ku-vastra kuvastra 1 1
ku-va’*sa”na kuva:sa:na 1 1
ku-vedhas kuvedras 1 1
kusa-stambha kuca 1 1
stamb®a
ku-sishya kugigja 1
kuse-aksha kugeaksa 1
kusha kusa 1 1
kushi”~taka kusi:taka 1 1
kushumbha kusumbha 1 1
ku'-shtha kustha 1 1
ku'shthika” kusthika: 1 1
kushth-in kusthin 1 1
kushma”nda kusma:nda 1 1
ku-sakhi” kusaknhi: 1 1 1
ku-sambandha kusaNiva 1 1 1
ku-sakiva kusaciva 1 1 1
ku-sarit kusarit 1 1 1
ku'-sida kusida 1 1 1
kusi~d-in kusi:din 1 1 1
kusuma kusuma 1 1 1
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kusuma-dhanus | kusuma 2 2 2
dhanus

kusum-aya kusumaja

kusuma- kusuma

lakshman laksman

kusuma-a®sana | kusuma 2 1 1
a.sana

kusuma-sa’*ra kusuma 2 1 1
sa:ra

kusuma-satyaka | kusum 2 1 1
asa:jaka

kusuma-surabhi | kusum 2 1 1
asurabhi

kusuma-stabaka | kusum 2 1 1
astabaka

kusuma-a®kara | kusum 1 1 1
aa:kara

kusuma-a®sava | kusum 2 1 1
aa:.sava

kusuma-a’stara | kusum 2 1 1
aa:stara

kusuma-astra kusu 2 1 1
maastra

kusum-ita kusumita 1 1 1

kusuma-ishu kusumaigu 1 1 1

kusumbha kusumbha 1 1 1

kusumbha- kusumb 1 1 1

kshetra haksetra

kusu”a kusu:la 1 1 1

ku-sriti kusrti 1 1 1

ku-sauhrida kusaihrda 1 1 1

ku-stri® kustri: 1 1 1

ku-stha”na kustha:na 1 1 1

ku-sva™min kusva:min 1 1 1

ku™ta'-tapasa ku:tata:pasa 1
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ku/ta'-sa\sana ku:taga:sana 1 1

kunta'-sakshin | ku:tasaksin 1 1

ku”ta'-stha ku:tastha 1 1

ku™ta'-svarna ku:tasvarna 1 1

ku™ta-aksha ku:taaksa

ku~rpaisa-ka ku:rpa:saka 1 1

ku™lam-kasha ku:laNkaga 1

ku”shmanda ku:smanda

krikala”sa' krkala:sa 1 1

krikasha” krkaga 1

krikkhra-tas krechratas 1 1

krikkhra- kreehr 1 1

sa"dhya asa:d"ja

krita-kshana krtaksana

krita-kshoba krtaksoba

krita-da”sa krtada:sa 1 1

krita-di“rgha- krtadi:

rosha rgharosa

krita-manda- krtamanda 1 1

pada-nya’sa padanja:sa

krita-lakshana krtalaksana

krita-vasati krtavasati 1

krita-samska™ra | krtasa 1
Nska:ra

krita-samdha’na | krtasa 1 1
Ndha:na

krita-samgan~a | krtasaNjana 1 1

krita-smita krtasmita 1 1

krita-hasta krtahasta 1 1

krita'-a"gas krtaa:gas 1 1

krita-samtra”sa | krtasaNtra:sa 2 2

krita-abhi-sheka

krtaabhiseka
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krita-abhya”sa | krtaab"ja:sa 1
krita- krtaav 1
avasakthika askthika
krita-avasatha krtaavastha 1
krita-a"samsa krtaa:caNsa 1
krita-astra krtaastra 1
kri'tti-va’sas krttiva:sas 2
kri'-tv-as krtvas 1
krit-sna krtsna 1
karsha karga 1 1
krishta krsta 1 1
karshaya kargaja 1 1
krisha krsa 1 1
krish-i krsi 1 1
krishi®-vala krsi:vala 1 1
krish-aka krsaka 1 1
krishta-ga krstaja 1 1
krishta-sami”~kri | krstas 1 1 1
ami:kr
krish-ti' krsti 1
krish-na' krsna 1
krishna-gati krgnagati 1
krishna-ganma- | krsnajat 2 1
ashtami” anma
astami:
krishna-paksha | krsnapaksha 2 1
krishna'-la krgnala 1 1
krishna-varna krgnabarna 1 1
krishna-sa”ra krsnasa:ra 1 1 1
krishna-aguru krsnaaguru 1 1
krishna-ya krsna:ja 1 1
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krishna-ayas krsnaajas 1 1 1
krishn-ika krgnika 1 1
krishni™' krsni: 1 1
krish-ya krgja 1 1
kena-ishita- kenaigita 2
upanishad upanisad
kel-sadana kelsadana 1
kel-sthali® kelsthali: 1
ke'vala-tas kevalatas 1
kesa-samska'ra- | kegasa 2
dhu”pa Nskara
dhu:pa
kesi-nishu*dana | keginig 1
u:dana
kesi-sudana kegisu:dana 1
kaita-dvish kaitadvig 1
kaila"sa kaila:sa
kop-kshama- kopksama: 2 1
vismaya-harsha- | vismaja
vat hargavat
ko-yashti kojasti 1
ko's-da’*sa kogda:sa 1
ko's-rakshin kograkgsin 1
kosa-adhy- kogad"jaksa 1
aksha
kosha kosa 1
koshtha kost"a 1
ka”-ushna ka:ugna 1
kauksh-eya kaukgeja 1
kautasth-ya kautast'ja 1
kautil-sastra kautilgastra 1
kauna-kuts-ya kaunakutsja 1
kau'tsa kautsa 1
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kausha”rava kauga:rava 1 1

kaushitaka kaugitaka 1 1

kaushth-a' kaugtha 1

kau'sal-ya kausalja 1 1 1
kausi~da kausi:da 1 1 1
kausuma kausuma 1 1 1
kausumbha kausumbha 1 1 1
kaustubha kaustubta 1 1 1
kra'kshama™na | kraksama:na 1

krama-sas kramacas 1

kra'm-tas kramtas

kravish-nu kravignu 1

krav-i's kravis 1 1
krav-bhakshin kravbraksin 1

krash-tavya kragtavya 1 1
kriya®-dveshin | krija:dvegin 1

kriya™- krija:vi 1

viseshana cesana

krird-ka’*sa‘ra kri:dka:sa:ra 1

kri*d-rasa kri:drasa

kri~d-saras kri:dsaras

krushta krugta 1 1

kru”-keshtita kru:cegtita 1

kru”™-aksha kru:aksa 1

kro'dh-kakshus | krod"acakgus 1 1 1 1
krosh-tri’ krogstr 1

klishta klista 1

klishta-vritti klistavrtti 1

kva-stha kvastta 1

kshan-a ksana 1
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kshana-da® ksanada: 1
kshana’t- ksana: 2
kshana”t tksana:t
kshanamkri ksanankr 1
kshana-drishti- | ksanadrsti 3
nashta nasta
kshan-ana ksanana 1
kshana-ma”tra | ksana 1
ma:tra
kshana- ksana 1 1
vidhvamsin vid"vansin
kshana-antara ksanaantara 1 1
kshan-ika ksanika 1 1
ksha-ta ksata 1 1
ksha-ti ksati 1 1
kshat-tri ksattr 1 1
ksha-tra ksatra 1 1
kshatra-darma ksatradarma 1 1
kshatr-iya ksatrija 1 1
kshada ksada 1 1
kshan-o ksano 1 1
kshan ksan 1 1
kshan-tavya ksantavja 1 1
kshapa ksapa 1 1
ksha'p ksap 1 1
kshap-ana ksapana 1 1
kshapana-ka ksapanaka 1 1
kshapan-ika ksapanika 1 1
kshap-a ksapa: 1 1
kshap-ava-sa™na | ksapava 1 1
sa:na
kshap-i-tavya ksapitavija 1 1
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kshapa”-i“sa ksapa:i:ca 1 1
kshama ksama 1 1
ksha'm ksam 1 1
ksham-a' ksama 1 1
ksham-an ksama: 1 1
ksham-in ksamin 1 1
ksham-ya ksamja 1 1
ksha'y-a ksaja 1 1
kshay-a ksaja 1 1
kshay-ana ksajana 1 1
kshara ksara 1 1
kshaya-divasa ksajadivasa 1 1
kshay-i-ta" ksajita: 1 1
kshaya-paksha ksajapaksa 2 2
kshay-ishnu ksajisnu 2 1
ksha*raya ksa:raja 1 1
kshar-a ksara 1 1
ksha’aya ksa:laya 1 1
ksha'va ksava 1 1
ksha' ksa: 1 1
kshatra ksa:tra 1 1
ksha’n-ta ksa:nta 1 1
ksha”n-ti ksa:nti 1 1
ksha™-ma’ ksa:ma 1 1
ksha”'-man ksa:man 1 1
kshami”-kri ksa:mi:kr 1 1
ksha”-ra ksa:ra 1 1
ksha™-kshata ksa:kgsata 2 2
ksha™-kshi“na ksa:ksi:na 2 2
ksha’r-ay-i-tri ksa:rajitr 1 1
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ksha”l-a ksa:la 1 1
kshe-ti kseti 1 1
kshiya ksija 1 1
kshayaya ksajaja 1 1
kshepaya ksepaya 1 1
kshaya ksaja 1 1
kshi-na™ ksina: 1 1
kshi-no' ksino 1 1
kshay-a ksaja 1 1
ksi®ya ksi:ja 1
ksita ksita 1
kshi“na ksi:na 1 1
kshayayati ksajajati 1 1
kshapaya-ti ksapayati 1 1
kshayita ksajita 1 1
kshapita ksapita 1 1
kshi-t ksit 1 1
kshi-ti' ksiti 1 1
kshi'-ti ksiti 1 1
kshiti-kampa ksitikampa 1 1
kshiti-kshoda ksitiksoda 2 2
kshiti-kshit ksitikgit 2 2
kshiti-rasa ksitirasa 1 1
kshiti-ap-saras ksitiapsaras 1 1
kshipa' ksipa 1 1
kshi'p ksip 1 1
kship-ta' ksipta 1 1
kship-ra ksipra 1 1
kshipra'-a'-ishu | kgipraaisu 2 1
kshillika® ksillika: 1 1
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kshi”na ksi:na 1 1
kshi®na-ayus ksi:naajus 1 1
kshi“ba ksi:ba 1 1
kshi*ra' ksi:ra 1 1
kshi*ra-kunda ksi:rakunda 1 1
kshi*ra-ksha-ya | ksi:rakgaja 2 2
kshi*ra-vriksha | ksi:ravrksa 2 2
kshi”ra- ksiragsastika 3 1
sha”shtika

kshi“ra-samudra | kgi:ras 1 1

amudra

kshi“ra-sa™gara | kgi:rasa:gara 1 1
kshi*ra-snigdha | ksi:rasnigdha 1 1
kshi*ra-sva®min | kgi:rasva:min 1 1
kshi*ra-anna ksi:raanna 1 1
kshi*ra™-ya ksira;ja 1 1
kshi”r-in ksi:rin 1 1
kshi”ra-uda ksi:rauda 1 1
kshi*va ksi:va 1 1
kshu' ksu 1 1
kshun-na ksunna 1 1
kshut-kshama | ksutksa:ma 2 2
kshunna ksunna 1 1
kshud-ra' ksud-ra 1 1
kshudra-gantu ksudrajantu 1 1
kshudra-su~kta | ksudrasu:kta 1 1
kshudra-aksha ksudraaksa 2 2
kshu'dh ksud" 1 1
kshu'dh-a” ksudha: 1 1
kshudha”*-lu ksudha:lu 1 1
kshun-nirodha ksunnirodta 1 1
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kshupa ksupa 1 1
kshub-dha ksubd"a 1 1
kshobha ksobha 1 1
kshubhya ksubtja 1 1
kshubdha ksubdta 1 1
kshubhita ksubhita 1 1
kshobhaya ksobhaya 1 1
kshu'-mat ksumat 1 1
kshura' ksura 1 1
kshur-ika® ksurika: 1 1
kshulla ksulla 1 1
kshe'-tra ksetra 1 1
kshetra-karman | kgetra 1 1
karman

kshetra- ksetra 2 1
karshaka karsaka

kshetra-raksha ksetraraksa 2 2
kshetr-ika ksetrika 1 1
kshetri®-kri ksetri:kr 1 1
kshetri®-ya ksetr;ja 1 1
kshep-a ksepa 1 1
kshep-an ksepan 1 1
kshe'p-ishtha ksepist'a 2 1
kshep-tri kseptr 1 1
kshe'-ma ksema 1 1
kshema-kara ksemakara 1 1
kshema-ya ksemaja 1 1
kshema-yoga ksemajoga 1 1
kshem-in ksemin 1 1
kshemi-i“svara | ksemii:gvara 1 1
kshema-indra ksemaindra 1 1
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kshe'm-ya ksemja 1 1
kshain-ya ksainja 1 1
kshaitra' ksaitra 1 1
kshaitra-pata ksaitrapata 1 1
kshaipra ksaipra 1 1
kshoni' ksoni 1 1
kshoni” ksoni: 1 1
kshos-a ksosa 1 1
ksho'd-as ksodas 1 1
ksho'd-ishtha ksodist"a 2 1
kshobh-a ksobha 1 1
kshauni” ksauni: 1 1
kshaudra ksaudra 1 1
kshauma ksauma 1 1
kshaura ksaura 1 1
kshnau'-ti ksnaunti 1 1
kshma” ksma: 1 1
kshma”-darma | ksma:darma 1 1
kshma”-vrisha | ksma:vrsa 2 1
kshveda ksveda 1 1
kshve'da ksveda 1 1
kshved-ana ksvedana 1 1
kshvela ksvela 1 1
kshvel-ana ksvelana 1 1
khadga-sakha khadjasakha

khadga-sena kradyasema

khadga-hasta khadjahasta

khadga-amisha | k"adyaamiga 1

khanda-sas khandagas

kha-pushpa khapugpa 1
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kha”ri-vishana

kPa:rivisana

khasa khasa 1 1

khila-kshetra khilaksetra

khunamusha khunamuga

gagana- gagana

pratishtha pratist'a

gagana-sindhu gagana 1 1
sind'u

gagana-sparsana | gagana 1 1
sparcana

gagana-sad gaganasad 1 1

gan.ga”-saras ganga:saras 2 2

gaga-sa’*hvaya gajasa:hvaja 1 1

gaga-stha™na gajastha:na 1 1

gana-kkhandas gana 1 1
cchandas

gana-da’sa ganada:sa 1 1

gana-di”kshin ganadi:ksin

gana-adhyaksha | ganaad"jaksa

ganda-sthala gandasthala 1 1

gandu”sha gandu:sa

gata-manas-ka gata 1 1
manaska

gata-vayas gatavajas 1 1

gata-sa”ra gatasa:ra 1 1

gata-spriha gatasprha 1

gata-a’*yus gataa:jus 1

gata'-asu gataasu 1

gad-svara gadsvara 1

gabh-as-tala gabhastala 1 1

gabhas-ti gabhasti 1 1

ga'm-ishtha gamigstha
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gam-ishnu gamisnu 1
gambh-sa'msa gambhcamsa
gaya”-siras gaja:giras
gar-ishtha garigtha 1
gar-iyas garijas
ga'rbh-da’sa garb"da:sa
ga'rbh-ma’sa garbhma:sa
garbh-lakshana | garbtlaksana 1
ga'rbh-va’sa garb"va:sa
ga'rbh- garbh
samsravana saNsravana
ga'rbh-samkarita | garb®
saNKarita
ga'rbh- garbh
sambhava saNbhava
ga'rbh- garbh
sambhu”ti saNbhu:ti
ga'rbh-stha garbhstha
ga'rbh-sthana garb"stha:na
ga'rbh-srava garbhsrava
garbha-ashtama | garba 1
astama
gal-hasta galhasta
galita-vayas galitavajas
gava-aksha gavaakgsa 1
ga'v-ishti gavisti 1
gava-ish gavaigs 1
gavesha gavesa 1
gava-eshana gavaesana 1
ga’tra-yashti ga:trajasti 1
ga~dhi-sunu ga:dhisu:nu
ga’rtsamad-a ga:rtsamada
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ga’*rhasth-ya

ga:rhastja

giri-kshit giriksit
giri-prishtha giriprstha
giri-prastha giriprastha
giri-va’sin giriva:sin
giri-shad girisad 1
giri-shtha giristha 1
giri-suta” girisuta: 1
guda-pishta gudapista 1
guna-samyukta | guna
saNjukta
guna-samska”™ra | guna
saNska:ra
guna-sampanna | guna
saNpanna
guna-sa’*gara guna
Sa:gara
guna- guna
abhila”shin abhila:sin
guna-utkrishta gunautkrsta
guru-va’sa guruva:sa
guru- guru
prasa”daniya prasa:daniya
guru-prasuta guru
prasu:ta
guru-va’sa guruva:sa
guru-susru”sha” | gurugu
¢suisa:
guru-susru”shu | gurug
ugsu:su
guru-sa-khi gurusak"i
guru-samnidhi gurus
aNnidhi
guru-sam- gurus
ava’ya amava:ja
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guru-stri®-gam- | gurustri: 1
ani“ya gamani:ja
gurvi®-sakhi® gurvi:sakhi
gulpha-dvayasa | gulpradvajasa 1
gushpita gugpita
g-us gus
guh-sena guhsena
gu~dha-purusha | gu:drap
urusa
gudha-vasati gudhav 1 1
asati
gri't-sa grtsa 1
grish-ti' grsti
griha-karma- grha 1 1
da”sa karmada:sa
griha-poshana grhapogana
griha-raksha” grharakgsa
griha-va”sa grhava:sa 1 1
griha- grha 1 1
samvesaka saNvecaka
griha-samstha grhasaNstha 2 1
griha-sa’ra grhasa:ra 1 1
griha-sa’*rasa grhasa:rasa 2 2
griha-stha grhastha 1 1
griha-stha-ta" grhasthata: 1 1
grihi*ta-akshara | grhi:taakgsara
grih-sutra grhsu:tra 1
geshna gesna
gopa-vesha gopavesa
go-pa’-yasi“ya- | gopa: 1 1
nyaya-vat jasijanj
ajavat
go-raksha-ka goraksaka
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go-raksha” goraksha: 1
go-rakshya gorakgja 1
go-va’sa gova:sa 1 1
go-sva™min gosva:min 1 1
go-vrisha govrsa 1
go-vrishana govrsana 1
go-si*r-sha gogi:rsa 1
go-shth-ika gosthaika 1 1
go-shthi” gosthi: 1 1
goshthe-saya gosthecaja 1 1
gosh-pada gospada 1 1
go-stana gostana 1 1
gaura-sarshapa | gaura 1 1 1
sarsapa
gaushthika gaugthika 1
gnas-pa'ti gna:spati 1 1
grapsa grapsa 1
gra'sa grasa 1 1
grasira grasira 1 1
grasta grasta 1 1
gras-ana grasana 1 1
gras-ishnu grasignu 1 1 1
graha-grasta grahagrasta 1 1
grahana- grahana 1 1
sambhava saNbrava
graha- graha 1 1
sama”“gama sama:gama
graha-agre-sara | graha 1
agresara
gra®ma- gra:ma 1 1
niva’sin niva:sin
grama-pishta gra:mapista 1
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gra™ma-va’sin | gramava:sin 1 1
gra®ma-si*ma” | gra:masi:ma:
gra™ma-su”kara | gra:ma
su:kara
gra®mya- gra:mja 1 1
su”kara su:kara
gra’*va-stotra gra:vastotra
gransi®-kri gra:si:kr
gra’s-a gra:sa
gri®sh-ma’ grizsma 1
grai‘'shma graisma
glapsa glapsa 1
ghana-samaya ghanasamaja 1 1
ghana-asthika ghanaasthika 1 1
gharma-payas gharmapajas 1 1
gharma-sa'd gharmasad 1 1
gharma-ambhas | gharma 1 1
ambPas
gharma-ishtaka” | gharm 1
aistaka:
gharsh-a gharsa 1
ghas-ti ghasti 1 1
gi'ghatsa Jighatsa 1
ghas-a ghasa 1
ghas-mara ghasmara 1
ghas-a gha:sa 1
ghuna-akshara ghuna 1
aksara
ghosha ghosa 1
ghoshaya ghosaja 1
ghushta-svara ghustasvara 1 1 1
ghrita'-prishtha | ghrtaprstha 1
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ghrita-prush ghrtaprugs 1
ghrita-snu' ghrtasnu
ghrita'-snu ghrtasnu
ghrita-havishka | ghrahavigka 1
ghrita-ishtaka ghrtaistaka 1
gharsha gharsa 1 1
ghrisha ghrsa 1 1
ghrishta ghrsta 1 1
gharshaya gharsaja 1 1
ghri'shu ghrsu 1 1
gho'sha ghosa 1 1
ghosha-ka ghosaka 1 1
ghosh-ana ghosana 1 1
ghosha-vat ghosavat 1 1
gho'sh-i ghosi 1 1
ghosh-tri ghostr 1 1
ghrams ghraNs
kakas-ti caka:sti
kakora-akshi” cakoraaksi: 1
kakra-raksha cakraraksa 1
kakra-sena cakrasena
kash-te cagte 1
kaksh-a'ni caksani 1 1
ka'ksh-ani caksani 1 1
ka'ksh-an caksan 1 1
kakshur-vishaya | caksur 2 1
vigaja
kakshuh-sravas | caksuh 1
cravas
kakshush-pati cakgsugpati
kakshush-ya caksugja
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kaksh-us caksus 1 1 1
kakshu”-ra™ga caksu:ra:ga 1
kan~ka-purusha | cancap 1
uruga
kanda- canda 1
mahase”na mahase:na
kanda-simha candasiNha
kandi”-stotra candi:stotra
ka'tasri catasr
katur-aksha caturaksa 1
ka'tur-akshara caturaksara 1
katur-ma’si® caturma:si: 1
katur-sami®rita | caturs 1
ami:rita
katur-varsha- caturvarsa 1 1
sata-a“yus cataa:jus
katur-kritvas caturkrtvas 1
katush-ka catugka 1 1
katushk-ika” catugkika: 1 1
katush-taya catugtaja 1 1
katush-pan~ka catugpanca 1 1
ka'tush-pad catugpad 1 1
katuh-shashti catuhgagti 2
katuh-shtoma' catuhgtoma 1
katus catus 1
katus-trimsa’ catustriNca 1
katuh-samdhi katuhsaNd"i 1
ka'tuh-samudra | catuhs 1
amudra
katuh-sahasra catuhsa 2
hasra
kanishta'm canistam 1
kanishta't canistat 1
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ka'n-as canas
kanas-ya' canasja
kanasita canasita
kanishtha canigtha
kand-da”sa candda:sa
kand-rasa candrasa
kandra-kshaya candrakgsaja
kandra- candra
pra®sa’*da pra:sa:da
kandra-masa candramasa

kandra-sa’*ra

candrasa:ra

kandra-samgn~a | candra
saNjpa

kandra-simha candrasaNha

kandra-sva®min | candra
sva:min

kandra-ha”*sa

candraha:sa

kam-asa'

camasa

karana-nya”sa

carananja:sa

karana-prishtha | caran
aprstha
karana-prasa’*ra | carana
prasa:ra
kara'-vayas caravajas
kar-i-shnu carisnu
kar-kri-she carkrse
karma- carma
bhastri“ka bhastri:ka
kar-sh-ani' cargani
karshani” cargani:
kala-sva-bha*va | calasva
bha:va

kash-aka

cagsaka
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kash-a™'la caga:la 1
kakshusha' caksusa 2
ka/tur-ma’si® ca:turma:si: 1
ka”tush-patha ca:tugpatha 1
ka”dra-masa’ ca:dramasa 1
ka”p-yasthti ca:pjasti
ka”r-kakshus ca:rcakgsus 1
ka”ra-purusha cara
purusha
ka™'r-ha*sin ca:rha:sin 1
ka"ra-ikshana carraiksana 1
ka"sha casa 1
ki-kart-i-sha” cikartiga: 1
ki-kit-va's cikitvas 1
ki-kit-sa cikitsa 1 1
ki-kit-sana cikitsana 1 1
ki-kit-sita cikitsita 1 1
ki-Kit-sya cikitsja 1 1
ki-ki~r-sha cikirrsa 1 1
ki-kir-sha” cikirrsa: 1 1
ki-ki~r-shita ciki:rsita 1 1
ki-kir-shu ciki:rsu 1 1
ki-kship-as cikgipas 1 1
ki-kar-i-shu cikarisu 1
ki-kal-i-shu cicalisu 1
kikitsa cikitsa 1 1
kikitsaya cikitsaja 1 1
kitta-vislesha cittaviglesa 1
kitta-a"karshana | citta 1 1
akarsana
kitta-a”karshin cittaakargin 1 1

| 341



kitra-nyasta citranjasta 1
kitra-paksha citrapaksa
kitra-bhashya | citrabta:gja 1
kitra-sravastama | citra
cravastama
kitra'-sena citrasena
kitra-stha citrastha
kitra-sthala citrasthala 1
kint-visha-ghna | cintvisaghna
kint-upashita cintupagita 1
kipita-na”sa cipiana:sa 1
kipita-na”sika cipitana:sika 1
kira-pra-va”sin | ciraprava:sin 1
kira- cira
eshapantya™h esapantja:h
kira-sthita cirasthita 1
kira-sam-kita cirasaNcita 1
kira-a"yusha ciraa;jusa
kira-ayus ciraa:;jus
kira-ushita ciraugita
ki“na-pishta cimnapista
ki™ra-vasana cirravasana
ki™ra-va’sas cirrava:sas 2
ku-kshobh-ay- cukso
ishu bhajisu
kurikura-sabda | curicu 1
rasabda
ku”shaya cu:saja
ku”sh-ana cu:gana
ke't-as cetas 1
ke't-ishtha cetigtha
ke'shta cesta
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ke'shtaya cestaja 1
keshta cesta 1
keshta” cegta: 1
kaitya-vriksha caitjavrksa 1
koksha coksa 1
kosh-a cosa 1
kauksha cauksa 1
khat-vriksha chatvrksa 1
khand-tas chandtas 1
khand-as chandas 1
khand-sa”\stra chandga:stra 1
khand-su~tra chandsu:tra 1
khard-is chardis 1
khard-i's chardis 1
kha”ndas-a cha:ndas 1
kha”ndog- cha:ndog 1
upanishad upanigad
khaya”- chaja:s 1
samgn~a® aNjpa:
khidra-anusa”rin | chidra 1
anusa:rin
khin-na’sya chinna:sja 1
gaksh-i-ti Jaksiti 1 1
ga'ksh-at Jaksat 1 1
gaksh-i-van Jaksivan 1 1
gagak-kakshus | yagaccaksus 1 1 1
gagat-prasiddha | jagat 1
prasiddha
gagat-pra”sa™ha | jagat 1
pra:sa:ha
gagat-srashtri Jagatsrasfr 1 1
gagat-sva™mitva | jagat

sva:mitva
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gagan-nivasa | jagan
niva:sa
gaga-ogas Jajaojas
ga'n-esha Janega
ga'n-asau Janasau
ganaka-simha Janak
asiNha
ganaka-suta” Janakasuta:
gana-da’ha- janada:ha
sthana sthana
gana-sammaida | yana
saNmaida
ga'n-i-tos Janitos
gani-divasa janidivasa
gan-ishya Janigja
ganma-kshetra | janma
ksetra
gan-us Janus
ganma-gyeshtha | yjanma
Jjest'a
ganma-tas Janmatas
ganma-riksha janmarkgsa
ganma-vasu“da | janma
vasu:da
ganma-stha™na | yjanma
stha:na
ganma-a’spada | yanma
a:spada
gaya-ghosha Jajaghosa
gaya-ghoshana | jajag"osana
gaya-lakshmi® | jajalaksmi:
gaya-simha JajasiNha
gaya-skanda Jajaskanda
gaya-sena Jajasena
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gaya-stambha Jajastambha 1 1
gaya-sthala Jajasthala 1 1
gaya-sva™min Jajasvarmin

gaya-avaghosha | jajaavaghosa

gay-ishnu Jajisnu

gaya-sena Jajasena 1 1
gay-u's Jajus 1

garad-ashti' Jaradasgti 1
gar-a's Jaras 1 1
gara”-sandha jara:sandha 1 1
gala-kusuma jalakusuma 1

gala-a™sana jalaa:sana 1 1
tap-as tapas 1 1
tapas-ya tapasja 1 1
tapas-ya~ tapasja 1 1
tapas-vin tapasvin 1 1
tapas-vat tapasvat 1 1
tap-ishtha tapistha

tap-ush-i tapugi

tap-ush-pa” tapugpa:

tap-us tapus 1

tam-as tamas 1 1
tamas-a' tamasa 1 1
tamah-spris tamahsprig 1

tamis-ra tamisra 1

tamis-paksha tamispakgsa 1

tamo-va“*sas tamova:gas 1 1
taraksha taraksa

tara-tama-tas taratamatas 1 1
tar-as taras 1 1
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taras-vat tarasvat 1 1
taras-vin tarasvin

taru-shanda taruganda 1

tark-sa”stra tarkca:stra 1
tark-samgraha tarksaNgraha

tarsh-a tarsa 1

tala-tas talatas 1 1
talava- talava 1 1

upanishad upanisad

tav-as tavas 1 1
tav-ish-a taviga 1 1

tav-ish-i® tavisi: 1 1

tav-ish-i“ya tavisi:ja 1 1

tavish-ya tavigja 1 1

tav-iyas tavijas 1 1
tash-tri tastr 1 1
tas-kara taskara 1 1
taskara™-ya taskara:ja 1
ta-smat tasmat 1
ta™kshna ta:ksna 1

tatsth-ya ta:tsthja 1

ta*-driksha ta:drksa

ta™p-a- ta:pa 1

upanishad upanigsad

ta™p-ay-ishnu ta:pajisnu 1 1

ta"pas-a ta:pasa 1

tamarasa ta:marasa 1 1
ta”misra ta:misra 1 1

ta®mas-a ta:masa 1 1
ta®mra-sa’sana | ta:mrag 1

a.sana
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ta”mra-aksha ta:mraakgsa 1
ta”mraoshtha ta:mraogtha 1
ta’raka”-aksha | ta:raka:aksa 1
tarksh-ya ta:rksja 1
tarrkshya-ratna | ta:rksjaratna 1
ta*usha-ka ta:lusaka 1
tasu™na ta:su:na 1
tavat-su”tra ta:vatsu:tra 1
ta”skar-ya ta:skarja 1
tigma-tagas tigmatayas 1
tigma-bha”*s tigmabhas 1
ti-tik-sha” titiksa: 1
ti-ti"r-sha” titi:rsa: 1
ti-ti*r-shu titi:rsu 1
tim-dosha timdoga 1
tir-as tiras 1
tiras-kara tiraskara 1

tiryak- tirjakp 1
prekshana reksana

tiryag- tirjag 2
visamsarpin visaNsarpin

tila-ka"*rshika tilaka:rksika 1
tila-pushpa tilapugpa 1
tila-sas tilacas 1

tishya tigja 1
tirk-shna tizksna 1
tikshna-kara ti:ksnakara 1
tikshna- tizksna 2
damshtra daNgtra

tikshna-rasa tizksnarasa 1 1
tikshna-vrishana | ti:ksnavrsana 2
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ti"kshnaamsu ti:ksnaaNc¢u 1
tikshna-arkis ti:ksnaarcis
ti~rtha-sevana ti:rthasevana
tirrtha-seva ti:rthaseva:
tura”-sha”*h tura:sa:h 1
tula™-purusha tula:purusa 1 1
tula”-yashti tula:jagsti 1
tulya-kaksha tuljakaksa 1
tulya-avastha tuljaavastha
tuv-ish-mat tuvigsmat 1
tush tug 1
tusha-khandana | tusaka 1

ndana
tush-a tuga 1 1
tush-ara tugara 1 1
tush-varshin tugvarsin 2 1
tusha’*ra-amsu tusa:raaN¢u 1 1
tush-ita tugita 1 1
tush-ti tusti 1 1
tunsha tu:sa 1 1
tu”rshni”-ka tu:sni:ka 1 1
tu”shni®m tuzsnim 1 1
tu”shni“m- tu:sni: 1 1
samsa NcaNsa
trina-pu-rusha- | trnapur 1 1
ka ugsaka
triti*ya-divasa trti:jadivasa
triti*ya-a- trti:asa
sama’*sa ma:sa
tritsu trtsu
trish trs
trish-a trsa: 1
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trish-ta trsta 1 1

trish-nag trsnay 1 1

trish-na trsna 1 1

trishya”-vat trsja:vat 1 1

teg-as teyas

tegas-ka"ma teyaska:ma

tegah-sena teyahsena

teg-ishta teyista

taikshn-ya taiksnja

taigas-a taijasa 1 1
taittiri*ya- taittiri:j

samhita asaNhita

taittiri*ya- taittiri:j 1

upanishad aupanisad

taisha taisa 1

toya-ma“tra- tojama:tra 1

avasesha avagesa

tosh-a tosa 1

tos-un tosun

toya-utsarga tojautsarga 1

tausha’*ra tauga:ra 1

tyag-as tjajas 1

tya™g-karma- tja;ykarma 1
samanvita samanvita

trayas-trimsa trajastriNsa 2 1
trayas-trimsat trajastriNsat 2 1
tras-a trasa 1 1
tras-nu trasnu 1 1
tra”push-a tra:pusha 1

tra”*s-ana tra:sana 1 1
tri-snay-in trisna:jin

tri-kakshus tricaksus 1 1
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tri-sastra tricastra 1

tri-paksha tripaksa 1

tri-okas triokas 1

tri-pishtapa tripistapa 1 1

tri-purusha tripurusa 1

tri-prishtha triprstta 1

tri-ras-aka trirasaka 1

tri-va’rshika triva:rsika 1

tri-varsha trivarsa 1

tri-vishtapa trivigtapa 1 1

tri-vishti trivigti 1

tri-siras triciras 1

tri-si*rsha trigi:rga 1

tri-si*rshan tri¢i:rgan 1

tri-shadha-stha | trisadhastha 1 1 1

tri-shavana trisavana 1 1

tri-sna’yin trisna:jin 1 1

tri-shash trisag 2 1

tri-shtub-anta tristubanta 1

tri-shtubh tristubh 1

tri-satya trisatja 1 1 1
tri-samdhya trisaNd"ja 1 1 1
tri-savana trisvana 1 1 1
tri-sa*dhana trisa:dhana 1 1 1
tri-suparna trisuparna 1 1 1
tri-stana tristana 1 1 1
tri-stha”na tristha:na 1 1 1
tri-srotas trisrotas 2 1 1
trih-sna”na trihsna:na 1
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tre-hrita-sat- trehrta
vasva satvasva
tre-sthita tresthita
trai-ma’s-ika traima:sika

trai-va’rshika

traiva:rgika

traishtubh-a

traistubha

trai-srotas-a

traisrotasa

tri-aksha triaksa
tri-akshara triakgara
tri-adhishtha®na | triad"i 1
stha:na
tri-vrishaba trivrsaba 1
tri-ashtaka triagtaka 1 1
tri-ashta-varsha | triastavarsa 2 1
tvaksh-as tvaksas 1 1
tvak-sara tvaksa:ra 1
tvag-uttara- tvaguttara
a’san.ga a:sanga
tvag-dosha tvagdogsa
tvag-doshin tvagdogin 1
tvan.-ma”msa- tvanpma:
asthi Ne¢aasti
tvash-ti tvasti 1
tvash-tri tvastr 1
tvish tvis 1
tvish-i tvigi 1
tvesh-a tvesa 1
tsar-u tsaru
damsh-tra daNstra 1 1
damshtr-in daNgtrin 1 1
dams-ana daNsana 1
dams-u daNsu 1
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daksh-a dakga 1 1
daksha-kratu dakgakratu 1 1
daksh-ina dakgsina 1 1
dakshina-ga”nu- | dakgsina 1 1
akta ja:mnuakta
dakshina-tas dakginatas 1 1
dakshina-paska- | dakgsina
ardha paccaardha
dakshina”® daksina: 1
dakshina-agni daksin 1
aagni
dakshina’t dakgsina:t
dakshina”- dakgsina
dva’ra :dva:ra
dakshina-ayana | dakgsinaajana
dakshina- daksina
samkra™nti saNkra:nti
dakshina-aranya | dakgsina 1 1
aranja
dakshina-vat dakgsinavat 1 1
dakshina- dakgina 1 1
avarta a:varta
dakshina-siras dakginagiras 1 1
dakshin-a*hi dakgsina:hi 1 1
dakshini®-kri daksini:kr 1 1
dakshin-i“ya daksini:ja 1 1
dakshina-itara dakgsin 1 1
aitara
dakshinena daksinena 1
dakshinais dakginais 1
dakshina-uttara | dakgin,
auttara
danda-ka”shtha | dandaka:stha 1

danda-da’sa

dandada:sa
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datta-drishti dattadrsti 1
da-dhrish dadrg 1
da-dhrish-va®n | dad"rgva:n 1
danta-praksha”l- | danta 1
ana praksa:lana
danta-praveshta | dantapravesta 1
danta-va’sas dantava:sas
danta-veshta dantavegta 1
danta- danta 1
samgharsha saNgharsa
danta- danta 1
adhishthita ad"igthita
dama-ghosha damaghoga 1
darpa-sa”ra darpasa:ra
darbha-su”ki darbhasu:ci
darbha-mushti darbramusti 1
darbha-stamba darbha
stamba
darsa-tasya darcatasya
darsana-vishaya | dargana 1
visaja
darsa-pu”rna- darga
ma”sa purnama:sa
dala-sas dalagas
dav-ish-a’ni daviga:ni 1
dav-ishtha davigtha 1
dasa-ma”sya dagama:sja
dasa-lakshana- dagala 1
ka ksanaka
dasa-varsha dagavarsa 1
dasa-va’rshika | dagavarsika 1
dasa-sata-aksha | dacag 1
ataaksa

dasa-siras

dagaciras
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dasa-si*rsha dagaci:rsa 1
dasa-sa™has-ra dagasa: 2 2
hasra
dasas-ya dacasja 1 1
dasa-akshara dagakgara 1
dasa-antarushya | dacan
tarusja
dash-ta dasta 1 1
dasya dasja 1 1
dasma dasma 1 1
das-ra dasra 1 1
das-yu dasju 1 1
da”ksha da:ksa 1 1
da”ksha’*yana da:ksa:jana 1 1
da™kshayan-in | da:ksa:janin 1 1
da™kshina®-tya | da:kgsina:tja 1 1
da”kshin-ya dakgsinja 1 1
da™ksh-ya da:ksja 1 1
dara-samgraha | da:ras 1 1
aNgraha
da”ru-sesha da:rugesa 1
darshtant-ika | da:rst 1
a:ntika
da”s-a da:sa 1 1
da™'s-a da:sa 1 1
da”s-ush-e' da:cuge 1
da”sa-gana da:sajana 1 1
da’sin da:si: 1 1
da’sin-kri da:si:kr 1 1
da”sin-da’sa da:si:da:sa 1 1
da"seraka da:seraka 1 1
da’s-ya~ da:sja 1 1
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dik-prekshana dikpreksana 1

dig-vasana digvasana

dig-vasas digva:sas

di-drik-sha® didrksa: 1

dit-sa” ditsa: 1

didda™-kshema | didda:ksema 1

di-dhak-sha” didhaksa: 1

di-dhi-shu' didhigu 1

dina-kshaya dinakgsaja 1

dina-avasa’*na dinaav 1 1
asa.na

dip-su dipsu 1

div-as-a divasa 1 1

divasa-kara divasakara 1 1

divasi®-kri divasi:kr 1 1

divasa-i“svara divasa 1 1
i.gvara

divas-pati divaspati 1 1

divi-shad divigad 1

di'vo-da™sa divoda:sa 1

diva-okas divaokas 1

divya-kakshus divjacaksus 1

divya-purusha divjapuruga 1

divya-ma”nusha | divjam 1
a:nusa

divya-samka’sa | dijasa 1 1
Nka:¢a

divya-stri® divjastri: 1 1

divya-anshadha | divjaa 1
nsadha

dish-ta disgta 1

dish-ti disti 1
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dishti-vriddhi disgtivrdd® 1
di*ksh-a” diksa: 1 1
di”ksh-ana diksana 1 1
di”ksha™-guru di:ksa:guru 1 1
di*ksh-ita diksita 1 1
di“na-manas di:namanas
di”na-dak-sha di:nadakgsa 1 1
di“na-da”sa di:nada:sa
di“na-sattva di:nasattva
di“na-a’sya di:naa:sja
dipta-akshu diptaaksu 1 1
di”pta-ogas diptaojas
di“rgha-tapas di:rgh 1
atapas
di*rgha- di:rgha
ti"kshna-mukha | tizksna
mukha
di“rgha-roshana | di:rgharo 1
sana
di“rgha-sattra di:rghas
attra
di”rgha-sattrin di:rghas
attrin
di“rgha- di:rgha
samdhya saNdhja
di“rgha-su”tra di:rghas
u:tra
di*rgha-su™Mrin | dirgha
su:trin
di“rgha-aksha di:rgha 1 1
aksa
duhkha-sparsa duhkha
sparca
du-dhuk-shu dudhuksu 1 1
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dur- durad®ja
adhyavasa’ya vasa:ja
dur-anushtheya | duranu 1
st'eja
dur-abhiraksha | durab® 1
iraksa
dur-abhisamdhi | durab"i
saNdhi
dur-a™lakshya dura:lakgja 1
dur-a®va”\sin dura:va:sin
dur-a”*sada dura:sada
dur-asis duragis
dur-i"ksha duri:ksa
dur-upandishta | durupa
ndista
dur-upasarpin durup
asarpin
durga-simha durgasiNha
dur-goshtki® durgostki: 1
dur-sena dursena
dur-divasa durdivasa
dur-drishta durdrsta 1
dur-dharsha durdharga 1
dur-bhaksha durbhaksa 1
dur-bha”sha durbra:sa 1
dur-bha”shita durbha:sita 1
dur-bhiksha durbhiksa 1
dur-vyasanin durvjasanin
dur-manas durmanas
dur-manushya durmanugja 1
dur-marsha durmarsa 1
dur-marshana durmargsana 1
dur-medhas durmedhas
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dur-yasas durjacas 1 1
dur-lakshya durlakgja 1

dur-svamin dursvamin 1

dur-lasita durlasita 1 1
dur-vakas durvacas 1 1
dur-vasa durvasa 1 1
dur-va”sa’*na durva:sa:na 1 1
dur-va’sas durva:sas 2 2
dur-vilasita durvilasita 1 1
dur-vishaha durvigsaha 1

dur-vyavasita durvjavasita 1 1
dur- durvjavastha: 1 1
vyavastha’pa-ka | paka

dur-vyasana durvjasana 1 1
duv-as duvas 1 1
duvas-ya duvasja 1 1
duvas-ya’t duvasja:t 1 1
dus-kikitsa™ dugcikitsa: 1

dus-kikitsita duccikitsita 1

dus-kikitsya duccikitsja 1

dus-keshtita dugcestita 1

dus-keshta” dugcesta: 1

duh-sa®sana duhga:sana 1 1
duh-sikshita duhgiksita 1

duh-sishya duhgisja 1

dush dug 1 1

dush-kara dugkara 1 1

dush-karman dugskarman 1 1

dush-sa*dhana dugsa:dhana 1 1 1

dush-ka*yastha- | dugka:jastha 1 1 1 1
kula kula
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dushkrita- dugkrta 1 1
karman karman
dushkriti dugkrti
dush-ta dusta
dushta-a*tman dusta
a:tman
dush-ti dusti
dushtuti dugtuti
dush-parigraha | dugpa
rigraha
dush-pa”rshni- | dugparsni 2 1
graha graha
dush-pradharsha | dugpra 2 1
dharga
dush-prasaha dusprasaha 1 1
dush-pra™sada dugpra:sada 1 1
dush- dug 1 1
prasa™dhana prasa:d"ana
dush- dug 1 1 1
prasa”dhya prasa:dhja
dush-preksha duspreksa 2 1
dush-prekshya dusprekgja 2 1
dushmanta dusmanta 1 1
dushyanta dusjanta 1 1
duh-shanta duhganta 1
duh-shama duhgama 1
dus dus 1
dustara dustara 1
du-stha dustha 1
duh-samlakshya | duhsa 1 1
Nlaksja
dussani dussani 2 1
duh-samska’*ra duhsa 2

Nska:ra
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duh-samka’*ra duhsa 1 1
Nca:ra

duh-samkintya duhsa 1 1
Nkintja

duh-samdha”na | duhsa 1 1
Ndra:na

duh-sampada duhsa 1 1
Npada

duh-saha duhsaha 1 1

duh-sa*dhya duhsa:dhja 1 1

duh-stha duhstha 1 1

duh-sthita duhsthita 1 1

duh-sthiti duhsthiti 1 1

duh-sparsa duhsparca 1 1

duh-sprisa duhsprsa 2 1

duh-smara duhsmara 1 1

duh-svapna duhsvapna 1 1

du”-rakshya duraksja 1

du”ra-tas du:ratas 1

du”ra-prasa’™rin | du:ra 1
prasa:rin

du”ha-samstha duha 2
samstha

du”ha-su”rya duhasu:rja

du™ha-sthita du:hasthita

du”sh-a du:sa 1 1

du”sh-ana du:sana 1 1

du”sh-ya du:gja 1 1

du”sha-ya du:saja 1 1

du”sh-i du:si 1 1

du”sh-in du:gin 1 1

du”sh-in du:si: 1 1

du”sh-ya du:gja 1 1
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