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Abstract

This dissertation examines the prospect of applying information theoretic
principles to help solve problems in historical linguistics. The Minimum Mes-
sage Length principle attributed to Chris Wallace (similar to the Minimum
Description Length principle of Jorma Rissanen) is used to judge the goodness
of hypotheses in the field of historical linguistics. The idea is that theories that
require a shorter message to describe with their data are better than those that
require long messages.

Work in collecting the linguistic data tracing the derivation of some 2714
words in Modern Cantonese and Modern Beijing from their forms in a recon-
struction of Middle Chinese is described as also is the work in transforming this
data into a format suitable for use with software developed for this project.

Heuristics for inferring Probabilistic Finite State Automata (PFSA!) from
such data are reviewed and some new heuristics are introduced. These are then
applied to training data and benchmark results presented.

Finally, the inference process is applied to the actual linguistic data which
allows a conjecture regarding a relative closeness of the Chinese dialects to their
reconstructed ancestor to be formed.

!In this dissertation, the abbreviation PFSA has been used to denote both the singular and
plural of these machines, the “A” in PFSA being understood to represent both Automaton
and Automata.
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Preface

In late 1993, Professor Jon Patrick, who was then just about to leave Deakin University
in Melbourne for Massey gave a seminar here on some computational work he was doing
in Basque linguistics. I had at that time just joined the Computer Science department
as an assistant lecturer and was avidly looking for a PhD project to begin. Like almost
everybody else I have met, I also had a compelling interest in historical linguistics and
had my own opinion of how it should be done. I sent a brief CV to Jon asking if he
would like to take on a doctoral student in his Basque project after his arrival and the
answer soon came back in the affirmative. In the beginning, though, our intention was
quite different, and much more grandiose and ambitious — we were hoping to assess
whether or not the linguistic isolate Basque was related to the Dravidian language
Tamil, which by the way, I happen to be very fluent in.

As time went on, however, the focus of the project changed rather dramatically and
eventually became much more realistic. It narrowed down into developing a technique
for finding distance measures between related natural languages to aid linguists in their
task of subgrouping. We decided, wisely perhaps, that bold proposals in the linguistic
domain are best made by linguists. We also decided, with the advice of my second
supervisor, Dr John Newman in the Department of Linguistics and Second Language
Teaching, to use Chinese data for the project. This data had been provided to John
courtesy of Professor William S-Y. Wang at the University of California, Berkeley.

The field of computational linguistics is such that almost all Computer Scientists
seem to have their own unique notions of how one should apply computational methods
to historical data. While there may be merits and demerits to each such approach, this
dissertation is not an evaluation of their relative goodness. It is a detailed account of
one particular approach — the one described here — and how it can be used to provide
linguists with a tool for effective subgrouping of languages.

Overview of contents

Chapter 1 gives a brief introduction to the problem and describes some linguistic terms
and concepts for the benefit of the reader unacquainted with them. Chapter 2 is a brief
survey of previous work in the field of linguistics which has been pursued along similar
lines. An example of the methodology applied to a toy problem is then provided in
Chapter 3. Chapter 4 describes the procedure by which the data for this project was
collected and the motivation for using it. The MML criterion, which is central to this
project, is introduced and described in Chapter 5, which is followed by Chapters 6-8
where methods to infer structure from the data using the MML criterion are looked
at. Finally, Chapter 9 gives the results obtained, discusses them and describes the
prospects for future work in this area.



Publications

Parts of this dissertation have been published in various places during the course of
working on this project. The following is a list of them, with brief notes on which
chapters they refer to.

Raman, A. V. and J. D. Patrick (1997). Linguistic similarity measures using the
Minimum Message Length principle. In R. D. Blench and M. Spriggs (Eds.), Archaeol-
ogy and language I: Theoretical and methodological orientations, pp.260-277, London:
Routledge. This paper was also read at the WAC-3 Conference, New Delhi, December
1994. Material from this paper can be found in Chapters 2 and 3.

Raman, A. V. and J. D. Patrick (1997). The sk-strings method for inferring PFSA.
In Proceedings of the workshop on automata induction, grammatical inference and lan-
guage acquisition at the 14th international conference on machine learning — ICML-97,
Nashville, Tennessee, (in press). Material from this paper can be found in Chapter 6.

Raman, A. V. and J. D. Patrick (1997). A heuristic using cross-entropy for sk-
strings In Technical Report TR 1/97, Information Systems Department, Massey Uni-
versity. Material from this report can be found in Chapter 7.

Raman, A. V. and J. D. Patrick (1997). Beam search and simba search for PFSA
inference, In Technical Report TR 2/97, Information Systems Department, Massey
University. Material from this report can be found in Chapter 8.

Raman, A. V., J. Newman and J. D. Patrick (1997). A complexity measure for
diachronic Chinese phonology. In Proceedings of the SIGPHON97 workshop on com-
putational phonology, Madrid (in press). Material from this paper can be found in
Chapter 9.

An explanation for some typesetting decisions

I feel compelled to say a few words about the typesetting process this dissertation has
been through. I initially started writing the thesis using Microsoft Word on my Apple
Macintosh, but found its performance unsatisfactory. Moreover, all my programs to
manipulate the data were being run under Unix. What I wanted was a single command
that could automatically take the ASCII outputs from my various experiments, turn
them into tables, graphs and pictures and insert them in the right places in the thesis
and also generate my bibliography neatly.

I thus deemed it best to migrate the work to X'TEX and embarked on this bold
venture. Not one bit of this effort was wasted as I#"TEX, and more particularly the Unix
environment have paid it back several times and over. The amazing variety of utilities
and high-quality programs available freely under Unix enabled me to get precisely what
I wanted. Unix scripts using awk, sed and grep did most of the initial formatting of
my program’s ASCII outputs. All the formatted tables were generated automatically
by scripts that ran the experiments themselves. So were the various graphs which
were produced using the excellent gnuplot program. The various files which made up
the chapters were edited under TEX mode in GNU emacs. Emacs macros also helped
immensely in migrating my bibliography database from EndNote on the Macintosh into
BibTgX. Finally, I was able to put the various commands into a Makefile and my
dream of generating the entire thesis with a single command was realised. “Make dvi”
generated the dvi version of my thesis, which I then printed off using dvips. The dvi
and postscript versions of the thesis are available from me on request. My thanks to
Donald Knuth for TEX, Leslie Lamport for R’ TEX, Oren Patashnik for BibTEX and to
the authors of the various free software packages, especially GNU emacs and family,
which I have found to be of utmost use in typesetting this work.
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BibTEX explicitly recommends against the use of the Chicago style A for bibliogra-
phies.? Since I did use that style in the end, I feel a need to justify my decision. When
I read a paper, I like to get an idea of when a certain result being cited was achieved.
The plain style doesn’t allow for this easily, as it is annoying having to flip to the
reference section each time you have passed a citation. Also, I am told that although
real scientists don’t admit to it, most of us do unofficially build up knowledge about
the reputation of authors and would like to know if a result being cited is attributed to
a reputable author or not. Again, the plain style doesn’t allow for this easily. Perhaps
it is alright for a short paper as there aren’t too many references to wade through, but
in a dissertation such as this, I felt Chicago A would be most appropriate.
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A Koan about Prior Knowledges

In the days when Sussman was a novice, Minsky once came to him as he sat hacking

at the PDP-6.
“What are you doing?”, asked Minsky.
“I am training a randomly wired neural net to play Tic-Tac-Toe” Sussman replied.
“Why is the net wired randomly?”, asked Minsky.
“I do not want it to have any preconceptions of how to play”, Sussman said.
Minsky then shut his eyes.
“Why do you close your eyes?”, Sussman asked his teacher.
“So that the room will be empty.”
At that moment, Sussman was enlightened.

5Taken from The New Hackers Dictionary, 2nd ed., Compiled by Eric S Raymond, MIT
Press, Cambridge MA, 1994, p.475
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Chapter 1

Introduction

1.1 Statement

This dissertation examines the problem of determining distance measures be-
tween related natural languages and the possibility of solving it through the
application of information theoretic methods. The problem that is considered
is as follows. Suppose we have a set of languages which we can group into a
single family based on linguistic evidence. Suppose also, that we are given a
linguistic hypothesis that postulates an ancestral language, now possibly non-
existent, from which the given languages are said to have descended. Is there
any objective method by which we can tell how closely a selected language from
this family is related to its linguistic ancestor? A related problems is that of
choosing one of many postulated ancestral languages. Ideally, we would also like
to study the complexity of the process by which a daughter language evolved
from its parent by determining the amount of regularity or irregularity in this
evolution. What methods exist to make such facilities available to the inter-
ested linguist? In the following discussion, we look at the problem description

in more detail.



1.2 Linguistic Preliminaries

In this section we review some linguistic details that are relevant to this work.
Because of the interdisciplinary nature of this work, a brief description of lin-
guistic terms and concepts is provided here for the benefit of the reader not
acquainted with linguistic terminology. For more comprehensive explanations,
see Fromkin and Rodman (1983), Bright (1992), (Crowley 1987), Crowley et al.

(1995) or other such introductions to the field of linguistics.

1.2.1 Phones, Phonemes, Allophones and Morphemes

A phone is the unit of sound in a language. When we work with the individual
sounds in a language, we are said to be working with phones, or at the phonetic
level. The phonetic level is regarded as the most concrete level of analysis in
a language (Crowley et al. 1995, p.1). Although the human vocal apparatus
is capable of making a large number of phones, no language uses all possible
vocal sounds distinctively.

Phonemes are an abstraction over phones in a language. In contrast to
phones, phonemes are defined to be significant units of analysis which function
as units of sound in a language, i.e. phonemes are just the significant phones
in a particular language. Thus while phones can be defined independent of any
language, phonemes are specific to a given language. For example, the phones
[d] and [3] are distinct phonemes in the English language because they are
significant in differentiating between, say, the words day and they. However,
in Palauan, the language of Belau in Micronesia, this difference is insignificant,
since speakers may change from a [d]-sound to a [8]-sound without changing
the meaning of what they say (Crowley et al. 1995, p.2). So [d] and [3] belong
to the same phoneme in Palauan. We represent this phoneme simply as /d/
for convenience. The level of language dealing with phonemes is called the
phonemic or phonological level.

Phones are usually denoted with square brackets whereas phonemes are
denoted with slashes. So for example, we could say the phoneme /d/ in Palauan

consists of the two phones [d] and [8]. Phones which are thus associated with a



single phoneme are called allophones of this phoneme.

Sometimes allophones can be in free variation, meaning that the speakers
can use either of the allophones without altering the meaning of what they
wish to say. At other times, there are rules that govern which allophone of
a particular phone is to be used in which context. Rules that describe the
distribution of allophones for a given phoneme are called allophonic rules.

A morpheme is a larger unit of sound that is composed of one or more
phonemes. It can be said to be the smallest meaning-bearing unit of sound in
a language. In the English word non-magistrates, for example, there are three
morphemes: non, magistrate and s. The study of morphemes and the rules
which govern how they can be put together to form words in the language is
known as morphology. In this dissertation, we will, in general, not be concerned
with the morphological aspects of language. The Chinese forms which consti-
tute the linguistic data in this thesis are all mono-morphemic, i.e. each form

represents a single morpheme.

1.2.2 Contrast, Minimal Pairs and Distributions

Which phones in a particular language belong to the same phoneme? The
answer to this is found by looking for contrast within the distribution of phones
in the language. Two phones are said to contrast and therefore belong to
distinct phonemes if switching one for the other in a word changes the meaning
of that word. For example, in English, [v] and [f] contrast because van and fan
are two words meaning different things. A minimal pair is a pair of words in
a language which have different meanings but are phonetically identical except
for the phones in question. It is strong evidence of contrast. If even one minimal
pair can be found in a language, the phones that are different between them
can be classified as different phonemes.

A slightly weaker condition for classification into separate phonemes is the
existence of what are called sub-minimal pairs. These are pairs of words which
are different in meaning and are phonetically identical up to the immediate

environment in which the distinguishing phone is present. For example, the pair



consisting of that and thatch in English is a sub-minimal pair when attempting
to contrast the phonemes /3/ and /8/ because the immediate environment in
which the phones [8] and [8] occur is identical in both cases: /#___ 2 (word
initial positions followed by the vowel /a&/). A minimal pair for contrasting the
same phones is [i:0s] and [i:30] (ether and either).! An additional, or alternative,
argument for identifying phonemes, then, can be constructed on the basis of
several sub-minimal pairs in as-many structurally different word positions as

possible.

Two phones in a language are said to be in contrastive distribution if there
exists a minimal pair or sub-minimal pairs that contrasts them. On the other
hand, they are in complementary distribution if one phone is never found in
the environment of the other and and vice-versa. In Spanish, for example, the
phoneme /d/ is always pronounced as the fricative? [3] when it occurs between

vowels, but as the stop [d] everywhere else.

To sum up, we see that in English, there are two phonemes /d/ and /38/
as evidenced by the minimal pair ether and either. In Palauan, we have one
phoneme /d/ which is realised as either [d] or (8] in free variation (eg. [ditl] or
(0i:]], both meaning “nail”). Finally in Spanish there is again a single phoneme
/d/, which is, however, realised in complementary distribution — as [3] between
vowels, but as [d] elsewhere (eg. [dinero] “money” and [nada] “nothing”). The
existence of complementary distribution thus for two phones is strong evidence
that the two phones are actually allophones of a single phoneme whose pro-
nunciation is determined by its phonetic environment. More relevantly, the
existence of complementary distribution for two phones could be an indication

of their possible common ancestry as we shall see in the section 1.3

!Crowley et al. (1995, p.77), in fact, considers ether and either to constitute the only
minimal pair in contemporary English contrasting the phones [8] and [6]. Since thy is now
considered an archaic form, the minimal pair consisting of the words thy and thigh is not
recognised.

2Fricatives are sounds that are produced by almost, but not quite, stopping the air flow
through the oral cavity. As the air escapes during articulation, audible friction is heard, as
for example during the pronunciation of [v], [f], [s] or [h] in English.



1.2.3 Language Change

Since the publication of Ferdinand de Saussure’s book Course in General Lin-
guistics, linguists have generally considered that two kinds of changes — di-
achronic and synchronic — affect phonemes in a language. Diachronic phono-
logical changes are those that happen to a phoneme over a period of time as
the language evolves. Synchronic phonological-changes happen to a phoneme
as it is instanced in the spoken vocabulary and grammar of the language at
any one time. The distinction between diachronic and synchronic changes is
not just concerned with the greater or lesser extent of range of time within
which a language is being studied, but with the linguist’s attitude towards the
time dimension itself. In synchronic study the linguist does not consider time
as a factor at all and effectively considers the current state of the language
being studied to be ideally steady and unchanging. In diachronic linguistics a
sequence of successive synchronic states is studied and the changes that happen
to a language over time are inferred, analogous to the way a circle is inferred
by studying a vast number of points on its circumference (Bynon 1983, p.1-2).

Allophonic rules are synchronic in nature. The cumulative effect of di-
achronic changes over time and space to a language causes it to diversify, ini-
tially into dialects and eventually into one or more independent languages.?
It is known that diachronic changes are regular in nature and typically affect
whole families of phonemes.* Consequently it is possible to group together sev-
eral related diachronic changes resulting from the same kind of transformation
as instances of operation of a single rule. Such rules are called diachronic rules.
Diachronic rules that deal with phonemes in the language are called diachronic

phonological rules and their study is called diachronic phonology.

In contrast to synchronic rules, diachronic rules are always retrospective in

nature. It is possible to predict the outcome of an application of a synchronic

3This raises a question: When does a dialect cease to be part of the language it developed
from? In this the definition in Dyen et al. (1992, p.9) is followed — Two dialects (or idiolects)
belong to the same language if they are connected by a chain of pairs of mutually intelligible
dialects, without geographical constraints.

“ Allophonic rules also often apply to families of phonemes.



rule. But with diachronic rules, the aim is really to derive the rule from an
observation of the initial and resultant phonological forms of words (hereafter
referred to as simply forms). Sometimes, it is possible to postulate and re-
construct a hypothetical ancestor for a language or a group of languages by
studying similarities between them. This hypothetical language is called a pro-
tolanguage. A protolanguage is related to its descendants through a body of
diachronic rules. Forms in the offspring language should ideally be derivable
from corresponding forms in the protolanguage through the application of one
or more diachronic rules, except where borrowing has occurred.® One of the
main tasks of the historical linguist is to attempt to reconstruct this hypo-
thetical ancestor and explain how the descendant languages have reached their
present form by postulating diachronic rules (Bynon 1983, p.45).

In subsequent sections, we call the sequence of steps in obtaining the off-
spring form from the parent form a diachronic phonological derivation or, where
the context serves to disambiguate, simply a derivation. Linguistic forms in de-
scendant languages that have been thus derived from a common original form
in the protolanguage are called reflexes of this original form. These reflexes are

then said to be cognate with each other.

1.2.4 Bleeding and Feeding

Many sound changes are conditioned by the phonetic environment in which
they occur. Because of this, it is often possible not only to reconstruct the
sound changes themselves, but also the order in which they happened.

When the result of operation of a rule results in a phonetic environment
which triggers another rule to apply, the first rule is said to feed the second
rule. On the other hand, if a rule destroyed the phonetic environment for the
operation of another rule, then it is said to bleed the other. In the example in
Table 1.1 from Chen and Newman (1985, p.134) that derives the Modern Can-
tonese word for “mouth” from its ancestral form, the rule X-LABIALISATION

5It is, in fact, possible in the majority of cases to distinguish a native word in a language
from a borrowed or loan word. See for example Thieme (1964, p.590-591)



would labialise the /x/ in the environment of a labial vowel. But the DIPH-
THONGISATION rule bleeds it by operating earlier and removing the labial
environment. The “-” in this case indicates that the X-LABIALISATION rule

was prevented from applying.

mouth

khu Ancestral form

Xu SPIRANT

Xau DIPH

- X-LABIALISATION
hau X-WEAK

hau IO-FLIP
/hau/  Modern Cantonese form

Table 1.1: Example illustrating bleeding and feeding relationships among
phonological rules.

Likewise, the SPIRANT rule which converts an aspirated /k/ into an /x/
feeds the X-WEAK rule which converts an /x/ into an /h/.

1.3 Language Reconstruction

In the previous section, we discussed the term protolanguage and how it is
related to its descendants through a body of diachronic rules. Here we look
at how the protolanguage itself could be reconstructed in the absence of any
written records of it whatsoever. Two methods are widely used by linguists for
this purpose. They are known as the comparative method and the method of

internal reconstruction.

1.3.1 The Comparative Method

The idea of reqular sound correspondences is central to the comparative method.
When two languages exhibit a degree of similarity such that a certain phone
in one is always instanced as a certain (possibly different) phone in the other,
the correspondence between the two phones is called a regular correspondence.

Early historical linguists (belonging to the so called neogrammarian school)



claimed that language change is governed by the principle of the regularity of

sound change (Bynon 1983, p.25). That is,

e Sound change is independent of morphological, syntactic or semantic

properties of words and depends only upon their phonetic properties.

e Sound change is exceptionless, and affects all phones falling within its

scope.

Exceptions were in fact, initially found to this proposed regularity of sound cor-
respondences, but many of these exceptional phones were quickly discovered to
be due to extraneous factors such as analogical change, spelling, pronunciation
or borrowing (Crowley 1987, pp.129-135). The rest were found to be in com-
plementary distribution. Thus, the neogrammarians argued, a single rule could
still be held to apply ezceptionlessly, but its output would now be considered
conditioned by its operating environment. A single sound in the protolanguage
could have changed into more than one sound in a descendant language depend-
ing upon its conditioning environment. Such a change is called a conditioned
sound change. The result, invariably, is the production of sound sets in which
the sounds are in complementary distribution.

The comparative method, which originated in this neogrammarian school,
works by treating regular sound correspondences as reflexes of forms in the
protolanguage. It then postulates the reconstruction of these forms in the
protolanguage by working out which original form these reflexes could have
reasonably descended from. It seems that there is a great deal of leeway in
the process because of the use of the non-specific word “reasonably”. But in
fact the process is much more precise than the previous statement seems to
imply. To be sure, there is a component of guesswork involved in this recon-
struction, but Crowley (1987, p.89) calls it intelligent guesswork as opposed to
blind guesswork. Various factors are considered in the process of reconstruct-
ing proto-forms. Important among these are descriptive economy (Bynon 1983,
p.47), plausibility and elegance (Harms 1990, p.314), knowledge of what kinds
of linguistic changes are likely and what are unlikely (Crowley 1987, p.90), and



in the case of Chinese, insights of the “Chinese philological tradition” (Newman
1987). These heuristics help to address some of the criticisms levelled at the
neogrammarian model. Further, the reconstruction is a scientific hypothesis
much like any other scientific hypothesis and is amenable to empirical testing
where it is possible to find such data as would corroborate the claim (Thieme

1964, p.585).

1.3.2 Internal Reconstruction

The method of internal reconstruction is similar to the comparative method,
but reconstruction is now based on evidence within a single language, rather
than from several separate languages (Crowley 1987, p.149). Since it operates
with a much smaller inventory of data, it does not take us as far back in time as
the comparative method. Nevertheless, there are situations in which it is more
suitable, as for instance, in the case of linguistic isolates like Basque, which
have no known relatives.

It makes the assumption that language complexity increases with time due
to the accretion of features which place cognitive loads upon the speaker. It
also assumes that changes are more likely to happen at unprotected ends like
word boundaries rather than within words. Thus, for example, in the case of
Samoan, where present day transitive verbs have a variety of suffixes (-mia,
-sia, -tia, etc.), we can postulate a single suffix -ia in pre-Samoan and assume
the preceding cénsonant to actually be part of the reconstructed verb root (Ibid.
p-152).

As another example illustrating internal reconstruction, we could consider
the German singular forms (Ibid. p.154): /laut/, /bo:t/, /tatk/ and /hunt/
(“sound”, “boat”, “day” and “dog”), which have as plurals /laut-e/, /bo:t-
e/, /taig-e and /hund-e/ respectively. We note that some plurals have voiced
consonants where the corresponding roots in the singular forms had unvoiced
consonants. Since there is additional complexity involved in explaining this un-
expected correspondence, we _a,sspggg;that the plural roots represent the original

ones and that the singular roots had undergone change. We thus postulate the

9
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rule:

C — [-voiced] [/ ___ #

(@)
which devoices word-final voiced consonants.® The consonants in the plural

would have been protected from this rule by the presence of the plural suffix. )

1.4 Language Similarities and Relatedness

The idea that there exist common ancestries for today’s different languages is at
least as old as Trombetti (1905)’s L’unitd d’ origiene del linguaggio. However,
the idea of long range comparison between widely separated languages remains
contentious although this contention is challenged from time to time, for exam-
ple by Greenberg (1987) and more recently by Greenberg (1991), Shevoroshkin
and Ramer (1991) and Ruhlen (1991).

Some of the issues relating to this topic are covered in Austerlitz (1991) as
are some of the methodologies used. An idea common to many of them is the
derivation of a degree of relatedness between languages. Commonly, a similarity
or dissimilarity measure between languages is used as a rough guide to their
relatedness. An implicit assumption here is that more similar languages are
more strongly related to each other. This is by no means a proven fact, but
it serves as a reasonable heuristic in drawing up genetic relationships among
languages and subgrouping languages and language families. It is, of course,
possible that language similarities exist due to chance. But it is claimed that one
can estimate the degree of such chance similarities (Ringe 1992) and therefore
incorporate this into similarity measures derived otherwise.

Thus this dissertation is primarily concerned with finding such a dissimilar-
ity measure between languages, which for the first time, incorporates the com-
plexity of the protolanguage hypothesis into the distance measure. The method

was initially proposed in Raman and Patrick (1997c). Subsequent work which

5In other words, this removes the “voiced” feature from consonants which are in word final
positions. The notation followed in describing the rule is a somewhat “relaxed” form of the
notation in Chomsky and Halle (1968).
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we will discuss in the chapters to come involves modifications and refinements
to this basic methodology, an illustration of which can be found in Chapter 3.
Chapter 2 reviews some similar work in linguistics that has been pursued along

these lines for some decades now.
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Chapter 2

Quantitative Methods in

Historical Linguistics

2.1 Early Work

Mathematical methods seeking to quantify one or more aspects of languages
are not particulary new. Embleton (1991) describes many earlier approaches
along these lines. For example, in Kroeber and Chretien (1937) we find a
quantitative classification of Indo-European languages based on a technique
used in ethnography and physical anthropology. The degree of association, @,

between two languages L; and L, is given by

ad — be
V(a+b)(c+ d)(a+c)(b+d)

Q=

where a is the number of features exhibited by both, d is the number of features
exhibited by neither, b is the number of features exhibited by L; and not L and
¢ is the number of features exhibited by L, and not L,. The above formula is
called the tetrachoric correlation coefficient or Karl Pearson’s tetrachoric R. The
values of QQ thus computed allow us to rank the closeness of relationship between
L, and L,. Obviously, the presence or absence of the features under consider-
ation must be unambiguously decidable and it is of importance for statistical

significance that the features also be independent of each other. This, coupled
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with the additional problem of reconstructing features in the protolanguage in
order to determine the value of d, beset the method with practical and concep-
tual difficulties and other methods were suggested to overcome these problems.
Ross (1950), for example, describes a related technique, which doesn’t require

the parameter d in the tetrachoric correlation coefficient.

Hierarchical cluster analysis, a method popular in numerical taxonomy, has
also been applied, for example, in the classification of African Bantu languages
(Henrici 1973). This reconstructs a family tree for a set of languages based upon
the number of cognate and non-cognate items each has in a given word list. The
use of multidimensional scaling in this area has also been proposed (Dobson and
Black 1979; Black 1976). A common thread that links several of these methods
is the use of cognate counts to derive a degree of relatedness. Cognates are
words in two or more languages which have directly descended from a single
lexical item in the protolanguage (Bynon 1983, p.47). Since these techniques
employ the vocabulary of the language to derive similarity measures and employ
the lexicon of the language in one form or another, these are collectively called

lexicostatistical methods.

Lexicostatistics is the statistical study of vocabulary for historical infer-
ence. Although lexicostatistics tends to be often confused with a related field
called glottochronology, the two are essentially distinct fields. Glottochronol-
ogy, which is described in more detail in Section 2.2, is aimed at coming to
conclusions about the temporal relationships between languages. It may or
may not be lexicostatistical in nature. Since glottochronology based on rate of
change in sectors of language other than vocabulary (eg. syntax or phonology)
is conceivable, lexicostatistics and glottochronology are best conceived as inter-
secting fields (Hymes 1960, p.4). However, the most common applications of
glottochronology in the past, as well as its initial exposition have used language
vocabulary, and this is the source of confusion between the two. Thus, it could
be said that lexicostatistics and glottochronology are in principle intersecting
fields, but in practice, glottochronology tends to be a subset of lexicostatistics.

It should be remembered, also, that there are many lexicostatistical methods

13



which are strictly atemporal, for example those of Ellegard (1959) and Glea-
son (1959) which were not designed for coming to conclusions regarding the

chronologies of linguistic separations.

2.2 Glottochronology

Glottochronology is the study of rate of change in language, and the use of the
rate for historical inference, especially for estimation of time depths and the
use of such time depths to provide a pattern of internal relationships within a
language family. The technique itself was popularised by Morris Swadesh in the
early 1950s. Stimulated by the achievements of the radiocarbon dating tech-
nique in archaeology, Swadesh undertook studies of rate of vocabulary change.
In Swadesh (1952), he suggested that it was possible to date the separations
of languages by incorporating the idea of radioactive decay into the process of
vocabulary turnover. This initial exposition of the technique made it so popular
that it became perhaps the best known lexicostatistical method.

However, in spite of the occasional arguments in its favour, some as recent as
Rea (1990), glottochronology seems to have largely fallen into disrepute now,
but as expounded originally by Swadesh, it still remains one of the earliest
mathematical methods that attempted to date language separations with a
reasonable degree of success. It is noteworthy, however, that its origin goes
back much earlier than 1951. It is likely that Swadesh himself developed it

from a suggestion originally made by his teacher Edward Sapir:

The greater the degree of linguistic differentiation within a stock,
the greater is the time that must be assumed for the development

of such differentiation. (Sapir 1916)

Hymes (1971) traces anticipations of this technique even further back to
Captain J Dumont d’Urville (1790-1842), a French explorer who chanced to
come upon the work of a certain self-styled professor called Constantin Rafi-
nesque (1783-1840). d’Urville was part of a committee to decide the best paper

for a competition on the topic of “The origin of the Asiatic Negroes”. Rafinesque
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had mailed d’Urville a paper titled “Languages do not lie” and a subsection of

it outlined

a procedure by which to appreciate at a glance the diverse degrees of
identity and affinity that can be established between two languages,

of which a certain number of words common to both are known.

Here then, we have one of the earliest foretastes of the glottochronological tech-
nique. Its subsequent refinement by Swadesh had led to some degree of success
in dating language separations, which caught the attention of a good many
contemporary linguists. Sarah Gudchinsky, who has given one of the clear-
est expositions of glottochronology, hailed it as novel and useful (Gudchinsky

1956).

2.2.1 Description

Essentially, the glottochronology of Swadesh, as far as it concerns vocabulary,

makes the following basic assumptions (Swadesh 1951):

e Some parts of a vocabulary (core-words) change less rapidly than others

e The rate of replacement of words in this core-word list is constant through

time.

e The rate of loss of items from this list is the same for all languages.

Given these assumptions, it is reasonably easy to derive the relation in Lees

(1953):

;= log c
~ 2logr

where t is the time depth of separation in millenia, r is the rate of retention of
words in any core-word list (assumed constant at 85% per millenia) and c is the
percentage of common cognates in two given core-word lists. Such core-word
lists, which are necessary for the technique, have been variously compiled for a

number of languages. As proposed by Swadesh, the original word list was 200

15



items long.! But its length and contents have undergone significant revisions.
The idea behind using a core-word list is that items in this list are chosen to
include a so called basic vocabulary of the language, consisting of items that
are most likely to be native to it and least likely to be replaced by borrowing
and other haphazard events. We will not discuss this point further, but try to

clarify the basic technique by means of an example in Section 2.2.2.

2.2.2 Example

Let us assume that the five-word lists in Table 2.1 are used for English and

German: The English words four, I and sun in the table have cognates in

| English I German | Score
animal Tier X
four vier V4
head Kopf pes
I ich Vv
sun Sonne Vv

Table 2.1: An example illustrating common cognate scores for glottochronology.

German, but animal and head haven’t. To be sure, there might exist cognates
for those words also in German, but their meanings may have diverged since the
two languages separated — The list can only have words with a common origin
whose meanings also are the same. The score is based on the number of such
diverged words in a basic vocabulary for the two languages. In the example
being considered, we can see a 60% agreement in the two word lists — 3 out
of 5 words have cognates whose meanings haven’t changed. This allows us to

calculate
log 0.6

=2
2l0g0.85 107109

1t has been claimed that a list of 200 words is optimal for glottochronology since shorter
lists are clearly less accurate while longer lists tend to offer little increased accuracy in return
for much greater labour. See Ringe (1992, footnote, p.7) and Embleton (1986, pp.43-45,66-
67,89-93)
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or 1.572 millenia, i.e. German and English started diverging from each other
approximately 1572 years ago, around 425 AD! The example presented above
is contrived and small, but it sufficiently illustrates the basic principles behind
glottochronology and the procedure involved in coming to conclusions about
the time of separation of languages. Needless to say, glottochronology was con-
sidered a remarkable technique for a time, but its premises are not indisputable
and it has come under heavy criticism from many quarters (Chrétien 1962;

Hoijer 1956).

2.2.3 Criticisms of glottochronology

A devastating critique of its fundamental postulate of the universality of re-
placement rates, i.e. that the rate of change of items in the basic vocabulary
is the same for all languages, was published in Bergsland and Vogt (1962) and
Chrétien (1962) strongly criticised the mathematics originally examined by Lees
(1953). But several other approaches have been more forgiving, including Dyen
(1971) which sought to defend glottochronology against Chrétien (1962) in par-
ticular. More relevant to this work are criticisms levelled at the technique which
seek to modify one or more aspects of it to make it more acceptable. Among
these may be included Ellegard (1959), Gleason (1959) and Sankoff (1972) which
sought to modify the mathematics involved. Ultimately, this resulted in a re-
vised formula which incorporated stochasticity into the model and allowed for
chance cognation and borrowing into the test list. Embleton (1981) is also con-
cerned with incorporating borrowing of items into the original core-word list.
But glottochronology was now deviating more and more from its original sim-
ple formulation and it is noteworthy that Sankoff observed that more complex
models offered little or no predictive advantage over the simpler ones. Thus a
fallback to earlier proposals or the introduction of fundamental revisions was

inevitable.
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2.3 The Direction of This Thesis

The technique described in this dissertation, which is illustrated in Chapter 3,
overcomes the most significant objection levelled at glottochronology — that of
the non-universality of replacement rates — since a chronological thesis, if one
is made, will be based on a dissimilarity measure rather than on the total loss
from a core vocabulary. The other important contribution made by this method
is that of pioneering the use of phonological data to establish dissimilarity
measures, as opposed to lexical (which has been used most frequently uptil now),

2 Cheng (1982), for example, attempts to address

semantic or syntactic data.
exactly this topic, that of obtaining distance measures between related Chinese
dialects. However, he does this at the lexical level by using Karl Pearson’s
tetrachoric R on 905 words from a lexical dictionary called the Cihui (1964)
rather than at the phonological level.

An argument can also be made that phonetic or phonological dissimilarity
measures, being the least abstract of all, could give the most realistic results.
Unfortunately, studies in this direction have been relatively rare. Two such
works which should be mentioned are Grimes and Agard (1959) and Hsieh
(1973), both of which are, however, constrained by the use of lexicostatistical
methodology. In fairness to existing methods, it must be noted that many other
existing methods for obtaining dissimilarity measures are in fact applicable to
non-lexical data for deriving non-lexical measures. In practice, though, they
have been constrained by a preoccupation with the lexicon as well as by the
unavailability of phonological data.? Hopefully, the phonological data developed
in this project should provide fresh input to those methods and revive their

application to the problem area in future research.

Indeed, semantic similarity, which is usually necessary for the identification of cognates
in Indo-European languages, is not even relevant in the case of the Chinese languages we are
concerned with in this project because cognates can be visually identified in Chinese languages
due to a common ideographic writing system stretching back over 3 millenia (Streeter 1977,
p-103).

3This was also pointed out by Dr Sheila Embleton, York University, Toronto in a personal
communication: Comment on using a phonological dissimilarity measure. In email correspon-
dence dt. 9 Oct 1994.
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Chapter 3

Similarity Measures — An

Example

3.1 Overview

Suppose we want to encode the degree of relatedness between a parent language
L; and a daughter language Ly, one method will be as follows: we consider a
message encoding two sets of words - W1 and W5, one from each language. Let
the words in each set be {z; --- z,} and {y; - - - y»}. Where a derivation d; exists
between x; and y;, it will be possible to code y; simply as d; with a flag indicating
the fact that it is coded as a derivation. If the derivation d; occurs sufficiently
frequently, as is the case with regular correspondences, then it can be coded
concisely and the resultant encoding of the two word sets will be smaller than if
the actual words were specified. Thus, the conciseness of coding W; and W; will
be indicative of the degree of relatedness between L; and L;. Alternately, as
is done in this chapter, a Probabilistic Finite State Automaton (PFSA) could
be constructed that encodes these sequences of derivations. These are state
determined machines which have stochastic transition functions. If this is the
case, then the size of the minimal description of this PFSA would be indicative
of the distance between the parent and daughter languages. Chapter 5 describes
PFSA in more detail. For now it will suffice to note that there is a method

by which we can, from the data, construct what are called canonical PFSA
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which are direct encodings of the data, make generalisations to the structure as
represented by them, and compute the size of describing such PFSA minimally.
For consistency with the terminology from later chapters, we will call the length
of their description the MML or Minimum Message Length of PFSA.

In comparing closeness between the languages in two or more language pairs,
the length of the message encoding the words in the parents will cancel out pro-
vided the same set of words is used. Thus the significant factor in comparison
will only be the derivations where they exist and the actual words in the daugh-
ter language where derivations could not be found.

The following two examples demonstrate the application of the method to
the two language pairs, Later North-West Germanic and Old Frisian and Later
North-West Germanic and Old High German. In the following sections, Later
North-West Germanic is referred to as *LNWG, Old Frisian as OF and Old
High German as OHG for brevity. The “*” in “*LNWG” indicates its special
(protolanguage) status. The *LNWG, OHG and OF words and the rules for
deriving them are all taken from Voyles (1992) which is hereafter referred to as
Voyles92. The reason that Voyles92 in particular was chosen for the protoforms
and diachronic rules was because it contained a reasonably coherent and self
contained set of derivations. It was originally intended to use a hypothetical
language to illustrate the methodology, but later on, it was decided to pick a
random sample of words from Voyles92 so the example would at the very least
look realistic. However, it must be stressed that no general conclusion can be
drawn from any results derived in this chapter because the sample is inadequate
and unrepresentative of the actual proportion of phonological categories in the
languages. The data is thus best treated as fictional, intended purely to illus-
trate the methodology at this stage, although with modifications, corrections

and expansion, it may produce more significant results.

3.2 Modelling *LNWG to OF

Table 3.1 lists a number of diachronic phonological rules that apply to Later

North-West Germanic words of about 400 A.D. to derive corresponding Old
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Frisian words of about 1200 A.D. The rule numbering used by Voyles92 is
retained. The numbering in the table may not be sequential as only the rules
that are actually used in the example have been given. Each rule label is
followed by the corresponding rule’s number, its name as given by Voyles92,
and then the statement of the actual rule. In the occasional event when no
rule in Voyles92 was found to account for a change that was found necessary,
a tentative one was created as a stop-gap measure. Such rules are designated
with lower-case labels (a, b, c, etc.). The table is only intended as a rough

guide. See Volyes92 for a more comprehensive discussion of each.

Label | No. Name Rule

A o o d tod —

D 714 |atoo (@ +str] = &

E 7115 z-dele 240 /__##

G 717 |atoe [a +str] -+ e /closed syllable

H1 7.1.8 | ai/au change aiEu-E oL fapen-iyllable

H2 7.1.8 ai/au change &ov—+'a] & =&/ Ci(:)ici-closed-syllable
H3 7.1.8 | ai/au change ai - #/closed syllable

H4 7.1.8 | ai/au change & & /__x,p.bm or w

H5 7.1.8 | ai/au change Fe

11 7.1.9 | i/j umlaut [V +str+low] — [-bk.-low] /__Gi().j

12 7.1.9 | i/j umlaut [V +str] — [-bk, -low] /__Ci(:), i

I3 7.1.9 | i/j umlaut a(o()u(t) = e (@), e (&), i(:) /__Ci(:), j
14 7.1.9 | i/j umlaut a(s), o(1)u(t) = e T /__Ci(3):i

J 7.1.10 | Palatalization k= cog—j/##_ [Vibk]

L 7.1.12 | Unstr.short.V dele | [v -long -str -nasal] — @ /C [__-high]##
N 7.1.14 | Unstr.V short [V +long -str -nasal] -+ [-long] /__##

R 7.1.18 | Obstr.Voi/Devoi [C + obs +cont] — [-voi] /__[-voi or ##]
M 7.1.25 | n-dele opt. n = @ /[V -str]__##

Z 7.1.26 | r-metathesis r [V 4str] =+ [V 4str] r /C __[C +coronal or xC]
a = (ad hoc - 1) (E5r=ts]) S)el/epen]eAlable

b - (ad hoc - 2) 5 & /__##

c - (ad hoc - 3) —

d - (ad hoc - 4) i

Table 3.1: Diachronic rules for converting *LNWG — OF.

The rules in Table 3.1 were used to derive OF forms for about 20 *LNWG
words. The *LNWG and OF words, with their English translation, and the
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sequence of rules deriving each OF word from the corresponding *LNWG word
is given in Table 3.2. Initially, it was assumed that the derivations were more
likely to be correct if the words chosen were from the Swadesh basic vocabulary
list for the languages. However, it was pointed out by Dr Peter Christian of
Goldsmith’s College, London, who reviewed this work before its publication
in Raman and Patrick (1997c) that whether or not the words come from the
Swadesh list is irrelevant. What the Swadesh list guarantees is only that the
words in it are less likely to be semantically different from their cognates. The
method described here only needs a list of words in one language and their
cognates in another, regardless of their semantic differentiation. For instance,
if the word “dog” was part of Swadesh’s basic vocabulary, the pair of words
dog and hund which are not cognates, would be listed for English and German.
However, since semantic agreement is irrelevant to this work, we could use the
pair hound and hund instead which are indeed cognates. Thus they would
have a common ancestor in a protolanguage from which we can trace their

development.

The sequences of diachronic rules that are applied to the *LNWG words
to transform them into OF words are given in the column labeled Path in
Table 3.2. Colons separate the individual rules in each sequence. A colon by
itself indicates that no diachronic rule was applied to derive the final form from
the initial. Obviously, the order of application of rules is significant in the
determination of the paths. The order set out in Voyles92 has been followed
wherever possible. Where such an order was not specified, the rules are applied

in the order they appeared in the work.

A Probabilistic Finite State Automaton (PFSA) derived from the above
data is given in Figure 3.1. It can be interpreted as a graphical representation
of the evolution of words in OF from *LNWG. The labels on the arcs indicate
the rules that were applied in transiting from one state to another. Their
frequencies are indicated in superscript font above the symbol, except when
there is more than one symbol on an arc, in which case the frequencies are

“wn~n

denoted by the superscript marker . Exclamation marks (“!”) indicate arcs
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| No. | English | *LNWG | OF | Path |
1 father fadder feder A:a:
2 moon meno mona | D:b:Y:N:
3 stone stainaz stén E:H1:L:H2:
4 staff stab stef G
5 field akker ekker | G:
6 lamb lamb lamb :
7 night naxt naxt
8 apple appel appel |:
9 bone bain ben H3:H2:
10 tree baum bam H1:H2:
11 bed badja bed I1:d:L:L:
12 gap klufti kleft [2:13:14:L:
13 skin huadi hed 12:13:14:L:
14 power maxti maxt | L:
15 day daga dei J:L:G:d:
16 guest jesti jest L:
17 word wordu word L:
18 brother | brofer broder | R:
19 man man man :
20 grass gres gers Z:

Table 3.2: The sequences of diachronic rules to derive 20 words from *LNWG
to OF.

on delimiter symbols to state 0 from the state they superscript.

3.3 Modelling *LNWG to OHG

As in the previous section, Table 3.3 lists the diachronic phonological rules
that were used in deriving words in the Eastern Franconian dialect of Old High
German dating from about 830 A.D. from the Later North-West Germanic of
about 400 A.D.

Table 3.4 shows the derivation of the 20 OHG words from the corresponding
reconstructed *LNWG words. As before, the sequences of diachronic rules that
are applied to each *LNWG word to transform it into OHG is given in the
column labelled Path and colons separate individual rules within each sequence.

The PFSA derived from the data in Table 3.4 is shown in Figure 3.2. It can
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[ Label | No. [ Name | Rule

A 9.1.1 d tod 4+ d
C 9.1.3 | ai/au changes aiau 2 F,5
D 9.14 | Str.e/o-to-ie/uo (&, & +atr] — ie, uo
E 9.1.5 z-dele 2 = 0 /[V, -str]__## or
[V -bk +str]__[+obs]
F 9.1.6 Unstr.short V dele | (v -iong -str -nas] -+ @ /__[-highl##
I 9.1.9 Unstr V short [V +long -str -nas] — [-long] /__##
J 9.1.10 | WG Gem C = CC (C # r, 8,z) /[V -long or -str]__j
Pt -+pp,tt /[V -long] __ lorr
k — kk /[V -long] __rorw
K 9.1.11 | 2nd SS (G Jobarcont -voiiFasp) — pfiitz /o
Jor C [__-bk]
[C +obs -cont -voi +asp] — ff, zz, xx /V __
L 9.1.12 | i/j umlaut [V +low +bk -long +str] — [low -bk)/__Ci(:),j
O 9.1.15 b, g to b, g bg— b, g
P 9.1.16 |[d to t di— t /__#in geminationy[+gonrevoc]_ Vi
opt.V___[+son] or opt.##__
T 9.1.20 | j toi j+i/C_V
\%Y 9.123 | qtod 60— d /opt.##__or obligatory
a - (ad hoc - 1) (B-str] = &
b - (ad hoc - 2) e-+a
c - (ad hoc - 3) e u
d - (ad hoc - 4) i-g

Table 3.3: Diachronic rules for converting *LNWG — OHG.

be interpreted as a graphical representation of the evolution of words in OHG
from *LNWG. See the discussion regarding Figure 3.1 at the end of Section 3.2

for a fuller description of the symbols used.

3.4 Discussion

In the examples using Old Frisian, Old High German, and reconstructed Later
North-West Germanic, we see that the length of a message to describe hypoth-
esis to explain the derivation of 20 words from *LNWG to OF is 314.67 bits,
whereas that required to explain a similar derivation from *LNWG to OHG is
only 301.84 bits. The message lengths thus computed represent the complex-

ity of the derivation process. There are intuitive grounds for believing that it

24



[ No. [ English [ *OHG [ OF [ Path
1 father | fader fater A:P:

2 moon meno mano a:L:b:

3 stone stainaz | stein E:.C.F:D:
4 staff stab stab O:

5 field akker akkar b:

6 lamb lamb lamb -

7 night naxt naxt :

8 apple appel apful K:c:

9 bone bain bein C:D:

10 tree baum boum (OFIDX
11 bed badja betti L:T:F:P:J:
12 gap klufti kluft F:

13 skin hudi hat F:P:
14 power maxti maxt F:

15 day daga tage F:P:0O:
16 guest Jesti gast F:b:d:
17 word wordu | wort F:

18 brother | broeer | bruoder | W:

19 man man man 3

20 grass gres gras O:b:

Table 3.4: The sequences of diachronic rules to derive 20 words from *LNWG
to OHG.

will be less complex to derive words between languages that are close to each
other than between those that are distant. Thus a greater message length could

indicate a greater dissimilarity between the two languages.

In the example given in this chapter, it happens that the computed mes-
sage lengths are also consistent with the chronological order of separation of
these languages from *LNWG as the OF words we used date from around 1200
A.D. and the OHG words from around 830 A.D. But we can draw no spe-
cific conclusion based on this small test sample because the words used were
purely for the purposes of illustrating our method. Also, we cannot make a
claim about the extent of chronological separation between the two languages.
Whether there is a functional dependence between an MML of a PFSA and
the amount of time the daughter language has been separated from its parent

is questionable and needs to be addressed separately. This chapter has, how-
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ever, described a framework within which sensible numeric figures indicative of

language (dis)similarities can be derived.

The message lengths given are for what we could call canonical PFSA which
directly encode a representation of the data in the Path columns of Tables 3.2
and 3.4. It is possible to make generalisations of these PFSA (for example,
by merging states which have mostly similar outputs) and infer more general
structures. The details of this are left till later chapters as is a discussion of
the linguistic significance of such reduced PFSA. But generalisations of the two

canonical PFSA are nevertheless presented here in Figures 3.3 and 3.4.

In each case, we see savings of about 50 bits in describing the generalised
PFSA as compared to the canonical ones. In a following chapter, we discuss
the possible significance of such savings and its implication for the linguistic

hypothesis.

In this example, as in the rest of the dissertation, The Minimum Message
Length (MML) method due to Wallace and Georgeff (1984) has been used
to compute the size of PFSA. As explained in Chapter 5, MML is a quantized
version of Bayesian inference. So everything that uses MML has a corresponding
probabilistic interpretation: It is also important from the MML point of view
to incorporate prior knowledge into the hypothesis as much as possible. In the
case of the PFSA in this example, much caution has been exercised in the use
of priors. In particular, no priors on the distribution of diachronic rules have
been used that were not explicitly given by Voyles92. Doing so would be taking
liberties with the linguistic data as made available to this project. The data
that was used did not contain information that specified the probabilities of
the various rules applying at each state. Thus, the message length computation
assumes a uniform prior (equiprobable rules to start with), which may not be
true, but is at least linguistically plausible. However, should such probabilities
become available in the future, it would be a simple matter of incorporating

them into the present framework.

A final point needs to be made regarding the motivation for the additional

sophistication embodied in this method as compared to, say, a more simplistic
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phonological approach like a distance measure based on a simple summation of
the number of proposed rules. Our method not only gives a measure dependent
on the number of rules, but also on the inter-relationship between them, or the
regularity present in the whole phonology. A lower value indicates the presence
of greater regularity in the derivation process. As a case in point, we may look
at two closely related dialects, which have the same number of rules in their
phonology from a common parent. It may be the case that one has diverged
more by losing more of its original structure. As in the method of internal
reconstruction, if we assume that the complexity of a language increases with
time due to the presence of residual forms (Crowley 1987, p.150-153), the PFSA
derived for the more distant language will have a greater MML than the other,
thereby measuring dissimilarity or distance.

In later chapters, we will discuss the application of this method, albeit with
some modifications, to construct PFSA for measuring the development of some
2700 forms in Modern Cantonese and Modern Beijing! from their reconstructed

forms in the protolanguage — Simplified Middle Chinese.

!Modern Beijing was formerly called the Peking dialect of Mandarin.
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Figure 3.1: Canonical PFSA representing the derivation of 20 *LNWG words
into OF.
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*LNWG -> OHG
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Figure 3.2: Canonical PFSA representing the derivation of 20 *LNWG words
into OHG.
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MML =263.41 bits

Figure 3.3: A generalisation of the PFSA in Figure 3.1 (*LNWG>OF).

30




MML = 252.26 bits

Figure 3.4: A generalisation of the PFSA in Figure 3.2 (*LNWG>OHG).
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Chapter 4

Data Collection

4.1 Introduction

This chapter discusses the procedure undertaken to collect the linguistic data
for analysis. A brief and informal discussion about the original source of data,
its reliability and the motivation for using it is first presented. An overview
of Matthew Chen’s hypothesis concerning Simplified Middle Chinese (SMC)
reconstruction is then given, followed by an outline of Matthew Chen’s and John
Newman’s proposals for the diachronic phonology between SMC and Modern
Beijing (MB) and Modern Cantonese (MC). In the following sections, Chen76
is used to refer to the Chen (1976) hypothesis for the diachronic phonology —
*SMC>MB. CN84 is used to refer to the Chen and Newman (1984a, 1984b,
1985) hypothesis — *SMC>MC. A brief overview of the Relative Chronologies
(RC) in Chen76 and CN84 is then given. Finally the procedure by which Chen76
and CN84 were used to produce and modify the raw data into a form directly

usable in this project is described.

4.2 Original Sources and Reliability

In his book Chinese, Norman (1988, p.42), states

Chinese historical phonology hitherto has been the study of the

development of the various stages of the literary language as codified
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in traditional dictionaries.

Indeed, all scholarly work in historical Chinese phonology ultimately derives
from the rhyming and pronouncing dictionary Qie yun, a single work compiled
in AD 601 by a small group of scholars aiming at providing a guide to the proper
recitation of literary texts (Arendrup 1994, p.523). The Qie yun mentions
various earlier rhyming dictionaries in its preface, but they all seem to have
been eclipsed by Qie yun’s status and prominence. The person principally
responsible for its compilation seems to have been the poet Lu Fayan (Norman

1988, p.24).

4.2.1 The Qie yun

The Qie yun, which is considered for all practical purposes identical to and thus
the primary source for the Middle Chinese language (Norman 1988, p.24,40ff)
records the pronunciation of Chinese characters arranged by tone and rhyme.
It is said to have made the innovation called fan gie or ‘reverse cut’, by means
of which pronunciation of words without homophones could be specified. The
fan qgie is a method by which a syllable is broken down into its component parts
— the initial consonant and the syllable final elements with the tone — and
the pronunciation of each is given by citing a known syllable in which it occurs
(Wang and Asher 1994, p.526). An example in English would be that of saying
that the initial of life is pronounced the same way as in light and the final the
same way as in wife. The scheme itself and its interesting history is discussed in
more detail in three recent publications — Yiming (1990), Jianing (1990) and
Wen (1995).

The exact nature of the language the Qie yun represents is the subject of
some controversy. Bernhard Karlgren, one of the earliest and most prominent
Western scholars of Chinese linguistics, held that it represented the language
of the Sui dynasty capital, Changan (Karlgren 1954, p.212). However, most
Chinese linguists of the present time accept Zhou Zumo’s view (Zumo 1963)
that it represents a compromise between the the literary pronunciation of north

and south of that time (Norman 1988, p.24).
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4.2.2 Reliability

One thing certain, though, is that the Qie yun represents the literary com-
ponents of the language rather than popular ones. Popular forms are those
which go back in an unbroken line to the protolanguage, while literary forms
are those that at some point had ceased to be living words in the language
(Norman 1988, p.41). In this, popular forms must be distinguished from col-
loquial forms, which refers to their contemporary status. The popular/literary
distinction is of a historical nature, whereas colloquial refers more to synchronic
usage. It is also incorrect to say that popular forms are those literary forms
that have survived to the present day because literary forms may have ceased
to exist at some point in the past, yet survived to the present day because
of revival from texts, perhaps more than once. Thus a form in current usage
might still be considered literary, just as Latin forms in contemporary English

are considered literary.

The Qie yun, unfortunately however, makes no distinction between popular
and literary forms. In fact, it does not even reflect the spoken language at the
time it was written, but was an attempt to codify the proper pronunciation of
words that were fast becoming literary. The express intention of Yan Zhitui, one
of the principal advisers to Lu Fayen in the compilation of the Qie yun, in fact,
was that his “children and grandchildren should speak correctly” (Pulleyblank
1984, p.60), presumably using literary forms and the Qie yun was a step towards
ensuring this.

But just how reliable would such a base be for work in historical phonol-
ogy? Opinion on this matter is clearly divided. Norman (1988, p.42) seems to
advocate that a “reconstruction of the ancestor of spoken (popular) forms of
Chinese, working backwards from present spoken dialects...would avoid much of
the artificiality which plagues the traditional approach,” a proposal that is also
welcomed in Newman (1996, p.110, note 2). It must be remembered, however,
that reconstructed forms in Chinese are a result of both combining insights
of the Chinese philological tradition and the comparative method in modern

linguistics (Newman 1987). Indeed, Newman (1996, p.93) states:
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The weight of the tradition is such that it would take an extremely

brave (or arrogant) researcher to dismiss the philological evidence.

Miller (1975), on the other hand, had mounted a vicious attack on all tra-
ditional methods in Chinese linguistics. He describes them as “highly eclectic”
and even tainted by “mystical speculation” (Norman 1988, p.40) although these
are not the only grounds on which he condemns them. Chang (1974) maintains
the extreme possibility that the phonology embodied in the Qie yun represents
the sum of all distinctions in one dialect known to the compilers rather than a
dialect that can be considered standard in some sense.

Pulleyblank (1970) himself, a prominent sinologist, had criticised the tra-
ditional approach in 1970, but in 1984, he seemed more forgiving. Reporting

from the work of Zumo (1963), he says:

...there is no basis for such exaggerated scepticism [towards Qie yun|.
...[It] represents a standard of correct speech common to the edu-
cated classes of north and south China in the sixth century. In
other words, it was a cultivated “Mandarin”, not narrowly based
on a single regional dialect but representing a norm which those in

both parts of the country could aim at (Pulleyblank 1984, p.129).

Under these circumstances, an exclusive reliance on the Qie yun or its
derivatives as a base for ongoing research in historical Chinese phonology seems
justified, if only by the absence of any other equally authoritative source. A
significant component of the data used in this study is thus ultimately based
on the Qie yun — the Middle Chinese reconstructed forms as interpreted, pho-
netically, by Chen76. The remaining data is derived using diachronic rules that
give forms in two modern Chinese dialects from these reconstructions. The next

section discusses this in more detail.

4.3 Zihut and DOC

The raw data used in this project comes from the Pronouncing Dictionary of

Chinese Dialects, compiled by the Beijing University, referred to here as Zihus
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(1962). This is a comparative dialectological dictionary which records, in mod-
ified IPA (called DOCIPA), the pronunciation of 2714 characters in seventeen
Chinese dialects covering all the major dialect groups in mainland China. In
addition to the pronunciation in contemporary Chinese dialects, the Zihui also
gives information on how each morpheme was pronounced in Middle Chinese.
The data for this comes from the Qie yun and the data for the dialects from

the 1956-58 dialect survey undertaken by the Government of China.
The Zihut itself was published in 1962. All the data in Zihu: has since

been computerised under the direction of William S-Y. Wang at the University
of California, Berkeley. This resulted in the DOC, ‘Dictionary On Computer’,
from which we have easy access to a large amount of comparative information
and statistics.! Streeter (1977) gives a comprehensive description of the DOC
and its contents. An informal and fascinating account of the development of

the DOC between 1966 and 1993 at Berkeley is given by Cheng (1994a).

The DOC seeded prolific research in historical and comparative Chinese
linguistics, some even before its completion. Reports of many of these were
published as interim progress reports of the phonology laboratory at Berkeley,
titled MIMs or Monthly Internal Memorandums; see (Cheng 1994a, p.73) and
Streeter (1977, p.102ff) for an account of these. But more importantly, the data
in DOC has continued to be useful and viable up till today. Recent studies in
Chinese phonology that have used the DOC, other than Chen76, CN84 or the
present work include Newman (1994) which attempts to explain the unexpected
occurrence of the high front rounded vocalic reflex — y in Wenzhou and New-
man (1996) which is an account of exceptions where the Chinese philological
tradition took precedence over the comparative method of modern linguistics

in Middle Chinese reconstruction.

In 1989, a second edition of the Zihui was published. There have been

some corrections to errors in the first edition and also some significant updates

!The DOC also indicates for each entry whether it is a literary or non-literary pronunciation
in the dialect concerned. In the case of the Beijing and Cantonese data, there are very few
instances of a literary/non-literary distinction (less than 10 in 2714). In such cases non-literary
versions have been chosen for this project.
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— information about 3 more dialects has been included and the number of
Chinese characters used as the basis for the transcription has increased from
2722 to 2961.2 However, its electronic mirror in the DOC has yet to catch
up. Meanwhile, studies that have required a computerised database such as the
DOC have used mainly the first edition, and those that didn’t have used the
second. This study uses DOC93 which is the 1993 edition of DOC based on the

first edition of Zihui.

4.4 Motivation

Why was the method of this thesis applied to the Chinese language family as
opposed to, say, the Indo-European or Austronesian families? This question
is begging to be asked, especially since the example in Chapter 3 illustrated
the method by its application to the Germanic family of languages. In fact,
the original intention was to continue work within the Germanic family. To
this end, the possibility of collaborative work was investigated with Professor
Joseph Voyles of the department of Germanics, University of Washingon, Seat-
tle. Voyles himself welcomed the idea after having read a preliminary version
of Raman and Patrick (1997c).> However, practical difficulties in this collabo-
ration soon surfaced since he did not have access to the Internet and all cor-
respondence had to be routed via the postal system. Besides, the data for the
Germanic family was rather limited in quantity. Although the Voyles hypoth-
esis of diachronic phonology between early and later Germanic languages was
available, an authoritative corpus of data, namely a significant number of recon-
structed *LNWG forms and their corresponding attestations in later Germanic,
to which the hypothesis could be applied was lacking. These could no doubt
have been constructed through collaboration with Voyles, but inevitable delays

in correspondence through the postal system introduced difficulties. Thus this

2Only 2714 of the 2722 forms stated to be represented were actually available for study in
this project because of the absence of the corresponding reconstructed Middle Chinese forms
in the Zihui.

3Personal communication with Professor Joseph Voyles: Correspondence regarding possible
collaboration, in Letter dt. 12 Sep 1994.
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option was given low priority.

One other option investigated was the use of a hypothetical language espe-
cially designed to test the proposed methodology. While this has the advantage
of being easy and uncontroversial, the results would have been uninteresting
and of little use, nor would they be verifiable against present linguistic knowl-
edge. The data would be purely illustrative and serve no other purpose. This
had already been done using the artificially small Germanic dataset in Chap-
ter 3. At this point, it was decided to use the Chinese data which was available
through John Newman at Massey University’s Department of Linguistics and
Second Language Teaching.

Why wasn’t the Chinese data used to start with? Initially, before the
methodology had taken shape, it had not yet been decided whether the method
was to be purely illustrative or was to be applied to real data. Besides, at that
point, the amount of data that would be needed had not been estimated, and
it was assumed that a small sample of reconstructed words would be sufficient.
While an awareness at that time of the availability of the Chinese data and pos-
sibility of using it was present, the investment in time and effort in learning the
diachronic rules and their relative chronology coupled with the then unknown
agreeability of this project among contemporary linguists elsewhere seemed to
outweigh the advantages of using a real dataset. It was only after some initial
work had been done and a preliminary publication had generated favorable sug-
gestions from reviewers that it became apparent the method required a large
corpus of data in order to produce significant results.

Besides the ready availability of a large corpus of this data at a local site in

electronic format?, its use for this project had the following other advantages:

e Availability of a large and authoritative corpus of data (the Zihui) covering

a wide variety of sounds in various phonological contexts.

4The SMC reconstructions of the DOC forms, the IPA transcriptions of the SMC, Beijing
and Cantonese forms and the English meanings of the characters had all been entered into a
FilemakerPro database on an Apple Macintosh by Dr John Newman. It was initially exported
using a Macintosh scripting language into Microsoft Excel. But since it was tedious to edit it
using Excel, it was migrated into an ASCII IXTEX table, where it currently resides.
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e Availability of a set of diachronic laws from a single reconstruction to two

descendants presented in comparable format (Chen76 and CN84).

e Easy accessibility for discussion of one of the authors of the CN84 hy-

pothesis, namely John Newman.

Although the Zihui has these advantages, it is not free of problems. How-
ever, it was decided to use it for this study as its shortcomings were far out-

weighed by the advantages of using it. Newman (1994, p.334) states:

Admittedly the Zihus has its limitations: it is not as comprehensive
as one would like it to be nor does it include age and gender differ-
ences. Nevertheless, it is a solid database which allows some quan-
tification of historical changes and enables easy comparison with

other Chinese dialects.

In the following sections, a further aspect of the motivation for using this
data is presented — namely, the availability of a simplified reconstruction of
Middle Chinese based on the Zihui with a comparable relative chronology for

Modern Beijing and Modern Cantonese.

4.5 Chen76 and CN84

Chen76 and CN84 both give diachronic phonologies, the former for the Beijing
dialect (on which standard Mandarin is based) and the latter for Modern Can-
tonese. Obviously, the diachrony presupposes the existence of a protolanguage
and in both cases, the protolanguage is Middle Chinese. More precisely, it is
the language of the Qie yun — (QMC). Although the phonetic representation
of Middle Chinese categories is available through the Qie yun and described in
Li (1952), the representation used in this dissertation is a simplification of it by
Matthew Chen in Chen76 called Simplified Middle Chinese (SMC). The reason
for this is that SMC is claimed to take the most conservative position amongst
the many one could take with regard to the Middle Chinese of Qie yun “consist-

ing of a subset of phonological categories that constitute the non-controversial
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core of present knowledge about it” (Chen76 p.129). It is in fact identical to
the QMC of Li as far as the initials and tones are concerned. SMC and QMC
are only different in the finals, and that too only in some categories which are
distinct in QMC, but have been collapsed in SMC. Furthermore, the distinction
is tentative, as Chen76 is open to reintroducing contrast as and when a need
arises.

In addition to the SMC reconstruction in Chen76, which CN84 also uses as a
starting point for diachrony, the following enhancements to traditional Chinese
phonology is made by them. At the time of publication of Chen76, Hashimoto
(1965) was perhaps the only serious study in the phonological evolution between
Middle Chinese and Mandarin. Although Pulleyblank also addressed the issue
in 1984, he seems to have devoted just one short chapter to it (Pulleyblank
1984, ch.2, pp.41-59) and that too does not address the issues raised by Chen76
(p-115). Chen76 seems to be the only definitive attempt in this direction. The

specific inadequacies of the earlier phonologies that Chen76 states are:

e No attempt was made to generalise what could be classed as general sound

changes.

e No relative chronology was supplied and thus rules were unordered with

respect to each other.

e Therewas a failure to capture the greater picture from the smaller changes
that were happening to individual categories. For example, seemingly
disparate groups of vowel changes could actually be pieced together as

in a jigsaw puzzle into a movement that Chen76 calls “The Great Vowel

Shift’

e There was excessive preoccupation with descriptive formalism, especially

in Hashimoto (1965).

A similar criticism is made by CN84 against Hashimoto (1972) in connection
with Modern Cantonese. Thus, with these re-engineering tasks to accomplish,

Chen76 and CN84 propose new diachronic phonologies for modern Beijing and
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Cantonese. This includes a Relative Chronology (RC) for each which is dis-

cussed in the following section.

4.6 Relative Chronology (RC)

The RCs depend on bleeding and feeding relationships between diachronic rules.
If a rule consistently feeds another, for example, then the feeding rule is chrono-
logically ordered before the fed rule. Since sound correspondences in comple-
mentary distribution undergo non-intersecting development except for the ori-
gin, there are obviously sets of rules that bear neither bleeding nor feeding
relationships to each other. These rules are grouped together. Based on such
considerations, Chen76 and CN84 proposed a tier structured RC where rules
are grouped horizontally into tiers and the tiers themselves are arranged ver-
tically. In the RC for Mandarin represented diagrammatically in Figure 4.1,
there are 6 tiers. A rule belonging to a higher tier (lower numbered) may not

apply after a rule in any one of the lower tiers has applied. The diagram comes

Tier 1 T2-merge i Retrof-1 Labdnt  Fricaa  Y-spl ~ G4-mg
L U\ 15| 13, 14 !
6! ‘ '
|
Tier 2 Tigplit 2 U-ins se(u)

i

Tier 4 A-merge

Tier$

Tier6 U-ins(b)

Figure 4.1: Chen76 Relative Chronology for *SMC>MB.

from Chen76 (p.247) and that paper should be consulted for an explanation
of all the labels, but some minor changes to the rule names have been made

to get the diagram to fit within the A4 paper in a reasonable sized font. The
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original diagram was in landscape mode and thus much bigger. However, the
names that have been used are similar enough to the ones used by Chen to
avoid any confusion. Lines between the rule names indicate bleeding/feeding
relationships. The numbers labelling the lines are the numbers assigned to
the particular RCs and are used to index into the Chen76 RC (pp.220-246)
to locate further discussion about specific bleeding or feeding relationships and
justifications for particular orderings.

A minor correction needs to be made to the original diagram with regard
to the ordering of the rule PROCOPE. It has a definite bleeding relationship
with the rule SHARP, since SHARP requires a velar or glottal initial environ-
ment to operate which PROCOPE would delete if it applied first. Since there
were a significant number of forms in which SHARP seemed to have applied
before PROCOPE, PROCOPE was shifted down to tier 4 from tier 3 and the
appropriate modification was made to the phonology.® This change is reflected

in the diagram in Figure 4.2.

Tier 1 T2-merge Aspir ic  1-Del Reuof-l Labdnt  Fricat  Y-spl Apical . Diph(i Diph(u)
1s! 13 14 -
|

11
ik PN
Tier 2 Tizgplit X in

Tier 3

Tier 4

TierS

Tier6 U-ins(b)

Figure 4.2: Chen76 Modified Relative Chronology for *SMC>MB: RC25
(SHARP > PROCOPE) orders SHARP before PROCOPE.

For Cantonese, CN84 proposes 8 tiers. The RC for Cantonese phonology is

®Personal communication with John Newman: Comment on diachronic bleeding and feed-
ing relationships, in Discussion dt. Aug 96.
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represented diagrammatically in Figure 4.3. See CN84 for an explanation of all
the terms used. Again, some rule names have been slightly changed, but not
enough to confuse the reader. The other details concerning the lines and their

labels are similar as for Chen76, only they apply to CN84 instead.

Tier 1 T2-merge *Glide
\ e
Tier2 Aspir ‘
Tier 3 0 \
\ 18 '
<\
Tier 4 i Rnd-adj(a) g Retrol
I 27 /
Tier$ - Rnd-adj(b) -Hi
10
7
28
Tier6 Fusion Rime
/’\
28

2
Tier? Acute Unglide Breakic)

n
Tier8 ng-racope Deret

f

Figure 4.3: CN84 Relative Chronology for *SMC>MC.

For a description of the actual rules and the RCs themselves, see Chen76 and
CN84. In Table 4.1 a typical example from Chen76 (p.222) is given. Two words
in Modern Beijing — soldier and ezample, are derived from their corresponding
SMC forms alongside each other. Column 3 lists the rules that apply to the
initial and intermediate forms. Each form starts off in SMC and undergoes a
series of rule applications, and finally emerges as the Modern Beijing form. A
dash in one of the first two columns indicates that the corresponding rule in
column 3 didn’t apply at that point. This could be significant as the rule, if it
applied, could have changed the final output by bleeding a later rule.

The ordering of rules is critical to the final output. This specific example was
chosen for a purpose. It allows for the explanation of an unusual phenomenon

in the RC with respect to what are called Phonotactic Conditions (PCs) which
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soldier example

pian *liai *SMC

- liei RAISE(I-UMLAUT(b))
= liii RAISE(I-UMLAUT(c))
- lii *DEGEMIN

- li *DEGEMIN

piain - VOCAL

piaip - FUSION

piep - COALESCE

piap - *CHAMEL

pip - *RIMEMIC

/pin/ /1i/ Modern Beijing

Table 4.1: An example of the Relative Chronology in operation.

is discussed in the next section. In the example, following the convention in
Chen76, PCs are marked off with an asterisk to set them apart from the regular
phonological rules, which Chen76 calls P-rules. This is to be distinguished from

the usual asterisk marker for SMC words which indicates their protoform status.

4.7 Phonotactic Conditions and Allophonic rules

The constitution of a syllable in Chinese is governed by a set of sequential and
distributional rules. Chen76 calls these rules Phonotactic Conditions or PCs.
These are brought about by the constraints imposed on forms by the nature of
the language itself at that point in time.

In contrast to Phonological rules (P-rules), which represent specific innova-
tions at a given point in time, Phonotactic Conditions (PCs) characterise one
or another aspect of a more or less stable intermediate state (Chen76, p.220,
emphasis mine). They differ significantly from the P-rules with regard to their
mode of operation. Also, a PC must enter a language and fade out of the lan-
guage at a given moment in its history. They are brought about by the way
that the language is implicitly realised. In this they are more like phonotactic
constraints than conditions, because if a context arises for the application of a

PC and the PC is currently in force, it must apply.
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In the example used in the previous section, *DEGEMIN is a typical ex-
ample of a PC. Neither SMC nor Modern Beijing permit geminate (repeated)
vowels or consonants. Thus a PC inhibits their viability. As soon as a situation
is realised where such a repetition occurs, the PC *DEGEMIN will apply to
whittle the sequence down. In the example, this is seen in the instance of “liii”
where the geminate “i” was generated by the -UMLAUT P-rules. One further
obvious fact from the previous example is that PCs can apply iteratively.

In general, PCs have no feeding or bleeding relationships with P-rules. Thus
they are unordered with respect to P-rules and are, strictly speaking, not part
of the RC. However, Chen76 names just two PCs which are the exception to this
rule for Mandarin — *CHAMEL (Chameleon vowel) and *PAL-DISM (Palatal
Dissimilation), which both, according to him are late rules which must have
arisen in post-Middle Chinese times. *CHAMEL says in effect, that there is
only one mid-vowel phoneme /a/ with contextually predictable allophones. Its

mode of operation is summarised in Table 4.2.

3k

So|li u c Key
S1 S1 = preceding segment

Ly |- o 0 e |S,=following segment

u e - 0 o |P =labial consonant

P e o 9 o | C = Any other consonant
Ci# |e o o ¥ |# = word/syllable boundary

Table 4.2: Allophones of 9; Operation of the *CHAMEL PC.

Since this is only true of a 5-vowel system like that of Mandarin, it obviously
could not have been a PC applicable to SMC which was an 8-vowel system, with
contrast between the three mid-vowels /e, o, o/. *PAL-DISM causes the de-
palatalisation of a palatal onglide in the environment of a palatal final. Thus in
the previous example, *PAL-DISM could not have applied before either RAISE
or VOCAL because it would have bled them, both of which operate only in
the environment of a palatal onglide. This is the justification for Chen76 RC2
which incidentally is unrepresented in Figure 4.1. There are no corresponding

exceptions with regard to PCs in CN84 although Modern Cantonese does have
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tighter constraints due to it being strictly trisegmental.®

In view of these circumstances, PC’s have been treated as follows: They have
been considered applicable at arbitrary places (except, of course, *CHAMEL
and *PAL-DISM) and are treated as part of the diachronic derivation pro-
cess. Thus, the sequence of rules deriving Beijing i from SMC *liai would
be “raise(I-umlaut(b)):raise-(I-umlaut(c)):*degemin:*degemin:” where lower-
case labels have been used for readability. For deriving Beijing piy from SMC

4

*piari the sequence would be “vocal:fusion:coalesce:*chamel:*rimemic:” where
again, lower case labels are used.”

As regards the special status of *PAL-DISM and *CHAMEL, the follow-
ing decision was made. They are ordered as late as possible in the derivation
process within the constraints of feeding and bleeding relationships. Also, wher-
ever it is possible to successfully apply *CHAMEL as the last rule, it is treated
effectively as an allophonic rule because that is presumably its main function
in Modern Beijing. What exactly constitutes an allophonic rule and when an
allophonic rule ceases to be considered synchronic and becomes part of the
diachronic phonology seems rather unclear in historical linguistics. Since it
is beyond the scope of the present dissertation to examine this issue in any
detail, a procedural decision was made to order all allophonic rules in the de-
scendant forms (be they Cantonese or Beijing) as far as possible at the end
of the derivation process. The only exceptions to this are when bleeding and
feeding relationships between them and P-rules prevent this. In such a case,
the embedded application of allophonic rules is considered exceptional. Both

these decisions bear significance because two levels of dissimilarity measures

are provided, one including allophonic detail and one not. This issue will be

Syllables in other dialects and the reconstructed Middle Chinese can have up to four
segments. This is discussed in greater detail in Newman (1987).

"These sequences are now in a form suitable for direct processing by the PFSA construction
and manipulation programs made available with this dissertation. These need rule labels
separated by colons. A colon at the end of a line denotes the end of the derivation process and
indicates that the final form had been reached. The programs accept input in either upper or
lower case, but downcased rule names have been used to make the sequences more readable.
Also, to keep lengths of lines representing rule sequences manageable, the actual rule names
have been abbreviated, sometimes slightly more than in the Figures 4.1 and 4.3, but still not
short enough to cause confusion.
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revisited in a following section and in a later chapter.

4.8 Automatic Derivations

Deriving Cantonese and Beijing forms for each of the 2714 SMC forms in the
Zihui was one of the most time consuming operations in the project. The
derivations were prepared by hand for each of the 2714 forms and entered into
a file for further processing. The obvious question that springs to mind at this
point, however, is regarding why the process wasn’t automated. Presumably,
since there are clear-cut notions of contexts where each rule can and can’t apply,
and there is a body of Relative Chronology to aid the process of deciding which
rule to use, it should have been easy to automate the whole process.

The answer to this is two-fold. Firstly, the original data, as available to this
project was not given in the form of distinctive features per segment. The rules
themselves, however, depend largely on the features exhibited by the individual

segments. For example, the *PAL-DISM PC is stated as:

[+high + palatal] (V) [+high + palatal]

A’
[—palatal]

meaning that the medial onglide, which is both high and palatal is to be de-
palatalised if it is followed by a vowel and a similarly high and palatal segment.
To change the Zihui database so that it lists each form in terms of its seg-
mental features would have been a major undertaking and in many ways, more
cumbersome than deriving each form separately.

The more important reason as to why the process wasn’t automated, how-
ever, is the likelihood of exceptional derivations which is discussed in the fol-

lowing section.

4.9 Dealing with Exceptions

It should be noted that neither the CN84 nor the Chen76 RC is entirely bind-

ing. There are exceptions to them in the derivations of some forms (eg. CN84,
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p.349 — reversal of usual order of LABIAL DISSIMILATION and LENGTH).
One reason for the occasional conflicts between the philological and linguistic
approaches in reconstructing protoforms is the “dominance of a long and ven-
erable philological tradition within the Chinese culture” (Newman 1996, p.92)
that was discussed in Section 4.2.1. When linguistic reconstruction of a form
using the comparative method conflicts with Chinese philological evidence, the
latter form is usually adopted and an exception introduced into the diachronic

derivation process.

Such exceptions also bear significance in the results obtained. A large num-
ber of unpredictable exceptions to the linguistic hypothesis will contribute to
a greater complexity in the diachronic phonology. If we assume that these ex-
ceptions are a result of residual forms being left behind in a language, then
one could say that the complexity of a language increases with time due to the
presence of such residual forms and exceptions (Crowley 1987, p.150-153). The
PFSA derived for the more distant language will have a greater MML than
the other. If on the other hand, one subscribes to the wave theory of linguistic
change and assumes that exceptions are caused by a change that has swept over
part of a geographic region, and is yet to affect phonemes completely in other
parts, then a greater MML would indicate quite the opposite since a completed

linguistic change is considered to achieve uniformity of application.

The problem surfaces for any work that needs to utilise a reconstruction
comprehensively because the exceptions have not been accounted for by any
of the popular reconstructions, including the two that this dissertation is con-
cerned with — Chen76 and CN84. Whatever the reasons for these exceptions,
and whatever their significance may be, it remains that they pose some prob-
lems to this project. They must be dealt with and incorporated somehow into
the framework of deriving distance measures. Besides the obvious problem of
deciding how to deal with them, they constitute a reason for being unable to
automate the process of generating derivations, since the entire output of an
automatic derivation process will have to be checked for exceptions anyway.

The following subsections discuss the most common types of exceptions and
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the decisions made towards addressing them.

4.9.1 Exceptions to the RC

Consistentency with the RC proposed in Chen76 and CN84 has been main-
tained as far as possible. For the most part, violations to them are viewed as
serious exceptions. Thus if Rule A is ordered before Rule B in the RC, but
is required to apply after Rule B in a specific instance under consideration, it
is made an exceptional application of Rule A, denoted by “[A]”. Such excep-
tional rules are considered distinct from their normal forms. The sequence of
rules deriving Beijing tou from SMC *to (“all”), for example, is given as “t1-
split:raise-u:diphthong-u:chamel:”. However, “diphthong-u” is ordered before
“raise-u” in the RC. It is thus made an exceptional application and the rule

sequence is given instead as “t1-split:raise-u:[diphthong-u]:chamel.”.

4.9.2 Undocumented Changes

There are also exceptional phonological changes not accounted for by CN84
or Chen76. In these cases, a new rule is formed in consultation with John
Newman representing the change that took place, and it is denoted in square
brackets to show its exceptional status. Related exeptions are grouped together
as a single exceptional rule. For example, Tone-4 in SMC only changes to
Tone-1a or Tone-2 in Beijing when the form has a voiceless initial. However,
for the SMC form *niat (“pinch with fingers”) in Tone-4, the corresponding
Beijing form is nie in Tone-la. Since the n-initial is voiced, the t4-tripart rule
is considered to apply exceptionally. The complete rule sequence is thus denoted
by “raise-i:apocope:chamel:[t4]:” where the “[t4]” exceptional rule covers cases
when Tone-4 in SMC unexpectedly changed into Tone-1a or Tone-2 in Beijing

in the absence of a voiceless initial.

4.9.3 Unapplied Rules

It also needs to be mentioned that there are a few cases where an environment

for the application of a rule existed, but the rule itself did not apply although
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it was required to by the CN84 or Chen76 hypothesis. This would constitute
an exception again. The details of how to handle this situation more accurately
are left as a topic for future work, but we try to account for it here by applying
a special rule ['A] where the ‘" is meant to indicate that the rule A didn’t
apply when it ought to have. As an example, we may consider the derivation
of Modern Cantonese hap(Tone 4a) from SMC *k*ap(Tone 4) (“exactly”). The
sequence of rules deriving the MC form is “t4-split:spirant:x-weak:”. However,
since the environment is appropriate (voiceless initial) for the application of
a further rule, AC-split, which should apply after t4-split had applied, the
non-application of this additonal rule is specified as an exception. Thus, “t4-

split:spirant:x-weak:[!AC-split]:” is the actual rule sequence used.

In general, the following conventions in representing and treating exceptions
have been followed as far as possible: Exceptional rules are always denoted
in square brackets. They are considered excluded from the RC and thus are
consistently ordered at the end of the rest of the derivation process wherever

possible.

The most frequent exception thus encountered in the data was the unex-
pected occurrence of Tone A in a Modern Cantonese form, where the corre-
sponding SMC form had a voiced initial. CN84’s TONE-SPLIT rule (CN84-
I, p.165) predicts Tone B in such Cantonese forms. This exception occurs in 90
of the 2714 forms, approximately 3.28% of the total sample. It is noteworthy
that it is sometimes possible to avoid exceptions such as this by violating the
RC — in this case, by ordering the DEVOICE rule before the TONE-SPLIT
rule, but from the preceding discussion, even this would constitute an exception.

So either way there is a penalty to pay for describing this change.

In the few cases that exceptions have a feeding or bleeding relationship to
other rules, they are ordered in-line with the other P-rules. In some cases, a
derivation may be composed of two or more rule sequences, within each of which
rules may be ordered, but the sequences themselves neither bleed nor feed one
another within the context of the word being derived. Here again, an attempt

to be consistent is made by ordering the earlier rules before later ones.
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4.10 Status of Allophonic Changes

A final detail concerns the status of allophonic changes in the phonology. The
derivation process is actually two-stage, comprising a diachronic phase during
which phonological changes take place in the vocabulary and a synchronic phase
during which phonological changes are automatically realised in it. Changes
caused by Cantonese or Beijing Phonotactic Constraints (PCs) are treated as
allophonic rules and fall into the synchronic category, whereas PCs applying to
earlier forms are treated inline with the P-rules.

Allophonic rules present a minor problem. There is some confusion con-
cerning their exact classification. In Chen76 and CN84, they are not really
considered part of the historical derivation process. Yet, the environment for
the application of a diachronic rule is sometimes produced by an allophonic
rule. Such feeding relationships between allophonic and diachronic rules make
the classification of those allophonic rules difficult. Table 4.3 gives an exam-
ple from Chen76 (p.227) of the CHAMEL PC feeding the DERET rule which

de-retroflexes an initial followed by a schwa.

duty

tsac  *SMC

tsaic VOCAL, FUSION
tsek COALESCE

tsok  *CHAMEL

tssk  DERET

tsa APOCOPE

tsx *CHAMEL

/ts¥/ Modern Beijing

Table 4.3: An example of an allophonic rule in feeding relationship with a
diachronic rule.

The only rule considered allophonic in Beijing is the *CHAMEL PC. Its
treatment has been discussed already. For Cantonese, CN84 has included two
allophonic rules within its RC under bleeding and feeding relationships with
P-rules. These are the BREAK-C and Y-FUSE rules. In these cases, every in-

stance of their application within the diachronic phonology has been treated as
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an exception, effectively elevating these exceptions to the status of diachronic
rules. In other cases, as with other allophonic rules, they are always ordered af-
ter all the diachronic rules. Since the problem regarding the status of allophonic
rules in general is properly in the domain of historical linguists, it is beyond
the scope of this work. It was thus decided to provide two complexity measures
— one including allophonic detail and one excluding all allophonic detail not

required for the derivation process.?

The Cantonese and Beijing forms in the
data corpus, however, are shown including the effect of various allophonic rules.
The rule-sequences themselves are segregated into two separate columns, the

first for diachronic and the second for allophonic (see appendices D and C).

4.11 Consistency of Presented Data

If results from the two sets of data dealing with the phonologies of Modern
Beijing and Cantonese respectively are to be commensurable, they must reflect
the development of the language up to the same period in time. Besides, they
must also include the same level of linguistic detail. Furthermore, the presented
data must be consistent with any adjustments made to achieve commensura-
bility in order to be easily followed in conjunction with the discussions in this
dissertation.

The data in Appendices C and D are given in tabular form with 9 columns
each, listing for a given SMC form: its page number (col 1) and column (2) in
the original Zihut, the corresponding Chinese character (3), its reconstructed
SMC form (sans asterisk marker) in IPA (4) and tone (5), its Modern Beijing
or Cantonese form in IPA (6) and its tone (7), the colon separated sequence
of P-rules (including exceptions) that derive the stated modern form from its
protoform (8), and finally a colon separated sequence of allophonic rules (A-
rules) that are used for the phonetic realisation of the form in present day usage
(9). It is the rule sequences in columns 8 and 9 which constitute the final data

for this project. They are used as input to the programs that generate PFSA

8See a further discussion of this point in the Section 4.11.
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and it is the MMLs of these PFSA which signify distance measures. Table 4.4
is a short extract from the Appendix D to illustrate the way in which the data

has been presented.

[pg [ co [ ch smc | tn | mc [ tn | Diachronic Allophonic |
24 9 4 duat 4 tyt 4b t-split:devoi:round round-adjidegem:acute
25 1 %* tua 2 to 2a | t-split:round:unglide

Table 4.4: An extract from Appendix D to illustrate the actual presentation of
the data.

For representing tones (columns 4 and 7), the notation in Chen76 is used
(which uses the symbols *T1-*T4 for SMC tones and uses splits A, B, and C
within these) rather than the notation of Chao (1930). Besides, we can not
know just what the tones were, phonetically, in SMC. Hence *T1-*T4 would
be a more cautious way of representing the tones.® If the data is to be processed
with allophonic detail, then the derivation sequences in columns 8 and 9 are
concatenated for each row. If allophonic detail is not required, then column 9
is simply ignored.

The decision to present two levels of distance measures (pre and post allo-
phonic forms) was made relatively late in the project. Earlier, it was decided
to represent the data in column 5 sans allophonic detail since the realised forms
could be contextually predicted. This posed a problem because of the somewhat
volatile status of allophonic rules in each of the two phonologies. In particular,
some allophonic rules have been treated as diachronic rules by some authors.
As a case in point we could consider the GLIDE-INSERT rule from CN84 (I,
p.163). There is evidence to classify it as allophonic in the common Hanyu-
pinyin representations of /u/ and /i/ in Beijing which are written as wu and ys.
CN84, however, treats it as significant in the RC when deriving modern Can-

tonese forms from SMC. Pulleyblank (1984, p.43) and Krachtovil (1968, p.32),

9The representations of tonal categories used in the historical phonology of Chinese must
be distinguished from the representations used in modern Chinese languages, especially in
books aiming to teach a person to speak one of the modern languages. For example, many
books for learning Mandarin frequently talk about tones 1, 2, 3 and 4. But these are not to
be confused with tones 1, 2, 3 and 4 of SMC. They correspond to the tones la, 1b, 2 and 3 in
the historical tradition.
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on the other hand, consider comparable facts in Standard Beijing as part of
allophonic detail. Similarly, Chen76 does not include any discussion of glides in
[wu] and [ji] in his account of the history of Beijing. Thus there is a discrepancy
in the scale of change considered for the two sets of derivations in this project
— where the historical development of standard Beijing forms stops at [u] and
[i], we find corresponding Cantonese forms go on to become [wu] and (ji].

If we took the two datasets as they stood, they would have been incom-
mensurable since allophonic detail was considered to be part of the rule-sets
in Cantonese but not in Beijing. The solution was then to either exclude the
allophonic rule details from the former or include it in the latter. Since it was
found that there were several Cantonese reflexes in the data which had already
accounted for other allophonic rules (CN84 III p.128), and reversing their effects
would have been an awkward process, the latter option was adopted. Besides,
if the former option had been chosen, the derivation sequence will seem not to
account for the exact reflex represented in the data as the derivation process
would have gone all the way, (in column 9) including allophonic detail, but
the representation would have stopped short. Thus the data presented in the

appendices include allophonic detail in both MC and MB forms.
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Chapter 5

The MML Principle

5.1 Modelling Inductive Hypotheses

The example in Chapter 3 shows that the problem posed in this thesis involves
the modelling of an inductive hypothesis derived from a finite sample of word
transformations. This chapter discusses just how such inductive hypotheses
may be modelled and how the cost of describing them may be computed. To
do this, we first consider the nature of hypotheses in general. An inductive
hypothesis can be said to be an abstraction over a set of observations. The
problem of abstracting such a structure (a pattern of occurrence) from a given
set of observations is “ancient and fundamental” (Gaines 1976), “but the process
itself has undergone little conceptual change in centuries.” The abstraction, in

general, consists of two parts, (Georgeff and Wallace 1984):
e A statement of the hypothesis itself encoded in a suitable language
and
e A specification of the data given this hypothesis

Under normal circumstances, the data specification part is dominated by ex-
ceptions to the hypothesis because confirmations, which are already implicit
in the hypothesis, can typically be stated succinctly. It may be that the hy-

pothesis is accurate and that there are no exceptions to it in which case the
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data specification part will be very concise. In general, a good hypothesis will

minimise the second component of the abstraction.

One of the ways in which the hypothesis can be stated is as a list of the prob-
abilities of occurence of each data item. The data items can then be specified
using these probabilities, assigning the shortest code to the most probable data
item and the longest code to the least probable one. Assuming that the sym-
bols representing the data item are encoded using an alphabet with n unique
symbols, information theory guidelines suggest that the optimal codelength for
a symbol representing data item : is — log,, p; bits where p; is the probability of
occurrence of the ith symbol (Shannon and Weaver 1963). Huffman encoding,
(Huffman 1952; Gallager 1968), achieves this in practice with a prefix code over
a binary alphabet. A code has the prefix property if the encoded symbols are
self-delimiting. This is important so that the codes can be unambiguously dis-
cerned from a stream of concatenated encodings. The fact that —log,, p; may
not always be a whole number means that there will always be some redundancy
as the length of the code will have to be rounded away from zero. However,
this is not a major concern in coding as other coding schemes, notably arith-
metic coding (Witten et al. 1987) allow us to achieve this theoretical optimum

per-symbol length.

A variation of this approach encodes the abstraction in the form of a Proba-
bilistic Finite State Automaton (PFSA). A PFSA is a state determined machine
with a stochastic transition function. That is, moves from one state to another
are governed by probabilities. Gaines (1971) adopted this approach with re-
gard to the problem of developing a behavioral account of human behaviour.
This was further developed by Wallace and Georgeff (1984) who looked at the
general problem of inferring a structure for a PFSA from a given string with

zero or more embedded delimiters.

PFSA, in general, can code any hypothesis that can be coded using our ear-
lier scheme, but somewhat more intuitively. To see how, consider the following
scenario. Four events A, B, C and D are observed to occur in that order a large

number of times, say n > 1. Eventually, a biased observer — it is important
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that some kind of bias exist (Hanson 1958) for an inductive hypothesis to take
shape — will begin to form a generalisation about the environment in which
these events occur and the generalisation is then formally stated. Let us see
how the hypothesis may be coded using each scheme. Since temporal infor-
mation allows us to capture the sequence of occurrence of the four events, the
sequence itself can be viewed as a single event, say X. This is a result of Shan-
non’s noiseless coding theorem (Abramson 1963) which allows us to improve
coding efficiency by grouping source symbols where such grouping information
is available. X being the only event known to occur, it will now be assigned
the shortest code, say Cj, in accordance with Huffman (1952). Thus the hy-
pothesis specification will code the probability of occurrence of X and the data
specification will be n repetitions of this code, which will be concise as C; is

small. The entire abstraction will look as in Figure 5.1

Hypothesis
C: = ABCD
Data
Ci
G

Ci (n times)

Figure 5.1: An encoding of 4 events (ABCD)™.

Suppose now, that the sequence was disturbed abruptly by the sudden oc-
currence of an unexpected event B’ after the mth A (m < n), which is followed
by C and D.! Assuming that our coding algorithm dictates that the sequence
A,B’,C,D be viewed as a single event Y and assigned a code C5 longer than C1,
the abstraction will now look as in Figure 5.2 which will be longer than the size
of the first explanation as |C2| > |Ci|. The sizes of C; and C; in this hypoth-

esis are determined by the probabilites of occurrences of the event sequences

!Note that this is not the only kind of exception that could exist for a theory. Quinlan (1993,
p.52), for instance, notes two classes of exceptions in classifying rules — positive examples not
predicted by the hypothesis (commissions) and negative examples predicted by the hypothesis
(omissions).
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A,B,C,D and A,B’,C,D respectively. Accordingly, C; is logn — log(n — 1) sym-
bols long and C> is logn symbols long where the base of the logarithm is the

number of unique symbols in the alphabet.

Hypothesis
C; = ABCD
C, = AB'CD
Data
G

Cs
Ci

Ci

Figure 5.2: An coding of the 4 (ABCD)" with an exception B’

If we decided to code the hypothesis explaining the first data set as a PFSA,
we would construct a state determined machine (see Figure 5.3) which simulates
the sequence of occurrence of the events A, B, Cand D, in that order. We would
consider a five state machine, in which event A takes it from state 0 to 1, event B
takes it from 1 to 2 and so on. Also, we would specify the transition probabilities
for each symbol. We could do this indirectly by specifying the frequencies of
occurrences of the symbols, as the probabilites are directly computable given

the frequencies of all outgoing transitions from a state.

OaOnO50m0

Figure 5.3: The events (ABCD)" encoded in the form of a PFSA.

A PFSA can also be represented as a set of 4-tuples (S1, Sy, M, P) where
51,52 € S, a finite set of states, M € %, a finite set of output symbols, and
0 < P <1 is the probability of transiting on M from S; to S,. Alterna-

tively, P € W, in which case it stands for the frequency of transitions on M
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in that 4-tuple. {(0,1,A4,n),(1,2,B,n),(2,3,C,n),(3,4,D,n)} would be an
ASCII representation of the PFSA just considered. With the anomalous event
B’, a PFSA encoding would be as in Figure 5.4.

@"‘* OO

Figure 5.4: The events (ABCD)™ with exception B’ encoded in the form of a
PFSA.

¢

The number of states of the automaton has not increased in this case, but
this may not always be so. The extra transition from state 1 to 2 accounts
for the anomalous event B’. The ASCII representation of this PFSA will be
{(0,1,A4,n),(1,2,B,1),(1,2,B,n—1),(2,3,C,n), (3,4, D,n)} which is slightly

longer than the previous one.

5.2 Information Measures and MML codes

At this stage, it is worth pointing out that every set of observations has at
least one hypothesis purporting to explain it. As proof of this statement, we
may consider the trivial null theory which claims to explain any given data
set, which however has as exceptions to it all the observed data and no confir-
mations whatsoever. Thus the problem of modelling an inductive hypothesis
from a body of data really becomes one of choosing between competing models.
Georgeff and Wallace (1984) proposes the Minimum Message Length (MML)
principle to help make such a decision. It states that the most preferred the-
ory to form is that with the highest posterior probability or, equivalently, that
theory which maximises the product of the prior probability of the theory with
the probability of the data occurring in light of that theory (Oliver and Hand
1994; Cheeseman 1993). Quantitatively, this is the same as saying that the best

theory for explaining a set of data is one which minimises the sum of
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e the description length of the hypothesis and
e the description length of the data when encoded using this hypothesis.

This is justified thus: Let T be a theory with prior probability p(T') purporting
to explain data D. The posterior probability of the theory T in light of the
data, p(T'|D), is given by

p(TD) _ p(T)p(D|T)

PTIDY =25y =~ o)

by application of Bayes’ theorem. Since we wish to choose T, we prefer that
choice which maximises p(T'|D) and therefore p(T).p(D|T), D and p(D) be-
ing given. Also, since logz is a monotonically increasing convex function in
z, maximising the posterior probability p(T|D) is equivalent to minimising
—logp(T) — logp(D|T). Information theory tells us that the optimum code
length for a symbol of probability p is —logp. Consequently, maximising the
posterior probability of T can be interpreted as minimising the length of the
message encoding it. Hence the name minimum message length principle for
thus choosing a theory. The technique has its origins in Wallace and Boulton
(1969) where it is fairly obvious that the MML criterion is being considered as a
general purpose inductive tool. But Wallace and Freeman (1987) and Rissanen
(1987) are more explicit expositions of the principle. Even earlier, Solomonoff
(1964a), Kolmogorov (1965) and Chaitin (1966) had already looked at the prob-
lem of obtaining complexity measures for descriptions and Solomonoff (1964b,
p-20) had suggested its use in choosing between rival inductive hypotheses.
The MML principle has been applied with some success in Patrick (1978)
to choose between proposed shapes of the Megalithic stone geometries in the
British Isles. Muggleton et al. (1991) uses the similar Minimum Description
Length (MDL) principle of Rissanen (1978) within the framework of Inductive
Logic programming and Quinlan and Rivest (1989) apply it to infer decision
trees. Wallace and Patrick (1993) correct a derivation error in the latter paper
and apply the MML criterion to the decision tree inference problem. A program

for classification (SNOB) has also been developed that implements an MML
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technique for discovering class structure (Patrick 1991; Wallace 1990; Wallace
and Boulton 1968; Wallace 1986; Wallace and Dowe 1994).

Other applications of the MML principle in the past include the analysis of
behaviour of players in an Australian rules football game (Patrick and Chong
1987), pattern matching in DNA strings (Allison et al. 1990b; Allison and Yee
1990; Allison et al. 1990a; Allison et al. 1992; Milosavljevic et al. 1990), seg-
menting of DNA into stuctural and functional elements (Babcock et al. 1990),
evolutionary tree reconstruction (Cheeseman and Kanefsky 1990), detection of
features in data that are useless for theory-formation (Sheinvald et al. 1990),
parameter estimation in a multivariate Gaussian model (Wallace and Freeman
1992) and estimation of the concentration parameter in the von Mises distribu-
tion (Wallace and Dowe 1993).

More recently, the principle of minimal length encoding for inference has
found renewed application in inferring Decision Graphs (Oliver 1993), Reduced
Ordered Decision Graphs (Oliveira and Vincentelli 1995; Oliveira and Vincen-
telli 1996), evaluating rulesets (Cleary et al. 1996), causal discovery (Wallace
et al. 1996), evaluation of alternative inductive theories (Conklin and Wit-
ten 1994; Pfahringer 1995), in conjunction with genetic algorithms in evolving
classification graphs (Neil and Korb 1996) and inducing finite automata (Clel-
land and Newlands 1994; Clelland 1995), substructure discovery (Cook and
Holder 1994; Djoko 1994) and deriving computer program complexity measures

(Patrick 1996).

5.3 MML, Bayesianism and MDL

The MML methodology has its roots in classical Bayesianism. There is enough
commonality between the two that people often tend to confuse them. How-
ever, it is worth bearing in mind that there are differences between them too.
While the posterior probability of any one particular model is not the focus
of the Bayesian approach, it is of the MML approach. The Bayesian frame-
work is geared towards constructing a posterior density over all possible models,

whereas the MML framework is designed to select one model over all competing
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ones. This is discussed in greater detail in Oliver and Baxter (1994).

There is also some confusion regarding MML and MDL. Indeed, there is
what can be called a whole family of names — Minimum Message Length,
Minimum Encoding Inference, Minimum Description Length, Minimum Length
Inference, Minimum Information Estimation — all of which have been used in
the literature and more. It seems that an author generally picksone of these that
sounds most fashionable to him or her. While there may be much (perhaps all)
in common between most of these methods, it is important that some degree of
consistency and conformity is enforced in the literature, if only for the benefit of
the uninitiated researcher making his or her debut in the field. However, where
a difference does exist, such as between MML and MDL, it is also important
that nomenclature differ accordingly. Unfortunately, the liberty authors seem
to take in picking a name apparently willy-nilly confuses the issue surrounding
some important distinctions between MML and MDL (Baxter and Oliver 1995,
p.3).

The MDL method is due to Jorma Rissanen (1978, 1987) and its express
objective is to “find the best model class and the best model in it as judged by
shortest code length”. The MML method, on the other hand is due to Chris
Wallace and David Boulton (1968) and is concerned with finding the model
that is the best explanation of the data. An even more important distinction
between MML and MDL is in the use of subjective priors. For MML, “there
can be no substitute for the careful specification of whatever prior knowledge
is available” (Wallace and Freeman 1987, p.241), but for MDL, the incorpora-
tion of subjective priors “spoils the beauty of the inference procedure”.? Thus
the majority of work in MDL uses a uniform or universal prior to represent
complete prior ignorance (Rissanen 1983). Baxter and Oliver (1995) gives a
more comprehensive account of the similarities and differences between the two

approaches.

Since the focus of the present dissertation is not to do with either the jus-

2This was a comment made in response to a suggestion by Peter Cheeseman about the
inclusion of priors into MDL at the ISIS conference in Melbourne, Wednesday 20 Aug 1996.
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tification of the MML methodology nor its detailed exposition but rather with
its application, we will not discuss this any further here, but carry on to see
how we can apply the MML methodology to help compute the size of linguistic

hypotheses.

5.4 Encoding Deterministic PFSA

If the hypothesis and the data are stated in the form of a PFSA as discussed
in Section 5.1, we derive the number of bits to encode it as follows: Let the
PFSA have N states and be deterministic.®> Furthermore, let ¢; be the number
of times the jth state is visited, V be the cardinality of the alphabet including
the delimiter symbol, n;; the number of times the ith symbol is produced from
the jth state and m; be the number of different transitions on non-delimiter
symbols from the jth state.

The distinction between transitions and arcs which has not been explained
so far must now be clarified. A transition is a single change from a source
state to a target state on a given symbol. An arc is composed of one or more
transitions froni a given state to a given target on the same symbol. The total
number of incoming transitions must be equal to the total number outgoing,
but the same is not true of arcs. A state can be entered on an arc with a
frequency (transition) count of, say, 10. But it may be exited with 10 arcs each
with a frequency of 1. The number of arcs, however, cannot exceed the number
of incoming transitions; we assume that an arc cannot have a frequency of zero.

Since the total number of incoming transitions into a state must equal the
total number of outgoing ones for consistent PFSA, ¢; = ZY=1 ni;. We use this
prior knowledge about the structural constraint in the PFSA to find a partition
of t; transitions among V' symbols. This is a simple problemn in combinatorial
analysis. The formula for this is given, for example, in Riordan (1958). We can

imagine V — 1 identical boundaries and compute the number of ways in which

3A deterministic PFSA is defined to be one in which there is a unique transition on each
symbol of the alphabet. That is, the transition function @ x £ maps into Q itself, rather than
its power set 29, where Q is the set of states of the PFSA and I is its alphabet.
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length of minimally encoding the hypothesis and the data in this form. As
before, the base of the logarithm is the cardinality of the coding alphabet. If
a binary code was used, the logs will be to the base 2 and the MML will be
expressed as a number of bits. On the other hand, if the base of the logarithm
is assumed to be e, as Wallace does, then the MML is computed in nits (a
contraction of natural bits), a term used by Wallace and Boulton to indicate
that natural logs are used instead. Abramson (1963, p.12) uses the synonymous

term nats for a similar measure.

5.5 Encoding Non-Deterministic PFSA

The encoding used in the Section 5.4 will only work for deterministic PFSA.4
Such a PFSA is formally defined by the six-tuple (X, @, 6, P, qo, F) where
Y is a finite alphabet, @ is a finite set of states, qo is the start state, § is the
transition function Q x ¥ — @, P is the transition probability function P -+ N
for arc frequencies and P — {p: 0 < p < 1; p € R} for arc probabilities and
F is a set of accepting states. For the kind of deterministic PFSA considered
here, F' is a set of states which have transitions on the delimiter symbol, i.e.
F ={q:4(q,\n) — qo} where “\n” is the delimiter symbol. For such automata,
there is an upper limit on the total number of arcs emanating from any given
state: It cannot exceeed V = |X|, the alphabet cardinality. Thus (5.1) which
codes the number of different ways in which outgoing arcs could share the
incoming transition count is valid.

Non-deterministic PFSA are formally defined by the six-tuple (2, Q, 4,
P, qo, F) where the symbols mean the same as above, except § which is now
Q x © — 29, where 29 is the power-set of Q. Thus, the total number of

outgoing arcs is limited by the number of incoming transitions only in contrast

4Some authors consider PFSA to be intrinsically non-deterministic. However, the sense in
which they consider it so is different. In fact, the distinction between non-deterministic and
deterministic PFSA used here is more consistent with the convention in Computer Science
generally and agrees well with a corresponding distinction between deterministic and non-
deterministic models of non-probabilistic automata. For this, see for example Aho et al
(1986, pp.113-127) or Aho and Ullman (1995, pp.537-539).

66




to deterministic PFSA where the number is determined by the minimum of the
alphabet cardinality and the number of incoming transitions.

With this in mind, here is a first attempt at deriving the MML for describing
a non-deterministic PFSA: We derive the formula in the same way as we did
for the deterministic case, but we now try to compute the number of ways in
which ¢; — 1 boundaries can be inserted into a pool of ¢; transitions. As before,
we also code the data by naming a distribution of m; outgoing arcs over t;

transitions. The number of bits required to code these is:

(2t; — 1)!

i)
(t; —=1)! _Hl n;j!
1=

log,

where the terms mean the same as before except for m; which represents the
number of arcs from state j (including arcs labelled with the delimiter symbol)

and n;; which stands for the frequency of the ith arc from state j.

Having specified the distribution, we now need to specify the symbols la-
belling each of the m; arcs. As in Section 5.4 let M = Z;\;l m;. Since it takes
log, V' bits to specify one of V' symbols, it will cost us M log, V' bits to specify
the symbols labelling every arc in the PFSA.

To specify the target nodes of each of these arcs, we remember that we can
use prior knowledge that the target of an arc transiting on a delimiter symbol is
always the start state. Since this can be known to both the receiver and sender
by prior arrangement, let M’ = total number of arcs in the PFSA not labelled
with a delimiter symbol. The cost of specifying target states for each of these is
M'logy N bits. Finally, as before, we subtract out the redundancy incurred by
having to specify the state numbers. The total length of the message specifying

the entire structure of the PFSA would then be:

- (2t; — 1)! }
> | log, - + Mlog, V + M'logy N — logy(N — 1)1 (5.5)
j=1 (t]‘ — 1)! .Hl nij!

1=

However, this formula for computing the MML of a non-deterministic PFSA
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is unlikely to be very efficient in detecting structure since there is little bias
against selecting PFSA with bad fragmentation (i.e. states with a high number
of outgoing transitions). Chris Wallace suggested the use of a prior for the
direct specification of the m; value for each state and the use of this m; value
in subsequent terms of the formula.> To discover structure, he suggested that
an assumption be made about the distribution of transition counts among the
various outgoing arcs® and that a prior of 27" for this purpose would be suitable,
i.e. the probability that a given state has n outgoing arcs would be given by
27", Thus the cost of specifying that a state has m; outgoing arcs is — log, 27"

which is just m; bits.

Having directly specified m;, the number of different arcs emanating from
state 7, we must now specify how ¢;, the incoming transition count, is parti-
tioned among these m; arcs and the data given this partition. To do this, we
make use of another important piece of prior knowledge on a constraint upon
the structure of the PFSA — no arc may have a frequency count of 0. Thus
each arc must have at least one of the incoming transitions. The number of
ways that the transition count can be split among m arcs, with each arc hav-
ing at least one transition, is again a simple combinatorial problem. There are
many ways of solving this; the approach taken here is to allocate one transition
to each of the m; arcs, and then partition the remaining ¢t; — m; transitions
as before among the m; arcs. The latter is done by the insertion of m; — 1
boundaries into a pool of t; — m; transitions and computing the number of
possible permutations of this. Again, we have used another important prior
that t; > m; which is assumed known to both the sender and the receiver of a
message encoding the PFSA structure. The length of code required to specify

such a partition and the data given this partition is now:

SPersonal communication with Chris Wallace: Comment on using priors for the number of
outgoing arcs. In Discussion at Monash University, dt. 29 Aug 1996.

SA similar suggestion about special codes for states with a single outgoing arc was also
made earlier by Peter Andreae, Computer Science department, Victoria University, during a
post-seminar discussion with the author on 30 Nov 1995.
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(t; = 1)!
10g2 ! m;

(mj -1 1)!1‘1—_—-[1(nij I 1)'

The remaining part of the cost is the same as in the previous case. Hence

the total cost of specifying the structure of the non-deterministic PFSA is:

N
t; —1)!
Z m; + log, (]mj) + M log, V 4+ M'logy N —logy (N —1)!

j=1 (mj —~ 1) T (45 — 1)!
1

1=

(5.6)

This formula, in fact, performs empirically better than Formula (5.5). When

used to choose between alternative PFSA explaining the same dataset, it gives

results that are consistent with those given by the formula derived by Wallace

and Georgeff (1984) for deterministic machines. Just one interesting example

from Andreae (1972, 4, p.122) that shows this is presented here. This example
problemn is also looked at by Gaines (1976, pp.352-354):

The following sequence of 100 coin tosses is observed from a gaming machine

suspected of being rigged:

hyhesteshishestyihwhwheitiatishyihishyshetrstsshestestetsshshysheh

h:t:h:h:h:t:t:t:h:h:h:t:t:t:h:h:h:h:h:h:t:t:h:t:t:

il hiiti € sheits et hehthets: € Sthehidhetithithizhiehithishi

highyshy: Egtgrhehihyteatiatgitihihyhhyshygteaeratiptetpityiteshy
Of the various PFSA given in Figures 5.6-5.10 that explain the sequence of
tosses, the four and five state machines alone capture predictable outcomes and
hence discover the rigging. Readers are asked to detect this themselves before
looking at the automata models which are presented at the end of this chapter.
In spite of the long time since the publication of Andreae’s original example,
the problem still remains an intriguing one to solve.

The five state machine, however, makes no more claims than the four state
one, but is more complex. One would expect the four state machine then to be
the ideal compromise between theory complexity and explanatory power. This
result is indeed borne out by the MML calculations of those machines, using

either of the formulas (5.6) or (5.4) as shown in Table 5.1
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States | MML using (5.6) | MML using (5.4)
1 113.34 bits 114.33 bits
2 114.48 bits 116.39 bits
3 115.62 bits 118.24 bits
4 98.16 bits 107.38 bits
5 104.43 bits 113.29 bits

Table 5.1: A comparison of MMLs for 1 to 5 state PFSA explaining Andreae’s
rigged Casino.

One further note about Formula (5.6) is that the MML derived using this
is slightly smaller than the MML derived using Formula (5.4) indicating that
it is able to exclude more redundancy in its measure. This is possibly due to
the incorporation of the prior that every outgoing arc must have a frequency
count of at least one. This is the formula that is used in subsequent sections

for estimating MMLs of non-deterministic PFSA.

Figure 5.6: 1-state PFSA explaining Andreae’s rigged Casino.
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Figure 5.7: 2-state PFSA explaining Andreae’s rigged Casino.

Figure 5.8: 3-state PFSA explaining Andreae’s rigged Casino.
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Figure 5.9: 4-state PFSA explaining Andreae’s rigged Casino. Note that the
output is completely predictable in states 1 and 2.

Figure 5.10: 5-state PFSA explaining Andreae’s rigged Casino.
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Chapter 6

The Sk-strings Method of
Inferring PFSA

6.1 Introduction

When given a finite number of examples of the behaviour of a probabilistic state
determined machine, it is possible to imagine methods by which we can infer its
structure. When the examples are actual outputs of the machine, or sequences
of symbols which will be accepted by the machine without error, they are called
positive examples. If on the other hand, they consist of symbol sequences which
we know could not have been generated by the machine, or if they are rejected
by the machine, then they are called negative examples. Negative examples
are often used to prune over-generalisations in an inferred structure, but they
may not always be available. Unfortunately, also, the process of inferring the
generating structure from positive examples is demonstrably intractable.

We discuss this problem in greater detail in this chapter and examine a
simple, fast and easy-to-implement recursive algorithm that uses an intuitive
heuristic for inferring such automata. The algorithm is a variation of the k-tails
method due to Biermann and Feldman (1972). In Chapter 7, we discuss an in-
formation theoretic variation of this method and finally in Chapter 8 methods
based on current mainstream search strategies, namely beam search and sim-

ulated annealing. It will be shown that the methodology outlined here which
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works along intuitive guidelines performs as well as the other approaches, and is
significantly faster. All the methods to be discussed will use the MML criterion
described in Chapter 5 to judge the goodness of the inferred structure.

A specific example of inducing the Gaines machine is demonstrated first.
This is a stochastic automaton proposed by Gaines (1976) to have generated
the !-delimited string “cabl!caaab!bbaablcaab!bbab!bbb!cb!”. A second machine
constructed by hand is then used to generate training sequences from which we
try to infer its structure using both the k-tails and the sk-strings algorithms.
Finally, we benchmark the performance of these algorithms using a number of
random training sequences generated by machines which have themselves been

randomly generated.

6.2 Inducing the Gaines Machine

The Gaines machine is a stochastic finite automaton which purportedly is the
most likely machine to have generated the strings “cab!”, “caaab!”, “bbaab!”,
“caab!”, “bbab!”, “bbb!” and “cb!” where! is the delimiter symbol. It is called
so here because Gaines (1976) was the first to try to construct stochastic au-
tomata that could have generated the strings. The problem itself is a variant of
one that attempts to infer a grammar given these strings of terminal symbols as
positive examples. It has its origins in Feldman et al. (1969). Evans (1971) also
analysed the possibility of deriving a finite-state grammar from these strings.

Gaines constructed several alternative automata, from one to seven states
which could have generated the strings, but he only had intuitive grounds for
choosing the 4-state model (Figure 6.1) because the improvement in entropy of
the 7-state model over the 4-state model did not appear significant to him. He
identifies the inference from the finite sample of an infinite number of a’s (the
loop on a? from state 1 to itself in Figure 6.1) as the inductive leap which seems
to be responsible for his choice. Thus, the 7-state model is rejected although it
has the least entropy of all.

Ideally, we should like to identify the exact automaton which generated the

strings. But it is impossible to do this from the behaviour of the machine be-
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Figure 6.1: Gaines’ 4 state machine.

cause more than one non-minimal machine may generate the same language.
Fortunately, Occam’s Razor dictates that it is enough to identify the best pos-
sible automaton we could infer from our sample strings. We assume Einstein’s
oft stated reassurance about Nature being intrinsically simple (Einstein 1956,
p-298), which is conceptually just Occam’s Razor. As to why this should really
be the case is, strictly speaking, ungrounded, because there is no evidence for

1 The reasons for our choice are

the non-existence of redundancy in Nature.
purely pragmatic, as it lets us deal with simpler models. Thus, for example, if
automata A and B are possible alternatives in Figure 6.2, we bias our selection
towards the automaton A although automaton B generates exactly the same

language. Our bias is justified because A is simpler and behaviorally indistin-

guishable from B. Such a decision is accepted scientific practice after Popper

!If at all, there is only evidence and ample reason for the existence of redundancy in Nature.
By Darwinian evolution or its modifications, redundancy alone is not sufficient grounds for
the extinction of a feature. It has to confer a fatal disadvantage to its possessor. Here then,
is an argument from efficiency to counter the theological argument from design — If indeed
the universe was designed by an intelligent being, it should be much smaller than it is :-). If
a biological organism, for instance, is re-engineered from scratch (using MML as a guiding
principle!), its genetic material would be pruned by well over 90%, causing much smaller DNA
molecules, and possibly smaller cell sizes as a consequence, contributing eventually to smaller
and more compact organisms. This is, of course, just fascinating speculation on the part of
the author in a field that is well outside the domain of his expertise. It belongs properly in a
science fiction book which he hopes to write someday :-)
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established that the most we can ever hope for is the identification of tentative
theories which are consistent with current observations and choose the best

among them (Popper 1969).

a
a
a
Machine A Machine B

Figure 6.2: Two automata generating the same language: a*

6.3 Minimum Message Length

In view of the above considerations, our problem then is not the identification
of the Gaines machine, but our best determination of a machine that is most
likely to have generated the sample strings. But how can we decide which
among several alternative machines is the most likely one to have generated
the positive examples? The best theory about the machine is not always the
smallest or simplest theory as we can quickly discover. For example, Figure 6.3
shows four theories formed by observing an event sequence “abc!” exactly once.

The four state theory is the worst we can form at this stage as there is no
inductive evidence to presuppose an event ordering of any kind. The single
state theory which does not assign a specific order to any of the events is the
most likely one and our initial guess that the smallest theory is the best seems
plausible indeed. But what if the same sequence of events “abc!” is observed
several times (Figure 6.4), say 100 (or even 2) times? The single state theory
quickly loses plausibility, as an ordering among the events now seems justified.

An objective solution to this problem is in the estimate of the length of

description of the theory together with the data it tries to explain. A good
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MML = 11.42 bits MML = 12.08 bits

c !

MML = 11.91 bits MML = 9.71 bits

Figure 6.3: 4 theories for the event sequence “abc!” seen once.

theory would minimise such a measure. The Minimum Message Length (MML)
principle of Georgeff and Wallace (1984) discussed in Chapter 5 is proposed as
one such estimate. In the context of PFSA, the MML is a sum of:

e the length of encoding a description of the proposed machine

e the length of encoding the dataset assuming it was emitted by the pro-

posed machine

Our intuitive choice of the 1-state theory in Figure 6.3 and of the 4-state
theory in Figure 6.4 now seem to be objectively justified in light of this principle.
We now conjecture that the 4-state Gaines machine should have a lower MML
than the 7-state one. This is in fact the case. Wallace and Georgeff (1984)
derive an MML of 54.1 bits for the 4-state machine and 70.0 bits for the 7-state

machine.? Indeed, it so happens that the 4-state Gaines machine has got the

2Formula (5.6) gives MMLs of 46.78 bits and 65.98 bits respectively for the 4 and 7-state
models.
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MML = 73.14 bits MML = 254.86 bits

100 100 100 100

!

MML = 509.55 bits MML = 810.40 bits

Figure 6.4: 4 theories for the event sequence “abc!” seen 100 times.

least MML of all possible machines accepting the same data. Thus Wallace
and Georgeff provide objective justification for Gaines’ intuitive choice of the
4-state machine. The MMLs in this example are computed using Formula (5.4)
which is explained in Chapter 5.

From this argument, we could say that in searching for the best automaton
to account for a given dataset, we would like to infer a stochastic automa-
ton with arc frequencies reflecting the absorption of the given dataset, whose
description length is the minimum of all possible ones. However, the prob-
lem of inferring the best such automaton by enumeration is computationally
intractable since for a given alphabet the number of possible automata with
n states is exponential in n. Gold (1978), Angluin (1978) and Feldman et al.
(1969) prove that that the equivalent problem of finding the minimum determin-
sitic finite automaton consistent with a set of positive and negative examples
is NP-complete in the number of states of the automaton. But it is known

that imposing constraints upon the grammar of the language accepted by the

78




automaton reduces the search space to a considerable extent. For example,
Angluin (1982) defines a class of regular grammars called k-reversible, identifi-
cation of which is possible in time O(n3) in the number of sentences examined.
Also, Angluin (1987) shows that it is possible to exactly identify the automa-
ton in polynomial time if the identification procedure involves a combination of

passive observation and active experimentation. But what if neither is possible?

Again, it seems possible to compromise on something else in order to make
the problem tractable. This time, we trade in the guarantee of a correct solution
and accuracy for tractability which is achieved using heuristics. At first sight,
this might seem to be rather misguided. But a little thought reveals that this
is in fact very similar to the way in which we humans ourselves form theories
about Nature. That is, it is accepted scientific practice to work with tentative
theories which mostly over or under generalise to some extent. Methods that
work along these lines usually start by building a minimal or maximal canon-
ical automaton that is an exact representation of the input strings, and then
generalise it progressively by merging states that satisfy some equivalence rela-
tion, until no more merges are possible. Attempts in this direction include the
k-tails method of Biermann and Feldman (1972), the tail-clustering method of
Miclet (1980), the partial similarities method of Kudo and Shimbo (1988) and

the recursive merging methods of Itoga (1981) and Oncina and Garcia (1992).

The successor method of Richetin and Vernadet (1984) and the predecessor-
successor method of Vernadet and Richetin (1984) are also based on equivalence
relations, but they form equivalence classes of symbols and construct automata
states from them. The successor method works by assigning one state to each
symbol in the input alphabet from which there are transitions on every symbol
that is observed to be a successor of this symbol in the set of positive examples.
The target of each such transition is to the state that is assigned to the symbol
on which the transition is being made. The predecessor-successor method is a
modification of the former to prevent over-generalisations in the case of large
sets of positive examples with low cardinality alphabets where there is little

symbol repetition. It does this by assigning different numbers to multiple oc-

79



currences of the same symbol in the input alphabet, except within runs. This
effectively expands the input alphabet and hence the number of states of the
inferred automaton. Also, the method initially forms equivalence classes by
comparing the predecessors of every symbol in the new alphabet instead of its
successor. When the formation of equivalence classes thus stabilises, the suc-
cessor method is applied after collapsing the expanded alphabet back into the
original one.

The k-tails method works by merging states that are indistinguishable in the
set of accepted output strings up to a given length. This is discussed in greater
detail in the next section. In Miclet’s tail-clustering method, two states in the
maximal canonical machine are merged if a distance measure between their sets
of tails is below a certain limit. This distance measure is a function of the the
number of common and different tails between them. The partial similarities
method starts by constructing sets of predecessor and successor substrings of
length k for each state. A number of different equivalence relations are then
defined based on these. For example, two states may be considered mergeable
if they have the same set of predecessor k-substrings, or if they have the same
set of successor k-substrings, or either, or both, etc. The recursive merging
method due to Oncina and Garcia merges two states in a lexicographically
ordered prefix tree acceptor of the positive examples if there exists transitions
from a common intermediate state to both of them and if the merged automaton
does not accept any negative examples which must also be given. Furthermore,
a state is only considered for merging with the lowest numbered state possible.
This is not, strictly speaking, a heuristic method since it has been shown to
guarantee automaton identification in the limit.

It might appear from the previous discussion that generalisations such as
those described above could also be guided by some criterion to reject undesir-
able merges. Maryanski and Booth (1977), for example, propose the chi-square
metric as a measure of the goodness of fit of the inferred automaton to the given

data.> MML has also been proposed as such a criterion, i.e. merges which result

3See Gaines (1978) for a correction.
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in an increase of the automaton’s MML should be rejected. Patrick and Chong
(1987) employ this method, by coalescing chains of states separated by com-
mon transitions and accepting the resultant automaton as an intermediate in
the derivation process only if it resulted in a decrease in MML. Such a method
has also been described as one of the most straightforward ones (Bell et al.
1990). Indeed, the procedure could even consist of blindly merging every pair
of states possible and checking if the resultant automaton has a lower MML.
Oliver (1993) uses a similar greedy algorithm to infer decision graphs. But the
method is not likely to always succeed, for it is known that in several cases a
good overall merge might consist of at least some bad component merges. This
is a pity, because otherwise, we could correctly identify the best model in O(n3)
time.

Thus we may defer the MML test until a final model is reached and guide the
intermediate merges with heuristics such as those discussed earlier. The MML
is now used as a measure of error in the inference process. If the final model
doesn’t give a better MML we could try applying a different set of heuristics to
the canonical machine or the same heuristic again with different values for its

tunable parameters if applicable.

6.4 The K-tails Approach

The k-tails approach ascribed to Biermann and Feldman (1972) is a modifica-
tion of the Nerode (1958) realisation technique for the synthesis of finite state
machines. It is one of the earliest algorithms for inducing finite state machines
from positive examples of their behaviour. Several other techniques mentioned
above, as is the one proposed in this chapter are all modifications of this in one
form or other.

If the minimal canonical automaton is defined by A. = (Z, Q¢ d¢, qoc, Fe)
where ¥ is a finite number of input symbols (the alphabet), Q. is a finite
set of states, §. is the transition function Q. x ¥ — Q¢ qoc is the start
state and F, is the set of accepting states, we define k-tails(q) to be the set
{z| z€ L xA|z| <k, 0(q,2) NF, # 0} where |2| stands for the length (num-
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ber of symbols) of z.

The k-tails algorithm attempts to construct a non-deterministic finite state
automaton by successively merging states of the canonical automaton that are
indistinguishable for k-tails. The formal equivalence relation Ry is: for (g,q’) €
Qc,(q,q') € Ry <= Vt:t € k-tails(q) < t € k-tails(q’).

The algorithm is easy to implement and the value of k¥ may be adjusted to
suit the particular inference strategy. For low k, the algorithm overgeneralises
while at higher values of k, the inferred automaton has a better entropy. It
can also be shown (Aho and Ullman 1972) that at k > N — 2, where N =
size of Q, Ry reduces to the Nerode equivalence relation, i.e. Vm > N — 2 :
R, = Rw.

Some motivation for modification to this method comes from the observation
that stochasticity is intrinsic to the natural inductive process. We often form
generalisations from specific instances, and in doing so, we may even dismiss
certain anomalies as noise. The k-tails method will not attempt to merge two
states which have even a minor disagreement between them. This is because it
was originally intended for non-stochastic automata where each transition out
of a state is equally likely. For instance, if there are k-tails beginning with ‘a’
and ‘b’ from state 1 and with ‘a’ from state 2 with transition probabilities as
shown in Figure 6.5, 1 and 2 will not be merged by the k-tails method because
at least some k-tails (those that begin with ‘b’) of state 1 are not k-tails for
state 2, although it seems intuitive that the two states have a lot in common

and should be candidates for a possible merge.

a0.95
6)'05

Figure 6.5: 2 candidate states for merging in a PFSA.

That the two states should be merged is also suggested from the MML
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criterion as we can see in Figure 6.6. A canonical machine and two reductions
are shown. The MML of the automaton where states 1 and 2 were merged is

only 80.08 bits, whereas if they are not merged, the MML is 88.05 bits.

Canonical machine
MML = 97.40 bits

10
X
20
!
20
2

K-tails method, k=2 Sk-strings method, k=2, s=80%
MML = 88.05 bits MML = 80.08 bits

Figure 6.6: K-tails and sk-strings reductions of a canonical machine.

6.5 The Sk-strings Approach

The sk-strings method is a modification or the k-tails method for stochastic
automata. It constructs a non-deterministic finite state automaton by succes-
sively merging states of the canonical machine that are indistinguishable for
their top s percent of the most probable k-strings.

We define a k-string to be the the same as a k-tail, except that it does
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not have to end at a finish state unless it is shorter than the specified string
size. That is, the set of k-strings of state ¢ k-strings(q) is defined to be the
set {z]| z€Xx|z| =kAd(g,2) CQV|z|<kAd(gz)NF,#0}. Each such
string will have a probability associated with it which is given by the product
of the probabilities of each arc traversed in generating that string.

We then define sk-equivalence such that two states are considered mergeable
if the sets consisting of the top s percent of their distribution of k-strings are
the same. This is computed as follows: The k-strings of a state are arranged in
decreasing order of probability. The top n of these strings, whose probabilities
add up to s percent or more with n being as small as possible are retained, and
the remaining strings are ignored. At least one string from each state will be
considered with this approach; thus s is never exactly 0 in practice.

If s < 95% and k = 1, for example, then the two states 1 and 2 in Figure 6.6
will be sk-mergeable, but they will not be if s > 95%. In general, when s is low,
the method overgeneralises, and with s = 100%, the method requires that all
the k-strings of the two states must agree. With s = 100% and a sufficiently high
value for k, the method reduces to the Nerode equivalence relation. Obviously,

the heuristic can operate with various degrees of strictness as below:

e The top s% of the k-strings of state 1 are k-strings at state 2 OR vice-
versa. (The OR heuristic)

e The top s% of the k-strings of state 1 are k-strings at state 2 AND vice-
versa. (The AND heuristic)

e The top s% of of the k-strings of state 1 is the same set as the top s% of
the k-strings of state 2, in the same order, but perhaps with a different

probability distribution. (The LAX heuristic)

e The top s% of the k-strings of state 1 is the same set as the top s%
of the k-strings of state 2 in the same order, with the same probability

distribution. (The STRICT heuristic)

Algorithm 6.5.1 gives the procedure for minimising an N-state canonical ma-

chine using an sk-strings equivalence relation.
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Algorithm 6.5.1 (sk-strings)

1 begin
2 for p := stateg to stateny do
3 for q := p to statey do
4 if sk_equivalent(p, q)
5 then
6 merge(p, q);
7 p := statey;
8 q := statey;
9 fi
10 od
11 od
2 end

Algorithm 6.5.2 gives the equivalency decision procedure using the AND
heuristic. The procedure to determine equivalency using the other heuristics

are similar.

Algorithm 6.5.2 (Sk-equivalence using AND Heuristic)

1 comment: Determines if two states p and q are sk-equivanent
2 comment: Returns TRUE if they are, FALSE otherwise
3 comment: Global: Agreement% (Equals parameter s to sk-strings)

4 begin

5 counter := 0;

6 =10

7 Sp := List of (string,probability) pairs output from state p;
8 Sg:= List of (string,probability) pairs output from state q;
9  Sort Sp in descending order of S,.probability;

10 Sort S, in descending order of S,.probability;
11 fori:=1 to num_strings_in(S,) do

12 counter := counter + Sp|i].probability;

13 if notacceptable_at(q, Sp|i).string)

14 then return(FALSE);

15 fi

16 if counter >= Agreement%

17 then

18 counter := 0;

19 for i := 1 to num_strings.in(Sg) do

20 counter := counter + Sy[i). probabﬂlzty,
21 if notacceptable_at(p, Sy[i].string)
22 then return(FALSE),

23 fi

24 if counter > Agreement%
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25 then return(TRUE);
26 fi

27 od

28 return(TRUE);

29 fi

30 od

31 return(FALSE);

32 end

The efficiency of this process can be improved significantly by cacheing the
sorted list of k-strings of the argument states. The cache only needs to be
flushed when a merge affects the output strings and/or probabilities of up-
stream states. The function num_strings_in() returns the number of strings in
the list. The algorithms for generating the list of strings and for sorting them
are relatively standard and straightforward and hence not given here. However,
the acceptability criterion in Algorithm 6.5.2 is given in Algorithm 6.5.3 where
§ is the usual transition function for non-deterministic automata Q x ~ — 2.
A string is considered acceptable if there is a transition on it to at least one
state of the automaton. The algorithm returns TRUE if string z is acceptable

at state p and FALSE otherwise.

Algorithm 6.5.3 (Acceptability Criterion)

1 comment: Returns TRUE if string 2 is acceptable at state p, FALSE otherwise
2 begin
3 ifd(p,2)=0
then return(FALSE)
else return(TRUE)

QLS
g
’m.ID'J

6.6 Tractability Considerations

The space and time requirements of the equivalency decision procedure depends
on the number of strings that need to be considered and compared between the
two candidate states. Since the latter is exponential in tail size, sk-strings is es-

sentially an exponential algorithm. For canonical automata this doesn’t matter
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as much as automata in which some generalisations have been performed since
canonical automata typically represent a finite number of strings. Efficiency
of the algorithm suffers only when we are dealing with large tail sizes and au-
tomata which have cycles and thus represent infinite languages, but then these
are inevitable during the process of making generalisations.

Thus for tail sizes of 2 and above, the algorithm complexity increases rapidly
and makes the exact implementation infeasible. Ideally, we should build strings
in decreasing order of probability and stop when the sum of probabilities of
strings built up to that point exceeds s. But this is not possible unless all
strings have been examined. Therefore we need to ignore some strings at least.
The following procedural alternatives were considered to limit the number of

strings considered to some reasonable value.

6.6.1 Method A - Build strings in decreasing order of proba-
bility

An upper limit is put on the number of strings we are willing to consider,
say N. At each state, we traverse transitions in decreasing order of probability
and thus build up the string list recursively. We stop when the N strings
have been accumulated in our list. This is clearly infeasible for the following
reason: Suppose that state 0 has a transition of probability 0.9 to state 1 and
of probability 0.1 to state 2. Suppose also that state 1 has a transition to a
finish state with a prob of 0.99 and 10 other transitions, also to finish states,
of probability 0.001 each. Now suppose that state 2 has one transition with a
probability of 0.9 and one with a probability of 0.1 both to finish states. Then
the string list should ideally include one string with a probability of 0.9 x 0.99,
one string with probability 0.1 x 0.9 and one with 0.1 x 0.1. However this will
not be the case since all the 10 strings of probability 0.9 x 0.001 strings will
be added to the string list before the strings of probability 0.1 x 0.1 are. If
the string list should fill up before considering state 2, then some undeserving
candidates would have been included while some deserving candidates were left

out.
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6.6.2 Method B - Reject strings less than a certain probability

Strings less than a certain threshold of probability are rejected. Consider a state
with one or more low probability transitions (< 1%, for example). If the selected
threshold is 1% we ignore these transitions in building strings to be considered
from this state. Now either this state has other higher probability transitions, or
not. If it has other high probability transitions, then there will either be many
moderately high probability transitions or a few high probability transitions. In
either of these cases, these high probability transition(s) determine the character
of this state and not the low probility ones. Thus it is safe to ignore the low
probability transitions. However, if there are no high probability transitions
from this state, then there are many (at least 100 in this case) low probability
transitions. These strings will all have to be considered in merging this state
with another similar state. However, this is an unlikely situation, thus this
heuristic can be said to perform satisfactorily. Furthermore, it is reasonably
safe to conjecture that no worthwhile induction can be performed on the output
of a state with so much information as there is little reason to favour any one

of many approximately equiprobable output strings.

6.6.3 Method C - Reject relatively improbable strings

Strings that are less than an nth (say n = 10) as probable than the most prob-
able k-string from that state are rejected. This is a modification of the previous
heuristic in which low probability strings were rejected, but the rejection is now
based on the relative probability of a string compared with the most probable
string from that state as opposed to its absolute probability. The complexity
of finding the most probable string from a state, however, is exponential in the
length of the string, since all possible strings need to be considered. It won’t
do just to follow the maximum frequency transition at each state because of
the possibility of bad fragmentation down the line. For example, we might
choose to follow a transition of probability 0.6 as opposed to an alternative one
of probability 0.4 from a state, but the latter transition may lead directly to a

finish state, whereas the former may be badly fragmented into 10 transitions of
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probability 0.1 each at the very next state. Our initial guess would only have
yielded a string of probability 0.06 at best, whereas if we had chosen otherwise,
we would have obtained a string of probability 0.4.

Based on these considerations, method B was implemented in the actual
program to limit the number of strings considered. A further advantage with
this approach is that it guarantees that no more strings than the reciprocal of
the threshold will be considered and we can build our internal buffer sizes in the
program accordingly. The maximum number of strings that can be produced
from a state with probabilities greater than or equal to 0.001 is 1000. In practice,
this proves to be a satisfactory value large enough to make generalisations and
decisions about merging two states. For more extreme cases, the program user
is given the option to change the limit if necessary. Thus the threshold was
given a default value of 0.1%. Since no string less than 0.1% in probability
was now being considered, significant savings in running time and space were
observed compared to earlier runs when the string generation was unlimited.
In particular, further exploration of any path could now be abandoned if the

probability of being at the current state on it was found to be less than this

threshold.

6.7 Results

The program reported here implements all four of the sk-strings heuristics. The
AND, OR, LAX and STRICT heuristics were first compared with each other
using two sample training sets using values of s (Agreement%) from 1% to 100%
and values of t (Tail size) from 1 to 10. The procedure involved first building
the minimal canonical automaton from the training set and then performing
the k-tails and sk-strings generalisations on it. The MML recorded is the MML
of the resultant PFSA.

The first training set is the same as the one used by Gaines (1976). The
second one is a set of 100 randomly generated strings from the machine in
Figure 6.7 which was constructed by hand to resemble on a smaller scale the

actual linguistic data to be processed. The results are presented in tabular
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form (Tables 6.1 — 6.8 where the cells list the MML of the automaton inferred)
and graphical form (Figures 6.8 — 6.11) where the vertical axis lists the MML
inferred for each combination of tail size and agreement percentage which are

represented in the two horizontal axes.

Tail |1 |2 (3 [4 |5 |6 |7 |8 [9 [10
Agr%
1 531 [ 531 T531 | 531 [531 | 531 827 l 827 | 827 | 827
e Previous line repeats 28 times
30 531 I 555 I 531 | 531 I 531 I 531 | 827 | 827 | 827 | 827
e Previous line repeats 23 times
54 531 | 555 | 555 | 531 | 827 | 827 l 827 I 827 | 827 I 827
e Previous line repeats 2 times
57 555 l 555 Fss ] 531 l 827 [ 827 ] 827 1 8271 827 | 827
Previous line repeats 11 times
69 555 | 583 I 531 | 531 | 531 | 827 I 827 | 827 I 827 I 827
Previous line repeats 20 times
90 587 I 586 l 573 I 573 | 586 I 586 I 586 | 586 | 586 l 586
Previous line repeats 4 times
95 683 I 650 l 610 I 610 | 623 | 623 | 623 ] 623 l 623 l 623
Previous line repeats 5 times

Table 6.1: MMLs of 1000 inferred automata using the AND heuristic for tail
sizes of 1-10 and agreement percentages of 1-100 (Training set 1).

Tail |1 |2 (3 |4 |5 |6 |7 8 9 10
Agr%
1 531 | 531 l 531 l 531 | 531 l 688 | 3151 | 3151 I 3151 l 3151
Previous line repeats 93 times
95 583 l 583 | 583 | 583 I 583 | 583 | 583 | 583 | 583 | 583
Previous line repeats 5 times

Table 6.2: MMLs of 1000 inferred automata using the OR heuristic for tail sizes
of 1-10 and agreement percentages of 1-100 (Training set 1).

Since sk-strings is a reasonably fast algorithm, it is economical to run several
of its variations and choose the best among them. In the following set of
experiments, the best machine inferred by the sk-strings algorithm using any

of its four heuristics and various tail sizes using a fixed value of s = 50% is
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Test pfsa for the sk-strings algorithm - 23 states

1742

MML = 37337 bits

Figure 6.7: Test machine used to generate strings for training set 2.

compared with the best machine inferred by the k-tails method. One hundred

small automata were randomly generated, each having from 1 to 6 states, up
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Tail |1 |2 |3 (4 |5 [6 [7 |8 |9 [10
Agr%

]. 563 | 569 I 569 l 569 l 569 | 569 ] 569 I 569 | 569 I 569
Previous line repeats 99 times

Table 6.3: MMLs of 1000 inferred automata using the LAX heuristic for tail
sizes of 1-10 and agreement percentages of 1-100 (Training set 1).

Tail {1 |2 [3 [4 [5 |6 |7 [8 |9 |10
Agr%
]. 700—[ 668 I 641 [ 641 (641 641 I 641 641 ] 641 l 641
Previous line repeats 99 times

Table 6.4: MMLs of 1000 inferred automata using the STRICT heuristic for
tail sizes of 1-10 and agreement percentages of 1-100 (Training set 1).

to 10 arcs and with an alphabet size of 5. A training set of 10 strings was
randomly generated from each automaton and this was used to infer back the
generating automaton. The results of this experiment are shown in Figure 6.12.

The horizontal axis represents the training sets and the vertical axis gives the

Tail || 1 2 3 4 5 6 7 8 9 10

Agr%

]. 62.37 I 46.78 I 46.78 I 46.78 l 46.78 l 46.78 L46478 l 46.78 l 46.78 I 46.78
Previous line repeats 34 times

36 62.37 I 46.78 I 59.03 | 59.03 I 59.03 | 59.03 I 59.03 | 59.03 I 59.03 I 59.03
Previous line repeats 13 times

50 62.37 I 67.73 I 67.73 I 67.73 I 67.73 | 67.73 | 67.73 | 67.73 | 67.73 I 67.73
Previous line repeats 7 times

58 62.37 | 67.73 | 59.03 | 67.73 | 67.73 | 67.73 I 67.73 | 67.73 I 67.73 I 67.73
Previous line repeats 8 times

67 62.37 I 67.73 I 74.37 I 67.73 I 67.73 l 67.73 I 67.73 167,73 167473 167.73
Previous line repeats 7 times

75 62.37 | 67.73 | 65.98 | 65.98 I 65.98 | 65.98 | 65.98 I 65.98 I 6598 I 65.98
Previous line repeats 25 times

Table 6.5: MMLs of 1000 inferred automata using the AND heuristic for various
tail sizes and agreement percentages (Training set 2).
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Tail || 1 2 3 4 5 6 7 8 9 10

Agr%

1 65.81 I 53.27 I 46.78‘[ 46.78 [ 46.78 | 46.78 I 46.78 [ 46.78 I‘46‘78 | 46.78
Previous line repeats 41 times

43 65.81 | 46.78 I 46.78 | 46.78 l 46.78 | 46.78 | 46.78 I 46.78 [46.78T 46.78
Previous line repeats 23 times

67 69.63 l 46.78 [ 46.78 I 46.78 ‘ 46.78 | 46.78 | 46.78 [ 46.78l 46.781 46.78
Previous line repeats 33 times

Table 6.6: MMLs of 1000 inferred automata using the OR heuristic for various
tail sizes and agreement percentages (Training set 2).

Tail || 1 2 3 4 5 6 it 8 9 10
Agr%
1 69.92 | 54.60 ] 46.78 [ 46.78 l 46.78 [ 46.78 | 46.78 I 46.78 | 46.78 l 46.78

Previous line repeats 99 times

Table 6.7: MMLs of 1000 inferred automata using the LAX heuristic for various
tail sizes and agreement percentages (Training set 2).

error in the inferred automaton computed using 1 —i/a, where ¢ is the MML of
the inferred machine and a is the MML of the generating machine after being
adjusted for exactly the emitted data. Negative errors indicate the inference of
more compact PFSA than the generating ones which are consistent with the
emitted data. This is due to the existence of some redundancy in the randomly
generated structures.

Table 6.9 shows the success rate of the various tail sizes — each cell shows
how many times out of 100 that particular tail size was the one that inferred the

automaton with the least MML. We see that low tail sizes seem to be preferrable

Tail || 1 2 3 4 ) 6 7 8 9 10
Agr%
1 69.93 65.98 l 65.98 l 65.98 I 65.98 I 65.98 —[ 65.98 ] 65.98 ] 65.98 [ 65.98

Previous line repeats 99 times

Table 6.8: MMLs of 1000 inferred automata using the STRICT heuristic for
various tail sizes and agreement percentages (Training set 2).
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Figure 6.8: MMLs of 1000 inferred automata using the AND/OR heuristics for
tail sizes of 1-10 and agreement percentages of 1-100 (Training set 1). See also
Tables 6.1 and 6.2.

with both the k-tails and the sk-strings algorithms.

Tailsize || K-tail | AND [ OR | LAX | STRICT |
1 75 75 |77 |78 |64
2 19 15 11 12 |22
3 3 6 4 |5 6
4 1 3 6 |4 6
5 2 1 2 [0 2
6 0 0 0 |0 0
7 0 0 0 |0 0
8 0 0 0 |0 0
9 0 0 0 |0 0
10 0 0 0 |0 0

Table 6.9: The number of times (out of 100 training sets) that each tail size
succeeded in inferring the minimum automaton using K-tails and the various
sk-strings heuristics.

Table 6.10 shows the success rates of each of the 4 sk-strings heuristics and
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Figure 6.9: MMLs of 1000 inferred automata using the LAX/STRICT heuristics
for tail sizes of 1-10 and agreement percentages of 1-100 (Training set 1). See
also Tables 6.3 and 6.4.

the k-tails algorithm in inferring the best PFSA from the training sets generated
by 100 small automata. Column 1 shows the number of times out of 100 the
algorithm in column 2 was the one that inferred the best PFSA. When more
than one algorithm is listed, they had both inferred automata with the same

MML.

Success | Algorithm(s)

Rate

73 OR

12 KTAIL,OR

7 KTAIL

6 LAX

1 KTAIL,AND,LAX
1 AND

Table 6.10: Success rates of the k-tails and 4 sk-strings heuristics in inferring
the best PFSA out of 100 small test cases.
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Figure 6.10: MMLs of 1000 inferred automata using the AND/OR heuristics
for tail sizes of 1-10 and agreement percentages of 1-100 (Training set 2). See
also Tables 6.5 and 6.6.

The experiment was repeated with larger random automata with up to 100
states, 500 arcs and an alphabet size of 25, using 25 randomly generated strings
in each training set. Each process given a maximum time of three minutes to
run after which the inference procedure on that training set was killed. Only
tail sizes of 1-5 were used as compared to tail sizes of 1-10 in the case of smaller
automata. The results of this experiment are shown in Figure 6.13.

Table 6.11 shows the success rates of each of the 4 sk-strings heuristics and
the k-tails algorithm in inferring the best PFSA from the training sets generated

by 100 small automata.

6.8 Conclusion

The sk-strings approach to inducing PFSA has been described here. Its per-

formance has been compared with the earlier k-tails method. The particular
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Agreement%

Figure 6.11: MMLs of 1000 inferred automata using the LAX/STRICT heuris-
tics for tail sizes of 1-10 and agreement percentages of 1-100 (Training set 2).

See also Tables 6.7 and 6.8.

Success | Algorithm(s)
Rate

74 KTAIL

26 OR

0 Others

Table 6.11: Success rates of the k-tails and 4 sk-strings heuristics in inferring
the best PFSA out of 100 large test cases.

innovations are in including the stochasticity of the machine as a determinant

in the equivalence relation and using the MML criterion to judge the results.

The decision to ignore low probability strings emitted from a state has also

markedly improved the speed of the algorithm.

Experimental results bear out the interesting fact that of the four sk-strings

heuristics described in this chapter, the OR heuristic, which is the weakest

condition for merging, seems to out-perform the other three in both the small
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Figure 6.12: The k-tail method compared with sk-strings (s=50%) using 100
random training sets generated by small random automata (Best machines in-
ferred using any heuristic and tail sizes from 1 to 10).

and large test cases. They also show that for small random automata, sk-strings
performs as well as k-tails, and collectively with its four heuristics for merging,
it is able to infer better automata on average than k-tails for various values of
tail size. For large automata, k-tails seems to perform better, but it requires
much more time to run than sk-strings. On a Sun Sparcserver 1000 with 256
Megabytes of main memory, each run of the sk-strings program on small and
large random automata took no more than about 0.3 seconds regardless of
tail size, but the running time of k-tails increased exponentially with tail size
for most automata. It is possible that these automata elicited the worst-case
behaviour of k-tails by having states with several self transitions. This worst-
case scenario, however, did not present a problem for sk-strings since it puts
an artificial limit on the least probability of a generated string it is able to
consider. A detailed investigation of the actual reasons for the disparity in the

relative performance of sk-strings with respect to k-tails in the case of small and
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Figure 6.13: The k-tail method compared with sk-strings (s=50%) using 100
random training sets generated by large random automata (Best machines in-
ferred using any heuristic and tail sizes from 1 to 5).

large automata is left for future work, but it is suspected that it may be due in
part to the limit on the number of strings actually considered by sk-strings in
the process of comparing two states. There are also reasons to believe that an
information theoretic heuristic for sk-strings, such as one based on cross-entropy
may enhance its performance significantly in the case of large automata. This
is to be addressed separately in the next chapter.

In summary, it is seen that sk-strings is a fast and efficient algorithm for
inferring PFSA, and compares well with the related k-tails method for non-
stochastic automata. While it is not obvious from the experiments which of the
four sk-strings heuristics is the best, it seems likely that there are situations
when one particular heuristic may be preferrable to the others. In any case,
the sk-strings algorithm is polynomial in space and time and it will still be
economical to run all possible heuristics on the input data and choose the best

automaton inferred from them. This is the approach that has been followed in
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inferring generalised automata from the linguistic data in this dissertation.
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Chapter 7

A Heuristic Using
Cross-Entropy for Sk-Strings

7.1 Introduction

Chapter 6 discussed the sk-strings algorithm to infer PFSA from positive exam-
ples of its language. Four different intuitive heuristics to determine equivalency
were presented in the discussion of sk-strings. Since the algorithm essentially
only looked at strings output from a given state (not strings leading to a given
state), the degree of similarity depended upon the difference between two prob-
ability distributions over a single set of strings S, where S = S} U Sy, S; being
the set of strings output from state i. It is easy to see how this problem is
one of determining a distance measure between two probability distributions
over a single set of points. Here a fifth possible heuristic is presented based
on information theoretic principles (as opposed to the previous intuitive ones)
to decide the equivalency of two candidate states. This is compared with the
earlier intuitive heuristics and also with a method that uses the variational dis-
tance between the distribution of strings generated from two states to determine

equivalency.
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7.2 A Cross-Entropic Measure

In sk-strings, the intuitive decision to merge two candidate states can itself be
viewed as an inductive inference process because it is tantamount to a general
claim that these two states are identical based on their expected behaviour (the
distribution of strings output from them). It has been demonstrated by Shore
and Johnson (1980) that the use of any information-theoretic criterion other
than cross-entropy for inductive inference when new information is in the form
of expected values will lead to inconsistency in the result. Accordingly, cross-
entropy (Good 1963) is used here to determine the similarity of two probability

distributions p and q, over the set of strings S.

First proposed by Kullback (Kullback 1959; Kullback and Leibler 1951),
cross-entropy, which is also called the mean information for discrimination or
I directed divergence has been applied in various fields ranging from statistical
mechanics to spectral analysis (Shore and Johnson 1980). In its original form,
it provides a numerical estimate for discriminating in favour of hypothesis Hy,
against hypothesis Hy, when H; and H; imply probability distributions p and

q respectively over a space w of points w € €. This information is defined by

I(p:q) = ;p(w)logg%

when the space € is discrete, and

. pe),
I(p:q) = /Q p(w)log L=

when  is continuous.

I(p:q) measures the divergence between the two distributions. If the two
distributions are identical then I(p:q) = O since Vi : p; = ¢;. However, we
must note that cross-entropy measures only the difference between two given
hypotheses, not necessarily the validity of one as compared to the other, since
wrong hypotheses can be equally distant from a null hypothesis as correct ones.

The best use of cross-entropic measure, then is not in picking out correct hy-
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potheses, but in getting a difference measure between given hypotheses. It is
easy to see that I(p:q) is always non-negative as shown by the following lemma.
This is a standard result in information theory and has been attributed to the
physicist Gibbs by Hamming (1980, p.117) who called it the fundamental Gibbs
inequality, but Goldie and Pinch (1991, p.15) suspects that the connection with

the physicist Gibbs is remote at best.

Lemma 7.2.1 For two discrete probability distributions p and q over a space

w of points w € Q,% q p(w) log 2&,; >0

Proof
Consider 5 p(w) log %%%
SinceVz >0:Inz <z —1

Zp w) log L7 aw) ZMM(M—I)

po) = &P pw)
< ) qw) - pw)
0
< 0 since Zp( Z =Nl
Q Q
pw)
Thus ;p(w)log ll5) > 0

Furthermore, there is equality to zero only when p = q. When applied in
the context of the sk-strings algorithm, if S; is the set of strings generated from
state P and S is the set of strings generated from state Q, and p and q are
the distributions over S = S; U Sy, then the cross-entropy of states P and Q is

given by

Q)= pi 10g% (7.1)

where p; and g; are the probabilities in p and g respectively of the ith string in
S. There is an asymmetry in the cross-entropy above (Johnson 1979b; Kullback
1959) which is undesirable from the sk-strings perspective. If state Q produces
a string that state P doesn’t, then the corresponding p; is zero, and the term
p; In % = 0 since lim;_,g z Inz = 0. However, if state P produces a string that

state Q doesn’t, then the corresponding q; is zero and I(p : q) becomes very
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large. To make the measure symmetric, we consider the difference between
the entropy of coding P’s strings at QQ and vice versa and coding P’s and Q’s
strings at themselves, i.e, we consider a new information measure called the J

divergence (Jeffreys 1946):

J(p:q) = _Zpilnfh—ZQilnPi—(—Zpilnpi—ZQiln(Ii)
i 1 7 1

= Z(piln&+qilnﬂ)

ai pi

)

)

= ZZm- —qmnfzij (7.2)

The non-negativity of J(p : q) follows directly from the non-negativity of
I(p : q) already proven above. Regardless, it is also easy to see that the sum
is always positive because p; — ¢; and log% are either both positive or both
negative. The value of J(p : q) is small and close to zero when p; and ¢; are
close to each other and is large when either p; or g; is disproportionately large
with respect to the other. Thus J(p : q) is a symmetric cross-entropic measure
that can be used as a potential metric in determining whether to merge two

states or not.

While the use of the J divergence instead of the I divergence solves the prob-
lem of asymmetry, we are still left with the problem of unboundedness for the
distance measure. Work has been done along the lines of finding lower bounds
for I(p : q) and hence J(p : q) (Vajda 1970; Toussaint 1975; Kullback 1967), but
no general upper bound exists for either (Vajda 1970). This is because p must
be absolutely continuous with respect to g for I(p : q) to be defined since when
p(w) # 0, but g(w) =0, I(p: q) becomes undefined (Kullback 1959). Also, it is
obvious that for p(w) # 0 and ¢g(w) — 0, I(p : q) becomes very large. There are
other distance measures that one may choose to use, notably the K-divergence

(Lin 1991) K(p:q) given by

2pj
K(p:q) = ;1o 7.3
(p:q) Ei P B (7.3)

with guaranteed lower and upper bounds. However the problem of unbounded-
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ness does not arise for us because of specific details of implementation which is

discussed in the next section.

7.3 Implementation

A program that uses the cross-entropic criterion for merging was developed for
comparative testing with the intuitive heuristics outlined in Chapter 6. Now,
it can be shown by the following lemmas that an upper bound exists on the
value of J(p : q) if a limit € is imposed on the minimum value of p; and ¢;. This
maximum value is elicited in theory when p; and g; have values at the opposite

ends of their range, i.e, p; = € and ¢; = 1 or vice-versa.

Lemma 7.3.1 If e < p; <1, <¢ <1, and X ;pi = 2 ;qi = 1, then the

variational distance V between p and q has an upper bound at 2(1 — €)
V=Y Ipi—al<2(1-¢)
i

Proof

VZZ'Pi—Qi, = Z(pi—Qi)+ Z(qi—pi)

Pi>qi qi>pi
— ZPH‘ Zqz'— Zpi— Z%‘
Pi>qi qi>pi Pi<qi q: <pi
< max Zpi +max<th>—
Pi>qi qi>pi
min { Y p;| — min < b5 Qi>
Pi<qi 9:<pi
< (1+1—-€e—¢)
< 2(l-¢)

Lemma 7.3.2 Ife<p;<=1lande<q¢g <=1 and 3 ;pi=2,q =1, then

Jp:q) = (v —q,-)ln% < 2(e —1)Ine
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Proof

Jip:q) = Z(pi_(h)ln%

1

i
;i
= > Ipi—qlx|In=
7 a

Since fore <p; <lande < ¢; <1, lnegln% < —Ine

Jp:q) < —Ined |pi—ail

< 2(e—1)lne (from Lemma 7.3.1)

Thus, J(p : q) is computed by accumulating the value of (p;—g;) In % for each
S; € §1US,. The resulting value is then normalised by dividing by 2(e —1) Ine
to get a value between 0 and 1. 0 indicates total similarity between states P
and Q and 1 indicates total dissimilarity. The user could now indicate a value
between 0 and 1, which can be compared with the computed J(p : q) to decide
whether to merge states P and Q or not. A value of 1 for this threshold would
merge any two states and a value of 0 would merge only states with identical
distributions on output strings. By varying the value of this parameter, the
user would have control over the degree of generalisation performed by this

algorithm.

One more issue remains, however. How do we choose a value for €7 Obvi-
ously, the choice influences the maximum value of J(p : q) and thus the divisor
for normalisation. While the choice of an arbitrarily low value for € would be
satisfactory for the majority of cases, it would preclude consideration of strings
in S with probabilities less than the chosen value, which may be required by
the user in some instances. Ideally, the value of € should be chosen so that it
is less than the least probability of any string in S, but how do we know this

value beforehand?

It turns out that the procedural decision for tractability that was made

in the implementation of the sk-strings algorithm solves the present problem.
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The sk-strings algorithm was originally computationally intractable because
the number of possible strings generated from a state is exponential in tail
size. Thus, considering all possible strings from two given states would have
placed enormous requirements on the memory and processing power of the
machine, especially for large tail sizes. This problem was solved by putting
an artificial limit on the minimum probability that strings generated from a
given state can have. The limit defaulted to 0.001 (0.1%) and could be reset
by the user if necessary. It was decided that this lower limit be used as the
value for € since that would be the least probability a string can have. Thus,
by default, the symmetric cross-entropy J(p : ¢) computed is in the range
0<J(p:q <2x(1-0.001)*1In0.001 = 13.80 and the value was normalised
by dividing by 13.8 to reduce it to the range 0-1.

For the purposes of comparison and verifying if this additional computa-
tional complexity had any marked advantages, another similar heuristic was
also implemented along very simplistic lines. This operated similarly by giving
a distance measure between the two sets of strings, but this second distance
measure was simply the variational distance V between the two probability

distributions p and q:
V=> Ipi—ail
i

It is easy to show V(p : q) has an upper bound at 2 as a special case of
lemma 7.3.1 where e = 0. In this implementation, however, where ¢ = 0.001,
value of V'(p : ¢) was normalised by dividing by its upper bound 1.998 to reduce

it to the range 0-1.

7.4 Results

Programs implementing sk-strings with these two heuristics were run on the
two training sets in Chapter 6. The results are too voluminous to be shown in
tabular form and are hence presented only graphically in Figures 7.1 — 7.4. The
plots also show the performance of one of the sk-strings heuristics, namely LAX,

for purposes of comparison. As before, the horizontal axes represent values of
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tail sizes from 1 to 10 and the agreement percentage from 1 to 100 while the
vertical axes represent the MML of the inferred machines. In the legends and
captions below, the heuristic using cross-entropy is called the XENTROPIC
heuristic and the heuristic using the variational distance is called the VARDIST

heuristic.

lax’ —
'xentropic' ----

MML
3500 -
3000
2500
2000
1500
1000

500

Figure 7.1: MMLs of 1000 inferred automata using the XENTROPIC heuristic
for tail sizes 1-10 and agreement percentages 1-100 (Training set 1).

Experiments were also run on the 100 randomly generated training cases
of 10 strings each derived from small random automata (< 6 states, 10 arcs,
6 symbols) and the 100 training cases of 25 strings each, derived from larger
automata (< 100 states, 500 arcs, 25 symbols). In both cases, the training
sets were the same as the ones used in Chapter 6. The best machines inferred
by each of the XENTROPIC and VARDIST heuristics for tail sizes 1-10 were
compared for each training set against the corresponding best machine inferred
by all of the four sk-strings heuristics combined. In the case of large automata

only tail sizes of 1-5 were used.
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Figure 7.2: MMLs of 1000 inferred automata using the VARDIST heuristic for
tail sizes 1-10 and agreement percentages 1-100 (Training set 1).

Figure 7.5 shows the performance of the XENTROPIC heuristic contrasted
with the performance of the 4 sk-strings heuristics in each case and the k-
tails algorithm for training sets derived from small automata and Figure 7.6
shows the corresponding graph for large automata. Figures 7.7 and 7.8 show
the corresponding graphs for the VARDIST heuristic. The horizontal axes
represent the training sets and the vertical axes give the error in the inferred
automaton computed using 1 —1i/a, where ¢ is the MML of the inferred machine
and a is the MML of the generating machine after being adjusted for exactly
the emitted data. In each case, the inferred automaton chosen was the best one
inferred of all tail sizes from 1 to 10 and values of the agreement percentage
parameter (s) for sk-strings from 1 to 100. Negative errors indicate the inference
of more compact PFSA than the generating ones which are consistent with the

emitted data. This is due to the existence of some redundancy in the randomly

generated structures.
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Figure 7.3: MMLs of 1000 inferred automata using the XENTROPIC heuristic
for tail sizes 1-10 and agreement percentages 1-100 (Training set 2).

Table 7.1 shows the success rates of each of the 6 sk-strings heuristics in-
cluding XENTROPIC and VARDIST and the k-tails algorithm in inferring the
best PFSA from the training sets generated by 100 small automata. Column 1
shows the number of times out of 100 the algorithm in column 2 was the one
that inferred the best PFSA. When more than one algorithm is listed, they had
both inferred the same automaton.

Table 7.2 shows the corresponding success rates for training sets generated

by the 100 large automata.

7.5 Conclusion

The results show that for small automata the XENTROPIC heuristic performs
as well as the OR heuristic, but no better. In the case of large automata, it
clearly out-performs all other heuristics and the k-tails algorithm. Even more

importantly, with the XENTROPIC heuristic, the collective ability of sk-strings
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Figure 7.4: MMLs of 1000 inferred automata using the VARDIST heuristic for
tail sizes 1-10 and agreement percentages 1-100 (Training set 2).

Success | Algorithm(s)

Rate

38 OR,XENTROPIC

23 OR

14 XENTROPIC

7 KTAIL

6 KTAIL,OR

3 VARDIST

3 LAX

3 KTAIL,OR,XENTROPIC
1 KTAIL,OR,VARDIST

1 KTAIL,AND,LAX,VARDIST
1 AND

Table 7.1: Success rates of the k-tails and 6 sk-strings heuristics (including
XENTROPIC and VARDIST) in inferring the best PFSA out of 100 small test
cases

to infer the best automaton improves significantly. The VARDIST heuristic,
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Figure 7.5: The sk-strings (s=50%) XENTROPIC heuristic compared with the
best of 4 sk-strings heuristics and the k-tails method using 100 random training
sets generated by small random automata.

Success | Algorithm(s)

Rate

79 XENTROPIC

15 OR,XENTROPIC
6 KTAIL

0 Others

Table 7.2: Success rates of the k-tails and 6 sk-strings heuristics (including
XENTROPIC and VARDIST) in inferring the best PFSA out of 100 large test
cases

however, is not seen to perform as well. Nevertheless, since the XENTROPIC
heuristic is still not able to consistently infer the best PFSA every time, we
conclude that it is best to continue to choose the automaton with the least MML
inferred by any of the 6 heuristics discussed so far and the k-tails algorithm for

various values of their tunable parameters.
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Chapter 8

Beam Search and Simulated

Beam Annealing

8.1 Introduction

Chapters 6 and 7 have discussed intuitive and information theoretic heuristics
for finding the best PFSA accepting a given set of positive examples. This
chapter is concerned with solving the same problem using some search tech-
niques from mainstream Artificial Intelligence. The two specific methods that
are described here are the beam search method and a variation of simulated

annealing,.

8.2 Beam Search

The beam search algorithm is a variation of the best-first search strategy. The
best-first search in turn, is itself a combination of the breadth-first and depth-
first search techniques. In best-first search, a heuristic is used to select one
of many possible descendants of the current state as the most promising one.
This descendant state is expanded recursively, until either a solution is found
or all the expansions of a current state look less promising than one of the top-
level branches that were ignored previously. At this time, these expansions are

added to a queue to be processed later and attention is returned to the next most
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promising descendant of the top-level state. When all the descendants of the
top-level state have been examined thus, and no solution still found, attention
shifts to the expansions that were added to the queue before abandoning a
particular path previously.

While the best-first search technique is more likely to find a solution than
simple hill-climbing, it is very memory intensive and typically tends to take a
long time to run for large search spaces. In such situations, the beam search
technique may be more appropriate as it is more space efficient. Beam search
works by not remembering all of the most promising descendants, but only
the best m. This m is known as the beam size which is the parameter of its
operation. The disadvantage in this is that the solution may be completely
missed by pruning a search tree too early. But chances of this happening are
low with a judicious choice of the beam size parameter and so it seems a good

compromise for achieving tractability.

8.2.1 The Beam Search Algorithm for PFSA Inference

The beam search algorithm to infer the best set of merges to an input PFSA
is presented in Algorithm 8.2.1. Basically, we start off with a given (possibly
canonical) PFSA and compute the MMLs of all its immediate descendants
(which we define to be every PFSA resulting from all possible two-state merges).
There are V' Cy or (N%2—N)/2 such descendants for an N-state PFSA. The actual
descendant PFSA don’t have to be constructed, however, since it is reasonably
easy to predict by how much the MML would change upon a given merge. The
PFSA with the least m of these are chosen and these constitute our beam. The
process is now repeated for each of the m PFSA in the beam giving m xV =1 C,
possible descendants. The best m of these and the current beam are chosen
and the beam modified accordingly. The process repeated until there are no
more changes to the beam. At this point, the PFSA with the least MML in the

beam is put forward as our best guess of the original structure.
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Algorithm 8.2.1 (Beam Search)

1 comment: Beam size = m

2 begin
3  Beam := Initialise a list of size m to hold m PFSA;

4 Add the input PFSA to Beam unmarked,;

5  while There exist unmarked PFSA in Beam; do

6 Buffer := Initialise a list of size m to hold m PFSA;
7 for Each such unmarked PFSA in Beam; do

8 Mark it;

9 temp = best m of all node-pair merges in it, unmarked:;
10 Buffer := best m PFSA in Buffer and temp;

11 od

12 Beam := best m PFSA in Buffer and Beam;

13 od
14 Return the best PFSA in Beam;

15 end

If the beam size is set to 1, the algorithm reduces to a simple hill-climbing
search where only the best descendant at each node is explored further for a
solution. An important thing to remember regarding beam search is that the
solution space searched with a large beamsize will not necessarily be a superset
of the space searched with a smaller beamsize. While larger beam sizes increase
the space actually searched, an intuitive judgment as in the previous statement
is incorrect. This is because one or more members of the beam can generate
apparently better PFSA in the short term which fill up the beam by ousting
some of the currently worse PFSA which might be the ones which actually lead
to the best solution. However, the chances are good that the best solution will

be found with larger beam sizes.

8.2.2 Algorithm Complexity

For a simple hill-climbing search starting from an N-state PFSA, at each stage
in the choice process there are ‘C, alternatives to pick from, where i is the
number of states of the currently held PFSA. In the worst case, we can expect
the search process to continue right down to a single state machine. Thus the
total number of intermediate PFSA to be examined will be: ", *Cy which is

given by 3% | (i2—1)/2. This gives a time complexity of O(n?) for the algorithm
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in the number of states of the PFSA. We only need to hold on to the one best
PFSA at any time, so the space complexity is given by O(n).

With beam search, we hold on to the best m PFSA at any time, thus the
space complexity will be O(mn). Regarding the number of intermediate PFSA
that need to be examined, we note that each slot in the beam can only be
replaced by a PFSA with a lower number of states since no intermediate PFSA
is ever examined more than once (When a PFSA is marked, it is marked for
ever). Thus in the worst case, each pass over the beam will replace its contents
entirely with unmarked PFSA, but then each such PFSA will have at least one
less state than the corresponding cell contents in the previous beam. Again
in the worst case, each such PFSA will have exactly one fewer state than the
previous one and thus the number of PFSA to be examined will be: m x Zfil 1Cy
giving a time complexity of O(mn3) in beam size (m) and the number of states
of the original PFSA (n). This is an attractive option since not only is the

algorithm just cubic, it is linear in beamsize as well.

8.3 Simulated Annealing

In spite of some of the advantages that beam search possesses over simple hill-
climbing, it still retains one of its major shortcomings where better intermediate
solutions are preferred over worse ones. This is a problem since the best solution
can sometimes only be obtained by following an apparently unpromising path.
What we need then is some mechanism by which we could also sometimes reject
better intermediate solutions in favour of worse ones early in the search process.

Simulated annealing (Kirkpatrick et al. 1983) is one such technique with
a well defined procedure for doing this. It is based on the physical process
of annealing in which metals are heated to high temperatures and gradually
cooled. During the process of annealing, electrons in the metal will emit pho-
tons and gradually descend from higher energy states to lower ones, but there
is always some chance that an emitted photon may bump into another electron
and knock it into a higher energy state. This chance, however, decreases with

the temperature of the substance, i.e. there is a lower probability of a transi-
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tion to a high energy state at a low temperature than at a higher one. This

~AE/kT where AE is the pos-

probability is, in fact, given by the function p =€
itive change in the energy level of the electron, T' is the temperature in kelvin
and k is Boltzmann’s constant. Two things are obvious from this expression —
(1) At a given temperature, the probability of a large uphill move (transition
to a relatively high energy level) is low as compared to the probability of a
small uphill move and (2) The probability of an uphill move being made at all
decreases with temperature T'.

The rate of cooling is called the annealing schedule. This has significance for
the end product because rapid cooling causes the formation of regions of stable
high energy and very slow cooling causes wastage of time in the asymptotic
region of the cooling curve. The optimum choice of the annealing schedule is
often determined empirically.

In the simulated annealing procedure, Boltzmann’s constant is irrelevant

since it is specific to the physical process. Thus a modified probability formula
plee=0u(T (8.1)

is used where the k£ can now be assumed incorporated into the artificial pa-
rameter T. AF also now stands not for the change in energy level, but for the
change in the value of an objective function which determines the poorness of
a current solution as compared with its predecessor. We use the MML gain
ratio for our objective function — (new MML - old MML)/(old MML). This is
guaranteed to be a positive quantity because stochastic acceptance is only tried
when the new MML is greater than the old MML (new PFSA is worse than the
old one). Algorithm 8.3.1 gives the procedure for attempting to find the best

solution using simulated annealing:

Algorithm 8.3.1 (Simulated Annealing)

! begin

2 Best_so_far .= Current_PFSA;

3 Temperature = Initial Temperature;

4 while No more changes to Current_ PFSA do
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5 for Node-pair merges in the Current PFSA do
6 Perform merge;
7 if Resultant PFSA is better than current one
8 then
9 Current_PFSA := Resultant PFSA;
10 Best_so_far := Resultant PFSA;
11 else
12 Compute p’ using Formula (8.1);
13 x := Random number in the range [0,1];
14 if x >p
15 then
16 Reject this PFSA;
17 else
18 Current_PFSA := This PFSA;
19 fi
20 fi
21 od
22 Temperature := Revised value (possibly Temperature-1);
23 od
24 Return best PFSA in {Current PFSA, Best_so_far};
25 end

8.3.1 Simulated Annealing with a Beam

As Algorithm 8.3.1 shows, there is usually one current guess about the problem
solution in the standard version of simulated annealing. It seems reasonable
to believe that the performance of this algorithm can be markedly improved
by incorporating a beam into the search process resulting in what we can call
a simulated beamn annealing strategy. This, in fact, more accurately models
the physical annealing process as there are now several potential candidates
in the beam akin to several electrons in a piece of metal being annealed. In
this dissertation, the simulated beam annealing search procedure is called simba
search for brevity.

The procedure borrows much from the standard beam search technique.
At each pass through the beam, we generate the possible descendants of the
beam occupants. If one of the solutions is better than any of the ones already
in the beam, it is added to the beam as before. However, if it is worse than
any currently in the beam, we compute the objective function and accept it

stochastically. The process of accepting such a worse candidate will result in
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the currently best solution in the beam being shifted out, as the beam is always
maintained in strictly sorted order of decreasing goodness of its occupants. This
should not cause too much concern as we still hold on to the best intermediate
solution as in the standard simulated annealing procedure. On the average, at
the end of each pass, a certain proportion of the beam occupants would have
migrated upwards (towards worse intermediate solutions) and the remaining
either horizontally or downwards (towards better intermediate solutions). The
proportion of upward migration decreases with temperature, until at a tem-
perature of 0° all migrations are towards better intermediate solutions. Thus,
simba search starts off seemingly stochastically, but gradually settles down into
the standard beam search process.

Algorithm 8.3.2 gives the procedure for attempting to find the best solution

using simba search.

Algorithm 8.3.2 (Simba search)

1 comment: Beam size = m

2 begin
3  Beam := Initialise a list of size m to hold m PFSA;

{ Best_so_far == Current_PFSA;

5  Add the Current PFSA to Beam unmarked;

6 while There exist unmarked PFSA in Beam; do

7 Buffer := Initialise a list of size m to hold m PFSA;

8 for Each such unmarked PFSA in Beam; do

9 Mark it;

10 for Each of the node-pair merges of the PFSA: do
11 if Resultant PFSA is better than any in Buffer;
12 then

13 Add it to Buffer scrolling out the worst one in it;
14 Best_so_far := Resultant PFSA;
5 else

16 Compute p’' using Formula (8.1);

17 x := Random number in the range [0,1];
18 if x >p'

19 then

20 Reject this PFSA;

21 else

22 Add it to Buffer scrolling out the best one in it;
23 fi

24 fi
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25 od

26 od

27 Merge PFSA in Buffer into Beam as in steps 11-23;

28 Temperature := Revised value (possibly Temperature-1);
29 od

50 Return best PFSA in {Best PFSA in Beam, Best_so_far};
31 end

The annealing schedule used in the implementation reported here consists
of a fixed countdown of T from the initial temperature to 0, by one degree
per pass. The initial temperature is fixed by default to be half the number of
states in the input PFSA. This guarantees that stochastic moves uphill will be
made at least during the upper half of the search process. If T is intialised to 0
for a particular run, however, the simulated annealing process becomes a beam
search process. Obviously, with T=0 and beam size=1, the algorithm reduces
to the simple hill-climbing search. It is easy to see that no PFSA being added
into a revised beam can have more states than any that are already in it. Thus
the time and space complexities of the simba search algorithm are the same as
that for the beam search algorithm. Only the process of selecting PFSA for

revising the beam is different.

On the Gaines (1976) data, the beam search technique converges to the best
solution (4 state machine with MML = 46.78 bits) in fifteen passes over a beam
of size 10. However, the simba search technique is not seen to do as well. It
converges prematurely in 11 passes over the beam to an incorrect solution (11
state machine with MML = 89.72 bits). This is probably due to the rejection
of potentially good paths early in the search process. With the Andreae data
of Section 5.5, neither beam search nor simba search seems to be able to infer
the correct 4 state machine from the 101-state input canonical automaton in
reasonable time and space. However, given the 5 state machine as the initial

guess, both converge rapidly to the correct four state machine.
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8.4 Results and Discussion

Programs implementing beam search and simba search were run on the two
training sets in Chapters 6 and 7. Figures 8.1 and 8.2 show their performance
against the six sk-strings heuristics discussed earlier on each of the 2 fixed
training sets from Chapter 6. The horizontal axis shows the tail size for the
sk-strings algorithms (s=50%) and beam size for the simba search and beam

search algorithms and the vertical axis shows the MML of the machine inferred

with that tail size.
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Figure 8.1: Performance of the beam search and simba search procedures on
Training set 1 from Chapter 6. The plot shows the MMLs of 1000 machines
induced against various beam sizes or tail sizes (for the 6 sk-strings heuristics).

Experiments were also run on the 100 randomly generated training cases
of 10 strings each derived from small random automata (< 6 states, 10 arcs,
6 symbols) and the 100 training cases of 25 strings each, derived from larger
automata (< 100 states, 500 arcs, 25 symbols). In both cases, the training sets

were the same as the ones used in Chapters 6 and 7. The best machine inferred
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Figure 8.2: Performance of the beam search and simba search procedures on
Training set 2 from Chapter 6. The plot shows the MMLs of 1000 machines
induced against various beam sizes or tail sizes (for the 6 sk-strings heuristics).

by any of the 6 sk-strings heuristics (AND, OR, LAX, STRICT, XENTROPIC,
VARDIST) for tail sizes 1-10 was the one compared for each training set against
the corresponding best machine inferred by the beam search methods for beam
sizes 1-10. In the case of large automata, only tail and beam sizes of 1-5 were
used.

Table 8.1 lists the success rates of various beam sizes in inferring the best au-
tomaton using the beam and simba search procedures for small random PFSA.
It shows that in over 70% of the test cases, a beam size of 1 was the best choice
for simba search, indicating that there is much to be said for the standard
simulated annealing procedure in comparison to simba search. Beam search,
on the other hand, does not seem to show any particular preference for small
beam sizes. The fact that small beam sizes have performed better than large
beam sizes in at least some cases is empirical proof that large beam sizes do

not search a super set of the space searched with small ones.
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Beam | Beam | Simba
size Search | Search
1 13 70

2 14 5

3 5 6

4 il 2

5 10 1

6 6 3

i/ 5 1

8 10 5

9 19 4

10 11 3

Table 8.1: The number times (out of 100 training sets) that each beam size
(1-10) succeeded in inferring the minimum automaton using the beam search
and simba search methods.

Figures 8.3 and 8.4 show the performance of beam search and simba search
against the six sk-strings algorithms on the 100 training sets from small random
PFSA used in Chapter 6. As before, the horizontal axis represents the training
sets and the vertical axis gives the error in the inferred automaton computed us-
ing 1 —i/a, where ¢ is the MML of the machine inferred by one of the algorithms
and a is the MML of the machine that actually generated the training sets after
being adjusted for exactly the emitted data. The graphs “skstr-all”, represents
the combined performance of all the six sk-strings heuristics discussed earlier
and the graphs “beams” and “simba” represent the performances of the beam

search and simba search methods.

Figures 8.5 and 8.6 show the performance of beam search and simba search
against the six sk-strings algorithms on the 100 training sets from the larger

random PFSA used in the earlier chapters.

Figure 8.7 shows the performance of the algorithms where the output of the
six sk-strings heuristics and the k-tails method on the 100 random training sets
from small PFSA are used to seed the beam search method operating with a
beam size of 10. The various line graphs trace the error in the MML of the best

machines inferred by any of the 6 sk-strings methods with and without post-
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Figure 8.3: Beam search compared with sk-strings (s=50%) for 100 training
sets generated from small random automata.

processing by beam search (skstr-all and skstr-all+beam), the best machines
inferred by the k-tails method with and without post-processing by the beam
search method (ktail and ktail+beam), and also plain beam search method
used directly on the canonical machine. It is seen that the finely dotted line
representing machines inferred by the beam search seeded by sk-strings performs

best of all.

8.5 Discussion and Conclusion

From the results in the previous section, it appears that neither beam search
nor simba search seem to perform as well as the earlier more intuitive sk-strings
heuristics in inferring PFSA. One reason for this could be that the methods de-
scribed in this chapter are only effective when the solution spaces to be searched
are small, i.e. the input machine has a small number of states. Even though the

first experiment was an attempt to try and infer small automata, the canonical
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Figure 8.4: Simba search compared with sk-strings (s=50%) for 100 training
sets generated from small random automata.

machines constructed from the outputs of the small automata tended to be

relatively large and thus the performance of these methods suffered.

Another reason for the poor performances of these techniques could be due
to their effectiveness being determined only by objective functions causing them
to explore the solution space blindly. This suggests that some important char-
acterestic of the solution space which is captured in the intuitive process is
being ignored by the information theoretic objective functions. While further
analysis of the various algorithms and changes to them are possible, what is
deemed best at this stage is a judicious choice of one or more of these algorithms
operating together to search the solution space in more ways than one to give

the best possible answer.

It also appears from the results that the nature of the solution space is
such that beam search performs significantly better than simba search. This

indicates the possibility that the path to the best solution might lie along suc-
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Figure 8.5: Beam search compared with sk-strings (s=50%) for 100 training
sets generated from larger random automata.

cessively better intermediate solutions. However, this is obviously not always
true since simple hill climbing does not consistently give us the best solution.
What looks reasonably certain though, is that rejection of better intermediate
solutions in favour of worse ones is not likely to give the best final solution. It
seems that of several equivalent PFSA| some had to get shifted out of the beam
due to overcrowding and these were the ones that would have led to the best
solution eventually. It might also be that better intermediate solutions should
perhaps be accepted early and late in the simba search process, but rejected
somewhere in the middle. This could be achieved with a bell shaped annealing
schedule. As to the exact nature of the solution space and the fine tuning of
the simba search annealing schedule, further research is necessary and this is

left as a topic for future work.

The results have implications for hill climbing searches such as the one in

Oliver (1993) which blindly attempt to find the decision graph with the smallest
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Figure 8.6: Simba search compared with sk-strings (s=50%) for 100 training
sets generated from larger random automata.

MML by following the path through the best immediate modifications to the
current decision graph until no more modifications can be made. As mentioned
earlier, the performance of such information theoretic searches can be improved
significantly by incorporating some intuitive element into them or by decreasing
the total space that needs to be searched since the experimental results show
that a beam search tends to perform well on small input automata. This means
that we can hope for good results by applying the beam search method to
automata that have already been reduced by one of the other algorithms, for
example sk-strings, which tend to perform better on large automata. That this

is the best line of approach is evidenced by the results in Figure 8.7.

Thus, the procedure finally adopted in this dissertation is to initially apply
the k-tails method and each of the six sk-strings heuristics to infer PFSA. The
best PFSA inferred by them is selected as the seed for a beam search with

a beam as large as computational resources permit. The output of the beam
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Figure 8.7: Seeded beam search compared with sk-strings (s

search, which is guaranteed to be at least as good as its input is then proposed

as our best guess of the original structure.
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Chapter 9

Results and Conclusion

9.1 Program outputs

Canonical machines were generated using the data for each of the Modern Can-
tonese and Modern Beijing dialects firstly using the diachronic rule sequences
only, and then by including allophonic detail in them. The MMLs of the canoni-
cal machines are given in Table 9.1. Column 1 represents the MML of the PFSA
derived for Modern Cantonese and column 2 represents the MML of PFSA for
Modern Beijing. As mentioned in Section 3.4, smaller values of MML reflect a
greater regularity in the structure. For comparison, Table 9.2 gives the MML
for the canonical machines computed using Wallace’s original Formula (5.4) for

deterministic PFSA.

Cantonese Beijing l
Diachronic 35243.58 bits 36790.93 bits
only (1168 states, 1167 arcs) | (1212 states, 1211 arcs)
Diachronic + | 37782.43 bits 39535.43 bits
Allophonic (1321 states, 1320 arcs) | (1468 states, 1467 arcs)

Table 9.1: MMLs for the canonical PFSA for Middle Chinese to Modern Can-
tonese and Modern Beijing respectively.

Each of the four canonical machines was then reduced in ten different ways
using the k-tails algorithm using values of k from 1 to 10. They were also

reduced in 6000 more ways using each of the six sk-strings algorithms for each
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Cantonese | Beijing

Diachronic 48942.11 bits | 52327.07 bits
only
Diachronic + | 53142.11 bits | 56486.48 bits
Allophonic

Table 9.2: MMLs for the canonical PFSA for Middle Chinese to Modern Can-
tonese and Modern Beijing respectively using Formula (5.4).

of the 1000 combinations of s from 1 to 100 (or in the case of the XENTROPIC
and VARDIST heuristics, from 0.01 to 1.00) and k£ from 1 to 10 (A total of
24000 machines were produced for the four datasets). The MMLs of the best
machines inferred for each of the four cases are presented in Table 9.3, along
with the specific heuristics and parameters that produced them. It is seen
that the STRICT heuristic of sk-strings had the most success in inferring the
machine with the minimum MML (three of the four minimum PFSA inferred

by the STRICT heuristic and the remaining one by XENTROPIC).

Cantonese Beijing
Diachronic 32439.32 bits 33386.17 bits
only (344 states, 882 arcs) (365 states, 896 arcs)

Heuristic = STRICT, Heuristic = XENTROPIC
Tailsize = 4, Agr% = 1 | Tailsize = 6, Err = 0.01
Diachronic + | 34345.71 bits 34813.64 bits

Allophonic (381 states, 969 arcs) (373 states, 986 arcs)
Heuristic = STRICT, Heuristic = STRICT
Tailsize = 4, Agr% = 1 | Tailsize = 6, Agr% = 1

Table 9.3: MMLs for the reduced PFSA for Middle Chinese to Modern Can-
tonese and Modern Beijing respectively.

The reduced PFSA were then used as the starting point for a further re-
duction using the beam search algorithm with a beam size of 200.! The MMLs
of the PFSA thus inferred are given in Table 9.4. The PFSA themselves are

presented in tabular form in Appendix B as a list of Source, Target, Symbol,

11t was also found that a beam size of 1 and other intermediate values between 1 and 200
inferred the same PFSA.
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Frequency tuples.

Cantonese l Beijing
Diachronic 30379.01 bits 30366.55 bits
only (174 states, 640 arcs) | (142 states, 595 arcs)
Diachronic + | 32711.49 bits 31585.79 bits
Allophonic (195 states, 707 arcs) | (153 states, 634 arcs)

Table 9.4: MMLs for the PFSA for Middle Chinese to Modern Cantonese and
Modern Beijing respectively further reduced with beam search.

The canonical PFSA are too large and complex to be printed on A4 paper
using viewable type, but the reduced PFSA can be presented graphically if
some of their low frequency arcs are trimmed off. Thus the reduced PFSA for
Modern Beijing and Modern Cantonese are presented in Figures 9.1 and 9.2,
but arcs with a frequency less than 10 have been pruned. Since several arcs
have been pruned, the PFSA may not make complete sense as some nodes
may have outgoing transitions without incoming ones and vice-versa. There is
furthermore a small amount of overprinting. The figures are given solely for
the purpose of a rough visualisation of the end-results and any detailed analysis
should be based on the complete PFSA in Appendix B. Some interesting facts,

however, seem to be borne out by them.

9.2 Discussion

The results obtained from the MMLs of canonical machines show that there
is a greater complexity in the diachronic phonology of Modern Beijing than
there is in Modern Cantonese. These complexity measures may be construed
as measures of distances between the languages and their ancestor. Neverthe-
less we exercise caution in interpreting the results as such. The measures were
obtained using just one of many reconstructions of Middle Chinese and one of
many proposed diachronic phonologies. It is, of course, hypothetically possible
that a simplistic reconstruction and an overly generalised phonology could give

smaller complexity measures by resulting in less complex PFSA. One might
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argue that this wrongly indicates that the method of obtaining distances as
described here points to the simplistic reconstruction as the better one. This
problem arises partly because of the fact that the methodology outlined here as-
sumes all linguistic hypotheses to be equa!ly likely a-priori. We note, however,
that simplicity and descriptive economy are not the only grounds for preferring
one linguistic hypothesis to another (Bynon 1983, p.47). Many other factors
are usually taken into consideration to ensure whether a reconstruction is lin-
guistically viable. As mentioned earlier, plausibility and elegance (Harms 1990,
p.314), knowledge of what kinds of linguistic changes are likely and what are un-
likely (Crowley 1987, p.90), and in the case of Chinese, insights of the “Chinese
philological tradition” (Newman 1987) are all used when deciding the viability
of a linguistic reconstruction. Even though Chen himself chooses one alterna-
tive derivation over another because, “if nothing else,” the former is “shorter
than the latter” (Chen76, p.184), it is to be noted that such a choice was also
implicitly guided by the other linguistic factors mentioned. Thus, a final con-
clusion about the linguistic problem of subgrouping is still properly within the
domain of historical linguists. This dissertation just provides a valuable tool
to help quantify one of the important parameters that is used in their decision
procedure.

Besides just obtaining distance measures, it is also possible to draw other
interesting conclusions from the results of the experiments conducted. In the
discussion that follows, we allow ourselves the liberty of mild speculation to

envisage the prospects and scope for future work in this project.

9.2.1 Status of exceptions

We note that the reduced PFSA are mostly consistent with the RCs given by
Chen76 and CN84 showing that the reduction process has not introduced any
inconsistency which would be precluded by the original linguistic hypotheses.
But although they do not contradict the phonologies given in Chen76 and CN84
(reproduced in Figures 4.2 and 4.3) in the main, the rules enclosed in square

brackets in Figures 9.1 and 9.2 and Tables 9.5 and 9.6 do constitute exceptions
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to them.?

Table 9.5 and Table 9.6 list the 20 most frequent exceptions encountered in
Modern Beijing and Modern Cantonese respectively and their frequencies in the
whole data corpus. A discussion of the names of the various exceptions is given
in Appendix C. It is, however, worth restating here that the interesting ex-
ceptions are those that are exceptional applications of the regular phonological
rules. Such exceptions indicate that the regular rule had applied, but in viola-
tion of either its conditioning environment or the RC. In general, no distinction
has been drawn between these two different kinds of exceptions because they
are interchangeable from a computational point of view for reasons discussed
earlier — there is an equal penality to pay for describing either kind of violation
(see Section 4.9.3). However, for purposes of linguistic interest, the tables list
where applicable the number of times an exception happened because of an
RC violation. In the case of Modern Beijing, for example, all 83 occurrences
of the [chamel] exception were violations of the RC, whereas only 11 of the 17
[round] exceptions were. The other 6 were violations of the rule’s conditioning
environment. The rule [asipr-r], the aspiration redundancy condition, causes an
aspirated fricative to lose its aspirated status (Chen76, p.156). It is not part of
the RC although it is discussed in Chen76 and hence the RC violation column is
not applicable to it. For comparison, Table 9.7 list the 20 most frequent regular

phonological rules in Modern Beijing and Modern Cantonese.

From the Tables 9.5 and 9.6, it is seen that the most frequent exception by
far in both the Modern Beijing and Modern Cantonese linguistic hypotheses as
presented in Chen76 and CN84 is the unexpected tone split rule, denoted in the
PFSA by the symbol “[t-split]”, in the phonology of Modern Cantonese. This
occurs when a word with a voiced initial in SMC split to Tone A (and thence
possibly to Tone C via the AC-SPLIT rule) or when a word with an unvoiced
initial in SMC split to Tone B in Modern Cantonese. Despite being the most

frequent exception, this unexpected tone split rule only occurs 125 times (only

2Few such exceptional rules are evident in the Figures 9.1 and 9.2 because most of the
exceptional rules are low in frequency and are thus unrepresented.
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| Exception | Description Frequency | RC Violations |

[chamel] P-rule fed by Chameleon vowel PC | 83 83
(t2] t2-merge non-application 18 n/a
[round] Exceptional vowel rounding 17 11
(i-del] Exceptional i-deletion 17 7
(aspir] Exceptional aspiration 16 7
(aspir-1] Aspiration redundancy condition 19 n/a
[t1-split] Exceptional split of tone 1 12 4
[u-del] Exceptional u-deletion 11 n/a
(k-u] k changes to u 11 n/a
[u-o] u changes to o 9 n/a
(t3-t2] Tone 3 changes to Tone 2 8 n/a
(p-n] Velar nasal dentalisation 8 n/a
(t4-tripart] | Exceptional t4-tripartition 6 5
[t1-t2] Tone 1 changes to Tone 2 6 n/a
[procope-j] | Initial j deletes 6 n/a
(i-y] i changes to y 6 n/a
(fric] Exceptional frication 6 Il
(t3-tla] Tone 3 changes to Tone 1a 5 n/a
[affric] Exceptional affrication 5 4
[laffric] Exceptional non-affrication 5 n/a

Table 9.5: 20 most frequent exceptions in the phonology of Modern Beijing.

105 shown in the diagram), i.e. in less than 3.9 percent of the total number
of words in the database. The relative frequency of this exception is to some
extent already obvious from Appendix A of CN84 (III, p.153) which lists the
Modern Cantonese Tone correspondences. But an important aspect in which
the present work goes beyond CN84 is by giving the relative frequency of the
tone split exception among all other exceptions; the Appendix in CN84 only
gives the relative frequency of the tone split exception among other tonal rules

and exceptions.

Another important aspect in which the present study extends the previous
work is in bringing to light some important exceptions that were not repre-
sented in Chen76 or CN84. For example, the second-most frequent exception
encountered was the unexpected feeding relationship of the chameleon vowel
rule to other diachronic rules in Modern Beijing. This occurred 83 times, ap-
However, this is not obvious in

proximately 3 percent of the total sample.

the Chen76 RC, except for an actual instance of this feeding relationship in
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Exception [ Description

[ Frequency | RC Violations |

[t-split] Exceptional tone-split 125 0
[aspir] Exceptional aspiration 33 12
[lac-split] AC-split non-application 30 n/a
[procope-j] | Initial j deletion 21 n/a
[s-ts] s changes to ts 15 n/a
[t2-t3] Tone 2 changes to Tone 3 14 n/a
[t3-t2] Tone 3 changes to Tone 2 13 n/a
[de-aspir] | Initial de-aspiration 13 n/a
[ts-s] ts changes to s 1)l n/a
[procope-x| | x deletion 11 n/a
[a-front] Back a is fronted 10 n/a
[t2-t1] Tone 2 changes to Tone 1 9 n/a
[t1-t2] Tone 1 changes to Tone 2 9 n/a
[round] Exceptional vowel rounding | 6 6
[x-k"] x changes to k" 5 n/a
[t3-t1] Tone 3 changes to Tone 1 5 n/a
[t1-t3] Tone 1 changes to Tone 3 5 n/a
[i-del] Exceptional i-deletion 5 n/a
[unglide] Glide removal 4 4
[j-ins] j insertion 3 n/a

Table 9.6: 20 most frequent exceptions in the phonology of Modern Cantonese.

tion in the derivation of MB tsy (to test) from SMC *tsac (Chen76, p.227).
These two exceptions were followed in frequency by the unexpected aspi-
ration of an unvoiced initial and the unexpected non-application of the AC-
SPLIT rule, both of which occurred in Modern Cantonese 31 and 30 times
respectively, approximately 1.1 percent of the total sample. Other exceptions
were much fewer in number. Discoveries such as this demonstrate the value of

a systematic computational analysis of the original phonological data.

9.2.2 Chen76 and CN84 on exceptions

The position of Chen76 and CN84 with respect to such exceptions is that they

are to be classed as diachronic rules if they satisfy the following two criteria:3

3Newman (1996) also discusses many interesting reasons for the presence of exceptions in
Chinese phonology and their status. Several reasons given, such as imitation of prestigious
dialects, borrowing, etc. would seem to argue for exceptions being treated as footnotes only
and not being elevated to the status of diachronic rules.
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| P-rule (MB) ] Frequency ” P-rule (MC) ‘ Frequency
t1-split 1102 t-split 2578
devoice 639 io-flip 884
palat 484 devoice 587
t4-tripart 383 round 557
apocope 368 rime 522
retrof-2 366 deret 462
degemination | 365 length 372
med-dism(a) | 361 retrof 344
fusion 347 unglide 335
a-merge 340 aspir 221
rimemic 263 raise 213
raise-il 237 fusion 193
raise-u 218 back-asm 171
vocal 216 glide-ins 164
aspir 201 color 157
procope 171 glide 153
raise-i2 154 x-weak 147
fricat 153 diphthong 139
coalesce 152 fricat 117
syllab 147 lab-dism 112

Table 9.7: 20 most frequent rules in the phonology of Modern Beijing and
Modern Cantonese.

e They occur sufficiently frequently

e Some general condition exists which can predict their application or non-

application

The first condition seems readily satisfied at least by the most frequent ex-
ceptions encountered, for it is noteworthy that the delabialisation of a vowel
following velars or glottals in Modern Beijing phonology warranted the forma-
tion of the U-DELETE rule (Chen76, p.189-190) which occurred only 25 times
in the total sample of words. But it is not clear from the PFSA if the sec-
ond condition is also satisfied since linguistic context is not preserved in the
diagrams.

These frequent exceptions can thus best be viewed as problems to be tackled
by linguists who, now armed with their actual frequencies in the full data corpus,

can attempt to find general conditions to elevate them to the status of diachronic
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rules. For instance, it is obvious from the PFSA that there are also a number
of exceptional instances of the chameleon vowel rule feeding the phonotactic
condition RIMEMIC. These are not readily obvious from a reading of Chen76
and CN84.

What is even more significant about the PFSA is that they also clearly
present the probabilities of the actual rules and rule sequences as they applied
in the lexicon of the language. It is easy to see, for instance, that in Modern
Cantonese the T-SPLIT rule was the most frequent initial rule occuring with a
probability of 2538/2714 or 0.93 and that an exceptional application of it has a
probability of 0.039. Besides, the PFSA also indicate probabilities of sequences
of rules and which rule is most likely to occur after which other one in some
circumstances. Such relative probabilities are hard to discern from the tables
provided in the appendices of Chen76 and CN84. Various interesting facts like
this come to light when studying the PFSA which embody the original linguistic

hypothesis with matter from the language’s real vocabulary.

9.2.3 Relation between the PFSA and RC diagrams

It is also worth mentioning that the PFSA may seem to resemble the graphical
representation of the RCs in Chen76 and CN84 (reproduced here in Figures 4.2
and 4.3) superficially, but in fact they are more significant. They represent
the actual sequences of rules used in deriving the forms rather than just the
ordering relation among them.? The frequencies on the arcs also give an idea
of the total number of times a particular rule was applied at a certain stage of
the derivation process in the corpus of words.

As mentioned earlier, the arcs in the RC diagrams trace ordering relation-
ships between the rules whereas the arcs in the PFSA show the actual rule
applications as well as their ordering. It is, however, possible to note some
similarity between them as the PFSA structures are implicitly determined by

the ordering relationships given in the RCs. In the RC of Modern Cantonese

“Certain rules that rarely apply may not show up in the PFSA diagrams, but that is
because arcs representing them have been deleted from the diagram. The MML computation
process, however, accounted for those as well.
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(Figure 4.3), for example, the ordering of the T-SPLIT rule before the AC-
SPLIT rule, and the AC-SPLIT rule before the IO-FLIP rule can be seen in the
transition from state 0 to state 1 on “t-split”, state 1 to state 18 on “ac-split”
and state 18 to state 36 on “io-flip”. However, this cannot be carried too far.
The RC consists of sequences of rules which are ordered internally within their
respective sequences, but the sequences themselves are not ordered with respect
to other sequences. In the case of more than one sequence of rules having to
apply to a given reconstructed form, a procedural decision was made to con-
catenate the sequences in the order in which they are introduced in Chen76 and
CN84. For example, we see a transition sequence from state 0 to state 1 on
“t-split”, 1 to 22 on “fricat”, 22 to 101 on “retrof” and 101 to 153 on “deret”.
Note that the T-SPLIT rule is not ordered with respect to the sequence of rules
FRICAT, RETROF and DERET.

The embodiment of an RC in a canonical PFSA is readily apparent if the
exceptions are removed and predecessor and successor symbols are determined
for every symbol in it. The information so determined would then indicate the
bleeding and feeding relationships described in Chen76 or CN84 giving a list of
which rules can apply before and after which other rules. They would also in-
clude, however, the extra ordering criteria imposed for the purpose of obtaining
complete derivations as discussed in the previous paragraph, namely the order
in which the rules have been discussed in Chen76 and CN84, which might need
to be filtered out. A similar attempt can also be made with the reduced PFSA
and this would result in a modified RC. This is likely to be more generalised
than the original RCs. The actual significance of such a generalisation of an

RC would need to be subjected to the critical analysis of historical linguists.

9.2.4 Significance of diachronic regularities in MB and MC

We make a further observation about the results that the complexity measures
for the phonologies of Modern Beijing and Modern Cantonese are not immensely
different from each other. Interestingly also, while the MML of the canonical

PFSA for Modern Beijing is greater than that for Modern Cantonese, the MML
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of the reduced PFSA for Modern Beijing is less than that for Modern Cantonese.
While the differences might be within the margin of error in constructing the
derivations and the PFSA, it is possible to speculate that the generalisation
process has been able to discern more structure in the diachronic phonology
of Modern Beijing than in Modern Cantonese. From a computational point of
view, one could say that the scope for further generalisation of the diachronic
rules is greater for Modern Cantonese than for Modern Beijing or that there
is greater structure in the evolution of Modern Beijing from Middle Chinese
than in the evolution of Cantonese. One could perhaps claim that this is due
to the extra liberty taken historically by current Modern Cantonese speakers to
introduce changes into their language as compared to their Mandarin speaking
neighbours. But it would be naive to conclude so here. The study of the actual
socio-cultural factors which would have resulted in this situation is beyond the
scope of this dissertation.

It is also no surprise that the MMLs obtained for the two languages are
not very different from each other although the difference is large enough to
be statistically significant. Indeed, this is to be expected as they are both
contemporary and have descended from a common ancestor. We can expect
more interesting results when deriving complexity measures for the phonologies
of languages that are more widely separated in time and space. It is here
that the method described in this dissertation can provide an effective tool for

subgrouping.

9.2.5 Glottochronology revisited

In this context, it is tempting to postulate a chronological thesis for the time
separations of the two languages from Middle Chinese. Here, at least, the
results are consistent, since the MMLs are close together for the two contem-
porary languages, but we realise that much further work is necessary before
any such thesis is made. We need to study several such distance measures in
other language families and draw up a thesis based on a number of MML and

chronological separation pairs. Besides there is the problem of which theory
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of linguistic change one subscribes to. One of the common traditional views
is that language complexity increases with time. In this view, exceptions to
the diachronic phonology are caused by further changes to sounds which result
from phenomena such as paradigmatic levelling, analogy, borrowing of pronun-
ciation from prestigious dialects, etc. If this were the case, then the measure
we derive would be a true distance measure since it indicates the presence of
more irregular forms and thus greater complexity. However, there is also an al-
ternative view in the theory of lexical diffusion, first proposed by Wang (1969),
according to which a language change starts off at one point in the vocabulary
and gradually spreads to all the phonemes in it over time.5 In this view then,
a completed change leaves fewer exceptions than an incomplete change or a
change in the process of happening. Thus a larger number of exceptions and a
greater complexity in the diachronic phonology will point to changes in progress
rather than completed changes and hence to a language that is actually nearer
to the parent language. If this were the case, the distance measures proposed
in this dissertation would be considered closeness measures! Here however, we
make no attempt to argue for any one particular model of linguistic change. We

only provide a complexity measure that is open to interpretation by linguists.

9.3 Conclusion and Prospects

The work described in this chapter was originally presented at the World Ar-
chaeological Congress III conference, New Delhi, in 1994 and has undergone
significant revision since then, mostly due to the suggestions of paper review-
ers. One of the points raised by a reviewer was that the methodology described
could in fact be put to better use than in just deriving distance measures. The
suggestion was that it should be possible, in principle, to use the method to
choose between competing reconstructions of protolanguages as this tends to

be a relatively more contentious area than subgrouping.

SFurther and more recent descriptions of lexical diffusion can be found, for example, in
Robinson (1977), Cheng and Wang (1977), Wang and Cheng (1977), Chen (1977, pp. 211-
221), Hock (1986, pp.649-652) or Cheng (1994b).

142



It is indeed possible to use the method to do this — we could retain the
basic procedure, but shift the focus from studying two descendants of a common
parent to studying two proposed parents of a common set of descendants. A
protolanguage is usually postulated in conjunction with a set of diachronic
rules that derive forms in the descendant languages. We could thus use the
methodology described in this chapter to derive a large number of forms in the
descendant languages from each of the two competing protolanguages. Since
descriptive economy is one of the deciding factors in selecting historical linguistic
hypotheses, the size of each body of derivations, suitably encoded in the form
of automata, in conjunction with other linguistic considerations can then be
used to decide the plausibility of that reconstruction. However, this is not the
purpose to which it has been put in the present dissertation. The reason for
this was not only the unavailability of data for the latter task, but also the
relatively easy availability of data for the former. Further study of that line of

approach is left as a topic for future research.

In addition to possible work in applying the method as outlined in this
dissertation to two daughter languages in a new language family or to two
proposed reconstructions of a different proto-language, there is also scope for
future work in improving PFSA inferencing strategies. As mentioned earlier,
the simba search procedure could perhaps be improved by incorporating a differ-
ent annealing schedule, or variations of the sk-strings approach could be tried.
For example, work could be done along the lines of incorporating predecessor
substrings as parameters into the merging criterion in addition to successor

substrings in the algorithm.

Finally, the inferencing procedures could also be applied to various other
domains. One obvious candidate that readily springs to mind is in the measure
of dissimilarity between DNA strands. Indeed, one can see the application of
this method of dissimilarity quantification even in such fields as psychology for
modelling human behaviour or history in trying to discern general patterns in
global events. While such interesting work is definitely possible and worthwhile,

it is deemed best to conclude the present dissertation at this point and embark
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on these as new projects.
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Figure 9.1: Reduced PFSA for the diachronic phonology from Middle Chinese
to Modern Beijing (Allophonic detail excluded).
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Figure 9.2: Reduced PFSA for the diachronic phonology from Middle Chinese
to Modern Cantonese (Allophonic detail excluded).
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Appendix A

Guide to Using the Programs

A.1 Introduction

A number of programs were developed to test the various algorithms discussed
in this dissertation. They are: randpfsa, which generates a random PFSA within
given limits, genstr, which generates random strings using a given PFSA, canon,
which constructs a minimal canonical PFSA from a given set of strings, dfa,
which determinises a given non-deterministic automaton using the subset con-
struction algorithm (Rabin and Scott 1959) and minimises it (Aho et al. 1986,
pp-141-144), ktail, skstr, beams and simba which all perform generalisations of
input PFSA, grafit and groupnodes which postprocesses the output of a PFSA
printing program to make it suitable for graphical presentation using Jos van
Eijndhoven’s graphplace program.! For best results, it is recommended that
the user also have a compiled version of graphplace and ghostview available.

These program binaries are available with a brief description of how to use
them from the URL “ftp://fims-ftp.massey.ac.nz/ARaman/pfsa.[arch].tar.gz”
where [arch| stands for “sparc”, “alpha”, “i486”, or “indy”. The source code is
available on request from the author.

The programs have all been implemented with the Unix command line in-
terface in mind. Thus they conform to the general Unix way of doing things
through pipes and redirections. The output of one program may frequently be
piped into another or into other Unix tools. The programs have been designed
to facilitate this.

In general, the following conventions have been followed. PFSA are specified
as a list of “source target symbol frequency” tuples, delimited with either a
semicolon or a newline. White space in PFSA specification is ignored, as is any
text on a line following a hash “#” character up to the end of that line. Source

! Graphplace reads in an ASCII graph specification and outputs placement information on
visual media or optionally a postscript file that can be printed or viewed using a postscript
viewer such as ghostview. In order to prettyprint the graph, a small change was made to
the Postscript prologue used by graphplace. This allows the printing of arc frequencies in
superscript font above the symbols. To use this feature version of the file graphpro.ps supplied
with the PFSA distribution must be installed in the lib directory ($HOME/lib) of the user
instead of the original version in the graphplace distribution.
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specification is optional and defaults to either state 0 or to the most recent
source specified. The frequency of transition is also optional and defaults to 1.
The following is an example PFSA specification:

# Gaines’ (1976) 4 state machine
# source target symbol frequency

0 M e 4
3 B ]
1 1 a 9
2 b [
2 © Y@ W
3 1 b 3

State 0 is a special state and every PFSA must have a state numbered 0.
Transitions on delimiter symbols are assumed to return to state 0. It is also
assumed that the specified PFSA is consistent, i.e. the total number of incoming
transitions is equal to the total number outgoing and that every state has at
least one transition leaving it.

A string to be processed as input to a PFSA manipulation program is a
series of colon (:) separated labels ending with a delimiter symbol, which is
a newline by default. Labels which make up the string may not start with a
numeric character. Specifically, they may only start with one of the characters
matching the regular expression “[A-Za-z!"()]” although they may contain any
character other than whitespace, a hash sign, a colon or a semicolon in them.
The following are valid strings:

a:b:c:d:e:
hello:world:

A file (test.strings) is supplied with the distribution which contains a list of
sample strings that can be used to test the various programs.

Default input to all the programs comes from standard input and the de-
fault output is to standard output. Input may optionally be specified on the
command line, but the extension of the filename must conform to what is ex-
pected. A program that expects a PFSA as input will expect a filename ending
with “.pfsa” if one is specified. A program that expects strings for input will
expect a filename ending with “.strings”.

The default output of all programs is to standard output if no input filename
is specified. If input is explicitly specified, then the output file name is created
by substituting the extension part of the input filename appropriately. Genstr
will substitute the “.pfsa” part of its input filename with “.strings” and canon
will substitute the other way. The various optimisation programs will substitute
the “.pfsa” part of the filename by “.opfsa”. This behaviour can, however, be
overridden by specifying an explicit output filename with the “-0” option.

Most of the programs in the distribution have some common options. These
are described here: The “-v” flag causes the program to enter verbose mode.
This prints extra information in the final output. In particular, PFSA genera-
tion programs print the MML of the PFSA and other miscellaneous information
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such as the number of states and the total number of arcs. Programs that out-
put PFSA support the “g” flag which causes them to output the PFSA in a
format suitable for processing by the graphplace program. All programs sup-
port the “-D” flag which allows the user to change the delimiter? symbol from
“\n”.

In addition, the “-d” flag may be used one or more times on the command
line to make a program enter various levels of debugging. This causes copious
amounts of debugging information to be printed while the program is executing.

All the PFSA optimisation programs (ktail, skstr, simba and beams) support
the “-a” option which will terminate the program after a specified number of sec-
onds if given. This helps to break out of extremely time consuming executions
automatically. By default, a program will continue until it either completes or
is stopped by a user generated signal. Most programs can have debugging dy-
namically toggled by sending them a SIGUSRI signal during execution. This is
especially useful in checking the status of long running optimisations. Sending
SIGUSR2 will print an interim progress report.

Although the programs have all been designed with the Unix philosophy
in mind, Unix style manual pages have not been provided for any of them.
Installing these pages on a multi-user system where it is probably irrelevant to
other users of the system tends to be wasteful and separate manual pages could
sometimes get lost! Instead, each program comes with built in help which can
be elicited with the “-h” option.

A.2 Canon

Canon reads in a list of strings and generates a minimal canonical automaton
that represents the input strings. The canonical PFSA is just a trie of the input
with frequencies on each arc reflecting how many times the arc was traversed
in creating that structure. The following are some examples of usage of canon
(“%” below is the shell prompt. Command outputs are not given.)

% canon test.strings

% canon -v test.strings

% canon -v <test.strings

It can also be used with the “-a” option to read in a preliminary PFSA
specification and create frequency counts on its arcs by reading in a list of
strings. In its second version, it will reject strings that it finds unacceptable
with the given PFSA specification. Here are some examples:

% canon -va test.pfsa <test.strings
% canon -a test.pfsa

m:n:o:e:f:g:

m:n:o:

2The author himself has rarely ever used a different delimiter and so this option has not
been extensively tested.
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A.3 Genstr

Genstr reads in a PFSA specification and prints a number of strings it generates
randomly using it. The “-n” option controls the number of strings output. The
default is 100. The “-r” option is given to enable genstr to output different
random strings by seeding the random number library with the current value
of the system clock. A “-R” option was added late to genstr to cause it to print
out the input PFSA renumbered breadth-first.

Genstr is also useful in just printing out the MML of a given PFSA. The
“-b” and “-e” options cause genstr to print the MML of the PFSA computed
using formulas 5.6 and 5.4 respectively and exit. Here are some examples:

% genstr test.pfsa

% genstr -b <test.pfsa

% genstr -e gaines.pfsa

% canon <test.strings | genstr | more

A.4 Randpfsa

Randpfsa generates a random PFSA within the specified limits of size. Like
genstr, randpfsa supports a “-r” option which seeds the random number library.
Otherwise, it generates the same random PFSA each time! The user has control
over the maximum number of states, maximum number of arcs and cardinality
of the generated automaton. These are specified using the “-n”, “-a” and “-c”
options. Also, a “-1” option is available which controls a bias towards tight
loops (self-transitions). The “-1” option takes an argument from 1 to 10 which
determines how likely (or unlikely) a self-transition is. If this value is 0, there
will be no self-transitions (however there may still be loose loops). If, on the
other hand, this value is 10, the PFSA will have only state 0 and all transitions
will be to and from this state. Values in-between select intermediate values of
the bias. The default value is 5, which means that there is no bias towards tight
loops.

A.5 Skstr, Ktail, Beams and Simba

These programs are all either links to a program called opt or are copies of it.
The algorithm to execute is determined by looking at the program name. Ktail
executes the k-tails algorithm, skstr executes the sk-strings algorithm, beams
and simba execute the beam search and simba search algorithms on the input
PFSA. The “-H” option can be used to select one of the 6 heuristics — AND,
OR, LAX, STRICT, XENTROPIC and VARDIST — for sk-strings; the default
is OR.
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Needless to say, the output of one of these programs can directly be piped
into the input of another for further minimisation attempts. The following
examples illustrate the use of these programs:

% skstr <test.pfsa

% skstr -d test.pfsa

% skstr -H XENTROPIC -e0.1 <test.pfsa

% canon <test.strings | skstr -HLAX -t3 | beams -vb100
% skstr -v <test.pfsa | beams -vb100

% skstr -dv test.pfsa

% beams -dv test.pfsa

% beams test.pfsa

% simba -dv -t10 <test.pfsa

A.6 Dfa

Dfa determinises the input PFSA using the subset construction algorithm. If
the “-m” flag is given, the determinised automaton is minimised in its number
of states as well. Since the frequencies of transitions on the arcs of the PFSA
will be irrelevant to the determinised machine, these are ignored in the process
and will not be printed. However, the machine output by dfa is still readable
by programs that require PFSA input, notably canon which can read it in and
reconstruct arc frequencies via its “-a” option. The following is an example of
its usage:

% canon <test.strings | skstr -H LAX -p50 -t3 | \
> dfa -m >/tmp/test.pfsa
% canon -va /tmp/test.pfsa <test.strings | more

A.7 Grafit and Groupnodes

Grafit reads in a PFSA and prints it out in a format suitable for van Eijnd-
hoven’s graphplace program. It is different from the “-g” option of the other
programs in that it can be used on existing PFSA. In addition, it supports the
“-t” option which can be used to give the printed PFSA a title.

Groupnodes is a simple shell script which enables graphplace to constrain the
vertical distribution of nodes. Groupnodes takes as argument node numbers,
which it will arrange for graphplace to assign the same y-coordinate in the
figure. Optionally, groupnodes takes a first non-numeric argument which will
label each group of nodes it arranges for identical y-coordinates. When nodes
are grouped together thus, graphplace must be informed of this grouping by
using its “-g:” option.

Figure A.1 shows the 5-state Andreae PFSA without nodes grouped verti-
cally, generated using the command:

% grafit <ab.pfsa | graphplace -pc | ghostview -
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The same PFSA is shown in Figure A.2 with nodes 0, 2 and 4 grouped along
the same y-coordinate, generated using the command:

% cat ab.pfsa | grafit | groupnodes 0 2 4 | \
> graphplace -pc -g: | ghostview -

Figure A.1: Andreae’s 5 state machine without vertical node grouping

The following examples further illustrate the use of grafit and groupnodes.

% canon <test.strings | skstr | grafit | \

> groupnodes 0 1 2 3 10 12 | graphplace -pg: | lpr -Plaser
% skstr <test.pfsa | grafit -t "‘date‘" | groupnodes x 0 1 | \
> groupnodes y 2 3 | graphplace -pg: | ghostview -

A.8 DISCLAIMER

The programs are provided “as is” without any express or implied warranties
whatsoever. Neither the author, nor the distributor is liable for any damages
that may be caused by their use. Work done using these programs must cite
either Raman and Patrick (1997d) or this dissertation.
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Figure A.2: Andreae’s 5 state machine with nodes 0, 2 and 4 grouped vertically
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Appendix B

Reduced PFSA

B.1

PFSA for SMC>MC (Diachronic only)

Src Dst Sym Freq Sge Dst Sym Freq Src Dst Sym Freq
0 ] t-split 2538 1 51 geng-zeng 3 13 80 x-weak 3
0 2 t3-t1] 4 2 25 t-split 10 13 19 fusion 1
0 3 t-split] 105 2 65 [t-split] 3 13 20 procope-a 1
0 4 t4-t1] 1 3 26 length 3 1:3; 31 lab-vel 3
0 5 [t4-t3] 2 3 25 ac-split 7 13 81 io-flip 15
0 2 {t2-t1) 9 3 14 devoi 17 13 58 round 16
0 6 t1-t2) 9 3 37 aspir 11 13 35 sharp 3
0 7 t3-t2] 13 3 52 lab-dnt’ 2 13 19 [a-front] 1
0 6 t1-t3) 5 3 53 lab-dism 4 13 82 back-asm 8
0 8 t4-t2] 1 3 54 fricat 2 14 0 \n 20
0 9 tl-t4]) 1 3 55 retrof 2 14 83 length 13
0 10 t2-t3) 14 3 26 x-weak 2 14 19 aspir 2
0 11 t2-t2] il 3 1 lab-vel oL 14 17 lab-dnt’ 21
1 0 \n 128 3 26 glide 2 14 26 lab-dism 2
1 12 length 169 3 56 io-flip 14 14 31 deret 2
1 13 ac-split 99 3 57 round 8 14 55 r-unglide 3
1 14 devoi 269 3 58 pal-dism 1 14 22 fricat 16
1 15 t2-merge 55 3 19 color 2 14 55 retrof 2
1 16 aspir 187 3 36 unglide 1 14 84 retrof 45
1 17 lab-dnt’ 32 3 19 rime 1 14 31 x-weak 50
1 18 lab-dism 38 3 59 affric I 14 125 lab-vel 1\
1 19 [de-aspir] 2 3 38 procope-d 2) 14 19 lab-vel ol
1 20 deret 54 3 19 [a-front] 1 14 85 io-flip 51
1 21 r-unglide 30 3 60 back-asm 2 14 19 round 16
I 22 fricat 58 3 30 raise 7 14 19 color 2
1 23 retrof 140 3 61 glide-ins 2 14 35 sharp 3
1 24 spirant 58 3 26 [aspir] 2 14 19 unglide 6
1 25 x-weak 37 3 45 y-split 2 14 19 rime 3
1 26 fusion 9 3 46 pre-color 2 14 86 affric 1
1 27 procope-a 21 3 62 diph 3 14 18 back-asm 4
1 28 lab-vel 49 3 14 aspir-r 1 14 57 raise 13
1 29 procope-b 2 4 63 [t-split] 1 14 42 y-split 1
1) 30 glide 42 5 62 t-split 1 14 48 diph i/
1 31 [unglide] 4 5 64 [t-split] 1 14 38 [procope-x] 2
1 32 jo-flip 362 6 31 t-split 10 14 124 [x-kh] 1
1 33 round 198 6 66 [t-split] 4 15 87 devoi 45
1 26 pal-dism 12 7 66 t-split 9 15 88 aspir 1|
)| 34 color 11 7 67 [t-split] 4 15 89 glide 1
1 35 sharp 19 8 68 [t-split] 1 15 73 io-flip 1
i 36 unglide 41 9 69 t-split 1 15 73 round 3
1 34 rime 32 10 70 t-split 8 15 90 affric 3
1 37 affric 40 10 71 [t-split] 6 15 30 raise 2
1 38 procope-d 9 11 72 t-split 1 16 91 devoi 173
1 19 [a-front) 1 12 0 \n 129 16 92 t2-merge 2
1 39 back-asm 47 12 19 [t3-t1] 1 16 93 lab-dnt’ 3
1 40 raise 104 12 19 [de-aspir] 1 16 31 deret 1
1 41 glide-ins 46 12 73 fusion 1 16 94 fricat 4
1 42 [aspir] 4 12 74 procope-a 8 16 41 x-weak 1
1 43 x-lab 2 12 44 procope-b 14 16 19 round )1
1 44 procope-c 9 12 19 [aspir] 2 16 94 affric 1
1 45 y-split 17 12 75 procope-c 2 16 95 raise 2
1 46 pre-color 8 12 19 [n'-del] 1 17 0 \n 9
1 47 [ac-split] 2 12 75 [procope-x] 1 17 76 lab-dism 41
1 48 diph 68 13 26 length 18 17 96 unglide 1
1 19 [u-o] 1 13 17 lab-dnt’ 3 17 19 raise 5
1 49 aspir-r 14 13 76 deret 10 17 97 diph 1
il 50 [procope-j] 1 13 7 r-unglide 1 18 0 \n 7
1 19 [schwa-i] 2 13 78 fricat 6 18 36 io-flip 4
1 13 [back-asm] 1 13 79 retrof 6 18 26 round 34
1 25 lab-dnt 4 13 70 spirant 6 19 0 \n 1201
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Src Dst Sym Freq |[ Src Dst Sym Freq |[ Src Dst Sym Freq |
19 19 N1-t] 1 27 61 glide-ins 8 38 19 glide-ins 6
20 0 \n 9 27 97 diph 3 38 19 procope-m 4
20 83 length 34 27 19 [lac-split] 1 39 113 round 48
20 98 pal-dism 1 27 19 [j-ins) 3 40 0 \n 48
20 19 color 2 28 0 \n 9 40 109 procope-a 1
20 19 unglide 1 28 83 length 10 40 109 procope-b 11
20 60 back-asm 4 28 19 io-flip 5 40 19 unglide 8
20 61 glide-ins 3 28 26 round 7 40 114 diph 1
20 19 [a-ins] 1 28 19 [aspir] 1 40 34 y-fuse 31
21 31 deret 34 28 31 f-coal 24 40 19 nasal-syl 7
21 32 round 2 29 70 glide 2 41 0 \n 4
22 99 devoi 8 30 0 \n 14 41 85 io-flip 23
22 100 aspir 2 30 19 length 1 41 60 back-asm 9
22 101 retrof 86 30 109 procope-b 2 41 95 raise 11
23 102 deret 140 30 105 io-flip 8 42 19 lab-vel 2
24 103 x-weak 43 30 19 round 1 42 19 raise 1\
24 28 lab-vel 7 30 19 sharp 2 42 19 [s-ts) 9
24 43 x-lab 7 30 19 unglide 2 43 115 f-coal 9
24 48 diph 1 30 19 [aspir] 1 44 83 glide 19
25 0 \n 16 30 97 diph 7 44 61 glide-ins 4
25 19 length 4 30 19 [procope-j] 10 45 0 \n 1
25 66 devoi 2 30 19 [procope-x] 2 45 91 x-weak 1
25 21 aspir 1 30 19 [round] 1 45 116 lab-vel 8
25 17 lab-dnt’ 1 30 19 y-fuse 2 45 97 glide 2
25 53 lab-dism 4 31 0 \n 16 45 57 io-flip i
25 31 deret 2 31 19 length 48 45 117 io-flip 5
25 112 retrof 4 31 116 lab-dism 2 45 116 x-lab 1
25 128 spirant 2 31 79 retrof 1 46 19 color 67
25 19 fusion 1 31 19 fusion 3 46 19 unglide 3
25 40 fusion 3 31 75 procope-a 1 47 118 procope-a 1\
25 31 lab-vel 1 31 26 glide 2 47 19 [u-o] 1
25 30 glide 1 31 19 io-flip 15 48 57 io-flip 76
25 35 io-flip 3 31 76 io-flip 1 49 119 lab-dnt’ 10
25 104 io-flip 18 31 19 round 29 49 19 lab-dism 1
25 19 round 11 31 167 pal-dism 1 49 120 raise 3
25 19 pal-dism 1 31 19 [a-front] 2 50 1 glide 1
25 35 sharp 4 31 53 back-asm 7 51 121 io-flip 1
25 46 sharp 1 31 60 back-asm 2 51 122 rime 1
25 19 unglide 9 31 19 raise 2 51 123 x-lab 1
25 19 rime 5 31 97 diph 12 52 31 lab-dism 2
25 39 back-asm 1 32 0 \n 20 53 120 round 3
25 60 back-asm 6 32 75 procope-a 12 53 19 round 44
25 95 raise 12 32 75 procope-b 5 54 66 retrof 2
25 147 y-split 2 32 19 pal-dism 34 55 26 deret 7
25 62 diph 2 32 58 unglide 38 56 19 pal-dism 3
25 116 diph 2 32 106 rime 249 56 19 unglide 21
25 19 [t-n] 1 32 38 procope-d 2 56 106 rime 23
25 19 [k-1] 1 32 19 [aspir] 2 56 25 rime 8
25 19 [k-ins] 1 32 75 [procope-x] 1 57 0 \n 57
25 19 [iu-o] 1 32 19 [s-ts] 1 57 75 procope-a 5
25 19 [a-oe] 2 33 0 \n 183 57 75 procope-b 1
26 0 \n 199 33 19 [de-aspir] 1 57 19 unglide 40
26 26 length 2 33 83 procope-a 9 57 75 procope-d 2
26 19 length 2 33 27 procope-b 11 57 75 [procope-x] 5
26 153 devoi 8 33 19 unglide 15 57 19 [s-ts] 2
26 164 lab-dism 2 33 107 raise 1 57 19 y-fuse 5
26 19 [de-aspir] 3 33 42 [aspir] 3 58 0 \n 44
26 19 fusion 31 33 74 x-lab 1 58 19 procope-a 1
26 120 fusion 1 33 19 [t-f] 2 58 19 [aspir] 8
26 36 fusion 1 34 0 \n 92 58 19 [x-kh] 3
26 38 procope-a 3 34 109 procope-a 5 59 90 aspir 1
26 75 procope-b 2 34 109 procope-d 12 60 46 round 57
26 120 io-flip 1 34 19 glide-ins 1 61 0 \n 6
26 19 io-flip 3 34 19 [aspir] 1 61 60 back-asm 16
26 19 round 1 34 109 procope-c 9 62 120 io-flip 31
26 98 pal-dism 1 34 19 [n-ng] 1 63 127 length 1
26 19 color 3 35 110 r-unglide 1 64 1 devoi 1
26 19 unglide 3 35 35 fricat 1 65 129 length 1
26 108 unglide 3 35 111 retrof 12 65 80 devoi 1
26 53 back-asm 6 35 98 pal-dism 11 65 130 r-unglide 1
26 15 back-asm 1 35 19 unglide 13 66 0 \n 1
26 97 diph 1 35 98 rime 1 66 12 length 1
26 75 [procope-j] 1 35 75 procope-d 1 66 133 devoi 1
26 74 a-i 1 36 0 \n 34 66 131 aspir 2
26 19 [tac-split] 7 36 19 [de-aspir] 3 66 31 deret 5
26 19 [s-ts] 3 36 19 deret i 66 134 r-unglide !
26 19 final-dism 3 36 19 round il 66 135 fricat 1
26 19 [ts-s] 4 36 19 raise 3 66 79 retrof 1
26 19 [p-t] 1 36 19 [round] 1 66 19 round 1
26 19 [kw-w] 2 36 19 [x-tsh] 2 66 132 affric 1
26 19 [m-n] 2 36 19 [i-h] 2 66 109 procope-c 1
26 19 degemin 1 36 19 [f-p] 1 66 14 aspir-r 1
26 19 [m-w] 1 37 25 devoi 36 67 21 devoi 3
26 19 [n-m] 1 37 26 aspir 12 67 30 glide 1
27 0 \n 1 37 126 fricat 1 68 136 round 1
27 19 glide 15 37 112 retrof 4 69 137 retrof 1
27 19 round 1 38 19 glide 8 70 128 length iy
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Src Dst Sym Freq |[ Src Dst Sym Freq |

70 19 Tength 1 91 148 diph 5

70 26 lab-dnt’ it 91 149 geng-zeng 2

70 13 r-unglide 1 92 110 devoi 2

70 78 fricat 4 93 97 lab-dism 3

70 138 retrof 1 94 150 devoi 5

70 80 x-weak 4 95 19 y-fuse 51

70 125  lab-vel 2 96 19 [fh-ph] 1 [Sc_ Dst Sym Heeal]
70 104 io-flip 1 97 19 io-flip 39 132 36 oo 1
70 19 [a-front] 4 98 19 fusion 22 133 19 Sb-Haty 1
T4l 70 devoi 4 99 151 retrof 8 134 115 Asrat 1
71 37 aspir 2 100 152 devoi 2 135 159 retrat 1
72 16 devoi 1} 101 153 deret 86 136 19 [k-del] 1
w3l RO \n 8 oz o NT 28 137 160  deret 1
78 75 procope-b 7 102 19 length 2] 138 161 retrof 1
74 0 \n 64 102 56 io-flip 41 139 74 (p-t] 1
74 154  procope-a 7 102 19 round 1 ol [ & lSn - ;
74 154 procope-b 2 102 26 pal-dism 2 141 0 \ng 6
74 19 unglide 1 102 19 color 4 141 19 <Blor 1
74 26 glide-ins © 102 33 unglide 15 142 0 Y 6
74 19 [aspir] 1 102 83 rime 10 142 85 io-fli 16
74 109 procope-c 1 102 60 back-asm 11 142 162 colorp 5
74 19 [tac-split] 19 102 95 raise 13 142 26 unglide 3
74 139 procope-m 1 102 42 [aspir] 3 142 19 rin?e 3
75 19 glide 54 102 62 diph 13 T e WSS N 2
e Y \n 2 108 0 An d 142 95 raise 1
76 26 length 23 103 26 length 7 142 62 dinh 4
76 19 io-fAlip 12 103 145  io-flip 14 =l e 3
76 53 back-asm 14 103 26 round 7 144 165 e 2
76 19 final-dism 3 103 19 unglide 2 145 0 i 12
77 140 deret I 103 18 back-asm 3 145 19 length 2
78 112 retrof 10 103 97 diph 1 145 19 2l ism 3
79 80 deret 8 103 19 [tac-split] 1 e 1 G L o
80 98 length 2 104 0 n 1 ey e g i
80 104 io-flip 12 104 19 unglide 2 146 19 Brotope-b) 1
80 35  sharp 1 104 19  rime 28 e B el 3
80 53 back-asm )t 104 26 rime 6 148 166 S Aip 5
81 19 round il 105 19 procope-d 6 149 120 s 2
81 34 rime 14 105 19 [n-del] 1 150 0 \E 1
82 141 round 23 105 19 [ng-n] 1 150 110 retrof 4
83 0 \n 131 106 0 \n 137 el e IR :
83 19 [de-aspir] 2 106 74 fusion 87 152 21 o 2
83 26 fusion 9, 106 109 procope-a 16 153 0 \n 7
83 19 fusion 14 106 109 procope-b 6 153 26 lenath 3
83 19 glide 2 106 154 procope-d 8 7 | 5 length 1
83 19 [a-front] 1 106 26 [aspir] 3 bl 5
83 19 [i-del] 5 106 109  procope-c 11 =5 oo io»ﬂip i
84 142 deret 45 106 19 [lac-split) 1 e 0 s io_ﬂip %
85 0 \n 6 106 19 final-dism 1 S 5
85 19 pal-dism 12 106 19 [t-p] 1 153 19 unglide 10
85 26 unglide 7 106 19 [n-1) 1 e 5 bakaasm e
85 19 unglide 6 107 58 degemin i\ 153 60 i, 5
85 26 rime 59 108 19 [round] 4 153 95 el 12
86 143 retrof 2 109 0 \n 1 153 62 s 8
87 0 \n 3 109 19 glide-ins 74 i 15 g“‘;e 1
87 83 length 1 110 19 deret 10 154 26 lide-ins 16
87 26 lab-dnt’ 2 111 35 deret 4 55 [Sb,f] ;
87 97 lab-dism 1 111 120 deret 8 156 104 ercolor 1
87 144 fricat 2 112 25 deret 23 157 19 (glide] 1
87 112 retrof 5 113 0 \n 10 158 168 = ha 1
87 26 x-weak 3 113 34 color 33 o X e 1
87 19 lab-vel ) 1913 117 unglide 4 160 169 io-fli 1
87 145  io-flip 7 113 19 [tac-split] 1 o G e 7
87 33 round 13 114 155 io-flip 1 162 0 e 1
87 19 unglide 1 115 19 round 3 162 19 [ts-s] 7
87 57 raise 5 115 19 raise @ 163 170 Sund 7
87 46 pre-color ]\ 116 26 io-flip 3 164 76 length 2
88 53 devoi 1 116 19 io-flip 5 165 171 derey 2
89 146 round 1 116 19 round 1 166 57 R 5
90 61 devoi 4 116 97  f-coal 4 %o I \ng i
91 0 \n 19 117 0 \n 2 B s TheaTr =
91 26 length 14 117 75 [procope-j] 8 167 120 io-fli 1
91 53 lab-dism 6 118 156  glide-ins 1 o I L1 5
91 31 deret 4 119 0 \n 4 168 36 [x-kh] 1
91 110 r-unglide 1 119 26 lab-dism 6 169 172 e 1
91 22 fricat 22 120 162 unglide 1 170 26 colir 7
91 110 retrof 2 120 19 unglide 50 171 173 io-ip 2
91 26 lab-vel 2 121 117 rime 1 172 19 [tfricat] 1
91 145 io-flip 55 122 157 [procope-j] 1 173 162 r’ime 2
91 19 round 17 123 158 io-flip 1 MML = 30379 01 Bit

91 19 color 3, 124 74 [de-aspir] 1 = ] s

91 35 sharp 2 125 53 f-coal 3

91 26 unglide 4 126 19 devoi 1

91 19 rime 4 127 19 [p-i] 1

91 60 back-asm 2 128 19 x-weak 3

91 57 raise 9 129 19 [ng-del] 1

91 147 y-split 2 130 108 deret 1

91 46 pre-color 1 131 31 devoi 2
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B.2 PFSA for SMC>MC (Diachronic and Allophonic)

[ Src Dst Sym Freq [[ Src Dst Sym Freq |[ Src Dst Sym Freq
0 i t-split 2538 3 64 glide-ins 2 LT 98 lab-dism 24
0 2 t3-t1]) 4 3 65 [aspir] 2 17 99 unglide 1
0 3 t-split] 105 3 45 y-split 2 17 100 raise 5
0 4 t4-tl) 1 3 47 pre-color 2 17 101 diph 1
0 5 t4-t3) 2 3 66 diph 4 18 34 io-flip 4
0 6 t2-tl] 9 3 53 aspir-r 1 18 102 round 41
0 7 t1-t2] 9 4 67 [t-split) 1 18 19 brk-a 7
0 6 t3-t2] 13 5 66  t-split 1 19 o0 \n 1337
0 7 t1-t3) 5 5 68 [t-split) 1 20 0 \n 5
0 8 t4-t2] 1 6 69 t-split 15 20 103 length 34
0 9 tl-t4] 1 6 70 [t-split] 7 20 104 pal-dism 1
0 10 t2-t3) 14 T 31 t-split 10 20 19 color 2
0 11 t2-t2) 1 7 21 [t-split] 4 20 19 unglide 1
1 0 \n 78 8 71 [t-split]) 1 20 63 back-asm 4
1 12 length 169 9 72 t-split 1 20 34 acute 4
1 13 ac-split 99 10 73 t-split 8 20 64 glide-ins 3
1 14 devoi 269 10 74 [t-split] 6 20 19 [a-ins) 1
1 15 t2-merge 55 11 75 t-split 1 21 147 aspir 2
1; 16 aspir 187 12 0 \n 129 21 31 deret 38
I 17 lab-dnt’ 32 12 19 [t3-t1] 1 21 81 retrof 1
1 18 lab-dism 38 12 19 [de-aspir) il 21 180 round 2
1 19 [de-aspir) 2 12 53 fusion 11 21 148 affric 1
1 20 deret 54 12 26 procope-a 8 22 105 devoi 8
1 21 r-unglide 30 12 44 procope-b 13 22 106 aspir 2
1 22 fricat 58 12 19 [aspir) 2 22 107 retrof 87
1 23 retrof 140 12 76 procope-c 2 23 108 deret 140
1 24 spirant 58 12 19 [n'-del) 1 24 109 x-weak 43
1 25 x-weak 37 12 76 [procope-x] 1 24 110 lab-vel @
1 26 fusion 9 13 34 length 18 24 43 x-lab 1/
1 27 procope-a 21 13 77 lab-dnt’ 3 24 49 diph I
1 28 lab-vel 49 13 78 deret 9 25 0 \n 6
1 29 procope-b 2 13 79 r-unglide 1} 25 104 length 2
1 30 glide 42 13 80 fricat 6 25 19 length 4
1 31 [unglide] 4 13 81 retrof 6 25 21 devoi 2
1 32 io-flip 362 13 73 spirant 6 25 18 lab-dism 4
1 33 round 198 13 25 x-weak 3 25 31 deret 2
1 34 pal-dism 12 13 19 fusion 1 25 174 retrof 4
1 34 color 11 13 20 procope-a 1 25 111 io-flip 32
1 35 sharp 19 13 31 lab-vel 3 25 19 round 10
1 36 unglide 41 13 82 io-flip 15 25 35 sharp 5
1 34 rime 32 13 26 round 15 25 47 sharp 1
1 37 affric 40 13 35 sharp 3 25 19 unglide 8
1 38 procope-d 9 13 19 [a-front] 1 25 19 rime 4
1 19 [a-front) 1 13 63 back-asm 8 25 159 back-asm il
1 39 back-asm 47 14 0 \n 11 25 39 back-asm 1
1 40 raise 104 14 26 length 13 25 63 back-asm 6
1 19 brk-b 1 14 19 aspir 2 25 40 raise 6
1 19 acute 8 14 ] lab-dnt’ 19 25 129 raise i\

1 41 glide-ins 46 14 65 lab-dism 2 25 166 y-split 2
1 42 [aspir) 4 14 31 deret 2 25 19 brk-a 5
1 43 x-lab 2 14 83 r-unglide 3 25 66 diph 2
1 44 procope-c 9 14 22 fricat 16 25 19 [iu-o) 1
1 45 y-split 17 14 84 retrof 47 25 19 [a-oe] 2
1 46 brk-a 41 14 31 x-weak 50 26 0 \n 258
1 47 pre-color 8 14 85 lab-vel 2 26 19 [de-aspir]) 3
1 48 [ac-split] 2 14 86 io-flip 51 26 19 fusion 34
1 49 diph 68 14 33 round 16 26 34 fusion 3
1 19 [u-o) 1 14 87 color 2 26 19 procope-a 1
1 50 aspir-r 14 14 35 sharp 3 26 76 procope-b 2
1 51 [procope-j] 1 14 19 unglide 6 26 34 glide 2
1 19 [schwa-i] 2 14 19 rime 3 26 19 unglide 1
1 52 [back-asm)] 1 14 88 affric 1 26 19 [a-front] 1
1 53 lab-dnt 4 14 56 back-asm 4 26 90 back-asm 1
1 54 geng-zeng 3 14 40 raise 13 26 19 acute 2
2 53 t-split 4 14 19 acute 1 26 117 [aspir] 1
3 26 length 3 14 89  y-split 1 26 112 [a-i] 1
3 25 ac-split 7 14 19 brk-a 8 26 19 ['ac-split) 6
3 14 devoi 17 14 49 diph 7 26 19 [s-ts] 2
3 37 aspir 11 14 62 [procope-x]) 2 26 19 final-dism 3
3 55 lab-dnt’ 2 14 139 [x-kh) 1 26 19 [ts-s) 3
3 56 lab-dism 4 15 90 devoi 45 26 118 round-adj 1
3 57 fricat 2 15 91 aspir 1 26 155 procope-m 1
3 58 retrof 2 15 92 glide 1 26 19 [i-del) 3
3 34 x-weak 2 15 53 io-flip 1 26 19 [kw-w) 2
3 1 lab-vel 1 15 93 round 2 26 19 [m-n) 1
3 34 glide 2 15 94 affric 3 26 19 degemin 1
3 59 io-flip 15 15 40 raise 2 26 19 [n-m] 1
3 53 round 8 16 69 devoi 173 27 65 glide 7
3 60 pal-dism 1 16 95 t2-merge 2 27 19 round 1
3 19 color 5 16 96 lab-dnt’ 3 27 64 glide-ins 8
3 36 unglide 1 16 31 deret 1 27 101 diph 3
3 19 rime 1 16 97 fricat 4 27 19 ['ac-split] 1
3 61 affric 1 16 69 x-weak ) 27 19 [j-ins] |
3 62 procope-d 2 16 19 round 1 28 0 \n 2
3 19 [a-front) 1 16 97 affric 1 28 26 length 19
3 63 back-asm 4 16 40 raise 2 28 19 io-flip 9
3 40 raise 8 N7 0 \n 4 28 26 round {0
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Src Dst Sym Freq || Src Dst Sym Freq |[ Src Dst Sym Freq
28 159 back-asm 2 35 19 unglide 11 56 19 10-flip 3
28 85 [aspir] 1 35 76 procope-d 1 56 34 round 16
28 19 brk-a 8 36 0 \n 28 56 163 back-asm 2
28 19 final-dism 3 36 19 [de-aspir] 1 56 19 brk-a 4
28 56 f-coal 17 36 19 deret 1 57 21 retrof 4
29 73 glide 2 36 19 round 1 58 141 deret 10
30 0 \n 9 36 19 raise 3 59 115 pal-dism 1
30 19 length 1 36 113 [round] 1 59 19 unglide 55
30 114 io-flip 8 36 19 [x-tsh] 2 59 125 unglide 1
30 19 round 1 36 19 [brk-a] 4 59 53 rime 8
30 19 sharp 2 36 19 [i-h] 2 60 0 \n 31
30 19 brk-a 3 37 25 devoi 36 60 19 [aspir] 7
30 101 diph it 37 125 aspir 12 60 19 [x-kh] 1
30 85 [procope-j] 10 37 140 fricat 1 61 94 aspir 1
30 85 [procope-x] 2 37 107 retrof 4 62 19 glide 3
30 113 [round] 1 38 19 glide 5 62 34 glide 2
31 0 \n 12 38 34 glide-ins 6 62 19 glide-ins 2
31 19 length 46 39 126 round 48 62 19 procope-m 4
31 131 lab-dism 2 40 0 \n 9 63 47 round 80
31 81 retrof 1 40 122 procope-a 1 64 0 \n 11
31 19 fusion 3 40 122 procope-b 13 64 63 back-asm 16
31 76 procope-a i1 40 19 unglide 16 64 19 round-adj 3
31 34 glide 2 40 19 brk-b 57 65 0 \n 6
31 19 io-flip 12 40 100 [aspir] 1 65 102 round 1
31 98 io-flip il 40 127 diph 1 65 19 brk-a 6
31 19 round 21 40 128 y-fuse 49 65 19 [s-ts) 3
31 141 pal-dism 1 40 19 nasal-syl @ 66 59 io-flip 31
31 19 [a-front] 2 41 0 \n 10 67 143 length 1
31 159 back-asm 5 41 104 length 1 68 1 devoi 1
31 63 back-asm 2 41 34 length 3 69 0 \n 10
31 18 back-asm 1 41 86 io-flip 49 69 26 length 15
31 100 raise 2 41 111 io-flip 3 69 149 devoi 1
31 19 brk-b 1 41 19 unglide 11 69 18 lab-dism 6
31 101 diph 12 41 63 back-asm 27 69 31 deret 5
32 0 \n 20 41 129 raise 24 69 123 r-unglide 2
32 76 procope-a 12 41 19 acute 1 69 22 fricat 23
3 76 procope-b 5 41 66 diph @ 69 165 retrof 2
32 115 pal-dism 34 42 85 lab-vel 1 69 144 spirant 2
32 60 unglide 36 42 100 raise 2 69 56 lab-vel 2
32 116 rime 249 42 19 [s-ts] 9 69 31 lab-vel 1
32 62 procope-d 2 43 130 f-coal 9 69 86 io-flip 55
32 19 [aspir] 2 44 26 glide 18 69 33 round 20
32 76 [procope-x] 1 44 64 glide-ins 4 69 19 pal-dism 1
32 19 [s-ts] 1 45 0 \n 1 69 87 color 1
33 0 \n 169 45 69 x-weak 1 69 35 sharp 2
33 19 [de-aspir] 1 45 131 lab-vel 8 69 34 unglide 4
33 26 procope-a 9 45 101 glide 2 69 34 rime 4
33 117 procope-b 11 45 134 io-flip 1 69 63 back-asm 2
33 103 unglide 13 45 132 io-flip 5 69 40 raise 11
33 119 raise 1 45 98 x-lab 1 69 122 procope-c 1
33 42 [aspir] 3 46 0 \n 45 69 166 y-split 2
33 112 x-lab 1 46 19 [e-u] 1 69 19 brk-a 10
33 118 round-adj 41 46 19 [m-w] 1 69 47 pre-color 1
33 19 [t-f] 2 a7 0 \n 5 69 167  diph 5
34 0 \n 121 47 19 color 84 69 53 aspir-r 1
34 19 length 2 47 19 unglide 3 69 168 geng-zeng 2
34 34 length 2 47 19 round-adj 1 70 145 length 1
34 185 lab-dism 2 48 133 procope-a 1 70 21 devoi 3
34 19 [de-aspir] 3 48 19 [u-o] 1 70 25 devoi 1
34 19 fusion 11 49 134 io-flip 76 70 146 r-unglide 1
34 59 fusion 1 50 135 lab-dnt’ 10 70 30 glide 1
34 122 procope-a 5 50 36 lab-dism 1 71 150 round 1
34 62 procope-a 3 50 59 raise 3 72 151 retrof 1
34 76 procope-b 1 51 1 glide 1 73 157 length 1
34 19 io-flip 3 52 60 round 1 73 19 length 1
34 104 pal-dism 1 53 0 \n 24 73 34 lab-dnt’ 1
34 19 color 3 53 21 aspir 1 73 152 r-unglide 1
34 19 unglide 1 53 17 lab-dnt’ 3 73 80 fricat 4
34 120 unglide 3 53 40 fusion 3 73 153 retrof 1
34 122 procope-d 10 53 19 fusion 1 73 25 x-weak 4
34 159 back-asm 4 53 76 procope-b 6 73 154 lab-vel 2
34 19 acute 10 53 30 glide 1 73 111 io-flip il
34 19 glide-ins il 53 111 io-flip 1 73 19 [a-front] 4
34 87 [aspir] 1 53 19 unglide 4 74 73 devoi 4
34 122 procope-c 2 53 19 rime 1 74 37 aspir 2
34 101 diph 1 53 129 raise 1 75 16 devoi 1
34 121  [procope-j] 1 53 131  diph 2 76 161  glide 1
34 19 round-adj 6 53 142 [procope-x] 2 76 19 glide 49
34 19 [n-ng] 1 53 118 round-adj 3 77 0 \n 5
34 19 [p-t] 1 53 19 [t-n] 1 77 28 lab-dism 17
34 19 (f-p] 1 53 19 {k-1) 1 78 34 length 8
34 169 [y-t] 1 53 19 [k-ins] 1 78 18 back-asm 1
34 87 [m-n) 1 54 136 io-flip 1 79 156  deret 1
35 123 r-unglide 1 54 137 rime 1 80 81 retrof 10
35 35 fricat 1 54 138 x-lab 1 81 25 deret 23
35 124 retrof 12 55 31 lab-dism 2 82 19 round 1
35 104 pal-dism 11 56 19 length 2 82 34 rime 14
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Src Dst Sym Freq Src Dst Sym Freq |

83 125 deret 3 112 26 glide-ins 3

84 34 deret 2 112 19 [aspir] Is

84 158 deret 45 112 122 procope-c il

85 19 brk-a 19 112 19 [tac-split] 18

85 159 f-coal 1 113 87 round-adj 5

86 0 \n 18 114 19 procope-d 6

86 19 length 2 114 19 [n-del] 1

86 115 pal-dism 14 114 19 [ng-n] 1

86 19 unglide 23 115 19 brk-d 52

86 26 rime 119 115 115 [1-t] 1

87 0 \n 10 116 0 \n 122

87 19 acute 48 116 112 fusion 79

88 160 retrof 2 116 122 procope-a 16

89 19 lab-vel 1\ 116 122 procope-b 6 [Sre Dst Sym Freq
90 0 \n 2 116 172 procope-d 8 150 19 [k-del] iF
90 161 length 1 116 26 [aspir] 3 151 181 deret 1
90 34 lab-dnt’ 2 116 122 procope-c 11 152 98 deret 1
90 101 lab-dism 1 116 19 [tac-split] i 153 182 retrof 1
90 162 fricat 2 116 19 final-dism It 154 18 f-coal 2
90 81 retrof 5 116 19 [t-p) 1 155 112 [p-t] 1
90 34 x-weak 3 116 19 [n-1] 1 156 42 length 1
90 85 lab-vel 1 117 64 glide 8 157 19 x-weak it
90 86 io-flip 7 117 33 (i-ins) 2 158 0 \n 3
90 53 round 14 117 173 round-adj 6 158 183 io-flip 16
90 19 unglide 1 118 0 \n 2 158 125 color 5
90 40 raise 5 118 87 degemin 43 158 26 unglide 3
90 19 brk-a 1 119 60 degemin 1 158 19 rime 3
90 47 pre-color il 120 113 [round] 3 158 184 back-asm 7
91 163 devoi 1 121 85 glide 1 158 129 raise )1
92 164 round I 122 0 \n 1 158 19 acute 3
93 62 procope-b 2 122 19 glide-ins 74 158 66 diph 4
94 64 devoi 4 123 42 deret 1 159 19 round 25
95 123 devoi 2 123 19 deret 8 160 111 deret 2
96 101 lab-dism 3 124 35 deret 4 161 19 [i-del] 2
97 141 devoi 5 124 59 deret 8 162 186 retrof 2
98 0 \n 1 125 0 \n 7 163 59 round 3
98 46 length 6 125 3 devoi 8 164 102 procope-b iy
98 26 io-flip 9 125 19 unglide 1 165 87 deret 2
98 159 back-asm 11 125 159 back-asm 1 166 101 lab-vel 4
99 19 [fh-ph] 1 125 19 [tac-split) 1 167 187 io-flip 5
100 19 brk-b 10 125 19 [ts-s] 8 168 59 rime 2
101 19 io-flip 39 126 0 \n 9 169 19 [t3-t4] 1\
102 0 \n 9 126 34 color 33 170 115 pal-dism 2
102 19 [de-aspir] i 126 132 unglide 4 170 19 unglide 16
102 102 [tac-split] I 126 19 ['ac-split] 1 170 103 rime 23
102 19 round-adj 37 126 19 round-adj 1 171 125 round 3
103 0 \n 51 127 175 io-flip 1 172 19 glide 1
103 26 fusion 15 128 0 \n 3 172 26 glide-ins 14
103 19 acute 2 128 122 procope-d 2 173 19 degemin 6
103 87 round-adj 2 128 122 procope-c T 174 53 deret 4
104 19 fusion 22 128 19 brk-c 37 175 19 [b-f) i
105 58 retrof 8 129 19 y-fuse 40 176 111 pre-color i
106 57 devoi 2 130 117 round 3 177 19 [glide] 1
107 69 deret 1 130 19 raise 6 178 188 unglide 1
107 41 deret 90 131 19 io-flip 5 179 19 [round] 1
108 0 \n 22 131 34 io-flip 2 180 189  unglide 2
108 19 length 2 131 19 round il 181 190 io-flip 1
108 170 io-flip 41 131 101 f-coal 4 182 64 deret 1
108 117 round 1 132 0 \n 2 183 115 pal-dism 1
108 34 pal-dism 2 132 76 [procope-j] 8 183 26 unglide 7
108 19 color 4 133 176 glide-ins 1t 183 26 rime 8
108 33 unglide 15 134 0 \n 35 184 191 round 7
108 26 rime 10 134 76 procope-a 5 185 28 length 2
108 63 back-asm 11 134 19 unglide 32 186 192 deret 2
108 129 raise 13 134 76 procope-d 2 187 65 unglide 5
108 19 acute 3 134 76 [procope-x] 3 188 34 [x-kh] 1
108 42 [aspir] 3 135 0 n 4 189 102 [x-kh] 2
108 66 diph 13 135 34 lab-dism 6 190 193 unglide it
109 0 \n 4 136 132 rime 1 191 26 color 7
109 26 length 7 137 177 [procope-j] 1 192 194 io-flip 2
109 86 io-flip 14 138 178 io-flip 1 193 19 ['fricat] 1
109 26 round 7 139 112 [de-aspir] 1 194 125 rime 2
109 19 unglide 2 140 87 devoi 1 MML = 32117.49 bits

109 171 back-asm 3 141 0 \n 1

109 19 brk-a 4 141 104 length 5

109 101 diph 1 141 123 retrof 4

109 19 [tac-split] 1 141 59 io-flip 2

110 31 f-coal i/ 141 19 rime 2

111 0 \n 1 141 19 acute 2

111 19 unglide 4 142 102 glide 2

111 104 rime 1 143 19 {p-i] 1

111 19 rime 28 144 85 x-weak 2

111 26 rime 6 145 19 [ng-del] 1

112 0 \n 50 146 179 deret 1

112 172 procope-a 7 147 31 devoi 2

112 38 procope-b 2 148 88 devoi 1

112 19 unglide 1 149 19 lab-dnt’ 1
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B.3 PFSA for SMC>MB (Diachronic only)

[ Src Dst Sym Freq |[ Src Dst Sym Freq ][ Src Dst Sym Freq |
0 0 \n 15§7 1 28 diph-i 18 5 5 [de-aspir] 2
0 1 tl-split 912 1 5 [u-0] 2 6 65 tl-split 164
0 2 t4-tripart 367 1 40 diph-u 25 6 66 t4-tripart 2
0 3 devoi 147 1 5 [procope-j] 4 6 29 devoi 2
0 4 t2-merge 91 1 5 y-spl-a 1 6 67 affric 1
0 5 [i-del] 3 1 5 y-spl-b 9 7 0 \n 1
0 6 aspir 169 1 5 [i-a] 1 @ 68 med_dism-b 28
0 5 [t1-split] 2 1 5 [u-ao] 1 @ 15 degemin 16
0 5 ['t2] 1 1 41 [i-ins] 4 @ 88 vocal 1
0 7 lab-dnt’ 39 1 41 [k-ins] 1 7 69 raise-u 15
0 8 med.dism-b 13 1 5 [schwa-u] 1 7 5 diph-u 2
0 5 a-merge 113 1 5 [i-r] 4 @ 32 aspir-r 3
0 2 [t4-tripart] 1 1 42 palat-d 1\ 8 0 \n 1
0 5 [n'-del] 1 2 0 \n 2 8 5 a-merge 10
0 5 deret 1 2 44 devoi 73 8 15 palat 1
0 9 i-del 18 2) 45 lab-dnt’ 9 8 16 round 5
0 10 fric 44 2 44 med_dism-b 5 8 70 syllab 1
0 5 retrof-1 1 2 46 a-merge 11 8 5 ['rime] 2
0 11 affric 64 2 47 deret 1 9 0 \n 52
0 5 [t3-tla] 2 2 48 i-del 6 9 32 deret 1
0 5 [u-del] 2 2 42 fric 17 9 5 rime 2
0 12 sharp 35 2 49 sharp 12 9 72 u-ins-a 5
0 5 palat 50 2 5 palat il 9 5 raise-u 8
0 13 fusion 35 2 50 procope 16 9 5 diph-u 11
0 14 procope 63 2) 50 degemin 1 9 110 [aspir] 1
0 5 [au-ua] 1 2 46 round 6 9 5 syllab 31
0 15 degemin 20 2 51 vocal 50 10 0 \n 1
0 16 round 32 2 52 rime 43 10 63 med_dism-b 1}
0 17 vocal 41 2 53 raise-il 29 10 5 retrof-1 4
0 18 coal 6 2 54 med-dism-a 2 10 32 retrof-1 1
0 19 rime 28 2 55 y-spl-d 1 10 62 fusion 3
0 20 raise-il 52 2 42 [p-n] 1 10 13 fusion 3
0 21 med._dism-a 50 2 50 y-spl-c 1 10 89 vocal 8
0 22 u-del 3 2 43 apocope 66 10 62 raise-il 1
0 22 [t2-tla] 1 2 46 [round] 4 10 74 med_dism-a 87
0 5 u-ins-a 2 2 50 [y-spl-d] 1 10 62 raise-u 2
0 23 y-spl-d 1 2 56 [vocal] 1 10 75 diph-i {7
0 5 lab-abs 2 2 5 lab-dnt 1 10 73 apocope 4
0 5 [y-n] 1 2 5 [ek-ai] 1 11 62 tl-split 1
0 24 apical 11 2 5 [k-i] 3 11 76 t4-tripart 14
0 5 [t3-t1b] 1 2 5 {k-u) 4 11 58 devoi 14
0 5 [p-m] it 3 0 \n 26 11 77 t2-merge 11
0 25 raise-u 71 3 5 [i-del] 3 11 78 aspir 24
0 26 [t3-t2] 2 3; 57 lab-dnt’ 17 12 5 palat 35
0 27 y-spl-c 2 3 8 med_dism-b 3 12 41 fusion 7
0 5 [a-ins] 2 3 5 a-merge 31 12 14 procope 8
0 28 diph-i 17 3 32 i-del 3 12 79 vocal 3
0 5 [u-au] 2 3 58 fric 16 13 0 \n 20
0 5 [u-o] 4 3 12 sharp 12 13 5 [t1-split] 1
0 5 [t-n] 1 3 5 palat 15 13 5 a-merge 32
0 29 diph-u 40 3 41 fusion il 13 72 i-del 3
0 5 (I-n] 2 3 8 fusion 3 13 5 retrof-1 2
0 5 [u-i) 1 3 16 round 16 13 5 palat 17
0 5 [procope-j] 2 & 79 vocal 2 13 63 med._dism-a 12
0 5 chamel 2 & 59 vocal 7 13 5 [k-1] 1
0 5 y-spl-a 1 3 18 coal 2 14 0 \n 44
0 15 [x-k'] 1 3 60 rime 9 14 5 ['t2) 1
0 5 y-spl-b 8 3 80 raise-il il 14 5 a-merge 19
1 0 \n 121 3 20 raise-il 12 14 5 fusion 15
1\ 22 devoi 102 3 63 med.dism-a 3 14 34 round 5
1 30 aspir 8 3 36 med.-dism-a il 14 5 round 2
1 4 lab-dnt’ 27 3 41 y-spl-d 1] 14 79 vocal 9
1 31 med._dism-b 16 3 39 apical 6 14 26 rime 16
1 5 a-merge 82 3 5 [t3-t1b] 1 14 80 raise-il 1
1 32 i-del 11 3 61 raise-u 22 14 5 lab-abs i
1 10 fric 35 3 5 diph-i 5 14 81 raise-u 16
1 5 [u-del] 1 3 5 [u-o] 1 14 5 diph-i 6
1 33 sharp 20 3 40 diph-u 9 14 5 diph-u 9
1 5 palat 50 3 5 y-spl-b 4 14 5 [i-y] 3
1 13 fusion 36 3 5 [taffric] 2 14 5 [schwa-ins] 2
il 14 procope 67 4 3 devoi 87 14 5 [x-del] 1
1 5 [au-ua] 1 4 62 fric 1 15 0 \n 8
i 15 degemin 12 4 63 med.dism-a 1 15 5 [1t2] 4
1 34 round 27 4 64 diph-i 2 15 90 fusion 1
1 17 vocal 45 5 0 \n 1603 15 59 vocal 1
1 18 coal 3 3 5 [t1-split] 6 15 5 rime 8
1 35 rime 47 5 5 ['t2]) 5 15 20 raise-il 1
1 36 raise-il 19 5 5 a-merge 1 15 81 raise-u 3
1 37 med._dism-a 46 5 5 [t3-tla] 1 5 5 diph-i 15
1 14 u-del 5 5 5 [t3-t2] 2 15 5 diph-u T
1 5 u-ins-a 2 5 71 apocope 1 15 5 y-spl-a 4
1 27 y-spl-d 1 5 5 [aspir] 1 16 0 \n 41
1 38 lab-abs 5 5 5 [t1-t2] 13 16 28 med._-dism-b L
il 39 apical 11 5 5 [t2-merge] 1 16 5 med.dism-b @
1 25 raise-u 36 5 5 [i-y] 3 16 5 [u-del] 1
1 27 y-spl-c 3 5 5 [procope-v] 2 16 5 procope 1
1 5 [a-ins] 1 5 132 [fric] 1 16 el apocope 2
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Src Sym Freq Src Dst Sym Src Dst Sym Freq
16 [t2-merge] I 33 14 procope 5 50 47 rime 9
16 u-ins-b 2 33 5 apocope 2 50 47 raise-il 4
17 \n 1 33 5 [procope-y] 2 50 47 raise-u 1
17 fusion 91 34 0 \n 18 50 81 apocope 6
18 sharp 12 34 26 med_dism-b 5 50 5 [k-u] 1
19 \n 57 34 5 [u-del] 2 50 5 [u-ins-b] 2
19 ['t2] 1 34 5 procope 4 51 96 fusion 44
19 palat 47 34 5 [aspir] 1 51 97 coal 7
19 fusion 6 34 5 u-ins-b 19 52 98 i-del 3
19 med_dism-a 18 34 5 [u-ins-b] 2 52 47 y-spl-d 1
19 [p-n) 1 35 0 \n 31 52 19 apocope 67
19 syllab i\ 35 5 palat 22 53 99 med_dism-a 3
19 [f-p) 2 35 41 fusion 9 53 60 apocope 47
19 [diph-i] 1 35 5 [p-n] 3 53 100 raise-i2 1
19 [palat] 1 35 5 [aspir] 2 54 93 retrof-2 7
20 \n 3 36 5 palat 3 55 49 raise-il 1
20 palat 6 36 86 med_dism-a 1l 56 118 fusion 9
20 med._dism-a 5 36 63 med_dism-a 2 56 49 coal 2
20 y-spl-d 2 36 91 raise-i2 68 57 0 \n 5
20 y-spl-d 4 36 5 [t-t] 2 57 9 med._dism-b 17
20 apocope 3 37 9 retrof-2 66 57 64 fusion 4
20 raise-i2 41 38 5 palat 4 57 5 raise-u 4
20 [y-ru] 1 38 35 lab-abs 4 58 39 i-del 3
21 retrof-2 50 38 5 [5-8] 2 58 32 retrof-1 1
22 \n 8 39 39 syllab 1 58 62 fusion 2
22 lab-dnt’ 13 39 5 syllab 58 89 vocal 2
22 a-merge 12 40 0 \n 58 62 raise-il 1
22 fric 5 40 5 [p-n] 58 37 med._dism-a 20
22 sharp 6 40 41 [chamel] 58 63 med._dism-a 6
22 palat 7 41 5 palat 58 62 raise-u 5
22 fusion 3 41 5 [procope-v] 1 59 42 fusion 4
22 procope 1 42 93 retrof-1 5 59 101 fusion 21
22 round 5 42 59 vocal 7 59 50 coal 4
22 vocal 9 42 94 rime 10 60 0 \n 83
22 coal 1 42 95 raise-il 6 60 5 [u-del] 1
22 rime 7 42 54 med.dism-a 4 60 5 palat 91
22 raise-il 8 42 62 apocope 7 60 61 palat 2
22 med._dism-a 2 42 73 apocope 1 60 112 fusion 1
22 u-del 3 42 63 apocope 2 60 86 med_dism-a 1
22 raise-u 8 42 43 apocope 6 60 41 u-del 1
22 diph-i 3 42 50 retrof-2 1 60 5 [n-1] 1
22 diph-u 3 43 0 \n 44 60 5 [kh-s"] 1
22 [k-u] 1 43 s [i-del] 8 61 0 \n 29
22 [u-y] 1 43 5 palat 2 61 63 med._dism-a 1
23 rime 1 43 34 round 87 61 41 lab-abs 13
24 syllab 11 43 74 med._dism-a 12 61 5 [t3-t2] 3
25 \n 48 43 60 lab-abs 8 62 124 retrof-1 1
25 [i-del] 3 43 5 diph-u 1 62 63 med.dism-a 41
25 ['t2] 4 43 26 [round] 3 62 5 retrof-2 2
25 med.dism-a 12 43 5 ['affric] 3 63 29 retrof-2 2
25 [t2-tla] 1 43 5 [aspir] 1 63 5 retrof-2 94
25 lab-abs 37 43 92 u-ins-b 2 64 5 med._dism-b 9
25 [aspir] 1 43 28 [y-k] 1 65 102 devoi 15
25 [diph-u] 1 44 46 lab-dnt’ 6 65 5 med.dism-b 1
26 \n 46 44 47 a-merge 2 65 62 fric 2
26 fusion 3 44 44 i-del 1 65 17 vocal 6
26 procope 1 44 42 fric 11 66 46 devoi 2
26 [k-u] 1 44 49 sharp 3 67 103 tl-split 1
26 [aspir] 1 44 5 palat 1 68 0 \n 15
26 5 [a-del] i 44 47 round 7 68 68 [t3-t2] 1
26 5 [raise-u] 1 44 56 vocal 68 68 syllab 7
27 49 rime 2 44 53 rime 68 61 syllab 2
27 5 rime 13 44 53 raise-il 68 5 [aspir-r] 15
28 0 \n 32 44 54 med_dism-a 69 0 \n 10
28 5 ['t2] 1 44 5 apocope 69 5 degemin 5
28 68 med._dism-b 2 44 43 apocope 1 70 19 [aspir-r] 1
28 5 retrof-1 5 44 5 [k-i] 1 71 0 \n 1
28 5 [u-del] 4 45 46 med_dism-b 4 71 5 [t4-tripart] 5
28 5 [aspir] 7 45 50 degemin 2 72 0 \n 5
28 28 [chamel] 1 45 5 apocope 3 72 5 deret 2
29 0 \n 46 46 0 \n 3 72 5 [deret] 3
29 5 [t1-split] 2 46 47 med.dism-b 3 73 111 med._dism-a 17
29 5 [t3-tla) 2 46 47 procope 1 73 62 raise-u 5
29 5 [t2-tla) 1 46 47 degemin 1 74 63 rime 3
29 110 [aspir] 1 46 47 rime 1 74 104 retrof-2 96
29 5 [t1-t2] 5 46 5 apocope 2 75 5 retrof-1 7
29 85 [chamel] 11 46 5 [k-u] 2 76 42 devoi 14
30 87 devoi 8 46 47 [chamel] 1 77 58 devoi 10
31 0 \n 3 46 5 [o-ins] 1 77 62 raise-il 1
31 5 a-merge 5 47 5 apocope 50 78 105 tl-split 21
311! 5 round 12 48 46 deret 5 78 106 devoi 3
31 5 syllab 3 48 51 vocal 1 79 107 fusion 14
32 0 \n 2 49 5 palat 4 80 100 raise-i2 32
32 5 u-ins-a 8 49 49 fusion 1 81 0 \n 12
32 5 raise-u 9 49 47 procope 3 81 5 lab-abs 13
32 5 diph-u 6 49 41 apocope 1 82 108 coal 48
33 43 palat 11 50 59 vocal 5 82 36 raise-il 43
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[ Src Dst Sym Freq |
83 109 degemin 41
84 0 \n 23
84 5 rime 2
84 5 [p-n] 1
84 5 diph-u 8
84 26 syllab 16
85 29 palat 11
86 113 retrof-2 4
87 34 round 2
87 114 apical 6
88 115 fusion 1
89 116 fusion 10
90 5 [ya-ru] 1
91 117 degemin 68
92 5 [round] 10
93 129 vocal 2
93 119 apocope 8
93 5 [k-u] 2
94 73 apocope 10
95 99 med_dism-a 6
96 120 coal 38
96 5 apocope 6
97 121 sharp 2
97 38 apocope 5
98 122 syllab 3
99 47 retrof-2 9
100 123 degemin 33
101 125 coal 15
101 128 raise-il &}
101 36 raise-il 3
102 0 \n 31
102 31 med_dism-b 4
102 5 a-merge 22
102 32 i-del 3
102 10 fric 22
102 5 palat 117
102 13 fusion 11
102 64 round 3
102 126 vocal @
102 35 rime 16
102 41 lab-abs 1!
102 61 raise-u 10
102 5 diph-i i\
102 5 [u-o0] 2
102 40 diph-u 5
102 5 y-spl-a il
102 5 y-spl-b 1
103 T3 devoi 1
104 0 \n 62
104 5 [t1-split] 1
104 5 rime 5
104 5 raise-u 3
104 5 diph-u 13
104 9 syllab 10
104 5 [n’-n) 2
105 10 devoi 21
106 62 t1-split 3
107 80 raise-il 12
107 128 raise-il 4
107 36 raise-il 2
107 141 [chamel] 1
108 0 \n 18
108 5 {1t2) 1
108 5 i-del 1
108 80 raise-il 18
108 63 med_dism-a V74
108 27 [chamel] 3
109 127 med_dism-b 2
109 19 degemin 39
110 0 N 3
110 5 [fric] 5
111 32 retrof-2 2
111 39 retrof-2 33
112 14 palat 1
113 113 syllab 2
113 5 [affric] 5
114 110 syllab 6
115 5 coal 1
116 62 coal 10
117 60 degemin 68
118 130 coal 8
118 5 apocope 1
119 92 u-ins-b 8
120 122 [chamel] 38
121 61 apocope 2
122 47 deret 5
122 47 procope 1

Sré Dst Sym Freq |
122 52 rime 28
122 28 apocope i/
123 5 degemin 33
124 5 [u-ins-a] 1
125 0 \n i
125 131 raise-il 3
125 5 u-del 2
125 42 [chamel] 1
125 50 [chamel] 2
125 27 [chamel] 6
126 133 fusion G
127 134 degemin 2
128 135 raise-i2 9
129 136 fusion 2
130 102 apocope 2
130 44 [chamel] 6
131 137 raise-i2 3
132 5 [raise-il] 1
133 107 coal 5
133 128 raise-il 2
134 68 [diph-i] 2
135 138 degemin 9
136 139 coal 2
137 140 degemin 3
138 41 degemin 9
139 72 apocope 2
140 28 degemin 3
141 41 rime 1

MML = 30366.55 bits
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B.4 PFSA for SMC>MB (Diachronic and Allophonic)

[ Src Dst Sym Freq |[ Src Dst Sym Freq ][ Src Dst Sym Freq |
0 0 \n L1 1 5 [a-ins] 1 5 5 [t2-merge] 1
0 1 tl-split 912 1 25 diph-i 18 5 5 [i-y) 5
0 2 t4-tripart 367 1 5 [u-o] 2 6 59 tl-split 164
0 3 devoi 147 1 25 diph-u 25 6 60 t4-tripart 2
0 4 t2-merge 91 1 5 [procope-j)] 4 6 61 devoi 2
0 5 [i-del) 3 1 5 y-spl-a 1 6 62 affric 1
0 6 aspir 169 1 5 y-spl-b 9 7 0 \n 1
0 5 [t1-split] 2 1 5 [i-a] 1 7 79 med.dism-b 15
0 5 [tt2] 1 1 5 [u-ao] 1 7 10 med._dism-b 13
0 7 lab-dnt’ 39 1 36 [i-ins] 4 7 17 degemin 16
0 8 med_dism-b 13 1 36 [k-ins] 1 7 80 vocal 1
0 9 a-merge 113 1 5 [schwa-u] 1 7 13 raise-u 15
0 2 [t4-tripart] 1 1 5 [i-r] 4 7 25 diph-u 2
0 5 [n’-del] 1 1 3 palat-d 1 T 53 aspir-r 3
0 5 deret 1 2 0 \n 2 8 5 a-merge 10
0 10 i-del 18 2 38 devoi 73 8 5 chamel 4
0 11 fric 44 2 39 lab-dnt’ 9 8 25 round 20
0 5 retrof-1 1 2 40 med_dism-b 5 8 85 vocal 1
0 12 affric 64 2 41 a-merge 11 8 25 syllab 4
0 5 [t3-tla) 2 2 41 deret 1 8 25 ['rime] 1
0 13 [u-del] 2 2 42 i-del 6 8 5 [x-del] 1
0 14 sharp 35 2 43 fric 17 9 \n 165
0 5 palat 50 2 44 sharp 12 9 5 [i-del] 1
0 15 fusion 35 2 5 palat 1 9 5 [t1-split] 2
0 16 procope 63 2 45 procope 16 9 5 [t3-t1a) 2
0 5 [au-ua] 1 2 45 degemin 1 9 5 [t2-tla] 1
0 17 degemin 20 2 46 round 6 9 5 [t3-t2] 1
0 5 chamel 2 2 47 vocal 50 9 63 apocope 1
0 18 round 32 2 48 rime 43 9 112 [aspir] 2
0 19 vocal 41 2 49 raise-il 29 9 5 [aspir] 1
0 20 coal 6 2 50 med_dism-a 2 9 5 [t1-t2] 1
0 21 rime 28 2 51 y-spl-d 1 9 142 [fric] 1
0 22 raise-il 52 2 45 [p-n]) il 9 21 [y-k] 1
0 23 med.dism-a 50 2 45 y-spl-c 1 10 0 \n 70
0 3 u-del 3 2 37 apocope 66 10 25 [t1-split] 1
0 3 [t2-tla) 1 2 13 [round] 4 10 53 deret 1
0 5 u-ins-a 2 2 45 [y-spl-d] 1 10 5 chamel 27
0 24 y-spl-d 1 2 52 [vocal] 1 10 5 rime 74
0 5 lab-abs 2 2 5 lab-dnt )\ 10 5 u-ins-a 6
0 25 [p-n) 1 2 5 [ek-ai] 1 10 13 u-ins-a 5
0 26 apical 11 2 25 [k-i] 3 10 5 raise-u 16
0 5 [t3-t1b] 1 2 5 [k-u] 4 10 10  [t3-t2) 1
0 5 [p-m] 1 3 0 \n 31 10 25 diph-u 22
0 27 raise-u 71 3 77 t4-tripart 1 10 25 syllab 8
0 13 [t3-t2] 2 3 5 i-del] 3 10 13  syllab 16
0 28 y-spl-c 2 3 53 lab-dnt’ 30 10 5 syllab 19
0 5 [a-ins] 2 3 15 med_dism-b 4 10 112 [aspir] 1
0 25 diph-i 17 3 5 a-merge 22 10 5 [aspir-r] 3
0 5 [u-au] 2 3 13 a-merge 21 10 5 [raise-u] 1
0 5 [u-0] 4 3 10 i-del 3 10 25 [n'-n] 2
0 5 [t-n] 1 3 54 fric 21 11 0 \n 1
0 29 diph-u 40 3 14 sharp 18 11 58 med._dism-b 1
0 5 [1-n] 2 3 5 palat 22 11 35 i-del 3
0 5 [u-i] 1 3 15 fusion 6 11 5 retrof-1 3
0 5 [procope-j] 2 3 36 fusion il 11 54 fusion 5
0 5 y-spl-a 1 3 15 procope 1 11 64 fusion 1
0 17 [x-k’) 1 3 5 chamel 2 11 82 vocal 6
0 5 y-spl-b 8 3 25 round 21 11 64 raise-il 2
1 0 \n 118 3 55 vocal 19 11 34 med_dism-a 89
1 3 devoi 102 3 20 coal 3 11 54 raise-u 4
1 30 aspir 8 3 21 rime 12 11 65 diph-i 5
1 7 lab-dnt’ 27 3 13 rime 4 11 81 apocope 1
1 8 med._dism-b 16 3 22 raise-il 20 11 54 apocope 3
1 31 a-merge 82 3 70 raise-il 1l 12 64 tl-split 1
1 10 i-del 11 3 56 med_dism-a 3 12 66 t4-tripart 14
1 11 fric 35 3 58 med_dism-a 3 12 11 devoi 14
1 5 [u-del] 1 3 8 u-del 3 12 67 t2-merge 11
1 32 sharp 20 3 36 y-spl-d 1 12 68 aspir 24
]\ 5 palat 50 3 35 apical 6 13 0 \n 135
1 15 fusion 36 3 5 [t3-t1b] 1 13 5 [1t2) 3
1 16 procope 67 3 57 raise-u 30 13 5 palat 27
1 5 [au-ua) 1 3 25 diph-i 8 13 13 palat 2
1 17 degemin 12 3 5 [u-0] 1 13 5 fusion 5
I 5 chamel 3 3 25 diph-u 12 13 36 fusion 3
1 18 round 27 3 5 y-spl-b 4 13 17 procope 1
1 19 vocal 45 3 5 [k-u] 1 13 5 degemin 5
1 20 coal 3 3 5 [taffric) 2 13 5 chamel 6
I 21 rime 47 3 36 [u-y] 1 13 69 vocal 1
) 33 raise-il 19 4 3 devoi 87 13 115 med.dism-a 4
1 34 med.dism-a 46 4 54 fric 1 13 5 lab-abs 12
1 8 u-del 5 4 58 med_dism-a 1 13 5 [t3-t2] 2
1 5 u-ins-a 2 4 53 diph-i 2 13 25 diph-u 2
1 28 y-spl-d 1 5 0 \n 1642 13 25 apocope 2
1 21 lab-abs 5 5 5 [t1-split] 1 13 5 syllab 5
1 35 apical 11 5 5 chamel 1 13 5 [t1-t2] 1
1 27 raise-u 36 5 5 u-ins-a 2 13 5 [fric] 3
1 28 y-spl-c 3 5 5 [k-u] 1 13 5 [n-1] 1
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Src Dst Sym Freq |[ Src Dst Sym Freq ][ Src Dst Sym Freq |
13 5 [deret] iy 25 57 raise-u 1 43 50 med.dism-a 4
14 0 n 1 25 25 [t3-t2] 1 43 54 apocope 13
14 5 palat 41 25 71 apocope 1 43 58 apocope 2
14 36 fusion @ 25 25 syllab 1 43 81 apocope 1
14 13 procope 8 25 25 [aspir] 3 43 46 retrof-2 1
14 116 vocal 3 25 25 [t1-t2] 1 44 5 palat 3
14 56 med_dism-a 1 25 36 [chamel] 13 44 44 fusion 1
14 36 apocope il 25 25 [u-ins-b] 1 44 41 procope 3
15 0 \n 20 25 25 [aspir-r] 3 44 36 apocope 9
15 5 [t1-split] 3 25 5 [a-del] 1 45 95 vocal 6
15 5 a-merge 37 25 25 [de-aspir] 2 45 41 rime 9
15 Wl i-del 3 25 25 [f-p] 1 45 88 raise-il 4
15 5 retrof-1 1 26 9 syllab pul 45 41 raise-u 1\
15 5 palat 17 27 0 \n 48 45 13 apocope 6
15 17 palat 1 27 5 [i-del] 3 45 5 [k-u] 1
15 74 med._dism-a 3 27 5 [1t2] 4 46 88 deret 2
15 23 med_dism-a 7 27 58 med_dism-a 12 46 88 procope 2
115 25 ['rime] 1 27 5! [t2-tla)] 1 46 5 chamel 1
15 5 [k-1] 1 27 21 lab-abs 37 46 48 rime 28
16 0 \n 39 27 5 [aspir] 1 46 25 apocope 12
16 5 a-merge 19 27 25 [diph-u] 1 46 41 [chamel] 1
16 5 fusion 5 28 14 rime 2 46 5 [u-ins-b] 2
16 57 fusion 8 28 5 rime 13 47 96 fusion 43
16 5 chamel 1 29 25 [t1-split] 1 47 97 coal 7
16 25 round 4 29 25 [t3-tla] 1 48 99 i-del 3
16 69 vocal @ 29 5 chamel 26 48 41 y-spl-d 1
16 13 rime 16 29 25 [t1-t2] 1 48 98 apocope 67
16 70 raise-il 1 29 32 [chamel] 11 49 101 med_dism-a 3
16 5 lab-abs 1 30 78 devoi 8 49 100 apocope 35
16 13 raise-u 16 31 0 \n 80 49 102 raise-i2 1
16 25 diph-i 6 81 5 [procope-v] & 50 91 retrof-2 #
16 25 diph-u 9 32 9 palat 22 51 97 raise-il 1
16 5 [i-y] 1 32 16 procope 5 52 122 fusion 9
16 25 [schwa-ins} 2 32 5 apocope 2 52 97 coal 2
17 0 \n 8 32 5 [procope-r] 2 53 0 \n 5
17 5 [1t2] 4 33 25 palat 2 53 25 med_dism-b 9
17 83 fusion 1 33 74 med_dism-a 2 53 10 med_dism-b 13
17 55 vocal 1 33 84 raise-i2 63 53 114 fusion 3
17 5 rime 8 33 25 [t'-t] 1 53 3 fusion 1
7 22 raise-il 1 34 10 retrof-2 135 53 5 raise-u 8
o\ 77 13 raise-u 3 35 35 syllab 1 54 5 retrof-1 2
17 25 diph-i 15 35 5 syllab 53 54 103 fusion 1
|77 25 diph-u T 36 5 palat 69 54 82 vocal 1
17 5 y-spl-a 4 37 0 \n 25 54 58 med_dism-a 27
18 0 \n 1 37 5 [i-del] 7 54 115 med_dism-a 3
18 25 med.-dism-b 10 37 5 palat 2 54 86 med_dism-a 13
18 25 [u-del] 3 37 5 chamel 10 54 54 raise-u 8
18 25 procope 4 37 18 round 17 54 87 u-ins-b 1
18 5 chamel 35 37 86 med_dism-a 7 54 5 retrof-2 1
18 71 apocope 1 37 13 lab-abs 8 55 104 fusion 20
18 25 [aspir] 1 37 25 diph-u 1 56 117 retrof-2 4
18 25 [t2-merge] 1 37 10 [round] 3 56 5 [t'-t] 1
18 25 u-ins-b 21 37 5 [!affric] 3 57 0 \n 34
18 25 [u-ins-b] 1 37 25 [aspir] 1 57 5 a-merge 1
19 0 \n 1 37 87 u-ins-b 1 57 105 med_dism-a 1
19 %2, fusion 91 38 39 lab-dnt' 6 57 36 lab-abs 11
20 73 sharp 12 38 41 a-merge 2 57 5 [t3-t2] 1
211 0 \n 81 38 38 i-del 1 58 5 retrof-2 49
21 5 [u-del] 1 38 43 fric 11 59 106 devoi 155
21 5 palat 92 38 44 sharp 3 59 25 med.dism-b 1
21 36 fusion 6 38 5 palat 1 59 54 fric 2
21 13 fusion T 38 88 round 3 59 19 vocal 6
21 36 u-del 1 38 52 vocal 10 60 39 devoi 2
21 5 [n-n} 2 38 89 rime 7 61 5 [t1-t2] 2
21 5 [aspir] 6 38 49 raise-il 10 62 107 tl-split 1
21 5 [3-3) 2 38 50 med._dism-a 1 63 5 [t4-tripart] 1
21 5 [kh-s'] 1 38 37 apocope 18 64 74 med_dism-a 18
22 25 palat @ 38 25 [k-i] 1 64 25 retrof-2 1
22 5 chamel 3 39 45 med_dism-b 3 65 25 retrof-1 7
22 56 med._-dism-a 1 39 41 med._dism-b 4 66 43 devoi 14
22 74 med_dism-a 5 39 45 degemin 2 67 11 devoi 31
22 25 y-spl-d 6 39 41 rime ]\ 67 64 raise-il 1
22 71 apocope 3 39 5 apocope 1/ 68 67 t1l-split 21
22 75 raise-i2 49 40 41 round 4 68 108 devoi 3
22 25 [y-ru) 1 40 150 rime 5 69 109 fusion 8
23 76 retrof-2 73 40 25 apocope 2 70 102 raise-i2 32
24 1 rime 1 41 41 degemin 1 71 25 (t4-tripart] 4
25 0 \n 1 41 5 apocope 37 71 25 deret 2
25 25 [t1-split] 2 41 5 [k-u] 2 71 5 chamel 5
25 25 ['t2] 5 42 88 deret 8 71 25 [aspir-r] 4
25 25 med.dism-b 5 42 90 vocal 1 72 110 coal 48
25 25 retrof-1 5 42 141 apocope 1 72 33 raise-il 43
25 25 [u-del] 4 43 91 retrof-1 5 73 25 palat 18
25 25 procope 1 43 92 vocal 5 73 100 lab-abs 4
25 5 chamel 449 43 146 coal 1 74 25 retrof-2 35
25 25 lab-abs 1 43 93 rime 10 75 111 degemin 49
25 25 [p-n] 1 43 94 raise-il 6 76 0 \n 25
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Src Dst Sym Freq
110 28 [chamel] 3
111 132 med_dism-b 2
111 13 degemin 47
112 5 [fric) 2
112 5 [affric] 3
113 41 fusion 1
114 5 med._dism-b 3
115 35 retrof-2 33
116 133 fusion 10
117 112 syllab 2
117 25 [affric) 2
118 25 coal 1
119 64 coal 10
120 21 degemin 63
121 135 raise-il 1
122 137 coal 8
122 5 apocope 1
123 138 coal 1
124 87 u-ins-b 8
125 115 med.dism-a 12
126 139 coal 2
127 46 [chamel] 37
128 140 apocope 2
129 5 degemin 33
130 5 [u-ins-a) 1
131 5 chamel 1
131 33 raise-il 3
131 25 u-del 2
131 28 [chamel] 6
132 98 degemin 2
133 109 coal 5
133 134 raise-il 5
134 143 raise-i2 8
135 144 raise-i2 1
136 145 fusion 2
137 25 apocope 2
137 40 [chamel] 6
138 42 [chamel] 1
139 45 [chamel] 2
140 73 lab-abs 2
141 21 [chamel] 1
142 25 [raise-il] 1
143 147 degemin 8
144 148 degemin 1
145 149 coal 2
146 43 [chamel] 1
147 36 degemin 8
148 31 degemin 1
149 152 apocope 2
150 21 apocope 5
151 36 rime 1
152 25 [deret] 2)

|_Src Dst Sym Freq |

76 5 chamel 15
76 5 rime 2
76 25 [9-n] 1
76 25 diph-u 14
76 9 syllab 16
77 113 devoi 1
78 18 round 2
78 10 apical 6
79 0 \n 1
79 5 chamel 1
79 71 syllab 7
79 13 [aspir-r] 6
80 118 fusion 1
81 5 retrof-1 2
81 64 fusion 1
81 82 vocal 3
81 23 med_dism-a 16
81 65 diph-i 2
82 119 fusion 10
83 5 [ya-ru] 1
84 120 degemin 63
85 121 fusion 1
86 58 rime 3
86 13 retrof-2 17
87 25 [round] 10
88 25 apocope 27
88 25 [o-ins] 1
89 14 apocope 7
90 123 fusion 1
91 136 vocal 2
91 124 apocope 8
91 5 [k-u) 2
92 43 fusion 5
93 125 apocope 10
94 101 med_dism-a 6
95 126 fusion 2
95 46 coal 4
96 127 coal 37
96 5 apocope 6
97 128 sharp 2
97 73 apocope 8
98 0 \n 26
98 5 palat 23
98 115 med._dism-a 14
98 37 syllab 1
98 5 (f-p) 1
98 25 [diph-i] 3
98 125 [palat] 1
99 42 syllab 3
100 25 palat 17
100 5 chamel 20
100 25 [9-n} 2
101 88 retrof-2 9
102 129 degemin 33
103 130 retrof-1 1
104 131 coal 12
104 134 raise-il 3
104 22 raise-il 2
104 33 raise-il 3
105 15 retrof-2 1
106 0O \n 24
106 8 med.dism-b 4
106 5 a-merge 22
106 10 i-del 3
106 81 fric 22
106 9 palat 17
106 15 fusion 11
106 5 chamel 6
106 53 round 3
106 116 vocal 7
106 13 rime 16
106 36 lab-abs 1
106 57 raise-u 9
106 25 diph-i 1
106 5 [u-o] 2
106 25 diph-u 5
106 5 y-spl-a 1
106 5 y-spl-b 1
107 125 devoi 1
108 64 tl-split 3
109 70 raise-il 12
109 151 [chamel] 1
110 25 [1t2) 1
110 25 i-del 1
110 5 chamel 18
110 70 raise-il 18
110 74 med._dism-a 7

MML = 31585.79 bits
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Appendix C

From Simplified Middle
Chinese to Modern Beijing

The data in this appendix and the next are given in tabular form with 9 columns
each, listing for a given SMC form: its page number (col 1) and column (2) in the
original Zihui, the corresponding Chinese character (3),its reconstructed SMC
form (sans asterisk marker) in IPA (4) and tone number in historical Chinese
phonology (5), its Modern Beijing or Cantonese form in IPA (6) and its tone
(7), the colon separated sequence of P-rules (including exceptions) that derive
the stated modern form from its protoform (8), and finally a colon separated
sequence of allophonic rules (A-rules) that are used for the phonetic realisation
of the form in present day usage (9). The Chinese character in column 3 is a
simplified form of the more traditional character originally given in the Zihuz.

The diachronic and allophonic rule names have been abbreviated some-
what from their original names given in Chen76 and CN84, but effort has been
made to ensure that the original rules can still be readily identified from the
abbreviated forms given here. Chen76 and CN84 should be consulted for an
explanation of the rules themselves. A note regarding the lab-dnt’, pro-m and
pre-color rules is, however, warranted.

Chen76 and CN84 both describe the lab-dnt rule which labio-dentalises
bilabial initials that are followed by a palatal glide and removes the palatal
glide in the process. Many reconstructed forms in Chen76 and CN84, however,
are already in the form of a labio-dental followed by a palatal glide. It was
suggested that such forms are in an intermediate stage of operation of the labio-
dentalisation rule since the modern forms are consistent with the operation of
the complete rule had the initial been bilabial.! It was thus decided to use the
name lab-dnt’ to indicate the application of the later phase of the complete
labio-dentalisation rule.

In the case of Modern Cantonese alone, pro-m is used to represent a rare
minor rule (CN84, I, p.188) which inserts an initial [p] after the application

of one of the other procope rules. Also, CN84 (III, p.366) discusses an “in-

!Personal communication with John Newman: Comment regarding the environment for
the lab-dnt rule, in Discussion dt. Nov 1995

166



explicable rounding of *ian/t to Cantonese @n/t" and suggests that there are
reasons to think that there was a partial merger of the Middle Chinese form in
the direction of *yan/t which subsequently fed the color rule. We thus call this
process the pre-color rule here.

Some discussion of the names used for the various exceptions is also required
since they are not described in either Chen76 or CN84. We now try to do so.
All exceptions are enclosed within square brackets. Many of them are of the
form [X-Y] representing an unexpected change of the phoneme X into phoneme
Y. An exception of the form [X-del] or [X-ins] represents a change wherein the
phoneme X was unexpectedly deleted or inserted respectively. When a regular
rule in Chen76 or CN84 is enclosed in square brackets, as for example [aspir],
this indicates that the rule had applied, but in violation of either its conditioning
environment or the Relative Chronology.?2 An exception of the form ['A] where
A is a regular rule indicates that rule A failed to apply in a context where it
was expected to.

Exceptions of the form [pro-X] indicate the deletion of the initial phoneme
X as if the procope rule had applied. These have been classified separately
from phoneme deletion exceptions subsequent to a discussion regarding their
exact categorisation with John Newman where it was pointed out that the
environment in which this exception operated was mostly identical to that of
the procope rule. Other than this, no attempt has been made to categorise
or generalise any exceptions. For example, [X-Y] in initial positions are not
grouped separately from [X-Y] in medial or final positions.

[ pg | co ] ch | smc [ tn | mb | tn | Diachronic | Allophonic |
it 1 " pa 1 pa la 1913
1t 1 =4 pa 1 pa la 1230
1 2 A pat 4 pa la t4:apo:
1 3 ® bat 4 pa 1b t4:devoi:apo:
1 4 i pa 2 pa 2 B
L. 5 W pa 3 pa 3
I 5 B | pa 3 pa 3
1 6 & pa 3 pa 3 3
1 7 k3 bai 2 pa 3 t2:devoi:[i-del]:
1 8 e ba 1 pha 1b asp:tl:devoi:
it 9 1 pha 3 pha 3 X
2 1 2] ma i1 ma la (t1):
2 2 K ma 1 ma 1b tl:
2 3 5 ma 2 ma 2 ['t2]):
2 4 k4 ma 3 ma 3 3
2 5 R fyat 4 fa la t4:lab-dnt':apo:med-b:
2 6 =z vyap 4 fa 1b t4: devoi:lab-dnt’:apo:med-b:
2 7 o] vyat 4 fa 1b t4:devoi:lab-dnt’:apo:med-b:
2 8 & fyap 4 fa 2 t4:lab-dnt’:apo:med-b:
2 9 R fyat 4 fa 2 t4:lab-dnt':apo:med-b:
3 1 % tap 4 ta la t4:A-mg:apo:
3 2 -3 tap 4 ta 1b A-mg:apo:[t4]:
3 3 b2 dat 4 ta 1b t4:devoi:A-mg:apo:
3 4 fT | tan 2 ta 2 [n’-del):
3 5 X da 3 ta 3 devoi:A-mg:
3 6 it | tha 1 tha la | tl:A-mg:
3 i b ] thup 4 tha la t4:A-mg:apo:
3 8 % thﬂp 4 tha 2 t4:A-mg:apo:

2No distinction was made between these two kinds of exceptions because it would be
irrelevant from a computational point of view. It is sometimes possible to avoid exceptions to
the conditioning environment by violating the RC and vice-versa. But then, by our naming
scheme, a rule occuring in violation of either would constitute an exception. So either way
there is a penalty to pay for describing this change.
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PE co ch | smc [ tn [ mb tn [ Diachronic Allophonic |
3 9 K] tPap 4 tha 3 t4:A-mg:apo:

4 1 % | na 1 na 1b | ta:

4 2 L] nap 4 na 3 t4:A-mg:apo:

4 3 Eod lap 4 la la t4:A-mg:apo:

4 4 L} lap 4 la 3 t4:A-mg:apo:

4 5 23 lat 4 la 3 t4:A-mg:apo:

4 6 # tgat 4 tsa la t4:deret:apo:

4 % # dzap 4 tsa 1b t4:devoi:A-mg:apo:
4 8 ® tsPat 4 tsPa la t4:A-mg:apo:

4 9 bl sa 2 sa 2 deret:

5 1 b4 tga 1 tga la tl:

5 2 #l tgap 4 tga la t4:apo:

5 3 fw dzap 4 tza 1b t4:devoi:apo:[!affric):
5 4 ¥ dziap 4 tsa 3 t4:devoi:i-del:apo:[!affric]:
5 5 i tgat 4 tsa 1b t4:apo:

5 6 ] dzat 4 tga 1b t4:devoi:apo:['affric):
5 7 113 tga 3 tga 3 z

5 8 *E tsa 3

5 9 ] tga 3 tga 3 ¢

6 1 F dza 3 tga 3 devoi:[laffric):

6 2 X tyha 1 tgha la s

6 3 * tgha 1 t;ha la 15714

6 4 i tyhap 4 tgha la t4:apo:

6 5 * da 1 t;ha 1b asp:tl:devoi:fric:retrof-1:
6 6 * da 1 ts"a 1b asp:tl:devoifric:retrof-1:
6 it/ # dza 1 tgha 1b affric:asp:tl:devoi:

6 8 ® tphat 4 tgha 1b t4:apo:

6 9 & taha 3 tgha 3 :

T 1 % tgha 3 tg"a la [t3-tla):

T 2 kg ga 1 ga la 1118

24 3 L ga i § ga la 13113

7 4 *_ gat 4 sa la t4:apo:

7 5 % sua 2 sa 2 [u-del):

rd 6 m ka 1 tsia la tl:sharp:pal:

T 7 »* ka 1 tsia la tl:sharp:pal:

i 8 % ka 1 tsia la tl:sharp:pal:

g 9 * kai 1 téia la tl:sharp:pal:[i-del]:

8 1 3 kap 4 tiia la t4:sharp:apo:pal:

8 2 * kap 4 tsia 1b t4:sharp:apo:pal:

8 3 ] ka 2 tsia 2 sharp:pal:

8 4 4 ka 2 tsia 2 sharp:pal:

8 5 L3 kap 4 tsia 2 t4:sharp:apo:pal:

8 6 ] ka 3 tsia 3 sharp:pal:

8 7 & ka 3 téia 3 sharp:pal:

8 8 23 ka 3 tsia 3 sharp:pal:

8 9 2 ka 3 tsia 3 sharp:pal:

9 1 k-7 ka 3 tsia 3 sharp:pal:

9 2 # ka 3 tsia 3 sharp:pal:

9 3 1 khap 4 tshia la t4:sharp:apo:pal:

9 4 * tshia 2 :

9 5 # kb ap 4 tshia 3 t4:sharp:apo:pal:

9 6 L xa 0§ dia la tl:sharp:pal:

9 4 L] xat 4 dia la t4:sharp:apo:pal:

9 8 " ¥a 1 sia 1b t4:devoi:sharp:pal:

9 9 [ ¥ap 4 sia 1b t4:devoi:sharp:apo:pal:
10 3 L] ¥at 4 Sia 1b t4:devoi:sharp:apo:pal:
10 2 L3 xac 4 dia 3 t4:sharp:fuse:apo:pal:
10 3 T xa 2 dia 3 t2:devoi:sharp:pal:
10 4 T xa 3 dia 3 devoi:sharp:pal:

10 5 ) 4 ¥a 3 Sia 3 devoi:sharp:pal:

10 6 i} ?a 1 ia la tl:sharp:pro:

10 74 il ?ap 4 ia la t4:sharp:pro:apo:

10 7 L] ?ap 4 ia la t4:sharp:pro:apo:

10 8 )i 3 ?ap 4 ia la t4:sharp:pro:apo:

10 9 7F pa 1 ia 1b tl:sharp:apo:

11 1 * Da b2 ia 1b tl:sharp:apo:

11 2 i pa 2 ia 2 sharp:pro:[!t2]):

1.1 3 L4 ?a 2 ia 2 sharp:pro:

Il 4 ¥ ?a 3 ia 3 sharp:pro:

11 5 b tgau 1 tgua la tl:[au-ua):

11 6 IS tgau 2 tgua 2 [au-ua):

b 7 )] guat 4 gua la t4:apo:

151 8 E gua 2 gua 2 5

11 9 JK kua 1 kua la tl:

12 1 L] kuat 4 kua la t4:apo:

12 2 * kua 2 kua 2 3

12 3 # | kuai 3 kua 3 (i-del]):
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pg | co | ch | smc [ tn [ mb [ tn LDiachronic [ Allophonic |
12 3 | B | kuai 3 | kua 3 [i-del]:
12 |4 | % | kMua 1 | kMua la | t1:
12 5 1 kP ua 2 kP ua 2 ¥
12 6 B k" ua 3 kP ua 3 g
12 17 i xua 1 xua la {5)13
12 8 ik yua 1, xua 1b tl:devoi:
12 9 -4 yuat 4 xua 1b t4:devoi:apo:
13 1 14 Xua 3 Xua 3 #
13 2! 21 yuai 3 xua & devoi:[i-del]:
13 3 & yuai 3 xua 3 devoi:[i-del]:
13 4 b yuac 4 xua 3 t4:devoi:fuse:apo:
13 5 Z Tuat 4 ua la t4:pro:apo:
13 6 LN pua 2 ua 2 pro:
13 7 23 wyat 4 ua 3 t4:lab-dnt’:degem:apo:med-b:
13 8 # tak 4 te 1b t4:apo: cha
18 9 i tak 4 te 1b t4:apo: cha
14 1 ks dak 4 the 3 t4:devoi:Apo:{asp): cha:
14 2 £ lak 4 le 3 t4:apo:rnd: cha:
14 3 ¥ 1ak 4 le 3 t4:apo: cha
14 4 ] tsak 4 tse 1b t4:apo: cha
14 5 =3 dac 4 tse 1b t4:devoi:fric:retrof- cha
l:vocal:fuse:coal:apo:[deret]:
14 6 # dac 4 tse 1b t4:devoi:fric:retrof- cha:
l:vocal:fuse:coal:apo:[deret):
14 7 B tsac 4 tse 1b t4:vocal:fuse:coal:[cha]:deret:apo: cha
14 8 ] tgisk 4 tshe 3 td4:rime:i-del:syllab:apo:[cha]:[asp]:
14 9 ] tghiok 4 tshe 3 t4:rime:i-del:syllab:deret:apo: cha
15 1 ] tghiak 4 tshe 3 t4:rime:i-del:syllab:deret:apo: cha
15 2 * tshiac 4 tshe 3 t4:i-del:vocal:fuse:coal:[cha]:deret:apo: cha
15 3 Lo tshac 4 tshe 3 t4:vocal:fuse:coal:[cha]:deret:apo: cha:
15 4 # siap 4 se 3 t4:i-del:deret:apo: cha
15 5 = giat 4 se 3 t4:i-del:deret:apo: cha
15 6 & siak 4 se 3 t4:i-del:deret:apo: cha:
15 X/ & siak 4 se 3 t4:i-del:deret:apo: cha:
15 8 b4 tsia 1 tse la tl:raise-il:med-a:retrof-2: cha
15 9 & tiat 4 tse 1b t4:fric:raise-il:apo:med-a:retrof-2: cha
16 1 #r tsiat 4 tge 1b t4:raise-il:apo:med-a:retrof-2: cha
16 2 E-] tsia 2 tse 2 raise-il:med-a:retrof-2: cha
16 3 #f tsiat 4 tse 3 t4:raise-il:apo:med-a:retrof-2: cha:
16 4 E 3 thia 1 tshe la tl:raise-il:med-a:retrof-2: cha:
16 5 i o tghia. 2 tghe 2 raise-il:med-a:retrof-2: cha
16 6 # thiat 4 tshe 3 t4:friciraise-il:apo:med-a:retrof-2: cha:
16 6 ¥ thiat 4 tghe 3 t4:fric:raise-il:apo:med-a:retrof-2: cha
16 7 L34 dzia 1 se 1b tl:devoi:raise-il:med-a:retrof-2:{affric]: cha:
16 8 & dziat 4 se 1b affric:t4:devoi:raise-il:apo:med-a:retrof-2: cha:
16 9 & sia 2 se 2 raise-il:med-a:retrof-2: cha:
17 1 # Sia 3 se 3 raise-il:med-a:retrof-2: cha:
17 2 & sia 3 se 3 raise-il:med-a:retrof-2: cha:
17 8 it Zia 2 se 3 affric:t2:raise-il:med-a:retrof-2: cha
17 4 il dzia 3 se 3 affric:devoi:raise-il:med-a:retrof-2: cha
17 5 B ziap 4 se 3 affric:t4:devoi:raise-il:apo:med-a:retrof-2: cha
17 6 4 Siat 4 se 3 t4:raise-il:apo:med-a:retrof-2: cha:
17 7 x 1iia 2 re 2 fric:raise-il:med-a:retrof-2: cha:
17 8 # niat 4 re 3 t4:friciraise-il:apo:med-a:retrof-2: cha
17 9 ® ka 1 ke la tl:rnd: cha
18 1 4 kap 4 ke la t4:rnd:apo: cha:
18 2 # kat 4 ke la td:rnd:apo: cha:
18 3 ) kak 4 ke 1b t4:[rnd]:apo: cha
18 4 Lid kac 4 ke 1b t4:vocal:fuse:coal:[cha):apo: cha:
18 5 L kac 4 ke 1b t4:vocal:fuse:coal:[cha):apo: cha
18 6 E3 kac 4 ke 1b td:vocal:fuse:coal:[cha]:apo: cha.
18 4 i ka 3 ke 3 t4:rnd: cha
18 8 & kak 4 ke 3 t4:apo:[rnd]: cha
18 9 # kPua 1 khe la tl:u-del:round: cha.
19 1 B k" ua 1 khe la tl:u-del:iround: cha
19 2 w kPua 2 khe la [t2-t1A]:u-del:round: cha.
19 3 7t kPak 4 khe 1b t4:[rnd]:apo: cha
19 4 o] kPa 2 khe 2 rnd: cha
19 5 ] kPat 4 kPe 2 t4:apo:rnd: cha
19 6 L2 k"ua 3 ke 3 u-del:round: cha
19 {7 % kPak 4 khe 3 t4:apo: cha
19 8 E| kPok 4 ke 3 t4:apo: cha
19 9 k-3 kPac 4 ke 3 t4:vocal:fuse:coal:[cha]:apo: cha
20 1 fa e 1 xe 1b tl:devoi:round: cha
20 2 # e 1 xe 1b tl:devoi:round: cha:
20 8 ] Ya 1 xe 1b tl:devoi:round: cha:
20 4 x Yua 1 xe 1b tl:devoi:u-del:round: cha.
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20 5 M yua 1 xe 1b tl:devoi:u-del:iround: cha
20 6 & ¥ap 4 xe 1b t4:devoi:rnd:apo: cha
20 7 ® yap 4 xe 1b t4:devoi:rnd:apo: cha
20 8 B yac 4 xe 1b t4:devoi:vocal:fuse:coal:[cha]:apo: cha
20 9 k1 ¥a 3 xe 3 devoi:rnd: cha
21 1) 3 pa 1 e 1b tl:rnd:pro: cha
21 1; [ pa 1 e 1b tl:rnd:pro: cha
21 1 ] pa 1 e 1b tl:rnd:pro: cha
21 2 .11 pua 1 e 1b tl:u-del:rnd:pro: cha.
21 3 ] pac 4 e 1b t4:vocal:fuse:coal:[cha]:pro:apo: cha:
21 4 ] pa 3 e 3 rnd:pro: cha:
21 5 & ?ak 4 e 3 t4:rnd:pro:apo: cha:
21 6 4 pua 1 po la tl:med-b:rnd: cha:
21 7 » pua 1 po la tl:med-b:rnd: cha
21 8 B ph ua 1 po la tl:med-b:rnd:[de-asp]: cha
21 9 4 puat 4 po la t4:rnd:apo:med-b: cha
22 1 # pak 4 po la t4:[rnd]:

22 2 ¥ pak 4 po 1b t4:rnd:apo: cha
22 3 ] pak 4 po 1b t4:[rnd]:

22 4 ia pac 4 po 1b t4:vocal:fuseicoal:[cha]:apo: cha
22 5 1 pua 2 po 2 med-b:rnd: cha
22 6 )] pua 3 po 3 med-b:rnd: cha
22 i " phua 1 pho la tl:med-b:rnd: cha
22 8 [} phua 1y pho la tl:med-b:rnd: cha
22 9 2] phuut 4 pho la t4:rnd:apo:med-b:

23 1| % bua 1 pho 1b asp:tl:devoi:med-b:rnd: cha
23 2 [} phua 3 pho 3 med-b:rnd: cha:
23 3 a pac 4 p"o 3 t4:vocal:fuse:coal:[cha]:apo:[asp]: cha:
23 4 : | mak 4 mo la rnd:apo:[t4]: cha:
23 5 . ] mua 1 mo 1b tl:med-b:rnd: cha:
23 5 |, mua 1 mo 1b tl:med-b:rnd: cha:
23 6 -] mua 1 mo 1b tl:med-b:rnd: cha:
23 7 B [ mo 1 mo b | tI:

23 8 * muat 4 mo 2 rnd:apo:med-b:[t4]: cha
23 9 -] mua 3 mo 3 med-b:rnd: cha
24 1l ES muat 4 mo 3 t4:rnd:apo:med-b:

24 2 23 muat 4 mo 3 t4:rnd:apo:med-b:

24 3 154 musat 4 mo 3 t4:apo:med-b: cha
24 4 3 mak 4 mo 3 t4:apo:[rnd):

24 5 2 mak 4 mo 3 t4:apo: cha
24 6 ® moak 4 mo 3 t4:apo: cha
24 7 ] vyat 4 fo 1b t4:devoi:lab-dnt’:apo:med-b: cha
24 8 % ta 1} tuo la tlirnd:u-ins-b:

24 9 ¥ duat 4 tuo 1b t4:devoirrnd:apo: cha
25 1 % tua 2 tuo 2 rnd: cha
25 2 8 tua 2 tuo 2 rnd: cha
25 3 n dua 2 tuo 3 t2:devoi:rnd: cha
25 4 3 tha 1 tPuo la tl:rnd:u-ins-b: cha
25 5 = tha 1 thuo la tl:rnd:u-ins-b: cha:
25 6 | [} thuat 4 thuo la t4:rnd:[cha):apo:

25 i i thak 4 thuo la t4:apo:rnd:u-ins-b: cha:
25 7 i tPak 4 thuo la t4:apo:rnd:u-ins-b: cha:
25 8 LS da 1 thuo 1b asp:tl:devoiirnd:u-ins-b: cha:
25 8 " da 1 thuo 1b asp:tl:devoi:rnd:u-ins-b: cha
25 9 z thua 2 tPuo 2 rnd: cha
26 1 = na 1 nuo 2 rnd:u-ins-b:[t1-t2]: cha
26 2 = nua 3 nuo 3 rnd:

26 3 E4 la 1 luo 1b tl:rnd:u-ins-b: cha
26 3 L] la 1 luo 1b tl:rnd:u-ins-b: cha
26 4 E la 1 luo 1b tlirnd:u-ins-b: cha
26 5 | ] lua 1 luo 1b tl:rnd: cha
26 6 W lak 4 luo 3 t4:apo:rnd:u-ins-b: cha
26 6 % lak 4 luo 3 t4:apo:rnd:u-ins-b: cha
26 6 ® lak 4 luo 3 t4:apo:rnd:u-ins-b: cha
26 g # lak 4 luo 3 t4:apo:rnd:u-ins-b: cha
26 8 rE dzak 4 tsuo 1b t4:devoi:apo:rnd:u-ins-b: cha
26 9 -] dzak 4 tsuo 1b t4:devoi:apo:rnd:u-ins-b: cha
27 15 -3 tsa 2 tsuo 2 rnd:u-ins-b: cha
27 2 S dzua 2 tsuo 3 t2:devoi:rnd: cha
27 3 3 dzua 2 tsuo 3 t2:devoi:rnd: cha
27 4 *® tso 3 tsuo 3 u-ins-a:

27 5 e tsak 4 tsuo 3 t4:apo:rnd:u-ins-b: cha
27 6 3 tsha 1} tsPuo la tl:irnd:u-ins-b: cha
27 7 o tsPo 3 tsPuo 3 u-ins-a:

27 8 ¥} sua 1 suo la tl:rnd: cha
(g 9 ® sua 1 suo la tl:rnd: cha
28 1 4 giuk 4 suo la t4:i-del:deret:[o-ins): cha
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28 2 | [ sua 2 suo 2 rnd: cha:
28 3 ;M sua 2 suo 2 rnd: cha:
28 4 B sio 2 suo 2 i-del:u-ins-a:[deret]:
28 5 R sak 4 suo 2 t4:apo:rnd:u-ins-b: cha:
28 6 fil téyat 4 tguo la t4:apo:med-a:retrof-2:u-ins-b:[rnd}: cha:
28 7 = fak 4 tguo la td:fric:retrof-1:apo:u-ins-b:[rnd]: cha:
28 8 12 tsak 4 tguo la t4:apo:u-ins-b:[rnd]: cha:
28 9 -] diak 4 tsuo 1b t4:devoi:fric;:apo:med-a:retrof-2:u-ins- cha
b:[rnd]:
29 1 i dak 4 tguo 1b td:devoi:fric:retrof-1:apo:u-ins-b:{rnd): cha
29 2 -] dzak 4 tguo 1b affric:t4:devoi:apo:u-ins-b:[rnd]: cha
29 & B thak 4 ts" uo la t4:fric:retrof-l:apo:u-ins-b:[rnd): cha
29 4 i Syat 4 suo la t4:apo:med-a:retrof-2:u-ins-b:[rnd]: cha
29 5 E riiak 4 ruo 3 t4:fric:apo:med-a:retrof-2:u-ins-b:[rnd}: cha
29 6 §3 niak 4 ruo 3 t4:fric:apo:med-a:retrof-2:u-ins-b:[rnd]: cha
29 7 W kua 1 kuo la tl:rnd: cha
29 8 *® kuak 4 kuo la t4:apo:rnd: cha
29 9 2] kuak 4 kuo 1b t4:apo: cha:
30 1 R kua 2 kuo 2 rnd: cha
30 1 » kua 2 kuo 2 rnd: cha:
30 2 it kua 3 kuo 3 rnd: cha:
30 3 2] kPuat 4 kPuo 3 t4:apo:rnd: cha
30 4 & kuat 4 kPuo 3 td:apo:rnd:[asp]: cha:
30 5 bl kP ak 4 kM uo 3 t4:apo:rnd:[u-ins-b]: cha
30 6 i yuat 4 xuo 1b t4:devoi:apo:rnd: cha:
30 1t P xua 2 xuo 2 rnd: cha
30 8 tk xua 2 xuo 2 rnd: cha
30 9 % xua 3 xuo 3 rnd: cha
31 I; " yua 2 xuo 3 t2:devoi:rnd: cha:
31 2 Fa Yua 3 xuo 3 devoi:rnd: cha:
31 3 ® yusk 4 Xuo 3 t4:devoi:apo: cha
31 4 % Yuac 4 xuo 3 t4:devoi:vocal:fuse:coal:apo: cha
31 5 k-1 Tua 1 uo la tl:pro:rnd: cha:
31, 6 ® na 2 uo 2 pro:rnd:[u-ins-b]: cha
31 7 B Jua 3 uo 3 pro:rnd: cha
31 8 # ?ak 4 uo 3 t4:pro:vocal:coal:[u-ins-b]:
31 9 ® piat 4 pie la t4:raise-il:apo: cha
32 1 L biat 4 pie 1b t4:devoi:raise-il:apo: cha:
32 2 ¢ phiat 4 phie 2 t4:raise-il:apo: cha
32 3 x miat 4 mie 3 td:raise- cha:
32 4 * tia 1 tie la tl:raise-il:[t’-t): cha
32 5i B diat 4 tie la devoi:raise-il:apo:[t4]: cha
32 6 % diap 4 tie 1b t4:devoi:raise-il:apo: cha
32 6 : diap 4 tie 1b td:devoi:raise-il:apo: cha
32 i & diap 4 tie 1b t4:devoi:raise-il:apo: cha
32 8 23 diap 4 tie 1b t4:devoi:raise-il:apo: cha
32 9 ¥ thiap 4 thie la t4:raise-il:apo: cha:
33 1 L thiap 4 thie la td:raise-il:apo: cha:
33 2 23 thiat 4 thie 2 td:raise-il:apo: cha:
33 3 il niat 4 nie la raise-il:apo:{t4]: cha
33 4 # liap 4 lie 3 t4:raise-il:apo: cha
33 5 4] liat 4 lie 3 t4:raise-il:apo: cha
33 5 4l liat 4 lie 3 t4:raise-il:apo: cha:
33 6 - liat 4 lie 3 t4:raise-il:apo: cha:
33 g % lyat 4 lie 3 t4:[y-spl-d]:raise-il:apo: cha
33 8 & kai 1 tsie la tl:coal:sharp:pal: cha
33 9 B kai 1 tsie la tl:coal:sharp:pal: cha:
34 1 Hi kai L tsie la tl:coal:sharp:pal: cha:
34 2 ® tsiap 4 tsie la td:raise-il:apo:pal: cha
34 3 E] kiat 4 tsie la t4:raise-il:apo:pal: cha:
34 4 3 giat 4 tsie 1b t4:devoi:raise-il:apo:pal: cha:
34 5 il tsiat 4 tsie 1b t4:raise-il:apo:pal: cha
34 6 & kiat 4 tsie 1b t4:raise-il:apo:pal: cha:
34 T & dziat 4 tsie 1b t4:devoirraise-il:apo:pal: cha
34 8 " tsia 2 tsie 2 raise-il:pal: cha:
34 9 ] kai 2 tsie 2 coal:sharp:pal: cha
35 1 # tsia 3 tsie 3 raise-il:pal: cha
35 2 r kai 3 tsie 3 coal:sharp:pal: cha:
35 3 i3 kai 3 tsie 3 coal:sharp:pal: cha
35 3 2 kai 3 tsie 3 coal:sharp:pal: cha
35 3 7* kai 3 tsie 3 coal:sharp:pal: cha
35 4 b4 kai 3 tsie 3 coal:sharp:pal: cha
35 5 Bl tsPiat 4 tshie la td:raise-il:apo:pal: cha
35 6 i gia 1 tshie 1b asp:tl:devoi:pal:[fric):[raise-il]: cha
35 1 A tsPia 2 téhie 2 raise-il:apo: cha
35 8 #* kPiap 4 tsPie 3 t4:raise-il:apo:pal: cha
35 9 5 sia 1 Sie la tl:raise-il:pal: cha.
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36 1 xiat 4 die la t4:raise-il:apo:pal: cha:
36 2 ki zia 1 die 1b tl:devoi:raise-il:pal: cha:
36 3 L3 ¥ai 1 Sie 1b tl:devoi:coal:sharp:pal: cha:
36 4 # yiap 4 sie 1b t4:devoi:raise-il:apo:pal: cha:
36 5 g5 sia 2 die 2 raise-il:pal: cha:
36 6 . xyat 4 die 2 t4:y-spl-d:raise-il:apo:pal: cha:
36 7 5 sia 3 Sie 3 raise-il:pal: cha:
36 8 iﬂ sia 3 die 3 raise-il:pal: cha:
36 9 [ 4 zia 3 Sie 3 devoi:raise-il:pal: cha:
37 1 R Yai 3 Sie 3 devoi:coal:sharp:pal: cha:
37 2 = ¥ai 2 die 3 t2:devoi:coal:sharp:pal: cha:
37 3 # siat 4 die 3 t4:raise-il:apo:pal: cha:
37 4 n Tiat 4 ie la t4:pro:raise-il:apo: cha:
37 5 t ia 2 ie 2 raise-il: cha
37 6 Lid ia 2 ie 2 raise-il: cha
37 7 ;4 ia 3 ie 3 raise-il: cha
37 8 ot iap 4 ie 3 t4:raise-il:apo: cha
37 9 13 piap 4 ie 3 t4:pro:raise-il:apo: cha:
38 1 © piak 4 nye 3 t4:vocal:coal:apo:lab-abs:[g-n]: cha
38 1 x piak 4 nye 8 t4:vocal:coal:apo:lab-abs:[y-n]: cha:
38 2 L4 liak 4 lye 8 t4:vocal:icoal:apo:lab-abs: cha
38 3 L dzyat 4 tsye 1b t4:devoi:raise-il:apo:pal: cha
38 4 ] gyat 4 tsye 1b t4:devoi:raise-il:apo:pal: cha
38 5 23 kyat 4 tsye 1b t4:raise-il:apo:pal: cha
38 6 3 kak 4 tsye 1b t4:vocal:coal:sharp:apo:lab-abs:pal: cha
38 14 ® khyat 4 '.s'hyc la t4:raise-il:apo:pal: cha
38 8 tp kPiak 4 tsPye 8 t4:vocal:coal:apo:lab-abs:pal: cha
38 9 L] kP ak 4 ts'hye 3 t4:vocal:coal:sharp:apo:lab-abs:pal: cha
39 : | " xya 1 Sye la tl:raise-il:pal: cha
39 2 " siat 4 sye la t4:[vocal]:coal:apo:pal: cha
39 3 ;L] siak 4 Sye la t4:vocal:coal:apo:pal: cha
39 4 # yak 4 Sye 1b t4:devoi:vocal:coal:apo:pal: cha
39 5 E ] syat 4 Sye 2 t4:raise-il:apo:pal: cha
39 6 # tiak 4 ye la t4:pro:vocal:coal:apo:lab-abs: cha
39 T Bl yat 4 ye 3 t4:raise-il:apo: cha
39 8 53 yat 4 ye 3 t4:raise-il:apo: cha
39 9 A pyat 4 ye 3 t4:pro:raise-il:apo: cha
40 ) i yat 4 ye 3 t4:raise-il:apo: cha
40 2 & pak 4 ye 3 t4:pro:vocal:coal:apo: cha
40 3 LS pak 4 ye 3 t4:pro:vocal:coal:apo: cha
40 4 4 tsi 1 tsi la tl:Apicisyllab:

40 5 k-3 tsi 1 tsi la tl:Apic:syllab:

40 6 #® tsi 1 tsi la tl:Apic:syllab:

40 1 23 tsi i tst la tl:Apic:syllab:

40 8 R tsi 2 tsy’ 2 Apic:syllab:

40 9 3 tsi 2 tsi’ 2 Apic:syllab:

41 i} F tsi 2 ts1 2 Apic:syllab:

41 2 ] dzi 3 tsi 3 devoi:Apic:syllab:

41 3 F dzi 3 tsi 3 devoi:Apic:syllab:

41 4 ] tshi 1 tsPi 1b Apic:syllab:[tl]:

41 5 * tshi p ! tsPy la tl:Apic:syllab:

41 6 B dzi ) § tsPi 1b asp:tl:devoi:Apic:syllab:

41 11 ) 4 dzi i} tshi 1b asp:tl:devoi:Apic:syllab:

41 7 *" dzi 1 tshy 1b asp:tl:devoi:Apic:syllab:

41 8 .3 zi : | tshi 1b asp:tl:devoi:Apic:syllab:{fric]:

41 9 " zi 1 tshy 1b asp:tl:devoi:Apic:syllab:[fric):

41 9 i zi 1 tshi 1b asp:tl:devoi:Apic:syllab:[fric):

42 X [1:4 ts'i 2 tshi 2 Apic:syllab:

42 2 L] tsi 3 tshy 3 Apic:syllab:

42 3 w ts'i 3 tshi 3 Apic:syllab:

42 4 ) si 1 st la tl:Apic:syllab:

42 5 ] si 1 si la tl:Apic:syllab:

42 5 L] si 1 si la tl:Apic:syllab:

42 6 R i 1 st la | tl:Apicsyllab:

42 7 4 si 1 si la tl:Apic:syllab:

42 8 8 si 1 st la tl:Apic:syllab:

42 9 5 si 2 si 2 Apic:syllab:

43 1 B si 3 tshi 3 Apic:syllab:(asp):[fric):

43 2 i si 3 si 3 Apic:syllab:

43 3 £ si 3 si 3 Apic:syllab:

43 4 ) zi 2 s1 3 t2:devoi:Apic:syllab:

43 5 i zi 2 si 3 t2:devoi:Apic:syllab:

43 6 # zi 3 s 3 devoi:Apic:syllab:

43 T 1 zi 3 si 3 devoi:Apic:syllab:

43 8 kol ti 1 tsi la tl:fric:med-a:retrof-2:syllab:

43 9 L | ti 1 tsi la tl:fric:med-a:retrof-2:syllab:

44 4 b3 téi 1 tsi la tl:med-a:retrof-2:syllab:
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44 2 B tsi 1 tsi la tl:med-a:retrof-2:syllab:

44 2 i3 ts$i 1 tgi la tl:med-a:retrof-2:syllab:

44 3 L] tsi 1 tsl la tl:med-a:rretrof-2:syllab:

44 = prd tsi 1 tgi la tl:med-a:retrof-2:syllab:

44 5 Z tsi ik tsi la tl:med-a:retrof-2:syllab:

44 6 L tsiap 4 tsi la t4:rime:Apo:med-a:retrof-2:syllab:

44 7 ] tsiak 4 ts1 la td:rime:Apo:med-a:retrof-2:syllab:

44 8 R téiac 4 tsi la t4:vocalifuse:coal:[cha]:rime:Apo:med-
a:retrof-2:syllab:

44 9 $ tsiap 4 tsi 1b t4:rime: Apo:med-a:retrof-2:syllab:

45 1 19 diat 4 tgi 1b t4:devoi:fric:rime:Apo:med-a:retrof-2:syllab:

45 2 i-4 diak 4 ts1 1b td:devoifricirime:Apo:med-a:retrof-2:syllab:

45 3 1 diok 4 tsi 1b t4:devoi:fric:rime:Apo:med-a:retrof-2:syllab:

45 4 H zisk 4 tgl 1b t4:devoi:rime:apo:med-a:retrof-
2:syllab:[affric):

45 5 0 tsiak 4 tgi 2 t4:rime:Apo:med-a:retrof-2:syllab:

45 6 % téi 2 ts1 2 med-a:retrof-2:syllab:

45 % " tsi 2 tgl 2 med-a:retrof-2:syllab:

45 8 B tsi 2 tsi 2 med-aretrof-2:syllab:

45 9 i tsi 2 tsi 2 med-a:retrof-2:syllab:

46 1 bt tsi 2 tsi 2 med-a:retrof-2:syllab:

46 1 ik tsi 2 tsi 2 med-a:retrof-2:syllab:

46 2 w tsiai 3 tsi 3 raise-il:raise-i2:degem:degem:med-a:retrof-
2:syllab:

46 3 o6 3 75 3 fric:med-a:retrof-2:syllab:

46 4 54 ti 3 tsi 3 friccmed-a:retrof-2:syllab:

46 5 EY tsi 3 tsi 3 med-a:retrof-2:syllab:

46 6 - ti 3 tgl 3 fric:med-a:retrof-2:syllab:

46 4 & téi ) tsi 3 med-a:retrof-2:syllab:

46 [ & tsi 3 tgt 3 med-a:retrof-2:syllab:

46 8 % tsi 3 tsi 3 med-a:retrof-2:syllab:

46 9 bie] i 3 tsi 3 devoi:fric:med-a:retrof-2:syllab:

47 1 )23 tsiat 4 tsy 3 t4:rime:Apo:med-arretrof-2:syllab:

47 2 "% kMiac 4 gy la t4:vocal:fuse:coal:[cha]:rime: Apo:[pal]:med-
a:retrof-2:syllab:

47 3 it di 1 t;h‘i 1b tl:devoi:fric:med-a:retrof-2:syllab:

47 4 it di 1 t;h\' 1b tl:devoi:fric:med-a:retrof-2:syllab:

47 5 B di 1 t§h'|' 1b tl:devoifric:med-a:retrof-2:syllab:

47 6 9 Zi i Lgh'{ 1b asp:affric:tl:devoi:med-a:retrof-2:syllab:

47 % Bt thy 2 t§h'i 2 fric:med-a:retrof-2:syllab:

47 8 i) tshi 2 tgh'f 2 med-a:retrof-2:syllab:

47 9 R tsP iac 4 tshi 2 t4:vocal:fuse:coal:[cha]:rime: A po:med-
a:retrof-2:syllab:

48 1 | $i 3 tshy 3 med-a:retrof-2:syllab:[asp]:[affric]:

48 2 # tsPiac 4 tghi 3 t4:vocal:fuse:coal:[cha]:rime:Apo:med-
a:retrof-2:syllab:

48 3 .3 $i 1 Eit la tl:med-a:retrof-2:syllab:

48 4 L] si 1 51 la tl:med-a:retrof-2:syllab:

48 5 % si 1 st la tl:med-a:retrof-2:syllab:

48 6 F i 1 s1 la tl:med-a:retrof-2:syllab:

48 7 ¥ $i il 51 la tl:med-a:retrof-2:syllab:

48 8 & Siap 4 s1 la t4:rime:Apo:med-a:retrof-2:syllab:

48 9 i siat 4 s1 la td:rime: Apo:syllab:[i-del]:

49 Il % Siat 4 51 la t4:rime:Apo:med-a:retrof-2:syllab:

49 2 B %1 1 s1 1b tl:devoi:med-a:retrof-2:syllab:[affric]:

49 3 + Ziap 4 s1 1b affric:t4:devoirime:Apo:med-a:retrof-
2:syllab:

49 4 ] Ziap 4 s1 1b affric:t4:devoi:rime:Apo:med-a:retrof-
2:syllab:

49 5 *x dziat 4 st 1b affric:t4:devoi:rime: Apo:med-a:retrof-
2:syllab:

49 6 & dziak 4 s1 1b affric:t4:devoi:rime: Apo:med-a:retrof-
2:syllab:

49 T : dzisk 4 s1 1b affric:t4:devoicrime: Apo:med-a:retrof-
2:syllab:

49 8 LS siak 4 s1 1b t4:irime:Apo:med-a:retrof-2:syllab:

49 9 a Ziac 4 s1 1b affric:t4:devoi:vocal:fuse:coal:[cha]:rime:Apo:mjed-
a:retrof-2:syllab:

50 1 & i 2 s1 2 med-a:retrof-2:syllab:

50 2 3 $i 2 s1 2 med-a:retrof-2:syllab:

50 3 4 si 2 si 2 i-del:syllab:

50 4 ® | s 2 si 2 i-del:syllab:

50 5 L3 sl 2 s1 2 i-del:syllab:

50 6 ] $i 2 s 2 med-a:retrof-2:syllab:

50 7 4 Siai 3 s1 3 raise-il:raise-i2:degem:degem:med-a:retrof-
2:syllab:

50 7 % Siai 8 s1 3 raise-il:raise-i2:degem:degem:med-a:retrof-
2:syllab:
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50 8 ziai 3 si 3 devoi:raise-il:raise-i2:degem:degem:med-
a:retrof-2:syllab:

50 9 2 %i 2 s 3 affric:t2:devoi:med-a:retrof-2:syllab:

51 1 N dzi 3 81 3 affric:devoi:med-a:retrof-2:syllab:

51 2 % %i 3 51 3 affric:devoi:med-a:retrof-2:syllab:

51 3 + dzi 2 s1 3 affric:t2:devoi:i-del:syllab:

51 4 i dzi 2 §1 3 affric:t2:devoi:i-del:syllab:

51 5 ¥ dzi 3 s1 3 affric:devoi:i-del:syllab:

51 6 i H 3 s1 3 med-a:retrof-2:syllab:

51 7 i %1 2 §i 3 affric:t2:devoi:med-a:retrof-2:syllab:

51 8 i3 %i 2 §1 3 affric:t2:devoi:med-a:retrof-2:syllab:

51 9 b 1 Siat 4 §1 3 t4:rime:Apo:med-a:retrof-2:syllab:

52 1 A Siak 4 st 3 t4:rime:Apo:med-a:retrof-2:syllab:

52 2 & Siac 4 s1 3 t4:vocal:fuse:coal:[cha):rime: Apo:med-
a:retrof-2:syllab:

52 3 =] fiist 4 i 3 t4:fric:rime:Apo:med-a:retrof-
2:syllab:syllab:

52 4 L fi 1 ar 1b tl:fric:med-a:retrof-2:syllab:syllab:

52 5 i 11 1 ar 1b tl:fric:med-a:retrof-2:syllab:syllab:

52 6 g ni 2 ar 2 fric:med-a:retrof-2:syllab:syllab:

52 7 = ni 3 ar 3 fric:med-a:retrof-2:syllab:syllab:

52 8 b1 pizk 4 pi la t4:rime:Apo:

52 9 B | bi 3 pi 1b | devoi:[t3-tlb):

53 1 # | pi 2 pi ) :

53 2 | pi 2 pi 2

53 3 L pi 2 pi 2 :

53 4 £ pist 4 pi 2 t4:rime:Apo:

53 5 '3 piai 3 pi 3 raise-il:raise-i2:degem:degem:

53 6 L biai 3 pi 3 devoi:raise-il:raise-i2:degem:degem:

53 6 L4 biai 3 pi 3 devoi:raise-il:raise-i2:degem:degem:

53 6 H biai 3 pi 3 devoi:raise-il:raise-i2:degem:degem:

53 7 E biai 3 pi 3 devoi:raise-il:raise-i2:degem:degem:

53 8 il piai 3 pi 3 raise-iliraise-i2:degem:degem:

53 9 -1 pi 3 pi 3

54 1 B | bi 3 pi 3 devoi:

54 2 E | bi 3 pi 3 devoi:

54 3 e pist 4 pi 3 t4:rime:apo:

54 4 W piat 4 pi 3 t4:rime:apo:

54 5 5 piac 4 pi 3 t4:vocal:fuse:coal:[cha]:rime:Apo:

54 6 L4 piac 4 pi 3 t4:vocal:fuse:coal:[cha]:rime:Apo:

54 7 # phiai 1 phi la tliraise-il:raise-i2:degem:degem:

54 8 # | phi 1 phi la | t1:

54 9 B phia.c 4 phi la t4:raise-il:raise-i2:degem:degem:

55 1 B bi 1 phi 1b asp:tl:devoi:

55 2 24 bi 1 phi 1b asp:tl:devoi:

55 3 | bi 1 phi 1b asp:tl:devoi:

55 4 u phiat 4 phi 2 t4:rime:Apo:

55 5 ® | phi 3 phi 3 :

55 6 | B | phi 3 | pt 3 :

55 7 i3 miai 1 mi 1b tl:raise-iliraise-i2:degem:degem:

55 8 S miai 1 mi 1b tl:raise-il:raise-i2:degem:degem:

55 9 S miai 2 mi 2 raise-il:raise-i2:degem:degem:

56 i | . pi 3 mi 3 (p-m]:

56 2 .4 miat 4 mi 3 t4:rime:apo:

56 3 -3 miat 4 mi 3 t4:rime:apo:

56 4 i miac 4 mi 3 t4:vocal:fuse:coal:[cha]:rime:Apo:

56 5 i tiai 1 ti la tl:raise-il:raise-i2:degem:degem:

56 6 7’ tiai X ti la tliraise-il:raise-i2:degem:degem:

56 77 ] tiac 4 ti la t4:vocal:fuse:coal:[cha]:rime:apo:

56 8 i3] tiac 4 ti 1b td:vocal:fuse:coal:[cha):rime:apo:

56 9 4 diac 4 ti 1b t4:devoi:vocal:fuse:coal:{cha):rime:apo:

57 1 A diac 4 ti 1b t4:devoi:vocal:fuse:coal:[cha]:rime:apo:

57 1 ] diac 4 ti 1b t4:devoi:vocal:fuse:coal:[cha]:rime:apo:

57 2 4 tiai 2 ti 2 raise-il:raise-i2:degem:degem:

57 3 S tiai 2 ti 2 raise-il:raise-i2:degem:degem:

57 3 # tiai 2 ti 2 raise-il:raise-i2:degem:degem:

57 4 W tiai 3 ti 3 raise-il:raise-i2:degem:degem:

57 5 E] diai 2 ti 3 t2:devoi:raise-iliraise-i2:degem:degem:

57 6 5 diai 3 ti 3 devoi:raise-il:raise-i2:degem:degem:

57 7 i} diai 3 ti 3 devoi:raise-il:raise-i2:degem:degem:

57 8 | di 3 ti 3 devoi:

57 9 B thiai 1 thi la tl:raise-il:raise-i2:degem:degem:

58 T L] thiac 4 thi la t4:vocal:fuse:coal:[cha]:rime:apo:

58 2 L] thiac 4 thi la t4:vocal:fuse:coal:[cha):rime:apo:

58 3 _ diai 4 thi 1b tl:devoi:raise-iliraise-i2:degem:degem:

58 4 #” diai 1 thi 1b tl:devoi:raise-il:raise-i2:degem:degem:

58 5 i diai 1 thi 1b tl :devoi:raise-il:raise-i2:degem:degem:
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58 6 | B diai 1 £ 1b tl:devoi:raise-iliraise-i2:degem:degem:
58 7 ¥ thiai 2 thi 2 raise-il:raise-i2:degem:degem:

58 8 # thiai 3 ehi 3 :raise-i2:degem:degem:

58 9 =2 thiai 3 thi 3 :raise-i2:degem:degem:

59 1 # thiai 3 e 3 raise-iliraise-i2:degem:degem:

59 2 * niai 1 ni 1b tliraise-il:raise-i2:degem:degem:

59 3 B | ni 1 ni b || et

59 4 # | ni 2 ni 2 :

59 5 B | ni 3 ni 8 :

59 6 » piac 4 ni 3 t4:[p-n):vocal:fuse:coal:[cha):rime:apo:
59 T 2 liai 1 I 1b tl:raise-il:raise-i2:degem:degem:

59 8 ® liai 1 li 1b tl:raise-il:raise-i2:degem:degem:

59 9 B 1 li 1) || (61

60 1 LR 1 li o T

60 2 E I I 1 li 16 If fe1:

60 3 E | 1 li LI I Ol

60 4 B | 1 li Ih | e1:

60 5 #H liai 2 li 2 raise-il:raise-i2:degem:degem:[!t2]:
60 6 B | 2 li 2

60 6 2 | 2 li 2

60 6 LI T 2 li 2

60 7 ¥ | 2 li 2

60 8 = | ]t 2 li 2 :

60 9 :1] liai 3 li 3 raise-il:raise-i2:degem:degem:

61 1 724 liai 3 li 3 raise-il:raise-i2:degem:degem:

61 2 L] liai 3 i 3 raise-iliraise-i2:degem:degem:

61 3 * liai 3 1i 3 raise-il:raise-i2:degem:degem:

61 4 LT 3 li 3 3

61 5 Mo 3 li 3

61 6 £ | 3 li 3 :

61 b d r liap 4 li 3 t4:rime:apo:

61 8 L liap 4 i 3 t4:rime:apo:

61 9 x liat 4 1 3 t4:rime:apo:

62 1 h liak 4 1 3 t4:rime:apo:

62 2 A liac 4 li 3 t4:vocal:fuse:coal:[cha]:rime:apo:

62 2 1] liac 4 i 3 t4:vocal:fuse:coal:[cha]:rime:apo:

62 3 pC] kiai 1 téi la tl:vocal:fuse:coal:[cha]:rime:apo:pal:
62 4 E | ki 1 tsi la | tl:pal:

62 5 8 ki 1 tsi la | tl:pal:

62 6 L ki 1 tsi la tl:pal:

62 7 Ho| ki 1 tsi la | tl:pal:

62 7 S ki 1 tsi la tl:pal:

62 7 mn ki 1 tsi la | tl:pal:

62 8 B’ tsiac 4 tsi la td:vocal:fuse:coal:[cha):rime:apo:pal:
62 9 & kiac 4 tsi la t4:vocal:fuse:coal:[cha]:rime:apo:pal:
63 1 i kiac 4 tsi la t4:vocal:fuse:coal:[cha]:rime:apo:pal:
63 2 # dziap 4 tsi 1b td:devoiirime:apo:pal:

63 <3 2 kiap 4 tsi 1b td:rime:apo:pal:

63 4 2 kiap 4 tsi 1b td:rime:apo:pal:

63 5 p:3 gisap 4 tsi 1b t4:devoi:rime:apo:pal:

63 6 % dziat 4 tsi 1b t4:devoi:rime:apo:pal:

63 1 i kiat 4 tsi 1b t4:rime:apo:pal:

63 8 Ep tsiak 4 tsi 1b t4:rime:apo:pal:

63 9 L3 gisk 4 tsi 1b t4:devoi:rrime:apo:pal:

64 1 -] tsiac 4 tsi 1b t4:vocal:fuse:coal:[cha]:rime:apo:pal:
64 2 [ dziac 4 tsi 1b t4:devoi:vocal:fuse:coal:[cha]:rime:apo:pal:
64 3 B tsiai 2 tsi 2 raise-il:raise-i2:degem:degem:pal:

64 4 a2 ki 2 tsi 2 pal:

64 5 L ki 2 t$i 2 pal:

64 6 -] kiap 4 tsi 2 t4:rime:apo:pal:

64 T B tsiai 3 tsi 3 raise-il:raise-i2:degem:degem:pal:

64 74 (] tsiai 3 tsi 3 raise-il:raise-i2:degem:degem:pal:
64 8 b1 tsiai 3 tsi 3 raise-il:raise-i2:degem:degem:pal:

64 9 il dziai 3 tsi 3 devoi:raise-il:raise-i2:degem:degem:pal:
65 1 it kiai 3 tsi 3 raise-il:raise-i2:degem:degem:pal:

65 2 o kiai 3 tsi 3 raise-il:raise-i2:degem:degem:pal:

65 3 ® | ki 3 tsi 3 pal:

65 4 % | g 2 tsi 3 t2:devoi:pal:

65 5 24 gl 2 tsi 3 t2:devoi:pal:

65 6 2 | ki 2 téi 3 pal:[t2):

65 7 ic ki 3 tsi g pal:

65 8 & gi 3 tsi 3 devoi:pal:

65 9 B ki 3 tsi 3 pal:

66 . x kui 3 tsi 3 u-del:pal:

66 2 & tsiac 4 tsi la t4:vocal:fuse:coal:[cha):rime:Apo:pal:
66 3 b3 tsiac 4 tsi la td:vocal:fuse:coal:[cha]:rime:Apo:pal:
66 4 2 tsiac 4 tsi la t4:vocal:fuse:coal:[cha):rime:Apo:pal:
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66 5 F | tsPiai ! téPi la tl:raise-il:raise-i2:degem:degem:pal:
66 6 k3 tsPiai 1 4P la tl:raise-il:raise-i2:degem:degem:pal:
66 | 7 | % | khi 1| tshi la | tl:pal:

66 8 4 tsPiat 4 tshi la t4:rime:Apo:pal:

66 9 # tsh it 4 tshi la t4:rime:Apo:pal:

67 1 7 dziai 1 tshi 1b tl:devoi:raise-il:raise-i2:degem:degem:pal:
67 2 B dziai L tshi 1b tl:devoi:raise-il:raise-i2:degem:degem:pal:
67 3 #F gi 1 tshi 1b asp:tl:devoi:pal:

67 4 5§ gi 1 tshi 1b asp:tl:devoi:pal:

67 5 K gi 1 tshi 1b asp:tl:devoi:pal:

67 5 ® | g 1 tshi 1b | asp:tl:devoi:pal:

67 5 # gi it tshi 1b asp:tl:devoi:pal:

67 5 ot gi 1 tshi 1b asp:tl:devoi:pal:

67 6 m gi 1 tshi la asp:tl:devoi:pal:

67 7 =] kMiai 2 tshi 2 raise-il:raise-i2:degem:degem:pal:

67 |8 | & [ khi 2 | =t 2 | pal

67 9 8| khi 2 tshi 2 pal:

68 1 » kPiai 3 tshi 3 raise-il:raise-i2:degem:degem:pal:

68 | 2 | ® | kM 3 | tshi 3 | pal

68 3 # | khi 3 tshi 3 pal:

68 | 4 | 4 | khi 3 | eshi 3 | pal

68 | 4 | ¥ | khi 3 | sshi 3 | pak

68 5 (i) siai 1 $i la tl:raise-il:raise-i2:degem:degem:pal:
68 6 B siai 1 éi la tl:raise-il:raise-i2:degem:degem:pal:
68 7 : kMiai 1 §i la tl:raise-il:raise-i2:degem:degem:[kh-s’]:
68 8 | M | xi 1| s la | tl:pal

68 9 B | xi 1 si la | tl:pal:

68 9 # xi 1 s la | tl:pal:

69 1 % xiap 4 $i la t4:rime:Apo:pal:

69 2 B siak 4 i la t4:rrime:Apo:pal:

69 3 .| siak 4 i la t4:rime:Apo:pal:

69 4 L] siac 4 $i la t4:vocal:fusion:coal:[cha]:rime:Apo:pal:
69 5 B siac 4 §i la td:vocal:fusion:coal:[cha]:rime:Apo:pal:
69 6 3 ziap 4 §1 1b t4:devoi:rime:apo:pal:

69 7 % ziac 4 $1 1b t4:devoi:vocal:fusion:coal:[cha):rime:Apo:pal:
69 8 ] siac 4 i la t4:vocal:fusion:coal:[cha]:rime:apo:pal:
69 9 ¥ siai 2 $i 2 raise-il:raise-i2:degem:degem:pal:

70 1 # xi 2 $i 2 pal:

70 2] m siai 3 $i 8 raise-il:raise-i2:degem:degem:pal:

70 3 # ¥iai 3 $i 3 devoi:raise-il :raise-i2:degem:degem:pal:
70 4 | xi 3 i 3 pal:

70 5 3 i 1 i la tl:pro:

70 6 & K 1 i la tl:pro:

70 6 & 7 15 i la tl:pro:

70 % - Piat 4 i la t4:proirime:apo:

70 8 H | pi 1 i 1b | tl:pro:

70 9 Bl 1 i 1b | tl:

71 1 x| 1 i 1b | ti:

71 1 | 1 i 1b | tl:

71 2 B i 1 i 1b | tl:pro:

71 3 # o oui 1 i 1b | tl:[u-del):

71 4 | 2 2 i 2 pro:

7L 5 L] 2 i 2 pro:

71 6 (51 i 2 i 2

7 7 B 2 i 2

71 8 z Tiat 4 i 2 t4:pro:rime:apo:

71 9 Z giai 3 i 3 pro:raise-il:raise-i2:degem:degem:

72 1 X | oi 3 i 3 pro

2 1 K ni 3 i 3 pro

72 2 5 | 8 i 3

72 3 2| 3 i 3 pro

72 4 | 3 i 3 ;

e 5 z ?iak 4 i 3 t4:pro:rime:apo:

72 6 E+3 Piac 4 i 3 t4:pro:vocal:ifuse:coal:[cha]:rime:apo:
72 @ 5 iac 4 i 3 t4:vocal:fuse:coal:[cha]:rime:apo:

%2] 8 # iac 4 i 8! t4:vocal:fuse:coal:[cha]:rime:apo:

72 9 % iac 4 i 3 t4:vocal:fuse:coal:[cha]:rime:apo:

73 1 #® | yac 4 i 3 td:

73 1 % yac 4 i 3 t4:vocal:fuse:coal:[cha]:rime: Y-spl-d:apo:
73 2 #h po 2 pPu 2 raise-u:

73 8 ] bo 3 pu 2 devoi:raise-u:[t3-t2]:

73 4 L po 3 pu 3 raise-u:

73 5 H po 3 pPu 3 raise-u:

73 6 8 bo 2 pu 3 t2:devoi:raise-u:

73 % * bo 2 pu 3 t2:devoiraise-u:

73 8 # bo 3 pu 3 devoi:raise-u:

73 9 g bo 3 pu 3 devoi:raise-u:
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74 1 ES fust 4 pu 3 t4:rime:apo:[f-p]:
74 2 i pho 1 phu la tl:raise-u:
74 8 kN pPuk 4 phu la t4:apo:
74 4 b bo ! phu 1b asp:tl:devoi:raise-u:
74 5 ] bo i phu 1b asp:tl:devoi:raise-u:
74 6 ] bo 1 phu 1b asp:tl:devoi:raise-u:
74 4 b buk 4 phu 1b asp:t4:devoi:apo:
74 8 i po 2 p'u 2 raise-u:[asp):
74 9 H® pho 2 phu 2 raise-u:
75 1 H pho 3 phu 3 raise-u:
75 2 B mo 1 mu 1b tl:raise-u:
75 3 g mu 2 mu 2
75 4 B mu 2 mu 2
75 5 k-3 mo 3 mu 3 raise-u:
75 6 B mo 3 mu 3 raise-u:
75 7 B mo 3 mu 3 raise-u:
75 8 k3 mak 4 mu 3 t4:apo:[round]:[raise-u):
75 9 * muk 4 mu (] t4:apo:
76 I B muk 4 mu 3 t4:apo:
76 2 k2 miuk 4 mu 3 t4:lab-dnt:
76 3 B fio 1 fu la tl:lab-dnt’:raise-u:
76 4 x fio 1 fu la tl:lab-dnt’:raise-u:
76 5 o Mio 1 fu la tl:lab-dnt’:[asp-r):raise-u:
76 6 ES Mio 1 fu la tl:lab-dnt’:[asp-r)iraise-u:
76 7 L Mio 1 fu la tl:lab-dnt’:[asp-r]iraise-u:
76 8 3 viu 1 fu 1b tl:devoi:lab-dnt”:
76 9 i vio 1 fu 1b tl:devoi:lab-dnt’:
77 1 #* vio 1 fu 1b tl:devoi:lab-dnt':
77 2 -] fiuk 4 fu 1b t4:lab-dnt':apo:
77 3 4 viuk 4 fu 1b t4:devoi:lab-dnt’:apo:
77 4 *® viuk 4 fu 1b t4:devoi:lab-dnt’:apo:
77 5 i) fio 2 fu 2 lab-dnt’:raise-u:
77 5 K | fio 2 fu 2 lab-dnt’:raise-u:
77 5 W fio 2 fu 2 lab-dnt':raise-u:
77 6 # | fio 2 fu 2 lab-dnt’:raise-u:
77 7 1] fio 2 fu 2 lab-dnt’:raise-u:
77 8 ﬁ fio 2 fu 2 lab-dnt’:raise-u:
77 9 o1 vio 2 fu 2 devoi:lab-dnt’:raise-u:
78 1 ] vio 2 fu 2 devoi:lab-dnt’:raise-u:
78 2 f+ fio 3 fu 3 lab-dntraise-u:
78 3 . fio 3 fu 3 lab-dnt’:raise-u:
78 4 . 4 vio 2 fu 3 devoi:lab-dnt’:raise-u:
78 5 B vio 3 fu 3 devoi:lab-dnt’:raise-u:
78 6 & | fiu 3 fu 3 lab-dnt:
78 7 s} viu 2 fu 3 t2:devoi:lab-dnt’:
78 8 #i | viu 2 fu 3 t2:devoi:lab-dnt’:
78 9 b fiuk 4 fu 3 t4:lab-dnt’:apo:
79 1 B | fiuk 4 fu 3 t4:lab-dnt":apo:
79 2 - viuk 4 fu 3 t4:devoi:lab-dnt':apo:
79 3 i to 0§ tu la tl:raise-u:
79 4 L duk 4 tu 1b t4:devoi:apo:
79 5 # duk 4 tu 1b | t4:devoi:apo:
79 6 ;3 duk 4 tu 1b t4:devoi:apo:
79 it/ & duk 4 tu 1b t4:devoi:apo:
79 8 % to 2 tu 2 raise-u:
79 8 ¥ to 2 tu 2 raise-u:
79 9 At to 2 tu 2 raise-u:
80 1 it do 2 tu 3 t2:devoi:raise-u:
80 2 i do 2 tu 3 t2:devoi:raise-u:
80 3 : 4 do 3 tu 3 devoirraise-u:
80 4 #* do 3 tu 3 devoirraise-u:
80 5 L4 do 3 tu 3 devoiraise-u:
80 6 = duat 4 thu la asp:t4:devoirrime:apo:
80 7 F thuk 4 thy la t4:apo:
80 8 (3 do 1 thy 1b asp:tl:devoiiraise-u:
80 9 23 do 1 thy 1b asp:tl:devoiiraise-u:
80 9 b3 do 1 thu 1b asp:tl:devoirraise-u:
81 1 A do 1 thu 1b asp:tl:devoirraise-u:
81 2) & do 1 thu 1b asp:tl:devoi:raise-u:
81 3 £ tho 2 thu 2 raise-u:
81 4 i3 tho 2 thu 2 raise-u:
81 5 R tho 3 thy 3 raise-u:
81 6 n no 1 nu 1b tl:raise-u:
81 {7 % no 2 nu 2 raise-u:[!t2):
81 8 2 no 3 nu 3 raise-u:
81 9 bl lo 1 lu 1b tliraise-u:
81 9 al lo 1 lu 1b tl:raise-u:
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81 9 B | lo 1 lu 1b tl:raise-u:

82 1 i lo 2 lu 2 raise-u:[!t2]:

82  § & lo 2 lu 2 raise-u:[!t2]:

82 2 & lo 2 lu 2 raise-u:[!t2]:

82 3 = lo 3 lu 3 raise-u:

82 4 B lo 3 lu 3 raise-u:

82 5 e luk 4 lu 3 t4:apo:

82 6 #® luk 4 lu 3 t4:apo:

82 g 5 liuk 4 lu 3 t4:apo:[i-del]:

82 8 # liuk 4 lu 3 t4:apo:[i-del}:

82 9 i tso X tsu la tl:raise-u:

83 1 x tsyat 4 tsu 1b t4:Y-spl-cirime:apo:

83 2 % dzuk 4 tsu 1b t4:devoi:apo:

83 3 2 tsiuk 4 tsu 1b t4:apo:[i-del]:

83 4 # tso 2 tsu 2 raise-u:

83 5 i tso 2 tsu 2 raise-u:

83 6 [1:4 tgio 2 tsu 2 i-del:deret:raise-u:

83 7 o tsho 1 tshu la tliraise-u:

83 8 . tsho 3 tshu 3 raise-u:

83 9 # so 1 su la tl:raise-u:

83 9 -3 so i su la tl:raise-u:

84 1 # ziuk 4 su 1b td:devoi:apo:[i-del]:

84 2 % so 3 su 3 raise-u:

84 2 #* so 3 su 3 raise-u:

84 2 I3 so 3 su 3 raise-u:

84 3 ¥ so 3 su 3 raise-u:

84 4 H suk 4 su 3 t4:apo:

84 5 ™ siuk 4 su 3 t4:apo:[i-del]:

84 6 ® siuk 4 su 3 t4:apo:[i-del]:

84 11 b tio 1 tsu la tl:fric:med-a:retrof-2:raise-u:

84 8 & tsio 1 tsu la tl:med-a:retrof-2:raise-u:

84 9 b tsio 1 tgu la tl:med-a:retrof-2:raise-u:

84 9 * tsio 1 tsu la tl:med-a:retrof-2:raise-u:

85 1 % tio 1 tsu la tl:fric:med-a:retrof-2:raise-u:

85 2 23 tio 1 tsu la tl:fric:med-a:retrof-2:raise-u:

85 3 v tiuk 4 tsu 1b t4:fric:apo:med-a:retrof-2:

85 4 " tiuk 4 tsu 1b t4:fric:apo:med-a:retrof-2:

85 5 ;3 tsiuk 4 tsu 1b t4:apo:med-a:retrof-2:

85 6 .3 téio 2 tsu 2 raise-u:med-a:retrof-2:

85 7 * tsio 2 tsu 2 raise-u:med-a:retrof-2:

85 8 " tsiuk 4 tgu 2 t4:apo:med-a:retrof-2:

85 9 E 3 tio 3 tsu 3 fric:apo:raise-u:med-a:retrof-2:
86 1 5 tio 3 tsu 3 fric:apo:raise-u:med-a:retrof-2:
86 2 & tio 3 tsu 3 fric:apo:raise-u:med-a:retrof-2:
86 3 T tsio 3 tsu 3 raise-u:med-a:retrof-2:

86 4 i3 téio 3 tsu 3 raise-u:med-a:retrof-2:

86 5 % tsio 3 tgu 3 raise-u:med-a:retrof-2:

86 6 H dio 2 tsu 3 t2:devoi:fric:raise-u:med-a:retrof-2:
86 7 & dio 3 tsu 3 devoi:fric:raise-u:med-a:retrof-2:
86 8 By dzio 3 tsu 3 devoi:i-del:raise-u:

86 9 # tsiuk 4 tsu 3 t4:apo:med-a:retrof-2:

87 1 £l tg"io 1 tyhu la tl:i-del:raise-u:

87 2 H téhy;t 4 tghu la t4:apo:med-a:rime:retrof-2:

87 3 Bx dio ! 4 tshu 1b tl:devoi:friciraise-u:med-a:retrof-2:
87 4 ;] dzio i tgh u 1b asp:tl:devoi:i-del:raise-u:

87 5 B io 1 tghu 1b tl:devoi:fric:raise-u:med-a:retrof-2:
87 6 2 dio 1 ts"u 2 devoi:fric:raise-u:med-a:retrof-2:[t1-t2]:
87 7 ® tgh io 2 t;h u 2 i-del:raise-u:

87 7 5} tghio 2 tgh u 2 i-del:raise-u:

87 8 b téPio 2 tphu 2 i-del:raise-u:

87 9 &t tshio 3 tphu 3 i-deliraise-u:

88 1 & thiuk 4 tghu 3 t4:fric:apo:med-a:retrof-2:

88 2 ik téMiuk 4 tgh u 3 t4:apo:med-a:retrof-2:

88 3 o gio 1 su la tl:i-del:raise-u:

88 4 21 sio 1 su la tl:i-del:raise-u:

88 5 + dio 1 su la tl:raise-u:med-a:retrof-2:

88 6 #F Sio T su la tl:raise-u:med-a:retrof-2:

88 7 i $io b su la tl:raise-u:med-a:retrof-2:

88 8 * Zio 1 su la devoi:raise-u:med-a:retrof-2:[t1]:
88 9 A $iuk 4 su la t4:apo:med-a:retrof-2:

89 i § -3 dziuk 4 su 1b affric:t4:devoi:apo:med-a:retrof-2:
89 2 £ dio 2 §u 2 raise-u:med-a:retrof-2:

89 2 x® Sio 2 su 2 raise-u:med-a:retrof-2:

89 3 W Sio 2 su 2 raise-u:med-a:retrof-2:

89 4 ® gio 2 su 2 raise-u:med-a:retrof-2:

89 5 )] Ziuk 4 su 2 affric:t4:devoi:apo:med-a:retrof-2:
89 6 B gio 3 su 3 i-del:raise-u:
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89 % Zio 2 su 3 affric:t2:devoi:raise-u:med-a:retrof-2:
89 8 # Zio 3 §u 3 affric:devoi:raise-u:med-a:retrof-2:
89 9 | #® | siu 3 su 3 i-del:

90 1 R dzyast 4 su 3 affric:t4:devoi:apo:med-a:rime:retrof-2:
90 1 =3 dzyat 4 su 3 affric:t4:devoi:apo:med-a:rime:retrof-2:
90 2 pul 1iio 1 ru 1b tl:friciraise-u:med-a:retrof-2:
90 3 A 1iio 2 ru 2 fric:raise-u:med-a:retrof-2:
90 4 A n 4 ru 3 t4:fric:retrof-2:(u-ins-b}:

90 5 L] niuk 4 ru 2 [t4):fric:apo:med-a:retrof-2:
90 6 % riiuk 4 ru 3 td:fric:apo:med-a:retrof-2:
90 7 i kio 1 ku la tl:raise-u:[i-del}:

90 7 i kio 1 ku la tl:raise-u:[i-del]:

90 8 ¥ kio 1 ku la tl:raise-u:[i-del]:

90 9 & ko 2 ku la raise-u:(t2-tla):

91 1 =] ko 2 ku 2 raise-u:

91 1 e ko 2 ku 2 raise-u:

91 1 ® ko 2 ku 2 raise-u:

91 2 # kuat 4 ku 2 t4:rime:apo:

91 3 < kuk 4 ku 2 t4:apo:

91 3 k-] kuk 4 ku 2 t4:apo:

91 4 [::4 ko 3 ku 3 raise-u:

91 5 A ko 3 ku 3 raise-u:

91 5 1 ko 3 ku 3 raise-u:

91 5 o] ko 3 ku 3 raise-u:

91 6 fﬁ k"o 1 kP u la tl:raise-u:

91 7 ES kP uk 4 kP u la t4:apo:

91 8 E3 kho 2 kM 2 raise-u:

91 9 FE ko 3 khu 3 raise-u:

91 9 -] k"o 3 kPu 3 raise-u:

92 1 L3 x0 1 xu la tl:raise-u:

92 2 2 xuat 4 xu la t4:rime:apo:

92 3 L5} ¥o 1 xu 1b tl:devoi:raise-u:

92 4 # ¥o 1 xu 1b tl:devoi:raise-u:

92 5 L Yo 1 xu 1b tl:devoirraise-u:

92 6 S ¥o 1 xu 1b tl:devoiiraise-u:

92 6 L] ¥o 1 xu 1b tl:devoi:raise-u:

92 7 L] ¥o 1 xu 1b tl:devoirraise-u:

92 8 % ¥o 1 xu 1b tl:devoi:raise-u:

92 9 ¥ yust 4 xe 2 t4:devoi:rime:apo:

93 1 [ xo0 2 xu 2 raise-u:

93 2 P ¥o 2 xu 3 t2:devoi:raise-u:

93 3 L% ¥o 3 xu 3 devoi:raise-u:

93 4 L% ¥o 3 xu 3 devoi:raise-u:

93 5 5 7o 1 wu la tl:pro:raise-u:

93 6 B2 Tuk 4 u la t4:pro:raise-u:apo:

93 i 2 go 1 u 1b tl:pro:raise-u:

93 8 ] yo 1 u 1b tl:proraise-u:

93 9 x 1jio 1 u 1b tl:lab-dnt':raise-u:degem:
94 1 i go 2 u 2 pro:raise-u:

94 1 F go 2 u 2 proiraise-u:

94 2 B o 2 u 2 proraise-u:

94 3 -4 tpio 2 u 2 lab-dnt':raise-u:degem:

94 3 ” mio 2 u 2 lab-dnt':raise-u:degem:

94 4 % ?0 3 u 3 pro:raise-u:

94 5 iR o 3 u 3 proraise-u:

94 6 18 o 3 u 3 pro:raise-u:

94 (2 % tpio 3 u 3 lab-dnt':raise-u:degem:

94 8 ® mio 3 u 3 lab-dnt’:raise-u:degem:

94 9 k2] myst 4 u 3 t4:lab-dnt:degem:rime:apo:
95 1L 2 myst 4 u 3 t4:lab-dnt’:degem:rime:apo:
95 2 x nio 2 ny 2 raise-u:lab-abs:

95 3 ¥ lio 1 ly 1b tl:raise-u:lab-abs:

95 4 =] lio 2 ly 2 raise-u:lab-abs:

95 5 )4 lio 2 ly 2 raise-u:lab-abs:

95 6 B lio 3 ly 3 raise-u:lab-abs:

95 7 2 lio 3 ly 3 raise-u:lab-abs:

95 8 i lyst 4 ly 3 t4:rime:apo:

95 9 8 | liuk 4 ly 3 t4:apo:lab-abs:

96 1 =] kio 1 tdy la tl:raise-u:lab-abs:pal:

96 2 EL ] kio 1 tsy la tl:raise-u:lab-abs:pal:

96 3 L] kio | tsy la tl:raise-u:lab-abs:pal:

96 4 1] kyat 4 tsy 1b t4:rime:Apo:pal:

96 5 L] kiuk 4 tsy 1b t4:Apo:lab-abs:pal:

96 6 =] giuk 4 tsy 1b t4:devoi:Apo:lab-abs:pal:
96 7 ¥ kio 2 tsy 2 raise-u:lab-abs:pal:

96 8 B kio 3 tsy 3 raise-u:lab-abs:pal:

96 9 ] kio 3 tsy 3 raise-u:lab-abs:pal:
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97 1 E gio 2 tsy — |3 t2:devoi:raise-u:lab-abs:pal:

97 1 i gio 2 tsy 3 t2:devoi:raise-u:lab-abs:pal:

97 1 B gio 2 tsy 3 t2:devoi:raise-u:lab-abs:pal:

97 2 ® dzio 2 tsy 3 t2:devoi:raise-u:lab-abs:pal:

o 3 4 kio 3 tsy 3 raise-u:lab-abs:pal:

97 4 H gio 3 tsy 3 devoi:raise-u:lab-abs:pal:

97 5 Bl giac 4 tsy 3 t4:devoi:vocal:fuse:coal:apo:raise-u:lab-
abs:pal:

97 6 L1} tshio 1 ts’hy la tl:raise-u:lab-abs:pal:

97 7/ =4 kMo 1 ts’hy la tl:raise-u:lab-abs:pal:

97 7 LU k"io 1 tsh y la tl:raise-u:lab-abs:pal:

97 8 ) khyat 4 ts'hy la t4:rime:apo:pal:

97 9 2] kMiuk 4 '.s'hy la t4:apo:pal:

98 1 ith kPiuk 4 ts’hy la t4:apo:pal:

98 2 b gio 1 téhy la asp:tl:devoi:raise-u:lab-abs:pal:

98 3 -4 tsPio 2 ts'hy 2 raise-u:lab-abs:pal:

98 4 = tsPio 2 ts'hy 2 raise-u:lab-abs:pal:

98 5 & khio 3 tsh y 3 raise-u:lab-abs:pal:

98 6 & tshio 3 ts'hy 3 raise-u:lab-abs:pal:

98 7 [ ] xio 1 sy la tl:raise-u:lab-abs:pal:

98 7 ) 4 xio 1 sy la tl:raise-u:lab-abs:pal:

98 8 & sio 1 sy la tl:raise-u:lab-abs:pal:

98 8 A sio i sy la tl:raise-u:lab-abs:pal:

98 9 7 sio 1 3% la tl:raise-u:lab-abs:pal:

99 1 I3 zio 1 sy 1b tl:devoi:raise-u:lab-abs:pal:

99 2 i xio 2 sy 2 raise-u:lab-abs:pal:

99 3 ® sio 3 sy 3 raise-u:lab-abs:pal:

99 4 # zio 2 3% 3 t2:devoi:raise-u:lab-abs:pal:

99 4 7 zio 2 sy 3 t2:devoi:raise-u:lab-abs:pal:

99 4 % Zio 2 iy 3 t2:devoi:raise-u:lab-abs:pal:

99 5 % ziuk 4 3% 3 t4:devoi:apo:lab-abs:

99 6 % siai 3 sy 3 raise-il:raise-i2:degem:degem:pal:[i-y]:

99 7 i syat 4 sy 3 t4:rime:apo:pal:

99 8 & xiuk 4 sy 3 t4:apo:lab-abs:pal:

99 8 * xiuk 4 sy 3 t4:apo:lab-abs:pal:

99 9 L4 pio 1 y 1b tl:pro:raise-u:lab-abs:

100 - R io 1 y 1b tl:raise-u:lab-abs:

100 1 & io 1 y 1b tl:raise-u:lab-abs:

100 2 .} pio ) | y 1b tl:pro:raise-u:lab-abs:

100 3 |4 pio b | y 1b tl:pro:raise-u:lab-abs:

100 4 8 pio 1 y 1b tl:pro:raise-u:lab-abs:

100 5 5 G Jjio 1 y 1b tl:degem:raise-u:lab-abs:

100 6 & jio 1 y 1b tl:degem:raise-u:lab-abs:

100 7 L] io 1 y 1b tl:raise-u:lab-abs:

100 8 1 io 1 y 1b tl:raise-u:lab-abs:

100 9 i pio 2 y 2 pro:raise-u:lab-abs:

101 1 5 io 2 y 2 raise-u:lab-abs:

101 2 L] jio 2 y 2 degem:raise-u:lab-abs:

101 3 5 io 3 y 3 raise-u:lab-abs:

101 4 ¥ io & y 3 raise-u:lab-abs:

101 4 Hi io & y 3 raise-u:lab-abs:

101 5 - | pio 3 y 3 pro:raise-u:lab-abs:

101 6 " pio 3 y 3 pro:raise-u:lab-abs:

101 T L io 3 y 3 raise-u:lab-abs:

101 8 L] io 3 y 3 raise-u:lab-abs:

101 9 b1 jyak 4 y 3 t4:degem:rime:apo:

102 1 " iuk 4 y 3 t4:apo:lab-abs:

102 2 X piuk 4 y 3 t4:pro:apo:lab-abs:

102 3 R piuk 4 y 3 t4:pro:apo:lab-abs:

102 4 # iuk 4 y 3 t4:apo:lab-abs:

102 5 =] bac 4 pai 1b t4:devoi:vocal:fuse:apo:

102 | 6 ;) pai 2 pai 2 :

102 A i} pac 4 pai 2 t4:vocal:fuse:apo:

102 8 L] pac 4 pai 2 t4:vocal:fuse:apo:

102 9 ¥ pai 3 pai 3 2

103 | 1 W | bai 3 pai 3 devoi:

103 2 L4 bai 3 pai 3 devoi:

103 3 | phac 4 phai la t4:vocal:fuse:apo:

103 4 HE bai 1 phai 1b asp:tl:devoi:

103 5 e bai 1 phai 1b asp:tl:devoi:

103 6 b3 ph ai 3 ph ai 3 8

103 | 7 # | mai 1 mai I [ taE

103 8 x mai 2 mai 2

103 9 71 mai 3 mai 3

104 1 i mal 3 mal 3 >

104 2 * mac 4 mai 3 t4:vocal:fuse:apo:

104 3 .3 mac 4 mai 3 t4:vocal:fuse:apo:
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104 4 E3 tai 1 tai 2 A-mg:[t1-t2]:

104 5 4 tai 3 tai 3 A-mg:

104 | 6 #® | thai 3 tai 3 A-mg:

104 7 % dai 2 tai 3 t2:devoi:a-mg:

104 8 8 dai 2 tai 3 t2:devoi:a-mg:

104 9 [ dai 3 tai 3 devoi:a-mg:

105 | 1 ® | dai 3 tai 3 devoi:a-mg:

105 2 * tai 3 tai 3 a-mg:

105 3 L] thai I thai la tl:a-mg:

105 4 ] dai )| thai 1b asp:tl:devoi:a-mg:
105 5 2] dai 1 thai 1b asp:tl:devoi:a-mg:
105 | 6 % | tha 3 thai 3 a-mg:

105 | 7 | X | thai 3 | thai 3 a-mg:

105 8 * thai 3 thai 3 a-mg:

105 9 75 nai 2 nai 2 a-mg:

106 | 1 % | niai 2 nai 2 {i-del]:

106 2 i nai 3 nai 3 a-mg:

106 3 o nai 3 nai 3 a-mg:

106 | 4 3* lai 1 lai 1b | tl:a-mg:

106 5 L} lai 3 lai 3 a-mg:

106 6 -1 tsai 1 tsai la tl:a-mg:

106 6 R tsai 1 tsai la tl:a-mg:

106 it % tsai 2 tsai 2 a-mg:

106 8 -] tsai 2 tsai 2 a-mg:

106 9 * tsai 3 tsai B3 a-mg:

107 1 -4 tsai 3 tsai 3 a-mg:

107 2 & dzai 2 tsai 3 t2:devoi:a-mg:

107 3 % tsPai 1 tsP ai la tl:a-mg:

107 4 3 dzai i tsP ai 1b asp:tl:devoi:A-mg:
107 4 % dzai i tshai 1b asp:tl:devoi:A-mg:
107 5 # dzai 1 tsPai 1b asp:tl:devoi:A-mg:
107 6 # dzai 1 tsP ai 1b asp:tl:devoi:A-mg:
107 7 % tsPai 2 tsP ai 2 a-mg:

107 {7 ES tshai 2 tsPai 2 a-mg:

107 T BR tsMai 2 tsPai 2 a-mg:

107 8 ® tsPai 3 tsP ai 3 a-mg:

107 9 ¥ tshai 3 tsPai 3 a-mg:

108 1 ” sai 1 sai la tl:a-mg:

108 2 : 4 sak 4 sai la t4:[ek-ail:

108 3 -3 sai 3 sai 3 a-mg:

108 4 - 4 sai 3 sai 3 a-mg:

108 5 £ tsai 1 tsai la | tl:

108 6 L tiac 4 tsai la td:fric:vocal:fuse:apo:med-a:retrof-2:
108 d B dac 4 tsai 1b td:devoi:fric:vocal:fuse:apo:retrof-2:
108 8 E S dac 4 tsai 1b t4:devoi:fric:vocal:fuse:apo:retrof-2:
108 9 % tsac 4 tsai 2 t4:vocal:fuse:apo:
109 1 [ tsai 3 tsai 3 :

109 2 - tshai 1 t;hai la i

109 3 jild thac 4 tghai la t4:fric:vocal:fuse:apo:retrof-2:
109 4 Ld dzai 1 tghai 1b asp:tl:devoi:

109 5 [ sai 1 sai la tl:

109 6 L] sai 3 sai 3 3

109 7 B kai 1 kai la tl:a-mg:

109 | 8 ¢ kai 2 kai 2 a-mg:

109 | 9 & | kai 3 kai 3 -

110 | 1 & kai 3 kai 3 a-mg:

110 2 Fis k"ai 1 kPai la tl:a-mg:

110 | 3 | # | khai 1 kP ai la | tl:

110 4 =® khai 3 khai a-mg:[t3-t2]:

110 5 b ¥ai 1 xai 1b tl:devoi:a-mg:

110 6 B xai 2 xal 2 a-mg:

110 7 * ¥ai 3 xal 3 devoi:a-mg:

110 8 b1 Pai 3! ai la tl:pro:a-mg:

110 | 9 ® | ?ai 1 ai 1b | pro:a-mg:[tl]:

111 1 = ?ai 2 ai 2 pro:a-mg:

11) 2 1] pai 3 ai 3 pro:a-mg:

111 3 X pai 3 ai 3 pro:a-mg:

111 4 b::4 ?ai 3 ai 3 pro:a-mg:

111 5 -3 suil 1 guai la tl:vocal:

111 6 ] sui 1 suai la tl:[a-ins):

111 7 L] sui 3 suai 3 [a-ins]:

111 8 * sui 3 suai 3 [a-ins]:

111 | 9 | %® | kuai 1 | kuai la | t1:

12l | 4 8 | kuai 2 kuai 2 !

112 | 2 # | kuai 3 kuai 3 :

112 &) £ kuai 3 kP uai 3 a-mg:[asp]:

112 4 B kP uai 3 kP uai 3 a-mg:
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112 | 5 | ® | kPuai | 3 | kPuai | 3
112 | 5 | & | kPuai 3 | khuai | 3 :
112 6 28 yuai 1 xuai 1b tl:devoi:
112 T " yuai 1 xuai 1b tl:devoi:
112 G 3 yuai 1 xuai 1b tl:devoi:
112 8 2N yuai 3 xuai 3 devoi:
112 9 z xuai 1 ai la t1l:u-del:[x-del]:
113 1 5t puai 3 ai 3 u-del:pro:a-mg:
113 2 # puai 1 pei la tl:rnd:med-b: cha
113 3 ] pi 1 pei la tl:diph-i: cha
113 4 * pi 1 pei la tl:diph-i: cha
113 5 E pi 1; pei la tl:diph-i: cha
113 | 6 i pak 4 pei 3 td:[k-i): cha
113 7 u pai 3 pei 3 rnd: cha
113 8 ®» puai 3 pei 3 rnd:med-b: cha
113 9 L] pai 3 pei 3 rnd: cha
114 1 " buai 2 pei 3 t2:devoiirnd:med-b: cha
114 | 2 #® bi 2 pei 3 t2:devoi:diph-i: cha
114 | 3 & bi 3 pei 3 devoi:diph-i: cha.
114 4 23 phuai 1 phi la tl:rnd:med-b:(a-del]:
114 5 # buai 1 phel 1b asp:tl:devoiirnd:med-b: cha
114 6 ] buai 1 phei 1b asp:tl:devoiirnd:med-b: cha
114 6 21 buai 1 phei 1b asp:tl:devoi:rnd:med-b: cha
114 i K phuui 3 phei 3 rnd:med-b: cha:
114 8 " buai 3 phei 3 devoi:rnd:med-b:[asp]: cha
114 9 3 muai 1 mei 1b tl:rnd:med-b: cha:
115 1 B muai 1 mei 1b tl:rnd:med-b: cha
115 2 " muai 1 mei 1b tl:rnd:med-b: cha
115 | 3 ;] mi 1 mei 1b | tl:diph-i: cha
115 4 -1 mi 1 mei 1b tl:diph-i: cha
115 5 5 muai 2 mei 2 rnd:med-b:[!t2]: cha:
115 | 6 E mi 2 mei 2 diph-i:[!t2): cha:
115 @ |23 muai 3 mei 3 rnd:med-b: cha
115 8 23 muai 3 mei 3 rnd:med-b: cha:
115 9 X fui 1 fei la t2:diph-i:med-b: cha:
116 1 E|3 fui 1 fei la t2:diph-i:med-b: cha:
116 2 " vui 1 fei 1b tl:devoi:diph-i:med-b: cha:
116 3 E fui 2 fei 2 diph-i:med-b: cha
116 4 3 fyai 3 fei 3 raise-il:raise-i2:degem:med-b:degem:[diph- cha
i):
116 5 (1] fhyai 3 fei 3 raise-il:raise-i2:degem:med-b:degem:[diph- cha.
i]:[asp-r):
116 6 ” P ui 3 fei 3 diph-i:med-b:[asp-r]: cha
116 74 2] nuai 3 nei 3 rnd:[u-del]: cha:
116 8 = luai 1 lei 1b tl:rnd:[u-del): cha
116 9 i} luai 1 lei 1b tl:rnd:[u-del): cha
wiw | B | lui 2 lei 2 diph-i:[u-del]:[!t2): cha
17 | 2 B | lu 3 lei 3 diph-i:[u-del): cha:
117 3 * lui 3 lei 3 diph-i:[u-del): cha.
117 | 4 # lui 3 lei 3 diph-i:[u-del]: cha
117 | 5 B | ek 4 lei 3 t4:(k-i): cha.
117 6 1 dzak 4 tsei 1b t4:devoi:[k-i): cha.
LL7 (¢ - kiap 4 kei 2 t4:rime:apo:[diph-i): cha:
117 8 E) xak 4 xei la t4:[k-i): cha
117 9 b 4 tuai 1 tuei la tl:rnd: cha:
118 1 bis tuai 3 tuei 3 rnd: cha.
118 2 BA duai 3 tuei 3 devoi:rnd: cha:
118 3 5 duai 3 tuei 3 devoi:rnd: cha
118 4 " thuai 1 thuei la tl:rnd: cha:
118 5 R tPuai 2 thuei 2 rnd: cha:
118 6 B thuai 3 thuei 3 rnd: cha
118 | 7 L :| tsui 2 tsuei 2 diph-i: cha:
118 8 L dzuai 2 tsuei 3 t2:devoi:rnd: cha
118 9 3 tsuai 3 tsuei 3 rnd: cha
119} | . tsui 3 tsuei 3 diph-i: cha:
119 2 R tsP uai 1; tsPuei la tl:rnd: cha
119 2 # tsP uai 1 tsP uei la tl:rnd: cha
119 3 n tshyai 3 tsP uei 3 raise-il:Y-spl-d: cha.
119 | 4 7 | tshui 3 tsPuei | 3 diph-i: cha
119 5 I sui 1 suei la tl:diph-i: cha
119 6 L] zui 1 suei 1b tl:devoi:diph-i: cha:
119 6 ;] zui 1 suei 1b tl:devoi:diph-i: cha
119 1 ® suai 3 suei 3 rnd: cha
119 8 E4 syai 3 suei 3 raise-il:Y-spl-d: cha
119 9 L} zui 3 suei 3 devoi:diph-i: cha
120 1 B tui 1 tsuei la t1l:fric:diph-i:retrof-1: cha:
120 2 o tsui 1 tsuei la tl:diph-i:retrof-1: cha:
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120 3 téPui 1 tshuei la tl:diph-i:retrof-1: cha:
120 4 ® [TLI 1 tghuei la tl:diph-i:retrof-1: cha:
120 5 E: 3 Zui 1 tghuei 1b affric:asp:tl:devoi:diph-i:retrof-1: cha:
120 6 3 dui 3 t;huei 1b asp:tl:devoi:fric:diph-i:retrof-1: cha:
120 6 L dui 1 tg" uei 1b asp:tl:devoi:fric:diph-i:retrof-1: cha:
120 7 it Zui 1 suei 1b affric:asp:tl:devoi:diph-i:retrof-1: cha:
120 8 K $ui 2 suei 2 diph-i:retrof-1: cha
120 9 B $yai & suei 3 raise-il:Y-spl-d:retrof-1: cha.
121 1 B Zui 3 suei 3 affric:asp:tl:devoi:diph-i:retrof-1: cha.
121 2 & riui 2 ruei 2 fric:diph-iretrof-1: cha
121 3 B yai 3 ruei 3 raise-il:[y-ru): cha
121 4 # kui 1 kuei la tl:diph-i: cha
221, | 15 | kui 1 kuei la | tl:diph-i: cha
121 6 [E| kui 1 kuei la tl:diph-i: cha.
121 7 . kui 2 kuei 2 diph-i: cha,
121 | 8 R | kui 2 kuei 2 diph-i: cha
121 9 H kyai 3 kuei 3 raise-il:y-spl-d: cha
122 1 ¥ gui 2 kuei 3 t2:devoi:diph-i: cha
122 2 il gui 3 kuei 3 devoi:diph-i: cha
122 | 3 B kui 3 kuei 3 diph-i: cha,
122 4 5 kM ui 1 k" uei la tl:diph-i: cha
122 5 & gui 1 kPuei 1b asp:tl:devoi:diph-i: cha
122 6 % kui 3 k" uei 3 diph-i:[asp] cha
122 T 3 xuai 1 xuei la tl:rnd: cha
122 8 % xui 1 xuei la tl:diph-i: cha
122 8 24 xui ) xuei la tl:diph-i: cha
122 9 i1 xui 1 xuei la tl:diph-i: cha
123 1 = yuai 1 xuei 1b tl:devoi:rnd: cha
123 2 1 xuai 2 xuei 2 rnd: cha
123 3 - xui 2 xuei 2 diph-i: cha
123 4 L] xuai 2 xuei 3 rnd:[t2): cha
123 5 i yuai 2 xuei 3 t2:devoi:rnd: cha
123 6 k| yuai 3 xuei 3 devoi:rnd: cha
123 0 2 yuai 3 xuei 3 devoi:rnd: cha
123 { = yuai 3 xuei 3 devoi:rnd: cha
128 8 % yuai 3 xuei 3 devoi:rnd: cha
123 9 .8 yyai 3 xuei 3 devoi:raise-il:y-spl-d: cha
124 1 i xui 3 xuei 3 diph-i: cha
124 2 " mui 1 uei la lab-dnt':degem:diph-i:[t1]: cha
124 3 B Pui 1 uei la tl:pro:diph-i: cha
124 4 ¥ puai 1 uei 1b tl:pro:rnd: cha
124 5 & pui 1§ uei la pro:diph-i:[t1]: cha:
124 6 bél jui 1 uei 1b tl:degem:diph-i: cha:
124 i e ui 1 uei 1b tl:diph-i: cha:
124 a E 3 ui 1 uei 1b tl:diph-i: cha:
124 8 b: ] jui 1 uei 1b tl:degem:diph-i: cha:
124 9 jui 1 uei 1b tl:degem:diph-i: cha
125 1 % ui 2 uei 2 pro:diph-i: cha:
125 2 ] pui 3 uei 2 [t3-t2):pro:diph-i: cha:
125 3 R’ mui 2 uei 2 lab-dnt':degem:diph-i:[!t2]: cha:
125 4 1] Jjui 2 uel 2 degem:diph-i:[t2]: cha
125 5 £ jui 2 uei 2 degem:diph-i: cha.
125 6 P Jyai 3 uei 3 degem:raise-il:Y-spl-d: cha
125 i L3 Pui 3 uei 3 pro:diph-i: cha
125 8 b2 ] jui 3 uei 3 degem:diph-i: cha.
125 9 & Jjui 3 uei 3 degem:diph-i: cha
126 1 * mui 3 uei 3 lab-dnt':degem:diph-i: cha
126 2 oK mui 3 uei 3 lab-dnt’:degem:diph-i: cha
126 3 -1 pui 3 uei 3 pro:diph-i: cha
126 | 4 B | 2ui 3 uei 3 pro:diph-i: cha
126 5 H Jjui 3 uei 3 degem:diph-i: cha.
126 6 N jui 3 uei 3 degem:diph-i: cha.
126 7 m jui 3 uei 3 degem:diph-i: cha.
126 8 ¥ pau b pau la tl:a-mg:

126 9 a pau L pau la tl:a-mg:

127 1 o bak 4 pau 1b tl:devoi:a-mg:[k-u]:

127 2 .1 bak 4 pau 1b tl:devoi:[k-u):

127 3 E4 pau 2 pau 2 a-mg:

127 4 123 pau 2 pau 2 a-mg:

127 5 L3 pau 2 pau 2 a-mg:

127 6 i pau 2 pau 2 §

12 i i pau 3 pau 3 a-mg:

127 8 # bau 2 pau 3 t2:devoi:a-mg:

127 9 % bau 3 pau 3 devoi:a-mg:

128 | 1 # pau 3 pau 3

128 2 # pau 3 pau 3 g

128 3 L] bau 2 pau 3 t2:devoi:
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128 4 phau 1 phau la (1
128 5 M bau 1 phau 1b asp:tl:devoi:a-mg:
128 6 & bau 18 phau 1b asp:tl:devoi:
128 i -] bau 1 phau 2 asp:devoi:[t1-t2]:
128 8 W phau 3 phau 3 8
128 8 fa phau 3 phau 3 B
128 9 -} mau 1 mau la [t1):
129 1 £ mau il mau 1b tl:a-mg:
129 2 ¥ mau it mau 1b (il
129 3 L mau 1 mau 1b tl:
129 4 ¥ miu 1 mau 1b tl:[i-a):
129 5 9 mau 2 mau 2 8
129 6 w mau 3 mau 3 a-mg:
129 7 n mau 3 mau 3 a-mg:
129 8 ® mau 3 mau 3 B
129 9 [ mu 3 mau 3 [u-au):
130 | 1 ® | mu 3 mau 3 [u-au):
130 9) 7l tau 1 tau la tl:a-mg:
130 3 & tau 2 tau 2 tl:a-mg:
130 3 1] tau 2 tau 2 tl:a-mg:
130 4 » tau 2 tau 2 tl:a-mg:
130 5 L) tau 2 tau 2 tl:a-mg:
130 6 ks dau 3 tau 2 devoi:a-mg:[t3-t2]:
130 i ) tau 3 tau 3 a-mg:
130 8 3] tau 3 tau 3 a-mg:
130 9 o dau 2 tau 3 t2:devoi:a-mg:
131 1 L] dau 2 tau 3 t2:devoi:a-mg:
131 2 & dau 3 tau 3 devoi:a-mg:
131 [ 3 | # | thau 1 thau la | tl:
131 | 4 N | thau 1 thau la | tl:
131 5 ® dau 1 thau 1b asp:tl:devoi:a-mg:
131 6 7.1 dau 1 thau 1b asp:tl:devoi:a-mg:
131 T " dau 1 thau 1b asp:tl:devoi:a-mg:
131 8 it thau 2 thau 2 a-mg:
131 9 4 thau 3 thau 3 a-mg:
132 1 B® nau 1 nau 1b tl:
132 2 ] nau 2 nau 2 a-mg:
132 2 ] nau 2 nau 2 a-mg:
132 | 3 W | nau 3 nau 3 :
182 4 e} lau 1 lau la a-mg:[tl]:
132 5 3% lau 15 lau 1b tl:a-mg:
132 6 %® lau 1 lau 1b tl:a-mg:
132 7 E lau 2 lau 2 a-mg:
132 8 o lau 3 lau 3 a-mg:
132 9 -] lak 4 lau 3 t4:a-mg:(k-u):
132 9 - lak 4 lau 3 t4:a-mg:[k-u]:
133 1 )i | tsau 1 tsau la tl:a-mg:
133 2 L] tsau 1 tsau la tl:a-mg:
133 3 B tsau 2 tsau 2 a-mg:
133 4 x tsau 2 tsau 2 a-mg:
133 5 ] tsau 3 tsau 3 a-mg:
133 6 it tsau 3 tsau 3 a-mg:
133 7 L] dzau 2 tsau 3 t2:devoi:a-mg:
133 8 & dzau 2 tsau 3 t2:devoi:a-mg:
133 9 i tsPau 1 tsPau la tl:a-mg:
134 1 [} tsPau 3 tsPau la a-mg:[t3-tla]:
134 2 v dzau 1 tshau 1b asp:tl:devoi:a-mg:
134 3 a dzau 1) tsPau 1b asp:tl:devoi:a-mg:
134 4 X tsPau 2 tsPau 2 a-mg:
134 5 [ sau ; sau la tl:a-mg:
134 6 " sau iy sau la tl:a-mg:
134 76 a3 sau 2 sau 2 a-mg:
134 8 ] sau 2 sau 2 a-mg:
134 9 a sau 3 sau 3 a-mg:
135 1 L] tiau 1. tgau la tl:fric:med-b:retrof-2:
135 2 B téiau 1 tgau la tl:med-a:retrof-2:
135 3 il tsiau 1 tgau la tl:med-a:retrof-2:
135 4 -1 diak 4 tgau 1b t4:devoi:fric:zmed-a:retrof-2:[k-u):
135 5 m tgau 2 tgau 2
135 | 6 # tgau 2 tgau 2 :
135 k4 -3 tau 3 tgau 3 friciretrof-1:
135 8 & diau 2 tgau 3 t2:devoi:fric:med-a:retrof-2:
135 9 Ik diau 2 tgau 3 t2:devoi:fric:med-a:retrof-2:
136 1 [it:3 tsiau 3 tgau 3 med-a:retrof-2:
136 2 ® tgh au 1 tahau la ils
136 3 .4 tghau 1 tghau la tl:
136 4 ] thiau 1 tah au la tl:fric:med-a:retrof-2:
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136 5 [ dz.au 1 tgh au 1b asp:tl:devoi:

136 6 1] diau 1 tah au 1b asp:tl:devoi:fric:med-a:retrof-2:
136 g o diau 1 ts"au 1b asp:tl:devoi:fric:med-a:retrof-2:
136 8 8 tyha.u 2 tgha.u 2 3

136 9 w tyh au 2) tghau 2

137 1 L] sau 1 sau la tl:

137 2 iz] sau 13 sau la o1

137 3 ] sau 3 sau la [t3-tla):

137 4 % Siau 1 sau la tl:med-a:retrof-2:
137 5 A ziak 4 sau 1b t4:devoi:med-a:retrof-2:[k-u]:
137 6 & Siau 2 sau 2 med-a:retrof-2:

137 4 &+ $iau 3 sau 3 med-a:retrof-2:
137 8 ] Ziau 2 sau 3 t2:devoi:med-a:retrof-2:
137 9 ® 1iiau 1 rau 1b tl:fric:med-a:retrof-2:
138 1 i fiau 2 rau 2 fric:med-a:retrof-2:
138 2 % liau 2 rau 3 t2:friccmed-a:retrof-2:
138 3 -1 kau L kau la tl:a-mg:

138 4 B kau 1 kau la tl:a-mg:

138 4 * kau 1 kau la tl:a-mg:

138 4 x kau 1 kau la tl:a-mg:

138 5 ] kau 2 kau 2 a-mg:

138 6 g kau 2 kau 2

138 | 7 & kau 3 kau 3 a-mg:

138 8 * kPau 2 kPau 2 a-mg:

138 9 % kP au 2 kPau 2 a-mg:

139 1 #® kP au 3 kM au 3 a-mg:

139 2 [ xau 1, xau la tl:a-mg:

139 3 ] xau i | xau la tl:a-mg:

139 4 E 3 ¥au i) xau 1b tl:devoi:a-mg:

139 4 x ¥au ¢ xau 1b tl:devoi:a-mg:

139 5 o xau 2 xau 2 a-mg:

139 6 23 xau 3 xau 3 a-mg:

139 7 i3 xau 3 xau 3 a-mg:

139 8 2 yau 3 xau 3 devoi:a-mg:

139 9 .S pau 1 au 1b tl:pro:a-mg:

140 1 .S pau 1 au 1b tl:pro:a-mg:

140 2 *® ?au 2 au 2 pro:a-mg:

140 3 # Dau 3 au 3 pro:a-mg:

140 4 73 piau 1 piao la tl:[u-o):

140 5 & piu 1 piao la tl: u-ao]:

140 6 * piau 2 piao 2 [u-o]:

140 7 -] biau 2 piao 3 t2:devoi:[u-o]:

140 8 L pPiau i3 p"iao la tl:[u-o]:

140 9 E: S biau 1 p"iao 1b asp:tl:devoi:[u-o]:
141 1 ] biau 1 p"iao 1b asp:tl:devoi:[u-o]:
141 2 & pPiau 2 p"iao 2 [u-o]:

141 3 R pPiau 3 phiao 3 [u-o]:

141 4 & phiau 3 pPiao 3 [u-o]:

141 5 # miau 1 miau 1b Glg

141 | 6 fi | miau 1 miau it | ek

141 @ B miau 2 miau 2

141 | 8 | miau 3 mian 3

141 9 | 44 miau 3 miau 3 §

142 | 1 3 tiau 1 tiau la | tl:

142 | 1 B | tiau 1 tiau fa: | (Gl

142 2 (1 tiau 1 tiau la ol

142 | 3 # | tiau 3 tiau 3 :

142 4 b tiau 3 tiau 3 s

142 5 23 diau 3 tiau 3 devoi:

142 6 ] diau 3 tiau 3 devoi:

142 | 7 #o| thiau 1 thiau la | tl:

142 8 F diau 1 thiau 1b asp:tl:devoi:

142 9 ] diau 1 thiau 1b asp:tl:devoi:

143 | 1 B | thiau 3 | thiau 3 :

143 2 5 tiau 2 niau 2 [t-n]:

143 3 23 niau 3 niau 3 ?

143 4 L liau 1 liau 1b (LM

143 4 iL liau 1 liau 1b tl:

143 | 5 T | liau 3 liau 1b | [t3-tlb):

143 | 6 T | liau 2 liau 2 :

143 | 7 H | liau 3 | liau 3 :

143 8 3 kau 1 tsiau la tl:sharp:pal:

143 8 ko kau 8 § tdiau la tl:sharp:pal:

143 9 .4 kau 1 tsiau la tl:sharp:pal:

144 1 24 kau 1 tsiau la tl:sharp:pal:

144 2 & tsiau 1 tsiau la tl:pal:

144 3 " tsiau 1 tsiau la tl:pal:
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144 3 .3 tsiau 1 tsiau la tl:pal:

144 4 5 kiau 1 tsiau la tl:pal:

144 4 B kiau 1 tsiau la tl:pal:

144 | 5 # | kiau 1 téiau la | tl:pal:

144 6 L] dziak 4 tsiau 1b t4:devoi:pal:

144 I 4 kau 2 tdiau 2 sharp:pal:

144 8 4 kau 2 tdiau 2 sharp:pal:

144 9 i 4 kau 2 tsiau 2 sharp:pal:

145 1 ] kiak 4 tsiau 2 t4:pal:

145 2 A kak 4 tsiau 2 t4:sharp:pal:

145 3 # kau 3 tdiau 3 sharp:pal:

145 4 B kau 3 tsiau 3 sharp:pal:

145 5 B kau 3 tsiau 3 sharp:pal:

145 6 8 kau 3 tsiau 3 sharp:pal:

145 7 A kau 3 tsiau 3 sharp:pal:

145 8 % kau 3 tsiau 3 sharp:pal:

145 9 % giau 3 tsiau 3 devoi:pal:

146 1 Ll kiau 3 tsiau 3 pal:

146 2 .1 kPau i téMiau la tl:pal:

146 3 ® tsPiau 1! tshiau la tl:

146 4 #® dziau 1 tshiau 1b asp:tl:devoi:

146 5 ® dziau 1 tshiau 1b asp:tl:devoi:

146 6 Bt giau 1 téhiau 1b asp:tl:devoi:pal:

146 6 7 giau 1 téhiau 1b asp:tl:devoi:pal:

146 7 L giau b tshiau 1b asp:tl:devoi:pal:

146 8 5 kP iau 2 téhiau 2 pal:

146 | 9 B | tshiak | 4 téhiau | 2 t4:[k-u):

147 | 1 % | kPiau 3 tsPiau | 3 pal:

147 2 7= kPak 4 téhiau 3 t4:sharp:pal:

147 3 L] siau 1 Siau la tl:pal:

147 3 i siau 13 Siau la tl:pal:

147 3 ] siau 1 éiau la tl:pal:

147 3 " siau 1 siau la tl:pal:

147 4 * siau 1 $iau la tl:pal:

147 4 * siau 1 $iau la tl:pal:

147 5 i3] siak 4 Siau la t4:[k-u):

147 6 @) siau 2 $iau 2 pal:

147 7 B xiau 2 $iau 2 pal:

147 8 ¥ xau 3 éiau 3 sharp:pal:

147 9 H yau 3 Siau 3 devoi:sharp:pal:

148 1 B yau 3 éiau 3 devoi:sharp:pal:

148 2 % siau 3 Siau 3 pal:

148 3 i ?iau 1 iau la tl:pro:

148 3 = ?iau 1 iau la tl:pro:

148 3 -4 ?iau 1 iau la tl:pro:

148 4 B ?iau 1 iau la tl:pro:

148 5 £ ?iau 1 iau la tl:pro:

148 6 ] yau 1 iau 1b tl:sharp:[pro-y):

148 6 # yau 1 iau 1b tl:sharp:[pro-y):

148 | 7 # | iau 1 iau 1b | tl:

148 7 & iau 1 iau 1b tl:

148 | 7 #E | iau 1 iau 1b [ t1:

148 | 8 # | iau 1 iau 1b [ t1:

148 8 & iau 1 iau 1b ()l

148 9 L4 pau 2 iau 2 sharp:pro:

149 | 1 B | iau 2 iau 2 :

149 2 = Piau 3 iau 3 pro:

149 3 .3 piak 4 iau 3 t4:pro:[k-u):

149 | 4 2] iak 4 iau 3 t4:[k-u]:

149 | 5 L] iak 4 iau 3 td:[k-u]:

149 6 3 miu 1 mou 1b tl:lab-dnt’:diph-u: cha:
149 7 * mu 2 mou 2 diph-u: cha
149 8 & fiu 2 fou 2 lab-dnt’:diph-u: cha:
149 9 ] to 1, tou la tl:raise-u:[diph-ul: cha:
150 il 7z tu s tou la tl:diph-u: cha
150 2 3+ tu 2 tou 2 diph-u: cha
150 3 # tu 2 tou 2 diph-u: cha
150 3 Bt tu 2 tou 2 diph-u: cha
150 4 3} tu 3 tou 3 diph-u: cha
150 | 5 ] du 3 tou 3 devoi:diph-u: cha
150 5 g du 3 tou 3 devoi:diph-u: cha:
150 6 L] thu 1 thou la tl:diph-u: cha
150 T =] du 1 thou 1b asp:tl:devoi:diph-u: cha
150 8 # du 1 thou 1b asp:tl:devoi:diph-u: cha
150 9 .1 thu 3 thou 3 diph-u: cha
151 1 L 3 Iu 1 lou 1b tl:diph-u: cha
151 | 2 % | lu 1 lou 2 diph-u:[t1-t2]: cha!
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151 3 W lu 3 lou 3 diph-u: cha:
151 4 E | tgiu 1 tsou la tl:i-del:diph-u: cha:
151 5 & tsu 2 tsou 2, diph-u: cha:
151, 6 - tsu 3 tsou &) diph-u: cha:
151 T B tshu 3 ts"ou 3 diph-u: cha:
151 8 : ] siu 1 sou la tl:i-del:diph-u: cha:
151 9 L] siu 1 sou la tl:i-del:diph-u: cha:
152 1 A tsiu \E tgou la tl:med-a:retrof-2:diph-u: cha:
152 1 M tsiu 1 tgou la tl:med-a:retrof-2:diph-u: cha:
152 1 #H tsiu 1 tsou la tl:med-a:retrof-2:diph-u: cha:
152 1 # tsiu 1 tgou la tl:med-a:retrof-2:diph-u: cha:
152 2 ¥ tsiuk 4 tsou la t4:diph-u:apo:med-a:retrof-2: cha:
152 3 # diuk 4 tsou 1b t4:devoi:fric:diph-u:apo:med-a:retrof-2: cha:
152 4 Bt tiu 2 tsou 2 friccmed-a:retrof-2:diph-u: cha:
152 5 & tsiu 2 tsou 2 med-a:retrof-2:diph-u: cha:
152 6 B tiu 3 tgou 3 fric:med-a:retrof-2:diph-u: cha:
152 T ki tsiu 3 tgou 3 i-del:diph-u: cha:
152 [ <] tgiu 3 tgou 3 i-del:diph-u: cha.
152 8 = dziu 3 tgou 3 devoi:i-del:diph-u: cha:
152 9 # thiu 1 t;hou la tl:fric:med-a:retrof-2:diph-u: cha:
153 1 £ diu 1 ts"ou 1b asp:tl:devoi:fric:med-a:retrof-2:diph-u: cha:
153 2 ] diu 1 t;hou 1b asp:tl:devoi:fric:med-a:retrof-2:diph-u: cha:
153 3 #H diu 1 ts"ou 1b asp:tl:devoi:fric:med-a:retrof-2:diph-u: cha.
153 4 -1 diu 1 tahou 1b asp:tl:devoi:fric:med-a:retrof-2:diph-u: cha
153 5 h Ziu 1 t;hou 1b affric:asp:tl:devoi:med-a:retrof-2:diph-u: cha.
153 6 | Ziu 1 tghou 1b affric:asp:tl:devoi:med-a:retrof-2:diph-u: cha
153 78 E: | tPiu 2 tghou 2 med-a:retrof-2:diph-u: cha
153 8 2 tsPiu 3 tghou 3 med-a:retrof-2:diph-u: cha
153 9 4 $iu 1 sou la tl:med-a:retrof-2:diph-u: cha.
154 1 ) Ziuk 4 sou 1b affric:t4:devoi:diph-u:Apo:med-a:retrof-2: cha:
154 2 ¥ diu 2 sou 2 med-a:retrof-2:diph-u: cha
154 3 F $iu 2 sou 2 med-a:retrof-2:diph-u: cha:
154 3 H diu 2 sou 2 med-a:retrof-2:diph-u: cha:
154 4 S siu 3 sou 3 med-aretrof-2:diph-u: cha
154 5 o $iu 3 sou 3 med-a:retrof-2:diph-u: cha
154 6 2 ziu 2 gou 3 affric:t2:devoi:med-a:retrof-2:diph-u: cha
154 T # ziu 3 sou 3 affric:devoi:med-a:retrof-2:diph-u: cha:
154 8 & 2iu 3 sou 3 affric:devoi:med-a:retrof-2:diph-u: cha
154 9 & Ziu 3 sou 3 affric:devoi:med-a:retrof-2:diph-u: cha
155 1 % 1iiu 1 rou 1b tl:fric:med-a:retrof-2:diph-u: cha
L5\5 1 x 1iiu 1 rou 1b tl:fric:med-a:retrof-2:diph-u: cha
155 2 ] Aiuk 4 rou 3 tl:fric:diph-u:apo:med-a:retrof-2: cha
155 3 # ku 1 kou la tl:diph-u: cha
155 3 7 ku 1 kou la tl:diph-u: cha
155 4 # ku A\ kou la tl:diph-u: cha
155 5 bl ku 2 kou 2 diph-u: cha:
155 6 H ku 2 kou 2 diph-u: cha
155 ¢ L ku 3 kou 3 diph-u: cha:
155 T 3 ku 3 kou 3 diph-u: cha
155 (4 B ku 3 kou 3 diph-u: cha
155 7 L] ku 3 kou 3 diph-u: cha
155 T L] ku 3 kou 3 diph-u: cha
155 8 a k"u 2 kPou 2 diph-u: cha:
155 9 ap khu 3 kP ou 3 diph-u: cha
156 1 m kPu 3 kM ou 3 diph-u: cha:
156 2 4 kMu 3 kPou 3 diph-u: cha
156 8 &% ¥u 1 xou 1b tl:devoi:diph-u: cha
156 4 L3 ¥u 1 xou 1b tl:devoi:diph-u: cha
156 5 i 3 yu 1 xou 1b tl:devoi:diph-u: cha.
156 6 S ¥u 2 xou 3 t2:devoi:diph-u: cha.
156 g & ¥u 3 xou 3 devoi:diph-u: cha
156 8 #® ¥u 3 xou 3 devoi:diph-u: cha.
156 9 BX ?u 1 ou la tl:pro:diph-u: cha.
157 1 ] ju 2 ou 2 pro:diph-u: cha:
157 2 ] gu 2 ou 2 pro:diph-u: cha
157 3 R u 2 ou 2 pro:diph-u: cha.
157 4 K u 3 ou 3 pro:diph-u: cha
157 5 & tiu 1 tiou la tl:diph-u: cha.
157 6 4 piu 1 niou 1b tl:diph-u:[p-n]: cha
157 7 #fl niu 2 niou 2 diph-u: cha:
157 T 4 niu 2 niou 2 diph-u: cha
157 8 ] liu 3 liou la diph-u:[t3-tla]: cha
157 | 9 # | liu 1 liou 1b | tl:diph-u: cha
158 | 1 | liu 1 liou 1b | tl:diph-u: cha
158 1 3 liu 1 liou 1b tl:diph-u: cha
158 2 X liu 1 liou 1b tl:diph-u: cha
158 | 3 B | liu 1 liou 1b | tl:diph-u: cha
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158 4 liu 1 liou 1b tl:diph-u: cha
158 | 5 W | liu 2 liou 2 diph-u: cha
158 6 Fa liuk 4 liou 3 t4:diph-u:apo: cha:
158 7 b tsiu 1 téiou la tl:diph-u:[cha):pal:

158 8 % kiu 3 téiou la diph-u:[cha]:pal:[t3-tla]:

158 9 £l kiu 2 tsiou la diph-u:[cha]:pal:[t2-tla]:

159 1 a tsiu 2 tsiou 2 diph-u:[cha]:pal:

159 2 u kiu 2 tsiou 2 diph-u:[cha):pal:

159 3 A kiu 2 tsiou 2 diph-u:[cha]:pal:

159 | 4 % | kiu 2 tsiou 2 diph-u:[cha]:pal:

159 5 B dziu 3 tsiou 3 devoi:diph-u:[cha):pal:

159 6 # kiu 3 téiou 3 diph-u:[cha):pal:

159 7 | giu 2 tsiou 3 t2:devoi:diph-u:[cha]:pal:

159 8 [z} giu 3 tsiou 3 devoi:diph-u:[cha]:pal:

159 | 9 % | ts"iu 1 tsPiou | la | tl:diph-u:[cha):pal:

160 1 jid kMiu 1 téhiou la tl:diph-u:[cha):pal:

160 2 A ziu 1 tsPiou 1b | asp:tl:devoi:diph-u:[cha]:pal:

160 3 b: 4 giu 1 tshiou 1b asp:tl:devoi:diph-u:[cha]:pal:

160 4 % giu 1 tsPiou 1b asp:tl:devoi:diph-u:[cha]:pal:

160 5 L3 siu 1 siou la tl:diph-u:[cha]:pal:

160 5 » siu 1 $iou la tl:diph-u:[cha]:pal:

160 6 * xiu 1 $iou la tl:diph-u:[cha):pal:

160 7 5 xiu 2 diou 2 diph-u:[cha]:pal:

160 8 % siu 3 $iou 3 diph-u:[cha):pal:

160 8 % siu 3 $iou 3 diph-u:[cha]:pal:

160 8 % siu 3 Siou 3 diph-u:[cha]:pal:

160 9 # ziu 3 diou 3 devoi:diph-u:[cha]:pal:

161 L = ?iu 1 iou la tl:pro:diph-u: cha
161 1 " ?iu 1 iou la tl:pro:diph-u: cha
161 2 = iu 1 iou la diph-u:[tl]: cha
161 3 ] ?iu 1 iou la tl:pro:diph-u: cha
161 4 x Jiu 1 iou 1b tl:degem:diph-u: cha
161 5 .4 Jiu 1 iou 1b tl:degem:diph-u: cha
161 6 it iu 1 iou 1b tl:diph-u: cha
161 | 6 ¥ | i 1 iou 1b | tl:diph-u: cha
161 6 ®n iu 1 iou 1b tl:diph-u: cha
161 6 ::] iu 1 iou 1b tl:diph-u: cha
161 6 b 3 iu 1 iou 1b tl:diph-u: cha
161 7 £l Jjiu 2 iou 2 degem:diph-u: cha
161 8 .3 Jjiu 2 iou 2 degem:diph-u: cha
161 9 3 jiu 3 iou 3 degem:diph-u: cha
162 1 E<] jiu 3 iou 3 degem:diph-u: cha
162 2 t jiu 3 iou 3 degem:diph-u: cha
162 3 H iu 3 iou 3 diph-u: cha
162 | 3 W | iu 3 iou 3 diph-u: cha
162 4 () ?iu 3 iou 3 pro:diph-u: cha
162 5 B pan 1 pan la tl:

162 5 BL pan 1 pan la t1:

162 5 . pan 1 pan la 1)

162 6 % pan 1 pan la tl:

162 7 .4 puan 1 pan la tl:med-b:a-mg:

162 8 m puan 1 pan la tl:med-b:a-mg:

162 9 L3 pan 2 pan 2 $

162 9 R pan 2 pan 2

163 1 # pan 3 pan 3 B

163 2 " ban 3 pan 3 devoi:

163 3 3 puan 3 pan 3 med-b:a-mg:

163 4 jid buan 2 pan 3 t2:devoi:med-b:a-mg:

163 5 #* buan 2 pan 3 t2:devoi:med-b:a-mg:

163 6 ® phan 1 phan la tl:

163 4 i phuan 1 pPan la tl:med-b:a-mg:

163 8 & buan 1 phan 1b asp:tl:devoi:med-b:a-mg:

163 9 i’ phan 3 pha.n 3 ;

164 1 H phuun 3 pha.n 3 med-b:a-mg:

164 | 2 % | man 1 man b | tl:

164 3 L] muan 1 man 1b tl:med-b:a-mg:

164 4 w muan 2 man 2 med-b:a-mg:

164 | 5 # | man 3 man 3 :

164 6 b 3 muan 3 man 3 med-b:a-mg:

164 7 [} muan 3 man 3 med-b:a-mg:

164 8 L} vyam 1 fan la devoi:lab-dnt’:fuse:med-b:[t1]:

164 9 E- 1 fhyan 1 fan la tl:lab-dnt’:med-b:[asp-r]:

164 9 ;] P yan 1 fan la tl:lab-dnt’:med-b:[asp-r]:

165 1 R vyam 1 fan 1b tl:devoi:lab-dnt’:fuse:med-b:

165 2 i vyan 1 fan 1b tl:devoi:lab-dnt’:med-b:

165 2 ] vyan 1 fan 1b tl:devoi:lab-dnt’:med-b:

165 2 ¥ vyan 1 fan 1b tl:devoi:lab-dnt’:med-b:
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165 3 R fyan 2 fan 2 lab-dnt:med-b:

165 4 £12) vyam 2 fan 3 t2:devoi:lab-dnt’:.fuse:med-b:
165 4 it vyam 2 fan 3 t2:devoi:lab-dnt’:fuse:med-b:
165 5 W& fyan 3 fan 3 lab-dnt:med-b:

165 6 % vyan 3 fan 3 devoi:lab-dnt:med-b:
165 V7 # tam 1 tan la tl:fuse:a-mg:

165 8 71 tan ; tan la tl:a-mg:

165 9 #® tan 1 tan la tl:a-mg:

166 1 fm tam 2 tan 2 fuse:a-mg:

166 2 i tam 8 tan 3 fuse:a-mg:

166 3 dam 3 tan 3 devoi:fuse:a-mg:

166 4 B tan 3 tan 3 a-mg:

166 5 LLE! dan 3 tan 3 devoi:a-mg:

166 5 H dan 3 tan 3 devoi:a-mg:

166 6 # dan 3 tan 3 devoi:a-mg:

166 i # tham : than la tl:fuse:a-mg:

166 8 b tham 1 than la tl:fuse:a-mg:

166 9 2 ] than 1 than la tl:a-mg:

166 9 b, 3 than 1 than la tl:a-mg:

167 1 n dam i ! than 1b asp:tl:devoi:fuse:a-mg:
167 2 ® dam 1 than 1b asp:tl:devoi:fuse:a-mg:
167 3 g dam 1 than 1b asp:tl:devoi:fuse:a-mg:
167 4 i dan : § than 1b asp:tl:devoi:a-mg:

167 5 ] dan 1 than 1b asp:tl:devoi:a-mg:

167 6 ® tham 2 than 2 fuse:a-mg:

167 [ 2| than 2 than 2 a-mg:

167 8 ® tham 3 than 3 fuse:a-mg:

167 9 B than 3 than 3 a-mg:

168 1 w than 3 than 3 a-mg:

168 2 5 nam 14 nan 1b tl:fuse:a-mg:

168 3 ::] nam i) nan 1b tl:fuse:a-mg:

168 4 HE nan )L nan 1b tl:a-mg:

168 5 HE nan 3 nan 3 a-mg:

168 6 % lam 1 lan b tl:fuse:a-mg:

168 & ® lam 1 lan 1b tl:fuse:a-mg:

168 8 = lan X lan 1b tl:a-mg:

168 8 = lan 1 lan 1b tl:a-mg:

168 9 E lan 1 lan 1b tl:a-mg:

169 1 biA lam 2 lan 2 fuse:a-mg:

169 2 il lam 2 lan 2 fuse:a-mg:

169 3 L. lan 2 lan 2 a-mg:

169 4 b lam 3 lan 3 fuse:a-mg:

169 5 = lan 3 lan 3 a-mg:

169 6 - dzam 3 tsan 3 devoi:fuse:a-mg:

169 1 4 tsan 3 tsan 3 a-mg;:

169 8 & tsPam 1 tsPan la tl:fuse:a-mg:

169 9 ® tsPan 1 ts"an la tl:a-mg:

170 1 & dzam 1 tsPan 1b asp:tl:devoi:fuse:a-mg:
170 2 % dzan 1 ts"an 1b asp:tl:devoi:a-mg:

170 3 % tsPam 2 tsPan 2 fuse:a-mg:

170 4 = sam 1 san la tl:fuse:a-mg:

170 5 % san 2 san 2 a-mg:

170 5 .4 san 2 san 2 a-mg:

170 6 B san 3 san 3 a-mg:

170 7¢ ie] tiam 1 tgan la tl:fric:fuse:med-a:retrof-2:
170 8 i tiam 1 tgan la tl:fric:fuse:med-a:retrof-2:
170 9 B tsian 1 tgan la tl:med-a:retrof-2:

171 1 5 tsam 2 tsan 2 fuse:retrof-1:

171 2 = tsan 2 tgan 2 retrof-1:

171 3 3 tian 2 tgan 2 fric:med-a:retrof-2:

171 4 o tam 3 tgan 3 fric:fuse:retrof-1:

171 5 L tgam 3 tgan 3 fuse:

171 6 =1 tsiam 3 tgan 3 fuse:med-a:retrof-2:

171 7 > dzan 3 tgan 3 devoi:[!affric):

171 8 ] téian 8 tgan 3 med-a:retrof-2:

170, 9 ® t;ham 1 tgh an la t1l:fuse:

172 1 3 dzam 1 tghan 1b asp:tl:devoi:fuse:

172 2) ] dian X tghan 1b asp:tl:devoi:fric:cmed-a:retrof-2:
172 3 " Zian 1 tahan 1b affric:asp:tl:devoi:med-a:retrof-2:
172 4 # tgh an 2 tgh an 2 $

172 5 s tgh an 2 tahan 2 §

1%2 6 17 sam 1 san la tl:fuse:

172 T i1} san 1 san la tl:

172 8 )| sSian : 1 gan la tl:med-a:retrof-2:

157:2 9 B Siam 2 san 2 fuse:med-a:retrof-2:

173 1 )] Sian 3 san 3 med-a:retrof-2:

173 2 ] Zian 2) san 3 t2:devoi:med-a:retrof-2:
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173 3 23 tiian 1 ran 1b tl:fric:med-a:retrof-2:
173 4 " riian 1 ran 1b tl:fric:med-a:retrof-2:
173 5 ] fiiam 2 ran 2 fric:fuse:med-a:retrof-2:
173 6 H kam 1 kan la tl:fuse:a-mg:
173 7 # kam 1 kan la tl:fuse:a-mg:
173 8 o7 kan 1 kan la tl:a-mg:

173 9 i kan 1 kan la tl:a-mg:

173 9 ¥ kan 1 kan la tl:a-mg:

173 9 i3 kan 1 kan la tl:a-mg:

174 1 ] kam 2 kan 2 fuse:a-mg:
174 2 B kam 2 kan 2 fuse:a-mg:
174 3 # kan 2 kan 2 a-mg:

174 4 # kan 2 kan 2 a-mg:

174 5 [:3 kan 2 kan 2 a-mg:

174 6 i kan 3 kan 3 a-mg:

174 7 ® kPam : 4 kMan la tl:fuse:a-mg:
174 8 i/ kPan 1 kPan la tl:a-mg:

174 9 % kPam 2 kMan 2 fuse:a-mg:

175 1 ® kPam 2 kPan 2 fuse:a-mg:

175 2 4 kPan 3 kPan 3 fuse:a-mg:

175 3 & yam 1 xan 1b tl:devoi:fuse:a-mg:
175 4 o Yam 1 xan 1b tl:devoi:fuse:a-mg:
175 5 L] ¥an 1 xan 1b tl:devoi:a-mg:
175 6 1] yan 1 xan 1b tl:devoi:a-mg:
175 7 ® xam 2 xan 2 fuse:a-mg:

175 8 R xan 3) xan 8 a-mg:

175 9 L ¥an 2 xan 3 t2:devoi:a-mg:
176 1 F ¥an 3 xan 3 devoi:a-mg:
176 2 & ?an 1 an la tl:pro:a-mg:
176 3 ® ?an 1 an la tl:pro:a-mg:
176 4 ] ?am 3 an 3 pro:fuse:a-mg:
176 5 B pan 3 an 3 pro:a-mg:

176 6 i3 ?an 3 an 3 pro:a-mg:

176 7 E 3 ?an 3 an 3 pro:a-mg:

176 | 8 W pian 1 pian la | tl:

176 9 ] pian 1 pian la tl:

177 1 bu] pian i pian la tl:

177 2 | 52 piam 2 pian 2] fuse:

177 3 4 pian 2 pian 2

177 3 R pian 2 pian 2

177 | 4 % pian 3 pian 3 :

177 5 4 bian 2 pian 3 t2:devoi:

177 5 4 bian 2 pian 3 t2:devoi:

177 6 i bian 3 pian 3 devoi:

177 7 o bian 2 pian 3 t2:devoi:

177 | 8 | pian 3 pian 3 devoi:

177 9 | pian 3 pian 3 devoi:

178 1 L] phian 1 phian la tl:

178 i) ] phian 1 phian la tl:

178 2 i bian 1 phian 1b asp:tl:devoi:
178 3 L] phian 3 phia.n 3

178 4 L3 phian 3 phia.n 3 3

178 5 L} mian S § mian 1b t1f

178 | 5 #® | mian 1 mian 1b | tl:

178 6 B mian i | mian 1b Ble

178 7 % mian 2 mian 2 §

178 74 ] mian 2 mian 2

178 8 ] mian 3 mian 3 :

178 | 9 M | tian 1 tian La || td:

179 1 ~ tiam 2 tian 2 fuse:

179 2 R tian 2 tian 2

179 3 3 tiam 3 tian 3 fuse:

179 4 L] dian 3 tian 3 devoi:

179 5 »n dian 3 tian 3 devoi:

179 6 R dian 3 tian 3 devoi:

179 7 & thiam ) | thian la tl:fuse:

179 8 x thian 1 thian la tl:

179 9 1] diam 1 thian 1b asp:tl:devoi:fuse:
180 & M dian 1 tPian 1b asp:tl:devoi:
180 2 o dian 1 thian 1b asp:tl:devoi:
180 3 [:3 thiam 2 thian 2 fuse:

180 4 ] niam b | nian 1b tl:fuse:

180 5 # niam 1 nian la fuse:[t1]:

180 6 £ nian 1 nian 1b 1

180 e = nian 2 nian 2 3

180 8 2 lian 2 nian 2 [I-n):

180 9 » nian 2 nian 2 3
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181 1 3 niam 3 nian 3 fuse:

181 2 L liam 1 lian 1b tl :fuse:

181 | 2 B | liam 1 lian 1b | tl:fuse:

181 2] 7if liam 1 lian 1b tl:fuse:

181 2 = liam 1 lian 1b tl:fuse:

181 3 i lian 1 lian 1b tl:

181 | 4 B | lian 1 lian 1b | tl:

181 5 1% lian 1 lian 1b Bl

181 | 6 % | lian 1 lian 1b | tl:

181 | 7 B | kiam 2 lian 2 fuse:[k-1]:

181 | 8 # | liam 3 lian 3 fuse:

181 | 9 % | lian 3 lian 3 -

181 | 9 % | lian 3 lian 3

181 9 % lian 3 lian 3 ;

182 | 1 & | luan 3 lian 3 [u-i]:

182 2 i3 kiam 1 tsian la tl:fuse:pal:

182 3 R tsiam 1 tsian la tl:fuse:pal:

182 4 5t tsiam 1 téian la tl:fuse:pal:

182 | 5 #* | kiam 1 téian la | tl:fuse:pal:

182 6 ] kan i téian la tl:[i-ins]:pal:

182 7 ] kan 1 téian la tl:[i-ins}:pal:

182 8 & kan 1 téian la tl:[i-ins]:pal:

182 8 o kan 1 téian la tl:[i-ins]:pal:

182 9 .t tsian 1 tsian la tl:pal:

183 1 5% tsian b tsian la tl:pal:

183 2 H kian | téian la tl:pal:

183 3 %7 kian 1 téian la tl:pal:

183 4 " kam 2 tsian 2 sharp:fuse:pal:

183 5 L kam 2 tsian 2 sharp:fuse:pal:

183 | 6 i3 kiam 2 tsian 2 fuse:pal:

183 7 i giam 2 tsian 2 devoi:fuse:pal:[!t2):
183 8 L4 kan 2 tsian 2 sharp:pal:

183 8 (] kan 2 tsian 2 sharp:pal:

183 9 #® kan 2 tsian 2 sharp:pal:

184 1 L tsian 2 téian 2 pal:

184 | 2 E kian 2 téian 2 pal:

184 3 # dziam 2 téian 3 t2:devoi:fuse:pal:

184 4 & kiam 3 tsian 3 fuse:pal:

184 | 5 a] kan 3 téian 3 sharp:pal:

184 6 i kan 3 tsian 3 sharp:pal:

184 8 [ tsian 3 téian 3 pal:

184 8 ® tsian 3 tsian 3 pal:

184 9 ¥ dzian 2 tsian 3 t2:devoi:pal:

185 1 # gian 2 tsian 3 t2:devoi:pal:

185 2 ® kian 3 tsian 3 pal:

185 8 =’ gian 3 téian 3 devoipal:

185 | 4 B | gian 3 téian 3 devoi:pal:

185 5 # tsian 3 tsian 3 pal:

185 6 A kian 3) téian 3 pal:

185 g 3 tsPiam 1 tsPian la tl:fuse:pal:

185 7 3 tsPiam 1 tsPian la tl:fuse:pal:

185 8 i kPiam h téPian la tl:fuse:pal:

185 9 b tsPian 1 tsPian la tl:pal:

186 1 =+ tsPian 1 tsPian la tl:pal:

186 2 k4 kPian 1 tsPian la tl:pal:

186 3 # yan 1 tsPian la tl:sharp:pal:[y-k]:[asp]:
186 4 # giam 1 téPian 1b asp:tl:devoi:fuse:pal:
186 5 % dzian A téMian 1b asp:tl:devoi:fuse:pal:
186 6 Bi dzian 1 tsPian 1b asp:tl:devoi:fuse:pal:
186 { L7 gian 1 tsPian 1b asp:tl:devoi:fuse:pal:
186 8 3 gian 1 tshian 1b asp:tl:devoi:fuse:pal:
186 9 & tsPian 2 tsPian 2 pal:

187 1 x kPiam 3 tsPian 3 fuse:pal:

187 2 fili sian 1 sian la tl:pal:

187 3 L3 sian 1 dian la tl:pal:

187 4 ¢ xian 1 sian la tl:pal:

187 5 % sian 1 Sian la tl:pal:

187 6 % ¥am 1L Sian 1b tl:devoi:sharp:fuse:pal:
187 1 i Yam 1 Sian 1b tl:devoi:sharp:fuse:pal:
187 8 3 ¥iam 1 sian 1b tl:devoi:fuse:pal:
187 9 i} ¥an 1 sian 1b tl:devoi:sharp:pal:
187 9 3] ¥an 1 dian 1b tl:devoi:sharp:pal:
188 1 2.3 yian 1 Sian 1b tl:devoi:pal:

188 2 3 xiam 2 sian 2 fuse:pal:

188 3 2 xian 2 sian 2 pal:

188 4 4] yam 3 Sian 3 devoi:sharp:fuse:pal:
188 5 4] yam 8 Sian 3 devoi:sharp:fuse:pal:
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188 6 [ ¥an 2 dian 3 t2:devoi:sharp:fuse:pal:
188 | 7 & | sian 3 sian 3 pal:

188 8 % xian 3 Sian 3 pal:

188 9 ik xian 3 Sian 3 pal:

189 1 m yian 3 Sian 3 devoi:pal:

189 2 a8 ¥yan 3 Sian 3 devoi:y-spl-d:pal:
189 3 b ?iam i1 ian la tl:pro:fuse:

189 4 3 ?iam 14 ian la tl:pro:fuse:

189 5 b ?ian 1 ian la tl:pro:

189 6 #H pam p ian 1b tl:sharp:pro:fuse:
189 7 ih iam 1 ian 1b tl:fuse:

189 8 L] iam 1 ian 1b tl:fuse:

189 9 ] iam 1 ian 1b tl:fuse:

190 1 ™ piam 1 ian 1b tl:pro:fuse:

190 2 Bi pan i ian 1b tl:sharp:pro:fuse:
190 | 3 # | ian 1 ian 16 ||| o1

190 4 El pian 1 ian 1b tl:pro:

190 | 5 wF pian i ian 1b | tl:pro:

190 6 b1 ?iam 2 ian 2 pro:fuse:

190 7 R pan 2 ian 2 sharp:pro:

190 | 8 W | ian 2 ian 2 ¢

190 9 » piam 3 ian 3 pro:fuse:

191 1 'S ?iam 3 ian 3 pro:fuse:

191 2 JE pan 3 ian 3 sharp:pro:fuse:

191 3 2 ?an 3 ian 3 sharp:pro:fuse:

191 4 n pian 3 ian 3 pro:fuse:

191 5 b ?ian 3 ian 3 pro:fuse:

191 6 L] Tian 3 ian 3 pro:fuse:

191 % " ?ian 3 ian 3 pro:fuse:

191 8 o tuan 1 tuan la tl:a-mg:

191 9 5 tuan 2 tuan 2 a-mg:

192 1 Wi tuan 3 tuan 3 a-mg:

192 2 " tuan 3 tuan 3 a-mg:

192 3 L] duan 2 tuan 3 t2:devoi:a-mg:

192 4 B duan 3 tuan 3 devoi:a-mg:

192 5 8 duan 3 tuan 3 devoi:a-mg:

192 6 :i] duan ¥ tPuan 1b asp:tl:devoi:a-mg:
192 7 > 3 nuan 2 nuan 2 a-mg:

192 8 L] luan 2 luan 2 a-mg:

192 9 &L luan 3 luan 3 a-mg:

193 1 i tsuan L tsuan la tl:a-mg:

193 2 i tsuan 3 tsuan 3 a-mg:

193 3 .4 suan 1} suan la tl:a-mg:

193 4 " suan 3 suan 3 a-mg:

193 4 E suan 3 suan 3 a-mg:

193 5 & tsyan 1 tguan la tl:med-a:retrof-2:
193 5 13 tsyan i tguan la tl:med-a:retrof-2:
193 6 % tyan 2 tguan 2 fric:med-a:retrof-2:
193 7 nt dam 3 tsuan 3 devoi:fric:fuse:retrof-1:[u-ins-a]:
193 8 ¥ tuan 3 tguan 3 friciretrof-1:

193 9 ® Aya.n 2 tsuan 3 t2:devoi:fric:med-a:retrof-2:
194 1 i3 dyan 3 tsuan 3 devoi:fric:med-a:retrof-2:
194 2 ) téhyan 1 tghuan la tl:med-a:retrof-2:
194 3 % ts'hyan 1 tghuan la tl:med-a:retrof-2:
194 4 i3 Ayan 1 tshuan 1b asp:tl:fric:med-a:retrof-2:
194 5 - 3 Ayan 1 tghuan 1b asp:tl:fric:med-a:retrof-2:
194 6 i dzyan 1 tahuan 1b affric:asp:tl:devoi:med-a:retrof-2:
194 7 L] tsP yan 2 tgPuan 2 med-a:retrof-2:
194 8 ] t$Puan 3 t;hua.n 3 A-mg:

194 9 | tsh yan 3 tahuan 3 med-a:retrof-2:
195 1 H suan 1 suan la tl:

195 2 3 syan 1 suan la tl:i-del:

195 3 ¥ fiyan 2 ruan 2 fric:med-a:retrof-2:
195 4 " kuan I kuan la tl:a-mg:

195 5 o kuan 1 kuan la tl:a-mg:

195 6 it kuan 1 kuan la tl:a-mg:

195 14 * kuan 15 kuan la tl:a-mg:

195 8 L1 kuan 2 kuan 2 a-mg:

195 8 4 kuan 2 kuan 2 a-mg:

195 9 4 kuan 3 kuan 3 a-mg:

195 9 B’ kuan 3 kuan 3 a-mg:

196 ik 'l kuan 3 kuan 3 a-mg:

196 2 n kuan 3 kuan 3 a-mg:

196 3 & kuan 3 kuan 3 a-mg:

196 4 L1 kuan 3 kuan 3 3

196 5 " kPuan 1 kPuan la tl:a-mg:

196 6 i kPuan 2 kPuan 2 a-mg:
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196 7 x xuan 1 xuan la tl:a-mg:

196 8 & yuan 1 xuan 1b tl:devoi:

196 9 3F yuan 1 xuan 1b tl:devoi:

197 1k 2 yuan 2 xuan 2 devoi:a-mg:[!t2]:

197 2 L xuan 3 xuan 3 a-mg:

197 2 #% xuan 3 xuan 3 a-mg:

197 3 5 Yuan 3 xuan 3 devoi:a-mg:

197 4 s yuan 3 xuan 3 devoi:a-mg:

197 5 =1 yuan 3 xuan 3 devoi:a-mg:

197 6 £ Puan 1 uan la tl:pro:

197 7 E ?uan 1 uan la tl:pro:

197 7 e Puan 1 uan la tl:pro:

197 8 5 yuan 1 uan 1b tl:a-mg:[pro-y]:

197 9 A yuan 1 uan 1b tl:a-mg:[pro-x]:

198 1 I puan 1 uan 1b tl:pro:

198 2 i guan X uan 1b tl:pro:

198 3 4 ?uan 2 uan 2 pro:a-mg:

198 4 1] myan 2 uan 2 lab-dnt’:degem:[!t2]:

198 5 % myan 2 uan 2 lab-dnt’:degem:[!t2]:

198 6 Vil gyan 3 uan 3 lab-dnt’:degem:

198 7 3 myan 3 uan 3 lab-dnt’:degem:

198 8 # yan ) § téyan la tl:[k-ins):pal:

198 9 ® kyan 2 tsyan 2 pal:

199 1 # kyan 3 tsyan 3 pal:

199 2 # kyan 3 tsyan 3 pal:

199 3 | kyan 3 tsyan 3 pal:

199 4 & gyan 3 tsyan 3 devoi:pal:

199 5 L] gyan 2 tsyan 3 t2:devoi:pal:

199 6 1] khyan 1 tsh yan la tl:pal:

199 7 R dzyan 1 téhyan 1b asp:tl:devoi:pal:

199 8 E dzyan 1 ts"yan 1b asp:tl:devoi:pal:

199 9 4 gyan 1 ts’hyan 1b asp:tl:devoi:pal:

200 1 E gyan 1 ts'hyan 1b asp:tl:devoi:pal:

200 2 X khyan 2 ts’hyan 2 pal:

200 3 #h khyan 3 ts'hyan 3 pal:

200 4 -4 syan 1 dyan la tl:pal:

200 5 i zuan i/ Syan 1b tl:devoi:[u-y]:pal:

200 6 % ¥yan 1 dyan 1b tl:devoi:pal:

200 4 & ¥yan 1 dyan 1b tl:devoi:pal:

200 8 ] sian 2 $yan 2 pal:[i-y]:

200 9 b3 syan 2 dyan 2 pal:

201 L H xyan 3 $yan 3 pal:

201 2 % ?yan 1 yan la tl:pro:

201 3 D] Jjyan 1 yan 1b tl:degem:

201 4 -} jyan 1 yan 1b tl:degem:

201 5 3 yan 1 yan 1b tl:

201 6 13 pyan ) g yan 1b tl:pro:

201 6 ® pyan 1 yan 1b tl:pro:

201 i JT gyan il yan 1b tl:pro:

201 8 ® jyan 1 yan 1b tl:[pro-j]:

201 8 3 jyan 1 yan 1b t1:[pro-j]:

201 9 iz jyan 1 yan 1b | tl:[pro-j]:

202 | 1 # | jyan 1 yan 1b | tl:[pro-j):

202 2 & jyan 2 yan 2 [pro-j):

202 3 24 jyan 3 yan 3 [pro-j]:

202 4 F43 gyan 3 yan 3 pro:

202 5 = ?yan 3 yan 3 pro:

202 6 = puan L pan la tl:med-b: cha:
202 g * puan 2 pan 2 med-b:[!rime]: cha:
202 8 % buan 2 pan 3 t2:devoi:med-b:{!rime}: cha:
202 9 % phuan 1 phan la tl:med-b: cha:
203 1 & buan % phon 1b asp:tl:med-b: cha:
203 2 B} muan 1 man 1b tl:med-b: cha:
203 3 2] musn 3 man 3 med-b: cha:
203 4 4 fyan h fan la tl:lab-dnt’:med-b: cha:
203 5 % yon 1 fon la t1l:lab-dnt’:med-b:[asp-r]: cha:
203 5 #* fPyan 1 fon la tl:lab-dnt’:med-b:[asp-r]: cha:
203 6 ¥ vyan 1 fan 1b tl:devoi:lab-dnt’:med-b: cha:
203 7 £ fyan 2 fan 2 lab-dnt’:med-b: cha:
203 8 3% fyan 3 fon 3 lab-dnt’:med-b: cha:
203 9 -] fysn 3 fan 3 lab-dnt’:med-b: cha:
204 1 % vyan 2 fon 3 t2:devoislab-dnt’:med-b: cha:
204 2 & vyan 2 fan 3 t2:devoi:lab-dnt’:med-b: cha:
204 3 # vyan 3 fan 3 t2:devoi:lab-dnt’:med-b: cha:
204 4 4 nuan 3 nan 3 [u-del]: cha:
204 5 & tahiam 1 tsPan la tl:fuse:i-del:deret: cha:
204 6 #* giam 1 san la tl:fuse:i-del:deret: cha:
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204 7 L tsiam 1 tgon la tl:fuse:med-a:retrof-2: cha:
204 8 2] téiam 1 tgon la tl:fuse:med-a:retrof-2: cha:
204 9 B tion 1 tgan la tl:fric:med-a:retrof-2: cha:
205 1 L4 tian 1 tgon la tl:fric:med-a:retrof-2:[n’-n]: cha:
205 2 {1 thian 1 tgan la tl:fric:med-a:retrof-2:[n’-n):[de-asp]: cha:
205 3 24 tsiam 2 tgon 2 fuse:med-a:retrof-2: cha:
205 4 '3 tsian 2 tgan 2 med-a:retrof-2: cha:
205 5 3 téian 2 tgon 2 med-a:retrof-2: cha:
205 6 o tian 3 tgan 3 fric:med-a:retrof-2: cha:
205 7 =3 dian 3 tgan 3 devoi:fric:med-a:retrof-2: cha:
205 8 ] tsian 3 tgen 3 med-a:retrof-2: cha:
205 8 ] tsian 3 tgen 3 med-a:retrof-2: cha:
205 9 o diom 1 tghan 1b asp:tl:devoi:fric:fuse:med-a:retrof-2: cha
206 1 23 dion g tghan 1b asp:tl:devoi:fric:med-a:retrof-2: cha
206 2 ES dion 2 tahan 1b asp:tl:devoi:fric:med-a:retrof-2: cha
206 3 ] Zian 1 tghan 1b affric:asp:tl:devoi:med-a:retrof-2: cha
206 3 )4 Zian 1 tg"an 1b affric:asp:tl:devoi:med-a:retrof-2: cha
206 4 E Zion 1 tg"an 1b affric:asp:tl:devoi:med-a:retrof-2: cha
206 5 2 thian 3 tgh:m 3 fric:med-a:retrof-2: cha
206 6 # tgh ian 3 tahan 3 i-del: cha
206 74 B tsh iap 3 tyhan 3 med-a:retrof-2:(p-n]: cha
206 8 8 giam 1 gan la tl:fuse:i-del: cha:
206 9 &® Siam 1 gan la tl:fuse:med-a:retrof-2: cha
207 1 L Sian 1l gon la tl:med-a:retrof-2: cha
207 1 5 Sian 1 gan la tl:med-a:retrof-2: cha
207 2 L] sian 1 gon la tl:med-a:retrof-2: cha
207 3 » dzian 1 gon 1b affric:tl:med-a:retrof-2: cha
207 4 ] $iam 2 gon 2 fuse:med-a:retrof-2: cha
207 5 L] Siam 2 gon 2 fuse:med-a:retrof-2: cha
207 6 % Siam 2 §an 2 fuse:med-a:retrof-2: cha.
207 13 s giam 3 §an 3 fuse:med-a:retrof-2: cha:
207 8 * Ziam 2 §on 3 affric:t2:devoi:fuse:med-a:retrof-2: cha.
207 9 ] Zian 2 gon 3 affric:t2:devoi:med-a:retrof-2: cha
208 4}, [ ¢ Zian 3 gon 3 affric:devoi:med-a:retrof-2: cha
208 2 A fian 1 ron 1b tl:fric:med-a:retrof-2: cha
208 3 = 1iian 1 ran 1b tl:fric:med-a:retrof-2: cha
208 4 2 fian 2 ran 2 fric:med-a:retrof-2: cha
208 5 £ 1iam 3 ran 3 fric:fuse:med-a:retrof-2: cha.
208 6 7 fian 8 ran 3 fric:med-a:retrof-2: cha
208 @ A nian 3 ran 3 fric:med-a:retrof-2: cha
208 | 8 # | kon 1 kon la | tl: cha
208 9 " kan 1 koan la tl: cha.
209 1 2 kPon 2 kPon 2 cha

209 1 8 kPon 2 kMon 2 cha:

209 2 L] khag 2 kPon 2 [p-n): cha
209 3 1] ¥an 2 xan 2 devoi: cha
209 4 ® ¥an 3 xan 3 devol: cha
209 5 2 ?on 1 an la tl:pro: cha.
209 6 ® pian 1 pin la tl:rime:

209 T 4 pian 3 pin 3 rime:

209 | 8 #® p"in la | :

209 9 #® bian 1 pPin 1b asp:tl:devoi:rime:

210 1 K bian ) phin 1b asp:tl:devoi:rime:

210 2 -] phiam 2 phin 2 rime:fuse:

210 3 L] ph ian 3 ph inn 3 vocal:fuse:coal:[cha):rime:

210 4 B mian | min 1b tl:rime:

210 5 L mian 2 min 2 rime:

210 6 # liam 1 lin 1b rime:fuse:

210 6 #* liam 1 lin 1b rime:fuse:

210 | 6 ¥ | liam 1 lin 1b | rime:fuse:

210 7 ] lian 1 lin 1b rime:

210 | 7 &% | lien 1 lin 1b | tl:rime:

210 | 8 M | lien 1 lin 1b | tlirime:

210 9 o niam 3 lin 3 rime:fuse:[n-1]:

211 1 & lian 3 lin 3 rime:

211 2 " tsian 1 tsin la tl:rime:pal:

211 3 5 kiam 1 téin la tl:rime:fuse:pal:

211 4 & kiam 1 tsin la tl:rime:fuse:pal:

211 5 ] kiam 1 tsin la tl:rime:fuse:pal:

211 6 * kiam y i téin la tl:rime:fuse:pal:

211 7 m kian )Y tsin la tl:rime:pal:

211 8 I kian 1 tsin la tl:rime:pal:

211 8 7] kisn 1 téin la tl:rime:pal:

211 9 R tsian 2 tdin 2 rime:pal:

212 i1 3 kian 2 tsin 2 rime:pal:

212 2 14 gian 3 tsin 2 devoi:rime:pal:[t3-t2]:

212 3 * kiam 3 tsin 3 rime:fuse:pal:
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212 4 3 tsian 3 tsin 3 rime:pal:
212 5 S dzian 2 tsin 3 t2:devoi:rime:pal:
212 6 biid gian 2 tsin 3 t2:devoi:rime:pal:
212 7 i kisn 3 tsin 3 rime:pal:
212 8 & tsPiam 1 téhi la tl:rime:fuse:pal:
212 9 * tsPian 1 téPin la tl:irime:pal:
213 1 ] giam 1 tshin 1b asp:tl:devoi:rime:fuse:pal:
213 1 F giam 1 téPin 1b asp:tl:devoi:rime:fuse:pal:
213 1 ] giam 1 tsPin 1b asp:tl:devoi:rime:fuse:pal:
213 2 % dzisn 1 tshin 1b asp:tl:devoi:rime:pal:
2113 3 i gian 1 tsPin 1b asp:tl:devoi:rime:pal:
213 3 F gian 1 tshin 1b asp:tl:devoi:rime:pal:
213 4 B tsPiam 2 tshi 2 rime:pal:
213 5 L siam 1 $in la tl:rime:fuse:pal:
213 6 # sian i § $in la tl:rime:pal:
213 6 # sian 1 $in la tl:rime:pal:
213 6 ¥ sian 1 $in la tl:irime:pal:
213 7 ik xian 1 $in la tl:rime:pal:
213 8 & sian 3 $in 3 rime:pal:
213 9 5 ?iam 1 in la tl:pro:rime:fuse:
214 )| ) ?iam 1 in la tl:pro:irime:fuse:
214 2 i} ?ian 1 in la tl:pro:rime:
214 3 # ?ian 1 in la tl:prorime:
214 4 .4 ?ian 1 in la tl:pro:rime:
214 5 8 pian 1 in 1b tl:prorime:
214 6 o ian 1 in 1b tl:rime:
214 7 &% ?iam 2 in 2 pro:rime:fuse:
214 8 =3 ?ian 2 in 2 pro:rime:
214 9 ]l ian 2 in 2 rime:
215 1 F yan 2 in 2 y-spl-d:rime:[!t2]:
215 2 2y Tian 3 in 3 pro:rime:
215 3 .4 tuan 1 tun la tl:rime:
215 3 i tuan 1 tun la tl:irime:
215 4 8 tyan 3 tun 3 y-spl-c:rime:
215 5 =] duan 2 tun 3 t2:devoi:rime:
215 6 # duan 3 tun 3 devoi:rime:
215 7 A duan 3 tun 3 devoi:rime:
215 8 & thon 3 thun la t1:[schwa-ul:
215 9 A dusn 1 thun 1b asp:tl:devoi:rime:
216 1 .23 duan 3 thun 1b asp:tl:devoi:rime:
216 2 & luan 0 lun 1b tlirime:
216 3 & lyan 1 lun 1b tl:y-spl-cirime:
216 3 # lyan 1 lun 1b tl:y-spl-cirime:
216 4 i luan 3 lun 3 rime:
216 5 o tsuan 1 tsun la tl:rime:
216 6 - | tsyan il tsun la tl:y-spl-c:rime:
216 7 LEl tsPuan 1 tsPun la tl:irime:
216 8 7 dzuan 1 ts" un 1b asp:tl:devoi:rime:
216 9 + ts® usn 3 tsMun 3 rime:
217 1 #» suan 1 sun la tl:rime:
217 2 # suan 2 sun 2 rime:
217 3 F syan 2 sun 2 y-spl-c:irime:
217 4 (3 tsyan 2 tsun 2 med-a:rretrof-2:rime:
217 5 <] ts'hyan 1 tgh un la tl:med-a:retrof-2:rime:
217 6 B diyasn 1 tgh un 1b affric:asp:tl:devoi:med-a:retrof-2:rime:
217 /4 a Zyan 25 tgh un 1b affriccasp:tl:devoi:med-a:retrof-2:rime:
217 7 H Zyan 1 tgh un 1b affric:asp:tl:devoi:med-a:retrof-2:rime:
217 8 = tgh yan 2 tgh un 2 med-a:retrof-2:rime:
20T 9 L diyan 3 sun 3 affric:devoi:med-a:retrof-2:rime:
218 1 o) 1iyan 3 run 3 fric:med-a:retrof-2:rime:
218 2 <] nyan 3 run 3 fric:med-a:retrof-2:rime:
218 | 3 ® | kuan 2 kun 2 rime:
218 | & L3 kun 3 :
218 5 B kuan 1 k" un la tl:rime:[asp]:
218 5 B kuan 1 kP un la tlirime:[asp]:
218 6 b kP uan 1 k" un la tl:irime:
218 [ ] kP uan 2 k" un 2 tl:rime:
218 8 23] kP usn 3 kP un 3 tl:irime:
218 9 5 xusn 1 xun la tl:rime:
218 9 -3 xuan 1 xun la tl:rime:
219 1 # xyan 1 xun la tl:y-spl-dirime:
219 2 # Yuan i xun 1b tl:devoi:rime:
219 3 E yuan 1 xun 1b tl:devoi:rime:
219 4 b Yuan 2 xun 8! t2:devoi:rime:
219 5 & Tuan 1 un la tl:pro:rime:
219 5 H Tusn 1 un la tl:pro:rime:
219 6 b, muan it un 1b tl:lab-dnt’:degem:rime:
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219 6 53 musn 1 un 1b tl:lab-dnt’:degem:rime:
219 7 ] myan 1 un 1b tl:lab-dnt’:degem:rime:
219 8 ®’ Puan 2 un 2 pro:rime:

219 9 A myan 3 un 3 lab-dnt:degem:rime:
220 1 # kyan 1 tsyn la tl:rime:pal:

220 1 -] kysn 1 téyn la tl:rime:pal:

220 2 " kyan 1 téyn la tl:rime:pal:

220 2 % kyan 1 tdyn la tl:rime:pal:

220 3 R tsyan 3 téyn 3 rime:pal:

220 4 [} gyan 2 tsyn 3 t2:devoirrime:pal:

220 5 " gyan 1 tsPyn 1b asp:tl:devoirrime:pal:
220 6 ] gyan 1 tsh yn 1b asp:tl:devoi:irime:pal:
220 7 )] xyan 1 dyn la tl:rime:pal:

220 7 | xyan 1 dyn la tl:rime:pal:

220 8 + ziam 1 $yn 1b tl:devoi:rime:fuse:pal:[i-y):
220 9 & zyan 1 $yn 1b tl:devoirrime:pal:

220 9 4 zyan 1 $yn 1b tl:devoirrime:pal:

220 9 L] zyan 1 $yn 1b tl:devoi:rime:pal:

221 1 i) sian 3 $yn 3 rime:pal:[i-y):

221 2 i} syan 3 $yn 3 rime:pal:

221 3 i xyan 3 $yn 3 rime:pal:

221 4 5 yan 1 yn 1b tl:rime:

221 5 = jysn 1 yn 1b tl:degem:rime:

221 6 ft yan 2 yn 2 rime:

221 7 o ?yan 3 yn 3 pro:rime:

221 8 2] Jyan 3 yn 3 degem:rime:

221 9 iz Jjysn 3 yn 3 degem:rime:

222 1 E Jysn 3 yn 3 degem:rime:

222 2 3 iag 3 yn 3 rime:[p-n]:[i-y):

222 3 L] pap 1 pap la tl:a-mg:

222 4 #* pan 1 pap la tl:

222 5 B pap 2 pap 2 a-mg:

222 | 6 98 pap 2 :

222 7 ] bap 2 pan 3 t2:devoi:

222 8 ¥ bap 1 phal_] ib asp:tl:devoi:a-mg:

222 9 13 ph ap 3 phaxj 3 :

223 1 ft map 1 mapg 1b tl:a-mg:

223 2 bl fyan 1 fap la tl:lab-dnt':med-b:

223 3 % fyan 1 fag la tl:lab-dnt’:med-b:[asp-r]:
223 4 % P yap 1 fag la tl:lab-dnt’:med-b:[asp-r]:
223 5 B vyap 1 fap 1b tl:devoi:lab-dnt":med-b:
223 6 )4 vyan 1 fap 1b tl:devoi:lab-dnt’:med-b:
223 7 t fyap 2 fap 2 lab-dnt:med-b:

223 8 o fyag 2 fap 2 lab-dnt’:med-b:

223 9 th h yan 2 fap 2 lab-dnt’:med-b:[asp-r]:
223 9 L] P yap 2 fag 2 lab-dnt':med-b:[asp-r]:
224 1 %) fhyag 3 fap 2 lab-dnt’:med-b:[t3-t2]:[asp-r]:
224 2 7 fyap 3 fap 3 lab-dnt:med-b:

224 3 E] tap 1 tap la tl:a-mg:

224 4 % tap 2 tap 2 a-mg:

224 | 5 ] tap 2 :

224 6 E] tap 3 tap 3 a-mg:

224 7 & thmJ 1 thap la tl:a-mg:

224 8 " dap 1 th ap 1b asp:tl:devoi:a-mg:

224 8 b9 dap 1 thar_] 1b asp:tl:devoi:

224 8 " dap 1 th ap 1b asp:tl:devoi:

224 9 " dap 1 th ap 1b asp:tl:devoi

225 1 L] thag 2 th ap 2 a-mg:

225 2 4 thu.x_) 3 thaq 3 a-mg:

225 3 .| thag 3 th ap 3 a-mg:

225 4 E 3 nan 1 nap 1b tl:a-mg:

225 5 ] lap 1 lag 1b | tl:a-mg:

225 5 R lap 1 lap 1b tl:a-mg:

225 5 am lap 1 lag 1b tl:a-mg:

225 6 R lap 3 lap 3 a-mg:

225 7 " tsap 1 tsapg la tl:a-mg:

225 7 /3 tsap 1 tsap la tl:a-mg:

225 7 [ tsap 1 tsap la tl:a-mg:

225 8 * tsap 3 tsap 3 a-mg:

225 9 M dzap 3 tsap 3 devoi:a-mg:

225 9 L] dzap 3 tsap 3 devoi:a-mg:

226 1 & tshaxJ U tshaxJ la tl:a-mg:

226 2 k-3 tshnxJ 1 tshal_] la tl:a-mg:

226 3 ] dzap ]} tsh ap 1b asp:tl:devoi:a-mg:

226 4 -3 sap 1 sap la tl:a-mg:

226 5 & sap 1 sap la tl:a-mg:

226 6 % san 2 sap 2 a-mg:

196



rpg ]jco [ ch | smc [ tn [ mb [ tn [ Diachronig [ Allophonic |

226 : E3 san 3 sap 3 a-mg:

226 8 * tiap 1 tsag la tl:friccmed-a:retrof-2:

226 9 ® tsiap 1 tsan la tl:med-a:retrof-2:

226 9 - tsiap 1 tsap la tl:med-a:retrof-2:

227 1 & tiap 2 tsap 2 fric:med-a:retrof-2:

227 2 * tiap 2 tsap 2 fric:med-a:retrof-2:

227 3 ¥ tsiap 2 tgap 2 med-a:retrof-2:

227 4 L3 tiap 3 tsap 3 fric:med-a:retrof-2:

227 4 * tiap 3 tgap 3 fric:med-a:retrof-2:

227 4 Bk tiap 3 tsan 3 fric:med-a:retrof-2:

227 4 & tiap 3 tgan 3 fric:med-a:retrof-2:

227 5 * diap 2 tsap 3 t2:devoi:fric:med-a:retrof-2:
227 6 [sd aiag 2 tgan 3 t2:devoi:fric:med-a:retrof-2:
227 7 it aia.l:) 2 tsap 3 t2:devoi:fric:med-a:retrof-2:
227 8 = tsiap 2 tgap 3 t2:med-a:retrof-2:

227 9 g tsh iap 1 ts"ap la tl:med-a:retrof-2:

228 1 B aia{] 1 tg  ap 1b asp:tl:devoi:fric:med-a:retrof-2:
228 1 S diay 1 tgh ag 1b asp:tl:devoi:fric:med-a:retrof-2:
228 2 -] aiag 1 tsh an 1b asp:t1:devoi:fric:med-a:retrof-2:
228 3 * Ziag 1 tghag 1b affric:asp:tl:devoi:med-a:retrof-2:
228 4 &S Ziag 1 tghag 1b affric:asp:tl:devoi:med-a:retrof-2:
228 5 = Ziag 1 tghag 1b affric:asp:tl:devoi:med-a:retrof-2:
228 6 r tgh iapn 2 ts ' an 2 med-a:retrof-2:

228 i % ehiar_] 3 tghag 3 fric:med-a:retrof-2:

228 | 8 B | tshiagp 3 ts"ap 3 med-a:retrof-2:

228 9 A tsh iag 3 tahag 3 med-a:retrof-2:

229 1 ] Siap 1 sap la tl:med-a:retrof-2:

229 2 % slap 1 sap la tl:med-a:retrof-2:

229 3 = Siap 2 sap 2 med-a:retrof-2:

229 4 I Zian 2 sap 3 affric:t2:devoi:med-a:retrof-2:
229 5 4 Ziag 3 sap 3 affric:devoi:med-a:retrof-2:
229 6 sk Zian 3 sap 3 affric:devoi:med-a:retrof-2:
229 T S niap 1 rap 1b tl:fric:med-a:retrof-2:

229 8 L Riap 2 rap 2 fric: med-a:retrof-2:

229 8 R tiian 2 rap 2 fric: med-a:retrof-2:

229 8 m 1iiag 2 rag 2 fricc med-a:retrof-2:

229 9 ik iiag 3 rap 3 friccmed-a:retrof-2:

230 1 2] kap 1 kap la tl:a-mg:

230 1 X kap 1 kan la tl:a-mg:

230 1 2] kap 1 kan la tl:a-mg:

230 2) " kap 1 kap la tl:a-mg:

230 3 & kap 1 kap la tl:a-mg:

230 4 AL kap 1 kap la tl:a-mg:

230 | 5 a8 kap 1 kap la | tl:a-mg:

230 | 6 -] kan 2 kap 2 :

230 7 i kap 3 :

230 8 = khux_] 1 kha.g la tl:a-mg:

230 8 " khag 1 khag la tl:a-mg:

230 | 9 | Kkhap 2 kP ap 2 a-mg:

231 1 1 khm:) 3 kb ap 3 a-mg:

231 2 " khag 3 khag 3 a-mg:

231 3 " ¥yay 1 xap 1b tl:devoi:a-mg:

231 3 .8 ¥apn 1 xap 1b tl:devoi:ta-mg:

231 3 f yay 1 xag 1b tl:devoi:a-mg:

231 4 L ?ap 1 ap la tl:pro:a-mg:

231 5 & pap 1 an 1b tl:pro:a-mg:

231 6 ® niap 1 niag 1b it

231 T o liag 1 liap 1b tl:

231 L4 3 liap 1 liag 1b tl:

23 | @ B | liap 1 liap ol

231 8 b liap 1 liap 1b | tl:

231 8 & liap 1 liap 1b G113

231 | 9 ] liap 2 lian 2 :

282 || 1 R | liap 3 liap 3

232 | 1 & lian 3 liap 3

232 | 2 w liag 3 liag 3

232 | 8 # | liag 3 liap 3 :

232 4 # tsiag 1 tsiap la tl:pal:

232 5 * tsiag 1 tsiap la tl:pal:

232 6 [ kiap 1 tsiap la tl:pal:

232 6 a kiagp 1 tsiag la tl:pal:

232 (4 z kiap 13 tsiap la tl:pal:

232 Vit k3 kiag 1 tsiag la tl:pal:

232 8 o kap 1 tsiap la t1l:sharp:pal:

232 9 % tsiap 2 tsiag 2 pal:

233 1 b kap 2 tsiap 2 sharp:pal:

233 | 2 B | tsiap 3 téiap 3 pal:
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233 3 tsiap 3 tsiap 3 pal:
233 4 '3 dziag 3 tsiap 3 devoi:pal:
233 | 5 B | kap 3 téiag 3 sharp:pal:
233 6 i tsh iap 1) téhiag la tl:pal:
233\ || B | khap 1 tsPian la | tl:pal:
233 8 i dziap 1 téhiag 1b asp:tl:devoi:pal:
233 9 B giap 1 téhia.x_] 1b asp:tl:devoi:pal:
234 1 & tsh iap 2 téhiag 2 pal:
234 2 L] siap 1 dian la tl:pal:
234 2 Lic] siap 1 diap la tl:pal:
234 2 | siap 3} Siap la tl:pal:
234 2 L] siap 1 Siap la tl:pal:
234 3 F xian 1 diap la tl:pal:
234 4 % xian i diap la tl:pal:
234 5 2l ziap 1; Siap 1b tl:devoi:pal:
234 5 # ziag 1 diap 1b tl:devoi:pal:
234 6 # ziap 1 diag 1b tl:devoi:pal:
234 (g R Yag 1 diap 1b tl:devoi:sharp:pal:
234 8 -l siag 2 diapg 2 pal:
234 9 ¥ xiag 2 Siap 2 pal:
234 9 L] xiapg 2 siap 2 pal:
235 1 Lic] siap 3 diag 3 pal:
235 2 ® ziap 2 Siap 3 t2:devoi:pal:
235 3 ® ziag 2 diap 3 t2:devoi:pal:
235 3 R ziap 2 diap 3 t2:devoi:pal:
235 4 &1 xiag 3 siap 3 pal:
235 5 R ¥an 2 diap <3 t2:devoi:sharp:pal:
235 6 # ¥an 3 diag 3 devoi:sharp:pal:
235 k¢ £ ?iap 1 yan la tl:pro:[i-y]:
235 7 3 ?ian 1 iap la tl:pro:
235 4 # Tiap 1 iap la tl:pro:
235 | 8 ¥ ian 1 iap 1b | t1:
235 | 9 % | iap 1 iap b | tl:
235 | 9 # | iap 1 iap 1b | tlL:
236 | 1 B ian % iap 1b | tl:
236 1 2} iap 1 iap 1b | tl:
236 2 w piag 2 ian 2 pro:
236 3 I ian 2 ian 2 pro:
236 4 i3 iap 2 ian 2 pro:
236 5 F 3 iap 3 iap 3 pro:
236 | 6 B iap 3 iap 3 pro:
236 7 )i d tgiap 1 tguap la tl:i-del:u-ins-a:
236 8 ¥ tgiap 1 tguap la tl:i-del:u-ins-a:
236 9 ;4 tag 1\ tguag la tl:fric:iretrof-1:u-ins-a:
237 1 it tgiap 3 tguan 3 i-del:u-ins-a:
237 2 S dzian 3 tguayp 3 devoi:i-del:u-ins-a:
237 3 it Aal_] 3 tguap 3 devoi:friciretrof-l:u-ins-a:
237 4 & tyhiax_) 1 tahuaq la tl:i-del:u-ins-a:
237 5 ] tghax_] 1 t;huag la tl:u-ins-a:
237 | 6 K | dziap 1 tg"uap | 1b | asp:tl:devoi:i-del:u-ins-a:
237 T =] tgPiap 2 tg" uap 2 i-del:u-ins-a:
237 8 @) tghiag 3 t;huag 3 i-del:u-ins-a:
237 9 E: giap 1 guag la tl:i-del:u-ins-a:
238 bt n sag 1 guap la tl:u-ins-a:
238 2 =" giap 2 guag 2 i-del:u-ins-a:
238 3 * kuag I kuan la tl:A-mg:
238 4 = kuay 2 kuan 2 a-mg:
238 5 & kyap 3 kuap 3 y-spl-a:
238 6 & khya.lj 1 kP uag la tl:y-spl-a:
238 /. i3 gyan 1 kP uap 1b asp:tl:devoi:y-spl-a:
238 8 L2 kb uap 3 kP uag 3 a-mg:
238 9 -4 xyan 3 kM uap 3 [x-k']:y-spl-a:
239 1 it xuap 1 xuan la tl:a-mg:
239 1 b4 xuan 1 xuap la tl:a-mg:
239 2 * Yuay 1 xuag 1b tl:devoi:a-mg:
239 3 L Yuap ik xuag 1b tl:devoi:a-mg:
239 3 L] Yuap 1 xuag 1b tl:devoi:a-mg:
239 4 i 4 xuan 2 xuan 2 a-mg:
239 5 x Yuay 2 xuag 2 devoi:a-mg:
239 | 6 x xuag 3 :
239 T & ?uap 1! uag la tl:pro:a-mg:
239 8 = myan 1 uap 1b tl:lab-dnt’:degem:
239 9 ES iyap 1 uap 1b tl:degem:y-spl-a:
240 1 2] myag 2 EY) 2 lab-dnt’:degem:
240 2 &® jyan 2 uan 2 degem:y-spl-a:
240 3 b myay 3 uag 3 lab-dnt’:degem:
240 4 2 myan 3 uan 3 lab-dnt’:degem:
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smc tn mb tn Diachronic Allophonic
jyan 3 uag 3 degem:y-spl-a:
pap i pag la tls cha:
phaﬁ 1 phag la tl:vocal:fuse:coal: cha:
bap 1 phag 1b asp:tl:devoi: cha:
bap 1 phag 1b asp:tl:devoi: cha
ban 1 phag 1b asp:tl:vocal:fuse:coal: cha
ban 1 phag 1b asp:tl:vocal:fuse:coal: cha
bup 6 phag 1b asp:tl:devoi:med-b:syllab: cha
bup ] phag 1b asp:tl:devoi:med-b:syllab: cha
iup ) pPay 2 med-b:syllab:[asp-r]:[f-p]: cha
phag 3 E
mian 1 moan 1b tl:lab-dnt’:vocal:fuse:coal: cha:
mup 1 moan 1b tl:med-b:syllab: cha:
man 2 mag 2 vocal:fuse:coal: cha:
man 3 moag 3 vocal:fuse:coal: cha:
miun 3 moag 3 lab-dnt':med-b:syllab: cha:
fiup 1 fap la tl:lab-dnt':med-b:syllab: cha
fiup 1 fap la tl:lab-dnt':med-b:syllab: cha:
Miup 1 fap la tl:lab-dnt':med-b:syllab:[asp-r]: cha:
fiup ¥ fap la tl:lab-dnt':med-b:syllab: cha:
Miug 1 fap la tl:lab-dnt':med-b:syllab:[asp-r]: cha
Miug 1 fap la tl:lab-dnt’:med-b:syllab:[asp-r]: cha:
fhiur_) 1 fap la tl:lab-dnt’:med-b:syllab:[asp-r): cha:
viupg i fap 1b tl:devoi:lab-dnt’:med-b:syllab: cha:
viup 1 fap 1b tl:devoi:lab-dnt’:med-b:syllab: cha
viup 1 fap 1b tl:devoi:lab-dnt":med-b:syllab: cha:
fiup 3 fap 2 lab-dnt’:med-b:syllab:{t3-t2]: cha:
viup 3 fap 3 devoi:lab-dnt’:med-b:syllab: cha:
viup 2 fap 8 t2:devoi:lab-dnt":med-b:syllab: cha:
viup 3 fap 3 devoi:lab-dnt’: med-b:syllab: cha:
viup 3 fap 3 devoi:lab-dnt’:med-b:syllab: cha
tap 1 tap la tl:
tap 1 tap la tl:
tap 2 tap 2 ¢
tap 3 tap 3 :
dap 3 tap 3 devoi:
diap 3 tag 3 Devoi:med-a:[t'-t]:
dap 1 thag 1b asp:tl:devoi: cha
dap 1 thag 1b asp:tl:devoi: cha:
dap 1 thag 1b asp:tl:devoi: cha:
dap b thaxJ 1b asp:tl:devoi: cha:
nay 1 nan 1b oL
Jap 1 lap 1b {113
lan 2 lan 2 vocal:fuse:coal:{!t2): cha
tsag i ¢ tsap la tl:
tsap I tsap la (3
dzay 3 tsap 3 devoi:
dzap 1 tsh ap 1b asp:tl:devoi:
dzap g tsh:g 1b asp:tl:devoi:
san 1 sap la tl:
tsiag T tgon la tl:med-a:retrof-2: cha
tsan 1 tsap la tl:vocal:fuse:coal: cha
tgan 1 tson la tl:vocal:fuse:coal: cha
tgan 1 tsan la tl:vocal:fuse:coal: cha:
tsian 1 tson la tl:vocal:fuse:coal:med-a:retrof-2: cha
tsian 1 tsop la tl:vocal:fuse:coal:med-a:retrof-2: cha!
tsian 2 tson 2 vocal:fuse:coal:med-a:retrof-2: cha:
tsiag 3 tsap 3 med-a:retrof-2: cha
tsiap 3 tsop 3 med-a:retrof-2: cha
dias 8 tgan 3 devoi:fric:vocal:fuse:coal:med-a:retrof-2: cha
tsian 3 tsan 3 vocal:fuse:coal:med-a:retrof-2: cha
tsian 3 tsan 3 vocal:fuse:coal:med-a:retrof-2: cha
ts'hialj 1 t§hag la tl:med-a:retrof-2: cha:
thian 1 tghag la tl:fric:vocal:fuse:coal:med-a:retrof-2: cha
dziap 1 t§h;)|J 1b affric:asp:tl:devoi:med-a:retrof-2: cha
Ziag 1 t;hag 1b affric:asp:tl:devoi:med-a:retrof-2: cha
Ziap 1 tghag 1b affric:asp:tl:devoi:med-a:retrof-2: cha:
dan 1 t;hag 1b asp:tl:devoi:fric:vocal:fuse:coal:retrof-2: cha:
dian 1 t§ha|3 1b asp:tl:devoi:fric:vocal:fuse:coal:med- cha
a:retrof-2:
dian 1 tsh ap 1b asp:tl:devoi:fric:vocal:fuse:coal:med- cha
a:retrof-2:
zian I tghar_) 1b affric:asp:tl:devoi:vocal:fuse:coal:med- cha
arretrof-2:
Zian 1 t§h 3y 1b affric:asp:tl:devoi:vocal:fuse:coal:med- cha:
a:retrof-2:
Zian 1 tghax_) 1b affric:asp:tl:devoi:vocal:fuse:coal:med- cha

a:rretrof-2:
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247 9 B | zian 1 tghag 1b affric:asp:tl:devoi:vocal:fuse:coal:med- cha
a:rretrof-2:
248 1 i tsPiap 3 tsh:g 3 med-a:retrof-2: cha
248 2 # siap 1 §90 la tl:med-a:retrof-2: cha
248 3 4 gann 1 831 la tl:vocal:fuse:coal: cha
248 4 2 gari L 831 la tl:vocal:fuse:coal: cha
248 5 L3 gan 1 831 la tl:vocal:fuse:coal: cha
248 6 A sian 1 831 la tl:vocal:fuse:coal:med-a:retrof-2: cha
248 ! L] dziap 1 §90 1b tl:devoi:med-a:retrof-2:[affric]: cha.
248 8 4 gian 2 8§90 2 vocal:fuse:coal:i-del: cha
248 9 ] diiap 3 831 3 affric:devoi:med-a:retrof-2: cha
249 1 B diap 3 830 3 med-a:retrof-2: cha
249 2 E3 Sian 3 8§90 3 vocal:fuse:coal:med-a:retrof-2: cha
249 e -3 Ziani 3 §°0 3 affric:devoi:vocal:fuse:coal:med-a:retrof-2: cha
249 4 9 riiag L rap la fric:med-a:retrof-2:[t1]: cha:
249 5 0 fiiap 1 rag 1b tl:fric:med-a:retrof-2: cha
249 6 L4 kan 1 kap la tl:vocal:fuse:coal: cha
249 i [ kan 2} kap la tl:vocal:fuse:coal: cha
249 8 % kan 1 kap la tl:vocal:fuse:coal: cha
249 9 .3 kari 1 kap la tl:vocal:fuse:coal: cha
250 1 L3 kan 1 kap la tl:vocal:fuse:coal: cha
250 2 B kan 3 kap 3 vocal:fuse:coal: cha
250 3 5 kM an 1 kh:)g la tl:vocal:fuse:coal: cha
250 4 f# ¥30 1 x30 1b tl:devoi:
250 5 L] yari 1 xan 1b tl:devoi:vocal:fuse:coal: cha
250 6 L} yuan 1 x3p 1b tl:devoi:vocal:fuse:coal:u-del: cha
250 7 L} yuan 3 x31 3 devoi:vocal:fuse:coal:u-del: cha
250 8 % piag 1 pip la tl:rime:
250 9 5 pian 1 pip la tl:vocal:fuse:raise-il:raise-i2:degem:degem:
251 1| * pian 2 pip 2 vocal:fuse:raise-il:raise-i2:degem:degem:
251 2 A pian 2 pig 2 vocal:fuse:raise-il :raise-i2:degem:degem:
251 3 i pian 2 pip 2 vocal:fuse:raise-il:raise-i2:degem:degem:
251 4 L] bian 3 pPip 3 devoi:vocal:fuse:rraise-il:raise-
i2:degem:degem:
251 5 Eis pian 3 pip 3 vocal:fuse:raise-il:raise-i2:degem:degem:
251 6 ¥#* bian 2 pip 3 t2:devoi:vocal:fuse:raise-il:raise-
i2:degem:degem:
251 7 % biag 1 phig 1b asp:tl:devoi:rime:
251 8 4 biag 1 phix_] 1b asp:tl:devoi:rime:
251 9 if biag 1 phig 1b asp:tl:devoirrime:
252 1 ¥ bian 1 ph in 1b asp:tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
252 2 3 bian 1 phiq 1b asp:tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
252 3 ¥ bian 1 phip 1b asp:tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
252 4 ¥ bian 1 plig 1b asp:tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
252 5 L] mian ) 3 mip 1b tl:vocal:fuse:coaliraise-il:raise-
i2:degem:degem:
252 6 " mian 1 mip 1b tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
252 7 # mian 1 mip 1b tl:vocal:fuse:coaliraise-il:raise-
i2:degem:degem:
252 8 ¥ mian 1 mip 1b tl:vocal:fuse:coaliraise-il:raise-
i2:degem:degem:
252 9 L] mian 3 min 8 vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 1 T tian 1 tip la tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 2 £1 tiari | tip la tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 3 ™ tian 2 tip 2 vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 4 A tian 2 tip 2 vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 5 &1 tian 3 tip 3 vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 6 T tian 3 tipg 3 vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 7 E diani 3 tip 3, devoi:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 8 % thian 1 thig la tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
253 9 iy thian 1 thip la tl:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:
254 1 * dian 1 thip 1b asp:tl:devoi:vocal:fuse:coal:iraise-il:raise-
i2:degem:degem:
254 2 # diani 1 thip 1b asp:tl:devoi:vocal:fuse:coaliraise-il:raise-

i2:degem:degem:
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254 3 33 dian 1 thix_] 1b asp:tl:devoi:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:

254 4 B dian ] thix:) 1b asp:tl:devoi:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:

254 5 . diari 2 thir_] 2 devoi:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:[asp]:

254 6 # dian 2 thig 2 devoi:vocal:fuse:coal:raise-il:raise-
i2:degem:degem:[asp]:

254 7 & pisp 1 nip 1b tl:rime:[p-n):

254 8 i nian 1. nip 1b tl:vocal:fuse:coaliraise-il:raise-
i2:degem:degem:

254 | 9 B | liag i lig 1b | tlirime:

254 | 9 2 | liay 1 lig 1b | tl:rime:

254 | 9 B | lisp 1 lip 1b | tl:rime:

255 1 R liad 1 lip 1b tl:vocal:fuse:raise-il:raise-i2:degem:degem:

255 2 ® liann 1 lig 1b tl:vocal:fuse:raise-il:raise-i2:degem:degem:

255 2 k3 liaf 1 lip 1b tl:vocal:fuse:raise-il:raise-i2:degem:degem:

255 3 % lian 1 lig 1b tl:vocal:fuse:raise-il:raise-i2:degem:degem:

255 4 Bl lian 2 lig 2 vocal:fuseiraise-iliraise-i2:degem:degem:

255 5 LS lian 2 lig 2 vocal:fuse:raise-il:raise-i2:degem:degem:

255 6 2 lian 3 lig 3 vocal:fuse:raise-il:raise-i2:degem:degem:

255 | 7 =] lip 3 :

255 8 -4 kian 1 tsip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

255 9 H kian 1 tsip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

256 1 o kian Y tsip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

256 2 H tsian 1 tsip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

256 3 & tsiand 1 tsip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

256 4 L] tsian 1 téip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

256 5 &= kian 1 tsip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

256 6 7 kiari 2 tsip 2 vocal:fuserraise-il:raise-i2:degem:degem:pal:

256 6 = kian 2 tsig 2 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

256 7 # tsian 2 tsig 2 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

256 8 ol kian 2 tsip 2 vocal:fuseraise-il:raise-i2:degem:degem:pal:

256 9 kS kiari 2 tsip 3 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

257 1 - kian 3 tsig 3 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

257 2 i kian 3 tsiy 3 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

257 3 # kian 3 tsip 3 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

257 4 % gian 3 tsig 3 devoi:vocal:fuse:raise-il raise-
i2:degem:degem:pal:

257 5 [+ dzian 2 tsig 3 t2:devoi:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

257 6 e dziari 3 tsip 3 devoi:vocal:fuserraise-il:raise-
i2:degem:degem:pal:

257 T 2 khian 1 téhig la vocal:fuse:raise-il:raise-i2:degem:degem:pal:

257 8 H tsPian 1 tship la vocal:fuse:raise-il:raise-i2:degem:degem:pal:

257 9 # tsPian 1 téhig la vocal:fuse:raise-il:raise-i2:degem:degem:pal:

258 1 i kPian 1 téhig la vocal:fuse:rraise-il:raise-i2:degem:degem:pal:

258 2 # dzian 1 téhig 1b asp:tl:devoi:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

258 3 I dzian 1 téhir) 1b asp:tl :devoi:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

258 4 # tshian 2 téhix_] 2 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

258 5 i khyar'A 2 ts'hig 2 vocal:fuse:raise-il:raise-i2:degem:degem:u-
del:pal:

258 6 B kMiar 3 téhig 3 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

258 | 7 ¥ | xiap 1 sig la | tlirime:pal:

258 8 2 siani d dip la tl:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

258 9 14 siani 1 $ig la tl:vocal:fuse:raise-il :raise-
i2:degem:degem:pal:

259 1 11 ¥an 1 dig 1b tl:devoi:[sharp]:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

259 2 i yian 1 Sig 1b tl:devoi:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

259 2 B yian 1 Sig 1b tl:devoi:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

259 2 i yian 1 Sig 1b tl:devoi:vocal:fuse:raise-il:raise-
i2:degem:degem:pal:

259 3 ) sian 2 sip 2 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

259 4 = siani 2 $ip 2 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

259 5 ¥ xiap 3 Sip 3 rime:pal:

259 6 # Yan 2 $ig 3 t2:devoi:[sharp]:vocal:fuse:raise-il:raise-

i2:degem:degem:pal:
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259 7 | ® yan 2 $ip 3 t2:devoi:[sharp]:vocal:fuse:raise-il :raise-
i2:degem:degem:pal:

259 8 # sian 3 §ig 3 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

259 9 % sian 3 Sip 3 vocal:fuse:raise-il:raise-i2:degem:degem:pal:

260 1 |37 ?isp ¥ ip la tl:pro:rime:

260 1 ] Tiap 1 in la tl:pro:rime:

260 2 b4 ?an 1 in la tl:[sharp]:pro:vocal:fuse:raise-il:raise-
i2:degem:degem:

260 2 = ?ani 1 ip la tl:[sharp]:pro:vocal:fuse:raise-il:raise-
i2:degem:degem:

260 3 % Pian 1 ip la tl:pro:vocal:fuseiraise-il :raise-

i i2:degem:degem:

260 4 2/ | ?ian 3| ip la tl:pro:vocal:fuse:rraise-il:raise-
i2:degem:degem:

260 5 2 | 2ian 1 ip la tl:pro:vocal:fuserraise-il:raise-
i2:degem:degem:

260 | 6 ¥ | ey 1 ip 1b | tlirime:

260 7 Ll pian 1 in 1b tl:pro:vocal:fuserraise-il:raise-
i2:degem:degem:

260 8 a ian 1 in 1b tl:vocal:fuse:raise-il:raise-i2:degem:degem:

260 9 * ian 1t ip 1b tl:vocal:fuse:raise-il:raise-i2:degem:degem:

261 : | E yan (! ip 1b tl:vocal:fuse:raise-il:raise-
i2:degem:degem:[u-del]:

261 2 k- Yyan 11 in 1b tl:u-del:vocal:fuseiraise-il:raise-
i2:degem:degem:[pro-¥]:

261 3 | 2 Tian 2 in 2 pro:vocal:fuse:raise-il:raise-i2:degem:degem:

261 4 |52 Tiap 3 ip 3 proirime:

261 5 1 pan 3 in 3 [sharp]:pro:vocal:fuse:raise-il:raise-
i2:degem:degem:

261 6 x tup 1 tup la (ild

261 7 £ | tup 1 tup la | tl:

261 | 8 b tup 2 tup 2

261 8 # tup 2 tup 2

261 | 9 3 tup 3 tup 3 :

262 il 3 dup 2 tup 3 t2:devoi:

262 2 i dup 3 tup 3 devoi:

262 | 3 il | thug it thup la | t1:

262 4 ] dup 1 thug 1b asp:tl:devoi:

262 5 & dup 1 thup 2 asp:devoi:[tl-t2]):

262 5 W dup 1 thug 1b asp:tl:devoi:

262 6 L] dup ; thug 1b asp:tl:devoi:

262 ¥ i dup 1 thug 1b asp:tl:devoi:

262 s # dup 1 thug 1b asp:tl:devoi:

262 | 8 M | thup 2 thup 2 :

262 | 9 % | thup 3 thup 2 [t3-t2):

263 11 ] thug 3 thug 3 %

263 2 ® nup i} nup 1b tl:

263 | 3 .3 nup 1 nup 1b | tl:

263 4 e nup 1 nup 1b tl:

263 5 # lug 3 nup 3 [I-n):

263 | 6 % | lup 1 lup 1b | tlL:

263 | 7 # lup )| lug 1b | tl:

263 8 -1 liug i lup 1b tl:y-spl-b:

263 9 Y4 liug 1 lup 1b tl:y-spl-b:

264 1 #” lup 2 lup 2 4

264 2 B liupg 2 lup 2 y-spl-b:

264 2 b* 4 liup 2 lug 2 y-spl-b:

264 | 3 B tsup ! tsup la | tl:

264 4 R tsup 1 tsup la al:

264 5 b3 tsup 1 tsup la '

264 6 = tsiup ] tsup la tl:y-spl-b:

264 (d )3 tsup 2 tsup 2 g

264 8 2 tsup 3 tsup 3 E

264 9 9% tsiup 3 tsup 3 y-spl-b:

265 b Bl tsh up 1 tshug la ol

265 ik £l tshug 1 tsh up la tl:

265 il B tshug 1 tsh up la il

265 1 B tshug 1 tshug la th:

265 2 LS dzup 1 tshug 1b asp:tl:devoi:

265 3 PN dziup 1 tsh ug 1b asp:tl:devoi:y-spl-b:

265 4 # sup 1 sup la (13

265 5 L7 sup 1 sup la (g

265 6 -3 sup 3 sup 3 2

265 7 * sup 3 sup 3 g

265 8 7S ziup 3 sup 3 devoi:y-spl-b:

265 8 ] ziup 3 sup 3 devoi:y-spl-b:

265 | 8 B | ziug 3 sup 3 devoi:y-spl-b:

265 9 i tiupg 1 tgup la tl:fric:med-a:retrof-2:
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265 9 tiup 1 tgup la tl:fric:med-a:retrof-2:
266 1 # tsiup 1 tgup la tl:med-a:retrof-2:
266 2 L2 tsiug : tgup la tl:med-a:retrof-2:
266 2 L2 tsiug i tgup la tl:med-a:retrof-2:
266 3 L tsiug 2 tsug 2 med-a:retrof-2:
266 4 $ tiup 3 tgup 3 fric:med-a:retrof-2:
266 5 fh aiug 3 tsug 3 devoi:fric:med-a:retrof-2:
266 6 LS tsiug 3 tgug 3 med-a:retrof-2:
266 7 B aiug 2 tsug 8 t2:devoi:med-a:retrof-2:
266 8 * tsiug 3 tgug 3 med-a:retrof-2:
266 9 ¥ tsPiup 1 tghug la tl:med-a:retrof-2:
267 1 e ts'hiulj 1 tghug la tl:med-a:retrof-2:
267 2 B $iup 1 tgPup la t1l:med-a:retrof-2:{asp]:[fric]:
267 8 3 aiug 1 tghug 1b asp:tl:devoi:fric:med-a:retrof-2:
267 4 ES dziup 1 tghug 1b asp:tl:devoi:i-del:
267 5 - 4 aiug 1! tgh ug 1b asp:tl:devoi:fric:med-a:retrof-2:
267 6 b shiug 2 tg" up 2 fric:med-a:retrof-2:
267 7 * jyan 1 rup 1b tl:degem:fuse:[ya-rul:
267 8 24 1iiug 1 rup 1b tl:fric:med-a:retrof-2:
267 9 9 1iiug 1j rup 1b tl:fric:med-a:retrof-2:
268 1 # 1iiug 1 rup 1b tl:fric:med-a:retrof-2:
268 2 # iup 1 runp 1b tl:fi-r):
268 3 = iup 1 rup 1b tl:[i-r]:
268 3 £ iup 1 rup 1b tl:fi-r]:
268 3 5 iup 1 rup 1b tl:[i-r):
268 4 /N kun 1 kun Ty || il
268 | 5 boil kup 1 kup 1a | t1:
268 5 S kup 1 kup la 25112
268 | 5 w kup 1 kup la | tl:
268 6 5 kiup 1 kup la tl:y-spl-b:
268 7 =1 kiup 1 kup la tl:y-spl-b:
268 | 7 5} kiug 1 kun la | tl:y-spl-b:
268 8 * kiupg 1 kup la tl:y-spl-b:
268 9 23 kiup 1 kup la tl:y-spl-b:
269 | Bt kiup 2 kup 2 y-spl-b:
269 1 n kiug 2 kup 2 y-spl-b:
269 | 2 g kuy 3 kup 3 y-spl-b:
269 3 23 kiug 3 kup 3 y-spl-b:
269 4 3t giupg 3 kup 3 devoi:y-spl-b:
269 | 5 Z | kPiup 1 kP up la | tliy-spl-b:
269 6 il khug 2 Kb ug 2 ¢
269 | 7 B | kPiug g kP up 2 y-spl-b:
269 | 8 # | kPup 3 kD up 3 :
269 | 9 = | kbug 3 kP up 3 :
270 1 ® xyan 1 xup la t1:pal-d:vocal:fuse:coal:[cha]:rime:
270 2 Bt xun 1 xun la toly;
270 3 54 yuan 1 xup 1b tl:devoirrime:
270 4 & yuan 1 xun 1b tl:devoi:
270 5 Ead yun 1 xun 1b tl:devoi:vocal:fuse:coal:[cha}:rime:
270 6 Bt yup ik xun 1b tl:devoi:vocal:fuse:coal:[cha]:rime:
270 7 e ] yun 1 xun 1b tl:devoi:vocal:fuse:coal:[cha]:rime:
270 8 L8 yup 1 xup 1b tl:devoi:vocal:fuse:coal:{cha]:rime:
270 9 Bt xup 2 3
271 1 # ?up 1 uap la tl:pro:[schwa-ins]: cha
271 2 #® ?up 3 uap 3 pro:[schwa-ins]: cha.
271 3 b1 gyan 2 tsyp 2 devoi:rime:pal:
271 4 i 4 gyan 7 ts'hyl_] 1b asp:tl:devoi:vocal:fuse:coal:[cha]:rime:pal:
271 5 % giupg 1 ts'hyg 1b asp:tl:devoi:lab-abs:pal:
271 6 b7 xyari 1 $yn la tl:vocal:fuse:coal:[cha):rime:pal:
271 7 X xiug 1 Syp la tl:lab-abs:pal:
271 | 7 X xiug | $yp la | tl:lab-abs:pal:
271 8 [ xiup : Syp la tl:lab-abs:pal:
271 | 9 | jiup 1 $yn 1b | tl:lab-abs:[j-§):
272 | 1 # | jiup i syn 1b | tl:lab-abs:[j-é]:
272 | 2 # | ?iupg 1 yD la | tl:pro:lab-abs:
272 3 P 3 jyan 2 ¥ 2 degem:vocal:fuse:coal:[cha]:rime:
272 4 5 iupg 2 yn 2 lab-abs:
2v2 | B iil iug 3 yp 3 lab-abs:
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Appendix D

From Simplified Middle
Chinese to Modern Cantonese

For an discussion of the rule names and the exceptions, see the first section of
Appendix C.

[ PE co | ch | smc [ tn T mc [ tn [ Diachronic [ Allophonic

1 1 ] pa 1 pa: la t-split:length:

1 1 = pa 1 pa: la t-split:length:

1 2 AN pat 4 pa:t 4c t-split:ac-split:length:

1 3 #® bat 4 pat 4b t-split:devoi:

1 4 i pa 2 pa: 2a t-split:length:

1 5 il pa 3 pa: 3a t-split:length:

1 5 ] pa 3 pa 3a t-split:length:

1 6 & pa 3 pal la t-split:length:[t3-t1]:

1 7 = bai 2 pa! 3b t-split:t2-merge:devoi:length:[i-del]:

1 8 e ba 1 pha: 1b t-split:asp:devoi:length:

1 9 bl pha 3 pha: 3a t-split:length:

2 1 2] ma 1 maz: la [t-split]:length:

2 2 23 ma 1 ma: 1b t-split:length:

2 3 5 ma 2 mal 2b t-split:length:

2 4 T ma 3 maz: 3b t-split:length:

2 5 R fyat 4 fait 4c t-split:ac-split:lab-dnt’:lab-dism:length:

2 6 4 vyap 4 fat 4b t-split:devoi:lab-dnt':lab-dism:final-dism:

2 i o] vyat 4 fat 4b t-split:devoi:lab-dnt’:lab-dism:

2 8 i fyap 4 fat 4c t-split:ac-split:lab-dnt’:lab-
dism:length:final-dism:

2 9 B fyat 4 fait 4c t-split:ac-split:lab-dnt’:lab-dism:length:

3 1 ¥ tap 4 ta:p 4c t-split:ac-split:length:

3 2 -3 tap 4 ta:mp 4c t-split:ac-split:length:

3 3 & dat 4 tart 4b t-split:devoi:length:

3 4 T tan 2 ta: 2a t-split:length:[n’-del]:

3 5 X | da 3 tai 3b | t-split:devoi:

3 6 ftt tha 1 thar la t-split:length:

3 74 5 thup 4 tha:p 4c t-split:ac-split:length:

3 8 % thup 4 tha:p 4c t-split:ac-split:length:

3 9 -] thap 4 taip 4b [t-split]:length:[de-asp]:

4 1 x na 1 na: 1b t-split:length:

4 2 o] nap 4 na:p 4b t-split:length:

4 3 ol lap 4 laz la [t4-t1]):{t-split}:length:[p-i]:

4 4 L] lap 4 la:p 4b t-split:length:

4 5 # lat 4 la:t 4b t-split:length:

4 6 # tgat 4 tsait 4c t-split:ac-split:deret:length:

4 7 # dzap 4 tsalp 4b t-split:devoi:length:

4 8 : tsPat 4 tshast 4c t-split:ac-split:length:

4 9 A sa 2 sal 2a t-split:deret:length:

5 L #& tga 1 tsal la t-split:deret:length:

5 2 i tsap 4 tsait 4c t-split:ac-split:deret:length:[p-t]:

5 3 o dzap 4 tsaip 4b t-split:devoi:length:

5 4 o3 dziap 4 tsat 3a [t4-t3]):[t-split]:devoi:r-unglide:deret:length:

5 5 i tgat 4 tsait 4c t-split:ac-split:deret:length:

5 6 o dzat 4 tsait 4c [t-split]:ac-split:devoi:deret:length:

5 7 ¥ tga 3 tsa: 3a t-split:deret:length:

5 8 % tsas 3ay |8
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5 9 23 tga 3 tsa: 3a t-split:deret:length:
6 1 E dza 3 tsa: 3b t-split:devoi:deret:length:
6 2 X ts"a 1 tsha: la t-split:deret:length:
6 3 * t,ha 1 tsha: la t-split:deret:length:
6 4 ] tgPap 4 tsha:p 4c t-split:ac-split:deret:length:
6 5 * a 1 tsha: 1b t-split:fricat:asp:devoi:retrof:deret:length:
6 6 : 3 da 1 tsha: 1b t-split:fricat:asp:devoi:retrof:deret:length:
6 7 b3 dza 1 tsha: 1b t-split:asp:devoi:deret:length:
6 8 ® tahat 4 tsPast 4c t-split:ac-split:deret:length:
6 9 & t,ha 3 tsha: 3a t-split:asp:deret:length:
7 4 * tgha 3 tsha: la [t3-t1]):t-split:asp:deret:length:
7 2 4 ga 3 sal la t-split:deret:length:
T 3 L4 ga 1 sal! la t-split:deret:length:
T 4 b gat 4 sait 4c t-split:deret:length:
7 5 L] gua 2 s 1b [t2-t1]):[t-split]):r-unglide:deret:[rnd]:
7 6 ).} ka 1 ka: la t-split:length:
7 7 » ka 1 ka: la t-split:length:
7 8 X ka 1 ka: la t-split:length:
7 9 [ kai 1 kati la | t-split:length:
8 b | * kap 4 ka:p 4c t-split:ac-split:length:
8 2 * kap 4 ka:p 4c t-split:ac-split:length:
8 3 # ka 2 ka: 2a t-split:length:
8 4 .4 ka 2 kat 2a | t-split:length:
8 5 kil kap 4 ka:p 4c t-split:ac-split:length:
8 6 ;] ka 3 kat 3a | t-split:length:
8 7 L 4 ka 3 kat 3a | t-split:length:
8 8 - ka 3 ka: 3a t-split:length:
8 9 LS ka 3 ka: 3a | t-split:length:
9 1 B ka 3 ka: 3a t-split:length:
9 2 # ka 3 ka: 3a t-split:length:
9 3 5] kP ap 4 ha:p 4c t-split:ac-split:spirant:length:x-weak:
9 4 F kPa la 3
9 5 # kha.p 4 hap 4a t-split:spirant:x-weak:[!ac-split]:
9 6 F xa 1 ha: 1b [t-split): x-weak:length:
9 7 ] xat 4 hat 4b [t-split]:x-weak:
9 8 .4 ¥a | ha: 1b t-split:devoi:x-weak:length:
9 9 L Yap 4 kap 4a [t-split]:devoi:[x-kh]:[de-asp]:[!ac-split]:
10 1 L] yat 4 hat 4b t-split:devoi:x-weak:
10 2 F xac 4 hatk 4c t-split:ac-split:x-weak:length:fusion:
10 3 i ¥a 2 hat 2b t-split:devoi:x-weak:length:
10 4 ik ¥a 3 ha: 3b t-split:devoi:x-weak:length:
10 5 ) 4 ¥a 3 ha: 3b t-split:devoi:x-weak:length:
10 6 B ?a 1 ar la t-split:length:pro-a:
10 7 " ?ap 4 pa:p 4c t-split:ac-split:length:pro-a:pro-m:
10 7 L] ?ap 4 palp 4c t-split:ac-split:length:pro-a:pro-m:
10 8 ): 3 ?ap 4 palt 4a t-split:length:pro-a:pro-m:[p-t]:[!ac-split]:
10 9 ¥ pa 1 nal 1b t-split:length:
11 1 ¥* pa 1 pa: 1b t-split:length:
11 2 1 pa 2 a: la [t2-t1]):[t-split]):length:[ng-del]:
11 3 i3 ?a 2 ar 2a t-split:length:pro-a:
11 4 ¥ ?a 3 a! 3a t-split:length:pro-a:
11 5 " tgau ] tsatu 2a [t1-t2]):[t-split]:deret:length:
11 6 mn tgau 2 tsaiu 2a t-split:deret:length:
11 7 L] guat 4 tsa:it 4c t-split:ac-split:r-unglide:deret:length:[s-ts]:
11 8 k- gua 2 sal 2a t-split:r-unglide:deret:length:
11 9 LS kua 1 kwat la t-split:lab-vel:length:
12 | ] kuat 4 kwa:t 4c t-split:ac-split:lab-vel:length:
12 2 x kua 2 kwa: 2a t-split:lab-vel:length:
12 3 3 kuai 3 kwa 3a | t-split:lab-vel:length:[i-del]:
12 3 # kuai 3 kwa: 3a t-split:lab-vel:length:[i-del]:
12 4 5 | kPua 1 kP wa: la | t-splitlab-vel:length:
12 5 ¥ kMua 2 kP wa: la [t2-t1]:t-split:lab-vel:length:
12 6 B kPua 3 kP wa: 3a t-split:lab-vel:length:
12 rd * xua 1 fa: la t-split:lab-vel:f-coal:length:
12 8 i Yua 1 wal 1b t-split:length:pro-b:glide:
12 9 " guat 4 wait 4b t-split:length:pro-b:glide:
13 1 1 xua 3 fa: 3a t-split:lab-vel:f-coal:length:
13 2 ] yuai 3 wa: 2b [t3-t2):t-split:length:pro-b:glide:[i-del]:
13 3 & yuai 3 wal 3b t-split:length:pro-b:glide:[i-del]:
13 4 b/ Yuac 4 watk 4b t-split:length:fusion:pro-b:glide:
13 5 4 Tuat 4 wast 4c t-split:ac-split:length: pro-a:glide:
13 6 [ pua ) na: 2b t-split:[unglide]:length:
13 s * myat 4 mait 4b t-split:lab-dnt’:lab-dism:length:
13 8 a tak 4 tak 4a t-split:io-flip:
13 9 n tak 4 tak 4a t-split:io-flip:
14 1 £ dak 4 tak 4b t-split:devoi:io-flip:
14 2 5k lak 4 Ik 4b t-split:rnd:
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14 C) lak 4 lak 4b t-split:io-flip:

14 4 ] tsak 4 tsak 4a t-split:io-flip:

14 5 # ac 4 tsatk 4b t-split:fricat:devoi:retrof:deret:length:fusion:

14 6 # dac 4 tsatk 4b t-split:fricat:devoi:retrof:deret:length:fusion:

14 7 Bt tgac 4 tsatk 4a t-split:deret:length:fusion:[lac-split]:

14 8 L] tgiak 4 tsak 4a t-split:r-unglide:deret:io-flip:

14 9 i} tgPisk 4 tsPak 4a t-split:r-unglide:deret:io-flip:

15 1 ) tgPiak 4 tsPak 4a t-split:r-unglide:deret:io-flip:

15 2 b4 tahiac 4 tsPatk 4c t-split:ac-split:deret:length:pal-dism:fusion:

15 3 s tghac 4 tsPak 4c t-split:ac-split:deret:length:fusion:

15 4 7 sisp 4 sap 4a t-split:r-unglide:deret:io-flip:

15 5 = siat 4 sat 4a t-split:r-unglide:deret:io-flip:

15 6 ﬁ siak 4 sik 4a t-split:deret:color:

15 7 & siak 4 sik 4a t-split:deret:color:

15 8 i tsia 1 tse la t-split:sharp:retrof:deret:unglide:

15 9 #H tiat 4 tsit 4c t-split:ac-split:fricat:retrof:deret:io-flip:rime:

16 1 i téiat 4 tsit 4c t-split:ac-split:retrof:deret:io-flip:rime:

16 2 & tsia 2 tse 2a t-split:sharp:retrof:deret:unglide:

16 3 i tsiat 4 tsit 4c t-split:ac-split:retrof:deret:io-flip:rime:

16 4 E =4 téhia 1 tshe la t-split:sharp:retrof:deret:unglide:

16 5 Ht tghia 2 tsPe 2a t-split:sharp:r-unglide:deret:

16 6 i1 thiat 4 tsPit 4c t-split:ac-split:fricat:retrof:deret:io-flip:rime:

16 6 i thiat 4 tshit 4c t-split:ac-split:fricat:retrof:deret:io-flip:rime:

16 7 §t dzia 1 se 1b t-split:affric:devoi:sharp:retrof:deret:unglide:

16 8 & dziat 4 sit 4b t-split:affric:devoi:retrof:deret:io-flip:rime:

16 9 & Sia 2 se 2a t-split:sharp:retrof:deret:unglide:

17 1 # Sia &3 se 3a t-split:sharp:retrof:deret:unglide:

17 2 & Sia 3 se 3a t-split:sharp:retrof:deret:unglide:

17 3 H zia 2 s€ 2b t-split:devoi:sharp:retrof:deret:unglide:

17 4 5 dzia 3 se 3b t-split:affric:devoi:sharp:retrof:deret:unglide:

17 5 » ziap 4 sip 4c [t-split):ac-split:devoi:retrof:deret:io-
flip:rime:

17 6 4 siat 4 tsit 4c t-split:ac-split:retrof:deret:io-flip:rime:[s-ts]:

17 7 x riia 2 je 2b t-split:sharp: pro-d:glide:

17 8 " iiat 4 jit 4b t-split:io-flip:rime:pro-d:glide:

17 9 ® ka 1 k> la t-split:rnd:

18 1 ] kap 4 kap 4c t-split:ac-split:[back.a-fronted):

18 2 # kat 4 kot 4c t-split:ac-split:rnd:

18 3 L) kak 4 kok 4c t-split:ac-split:rnd:

18 4 Liid kac 4 katk 4c t-split:ac-split:length:fusion:

18 5 L] kac 4 katk 4c t-split:ac-split:length:fusion:

18 6 £ kac 4 katk 4c t-split:ac-split:length:fusion:

18 7 i ka 3 k> 3a | t-split:rnd:

18 8 & kak 4 kok 4c t-split:ac-split:rnd:

18 9 # kP ua 1 fa la t-split:spirant:lab-vel:f-coal:rnd:

19 1 B kP ua 1 > la t-split:spirant:lab-vel:f-coal:rnd:

19 2 L kP ua 2 o 2a t-split:spirant:lab-vel:f-coal:rnd:

19 3 7 kP ak 4 hok 4c t-split:ac-split:spirant:x-weak:back-asm:rnd:

19 4 | kPa 2 h> 2a t-split:spirant:x-weak:rnd:

19 & & kPat 4 hot 4a t-split:spirant:x-weak:rnd:[!ac-split]:

19 6 iR kPua 3 f> 3a t-split:spirant:lab-vel:f-coal:rnd:

19 7 % kPak 4 hak 4a t-split:spirant:x-weak:io-flip:

19 8 % kPak 4 hak 4a t-split:spirant:x-weak:io-flip:

19 9 % kPac 4 hatk 4c t-split:ac-split:spirant:x-weak:length:fusion:

20 1 fa ¥a 1 ho 1b t-split:devoi:x-weak:rnd:

20 2 ol ¥a 1 ho 1b t-split:devoi:x-weak:rnd:

20 3 C] ¥a 1 ho 1b t-split:devoi:x-weak:rnd:

20 4 ES yua 1 wd 1b t-split:rnd: pro-b:glide:

20 5 f yua 1 wa 1b t-split:rnd:pro-b:glide:

20 6 & ¥ap 4 hap 4b t-split:devoi:x-weak:[back_a-fronted]:

20 i & ¥ap 4 hap 4b t-split:devoi:x-weak:[back_a-fronted]:

20 8 3 ¥ac 4 hak 4b t-split:devoi:x-weak:fusion:

20 9 4 ¥a 3 h> 3b t-split:devoi:x-weak:rnd:

21 1 #® pa 1 Dd 1b t-split:rnd:

21 1 L na 18 BB 1b t-split:rnd:

21 1 ] pa 1 bE) 1b t-split:rnd:

21 2 it pua 1 BB 1b t-split:unglide:rnd:

241 3 # pac 4 patk 4b t-split:lerigth:fusion:

21 4 " pa 3 bE] 3b t-split:rnd:

21 5 B Pak 4 ok 4c t-split:ac-split:rnd:pro-a:

21 6 i pua 1 p> la t-split:lab-dism:rnd:

21 T ] pua 1 p2 3a {t1-t3]):t-split:lab-dism:rnd:

211 8 b4 pPua 1 p> la t-split:lab-dism:rnd:[de-asp]:

21 9 #® puat 4 put 4b [t-split]:lab-dism:rnd: rnd-adj:

22 1 # pak 4 pok 4a t-split:back-asm:rnd:[lac-split):

22 2 . ; pak 4 pok 4c t-split:ac-split:rnd:

22 3 ¥ pak 4 pak 4c t-split:ac-split:back-asm:rnd:
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22 4 ] pac 4 pak 4c t-split:ac-split:fusion:
22 5 % pua 2! P2 2a t-split:lab-dism:rnd:
22 6 * pua 3 p2 3a t-split:lab-dism:rnd:
22 7 w ph ua 1 pha la t-split:lab-dism:rnd:
22 8 ] ph ua 1 pho la t-split:lab-dism:rnd:
22 9 2 4 pPuat 4 phut 4a t-split:lab-dism:rnd:['ac-split]: rnd-adj:
23 ¥ -3 bua B ph:) 1b t-split:asp:devoi:lab-dism:rnd:
23 2 L] phuu 3 phs 3a t-split:lab-dism:rnd:
23 3 bzl pac 4 pik 4a t-split:fusion:[a-i]:[lac-split]:
23 4 # mak 4 m> 2a [t4-t2]:[t-split]):rnd:[k-del]:
23 5 e mua 1 mod la [t-split]:lab-dism:rnd:
23 5 | 4 mua 1 mo> la [t-split]:lab-dism:rnd:
23 6 B mua 1 mo 1b t-split:lab-dism:rnd:
23 7 H mo 1 mou 1b t-split:raise: brk-b:
23 8 73 muat 4 mut 4c [t-split):ac-split:lab-dism:rnd: rnd-adj:
23 9 B mua 3 mo> 3b t-split:lab-dism:rnd:
24 1 ES muat 4 mut 4c [t-split):ac-split:lab-dism:rnd: rnd-adj:
24 2 23 muat 4 mut 4b t-split:lab-dism:rnd: rnd-adj:
24 3 4 muat 4 mut 4b t-split:rime:
24 4 ® mak 4 mok 4b t-split:rnd:
24 5 2 mak 4 mak 4b t-split:io-flip:
24 6 LS moak 4 mak 4b | t-split:io-flip:
24 1 % vyat 4 fat 4b t-split:devoi:lab-dnt”lab-dism:io-flip:
24 8 % ta 1 to la t-split:rnd:
24 9 F duat 4 tyt 4b t-split:devoi:rnd: rnd-adj:degem:acute:
25 1 * tua 2 to 2a t-split:rnd:unglide:
25 2 % tua 2 to 2a t-split:rnd:unglide:
25 3 1 dua 2 to 3b t-split:t2-merge:devoi:rnd:unglide:
25 4 # tha 1 thy la t-split:rnd:
25 5 € tha 1 tha; la t-split:length:
2 5 6 B thuat 4 thyt 4c t-split:ac-split:rnd: rnd-adj:degem:acute:
25 g Ei thak 4 thok 4c t-split:ac-split:rnd:
25 11 Ein thak 4 thok 4c t-split:ac-split:rnd:
25 8 L'S da 1 thy 1b t-split:asp:devoi:rnd:
25 8 L da 1 ths 1b t-split:asp:devoi:rnd:
25 9 %z thua 2 thy 2b [t-split]):rnd:unglide:
26 1 ] na 1 ns 1b t-split:rnd:
26 2 = nua 3 ns 3a [t-split]:rnd:unglide:
26 3 ¥ la 1 Ib 1b t-split:rnd:
26 3 » la i Ib 1b t-split:rnd:
26 4 E ] la 1 lo 1b t-split:rnd:
26 5 L ] lua 1 Ib 1b t-split:rnd:unglide:
26 6 e lak 4 Iok 4c t-split:ac-split:rnd:
26 6 % lak 4 ok 4c t-split:ac-split:rnd:
26 6 5% lak 4 Ik 4c t-split:ac-split:rnd:
26 7 # | lak 4 Iok 4b | t-split:rnd:
26 8 L3 dzak 4 tsok 4b t-split:devoi:rnd:
26 9 [} dzak 4 tsok 4b t-split:devoi:rnd:
2.7 1 % tsa 2 ts> 2a t-split:rnd:
27 2 A dzua 2 tshs 3b t-split:t2-merge:asp:devoi:rnd:unglide:
27 3 B dzua 2 tso> 3b t-split:t2-merge:devoi:rnd:unglide:
27 4 % tso 3 tsou 3b [t-split]raise: brk-b:
27 5 fE tsak 4 tsok 4c t-split:ac-split:rnd:
27 6 # tsha 1 tshs la t-split:rnd:
27 7 H tsho 3 tshs 3a t-split:
27 8 3* sua 1 s la t-split:rnd:unglide:
27 9 " sua 1 s2 la t-split:rnd:unglide:
28 1 4 giuk 4 suk 4a t-split:unglide:deret:
28 2 ] sua 2 s 2a t-split:rnd:unglide:
28 3 ] sua 2 s 2a t-split:rnd:unglide:
28 4 3 gio 2 s 2a t-split:r-unglide:deret:
28 5 #® sak 4 sok 4c t-split:ac-split:rnd:
28 6 it tiyat 4 tsyt 4c t-split:ac-split:retrof:deret:io-flip:rime:
28 7 5 fak 4 tseek 4c t-split:ac-split:fricat:retrof:deret:[a-oe]:
28 8 #” tpak 4 tsuk 4c t-split:ac-split:deret:back-asm:rnd: rnd-adj:
28 9 * diak 4 tseek 4b t-split:devoi:fricat:retrof:deret:back-
asm:rnd:color:
29 1 fud dak 4 tsuk 4b t-split:devoi:fricat:retrof:deret:back- rnd-adj:
asm:rnd:
29 2 k- ] dz.ak 4 tsuk 4b t-split:devoi:deret:back-asm:rnd: rnd-adj:
29 3 B thak 4 tsh ek 4c t-split:ac-split:fricat:retrof:deret:[a-oe]:
29 4 Bt Syat 4 syt 4c t-split:ac-split:retrof:deret:io-flip:rime:
29 5 & niak 4 jeek 4c {t-split):ac-split:back-asm:rnd:color:pro-
d:glide-ins:
29 6 ) fdiak 4 joek 4b t-split:back-asm:rnd:color:pro-d:glide-ins:
29 7 ] kua 1 wd la t-split:lab-vel:rnd:[kw-w]:
29 8 w kuak 4 kwok 4c t-split:ac-split:lab-vel:rnd:
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29 9 5] kuak 4 kwok 4c t-split:ac-split:lab-vel:io-flip:back-asm:rnd:

30 1 ® kua 2 kwa 2a t-split:lab-vel:rnd:

30 1 E 3 kua 2) kwo 2a t-split:lab-vel:rnd:

30 2 i kua 3 kw> 3a t-split:lab-vel:rnd:

30 3 i kP uat 4 fut 4c t-split:ac-split:spirant:lab-vel:f-coal:rnd: rnd-adj:

30 4 % kuat 4 kP ut 4c t-split:ac-split:rnd:[asp]: rnd-adj:degem:

30 5 ¥ kP ak 4 kP wak 4a t-split:rnd:[x-lab]:[lac-split]:

30 6 i yuat 4 ut 4b t-split:rnd:pro-b: rnd-adj:degem:

30 7 X xua 2 fo 2a t-split:lab-vel:f-coal:rnd:

30 8 t* xua 2 fa 2a t-split:lab-vel:f-coal:rnd:

30 9 B xua 3 fa 3a t-split:lab-vel:f-coal:rnd:

31 1 " Yua 2 wd 3b t-split:t2-merge:rnd:pro-b:glide:

31 2 il yua 3 wo 3b t-split:rnd:pro-b:glide:

31 3 = yuak 4 wak 4b t-split:io-flip:pro-b:glide:

31 4 % Yuac 4 wok 4b t-split:fusion:back-asm:rnd:pro-b:glide:

31 5 = ?ua 1 wd la t-split:glide:rnd:

31 6 ® pa 2 o 2b t-split:rnd:

31 % 23 pua 3 Do 3a t-split:rnd:unglide:

31 8 & ?ak 4 ak 4a t-split:pro-a:[lac-split):

31 9 = piat 4 pit 4c t-split:ac-split:io-flip:rime:

32 b | biat 4 pit 4b | t-split:devoi:io-flip:rime:

32 2 i pPiat 4 phit 4a t-split:io-flip:rime:[lac-split]:

32 3 X miat 4 mit 4b t-split:io-flip:rime:

32 4 E 2 tia 1 te 4a [t1-t4]):t-split:retrof:deret:io-
flip:unglide:[!fricat]:

32 5 23 diat 4 tit 4a [t-split):devoi:io-flip:rime:[!ac-split]:

32 6 L3 diap 4 tip 4b t-split:devoi:io-flip:rime:

32 6 i diap 4 tip 4b t-split:devoi:io-flip:rime:

32 @ -3 diap 4 tip 4b t-split:devoi:io-flip:rime:

32 8 23 diap 4 tip 4b t-split:devoi:io-flip:rime:

32 9 ¥ thiap 4 thip 4c t-split:ac-split:io-flip:rime:

33 1 ] thiap 4 thip 4c t-split:ac-split:io-flip:rime:

38} 2 23 thiat 4 thit 4c t-split:ac-split:io-flip:rime:

33 8 2 niat 4 nip 4b t-split:io-flip:rime:[t-p]:

33 4 # liap 4 lip 4b t-split:io-flip:rime:

33 5 1] liat 4 lit 4b :rime:

33 5 2| liat 4 lit 4b :rime:

33 6 | ® | liat 4 | it 4b | t-split:io-flip:rime:

33 @ % lyat 4 lyt 4c [t-split]:ac-split:io-flip:rime:

38 8 -3 kai 1 kaz:i la t-split:length:

33 9 B kai 1 kati la t-split:length:

34 1 2] kai 1 kati la t-split:length:

34 2 3 tsiap 4 tsip 4c t-split:ac-split:io-flip:rime:

34 3 & kiat 4 kit 4c t-split:ac-split:io-flip:rime:

34 4 R | giat 4 kit 4b | t-split:devoi:io-flip:rime:

34 5 T tsiat 4 tsit 4c t-split:ac-split:io-flip:rime:

34 6 i1 kiat 4 kit 4c t-split:ac-split:io-flip:rime:

34 i7 i dziat 4 tsit 4b t-split:devoi:io-flip:rime:

34 8 W tsia 2 tse 2a t-split:sharp:unglide:

34 9 # kai 2 kazi 2a t-split:length:

35 1 & tsia 3 tse 3a t-split:sharp:unglide:

35 2 r kai 3 kazi 3a t-split:length:

35 3 i3 kai 3 kai 3a t-split:

35 3 7 kai 3 kai 3a t-split:

35 3 I kai 3 kai 3a t-split:

35 4 i kai 3 kai 3a t-split:

35 5 b} tsPiat 4 tsPit 4c t-split:ac-split:io-flip:rime:

35 6 i gia 1 kPe 1b t-split:asp:devoi:sharp:unglide:

35 74 H tsPia 2 tshe 2a t-split:sharp:unglide:

35 8 % khia.p 4 hip 4c t-split:ac-split:spirant:x-weak:io-flip:rime:

35 9 - sia s s€ la t-split:sharp:unglide:

36 1 B xiat 4 hit 4c t-split:ac-split:x-weak:io-flip:rime:

36 2 kil zia 1 tse 1b t-split:affric:devoi:sharp:unglide:

36 3 L3 Yai 1 ha:i 1b t-split:devoi:length:

36 4 ) yiap 4 hip 4b t-split:devoi:io-flip:rime:

36 5 5 sia 2 sE 2a t-split:sharp:unglide:

36 6 i xyat 4 hyt 4c t-split:ac-split:x-weak:io-flip:rime:

36 g EC sia 3 sE 3a t-split:sharp:unglide:

36 8 H sia 3 se 3a t-split:sharp:unglide:

36 9 ] zia 3 tse 3b t-split:affric:devoi:sharp:unglide:

37 1 L yai 3 hati 3b t-split:devoi:length:

37 2 3 Yai 2 hati 2b t-split:devoi:length:

37 3 i siat 4 sit 4c t-split:ac-split:io-flip:rime:

37 4 L5 Tiat 4 jit 4c t-split:ac-split:io-flip:rime:pro-a:glide-ins:

37 5 # | ia 2 ja: 2b | t-split:glide:length:

37 6 L3 ia 2 je 2b t-split:glide:sharp:

37 74 & | ia 3 je 1b | [t3-t1]:t-split:glide:sharp:
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37 8 3 iap 4 jip 4b t-split:glide-ins:io-flip:rime:

37 9 ik piap 4 jip 4b t-split:io-flip:rime:pro-c:glide-ins:

38 1 © piak 4 jeek 4b t-split:pro-c:glide-ins:back-asm:rnd:color:

38 1 a piak 4 jeek 4b t-split:pro-c:glide-ins:back-asm:rnd:color:

38 2 L] liak 4 leek 4b t-split:back-asm:rnd:color:

38 3 s dzyat 4 tsyt 4b t-split:devoi:io-flip:rime:

38 4 ] gyat 4 kwat 4b t-split:devoi:y-split:lab-vel:

38 5 ®w kyat 4 k" yt 4a t-split:io-flip:rime:[asp]:[tac-split):

38 6 b1 kak 4 kok 4c t-split:ac-split:back-asm:rnd:

38 7 " khyat 4 kP yt 4c t-split:ac-split:io-flip:rnd:

38 8 # kPiak 4 kP ek 4c t-split:ac-split:back-asm:rnd:color:

38 9 L] kP ak 4 KMok 4c t-split:ac-split:rnd:

39 1 % xya 1 hee la t-split:x-weak:sharp:color:

39 2 " siat 4 sit 4c t-split:ac-split:io-flip:rime:

39 3 Bl siak 4 scek 4c t-split:ac-split:back-asm:rnd:color:

39 4 ¥ yak 4 hok 4b t-split:devoi:back-asm:rnd:

39 5 - | syat 4 syt 4c t-split:ac-splitiio-flip:rime:

39 6 L) Piak 4 jeek 4c t-split:ac-split:pro-a:glide-ins:back-
asm:rnd:color:

39 7 B yat 4 Jyt 4b t-split:glide-ins:io-flip:rime:

39 8 ()] yat 4 jyt 4b t-split:glide-ins:io-flip:rime:

39 9 A pyat 4 Jyt 4b t-split:io-flip:rime:pro-c:glide-ins:

40 1 i yat 4 Jyt 4b t-split:glide-ins:io-flip:rime:

40 2 & pak 4 pak 4b t-split:back-asm:rnd:

40 3 3 pak 4 pok 4b t-split:back-asm:rnd:

40 4 4 tsi 1 tsi la t-split:

40 5 E3 tsi 1 tsi la t-split:

40 6 ¥ tsi 1 tsi la t-split:

40 7 -4 tsi 1 tsi la t-split:

40 8 ® tsi 2 tsi 2a t-split:

40 9 L tsi 2 tsi 2a t-split:

41 1 F | tsi 2 tsi 2a | t-split:

41 2 =] dzi 3 tsi 3b t-split:devoi:

41 3 | F | dai 3 tsi 3b | t-split:devoi:

a1 4 M| el 1 tshi la | t-split:

41 5 x tshi i tshi la t-split:

41 6 ® dzi 1 tshi 1b t-split:asp:devoi:

41 7 ® dzi 1 tshi 1b t-split:asp:devoi:

41 7 ] dzi 1 tshi 1b t-split:asp:devoi:

41 8 .3 zi 1 tshi 1b t-split:affric:asp:

41 9 A zi 1 tshi 1b t-split:affric:asp:

41 9 i zi 1 tshi 1b t-split:affric:asp:

42 1 | eshi 2 tshi 2a | t-split:

42 2 L] tshi 3 tshi 3a t-split:

42 3 w tshi 3 tsPi 3a t-split:

42 4 Bl si 1 si la t-split:

42 5 ] si 1 si la t-split:

42 5 w si 1 si la t-split:

42 6 L si 1 si la | t-split:

42 7 a@ si 1 si la t-split:

42 8 g si 1 si la t-split:

42 9 % | si 2 si 2a | t-split:

43 1 1] si 3 tshi 3a t-split:[asp):[s-ts]:

43 2 si 3 si 3a t-split:

43 3 L] si 3 si 3a t-split:

43 4 ®l zi 2 tshi 2b t-split:affric:asp:

43 5 i zi 2 si 3b t-split:t2-merge:devoi:

43 6 £ zi 3 tsi 3b t-split:affric:devoi:

43 7 o] zi 3 tsi 3b t-split:affric:devoi:

43 8 Fal ti 1 tsi la t-split:fricat:retrof:deret:

43 9 - | ti o F tsi la t-split:fricat:retrof:deret:

44 1 % tsi 1 tsi la | t-split:retrof:deret:

44 2 B téi b tsi la t-splitiretrof:deret:

44 2 4 ts$i 1 tsi la t-split:retrof:deret:

44 3 s tsi 1 tsi la t-split:retrof:deret:

44 4 z téi 1 tsi la t-split:retrof:deret:

44 5 2 téi 1 tsi la t-split:retrof:deret:

44 6 e téiap 4 tsap 4a t-split:retrof:deret:io-flip:unglide:

44 T ] tsiak 4 tsik 4a t-split:retrof:deret:rime:

44 8 " téiac 4 tsek 4c t-split:ac-split:sharp:pal-dism:fusion:

44 9 o) tdiap 4 tsap 4a t-split:retrof:deret:io-flip:unglide:

45 1 €3 diat 4 tsat 4b t-split:fricat:devoi:retrof:deret:io-
flip:unglide:

45 2 - disk 4 tsik 4b t-split:fricat:devoi:retrof:deret:rime:

45 3 1.3 disk 4 tsik 4b t-split:fricat:devoi:retrof:deret:rime:

45 4 H ziok 4 tsik 4b t-split:affric:devoi:retrof:deret:rime:

45 5 Lid tdiak 4 tsik 4a t-split:iretrof:deret:rime:
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45 6 | & tsi 2 tsi 2a t-splitiretrof:deret:
45 7 R tsi 2 tsi 2a t-split:retrof:deret:
45 8 B tsi 2 tsi 2a t-split:retrof:deret:
45 9 #H tsi 2 tsi 2a t-split:retrof:deret:
46 1 it tsi 2 tsi 2a t-split:retrof:deret:
46 1 1k tsi 2 tsi 2a t-split:retrof:deret:
46 2 % tsiai 3 tsai 3a t-split:retrof:deret:pal-dism:
46 o) -1 ti 3 tsi 3a t-split:fricat:retrof:deret:
46 4 > ti 3 tsi 3a t-split:fricat:retrof:deret:
46 5 E tsi 3 tsi 3a t-split:retrof:deret:
46 6 B ti 3 tsi 3a t-split:fricat:retrof:deret:
46 10 & tsi 3 tsi 3a t-split:retrof:deret:
46 7 & tsi 8 tsi 3a t-split:retrof:deret:
46 8 % tsi 8 tsi 3a t-split:retrof:deret:
46 9 biil di 3 tsi 3b t-split:fricat:devoi:retrof:deret:
47 1 R tsiat 4 tsat 4a t-split:retrof:deret:io-flip:unglide:
47 2 "z kPiac 4 hek 4c t-split:ac-split:spirant:x-weak:sharp:pal-
dism:fusion:
47 3 i1 di 1 tshi 1b t-split:asp:fricat:devoi:retrof:deret:
47 4 L] di Ji tsPi 1b t-split:asp:fricat:devoi:retrof:deret:
47 5 B di 1 tsPi 1b t-split:asp:fricat:devoi:retrof:deret:
47 6 19 %1 1 tsPi b t-split:asp:affric:devoi:retrof:deret:
47 4 Bt thi 2 tshi 2a t-split:fricat:retrof:deret:
47 8 ] tshi 2 tshi 2a t-split:retrof:deret:
47 9 R téPiac 4 tsPek 4c t-split:ac-split:sharp:retrof:deret:pal-
dism:fusion:
48 1 i1 $i 3 tshi 3a t-split:retrof:deret:[asp]:[s-ts):
48 2 # tsPiac 4 tsik 4c t-split:ac-split:retrof:deret:io-
flip:rime:fusion:[de-asp]:
48 3 1 $i 1 si la t-split:retrof:deret:
48 4 i st 1 si la t-split:deret:
48 5 % si 1 si la t-split:deret:
48 6 L $i 1 si la t-split:retrof:deret:
48 1 ¥ $i 1 si la t-split:retrof:deret:
48 8 [ Siap 4 sap 4a t-split:retrof:deret:io-flip:unglide:
48 9 LY giat 4 sat 4a t-split:r-unglide:deret:io-flip:
49 1 * Siat 4 sat 4a t-split:retrof:deret:io-flip:unglide:
49 2 L S 1 si 1b | t-split:devoi:retrof:deret:
49 3 i %iap 4 sap 4b t-split:devoi:io-flip:unglide:
49 4 1 Ziap 4 sap 4b t-split:devoi:io-flip:unglide:
49 5 ' dziat 4 sat 4b t-split:affric:devoi:io-flip:unglide:
49 6 ® dziak 4 sik 4b t-split:affric:devoi:rime:
49 74 B | dzisk 4 sik 4b | t-split:affric:devoi:rime:
49 8 iR Siak 4 sik 4a t-split:retrof:deret:rime:
49 9 ) Ziac 4 sek 4b t-split:devoi:sharp:retrof:deret:pal-
dism:fusion:
50 1 3 $i 2 tshi 2a t-split:retrof:deret:[asp]:[s-ts):
50 2 B $i 2 si 2a t-split:retrof:deret:
50 3 L ] st 2 si 2a t-split:deret:
50 4 1 st 2 si 2a t-split:deret:
50 5 L] st 2 sai 2a t-split:deret:[a-ins):
50 6 ] $i 2 tsPi 2a t-split:retrof:deret:[asp]:[s-ts]:
50 7 it diai 3 sai 3a t-split:retrof:deret:io-flip: pal-dism: brk-d:
50 T ) Siai 3 sai 3a t-split:retrof:deret:io-flip: pal-dism: brk-d:
50 8 ® Ziai 3 sai 3b t-split:devoi:retrof:deret:io-flip:pal-dism: brk-d:
50 9 P %i 2 si 3b t-split:t2-merge:devoi:retrof:deret:
51 | R dzi 3 si 3b t-split:affric:devoi:retrof:deret:
51 2 ) zi 3 si 3b t-split:devoi:retrof:deret:
51 3 5 dzi 2 si 3b t-split:t2-merge:devoi:deret:[asp):
51 4 b dzi 2 si 3b t-split:t2-merge:devoi:deret:[asp]:
51 5 3 dzi 3 si 3b t-split:asp:devoi:deret:
51 6 i $i 3 si 3a t-split:retrof:deret:
51 i i1 zi 2 si 2b t-split:devoi:retrof:deret:
51 8 ¥ Zi 2 si 2a [t-split]:devoi:retrof:deret:
51 9 -1 Siat 4 sat 4a t-splitiretrof:deret:io-flip:unglide:
52 1 boo siak 4 sik 4a t-split:retrof:deret:rime:
52 2 & Siac 4 sik 4a t-split:retrof:deret:io-flip:rime:fusion:[lac-
split]:
52 3 5] fiat 4 jat 4b t-split:io-flip:pro-d:glide:
52 4 L Al 1 ji la [t-split):pro-d:glide-ins:
52 5 m i 1 ji 1b t-split:pro-d:glide-ins:
52 6 h:4 Ai 2 i 2b t-split:pro-d:glide-ins:
52 76 = 1ii 3 ji 3b t-split:pro-d:glide-ins:
52 8 iR piak 4 pik 4a t-split:rime:
52 9 3 bi 3 pei 3b t-split:devoi: brk-a:
53 1 4 pi 2 pei 2a t-split: brk-a:
53 2 34 pi 2 pei 2a t-split: brk-a:
53 3 B pi 2 pPei 2b [t-split]:[asp]: brk-a:
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53 4 piat 4 pat 4a t-split:io-flip:unglide:

53 5 3 piai 3 pai 3a t-split:io-flip:pal-dism: brk-d:
53 6 3 biai 3 pai 3b t-split:devoi:io-flip:pal-dism: brk-d:
53 6 = biai 3 pai 3b t-split:devoi:io-flip:pal-dism: brk-d:
53 6 ] biai 3 pai 3a [t-split):devoi:io-flip:pal-dism: brk-d:
53 Z . biai 3 pai 3b t-split:devoi:io-flip:pal-dism: brk-d:
58 8 2] piai 3 pai 3a t-split:io-flip:pal-dism: brk-d:
53 9 B pi 3 pei 3a t-split: brk-a:
54 1 it bi 3 pei 3b t-split:devoi: brk-a:
54 2 -4 bi 3 pei 3a [t-split]:devoi: brk-a:
54 3 LS piat 4 pat 4a it:io-flip:unglide:

54 4 & piat 4 pit 4a rime

54 5 2 piac 4 pik 4a -flip:rime:fusion:[!ac-split]:

54 6 2 piac 4 pik 4a t-split:io-flip:rime:fusion:[!ac-split]:

54 14 it phiai 1} pha.l la t-split:io-flip:pal-dism: brk-d:
54 8 #® pi 1 Phel la t-split: brk-a:
54 9 L] phiac 4 phik 4a t-split:io-flip:rime:fusion:[!ac-split]:

55 1 B bi 1 pPei 1b t-split:asp:devoi: brk-a:
55 2 o bi 1 phei 1b t-split:asp:devoi: brk-a:
55 8 » bi 1 phei 1b t-split:asp:devoi: brk-a:
55 4 T phiat 4 pha.t 4a t-split:io-flip:unglide:

55 5 e phi 3 phei 3a t-split: brk-a:
55 6 54 phi 3 phei 3a t-split: brk-a:
55 7 * miai 1 mai 1b t-split:io-flip:pal-dism: brk-d:
55 8 B3 miai 1 mai 1b t-split:io-flip:pal-dism: brk-d:
55 9 x miai 2 mai 2b t-split:io-flip:pal-dism: brk-d:
56 1 W pi 3 pei 3a brk-a:
56 | 2 | B | mist 4 | mat 1b

56 3 - 1 miat 4 mat 4b

56 4 L) miac 4 mik 4b -flip:rime:fusion:

56 5 i tiai 1 tai la t-split:pal-dism:

56 6 8 | tiai 1 thai 1b | [t-split):pal-dism:[asp]:

56 7 L] tiac 4 tik 4a t-split:io-flip:rime:fusion:[!ac-split]:

56 8 i ] tiac 4 tik 4a t-split:io-flip:rime:fusion:[!ac-split]:

56 9 & diac 4 tik 4b t-split:devoi:io-flip:rime:fusion:

57 )¢ % diac 4 tik 4b t-split:devoi:io-flip:rime:fusion:

57 1 ] diac 4 tik 4b t-split:devoi:io-flip:rime:fusion:

57 2 ::4 tiai 2 tai 2a | t-split:io-flip:pal-dism: brk-d:
57 3 3 tiai 2 tai 2a io-flip:pal-dism: brk-d:
57 3 | tiai 2 tai 2a -flip:pal-dism: brk-d:
57 4 & tiai 3 tai 3a t-split:io-flip:pal-dism: brk-d:
57 5 £ diai 2 tai 3b | t-split:devoi:io-flip:pal-dism: brk-d:
57 6 i) diai 3 tai 3b t-split:devoi:io-flip:pal-dism: brk-d:
57 L  } diai 3 tai 3b t-split:devoi:io-flip:pal-dism: brk-d:
57 8 L di 3 tei 3b t-split:devoi: brk-a:
57 9 B thiai 1 thai la t-split:pal-dism:

58 1 3 thiac 4 thek 4c t-split:ac-split:sharp:pal-dism:fusion:

58 2 ] thiac 4 thik 4a t-split:io-flip:rime:fusion:(!ac-split]:

58 3 a diai 1 thai 1b t-split:devoi:io-flip:pal-dism: brk-d:
58 4 " diai 1 thai 1b t-split:asp:devoi:io-flip:pal-dism: brk-d:
58 5 L diai 1 thai 1b t-split:asp:devoi:io-flip:pal-dism: brk-d:
58 6 B diai 1 thai 1b t-split:asp:devoi:io-flip:pal-dism: brk-d:
58 7 # | thiai 2 thai 2a | t-splitiio-flip:pal-dism: brk-d:
58 8 % | thiai 3 thaj 3a | t-splitiio-Aip:pal-dism: brk-d:
58 9 - thiai 3 thai 3a t-split:io-flip:pal-dism: brk-d:
59 1 ] thiai 3 thai 3a t-split:io-flip:pal-dism: brk-d:
59 2 () niai 1 nai 1b t-split:io-flip:pal-dism: brk-d:
59 3 e ni 1 nei 1b t-split: brk-a:
59 4 # ni 2 nei 2b t-split: brk-a:
59 5 [ ni 3 nei 3b t-split: brk-a:
59 6 g piac 4 patk 4b t-split:length:pal-dism:fusion:

59 7 z liai 1 lai 1b | t-split:io-flip:pal-dism: brk-d:
59 8 R liai 1 lai 1b t-split:io-flip:pal-dism: brk-d:
59 9 L I 1 lei 1b | t-split: brk-a:
60 1 | 1 lei b | t-split: brk-a:
60 2 ®H |l 1 lei 1b | t-split: brk-a:
60 3 B [ 1 lei 1b | t-split: brk-a:
60 4 = li i lei 1b | t-split: brk-a:
60 5 AL liai 2 lai 2b | t-split:io-flip:pal-dism: brk-d:
60 6 B li 2 lei 2b | t-split: brk-a:
60 6 g2 i 2 lei 2b t-split: brk-a:
60 6 L) li 2 lei 2b | t-split: brk-a:
60 7 * | h 2 lei 2b | t-split: brk-a:
60 8 L] Ii 2 lei 2b t-split: brk-a:
60 9 & liai 3 lai 3b t-split:io-flip:pal-dism: brk-d:
61 1 7] liai 3 lai 3b t-split:io-flip:pal-dism: brk-d:
61 2 L] liai 3 lai 3b t-split:io-flip:pal-dism: brk-d:
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61 3 | ® liai 3 tai 3b t-split:io-flip:pal-dism:[1-t): brk-d:
61 4 A 3 lei 3b | t-split: brk-a:
61 5 M| 3 lei 3b | t-split: brk-a:
61 6 1 [ T 3 lei 3b | t-split: brk-a:
61 7 A liap 4 lap 3b [t4-t3]:t-split:io-flip:unglide:

61 8 L liap 4 lap 4a [t-split]:io-fAip:unglide:

61 9 x liat 4 leet 4b t-split:pre-color:color:

62 1 h liak 4 lik 4b t-split:rime:

62 2 il liac 4 lik 4b t-split:io-flip:rime:fusion:

62 2 i liac 4 lik 4b t-splitiio-flip:rime:fusion:

62 3 L] kiai 1 kai la | t-split:pal-dism:

62 4 * ki 1 kei la t-split: brk-a:
62 5 Y| ki 1 kei la | t-split: brk-a:
62 6 JL ki 1 kei la t-split: brk-a:
62 4 Bl ki 1 kei la t-split: brk-a:
62 7 Wl ki 1 kei la t-split: brk-a:
62 i [ ki 1 kei la t-split: brk-a:
62 8 ® tsiac 4 tsik 4a t-split:io-flip:rime:fusion:['ac-split]:

62 9 € kiac 4 kik 4a t-split:io-flip:rime:fusion:[!ac-split]:

63 1| i kiac 4 kik 4a t-split:io-flip:rime:fusion:['ac-split):

63 2 * dziap 4 tsap 4b t-split:devoi:io-flip:unglide:

63 3 2 kisap 4 kap 4a t-split:io-flip:unglide:

63 4 % kiap 4 kPap 4a t-split:io-flip:unglide:[asp):

63 5 B giap 4 khap 4b t-split:asp:devoi:io-flip:unglide:

63 6 # dziat 4 tsat 4b t-split:devoi:io-flip:unglide:

63 7 #H kiat 4 kat 4a | t-splitiio-flip:unglide:

63 8 Bp tsiak 4 tsik 4a t-split:irime:

63 9 " gisk 4 kik 4b t-split:devoi:rime:

64 1 ¥ tsiac 4 tsik 4c t-split:io-flip:rime:fusion:

64 2 w dziac 4 tsik 4b t-split:devoi:io-flip:rime:fusion:

64 3 # tsiai 2 tsai la [t2-t1]:t-split:pal-dism:

64 4 (=1 ki 2 kei 2a t-split: brk-a:
64 5 JL ki 2 kei 2a t-split: brk-a:
64 6 &% kiap 4 kPap 4a t-splitiio-flip:unglide:[asp):

64 7 = tsiai 3 tsai 3a t-split:io-flip:pal-dism: brk-d:
64 4 Fr tsiai 3 tsai 3a t-split:io-flip:pal-dism: brk-d:
64 8 o tsiai 3 tsai 3a t-split:io-flip:pal-dism: brk-d
64 9 it dziai 3 tsai 3a [t-split]:devoi:io-flip:pal-dism: brk-d
65 1 it kiai 3 kai 3a | t-split:iio-flip:pal-dism: brk-d
65 2 4% kiai 3 kai 3a t-split:io-flip:pal-dism: brk-d
65 ke #w ki 3 kei 3a | t-split: brk-a:
65 4 #% gi 2 kei 3b t-split:devoi: brk-a
65 5 53 gi 2 kei 3b t-split:devoi: brk-a
65 6 2 | ki 2 kei 3a | t-split: brk-a:
65 7 ic ki 3 kei 3a t-split: brk-a:
65 8 B g 3 kei 3b t-split:devoi: brk-a:
65 9 B ki 3 kei 3a | t-split: brk-a:
66 )L E 2 kui 3 kwai 3a t-split:lab-vel: brk-a:
66 2 & tsiac 4 tsik 4a t-split:io-flip:rime:fusion:[!ac-split]:

66 3 b3 tsiac 4 tsik 4a t-split:io-flip:rime:fusion:[!ac-split]:

66 4 L] tsiac 4 tsik 4a t-split:io-flip:rime:fusion:[!ac-split]:

66 5 k3 tsPiai )& tsPai la t-split:pal-dism:

66 6 % tsPiai 1 tsPai la t-split:pal-dism:

66 7 % khi X hei la t-split:spirant:x-weak:

66 8 + tsPiat 4 tsPat 4a t-split:io-flip:unglide:

66 9 #* tsPiat 4 tsPat 4a t-split:io-flip:unglide:

67 1 7 dziai )¢ tsPai 1b t-split:devoi:io-flip:pal-dism: brk-d:
67 2 Jo dziai  § tshi 1b t-split:devoi:io-flip:rime:degem:

67 & #F gi 1 kPei 1b t-split:asp:devoi: brk-a:
67 4 5 gi 1 kPei 1b t-split:asp:devoi: brk-a:
67 5 H gi 1 kPei 1b t-split:asp:devoi: brk-a:
67 5 ;4 gi 1 kPei 1b t-split:asp:devoi: brk-a:
67 5 # gi 1 kPei 1b t-split:asp:devoi: brk-a:
67 5 | gi kPei 1b t-split:asp:devoi: brk-a:
67 6 L] gi 1 kPei 1b t-split:asp:devoi: brk-a:
67 1 =} k7iai 2 kP ai 2a t-split:io-flip:pal-dism: brk-d:
67 8 £ khi 2 hei la [t2-t1]):t-split:spirant:x-weak: brk-a:
67 9 = Kkhi 2 hei la [t2-t1]:t-split:spirant:x-weak: brk-a:
68 1 %2 | khiai 3 kP ai 3a | t-splitiio-flip:pal-dism: brk-d:
68 2 # khi 3 hei 3a t-split:spirant:x-weak: brk-a:
68 3 3 khi 3 hei 3a t-split:spirant:x-weak: brk-a:
68 4 “ kPi 3 hei 3a t-split:spirant:x-weak: brk-a:
68 4 " khi 3 hei 3a t-split:spirant:x-weak: brk-a:
68 5 i} siai 1 sai la t-split:io-flip:pal-dism: brk-d:
68 6 B siai 1 sai la t-split:io-flip:pal-dism: brk-d:
68 7 : kPiai 1 kPai la t-split:io-flip:pal-dism: brk-d:
68 8 k] xi 1 hei la t-split:x-weak: brk-a:
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68 | 9 | ® | xi 1 | hei la | t-splitix-weak: brk-a:
68 9 % xi 1 hei la -weak: brk-a:
69 1 % xiap 4 kPap 4a it:io-flip:unglide:[x-kh]:
69 |2 | B | sisk 4 | sik 4a i
69 3 8 | siok 4 sik 4a
69 4 # siac 4 sik 4a -flip:rime:fusion:[!ac-split]:
69 5 L siac 4 sik 4a -flip:rime:fusion:[!ac-split]:
69 6 3 ziap 4 tsap 4b :affric:devoi:io-flip:unglide:
69 @ R ziac 4 tsik 4b :affric:devoi:io-flip:rime:fusion:
69 8 ] siac 4 sik 4c ac-split:io-flip:rime:
69 9 ¥ siai 2 sai 2a t-split:io-flip:pal-dism: brk-d:
70 1 g xi 2 hei 2a t-split:x-weak: brk-a:
70 2 ] siai 3 sai 3a t-split:io-flip:pal-dism: brk-d:
70 3 #* yiai 3 hai 3b t-split:devoi:io-flip:pal-dism: brk-d:
70 4 2R xi 3 hei 3a :x-weak: brk-a:
70 5 -3 7 34 Jji la pro-a:glide:
70 6 3 ?i 1 ji la pro-a:glide:
70 6 x ?i 1 ji la pro-a:glide:
70 i = Tiat 4 jat 4a t-split:io-flip:pro-a:glide:
70 8 H pi 1 ji 1b t-split:pro-c:glide:
70 9 B i 1 ji 2b | [t1-t2]:t-split:glide:
71 1 * i 1 ji 1b | t-split:glide:
71 1 % i 1 ji 1b | t-split:glide:
71 2 L3 Di 1 ji 1b t-split:pro-c:glide:
71 3 -] ui 1 wal 1b t-split:glide: brk-a:
71 4 & | 2 g ji 2a | t-split:pro-a:glide-ins:
71 5 L 2 2 ji 2a | t-split:pro-a:glide-ins:
71 6 (& i 2 Ji 2b t-split:glide-ins:
71 % B 2 ji 2b | t-split:glide-ins:
71 8 Z Piat 4 jyt 4c t-split:[ac-split]:pro-a:glide-ins:pre-

color:rime:
71 9 z piai 3 pai 3b | t-split:pal-dism:
72 X X ni 3 ji 3b t-split:pro-c:glide-ins:
72 1 ® Di 3 ji 2b [t3-t2]:t-split:pro-c:glide-ins:
72 2 B | 3 ji 3b | t-split:glide-ins:
72 3 2 | 3 ji 3a | t-split:pro-a:glide-ins:
72 4 7 i 3 ji 3b | t-split:glide-ins:
72 5 [ A Tisk 4 Jik 4a t-split:rime:pro-a:glide-ins:
72 6 = ?iac 4 jik 4a t-split:io-flip:rime:fusion: pro-a:glide-ins:[!ac-

split]:
72 T 7K iac 4 Jik 4b t-split:glide-ins:io-flip:rime:fusion:
72 8 # iac 4 jik 4b t-split:glide-ins:io-flip:rime:fusion:
72 9 % iac 4 Jik 4b it:glide-ins:io-flip:rime:fusion:
73 1 &% yac 4 jik 4b :glide-ins:io-flip:rime:fusion:
73 1 % yac 4 jik 4b glide-ins:io-flip:rime:fusion:
73 2 ¥ po 2 pou 2a t-split:raise: brk-b:
73 3 | bo 3 pou 3b t-split:devoi:raise: brk-b:
73 4 i po 3 pou 3a t-split:raise: brk-b:
73 5 L po 3 pou 3a t-split:raise: brk-b:
73 6 B bo 2 pou 3b t-split:t2-merge:devoi:raise: brk-b:
73 7 . bo 2 pou 3b t-split:t2-merge:devoi:raise: brk-b:
73 8 # bo 3 pou 3b t-split:devoi:raise: brk-b:
73 9 i bo 3 fau 3b t-split:[raise]:diph:io-flip:[b-f):
74 1 Z fust 4 pat 4a t-split:lab-dism:io-flip:[f-p):
74 2 ) pho 1 phou la t-split:raise: brk-b:
74 3 A phuk 4 phak 4c t-split:[ac-split]:[u-o]:
74 4 b ] bo 1 phou 1b t-split:asp:devoi:raise: brk-b:
74 5 L] bo 1 pPou 2a [t1-t2]:[t-split]:asp:devoi:raise: brk-b:
74 6 L] bo 1 phou 1b t-split:asp:devoi:raise: brk-b:
74 i b buk 4 phuk 4a [t-split]:asp:devoi:
74 8 it po 2 pPou 2a t-split:[asp]:raise: brk-b:
74 9 H# pho 2 phou 2a t-split:raise: brk-b:
75 1 " pho 3 phou 3a t-split:raise: brk-b:
75 2 B mo 1 mou la [t-split]:raise: brk-b:
75 3 i3 mu 2 mou 2b t-split: brk-b:
75 4 ] mu 2 mau 2b t-split:diph:io-flip:
75 5 » mo 3 mou 3b t-split:raise: brk-b:
75 6 kS mo 3 mou 3b t-split:raise: brk-b:
75 i E 4 mo 3 mou 3b t-splitiraise: brk-b:
75 8 *» mak 4 mok 4b t-split:rnd:
75 9 ES muk 4 muk 4b t-split:
76 1 B muk 4 muk 4b t-split:
76 2 it miuk 4 muk 4b t-split:unglide:
76 3 73 fio 1 fu la t-split:raise:unglide:
76 4 * fio 1 fu la t-split:raise:unglide:
76 5 M Mio 1 fu la t-split:[asp-r]:raise:unglide:
76 6 S Mio 1 fu la t-split:[asp-r]:raise:unglide:

213




Pg co [ ch | smc tn [ mc tn | Diachronic [ Allophonic
76 7 ¥ | fio 1 fu la t-split:[asp-r]:raise:unglide:

76 8 b viu 1 fau 1b t-split:devoi:diph:io-flip:unglide:

76 9 i vio i § fu 1b t-split:devoi:raise:unglide:

(4 1 #* vio 1! fu 1b t-split:devoi:raise:unglide:

{14 2 ] fiuk 4 fuk 4a t-split:unglide:

4 3 i viuk 4 fuk 4b t-split:devoi:unglide:

g 4 R viuk 4 fuk 4b t-split:devoi:unglide:

oY 5 ] fio 2 fu 2a t-split:raise:unglide:

7 5 i3 fio 2 fu 2a t-split:raise:unglide:

77 5 ] fio 2 fu 2a t-split:raise:unglide:

e 6 #* fio 2 fu 2a t-split:raise:unglide:

77 i L] fio 2 fu 2a t-split:raise:unglide:

v 8 ;] fio 2 fu 2a t-split:iraise:unglide:

77 9 W vio 2 fu 3b t-split:devoi:raise:unglide:

78 1 L] vio 2 fu 3b t-split:devoi:raise:unglide:

78 2 + fio & fu 3b [t-split]:raise:unglide:

78 3 " fio 3 fu 3b [t-split]:raise:unglide:

78 4 b7 vio 2 fu 3b t-split:t2-merge:devoi:raise:unglide:

78 5 bt vio 3 fu 3b t-split:devoi:raise:unglide:

78 6 " fiu 3 fu 3a t-split:unglide:

78 7 L] viu 2 fu 2b t-split:devoi:unglide:

78 8 i viu 2 fu 3b t-split:t2-merge:devoi:unglide:

78 9 b fiuk 4 fuk 4a t-split:unglide:

79 1 .} fiuk 4 fuk 4a t-split:unglide:

79 2 '} viuk 4 fuk 4b t-split:devoi:unglide:

79 3 ﬂ to : tou la t-splitiraise: brk-b:
79 4 b duk 4 tuk 4b | t-split:devoi:

79 5 24 duk 4 tuk 4b t-split:devoi:

79 6 )3 duk 4 tuk 4b | t-split:devoi:

79 7 & duk 4 tuk 4b t-split:devoi:

79 8 b to 2 tou 2a t-split:raise: brk-b:
79 8 L] to 2 tou 2a t-splitiraise: brk-b:
79 9 id to 2 tPou 2b {t-split]:raise:[asp]: brk-b:
80 1 34 do 2 tou 3b t-split:t2-merge:devoi:raise: brk-b:
80 2 At do 2 thou 2b t-split:asp:devoi:raise: brk-b:
80 3 4 do 3 tou 3b t-split:devoi:raise: brk-b:
80 4 i 3 do 3 tou 3b t-split:devoi:raise: brk-b:
80 5 L ] do 3 tou 3b t-split:devoi:raise: brk-b:
80 6 x duat 4 tat 4b t-split:devoi:io-flip:unglide:

80 7 % thuk 4 thuk 4a t-split:

80 8 3 do 1 tPou 1b t-split:asp:devoi:raise: brk-b:
80 9 *® do 1 thou 1b t-split:asp:devoi:raise: brk-b:
80 9 - 3 do I thou 1b t-split:asp:devoi:raise: brk-b:
81 1 2] do 1 thou 1b t-split:asp:devoi:raise: brk-b:
81 2 R do 1 thou 1b t-split:asp:devoi:raise: brk-b:
81 3 i tho 2 thou 2a t-splitiraise: brk-b:
81 4 Lis tho 2 tPou 3a t-splitiraise: brk-b:
81 5 & tho 3 thou 3a t-split:raise: brk-b:
81 6 n no 1 nou 1b t-split:raise: brk-b:
81 7 % no 2 nou 2b t-split:raise: brk-b:
81 8 = no 3 nou 3b t-splitiraise: brk-b:
81 9 i lo 1 lou 1b t-splitiraise: brk-b:
81 9 ol lo 1 lou 1b t-split:raise: brk-b:
81 9 Il lo 1 lou 1b t-split:raise: brk-b:
82 1 " lo 2 lou 2b t-splitiraise: brk-b:
82 1 # lo 2 lou 2b t-split:raise: brk-b:
82 2 ] lo 2 lou 2b t-split:raise: brk-b:
82 3 3 lo 8 lou 3b t-split:raise: brk-b:
82 4 i lo 8 lou 3b t-split:raise: brk-b:
82 5 B | luk 4 luk 4b | t-split:

82 6 ® | luk 4 luk 4b | t-split:

82 7 R | liuk 4 luk 4b | t-split:unglide:

82 8 #* liuk 4 luk 4b t-split:unglide:

82 9 H tso 1 tsou la t-split:raise: brk-b:
83 1 % tsyat 4 tscet 4a t-split:color:

83 2 % dzuk 4 tsuk 4b t-split:devoi:

83 8 2 tsiuk 4 tsuk 4a t-split:unglide:

83 4 i tso 2 tsou 2a t-split:raise: brk-b:
83 5 il tso 2 tsou 2a t-split:raise: brk-b:
83 6 FH tgio 2 tso 2a t-split:deret:unglide:

83 7 H tsPo 1 tsPou la t-split:raise: brk-b:
83 8 L] tsho 3 tsPou 3a t-split:raise: brk-b:
83 9 » so 1 sou la t-splitiraise: brk-b:
83 9 .3 so 1 sou la t-split:raise: brk-b:
84 1 & ziuk 4 tsok 4b t-split:affric:devoi:[iu-o]:

84 2 %" so 3 sou 3a t-split:raise: brk-b:
84 2 *® so 3 sou 3a t-split:raise: brk-b:
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84 2 so ;3 sou 3a t-split:raise: brk-b:

84 3 ¥ | s 3 sou 3a t-splitiraise: brk-b:

84 4 - 4 suk 4 ts" uk 4a t-split:[asp]:[s-ts]:

84 5 L | siuk 4 suk 4a t-split:unglide:

84 6 x siuk 4 suk 4a t-split:unglide:

84 7 ] tio ) { tsy la t-split:fricat:retrof:deret:raise:y-fuse:

84 8 % tsio 1 tsy la t-splitiretrof:deret:raise:y-fuse:

84 9 % tsio 1 tsy la t-split:retrof:deret:raise:y-fuse:

84 9 * tsio 1 tsy la t-split:retrof:deret:raise:y-fuse:

85 1 % tio 1 tsy la t-split:fricat:retrof:deret:raise:y-fuse:

85 2 #* tio 1 tsy la t-split:fricat:retrof:deret:raise:y-fuse:

85 3 ﬁ tiuk 4 tsuk 4a t-split:fricat:retrof:deret:unglide:

85 4 " fiuk 4 tsuk 4a t-split:fricat:retrof:deret:unglide:

85 5 . tsiuk 4 tsuk 4a t-split:retrof:deret:unglide:

85 6 * tsio 2 tsy 2a t-split:retrof:deret:raise:y-fuse:

85 7 E3 tsio 2 tsy 2a t-split:retrof:deret:raise:y-fuse:

85 8 L} tsiuk 4 tsuk 4a t-split:retrof:deret:unglide:

85 9 * tio 3 tsy 3a t-split:fricat:retrof:deret:raise:y-fuse:

86 1 3 tio 3 tsy 3a t-split:fricat:retrof:deret:raise:y-fuse:

86 2 23 tio &3 tsy 3a t-split:fricat:retrof:deret:raise:y-fuse:

86 3 i tsio 3 tsy 3a t-split:retrof:deret:raise:y-fuse:

86 4 L3 tsio 3 tsy 3a t-split:retrof:deret:raise:y-fuse:

86 5 #* tsio 3 tsy 3a t-splitiretrof:deret:raise:y-fuse:

86 6 # dio 2 tshy 2b t-split:devoi:fricat:retrof:deret:raise:y-fuse:

86 7 <3 dio 3 tsy 3b t-split:devoi:fricat:retrof:deret:raise:y-fuse:

86 8 Bh dzio 3 tso 3b t-split:devoi:r-unglide:deret:

86 9 -4 tsiuk 4 tsok 4a t-split:retrof:deret:unglide:

87 1 0 t;h io 1 tsha la t-split:r-unglide:deret:

87 2 H tsh yat 4 ts" et 4a t-split:retrof:deret:color:

87 3 3 dio 1 tsh y 1b t-split:asp:devoi:fricat:retrof:deret:raise:y-
fuse:

87 4 ;] dzio 1 tshs 1b t-split:asp:devoi:r-unglide:deret:

87 5 N io tshy 1b t-split:asp:devoi:fricat:retrof:deret:raise:y-
fuse:

87 6 bk dio tshy 1b t-split:asp:devoi:fricat:retrof:deret:raise:y-
fuse:

87 7 # tghio 2 tsh> 2a t-split:r-unglide:deret:

87 7 -] t;hio 2 tshs 2a t-split:r-unglide:deret:

87 8 &t téMio 2 tsh y 2a t-split:retrof:deret:raise:y-fuse:

87 9 it tshio 3 tsh y 3a t-split:retrof:deret:raise:y-fuse:

88 1 -] thiuk 4 tsPuk 4a t-split:affric:retrof:deret:unglide:

88 2 e tshiuk 4 tsPuk 4a t-split:retrof:deret:unglide:

88 3 B gio j | s2 la t-split:ir-unglide:deret:

88 4 * sio ) | s2 la t-splitir-unglide:deret:

88 5 # sio 1 sy la t-split:affric:retrof:deret:raise:y-fuse:

88 6 #F sio 1 sy la t-split:affric:retrof:deret:raise:y-fuse:

88 7 W dio 1 sy la t-split:affric:retrof:deret:raise:y-fuse:

88 8 L3 zio 1 sy 1b t-split:affric:devoi:retrof:deret:raise:y-fuse:

88 9 54 siuk 4 suk 4a t-split:retrof:deret:unglide:

89 1 -3 dziuk 4 suk 4b t-split:devoi:retrof:deret:unglide:[ts-s]:

89 2 = dio 2 sy 2a t-split:retrof:deret:raise:y-fuse:

89 2 E sio 2 sy 2a t-split:retrof:deret:raise:y-fuse:

89 &3 - sio 2 sy 2a t-split:retrof:deret:raise:y-fuse:

89 4 4 gio 2 sou 2a t-split:r-unglide:deret:raise: brk-b:

89 5 )} ziuk 4 suk 4b t-split:devoi:retrof:deret:unglide:

89 6 B gio 3 sou 2a [t3-t2]:t-split:r-unglide:deret:raise: brk-b:

89 7 k3 Zio 2 sy 3b t-split:t2-merge:devoi:retrof:deret:raise:y-
fuse:

89 8 W %io 3 sy 3b t-split:devoi:retrof:deret:raise:y-fuse:

89 9 # §iu 3 sou 3a t-split:r-unglide:deret: brk-b:

90 1 ES dzyst 4 scet 4b t-split:devoi:retrof:deret:color:[ts-s]:

90 1 & dzyat 4 scet 4b t-split:devoi:retrof:deret:color:[ts-s):

90 2 i} fio ) | Jy 1b t-split:raise:y-fuse:pro-d:glide-ins:

90 3 A 1iio 2 jy 2b t-splitiraise:y-fuse:pro-d:glide-ins:

90 4 A ) 4 jap 4b t-split:io-flip:pro-d:glide-ins:

90 5 B fiuk 4 juk 4b t-split:pro-d:glide:

90 6 % riiuk 4 juk 4b t-split:pro-d:glide:

90 7 .8 kio 1 ku la t-split:unglide:raise:

90 7 n kio 1 ku la t-split:unglide:raise:

90 8 # kio 1 ku la t-split:unglide:raise:

90 9 i ko 2 ku 2a t-split:raise:

91 1 # ko 2 ku 2a t-split:raise:

91 1 A% ko 2 ku 2a t-splitiraise:

91 1 -4 ko 2 ku 2a t-split:raise:

91 2 # kuat 4 kwat 4a t-split:lab-vel:io-flip:

91 3 B | kuk 4 kuk 4a | t-split:

91 3 # kuk 4 kuk 4a t-split:
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91 4 33 ko 3 ku 3a t-split:raise:

91 5 & ko 3 ku 3a t-split:raise:

91 5 R ko 8 ku 3a t-split:raise:

91 5 B ko 3 ku 3a t-splitiraise:

91 6 L] kPo 3| fu la t-split:spirant:x-lab:f-coal:raise:

91 7 ®x kP uk 4 huk 4a t-split:spirant:x-weak:

91 8 3 kPo 2 fu 2a t-split:spirant:x-lab:f-coal:raise:

91 9 BE ko 3 fu 3a t-split:spirant:x-lab:f-coal:raise:

91 9 #® kPo 3 fu 3a t-split:spirant:x-lab:f-coal:raise:

92 l; ¥ x0 1 fu la t-split:x-lab:f-coal:raise:

92 2 2 xuat 4 fat 4a t-split:lab-vel:f-coal:io-flip:

92 3 # ¥o 1 wu 1b t-split:raise:pro-b:glide-ins:

92 4 # ¥o 1 wu 1b t-split:raise:pro-b:glide-ins:

92 5 # ¥o 1 wu 1b t-split:raise:pro-b:glide-ins:

92 6 n ¥o 1 wu 1b t-split:raise:pro-b:glide-ins:

92 6 # ¥o i} wu la [t-split]:raise: pro-b:glide-ins:

92 I & ¥o 1 wu 1b t-split:raise:pro-b:glide-ins:

92 8 4 ¥o 1 wu 1b t-splitiraise:pro-b:glide-ins:

92 9 #® yuat 4 wat 4b t-split:io-flip:pro-b:glide:

93 3 74 xo 2 fu 2a t-split:x-lab:f-coal:raise:

93 2 B ¥o 2 wu 3b t-split:t2-merge:raise:pro-b:glide-ins:

93 <] H ¥o <) wu 3b t-split:raise:pro-b:glide-ins:

93 4 = ¥o 3 wu 3b t-split:raise:pro-b:glide-ins:

93 5 5 7o 1 wu la t-splitiraise:pro-b:glide-ins:

93 6 B Tuk 4 wuk 4a t-split:pro-a:glide-ins:

93 7 3 po 1 1 1b t-split:raise:nasal-syl:

93 8 & no ) | D 1b t-split:raise:nasal-syl:

93 9 x mio 1 mou 1b t-split:lab-dnt’:raise: brk-b:
94 1 i go 2 i) 2b t-splitiraise:nasal-syl:

94 1 T Do 2 ] 2b t-split:raise:nasal-syl:

94 2 £ go 2 ] 2b t-split:raise:nasal-syl:

94 8 & mio 2 mou 2b t-split:lab-dnt':raise: brk-b:
94 3 E2 mio 2 mou 2b t-split:lab-dnt':raise: brk-b:
94 4 & o0 8 wu 3a t-split:raise:pro-a:glide-ins:

94 5 3 o 3 i) 3b t-split:raise:nasal-syl:

94 6 & no 3 ] 3b t-split:raise:nasal-syl:

94 g % mio 3 mou 3b t-split:lab-dnt"raise: brk-b:
94 8 z mio 3 mou 3b | t-split:lab-dnt':raise: brk-b:
94 9 2 myat 4 mat 4b t-split:lab-dnt’:lab-dism:io-flip:

95 1 7 myat 4 mat 4b t-split:lab-dnt’:lab-dism:io-flip:

95 2 x nio 2 neey 2b t-split:raise:y-fuse: brk-c:
95 3 L lio ) § leey 1b t-split:raise:y-fuse: brk-c:
95 4 & lio 2 leey 2b t-split:raise:y-fuse: brk-c:
95 5 % lio 2 ley 2b t-split:raise:y-fuse: brk-c:
95 6 4 lio 3 loey 3b t-split:raise:y-fuse: brk-c:
95 e ® lio 3 leey 3b t-split:raise:y-fuse: brk-c:
95 8 #® lyat 4 leet 4b t-split:color:

95 9 S liuk 4 luk 4b | t-split:unglide:

96 1 & kio 1 keey la t-split:raise:y-fuse: brk-c:
96 2 kL) kio 1 khmy la t-split:asp:raise:y-fuse: brk-c:
96 3 Lo} kio 1 kP cey la t-split:asp:raise:y-fuse: brk-c:
96 4 i kyst 4 kuat 4a t-split:y-split:io-flip:

96 5 ¥ kiuk 4 kuk 4a t-split:unglide:

96 6 B giuk 4 kuk 4b t-split:devoi:unglide:

96 T ¥ kio 2 keey la [t2-t1]:t-split:raise:y-fuse: brk-c:
96 8 8 kio 3 keey 3a t-split:raise:y-fuse: brk-c:
96 9 L] kio 3 keey 3a t-split:raise:y-fuse: brk-c:
97 1§ E gio 2 keey 3b t-split:t2-merge:devoi:raise:y-fuse: brk-c:
97 ! il gio 2 kaey 2b t-split:devoi:raise:y-fuse: brk-c:
97 1 3 gio 2 koey 2b t-split:devoi:raise:y-fuse: brk-c:
97 2 ® dzio 2 tscey 3b t-split:t2-merge:raise:y-fuse: brk-c:
97 3 ] kio 8 keey 3a t-splitiraise:y-fuse: brk-c:
97 4 A gio 3 keey 3b t-split:devoi:raise:y-fuse: brk-c:
97 5 -] giac 4 kPek 4b t-split:asp:devoi:sharp:pal-dism:fusion:

97 6 L4 tsPio 1 tshcey la t-split:raise:y-fuse: brk-c:
97 (4 =4 k"io 2 khczy la t-split:raise:y-fuse: brk-c:
97 7 " kMo 1 khmy la t-split:raise:y-fuse: brk-c:
97 8 B khyat 4 wat 4a t-split:y-split:x-lab:io-flip:[kw-w]:

97 9 ] kPiuk 4 kuk 4a t-split:unglide:[de-asp]:

98 1 # | kPiuk 4 kP uk 4a | t-split:unglide:

98 2 ® gio 1! k" cey 1b t-split:asp:devoi:raise:y-fuse: brk-c:
98 <) ):vd tsPio 2 tsh cey 2a t-split:raise:y-fuse: brk-c:
98 4 x® tsio 2 tsh cey 2a t-split:raise:y-fuse: brk-c:
98 5 & kMo 3 hcey 3a t-split:asp:x-weak:raise:y-fuse: brk-c:
98 6 & tshio 3 tsh cey 3a t-split:raise:y-fuse: brk-c:
98 T e xio 2 hcey la t-split:x-weak:raise:y-fuse: brk-c:
98 7 ) 4 xio i) hcey la t-split:x-weak:raise:y-fuse: brk-c:
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98 8 £ sio 1 scey la t-split:raise:y-fuse: brk-c:
98 8 M sio 1 scey la t-split:raise:y-fuse: brk-c:
98 9 m sio 1 scey la t-split:raise:y-fuse: brk-c:
99 1 -3 zio 1 tshaay 1b t-split:affric:asp:devoi:raise:y-fuse: brk-c:
99 2 i xio 2 heey 2a t-split:x-weak:raise:y-fuse: brk-c:
99 3 ® sio 3 scey 3b [t-split]:raise:y-fuse: brk-c:
99 4 # zio 2 tscey 3b t-split:affric:devoi:raise:y-fuse: brk-c:
99 4 P zio 2 tscey 3b t-split:affric:devoi:raise:y-fuse: brk-c:
99 4 L zio 2 tscey 2b t-split:affric:devoi:raise:y-fuse: brk-c:
99 5 % ziuk 4 tsuk 4b t-split:affric:devoi:unglide:

99 6 o siai 3 sai 3b [t-split]:io-flip: pal-dism: brk-d:
99 @ it syat 4 scet 4a t-split:color:

99 8 L] xiuk 4 ts"uk 4a t-split:unglide:[x-tsh]:

99 8 L] xiuk 4 tsPuk 4b [t-split]:unglide:[x-tsh]:

99 9 L1 pio 1 iy 1b t-split:raise:y-fuse:pro-c:glide-ins:

100 1 S io 1 Jy 1b t-split:glide-ins:raise:y-fuse:

100 1 % io 1 Jy 1b t-split:glide-ins:raise:y-fuse:

100 2 & pio 1 iy 1b t-split:raise:y-fuse:pro-c:glide-ins:

100 3 [ 4 pio 1 iy 1b t-split:raise:y-fuse:pro-c:glide-ins:

100 4 # pio 1 Jy 1b t-split:raise:y-fuse:pro-c:glide-ins:

100 5 T jio 1 Jy 1b t-split:raise:y-fuse:

100 6 & Jjio X iy 1b t-split:raise:y-fuse:

100 i W io 1 Jy 1b t-split:glide-ins:raise:y-fuse:

100 8 L] io 1 Jy 1b t-split:glide-ins:raise:y-fuse:

100 9 i pio 2 Jy 2b t-split:raise:y-fuse:pro-c:glide-ins:

101 1 5 io 2 Jy 2b t-split:glide-ins:raise:y-fuse:

101 2 M jio 2 Jy 2b t-split:raise:y-fuse:

101 3 5 io 3 Jy 3b t-split:glide-ins:raise:y-fuse:

101 4 # io 3 Jy 3b t-split:glide-ins:raise:y-fuse:

101 4 B io 3 Jy 3b t-split:glide-ins:raise:y-fuse:

101 5 - | pio 3 Jy 3b t-split:raise:y-fuse:pro-c:glide-ins:

101 6 " pio 3 Jy 3b t-split:raise:y-fuse:pro-c:glide-ins:

101 7 w io 3 Jy 3b t-split:glide-ins:raise:y-fuse:

101 8 "y io 3 Jy 3b t-split:glide-ins:raise:y-fuse:

101 9 % Jysk 4 wik 4b t-split:[pro-j]:glide:[schwa-i]:

102 | 1 # | iuk 4 juk 4b | t-split:glide:

102 2 x piuk 4 Jjuk 4b t-split:pro-c:glide:

102 3 8® piuk 4 juk 4b t-split:pro-c:glide:

102 | 4 [ iuk 4 juk 4b | t-split:glide:

102 5 =] bac 4 patk 4b t-split:devoi:length:fusion:

102 6 2 pai 2 pati 2a t-split:length:

102 14 H pac 4 patk 4c t-split:ac-split:length:fusion:

102 8 # pac 4 patk 4c t-split:ac-split:length:fusion:

102 9 ¥ pai 3 pati 3a t-split:length:

103 | 1 " bai 3 pai 3b | t-split:devoi:

103 2 4 bai 3 pati 3b t-split:devoi:length:

103 8 £zl ph ac 4 ph atk 4c t-split:ac-split:length:fusion:

103 4 HE bai 1 phazi Ib t-split:asp:devoi:length:

103 5 e bai 1 ph al 1b t-split:asp:devoi:length:

103 6 b3 phai 3 pha!i 3a t-split:length:

103 | 7 b mai 1 mazi 1b | t-split:length:

103 8 x mai 2 mali 2b t-split:length:

103 9 i mai 3 mazti 3b t-split:length:

104 1 b7} mai 3 mai 3b t-split:

104 2 k3 mac 4 mak 4b t-split:fusion:

104 3 3 mac 4 mak 4b t-split:fusion:

104 4 5 tai 1 tat 2a [t1-t2]):t-split:length:

104 | 5 1 tai 3 tazi 3a | t-split:length:

104 | 6 #® | thai 3 thasi 3a | t-split:length:

104 7 * dai 2 toi 3b t-split:t2-merge:devoi:rnd:

104 8 8 dai 2 toi 3b t-split:t2-merge:devoi:rnd:

104 9 R dai 3 toi 3b t-split:t2-merge:devoi:rnd:

105 1 ® dai 3 toi 3b t-split:t2-merge:devoi:rnd:

105 2 W tai 3 ta 3a t-split:length:

105 [ 3 | A& | thai 1 thai la | t-split:rnd:

105 4 & dai 1 thai 1b t-split:asp:devoi:rnd:

105 5 izl dai 1 thai 1b t-split:asp:devoi:rnd:

105 | 6 & | thai 3 thasi 3a | t-split:length:

105 ] X thai 3 tazi 3a t-split:length:[de-asp]:

105 8 * thai 3 thasi 3a t-split:length:

105 9 73 nai 2 nati 2b t-split:length:

106 | 1 % | niai 2 nati 2b | t-split:length:pal-dism:

106 | 2 i | nai 3 noi 3b | t-split:rnd:

106 3 = nai 3 noi 3b t-split:rnd:

106 | 4 * | lai 1 Ioi 1b | t-split:rnd:

106 5 -} lai 3 lazi 3b t-split:length:

106 6 # tsai 1 tsoi la t-split:rnd:
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106 6 3 tsai 1 tsoi la t-split:rnd:
106 0 # tsai 2 tsoi 2a t-split:rnd:
106 8 -1 tsai 2 tsoi 2a t-split:rnd:
106 9 [cd tsai 3 tsoi 3a t-split:rnd:
107 & -] tsai 3 tsai 3a t-split:rnd:
107 2 [¢3 dzai 2 tsoi 3b t-split:t2-merge:devoi:rnd:
107 3 # tsPai 1 tsPasi la t-split:length:
107 4 * dzai ik tshoi 1b t-split:asp:devoi:rnd:
107 4 ot dzai 1 tsPoi 1b t-split:asp:devoi:rnd:
107 5 # dzai 1 tsPoi 1b t-split:asp:devoi:rnd:
107 6 # dzai 1 tsPoi 1b t-split:asp:devoi:rnd:
107 ¥4 7 tsPai 2 tshoi 2a t-split:rnd:
107 7 P tsP ai 2 tsPoi 2a t-split:rnd:
107 7 23 tshai 2 tsPai 2a t-split:rnd:
107 8 * tshai 3 tsPoi 3a t-split:rnd:
107 9 - tsPai 3 tsPsi 3a t-split:rnd:
108 1 [ sai 1 soi la t-split:rnd:
108 2 . 4 sak 4 sak 4a t-split:io-flip:
108 3 = sai 3 tshai 3a t-split:rnd:[asp]:[s-ts]:
108 4 . 4 sai 3 tshsi 3a t-split:rnd:[asp]:[s-ts]:
108 5 1 tsai 1 tsali la t-split:deret:length:
108 6 i | tiac 4 tsatk 4b [t-split]:fricat:retrof:deret:length:pal-
dism:fusion:
108 4 # dac 4 tsatk 4b t-split:fricat:devoi:retrof:deret:length:fusion:
108 8 £ dac 4 tsatk 4b t-split:fricat:devoi:retrof:deret:length:fusion:
108 9 % tgac 4 tsatk 4c t-split:ac-split:deret:length:fusion:
109 1 2t tsai 8 tsali 3a t-split:deret:length:
109 2 = tgh ai 3 tsPasi la t-split:length:
109 3 # thac 4 tsPasi 4c t-split:ac-split:fricat:retrof:deret:length:
109 4 % dzai 1 tshasi 1b t-split:asp:devoi:deret:length:
109 5 ] sai 1 sai la t-split:deret:
109 6 1] gai 3 sati 3a t-split:deret:length:
109 i/ S kai 1 koi la t-split:rnd:
109 8 >4 kai 2 kai 2a t-split:rnd:
109 9 [ - kai 3 khai 3a t-split:[back-asm}:rnd:[asp]:
110 1 - kai <3 koi 3a t-split:rnd:
110 2 Fi kPai 1 hoi la t-split:spirant:x-weak:rnd:
110 3 #® kPai 1 ha:i la t-split:spirant:x-weak:length:
110 4 -1 kPai 3 khsi 3a t-split:rnd:
110 5 B ¥ai i} hoi 1b t-split:devoi:x-weak:rnd:
110 6 i xai 2 hoi 2a t-split:x-weak:rnd:
110 T * yai 3 hoi 3b t-split:devoi:x-weak:rnd:
110 8 ® Pai 1 o1 la t-split:rnd:pro-a:
110 9 ® ?ai 1 al la t-split:length:pro-a:
191611 1 % ?ai 2 ali 2a t-split:length:pro-a:
151611 2 13 nai 3 LEN 3b t-split:rnd:
111 3 X pai 3 pali 3b t-split:length:
111 4 %2 Pai 3 o1 3a t-split:rnd:pro-a:
111 5 b:3 sui 1 scey la t-split:deret: acute:
114 6 |23 sui 1 scey la t-split:deret: acute:
111 1/ L0 sui 3 scey 3a t-split:deret: acute:
111 8 * sui 3 scet 4a t-split:deret:[y-t]:[t3-t4]: acute:
Ol W 9 T kuai 1 kwazi la t-split:lab-vel:length:
112 1 2} kuai 2 kwati 2a it:lab-vel:length:
17152 2 =3 kuai 3 kwai 3a t-split:lab-vel:
112 3 = kuai 3 kP ui 3a t-split:{rnd):raise:degem:[asp]:
112 4 3 k™ uai 3 fari 3a t-split:spirant:lab-vel:f-coal:length:
112 5 i3 kPuai 3 fati 3a t-split:spirant:lab-vel:f-coal:length:
112 5 &® kP uai 3 fal 3a t-split:spirant:lab-vel:f-coal:length:
112 6 i yuai 1 wali 1b t-split:length:pro-b:glide:
L2 7 " Yuai 1 wali 1b t-split:length:pro-b:glide:
112 T i Yuai 1 wali 1b t-split:length:pro-b:glide:
112 8 " Yyuai 3 wali 3b t-split:length:pro-b:glide:
112 9 E xuai 1 wali la t-split:length:[pro-x]:glide:
113 I L puai 3 poi 3b t-split:rnd:unglide:
113 2 # puai 1 pui la t-split:lab-dism:rnd: rnd-adj:
16148 3 3] pi 1 pei la t-split: brk-a:
118 4 L) pi 1 pei la t-split: brk-a:
113 5 £ pi i pei la t-split: brk-a:
1,1t3" 6 | pak 4 pak 4a t-split:io-flip:
1:1:3 i m pai 3 pui 3a t-split:rnd: rnd-adj:
1163 8 Ed puai 3 pui 3a t-split:lab-dism:rnd: rnd-adj:
113 9 " pai 3 pui 3a t-split:rnd: rnd-adj:
114 1 1 buai 2 phui 2b t-split:asp:devoi:lab-dism:rnd: rnd-adj:
114 2 1 bi 2 pei 3b t-split:t2-merge:devoi: brk-a:
114 | 3 & bi 3 pei 3b | t-split:devoi: brk-a:
114 4 5 p"uai 1 phui 1b [t-split]:lab-dism:rnd: rnd-adj:
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114 5 buai 1 pl'l ui 1b t-split:asp:devoi:lab-dism:rnd: rnd-adj:

114 6 i1 buai 1 phui 1b t-split:asp:devoi:lab-dism:rnd: rnd-adj:

114 6 B buai 1 phui 1b t-split:asp:devoi:lab-dism:rnd: rnd-adj:

114 7 A ph uai 3 phui 3a t-split:lab-dism:rnd: rnd-adj:

114 8 i buai 3 phui 3a [t-split):asp:devoi:lab-dism:rnd: rnd-adj:

114 9 . muai i mui 1b t-split:lab-dism:rnd: rnd-adj:

115 1 #% muai 1§ mui 1b t-split:lab-dism:rnd: rnd-adj:

115 2 i3 muai 1 mui 1b t-split:lab-dism:rnd: rnd-adj:

115 3 ;] mi 1 mei 1b t-split: brk-a:

115 4 = mi 1 mui 1b t-split: brk-a:[e-u]:

115 5 & muai 2 mui 2b t-split:lab-dism:rnd: rnd-adj:

115 6 * mi 2 mei 2b t-split: brk-a:

115 7 B muai 3 mui 3b t-split:lab-dism:rnd: rnd-adj:

115 8 Bk muai 3 mui 3b t-split:lab-dism:rnd: rnd-adj:

115 9 L fui 1 fei la t-split:lab-dism: brk-a:

116 1 €| fui 1 fei la t-split:lab-dism: brk-a:

116 | 2 B | vui 1 fei 1b | t-split:devoi:lab-dism: brk-a:

116 3 HE fui 2 fei 2a t-split:lab-dism: brk-a:

116 4 B fyai 3 fai 3a t-split:lab-dnt’:lab-dism:

116 5 Wi fhya.i 3 fai 3a t-split:[asp-r]:lab-dnt’:lab-dism:

116 6 4 P ui 3 fai 3a t-split:[asp-r]:lab-dism: [brk-a]:

116 7 A nuai 3 noi 3b t-split:rnd:unglide:

116 8 ] luai 1 leey 1b t-split:rnd:unglide: rnd-adj:acute:

116 9 b1 luai 1 leey 1b t-split:rnd:unglide: rnd-adj:acute:

117 1 E lui 2 leey 2b t-split: acute:

117 2 lui 3 leey 3b t-split: acute:

117 3 * lui 3 leey 3b t-split: acute:

117 | 4 # lui 3 loey 3b | t-split: acute:

117 | 5 i lak 4 lak 4b | t-split:io-flip:

117 6 W dzak 4 tsPazk 4b t-split:asp:devoi:io-flip:[length]:

117 7 % kiap 4 khap 4a t-split:io-flip:unglide:(asp):

117 8 = xak 4 hak 4a t-split:x-weak:io-flip:

19\7 9 i tuai 1 teey la t-split:rnd: rnd-adj:degem:acute:
118 1 bis tuai 3 teey 3a t-split:rnd: rnd-adj:degem:acute:
118 2 BA duai 3 teey 3b t-split:devoi:rnd: rnd-adj:degem:acute:
118 3 A duai B teey 3b t-split:devoi:rnd: rnd-adj:degem:acute:
118 4 # tPuai 1 thcey la t-split:rnd: rnd-adj:degem:acute:
118 5 | 7 tPuai 2 thmy 2a t-split:rnd: rnd-adj:degem:acute:
118 6 B tPuai 3 thmy 3a t-split:rnd: rnd-adj:degem:acute:
118 7 "H tsui 2 tscey 2a t-split: acute:

118 8 ® dzuai 2 tscey 3b t-split:t2-merge:devoi:rnd: rnd-adj:degem:acute:
118 9 b 4 tsuai 3 tscey 3a t-split:rnd: rnd-adj:degem:acute:
119 5 | [ tsui 3 tsaey 3a t-split: acute:

119 2 e ts" uai 1 tshmy la t-split:rnd: rnd-adj:degem:acute:
119 2 #® tsP uai 1 tshu:y la t-split:rnd: rnd-adj:degem:acute:
119 3 ) 4 tsh yai 3 tsP cey 3a t-split:pal-dism:unglide:[rnd]: rnd-adj:acute:

119 4 . tsP ui 3 tshu:y 3a t-split: acute:

119 5 B sui 1 scey la t-split: acute:

119 6 W zui 3 tsha:y la [t-split):asp:fricat:devoi: acute:

119 6 Pl zui 1 tshcxy 1b t-split:asp:fricat:devoi: acute:

119 7 5 suai 3 scey 3a t-split:rnd: rnd-adj:degem:acute:
119 8 4 syai 3 soey 3a t-split:pal-dism:unglide:[rnd]: rnd-adj:acute:

119 9 ] zui 3 scey 3b t-split:devoi: acute:

120 1 B tui 1 tsaey la t-split:fricat:retrof:deret: acute:

120 2 #H tsui 1 tscey la t-split:retrof:deret: acute:

120 3 % tsPui 1 tshmy la t-split:retrof:deret: acute:

120 4 % tsPui 1 tsh cey 1b [t-split):retrof:deret: acute:

120 5 E Zui 1 scey 1b t-split:devoi:retrof:deret: acute:

120 6 i dui 1 tsP ey 1b t-split:asp:devoi:retrof:deret: acute:

120 6 L] dui 1 ts cey 1b t-split:asp:devoi:retrof:deret: acute:

120 T HE Zui 1 scey 1b t-split:devoi:retrof:deret: acute:

120 8 7K Sui 2 scey 2a t-split:retrof:deret: acute:

120 9 B Syai 3 sey 3a t-split:retrof:deret:pal-dism:unglide:[rnd]: rnd-adj:acute:

121 1 b Zui 3 scey 3b t-split:devoi:retrof:deret: acute:

121 2 F- fAui 2 joey 2b t-split:pro-d:glide-ins: acute:

121 3 B yai 3 jeey 3b t-split:glide:[rnd]: rnd-adj:acute:

121 4 ) kui 1 kP wai la t-split:[asp):lab-vel: brk-a:

1721, 5 e kui 1 kwai la t-split:lab-vel: brk-a:

121 6 =] kui 1 kwai la t-split:lab-vel: brk-a:

121 | 7 | kui 2 kwai 2a | t-split:lab-vel: brk-a:

121 8 R kui 2 kwai 2a t-split:lab-vel: brk-a:

121 9 <3 kyai 3 kwai 3a t-split:lab-vel: brk-a:

122 1 ¥ gui 2 kwai 3b t-split:t2-merge:devoi:lab-vel: brk-a:

122 2 # gui 3 kwai 3b t-split:devoi:lab-vel: brk-a:

122 3 B kui 3 kwai 3a t-split:lab-vel: brk-a:

122 4 = kP ui 1 kP wai la t-split:lab-vel: brk-a:

122 5 B3 gui 1 kP wai 1b t-split:asp:devoi:lab-vel: brk-a:
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122 6 ® kui 3 k" wai 3a t-split:lab-vel:[asp]: brk-a:
122 7 *® xuai 1 fui la t-split:lab-vel:f-coal:rnd: rnd-adj:
122 8 i3 xui 1 fai la t-split:lab-vel:f-coal: brk-a:
122 8 | xui 1 fai la t-split:lab-vel:f-coal: brk-a:
122 9 4 xui il fai la t-split:lab-vel:f-coal: brk-a:
123 1 ] yuai 4 wui 1b t-split:rnd:pro-b:glide: rnd-adj:
123 2 ] xuai 2 fui 3a (t2-t3]:t-split:lab-vel:f-coal:rnd: rnd-adj:
123 & R xui 2 wai 2a t-split:glide:[pro-xJ: brk-a:
123 4 ] xuai 2 fui 2a t-split:lab-vel:f-coal:rnd: rnd-adj:
123 5 iC yuai 2 wui 3b t-split:t2-merge:rnd:pro-b:glide: rnd-adj:
123 6 n yuai 3 k" ui 2a [t3-t2):[t-split]:devoiirnd:unglide:[x-kh]: rnd-adj:
123 if 2 yuai 3 wai 3b t-split:pro-b:glide:{back.a-fronted):

123 1 z yuai 3 wai 3b t-split:pro-b:glide:[back.a-fronted):

123 8 2 yuai 3 k" ui 2a [t3-t2):[t-split]):devoi:rnd:unglide:[x-kh]: rnd-adj:
123 9 .S yyai 3 wai 3b t-split:pal-dism:pro-b:glide:

124 I ifi xui 3 wai 2b [t3-t2]:[t-split]:glide:[pro-x]: brk-a:
124 2 .4 mui 1 mei 1b t-split:lab-dism: brk-a:
124 3 .3 ?ui 1 wai la t-split:pro-a:glide: brk-a:
124 4 f puai 1 wai 1b | t-split:pro-c:glide:[back-a-fronted]:

124 5 b pui 1 pai 1b t-split:unglide: [brk-a):
124 6 » jui 1 wai 1b t-split:glide:[pro-j}: brk-a:
124 # ui 1 wai 1b t-split:glide: brk-a:
124 T 3 ui 1 wai 1b t-split:glide: brk-a:
124 | 8 # | jui 1 wai 1b | t-split:glide:[pro-j}: brk-a:
124 9 ] jui i wai 1b :glide:[pro-j): brk-a:
125 1 % Pui 2 wai 2a pro-a:glide: brk-a:
125 | 2 ;] Dui 3 pai 3b :unglide: [brk-a]:
125 3 R mui 2 mei 2b t-split:lab-dism: brk-a:
125 4 i jui 2 wai 2b t-split:glide:[pro-j): brk-a:
125 5 * Jjui 2 wai 2b t-split:glide:[pro-j): brk-a:
125 6 i} Jyai 3 wai 3b t-split:pal-dism:[pro-j):glide: brk-a:
125 7 -4 ?ui 3 wai 3a t-split:pro-a:glide: brk-a:
125 8 A jui 3 wai 3b t-split:glide:[pro-j): brk-a:
125 9 o jui 3 wai 3b t-split:glide:[pro-j): brk-a:
126 1 * mui 3 mei 3b t-split:lab-dism: brk-a:
126 2 3 mui B mei 3b t-split:lab-dism: brk-a:
126 3 a pui 3 pai 3b t-split:unglide: [brk-a]:
126 4 3 ?ui 3 wai 3a t-split:pro-a:glide: brk-a:
126 5 ] jui 3 wai 3b t-split:glide:[pro-j): brk-a:
126 | 6 in jui 3 wai 3b | t-split:glide:[pro-j]: brk-a:
126 N4 m jui 3 wai 3b t-split:glide:[pro-j): brk-a:
126 8 ® pau 1 pou la t-split:rnd:

126 9 28 pau 1 paiu la t-split:rnd:

127 1 i § bak 4 pak 4b t-split:devoi:rnd:

L2 2 -4 bak 4 pak 4b t-split:devoi:back-asm:rnd:

127 3 ® pau 2 pou 2a t-split:rnd:

127 4 R pau 2 pou 2a t-split:rnd:

127 53 B pau 2 pou 2a t-split:rnd:

127 6 ;S pau 2 palu 2a t-split:length:

124 ¥ & pau 3 pou 3a t-split:rnd:

2 8 1] bau 2 phou 2b t-split:asp:devoi:rnd:

127 9 k3 bau 3 pou 3b t-split:devoi:rnd:

128 il L] pau 3 p"amw 3a t-split:length:[asp]:

128 2 ] pau 3 palu 3a t-split:length:

128 3 ] bau 2 palu 3a [t2-t3]):[t-split]:devoi:length:

128 4 . phau b ¢ pha:u la t-split:length:

128 5 L] bau 1 phou 1b t-split:asp:devoi:rnd:

128 6 :L] bau 0| pha:u 1b t-split:asp:devoi:length:

128 (f -] bau 1 pPazu 2a [t1-t2]:(t-split]:asp:devoi:length:

128 8 i phau 3 phau la [t3-t1]):t-split:

128 8 L] phau a8 phau 3a t-split:

128 9 b mau 1 malu la [t-split):length:

129 ¥ E ] mau 1 mou 1b t-split:rnd:

129 2 ¥ mau 1 mazu 1b t-split:length:

129 3 [ ] mau 1 malu 1b t-split:length:

129 4 F miu 1 maiu 1b t-split:lab-dnt:diph:io-flip:[length]:

129 5 m mau 2 ma:u 2b t-split:length:

129 6 A mau 3 mou 3b t-split:rnd:

129 7 ] mau k) mou 3b t-split:rnd:

129 8 % mau 3 malu 3b t-split:length:

129 9 2 mu 3 mau 3b t-split:diph:io-flip:

130 1 4 mu 3 mau 3b t-split:diph:io-flip:

130 2 7 tau ] tou la t-split:rnd:

130 3 & tau 2 tou 2a t-split:rnd:

130 3 ] tau 2 tou 2a t-split:rnd:

130 4 » tau 2 tou 2a t-split:rnd:

130 5 ] tau 2 tou 2a t-split:rnd:
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130 6 ) dau 3 tou 3b t-split:devoi:rnd:

130 7 L] tau 3 tou 3a t-split:rnd:

130 8 £l tau 3 tou 3a t-split:rnd:

130 9 -1 dau 2 tou 3b t-split:t2-merge:devoi:rnd:

131 1 8 dau 2 tou 3b t-split:t2-merge:devoi:rnd:

131 2 & dau 3 tou 3b t-split:devoi:rnd:

131 3 i8 thau 1 thou la t-split:rnd:

131 4 ] thau 1 tPou 1b [t-split):rnd:

131 5 # dau 1 tPou 1b t-split:devoi:rnd:

131 6 i dau 1 thou 1b t-split:devoi:rnd:

131 7 L] dau 1 thou 1b t-split:asp:devoi:rnd:

131 8 i thau 2 thou 2a t-splitirnd:

131 9 x thau 3 thou 3a t-split:rnd:

132 1 B nau 1 nau 1b t-split:

132 2 ] nau 2 nou 2b t-split:rnd:

132 2 ] nau 2 nou 2b t-split:rnd:

132 3 1% nau 3 nalu 3b t-split:length:

132 4 s lau 1 lou 1b t-split:rnd:

132 5 E: lau 1 lou 1b t-split:rnd:

132 6 % lau 1 lou 1b t-split:rnd:

132 7 E lau 2 lou 2b t-split:rnd:

132 8 ¥ lau <] lou 3b t-split:rnd:

132 | 9 B | lak 4 Iok 4b | t-split:rnd:

132 9 B lak 4 Ik 4c [t-split):ac-split:rnd:

133 1 b4 tsau 1 tsou la t-split:rnd:

133 2 ] tsau 1 tsou la t-split:rnd:

133 3 7 tsau 2 tsou 2a t-split:rnd:

133 4 #® tsau 2 tsou 2a t-split:rnd:

133 5 B tsau 3 tsPou 3a t-split:asp:rnd:

133 6 fsi tsau 3 tsou 3a t-split:irnd:

133 74 L1 dzau 2 tsou 3b t-split:t2-merge:devoi:rnd:

133 8 -3 dzau 2 tsou 3b t-split:t2-merge:devoi:rnd:

133 9 # ts"au 1 tsou la t-split:rnd:[de-asp]:

134 1 b tsPau 3 tsPou 3a t-split:rnd:

134 2 L] dzau 1 tsPou 1b t-split:asp:devoi:rnd:

134 3 -] dzau 1 tsPou 1b t-split:asp:devoi:rnd:

134 4 B tsPau 2 tsP ou 2a t-split:rnd:

134 5 L: 4 sau L sou la t-split:rnd:

134 6 B sau 1 sou la t-split:rnd:

134 7 A sau 2 sou 2a t-split:rnd:

134 8 " sau 2 sou 2a t-split:rnd:

134 9 < | sau 3 sou 3a t-split:rnd:

135 1 L} tiau I tsiu la t-split:fricat:retrof:deret:io-flip:rime:

135 2 L] tsiau 1 tsiu la t-split:fricat:retrof:deret:io-flip:rime:

135 3 i tsiau 1 tsiu la t-split:fricat:retrof:deret:io-flip:rime:

135 4 - diak 4 tsoek 4b t-split:devoi:fricat:retrof:deret:back-
asm:rnd:color:

135 5 R tgau 2 tsatu 2a t-split:deret:length:

135 6 #® tgau 2 tsaiu 2a t-split:deret:length:

135 7 ® tau 3 tsaiu 2a t-split:fricat:retrof:deret:length:

135 8 2 diau 2 tsiu 3a [t2-t3]:[t-split]:devoi:fricat:retrof:deret:io-
flip:rime:

135 9 ¥ diau 2 siu 3b t-split:t2-merge:devoi:fricat:retrof:deret:io-
flip:rime:[ts-s]:

136 1 L8 tsiau <] tsiu 3a t-split:devoi:fricat:retrof:deret:io-flip:rime:

136 2 B tsha.u T tsPazu la t-split:deret:length:

136 3 3 t;hau 1 tsPazu la t-split:deret:length:

136 4 a thiau 1 tsPiu la t-split:fricatiretrof:deret:io-flip:rime:

136 5 ] dzau 1 tsParu la [t-split]:asp:devoi:deret:length:

136 6 i} diau 1 tsPiu 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:rime:

136 7 L diau 1 tshiu 1b t-split:asp:devoi:fricat:retrof:deret:io-~
flip:rime:

136 8 B tgha.u 2 tsPatu 2a t-split:deret:length:

136 9 w tahau 2 tsParu 2a t-split:deret:length:

137 1 L] sau 1 salu la t-split:deret:length:

137 2 iz} gau 1 salu la t-split:deret:length:

137 3 ™ sau 3 salu 2a [t3-t2]:t-split:deret:length:

137 4 % Siau i siu la t-split:retrof:deret:io-flip:rime:

137 5 A ziak 4 tsoek 4b t-split:devoi:retrof:deret:back-
asm:rnd:color:[s-ts}:

137 6 2 Siau 2 siu 2a t-split:retrof:deret:io-flip:rime:

137 T » Siau 3 siu 3a t-split:retrof:deret:io-flip:rime:

137 8 @ Ziau 2 siu 3b t-split:t2-merge:devoi:retrof:deret:io-
flip:rime:

137 9 23 filau 1 jiu 1b t-split:io-flip:rime:pro-d:glide-ins:

138 1 ® filau 2 Jiu 2b t-split:io-flip:rime:pro-d:glide-ins:

138 2 % 13iau 2 Jiu 2b t-split:io-flip:rime:pro-d:glide-ins:
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138 3 [ kau i kou la t-split:rnd:

138 | 4 B | kau 1 kou la | t-split:rnd:

138 4 ES kau 1 kou la t-split:rnd:

138 4 x kau 1 kou la t-split:rnd:

138 5 ] kau 2 kou 2a t-split:rnd:

138 6 1% kau 2 katu 2a t-split:length:

138 Y # kau 3 kou 3a t-split:rnd:

138 8 * kMau 2 hatu 2a t-split:spirant:x-weak:length:
138 9 % kM au 2 ha:u 2a t-split:spirant:x-weak:length:
139 1 & kPau 3 kPam 3a t-split:length:

139 2 L] xau 1 hou la t-split:x-weak:rnd:

139 3 o xau ) hou la t-split:x-weak:rnd:

139 4 x Yau ) | hou 1b t-split:devoi:x-weak:rnd:
139 4 * ¥au 1 hou 1b t-split:devoi:x-weak:rnd:
139 5 & xau 2 hou 2a

139 6 & xau 3 hou 3a

139 T ¥ xau 3 hou 3a

139 8 5 yau 3 hou 3b t-split:devoi:x-weak:rnd:
139 9 M pau : | pou 1b t-split:rnd:

140 45 19 pau 1 pou 1b t-split:rnd:

140 2 S Pau 2 ou 2a t-split:rnd:pro-a:

140 3 % pau 3 gou 3b t-split:rnd:

140 | 4 5 | piau 1 piu la | t-split:io-flip:rime:

140 5 R’ piu 1 piu la t-split:

140 6 * piau 2 piu 2a t-split:io-flip:rime:

140 % Lo biau 2 pPiu 2b t-split:asp:devoi:io-flip:rime:
140 8 B phiau i phiu la t-split:io-flip:rime:

140 9 o biau 1 phiu 1b t-split:asp:devoi:io-flip:rime:
141 1 L] biau 1 phiu 1b t-split:asp:devoi:io-flip:rime:
141 2 = phiau 2 p"iu 3a [t2-t3]):t-split:io-flip:rime:
141 ] = phia.u 3 phiu 3a t-split:io-flip:rime:

141 4 & phiau 3 phiu 3a t-split:io-flip:rime:

141 5 ] miau 1 miu 1b t-split:io-flip:rime:

141 6 1# miau 1 miu 1b t-splitiio-flip:rime:

141 i " miau 2 miu 2b t-split:io-flip:rime:

141 8 ] miau 3 miu 3b t-split:io-flip:rime:

141 9 1] miau 3 miu 3b t-split:io-flip:rime:

142 1 3 tiau 1 tiu la t-split:io-flip:rime:

142 X 3 tiau 1 tiu la t-split:io-flip:rime:

142 2 i} tiau 1 tiu la t-split:io-flip:rime:

142 3 # tiau 3 tiu 3a t-splitiio-flip:rime:

142 4 e} tiau 3 tiu 3a t-split:io-flip:rime:

142 5 H diau 3 tiu 3b t-split:devoiirime:

142 6 L] diau 3 tiu 3b t-split:devoi:rime:

142 | 7 # | thiau 1 thiu la | t-split:io-flip:rime:

142 8 % diau 1 thiu la [t-split]:asp:devoi:io-flip:rime:
142 9 i diau 1 thiu 1b t-split:asp:devoi:io-flip:rime:
143 1 B thiau 8 thiu 3a t-split:io-flip:rime:

143 2 5 tiau 2 niu 2b [t-split]:io-flip:rime:[t-n]:
143 3 3 niau 3 niu 3b t-split:io-flip:rime:

143 4 w liau 1 liu 1b t-spli -flip:rime:

143 4 iZ liau 1 liu 1b t-split:io-flip:rime:

143 5 7 liau 3 liu 1b t-split:io-flip:rime:

143 6 T liau 2 liu 2b t-split:io-flip:rime:

143 i * liau 3 liu 3b t-split:io-flip:rime:

143 8 2 kau 1 katu la

143 8 ki kau & karu la t-split:length:

143 9 4 kau 1 katu la t-split:length:

144 1 ¥ kau 1 kar 3a [t1-t3]:t-split:length:

144 | 2 f& | tsiau 1 tsiu la | t-split:io-flip:rime:

144 3 W tsiau 1 tsiu la t-split:io-flip:rime:

144 3 x tsiau 7 ! tsiu la t-split:io-flip:rime:

144 4 L kiau 1 kiu la t-split:io-flip:rime:

144 4 B kiau 1 kiu la t-split:io-flip:rime:

144 5 23 kiau 1 kiu la t-split:io-flip:rime:

144 6 L} dziak 4 tscek 4b t-split:devoi:back-asm:rnd:color:
144 7 i kau 2 katu 2a t-split:length:

144 8 B kau 2 katu 2a t-split:length:

144 9 i kau 2] kaiu 2a t-split:length:

145 4 L] kiak 4 keek 4c t-split:ac-split:back-asm:rnd:color:
145 2 i kak 4 kok 4c t-split:ac-split:back-asm:rnd:
145 3 4 kau 3 katu 3a t-split:length:

145 4 B¥ kau 3 kau 3a t-split:length:

145 5 B kau 3 katu 3a t-split:length:

145 6 3 kau 3 ka:u 3a t-split:length:

145 T B kau 3 katu 3a t-split:length:

145 8 i1 kau 3 katu 3a t-split:length:
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145 9 giau 3 kiu 3b t-split:devoi:io-flip:rime:

146 1 L] kiau 3 kiu 3a t-split:io-flip:rime:

146 12 .4 kM au 1 hau la t-split:spirant:x-weak:

146 3 [ tsPiau 1 tsPiu la t-split:io-flip:rime:

146 4 " dziau 1 tsPiu 1b t-split:asp:devoi:io-flip:rime:

146 5 L3 dziau 1 tsPiu 1b t-split:asp:devoi:io-flip:rime:

146 6 & giau 1 kPiu 1b t-split:asp:devoi:io-flip:rime:

146 6 ¥ giau 1 kPiu 1b t-split:asp:devoi:io-flip:rime:

146 T L giau 1 kPiu 1b t-split:asp:devoi:io-flip:rime:

146 8 be] kPiau 2 hau 2a t-split:spirant:x-weak:io-flip:rime:

146 9 -] tsPiak 4 tsP ek 4c t-split:ac-split:back-asm:rnd:color:

147 1 5 kPiau 3 kPiu 3a t-split:io-flip:rime:

147 2 *x kP ak 4 hak 4a t-split:spirant:x-weak:back-asm:rnd:[!ac-
split]:

147 3 L. siau 1 siu la t-split:io-flip:rime:

147 3 i siau 1 siu la t-split:io-flip:rime:

147 3 L] siau 1 siu la t-split:io-flip:rime:

147 3 L] siau 1 siu la t-split:io-flip:rime:

147 4 » siau 1 siu la t-split:io-flip:rime:

147 4 [ siau 1 siu la t-split:io-flip:rime:

147 5 ;L] siak 4 saek 4c t-split:ac-split:back-asm:rnd:color:

147 6 /b siau 2 siu 2a t-split:io-flip:rime:

147 7 B xiau 2 hiu 2a t-split:x-weak:io-flip:rime:

147 8 2 xau 3 ha:u 3a t-split:x-weak:length:

147 9 n ¥au 3 hatu 3b t-split:devoi:x-weak:length:

148 1 ;4 ¥au 3 ha:u 3b t-split:devoi:x-weak:length:

148 2 ® siau 3 siu 3a t-split:io-flip:rime:

148 3 % ?iau 1 jiu la t-split:io-flip:rime:pro-a:glide-ins:

148 3 k3 ?iau 1 jiu la t-splitiio-flip:rime:pro-a:glide-ins:

148 3 -4 ?iau 1 Jjiu la t-split:io-flip:rime:pro-a:glide-ins:

148 4 % ?iau 1 jiu la t-split:io-flip:rime:pro-a:glide-ins:

148 5 ES ?iau 1 jiu la t-split:io-flip:rime:pro-a:glide-ins:

148 6 # ¥au L pau 1b t-split:devoi:[pro-x]:pro-m:

148 6 A ¥au 1 pau 1b t-split:devoi:[pro-x]:pro-m:

148 T = iau 1 jiu 1b t-split:glide-ins:io-flip:rime:

148 4 & iau 1 jiu 1b t-split:glide-ins:io-flip:rime:

148 7 & iau 1 jiu 1b t-split:glide-ins:io-flip:rime:

148 8 #® iau L Jjiu 1b t-split:glide-ins:io-flip:rime:

148 8 i# iau 1 Jjiu 1b t-split:glide-ins:io-flip:rime:

148 9 4 pau 2 pau 2b t-split:

149 1 B iau 2 jiu 2b t-split:glide-ins:io-flip:rime:

149 2 -3 ?iau 3 jiu 3a t-split:io-flip:rime:pro-a:glide-ins:

149 3 £ piak 4 joek 4b t-split:pro-c:glide-ins:back-asm:rnd:color:

149 4 B iak 4 joek 4b t-split:glide-ins:back-asm:rnd:color:

149 5 ] iak 4 jeek 4b t-split:glide-ins:back-asm:rnd:color:

149 | 6 [ 3 miu 1 mau 1b | t-split:lab-dnt:diph:io-flip:

149 7 * mu 2 mau 2b t-split:diph:io-flip:

149 8 & fiu 2 fau 2a t-split:lab-dnt’:diph:io-flip:

149 9 i to 1 tou 2a t-splitiraise: brk-b:

150 > | 7z tu 1 tau la t-split:diph:io-flip:

150 2 3 tu 2 tau 2a t-split:diph:io-flip:

150 3 # tu 2 tau 2a t-split:diph:io-flip:

150 3 3 tu 2 tau 2a t-split:diph:io-flip:

150 4 3 tu 3 tau 3a t-split:diph:io-flip:

150 5 -] du 3 tau 3b t-split:devoi:diph:io-flip:

150 5 g du 3 tau 3b t-split:devoi:diph:io-flip:

150 6 ] thy 1 thau la t-split:diph:io-flip:

150 7 % du 1 thau 1b t-split:devoi:diph:io-flip:

150 | 8 # | du 1 thau 1b | t-split:devoi:diph:io-flip:

150 9 & thu 3 thau 3a t-split:diph:io-flip:

151 1 L. J lu 1 lau 1b | t-split:diph:io-flip:

151 2 3 lu 1 lau 2b [t1-t2]):t-split:diph:io-flip:

151 3 ] lu 3 lau 3b | t-split:diph:io-flip:

151 4 a tgiu 1 tsau la t-split:r-unglide:deret:diph:io-flip:

151 5 3 tsu 2 tsau 2a t-split:diph:io-flip:

151 6 2% tsu 3 tsau 3a t-split:diph:io-flip:

151 s = tsPu 3 tsPau 3a t-split:diph:io-flip:

151 8 . ] siu 1 sau la t-split:r-unglide:deret:diph:io-flip:

151 9 . siu 1 sau la t-split:r-unglide:deret:diph:io-flip:

152 1 L] tsiu i1 tsau la t-split:retrof:deret:diph:io-flip:unglide:

152 1 bl tsiu 1 tsau la t-split:retrof:deret:diph:io-flip:unglide:

152 1 i tsiu 1 tsau la t-split:retrof:deret:diph:io-flip:unglide:

152 1 # téiu 1 tsau la t-split:retrof:deret:diph:io-flip:unglide:

152 2 » tsiuk 4 tsuk 4a t-split:retrof:deret:unglide:

152 3 ] diuk 4 tsuk 4b t-split:devoi:fricat:retrof:deret:unglide:

152 4 54 tiu 2 tsau 2a t-split:fricat:retrof:deret:diph:io-flip:unglide:

152 5 » tsiu 2 tsau 2a t-split:retrof:deret:diph:io-flip:unglide:
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tiu 3 tsau 3a t-split:fricatiretrof:deret:diph:io-flip:unglide:

tgiu 3 tsau 3a t-split:r-unglide:deret:diph:io-flip:

tgiu 3 tsau 3a t-split:r-unglide:deret:diph:io-flip:

dziu 3 tsau 3b t-split:devoi:retrof:deret:diph:io-flip:unglide:

thiu 1 tsPau la t-split:fricat:retrof:deret:diph:io-flip:unglide:

diu 1 tsPau 1b t-split:asp:devoi:fricat:retrof:deret:diph:io-
flip:unglide:

diu 3 tsPau 1b t-split:asp:devoi:fricat:retrof:deret:diph:io-
flip:unglide:

diu b tsPau 1b t-split:asp:devoi:fricat:retrof:deret:diph:io-
flip:unglide:

diu 1 sau 1b t-split:devoi:fricat:retrof:deret:diph:io-
flip:unglide:[ts-s]:

%iu i tsPau 1b t-split:asp:devoi:diph:io-flip:unglide:[s-ts]:

ziu 1 tshau 1b t-split:asp:devoi:diph:io-flip:unglide:[s-ts]:

tshiu 2 tshau 2a t-split:retrof:deret:diph:io-flip:unglide:

tsPiu 3 tshau 3a t-split:retrof:deret:diph:io-flip:unglide:

$iu 1 sau la t-splitiretrof:deret:diph:io-flip:unglide:

ziuk 4 suk 4b t-split:devoi:retrof:deret:unglide:

$iu 2 sau 2a t-split:retrof:deret:diph:io-flip:unglide:

$iu 2 sau 2a t-split:retrofideret:diph:io-flip:unglide:

$iu 2 sau 2a t-split:retrof:deret:diph:io-flip:unglide:

giu 3 sau 3a t-split:retrof:deret:diph:io-flip: unglide:

$iu 3 sau 3a t-split:retrof:deret:diph:io-flip:unglide:

ziu 2 sau 3b t-split:t2-merge:devoi:retrof:deret:diph:io-
flip:unglide:

%iu 3 sau 3b t-split:devoi:retrof:deret:diph:io-flip:unglide:

ziu 3 sau 3b t-split:devoi:retrof:deret:diph:io-flip:unglide:

ziu 3 sau 3b t-split:devoi:retrof:deret:diph:io-flip:unglide:

fiu 1 jau 1b t-split:diph:io-flip:pro-d:glide:

Aiu 1 jau 1b t-split:diph:io-flip: pro-d:glide:

Aiuk 4 juk 4b t-split:pro-d:glide:

ku 1] kau la t-split:diph:io-flip:

ku 1 kau la t-split:diph:io-flip:

ku ¥ kau la t-split:diph:io-flip:

ku 2 kau 2a t-split:diph:io-flip:

ku 2 kau 2a t-split:diph:io-flip:

ku 3 kau 3a t-split:diph:io-flip:

ku 3 kau 3a t-split:diph:io-flip:

ku 3 kau 3a t-split:diph:io-flip:

ku 3 kau 3a t-split:diph:io-flip:

ku 3 kau 3a t-split:diph:io-flip:

kM u 2 hau 2a t-split:spirant:x-weak:diph:io-flip:

kP u 3 kPau 3a t-split:diph:io-flip:

khy 3 khau 3a t-split:diph:io-flip:

khu 3 kDb au 3a t-split:diph:io-flip:

¥u 1 hau 1b t-split:devoi:x-weak:diph:io-flip:

¥u 1 hau 1b t-split:devoi:x-weak:diph:io-flip:

¥u 1 hau 1b t-split:devoi:x-weak:diph:io-flip:

¥u 2 hau 2b t-split:devoi:x-weak:diph:io-flip:

¥u 3 hau 3b t-split:devoi:x-weak:diph:io-flip:

¥u 3 hau 3b t-split:devoi:x-weak:diph:io-flip:

Tu 1 au la t-split:pro-a:diph:io-flip:

pu 2 pau 2b t-split:diph:io-flip:

pu 2 pau 2b t-split:diph:io-flip:

?u 2 au 2a t-split:pro-a:diph:io-flip:

Tu 3 au 3a t-split:pro-a:diph:io-flip:

tiu | tiu la t-split:

piu 1 pau 1b t-split:diph:io-flip:unglide:

niu 2 nau 2a [t-split):diph:io-flip:unglide:

niu 2] nau 2a [t-split]:diph:io-flip:unglide:

liu 3 lau 3b t-split:diph:io-flip:unglide:

liu 1 lau 1b t-split:diph:io-flip:unglide:

liu 1, lau 1b t-split:diph:io-flip:unglide:

liu 1 lau 1b t-split:diph:io-flip:unglide:

liu 1 lau 1b t-split:diph:io-flip:unglide:

liu 1 lau 1b t-split:diph:io-flip:unglide:

liu 1 lau la [t-split]):diph:io-flip:unglide:

liu 2 lau 2b t-split:diph:io-flip:unglide:

liuk 4 luk 4b t-split:unglide:

tsiu 1 tsau la t-split:diph:io-flip:unglide:

kiu 3 kau 3a t-split:diph:io-flip:unglide:

kiu 2 kau 2a t-split:diph:io-flip:unglide:

tsiu 2 tsau 2a t-split:diph:io-flip:unglide:

kiu 2 kau 2a t-split:diph:io-flip:unglide:

kiu 2 kau 2a t-split:diph:io-flip:unglide:

kiu 2 kau 3a t-split:diph:io-flip:unglide:

dziu 3 tsau 3b t-split:devoi:diph:io-flip:unglide:
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159 6 kiu 3 kau 3a t-split:diph:io-flip:unglide:

159 7 L} giu 2 k"au 2b t-split:asp:devoi:diph:io-flip:unglide:

159 8 = giu 3 kau 3b t-split:devoi:diph:io-flip:unglide:

159 9 ® tsPiu i tsPau la t-split:diph:io-flip:unglide:

160 | 1 B kPiu 1 jau la t-split:spirant:diph:io-flip:[pro-x]:glide:

160 2 'y ziu i tsPau 1b t-split:affric:asp:devoi:diph:io-flip:unglide:

160 3 R giu 1 k"au 1b t-split:asp:devoi:diph:io-flip:unglide:

160 4 =3 giu 1 kPau 1b t-split:asp:devoi:diph:io-flip:unglide:

160 5 " siu ! sau la t-split:diph:io-flip:unglide:

160 5 - 4 siu 1| sau la t-split:diph:io-flip:unglide:

160 6 e xiu 1 jau la t-split:diph:io-flip:[pro-x]:glide:

160 7 L] xiu 2 jau 2a t-split:diph:io-flip:[pro-x]:glide:

160 8 % siu 3 sau 3a t-split:diph:io-flip:unglide:

160 8 % siu 3 sau 3a t-split:diph:io-flip:unglide:

160 8 & siu 3 sau 3a t-split:diph:io-flip:unglide:

160 9 Hh ziu 3 tsau 3b t-split:affric:devoi:diph:io-flip:unglide:

161 1 = ?iu 1 jau la t-split:diph:io-flip:pro-a:glide:

161 1 t’ ?iu 1 jau la t-split:diph:io-flip:pro-a:glide:

161 2 = iu 1 jau 1b t-split:glide:diph:io-flip:

161 3 -} ?iu 17 jau la t-split:diph:io-flip:pro-a:glide:

161 4 r jiu 7 jau 1b t-split:diph:io-flip:unglide:

161 | 5 B | jiu 1 jau 1b | t-split:diph:io-flip:unglide:

161 6 i iu 1 jau 1b t-split:glide:diph:io-flip:

161 6 b2 iu 1 jau 1b t-split:glide:diph:io-flip:

161 6 " iu 11 jau 1b t-split:glide:diph:io-flip:

161 6 i:] iu 1 jau 2b [t1-t2]:t-split:glide:diph:io-flip:

161 6 b 3 iu 1 jau 1b t-spl lide:diph:io-flip:

161 7 £l Jjiu 2 jau 2b t-split:diph:io-flip:unglide:

161 8 K jiu 2 jau 2b t-split:diph:io-flip:unglide:

161 9 X jiu 3 jau 3b t-split:diph:io-flip:unglide:

162 1 -1 jiu 3 jau 3b t-split:diph:io-flip:unglide:

162 2 #i jiu 3 jau 3b t-split:diph:io-flip:unglide:

162 3 i iu 3 jau 3b t-split:glide:diph:io-flip:

162 3 W iu 3 jau 3b t-split:glide:diph:io-flip:

162 4 2 ?iu 3 jau 3a t-split:diph:io-flip: pro-a:glide:

162 5 B pan 1 pan la t-split:

162 5 Bt pan 1 pan la t-split:

162 5 L] pan 1 pan la t-split:

162 6 " pan : pha:n la t-split:length:[asp]:

162 1 ® puan i1 pun la t-split:lab-dism:rnd: rnd-adj:

162 8 m puan 1 pun la t-split:lab-dism:rnd: rnd-adj:

162 9 L3 pan 2 pain 2a t-split:length:

162 9 R pan 2 pain 2a t-split:length:

163 1 # pan 3 pain 3a t-split:length:

163 2 I ban 3 pain 3b t-split:devoi:length:

163 3 ¥ puan 3 pun 3a t-split:lab-dism:rnd: rnd-adj:

163 4 Lis buan 2 pun 3b t-split:devoi:lab-dism:rnd: rnd-adj:

163 5 # buan 2 ph un 3a [t2-t3]):[t-split]:asp:devoi:lab-dism:rnd: rnd-adj:

163 6 2 pPan s pPain la t-split:length:

163 ( i phuun 3 ph un la t-split:lab-dism:rnd: rnd-adj:

163 8 & buan 1 ph un 1b t-split:asp:devoi:lab-dism:rnd: rnd-adj:

163 9 3 phan 3 pha:n 3a t-split:length:

164 1 H p"uan 3 ph un 3a t-split:lab-dism:rnd: rnd-adj:

164 2 k4 man 1 ma:n 1b t-split:length:

164 3 ] muan 1 mun ib t-split:lab-dism:rnd: rnd-adj:

164 4 L] muan 2 mun 2b t-split:lab-dism:rnd: rnd-adj:

164 5 * man 3 ma:n 3b t-split:length:

164 6 b 3 muan 3 ma:n 3b t-split:length:

164 7 " muan 3 ma:n 3b t-split:length:

164 8 " vyam 1 fain 1b t-split:devoi:lab-dnt’:lab-dism:length:final-
dism:

164 9 & fPyan 1 fan la t-split:[asp-r]:lab-dnt’:lab-dism:

164 9 ] fh yan 1§ fan la t-split:[asp-r]:lab-dnt’:lab-dism:

165 1 R vyam 1 fain 1b t-split:devoi:lab-dnt’:lab-dism:length:final-
dism:

165 2 B vyan 1 fain 1b t-split:devoi:lab-dnt’:lab-dism:length:

165 2 W vyan 1 fain 1b | t-split:devoi:lab-dnt’:lab-dism:length:

165 2 ® vyan 1 fain 1b | t-split:devoi:lab-dnt’lab-dism:length:

165 3 3 fyan 2 fain 2a t-split:lab-dnt’:lab-dism:length:

165 4 B vyam 2 fain 3a [t2-t3]:[t-split]):devoi:lab-dnt’:lab-
dism:length:final-dism:

165 4 & vyam 2 fa:n 3b t-split:t2-merge:devoi:lab-dnt’:lab-
dism:length:final-dism:

165 5 3 fyan 3 fa:in 3a t-split:lab-dnt’:lab-dism:length:

165 6 " vyan 3 fain 3b t-split:devoi:lab-dnt’lab-dism:length:

165 7 i tam 1 taim la t-split:length:

165 8 # tan ! tain la t-split:length:
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165 9 B tan 1 tain la t-split:length:

166 5 m tam 2 taim 2a t-split:length:

166 2 il tam 3 ta:m 3a t-split:length:

166 3 dam 3 taim 3b t-split:devoi:length:

166 4 1= tan 3 tain 3a t-split:length:

166 5 8 dan 3 tan 3b t-split:devoi:length:

166 5 H dan 3 tan 3b t-split:devoi:length:

166 6 # dan 3 tham 3b t-split:asp:devoi:length:

166 s & tPam 1 tPamm la t-split:length:

166 8 5 tPam 1 tham la t-split:length:

166 9 3 than 1 tham la t-split:length:

166 9 [ 3 tPan 1 tham la t-split:length:

167 3 w dam 1 tPaim 1b t-split:asp:devoi:length:

167 3 3 dam ) | tPaim 1b t-split:asp:devoi:length:

167 3 g dam 1 tPamm 1b t-split:asp:devoi:length:

167 4 i | dan o thain 1b t-split:asp:devoi:length:

167 5 L dan 1 thain 1b t-split:asp:devoi:length:

167 6 ® tham 2 tPam 2a t-split:length:

167 T 5| than 2 thamn 2a t-split:length:

167 8 w tham 8 tPaim 3a t-split:length:

167 9 B tPan 3 thamn 3a t-split:length:

168 1 L4 than 3 tPam 3a t-split:length:

168 2 ] nam 1 na:m 1b t-split:length:

168 3 B} nam 1 naim ib t-split:length:

168 4 b3 nan 1 nan 1b t-split:length:

168 5 HE nan 3 nain 3b t-split:length:

168 6 i lam 1 laim 1b t-split:length:

168 m B lam 1 la: 1b t-split:length:

168 8 = lan 1 lan la {t-split]:[back.a-fronted]:

168 8 =4 lan 1 lan 1b t-split:[back.a-fronted]:

168 9 ® lan 1 la:n 1b t-split:length:

169 1 % lam 2 laim 2b t-split:length:

169 2 il lam 2 latm 2b t-split:length:

169 3 " lan 2 lain 2b t-split:length:

169 4 i lam 3 laim 3b t-split:length:

169 5 = lan 3 la:n 3b t-split:length:

169 6 1 dzam 3 tsaim 3b t-split:devoi:length:

169 7 »” tsan 3 tsa:in 3a t-split:length:

169 8 & tsPam 1 tsPaim la t-split:length:

169 9 ® tsPan 1 tsPam la t-split:length:

170 1 k3 dzam 1 tsParm 1b t-split:asp:devoi:length:

170 2 " dzan I tsMamn 1b t-split:asp:devoi:length:

170 3 % tsPam 2 tsPaim 2a t-split:length:

170 4 = sam 1 salm la t-split:length:

170 5 * san 2 san 3a [t2-t3):t-split:[back_a-fronted]:

170 5 ® san 2 san 3a [t2-t3]:t-split:[back._a-fronted]:

170 6 4 san 3 sain 3a t-split:length:

170 & s} tiam 1 tsim la t-split:fricat:retrof:deret:io-flip:rime:
170 8 K tiam 1 tsim la t-split:fricat:retrof:deret:io-flip:rime:
170 9 ® tsian 1 tsin la t-split:fricat:retrof:deret:io-flip:rime:
171 1 5 tsam 2 tsaim 2a t-split:retrof:deret:length:

171 2 E tsan 2 tsain 2a t-split:retrof:deret:length:

171 3 i3 tian 2 tsin 2a t-split:fricat:retrof:deret:io-flip:rime:
171 4 % tam 3 tsaim 3b [t-split]:fricat:retrof:deret:length:
171 5 M tgam 3 tsaim 3a t-split:deret:length:

17l 6 & tsiam 3 tsim 3a t-split:retrof:deret:io-flip:rime:

171 7 ® dz.an 3 tsain 2a [t3-t2]:[t-split]:devoi:deret:length:
171 8 ] tsian 3 tsin 3a t-split:retrof:deret:io-flip:rime:

171 9 ” t;ham 1 tsPaim la t-split:deret:length:

12 1 ”® dzam ;1 tsParm 1b t-split:asp:devoi:deret:length:

172 2 ] dian 1 tsPin 1b t-split:asp:devoi:fricat:retrof:deret:io-

flip:rime:

172 8 " Zian 1 sim 1b t-split:devoi:retrof:deret:io-flip:rime:{n-m]:
172 4 i tahan 2 tsPain 2a t-split:deret:length:

172 5 = t;han 2 tsPain 2a t-split:deret:length:

172 6 % sam 3; saim la t-split:deret:length:

172 7 it} san 1 sain la t-split:deret:length:

17%2 8 ] $ian 1 sin 3a [t1-t3]:t-split:retrof:deret:io-flip:rime:
172 9 Bk $iam 2 sim 2a t-split:retrof:deret:io-flip:rime:

173 o1 -] sian 3 sin 3a t-split:retrof:deret:io-flip:rime:

173 2 - %ian 2 sin 3b t-split:devoi:retrof:deret:io-flip:rime:
173 3 % filan 1 jin 1b t-split:io-flip:rime:pro-d:glide-ins:
173 4 " 1ian 1 jin 1b t-split:io-flip:rime:pro-d:glide-ins:
173 5! B filam 2 jin 2b t-split:io-flip:rime:pro-d:glide-ins:[m-n]:
173 6 H kam 1 kaim la t-split:length:

1’73 7. H kam s kaim la t-split:length:

173 8 T kan 1 kon la t-split:rnd:
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173 9 = kan 1 kon la t-split:rnd:

173 9 kS kan 1 kon la t-split:rnd:

173 9 i kan 1 kon la t-split:rnd:

174 X = kam 2 kaim 2a t-split:length:

174 2 4 kam 2 karm 2a t-split:length:

174 3 ¥ kan 2 kon 2a t-split:rnd:

174 4 Lid kan 2 kon 2a t-split:rnd:

174 5 #E kan 2 kon 2a t-split:rnd:

174 6 T kan 3 kon 3a t-split:rnd:

174 7 3 k"am 1 hatm la t-split:spirant:x-weak:length:
174 8 il kPan 1 hon la t-split:spirant:x-weak:rnd:
174 9 %k kPam 2 haim 2a t-split:spirant:x-weak:length:
175 1 % kPam 2 haim 2a t-split:spirant:x-weak:length:
175 2 " kPan 3 hon 3a t-split:spirant:x-weak:rnd:
175 3 & yam 1 haim la [t-split]):devoi:x-weak:length:
175 4 =] yam 1 ha:m la [t-split):devoi:x-weak:length:
175 5 1] ¥yan 1 hoan la [t-split):devoi:x-weak:rnd:
175 6 3] yan 1 hon la [t-split]:devoi:x-weak:rnd:
175 7 L3 xam 2 ha:m 3a t-split:x-weak:length:

175 8 b8 xan 3 hon 3a t-split:x-weak:rnd:

175 9 £ yan 2 hon 2b t-split:devoi:x-weak:rnd:

176 1 iF yan 3 hon 3a [t-split]:devoi:x-weak:rnd:
176 2 % ?an 1 on la t-split:rnd:pro-a:

176 3 ¥ fan 1 n la t-split:rnd:pro-a:

176 4 L] fam 3 aim 3a t-split:length:pro-a:

176 5 3 pan 3 pon 3b t-split:rnd:

176 6 H fan 3 on 3a t-split:rnd:pro-a:

176 7 % ?an 3 an 3a t-split:rnd:pro-a:

176 8 W pian 1 pin la t-split:io-flip:rime:

176 9 E ] pian 1 phin la t-split:io-flip:rime:[asp):

177 ]y b2} pian 1 pin la t-split:io-flip:rime:

177 2 72 piam 2 pin 2a t-split:io-flip:rime:final-dism:
177 3 .1 pian 2 pin 2a t-split:io-flip:rime:

177 3 ] pian 2 pin 2a t-split:io-flip:rime:

177 4 3 pian 3 pin 3a t-split:io-flip:rime:

177 5 w bian 2 pin 3b t-split:t2-merge:devoi:io-flip:rime:
177 5 BE bian 2 pin 3b t-split:t2-merge:devoi:io-flip:rime:
177 6 ;4 bian 3 pin 3b t-split:devoi:io-flip:rime:

177 7 Lo bian 2 pin la [t2-t1):[t-split):devoi:io-flip:rime:
177 8 b pian 3 pin 3a t-split:io-flip:rime:

177 | 9 ] pian 3 pin 3a | t-splitiio-flip:rime:

178 1 ] phian 1 phin la t-split:io-flip:rime:

178 1 ] pPian 1 phin la t-split:io-flip:rime:

178 2 & bian 1 phin 1b t-split:asp:devoi:io-flip:rime:
178 3 W phian 3 ph in 3a t-split:io-flip:rime:

178 4 A phian 3 phin 3a t-split:io-flip:rime:

178 5 1 mian 1 min 1b t-split:io-flip:rime:

178 5 ] mian 1 min 1b t-split:io-flip:rime:

178 6 R mian 1 min 1b t-split:io-flip:rime:

178 7 % mian 2 min 2b t-split:io-flip:rime:

178 7 & mian 2 min 2b t-split:io-flip:rime:

178 8 (] mian 3 min 3b t-split:io-flip:rime:

178 9 L] tian 1 tin la t-split:io-flip:rime:

179 1 F=t tiam 2 tim 2a t-split:io-flip:rime:

179 2 # tian 2 tin 2a t-split:io-flip:rime:

179 3 B tiam 3 tim 3a t-splitiio-flip:rime:

179 4 H dian 3 tin 3b t-split:devoi:io-flip:rime:

179 5 " dian 3 tin 3b t-split:devoi:io-flip:rime:

179 6 i} dian 3 tin 3b t-split:devoi:io-flip:rime:

179 4 b3 thiam 1 thim la t-split:io-flip:rime:

179 8 X thian ) | thin la t-split:io-flip:rime:

179 9 it diam 1 tPim 1b t-split:asp:devoi:io-flip:rime:
180 1 H dian 1 thin 1b t-split:asp:devoi:io-flip:rime:
180 2 i} dian 1 thin 1b t-split:asp:devoi:io-flip:rime:
180 3 [ tPiam 2 thim 2a t-split:io-flip:rime:

180 4 ® niam 1 nim 1b t-split:io-flip:rime:

180 5 EL niam 1 nim la [t-split):io-flip:rime:

180 6 i nian 3 | nin 1b t-split:io-flip:rime:

180 (4 w nian 2 nin 2b t-split:io-flip:rime:

180 | 8 ® lian 2 lin 2b | t-split:io-fip:rime:

180 9 ® nian 2 lin 2b t-split:io-flip:rime:[n-1]:

181 1 = niam 3 nim 3b t-split:io-flip:rime:

181 | 2 # | liam 1 lim 1b | t-spli

181 | 2 #® | liam 1 lim 1b | t-spli

181 2 ] liam 1 lim 1b t-split:io-flip:rime:

181 2 L liam i lim la [t-split]:io-flip:rime:

181 | 3 & lian ) lin 1b | t-split:io-fip:rime:
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181 4 3 lian 1 lyn 1b t-split:unglide:[rnd]: rnd-adj:acute:
181 5 # lian 1 lin 1b t-split:io-flip:rime:

181 | 6 # | lian 1 lin 1b | t-split:io-flip:rime:

181 7 K kiam 2 lim 2b [t-split):io-flip:rime:[k-1]:

181 8 % liam 3 lim 3b t-split:io-flip:rime:

181 9 % lian 3 lin 3b t-split:io-flip:rime:

181 9 % lian 3 lin 3b t-split:io-flip:rime:

181 9 <3 lian 3 lin 3b t-split:io-flip:rime:

182 1 ks luan 3 lyn 2b [t3-t2]):t-split:rnd: rnd-adj:degem:acute:
182 2 iy kiam 1 kaim la t-split:[unglide]:length:

182 3 E tsiam 1 tsim la t-split:io-flip:rime:

182 4 s tsiam 1 tsim la t-split:io-flip:rime:[asp):

182 5 #* kiam it kim la t-split:io-flip:rime:

182 6 fal kan 1 kain la t-split:length:

182 i ] kan 1 ka:n la t-split:length:

182 8 & kan 1 kan la t-split:

182 8 o kan 1 kan la t-split:

182 9 .41 tsian 8 tsin la t-split:io-flip:rime:

183 1 % tsian 1 tsin la o

183 | 2 | kian 1 kin la

183 3 ® kian 1 kin la t-split:io-flip:rime:

183 | 4 % | kam 2 ka:m 2a | t-split:length:

183 5 ® kam 2 ka:m 2a t-split:length:

183 6 B kiam 2 kim 2a t-split:io-flip:rime:

183 7 53 giam 2 kim 3b t-split:devoi:io-flip:rime:

183 8 ® kan 2 kan 2a t-split:

183 8 (] kan 2 kan 2a t-split:

183 9 ® kan 2 ka:n 2a t-split:length:

184 1 3 tsian 2 tsin 2a t-splitiio-flip:rime:

184 2 S kian 2 ka:mn 2a t-split:[unglide]:length:

184 3 i dziam 2 tsim 3a [t-split}:devoi:io-flip:rime:

184 4 | kiam 3 kim 3a t-split:io-flip:rime:

184 5 fe kan 3 kan 3a t-split:length:

184 6 il kan o} kain 3a t-split:length:

184 7 (3 tsian 3 tsin 3a t-split:iio-flip:rime:

184 8 3 tsian 3 tsin 3a t-split:io-flip:rime:

184 9 153 dzian 2 tsin 3b t-split:t2-merge:devoi:io-flip:rime:
185 1 # gian 2 kin 3b t-split:t2-merge:devoi:io-flip:rime:
185 | 2 #® kian 3 kin 3a | t-splitiio-flip:rime:

185 ) i gian 8 kin 3b t-split:devoi:io-flip:rime:

185 4 Bt gian 3 kin 3a [t-split):devoi:io-flip:rime:

185 | 5 # | tsian 3 tsin 3a | t-splitiio-flip:rime:

185 6 n kian 3 kin 3a t-splitiio-flip:rime:

185 7 k- tsMiam 1 tsMim la t-split:io-flip:rime:

185 7 3 tsMiam 1 tsMim la t-split:io-flip:rime:

185 8 i kMiam 1 him la t-split:spirant:x-weak:io-flip:rime:
185 9 i tsMian 1 tshin la t-split:io-flip:rime:

186 1 1 tshian 1 tshin la t-split:iio-flip:rime:

186 2 3 k"ian 1 hin la t-split:spirant:x-weak:io-flip:rime:
186 3] # yan I jyn 1b t-split:glide-ins:io-flip:rime:

186 4 i) giam 1 kMim 1b t-split:asp:devoi:io-flip:rime:

186 5 ® dzian 1 tsMin 1b t-split:asp:devoi:io-flip:rime:

186 6 L] dzian 1 tshin 1b t-split:asp:devoi:io-flip:rime:

186 T % gian 1 kPin 1b t-split:asp:devoi:io-flip:rime:

186 8 : 3 gian 1 kPin 1b t-split:asp:devoi:io-flip:rime:

186 O 23 tshian 2 tsMin 2a t-split:iio-flip:rime:

187 1 X kMiam 3 him 3a t-split:spirant:x-weak:io-flip:rime:
187 2 il sian 1 sin la t-split:io-flip:rime:

187 3 L sian 1 sin la t-split:iio-flip:rime:

187 4 b4 xian 1 hin la t-split:x-weak:io-flip:rime:

187 5 % sian 1 sin la t-split:io-flip:rime:

187 6 & yam 1 ha:m 1b t-split:devoi:x-weak:length:

187 7 f yam 1 ha:m 1b t-split:devoi:x-weak:length:

187 8 L 3 yiam 1 jim 1b t-split:io-flip:rime:pro-b:glide-ins:
187 9 i3] ¥an Jl ha:n 1b t-split:devoi:x-weak:length:

187 9 53] yan 1 ha:in 1b t-split:devoi:x-weak:length:

188 b ! # yian 1 jin 1b t-splitiio-flip:rime:pro-b:glide-ins:
188 2 [ iam 2 him 2a t-split:x-weak:io-flip:rime:

188 3 B xian 2 hin 2a t-split:x-weak:io-flip:rime:

188 4 B yam 3 ha:m 3b t-split:devoi:x-weak:length:

188 5 1 ¥am 3 ha:m 3b t-split:devoi:x-weak:length:

188 6 R ¥an 2 ha:n 3b t-split:devoi:x-weak:length:

188 7 £ sian 3 sin 3a t-split:io-flip:rime:

188 8 % xian 3 hin 3a t-split:x-weak:io-flip:rime:

188 9 L3 xian 3 hin 3a t-split:x-weak:io-flip:rime:

189 il o yian 3 jin 3b t-split:iio-flip:rime:pro-b:glide-ins:
189 2 8 Yyan 3 yn 3b t-split:io-flip:rime:pro-b:
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189 3 ® ?iam i jim la | t-split:io-flip:rime:pro-a:glide-ins:
189 4 13 Tiam 1 jim la t-split:io-flip:rime:pro-a:glide-ins:
189 5 # ?ian 1 jin la t-split:io-flip:rime:pro-a:glide-ins:
189 6 #H pam i} paim 1b t-split:length:
189 7 #h iam 1 jim 1b t-split:glide-ins:io-flip:rime:
189 8 L iam 1 jim 1b lide-ins:io-flip:rime:
189 9 (] iam 1 jim 1b :glide-ins:io-flip:rime:
190 1 - piam 1 jim 1b it:io-flip:rime:pro-c:glide-ins:
190 2 B pan i pa:in 1b ngth:
190 3 #E ian 1 jin 1b lide-ins:io-flip:rime:
190 4 El pian 1 jin 1b -flip:rime:pro-c:glide-ins:
190 5 W pian 1 jin 1b rime:pro-c:glide-ins:
190 6 & ?iam 2 Jim 2a t-split:io-flip:rime:pro-a:glide-ins:
190 7 R pan 2 paln 2b t-split:length:
190 8 b g ian 2 jin 2a t-split:glide-ins:io-flip:rime:
190 9 ® piam 3 jim 3b io-flip:rime:pro-c:glide-ins:
191 1 7S Tiam 3 jim 3a o-flip:rime:pro-a:glide-ins:
191 2 JFE pan 3 pa:in 3b length:
191 3 2 ?an 3 ain 3a length:pro-a:
191 4 0 pian 3 jin 3b -flip:rime:pro-c:glide-ins:
191 5 * Tian 3 Jin 3a t-split:io-flip:rime:pro-a:glide-ins:
191 6 L} Tian 3 jin 3a t-split:io-flip:rime:pro-a:glide-ins:
191 7 H Tian 3 jin 3a t-split:io-flip:rime:pro-a:glide-ins:
191 8 i tuan i tyn la t-split:rnd: rnd-adj:degem:acute:
191 9 5 tuan 2 tyn la [t2-t1):t-split:rnd: rnd-adj:degem:acute:
192 1 .4 tuan 3 tyn 3a t-split:rnd: rnd-adj:degem:acute:
192 2 " tuan 3 tyn 3a t-split:rnd: rnd-adj:degem:acute:
192 3 L4 duan 2 tyn 3b t-split:t2-merge:devoi:rnd: rnd-adj:degem:acute:
192 4 B duan 3 tyn 3b t-split:devoi:rnd: rnd-adj:degem:acute:
192 5 B duan 3 tyn 3b t-split:devoi:rnd: rnd-adj:degem:acute:
192 6 i) duan 1 thyn 1b t-split:asp:devoi:rnd: rnd-adj:degem:acute:
192 7 [ 3 nuan 2 nyn 2b t-split:rnd: rnd-adj:degem:acute:
192 8 L luan 2 lcen 2b t-split:rnd:unglide: acute:
192 9 & luan 3 lyn 3a [t-split]):rnd: rnd-adj:degem:acute:
193 1 # tsuan b tsyn la t-split:rnd: rnd-adj:degem:acute:
193 2 i tsuan 3 tsyn 3a t-split:rnd: rnd-adj:degem:acute:
193 3 .4 suan i\ syn la t-split:rnd: rnd-adj:degem:acute:
193 4 ! suan 3 syn 3a t-split:rnd: rnd-adj:degem:acute:
193 4 # suan 3 syn 3a t-split:rnd: rnd-adj:degem:acute:
193 5 ® tsyan 1 tsyn la t-split:retrof:deret:io-flip:rime:
193 5 133 tsyan il tsyn la t-split:retrof:deret:io-flip:rime:
193 6 % tyan 2 tsyn 3a [t2-t3]:t-split:fricat:retrof:deret:io-flip:rime:
193 7/ 3 dam fo! tsain 3b t-split:devoi:fricat:retrof:deret:length:[m-n]: acute:
193 8 L3 tuan 3 tsyn 2a [t3-t2]:t-split:fricat:retrof:deret:rnd: rnd-adj:degem:acute:
193 9 ¥ Aya.n 2 syn 3b t-split:t2-merge:devoi:fricat:retrof:deret:io-
flip:rime:[ts-s]:
194 1 % Aya.n 8 tsyn 3b t-split:devoi:fricat:retrof:deret:io-flip:rime:
194 2 M ts'lhya.n X tshyn la t-split:retrof:deret:io-flip:rime:
194 3 b3 tsPyan 1 tsPyn la t-split:retrof:deret:io-flip:rime:
194 4 3 Ayan 1 tshyn 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:rime:
194 5 3 Aya.n 1 tshyn 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:rime:
194 6 # dzyan 1 syn 1b t-split:devoi:retrof:deret:io-flip:rime:[ts-s):
194 0 L] ts’hyan 2 ts"yn 2a t-split:retrof:deret:io-flip:rime: acute:
194 8 LS P uan 3 tshyn 3a t-splitiretrof:deret:rnd: rnd-adj:degem:
194 9 | téhya.n 3 tshyn 3a t-splitiretrof:deret:io-flip:rime:
195 1 [§] guan 1 sain la t-split:r-unglide:deret:length:
195 2 # gyan 1 sain la t-split:r-unglide:deret:length:
195 3 # fyan 2 jyn 2b t-split:io-flip:rime:pro-d:glide-ins:
195 4 " kuan 1 kun la t-split:rnd: rnd-adj:degem:
195 5 o kuan ik kun la t-split:rnd: rnd-adj:degem:
195 6 i kuan i kun la t-split:rnd: rnd-adj:degem:
195 7 *x kuan 1 kwa:n la t-split:lab-vel:length:
195 8 k-1 kuan 2 kun 2a t-split:rnd: rnd-adj:degem:
195 8 1 kuan 2 kun 2a t-split:rnd: rnd-adj:degem:
195 9 i kuan 3 kun 3a t-split:rnd: rnd-adj:degem:
195 9 " kuan 3 kun 3a t-split:rnd: rnd-adj:degem:
196 3L # kuan 3 kun 3a t-split:rnd: rnd-adj:degem:
196 2 FL) kuan 3 kun 3a t-split:rnd: rnd-adj:degem:
196 3 b1 kuan 3 kun 3a t-split:rnd: rnd-adj:degem:
196 4 " kuan 3 kwa:n 3a t-split:lab-vel:length:
196 5 = k" uan it fun la t-split:spirant:x-lab:f-coal:rnd: rnd-adj:degem:
196 6 E:N k" uan 2 fun 2a t-split:spirant:x-lab:f-coal:rnd: rnd-adj:degem:
196 g E xuan 1 fun la t-split:spirant:x-lab:f-coal:rnd: rnd-adj:degem:
196 8 i Yuan 1 wa:in 1b t-split:length:pro-b:glide:
196 9 3 yuan 1 wain 1b t-split:length:pro-b:glide:
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197 1 ] yuan 2 wun 3b t-split:t2-merge:glide:rnd:pro-b: rnd-adj:
197 2 % xuan 3 wun 3b (t-split]:rnd:[pro-x]:glide: rnd-adj:
197 2 % xuan 8 wun 3b [t-split):irnd:[pro-x]:glide: rnd-adj:
197 3 #® yuan 3 wun 3b t-split:rnd:pro-b:glide: rnd-adj:
197 4 B yuan 3 wa:in 3b t-split:length:pro-b:glide:

197 5 =4 yuan 3 wain 3b t-split:length:pro-b:glide:

197 6 . Tuan 1 wun la t-split:rnd:pro-b:glide: rnd-adj:
197 % -4 Puan 1 waln la t-split:length:pro-b:glide:

197 vl L4 Tuan 1 wain la t-split:length:pro-b:glide:

197 8 5,3 yuan 1 jyn 1b t-split:rnd:pro-b:[j-ins]: rnd-adj:degem:acute:
197 9 R Yyuan 1 jyn 1b t-split:rnd:pro-b:[j-ins]: rnd-adj:degem:acute:
198 : § A puan 1 wa:in 1b t-split:length:pro-c:glide:

198 2 i guan 1 wain 1b t-split:length:pro-c:glide:

198 3 ] Tuan 2 wun 2a t-split:rnd:pro-a:glide: rnd-adj:
198 4 " myan 2 ma:n 2a [t-split]:lab-dnt’:lab-dism:length:

198 5 [ 1myan 2 wain 2b t-split:lab-dnt’:lab-dism:length: [m-w]:
198 6 T3 1myan 3 maz:n 3b t-split:lab-dnt":lab-dism:length:

198 s 2 myan 3 ma:n 3b t-split:lab-dnt’:lab-dism:length:

198 8 # yan 1 kyn la (t-split):io-fAip:rime:[k-ins):

198 9 & kyan 2 kyn 2a t-split:io-flip:rime:

199 1 # kyan 3 kyn 3a t-split:io-flip:rime:

199 2 % kyan 3 kyn 3a t-split:io-flip:rime:

199 3 ] kyan 3 kyn 3a t-split:io-flip:rime:

199 4 & gyan 3 kyn 3b t-split:devoi:io-flip:rime:

199 5 ) gyan 2 kyn 3b t-split:t2-merge:devoi:io-flip:rime:

199 6 ] khyan 1 hyn la t-split:spirant:x-weak:io-flip:rime:

199 % E dzyan if tshyn 1b t-split:asp:devoi:io-flip:rime:

199 8 £ dzyan 1§ tshyn 1b t-split:asp:devoi:io-flip:rime:

199 9 ® gyan a4 khyn 1b t-split:asp:devoi:io-flip:rime:

200 1 B gyan X khyn 1b t-split:asp:devoi:io-flip:rime:

200 2 IS khyan 2 hyn 2a t-split:spirant:x-weak:io-flip:rime:

200 3 o] khyan 3 hyn 3a t-split:spirant:x-weak:io-flip:rime:

200 4 = syan 1 syn la t-split:io-flip:rime:

200 5 .4 zuan 1 syn 1b t-split:devoi:io-flip:rime: acute:
200 6 E- ¥yan 1 jyn 1b t-split:io-flip:rime:pro-b:glide-ins:

200 i = Yyan 1 jyn 1b t-split:iio-flip:rime:pro-b:glide-ins:

200 8 = sian 2 sin 2a t-split:io-flip:rime:

200 9 & syan 2 syn 2a t-split:io-flip:rime:

201 1 Li: ¢ xyan 3 hyn 3a t-split:x-weak:io-flip:rime:

201 2 %= ?yan 1 jyn la t-split:io-flip:rime:pro-a:glide-ins:

201 3 [l jyan 1 jyn 1b t-split:io-flip:rime:

201 4 ] jyan 1 jyn 1b t-split:io-flip:rime:

201 5 % yan 1 jyn 1b t-split:glide-ins:io-flip:rime:

201 6 I pyan 1 Jjyn 1b t-split:io-flip:rime:pro-c:glide-ins:

201 6 3 pyan 1 jyn 1b t-split:io-flip:rime:pro-c:glide-ins:

201 7 JT nyan 1 Jjyn 1b t-split:io-flip:rime:pro-c:glide-ins:

201 8 ® jyan 1 jyn 1b t-split:io-flip:rime:

201 8 i# jyan i jyn 1b t-split:io-flip:rime:

201 9 jyan 1 jyn 1b 1 t-split:io-flip:rime:

202 i % jyan 1 jyn 1b t-split:io-flip:rime:

202 2) & jyan 2 jyn 2b t-split:io-flip:rime:

202 g B Jjyan <] jyn 3b t-split:io-flip:rime:

202 4 = gyan 3 jyn 3b t-split:io-flip:rime:pro-c:glide-ins:

202 5 = ?yan 3 jyn 3a t-split:io-flip:rime:pro-a:glide-ins:

202 6 3 puan 1 pan la t-split:lab-dism:io-flip:

202 T LS puan 2 pun 2a t-split:rime:

202 8 E3 busn 2 pan 3b t-split:t2-merge:devoi:lab-dism:io-flip:
202 9 ] phuan 1 phan 3a [t1-t3]:t-split:lab-dism:io-flip:

203 1 -4 buan 1 phun 1b t-split:asp:devoi:rime:

203 2 i1 muan 1 mun 1b t-split:irime:

203 3 22| muan 3 mun 3a | [t-split]:rime:

203 4 & fysn 1 fan la | t-split:lab-dnt’:lab-dism:io-flip:

203 5 % fhyan 1 fan la t-split:asp:lab-dnt’:lab-dism:io-flip:

203 5 3F fhyan 1 fan la t-split:asp:lab-dnt’:lab-dism:io-flip:

203 6 ¥ vyan 0} fan 1b t-split:devoi:lab-dnt’:lab-dism:io-flip:
203 @ 3% fyan 2 fan 2a t-split:lab-dnt’:lab-dism:io-flip:

203 8 E:3 fyan 3 fan 3a t-split:lab-dnt’:lab-dism:io-flip:

203 9 & fyan 3 fan 3a t-split:lab-dnt’:lab-dism:io-flip: acute:
204 3 i vyan 2 fan 2b t-split:devoi:lab-dnt’:lab-dism:io-flip:
204 2 2 vyan 2 fan 1b [t2-t1]:t-split:devoi:lab-dnt’:lab-dism:io-flip:
204 3 # vyan 3 fan 3b t-split:devoi:lab-dnt’:lab-dism:io-flip:
204 4 -3 nuan 3 nyn 3b t-split:rime:

204 5 & t;hiam 1 tsPam la t-split:r-unglide:deret:io-flip:

204 6 * giam 1 sam la t-split:r-unglide:deret:io-flip:

204 7 £t tdiam 1 tsam la t-split:retrof:deret:io-flip:unglide:

204 8 2} tsiam 1 tsam la t-split:retrof:deret:io-flip:unglide:

204 9 B tian 1 tsan la t-split:fricat:retrof:deret:io-flip:unglide:
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205 it P tian 1 tsip la t-split:fricat:retrof:deret:io-flip:rime:fusion:
205 2 i thian 1 tsip la t-split:fricat:retrof:deret:io-
flip:rime:fusion:[de-asp):

205 3 ® tsiam 2 tsam 2a t-split:fricat:retrof:deret:io-flip:unglide:

205 4 B tsian 2 tsan 2a t-split:fricat:retrof:deret:io-flip:unglide:

205 5 -3 tsian 2 tsan 2a t-split:fricat:retrof:deret:io-flip:unglide:

205 6 " tion 3 tsan 3a t-split:fricat:retrof:deret:io-flip:unglide:

205 7 =3 disn 3 tsan 3b t-split:devoi:fricat:retrof:deret:io-
flip:unglide:

205 8 ® téian 3 tsan 3a t-split:retrof:deret:io-flip:unglide:

205 8 = tsian 3 tsan 3a t-split:retrof:deret:io-flip:unglide:

205 9 o diom 1 ts"am 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:unglide:

206 )} B disn 1 tsMan 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:unglide:

206 2 & dian i tsPan 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:unglide:

206 3 -3 %ian 1 san 1b t-split:devoi:retrof:deret:io-flip:unglide:

206 3 &= Zian 1 san 1b t-split:devoi:retrof:deret:io-flip:unglide:

206 4 E Zian 1 san 1b t-split:devoi:retrof:deret:io-flip:unglide:

206 5 3 thion 3 tshan 3a t-split:fricat:retrof:deret:io-flip:unglide:

206 6 #H tphian 3 tsPan 3a t-split:ir-unglide:deret:io-flip:

206 7 w tsh iag 3 tsip 3a t-split:retrof:deret:rime:[de-asp):

206 8 E giam 1 sam la t-split:r-unglide:deret:io-flip:

206 9 3 diam 1 sam la t-splitiretrof:deret:io-flip:unglide:

207 1 L $ian 1 san la t-split:retrof:deret:io-flip:unglide:

207 1 . dian 1 san la t-split:retrof:deret:io-flip:unglide:

207 2 i dian 1 san 1b [t-split]retrof:deret:io-flip:unglide:

207 3 o dzisn o san 1b t-split:devoi:retrof:deret:io-flip:unglide:[ts-
s]:

207 4 L] $iam 2 sam 2a t-split:retrof:deret:io-flip:unglide:

207 5 Ll Siam 2 sam 2a t-split:retrof:deret:io-flip:unglide:

207 6 w Siam 2 sam 2a t-split:retrof:deret:io-flip:unglide:

207 7 b giam 3 sam 3a t-splitir-unglide:deret:io-flip:

207 8 #* Ziam 2 sam 3b t-split:t2-merge:devoi:retrof:deret:io-
flip:unglide:

207 9 1 Zian 2 san 2b t-split:devoi:retrof:deret:io-flip:unglide:

208 1 ! Zian 3 san 3b t-split:devoi:retrof:deret:io-flip:unglide:

208 2 A fdian 1 jan 1b t-split:glide:io-flip:pro-d:

208 3 = 1iian i§ jan 1b t-split:glide:io-flip:pro-d:

208 4 2 1iian 2 jan 2b t-split:glide:io-flip:pro-d:

208 5 £ riiam 3 jam 3b t-split:glide:io-flip:pro-d:

208 6 7 1iien 3 jan 3b t-split:glide:io-flip:pro-d:

208 7 A fnian 3 jan 3b t-split:glide:io-flip:pro-d:

208 8 /i3 kan 1 kan la t-split:io-flip:

208 9 " kan 1 kan la t-split:io-flip:

209 1 B kPon 2 han 2a t-split:spirant:x-weak:io-flip:

209 1 B k"an 2 han 2a t-split:spirant:x-weak:io-flip:

209 2 s kPap 2 hap 2a t-split:spirant:x-weak:io-flip:

209 3 R’ ¥on 2 han 2a [t-split):devoi:io-flip:

209 4 i ¥9n 3 han 3b t-split:devoi:io-flip:

209 5 B ?an 1 | jan la t-split:glide-ins:io-flip:

209 6 *® pian 1 pan la t-split:io-flip:unglide:

209 @ " pian 3 pan 3a t-split:io-flip:unglide:

209 | 8 # plip la | :

209 9 ® bian 1 ph an 1b t-split:asp:devoi:io-flip:unglide:

210 1 o bian i} pPan 1b t-split:asp:devoi:io-flip:unglide:

210 2 = phiam 2 phan 2a t-split:io-flip:unglide:

210 3 L] phiar'l 3 phig 3a t-split:io-flip:rime:fusion:

210 4 R mian 1 man 1b t-split:io-flip:unglide:

210 5 L mian 2 man 2b t-split:io-flip:unglide:

210 | 6 #* liam 1 lam 1b | t-splitiio-fAip:unglide:

210 6 # liam : lam la [t-split]:io-flip:unglide:

210 6 [ liam 1 lam la [t-split]:io-flip:unglide:

210 /. » lian 1 leen la [t-split]):pre-color:color:

210 (g & lian 1k leen 1b t-split:pre-color:color:

210 8 L lian 1 leen 1b t-split:pre-color:color:

210 9 i niam 3 jam 3b t-split:glide:io-flip:[n-del):

211 1 # lian 3 leen 3b t-split:pre-color:color:

211 2 * tsian 1 tscen la t-split:pre-color:color:

211 3 % kiam ik kam la t-split:io-flip:unglide:

211 4 & kiam ? | kam la t-split:io-flip:unglide:

211 5 # kiam L kPam la t-spl -flip:unglide:[asp):

211 6 ¥ kiam 1 kam la t-split:io-flip:unglide:

211 0 h kian 1 kan la t-split:io-flip:unglide:

211 8 r kian 1 kan la t-split:io-flip:unglide:

211 8 )] kian 1 kan la t-split:io-flip:unglide:

211 9 IS tsian 2 tsaen 2b [t-split]:pre-color:color:
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smc tn mc tn Diachronic Allophonic
kian 2 kan 2a t-split:io-flip:unglide:
gian 3 kan 2a [t-split):devoi:io-flip:unglide:
kiam 3 kam 3a t-split:io-flip:unglide:
tsian 3 tscen 3a t-split:pre-color:color:
dzian 2 tscen 3b t-split:t2-merge:devoi:pre-color:color:
gian 2 kMan 2b t-split:asp:devoi:io-flip:unglide:
kian 3 kip 3b t-split:rime:[n-ng]):
tshiam 1 tsPam 1b [t-split]:io-flip:unglide:
tsPian 1 tsPan la t-splitiio-flip:unglide:
giam 1 kPam 1b t-split:asp:devoi:io-flip:unglide:
giam 1 kP am 1b t-split:asp:devoi:io-flip:unglide:
giam i kPam 1b t-split:asp:devoi:io-flip:unglide:
dzian 1 tsP cen 1b t-split:asp:devoi:pre-color:color:
gian 1 kPan 1b t-split:asp:devoi:unglide:io-flip:
gian ;! kPan 1b t-split:asp:devoi:unglide:io-flip:
tsPiam 2 tsPam 2a t-split:io-flip:unglide:
siam e sam la t-split:io-flip:unglide:
sian 1 san la t-split:io-flip:unglide:
sian L san la t-split:io-flip:unglide:
sian L san la t-split:io-flip:unglide:
xian ) jan la t-split:io-flip:[pro-x]:glide:
sian 3 scen 3a t-split:pre-color:color:
?iam 1 jam la t-split:io-flip:pro-a:glide:
?iam 1 jam la t-split:io-flip:pro-a:glide:
?ian 1 jan la t-split:io-flip:pro-a:glide:
Pisn 1 jan la t-split:io-flip:pro-a:glide:
Tian b jan la t-split:io-flip:pro-a:glide:
pian 1 pan la [t-split]):io-fip:unglide:
ian 1 in 1b t-split:rime:
?iam 2 jam 2a t-split:io-flip:pro-a:glide:
?isn 2 jan 2a t-split:io-flip:pro-a:glide:
ian 2 jan 2a [t-split]:glide:io-flip:
ysn 2 wan 2a [t-split):y-split:glide:io-flip:
?ian 3 jan 3a t-split:io-flip:pro-a:glide:
tusn 1 tan la t-split:io-flip:unglide:
tusan 1 tan la t-split:io-flip:unglide:
tysn 3 teen 3b [t-split]:color:
duan 2 theen 2b t-split:asp:devoi:color: acute:
dusn 3 tcen 3b t-split:devoi:color: acute:
duan 3 tcen 3b t-split:devoi:color: acute:
thon 1 than la t-split:io-flip:
duan 1 thyn 1b t-split:rime: acute:
duan 14 thyn 1b t-splitirime: acute:
luan il leen 1b t-split:color: acute:
lyan 1 leen la [t-split):color:
lysn 1 loen 1b t-split:color:
luan 3 leen 3b t-split:color: acute:
tsuan 1 tsyn la t-split:rime: acute:
tsysn 1 tsyn la t-split:rime:
tsPuan 1 tshyn la t-splitirime: acute:
dzuan 1 tshyn 1b t-split:asp:devoi:rime: acute:
tsP uan 3 tshyn 3a t-split:rime: acute:
suan 1 shyn la t-split:rime:[asp]: acute:
suan 2 syn 2a t-splitirime: acute:
syan 2 scen 2a t-split:color:
tsyan 2 tscen 2a t-split:retrof:deret:color:
ts'hyan 1 tsP cen la t-split:retrof:deret:color:
dzyan 1 scen 1b t-split:devoi:retrof:deret:color:[ts-s]:
Zyan 1 scen la [t-split]:devoi:retrof:deret:color:
Zyan 1 scen 1b t-split:devoi:retrof:deret:color:
tsh ysn 2 tsP en 2a t-split:retrof:deret:color:
dzysn 3 scen 3b t-split:devoi:retrof:deret:color:(ts-s]:
nyan 3 jeen 3b t-split:color:pro-d:glide-ins:
fiyan 3 jeen 3b t-split:color:pro-d:glide-ins:
kuan 2 kwan 2a t-split:lab-vel:io-flip:
kwan 3a :
kuan 1 kM uan la t-split:io-flip:[asp]:
kuan 1 kM uan la t-split:io-flip:(asp):
kPuan b § k" wan la t-split:lab-vel:io-flip:
kPuan 2 kP wan 2a t-split:lab-vel:io-flip:
kM uan 3 kPwan 3a t-split:lab-vel:io-flip:
xuan 1 fan la t-split:lab-vel:f-coal:io-flip:
xuan 1 fan la t-split:lab-vel:f-coal:io-flip:
Xyan 1 fan la t-split:y-split:lab-vel:f-coal:io-flip:
Yuan 1! wan 1b t-split:io-flip:pro-b:glide:
¥usn 1 wan 1b t-split:io-flip:pro-b:glide:
yuan 2 wan 3b t-split:t2-merge:io-flip:pro-b:glide:
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219 5 & Puan 1 wan la t-split:io-flip:pro-a:glide:

219 5 ) ¢ Puan i wan la t-split:io-flip:pro-a:glide:

219 6 3 1guan ! man 1b t-split:lab-dism:io-flip:

219 6 -4 muan il man 1b t-split:lab-dism:io-flip:

219 7 R myan 1 man 1b t-split:lab-dnt":lab-dism:io-flip:

219 8 ® Puan 2 wan 2a t-split:io-flip:pro-a:glide:

219 9 C] myan 3 man 3b t-split:lab-dnt":lab-dism:io-flip:

220 1 # kyan 1 kwan la t-split:y-split:lab-vel:io-flip:

220 1 ] kyan 1 kwan la t-split:y-split:lab-vel:io-flip:

220 2 B kyan 1 kwan la t-split:y-split:lab-vel:io-flip:

220 2 ) kyan 1 kwan la t-split:y-split:lab-vel:io-flip:

220 3 R tsyan 3 tscen 3a t-split:color:

220 4 [ gyan 2 kPwan 2a [t-split):asp:devoi:y-split:lab-vel:io-flip:

220 5 " gyan 35 k"wan 1b t-split:asp:devoi:y-split:lab-vel:io-flip:

220 6 8 gyan 1 k" wan 1b t-split:asp:devoi:y-split:lab-vel:io-flip:

220 g ] xyan 1 fan la t-split:y-split:lab-vel:f-coal:io-flip:

220 @ ) | xyan fan la t-split:y-split:lab-vel:f-coal:io-flip:

220 8 s ziam 1 tsPam 1b t-split:affric:asp:devoi:io-flip:unglide:

220 9 i zyan 1 ts" cen 1b t-split:affric:asp:devoi:color:

220 9 ] zysn 1 tsPcen 1b t-split:affric:asp:devoi:color:

220 9 0 zyan 1 ts" cen 1b t-split:affric:asp:devoi:color:

221 i & ;i sian 3 scen 3a t-split:pre-color:color:

221 2 i) syan 3 scen 3a t-split:color:

221 3 w xXyan 3 fan 3a t-split:y-split:lab-vel:f-coal:io-flip:

221 4 ] yan 1 wan 1b t-split:y-split:

221 5 = jysn 1 wan 1b t-split:y-split:io-flip:[pro-j]:glide:

221 6 ft yan 2 wan 2b t-split:y-split:glide:io-flip:

221 74 L4 ?ysn 3 wan 3b [t-split]:y-split:io-flip: pro-a:glide:

221 8 2] jysn 3 wan 3b t-split:y-split:io-flip:[pro-j]:glide:

221 9 B jyan 3 wan 3b t-split:y-split:io-flip:[pro-j]:glide:

222 1 E Jyan 3 wan 3b t-split:y-split:io-flip:[pro-j):glide:

222 2 3 iap 3 jan 3b t-split:glide:io-flip:[ng-n]:

222 3 m pag 1 pPop la t-split:rnd:

222 4 o pap 1 Pan la t-split:back-asm:rnd:

222 5 B pag 2 pPoD 2a t-split:rnd:

222 | 6 9t pop 2a | :

222 7 <3 bap 2 pPam 2a [t-split):asp:devoi:length:

222 8 % bay 1 ph ap la [t-split]:asp:devoi:rnd:

222 9 13 ph ap 3 phun 3a t-split:back-asm:rnd: rnd-adj:

223 1 f mag 1 moy 1b t-split:rnd:

223 2 ¥ fyap 1 fop 1b [t-split]):lab-dnt’:lab-dism:back-asm:rnd:

223 3 % fhyan 1 fop la t-split:[asp-r]:lab-dnt’:lab-dism:back-
asm:rnd:

223 4 o] fhyar_] 1 fon 1b [t-split):[asp-r]:lab-dnt":]lab-dism:back-
asm:rnd:

223 5 8 vyap 1! fop 1b t-split:devoi:lab-dnt':lab-dism:back-
asm:rnd:

223 6 W vyap 1 fon 1b t-split:devoi:lab-dnt’:lab-dism:back-
asm:rnd:

223 T t fyap 2 fop 2a t-split:lab-dnt’:lab-dism:back-asm:rnd:

223 8 95 fyan 2 foy 2a t-split:lab-dnt’:lab-dism:back-asm:rnd:

223 9 t fhya.g 2 foy 2a t-split:[asp-r]:lab-dnt’:lab-dism:back-
asm:rnd:

223 9 i fhya.l_] 2 fon 2a t-split:[asp-r]:lab-dnt':lab-dism:back-
asm:rnd:

224 1 %] M yan 3 fon 2a [t3-t2]:t-split:[asp-r]:lab-dnt’:lab-dism:back-
asm:rnd:

224 2 7 fyan 3 fon 3a t-split:lab-dnt’:lab-dism:back-asm:rnd:

224 3 E | tap 1 foyn la t-split:rnd:[t-f]:

224 4 3 tap 2 fop 2a t-split:rnd:[t-f]:

224 | 5 =] top 2ay | i

224 6 =] tag 3 ton 3a t-split:rnd:

224 7 & thn.r_) 1 thag la t-split:rnd:

224 8 ] day 1 thog 1b t-split:asp:devoi:rnd:

224 8 i dan 1 thag 1b t-split:asp:devoi:rnd:

224 8 " dap 1 thag la [t-split):asp:devoi:rnd:

224 9 o day 1; th:u_] 1b t-split:asp:devoi:rnd:

225 1 L] tha.\;) 2 th:uJ 2a t-split:rnd:

225 2 ® t.hu.g 3 th:nJ 3a t-split:rnd:

225 3 .| thng 3 t.h:ug 3a t-split:rnd:

225 4 E 3 nay 1 nop 1b t-split:rnd:

225 5 " lag 1 lop 1b t-split:rnd:

225 | 5 " lap 1 log 1b | t-split:rnd:

225 5 B lap 1 lap la [t-split]):rnd:

225 6 R’ lag 3 lap 3b t-split:rnd:

225 A ‘ tsap 1 tsop la t-split:rnd:

225 7 3 tsap 1 tsop la t-split:rnd:

225 4 i tsan i} tsop la t-split:rnd:
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225 s | ¥ tsapn 3 tsop 3a t-split:rnd:

225 | 9 M | dzay 3 tson 3b | t-split:devoi:rnd:

225 9 ] dzap 3 tsopg 3b t-split:devoi:rnd:

226 | 1 & | ts"ap 1 tsPop la | t-split:rnd:

226 2 -3 tshtu;] 1 '.sh:nj la t-split:rnd:

226 3 # dzan 1 tshag 1b t-split:devoi:rnd:

226 4 & sap L son la t-split:rnd:

226 5 . 3 san 1 sap la t-split:rnd:

226 6 3 sap 2 san 2a t-split:rnd:

226 7 # say 3 sdp 3a t-split:rnd:

226 8 * tiapg 1 tscen la t-split:fricat:retrof:deret:back-asm:rnd:color:

226 9 ﬁ tsiag 1 tscen la t-split:retrof:deret:back-asm:rnd:color:

226 9 #® tsiap 1 tsceq la t-split:retrof:deret:back-asm:rnd:color:

227 1 3 tiap 2 tscen 2a t-split:fricat:retrof:deret:back-asm:rnd:color:

227 2 b 3 tiap 2 tscep 3a [t2-t3]:t-split:fricat:retrof:deret:back-
asm:rnd:color:

227 3 ¥ tsiap 2 tscen 2a t-split:retrof:deret:back-asm:rnd:color:

227 4 3 tiap 3 tscep 3a t-split:fricat:retrof:deret:back-asm:rnd:color:

227 4 b 3 tiap 3 tsaen 3a t-split:fricat:retrof:deret:back-asm:rnd:color:

227 4 13 tiap 3 tscen 3a t-split:fricat:retrof:deret:back-asm:rnd:color:

227 4 L3 tiap 3 tscep 3a t-split:fricat:retrof:deret:back-asm:rnd:color:

227 5 = diap 2 tscen 3b t-split:devoi:fricat:retrof:deret:back-
asm:rnd:color:

227 6 H diap 2) tsoen 3b t-split:devoi:fricat:retrof:deret:back-
asm:rnd:color:

227 4 it aiag 2 tscen 3b t-split:devoi:fricat:retrof:deret:back-
asm:rnd:color:

227 8 - tsiap 2 tscen 3a [t2-t3):t-split:retrof:retrof:deret:back-
asm:rnd:color:

227 9 =1 tsPiay 1 tsP cen la t-split:retrof:deret:back-asm:rnd:color:

228 1 % iap i tshmg 1b t-split:asp:devoi:fricat:retrof:deret:back-
asm:rnd:color:

228 1 S aiao 1 tshmg 1b t-split:asp:devoi:fricat:retrof:deret:back-
asm:rnd:color:

228 2 % aiag 1 tshmg 1b t-split:asp:devoi:fricat:retrof:deret:back-
asm:rnd:color:

228 3 w Ziap 1 scep 1b t-split:devoi:retrof:deret:back-asm:rnd:color:

228 4 = Ziap 1 scep 1b t-split:devoi:retrof:deret:back-asm:rnd:color:

228 5 =3 Ziap 1 scen 1b t-split:devoi:retrof:deret:back-asm:rnd:color:

228 6 ‘2 téPian 2 tsPcen 2a t-split:retrof:deret:back-asm:rnd:color:

228 T % th iap 3 tsPcen) 3a t-split:fricat:retrof:deret:back-asm:rnd:color:

228 8 L] tsh ian 3 tshmg 3a t-split:retrof:deret:back-asm:rnd:color:

228 9 =] tgh iap 3 tsh ey 3a t-split:retrof:deret:back-asm:rnd:color:

229 1 ] Siap 1 scen la t-split:retrof:deret:back-asm:rnd:color:

229 2 t Siap 1 saep la t-split:retrof:deret:back-asm:rnd:color:

229 3 ® diap 2 scen 2a t-split:retrof:deret:back-asm:rnd:color:

229 4 £ Ziap 2 scep 2b t-split:devoi:retrof:deret:back-asm:rnd:color:

229 5 14 Ziap 3 scep 3b t-split:devoi:retrof:deret:back-asm:rnd:color:

229 6 o4 Ziap 3 scen 3b t-split:devoi:retrof:deret:back-asm:rnd:color:

229 h L fiapg 1 noy 1b t-split:retrof:deret:back-asm:rnd:unglide:

229 8 " fiian 2 joen 2b t-split:back-asm:rnd:color:pro-d:glide-ins:

229 8 L fiap 2 jeep 2b t-split:back-asm:rnd:color: pro-d:glide-ins:

229 8 = 1iiap 2 jeen 2b t-split:back-asm:rnd:color: pro-d:glide-ins:

229 9 ik niap a8 joen 3b t-split:back-asm:rnd:color:pro-d:glide-ins:

230 1 B kap 1| kap la t-split:rnd:

230 1 =] kan 1 kap la t-split:rnd:

230 1 KA kay 1 kog la t-split:rnd:

230 2 2] kag 1 kap la t-split:rnd:

230 3 B kap 1 kap la t-split:rnd:

230 4 AL kap 1 kop la t-split:back-asm:rnd:

230 5 d kap 1 kap la t-split:back-asm:rnd:

230 6 i3 kap 2 kop 2a t-split:back-asm:rnd:

230 | 7 L3 kop 3a | :

230 8 - 3 khtu_) 1 hop la t-split:spirant:x-weak:rnd:

230 8 " kha.xJ 1 hop la t-split:spirant:x-weak:rnd:

230 || 9 | khay 2 kPop 2a | t-split:rnd:

231 1 3 khn.g 3 kh:u:) 3a t-split:rnd:

23L | 2 | kPay 3 kPap 3a | t-split:rnd:

231 3 b yay iR hop 1b t-split:devoi:x-weak:rnd:

231 3 L4 ¥ay 1 hop 1b t-split:devoi:x-weak:rnd:

231 3 11 yan 1 hop 1b t-split:devoi:x-weak:rnd:

231 4 8 Tap : § 3 la t-split:pro-a:rnd:

231 5 L pay 1 LEL) 1b t-split:rnd:

231 6 " niap p ! necep 1b t-split:back-asm:rnd:color:

231 T b liap 1 lcen 1b t-split:back-asm:rnd:color:

231 7 3 liag 1 lcen la [t-split]:back-asm:rnd:color:

231 7 R liap 1 lcen 1b t-split:back-asm:rnd:color:

231 8 i lian 1 lcen 1b t-split:back-asm:rnd:color:
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231 8 3 liap 1 lep 3b [t1-t3]:t-split:back-asm:rnd:color:

231 9 <] liag 2 loep 2a [t-split]):back-asm:rnd:color:

232 it * liap 3 loep 3b t-split:back-asm:rnd:color:

232 1 & lian 3 leen 3b t-split:back-asm:rnd:color:

232 2 "3 liag 3 leep 3b t-split:back-asm:rnd:color:

232 3 L] liap 3 lcep 3b t-split:back-asm:rnd:color:

232 4 Eid tsiap 1 tscep la t-split:back-asm:rnd:color:

232 5 * tsiap 1 tscen la t-split:back-asm:rnd:color:

232 6 @ kiap 1 keoep la t-split:back-asm:rnd:color:

232 6 [ | kiap 1 keep la t-split:back-asm:rnd:color:

232 4 ® kian 1 keep la t-split:back-asm:rnd:color:

232 T E kiap 1 keep la t-split:back-asm:rnd:color:

232 8 i kap 1 kop la t-split:back-asm:rnd:

232 9 % tsiap 2 tscep 2a t-split:back-asm:rnd:color:

233 1] i kan 2 kop 2a t-split:back-asm:rnd:

233 2 -1 tsiap 3 tscep 3a t-split:back-asm:rnd:color:

233 3 bid tsiap 8 tscep 3a t-split:back-asm:rnd:color:

233 4 E dziap 3 tscen 3b t-split:devoi:back-asm:rnd:color:

233 5 R kay 3 kopg 3a t-split:back-asm:rnd:

233 6 #® tsh iap 1 tsh cen la t-split:back-asm:rnd:color:

233 7 ® khuj 1 hop la t-split:spirant:x-weak:back-asm:rnd:

233 8 ] dziap 1 tsh cen 1b t-split:asp:devoi:back-asm:rnd:color:

233 9 ] giap 1 kP cen 1b t-split:asp:devoi:back-asm:rnd:color:

234 1 & tsh iap 2 tsh cen 2a t-split:back-asm:rnd:color:

234 2 ;] siap 1 scep la t-split:back-asm:rnd:color:

234 2 L] siap 1 scep la t-split:back-asm:rnd:color:

234 2 # siap 1 scep la t-split:back-asm:rnd:color:

234 2 L} siap 1 scen la t-split:back-asm:rnd:color:

234 3 F xiap 1 heep la t-split:x-weak:back-asm:rnd:color: |

234 4 % xian 1 heep la t-split:x-weak:back-asm:rnd:color: i

234 5 ] zian 1 tsh cen la [t-split]:affric:asp:devoi:back-asm:rnd:color: |

234 5 22 ziap 1 tshml_] 1b t-split:affric:asp:devoi:back-asm:rnd:color: ‘

234 6 (53 ziap 1 tsh cen 1b t-split:affric:asp:devoi:back-asm:rnd:color:

234 (e 3 ¥an 1 hog 1b t-split:devoi:x-weak:back-asm:rnd:

234 8 2 siap 2 scep 2a t-split:back-asm:rnd:color:

234 9 ¥ xiap 2 heep 2a t-split:x-weak:back-asm:rnd:color:

234 9 L.} xian 2 heep 2a t-split:x-weak:back-asm:rnd:color:

235 1 ] siap 3 scep 3a t-split:back-asm:rnd:color:

235 2 ® ziap 2 tscep 3b t-split:t2-merge:affric:devoi:back-
asm:rnd:color:

235 3 ® ziap 2 tscen 3b t-split:t2-merge:affric:devoi:back-
asm:rnd:color:

235 3 R ziag 2 tscen 3b t-split:t2-merge:affric:devoi:back-
asm:rnd:color:

235 4 12 xian 3 hecep 3a t-split:x-weak:back-asm:rnd:color:

235 5 B ¥ap 2 hop 3b t-split:t2-merge:devoi:x-weak:back-asm:rnd:

235 6 # ¥ap 3 hay 3b t-split:devoi:x-weak:back-asm:rnd:

235 14 ES Tiap 1 jeen la t-split:pro-a:glide-ins:back-asm:rnd:color:

235 T 3 ?iap 3§ Jjoen la t-split:pro-a:glide-ins:back-asm:rnd:color:

235 @ # ?iap 1 joep la t-split:pro-a:glide-ins:back-asm:rnd:color:

235 8 ¥ iap 1 jeep 1b t-split:glide-ins:back-asm:rnd:color:

235 9 % iap 1 jeen 1b t-split:glide-ins:back-asm:rnd:color:

235 9 # iap 1 jeen la [t-split]:glide-ins:back-asm:rnd:color:

236 1 B iap 1 jeep la [t-split):glide-ins:back-asm:rnd:color:

236 1 i:] iap 1 jeep 1b t-split:glide-ins:back-asm:rnd:color:

236 2 W piap 2 jeen 2b t-split:back-asm:rnd:color:pro-c:glide-ins:

236 3 3 iap 2 jeep 2b t-split:glide-ins:back-asm:rnd:color:

236 4 * iag 2 Jjeep 2b t-split:glide-ins:back-asm:rnd:color:

236 5 F 3 iap 3 jeen 3b t-split:glide-ins:back-asm:rnd:color:

236 6 -3 iap 3 jeep 3b t-split:glide-ins:back-asm:rnd:color:

236 7 i d tgian 1 tsop la t-split:deret:back-asm:rnd:unglide:

236 8 * tgiap 3§ tsog la t-split:deret:back-asm:rnd:unglide:

236 9 3 ill_] )l tsop la t-split:fricat:retrof:deret:back-asm:rnd:

237 1 # tgiap 3 tsop 3a t-split:r-unglide:deret:back-asm:rnd:

237 2 ® dzianp 3 tsop 3b t-split:devoi:r-unglide:deret:back-asm:rnd:

237 3 b aag 3 tsop 3b t-split:devoi:fricat:retrof:deret:back-
asm:rnd:

237 4 & tgh iap 2f tsh:n] la t-split:deret:back-asm:rnd:color:

237 5 i tg'ap 3 tsh cen la t-split:deret:glide-ins:back-asm:rnd:color:

237 6 7§ dziap ) § tsh 2p la [t-split):asp:devoi:deret:back-asm:rnd:color:

237 @ = tg" iap 2 tshop 3a [t2-t3):t-split:r-unglide:deret:back-asm:rnd:

237 8 ] tg"iap 3 tshop 3a t-split:r-unglide:deret:back-asm:rnd:

237 9 1 gian 1 sceq la t-split:deret:back-asm:rnd:color:

238 1 R sap 1 scep la t-split:deret:glide-ins:back-asm:rnd:color:

238 2 »n giap 2 sop 2a t-split:back-asm:rnd:unglide:

238 3 *x kuap 1 kwop la t-split:lab-vel:rnd:

238 4 B kuap 2 kwop 2a t-split:lab-vel:rnd:
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238 5 o kyan 3 kwain 3b [t-split]:lab-vel:[unglide]:length:

238 6 & khyag 1 hog la t-split:spirant:x-weak:back-asm:rnd:unglide:

238 7 i gyan 1 khwag 1b t-split:asp:devoi:lab-vel:back-
asm:rnd:unglide:

238 8 La khuag 3 khwog 3a t-split:lab-vel:rnd:

238 9 n xyan 3 fon 3a t-split:lab-vel:f-coal:back-asm:rnd:unglide:

239 1 e xuag 1 fon la t-split:lab-vel:f-coal:rnd:

239 i 3 Xxuag 1 fop la t-split:lab-vel:f-coal:rnd:

239 2 ¥ Yuap 1 wap 1b t-split:rnd:pro-b:glide:

239 3 L 3 ¥yuap 1 wap 1b t-split:rnd:pro-b:glide:

239 3 L Yuap 1 wap la [t-split):rnd:pro-b:glide:

239 4 i xuag 2 fop 2a t-split:lab-vel:f-coal:rnd:

239 5 . ¥uan 2 fon 2a [t-split]:f-coal:devoi:lab-vel:rnd:

239 | 6 2 fan 2a | :

239 7 bad ?uapg 1 wan la t-split:rnd:pro-a:glide:

239 8 = myan 1 mop 1b t-split:lab-dnt’:lab-dism:back-asm:rnd:

239 9 E jyap 1 wap 1b t-split:back-asm:rnd:unglide:[pro-j]:glide:

240 1 =] myan 2 moy 2b t-split:lab-dnt':lab-dism:back-asm:rnd:

240 2 * jyan 2 won 2b t-split:back-asm:rnd:unglide:[pro-j]:glide:

240 3 5 myan 3 mon 1b [t3-t1):t-split:lab-dnt':lab-dism:back-
asm:rnd:

240 4 -} wyan 3 mag 3b t-split:lab-dnt':lab-dism:back-asm:rnd:

240 5 53 Jyan 8 wan 3b t-split: back-asm:rnd:unglide:[pro-j]:glide:

240 6 1 pa3n 1 pag la t-split:io-flip:

240 T X phar'l 1 pha:g la t-split:length:fusion:

240 8 L] bap 1 pPag 1b t-split:asp:devoi:io-flip:

240 9 L} bap 1 pha:g 1b t-split:asp:devoi:io-flip:[length]:

241 1 ¥ ban 1 pPam 1b t-split:asp:devoi:length:fusion:

241 2 | ban 1 pPam 1b t-split:asp:devoi:length:fusion:

241 3 b 2 bup 1 phug 1b t-split:asp:devoi:

241 3 b 3 bup 1 ph un 1b t-split:asp:devoi:

241 4 #* Piup 2 pPup 2a t-split:lab-dnt':unglide:[fh-ph]:

241 5 34 ph up 3a #

241 6 = mian 1 manp 1b t-split:lab-dnt:fusion:

241 14 & mup 1 mup 1b t-split:

241 8 = man 2 maip 2b t-split:length:fusion:

241 9 & man 3 maz:g 3b t-split:length:fusion:

242 1 E miup 3 mupg 3b t-split:lab-dnt:

242 2 w fiup 1 fup la t-split:lab-dnt’:

242 2 12 fiup i fup la t-split:lab-dnt’:

242 3 = fPiug 1 fup la t-split:[asp-r]:lab-dnt’:

242 4 H fiup 1 fup la t-split:lab-dnt':

242 5 i Miug 1 fup la t-split:[asp-r):lab-dnt’:

242 5 % Miug 1 fup la t-split:[asp-r):lab-dnt":

242 | 6 #® | Miug 1 fup la | t-split:{asp-r}:lab-dnt':

242 7 ] viupg 1 fup 1b t-split:devoiilab-dnt’:

242 8 < 3 viupg it fup 1b t-split:devoi:lab-dnt’:

242 9 i 4 viug 1 fup 1b t-split:devoi:lab-dnt’:

243 1 " fiup 3 fup 3a t-split:lab-dnt’:

243 2 R viupg 3 fup 3b t-split:devoi:lab-dnt’:

243 3 % viug 2 fup 3b t-split:t2-merge:devoi:lab-dnt’:

243 4 -3 viug 3 fup 2b [t3-t2]:t-split:devoi:lab-dnt’:

243 5 5 viug 3 fup 3b t-split:devoi:lab-dnt':

243 6 k7 tap 1 tap la t-split:io-flip:

243 6 g tap 1 tap la t-splitiio-flip:

243 i % tap 2 tap 2a t-split:io-flip:

243 8 ® tan 3 tap 3a t-split:io-flip:

243 9 xR dap 3 tap 3b t-split:devoi:io-flip:

244 1 4 diap 3 tag 3b t-split:devoi:retrof:deret:io-flip:unglide:

244 2 ] dapg 1 thag 1b t-split:asp:devoi:io-flip:

244 3 #* dap L thag 1b t-split:asp:devoi:io-flip:

244 | 4 | dop 1 thap 1b | t-split:asp:devoi:io-flip:

244 5 23 dap 1 tl'ag 1b t-split:asp:devoi:io-flip:

244 6 fie nag 1 nag 1b t-split:io-flip:

244 L4 L d lag 1 lip 1b t-split:[schwa-i):

244 8 % lank 2 la:p 2b t-split:length:fusion:

244 9 b | tsap 1 tsag la t-split:io-flip:

245 1 -} tsap 1 tsanp la t-split:io-flip:

245 2 L] dzap 3 tsap 3b t-split:devoi:io-flip:

245 3 | dzap 1 tshag 1b t-split:asp:devoi:io-flip:

245 4 B dzap 1 tshar_] 1b t-split:asp:devoi:io-flip:

245 5 b sap 1 tsap la t-split:io-flip:[s-ts):

245 6 & téiap i tsip la t-splitiretrofideret:rime:

245 | 7 F | tpan 1 tsaip la | t-split:deret:length:fusion:

245 8 k3 tgan L tsalp la t-split:deret:length:fusion:

245 9 B tgan L tsaip la t-split:deret:length:fusion:

246 il iE téian B tsip la t-split:retrof:deret:io-flip:rime:fusion:
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246 2 fiE tsian 1| tsip la t-split:retrof:deret:io-flip:rime:fusion:

246 3 % tsian 2 tsip 2a t-split:retrof:deret:io-flip:rime:fusion:

246 4 #E tsiap 3 tsip 3a t-split:retrof:deret:io-flip:rime:

246 4 iE tsisp 3 tsip 3a t-split:retrof:deret:io-flip:rime:

246 5 8 ian 3 tsep 3b t-split:devoi:sharp:fricat:retrof:deret: pal-
dism:fusion:

246 6 iE téian 3 tsip 3a t-splitiretrof:deret:io-flip:rime:fusion:

246 7 B tsian 3 tsip 3a t-splitiretrof:deret:io-flip:rime:fusion:

246 8 w tsMiap ) | tsip la t-split:retrof:deret:rime:[de-asp]:

246 9 B thian 8 tsP am la t-split:fricat:retrof:deret:length:fusion:unglide

247 1 ** dzian 1 sip 1b t-split:affric:devoi:retrof:deret:rime:

247 2 X Ziap 1 sip 1b t-split:devoi:retrof:deret:rime:

247 2 & Ziapg 1 sip 1b t-split:devoi:retrof:deret:rime:

247 3 B dan s tsh ap 1b t-split:asp:devoi:fricat:retrof:deret:length:fusidn:

247 4 2 dian 1 tship 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:rime:fusion:

247 5 7 dias 1 tsh ip 1b t-split:asp:devoi:fricat:retrof:deret:io-
flip:rime:fusion:

247 6 R Ziani 1 sip 1b t-split:devoi:retrof:deret:io-flip:rime:fusion:

247 7 bk Ziah 1 sip 1b t-split:devoi:retrof:deret:io-flip:rime:fusion:

247 8 [ Zian 1 sip 1b t-split:devoi:retrof:deret:io-flip:rime:fusion:

247 9 1 Ziaf 1 sip 1b t-split:devoi:retrof:deret:io-flip:rime:fusion:

248 1 ¥ ts’hiag 3 tshixJ 3a t-split:retrof:deret:rime:

248 2 F $iap 1 sip la retrof:deret:rime:

248 3 & sann 1 salp la deret:length:fusion:

248 4 ] san 1 salp la deret:length:fusion:

248 5 # gan 1 salp la :deret:length:fusion:

248 6 A sian i | sip la t-split:retrof:deret:io-flip:rime:fusion:

248 7 5 dziap 1 sip 2a [t1-t2]):[t-split):affric:devoi:retrof:deret:rime:

248 8 -} giani 2 sap 2a t-split:deret: pal-dism:fusion:

248 9 L] dziap 3 tsip 3b t-split:devoi:retrof:deret:rime:

249 1 .:3 diag 3 sip 3a t-splitiretrof:deret:rime:

249 2 3 Sian 3 sig 3a t-split:retrof:deret:io-flip: rime:fusion:

249 3 ® zian 3 sip 3b t-split:devoi:retrof:deret:io-flip:rime:fusion:

249 4 i 1iiap 1 Jip 1b t-split:rime:pro-d:glide-ins:

249 5 9 13iap 1 Jip 1b t-split:rime:pro-d:glide-ins:

249 6 = kan 1 kap la t-split:fusion:

249 7 = kan 51 katp la t-split:length:fusion:

249 8 % kan 1 kap la t-split:fusion:

249 9 B kari 1 kap la t-split:fusion:

250 | 1 B kas 1 kaip la | t-split:length:fusion:

250 2 & karni 3 kap 3a t-split:fusion:

250 3 b kPan it ha:p la t-split:spirant:x-weak:length:fusion:

250 4 & ¥21 il hap 1b t-split:devoi:x-weak:io-flip:

250 5 # yan 1 hap 1b t-split:devoi:x-weak:fusion:

250 6 L yuan 1 wazip 1b t-split:length:fusion:pro-b:glide:

250 7 B yuan 3 watn 3b t-split:length:fusion:pro-b:glide:

250 8 % pisg p | pPip la t-split:rime:

250 9 £ pian 1} pip la t-spl -flip:rime:fusion:

251 & *® pian 2 pip 2a t-split:io-flip:rime:fusion:

251 2 A pian ) pip 2a t-split:io-flip:rime:fusion:

251 3 bt pian 2 pip 2a t-split:io-flip:rime:fusion:

251 4 bl bian 3 pip 3b t-split:devoi:io-flip:rime:fusion:

251 5 Eis pian 3 pPip 3a t-splitiio-flip:rime:fusion:

251 6 ¥* bian 2 pip 3b t-split:t2-merge:devoi:io-flip:rime:fusion:

251 7 % biap 1 pPan 1b t-split:asp:devoi:io-flip:unglide:

251 8 i biap 1 phig 1b t-split:asp:devoi:rime:

251 9 iF biap 1 phix_] 1b t-split:asp:devoi:rime:

252 1 ¥ biani 1 phig 1b t-split:asp:devoi:io-flip:rime:fusion:

252 2 i bian A phix_) 1b t-split:asp:devoi:io-flip:rime:fusion:

252 8 B bian 1 phixJ 1b t-split:asp:devoi:io-flip:rime:fusion:

252 4 # bian : | phip 1b t-split:asp:devoi:io-flip:rime:fusion:

252 5 LJi] mian 1 mip 1b t-split:io-flip:rime:fusion:

252 | 6 ® | mian 1 mip 1b | t-split:io-flip:rime:fusion:

252 | 7 % | mian 1 mip 1b | t-split:io-flip:rime:fusion:

252 8 # miari 1 mip 1b t-split:io-flip:rime:fusion:

252 9 L] mian 3 mip 3b t-split:io-flip:rime:fusion:

253 1 L tian 1 tipg la t-split:io-flip:rime:fusion:

353% b i 12 £ | tiad 1 tip la | t-split:io-flip:rime:fusion:

253 3 ™ tian 2 tip 2a t-split:io-flip:rime:fusion:

253 4 L] tiani 2 thixJ 2a t-split:io-flip:rime:fusion:[asp):

253 5 &7 tian 3! tip 3a t-split:io-flip:rime:fusion:

253 | 6 | tian 3 tip 3a | t-split:io-flip:rime:fusion:

253 i E diant 3 thig 3b t-split:asp:devoi:io-flip:rime:fusion:

253 8 L thian 1 thig la t-split:io-flip:rime:fusion:

253 9 s thian 1 the; la t-split:sharp:pal-dism:fusion:

254 1 Ed dian 1 thig 1b t-split:asp:devoi:io-flip:rime:
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254 2 (3 dian 1 thix_] 1b t-split:asp:devoi:io-flip:rime:

254 3 ® dian i1 thig 1b t-split:asp:devoi:io-flip:rime:

254 4 B2 dian 1 thig 1b t-split:asp:devoi:io-flip:rime:

254 5 i dian 2 thir_] 2b t-split:asp:devoi:io-flip:rime:

254 6 # diani 2 thig 2b t-split:asp:devoi:io-flip:rime:

254 {4 & nisy 1 Jjin 1b t-split:rime:pro-c:glide-ins:

254 8 e nian il nig 1b t-split:io-flip: rime:fusion:

254 9 % liag 1 lip 1b t-split:rime:

254 9 3 liap 1 lig 1b t-split:rime:

254 9 B liap 1 lip 1b t-split:rime:

255 1 = lian 1 lip 1b t-split:io-flip:rime:fusion:

255 2 ® liani 1. lig 1b t-split:io-flip:rime:fusion:

255 2 % lian 1 lig la [t-split):io-flip:rime:fusion:

255 3 & lian 1 lip 1b t-split:io-flip:rime:fusion:

255 4 b lian 2 lip 2b t-split:io-flip:rime:fusion:

255 5 L4 liafd 2 lip 2b t-split:io-flip:rime:fusion:

255 6 & lian 3 lip 3b t-split:io-flip:rime:fusion:

255 6 3 lip 3b y

255 8 )-d kian s kip la t-split:io-flip:rime:fusion:

255 9 ) kian 1 kip la t-split:io-flip: rime:fusion:

256 1 i kian 1 kep la t-split:sharp:pal-dism:fusion:

256 2 L] tsian il tsip la t-split:io-flip:rime:fusion:

256 3 & tsian 1 i tsip la t-split:io-flip:rime:fusion:

256 4 1] tsian 1 tsip la t-split:io-flip:rime:fusion:

256 5 2 kian 1 kip la t-split:io-flip:rime:fusion:

256 6 b kian 2 kip 2a t-split:io-flip:rime:fusion:

256 6 T kian 2 kip 2a t-split:io-flip:rime:fusion:

256 74 #* tsian 2 tsip 2a t-split:io-flip:rime:fusion:

256 8 # kian 2 kep 2a t-split:sharp:pal-dism:fusion:

256 9 B kian 2 kip 2a t-split:io-flip:rime:fusion:

257 1 -1 kian 3 kip 2a t-split:io-flip:rime:fusion:

257 2 L] kian 3 kip 3a t-split:io-flip:rime:fusion:

257 3 4 kian 3 kep 3a t-split:sharp:pal-dism:fusion:

257 4 # gian 3 kip 3b t-split:devoi:io-flip:rime:fusion:

257 5 ] dzian 2 tsip 3b t-split:t2-merge:devoi:io-flip:rime:fusion:

257 6 el dzian 3 tsip 3b t-split:devoi:io-flip:rime:fusion:

257 74 4 khian 1 hip la t-split:spirant:x-weak:io-flip:rime:fusion:

257 8 W tsPiad i tshig la t-split:io-flip:rime:fusion:

257 9 4 tsPian 1 tsPip la t-split:io-flip:rime:fusion:

258 1 ] kPias 1 khir_] la t-split:io-flip:rime:fusion:

258 2 & dzian 1 tshig 1b t-split:asp:devoi:io-flip:rime:fusion:

258 3 L] dzian i; tshir_] 1b t-split:asp:devoi:io-flip:rime:fusion:

258 4 ] tsPian 2 tshig 2a t-split:io-fli p:rime:fusion:

258 5 B khyaﬁ 2 khiq 2a t-split:io-flip:rime:fusion:unglide:

258 6 73 kPiad 3 hip 3a t-split:spirant:x-weak:io-flip:rime:fusion:

258 7 2l PSED] 1 hip la t-split:x-weak:rime:

258 8 2 sian 1 sip la t-split:io-flip:rime:fusion:

258 9 B sian il sip la t-split:io-flip:rime:fusion:

259 1 7 ¥an 1 hap 1b t-split:devoi:x-weak:fusion:

259 2 i yian 1 jig la [t-split):io-flip:rime:fusion: pro-b:glide-ins:

259 2 B yian 1 jipg la [t-split]):io-flip:rime:fusion:pro-b:glide-ins:

259 2 i yian 1 jig 1b t-split:io-flip:rime:fusion:pro-b:glide-ins:

259 3 H siaf 2 sip 2a t-split:io-flip:rime:fusion:

259 4 .3 sian 2 sip 2a t-split:io-flip:rime:fusion:

259 5 ¥ xian 3 hip 3a t-split:x-weak:rime:

259 6 # yah 2 hap 3b t-split:t2-merge:devoi:x-weak:fusion:

259 T * yan 2 hap 3b t-split:t2-merge:devoi:x-weak:fusion:

259 8 #% sian 3 sip 3a t-split:io-flip:rime:fusion:

259 9 % sian 3 sip 3a t-split:io-flip:rime:fusion:

260 1 5% Tiag 1 jip la t-split:rime:pro-a:glide-ins:

260 1 5 GEY] 1 Jjip la t-split:rime:pro-a:glide-ins:

260 2 =7 ?an 1 jipg la t-split:io-flip:rime:fusion:pro-a:glide-ins:

260 2 = ?an 1 jip la t-split:io-flip:rime:fusion:pro-a:glide-ins:

260 3 ®’ Tian 1 jip la t-split:io-flip:rime:fusion:pro-a:glide-ins:

260 4 =" Tian 1 Jipg la t-split:io-flip:rime:fusion:pro-a:glide-ins:

260 5 -] Tian 1 Jip la t-split:io-flip:rime:fusion:pro-a:glide-ins:

260 6 ] iap 1 Jig 1b t-split:rime:glide-ins:

260 7 il pian 1 jin 1b t-split:io-flip:rime:fusion:pro-c:glide-ins:

260 8 &’ ian 1 jin 1b t-split:io-flip:rime:fusion:glide-ins:

260 9 = ian 1 Jip 1b t-split:io-flip:rime:fusion:glide-ins:

261 1 -1 yan 1 Jjipg 1b t-split:io-flip:rime:fusion:glide-ins:unglide:

261 2 % yyan 1 Jjip 1b t-split:io-flip:rime:fusion:pro-b:glide-
ins:unglide:

261 3 ¥ Pian 2 Jjip 2a t-split:iio-flip:rime:fusion:pro-a:glide-ins:

261 4 4 Tisap 3 jig 3a t-split:rime:pro-a:glide-ins:

261 5 114 pan 3 paip 3b t-split:length:fusion:

261 6 * tug 1 tup la t-split:
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261 | 7 x tup 1 tup la | t-split:

261 8 fit tup 2 tup 2a t-split:

261 8 x tup 2 tup 2a t-split:

261 9 23 tup 3 tup 3a t-split:

262 1 3 dup 2 tup 3b t-split:t2-merge:devoi:

262 2 " dup 3 tup 3b t-split:devoi:

262 3 i thur_] 1 thug la t-split:

262 4 5] dup 1 thug 1b t-split:asp:devoi:

262 5 ] dup 1 thug 1b t-split:asp:devoi:

262 5 " dup 1 thup 1b t-split:asp:devoi:

262 6 L2} dup 1 thug 1b t-split:asp:devoi:

262 7 ¢ dup 1 thup la [t-split]):asp:devoi:

262 i i dup 1\ thux_] 1b t-split:asp:devoi:

262 8 N thug 2 th up 2a t-split:

262 9 % thug 3 oy ug 2a [t3-t2]:t-split:

263 1 ] thug 3 thux_) 3a t-split:

263 2 ® nupg 1 nup 1b t-split:

263 3 .3 nup 1 nup 1b t-split:

263 4 e nup 1 nup 1b t-split:

263 | 5 F | lupg 3 lup 3b | t-split:

263 6 % lup 1 lup 1b t-split:

263 ( * lup 1 lup 1b t-split:

263 8 - ] liug 1 lup 1b t-split:unglide:

263 | 9 VA liug 1 lup 1b | t-split:unglide:

264 L # lup 2 lup 2b t-split:

264 | 2 B | liup 2 lup 2b | t-split:unglide:

264 | 2 .4 liup 2 lupg 2b | t-split:unglide:

264 3 # tsup 1 tsup la t-split:

264 4 ® tsup 1 tsup la t-split:

264 5 B3 tsup 1 tsup la t-split:

264 6 =7 tsiug 1 tsup la t-split:unglide:

264 T 2 tsup 2 tsup 2a t-split:

264 8 5 tsup 3 tsop 3a t-split:[u-o):

264 9 o tsiug 3 tsup 3a t-split:unglide:

265 1 B tshur_] 1 tsh up la t-split:

265 1 % tshur_] 1 tshug la t-split:

265 1 B tshug 1 tsh up la t-split:

265 1 B tshug 1 tsh up la t-split:

265 2 L dzup 1 tsP up 1b t-split:asp:devoi:

265 3 M dziup 1 tsh up 1b t-split:asp:devoi:unglide:

265 4 13 sup 1 sup la t-split:

265 5 # sup 1 tshug 1b [t-split):[asp]:[s-ts]:

265 6 - sup 3 sup 3a t-split:

265 7 x sup 3 sup 3a t-split:

265 8 i ziup 3 tsup 3b t-split:affric:devoi:unglide:

265 8 i ziup 3 tsup 3b t-split:affric:devoi:unglide:

265 8 R ziup 3 tsup 3b t-split:affric:devoi:unglide:

265 9 3] tiupg 1 tsup la t-split:fricat:retrof:deret:unglide:
265 9 B tiup 1 tsup la t-split:fricat:retrof:deret:unglide:
266 1 # tsiupg 1 tsup la t-split:retrof:deret:unglide:

266 2 L. tsiupg 1 tsup la t-split:retrof:deret:unglide:

266 2 L. téiup 1 tsup la t-split:retrof:deret:unglide:

266 3 » téiup 2 tsup 2a t-split:retrof:deret:unglide:

266 4 & tiup 3 tsup 3a t-split:fricat:retrof:deret:unglide:
266 5 #* diup 3 tsup 3b t-split:devoi:fricat:retrof:deret:unglide:
266 6 S tsiupg 3 tsup 3a t-split:retrof:deret:unglide:

266 7 ) ¢ diup 2 tsup 3a [t2-t3]:[t-split]:devoi:fricat:retrof:deret:unglide;
266 8 L tsiug 3 tsup 3a t-split:retrof:deret:unglide:

266 9 ¥ téhiug 1 tshug la t-split:retrof:deret:unglide:

267 1 w tsPiup 1 tsPup la t-split:iretrof:deret:unglide:

267 2 B $iupg 1 tsPup la t-split:retrof:deret:unglide:[asp]:[s-ts]:
267 3 L3 iup 1 tsh up 1b t-split:asp:devoi:fricat:retrof:deret:unglide:
267 4 #*® dziup 1 sup 1b t-split:devoi:r-unglide:deret:[ts-s]:
267 5 ). ¢ aiug 1 tsh up 1b t-split:asp:devoi:fricat:retrof:deret:unglide:
267 6 b4 {hiug 2 tsh up 2a t-split:fricat:retrof:deret:unglide:
267 X/ * Jyani 1 wip 1b t-split:geng-zeng:io-flip:rime:[pro-j):glide:
267 8 >4 1iiup 1 jup 1b t-split:pro-d:glide:

267 9 2 fiiup 1 jupg 1b t-split:pro-d:glide:

268 1\ # fiup 1 jup la [t-split]:pro-d:glide:

268 | 2 ] iup 1 jup 1b | t-split:glide:

268 | 3 ;3 iup 1 jup 1b | t-split:glide:

268 | 3 # | iup 1 jup 1b | t-split:glide:

268 3 % iupg 1 jup la [t-split):glide:

268 4 n kup 1 kup la t-split:

268 | 5 ¥ | kup 1 kup la | t-split:

268 5 ac, kup i kup la t-split:

268 | 5 ® kup 1 kup la | t-split:
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[pg [ co ] ch [ smc ] tn | mc tn | Diachronic | Allophonic

268 6 El kiup 1 kup la t-split:unglide:

268 7 =1 kiup 1 kug la t-split:unglide:

268 7 2] kiup i kupg la t-split:unglide:

268 8 & kiup 1 kupg la t-split:unglide:

268 9 33 kiup 1 kupg la t-split:unglide:

269 1 Bt kiup 2 kug 2a t-split:unglide:

269 I n kiug 2 kupg 2a t-split:unglide:

269 2 " kup 3 kug 3a t-split:

269 3 3 kiug 8| kup 3a t-split:unglide:

269 4 *® giup 3 kup 3b t-split:devoi:unglide:

269 5 e khiur_] 1 hup la t-split:spirant:x-weak:unglide:

269 6 il khug 2 hug 2a t-split:spirant:x-weak:

269 7 fid khiug 2 hup 2a t-split:spirant:x-weak:unglide:

269 8 i kPup 3 kup 3a t-split:[de-asp]:

269 9 = kP up 3 kup 3a t-split:[de-asp]:

270 : 4 ] xyan 1 k wapg la t-split:geng-zeng:x-lab:io-flip:unglide:[x-
kh]:[de-asp]:

270 2 B xup 1 hup la t-split:x-weak:

270 3 E Yuag 1 wap 1b t-split:io-flip:pro-b:glide:

270 4 = Yuan 1 wapg 1b t-split:fusion:pro-b:glide:

270 5 i yuy | hup 1b t-split:devoi:x-weak:

270 6 Bt yup 1 hup 1b t-split:devoi:x-weak:

270 7 <] Yup 1 hup 1b t-split:devoi:x-weak:

270 8 18 yun 5 hup 1b t-split:devoi:x-weak:

270 | 9 t hup 3b | :

271 1 ® Tup 1 Jjupy la t-split:pro-a:[j-ins]:

271 2 #® Tup 3 wup 3a t-split:pro-a:glide-ins:

271 3 " gysn 2 kP wan 3a [t2-t3):[t-split):asp:devoi:y-split:lab-vel:io-
flip:

271, 4 3 gyan 1] khip 1b t-split:asp:devoi:geng-zeng:rime:unglide:

27 5 5 giup 1 khul:] 1b t-split:asp:devoi:unglide:

271 6 5t xyan 1 hip la t-split:y-split:x-weak:geng-
zeng:rime:unglide:

271 {4 i xiug 1 hup la t-split:x-weak:unglide:

271 7 i} xiup 1 hup la t-split:x-weak:unglide:

271 8 W xiug 1 hup la t-split:x-weak:unglide:

271 9 " Jiug 1 hup 1b t-split:unglide:[j-h]:

272 1 B Jjiup 1 hup 1b t-split:unglide:[j-h]:

272 2 n Tiup 1 jup 2a [t1-t2]:t-split:pro-a:glide:

272 3 * jyan 2 wir) 2b t-split:geng-zeng:rime:[pro-j):[glide]:

272 | 4 L] iupg 2 jug 2b | t-split:glide:

272 5 liil jup B jup 3b t-split:glide:
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ERRATA

p.xiii, para 5, line 2: Change “...the derivations for...” to “...my derivations for...”

p.24, section 2.4, line 2: Change “...we see that the length of a message to
describe hypothesis...” to “...we find that the length of a message to describe the
hypothesis...”

p.25, table 3.4: Change Table header for column 3 from “*OHG” to “*LNWG”
and column 4 from “OF” to “OHG”.

p.27, line 9: Change “...if we assume that the complexity of a language...” to
“...if we assume that the complexity of a language and by implication that of its
diachronic phonology...”

p.47, section 4.8, line 2/3: Change “The derivations were prepared by hand...”
to “Each derivation was individually prepared by the author...”

p.506, last para, line 1: Change “...using our carlicr scheme...” to “...using our
initial approach...”

p.57, footnote, line3/4: Change “(commissions)” to “(omissions)” and vice-
versa.

p.60, line 15/16: Change “...Wallace and Boulton (1969)...” to “...Wallace and
Boulton (1968, 1969)...”.

p.60, line 17: Change “But Wallace and Freeman...” to “Wallace and Free-
mai...”

p-79, last line: Change “...little symbol repetition.” to “...little symbol repetition
within each string.”

p.80, line 11: Change “..function of the the...” to “..function of the...”

p.81, section 6.4, para 2 and 3: Delete subscript “.” on “Q, 6., go. and F.”
wherever they occur.

p.84, line 5: Change “...generating that string.” to “...accepting that string.”

p.85, algorithm 6.5.1, line 6: Change “merge(p, q);” to “merge(p, q); renumber;”

p.87, section 6.6.1, last sentence: Add the following footnote: “It has been
pointed out that the standard best first, branch-and-bound algorithm with an ad-
missible heuristic will be able to identify the strings in descending order of their
probability. It should thus be possible to precisely construct the list of strings that
we need. However, it is not unlikely that the simpler heuristic outlined in method B
performs almost as well since it puts an upper bound on the number of strings that
we need to consider and only ignores very improbable strings. The implementation
of the method described in this footnote is, however, reserved for future work.”

p.93, para 1: last sentence: Add the following footnote: “The graphs plotting
the error in the inferred automaton may seem a bit confusing as it is somewhat
unclear what the error term measures. Since the original automaton may have a
lot of redundancy in it, inference of more compact automata will result in negative
errors. We suggest that the error term be interpreted as a measure of badness of the
inferred automaton with lower being better. Thus an algorithm may be construed
as better than another if the plot tracing its error term is below the other’s.

p.115, section 8.1, line 5: Change “...are the beam search method...” to “...are
a variation of the beam search method...”

p-121, line 1: Add the following footnote at end of sentence: “It has been
suggested that this stochastic acceptance strategy is too harsh and seems guaranteed
to produce worse performance. In hindsight, we agree. A better strategy would be
to shift out a random member of the beam when a candidate needs to be accepted
stochastically. This is to be investigated further.”

p.123, section 8.4, line 1: Add the following footnote at end of sentence: “Given
that the simba search algorithm has a significant stochastic component to it, one
would expect it to be run several times and the results averaged. However, this was
not done in the present study as its performance was found to be poor and because

« «



each run of the program took quite a bit of time. The possibility of evaluating the
modified simba search algorithm thus, however, is definitely worth investigating and
is marked as potential future work.”

p.140. last sentence of para 1: Add the following footnote: “From the computa-
tional point of view, the best way to account for this situation would be to consider
all possible orderings of the sequences as equally likely and model the phonology
accordingly. This, however, has not been done in this project and is left as a topic
to be addressed in future work.”

p.143, last para: line 3: Change “...between DNA strands.” to “...between DNA
strands. See for example work by Allison, Wallace and Yee (1990a, 1990b, 1992)
and Allison and Yee (1990).”
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