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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 Wal lace (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 1) 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. 

1 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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P reface 

In lat e 1993, Profess or Jon Pat ri ck , wh o was then just ab out to  leave Deakin University 
in Melb ou rne for Mass ey gave a seminar here on som e  computati onal work h e  was d oing 
in Basqu e linguisti cs. I had at that tim e just joined the C omputer S ci en ce d epartment 
as an assistant lectu rer and was avid ly looking for a PhD project to b egin. Like almost 
everyb ody else I have m et,  I a lso  had a comp elling int erest in hist ori cal linguisti cs and 
had my own opini on of h ow it sh ould b e  d one. I s ent a b ri ef CV t o  Jon asking if he  
w ou ld like  to  take on a d oct oral student in  his Basque p roject aft er his arrival and the 
answer soon cam e back in the affirmative. In the b eginning, though, ou r int enti on was 
quite different, and much more g randiose and ambitious - we were h oping to ass ess 
wh ether or not th e linguisti c is olate Bas que was relat ed to the D ravidian language 
Tamil, whi ch by the way, I happ en to b e  very flu ent in. 

As tim e went on, however, the focus of the project changed rather dramatically and 
eventually b ecame much more realisti c. It narrowed down int o developing a t echniqu e  
for finding distan ce measu res b etween relat ed natural  languages to  aid linguists in thei r  
task of subgrouping. We decid ed, wis ely p erhaps, that b old p rop osa ls in the linguisti c  
d omain are b est made by linguists .  W e  also decided, with the advi ce of my s econd 
sup ervisor, D r  John Newman in th e D epartm ent of Linguisti cs and Second Language 
Teaching, t o  us e Chines e  data for the project . This data had b een p rovided to John 
cou rt esy of Profess or Wi lliam S -Y. Wang at the University of Cali fornia, Berkeley. 

Th e fi eld of computational linguisti cs is such that almost all C omputer S ci entists 
s eem t o  have thei r  own uni que  n oti ons of h ow on e sh ould app ly computati onal meth ods 
t o  hist ori cal data. While th ere may be  merits and demerits to  each su ch app roach , this 
dissertation is not an evaluati on of th ei r  relative goodness. It is a detai led account of 
one part icu lar app roach - the on e describ ed here- and how it can b e  us ed t o  provid e 
linguists with a t ool for effective subgrouping of languages. 

Overview of contents 

Chapt er 1 gives a b ri ef int roducti on to the p roblem and d es crib es som e  linguisti c t erms 
and concepts for the b en efit of the reader unacquaint ed with them. Chapter 2 is a b ri ef 
su rvey of p revious w ork in the fi eld of linguist ics which h as  b een pu rsued along simi la r  
lin es .  A n  example of th e m ethod ology appli ed to  a toy problem i s  then p rovided i n  
Chapt er 3 .  Chapt er 4 d escrib es th e procedure by which t h e  data for this p roject was 
collect ed and the m otivation for using it. The MML crit erion, which is cent ral t o  this 
p roject , is int roduced and d es crib ed in Chapter 5,  which is followed by Chapt ers 6 -8 
where m ethods t o  in fer stru ctu re from the data using the MML criteri on are looked 
at. Finally, Chapter 9 gives the results obtained,  discuss es them and des crib es the 
p rosp ects for future work in this area. 
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BibTEX explicitly recommends against the use of the Chicago style A for bibliogra­
phies.2 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 Knowledge6 

In the days when Sussman was a novi ce, Minsky on ce came to  him as he  sat hack ing 
at th e PDP-6. 

"What are you d oing?" , asked Minsky. 
"I am t raining a rand omly wi red neu ral net t o  play Tic-Tac-Toe" Suss man repli ed. 
"Why is the net wi red rand omly ?" , asked Minsky. 
"I do not want it to have any preconcepti ons of h ow to play", Sussman said . 
Minsky then shut his eyes . 
"Why d o  you dose you r  eyes ?" ,  Sussman ask ed h is t eacher. 
"S o that the room wil l b e  empty." 
At that mom ent, Sussman was en light ened. 

6Taken 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. 
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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 [o] 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 [o]-sound without changing 

the meaning of what they say (Crowley et al. 1995, p.2) . So [d] and [o] belong 

to the same phoneme in Palauan. We represent this phoneme simply as I dl 

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 I dl in Palauan 

consists of the two phones [d] and [o] . Phones which are thus associated with a 
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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 allophanic 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 
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consisting of that and thatch in English is a sub-minimal pair when attempting 

to contrast the phonemes joj and /9/ because the immediate environment in 

which the phones [o] and [9] occur is identical in both cases: /# __ re (word 

initial positions followed by the vowel jrej ) .  A minimal pair for contrasting the 

same phones is [i:9a] and [i:oa] ( ether and either) _1 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 fricative2 [o] 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 joj 

as evidenced by the minimal pair ether and either. In Palauan, we have one 

phoneme /d/ which is realised as either [d] or [o] in free variation (eg. [di:l] or 

[oi:l] , both meaning "nail" ) .  Finally in Spanish there is again a single phoneme 

jdj, which is, however, realised in complementary distribution - as [o] between 

vowels, but as [d] elsewhere (eg. [dinero] "money" and [naoa] "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 

1 Crowley et al. (1995, p.77), in fact, considers ether and either to constitute the only 
minimal pair in contemporary English contrasting the phones [o] and [9]. 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. 
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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 effect ively 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 . l-2 ) .  

Allophanic 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 .3 

It is known that diachronic changes are regular in nature and typically affect 

whole families of phonemes.4 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. 

4 Allophanic rules also often apply to families of phonemes. 
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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.5 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) 
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would labialise the jxj 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. 

xu 
X;}U 

h;}U 
hau 
/hau/ 

Ancestral form 
SPIRANT 
DIPH 
X-LABIALISATION 
X-WEAK 
10-FLIP 
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 jxj 

feeds the X-WEAK rule which converts an jxj 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 regular 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) 
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claimed that language change is governed by the principle of the regularity of 

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

• Sound change is independent of morphological, syntactic or semantic 

properties of words and depends only upon their phonetic properties. 

• 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 exceptionlessly , 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 
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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 . l49 ) .  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, 
" I .I • · 

-sia, -tia ,  etc. ) ,  we can postulate a single suffix -ia in pre-Samoan and assume v 1 

the preceding consonant 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/ ,  jbo:tj, jta:k/ and /hunt/ 

( "sound" , "boat" , "day" and "dog" ) ,  which have as plurals /laut-e/, /bo:t-

ej, /ta:g-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 assume that the plural roots represent the original Q ,; 
'-.. -

ones and that the singular roots had undergone change. We thus postulate the 
� - �/ � 
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rule: 

C -+ [ -voiced ] / _ 
# 

which devoices word-final voiced consonants.6 �he consonants in the plura! 

would have been �r.?tected 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 'unit6. 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 

6In 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 

Quantitat ive 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, Q,  

between two languages £1  and £2 i s  given by 

ad - be 

Q = J(a + b) (c + d) (a + c) (b + d) 

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 1  and not £2 and 

c is the number of features exhibited by £2 and not L 1 .  The above formula is 

called the tetrachoric correlation coefficient or Karl Pearson's tetrachoric R. The 

values of Q thus computed allow us to rank the closeness of relationship between 

L 1  and £2. 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 1 973) . 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 
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which are strictly atemporal, for example those of Ellegard (1959) and Glea­

son ( 1 959) which were not designed for coming to conclusions regarding the 

chronologies of linguistic separations. 

2 .  2 G lottochronology 

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 195 1 .  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 i s  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 ) :  

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

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

time. 

• 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 

t = --

2 log r 

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 
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items long. 1 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 German Score 

animal Tier X 
four vier .j 
head Kopf X 
I ich .j 
sun Sonne .j 

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 

t = 2 log 0.85 = 1 .57159 

1 It 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 (Chretien 1962; 

Hoijer 1 956) . 

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 

C hretien ( 1962) strongly criticised the mathematics originally examined by Lees 

( 1953 ) .  But several other approaches have been more forgiving, including Dyen 

( 1 971 )  which sought to defend glottochronology against Chretien ( 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) ,  

semantic or  syntactic data.2 Cheng ( 1982), for example, attempts to address 

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 ( 1 959) 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.3 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. 

2Indeed, 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 

S imilarity Measures - An 

Example 

3 . 1  Overview 

Suppose we want to encode the degree of relatedness between a parent language 

L1 and a daughter language L2, one method will be as follows: we consider a 

message encoding two sets of words - W1 and W2 , one from each language. Let 

the words in each set be {x1 · · · xn } and {Yl · · · Yn} · Where a derivation di exists 

between Xi and Yi , it will be possible to code Yi simply as di with a flag indicating 

the fact that it is coded as a derivation. If the derivation di 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 W1 and W2 will 

be indicative of the degree of relatedness between L1 and L2 . 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 7. 1 . 1  d t o  d d -+ d 

D 7. 1 .4 a to 6 [ii +str] -+ o 

E 7. 1 .5 z-dele z -+ 0 /_## 

G 7. 1 . 7  a to e [a +str] -+ e /closed syllable 

H1 7 . 1 . 8  ai/ au change ai ,au -t�,O /open syllable 

H2 7. 1 . 8  ai/au change re,o � .ii. ; a �  e /_Ci( : ) . ji closed syllable 

H3 7. 1 .8 ai/ au change ai --+ �/closed syllable 

H4 7. 1 . 8  ai/ au change Z-+ a I _x,p,b ,m or w 

H5 7. 1 . 8  ai/ au change £ -+ e  
I1 7. 1 . 9  i/j umlaut [V +str+low] -+ [-bk ,-low] /_Ci( : ) ,j 

12 7. 1 . 9  i/j umlaut [V +str] -+ [-bk , -low] / _Ci( : } ,  j 
13 7. 1 . 9  i/j umlaut a(: } ,o(: } ,u(: ) -+ e (<}, e (<}, i ( : )  / _Ci(: } ,  j 

14 7. 1 . 9  i/j umlaut a( : ) ,  o( l ) ,u(: ) -+ e, E /_Ci(:} ,j 

J 7. 1 . 10 Palatalization k -+  c, g -+  j /##_[V,-bk] 

L 7. 1 . 12 U nstr.short . V dele [V -long -str -nasal] -+ 0 /C L_-high]## 

N 7. 1 . 14 Unstr.V short [V +long -str -nasal] -+ [-long] / _## 

R 7. 1 . 18 Obstr. Voi/Devoi [C + obs +cant] -+ [-voi] /_[-voi or ##] 

y 7. 1 .25 n-dele opt. n -+ 0 /[V -str)_## 

z 7 . 1 .26 r-metathesis r [V +str] -+ [V +str) r /C _[C +coronal or xCJ 

a - (ad hoc - 1 )  [ a  +str) -+ e /open syllable 

b - (ad hoc - 2) 0 -+  ii /_## 

c - (ad hoc - 3) i>-+ f 

d - (ad hoc - 4) j -+  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 

denoted by the superscript marker " ' " .  Exclamation marks ( "!" ) indicate arcs 
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I No. I English I *LNWG I OF I Path 

1 father fad-der fed er A :a: 
2 moon me no mona D :b:Y:N: 
3 stone stainaz sten E:H1 :L :H2: 
4 staff stab stef G :c: 
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 barn H1 :H2: 
1 1  bed badja bed ll :d :L:L:  
12 gap klufti kleft I2:I3 :I4 :L :  
13 skin hudi hed I2:I3:I4: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 bro9er brOd-er R: 
19 man man man 
20 grass §res 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 I No. I Name 

A 9. 1 . 1  4 to d 
c 9. 1 .3 aifau changes 
D 9 . 1 .4 Str.e/o-to-ie/uo 
E 9 . 1 .5 z-dele 

F 9 . 1 .6 Unstr.short V dele 
I 9 . 1 . 9  Unstr V short 
J 9 . 1 . 10 WG Gem 

K 9. 1 . 1 1  2nd SS 

L 9. 1 . 12 ifj umlaut 
0 9. 1 . 15 .S, g to b, g 
p 9. 1 . 1 6  d to t 

T 9 . 1 .20 j to i 
w 9 . 1 .23 q to d 
a - (ad hoc - 1 )  
b - (ad hoc - 2) 
c - (ad hoc - 3) 
d - (ad hoc - 4) 

I Rule 

d -t d 

ai ,au � 'i ,  0 

[e, 0 +str] � ie, uo 

z -+ 0 /(V, -str]_## or 

(V -bk +•tr]__j+obs] 

(V -long -str -nas] -+ 0 /_(-high]## 

(V +long -str -nas] -+ (-long] /_## 

C -+ CC (C # r, e,z) /[V -long or -str]__j 

p,t -+ pp,tt /[V -long] _1 or r 

k -+ kk /(V -long] _r or w 

(C +obs -cant -voi +asp] -+ pf, tz /## 

/or C (_-bk] 

(C +obs -cant -voi +asp] -+ If, zz, xx /V _ 

(V +low +bk -long +str] -+ (-low -bk]/_Ci( : ) ,j 

&,g-+ b, g 

d -+  t /_##, in gemination, (+son -vac)_ V, 

opt. V _!+son] or opt.##_ 

j -+ i /C_V 

8-+ d /opt .##_or obligatory 

(�-str] -+ o 

e -t a  

• -+ u 

j -+  g 

Table 3.3: Diachronic rules for converting *LNWG -t OHG. 

be interpreted as a graphical representation of the evolution of words in OHG 

from *LNWG. See the discussion regarding Figure 3 . 1 a:t the end of Section 3 .2 
J 

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 i t  
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I No. I English *OHG OF 

1 father fader fat er 
2 moon me no mano 
3 stone stainaz stein 
4 staff sta-9 stab 
5 field akker akkar 
6 lamb lamb lamb 
7 night naxt naxt 
8 apple appel apful 
9 bone bain be in 
10  tree baum bourn 
1 1  bed badja betti 
12 gap klufti kluft 
13  skin hudi hut 
14 power maxti maxt 
15  day da!ja tage 
16  guest jesti gast 
17  word wordu wort 
1 8  brother broeer bruoder 
1 9  man man man 
20 grass !':}res gras 

I Path 

A:P:  
a:I:b: 
E:C:F:D: 
0: 
b: 

K:c: 
C :D :  
C :D :  
L:T:F:P:J :  
F :  
F :P :  
F :  
F :P :O:  
F:b:d: 
F: 
W: 

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 .l50-153) ,  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 Beijing1 from their reconstructed 

forms in the protolanguage - Simplified Middle Chinese. 

1 Modern Beijing was formerly called the Peking dialect of Mandarin. 
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*LNWG ->OF 

e • 
JA1 

JA1 I 
�------���-----�a 

MML = 3 14.67 bits 

Figure 3.1 :  Canonical PFSA representing the derivation of 20 *LNWG words 
into OF. 
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*LNWG -> OHG 

r•1 

F ·G 
!•1  

!•1 

MML = 301 .84 bits 

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) . 
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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 

Beij ing (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, 1 984b, 

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 qie or 'reverse cut ' ,  by means 

of which pronunciation of words without homophones could be specified. The 

fan qie 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 ( 1 990) and 

Wen ( 1995 ) .  

The exact nature o f  the language the Qie yun represents i s  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 . l lO, 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 1 987) . 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 ( 1 975) ,  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 ( 1 974) 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  Zihui and DOC 

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

C hinese Dialects, compiled by the Beijing University, referred to here as Zihui 
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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 Zihui itself was published in 1962. All the data in Zihui 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. 1 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 

1The 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

tie. Voyles himself welcomed the idea after having read a preliminary version 

of Raman and Patrick ( 1997c) .3 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 

20nly 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 format4 , its use for this project had the following other advantages: 

• Availability of a large and authoritative corpus of data (the Zihv.i) 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 �'lEX table, where it currently resides. 
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• Availability of a set of diachronic laws from a single reconstruction to two 

descendants presented in comparable format (Chen76 and CN84) . 

• 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 Zihui 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 Beij ing 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 M iddle 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. 1 15) .  Chen76 seems to be the only definitive attempt in this direction. The 

specific inadequacies of the earlier phonologies that Chen76 states are: 

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

changes. 

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

respect to each other. 

• There was 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' 

• 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 

Tier 2 

Tier J 

Tier 4 

TierS 

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. 5 This change is reflected 

in the diagram in Figure 4.2. 

Tier 1 

Tier 2 

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 

5Personal 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. 

Ti<r l 

T&er l 

Ti<r J 

Tier 4 

TltrS 

Tlenl 

Ti<r7 

Tier8 

Acute U11ilide Break( c) 

/ " ng·procopc 

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

nj-procope Fricat 

Retrof 

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 example, 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 

43 



soldier example 
pian *liai *SMC 

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

piain VOCAL 
piaiu FUSION 
pieu COALESCE 
piau *CHAMEL 
piu *RIMEMIC 
/piu/ /li/ 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 Allophanic 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

t ions 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 I-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. 

s2 1 u 
s1 
i, y - 0 
u e -
p e 0 
C,# e 0 

c # 

0 e 
0 0 
a 0 
a '6 

Key 

sl = preceding segment 
s2 = following segment 
P = labial consonant 
C = Any other consonant 
# = word/syllable boundary 

Table 4.2: Allophones of a; 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 je, a, of. *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.6 

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 li from SMC *liai would 

be "raise(I-umlaut (b) ) : raise- (1-umlaut ( c) ) : *degemin:*degemin:" where lower­

case labels have been used for readability. For deriving Beijing pig from SMC 

*pian the sequence would be "vocal:fusion:coalesce:*chamel: *rimemic:" where 

again, lower case labels are used. 7 

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 allophanic rule because that is presumably its main function 

in Modern Beijing. What exactly constitutes an allophanic rule and when an 

allophanic 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 allophanic rules is considered exceptional. Both 

these decisions bear significance because two levels of dissimilarity measures 

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

6Syllables in other dialects and the reconstructed Middle Chinese can have up to four 
segments. This is discussed in greater detail in Newman (1987). 

7These 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] 

-!-
[-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

mg. 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 "t l­

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 "t l-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- la 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-la or Tone-2 in Beij ing 

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 *0ap(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 . l65) 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 allophanic 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 

allophanic rules and fall into the synchronic category, whereas PCs applying to 

earlier forms are treated inline with the P-rules. 

Allophanic 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 allophanic 

rule. Such feeding relationships between allophanic and diachronic rules make 

the classification of those allophanic rules difficult . Table 4.3 gives an exam­

ple from Chen76 (p.227) of the CHAMEL PC feeding the DERET rule which 

de-retroftexes an initial followed by a schwa. 

duty 
t�ac *SMC 
t�aic VOCAL, FUSION 
t�ek COALESCE 
t�ak *CHAMEL 
tsak DERET 
tsa APOCOPE 
ts1r *CHAMEL 
jts1r / Modern Beijing 

Table 4 .3 :  An example of an allophanic rule in feeding relationship with a 
diachronic rule. 

The only rule considered allophanic in Beijing is the *CHAMEL PC. Its 

treatment has been discussed already. For Cantonese, CN84 has included two 

allophanic 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 allophanic rules, they are always ordered af­

ter all the diachronic rules. Since the problem regarding the status of allophanic 

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 allophanic detail and one excluding all allophanic detail not 

required for the derivation process.8 The Cantonese and Beijing forms in the 

data corpus, however, are shown including the effect of various allophanic rules. 

The rule-sequences themselves are segregated into two separate columns, the 

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

4. 1 1  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 Zihui, 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 allophanic 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 . 1 1 .  
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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. 

Allophanic 

round-adj:degem:acute 

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. 9 If the data is to be processed 

with allophanic detail, then the derivation sequences in columns 8 and 9 are 

concatenated for each row. If allophanic detail is not required, then column 9 

is simply ignored.  

The decision to present two levels of distance measures (pre and post allo­

phanic forms) was made relatively late in the project . Earlier, it was decided 

to represent the data in column 5 sans allophanic detail since the realised forms 

could be contextually predicted. This posed a problem because of the somewhat 

volatile status of allophanic rules in each of the two phonologies. In particular, 

some allophanic 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 allophanic in the common Hanyu­

pinyin representations of fu/ and /i/ in Beijing which are written as wu and yi. 

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, lb, 2 and 3 in 
the historical tradition. 
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on the other hand, consider comparable facts in Standard Beijing as part of 

allophanic detail .  Similarly, Chen76 does not include any discussion of glides in 

[wu] and [ii] 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 [i i] . 

If we took the two datasets as they stood, they would have been incom­

mensurable since allophanic detail was considered to be part of the rule-sets 

in Cantonese but not in Beijing. The solution was then to either exclude the 

allophanic 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 allophanic rules (CN84 Ill p .l28) , 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 allophanic detail, but 

the representation would have stopped short. Thus the data presented in the 

appendices include allophanic 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) :  

• A statement of the hypothesis itself encoded in a suitable language 

and 

• 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 i is - logn Pi bits where Pi 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 - logn Pi 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 C1 , 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 C1 is 

small. The entire abstraction will look as in Figure 5. 1 

Hypothesis 
C1 = ABCD 

Data 

c1 
c1 

cl (n times) 

Figure 5 . 1 :  An encoding of 4 events (ABCD)n .  

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 . 1 Assuming that our coding algorithm dictates that the sequence 

A,B' ,C ,D be viewed as a single event Y and assigned a code C2 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 I C2 l  > I C 1 1 . The sizes of C 1 and C2 in this hypoth­

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

1 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, C1 is log n - log(n - 1) sym­

bols long and c2 is log n symbols long where the base of the logarithm is the 

number of unique symbols in the alphabet. 

Hypothesis 
C1 = ABCD 
C2 = AB'CD 

Data 
c1 

Figure 5.2: An coding of the 4 (ABCD)n 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 ,  C and 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. 

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

A PFSA can also be represented as a set of 4-tuples (81 , 82 , M, P) where 

81 , 82 E 8, a finite set of states, M E 2:, a finite set of output symbols, and 

0 � P � 1 is the probability of transiting on M from 81 to 82 . Alterna­

tively, P E W, in which case it stands for the frequency of transitions on M 
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m that 4-tuple. { (0, 1 , A, 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. 

Figure 5.4: The events (ABCD)n 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 P FSA will be 

{ (0, 1 , A , 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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• the description length of the hypothesis and 

• 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(TID) ,  is given by 

(TID) 
= p(T D) 

= 
p(T)p(D IT) 

p 
p(D) p(D) 

by application of Bayes' theorem. Since we wish to choose T, we prefer that 

choice which maximises p(TID) and therefore p(T) .p(DIT), D and p(D) be-

ing given. Also, since log x is a monotonically increasing convex function in 

x, maximising the posterior probability p(TID) is equivalent to minimising 

- logp(T) - logp(DIT) . Information theory tells us that the optimum code 

length for a symbol of probability p is - log p. 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 

( 1 969) 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 ( 1 964b, 

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 1 990; 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. 1 992; Milosavljevic et al. 1990) , seg­

menting of DNA into stuctural and functional elements (Babcock et al. 1 990) , 

evolutionary tree reconstruction (Cheeseman and Kanefsky 1990) ,  detection of 

features in data that are useless for theory-formation (Sheinvald et al. 1 990) ,  

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 1 996) , evaluating rulesets (Cleary et al. 1996 ) ,  causal discovery (Wallace 

et al. 1 996) , 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 1 994; Clelland 1995) ,  substructure discovery (Cook and 

Holder 1 994; Djoko 1994) and deriving computer program complexity measures 

(Patrick 1 996) . 

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 picks one 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" . 2 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.3 Furthermore, let tj be the number 

of times the jth state is visited, V be the cardinality of the alphabet including 

the delimiter symbol, nij the number of times the ith symbol is produced from 

the jth state and mj 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 from a given state to a given target on the same symbol. The total 

Humber of incomi11g trausitious 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, tj = I:J:1 nij · We use this 

prior knowledge about the structural constraint in the PFSA to find a partition 

of tj transitions among V symbols. This is a simple problem 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 

3 A 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 Q x � maps into Q itself, rather than 
its power set 2Q, where Q is the set of states of the PFSA and � 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 (E, Q,  o, P, qo, F) where 

E is a finite alphabet, Q is a finite set of states, qo is the start state, o is the 

transition function Q x E -+ Q, P is the transition probability function P -+ N 

for arc frequencies and P -+ {p : 0 ::::; p ::; 1 ;  p E 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 : o(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 = I E I ,  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 (E, Q, o, 

P, qo , F) where the symbols mean the same as above, except o which is now 

Q x E -+ 2Q , where 2Q 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. l 13-127) or Aho and Ullman (1995, pp.537-539) . 
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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 tj - 1  boundarie� eau be inserted into a pool of tj transitions. As before, 
we also code the data by naming a distribution of rnj outgoing arcs over tj 
trausitions. The number of bits required to code these is: 

where the terms mean the same as before except for mj which represents the 
numl>er of arcs from state j (including arcs labelled with the delimitcr symbol) 

and nij 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 mj arcs. As in Section 5.4 let M =  I:f==l mj . Since it takes 
log2 V bits to specify one of V symbols, it will cost us M log2 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' log2 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: 

N { (2t · - 1 ) 1  } L log2 J mi · 
+ M  log2 V +  M' log2 N - log2 (N - 1 ) !  J==l (tj - 1 ) !  TI nij ! i== 1 

(5.5) 

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 mj value for each state and the use of this mj value 

in subsequent terms of the formula.5 To discover structure, he suggested that 

an assumption be made about the distribution of transition counts among the 

various outgoing arcs6 and that a prior of 2-n for this purpose would be suitable, 

i .e. the probability that a given state has n outgoing arcs would be given by 

2-n. Thus the cost of specifying that a state has mj outgoing arcs is - log2 2-rni 

which is just mj bits. 

Having directly specified mj , the number of different arcs emanating from 

state j, we must now specify how tj , the incoming transition count, is parti­

tioned among these mj 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 mj 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 mj arcs, and then partition the remaining tj - mj transitions 

as before among the mj arcs. The latter is done by the insertion of mj - 1 

boundaries into a pool of tj - mj transitions and computing the number of 

possible permutations of this. Again, we have used another important prior 

that tj ;:::: mj 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: 

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

6 A 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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(tj - 1 ) !  
log2 m · } 

(mj - 1 ) !  IT (nij - 1) !  
i = l  

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 ) 1  } L mj + log2 1 mj · 
+ M log2 V + M' log2 N - log2 (N - 1 ) !  

J = l (mj - 1 ) !  IT (nij - 1 ) !  i= l  
(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 

aud Georgeff ( 1 984) for deterministic machines . Just one interesting example 

from Andreae ( 1972, 4, p. 122) that shows this is presented here. This example 

problem 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: 

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

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 :  

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

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

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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I States I MML using (5 .6)  I MML using (5.4) I 
1 1 13 .34 bits 1 14.33 bits 
2 1 14.48 bits 1 16.39 bits 
3 1 15.62 bits 1 18.24 bits 
4 98. 1 6  bits 1 07. 38 bits 
5 104.43 bits 1 13.29 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 P F S A  

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 "cab!caaab!bbaab!caab!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 a9 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 1 956, 

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 

the non-existence of redundancy in Nature. 1 The reasons for our choice are 

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 

1 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 1 969) .  

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 = 1 1.42 bits MML = 12.08 bits 

b c 

0 

MML = 1 1.91 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: 

• the length of encoding a description of the proposed machine 

• 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.2 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 

100 
b 

MML = 509.55 bits 

1 00 
c 1 00  

MML = 254.86 bits 

100 

0 

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 
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automaton reduces the search space to a considerable extent. For example, 

Angluin ( 1 982) 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 !toga ( 1 981 )  and Oncina and Garcia ( 1 992) . 

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-
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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. 3 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 ( 1 993) 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 A pp roach 

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 Ac = (2:, Qc, be , qoc , Fe) 

where 2: is a finite number of input symbols (the alphabet) ,  Qc is a finite 

set of states, be is the transition function Qc x 2: -+ Qc, qoc is the start 

state and Fe is the set of accepting states, we define k-tails(q) to be the set 

{ z I z E 2: * Alz l  � k, b (q, z) n Fe =/:- 0 }  where l z l  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 Rk is: for (q, q' ) E 

Qc, (q ,  q' ) E Rk -{=::=} Vt : t E k-tails(q) {=:::::} t E 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 2: N - 2 ,  where N 
size of Q, Rk reduces to the Nerode equivalence relation, i .e .  Vm 2: N - 2 : 

Rm = Roo . 

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. 

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. 

K-tails method, k=2 

MML = 88.05 bits 

y 
10 

9 
a 

Canonical machine 

MML = 97.40 bits 

9 
! 

20 I 

Sk-strings method, k=2, s=80 % 

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-taiis 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 q k-strings( q) is defined to be the 

set { z l  z E �* , I z l = k A o(q, z ) c Q V Iz l < k A 8(q, z) n Fc # 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 :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: 

• The top s% of the k-strings of state 1 are k-strings at state 2 OR vice­

versa. (The OR heuristic) 

• The top s% of the k-strings of state 1 are k-strings at state 2 AND vice­

versa. (The AND heuristic) 

• 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) 

• 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 : =  stateo to stateN do 
3 for q :=  p to stateN do 
4 if sk_equivalent(p, q) 
5 then 
6 merge(p, q ) ;  
7 p := stateo ; 
8 q :=  state 1 ;  
9 fi 

1 0  od 
1 1  od 
1 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 i := 0; 
7 Sp :=  List of (string,probability) pairs output from state p; 
8 Sq := L ist of (string,probability) pairs output from state q; 
9 Sort Sp in descending order of Sp.probability; 

1 0  Sort Sq in  descending order of Sq .probability; 
1 1  for i : =  1 to num..strings_in(Sp) do 
12  counter := counter + Sp [i] .probability; 
13 if notacceptable_at(q, Sp [i] .string) 
14 then return(F ALSE);  
1 5  fi 
1 6  if counter > =  Agreement% 

1 7  then 
1 8  counter : =  0;  

1 9  for i := 1 to num..strings_in(Sq)  do 
2 0  counter :=  counter + Sq [i] .probability; 
21 if notacceptable_at(p, Sq [i] . string) 
22 then return(F ALSE) ; 
23 fi 
24 if counter > Agreement% 
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25 then return(T RUE) ; 
26 fi 
27 od 
28 return(TRUE) ; 
29 fi 
30 od 
31 return(F ALSE) ; 
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 

J is the usual transition function for non-deterministic automata Q x E ---+ 2Q . 

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. 

A lgorithm 6 .5 .3  { Acceptability Criterion) 

1 comment: Returns TRUE if string z is acceptable at state p, FALSE otherwise 
2 begin 
3 if J(p, z) = 0 
4 then return(FALSE) 
5 e lse return(TRUE) 
6 fi 
7 end 

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 m decreasing order o f  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 t raining 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 

89 



form (Tables 6 . 1 - 6.8 where the cells list the MML of the automaton inferred) 
and graphical form (Figures 6.8 - 6 . 1 1 ) 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. 

I A�a� Il l  1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 10 I 
1 53 1 1 531 1 531 1 531 1 531 1 531 1 827 1 827 1 827 1 827 

. . .  Previous line repeats 28 times 
30 531 1 555 1 531 1 531 1 531 1 531 1 827 1 827 1 82 7  1 827 

. . .  Previous line repeats 23 times 
54 53 1 1 555 1 555 1 531 1 827 1 827 1 827 1 827 1 82 7  1 827 

. . .  Previous line repeats 2 times 
57 555 1 555 1 555 1 531 1 827 1 827 1 827 1 827 1 82 7  1 827 

. . .  Previous line repeats 1 1 times 
69 555 1 583 1 53 1 1 531 1 531 1 827 1 827 1 827 1 827 1 827 

. . . Previous line repeats 20 times 
90 � 1 � 1 � 1 � 1 � 1 � 1 � 1 � 1 � 1 � 
. . . Previous line repeats 4 times 

95 683 1 650 1 61 0 1 61 0 1 623 1 623 1 623 1 623 1 623 1 623 

. . . 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 ) .  

1 0 

1 53 1 1 531 1 53 1 1 531 1 531 1 688 1 31 51 1 3 15 1 1 3151 1 31 5 1 

. . . Previous line repeats 93 times 

95 � 1 � 1 � 1 � 1 � 1 � 1 � 1 � 1 � 1 583 

. . .  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 
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MML = 373.37 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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I A;;� Il l  1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 10 I 
1 - 1 � 1 � 1 � 1 � 1 - 1 - 1 � 1 � 1 -
. · · 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 ) . 

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 
Agr% 
1 
. . . 
36 
. . . 
50 
. . .  
58 
. . . 

67 
. . .  
75 
. . .  

2 3 4 8 9 10 

6 2 . 3 7  1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 

Previous line repeats 34 times 
�-n l e.� l w.ro j w.ro j w ro j w.ro j w ro l w.ro l w.ro l w.ro 

Previous line repeats 13 times 
62.37 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 

Previous line repeats 7 times 
�-n l �-73 1 w.ro l �73 1 �-73 1 �-73 1 �-73 1 � - 73 1 �-73 1 � - 73 

Previous line repeats 8 times 
62.37 1 67.73 1 74.37 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 1 67.73 

Previous line repeats 7 times 
62 .37 1 67.73 1 65.98 1 65.98 1 65.98 1 65.98 1 65.98 1 65.98 1 65.98 1 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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2 3 4 7 

1 65.81 1 53.27 1 46.78 1 46.78 1 46 .78 1 46.78 1 46.78 1 46.78 1 46 .78 1 46 .78 

. . . Previous line repeats 41 times 
43 65.81 1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 1 46.78 1 46 .78 1 46.78 

. . . Previous line repeats 23 times 
67 69.63 1 46.78 1 46.78 1 46 .78 1 46.78 1 46.78 1 46.78 1 46.78 1 46 .78 1 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 
Agr% 
1 

1 2 3 6 7 8 9 10 

69.92 1 54.60 1 46 .78 1 46 . 78 1 46.78 1 46 . 78 1 46.78 1 46.78 1 46.78 1 46 . 78 1 
Previous line repeats 99 times I 

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 i 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 

2 3 

1 69.93 1 65.98 l 65.98 1 65.98 1 65.98 1 65.98 1 65.98 1 65.98 1 65.98 1 65.98 1 
Previous line repeats 99 t imes I 

Table 6.8 :  MMLs of 1000 inferred automata using the STRICT heuristic for 
various tail sizes and agreement percentages (Training set 2 ) . 

93 



Agreement% 
100 

'and' ­'or' ----· 

Tailsize 

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. 

I Tailsize 11 K-tail I AND I OR I LAX I STRICT I 
1 75 75 77 78 64 
2 19 15 1 1  1 2  22 
3 3 6 4 5 6 
4 1 3 6 4 6 
5 2 1 2 1 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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600 

550 

Tailsize 

Agreement% 
1 00 

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 KT AIL 
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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70 

65 

60 

55 

50 

45 

Agreement% 
100 

'and' ­'or' ----· 

Tailsize 

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. 1 3. 

Table 6 . 1 1  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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50 
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Agreement% 
1 00 

'lax' ­

'strict' - - -- · 

Tailsize 

Figure 6. 1 1 :  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 KT AIL 
26 OR 
0 Others 

Table 6. 1 1 :  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 interest ing 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 = S1 u S2 , Si 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 ( 1 980) 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 1 95 1 ) ,  

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 H1 , 

against hypothesis H2, when H1 and H2 imply probability distributions p and 

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

p(w) 
I(p : q) = 2: p(w) log -

(
-

) n q w 

when the space n is discrete, and 

when n is continuous. 

r p(w) 
I(p : q) = Jn

p(w) log 
q(w)

dw 

I(p:q) measures the divergence between the two distributions. If the two 

distributions are identical then I (p:q) = 0 since Vi : Pi = qi . 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. 1 17) who called it the fundamental Gibbs 

inequality, but Goldie and Pinch ( 1991 ,  p. 1 5) 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 E D, l::n p(w) log �?�\ � 0 

Proof 

Consider l::n p (w) log �t�l 
Since Vx > 0 : ln x :=::; x - 1 

� p(w) log;��� < �p(w) (!��� - 1) 
< L q(w) - p(w) n 
< 0 smce LP(w) = L q(w) = 1 n n 

Thus L P(w) log p(
(w)

) > 0 n q w  
Furthermore, there is equality to zero only when p = q. When applied in 

the context of the sk-strings algorithm, if S1 is the set of strings generated from 

state P and S2 is the set of strings generated from state Q, and p and q are 

the distributions over s = sl u s2, then the cross-entropy of states p and Q is 
given by 

(7 . 1 ) 

where Pi and qi are the probabilities in p and q 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 Pi is zero, and the term 
Pi ln � = 0 since limx�o x lnx = 0. However, if state P produces a string that 

state Q doesn't , then the corresponding qi 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 Q 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) - LPi ln qi - � Qi lnpi - (- �Pi lnpi - L Qi ln qi) 
t t t t 

L Pi ln � + Qi ln � 
( p ·  q · ) 

i Qi Pi 
p· L (Pi - qi ) ln � 

i Qi 
(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 Pi - Qi and log � are either both positive or both 
negative. The value of J(p : q) is small and close to zero when Pi and Qi are 

close to each other and is large when either Pi or Qi 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 q for I(p : q) to be defined since when 

p(w) =/= 0, but q(w) = 0, I(p : q) becomes undefined (Kullback 1959) . Also, it is 

obvious that for p(w) =/= 0 and q(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 

2p · 
K(p : q) = LPi log -1-

i Pi +  Qi 
(7.3) 

with guaranteed lower and upper bounds. However the problem of unbounded-

104 



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 intuit ive 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 E is imposed on the minimum value of Pi and qi . This 

maximum value is elicited in theory when Pi and qi have values at the opposite 

ends of their range, i.e, Pi = E and qi = 1 or vice-versa. 

Lemma 7.3. 1 If E :::; Pi :::; 1 ,  E :::; qi :::; 1 ,  and "i:,i Pi = "i:,i qi = 1 ,  then the 

variational distance V between p and q has an upper bound at 2 (1  - E) 

Proof 

p; >q; q; >p; 

p;>q; q; >p; p; <q; q; <p; 

< ma {�/·) + max c�. q,) 
mi{�

,
Pi) - mi{�

,
q;) 

< ( 1 + 1 - E - E) 

< 2 ( 1  - c) 

Lemma 7.3.2 If E :::; Pi <= 1 and E :::; qi <= 1 and "i:,iPi = "i:,i qi = 1 ,  then 
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Proof 

J(p : q) 

Since for c ::;  Pi ::; 1 and c :S Qi :S 1, ln c ::; ln � ::; - ln c 
J (p : q) < - ln c L I Pi - Qi I 

< 2(c - 1 )  ln c (from Lemma 7.3 . 1 )  

Thus, J(p : q) is computed by accumulating the value of (pi-qi ) ln � for each 

Si E 51 U 52 . The resulting value is then normalised by dividing by 2(c - 1 )  ln c 

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 c? 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 c 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 c 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 c since that would be the least probability a string can have. Thus, 
by default , the symmetric cross-entropy J(p : q) computed is in the range 

0 :S J(p : q) :S 2 * ( 1 - 0.00 1 ) * ln 0.001 = 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: 

It is easy to show V(p q) has an upper bound at 2 as a special case of 

lemma 7.3 . 1  where c = 0. In this implementation, however, where c = 0.00 1 , 

value of V (p : q )  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. 

MML 
3500 -

3000 

2500 

2000 

1 500 

1 000 

500 

Agreement% 
1 00  

'lax' ­

'xentropic' - - - - ·  

Tail size 

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 - i/ a, where i 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 I Algorithm(s) 
Rate 

38 OR,XENTROPIC 
23 OR 
14 XENTROPIC 
7 KT AIL 
6 KT AIL, 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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Figure 7.6: 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 large random automata. 

0.5 

0.4 

0.3 

:::;-
::;: 
::;: 

0.2 I 
(ij 

:0 
t3 "' 
::J 0.1 j ::;: 
::;: 

/ -o I � 0 
Cl> :£ 

:::::.. -0.1 

2 w 
-0.2 

-0.3 

-0.4 

1 0  20 30 40 50 60 

Training sets 
70 

'skstr-vardist' -
'skstr-all' - - - - ·  

'ktail' 

: !. ), l \  V\i\\ ! \;. :: q ' : . . . . . . . L .t.: .. . . . ', � 

80 90 1 00 

Figure 7.7: The sk-strings (s=50%) VARDIST 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. 
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Figure 7.8 : The sk-strings (s=50%) VARDIST heuristic compared with the best 
of 4 sk-strings heuristics and the k-tails method using 100 random training sets 
generated by large random automata. 
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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 N C2 or (N2-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 x N- l  C2 

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 
s Mark it; 
9 temp := best m of all node-pair merges in it, unmarked; 

1 0  Buffer := best m PFSA in  Buffer and temp; 
1 1  od 
1 2  Beam := best m PFSA in Buffer and Beam; 
1 3  od 
1 4  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 iC2 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: Ef:1 iC2 which is 

given by L:f:1 (i2 -i)/2. This gives a time complexity of O(n3) 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 �f': 1 i C2 

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 

probability is, in fact, given by the function p = e-t::.E/kT where b.E is the pos­

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 

p' 
= e-!::.E/T (8 . 1 )  

is used where the k can now b e  assumed incorporated into the artificial pa­

rameter T.  b.E 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) 

1 begin 
2 BesLsoJar := Current_PFSA; 
3 Temperature = Initial Temperature; 
4 while No more changes to CurrenLPFSA do 
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5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
14 
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
22 
23 od 

for Node-pair merges in the Current PFSA do 
Perform merge; 

od 

if Resultant PFSA is better than current one 
then 

else 

CurrenLPFSA := Resultant PFSA; 
BesLsoJar := Resultant PFSA; 

Compute p' using Formula (8 . 1 ) ;  
x := Random number in  the range (0, 1 ] ;  
if X >  p1 

then 
Reject this PFSA; 

else 
CurrenLPFSA := This PFSA; 

Temperature := Revised value (possibly Temperature-! ) ;  

24 Return best PFSA in { Current_FFSA, BesLso_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 beam 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; 
4 BesLso_far := Current_FFSA; 
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 
1 1  if Resultant PFSA i s  better than any in  Buffer; 
12 then 
13 
14 
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
22 
23 
24 fi 

else 

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

Compute p' using Formula (8. 1 ) ;  
x : = Random number in  the range [0, 1] ;  
if X > p' 

then 
Reject this PFSA; 

else 
Add it to Buffer scrolling out the best one in it ;  

fi 
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25 od 
26 od 
2 7  Merge PFSA in Buffer into Beam as in steps 1 1-23;  
28 Temperature := Revised value (possibly Temperature-! ) ;  
29 od 
30 Return best PFSA in {Best PFSA in Beam, Best_so_far} ;  
3 1  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=O and beam size=l ,  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 1 1  passes over the beam to an incorrect solution ( 1 1  

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. 

122 

/ 



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 
'fraining 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 7 2 
5 10 1 
6 6 3 
7 5 1 
8 10 5 
9 19  4 
10 1 1  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 i 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 sue-
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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=50%) and un­
seeded beam search for 100 training sets generated from small random automata 
(Best of tail sizes 1 to 10 and beam sizes 1 to 10) .  

search, which is guaranteed to b e  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 allophanic 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 

Diachronic 35243.58 bits 36790.93 bits 
only ( 1 168 states, 1 167 arcs) ( 1212 states, 12 1 1  arcs) 
Diachronic + 37782.43 bits 39535.43 bits 
Allophanic (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 Beij ing 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 I Beijing 

Diachronic 48942 . 1 1  bits 52327.07 bits 
only 
Diachronic + 53142. 1 1  bits 56486.48 bits 
Allophanic 

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 I 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 
Allophanic (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. 1 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, 

1 It 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 I Beij ing 

Diachronic 30379.01 bits 30366.55 bits 
only ( 174 states, 640 arcs) ( 142 states, 595 arcs) 
Diachronic + 3271 1 .49 bits 31585.79 bits 
Allophanic ( 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 equally 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  Stat us 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.2 

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 k ind 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 Beij ing, for example, all 83 occurrences 

of the [charnel] exception were violations of the RC, whereas only 1 1  of the 1 7  

[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 Beij ing 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 Beij ing 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 t imes (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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I Exception Description Frequency I RC Violations I 
[charnel] 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-r] Aspiration redundancy condition 19 n/a 
[tl-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 
[u -n] Velar nasal dentalisation 8 n/a 
[t4-tripart] Exceptional t4-tripartition 6 5 
[tl-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 1 
[t3-tla] Tone 3 changes to Tone la 5 n/a 
[affric] Exceptional affrication 5 4 
[!affric] Exceptional non-affrication 5 n/a 

Table 9 .5 :  20 most frequent exceptions in the phonology of Modern Beij ing. 

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 .l53) 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

proximately 3 percent of the total sample. However, this is not obvious in 

the Chen76 RC, except for an actual instance of this feeding relationship in 
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Exception Description Frequency I RC Violations I 
[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 1 n/a 
[procope-x] x deletion 1 1 n/a 
[a-front] Back a is fronted 10 n/a 
[t2-t1 ] Tone 2 changes to Tone 1 9 n/a 
[t 1-t2] Tone 1 changes to Tone 2 9 n/a 
[round] Exceptional vowel rounding 6 6 
[x-kh] x changes to kh 5 n/a 
[t3-t 1] Tone 3 changes to Tone 1 5 n/a 
[t 1-t3] Tone 1 changes to Tone 3 5 n/a 
[i-del] Exceptional i-deletion 5 n/a 
[unglide] Glide removal 4 4 
[i-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 *t§ac (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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J P-rule (MB) I Frequency 11 P-rule (MC) I Frequency I 
t l-split 1 102 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-i1 237 fusion 193 
raise-u 218 back-asm 171 
vocal 216 glide-ins 164 
aspir 201 col or 157 
pro cope 171  glide 153 
raise-i2 154 x-weak 147 
fricat 153 diphthong 139 
coalesce 152 fricat 1 17  
syllab 147 lab-dism 1 12 

Table 9 .7: 20 most frequent rules in the phonology of Modern Beijing and 
Modern Cantonese. 

• They occur sufficiently frequently 

• 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.4 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 

4Certain 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

S PLIT 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 S ignificance 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 nai:ve 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 Ill 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. 

5Further 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) . 
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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 m 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 (Allophanic detail excluded) .  
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Figure 9 .2 :  Reduced PFSA for the diachronic phonology from Middle Chinese 
to Modern Cantonese (Allophanic detail excluded) . 
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Appendix A 

G uide to Using the Programs 

A . l  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, dja, 
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. 1 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/ ARamanjpfsa. [arch] .tar.gz" 
where [arch] stands for "spare" , "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 

1 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: 

# Gaine s '  ( 1976) 4 state machine 

# sourc e  t arget symbol frequency 

0 1 c 4 

3 b 3 

1 1 a 9 
2 b 7 

2 0 \n 7 
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 :  

he l l o : worl d : 

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 "-o" 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 delimiter2 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 SIGUSRl 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.) 

I. canon t e st . strings 

I. canon -v test . strings 

I. 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: 

f. canon -va t e st . pf sa <test . strings 

I. canon - a  test . pf sa 

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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h : s : r :  

- n  

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 . pf sa 

% genstr -b <test . pfsa 

% genstr -e gaine s . pfsa 

% canon <test . strings I genstr I 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, Kt ail, 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 . pf sa 
'!. skstr -H XENTROPIC -eO . l  <test . pf sa 
'!. canon <test . strings I skstr -HLAX -t3 I beams -vblOO 
'!. skstr -v <test . pfsa I beams -vblOO 
'!. skstr -dv t e st . pfsa 
'!. beams -dv t e st . pf s a  
'!. beams test . pf sa 
'!. s imba -dv -t l O  <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: 

'!. c anon <test . strings I skstr -H LAX -p50 -t3 I \ 
> df a -m > /tmp/test . pf sa 
'!. canon -va /tmp/test . pf sa <test . strings I 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: 

'!. graf i t  <a5 . pf s a  I graphplace -pc I 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: 

% c at a5 . pfsa I graf i t  

> graphplace -pc -g : 

groupnodes 0 2 4 I \ 
ghostview -

!A1 

Figure A . l :  Andreae's 5 state machine without vertical node grouping 

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

% canon <test . strings I skstr I graf it I \ 
> groupnodes 0 1 2 3 1 0  1 2  I graphplace -pg : I lpr -Plaser 

% skstr <test . pf sa I grafit -t " ' date ' "  I groupnode s x 0 1 I \ 
> groupnode s y 2 3 I graphplace -pg : I ghostview -

A.B 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 P F S A  

B . l  PFSA for SMC>MC (Diachronic only) 

I Src Dst Sym Freq 1 1  Src Dst Sym Freq 1 1  Src Dst Sym Freq 
0 1 t-split 2538 1 5 1  geng-zeng 3 1 3  80 x-weak 3 
0 2 [t3-tl ]  4 2 25 t-split 1 0  1 3  1 9  fusion I 
0 3 [t-split] 105 2 65 [t-split] 3 13 20 procope-a 1 
0 4 [t4-t 1 ]  1 3 26 length 3 1 3  3 1  lab-vel 3 
0 5 [t4-t3] 2 3 25 ac-split 7 13 8 1  io-flip 1 5  
0 2 [t2- t l ]  9 3 14 devoi 1 7  1 3  58  round 16 
0 6 [tl -t2] 9 3 37 aspir 1 1  13 35  sharp 3 
0 7 [t3-t2] 13 3 52 lab-dnt' 2 13  19  [a-front] I 
0 6 [tl -t3] 5 3 53 lab-dism 4 13  82 back-as m 8 
0 8 [t4-t2] I 3 54 fricat 2 1 4  0 \n 20 
0 9 [tl- t4] I 3 55 retrof 2 14  83  length 1 3  
0 10  [t2-t3] 14 3 26 x-weak 2 1 4  1 9  aspir 2 
0 1 1  [t2-t2] I 3 I lab-vel I 1 4  1 7  lab-dnt' 21 
1 0 \n  128 3 26 glide 2 1 4  2 6  lab-dism 2 
1 1 2  length 169 3 56 io-Aip 14 14 3 1  deret 2 
1 13 ac-split 99 3 57 round 8 14  5 5  r-unglide 3 
1 1 4  devoi 269 3 58 pal-dism 1 14  22  fricat 1 6  
1 1 5  t2-merge 55 3 19 col  or 2 1 4  5 5  retrof 2 
I 1 6  aspir 187 3 36 unglide 1 1 4  8 4  retrof 45 
I 1 7  lab-dnt' 32 3 19 r ime 1 1 4  3 1  x-weak 50 
1 1 8  lab-dism 38 3 59 affric 1 1 4  1 25 lab-vel 1 
1 19  [de-aspir] 2 3 38 procope-d 2 1 4  1 9  lab-vel 1 
1 20 deret 54 3 19 [a-front] 1 1 4  85  io-Aip 5 1  
1 21  r-unglide 30 3 60 back-asm 2 1 4  1 9  round 1 6  
1 22 fricat 58 3 30 raise 7 1 4  1 9  col or 2 
I 23 retrof 140 3 61  glide-ins 2 1 4  35  sharp 3 
1 24 spirant 58 3 26 [aspir] 2 1 4  1 9  unglide 6 
1 25 x-weak 37 3 45 y-split 2 1 4  1 9  rime 3 
1 26 fusion 9 3 46 pre-color 2 1 4  8 6  affric 1 
1 27 procope-a 21 3 62 diph 3 1 4  1 8  back-as m 4 
1 28 lab-vel 49 3 1 4  aspir-r I 14 57  raise 1 3  
l 29 procope-b 2 4 63 [t-split] l 1 4  4 2  y-split 1 
l 30 glide 42 5 62 t-split l 1 4  48 diph 7 
l 3 1  [unglide] 4 5 64 [t-split] 1 1 4  38 [procope-x] 2 
l 32 io-flip 362 6 3 1  t-split 1 0  1 4  1 24 [x-kh] l 
l 33 round 198 6 66 [t-split] 4 1 5  87  devoi 45 
l 26 pal-dism 12 7 66 t-split 9 1 5  BB aspir l I 34 col or 1 1  7 67 [t-split] 4 1 5  8 9  glide 1 
l 35 sharp 1 9  8 68 [t-split] l 1 5  73 io-flip 1 
l 36 unglide 41 9 69 t-split 1 1 5  73 round 3 
l 34 rime 32 1 0  70 t-split 8 1 5  90 affric 3 
1 37 affric 40 1 0  71 [t-split] 6 1 5  30 raise 2 
1 38 pro cope-d 9 1 1  72 t-split l 1 6  9 1  devoi 1 73 
1 1 9  [a-front] l 1 2  0 \n 1 29 16  92  t2-merge 2 
1 39 back-as m 47 1 2  1 9  [t3-tl] 1 16  93  lab-dnt' 3 
1 40 raise 104 1 2  19  [de-aspir] 1 1 6  3 1  deret l 
1 4 1  glide-ins 46 1 2  73 fusion 1 1  1 6  94 fricat 4 
1 42 [aspir] 4 1 2  74 pro cope-a 8 1 6  4 1  x-weak l 
1 43 x-lab 2 1 2  44 procope-b 1 4  1 6  1 9  round l 
1 44 procope-c 9 1 2  19  [aspir] 2 1 6  94 affric 1 
1 45 y-split 17 1 2  75 procope-c 2 1 6  9 5  raise 2 
1 46 pre-color 8 1 2  1 9  [n'-del] 1 1 7  0 \n  9 
1 47 [ac-split] 2 1 2  75 [procope-x] l 1 7  76 lab-dism 4 1  
1 48 diph 68 1 3  26 length 18 1 7  96 unglide 1 
1 1 9  [u-o] l 1 3  1 7  lab-dnt' 3 1 7  19 raise 5 
1 49 aspir-r 1 4  1 3  76 deret 1 0  1 7  97 diph 1 
1 50 [procope-j] l 1 3  77 r-unglide 1 1 8  0 \n 7 
1 19  [schwa-i ]  2 1 3  78 fricat 6 1 8  36 io-flip 4 
1 1 3  [back-as m] 1 1 3  79 retrof 6 1 8  26 round 34 
1 25 lab-dnt 4 1 3  70 spirant 6 1 9  0 \n  1 201  
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Src Dst Sym Freq Src Dst Sym Freq Src Dst Sym Freq 
1 9  1 9  p-t] 1 27 61 glide-ins 8 38 19 glide-ins 6 

20 0 \ n  9 27 97 diph 3 38 19 pro cope-m 4 

20 83 length 34 27 19 ( !ac-split] 1 39 1 1 3  round 48 

20 98 pal-dism 1 27 1 9  (j-ins] 3 40 0 \n 48 

20 1 9  calor 2 28 0 \n 9 40 109 pro cope-a 1 

20 1 9  unglide 1 28 83 length 10 40 109 procope-b 1 1  

2 0  60 back-asm 4 28 1 9  io-flip 5 40 1 9  unglide 8 

20 6 1  glide-ins 3 28 26 round 7 40 1 1 4  diph 1 

20 19 (a-ins] 1 28 19 (aspir] 1 40 34 y-fuse 3 1  

2 1  3 1  deret 34 28 3 1  £-coal 24 40 19 nasal-syl 7 

2 1  32 round 2 29 70 glide 2 4 1  0 \n 4 

22 99 devoi 8 30 0 \n 14 4 1  8 5  io-flip 23 

22 100 a.spir 2 30 1 9  length 1 4 1  60 back-asm 9 

22 1 0 1  retrof 86 30 109 procope-b 2 4 1  9 5  raise 1 1  

23 102 deret 1 40 30 105 io-flip 8 42 19 lab-vel 2 

24 103 x-weak 4 3  30 1 9  round 1 42 19 raise 1 

24 28 lab-vel 7 30 19 sharp 2 42 19 (s-to] 9 

24 43 x-lab 7 30 19 unglide 2 43 1 1 5  f-coal 9 

24 48 diph 1 30 19 (aspir] 1 44 83 glide 19 

2 5  0 \n 1 6  30 97 diph 7 44 61 glide-ins 4 

2 5  1 9  length 4 30 19 (procope-j] 10 45 0 \n 1 

2 5  66 devoi 2 30 19 (procope-x] 2 45 91  x-weak 1 

2 5  2 1  a.spir 1 30 19 (round] 1 45 1 1 6  lab-vel 8 

2 5  1 7  la.b-dnt' 1 30 19 y-fuse 2 45 97 glide 2 

2 5  53 lab-dism 4 3 1  0 \n 16 45 57 io-flip 1 

2 5  3 1  deret 2 3 1  1 9  length 48 45 1 1 7  io-flip 5 

25 1 1 2  retrof 4 3 1  1 1 6  lab-dism 2 45 1 16 x-la.b 1 

25 128 spirant 2 3 1  79 retrof 1 46 19 calor 67 

25 19 fusion 1 3 1  19 fusion 3 46 19 unglide 3 

2 5  40 fusion 3 3 1  75 pro cope-a 1 47 1 18 procope-a 1 

2 5  3 1  lab-vel 1 3 1  26 glide 2 47 19 (u-o] I 
2 5  30 glide 1 3 1  1 9  io-flip 15 48 57 io-flip 76 

2 5  35 io-flip 3 3 1  76 io-flip 1 49 1 1 9  lab-dnt' 10 

2 5  1 0 4  io-flip 1 8  3 1  1 9  round 29 49 19 lab-dism I 
2 5  1 9  round 1 1  3 1  167 pai-d ism I 49 120 raise 3 

2 5  1 9  pal-dism 1 3 1  1 9  (a-front] 2 50 I glide I 
2 5  35 sharp 4 3 1  53 back-asm 7 5 1  1 2 1  io-flip I 
2 5  46 sharp 1 31 60 back-as m 2 5 1  122 rime I 
2 5  19 unglide 9 31 19 raise 2 51  123 x-la.b 1 

2 5  19 rime 5 3 1  9 7  diph 12 52 31 la.b-dism 2 

2 5  39 ba.ck-a.sm 1 32 0 \n 20 53 120 round 3 

2 5  60 back-as m 6 32 75 procope-a 12 53 19 round 44 

25 95 raise 1 2  32 75 procope-b 5 54 66 retrof 2 

2 5  147 y-split 2 32 1 9  pal-dism 34 55 26 deret 7 

2 5  62 diph 2 32 58 unglide 38 56 19 pa.l-dism 3 

2 5  1 1 6  diph 2 32 106 rime 249 56 19 unglide 21 

2 5  19 (t-n] 1 32 38 pro cope-d 2 56 106 rime 23 

2 5  19 (k-1] 1 32 1 9  (aspir] 2 56 25 rime 8 

2 5  19 (k-ins] 1 32 75 (procope-x] I 57 0 \n 5 7  

2 5  1 9  (iu-o] 1 32 19 (s-ts] I 57 75 procope-a 5 

25 1 9  (a-oe] 2 33 0 \n 183 57 75 procope-b 1 

26 0 \n 199 33 19 (de-aspir] I 57 19 unglide 40 

26 26 length 2 33 83 procope-a 9 57 75 pro cope-d 2 

26 19 length 2 33 27 procope-b 11 57 75 (procope-x] 5 

26 1 53 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 1 9  (de-aspir] 3 33 42 (aspir] 3 58 0 \n 44 

26 19 fusion 3 1  33 74 x-lab I 58 19 pro cope-a I 
26 120 fusion 1 33 1 9  (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 pro cope-a 5 59 90 aspir 1 

26 75 procope-b 2 34 109 procope-d 12 60 46 round 57 

26 120 io-Aip 1 34 19 glide-ins I 6 1  0 \n 6 

26 19 io-Aip 3 34 1 9  (aspir] I 6 1  60 back-asm 16 

26 19 round 1 34 109 procope-c 9 62 120 io-Aip 31 

26 98 pal-dism I 34 1 9  (n-ng] I 63 127 length I 
26 1 9  calor 3 35 1 10 r-unglide I 64 1 devoi I 
26 19 unglide 3 35 35 fricat I 65 129 length I 
26 108 unglide 3 35 1 1 1  retrof 12 65 80 devoi 1 

26 53 back-as m 6 35 98 pal-dism 1 1  65 130 r-unglide 1 

26 1 5  back-asm 1 35 1 9  unglide 13 66 0 \n 1 

26 97 diph 1 35 98 rime I 66 1 2  length 1 

26 75 (procope-j) 1 35 75 pro cope-d I 66 133 devoi 1 

26 74 (a-i] 1 36 0 \n 34 66 1 3 1  aspir 2 

26 19 ( !ac-split] 7 36 19 (de-aspir] 3 66 3 1  deret 5 

26 1 9  (s-ts] 3 36 19 deret I 66 134 r-unglide I 
26 1 9  final-dism 3 36 19 round I 66 135 fricat I 
26 19 (ts-s] 4 36 1 9  raise 3 66 79 retrof 1 

26 19 (p-t] 1 36 1 9  (round] I 66 19 round I 
26 1 9  (kw-w] 2 36 1 9  (x-tsh] 2 66 132 a.ffric 1 

26 1 9  (m-n] 2 36 1 9  (j-h] 2 66 109 procope-c I 
26 19 degemin 1 36 1 9  [f-p] I 66 1 4  aspir-r I 
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 I 
27 0 \n 1 37 1 26 fricat I 68 136 round I 
27 19 glide 1 5  37 1 12 retrof 4 69 137 retrof 1 

2 7  19 round 1 38 19 glide 8 70 128 length 1 

155 



I Src Dst s ym F req 1 1 s re D t s s ym Freq 

70 19  length I 91 148 diph 5 
70 26 lab-dnt' I 91 149 geng-zeng 2 
70 1 3  r-unglide I 92 1 10 devoi 2 
70 78 fricat 4 93 97 lab-dism 3 
70 138 retrof I 94 150 devoi 5 
70 80 x-weak 4 95 19 y-fuse 5 1  
70 1 2 5  lab-vel 2 96 19 [fh-ph] I I Src Dst Sym Freq I 
70 104 io-fiip I 97 19 io-fiip 39 132 86 devoi I 
70 19 [a-front] 4 98 19 fusion 22 1 33 19 lab-dnt' I 
7 1  70 devoi 4 99 ! 5 1  retrof 8 134 1 1 5  deret I 
71  37 aspir 2 100 ! 5 2  devoi 2 135 !59 retrof I 
72 16 devoi I 101 ! 53 deret 86 136 19  [k-del] I 
73 0 \n 8 102 0 \n  2 5  1 3 7  160 deret I 
73 75 procope-b 7 102 19 length 2 138 161  retrof I 
74 0 \n  64  102  56  io-flip 4 1  139 74 [p-t] I 
74 ! 5 4  pro cope-a 7 102 19 round I 1 40 42 length I 
74 ! 5 4  procope-b 2 102 26 pal-dism 2 141  0 \ n  6 
74 1 9  unglide I 102 19  col or  4 1 4 1  19 calor 17 
74 26 glide-ins 3 102 33 unglide 1 5  142 0 \ n  6 
74 19 [aspir] 1 102 83 rime 10  142 85 io-ftip 16 
74 109 procope-c I 102 60 back-asm 1 1  142 162 calor 5 
74 19 [!ac-split] 19 102 95 raise 1 3  142  26 unglide 3 
74 1 39 procope-m I 102 42 [aspir] 3 142  19 rime 3 
75 1 9  glide 54 102 62 diph 13 1 4 2  163 back-asm 7 
76 0 \n 2 103 0 \n  8 142  95 raise I 
76 26 length 23 103 26 length 7 1 42 62 diph 4 
76 1 9  io-flip 12  103 145  io-ft ip  14  143  104 deret 2 
76 53 back-asm 1 4  103 26 round 7 144 165 retrof 2 
76 1 9  final-dism 3 103 19 unglide 2 145 0 \ n  1 2  
77 1 40 deret I 103 18 back-asm 3 145 19 length 2 
78 1 1 2  retrof 10 103 97 diph I 145 19 pal-dism 3 
79 so deret 8 103 19 ['ac-split] I 145 19 unglide 1 7  
80 98 length 2 104 0 \n  I 145 83 rime 68 
80 104 io-flip 12  104 19 unglide 2 146 19 procope-b I 
80 35 sharp I 104 19 rime 28 147 97 lab-vel 4 
80 53 back-asm I 104 26 rime 6 148 166 io-Ai p  5 
81  19  round I 105 1 9  procope-d 6 149 120 rime 2 
81  34 rime 14  105 19 [n-del] I 150 0 \ n  I 
82 1 4 1  round 23 105 19 [ng-n] I 150 1 10 retrof 4 
83 0 \n  131  106 0 \n  137  !51  167 deret 8 
83 1 9  [de-aspir] 2 106 74 fusion 87 !52 21  retrof 2 
83 26 fusion 9 106 109 pro cope-a 1 6  !53 0 \ n  7 
83 19 fusion 14 106 109 procope-b 6 !53 26 length 3 
83 19 glide 2 106 !54  pro cope-d 8 !53 98 length I 
83 19 [a-front] I 106 26 [aspir] 3 !53 104 io-fl ip  3 
83 19 [i-del] 5 106 1 09 procope-c 1 1  !53 120 io-Aip I 
84 1 4 2  deret 45 106 1 9  [!ac-split] I !53 145 io-flip 26 
85 0 \n  6 106 19 final-dism I !53  19  col or  3 
85 1 9  pal-dism 1 2  106 19 [t-p] I !53  19 unglide 1 0  
85 26 unglide 7 106 19 [n-1] I !53  82  back-asm 1 5  
85 19 unglide 6 1 07 58 de gem in 1 153  60 back-as m 5 
85 26 rime 59 108 19 [round] 4 !53  95 raise 1 2  
86 143 retrof 2 109 0 \ n  I !53  62  diph 8 
87 0 \n  3 109 19 glide-ins 74 ! 5 4  1 9  glide I 
87 83 length I 1 10 19  deret 10 ! 5 4  26 glide-ins 16 
87 26 lab-dnt' 2 I l l  35 deret 4 ! 5 5  1 9  [b-f] I 
87 97 lab-dism 1 I l l  1 20 deret 8 ! 56 104 pre-color I 
87 144  fricat 2 1 1 2  2 5  deret 23 ! 5 7  1 9  [glide] I 
87 1 1 2  retrof 5 1 13 0 \ n  10  !58  168 unglide I 
87 26 x-weak 3 1 13 34 calor 33 !59 53 deret I 
87 19  lab-vel I 1 13 1 1 7  u nglide 4 160 169 io-flip 1 
87 145  io-ftip 7 1 1 3  1 9  [lac-split] I 1 6 1  61 deret I 
87 33 round 13 1 1 4  1 5 5  io-ftip I 162 0 \ n  I 
87 19 unglide I 1 1 5  1 9  round 3 1 62 19 [ts-s] 7 
87 57 raise 5 1 1 5  1 9  raise 7 1 63 170 round 7 
87 46 pre-color I 1 16 26 io-ftip 3 164 76 length 2 
88  53 devoi I 1 16 19 io-flip 5 1 65 171  deret 2 
89 1 4 6  round I 1 16 19  round I 166 57 unglide 5 
90 6 1  devoi 4 1 1 6  9 7  f-coal 4 167 0 \ n  1 
9 1  0 \ n  19 1 1 7  0 \ n  2 1 67 98 length 5 
9 1  26 length 1 4  1 1 7  75 [procope-j] 8 167 1 20 io-flip 1 
9 1  53 lab-dism 6 1 1 8  1 56 glide-ins I 167 19 rime 2 
9 1  3 1  deret 4 1 19 0 \ n  4 1 68 36 [x-kh] I 
9 1  1 1 0  r-unglide 1 1 19 26 lab-dism 6 169 172 unglide I 
9 1  2 2  fricat 22 120  162 unglide I 1 70 26 calor 7 
9 1  1 1 0  retrof 2 1 2 0  19  unglide 50 1 7 1  1 73 io-flip 2 
9 1  2 6  lab-vel 2 1 2 1  1 1 7  rime I 1 7 2  19 [!fricat] I 
9 1  1 45 io-ftip 55 1 2 2  1 5 7  [ procope-j] I 1 73 162 r ime 2 
9 1  1 9  round 17 1 23 ! 5 8  io-ftip I MML - 30379 .01  bits 
91 1 9  calor 1 1 2 4  74 (de-aspir] I 
91 35  sharp 2 1 25 53 f-coal 3 
9 1  26  unglide 4 1 26 1 9  devoi I 
9 1  1 9  rime 4 1 2 7  19  [p-i] I 
9 1  6 0  back-asm 2 1 2 8  1 9  x-weak 3 
9 1  5 7  raise 9 1 29 1 9  [ng-del] I 
91 1 4 7  y-split 2 130 1 08 deret I 
91  4 6  pre-color I 1 3 1  3 1  devoi 2 
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B.2  PFSA for SMC>MC (Diachronic and Allophonic) 

Src Dst Syrn Freq 1 1  Src Dst Syrn Freq 1 1  Src Dst Syrn Freq 
0 1 t-split 2538 3 64 glide-ins 2 17  98 lab-dism 24 
0 2 [t3-tl ]  4 3 65 [aspir] 2 1 7  99 unglide 1 
0 3 [t-split] 105 3 45 y-split 2 1 7  100 raise 5 
0 4 [t4-tl] 1 3 47 pre-color 2 1 7  1 0 1  diph 1 
0 5 [t4-t3] 2 3 66 diph 4 18  34  io-fiip 4 
0 6 [t2-tl ]  9 3 53 aspir-r 1 18  102 round 41 
0 7 [tl -t2] 9 4 67 [t-split] 1 18  19 brk-a 7 
0 6 [t3-t2] 1 3  5 66 t-split I 19  0 \n  1337 
0 7 [tl-t3] 5 5 68 [t-split] I 20 0 \n  5 
0 8 [t4-t2] 1 6 69 t-split 15 20 103 length 34 
0 9 [tl-t4] I 6 70 [t-split] 7 20 104 pai-d ism I 
0 1 0  [t2-t3] 14 7 3 1  t-split 10 20 19 calor 2 
0 1 1  [t2-t2] I 7 2 1  [t-split] 4 20 19  unglide I 
I 0 \n  78 8 71  [t-split] I 20 63 back-asrn 4 
I 1 2  length 169 9 72 t-split I 20 34 acute 4 
I 1 3  ac-spHt 99 10 73 t-split 8 20 64 glide-ins 3 
I 1 4  devoi 269 10 74 [t-split] 6 20 19  [a- ins] 1 
1 1 5  t2-merge 55 1 1  75 t-split 1 2 1  1 4 7  aspir 2 
1 16  aspir 187 12 0 \n 129 21 31 deret 38 
1 1 7  lab-dnt' 32 12 19 [t3-t l ]  1 2 1  81 retrof 1 
I 18 lab-dism 38 1 2  19  [de-aspir] I 2 1  180 round 2 
I 1 9  [de-aspir] 2 1 2  53 fusion 1 1  2 1  148 affric I 
I 20 deret 54 12 26 pro cope-a 8 22 105 devoi 8 
I 2 1  r-unglide 30 12 44 procope-b 13 22 106 aspir 2 
I 22 fricat 58 12 19  [aspir] 2 22  107  retrof 87 
1 23 retrof 140 12 76 procope-c 2 23 108 deret 140 
I 24 spirant 58 12 19  [n'-del] I 24 109 x-weak 43 
I 25 x-weak 37 12 76 [procope-x] I 24 1 1 0  lab-vel 7 
I 26 fusion 9 13 34 length 18 24 43 x-I ab 7 
I 27 pro cope-a 21 13 77 lab-dnt' 3 24 49 diph I 
I 28 lab-vel 49 13 78 deret 9 25 0 \n 6 
I 29 procope-b 2 13 79 r-unglide 1 25 104 length 2 
I 30 glide 42 13 80 fricat 6 25 19 length 4 
1 3 1  [unglide] 4 13 81 retrof 6 25 2 1  devoi 2 
I 32 io-flip 362 13 73 spirant 6 25 18 lab-dism 4 
I 33 round 198 13 25 x-weak 3 25 31 deret 2 
1 34 pai-d ism 12 1 3  1 9  fusion I 25 174 retrof 4 
I 34 calor 1 1  1 3  20 procope-a 1 25 I l l  io-flip 32 
I 35 sharp 19 13 31 lab-vel 3 25 19 round 1 0  
I 36 unglide 41 13 82 io-flip 1 5  25 35 sharp 5 
I 34 rime 32 1 3  26 round 1 5  25 47 sharp I 
I 37 affric 40 1 3  35 sharp 3 25 19 unglide 8 
I 38 procope-d 9 1 3  1 9  [a-front] I 25 19 rime 4 
I 19  [a-front] 1 1 3  63 back-asm 8 25 159 back-as m I 
I 39 back-as m 47 1 4  0 \n  1 1  25  39 back-asm I 
I 40 raise 104 1 4  26 length 13 25 63 back-asm 6 
I 19 brk-b I 1 4  1 9  aspir 2 25 40 raise 6 
1 19 acute 8 14  77  lab-dnt' 19 25 1 29 raise 1 
I 4 1  glide-ins 46 1 4  65 lab-dism 2 25 !66 y-split 2 
1 42 [aspir] 4 1 4  3 1  deret 2 25 19 brk-a 5 
I 43 x-lab 2 1 4  83 r-unglide 3 25 66 diph 2 
I 44 procope-c 9 1 4  22 fricat 16  25 19 [iu-o] I 
I 45 y-split 17 14 84 retrof 47 25 19  [a-oe] 2 
1 46 brk-a 4 1  14  3 1  x-weak 50 26 0 \n 258 
I 47 pre-color 8 14  85 lab-vel 2 26 19  [de-aspir] 3 
I 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 
I 19  [u-o] I 1 4  8 7  col or 2 26 19 procope-a 1 
I 50 aspir-r 14 1 4  35 sharp 3 26 76 procope-b 2 
I 5 1  [procope-j] 1 1 4  1 9  unglide 6 26 34 glide 2 
1 19  [schwa-i] 2 1 4  19  rime 3 26 19  unglide I 
I 52 [back-as m]  I 1 4  88 affric I 26 19  [a-front] I 
I 53 lab-dnt 4 1 4  56 back-asm 4 26 90 back-asm I 
I 54 geng-zeng 3 1 4  40 raise 1 3  26 19  acute 2 
2 53 t-split 4 1 4  19  acute I 26 1 17 [aspir] I 
3 26 length 3 14  89 y-split I 26 1 12 [a-i] I 
3 25 ac-split 7 14  19  brk-a 8 26 19  [ !ac-split] 6 
3 14  devoi 1 7  1 4  49 diph 7 26 19  [s-ts] 2 
3 37 aspir I !  1 4  62 [procope-x] 2 26 19 final-dism 3 
3 55 lab-dnt1 2 1 4  139 [x-kh] I 26 19  [ts-s] 3 
3 56 lab-dism 4 1 5  90 devoi 45 26 ! 18 round-adj I 
3 57 fricat 2 1 5  9 1  aspir 1 26 ! 55 procope-m I 
3 58 retrof 2 1 5  92 glide I 26 19  [i-del] 3 
3 34 x-weak 2 1 5  53 io-flip I 26 19  [kw-w] 2 
3 I lab-vel I 1 5  93 round 2 26 19  [m-n] I 
3 34 glide 2 1 5  94 affric 3 26 19 degemin I 
3 59 io-flip 15 1 5  40 raise 2 26 19  [n-rn] 1 
3 53 round 8 1 6  69 devoi 1 73 27 65 glide 7 
3 60 pai-d ism I 16  95  t2-merge 2 27 19  round I 
3 19  calor 5 16  96 lab-dnt' 3 27 64 glide-ins 8 
3 36 unglide I 1 6  3 1  deret I 27 101  diph 3 
3 19  r ime I 16 97 fricat 4 27 19  [ !ac-split] I 
3 6 1  affric I 16  69 x-weak I 27 19  [j-ins] I 
3 62 pro cope-d 2 16  19  round I 28 0 \n  2 
3 19  [a-front] I 16  97  affric I 28 26 length 19 
3 63 back-as m 4 16  40  raise 2 28 19  io-flip 9 
3 40 raise 8 1 7  0 \n 4 28 26 round 7 
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Src Dst Sym Freq Src Dst Sym Freq Src Dst Sym Freq 

28 1 5 9  back-asm 2 3 5  1 9  unglide 1 1  56 19 io-flip 3 
2 8  85 (aspir] 1 35 76 pro cope-d 1 56 34 round 1 6  

28 1 9  brk-a 8 36 0 \n 2 8  5 6  163 back-asm 2 

28 1 9  final-dism 3 36 1 9  (de-aspir] 1 56 1 9  brk-a 4 
28 56 £-coal 1 7  36 19 deret 1 5 7  2 1  retrof 4 
29 73 glide 2 36 1 9  round 1 58 1 4 1  deret 1 0  
30 0 \ n  9 36 1 9  raise 3 59 1 1 5  pal-dism 1 

30 1 9  length 1 36 1 1 3  (round] 1 59 1 9  unglide 5 5  
3 0  1 1 4 io-Aip 8 3 6  1 9  (x-tsh] 2 59 1 25 unglide 1 

30 1 9  round 1 3 6  1 9  (brk-a] 4 59 53 rime 8 

30 1 9  sharp 2 36 1 9  (i-h] 2 60 0 \n 3 1  
3 0  1 9  brk-a 3 3 7  2 5  devoi 36 60 19 (aspir] 7 
30 1 0 1  d iph 7 3 7  1 2 5  aspir 1 2  60 19 (x-kh] 1 
30 85 (procope-j] 10 37 1 4 0  fricat 1 6 1  9 4  aspir 1 
30 85 (procope-x] 2 3 7  1 0 7  retrof 4 62 1 9  glide 3 
30 1 1 3 (round] 1 38 1 9  glide 5 62 34 glide 2 

3 1  0 \ n  1 2  3 8  34 glide-ins 6 62 1 9  glide-ins 2 
3 1  1 9  length 46 39 1 2 6  round 48 62 19 procope-m 4 
3 1  1 3 1  lab-dism 2 40 0 \n 9 63 47 round 80 
31 81 retrof 1 40 1 2 2  procope-a 1 64 0 \n 1 1  
3 1  1 9  fusion 3 40 1 2 2  procope-b 13 64 63 back-asm 1 6  
3 1  76 procope-a 1 40 1 9  unglide 16 64 1 9  round-adj 3 

3 1  34 glide 2 40 1 9  brk-b 57 65 0 \n 6 
3 1  1 9  io-Aip 1 2  40 lOO (aspir] 1 65 102 round l 
3 1  98 io-Aip 1 40 1 2 7  diph 1 65 1 9  brk-a 6 
3 1  1 9  round 21 40 128 y-fuse 49 65 1 9  (s-ts] 3 

3 1  1 4 1  pai-d i s m  1 40 1 9  nasal-syl 7 66 59 io-flip 31 

31 19 (a-front] 2 4 1  0 \n 10 67 1 43 length 1 

3 1  1 5 9  back-asm 5 4 1  104 length 1 68 l devoi 1 

3 1  63 back-asm 2 4 1  34 length 3 69 0 \n 1 0  

3 1  1 8  back-as m 1 4 1  86 io-Aip 49 69 26 length 15 

3 1  100 raise 2 4 1  1 1 1  io-ftip 3 69 149 devoi 1 

3 1  1 9  brk-b 1 4 1  1 9  unglide 1 1  69 18 lab-dism 6 

3 1  1 0 1  diph 1 2  4 1  63 back-asm 27 69 31 deret 5 

32 0 \n 20 4 1  1 2 9  raise 24 69 1 23 r-unglide 2 

32 76 procope-a 12 4 1  1 9  acute 1 69 22 fricat 23 

32 76 procope-b 5 4 1  66 diph 7 69 165 retrof 2 

32 1 1 5  pai-d ism 3 4  4 2  8 5  lab-vel l 69 144 spirant 2 

32 60 unglide 36 42 lOO raise 2 69 56 lab-vel 2 

32 1 1 6 rime 249 42 1 9  (s-ts] 9 69 31 lab-vel 1 

32 62 procope-d 2 43 130 f-coal 9 69 86 io-A.ip 55 

32 1 9  (aspir] 2 44 26 glide 1 8  6 9  33 round 20 

32 76 [procope-x] 1 44 64 glide-ins 4 69 19 pai-d ism 1 

32 1 9  (s-ts] I 4 5  0 \n 1 69 87 col or 1 

33 0 \ n  169 45 69 x-weak 1 69 35 sharp 2 

33 1 9  (de-aspir] 1 45 1 3 1  lab-vel 8 69 34 unglide 4 

33 26 procope-a 9 45 1 0 1  glide 2 69 34 rime 4 

33 1 1 7  procope-b 1 1  45 134 io-Aip 1 69 63 back-as m 2 

33 103 unglide 1 3  45 1 3 2  io-Aip 5 69 40 raise 1 1  

33 1 1 9  raise 1 4 5  98 x-lab l 69 122 procope-c 1 

33 42 (aspir] 3 46 0 \n 45 69 166 y-split 2 

33 1 1 2  x-lab 1 46 1 9  (e-u] 1 69 1 9  brk-a 1 0  

33 1 1 8 round-adj 4 1  46 1 9  (m-w] l 69 47 pre-color 1 

33 1 9  [t-f] 2 47 0 \n 5 69 167 diph 5 

34 0 \n 1 2 1  47 1 9  col or 84 69 53 aspir-r 1 

34 1 9  length 2 47 1 9  unglide 3 69 168 geng-zeng 2 

34 34 length 2 47 1 9  round-adj 1 70 145 length 1 

34 1 8 5  lab-dism 2 48 1 3 3  procope-a 1 70 21 devoi 3 

34 1 9  (de-aspir] 3 48 1 9  (u-o] 1 70 25 devoi 1 

34 1 9  fusion 1 1  49 1 3 4  io-flip 76 70 146 r-unglide 1 

34 59 fusion 1 50 1 35 lab-dnt' 10 70 30 glide 1 

34 1 2 2  procope-a 5 50 36 lab-dism 1 7 1  150 round 1 

34 62 procope-a 3 50 59 raise 3 7 2  1 5 1  retrof 1 

34 76 procope-b 1 5 1  1 glide 1 73 157 length 1 

34 1 9  io-Aip 3 52 60 round 1 73 1 9  length 1 

34 1 04 pal-dism 1 53 0 \n 2 4  7 3  34 lab-dnt' 1 

34 1 9  col or 3 53 2 1  aspir 1 73 1 5 2  r-unglide 1 

34 1 9  unglide 1 53 1 7  lab-dnt' 3 7 3  80 fricat 4 

34 1 2 0  unglide 3 53 40 fusion 3 73 153 retrof 1 

34 1 2 2  pro cope-d 10 53 19 fusion 1 73 25 x-weak 4 

34 1 5 9  back-asm 4 53 76 procope-b 6 73 154 lab-vel 2 

34 1 9  acute 10 53 30 glide 1 73 1 1 1  io-A.ip 1 

34 1 9  glide-ins 1 53 1 1 1  io-Aip 1 73 19 (a-front] 4 

34 8 7  (aspir] 1 53 1 9  unglide 4 74 73 devoi 4 

34 1 2 2  procope-c 2 53 1 9  rime 1 74 37 a.spir 2 

34 1 0 1  diph 1 53 1 2 9  raise 1 75 16 devoi 1 

34 1 2 1  (procope-j] 1 53 1 3 1  diph 2 76 1 6 1  glide l 
34 1 9  round-adj 6 53 1 4 2  (procope-x] 2 76 19 glide 4 9  

3 4  1 9  (n-ng] 1 53 1 1 8  round-adj 3 77 0 \n 5 

34 1 9  (p-t] 1 53 1 9  (t-n] 1 7 7  28 lab-dism 1 7  

34 1 9  (f-p] 1 53 1 9  (k-1] 1 78 34 length 8 

34 1 69 (y-t] 1 53 1 9  [k-ins] 1 78 18 back-as m 1 

34 87 (m-n] 1 54 1 36 io-flip 1 79 156 deret 1 

35 1 2 3  r-unglide 1 54 1 3 7  rime 1 80 81 retrof 1 0  
35 35 fricat l 54 1 38 x-lab l 8 1  25 deret 23 

35 1 2 4  retrof 1 2  55 3 1  lab-dism 2 82 19 round 1 

35 1 04 pal-dism 1 1  56 1 9  length 2 82 34 rime 14 
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r-S�rc----�D�s�t--�S�y-m _________ Fnr_e_q-.l rl-cs=rc�--D�s•t---cs=y=m�-------,F�r=e=q-, 
83 125  deret 3 1 1 2  26 glide-ins 3 
84 34 deret 2 1 1 2  1 9  (a.spir] 1 
84 158 deret 45 1 1 2  122 procope-c 1 
85 19  brk-a 19 1 1 2  19  (!ac-split] 18 
85 ! 59 f-coa.l 1 1 1 3  87 round-adj 5 
86 0 \n  18 1 14 19  pro cope-d 6 
86 1 9  length 2 1 14 19 (n-del] 1 
86 1 1 5 pa.l-dism 14 1 1 4  1 9  (ng-n] 1 
86 1 9  unglide 23 1 1 5  19  brk-d 52 
86 26 rime 1 1 9  1 1 5  1 1 5 (1-t] 1 
87 0 \n  10  1 16  0 \n 122 
87 1 9  acute 48 1 16  1 1 2  fusion 79 
88 160 retrof 2 1 16  1 22 pro cope-a 16 I I 89 19  lab-vel 1 1 16  122  procope-b 6 Src Dst Sym Freq 

90 0 \n  2 1 16  172  procope-d 8 150 19 (k-del] 1 
90 1 6 1  length 1 1 1 6  26 (aspir] 3 1 5 1  1 8 1  deret 1 
90 34 lab-dnt' 2 1 16 122 procope-c 1 1  152 98 deret 1 
90 1 0 1  lab-disrn 1 1 1 6  19  (!ac-split] 1 153 182 retrof 1 
90 1 62 fricat 2 1 16  19  final-dism 1 154 18 f-coal 2 
90 8 1  retrof 5 1 16  19  (t-p] 1 155 1 1 2  (p-t] 1 
90 34 x-weak 3 1 16  19 (n-1] 1 156 42 length 1 
90 85 lab-vel 1 1 17 64 glide 8 157 19 x-weak 1 
90 86 io-flip 7 1 1 7  33 (j-ins] 2 158 0 \n 3 
90 53 round 1 4  1 1 7  173 round-adj 6 158 183 io-flip 16 
90 19 unglide 1 1 18 0 \n 2 158 125 calor 5 
90 40 raise 5 1 18 87 degemin 43 158 26 unglide 3 
90 19  brk-a 1 1 19 60 degemin 1 158 19 rime 3 
90 47 pre-color 1 120 1 1 3  (round] 3 158 184 back-asm 7 
91  1 63 devoi 1 121  85 glide 1 158 129 raise 1 
92 164 round 1 122 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 1 1 1  deret 2 
96 1 0 1  lab-dism 3 124 35 deret 4 161 19 (i-del] 2 
97 1 4 1  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 1 
98 26 io-ftip 9 125 19 unglide 1 165 87 deret 2 
98 1 59 back-asm 1 1  125 159 back-asm 1 166 101 lab-vel 4 
99 19  (fh-ph] 1 125 19 (!a.c-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 col or 33 170 1 1 5  pal-dism 2 
102 19 (de-aspir] 1 126 132 unglide 4 170 19 unglide 16 
102 1 02 [!ac-split] 1 126 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-Aip 1 172 19 glide 1 
103 26 fusion 15 128 0 \n 3 172 26 glide-ins 1 4  
103 19 acute 2 128 122 pro cope-d 2 173 19 degemin 6 
103 87 round-adj 2 128 122  procope-c 7 174 53 deret 4 
104 19 fusion 22 128 19 brk-c 37 175 19 [b-f] 1 
105 58 retrof 8 129 19 y-fuse 40 176 1 1 1  pre-color 1 
106 57 devoi 2 130 1 1 7  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-fiip 5 179 19 (round] 1 
108 0 \n 22 131 34 io-fiip 2 180 189 unglide 2 
108 19  length 2 131 19 round 1 181 190 io-fiip 1 
108 1 70 io-fiip 4 1  131 101 f-coal 4 182 64 deret 1 
108 1 1 7  round 1 132 0 \n 2 183 1 1 5  pal-dism 1 
108 34 pal-dism 2 132 76 (procope-j] 8 183 26 unglide 7 
108 19 col or 4 133 1 76 glide-ins 1 183 26 rime 8 
108 33 unglide 15 134 0 \n  35 184 191 round 7 
108 26 rime 10 134 76 pro cope-a 5 185 28 length 2 
108 63 back-asm 1 1  134 19 unglide 32 186 192 deret 2 
108 1 29 raise 13 134 76 pro cope-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 1 
109 0 \n  4 136 132 rime 1 191 26 col o r  7 
109 26 length 7 137 1 77 (procope-j] 1 192 194 io-fiip 2 
109 86 io-Aip 1 4  138 178 io-fiip 1 193 19 (!fricat] 1 
109 26 round 7 139 1 12 (de-aspir] 1 194 125 rime 2 
109 1 9  unglide 2 140 87 devoi 1 M M L  - 321 1 7.49 bits 
109 1 7 1  back-asm 3 141 0 \n  1 
109 19  brk-a 4 141  104 length 5 
109 1 0 1  diph 1 141 1 23 retrof 4 
109 1 9  (!ac-split] 1 141 59 io-Aip 2 
1 1 0  3 1  f-coal 7 141 19 rime 2 
1 1 1  0 \n  1 141  19 acute 2 
1 1 1  1 9  unglide 4 142 102 glide 2 
1 1 1  104 rime 1 143 19 (p-i] 1 
1 1 1  19  rime 28 144 85 x-weak 2 
1 1 1  26 rime 6 145 19 (ng-del] 1 
1 12 0 \ n  50 146 179 deret 1 
1 12 1 72 pro cope-a 7 147 3 1  devoi 2 
1 1 2  38 procope-b 2 148 88 devoi 1 
1 1 2  1 9  unglide 1 149 19 lab-dot' 1 
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B.3 PFSA for SMC>MB (Diachronic only) 

Src Dst Sym Freq 1 1  Src Dst Sym Freq 1 1  Src Dst Sym Freq 
0 0 \ n  1 1 7  I 28 diph-i 18 5 5 [de-aspirj 2 
0 I t l-spl it  912  I 5 [u-o] 2 6 65 t l -split 164 
0 2 t4-tripart 367 I 40 diph-u 25 6 66 t4-tripart 2 
0 3 devoi 1 47 I 5 [procope-j] 4 6 29 devoi 2 
0 4 t2-merge 91 I 5 y-spl-a I 6 67 affric I 
0 5 [i-del] 3 I 5 y-spl-b 9 7 0 \n  I 
0 6 aspir 169 I 5 [i-a] I 7 68 med_dism-b 28 
0 5 [ t l -split] 2 I 5 [u-ao] I 7 1 5  degemin 16 
0 5 [ !t2] I I 4 1  [i-ins] 4 7 88 vocal I 
0 7 lab-dnt 1 39 I 4 1  [k-ins] I 7 69 raise-u 1 5  
0 8 med_dism-b 13 I 5 [schwa-u] I 7 5 diph-u 2 
0 5 a-merge 1 1 3  I 5 [i-r] 4 7 32 aspir-r 3 
0 2 [t4-tripart] I I 42 palat-d I 8 0 \ n  I 
0 5 [n '-del] I 2 0 \n  2 8 5 a-merge 1 0  
0 5 deret I 2 44 devoi 73 8 15  pal at I 
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 I 
0 5 retrof-1 I 2 46 a-merge 1 1  8 5 [ ! rime] 2 
0 1 1  affric 64 2 47 deret I 9 0 \n  52 
0 5 [t3-tla] 2 2 48 i-del 6 9 32 deret I 
0 5 [u-del] 2 2 42 fric 1 7  9 5 rime 2 
0 12 sharp 35 2 49 sharp 1 2  9 72 u-ins-a 5 
0 5 pal at 50 2 5 pal at I 9 5 ra.ise-u 8 
0 13 fusion 35 2 50 procope 16 9 5 diph-u 1 1  
0 1 4  procope 63 2 50 degemin I 9 1 10 [aspir] I 
0 5 [au-ua] I 2 46 round 6 9 5 syllab 3 1  
0 15  degemin 20 2 5 1  vocal 50 1 0  0 \n  I 
0 16 round 32 2 52 rime 43 10 63 med_dism-b 1 
0 1 7  vocal 4 1  2 53 raise- i l  29 1 0  5 retrof-1 4 
0 18 coal 6 2 54 med_dism-a 2 1 0  32 retrof-1 I 
0 19 rime 28 2 55 y-spl-d I 1 0  62 fusion 3 
0 20 raise-i 1 52 2 42 [u-n] I 1 0  1 3  fusion 3 
0 21 med_dism-a 50 2 50 y-spl-c I 1 0  89 vocal 8 
0 22 u-del 3 2 43 apocope 66 1 0  62 raise-i 1 I 
0 22 [t2-tla] I 2 46 [round] 4 1 0  7 4  med_dism-a 87 
0 5 u-ins-a 2 2 50 [y-spl-d] I 1 0  62 raise-u 2 
0 23 y-spl-d I 2 56 [vocal] I 1 0  7 5  diph-i 7 
0 5 lab-abs 2 2 5 lab-dnt I 1 0  73 apocope 4 
0 5 [•J-n] I 2 5 [ek-ai] I 1 1  62 t 1 -split I 
0 24 apical ! I  2 5 [k-i] 3 1 1  76 t4-tripart 1 4  
0 5 [t3-tlb]  I 2 5 [k-u] 4 1 1  58 devoi 1 4  
0 5 [p-m] I 3 0 \n  26  1 1  77  t2-merge 1 1  
0 25 raise-u 71 3 5 [i-del] 3 1 1  78 aspir 24 
0 26 [t3-t2] 2 3 57 lab-dnt' 17 1 2  5 pal at 35 
0 27 y-spl-c 2 3 8 med_dism-b 3 1 2  4 1  fusion 7 
0 5 [a-ins] 2 3 5 a-merge 31 1 2  1 4  pro cope 8 
0 28 diph-i 17 3 32 i-del 3 1 2  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 1 3  5 [tl-split] I 
0 5 [t-n] 1 3 5 pal at 15  1 3  5 a-merge 32 
0 29 di ph-u 40 3 4 1  fusion I 1 3  72 i-del 3 
0 5 [1-n] 2 3 8 fusion 3 1 3  5 retrof-1 2 
0 5 [u-i] I 3 16 round 16 1 3  5 palat 1 7  
0 5 [procope-j] 2 3 79 vocal 2 1 3  63 med_dism-a 12 
0 5 charnel 2 3 59 vocal 7 1 3  5 [k-1] I 
0 5 y-spl-a I 3 18  coal 2 1 4  0 \n  44 
0 15  [x-k'J I 3 60 rime 9 1 4  5 [ !t2] I 
0 5 y-spl-b 8 3 80 raise-i 1 I 1 4  5 a-merge 1 9  
I 0 \ n  1 2 1  3 20 raise-i 1 1 2  1 4  5 fusion 1 5  
I 22 devoi 102 3 63 med_dism-a 3 1 4  34 round 5 
1 30 a.spir 8 3 36 med_dism-a I 1 4  5 round 2 
I 7 lab-dnt' 27 3 4 1  y-spl-d I 1 4  79 vocal 9 
I 31  med_dism-b 16 3 39 apical 6 1 4  26 rime 16 
I 5 a-merge 82 3 5 [t3- t lb] I 1 4  80 raise- i 1  I 
I 32 i-del 1 1  3 61 raise-u 22 1 4  5 lab-abs I 
I 1 0  fric 35 3 5 diph-i 5 1 4  8 1  raise-u 1 6  
I 5 [u-del] I 3 5 [u-o] I 1 4  5 diph-i 6 
I 33 sharp 20 3 40 diph-u 9 1 4  5 diph-u 9 
I 5 palat 50 3 5 y-spl-b 4 1 4  5 [i-y] 3 
I 13  fusion 36 3 5 [ !affric] 2 1 4  5 {schwa-ins] 2 
I 1 4  procope 67 4 3 devoi 87 1 4  5 [x-del] I 
I 5 [au-ua] I 4 62 fric I 1 5  0 \ n  8 
I 1 5  degemin 12 4 63 med_dism-a I 1 5  5 [!t2] 4 
I 34 round 27 4 64 diph-i 2 1 5  90 fusion I 
1 1 7  vocal 45 5 0 \ n  1603 1 5  59 vocal I 
I 18  coal 3 5 5 [t1-split] 6 1 5  5 rime 8 
I 35 rime 47 5 5 [ ! t2] 5 1 5  20 raise-i 1 I 
I 36 raise- i 1  1 9  5 5 a-merge I 1 5  81  raise-u 3 
1 37 med_dism-a 46 5 5 [t3-tla] I 1 5  5 diph-i 1 5  
1 1 4  u-del 5 5 5 [t3-t2] 2 1 5  5 diph-u 7 
I 5 u-ins-a 2 5 71 apocope I 1 5  5 y-spl-a 4 
I 27 y-spl-d I 5 5 [aspir] I 1 6  0 \ n  4 1  
I 38 lab-abs 5 5 5 [t1-t2] I 1 6  28 med_dism-b 1 
I 39 apical 1 1  5 5 [t2-merge] I 1 6  5 med_dism-b 7 
1 25 raise-u 36 5 5 [i-y] 3 1 6  5 [u-del] I 
I 27 y-spl-c 3 5 5 (procope-v) 2 1 6  5 pro cope I 
I 5 fa-ins] 1 5 132 [rric] I 1 6  7 1  apocope 2 
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Dst Syrn Freq 11 S.c Dst Syrn Freq Src Dst Syrn Freq 

16  5 [t2-rnerg<f 1 33 14 pro cope 5 50 47 rime 9 
1 6  29 u-ms-b 2 33 5 apocope 2 50 47 raise-i 1 4 
1 7  0 \n  1 33 5 (procope-¥) 2 50 47 raise-u 1 
1 7  82 fusion 91 34 0 \n  18 50 81  apocope 6 
18  4 1  sharp 1 2  3 4  26 med_dism-b 5 50 5 (k-u) 1 
1 9  0 \n  57  34 5 (u-del) 2 50 5 (u-ins-b) 2 
1 9  5 (!t2) I 34 5 procope 4 5 1  96 fusion 44 
1 9  5 pal at 47 34 5 (aspir) I 5 1  97 coal 7 
19  60 fusion 6 34 5 u-ins-b 19 52  98 i-del 3 
1 9  1 1 1  med_dism-a 18 34 5 (u-ins-b) 2 52  47  y-spl-d 1 
1 9  1 4  (g-n) 1 35 0 \n  31 52  19  apocope 67 
1 9  43 syllab 1 35 5 pal at 22 53  99 med_dism-a 3 
19  5 (f-p) 2 35 41 fusion 9 53  60 apocope 47 
19 5 (diph-i) I 35 5 (g-n) 3 53  100 raise-i2 I 
1 9  73 (palat) 1 35 5 (aspi•) 2 54 93 retrof-2 7 
20 0 \n  3 36 5 pal at 3 55  49 raise-i l  1 
20 5 pal at 6 36 86 med_dism-a 1 56 1 18 fusion 9 
20 63 med_dism-a 5 36 63 med_dism-a 2 56 49 coal 2 
20 5 y-spl-d 2 36 91  raise-i2 68 5 7  0 \n  5 
20 28 y-spl-d 4 36 5 [t'-t) 2 57 9 med_dism-b 1 7  
20 71  apocope 3 37 9 retrof-2 66 5 7  64 fusion 4 
20 83 raise-i2 41 38 5 palat 4 57 5 raise-u 4 
20 5 (y-m) 1 38 35 lab-abs 4 58 39 i-del 3 
2 1  84 retrof-2 50 38 5 [j-s) 2 58 32 retrof-1 I 
22  0 \n  8 39 39 syllab I 58 62 fusion 2 
22 57 lab-dnt' 13 39 5 syllab 53 58 89 vocal 2 
22 26 a-merge 1 2  40 0 \n  25  58 62 raise- il  I 
22 73 fric 5 40 5 (g-n) I 58 37 med_dism-a 20 
22 12 sharp 6 40 4 1  (charnel) 13 58 63 med_dism-a 6 
22 5 pal at 7 4 1  5 pal at 86 58 62 raise-u 5 
22 1 3  fusion 3 41  5 (p<ocope-v) I 59 42 fusion 4 
22 8 pro cope I 42 93 retrof- 1 5 59 101 fusion 2 1  
2 2  5 round 5 42 59 vocal 7 59 50 coal 4 
22 59 vocal 9 42 94 rime 10 60 0 \n  83 
22 18 coal I 42 95 raise-i l  6 60 5 (u-del) I 
22 60 rime 7 42 54 med-dism-a 4 60 5 pal at 91 
22  36 raise-i l  8 42 62 apocope 7 60 61  pal at 2 
22  86 med_dism-a 2 42 73 apocope I 60 1 1 2  fusion I 
22 31 u-del 3 42 63 apocope 2 60 86 med_dism-a I 
22 61  ra.ise-u 8 42 43 apocope 6 60 41 u-del I 
22  16 diph-i 3 42 50 retrof-2 I 60 5 (n-1) I 
22 5 diph-u 3 43 0 \n 44 60 5 (kh-s') I 
22 5 (k-u) I 43 5 (i-del) 8 6 1  0 \n  29 
22  41  (u-y) I 43 5 palat 2 6 1  63 med_dism-a I 
23 1 5  rime I 43 34 round 1 7  6 1  4 1  lab-abs 13 
24 29 syllab 1 1  43 74 med..dism-a 1 2  6 1  5 (t3-t2) 3 
25 0 \ n  48 43 60 lab-abs 8 62 1 24 retrof- 1 I 
25 5 (i-del) 3 43 5 diph-u I 62 63 med..dism-a 41 
25 5 (!t2) 4 43 26 (.ound) 3 62 5 retrof-2 2 
25 63 med..dism-a 1 2  4 3  5 (!aff<ic) 3 63 29 retrof-2 2 
25 5 (t2-tla) I 43 5 (aspi•) I 63 5 retrof-2 94 
25  60 la.b-abs 37 43 92 u-ins-b 2 64 5 med..dism-b 9 
25 5 (aopi•) I 43 28 (y-k) I 6 5  102 devoi 155 
25 5 (diph-u) I 44 46 lab-dnt' 6 65 5 med_dism-b I 
26 0 \n  46 44 47 a-merge 2 65 62 fric 2 
26 5 fusion 3 44 44 i-del I 65 17  vocal 6 
26 1 5  procope I 44 42 fric 1 1  66 46 devoi 2 
26 5 (k-u) I 44 49 sharp 3 67  103 t 1 -split I 
26 1 13 (aspi•) I 44 5 palat I 68 0 \n 1 5  
2 6  5 (a-del) I 44 47 round 7 68 68 [t3-t2) I 
26 5 [raise-u] I 44 56 vocal 10  68 68 syllab 7 
27 49 rime 2 44 53 rime 1 2  68 61 syllab 2 
27 5 rime 13 44 53 raise-i 1 1 0  6 8  5 (aspi•-•) 1 5  
2 8  0 \n 32 44 54 med_dism-a I 69 0 \ n  10  
28  5 (!t2) I 44 5 apocope 2 69 5 degemin 5 
28 68 med_dism-b 2 44 43 apocope 18 70 19  (aspi•-•) I 
28 5 retrof- 1 5 44 5 [k-i) I 7 1  0 \ n  I 
28 5 (u-del] 4 45 46 med..d.ism-b 4 7 1  5 (t4-t<ipa•t) 5 
28 5 (aspir) 7 45 50 degemin 2 72 0 \n  5 
28 28 (charnel) I 45 5 apocope 3 7 2  5 deret 2 
29 0 \n  46 46 0 \n  3 72 5 (de.et] 3 
29 5 (tl-split) 2 46 47 med_dism-b 3 73 1 1 1  med_dism-a 17 
29 5 (t3-t1a) 2 46 47 pro cope 1 73 62 raise-u 5 
29 5 (t2-tl a) 1 46 47 degemin I 74 63 rime 3 
29 1 10 (aspi•) I 46 47 rime I 74 104 retrof-2 96 
29 5 (tl-t2) 5 46 5 apocope 25 75 5 retrof- 1 7 
29 85 (charnel) 1 1  46  5 (k-u) 2 76 42 devoi 14  
30  87 devoi 8 46 47 (charnel) I 77 58 devoi 10  
31  0 \n  3 46 5 (o-ins] I 77 62 raise-i 1 I 
3 1  5 a-merge 5 47  5 apocope 50 78 105 t 1-split 2 1  
3 1  5 round 12 48 46 deret 5 78 106 devoi 3 
3 1  5 syllab 3 48 5 1  vocal I 79 107 fusion 1 4  
32  0 \n  2 49 5 palat 4 80 100 raise-i2 32 
32 5 u-ins-a. 8 49 49 fusion 1 8 1  0 \n  1 2  
3 2  5 raise-u 9 49 47 procope 3 8 1  5 lab-abs 1 3  
3 2  5 diph-u 6 49 41  apocope 13 82 108 coal 48 
33 43 pal at 1 1  50 59 vocal 5 82 36 raise-i l  43 
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Src Dst Syrn Freq I 
83 109 degemin 41 
84 0 \ n  23 
84 5 rime 2 
84 5 [u-n] 1 
84 5 diph-u 8 
84 26 syllab 1 6  
85 29 pal at 1 1  
86 1 13 retrof-2 4 
87 34 round 2 
87 l l 4  apical 6 
88 1 1 5  fusion 1 
89 l l6 fusion 10 
90 5 [ya-ru] 1 
91  1 1 7  degemin 68 
92 5 [round] 10 
93 1 29 vocal 2 
93 1 19 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 1 2 1  sharp 2 
97 38 apocope 5 
98 1 22 syllab 3 
99 47 retrof-2 9 
100 123 degemin 33 
101  125  coal 1 5  
1 0 1  128 raise-il 3 I Src Dst Syrn Freq I 
101  36 raise-i 1 3 1 22 52 rime 28 
102 0 \n  3 1  1 2 2  28 apocope 7 
102 31 med_dism-b 4 1 2 3  5 degemin 33 
102 5 a-merge 22 124 5 [u-ins-a] I 
102 32 i-del 3 1 2 5  0 \n  I 
102 10 fric 22 1 2 5  131  raise-il 3 
102 5 pal at 1 7  125  5 u-del 2 
102 13 fusion 1 1  1 2 5  4 2  [charnel] I 
102 64 round 3 125 50 [charnel] 2 
102 126 vocal 7 125  27 [charnel] 6 
102 35 rime 16 126 133 fusion 7 
102 41  lab-abs I 127  1 34 degemin 2 
102 61 raise-u 10 128  135  raise-i2 9 
102 5 diph-i I 1 2 9  1 3 6  fusion 2 
102 5 [u-o] 2 130 102 apocope 2 
102 40 diph-u 5 1 30 44 [charnel] 6 
102 5 y-spl-a I 1 3 1  137 raise-i2 3 
102 5 y-spl-b I 132 5 [raise-i 1 ]  I 
103 73 devoi I 133 107 coal 5 
104 0 \ n  6 2  133 128 raise-i 1 2 
104 5 [tl-split] I 134  68 [diph-i] 2 
104 5 rime 5 135 1 38 degemin 9 
104 5 raise-u 3 136 139 coal 2 
104 5 diph-u 13 137 140 degemin 3 
104 9 syllab 10 138 4 1  degemin 9 
104 5 [n'-n] 2 139 72 apocope 2 
105 10 devoi 2 1  140 28 degemin 3 
106 62 t l -split 3 1 4 1  4 1  rime l 
107 80 raise-il 12 MML - 30366.55 bits 
1 07 128 raise-i 1 4 
107 36 raise-il 2 
107 1 4 1  [charnel] I 
108 0 \n  18  
108  5 [!t2] l 
108 5 i-del 1 
108 80 raise-i 1 1 8  
1 08 63 med_dism-a 7 
108 27 [charnel] 3 
1 09 1 2 7  med_dism-b 2 
109  19  degemin 39 
1 10 0 \n  3 
1 10 5 [fric] 5 
1 1 1  32 retrof-2 2 
I l l  39 retrof-2 33 
l l 2  1 4  pal at 1 
l l 3  l l 3  syllab 2 
1 1 3  5 [affric] 5 
1 14 l lO syllab 6 
1 1 5  5 coal I 
1 16 62 coal 1 0  
l l 7  60 degemin 68 
l l 8  1 30 coal 8 
l l8 5 apocope I 
1 1 9  92 u-ins-b 8 
1 2 0  1 2 2  [charnel] 38 
1 2 1  6 1  apocope 2 
1 2 2  47  deret 5 
122  47  procope 1 
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B .4 PFSA for SMC>MB (Diachronic and Allophonic) 

Src Dst Sym Freq 11 Src Dst Sym Freq 1 1  Src Dst Sym Freq 
0 0 \� 1 17 1 5 1�-insj 1 5 5 [t2-mergej 1 
0 1 t l -split 9 1 2  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 I 5 y-spl-a I 6 62 affric 1 
0 6 aspir 169 1 5 y-spl-b 9 7 0 \n 1 
0 5 [tl-split) 2 1 5 [i-a) I 7 79 med.-dism-b 15 
0 5 [!t2) I 1 5 [u-ao) 1 7 10  med_dism-b 13 
0 7 Jab-dnt' 39 1 36 [i-ins) 4 7 1 7  degemin 16 
0 8 med_dism-b 13 1 36 [k-ins) 1 7 80 vocal I 
0 9 a-merge 1 1 3  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 7 53 aspir-r 3 
0 5 deret 1 2 0 \n 2 8 5 a-merge 10 
0 1 0  i-del 18 2 38 devoi 73 8 5 charnel 4 
0 1 1  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 I 
0 1 2  affric 64 2 4 1  a-merge 1 1  8 25 syllab 4 
0 5 [t3-t1a) 2 2 41  deret 1 8 25 [!rime) I 
0 1 3  [u-del) 2 2 42 i-del 6 8 5 [x-del) I 
0 14  sharp 35 2 43 fric 17 9 0 \n 165 
0 5 pal at 50 2 44 sharp 12 9 5 [i-del) I 
0 1 5  fusion 35 2 5 pal at 1 9 5 [tl-split) 2 
0 16  procope 63 2 45 procope 16 9 5 [t3-t 1a) 2 
0 5 [au-ua) 1 2 45 degemin 1 9 5 [t2-tla) I 
0 1 7  degemin 20 2 46 round 6 9 5 [t3-t2) I 
0 5 charnel 2 2 47 vocal 50 9 63 apocope I 
0 18  round 32 2 48 rime 43 9 1 1 2  [aspir) 2 
0 1 9  vocal 4 1  2 49 raise-il 29 9 5 [aspir) I 
0 20 coal 6 2 50 med_dism-a 2 9 5 [tl-t2) 1 
0 2 1  rime 28 2 5 1  y-spl-d 1 9 142 [fric) 1 
0 22 raise-i 1 52 2 45 [Q-n) I 9 2 1  [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 [tl-split) 1 
0 3 [t2-tla) 1 2 1 3  [round) 4 10  53 deret 1 
0 5 u-ins-a 2 2 45 [y-spl-d) I 10 5 charnel 27 
0 24 y-spl-d I 2 52 [vocal) 1 10  5 rime 7 
0 5 lab-abs 2 2 5 lab-dnt 1 10 5 u-ins-a. 6 
0 25 [Q-n) 1 2 5 [ek-ai) 1 10  1 3  u-ins-a 5 
0 26 apical 1 1  2 25  [k-i) 3 10 5 raise-u 16  
0 5 [t3- t 1 b) 1 2 5 [k-u] 4 10 1 0  [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 1 3  [t3-t2) 2 3 5 [i-del) 3 10 1 3  sylla.b 16  
0 28 y-spl-c 2 3 53 lab-dnt' 30 10 5 sylla.b 19 
0 5 [a-ins) 2 3 1 5  med_dism-b 4 10 1 1 2  [a.spir) 1 
0 25  diph-i 17 3 5 a-merge 22 10 5 [aspir-r) 3 
0 5 [u-a.u) 2 3 1 3  a-merge 2 1  1 0  5 (raise-u] 1 
0 5 [u-o) 4 3 10  i-del 3 10 25  [n'-n) 2 
0 5 [t-n) 1 3 54 fric 21 1 1  0 \n 1 
0 29 diph-u 40 3 14  sharp 18 1 1  58 med_dism-b 1 
0 5 [1-n) 2 3 5 pal at 22 1 1  35 i-del 3 
0 5 [u-i) 1 3 1 5  fusion 6 1 1  5 retrof- 1 3 
0 5 [procope-j) 2 3 36 fusion 1 1 1  54 fusion 5 
0 5 y-spl-a 1 3 1 5  procope 1 1 1  64 fusion 1 
0 1 7  [x-k'] 1 3 5 charnel 2 1 1  82 vocal 6 
0 5 y-spl-b 8 3 25 round 2 1  1 1  64 raise- i1  2 
1 0 \n  1 18 3 55  vocal 19 1 1  34 med_dism-a 89 
1 3 devoi 102 3 20 coal 3 1 1  54 raise-u 4 
1 30 aspir 8 3 2 1  rime 1 2  1 1  65 diph-i 5 
1 7 lab-dnt' 27 3 1 3  rime 4 1 1  8 1  apocope 1 
1 8 med_dism-b 16 3 22 raise-i 1 20 1 1  54 apocope 3 
1 3 1  a-merge 82 3 70 raise-i 1 1 1 2  64 t 1-split 1 
1 1 0  i-del 1 1  3 56 med_dism-a 3 1 2  66 t4-tripart 14  
I 1 1  fric 35 3 58 med_dism-a 3 1 2  1 1  devoi 14  
1 5 [u-del) 1 3 8 u-del 3 1 2  67 t2-merge 1 1  
1 32 sharp 20 3 36 y-spl-d 1 1 2  68 aspir 24 
1 5 pal at 50 3 35 apical 6 13 0 \n  135  
1 1 5  fusion 36 3 5 [t3-t1b) 1 13 5 [!t2) 3 
1 1 6  pro cope 67 3 57 raise-u 30 13 5 pal at 27 
1 5 [au-ua) 1 3 25 diph-i 8 13 13 pa.la.t 2 
1 1 7  degemin 12 3 5 [u-o) 1 13 5 fusion 5 
1 5 charnel 3 3 25 diph-u 12 1 3  36 fusion 3 
1 1 8  round 27 3 5 y-spl-b 4 13 17 pro cope 1 
1 1 9  vocal 45 3 5 [k-u) 1 13 5 degemin 5 
1 20 coal 3 3 5 [!affric) 2 13 5 charnel 6 
1 2 1  rime 47 3 36 [u-y) 1 13 69 vocal 1 
1 33 raise- i l  19  4 3 devoi 87 13 1 1 5  med_dism-a 4 
1 34 med_dism-a 46 4 54 fric 1 13 5 lab-a.bs 1 2  
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 
I 28 y-spl-d 1 5 0 \n  1642 13 25 apocope 2 
1 2 1  lab-abs 5 5 5 [t1-split) 1 1 3  5 sylla.b 5 
1 35 apical 1 1  5 5 charnel 1 13 5 [tl-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-If 1 
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s re D t s s ym Freq Src Dst Sym Freq Src D t s S m y Freq I 
1 3  5 [deret] I 25 57 raise-u I 43 50 med_dism-a 4 
1 4  0 \ n  I 25 25 [t3-t2] I 43 54 apocope 13 
1 4  5 pal at 4 1  2 5  7 1  apocope I 43 58 apocope 2 
1 4  36 fusion 7 25 25 syllab I 43 81 apocope I 
1 4  1 3  pro cope 8 25 25 [aspir] 3 43 46 retrof-2 I 
1 4  1 16 vocal 3 25 25 [t l -t2] I 44  5 pal at 3 
1 4  56 med_dism-a I 25 36 [charnel] 13 44 44 fusion I 
1 4  36 apocope I 25 25 [u-ins-b] I 44  4 1  pro cope 3 
1 5  0 \ n  20 25 25 [aspir-r] 3 44  36 apocope 9 
1 5  5 [ tl -split] 3 25 5 [a-del] I 4 5  95 vocal 6 
1 5  5 a-merge 37 25 25 [de-aspir] 2 4 5  4 1  rime 9 
1 5  7 1  i-del 3 25 25 [f-p] I 45 88 raise-i 1 4 
1 5  5 retrof-1 I 26 9 syllab 1 1  4 5  4 1  raise-u I 
1 5  5 pal at 1 7  2 7  0 \ n  48 45 13 apocope 6 
1 5  1 7  pal at I 27 5 [i-del] 3 45 5 [k-u] I 
1 5  74 med_dism-a 3 27 5 [ ' t2] 4 46 88 deret 2 
1 5  23 med_dism-a 7 27 58 med_dism-a 12 46 88 pro cope 2 
1 5  25 [ ! ri me] I 27 5 [t2-tla] I 46 5 charnel I 
1 5  5 [k-1] I 27 21  lab-abs 37 46 48 rime 28 
16 0 \ n  39 27 5 [aspir] I 46 25 apocope 12 
16  5 a-merge 19 27 25 [diph-u] I 46 41 [charnel] I 
16  5 fusion 5 28 1 4  rime 2 46 5 [u-ins-b] 2 
1 6  5 7  fusion 8 28 5 rime 13 47 96 fusion 43 
1 6  5 charnel I 29 25 [t l-split] I 47 97 coal 7 
1 6  25 round 4 29 25 [t3-tla] I 48 99 i-del 3 
16 69 vocal 7 29 5 charnel 26 48 41 y-spl-d I 
16 13  rime 16 29 25 [ t l -t2] I 48 98 apocope 67 
16 70 raise-il I 29 32 [charnel] 1 1  49 101 rned_dism-a 3 
16 5 lab-abs I 30 78 devoi 8 49 100 apocope 35 
16  1 3  raise-u 16 31 0 \ n  80 49 102 raise-i2 I 
16 25 diph-i 6 3 1  5 [procope-v] 3 50 91 retrof-2 7 
16 25 diph-u 9 32 9 palat 22 5 1  97 raise-i l  I 
16  5 [i-y] I 32 1 6  procope 5 52 122 fusion 9 
16  25 [schwa-ins] 2 32 5 apocope 2 52 97 coal 2 
1 7  0 \ n  8 32 5 [procope-r] 2 53 0 \n  5 
1 7  5 [ 't2] 4 33 25 pal at 2 53 25 rned_disrn-b 9 
1 7  83 fusion I 33 74 med_dism-a 2 53 10 med_dism-b 13 
1 7  5 5  vocal I 33 84 raise-i2 63 53 114 fusion 3 
1 7  5 rime 8 33 25 [t '-t] I 53 3 fusion I 
17  22 raise-il I 34 10  retrof-2 135 53 5 raise-u 8 
1 7  1 3  raise-u 3 35 35 syllab I 54 5 retrof-1 2 
1 7  25 d i ph-i 15 35 5 syllab 53 54 103 fusion I 
1 7  25 d iph-u 7 36 5 pal at 69 54 82 vocal I 
17  5 y-spl-a 4 37 0 \ n  25 54 58 med_dism-a 27 
1 8  0 \ n  I 37 5 [i-del] 7 54 1 1 5  med_dism-a 3 
1 8  2 5  rned_dism-b 10 37 5 palat 2 54 86 med_dism-a 13 
18 25 [u-del] 3 37 5 charnel 10 54 54 raise-u 8 
18  25 procope 4 37 18 round 17 54 87 u-ins-b I 
18  5 charnel 35 37 86 rned_dism-a 7 54 5 retrof-2 I 
18  7 1  apocope I 37 13 lab-abs 8 55 104 fusion 20 
1 8  25 [aspir] I 37 25 diph-u I 56 117  retrof-2 4 
1 8  25 [t2-rnerge] I 37 10 [round] 3 56 5 [t '-t] I 
1 8  2 5  u-ins-b 21 37 5 [ !affric] 3 57 0 \ n  3 4  
1 8  25 [u-ins-b] I 37 25 [aspir] I 57 5 a-merge I 
19  0 \n  I 37 87 u-ins-b I 57 105 med_dism-a I 
19  72  fusion 9 1  38 39 lab-dnt' 6 57 36 lab-abs 1 1  
20 73 sharp 12 38 4 1  a-merge 2 57 5 [t3-t2] I 
2 1  0 \ n  8 1  38 38 i-del I 58 5 retrof-2 49 
2 1  5 [u-del] I 38 43 fric 1 1  59 106 devoi 155  
2 1  5 pal at 92 38 44 sharp 3 59 25 med_dism-b I 
2 1  3 6  fusion 6 38 5 pal at I 59 54 fric 2 
2 1  1 3  fusion 7 38 88 round 3 59 19 vocal 6 
2 1  36 u-del I 38 52 vocal 10  60 39 devoi 2 
2 1  5 [�-n] 2 38 89 rime 7 6 1  5 [t l-t2] 2 
2 1  5 [aspir] 6 38 49 raise-i 1 1 0  62 107 t l -split  I 
2 1  5 [j-5] 2 38 50 med_dism-a I 63 5 [t4-tripart] I 
21  5 [kh-s'] I 38 37 apocope 1 8  64 74 med_dism-a 1 8  
22 25 pal at 7 38 25 [k-i} I 64 25 retrof-2 I 
22 5 charnel 3 39 45 med_dism-b 3 65 25 retrof-1 7 
22 56 med_dism-a I 39 4 1  med_dism-b 4 66 43 devoi 1 4  
22 74 med_dism-a 5 39 45 degemin 2 67 1 1  devoi 3 1  
22 25 y-spl-d 6 39 4 1  rime I 67 64 raise-i 1 I 
22 7 1  apocope 3 39 5 apocope 7 68 67 t 1 -split 21 
22 75 raise-i2 49 40 4 1  round 4 68 108 devoi 3 
22 25 [y-ru] I 40 150  rime 5 69 1 09 fusion 8 
23 76 retrof-2 73 40 25 apocope 2 70 102 ra.ise-i2 32 
24 1 7  rime I 4 1  4 1  degemin 1 7 1  2 5  [t4-tripart] 4 
25 0 \ n  I 4 1  5 apocope 37 71 25 deret 2 
25 25 [tl-split] 2 4 1  5 (k-u] 2 7 1  5 charnel 5 
25 25 [!t2] 5 42 88 deret 8 71 25 [aspir-r] 4 
25 25 med_dism-b 5 42 90 vocal I 72 1 10 coal 48 
25 25 retrof-1 5 42 1 4 1  apocope I 72 33 ra.ise-il 43 
25 25 [u-del] 4 43 9 1  retrof- 1 5 73 25 pal at 1 8  
2 5  25 procope I 43 92 vocal 5 73 100 lab-abs 4 
2 5  5 charnel 449 43 1 46 coal I 74 25 retrof-2 35 
25 25 lab-abs I 43 93 rime 10 75 I l l  degemin 49 
25 25 r�-n] I 43 94 raise-i 1 6 76 0 \ n  2 5  
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Src Dst Syrn Freq I 
76 5 charnel 1 5  
76 5 rime 2 
76 25 (g-n) 1 
76 25  diph-u 14 
76 9 syllab 1 6  
77 1 1 3  devoi 1 
78 1 8  round 2 
78 10 apical 6 
79 0 \n  1 
79 5 charnel 1 
79 7 1  syllab 7 
79 1 3  (aspir-r) 6 
80 1 1 8  fusion 1 
8 1  5 retrof-1 2 
8 1  64 fusion 1 
8 1  82 vocal 3 
8 1  23 med_dism-a 16 I Src Dst Syrn Freq I 
8 1  65 diph-i 2 1 10 28 (charnel) 3 
82 1 19 fusion 10 1 1 1  132 med_dism-b 2 
83 5 (ya-ru) 1 1 1 1  13 degemin 47 
84 120 degemin 63 1 1 2  5 (fric) 2 
85 1 2 1  fusion 1 1 1 2  5 (affric) 3 
86 58 rime 3 1 13 41  fusion 1 
86 1 3  retrof-2 17 1 1 4  5 med_dism-b 3 
87  25 (round] 10 1 15 35 retrof-2 33 
88 25 apocope 27 1 1 6  133 fusion 10 
88 25 (o-ins) 1 1 1 7  1 1 2  syllab 2 
89 1 4  apocope 7 1 1 7  25 (affric) 2 
90 1 23 fusion 1 1 18 25 coal I 
9 1  136 vocal 2 1 19 64 coal 10 
91  124 apocope 8 120 21 degemin 63 
9 1  5 (k-u) 2 1 2 1  135 ra.ise-il I 
92 43 fusion 5 122 137 coal 8 
93 125  apocope 10 1 22 5 apocope I 
94 101  med_dism-a 6 1 23 138 coal 1 
95 1 26 fusion 2 124 87 u-ins-b 8 
95 46 coal 4 1 25 1 1 5  med_dism-a 1 2  
96 127 coal 37 1 26 139 coal 2 
96 5 apocope 6 127  46 (charnel) 37 
97 128  sharp 2 1 28 140 apocope 2 
97 73 apocope 8 1 29 5 degemin 33 
98 0 \n  26  1 30 5 (u-ins-a) 1 
98 5 palat 23 1 3 1  5 charnel 1 
98 1 15 med_dism-a 14 1 3 1  33 raise-i 1 3 
98 37 syllab 1 1 3 1  25 u-del 2 
98 5 (f-p) I 1 3 1  28 (charnel) 6 
98 25 (diph-i) 3 132 98 degemin 2 
98 1 25 (pal at) 1 133 109 coal 5 
99 42 syllab 3 133 134 raise- i l  5 
100 25 pal at 1 7  134 143 raise-i2 8 
100 5 charnel 20 135 144 raise-i2 1 
1 00 25 (g-n) 2 136 145 fusion 2 
1 0 1  88 retrof-2 9 137 25 apocope 2 
1 02 129 degemin 33 137 40 (charnel) 6 
103 1 30 retrof-1 1 138 42 (charnel) 1 
104 131 coal 1 2  139 45 (charnel) 2 
104 134 raise-i 1 3 1 40 73 lab-abs 2 
1 04 22 raise-i 1 2 1 4 1  21 (charnel) 1 
1 04 33 raise-i 1 3 142 25 (raise- i! )  I 
105 15 retrof-2 I 143 147 degemin 8 
106 0 \n 24 144 148 degemin 1 
106 8 med-dism-b 4 145 149 coal 2 
106 5 a-merge 22 146 43 (charnel) 1 
106 10  i-del 3 147 36 degemin 8 
106 81 fric 22 148 31 degemin I 
1 06 9 pal at 1 7  149 152 apocope 2 
1 06 1 5  fusion 1 1  1 50 2 1  apocope 5 
106 5 charnel 6 1 5 1  36 rime 1 
106 53 round 3 1 52 25 (deret) 2 
106 1 16 vocal 7 M M L - 31585.79 bits 
106 13 rime 16 
106 36 lab-a.bs 1 
106 57 ra.ise-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 I 
107 1 25 devoi 1 
108 64 t 1-split 3 
109 70 raise-il 12 
109 1 5 1  [charnel) 1 
1 1 0  25 (!t2) I 
1 1 0  25 i-del I 
1 1 0  5 charnel 18 
1 10 70 raise-i 1 18 
1 10 74 med_dism-a 7 
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Appendix C 

From S implified Middle 

C hinese to Modern Beij ing 

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 l )  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 allophanic 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 Zihui. 

The diachronic and allophanic 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. 1 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. l88) which inserts an initial [lJ] after the application 
of one of the other procope rules. Also, CN84 (Ill, p .366) discusses an "in-

1 Personal communication with John Newman: Comment regarding the environment for 
the lab-dnt rule, in Discussion dt. Nov 1995 
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explicable rounding of *ian/t to Cantonese cenjf' and suggests that there are 
reasons to think that there was a partial merger of the Middle Chinese form in 
the direction of *y�njt which subsequently fed the calor 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. 

I pg I eo I eh I smc I tn I mb I tn I Diachronic 

l l @ pa l pa l a  u ,  
l l E. pa l pa l a.  u ,  
l 2 A pat 4 pa. la. t4:apo: 
l 3 1£ bat 4 pa lb  t4 :devoi:apo: 
1 4 ll'l pa 2 pa 2 ' 
1 5 Jjl pa 3 pa. 3 ' 
1 5 • pa. 3 pa. 3 
1 6 1'3 pa. 3 pa 3 
1 7 ill bai 2 pa. 3 t2 ,devoi' [i-del] ' 
1 8 g ba. 1 ph a. l b  asp : t l :devoi: 
I 9 m ph a. 3 ph a. 3 
2 I ·� m a l m a l a.  [t l ] '  
2 2 /(;1 m a 1 m a. ! b  u ,  
2 3 !!, m a 2 m a. 2 [ !t2] '  
2 4 l; m a. 3 m a 3 
2 5 � fya.t 4 fa l a.  t4 : lab-dnt ' : apo:med-b: 
2 6 z vyap 4 fa. l b  t4' devoi : lab-dnt ' :apo:med-b: 
2 7 Pl vyat 4 fa !b  t4 :devoi : lab-dnt ' :  apo: med-b :  
2 8 � fya.p 4 fa 2 t4, la.b-dnt • ,apo,med-b' 
2 9 � fyat 4 fa 2 t4 :  lab-dnt' :apo:med-b: 
3 I 11 tap 4 ta la  t4,A-mg,apo' 
3 2 � tap 4 ta lb  A-mg,apo,[t4]' 
3 3 it dat 4 ta l b  t4 :devoi :A-mg:apo: 
3 4 tr tan 2 ta 2 [n'-del]' 
3 5 * da 3 ta 3 devoi :A-mg: 
3 6 11!! th a I th a l a  t l , A-mg' 
3 7 Ill th ap 4 th a l a  t4 :A-mg:apo: 
3 8 Ill tha.p 4 th a 2 t4, A-mg,apo' 

2 No 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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6 
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8 
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8 
8 

8 
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8 
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9 
9 

9 
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1 0  
10  
1 0  
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1 1  
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1 1  
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5 
6 
7 

8 
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3 
4 
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3 

6 
7 

8 
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2 
3 

5 
6 
7 

8 
9 

3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
7 

8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 

eh 

t0ap 
na 
nap 
lap 
lap 
lat 
t&�at 
dzo.p 
tsh a.t 
,a 
t,a 
t�ap 
d'l.ap 
d�ia.p 
to: at 
d'l.at 
t§a 

t,a 
d'l.a 
tJh a 
t§h a 
t3hap 
a a 
a a 
d'l.a 
t3h at 
t1ha 
t&�ha 
,a 
,a 
§at 
§Ua 
ka 
ka 
ka 
kai 
kap 
kap 
ka 
ka 
kap 
ka 
ka 
ka 
ka 
ka 
ka 
kh ap 

la 
la 
la 
?a 
?ap 
?ap 
?ap 
ua 
ua 
ua 
?a 
?a 
t§au 
t§aU 
§Uat 
§Ua 
kua 
kuat 
kua 
kuai 

tn I mb 

4 t"a 
1 na 
4 na 
4 la  
4 la 
4 la  
4 tsa 
4 tsa. 
4 tsh a 
2 sa 

tJa 
4 t§a 
4 t§a 
4 t3a 
4 to:a 
4 t§a 
3 t§a 

t1a 
3 t§a 
3 t§a 

t"h a 
t�h a 

4 t§h a 
l t§h a 

t§h a 
t§h a 

4 to:h a 
3 t§h a 
3 t,h a 

fa 
,a 

4 fa 
2 oa 

tSia 
tSia 
tSia 
tSia 

4 tSia 
4 tSia 

tSia 
2 tSia 
4 tSia 
3 tSia 
3 tSia 
3 tSia 
3 tSia 
3 tSia 
3 tSia 

tsh ia 
tSh ia 

4 tsh ia 
Si a 

4 Sia 
1 Sia 

Si  a 
4 Sia 
4 Sia 
2 Sia 
3 Sia 
3 Sia 

ia  
4 ia 

ia  
4 ia 

ia  
ia 

2 ia  
2 ia 
3 ia  

t§U& 
2 t§U& 
4 §U& 
2 3ua 

kua 
4 kua 
2 kua 
3 kua 

I tn 

3 
l b  
3 
l a  
3 
3 
l a  
l b  
l a  

la  
l a  
l b  
3 
lb  
lb  
3 
3 
3 
3 
la  
la  
la  
lb  
lb  
lb  
lb  
3 
la  
la  
la  
la  
2 
la 
la 
la  
la  
la  
lb 

3 
3 
3 
3 
3 
3 
la  

3 
la 
la 
lb  
lb  
lb  
3 
3 
3 
3 
la 
la  
la  
la  
lb  
lb  
2 
2 
3 
la  
2 
l a  
2 
la  
l a  
2 
3 

Diachronic 

t4:A-mg:apo: 
t4: 
t4:A-mg:apo: 
t4:A-mg:apo: 
t4:A-mg:apo: 
t4:A-mg:apo: 
t4:deret:apo: 
t4:devoi:A-mg:apo: 
t4:A-mg:apo: 
deret: 
t l :  
t4:apo: 
t4:devoi :apo: [! affric) : 
t4 :devoi :i-del:apo: ( !affric] : 
t4:apo: 
t4:devoi :a.po:[!affric] : 

devoi: [!affric): 
t l :  
t l :  
t4:apo: 
asp:t l :devoi:fric: retrof- 1 :  
asp:tl :devoi:fric: retrof- 1 :  
affric:asp:tl :devoi: 
t4:apo : 

[t3-tl a] :  
t l :  
t l :  
t4:apo: 
[u-del]: 
t l :sharp:pal: 
t l  :sharp: pal: 
t l :sharp:pal: 
tl :sharp: pal: [i-del] : 
t4:sharp:apo:pal: 
t4 :sharp:apo:pal: 
sharp: pal : 
sharp:pal: 
t4 :sharp:apo:pal: 
sharp : pal : 
sharp: pal : 
sharp: pal : 
sharp: pal : 
sharp:pal: 
sharp:pal: 
t4 :sharp:apo:pal : 

t4:sharp:apo:pal: 
t l :sharp:pal: 
t4:sharp:apo:pal: 
t4 :devoi :sha.rp:pa.l : 
t4 :devoi :sharp:a.po: pal : 
t4:devoi :sharp:apo:pal: 
t4:sharp:fuse:apo:pal: 
t2:devoi :sharp: pal: 
devoi:sharp:pal: 
devoi:sharp:pal: 
t l : sharp:pro: 
t4:sharp:pro:apo: 
t4:sharp:pro:apo: 
t4:sharp:pro:apo: 
t l :sharp:apo: 
t l :sharp:apo: 
sharp:pro:[!t2]: 
sharp: pro: 
sharp:pro: 
t l : [au-ua] : 
[au-ua]: 
t4:apo: 

t l :  
t4:apo: 

[i-del]: 
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pg 

1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 3  
13  
1 3  
13  
13  
13  
13  
1 3  
13  
1 4  
1 4  
1 4  
1 4  
1 4  

1 4  

1 4  
14 
1 4  
1 5  
1 5  
15  
1 5  
1 5  
1 5  
1 5  
15  
1 5  
1 6  
1 6  
16  
16  
16 
16 
16 
16 
16 
16 
1 7  
1 7  
1 7  
17  
17  
17  
1 7  
1 7  
1 7  
1 8  
18  
18  
18 
18 
18 
18  
18  
18  
19  
1 9  
19 
1 9  
19 
19 
19  
19  
19 
20 
20 
20 
20 

I eh 

3 tf 
� 
l'f 

6 if; 
7 +t 
8 � 
9 lit 

it 
2 ill 
3 !i5 

� 
5 � 
6 !L 
7 l* 
8 � 
9 t'll 

'!';j 
>f-

3 � 
4 �� 
5 j!J 
6 

7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
6 
7 
8 
9 

3 

5 
6 
7 
8 
9 
I 
2 
3 

5 
6 
7 
8 
9 
I 
2 
3 

5 
6 
7 
8 
9 

2 
3 

smc 

kuai 
kh ua 
kh ua 
kh ua 

ruai 
ruai 
ruac 
?uat 
u ua 
llJyat 
tok 
tok 
dok 
1o.k 
1ok 
ts�k 
aac 

t"ac 
t§i�k 
t3h i�k 
t§h i�k 
t§h iac 
t3h ac 
§i�p 
§i�t 
§i�k 
§i�k 
tSia 
liat 
tSiat 
tSia 
tSiat 
tsh ia 
t3h ia 
£h iat 
£h iat 
dZia 
dZiat 
Si a 
Si a 
S i  a 
iia 
diia 
iiap 
Si at 
Ilia 
iiiat 
ko. 
ko.p 
ko.t 
kak 
kac 
kac 
kac 
ka 
kak 
kh uo. 
kh ua. 
kh ua. 
kh ak 
kha 
kha.t 
kh ua. 
khok 
khok 
kh ac 
x• 
x• 
x• 
JUQ 

tn 

3 

3 

4 
2 
3 
3 

3 

4 
3 

2 

2 
4 
3 

mb 

xua 

xua 

xua 

te 
te 
th e 
le 
le 
tse 
tse 

tse 

se 

xe 
xe 

tn 

3 
l a  
2 
3 
la  
!b  
lb  
3 
3 
3 
3 
l a  

lb  
l b  
3 
3 
3 
! b  
lb  

l b  

Diachronic 

(i-del) : 
t l :  

t l :  
t l :devo i :  
t4:devoi:apo: 

devoi : ( i -del): 
devoi : (i-del) : 
t4 :devoi :fuse:apo: 
t4:pro : apo: 
pro: 
t4: lab-dnt 1 :degem :apo: med· b: 
t4:apo:  
t4:apo:  
t4:devoi:Apo: {asp]: 
t4:apo :rnd: 
t4:apo:  
t4:apo: 
t4 :devoi:fric: retrof-
1 :vocal:fuse :coal:apo:[deret]: 
t4 :devoi:fric: retrof-
1 :  vocal :fuse :coal :apo: ( deret] : 

l b t4 :vocal:fuse:coal :(cha}:deret:apo: 
3 t4 : < ime:i-del :syllab:apo:[cha) : [asp] : 
3 t4 :r ime: i-del:syllab:deret:apo: 
3 t4 :r ime: i-del :syllab:deret :apo: 
3 t4 : i -del :vocal:fuse:coal: [cha) :deret:apo: 
3 t4 :vocal:fuse:coal : [eh a] :deret:apo: 
3 t4 : i -del:deret:apo: 
3 t4 : i-del :deret :apo: 
3 t4 : i-del :deret:apo: 
3 t4 : i-del:deret:apo: 
1 a t 1 :  raise-i 1 :med-a:retrof-2 :  
1 b t4 :fr ic :raise-i 1 :apo:med-a:retrof-2 : 
1 b t4 :raise-i l :apo:med-a:retrof-2: 
2 raise-i 1 :med-a:retrof-2: 
3 t4 :raise-i 1 :apo:med-a:retrof-2: 
1 a t 1 :raise-i 1 :med-a:retrof-2: 
2 raise-i 1 :med-a:retrof-2: 
3 t4 :fr ic :raise-i 1 :apo: med-a:retrof- 2 :  
3 t4 :fr ic : raise-i 1 :apo:med-a:retrof-2: 
1 b t 1 : devoi :raise-i 1 :med-a:retrof-2: [affric] : 
1 b affric :  t4:devoi :raise-i 1 :apo: med-a:retrof-2: 
2 raise-i l : med-a:retrof-2 :  
3 raise-i 1 :med-a:retrof-2: 

raise-i 1 :med-a:retrof-2: 
3 affric :t2:raise-i 1 :  med-a:retrof-2: 
3 affric:devoi :raise-i 1 :  med-a: retrof-2 : 
3 affric :t4:devoi :raise-i 1 :apo:med-a:retrof-2: 
3 t4 :raise-i 1 : apo:med-a:retrof-2: 
2 fric: raise-i 1 :  med-a: retrof-2:  
3 t4 :fric:raise-i 1 :apo:med-a:retrof-2 :  
la  t l : rnd: 
la  t4:rnd :apo: 
la t4: rnd:apo: 
! b  t4:(rnd) :apo:  
lb  t4:vocal:fuse:coal: [cha} :apo:  
1 b t4:vocal:fuse:coal: [cha] :apo: 
lb  t4:vocal:fuse:coal:(cha]:apo: 
3 t4:rnd: 
3 t4 :apo:[rnd): 
la t 1 :u-del:round: 
la  t l :u-del:round: 
la (t2-t!A) :u-del :<ound: 
l b  t4: (rnd):apo: 
2 rnd :  

t4: apo:rnd: 
3 u-del:round: 
3 t4 :apo: 
3 t4 :apo: 
3 t4 :vocal:fuse:coal: [cha) :apo: 
lb t l :devoi : round: 
l b  t l :devoi :round: 
l b  t l :devoi : round: 
1 b t l  :devo i : u-del:round: 
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eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 

eh a: 

eh a: 

eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 



pg eo eh smc tn mb tn Diachronic Allophanic 

20 5 ;tQ ¥UO. 1 xe lb tl :devoi : u-del:round: eh a: 
20 6 it ¥0.P 4 xe l b  t4:devoi : rnd:apo: eh a: 
20 7 * ¥O.P 4 xe lb t4:devoi : rnd:apo: cha.: 
20 8 � ¥aC 4 xe lb t4:devoi :vocal: fuse: coal : [eh a]: apo: eh a: 
20 9 :I<Y ¥0. 3 xe 3 devoi:rnd: eh a:  
2 1  1 fit QO. 1 e lb  t l  :rnd:pro: eh a: 
2 1  1 • QO. 1 e l b  t l :rnd:pro: eh a: 
2 1  1 M QO. 1 e l b  t l : rnd:pro: eh a: 
2 1  2 lft QUO. 1 e l b  t l : u-del:rnd:pro: eh a: 
2 1  3 .. QaC 4 e lb  t4:vocal :fuse:coal: [cha] :pro:apo: eh a: 
2 1  4 Ill QO. 3 e 3 rnd:pro: eh  a: 
2 1  5 � ?a.k 4 e 3 t4 :rnd:pro:apo: eh a: 
2 1  6 � pua. 1 po la  tl  :med-b:rnd: eh  a: 
2 1  7 11 pua. 1 po l a  t l : med-b:rnd: eh a: 
2 1  8 !!l ph ua. 1 po l a  tl  'med-b,rnd, [de-asp] ' e h  a: 
2 1  9 !l pua.t 4 po l a  t4:rnd:apo:med-b: eh a: 
22 1 J4 pak 4 po la  t4,[rnd)' 
22 2 If pa.k 4 po l b  t4:rnd:apo: eh a: 
22 3 � pak 4 po lb  t4, [rnd]' 
22 4 18 pac 4 po lb  t4: vocal : fuse:coal : [eh a) :ape: eh a: 
22 5 » pua. 2 po 2 med-b:rnd: eh a: 
22 6 • pua. 3 po 3 med-b:rnd: eh a: 
22 7 lit ph ua. 1 ph o l a  t l  :med-b:rnd: eh a: 
22  8 jJ ph ua. 1 pho la  t l : med-b:rnd: eh a: 
22 9 � ph ua.t 4 ph o la  t4:rnd:apo:med-b: 
23 1 • bua. 1 pho lb  asp:t 1 :devoi :med-b:rnd: eh a: 
23 2 jJ ph ua. 3 ph o 3 med-b:rnd: eh a: 

23 3 )! pac 4 ph o 3 t4 'vocal ' fus.,coal ' [eh a] 'apo' [asp] ' eh  a: 
23 4 Ill ma.k 4 mo la rnd,apo,[t4]' eh a: 
23 5 * mu a. 1 mo lb tl :med-b:rnd: eh a: 
23 5 • mu a. 1 mo l b  t l : med-b:rnd: eh a: 
23 6 lt mu a. 1 mo lb t l : med-b:rnd: eh a: 
23 7 Bl mo 1 mo lb  t l '  
23  8 '* mua.t 4 mo 2 rnd,apo,med-b' [t4]' eh a: 
23 9 lt mu a. 3 mo 3 med-b:rnd: eh a: 
24 1 * mua.t 4 mo 3 t4:rnd:apo :med-b: 
24 2 '* mua.t 4 mo 3 t4:rnd:a.po:med-b: 
24 3 llt mu�t 4 mo 3 t4:apo:med-b: eh a: 
24 4 � ma.k 4 mo 3 t4,apo,[rnd]' 
24 5 11 mok 4 mo 3 t4:apo: eh a: 
24 6 � mok 4 mo 3 t4:apo: eh a: 
24 7 � vyro»t 4 fo lb  t4:devoi : lab-dnt ' :apo:med-b: eh a: 
24 8 $ ta. 1 tuo la tl  :rnd:u-ins-b: 
24 9 q dua.t 4 tuo lb t4:devoi:rnd:apo: eh a: 
25 1 � tu a. 2 tuo 2 rnd : eh a :  
25  2 u tu a. 2 tuo 2 rnd: eh a: 
25 3 � duo. 2 tuo 3 t2:devoi :rnd: eh a :  
25  4 * th a. 1 th uo la  tl :rod :u-ins-b: eh a :  

25 5 E th a. 1 th uo l a  tl  :rnd:u-ins-b: eh a: 
25 6 ll! th ua.t 4 th uo l a  t4"nd, [cha] :apo' 
25 7 l't tha.k 4 th uo l a  t4:apo:rnd:u-ins-b: eh a: 
25 7 l't tha.k 4 th uo l a  t4:apo:rnd:u-ins-b: eh a: 
25 8 \\: da. 1 th uo lb  asp:t l :devoi:rnd :u-ins-b: eh a: 
25 8 � da. 1 th uo lb  asp: t 1 :devoi : rnd: u-i ns-b :  eh a :  
25 9 � th ua. 2 th uo 2 rnd: eh a: 
26 1 • na. 1 nuo 2 rnd,u-ins-b' [tl-t2] ' eh a :  

26 2 • nu a. 3 nuo 3 rnd: 
26 3 !!' la. 1 luo lb t l : rnd:u-ins-b: eh a: 
26 3 " la. 1 luo lb t 1 :rnd:u-ins-b: eh a: 
26 4 y la. 1 luo lb t l : rnd:u-ins-b: eh a: 
26 5 • lua. 1 luo lb t l :rnd: eh a :  
26 6 m Ink 4 luo 3 t4:apo:rnd:u-ins-b: eh a: 
26 6 Ill la.k 4 luo 3 t4:a.po:rnd:u-ins-b: eh a :  
26 6 � la.k 4 luo 3 t4 :apo:rnd :u-ins-b: eh a: 
26 7 f! la.k 4 luo 3 t4:apo:rnd:u-ins-b: eh a :  
26 8 ill' dza.k 4 tsuo l b  t4:devoi :apo :rnd: u-i ns-b :  eh a :  
26 9 M dza.k 4 tsuo l b  t4 :devoi :apo: rnd: u-ins-b :  eh a :  
27 1 ti tsa. 2 tsuo 2 rnd:u-ins-b: eh a: 
27 2 � dzua. 2 tsuo 3 t2:devoi :rnd: eh a :  
27  3 3i dzua. 2 tsuo 3 t2:devoi:rnd: eh a :  
27 4 il tso 3 tsuo 3 u-ins-a: 
27 5 ft' tsa.k 4 tsuo 3 t4:apo:rnd:u-ins-b: eh a: 
27 6 11 tsh a. 1 tsh uo l a  t l : rnd:u-ins-b: eh a :  
27 7 • tsh o 3 tsh uo 3 u-ins-a: 
27 8 * sua. 1 suo l a  t l  'rnd' eh a :  

27 9 M! sua. 1 suo la tl 'rnd' eh a: 
28 1 - §iuk 4 suo l a  t4' i-del ,deret' [ o-ins]' eh a :  
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Diachronic 

rnd : 
rnd : 
i-del : u-ins-a:{ deretJ: 
t4 :apo:rnd:u-ins-b: 
t4 :apo: med-a: retrof-2 : u-ins-b: [ rnd] : 
t4 :fric:retrof- 1 :  apo: u- ins-b: ( rnd] : 
t4 :apo:u-ins-b:[rnd] : 
t4 :devoi: fric: apo: med-a:retrof- 2: u-ins­
b : (rnd] :  
t4 :devoi :fric: retrof-1 : apo:u-ins-b:(rnd]: 
affric: t4 :devoi : apo: u-i ns-b:  [ rnd] :  
t4 :  fric: retrof-1 : apo: u- ins-b :  [ rnd] :  
t4 :  apo :  med-a:retrof-2 : u-ins-b :  [ rnd] : 
t4:  fric : apo: med-a: ret rof-2 :u-i  ns- b: ( rnd J :  
t4 :  fric :  apo: med-a: retrof-2 : u-ins-b: [ rnd] : 
t 1 :rnd: 
t4 :apo :rnd: 
t4:apo:  
rnd : 
rnd : 
rnd : 
t4 :a.po:rnd:  
t4 :apo:rnd: (asp]: 
t4 :apo:rnd: [ u-ins-b]: 
t4:devoi :apo:rnd: 
rnd : 
rnd: 
rnd : 
t2:devoi :rnd: 
devoi : rnd :  
t4 :devoi:apo: 
t4 :devoi :vocal: fuse:coal : apo: 
t1 :pro:rnd: 
pro:rnd : [ u-ins-b] : 
pro :rnd: 
t4 : pro:vocal:coal : [ u- ins-b]: 
t4 :raise-i 1 :apo: 
t4 :devoi :raise-i 1 :apo:  
t4 :  raise-i 1 :apo: 
t4 :  raise-i 1 :apo: 
t l  : raise-i l : [t '-t}: 
devoi :raise-i 1 :apo: [t4] : 
t4 :devoi :raise-i 1 :apo: 
t4:devoi : raise-i 1 :apo:  
t4 :devoi :raise-i 1 :apo: 
t4:devoi :raise-i 1 :apo :  
t 4 :  raise-i 1 :apo: 
t4 :  raise-i 1 :apo: 
t4 :  raise-i 1 :apo: 
raise-i 1 :apo:(t.4] : 
t4 :raise-i 1 :apo: 
t4 :raise-i 1 :apo: 
t4 :raise-i 1 :apo: 
t4:raise-i 1 :apo: 
t4 : [y-spl-d] :raise-i 1 :apo: 
tl :coal:sharp:pal: 
tl  :coal:sha.rp:pal: 
tl :coal :sharp: pal: 
t4 :raise-i 1 :apo:pal : 
t4 : raise-i 1 :apo:pal : 
t4 :devoi :ra.ise-i 1 :apo:pal: 
t4 : raise-i 1 :apo:pal : 
t4 :raise-i 1 :apo:pal: 
t4 :devoi :raise-i 1 :apo:pal: 
raise-i l :pal : 
coal:sharp:pal: 
raise-i 1 :pal: 
coal:sharp:pal: 
coal:sharp:pal: 
coa.l:sharp:pal: 
coal:sharp:pal: 
coal:sharp:pal: 
t4 :raise-i 1 :apo:pa.l: 
asp :t  1 :devoi : pal : [fric] : ( raise-i 1 ] :  
raise- i l : apo:  
t4 :raise-i 1 :apo:pal:  
t1 : raise-i 1 :pal:  
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Diachronic 

t4:raise-i 1 :apo:pal: 
tl :devoi: raise-i l  :pal: 
t 1 :  devoi : coal :sharp: pal : 
t4: devoi : raise-i 1 :apo: pal : 
raise-i l : pal: 
t4:y-spl-d: raise-i 1 :apo :pal: 
raise-i 1 :pal: 
raise- i 1 : pal: 
devoi : raise-i 1: pal : 
devoi:coal:sharp:pal: 
t2:devoi:coal:sharp:pal: 
t4: raise-i 1 :apo:pal: 
t4:pro:raise-i 1 :apo: 
raise-i 1 :  
raise- i 1 :  
raise- i 1 :  
t4: raise-i 1 :apo: 
t4:pro:raise-i1 :apo: 
t4 :vocal:coal :apo: lab-abs : [ IJ-n J :  
t4:vocal:coal :apo: lab-abs : [rJ-n J :  
t4:vocal:coal:apo:lab-abs: 
t4 :devoi : raise-i 1 :apo:pal : 
t4 :devoi : raise-i 1 :  apo:pal: 
t4: raise-i 1 :apo:pal: 
t4:vocal:coal:sharp:apo:lab-abs:pal: 
t4:raise-i 1 :apo:pal: 
t4 :vocal :coal : apo: lab-abs: pal : 
t4:vocal:coal:sharp:apo:lab-abs:pal: 
t 1  :raise-i 1 :pal: 
t4: [vocal) : coal :apo: pal : 
t4:vocal:coal:apo:pal: 
t4 :devoi :vocal :coal:apo: pal : 
t4:raise-i1 :apo:pal: 
t4: pro:vocal :coal : apo: lab-abs : 
t4 :raise-i 1 :apo: 
t4 :raise-i 1 :apo: 
t4 :pro:raise-i 1 :apo: 
t4 :raise-i 1 :apo: 
t4: pro: vocal :coal : apo: 
t4:pro:vocal:coal:apo: 
tl :Apic:syllab: 
t l  :Apic:syllab: 
t l  :Apic:syllab: 
t l :Apic :syllab: 
Apic:syllab: 
Apic:syllab: 
Apic:syllab: 
devoi :Apic :syllab: 
devoi :Apic:syllab: 
Apic:syllab:[tl]: 
t l  :Apic:syllab: 
asp: t 1 :  devoi : Apic :syllab: 
asp: t 1 :devoi : Apic :syllab: 
asp:t1 :devoi :Apic:syllab: 
asp:tl :devoi :Apic:syllab:[fric]: 
asp:tl :devoi:Apic:syllab:[fric]: 
asp:t 1 :devoi : Apic :sylla.b: [fric] : 
Apic:syllab: 
Apic:syllab: 
Apic:syllab: 
t 1 :Apic:syllab: 
t l :Apic:syllab: 
t 1 :Apic:syllab: 
t l : Apic:syllab: 
tl :Apic:syllab: 
t l :Apic :syllab: 
Apic:syllab: 
Apic:syllab: [asp] : [fric]: 
Apic:syllab: 
Apic:syllab: 
t2 :devoi :Apic:syllab: 
t2 :devoi : Apic:sylla.b: 
devoi :Apic:syllab: 
devoi : Apic:syllab: 
t l :  fric: med-a:retrof-2:syllab: 
t 1 :  fric: med-a: retrof-2 :syllab : 
t 1 :med-a:retrof-2 :syllab: 
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2 
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Diachronic 

t 1 :  med-a: retrof-2 :sy llab: 
t 1 :med-a:retrof-2 :syllab: 
t 1 :  rned-a: retrof- 2: syllab : 
t 1 :med-a: retrof-2 :syllab: 
t 1 :med-a: retrof-2 :syllab: 
t4 : rime:Apo:med-a:retrof-2 :syllab: 
t4: rime: Apo: med-a:retrof-2 : syllab: 
t4 :vocal:fuse:coal: [cha] :r ime:Apo:med­
a: retrof-2 :syllab: 
t4: rime: Apo: med-a:retrof-2 : syllab: 
t4: devoi : fric :rime: Apo: med-a: retrof-2 :syllab : 
t4:devoi:fric :rime:Apo:med-a:retrof-2:syllab: 
t4:devoi : fric : rime:Apo:med-a:retrof-2:syllab: 
t4 :devoi: rime: apo: med-a: ret rof-
2:syllab: [affric]: 
t4 :rime: A po: med-a: retrof-2 :syllab: 
med-a: retrof-2 :syl lab: 
med-a:retrof-2 :syllab: 
med-a:retrof-2:syllab: 
med-a:retrof-2 :syllab: 
med-a: retrof-2:syllab: 
med-a: retrof-2 :sy I lab: 
raise- i 1 :  raise-i 2: de gem : d egem: med-a: retrof-
2:syllab: 
fric: med-a: retrof-2 :sy 11 ab: 
fric: med-a: retrof-2 :sy llab: 
med-a: retrof-2 :sy !lab: 
f ric: med-a: retrof-2 :sy llab: 
med-a: retrof-2 :sy 11 ab: 
med-a: retrof-2 :syllab: 
med-a: retrof-2 :sy llab: 
devoi :fric: med-a: retrof-2 :syllab: 
t4:rime:Apo:med-a:retrof-2 :syllab: 
t4 :vocal: fuse: coal : (eh a] : rime: A po: (pal]: med­
a:retrof-2 :syllab: 
t 1 :devoi : fric:med-a: retrof-2 :syllab: 
t 1 :devoi :fric: med-a:retrof-2 :syllab: 
t l :devoi:fric:med-a: retrof-2 :syllab: 
asp: affric:  t 1 :devoi: med-a: retrof-2:syllab: 
fric: med-a: retrof-2 :sy 11 ab: 
med-a:retrof-2 :syllab: 
t4 :vocal: fuse :coal: [ cha} : rime: A po: med­
a: retrof-2 :syllab: 
med-a: retrof-2 :sy llab: [asp J :  [ affric] : 
t4: vocal : fuse: coal : [ cha] : rime: A po:  med­
a:retrof-2 :syllab: 
t 1 :med-a: retrof-2 :syllab: 
t 1 :med-a: retrof-2 :syllab: 
tl: med-a: retrof-2 :syllab: 
t 1: med-a: retrof-2 :syllab: 
t 1 :med-a: retrof-2 :syllab: 
t4: rime: A po: med-a: ret rof-2 :sy 11  ab: 
t4:rime: Apo:syllab: [i-del] : 
t4 :rime: Apo: med-a: retrof-2 :syllab: 
tl :devoi :med-a:retrof-2 : syllab: (affric] : 
affric :t4 :devoi: rime: Apo: med-a:retrof-
2:syllab: 
affric: t4: devoi : rime: A po: med-a: retrof-
2:syllab: 
affric:t4:  devoi : rime: A po: med-a: retrof-
2 :syllab: 
affric:t4 :devoi : rime: A po: med-a: retrof-
2:syllab: 
affri c: t4 :devoi :r ime: Apo: med-a: retrof-
2:syllab: 

Allophanic 

t4: rime: A po: med-a: retrof-2 :  syllab : 
affric:t4 :devoi :vocal:fuse:coal: [cha} :r ime:Apo:n ed­
a: retrof-2 :syllab: 
med-a:retrof-2 :syllab: 
med-a: retrof-2 :syllab: 
i-del:syllab: 
i-del:syllab: 
i-del:syllab: 
med-a: retrof-2:syllab : 
raise-i 1 :  raise-i 2 :degem :degem :  med-a.: retrof-
2:syllab: 
ra.ise-i 1 :  raise-i 2 :degem: degem :  med-a: retrof-
2 : syllab : 
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dii 
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Si 
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Si�t 
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Siac 

D.i 
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rii 
Iii 
pi:;lk 
bi 
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piai 
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piac 
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Diachronic 

devoi :raise-i 1 :raise-i 2:degem :degem: med­
a:retrof-2 :syllab: 
affri c: t 2: devoi: med-a: ret rof-2 :  sy I lab: 
affri c: devoi : med-a: ret rof- 2: sy ll ab: 
affric: devoi: med-a: retrof-2 :  sy llab: 
affric: t2 :devoi : i-del :syllab : 
affric: t2 :devoi :i-del :syllab : 
affric: devoi :i-del :syllab: 
med-a:retrof-2:syllab: 
affri c: t 2: devoi : med-a: ret rof-2: sy I lab: 
affric: t 2: devoi: m ed-a: ret rof-2: sy I lab: 
t4:rime:Apo:med-a:retrof-2:syllab: 
t4:rime:Apo:med-a:retrof- 2 :syllab: 
t4 :vocal : fuse:coal : [eh a] :rime: Apo: med­
a:retrof-2:syllab: 
t4 :fric: rime: Apo:med-a: retrof-
2:syllab:syllab: 

lb tl :fric:med-a:retrof-2:syllab:syllab: 
1 b tl :fric:med-a:retrof-2:syllab:syllab: 
2 fric:med-a:retrof-2:syllab:syllab: 
3 fric:med-a:retrof-2:syllab:syllab: 
la t4:rime:Apo: 
1b devoi : [t3-t1b] :  
2 
2 

t4:rime:Apo: 
3 raise-i l : raise-i2:degem:degem: 
3 devoi :raise-il :raise-i2:degem:degem: 
3 devoi:raise-i 1 :  raise-i2:degem:degem: 
3 devoi:raise-i 1 :raise-i2:degem:degem: 
3 devoi:raise-i 1 :raise-i2:degem:degem: 
3 raise-i l  :raise-i2:degem:degem: 
3 
3 devoi: 
3 devoi: 
3 t4:rime:apo: 
3 t4:rime:apo: 
3 t4:vocal:fuse:coal : (  cha] : rime:Apo: 
3 t4:vocal:fuse:coal : {  eh a] :rime:Apo: 
la  tl  :raise-i 1 :raise-i2:degem:degem: 
la t 1 :  
la  t4:raise-i 1 :raise-i2:degem:degem: 
lb asp:t l : devoi: 
lb asp:t l : devoi: 
lb asp:tl :devoi: 
2 t4:rime:Apo: 
3 
3 
1 b t1 :raise-i 1 :raise-i2:degem:degem: 
lb t l : raise-i l : raise-i2:degem:degem: 
2 raise-i l : raise-i2 :degem:degem: 
3 [p-m]: 
3 t4:rime:apo: 
3 t4:rime:apo: 
3 t4:vocal:fuse:coal: {cha] :rime:Apo: 
la  tl  : raise-il :raise-i2:degem:degem: 
la tl :raise-i 1 : raise-i2 :degem:degem: 
la t4:vocal:fuse:coal: {cha] :rime:a.po: 
1 b t4:vocal:fuse:coal : (cha] :rime:apo: 
1 b t4:devoi :vocal :fuse :coal :(cha]:rime:apo: 
1 b t4:devoi :vocal :fuse:coal:(cha] :rime:apo: 
1 b t4:devoi:vocal : fuse:coal: [eh a] :rime:apo: 

raise-i 1 :raise-i2:degem:degem: 
raise-i 1 :raise-i2:degem:degem: 

2 raise-i l :raise-i2:degem:degem: 
3 raise-i l : raise-i2 :degem:degem: 
3 t2:devoi :raise-i 1 :raise-i2:degem:degem: 
3 devoi :raise-i 1 : raise-i2:degem:degem: 
3 devoi:raise-i 1 : raise-i2 :degem:degem: 
3 devoi: 
la tl :raise-i 1 :raise-i2 :degem:degem: 
la t4:vocal:fuse:coal:{cha) : rime:apo: 
la t4:vocal:fuse:coal: [cha] :rime:apo: 
1 b t l  :devoi: raise-i 1 :raise-i2:degem:degem: 
1 b tl :devoi: raise-i l  :raise-i2:degem:degem: 
1 b tl :devoi: raise- i l : raise-i2:degem:degem: 
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3 
3 
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3 
3 
3 
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3 
3 
3 
la  
la  
la  

Diachronic 

t 1 :devoi : raise-i 1 :raise-i 2: de gem :degem: 
raise-i 1 :  raise-i2 :degem:degem: 
raise-i 1 :  raise-i2 :degem:degem: 
raise-i 1 :raise-i2 :degem :degem: 
raise-i 1 :raise-i 2 :degem:degem: 
t 1 :raise-i 1 :  raise-i2 :degem:degem: 
t l :  

t4 :  [ 1]-n] :vocal: fuse: coal : [eh a]: ri me:apo: 
t 1 :raise-i 1 :raise-i2:degem:degem: 
t 1: raise-i 1 :  raise-i 2 :degem :degem: 
t l :  
t l :  
t ! :  
t l :  
t l :  
raise-i 1 :raise-i2:degem:degem : [ !t2] :  

raise-i 1 :raise-i2:degem :degem : 
raise-i 1 :  raise-i 2:degem :degern: 
raise-i 1 :raise-i2:degem :degem: 
raise-i 1:  raise-i2:degem:dege m :  

t4 :rime:apo: 
t4 :rime:apo: 
t4 :rime:apo: 
t4 :rime:apo: 
t4 :vocal: fuse :coal : [eh a] : rime: apo: 
t4:  vocal: fuse :coal : {eh a]:  rime: apo: 
t 1 :vocal:fuse:coal: {cha] :rime:apo:pal: 
tl :pal :  
t l : pal :  
t l :pal:  
t l : pal: 
t ! :pal: 
tl :pal: 
t4 :vocal: fuse:coa.l : [eh a]: rime: apo: pal : 
t4:vocal:fuse:coal: [cha] :r ime:apo:pal: 
t4:vocal:fuse:coal: (cha] :rime :apo:pal: 
t4:devoi:rime:apo:pal: 
t4: rime:apo:pal : 
t4:rime:apo:pal: 
t4 :devoi:rime:apo:pal: 
t4 :devoi :rime:apo:pal: 
t4 : rime:apo:pal: 
t4 :rime:apo:pal : 
t4 :devoi:rime:apo:pal: 
t4 :vocal: f use :coal : ( cha] :rime :apo: pal : 
t4 :devoi : vocal : fuse:coal : (eh a] : rime:apo: pal : 
raise-i 1 :  raise-i2 :degem :degem: pal : 
pal : 
pal: 
t4: rime:apo: pal: 
raise-i 1 :raise- i2:degem:degem:pal: 
raise-i 1 :raise- i2 :degem:degem:pal: 
raise-i 1: raise-i 2:degem :de gem: pal : 
devoi: raise-i 1 :  raise-i2 :degem :degem :pal: 
raise-i 1 : raise-i 2 :degem :degem: pal: 
raise-i 1 :raise-i2:degem:degem:pal: 
pal: 
t2 :devoi:pal: 
t 2 :devoi:pal: 
pal:[t2): 
pal: 
devoi :pal: 
pal: 
u-del:pal: 
t4 :vocal :fuse:coal : [ cha] : rime:Apo: pal: 
t4 :vocal:fuse:coal: [cha] : rime :Apo:pal: 
t4 :vocal: fuse:coal: [cha] :rime:Apo:pal: 
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3 
3 
la 
la 
la 
la 
la 
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la 
la 
la 
la 
l a  
l b  
lb  
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2 
2 
3 
3 
3 
la 
l a.  
l a  
l a.  
l b  
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l b  
l b  
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3 
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2 
3 
3 
3 
3 
3 
3 

Diachronic 

t 1 :raise-i 1 :  raise-i 2 :degern :degem: pal: 
tl :raise-i 1 : raise-i2:degem:degem:pal: 
t l : pa.l: 
t4:rime:Apo:pal: 
t4:rime:Apo:pal: 
t 1 :devoi :raise-i 1 :  raise-i2 :degem:degem :pal: 
t1 :devoi :raise- i1  :raise-i2:degem:degem:pal: 
asp :tl :devoi:pal: 
asp:t1 :devoi:pal: 
asp:tl :devoi:pal: 
a.sp:t1 :devoi:pal: 
asp:t1 :devoi:pal: 
asp:t1 :devoi:pal: 
asp:tl :devoi:pal: 
raise-i 1 :  raise-i2:degem:degem: pal : 
pa.l: 
pal: 
raise-i 1 :raise-i2:degem:degem:pal: 
pa.l: 
pal: 
pal: 
pal: 
t l :  raise-i 1 :  raise-i 2: degem :degem: pal : 
t 1 :raise-i 1 :  raise-i 2 :degem :degem: pal : 
t 1 :raise-i 1 :  raise-i 2:degem :degem: (kh-s ' ] :  
tl :pa.l: 
tl :pa.l: 
tl :pa.l: 
t4:rime :Apo:pal: 
t4:rime :Apo:pal: 
t4:rime:Apo:pal: 
t4 :vocal :fusion:coal : [ cha] : rime: Apo: pal : 
t4 :vocal :fusion : coal : (eh a]: rime: A po: pal : 
t4:devoi :rime:apo: pal: 
t4 :devoi :vocal: fusion :coal : [ cha): rime: A po: pal : 
t4:vocal:fusion:coal: (cha) :rime:apo:pal: 
raise-i 1 : raise-i2:degem:degem:pal: 
pa.l: 
raise-i 1 :raise-i2:degem:degem:pal: 
devoi : raise-i 1 :raise-i 2:degem :degem: pal : 
pal: 
tl :pro: 
tl :pro: 
t 1 : pro: 
t4:pro:rime:apo: 
t l :pro: 
t l :  
t l :  
t l :  
t 1 :pro: 
t l : [u-del): 
pro: 
pro: 

t4:pro: rime:apo: 
pro:raise-i 1 :  raise-i 2 :degem:degem: 
pro: 
pro: 

pro: 

t4:pro:rime:apo: 
t4:pro:voca.l:fuse:coal: [cha] :r ime:apo: 
t4 :vocal :fuse:coal: [eh a]: rime: apo: 
t4:voca.l:fuse:coal: [cha] :rime:apo: 
t4 :vocal: fuse: coal: [eh a] :rime:apo: 
t4: 
t4: vocal: fuse: coal: [eh a) : rime: Y -spl-d: apo: 
raise-u: 
devoi : raise-u : (t3-t2) : 
raise-u :  
raise-u: 
t2:devoi:raise-u: 
t2 :devoi:raise-u: 
devoi:raise-u: 
devoi : raise-u : 
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do 

do 
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do 
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lu 

tn Diachronic 

3 t4 : ri me:apo:(f-p] : 
l a  t l : raise-u: 
la t4:apo: 
1 b asp : t l  :devo i : raise-u : 
l b  asp : t l :devoi: raise-u: 
l b asp :t l :devoi : raise-u: 
1 b asp : t 4 : devoi:apo: 

2 raise-u:[asp): 
2 raise-u: 

3 raise-u: 
lb t l : raise-u :  
2 
2 
3 raise-u: 

3 raise-u: 
3 raise-u: 
3 t 4 : a p o : (round]:(raise-u]: 

3 t 4 : a p o :  

3 t 4 : a p o :  

3 t4: lab-dnt: 
la t l : lab-dnt ' : raise-u: 

la t l : l ab-dnt' :raise-u: 
la tl :lab-dnt ' : [asp-r): raise-u: 
la t 1 :lab-dnt ' : [asp-r):raise-u: 
l a  t l  :lab-dnt ' : [asp-r) :raise-u: 
lb t l :devoi: lab-dnt': 
l b  t l : devoi: lab-dnt': 
lb t l :devoi : lab-dnt ' :  
l b  t4: lab-dnt ' : apo: 
1 b t 4 : d evoi : l ab-dnt ' : apo: 

l b  t 4 : devoi : l ab-dnt ' : apo: 

2 lab-dnt ' : raise-u: 

2 lab-dnt ' : raise-u: 
2 lab-dnt ' : raise-u: 
2 lab-dnt ' : raise-u: 

2 lab-dnt ' : raise-u: 
2 lab-dnt': raise-u: 
2 devoi:lab-dnt ' : raise-u: 

2 devoi:lab-dnt':raise-u: 
3 lab-dnt': raise-u: 

3 lab-dnt ' : raise-u : 
3 devoi:lab-dnt' :raise-u: 

3 devoi:lab-dnt': raise-u: 
3 lab-dnt ' :  
3 t 2 : d evoi : l ab-dn t ' :  

3 t2:devoi : l ab-dnt ' :  
3 t4 : lab-d nt ' :apo: 
3 t 4 : lab- d nt ' : ap o :  

3 t4 : devoi : lab-dnt ' :apo : 
la  t l : raise-u :  
1 b t4 :devo i : apo: 
l b t4 : devoi : apo: 
lb t 4 :devo i : apo : 

1 b t4:devoi : apo: 
2 raise-u: 

2 raise-u: 
2 raise-u: 

3 t2 :devoi: raise-u: 
3 t2 :devoi: raise-u: 
3 devoi:raise-u: 

3 devoi:raise-u: 
3 devoi:raise-u: 
la asp:t4:devoi:rime:apo: 
la t4:apo: 

lb asp : t l :devoi:raise-u: 
1 b as p : t l :devoi:raise-u: 
lb asp : t l :devoi:raise-u: 
lb asp: t l :devoi:raise-u: 
lb as p : t l :devoi : raise-u: 
2 raise-u: 

2 raise-u: 
3 raise-u: 
lb t l : raise- u :  
2 raise-u: [ !t2) :  
3 raise-u: 
l b  

1 b  

t l  :raise-u: 
t 1 :  raise- u :  
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I tn Diachronic 

lb t l : raise-u: 
2 raise-u : [ !t2] : 
2 raise-u : [!t2] : 
2 raise-u : [ !t2] : 
3 raise-u :  
3 raise-u :  
3 t4:apo: 
3 t4:apo: 
3 t4:apo: [i-del] : 
3 t4:apo: [i-del] : 
l a  t l : raise-u: 
l b  t4:Y-spl-c:rime:apo: 
l b  t4:devoi:apo: 
1 b  t4:apo: [i-del] : 

raise-u :  
raise-u :  
i-del : deret : raise-u :  

l a  tl  :raise-u: 
3 raise-u :  
l a  tl  :raise-u: 
l a  tl  :raise-u: 
1b t4:devoi:apo: [i-del] : 
3 raise-u :  
3 raise-u :  
3 raise-u :  
3 raise-u :  
3 t4:apo: 
3 t4:apo: [i-del] : 
3 t4:apo: [i-del] : 
la  t l  :fric: med-a:retrof-2: raise-u :  
la  t l : med-a:retrof-2 :raise-u :  
la  tl  : med-a:retrof-2 :raise-u :  
la  tl :med-a:retrof-2 :raise-u :  
la  t 1 :fric:med-a:retrof-2: raise-u: 
la t 1 :fric:med-a:retrof-2: raise-u: 
1 b t4:fric:apo:med-a:retrof-2:  
1 b t4:fric:apo:med-a:retrof-2:  
1 b t4 :apo:med-a:retrof-2 :  
2 raise-u :med-a:retrof-2:  

raise-u : med-a:retrof-2 : 
t4:apo: med-a:retrof-2: 

3 fric:apo:raise-u:med-a:retrof-2: 
3 fric:apo:raise-u:med-a:retrof-2:  
3 fric : apo:raise-u:med-a:retrof-2: 
3 raise-u : med-a:retrof-2: 
3 raise-u :med-a:retrof-2: 
3 raise-u :med-a:retrof-2: 
3 t2 :devoi : fric: raise-u :med-a: retrof-2 :  
3 devoi : fric : raise-u : med-a: retrof-2 : 
3 devoi :i-del:raise-u :  
3 t4:apo:med-a:retrof-2: 
l a  tl  :i-de l : raise-u: 
l a  t4:apo:med-a:rime:retrof-2:  
1 b tl :devoi :fric: raise-u :med-a:retrof-2:  
1 b asp : t l  :devoi: i-del : raise-u :  
1 b tl :devoi :fric: raise-u:med-a.:retrof-2 :  
2 devoi :fric: raise-u:med-a:retrof-2: (tl-t2] : 
2 i-del :raise-u: 
2 i-del : raise-u: 
2 i-del:raise-u: 
3 i-del:raise-u: 
3 t4:fric:apo:med-a:retrof-2: 
3 t4:apo:med-a:retrof-2: 
l a  t l : i-del : raise-u: 
la  t1  : i-del :raise-u: 
l a  t l : raise-u:med-a:retrof-2 :  
la  t l : raise-u :med-a:retrof-2:  
la tl  :raise-u:med-a:retrof-2:  
la  devoi : raise-u :med-a:retrof-2: [tl] : 
la  t4:apo:med-a:retrof-2: 
1 b affric:t4 :devoi:apo:med-a:retrof-2 :  
2 raise-u :med-a:retrof-2: 
2 raise-u :med-a:retrof-2: 
2 raise-u:med-a:retrof-2: 

raise-u :med-a:retrof-2: 
2 affric: t4:devoi :apo:med-a: retrof-2 : 
3 i-del:raise-u: 

1 78 

Allophanic 



pg 

89 
89 
89 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
91  
91  
91  
91  
9 1  
91  
91  
91  
91  
9 1  
9 1  
9 1  
9 1  
9 1  
9 1  
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
93 
93 
93 
93 
93 
93 
93 
93 
93 
94 
94 
94 
94 
94 
94 
94 
94 
94 
94 
94 
95 
95 
95 
95 
95 
95 
95 
95 
95 
96 
96 
96 
96 
96 
96 
96 
96 
96 

CO eh 

7 '!11: 
8 � 
9 • 

* 
l£ 

2 � 
3 � 
4 :A 
5 IIJ 
6 lli 
7 Ill 
7 Ill 
8 • 
9 li'i 

i'i 
IN 
M 

2 'lt 
3 � 
3 � 

Ilk 
lii 

5 .. 
5 lil 
6 li\" 
7 * 
8 � 
9 11' 
9 11\1 
1 llf 
2 .'.?! 
3 /ill 

� 
5 Ill! 
6 !ll 
6 1li 
7 /ill 
8 :1!: 
9 tt 
1 l1i! 
2 p 
3 ![ 
4 ![ 
5 � 
6 .!!!: 
7 � 
8 +li 
9 7e 

ffi 
'f-

2 1i 
3 ;il! 
3 1$ 

� 
5 ij! 
6 m 
7 * 
8 1f 
9 � 

m 
2 fr;: 
3 y 
4 8 
5 M!: 
6 11!: 

ill 
8 '* 
9 !f 

li!l 
2 f!l 
3 !Ill 

lll 
� 

6 ,1\1 
7 � 
8 le 
9 llil 

smc 

Zio 
iio 
oiu 
dzyot 
diy;;at 
rlio 
iiio 
r\ 

ri.iuk 
rliuk 
kio 
kio 
kio 
ko 
ko 
ko 
ko 
ku�t 
kuk 
kuk 
ko 
ko 
ko 
ko 
kh o 
kh uk 
kh o 
kh o 
kh o 
xo 
xu�t 

xo 
xo 
xo 
?o 
?uk 
uo 
IJO  
ll)iO 
go 
IJO 
uo 
ll)iO 
ll)iO 
?o 
uo 
uo 
ll]iO 
ll] iO 
IlJY;tt 
IIJY>t 
nio 
lio 
lio 
lio 
lio 
l io 
lyot 
l iuk 
kio 
kio 
kio 
kyot 
kiuk 
giuk 
kio 
kio 
kio 

tn I mb 

§U 
3 §U 
3 jU 

jU 
jU 
ru 

ku 
ku 
ku 
ku 
ku 
ku 
ku 

4 ku 
4 ku 
4 ku 
3 ku 
3 k u  
3 ku 
3 ku 

kh u 
4 kh u 
2 kh u 
3 kh u 
3 kh u 

4 xu 

4 
2 

x u  

x u  

2 x u  
3 
3 xu 

3 
3 u 
3 

ny 
ly 
ly 

2 ly 
3 ly 

ly 
ly 
ly 
Hy 
tSy 
tSy 

4 tsy 
4 tsy 
4 tsy 

tSy 
3 tSy 
3 tsy 

tn Diachronic 

3 affric : t2 :devoi : raise-u :med-a: retrof-2: 
3 affric : devoi : raise-u : med-a: retrof-2 : 
3 i-del: 
3 affric: t4 :devoi : apo: med-a: rime: retrof-2 : 
3 affric :t4 :devoi :apo: med-a: rime: retrof-2 : 
1 b tl :fric:raise-u:med-a:retrof-2: 
2 fric: raise-u :med-a:retrof-2 :  
3 t4:fric: retrof-2 :(u-ins-b]: 
2 [t4) :fric:apo:med-a:retrof-2 :  
3 t4:fric:apo:med-a:retrof-2: 
la tl :raise-u : [i-del): 
la tl : raise-u : (i-delJ: 
la tl : raise-u : (i-del): 
la raise-u : (t2-tla) :  

raise-u :  
raise-u: 
raise-u: 
t4:rime:a.po: 
t4:apo: 
t4:apo: 

3 raise-u: 
3 raise-u: 
3 raise-u: 
3 raise-u: 
la tl :raise-u: 
la t4:apo: 
2 raise-u: 
3 raise-u: 
3 raise-u: 
la t l : raise-u :  
la t4:rime:apo: 
lb t l : devoi : raise-u: 
lb t l : devoi :raise-u: 
lb tl :devoi:raise-u: 
lb tl :devoi:raise-u: 
lb tl :devoi :raise-u :  
1 b tl :devoi:raise-u: 
lb t l :devoi :raise-u: 
2 t4:devoi :rime:apo: 
2 raise-u :  
3 t2:devoi :raise-u: 
3 devoi:raise-u: 
3 devoi : raise-u: 
la t l :pro:raise-u :  
la t4 :pro:raise-u:apo: 
1 b t 1 :  pro: raise-u : 
lb t l : pro:raise-u: 
lb t l : lab-dnt': raise-u :degem: 

pro:raise-u: 
pro:raise-u: 
pro:raise-u: 
lab-dnt' : raise-u:degem :  

2 lab-dnt ' : raise-u :degem: 
3 pro: raise-u :  
3 pro:raise-u :  
3 pro:raise-u :  
3 lab-dnt ' : raise-u:degem: 
3 lab-dnt ' : raise-u:degem: 
3 t4:lab-dnt':degem:rime:apo: 
3 t4:lab-dnt ' :degem:rime:apo: 

raise-u : lab-abs : 
lb t l : raise-u: lab-abs: 
2 raise-u: lab-abs: 
2 raise-u : lab-abs: 
3 raise-u : lab-abs: 
3 raise-u:lab-abs: 
3 t4:rime:apo: 

t4:apo: lab-abs: 
la t l : raise-u : lab-abs:pal: 
la t l : raise-u : lab-abs:pal :  
la  tl  : raise-u :lab-abs:pal: 
lb t4 :rime:Apo:pal: 
1b t4:Apo:lab-abs:pal: 
lb t4:devoi :Apo:lab-abs:pal: 
2 raise-u :lab-abs :pal: 
3 raise-u:lab-abs:pal: 
3 raise-u : lab-abs:pal: 
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sy 
sy 
sy 
sy 
sy 
sy 
sy 
sy 
sy 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
pai 
pai 
pai 
pai 
pai 
pai 
pai 
ph ai 
ph ai 
ph ai 
ph ai 
mai 
mai 
mai 
mai 
mai 
mai 

tn 

3 
3 
3 
3 
3 
3 
3 

Diachronic 

t2:devoi:raise-u:la.b-abs :pal: 
t2:devoi :raise-u: lab-abs : pal : 
t2:devoi: raise-u:lab-abs :pal: 
t2:devoi: raise-u:lab-abs :pal: 
raise-u:lab-abs:pal: 
devoi:raise-u:lab-abs:pal: 
t4:devoi:vocal:fuse:coal :apo:raise-u: lab­
abs:pal: 

la t l : raise-u : lab-abs:pal: 
la t l : raise-u: lab-abs:pal: 
la t l : raise-u: lab-abs:pal: 
la t4:rime:apo:pal: 
la  t4:apo:pal: 
la t4:apo:pal: 
la asp:tl :devoi:raise-u : lab-abs:pal: 

raise-u: lab-abs:pal: 
2 raise-u:lab-abs:pal: 
3 raise-u : lab-abs:pal: 
3 raise-u: lab-abs:pal: 
l a  t l : raise-u : lab-abs :pal: 
la t l : raise-u :lab-abs :pal: 
la t l :raise-u:lab-abs:pal: 
l a  t l : raise-u: lab-abs:pal : 
la  t l : raise-u: lab-abs:pal: 
lb tl :devoi: raise-u: lab-abs :pal: 
2 raise-u : lab-abs:pal: 
3 raise-u : lab-abs:pal: 
3 t2:devoi:raise-u:lab-abs:pal: 
3 t2:devoi: raise-u:lab-abs :pal: 
3 t2:devoi:raise-u:lab-abs :pal: 
3 t4:devoi:apo:lab-abs: 
3 raise-i 1 :raise-i2 :degem:degem:pal : [i-y] : 
3 t4:rime:apo:pal: 
3 t4:apo: lab-abs:pal: 
3 t4:apo: lab-abs:pal: 
1 b t l  :pro: raise-u :lab-abs: 
l b  t l : raise-u: lab-abs: 
l b  t l : raise-u : lab-abs: 
l b  t l : pro: raise-u : lab-abs: 
lb  t l : pro:raise-u : lab-abs: 
l b  tl :pro : raise-u: lab-abs: 
lb  t l :degem:raise-u: lab-abs: 
lb  t l :degem:raise-u: lab-abs: 
1 b tl :raise-u: lab-abs: 
l b  t l : raise-u: lab-abs: 
2 pro: raise-u :lab-abs: 
2 raise-u : lab-abs: 
2 degem:raise-u : lab-abs: 
3 raise-u : lab-abs: 
3 raise-u : lab-abs: 
3 raise-u :lab-abs: 
3 pro:raise-u: lab-abs: 
3 pro:raise-u: lab-abs: 
3 raise-u : lab-abs: 
3 raise-u: lab-abs: 
3 t4:degem:rime:apo: 
3 t4:apo:lab-abs: 
3 t4:pro:apo: lab-abs: 
3 t4:pro:apo:lab-abs: 
3 t4:apo: lab-abs: 
1 b t4:devoi:vocal:fuse:apo: 
2 
2 t4:vocal:fuse:apo: 
2 t4:vocal:fuse:apo: 
3 
3 devoi: 
3 devoi: 
l a  t4:vocal:fuse:apo: 
l b  asp :tl :devoi: 
l b  asp :tl :devoi: 
3 
1 b  t 1 :  
2 
3 
3 
3 t4:vocal:fuse:apo: 
3 t4:vocal:fuse:apo: 

180 

Allophanic 



pg 

104 
104 
104 
104 
104 
104 
105 
105 
!05 
105 
105 
105 
105 
105 
105 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
108 
108 
108 
108 
108 
1 08 
1 08 
108 
1 08 
1 09 
109 
1 09 
109 
109 
109 
109 
1 09 
109 
1 10 
1 10 
1 1 0  
1 10 
1 10 
1 10 
1 10 
1 10 
1 10 
I l l  
I l l  
I l l  
I l l  
I l l  
1 1 1  
1 1 1  
I l l  
1 1 1  
1 1 2  
1 1 2  
1 1 2  
1 1 2  

eo eh smc 

4 !i tai 
5 JR tai 
6 :!!! th ai 
7 l� dai 
8 � dai 
9 i� dai 

\!! dai 
* tai 

3 H� th a.i 
4 (:; da.i 

lt! dai 
6 � th ai 
7 :JR th ai 
8 ll' th ai 
9 F.J na.i 

in niai 
2 if nai 
3 � nai 
4 * 1ai 
5 tll lai 
6 lt tsai 
6 :X tsa.i 
7 $ tsai 
8 • tsa.i 
9 B: tsa.i 
1 a tsa.i 
2 ff dzai 
3 JW tsh ai 

;t dza.i 
4 !!:! dzai 
5 tt dzai 
6 � dzai 
7 � tsh a.i 
7 * tsh a.i 
7 � tsh ai 
8 � tsh a.i 
9 � tsh ai 

11. sni 
2 '!l sok 
3 llf sai 
4 a sa.i 
5 il:i t�ai 
6 IN tiac 
7 1f dac 
8 't dac 
9 'if t�ac 

m t§ai 
2 � t§h ai 
3 !If £h ac 

� d'\.ai 
5 n §ai 
6 Ill! §ai 
7 ij: kai 
8 i!J! kai 
9 I( kai 
I '1t kai 
2 1f khai 

M khai 
Ill khai 

5 I!i 1ai 
6 ilt xai 
7 � 1ai 
8 l{ ?ai 
9 � ?ai 

l!l ?ai 
2 i1 Qai 
3 X: Qai 
4 lt ?ai 
5 ft §Ui 
6 I* �ui 
7 � §Ui 
8 * !Ui 
9 $ kuai 

tlJ kuai 
tl kuai 

3 4; kua.i 
4 !:Ji: kh uai 

tn mb 

1 tai 
3 tai 
3 tai 
2 ta.i 

tai 
3 tai 
3 tai 
3 tai 

th ai 
th ai 

1 th ai 
3 th ai 
3 th ai 
3 th ai 

nai 
2 nai 
3 nai 
3 nai 
1 lai 
3 lai 

tsai 
tsai 
tsai 
tsai 

3 tsai 
3 tsai 
2 tsai 

tsh ai 
tsh ai 
tsh ai 
tsh ai 
tsh ai 
tsh ai 
tsh ai 
tsh ai 

3 tsh ai 
3 tsh ai 

sai 
4 sai 
3 sai 
3 sai 

t§ai 
l§ai 
t§ai 
t§ai 

4 t§ai 
3 t§ai 

t§h ai 
t§h ai 
t§h ai 
§ai 
§ai 
kai 
kai 

3 kai 
kai 
kh ai 

1 kh ai 
3 kh ai 

xai 
xai 

3 xai 
ai 
ai 

2 ai 
3 ai 
3 ai 
3 ai 

IJUai 
1 3uai 
3 §uai 
3 3uai 

kuai 
kuai 

3 kuai 
3 kh uai 
3 kh uai 

tn L Diachronic 

2 A-mg:(tl-t2]: 
3 A-mg: 

A-mg: 
t2 :devoi:a-mg: 
t2 :devoi:a-mg: 
devoi :a-mg: 
devoi:a-mg: 
a-mg: 

la t l : a-mg: 
lb asp:tl :devoi:a-mg: 
lb asp:tl :devoi:a-mg: 

a-mg: 
a-mg: 

3 a-mg: 
a-mg: 
[i-de1]: 
a-mg: 
a-mg: 

l b  t l : a-mg: 
3 a-mg: 
l a  tl :a-mg: 
l a  t l :a-mg: 

a-mg: 
a-mg: 

3 a-mg: 
3 a-mg: 
3 t2:devoi:a-mg: 
la tl :a-mg: 
l b  asp :tl :devoi :A-mg: 
1 b asp:tl :devoi :A-mg: 
1 b asp:t 1 :devoi :A-mg: 
1 b asp :tl  :devoi:A-mg: 
2 a-mg: 
2 a-mg: 
2 a-mg: 
3 a-mg: 
3 a-mg: 
l a  tl :a-mg: 
l a  t4: [ek-ai]: 
3 a-mg: 
3 a-mg: 
l a  t l :  
1 a t4:fric:vocal :fuse:apo:med-a:retrof-2: 
1 b t4:devoi :fric:vocal:fuse:apo : retrof- 2: 
1 b t4:devoi :fric:vocal:fuse:apo: retrof-2: 
2 t4:vocal:fuse:apo: 
3 
l a  t l :  
1 a t4 :fric:vocal :fuse:apo:retrof-2 : 
lb  asp:tl :devoi :  
l a  t l :  
3 
la tl  :a-mg: 
2 a-mg: 
3 
3 a-mg: 
la t l : a-mg: 
la t l :  
2 a-mg: [t3-t2] :  
lb tl :devoi:a-mg: 
2 a-mg: 
3 devoi:a-mg: 
la t1 :pro:a-mg: 
lb pro:a-mg:(tl] :  
2 pro:a-mg: 
3 pro:a-mg: 
3 pro:a-mg: 
3 pro:a-mg: 
la t l :vocal: 
la t l : (a-ins]: 
3 (a-ins]: 

[a-ins]: 
l a  t l :  
2 
3 
3 a-mg:[asp]: 
3 a-mg: 
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1 12 5 tJ! khuai 3 knuai 3 : 
1 1 2  5 fl' kh uai 3 kh uai 3 : 
1 1 2  6 ff JU&i 1 xuai lb  t l : devoi: 
1 12 7 ll JU&.i 1 xuai lb  t l :devoi: 
1 1 2  7 ll JU&.i 1 xuai lb  t l :devoi: 
1 12 8 � yuai 3 xuai 3 devoi: 
1 12 9 i'l1 xuai 1 ai l a  t l :  u-del : [x-del] : 
1 13 1 �� uua.i 3 ai 3 u-del:pro:a-mg: 
1 13 2 � pua.i 1 pei la  t l : rnd:med-b: eh a: 
1 13 3 � pi 1 pei l a  t l :diph-i: eh a: 
1 13 4 • pi 1 pei la tl :diph-i: eh a: 
1 13 5 g pi 1 pei la  tl :diph-i: eh a: 
1 13 6 �t pok 4 pei 3 t4:(k-i]: eh a: 
1 1 3  7 Ji! pa.i 3 pei 3 rnd: eh a: 
1 13 8 � pua.i 3 pei 3 rnd:med-b: eh a: 
1 13 9 � pa.i 3 pei 3 rnd: eh a: 
1 14 1 fit bua.i 2 pei 3 t2 :devoi:rnd:med-b: eh a: 
1 14 2 il: bi 2 pei 3 t2:devoi:diph-i: eh a: 
1 14 3 * bi 3 pei 3 devoi :diph-i : eh a: 
1 14 4 l!t; ph ua.i 1 ph i la  tl  : rnd:med-b:(a-del]: 
1 14 5 !& bua.i 1 ph ei !b asp:tl :devoi:rnd:med-b: eh a :  
1 14 6 Ill bua.i I ph ei lb asp:tl :devoi:rnd :med-b: eh a: 
1 1 4 6 � bua.i I ph ei lb asp:t l :devoi :rnd:med-b: eh a: 
1 14 7 1£ ph ua.i 3 ph ei 3 rnd:med-b: eh a: 
1 14 8 • bua.i 3 ph ei 3 devoi :rnd:med-b: [asp J :  eh a: 
1 14 9 • mua.i I mei lb tl : rnd:med-b: eh a: 
1 15 I � mua.i I mei lb t l : rnd:med-b: eh a: 
1 1 5 2 ll mua.i I mei l b  t l : rnd:med-b: eh a: 
1 1 5  3 11!1 mi I mei l b  tl :diph- i :  eh a :  
1 15 4 11 mi I mei lb t ! :diph-i: eh a: 
1 1 5  5 lit muai 2 mei 2 rnd:med-b:(!t2]: eh a :  

1 1 5  6 * mi 2 mei 2 diph-i : (!t2]:  eh a: 
1 1 5 7 � muai 3 mei 3 rnd:med-b: eh a: 
1 1 5 8 If muai 3 mei 3 rnd:med-b: eh a: 
1 1 5  9 1!. fui I fei la  t2:diph- i :med-b: eh a: 
1 16 1 �� fui 1 fei la t2:diph-i:med-b: eh a: 
1 16 2 .!!! vui I fei lb  t1  :devoi :diph-i:med-b: eh a: 
1 1 6  3 11! fui 2 fei 2 diph-i:med-b: eh a: 
1 16 4 Cl1 fyai 3 fei 3 raise-i 1 :  raise-i 2:degem: med-b:degem: { di ph- eh a: 

i ] :  
1 16 5 14; fh yai 3 fei 3 raise- i 1 :  raise-i 2:degem: med-b: degem: { diph- eh a: 

i ] : (asp-r]: 
1 1 6  6 • fh ui 3 fei 3 diph-i :med-b: (asp-r] : eh a: 
1 16 7 p\J nuai 3 nei 3 rnd: (u-del] : eh a: 
1 1 6  8 11 luai 1 lei l b  t l :rnd:(u-del]: eh a: 
1 1 6  9 11 luai 1 lei lb t l : rnd:(u-del]: eh a: 
1 1 7  1 • lui 2 lei 2 diph-i : (  u-del]: (!t2]: eh a: 
1 1 7  2 • lui 3 lei 3 diph-i:(u-del]: eh a: 
1 17 3 !;I! lui 3 lei 3 diph-i:(u-del]: eh a: 
1 1 7  4 ill lui 3 lei 3 diph-i:(u-del]: eh a: 
1 1 7  5 llb lok 4 lei 3 t4:(k-i ] :  eh a: 

1 1 7  6 M dz<lk 4 tsei l b  t4:devoi : (k-i] : eh a: 
1 1 7  7 ta ki;)p 4 kei 2 t4 :ri me:apo: ( diph-i]: eh a: 
1 1 7  8 � xok 4 xei l a  t4:(k-i]: eh a: 
1 1 7  9 Jt tuai I tuei la t 1 :rnd: eh a: 
1 1 8  I xt tuai 3 tuei 3 rnd: eh a: 
1 18 2 Ill. duai 3 tuei 3 devoi : rnd: eh a: 
1 18 3 .!t duai 3 tuei 3 devoi : rnd: eh a :  

1 18 4 !ff th uai I th uei l a  t 1 :rnd: eh a: 
1 1 8  5 11 th uai 2 th uei 2 rnd: eh a: 
1 1 8  6 il! th uai 3 th uei 3 rnd: eh a: 
1 18 7 Ill tsui 2 tsuei 2 diph- i :  e h  a: 
1 1 8  8 u dzuai 2 tsuei 3 t2:devoi:rnd: eh a: 
1 18 9 • tsuai 3 tsuei 3 rnd: eh a: 
1 19 I M tsui 3 tsuei 3 diph-i :  eh a: 
1 1 9  2 ill tsh ua.i 1 tsh uei l a  t 1 :rnd: eh a: 
1 1 9  2 m tsh uai I tsh uei l a  t l :rnd: eh a: 
1 19 3 ll tsh yai 3 tsh uei 3 raise-i1 :Y-spl-d: eh a: 
1 1 9  4 � tsh ui 3 tsh uei 3 diph-i: eh a: 
1 1 9  5 .!il. sui I suei l a  t ! :diph-i: eh a: 
1 1 9  6 ,. zui 1 suei l b  t l  :devoi:diph-i : eh a: 
1 19 6 !l zui I suei !b t 1 :devoi :diph-i: eh a: 
1 1 9  7 if suai 3 suei 3 rnd: eh a: 
1 1 9  8 '51 syai 3 suei 3 raise-i 1 :Y -spl-d: eh a: 
1 1 9  9 11 zui 3 suei 3 devoi :diph-i: eh a: 
1 20 I � £ui I t§uei l a  t l  :fric:diph-i: retrof-1 : eh a: 
1 20 2 • tSui I t§uei l a  t 1  :diph-i: retrof-1 : eh a: 
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120 
120 
120 
120 
1 20 
120 
1 20 
1 20 
1 2 1  
1 2 1  
1 2 1  
1 2 1  
1 2 1  
1 2 1  
1 2 1  
1 2 1  
1 2 1  
1 2 2  
1 22 
1 22 
1 22 
122 
1 22 
122 
122 
1 22 
1 22 
1 23 
1 23 
1 23 
1 23 
1 23 
1 23 
123 
1 23 
1 23 
123 
124 
124 
124 
1 24 
124 
1 24 
1 24 
124 
124 
124 
125 
125 
125 
125 
1 25 
1 25 
125  
1 25 
1 25 
1 26 
1 26 
1 26 
1 26 
1 26 
1 26 
1 26 
126 
126 
1 27 
127  
127 
127 
127  
1 2 7  
127 
127  
1 2 7  
1 28 
1 28 
1 2 8  

3 

6 
6 
7 
8 
9 

4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
8 
9 

2 
3 
4 
5 
6 
7 
7 
8 
9 
l 
2 
3 
4 
5 
6 
7 
7 
8 
9 

6 
7 
8 
9 

4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

3 

eh I 
t�ui 
tsh ui 
Zui 
dui 
dui 
iui 
Sui 
Syai 
Zui 
rlui 
yai 
kui 
kui 
kui 
kui 
kui 
kyai 
gui 
gui 
kui 
kh ui  
gui 
kui 
xuai 
xui 
xui 
xui 
ruai 
xuai 
xui 
xuai 
ruai 
ruai 
ruo.i 
xuai 
xua.i 
xyai 
xui 
rt)Ui 
?ui 
IJUO.i 
I)Ui 
jui 
ui  
ui 
jui 
jui 
?ui 
I)Ui 
llJUi  
jui  
jui  
jyai 
?ui 
jui 
jui 
fl)Ui 
llJUi 
IJUi 
?ui 
jui 
jui 
jui 
pau 
pau 
bak 
bak 
pau 
pau 
pau 
pau 
pau 
bau 
bau 
pau 
pau 
bau 

tn 

2 
3 
3 
2 
3 

3 

3 
3 

3 

3 
3 
3 

3 

2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2 
2 
3 
2 
3 
3 
3 

mb 

t§ uei 
t§h uei 
t§h uei 
t§h uei 
t§h uei 
§Uei 
§Uei 
§Uei 
§Uei 
ruei 
ruei 
kuei 
kuei 
kuei 
kuei 
kuei 
kuei 
kuei 
kuei 
kuei 
kh uei 
kh uei 
kh uei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
xuei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
uei 
pau 
pau 
pau 
pau 
pau 
pau 
pau 
pau 
pau 
pau 
pau 
pau 
pau 
pau 

tn 

la 
la 
lb  
lb  
lb  
lb  
2 
3 

2 
3 
la 
la 
la 
2 
2 
3 
3 
3 
3 
la 
lb  
3 
la 
la  
la 
la 
lb  

2 
3 
3 
3 
3 
3 
3 
3 
3 
la 
la 
lb 
la 
lb  
lb 
lb 
lb 
lb 

2 
2 

2 
3 
3 

3 
3 
3 
3 

3 
3 
3 
l a  
l a  
l b  
l b  
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 

Diachronic 

tl :diph-i :retrof- 1 :  
t l  :diph-i : retrof- 1 :  
affric : asp: t 1 :devoi : diph-i: retrof- 1 :  
asp:tl :devoi :fric:diph-i: retrof-1 : 
asp:t1 :devoi :fric:diph-i :retrof-1 : 
affric:asp:tl  :devoi:diph-i: retrof- 1 :  
diph-i :retrof-1 : 
raise-i 1 :  Y -spl-d : retrof- 1 :  
affric:asp:tl :devoi:diph-i :retrof- 1 : 
fric:diph-i :retrof- 1 : 
raise-i 1 :  [y-ru): 
t l ,diph- i ,  
t l ,diph-i' 
t1 :diph-i: 
diph-i: 
diph-i: 
raise-i 1 :y-spl-d: 
t2:devoi:diph-i :  
devoi:diph-i: 
diph-i :  
t ) ,diph-i' 
asp:tl :devoi :diph-i: 
diph-i , (asp] ' 
t1 :rnd: 
t ) ,diph-i' 
t ) ,diph-i ' 
t ) ,diph-i' 
t l :devoi :rnd: 
rnd: 
diph-i: 
rnd,(t2]' 
t2 :devoi : rnd: 
devoi : rnd:  
devoi:rnd: 
devoi :rnd: 
devoi :rnd: 
devoi : raise-i l :y-spl-d: 
diph- i :  
lab-dnt' ,degem,diph-i' [ t  1 ] '  
tl :pro:diph- i :  
tl :pro : rnd: 
pro,diph-i ' [t l] '  
t l :degem :diph-i: 
t1 :diph-i:  
tl ,diph-i ' 
tl :degem:diph-i: 
tl :degem:diph-i : 
pro:diph- i :  
(t3-t2l ,pro,diph-i' 
lab-dnt ' ,degem,di ph- i ' ( !  t 2]' 
degem,diph-i' (!t2] ' 
degem:diph-i :  
degem:raise-i l :Y  -spl-d: 
pro:diph-i: 
de gem :diph-i : 
degem:diph-i :  
lab-dnt ' : degem:diph-i: 
la.b-dnt ' :degem:diph-i: 
pro:diph-i: 
pro:diph-i: 
degem:diph-i: 
degem:diph-i: 
degem:diph-i: 
t1 :a-mg: 
t l :a-mg: 
t l  'devoi,a-mg,(k-u]' 
t l ' devo;,(k-u]' 
a-mg: 
a-mg: 
a-mg: 

a-mg: 
t2 :devoi :a-mg: 
devoi :a-mg: 

t2:devoi: 
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eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
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1 28 4 : phau 1 phau la t l :  
1 28 5 b<1U 1 ph au lb  a.sp:tl  :devoi:a-mg: 
1 28 6 � bau 1 ph au lb asp : t l :devoi: 
1 28 7 I@ bau 1 ph au 2 asp:devoi:[tl-t2): 
1 28 8 1ft ph au 3 ph au 3 : 
1 28 8 jt! ph au 3 ph au 3 : 
1 28 9 • mau 1 rnau la [tl ) :  
1 29 1 '!\ ffi<lU 1 mau lb tl :a-mg: 
1 29 2 "* rnau 1 rnau lb t l :  
1 29 3 till rnau 1 rnau lb t l :  
129 4 � miu 1 mau lb t l : [i-a): 
129 5 9]1 rnau 2 rnau 2 : 
129 6 • rn<1u 3 rnau 3 a-mg: 
1 29 7 .. rn<1u 3 rnau 3 a-mg: 
129 8 f1l mau 3 mau 3 : 
129 9 � mu 3 rnau 3 [u-au): 
130 1 ))'! m u  3 mau 3 [u-au): 
130 2 7J t<lU 1 tau la tl :a-mg: 
130 3 &6 t<lU 2 tau 2 tl :a-mg: 
130 3 • t<lU 2 tau 2 t l : a-mg: 
130 4 • t<lU 2 tau 2 t l :a-mg: 
130 5 fiJl t<lU 2 tau 2 tl :a-mg: 
130 6 .\J d<1u 3 tau 2 devoi:a-mg: [t3-t2) : 
130 7 fiJl t<lU 3 tau 3 a-mg: 
130 8 ill t<lU 3 tau 3 a-mg: 
130 9 ill d<1U 2 tau 3 t2:devoi:a-mg: 
131  1 ftl d<1u 2 tau 3 t2: devoi : a-mg: 
1 3 1  2 11! d<1u 3 tau 3 devoi:a-mg: 
131  3 ifl tha.u I th au la t l :  
1 3 1  4 lll th a.u I th au la t l :  
1 3 1  5 � d<1u I th au lb  asp:tl :devoi:a-mg: 
1 3 1  6 1& d<1u I th au lb  asp :tl  :devoi:a-mg: 
1 3 1  7 llfoJ d<1u I th au lb asp:t 1 :devoi:a-mg: 
1 3 1  8 >t tha.u 2 th au 2 a-mg: 
1 3 1  9 • tha.u 3 th au 3 a-mg: 
132 I � nau I nau lb t l :  
132 2 � n<>u 2 nau 2 a-mg: 
1 32 2 M n<1u 2 nau 2 a-mg: 
1 32 3 (ljJ nau 3 nau 3 
132 4 m l<1u I lau la a-mg:[tl) : 
132  5 � l<1u 1 lau lb t l : a-mg: 
132 6 $ l<1u I lau lb t l : a-mg: 
132 7 � l<1u 2 lau 2 a-mg: 
132  8 m l<1u 3 lau 3 a-mg: 
1 32 9 m l<lk 4 lau 3 t4:a-mg:[k-u): 
1 32 9 • l<lk 4 lau 3 t4:a-mg:[k-u): 
133 I il tsa.u I tsau la tl :a-mg: 
133 2 lt tsa.u I tsau la tl :a-mg: 
133 3 !I!- tsa.u 2 tsau 2 a-mg: 
133 4 � tsa.u 2 tsau 2 a-mg: 
133 5 • tsa.u 3 tsau 3 a-mg: 
1 33 6 tl tsa.u 3 tsau 3 a-mg: 
133 7 � dza.u 2 tsau 3 t2:devoi:a-mg: 
133 8 il dza.u 2 tsau 3 t2:devoi :a-mg: 
133 9 11 tsh a.u I tsh au la t l :a-mg: 
1 34 I Ill tsh a.u 3 tsh au la a-mg: [t3-tla): 
134 2 • dznu I tsh au l b  asp:t1  :devoi:a-mg: 
1 34 3 • dznu 1 tsh au l b  asp :t1  :devoi:a-mg: 
134 4 .. tsh nu 2 tsh au 2 a-mg: 
134 5 11 S<lU I sau l a  t 1 : a-mg: 
134 6 • S<lU I sau l a  t l : a-mg: 
134 7 19 S<lU 2 sau 2 a-mg: 
134 8 tt S<lU 2 sau 2 a-mg: 
134 9 19 S<lU 3 sau 3 a-mg: 
135 I 111 £ia.u 1 tt}&U l a  t 1 :  fric:med-b:retrof-2:  
135 2 11{! tSiau 1 toau l a  t1  :med-a:retrof-2: 
135 3 m tSiau 1 t§&U l a  t 1  :med-a:retrof-2: 
1 35 4 • c1iak 4 t§&U l b  t4:devoi :fric:med-a:retrof-2: (k-u): 
135 5 11\ t1au 2 t1au 2 : 
135 6 ft t1au 2 t§aU 2 
135 7 • £au 3 t§a.U 3 fric:retrof- 1 :  
1 35 8 t! c1iau 2 t§&U 3 t2 :devoi :fric: med-a: retrof-2 : 
1 35 9 �� c1iau 2 t§&U 3 t2:devoi :fric: med-a: retrof-2 :  
136 I Aft tSiau 3 t§au 3 med-a:retrof-2: 
136 2 lY t§h a.u I t§h au l a  t l :  
136 3 � t§h a.u 1 ta:h au l a  t l :  
136 4 .tll £h ia.u 1 t§h au l a  t 1 :fric:med-a:retrof-2: 
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2 
la 
la 
la 
la 
lb  
2 
3 
3 
lb 
2 
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la 
l a  
la 
la 

3 

2 
3 
la 
la 
lb  
lb  

3 
3 
l b  
l b  
2 
3 
l a  
la 

3 
la 
l b  
l b  

3 
3 
lb 
lb  

3 
3 
la 
la  
l a  
3 
3 
3 
3 
la 
lb 
lb 
3 
2 
3 
lb  
l b  
1b  
2 
3 
la 
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l a  
l a  
l a  
l a  

Diachronic 

asp : t 1  :devoi: 
asp : t 1  :devoi :fric:med-a:retrof-2: 
asp: t 1 :devoi : fric: med-a: retrof-2: 

t l :  
t l :  
[t3-tla]: 
t 1  :med-a:retrof-2: 
t4 :devoi: med-a: retrof-2 : [k-u]: 
med-a:retrof-2: 
med-a:retrof-2: 
t2 :devoi: med-a:retrof-2 :  
t 1 :fric:med-a:retrof-2: 
fric: med-a: retrof-2 :  
t2:  fric: med-a: retrof-2: 
t l :a-mg: 
tl :a-mg: 
t l :a-mg: 
t l :a-mg: 
a-mg: 

a-mg: 
a-mg: 
a-mg: 
a-mg: 
t l : a-mg: 
t 1 : a-mg: 
tl :devoi :a-mg: 
tl :devoi :a-mg:  
a-mg: 
a-mg: 
a-mg: 
devoi :a-mg: 
t 1 : pro:a-mg: 
tl  :pro:a-mg: 
pro:a-mg: 
pro:a-mg: 
t l : [u-o] :  
tl :[u-ao]: 
[u-o]: 
t2:devo i : [u-o]:  
t l : [u-o] : 
asp:t l :devoi : [ u-o] : 
asp:tl :devoi:[u-o]: 
[u-o]: 
[u-o]: 
[u-o]: 
t l :  
t l :  

t l :  
t l :  
t l :  

devoi: 
devoi: 
t l :  
asp:tl :devoi: 
asp : t l :devoi: 

[t-n]: 

t l :  
t l :  
[t3-t l b) :  

t l :sharp:pal: 
t l :sharp:pal: 
t l :sharp:pa.l: 
t 1 : sharp:pal: 
t l :pal:  
t l : pal: 
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144 3 � tsia.u l tSiau l a  t l : pal: 
144 4 jjf kia.u l tSiau la t l : pal: 
144 4 iJjf kiau l tSiau la t l : pal: 
1 44 5 l1l kiau l tSiau la t l :pal:  
1 44 6 "' dziak 4 tSiau lb t4:devoi:pal: 
1 44 7 � kau 2 Uiau 2 sharp:pal: 
1 44 8 !ll kau 2 tSiau 2 sharp:pal: 
144 9 11 kau 2 tSiau 2 sharp:pal: 
1 45 l " kiak 4 tSiau 2 t4:pal: 
1 45 2 1fl kak 4 tSiau 2 t4:sharp:pal: 
1 45 3 4lt kau 3 t.Siau 3 sharp:pal: 
1 45 4 D kau 3 tSiau 3 sha.rp:pal: 
1 45 5 t2 kau 3 tSiau 3 sharp: pal : 
1 45 6 $!! kau 3 tSiau 3 sharp:pal: 
1 45 7 :lit kau 3 tSiau 3 sharp: pal : 
1 45 8 1!f kau 3 tSiau 3 sharp:pal: 
145 9 $)\ giau 3 tSiau 3 devoi :pal: 
146 l ·� kiau 3 tSiau 3 pal: 
146 2 � kh au l uh iau la  t l : pal : 
146 3 • tsh iau l tSh iau la t l :  
146 4 lA dzia.u l tSh iau lb asp : t l : devoi: 
1 46 5 • dziau l tSh iau lb asp : t l :devoi: 
1 46 6 Hi giau l uh iau lb asp :tl  :devoi:pal: 
146 6 rf giau l uh iau lb asp :tl :devoi:pal: 
146 7 m giau l tsh iau lb asp : t 1: devoi : pal : 
146 8 1'5 kh iau 2 uh iau 2 pal : 
146 9 M tsh iak 4 t.Sh iau 2 t4: [k-u]: 
147 l � kh iau 3 tSh iau 3 pal: 
147 2 1t kh ak 4 tsh iau 3 t4:sharp:pal: 
147 3 .,. siau l Siau la tl :pal: 
147 3 ffl siau l Siau la tl :pal: 
147 3 11'1 siau l Siau la tl :pal: 
1 47 3 • siau I Siau la t l : pal : 
147 4 • siau l Siau la  tl :pal: 
1 47 4 • siau l Siau la t l : pal: 
1 47 5 J!Jj siak 4 Siau la t4: [k-u]: 
1 47 6 lj' siau 2 Siau 2 pal: 
1 47 7 !.ll xiau 2 Siau 2 pal: 
1 47 8 if: xau 3 Siau 3 sharp:pal: 
1 47 9 � xau 3 Siau 3 devoi:sharp:pal: 
1 48 l t2 xau 3 Siau 3 devoi:sha.rp:pal: 
148 2 )); siau 3 Siau 3 pal: 
1 48 3 � ?iau l iau la tl :pro: 
148 3 � ?iau l iau la t l : pro: 
148 3 • ?iau l iau la  t l : pro: 
148 4 D! ?iau l iau la  t l : pro: 
1 48 5 z: ?iau I iau la  tl :pro: 
1 48 6 1:11 xau I iau lb  tl  :sharp: [pro-x]: 
1 48 6 • xau l iau lb tl  :sharp: [pro-x]: 
1 48 7 Ill iau l iau lb  tl :  
148  7 go iau l iau lb  t l :  
148 7 ii iau l iau lb  t l :  
148 8 *11 iau l iau lb  tl :  
148  8 .il iau l iau lb  tl :  
148  9 � uau 2 iau 2 sharp:pro: 
149 l 5 iau 2 iau 2 : 
149 2 � ?iau 3 iau 3 pro: 
1 49 3 1E IJiak 4 iau 3 t4 :pro:(k-u]: 
1 49 4 Pi iak 4 iau 3 t4 : (k-u] :  
1 49 5 ill iak 4 iau 3 t4: [k-u]: 
1 49 6 \¥ miu l mou lb t l :  lab-dnt ':diph-u: eh a: 
149 7 :¥; mu 2 mou 2 diph-u: eh a: 
149 8 1§' flu 2 fou 2 lab-dnt ' :diph-u: eh a: 
1 49 9 f\1 to l tou la  t l  : raise-u : [diph-u]: eh a: 
1 50 l � tu l tou la  t l : diph-u: eh a: 
1 50 2 4- tu 2 tou 2 diph-u: eh a: 
150 3 � tu 2 tou 2 diph-u: eh a: 
1 50 3 lit tu 2 tau 2 diph-u: eh a: 
1 50 4 4- tu 3 tou 3 diph-u: eh a: 
1 50 5 !If du 3 tou 3 devoi :diph-u: eh a: 
150 5 H du 3 tou 3 devoi:diph-u: eh a: 
1 50 6 flfl th u l th ou la  tl :diph-u: cha: 
1 50 7 !k du l th ou lb asp :tl  :devoi:diph-u: eh a: 
1 50 8 & du l th ou lb asp : t l  :devoi:diph-u :  eh a: 
1 50 9 i! th u 3 th ou 3 diph-u: eh a: 
1 5 1  I � lu l lou lb  t l :diph-u: eh a: 
1 5 1  2 � lu l lou 2 diph-u :[tl-t2]: eh a: 
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tn Diachronic 

3 diph-u: 
la t l : i-del:diph-u: 
2 diph-u: 
3 diph-u: 
3 diph-u :  
la  t l : i-del:diph-u: 
la t l : i-del:diph-u: 
la t l :med-a: retrof-2 :diph-u: 
la tl :med-a: retrof-2 :diph-u: 
la  t l :med-a:retrof-2:diph-u: 
la t l :med-a:retrof-2:diph-u: 
la t4:diph-u:apo:med-a: retrof-2: 
1 b t4:devoi :fric:diph-u :apo :med-a:retrof-2: 

fric: med-a: retrof-2 :d i  ph-u : 
2 med-a: retrof-2 :diph-u: 
3 fric:med-a: retrof-2:diph-u : 
3 i-del :diph-u: 
3 i-del :diph-u: 
3 devoi : i-del:diph-u: 
la t l : fr ic : med-a:retrof-2:diph-u: 
1 b asp:t l :devoi:fric:med-a:retrof-2 :diph-u : 
1 b asp:tl :devoi :fric:med-a:retrof-2:diph-u: 
1 b asp:tl :devoi :fric:med-a:retrof-2 :diph-u : 
1 b asp:t 1 :devoi :fric:med-a:retrof-2 :diph-u : 
1 b affric:asp:t 1 :devoi : med-a: retrof-2:diph-u: 
1 b affric:asp:t 1 :devoi : med-a: retrof-2 :diph-u: 

med-a:retrof-2:diph-u: 
med-a:retrof-2:diph-u :  

l a  t l :med-a:retrof-2 :diph-u: 
1 b affric:t4 :devoi:diph-u : Apo:  med-a: retrof-2: 

med-a:retrof-2 :diph-u: 
med-a:retrof-2 :diph-u: 
med-a:retrof-2 :diph-u: 
med-a:retrof-2:diph-u: 

3 med-a:retrof-2:diph-u: 
3 affric:t2:devoi :med-a: retrof-2 :diph-u: 
3 affric:devoi :med-a: retrof-2 :diph-u: 
3 affric:devoi :med-a: retrof-2 :diph-u: 
3 affric:devoi:med-a:retrof-2 :diph-u: 
lb tl  :fric:med-a: retrof-2:diph-u: 
lb t l : fric:med-a:retrof-2:diph-u: 
3 t 1 :fric:diph-u:apo:med-a:retrof-2: 
la tl :diph-u :  
la tl :diph-u: 
la t l : diph-u: 
2 diph-u: 

diph-u: 
diph-u: 

3 diph-u: 
3 diph-u: 
3 diph-u: 
3 diph-u: 
2 diph-u: 
3 diph-u: 

diph-u: 
diph-u: 

lb t l :devoi :diph-u: 
lb t l :devoi :diph-u: 
lb tl :devoi :d iph-u: 
3 t2:devoi :diph-u: 
3 devoi:diph-u: 
3 devoi:diph-u: 
la tl :pro:diph-u: 

pro:diph-u: 
pro:diph-u: 

2 pro:diph-u: 
3 pro:diph-u: 
la tl  :diph-u: 
lb  tl :diph-u : [u-n] : 

diph-u: 
diph-u: 

la diph-u: (t3-t la] :  
lb t l : diph-u: 
ib t l :diph-u: 
lb t l :diph-u: 
lb  tl :diph-u: 
lb  t l : diph-u: 
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Allophanic 

eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a :  

eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 
eh a: 



pg eo eh tn mb tn Diachronic Allophanic 

1 58 4 : liu 1 liou lb t l :diph-u: eh a: 
1 58 5 liu 2 liou 2 diph-u :  eh a: 
1 58 6 t<. liuk 4 liou 3 t4:diph-u:apo: eh a: 
1 58 7 ll* tsiu 1 tSiou l a  t l  :diph-u: [eha):pal: 
1 58 8 � kiu 3 tSiou l a  diph-u : [eha]:pal : [t3-tla] :  
1 58 9 !11 kiu 2 tSiou l a  diph-u : [  cha] :pal: [t2-t l a] :  
1 59 1 in tsiu 2 tSiou 2 diph-u : [cha]:pal: 
1 59 2 jJ, kiu 2 tSiou 2 diph-u : [cha):pal: 
1 59 3 {!... kiu 2 tSiou 2 diph-u : [eha):pal: 
1 59 4 � kiu 2 tSiou 2 diph-u : [eha):pal: 
1 59 5 tt dziu 3 tSiou 3 devoi :diph-u:[cha):pal: 
1 59 6 tt kiu 3 tSiou 3 diph-u : [cha):pal: 
1 59 7 Jl giu 2 tSiou 3 t2:devoi:diph-u:[eha):pal: 
1 59 8 113 giu 3 tSiou 3 devoi :diph-u:[cha] :pal: 
1 59 9 t'; tsh iu  1 tsh iou l a  t l  :diph-u: [ eha]:pal: 
160 1 tt kh iu  1 uh iou l a  t 1 :diph-u:[  eha):pal: 
1 60 2 1/,j ziu 1 tsh iou l b  asp:t 1 :devoi :diph-u : [eh a]: pal : 
160 3 >Jt giu 1 tSh iou lb asp:tl :devoi :diph-u:[eha):pal: 
160 4 ljt giu 1 tsh iou l b  aap:tl :devoi:diph-u: [  cha):pal: 
160 5 .. siu 1 Siou l a  tl  :diph-u: [eha] :pal: 
160 5 • siu I Siou la tl  :diph-u: [cha] :pal: 
160 6 I* xiu 1 Siou l a  tl :diph-u: [eha) :pal: 
160 7 f'j xiu 2 Siou 2 diph-u : [cha):pal: 
160 8 � siu 3 Siou 3 diph- u : [cha]:pal: 
1 60 8 "' siu 3 Siou 3 diph-u : [cha):pal: 
160 8 � siu 3 Siou 3 diph- u : [cha):pal: 
160 9 l!ll ziu 3 Siou 3 devoi:diph-u:[cha]:pal: 
161  1 tt ?iu I iou l a  t l :pro:diph-u: eh a: 
161  1 tt ?iu 1 iou la t l :pro:diph-u: eh a: 
161  2 13 iu  I iou la diph- u : [t l ] :  eh a :  
161  3 1!1!1 ?iu 1 iou la t l : pro:diph-u: eh a: 
1 6 1  4 :it j iu  1 iou lb tl :degem:diph-u: eh a: 
1 6 1  5 illl j iu  1 iou lb t l :degem:diph-u: eh a: 
161 6 id! iu  1 iou l b  t l :diph-u: eh a: 
1 6 1  6 ilff iu 1 iou lb t l :diph-u: eh a: 
1 6 1  6 !t iu  1 iou lb t l :diph-u: eh a: 
161 6 I'll iu  I iou lb t l :diph-u: eh a: 
161  6 ilff iu 1 iou lb t l :diph-u: eh a: 
1 6 1  7 fl j iu  2 iou 2 degem:diph-u: eh a: 
1 6 1  8 � j iu  2 iou 2 degem:diph-u: eh a: 
161 9 :X. j iu  3 iou 3 degem:diph-u: eh a: 
1 62 1 ti j iu  3 iou 3 degem:diph-u: eh a:  
162 2 lli j iu  3 iou 3 degem:diph-u: eh a: 
1 62 3 llll iu  3 iou 3 diph-u :  eh a: 
1 62 3 M iu  3 iou 3 diph-u:  eh a :  
1 62 4 tJJ ?iu 3 iou 3 pro:diph-u: eh a: 
1 62 5 Ill pan 1 pan la  tl :  
162  5 IJI. pan I pan la  tl :  
1 62 5 lil pan I pan la  t l :  
162 6 l& pan 1 pan la  tl :  
1 62 7 ll pua.n 1 pan la  t l :med-b:a-mg: 
1 62 8 m pua.n 1 pan la  t 1 :med-b:a-mg: 
1 62 9 t!i pan 2 pan 2 
162 9 � pan 2 pan 2 : 
1 63 1 � pan 3 pan 3 : 
163 2 ;}). ban 3 pan 3 devoi: 
1 63 3 *' pua.n 3 pan 3 med-b:a-mg: 
1 63 4 1'1' bua.n 2 pan 3 t2 :devoi:med-b:a-mg: 
163 5 lt bua.n 2 pan 3 t2 :devoi : med- b:a-mg: 
163 6 !11 ph an 1 ph an la  tl :  
163  7 il ph ua.n I ph an l a  t l : med-b:a-mg: 
1 63 8 ll bua.n 1 ph an lb  asp:tl :devoi:med-b:a-mg: 
1 63 9 ifr ph an 3 ph an 3 
164 1 � ph ua.n 3 ph an 3 med-b:a-mg: 
164 2 '!ll man I man lb t l :  
164 3 1/.1 mua.n 1 man lb t l : med-b:a-mg: 
164 4 iH mua.n 2 man 2 med-b:a-mg: 
1 64 5 11 man 3 man 3 : 
1 64 6 jf mua.n 3 man 3 med-b:a-mg: 
164 7 ... mua.n 3 man 3 med-b:a-mg: 
164 8 tJ\ vyam 1 fan l a  devoi : lab-dnt' :fuse : med-b :  [tl] :  
1 64 9 ll fh yan 1 fan la  tl  :lab-dnt' :med-b:[asp-r]: 
1 64 9 11 fh yan 1 fan la  t l  : lab-dnt':med-b: [asp-r] : 
165 1 it vyarn 1 fan l b  t l  :devoi: lab-dnt' :fuse:rned-b: 
165 2 fi! vyan 1 fan lb  t l  :devoi :lab-dnt' :med-b: 
1 65 2 � vyan 1 fan lb  t 1 :devoi: lab-dnt' :med-b: 
165 2 • vyan 1 fan l b  t l  :devoi :lab-dnt ' :med-b: 
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pg eo 

165 3 
165 4 
165 4 
165 
165 6 
165 7 
165 8 
165 9 
166 1 
166 2 
166 3 
166 4 
166 5 
166 5 
1 66 6 
166 7 
166 8 
1 66 9 
1 66 9 
1 67 I 
1 67 2 
1 67 3 
1 67 4 
167 5 
1 67 6 
167 7 
1 67 8 
1 67 9 
1 68 I 
1 68 2 
168 3 
1 68 
168 5 
168 6 
1 68 7 
168 8 
168 8 
168 9 
169 1 
169 2 
169 3 
169 
169 5 
169 6 
169 7 
169 8 
169 9 
170 1 
170 2 
1 70 3 
1 70 4 
170 5 
170 5 
170 6 
170 7 
170 8 
170 9 
1 7 1  
1 7 1  2 
1 7 1  3 
1 7 1  4 
1 7 1  5 
171  6 
1 7 1  7 
1 7 1  8 
1 7 1  9 
1 72 
1 7 2  2 
1 72 3 
1 72 
172  5 
172  6 
172 7 
172  8 
1 72 9 
1 73 
1 73 2 

eh sme 

fyan 
vyam 
vyam 
fyan 
vyan 
tnm 
tnn 
tnn 
tnm 
tnm 
dnm 
tnn 
dnn 
dnn 
dnn 
th o.m 
th am 
than 
than 
dnm 
dnm 
dnm 
dnn 
dnn 
th a.m 
th an 
th a.m 
t h a.n 
th an 
nnm 
nnm 
nnn 
nnn 
In m 
In m 
Inn 
Inn 
Inn 
In m 
lnm 
Inn 
lnm 
Inn 
dzam 
tsa.n 
tsh a.m 
tsh an 
dzam 
dza.n 
tsh am 

snn 
snn 
snn 
£iam 
£iam 
tSian 
tSa.m 
t.San 
£ ian 
tarn 
lJam 
tSiam 
d21.,an 
tSian 
t§h am 
d21_am 
dian 
:iian 
tth an 
t,h an 
�am 
�an 
Si an 
Siam 
Si  an 
:iian 

tn 

2 
2 
2 
3 
3 

2 
3 
3 
3 
3 
3 
3 

2 
2 
3 
3 
3 

1 
3 

3 
3 
3 
3 

2 

2 

3 
3 
3 
3 

2 
2 

2 
3 
2 

mb 

nan 
nan 

I an 
I an 
I an 
I an 
I an 
I an 
I an 
I an 
I an 
I an 
tsan 
tsan 
tsh an 
tsh an 
tsh an 
tsh an 
tsh an 
san 

san 

l§a.O 
l§an 
t§an 
t;;an 
t§an 
t&�an 
t§an 
t3an 
t§an 
t§an 
to an 
t§h an 
t§h an 
t§h an 
t§h an 
t,h an 
l§h an 
�an 
�an 
tan 
�an 
�an 
fan 

tn Diachronic 
2 lab-dnt':med-b: 
3 t2 :devoi:lab-dnt':fuse:med-b: 
3 t2 :devoi:lab-dnt ' :fuse:med-b: 
3 lab-dnt':med-b: 
3 devoi:lab-dnt':med-b: 
l a  t l : fuse:a-mg: 
l a  t l :a-mg: 
l a  t l : a-mg: 
2 fuse:a-mg: 
3 fuse:a-mg: 
3 devoi:fuse:a-mg: 
3 a-mg: 
3 devoi :a-mg: 
3 devoi :a-mg: 
3 devoi:a-mg: 
la t l : fuse:a-mg: 
la tl :fuse:a-mg: 
la t 1 : a-mg: 
la t l : a-mg: 
1 b asp : t l :devoi:fuse:a-mg: 
1 b asp : t l :devoi :fuse:a-mg: 
1 b asp :t l :devoi:fuse:a-mg: 
1 b asp:tl  :devoi:a-mg: 
lb asp :tl :devoi:a-mg: 
2 fuse:a-mg: 

a-mg: 
3 fuse:a-mg: 
3 a-mg: 
3 a-mg: 
1b tl :fuse:a-mg: 
lb t l : fuse:a-mg: 
1b t 1 :a-mg: 
3 a-mg: 
l b  t l : fuse:a-mg: 
1 b t l  :fuse:a-mg: 
1b tl :a-mg: 
1b t 1 :a-mg: 
lb t 1 : a-mg: 

fuse:a-mg: 
fuse:a-mg: 

2 a-mg: 
3 fuse:a-mg: 
3 a-mg: 
3 devoi :fuse:a-mg: 
3 a-mg: 
la t l :fuse:a-mg: 
la t l :a-mg: 
1 b asp :tl :devoi:fuse:a-mg: 
lb asp : t l :devoi:a-mg: 

fuse:a-mg: 
la t 1 : fuse:a-mg: 

a-mg: 
2 a-mg: 
3 a-mg: 
la t 1 :fric:fuse: med-a: retrof-2 :  
1 a t 1 :fric:fuse:med-a:retrof-2: 
la t l :med-a:retrof-2: 

fuse: retrof- 1 :  
retrof- 1 :  
fric: med-a: retrof-2 :  

3 fric:fuse:retrof- 1 :  
3 fuse: 
3 fuse:med-a:retrof-2 :  
3 devoi: [ !affric]: 
3 med-a:retrof-2: 
la t l :fuse: 
l b  asp:t l :devo i : fuse: 
1 b asp : t 1  :devoi:fric:med-a:retrof-2 :  
1 b affric:asp: t 1  :devoi :med-a: retrof-2: 
2 

l a  t l : fuse: 
l a  t l :  
l a  t l :med-a:retrof-2 :  
2 fuse:med-a:retrof-2: 
3 med-a:retrof-2: 
3 t2:devoi:med-a:retrof-2 :  
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pg 

1 73 
173 
1 73 
1 73 
173 
1 73 
1 73 
173 
173 
174 
174 
174 
1 74 
1 74 
1 74 
1 74 
1 74 
1 74 
175 
1 75 
1 75 
175 
1 75 
175 
175 
1 75 
175 
1 76 
1 76 
176 
1 76 
1 76 
1 76 
176 
1 76 
176 
177 
177 
177 
177 
1 77 
1 77 
177 
177 
1 77 
1 77 
177 
178 
1 78 
1 78 
1 78 
178 
1 78 
1 78 
1 78 
1 78 
1 78 
178 
1 78 
1 79 
1 79 
1 79 
1 79 
1 79 
179 
1 79 
1 79 
1 79 
180 
180 
180 
1 80 
1 80 
180 
180 
180 
1 80 

eo I eh 

3 � 
4 I! 
5 � 
6 it 
1 m 
8 'f 
9 'f 
9 ¥ 
9 Jlf 

!IJ 
2 Ill: 
3 ff 
4 tf 

M 
6 'f 
7 * 
8 fll 
9 J;; 

11; 
2 • 
3 * 
4 iilj 
5 " 
6 " 
7 � 
8 & 
9 � 

ff 
� 

3 fiR 
4 1ft 
5 14! 
6 l1i 
7 '*' 
8 .. 
9 • 
1 ill 
2 u: 
3 I!( 
3 All 
4 � 
5 M 
5 ,. 
6 fi 
7 lit 
8 il1l 
9 il1l 

1lii 
• 

2 fi 
3 !Ill 
4 it 
5 ... 
5 t! 
6 llil 
7 §1!. 
7 li 
8 ii 
9 1111 

J)l, 
� 

3 121 
4 ot!. 
5 � 
6 fill 
7 13\ 
8 � 
9 M! 

m 
2 lA 
3 NI 
4 J,l 
5 Hi 
6 "" 
7 IJI 
8 • 
9 • 

smc 

iiian 
flian 
rl.iam 
knm 
ko.m 
ko.n 
ko.n 
ko.n 
ko.n 
ko.m 
ko.m 
ko.n 
ko.n 
ko.n 
ko.n 
kha.m 
kha.n 
kha.m 
kho.m 
kha.n 
JO.m 
JO.ffi 
JO.n 
JG.n 
xo.m 

JO.n 
JO.n 
?o.n 
?o.n 
?o.m 
uo.n 
?o.n 
?o.n 
pian 
pian 
pian 
pia. m 
pian 
pian 
pian 
bian 
hi an 
bian 
bian 
pian 
pian 
ph i an 
ph ian 
hi an 
ph i an 
ph i an 
mian 
mian 
mian 
mian 
mian 
mian 
tia.n 
tiam 
tian 
tiam 
dian 
dian 
dia.n 
th iam 
th ian 
diam 
dian 
dian 
th iam 
niam 
niam 
nian 
nian 
l ian 
nian 

tn 

1 
2 

2 
2 
2 
2 
2 
3 

2 
2 
3 

1 
2 
3 
2 
3 

1 
3 
3 
3 
3 

2 

2 
3 
2 
2 
3 
2 
3 
3 

1 
3 
3 

2 
2 
3 

2 
3 
3 
3 
3 

2 

2 
2 

mb 

ran 
ran 
kan 
kan 
kan 
kan 
kan 
kan 
kan 
kan 
kan 
kan 
kan 
kan 
kh an 
kh an 
kh an 
kh an 
kh an 

xan 

xan 
xan 

xan 

pian 
pian 
pian 
pian 
pian 
pian 
pian 
pian 
pian 
pian 
pian 
pian 
pian 
ph i an 

h ·  p 1 8. 0  
h · p 18.0 
h ·  p tan 

ph i an 
mian 
mian 
mian 
mian 
mia.n 
mian 
tian 
t.ian 
tian 
tian 
tian 
tian 
tian 
th ian 
th ian 
th ian 
th ian 
th ian 
th ian 
nian 
nian 
nian 
nian 
nian 
nian 

tn Diachronic 

l b  t l : fric:med-a:retrof-2: 
l b  t l :fric:med-a:retrof-2: 
2 fric:fuse:med-a:retrof-2: 
l a  t l :fuse:a-mg: 
l a  t l  :fuse:a-mg: 
l a  t l : a-mg: 
l a.  t l :a.-mg: 
la. t l :a.-mg: 
l a  tl :a.-mg: 
2 fuse:a.-mg: 
2 fuse:a.-mg: 
2 a-mg: 
2 a-mg: 
2 a-mg: 
3 a-mg: 
l a  t 1  :fuse:a.-mg: 
l a  tl :a.-mg: 
2 fuse:a.-mg: 
2 fuse:a.-mg: 
3 fuse:a-mg: 
1 b t1 :devoi :fuse:a-mg :  
1 b tl :devoi :fuse:a-mg :  
l b  tl :devoi:a-mg: 
l b  tl :devoi:a-mg: 
2 fuse:a.-mg: 
3 a-mg: 

t2 :devoi :a-mg: 
3 devoi:a.-mg: 
la tl  :pro :a-mg: 
la t 1 : pro:a-mg: 

pro:fuse:a-mg: 
pro:a-mg: 

3 pro:a-mg: 
3 pro:a-mg: 
la t l :  
l a  t 1 :  
la  tl :  
2 fuse: 

3 
3 t2:devoi :  
3 t2:devoi: 
3 devoi: 
3 t2:devoi: 
3 devoi: 
3 devoi: 
la t l :  
la  tl :  
1 b asp:t 1 :devoi : 
3 
3 
lb  tl :  
lb  tl :  
l b  t l :  
2 
2 
3 
l a  t l :  
2 fuse: 
2 
3 fuse: 
3 devoi: 
3 devoi: 
3 devoi: 
l a  t 1 :fuse: 
l a  t l :  
lb  asp:tl :devoi :fuse: 
lb  asp:tl :devoi: 
lb asp:t1 :devoi: 
2 fuse: 
lb t l : fuse: 
l a  fuse : (t l ] :  
l b  t l :  
2 
2 (1-n]: 
2 
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Allophonic 



pg 
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 2  
1 8 2  
1 8 2  
182  
182  
182 
182 
182 
1 8 2  
182  
183 
183 
1 83 
183 
183 
1 83 
1 83 
183 
183 
1 83 
184 
184 
184 
184 
184 
1 84 
1 84 
184 
184 
185 
185 
185 
185 
185 
185 
185 
185 
185 
185 
186 
1 86 
1 86 
186 
1 86 
1 86 
1 86 
1 86 
1 86 
1 8 7  
187 
1 87 
187 
1 8 7  
1 8 7  
1 8 7  
187 
1 87 
1 87 
1 88 
1 88 
1 88 
1 88 
1 88 

2 
2 
2 
2 
3 

6 
7 
8 
9 

9 

9 

3 

5 
6 
7 
8 
8 
9 

3 

6 
7 
8 
8 
9 

3 

6 
7 
8 
9 

2 
3 
4 
5 
6 

8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 
9 
1 
2 
3 
4 
5 

eh smc 

niam 
liam 
liam 
liam 
liam 
lian 
lian 
lian 
lian 
kiam 
liam 
lian 
lian 
lian 
luan 
kiam 
tsiam 
tsiam 
kiam 
kan 
kan 
kan 
kan 
tsian 
tsian 
kian 
kian 
kam 
kam 
kiam 
giam 
kan 
kan 
kan 
tsian 
kian 
dziam 
kiam 
kan 
kan 
tsian 
tsian 
dzian 
gian 
kian 
gian 
gian 
tsian 
kian 
tsh iam 
tsh iam 
kh iam 
tsh ian 
tsh ian 
kh ian 
yan 
giam 
dzian 
dzian 
gian 
gian 
tsh ian 
kh iam 
si an 
si an 
xi an 
si an 
J&m 
Jam 
xi am 
Jan 
Jan 
Jian 
xi am 
xi an 

tn 
3 

3 

3 
3 
3 

2 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 

I 
2 
3 

2 
3 
3 

mb 

nian 
lian 
lian 
lian 
lian 
lian 
lian 
lian 
Jian 
lian 
lian 
lian 
lian 
lian 
lian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
tSian 
tSian 
tSian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
tSian 
tSian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
t.Sian 
tSian 
tSian 
t.Sian 
tsh ian 
u;h ian 
tSh ian 
t.Sh ian 
tSh ian 
t.Sh ian 
tSh ian 
tSh ian 
tSh ian 
t.Sh ian 
tsh ian 
tSh ian 
uh ian 
tsh ian 
Si an 
Si an 
Si an 
Si an 
Si an 
Si  an 
Si  an 
Si an 
Si  an 
Si an 
Si an 
Si an 
Si an 
Si an 

tn  

3 
l b  
l b  
l b  
l b  
l b  
l b  
l b  
l b  
2 
3 
3 
3 
3 
3 
la 
la  
la  
la  
la  
la  
l a  
la 
la  
l a  
la 
la  
2 
2 

2 

2 
3 
3 
3 
3 
3 
3 

3 
3 

3 
3 
l a  
la  
la  
la  
la  
la  
la  
lb 
lb 
lb 
lb 
!b 
2 
3 
la 
la  
la 
la 
lb 
lb 
lb 
l b  
lb  
! b  
2 
2 
3 
3 

Diachronic 
fuse: 
t1 :fuse: 
t 1 :fuse: 
t1 :fuse: 
t1 :fuse: 
t l '  
t l '  
u ,  
t l '  
fus., [k-1] ' 
fuse: 

[u- ; j ,  
tl  :fuse: pal: 
t l : fuse:pal: 
t l  :fuse:pal: 
t l :fuse:pal: 
tl ' [; - ;ns},pal' 
t q;_;ns},pal' 
t q;_;ns} ,pal'  
tl '  [i-;ns} 'pal ' 
u ,pal, 
t l ' pal' 
t L paL 
t l ' pal '  
sharp:fuse:pal: 
sharp:fuse:pal: 
fuse:pal: 
devoi :fuse :pal: ( !t2) :  
sharp:pal: 
sharp :  pal: 
sharp: pal : 
paL 
pal' 
t2:  devoi: fuse: pal : 
fuse:pal: 
sharp:pal: 
sharp:pal: 
pal' 
paL 
t2 :devoi:pal: 
t2 :devoi :pal:  
pal' 
devoi:pal: 
devoi :pal: 
pal' 
pal: 
t l : fuse:pal: 
t l : fuse:pal: 
t 1 : fuse:pal: 
t l ,pal'  
t Lpal'  
t l , pal' 
t l  , gharp,paj, (y-k]' [asp}' 
asp : t  1 :devoi: fuse: pal: 
asp: t1 :devoi :fuse:pal: 
asp :tl  :devoi :fuse:pal: 
asp:t 1 :devoi:fuse:pal: 
asp:t 1 :devoi:fuse:pal: 
pal' 
fuse:pal: 
t l ' pal' 
t l ,pal '  
t l 'pal' 
t l 'pal, 
t 1 :devoi : sharp:fuse:pal : 
t 1 :devoi :sharp: fuse: pal : 
t l  :devoi :fuse: pal: 
t1 :devoi:sharp:pal: 
t1 : devoi :sharp:pal : 
t l : devoi :pal :  
fuse:pal: 
pal ' 
devoi :sharp: fuse: pal : 
devoi:sharp:fuse:pal: 
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Diachronic 

t2:devoi:sharp:fuse:pal: 
pal: 
pal: 
pal: 
devoi :pal: 
devoi :y-spl-d:pa.l: 
t 1 : pro:fuse: 
t 1 :pro :fuse: 
t 1 :pro: 
t 1  :sha.rp:pro:fuse: 
t l  :fuse: 
t1 :fuse: 
t1 :fuse: 
t 1 :pro :fuse: 
t 1 :sharp: pro:fuse : 
t l :  
t l :pro: 
t l :pro: 
pro:fuse: 
sharp: pro : 

pro:fuse: 
pro:fuse: 
sharp:pro: fuse: 
sharp:pro: fuse: 
pro:fuse: 
pro:fuse: 
pro:fuse: 
pro: fuse: 
t 1 : a-mg: 
a-mg:  
a-mg: 
a.-mg: 
t2:devoi:a-rng: 
devoi :a-mg: 
devoi :a-mg: 
asp :t1  :devoi :a-mg: 
a-mg: 
a-mg:  
a-mg: 
t l :a-mg: 
a-mg: 
t 1 : a-mg: 
a-mg:  
a-mg: 
t1 :med-a:retrof-2: 
t 1  :med-a:retrof-2: 
fric: med-a:retrof-2:  
devoi : fric : fuse: retrof- 1 :  [ u-ins-a]: 
fric:retrof- 1 :  
t2 :devoi :fric: med-a: retrof-2: 
devoi : fric: med-a: retrof- 2: 
t1 :med-a:retrof-2: 
t1 :med-a :retrof-2: 
asp : t  1 :  fric: med-a: retrof-2 : 
asp:t 1 :  fric:med-a.: retrof-2 : 
affric: asp : t  1 :devoi : med-a: retrof-2 : 
med-a:retrof-2: 
A-mg: 
med-a:retrof-2: 
t l :  
t l :i-del: 
fric : med-a:retrof-2: 
t1 :a-mg:  
t 1 :a-mg: 
t1 :a-mg: 
t 1 :a-mg: 
a-mg: 
a-mg:  
a-mg: 
a-mg:  
a-mg: 
a-mg: 
a-mg: 

t 1 :a-mg:  
a-mg:  
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Diachronic 

t l :a-mg: 
tl :devoi: 
t l :devoi: 
devoi :a-mg: (!t2):  
a-mg: 
a-mg: 
devoi:a-mg: 
devoi :a-mg: 
devoi :a-mg: 
t l :pro: 
t l :pro: 
tl :pro: 
t l :a-mg:(pro-x): 
tl :a-mg:(pro-x): 
t l : pro: 
t l : p ro:  
pro:a-mg: 
lab-dnt ' :degem : [!t2) : 
lab-dnt ':degem:[ ! t2 ) :  
lab-dnt':degem: 
lab-dnt':degem: 
t l :  [k-ins): pal: 
pal: 
pal: 
pal: 
pal: 
devoi :pal: 
t2:devoi:pal: 
t l :pal:  
asp : t l  :devo i :pal: 
asp:t 1 :devoi : pal: 
asp : t l  :devoi: pal: 
asp :tl  :devoi :pal: 
pal: 
pal: 
t l :pal: 
t1 :devoi: [u-y) :pal: 
t l  :devoi: pal: 
t l :devoi:pal: 
pal : [i-y) : 
pal: 
pal: 
t l : pro: 
t l :degem: 
t l :degem: 
t l :  
t l :pro: 
t l : pro: 

lb  t l :pro:  
lb  t l : (pro-j ) :  
I b t l : (pro-j) :  
l b  t l : (pro-j) :  
I b tl : (pro-j): 
2 (pro-j ) :  
3 (pro-j ) :  
3 pro: 
3 pro: 
la t l : med-b: 
2 med-b:[!rime): 
3 t2 :devoi :med-b:[! rime]: 
l a  t l :med-b: 
l b  asp : t l : med-b: 
l b  tl :med-b: 
3 med-b: 
l a  t l : lab-dnt' :med-b :  
l a  t l : lab-dnt ' : med-b : (asp-r): 
l a  t l : lab-dnt':med-b : [asp-r): 
1 b t l  :devoi : lab-dnt ' :med-b: 
2 lab-dnt':med-b: 
3 lab-dnt ' : med-b: 
3 lab-dnt ' :med-b: 
3 t2 :devoi:lab-dnt' :med-b: 
3 t2:devoi : lab-dnt' : med-b: 
3 t2 :devoi : lab-d nt ' : med-b: 
3 [u-del): 
l a  t l : fuse:i-del:deret: 
l a  t l : fuse:i-del:deret: 
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Diachronic 

t l :  fuse: med-a: retrof-2 : 
t 1 :fuse:med-a: retrof-2 : 
t 1 :  fric:med-a:retrof-2: 
tl :fric:med-a.:retrof-2 : (n '-n) : 
t 1 :  fric:med-a:retrof-2 : [ n '-n): (de-asp) : 
fuse: med-a:retrof-2 : 
med-a:retrof-2: 
med-a:retrof-2: 
fric: med-a: retrof-2:  
devoi: fri c :  med-a: retrof-2:  
med-a:retrof-2: 
med-a:retrof-2: 
asp:t 1 :devoi :fric:fuse:med-a: retrof-2: 
asp:t 1 :devoi : fric: med-a:retrof-2 : 
asp : t  1 :devoi : fric: med-a:retrof-2 : 
affric:a.sp:t 1 :devoi:med-a:retrof-2 :  
affric:asp :t 1 :devoi:  med-a:retrof-2: 
affric:asp :tl  :devoi : med-a:retrof-2:  
fric: med-a: retrof-2 : 
i-del: 
med-a.: retrof-2:(Q-n ) :  
t 1 : fuse:i-del: 
t 1 :  fuse : med-a:retrof-2 : 
tl : med-a:retrof-2: 
t l  :med-a:retrof-2:  
t l  :med-a:retrof-2: 
affric: t 1 :med-a: retrof-2 : 
fuse: med-a: retrof-2 : 
fuse: med-a: retrof-2 : 
fuse: med-a: retrof-2:  
fuse : med-a: retrof-2:  
affric : t2 :devoi : fuse : med-a: retrof-2 : 
affric : t2 :devoi: med-a:retrof-2 :  
affric :devoi : med-a: retrof-2: 
t 1 :fric:med-a:retrof-2: 
t 1 :fric:med-a:retrof-2: 
fric: med-a:retrof-2:  
fric:fuse: med-a: retrof-2: 
f ric: med-a: retrof-2 :  
fric :  med-a: retrof-2:  
t l :  
t l :  
cha: 
cha: 
[Q-n): 
devoi: 
devoi: 
t l :pro: 
t l : rime: 
rime: 

asp :tl  :devoi :rime: 
asp :tl  :devoi :rime: 
rime:fuse: 
voca.l:fuse:coal: {cha] :rime: 
t l : rime: 
rime: 
rime:fuse: 
rime:fuse: 
rime: fuse : 
rime: 
t l : rime: 
t l : rime: 
rime:fuse:(n-1}: 
rime: 
t l : rime:pal: 
t l  :rime:fuse:pal: 
t l  : rime:fuse:pal: 
tl :rime:fuse:pal: 
tl :rime :fuse:pal: 
t 1 : rime:pal: 
t 1 :rime:pal : 
t l : rime:pal: 
rime: pal: 
rime: pal: 
devoi : rime:pal : [t3-t2]: 
rime: fuse: pal: 
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tn Diachronic 
3 rime:pal: 
3 t2 :devoi :rime:pal: 
3 t2:devoi:rime:pal: 
3 rime:pal: 
l a  t l :rime:fuse:pal: 
l a  t l  :rime: pal: 
l b  asp:tl :devoi :rime:fuse:pal: 
l b  asp: t l :devoi :rime:fuse:pal: 
l b  asp :tl :devoi :rime:fuse:pal: 
l b  asp: t l : devoi :rime:pal: 
1 b asp:tl :devoi :rime:pal: 
l b  asp:tl :devoi :rime:pal: 

rime: pal : 
l a  tl :rime:fuse:pal: 
la tl :rime :pal:  
l a  tl :rime:pal: 
la tl :rime : pal: 
l a  tl  :rime:pal: 
3 rime:pal: 
la t l :pro:rime:fuse: 
la tl :pro:rime:fuse: 
la t l :pro:rime: 
la t l :pro:rime: 
la t l :pro:rime: 
l b  t l :pro:rime: 
lh t l :rime: 

pro:rime:fuse: 
2 pro:rime: 
2 rime: 
2 y-spl-d :rime:( !t2] :  
3 pro:rime: 
la t l :rime: 
la t l :rime: 
3 y-spl-c:rime: 
3 t2:devoi :r ime: 
3 devoi :rime: 
3 devoi :rime: 
la t l : (sehwa-u] : 
l b  asp:t l : devoi :rime: 
lb  asp:tl:devoi:rime: 
lb t l :rime: 
lb tl :y-spl-c : rime: 
l b  tl :y-spl-c:rime: 
3 rime: 
la t l : rime: 
la tl :y-spl-c :rime: 
la  t l : rime: 
lb asp:tl:devoi:rime: 
3 rime: 
la tl :rime: 

rime: 
y-spl-c:rime: 
med-a: retrof- 2: rime: 

la tl  :med-a:retrof-2 :rime: 
1 b affric:asp:t l : devoi : med-a:retrof-2 :rime: 
1 b affric:asp:tl  :devoi:med-a:retrof-2:rime: 
1 b affric:asp:tl  :devoi:med-a:retrof-2:rime: 
2 med-a:retrof-2 : rime: 
3 affric :devoi:med-a:retrof- 2 :r ime:  
3 fric:med-a:retrof-2 : rime: 

3 

fric:med-a: retrof-2 :rime: 
rime: 

la tl :rime: (a.sp]: 
la tl : rime: (a.sp]: 
la tl  :rime: 

t l : rime: 
3 t l : rime: 
la t l :rime: 
la t l : rime: 
la t l : y-spl-d:rime: 
lb t l :devoi :rime: 
1 b t l  :devoi :rime: 
3 t2:devoi : rime: 
la t l :pro:rime: 
la t l : pro:rime: 
l b  tl : lab-dnt ' :degem:rime: 
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2 1 9  6 � IIJUOm 1 un lb t l :  lab-dnt ' :degem:rime : 
2 1 9  7 liil IIJY�n 1 u n  l b  t l  : la.b-dnt':degem:rime: 
2 1 9  8 ft ?u�n 2 un 2 pro: rime: 
2 1 9  9 ioJ IIJY�n 3 un 3 lab-dnt':degem:rime: 
220 1 � ky�m 1 t.Syn l a  t l : rime:pal: 
220 1 � ky:;m 1 tSyn l a  t l : rime:pal: 
220 2 g kyan 1 tSyn la  t l : rime:pal: 
220 2 '1j: ky•n 1 tSyn l a  t l : rime:pal: 
220 3 it tsy;m 3 tSyn 3 rime: pal: 
220 4 11 gy;m 2 tSyn 3 t2:devoi:rime:pal: 
220 5 11¥ gy•n 1 tSh yn l b  asp:tl :devoi:rime:pal: 
220 6 ll! gyan 1 tSh yn l b  asp:tl :devoi :rime:pal: 
220 7 Jib xy;m 1 Syn l a  t l : rime:pal: 
220 7 • xy;m 1 Syn l a  t l : rime:pa.l: 
220 8 .,. ziam 1 Syn l b  t 1 :devoi :rime:fuse: pal: (i-y] : 
220 9 n\l zyan 1 Syn l b  t l  :devoi:rime:pal: 
220 9 M zyan 1 Syn l b  t l  :devoi:rime:pal: 
220 9 lU zyan 1 Syn l b  t l  :devoi :rime:pal: 
221 1 ill si an 3 Syn 3 rime:pal:(i-y]: 
221 2 ill sy;m 3 Syn 3 rime: pal: 
221 3 VII xy:;m 3 Syn 3 rime: pal : 
221 4 "'J yon I yn ! b  t l : rime: 
221  5 "" jyan I yn !b t l : degem:rime: 
221 6 ft yon 2 yn 2 rime: 
221  7 J( ?y:;m 3 yn 3 pro: rime: 
221  8 fl!l jy:;m 3 yn 3 degem:rime: 
221 9 iE jy;m 3 yn 3 degem:rime: 
222 I • jy�n 3 yn 3 degem:rime: 
222 2 � i�IJ 3 yn 3 rime:(g-n]: (i-y]: 
222 3 l¥1 pag I pag l a  t 1 :a-mg: 
222 4 Ill pag I pag l a  t l :  
222 5 � pag 2 pag 2 a-mg: 
222 6 !Ill pag 2 
222 7 If bag 2 pag 3 t2:devoi: 
222 8 * bag I ph au ! b  asp:t 1 :devoi :a-mg: 
222 9 ll' ph ag 3 ph aiJ 3 
223 I tt mag I mag l b  t 1 :a-mg: 
223 2 15 fyag 1 fag l a  t I : lab-dnt' :med-b: 
223 3 � rh YIUJ I flU) la  t l  : lab-dnt ' :rned-b: {asp-r) : 
223 4 t6 fh yag 1 fag la  tl :  lab-dnt ' : med-b: (asp-r] : 
223 5 � vyau I flU) l b  t 1 :devoi:lab-dnt ':rned-b: 
223 6 J1J vyaiJ I fag l b  t 1 :devoi:lab-dnt':med-b: 
223 7 {lj fya.IJ 2 fa.J) 2 lab-dnt':med-b: 
223 8 !;IJ fya.IJ 2 fag 2 lab-dnt':med-b: 
223 9 {lj rh YIUJ 2 fag 2 lab-dnt ' :med-b:(asp-r]: 
223 9 Vi fh yag 2 fa.IJ 2 lab-dnt ' :med-b:(asp-r]: 
224 1 lh" fh yag 3 fag 2 lab-dnt' :med-b: (t3-t2] : ( asp-r]: 
224 2 15 fyag 3 fag 3 lab-dnt':med-b: 
224 3 � tag I tag la  t l : a-rng: 
224 4 :R: tag 2 tag 2 a-rng: 
224 5 � tag 2 
224 6 � tag 3 taJ) 3 a-rng: 
224 7 i:JJ thag I th a.u l a  t l  :a-rng: 
224 8 .1!1 dag I th aiJ l b  asp :tl  :devoi :a-mg: 
224 8 � dag 1 th a.IJ I b  asp:tl :devoi :a-mg: 
224 8 • dag I th aiJ l b  asp:t l :devoi :a-mg: 
224 9 • dag I th a.J) ! b  asp :tl  :devoi :a-mg: 
225 I Ill th ag 2 th aiJ 2 a-mg: 
225 2 !it th ag 3 th IUJ 3 a-mg: 
225 3 • thag 3 th aiJ 3 a-mg: 
225 4 • nag I nag lb tl :a-mg: 
225 5 ,. lag 1 l!UJ lb t l : a-mg: 
225 5 • lag 1 lag l b  tl :a-mg: 
225 5 � lag I l!UJ lb tl :a-mg: 
225 6 lR lag 3 lag 3 a-mg: 
225 7 • tsag 1 tsaJ) l a  t l :a-mg: 
225 7 J.It tsag 1 tBaiJ la  t 1 :a-mg: 
225 7 IJt tsag 1 tsa.IJ l a  tl :a-mg: 
225 8 " tsag 3 tsau 3 a-mg: 
225 9 IJt dzag 3 tsau 3 devoi:a-mg: 
225 9 • dzag 3 tsau 3 devoi:a-mg: 
226 I ft tsh ag 1 tsh aiJ 

la  t l : a-mg: 
226 2 '1f tsh Q.J) 1 tsh au la  t l :a-mg: 
226 3 • dzag I tsh au lb  asp :tl  :devoi :a-mg: 
226 4 #! sag 1 sag la  t l :a-mg: 
226 5 ft sag 1 sag la  t l : a-mg: 
226 6 '.I sag 2 sag 2 a-mg: 
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226 7 J:lt S!lQ 3 sau 3 a-mg: 
226 8 '* tia.u I t�a.u la. t l  :fric:med-a:retrof-2: 
226 9 " tSiaiJ I t�au l a  t l  :med-a:retrof-2: 
226 9 l\1: tSiaiJ I t�aiJ la  t 1 :med-a:retrof-2: 
227 1 * tiau 2 t�aiJ 2 fric:med-a: retrof-2 :  
2 2 7  2 ill tia.u 2 t�aiJ 2 fric :med-a: retrof-2 : 
227 3 • tSiaiJ 2 t68.1J 2 med-a:retrof-2 :  
227 4 ""' tiau 3 t�au 3 fric:med-a: retrof-2 : 
227 4 ill 1iau 3 t§8.1J 3 fric : med-a: retrof-2 : 
227 4 !� 1iau 3 t�a.u 3 fric : med-a: retrof-2:  
227 4 � 1iau 3 t§8.1J 3 fric:med-a: retrof-2 :  
227  5 Jt diau 2 t�au 3 t2:devoi: fric: med-a: retrof-2 : 
227 6 t:t diau 2 t§8.1J 3 t2:devoi: fric :  med-a: retrof-2 : 
227 7 llt diau 2 t�au 3 t2:devoi: fric :  med-a: retrof-2 :  
227 8 1'4 tSiaiJ 2 t§8.1J 3 t2: med-a: retrof-2 : 
227 9 @I tSh iatJ 1 t�h au la  tl  :med-a:retrof-2: 
228 1 Mi diau I t§h 8.lJ l b  asp:t 1 :devoi :fric:med-a :retrof-2: 
228 I * dia.u 1 t§h 8.1J l b  asp:t 1 :devoi :fric:med-a:retrof-2: 
228 2 � diau 1 t�h 8.1) l b  asp:t 1 :devoi :fric:med-a: retrof-2 :  
228  3 '*' iialJ I t§h 8.1J !b  affric :asp:tl  :devoi :med-a:retrof-2: 
228 4 � ZialJ 1 t§h an l b  affric :asp:t 1 :devoi :med-a:retrof-2 :  
228  5 � Zian 1 t§h an l b  affric:asp:t 1 :devoi :med-a:retrof-2: 
228 6 r tSh iaJ) 2 t§h an 2 med-a: retrof-2:  
228 7 !!io £h ia.IJ 3 t�h au 3 fric :  med-a: retrof-2 : 
228 8 •ll t.Sh ial) 3 t§h au 3 med-a:retrof-2: 
228 9 � tSh iaJJ 3 t§h aiJ 3 med-a:retrof-2:  
229 1 ill SialJ 1 �au la  t l :med-a:retrof-2: 
229 2 � iiiaiJ 1 §au la  t 1 : med-a:retrof-2: 
229 3 it SialJ 2 �au 2 med-a:retrof-2: 
229 4 1: ZialJ 2 �au 3 affric : t2 :devoi : med-a: retrof-2 : 
229 5 j\lj iiaiJ 3 �au 3 affric :cl evoi: med-a: retrof-2:  
229 6 1: Ziau 3 §au 3 affric : devoi : med-a: ret rof-2 : 
229 7 .. tlial) I rau lb t 1 :fric:med-a:retrof-2 :  
229 8 .. n ia.JJ 2 rau 2 fric: med-a: retrof-2: 
229 8 it r1ial) 2 rau 2 fric: med-a: retrof-2 :  
229 8 • tlial] 2 raiJ 2 fric: med-a:retrof-2 :  
229 9 11 r1ial) 3 rau 3 fric: med-a:retrof-2 :  
230 1 � ka.u I kau la  t l : a-mg: 
230 I IXJ ka.u 1 kau la  tl :a-mg: 
230 1 !R ka.u 1 kau l a  t l :a-mg: 
230 2 I!! ka.u 1 kau la tl :a-mg: 
230 3 li ka.u 1 kau la t 1 :a-mg: 
230 4 l!I kau 1 kau la  t 1 :a-mg: 
230 5 ti kau 1 ka.u l a  t l : a-mg: 
230 6 11! kau 2 kau 2 
230 7 tt kau 3 
230 8 � kha.u 1 kh alJ la  t l : a-mg: 
230 8 " kha.u 1 kh au la t l : a-mg: 
230 9 i* kha.u 2 kh aiJ 2 a-mg: 
231  I !1i kha.u 3 kh aiJ 3 a-mg: 
231  2 lA kha.u 3 kh au 3 a-mg: 
231 3 lit l"U 1 xau lb t 1 :devoi :a-mg: 
231  3 M l"U I xau lb t 1 :devoi:a-mg: 
231  3 fi l"U 1 xau l b  t l  :devoi:a-mg: 
231  4 m ?a.u 1 au la t1 : pro:a-mg: 
231 5 � ua.u 1 au lb t l : pro:a-mg: 
231  6 la nial) 1 niaiJ !b t l :  
231 7 lllt liau I l ial) lb tl :  
231 7 * liau 1 liaiJ lb t l :  
2 3 1  7 lit liau 1 liaiJ l b  t l :  
231 8 � liau 1 liau l b  t l :  
231 8 • liau 1 liau lb  t l :  
2 3 1  9 jllj liau 2 liaiJ 2 
232 1 3t lial) 3 lial) 3 
232 1 • Iiau 3 lial) 3 : 
232 2 lP: liau 3 liau 3 
232 3 � lial) 3 lial) 3 
232 4 � tsiaiJ I tSiaiJ l a  t l : pal: 
232 5 � tsiaiJ 1 t.Si8J] l a  t l :pal:  
232 6 11 kiau I tSial) l a  t l :pal: 
232 6 • kiau I tSial) l a. t l :pal:  
232 7 � kial) 1 tSialJ l a  t l :pal:  
232 7 � kiaiJ I tiiiaiJ l a  t l : pa.l :  
232 8 II kau 1 tSiaiJ l a  t l  :sharp: pal: 
232 9 '11; tsiaJ] 2 tiiia.IJ 2 pal: 
233 1 lll kau 2 tSiaJ) 2 sharp:pal: 
233 2 tf tsi8J) 3 tiiiaiJ 3 pal: 
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233 3 � tsi&IJ 3 tSi&IJ 3 pal' 
233 4 li\: dzia,u 3 tSi&IJ 3 devoi:pal: 
233 5 Ill$ k"1) 3 tSia.g 3 sharp:pal: 
233 6 tt tsh iau 1 tsh i&IJ la  t l ,pal' 
233 7 ft kh "1) 1 tsh i&IJ la  t l , pal ' 
233 8 Ill dzi&lJ I tsh i&IJ lb  asp:tl :devoi:pal: 
233 9 !I gi"1) I tsh i&IJ lb asp:tl :devoi:pal: 
234 1 � tsh ia.IJ 2 tsh i&IJ 2 pal' 
234 2 llil sie.u I iii&IJ la t l ,pal' 
234 2 tll siaiJ 1 Siau la  tl ,pal' 
234 2 m Si&lJ I SiaiJ la  t l , pal' 
234 2 !11 siaJ] I SiaiJ la  t l , pal' 
234 3 w xi&IJ I Si&IJ la  t l , pal: 
234 4 !Y xi&IJ I Sia.IJ la  tl : pal: 
234 5 ,. zia.g 1 Si&lJ lb  tl :devoi :pal: 
234 5 l1 zia.IJ I Sia.lJ lb  tl :devoi:pal: 
234 6 � zi&IJ 1 SialJ lb  tl :devoi :pal: 
234 7 11$ 1["1) I Si8.lJ !b tl :devoi :sharp: pal: 
234 8 � si8.1J 2 Si&lJ 2 pal: 
234 9 * Xia.IJ 2 SiaiJ 2 pal: 
234 9 "" xiaiJ 2 Siau 2 pal: 
235 I tll siaiJ 3 Si&IJ 3 pal' 
235 2 • ziau 2 SiaiJ 3 t2:devoi:pal: 
235 3 ll zi&IJ 2 SiBJJ 3 t2:devoi:pal: 
235 3 � ziaiJ 2 SiaiJ 3 t2:devoi :pal: 
235 4 j.J xiaJ] 3 Sia.g 3 pal: 
235 5 lli 1["1) 2 Sia.JJ 3 t2:devoi:sharp:pal: 
235 6 � 1rau 3 Si&IJ 3 devoi:sharp:pal: 
235 7 � 7i"1) I yau la  tl  :pro, (i-y]: 
235 7 � ?i"1) I i"1) la  t l : pro: 
235 7 � ?iau 1 iau la t l : pro: 
235 8 !f. i"1) 1 i"1) lb tl '  
235 9 � i"1) I i&IJ lb t l :  
235 9 Ill- i"1) I i"1) lb  tl '  
236 I � i"1) I iau lb  tl '  
236 I llll i"1) I i"1) lb  tl '  
236 2 1llJ ui"1! 2 i"1) 2 pro: 
236 3 # i"1) 2 i"1) 2 pro: 
236 4 " iaiJ 2 i"1) 2 pro: 
236 5 � iau 3 iaiJ 3 pro: 
236 6 f¥ i"1) 3 i"1) 3 pro: 
236 7 ff t�iau 1 t§U&fJ la  t l  :i-del:u-ins-a: 
236 8 � t§i&IJ I t§U&IJ la  t l  :i-del :u-ins-a: 
236 9 l1l t"1) I t§U&IJ la  tl  :fric:retrof- 1 :u-ins-a: 
237 I ti: t§ia.IJ 3 t:�uaiJ 3 i-del:u-ins-a: 
237 2 :!* d�i"1) 3 t§U&IJ 3 devoi :i-del:u-ins-a: 
237 3 ll aau 3 t§U&IJ 3 devoi:fric:retrof-1 :u-ins-a: 
237 4 � toh iaiJ I t§h U&IJ la  t 1  : i-del:u-ins-a: 
237 5 l t  t,h au I t§h U&IJ la  t 1 : u-ins-a: 
237 6 !if; d�iau I t1h U"1) lb asp:tl :devoi : i-del : u-ins-a: 
237 7 pjj t,h ;"1) 2 t§h Ua.IJ 2 i-del:u-ins-a: 
237 8 QIJ t,h i&l] 3 t:Jh U&lJ 3 i-del:u-ins-a: 
237 9 • §i&IJ I fU"1) la t 1 : i-del:u-ins-a: 
238 1 � 1"1! I fU"1) l a  t 1 : u-ins-a: 
238 2 ,!!{ §i8Jj 2 fU"1) 2 i-del:u-ins-a: 
238 3 :l\'o ku<4J I ku"1) l a  t l : A-mg' 
238 4 r- ku<41 2 ku"1) 2 a-mg: 
238 5 � kyau 3 kuaiJ 3 y-spl-a: 
238 6 If kh y"1) I kh U"1) l a  t l :y-spl-a: 
238 7 t£ gy"1) I kh U"1) lb asp:tl :devoi:y-spl-a: 
238 8 .. kh U<4J 3 kh U"1) 3 a-mg: 
238 9 ll?. XY"1) 3 kh uau 3 [x-k'J :y-spl-a: 
239 1 11 XU<4J I XU"1) la t l : a-mg: 
239 I m XU<4J I XU&IJ l a  t 1 : a-mg: 
239 2 Jt ¥U<4J I XU"1) lb t l : devoi:a-mg: 
239 3 • 1[U<4J 1 XU&IJ l b  t l :devoi:a-mg: 
239 3 la 1[U<4J I XU&IJ l b  t l :devoi:a-mg: 
239 4 ill XU<4J 2 XU"1) 2 a-mg: 
239 5 � 1[U<4J 2 XU&IJ 2 devoi :a-mg: 
239 6 � XU&IJ 3 
239 7 a: ?u<41 1 U"1) l a  t 1  :pro:a-mg: 
239 8 c ruyau I uau l b  t 1 : lab-dnt ' :degem: 
239 9 .:E jy"1) I uau l b  t 1  :degem:y-spl-a: 
240 I � 'UY"1l 2 U"1) 2 lab-dnt ':degem: 
240 2 f1 jy"1) 2 U"1) 2 degem:y-spl-a: 
240 3 ;g 'UY"1l 3 U"1) 3 lab-dnt':degem: 
240 4 !I 'UY"1l 3 U"1) 3 lab-dnt':degem: 
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Diachronic 

degem:y-spl-a: 
u ,  
t 1  :vocal:fuse:coal: 
asp : t 1 : devoi: 
asp : t l : devoi: 
asp : t 1  :vocal:fuse:coal: 
asp : t l  :vocal:fuse:coal: 
asp : t 1  :devoi : med-b:syllab: 
asp : t l  :devoi :med-b:syllab: 
med-b,syllab' [asp-r ] '  [f-p J ' 
t l  :lab-dnt ' :vocal:fuse:coal: 
tl 'med-b,syllab' 
vocal:fuse:coal: 
vocal :fuse:coal: 
lab-dnt' :med-b:syllab: 
t l '  lab-dnt' 'med-b,syllab' 
t l  :lab-dnt ' : med-b:syllab: 
t 1 ' lab-cl nt' 'med-b 'sy I lab' [ asp-r J' 
t 1 :lab-dnt' : med-b:syllab: 
t 1 ' lab-dnt ' 'med-b,syllab, [asp-r]' 
t 1 ' lab-dnt ' '  med- b'syllab' [asp-r J '  
t 1 '  lab-dnt ' ,med-b,syllab, [asp-r] ' 
t 1 :devoi : lab-dnt ' :med-b:syllab: 
t 1 :devoi : lab-dnt' :med-b:syllab: 
t l  :devoi : lab-dnt' :med-b:syllab: 
lab-dnt • ,  med-b,syllab' [t3-t2] ' 
devoi : lab-dnt ' :  med-b:syllab: 
t2 :devoi: lab-dnt ' :med-b:syllab: 
devoi : lab-dnt ': med-b :syllab: 
devoi :lab-dnt': med-b:syllab: 
u ,  
t l ,  

devoi: 
Devoi:med-a: [t '-t] : 
asp : t l :devoi: 
asp : t l :devoi: 
asp:tl  :devoi: 
asp : t l :devoi: 
t l '  
t l '  
vocal:fuse:coa.l : [ !t2) :  
t l '  
t l '  
devoi: 
asp: t l :devoi: 
asp: t l :devoi: 
t l '  
t 1 :med-a: retrof-2: 
t 1 :vocal:fuse:coal: 
t 1 :vocal:fuse:coal: 
t l  :vocal:fuse:coal: 
t 1 :vocal:fuse:coal:med-a:retrof-2 :  
t 1 :  vocal : fuse : coal: med-a: retrof-2 : 
vocal: fuse:coal: med-a: retrof-2: 
med-a:retrof-2: 
med-a:retrof-2: 
devoi : fric: vocal: fuse :coal : med-a: retrof-2 : 
vocal: fuse :coal: med-a: retrof-2 : 
vocal :fuse:coal :med-a: retrof-2: 
t 1 : med-a:retrof-2:  
t 1 :fric :vocal: fuse: coal : med-a:retrof-2 : 
affric: asp: t 1 :devoi : med-a: retrof-2 : 
affric :asp :t  1 :devoi :med-a:retrof-2: 
affric:asp:t 1 :devoi :med-a:retrof-2: 
asp: t 1 :  devoi : fric:vocal: fuse:coal: retrof-2 : 
asp: t 1 :devoi :fric: vocal :fuse: coal : med­
a:retrof-2: 
asp :t 1 :devoi : fric: vocal: fuse :coal: med­
a:retrof-2: 
affric :asp :t  1 :devoi :vocal :fuse:coal:med­
a:retrof-2: 
affric:asp : t 1  :devoi :vocal:fuse:coal:med­
a:retrof-2:  
affric :asp : t l  :devoi :vocal:fuse:coal:med­
a:retrof-2: 
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Diachronic 

affric: asp: t 1 :devoi :vocal: fuse:coal : med­
a.:retrof-2: 
med-a.:retrof-2: 
t l  :med-a:retrof-2 :  
t 1 :vocal:fuse:coal: 
tl :vocal:fuse:coal: 
tl :vocal:fuse:coal: 
t 1 :  vocal:fuse :coal :med-a:retrof-2: 
t l :  devoi :med-a: retrof-2: ( affric) : 
vocal :fuse:coal:i-del: 
affric:devoi : med-a:retrof-2 : 
med-a:retrof-2: 
vocal:fuse:coal:med-a:retrof-2: 
affric: devoi: vocal : fuse: coal: med-a: retrof-2 :  
fric:med-a:retrof-2 : {  t 1 ] :  
t 1  :fric:med-a:retrof-2: 
t 1  :vocal:fuse:coal: 
t1 :vocal:fuse:coal: 
t 1 :vocal :fuse:coal: 
t1 :vocal :fuse:coal: 
t 1 :vocal:fuse:coal: 
vocal:fuse:coal: 
t 1 :vocal:fuse:coal: 
t 1 :devoi: 
t 1 :devoi :vocal :fuse:coal: 
t 1 :devoi :vocal :fuse :coal : u-del : 
devoi:vocal:fuse:coal:u-del: 
t 1 : rime: 
t 1 :  vocal :fuse: raise-i 1 :  raise-i 2 :degem :degem: 
vocal : fuse: raise-i 1 :  raise-i2 :degem:degem: 
vocal:fuse: raise-i 1 :  raise-i2:degem:degem: 
vocal : fuse: raise-i 1 :  raise-i2 :degem :degem: 
devoi :vocal:fuse:raise-i1 :raise­
i2 :degem:degem: 
vocal : fuse:raise-i 1 :  raise-i2 :degem :degem: 
t2 :devoi :vocal: fuse: raise-i 1 :  raise­
i2 :degem:degem: 
asp:t 1 :devoi :rime: 
asp:t l :devoi :rime: 
asp:t 1 :devoi:rime: 
asp:t 1 :vocal:fuse:coal: raise-i 1 :raise­
i2:degem:degem: 
asp:t1  :vocal:fuse:coal: raise-i 1 : raise­
i2:degem:degem: 
asp:t 1 :vocal:fuse:coal:raise-i 1 :raise­
i2:degem:degem: 
asp:t1  :vocal:fuse:coal: raise-i 1 : raise­
i2 :degem:degem: 
t1 :vocal :fuse:coal:raise-i 1 :raise­
i2:degem:degem: 
t 1 :vocal:fuse:coal:raise-i 1 :raise­
i2 :degem:degem: 
t 1 :vocal: fuse: coal: raise-i 1 :  raise­
i2:degem:degem: 
t1 :vocal:fuse:coal:raise-i1 : raise­
i2:degem:degem: 
vocal : fuse: coal: raise-i 1 :  raise­
i2:degem:degem: 
t1 :vocal:fuse:coal:raise-i 1 :raise­
i2 :degem:degem: 
t1 :vocal:fuse:coal:raise-i 1 :raise­
i2:degem:degem: 
vocal : fuse:coal : raise-i 1 :  raise­
i2:degem:degem: 
vocal : fuse:coal : raise-i 1 :raise­
i2:degem:degem: 
vocal : fuse:coal : raise-i 1 : raise­
i2:degem:degem: 
vocal: fuse:coal: raise-i 1 : raise­
i2:degem:degem: 
devoi :vocal: fuse :coal : raise-i 1 :  raise­
i2:degem:degem: 
t 1 :  vocal : fuse:coal :raise-i 1 :raise­
i2 :degem:degem: 
t 1 :  vocal : fuse:coal :raise-i 1 :  raise­
i2:degem:degem: 
asp:t1  :devoi:vocal:fuse:coal:raise-i 1 : raise­
i2 :degem:degem: 
asp:t 1 :devoi :vocal:fuse:coal:raise-i 1 : raise­
i2:degem:degem: 
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Diachronic 

asp:t 1 :  devoi : vocal :fuse :coal : raise-i 1 :  raise­
i 2 : degem:degem: 

asp:tl :devoi:vocal:fuse:coal : raise-i 1 :raise­
i2:degem:degem: 

devoi : vocal : fuse: coal : raise- i 1 :  raise­
i 2 :degem: degem: [asp] : 

devoi :vocal:fuse:coal: raise-i 1 :raise­
i2 :degem:degem: [asp] : 

t l , .i m e , (u - n ] '  
t 1 :vocal : fu s e : coal:raise-i 1 :raise­
i 2 :degem:degem: 

t 1 :rime: 

t l :rime: 

t l : rime:  

t l  :vocal:fuse:raise-i 1 :raise- i 2 : degem:degem: 

t 1 :vocal:fuse: raise-i 1 : r aise-i 2 : degem:degem: 

t 1 :vocal :fuse: raise-i 1 :raise-i2 :degem:degem: 

t 1  :vocal:fuse : raise-i 1 :raise-i2 :degem :degem: 

vocal :fuse: raise-i 1 :raise-i 2 : degem:degem: 

vocal :fuse:raise-i 1 :  raise- i 2 : degem:degem: 

vocal : fuse: raise-i 1: raise-i 2 :degem: degem: 

t1 :vocal :fuse: raise-i 1 : raise­
i 2 :degem :degem :pal: 

t 1 :vocal:fuse:raise-i 1 :raise­
i 2 : degem:degem:pal: 

t l :vocal:fuse : raise-i 1 :raise­
i 2 : degem:degem:pal: 

t 1 :vocal:fuse: raise-i 1 : r aise­
i2 :degem :degem:pal: 

t 1 :vocal:fuse: raise-i 1 :raise­
i 2 :degem:degem :pal: 

t 1 :vocal:fuse:raise-i 1 :raise­
i 2 :degem :degem :pal: 

t 1  :vocal:fuse: raise-i 1 :raise­
i2 :degem:degem:pal: 

vocal:fuse:raise-i 1 :raise-i 2 : d e gem :degem:pal: 

vo cal : fuse: rai se-i 1 :  raise-i 2 : degem :degem: pal : 

vocal:fuse:raise-i 1 :raise- i 2 : degem:degem :pal: 

vocal :fuse:raise-i 1 :raise - i 2 : d e gem:degem :pal: 

vocal: fuse : raise-i 1 :  raise-i 2 :degem :degem: pal : 

vocal :fuse: raise-i 1 :raise-i 2 : degem:degem:pal: 

vocal : fuse: raise-i 1 : raise- i 2 : degem : d egem: pal : 

vocal:fuse: raise-i 1 :raise- i 2 :degem: degem:pal: 

devoi :vocal :fuse: raise-i 1 :  raise­
i 2 :degem :degem: pal: 

t 2: devoi : vocal: fuse: raise-i 1 :  raise­
i 2 :degem:degem: pal: 

devoi : vocal:fuse: raise-i 1 :raise­
i 2 :degem :degem: pal: 

vocal :fuse:raise-i1 :raise-i 2 :degem: degem :pal: 

vocal: fuse: raise-i 1 :raise- i 2 : d e gem:degem:pal: 

vocal :fuse:raise-i 1 :raise-i 2 : d e gem:degem:pal: 

vocal :fuse:raise-i 1 :raise-i 2 : d e gem:degem:pal: 

asp:t 1 :devoi :vocal:fuse:raise-i 1 :raise­
i 2 : degem:degem: pal: 

asp:t1 :devoi :vocal :fuse: raise-i 1 :raise­
i 2 : degem:degem:pal: 

vocal : fuse: rai se-i 1: raise-i 2: degem :degem : pal : 

vocal : fuse: raise-i 1 :  raise-i 2 :degem :degem: u­
del,pal'  

vocal :fuse:raise-i 1 :raise-i2:degem: degem :pal:  

t 1  :rime:  pal:  

t 1 :vocal:fuse:raise-i1 :raise­
i 2 :degem:degem: pal: 

t1 :vocal:fuse : raise-i 1 :raise­
i 2 :degem:degem:pal: 

t 1 :devoi: [sharp) : vocal: fuse: raise-i 1 :  raise­
i 2 : d egem:degem:pal: 

t 1: devoi :vocal: fuse: raise-i 1 :  raise­
i2 :degem:degem:pal: 

t1 :devoi:vocal:fuse:raise-i 1  : raise­
i 2 : d egem:degem:pal: 

t 1 :devoi :vocal:fuse:raise-i 1  : raise­
i 2 : degem:degem:pal: 

vocal :fuse : raise-i 1 :  raise-i2:degem :degem: pal: 

vocal : fuse: raise-i 1 :  raise-i 2:degem :degem: pal: 

rime: pal : 

t2:  devoi : (sharp) :vocal :fuse: raise-i 1 :  raise­
i 2:degem:degem:pal: 
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264 
264 
264 
264 
264 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 

4 

5 

6 
7 

8 
9 

2 

3 
4 
5 

6 
7 
8 
8 
9 

2 
3 
4 
5 
5 
6 
7 
7 
8 
9 

2 
3 

5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
8 
8 
9 

I eh 

yarl 

sia.ti 
siafi 
?iog 
?i�u 
?ari. 

?ati 

?iarl 

?iarl 

?iari 

iarl 
iarl. 
yari. 

?iari. 
?i�IJ 
uaii. 

tug 
tug 
tug 
tug 
tug 
dug 
dug 
th UIJ 
dug 
dug 
dug 
dug 
dug 
dug 
th UIJ 
th UIJ 
th UIJ 
nug 
nug 
nug 
lug 
lug 
lug 
liuu 
l iUIJ 
lug 
liuu 
liuu 
tsuu 
hUIJ 
tsuu 
tsiuu 
tsug 
tSUIJ 
tsiuu 
tsh uu 
tsh UIJ 
tsh uiJ 
tsh UIJ 
dzug 
dziuiJ 
sug 
sug 
sug 
sug 
ziuiJ 
ziuiJ 
ziuu 
£iug 

tn 

2 

3 
3 

2 
3 
3 

1 
2 
2 
3 

3 

2 
3 
3 

1 
3 

2 
2 

2 
3 
3 

1 
1 
3 
3 
3 
3 
3 

mb 

tug 
tug 
tug 
tug 
tug 
tug 
tug 
t h UIJ 
th UIJ 
th UIJ 
th UIJ 
th UIJ 
th U!J 
th UIJ 
th UIJ 
th UIJ 
th UIJ 
nug 
nug 
nug 
nug 
lug 
lug 
lug 
lug 
lug 
lug 
lug 
tSUIJ 
tsuu 
tsuu 
tsuu 
tSUIJ 
tsuu 
tSUIJ 
tsh UIJ 
tsh uu 
tsh UIJ 
tsh UIJ 
tsh UIJ 
tsh UIJ 
sug 
sug 
sug 
sug 
sug 
sug 
sug 
t�ug 

tn 

3 

3 
3 
l a  
l a  
la 

la 

l a  

l a  

l a  

l b  
l b  

l b  
lb  
lb  

lb  

Diachronic 

t2 :devoi : [sharp } :vocal:fuse: raise-i 1 :raise­
i2 :degem:degem:pal: 
vocal :fuse: raise-i 1 :  raise-i2 :degem :degem :pal: 
vocal:fuse: raise-i 1 :  raise-i2:degem :degem: pal : 
t l  :pro:rime: 
t l : pro:rime: 
t l :  [sharp] : pro:vocal :fuse:raise-i 1 :  raise­
i2 :degem:degem: 
t l :  (sharp] :pro:vocal :fuse:raise-i 1 :  raise­
i2 :degem:degem: 
tl :pro:vocal:fuse:raise-i 1 :raise­
i2:degem:degem: 
tl :pro:vocal:fuse:raise-i l : raise­
i2:degem:degem: 
t l  :pro:vocal:fuse:raise-i 1 :raise­
i2:degem:degem: 
tl :rime: 
t 1 :pro :vocal :fuse:raise-i 1: raise­
i2 :degem:degem: 
t 1 :  vocal : fuse: raise-i 1 :raise-i2 :degem :degem: 
t 1 :  vocal: fuse: raise-i 1 :  raise-i2 : degem :degem: 
t 1 :  vocal : fuse: raise-i 1 :  raise­
i2 ,degem,degem,[u-del]' 
t 1 :u-del:vocal:fuse:raise-i 1 :raise­
; 2 ,degem ,degem' [pro-J] ' 

2 pro:vocal : fuse:raise-il :raise-i2 :degem:degem: 
3 pro:rime: 
3 [sharp] :pro:vocal:fuse:raise-i 1 :raise­

i2:degem:degem: 
la t l '  
l a  t J ,  
2 
2 
3 
3 t2:devoi: 
3 devoi: 
la t l '  
l b  asp:tl :devoi: 

asp,devoj ,[tl-t2]' 
1 b asp:tl  :devoi: 
l b  asp : t l :devoi: 
lb asp:tl :devoi: 
lb asp:tl :devoi: 
2 
2 [t3-t2]'  
3 
lb  tl '  
lb  t l '  
l b  t l '  
3 [1-n]' 
lb  tl '  
lb  tl '  
lb  tl ,y-spl-b' 
l b  tl 'y-spl-b' 
2 

y-spl-b' 
2 y-spl-b' 
la t l '  
la  tl :  
l a  t l '  
la tLy-spl-b' 
2 
3 
3 y-spl-b' 
la t l '  
l a  t l '  
l a  t l '  
l a  t l :  
l b  asp:tl :devoi: 
1 b asp:t l :devoi:y-spl-b: 
l a  t l '  
l a  t l '  
3 
3 

devoi :y-spl-b: 
3 devoi:y-spl-b: 
3 devoi,y-spl-b' 
la tl :fric:med-a:retrof-2: 
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pg 

265  
266 
266 
266 
266 
266 
266 
266 
266 
266 
266 
267 
267 
267 
267 
267 
267 
267 
267 
267 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
269 
269 
269 
269 
269 
269 
269 
269 
269 
269 
270 
270 
270 
270 
270 
270 
270 
270 
270 
271 
271 
271  
271  
2 7 1  
2 7 1  
271  
271 
271 
271  
272 
272 
272 
272 
272 

C O  

9 

2 

3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
3 
3 
4 
5 
5 
5 
6 
7 
7 
8 
9 

3 

5 
6 
7 
8 
9 

3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
7 
8 
9 

2 
3 
4 

eh 

:r. tiu� 
tt tSiuiJ 
t; tSiuiJ 
# tSiuiJ 
fP tSiuiJ 
<P tiu� 
14> diu� 
� tSiuu 
I diu� 
f¥ tSiuiJ 
1f. tSh i uu 
� tSh iuu 
tJ Siuu 
.91. diu� 
� d�illl) 
.!t diu� 
:Ill £h iu� 
!IR jyan 
:Bt rliuiJ 

rliuu 
rliulJ 
iuu 
iul) 
iuu 
iuu 
ku� 
ku� 
ku� 
ku� 
kiuiJ 
kiuiJ 
kiul) 
kiuiJ 
kill!) 
kiu!J 
kill I] 
kUIJ 
kiuiJ 
giuiJ 
kh iUIJ 
kh u� 
kh iUI] 
khUIJ 
kh UIJ 
xyari. 
xu� 
XUdl) 
xuan 
�u� 
�u� 
�u� 
xu� 

?u� 
?u� 
gy;m 
gyari. 
giuiJ 
xyarl 
xiuu 
xiuiJ 
xiul) 
j iul) 
jiuu 
?iuu 
jyarl 
iul) 
iuiJ 

tn 

2 
3 
3 
3 

I 
2 

1 
2 
2 
3 
3 
3 

3 
3 

mb 

t�u� 
t§UIJ 
t§UIJ 
t§U� 
t§UIJ 
t�u� 
t§UIJ 
t§UIJ 
t§UIJ 
t§UIJ 
t§h UIJ 
t§h UIJ 
t&�h UIJ 
t§h UIJ 
t§h UIJ 
t§h UIJ 
t§h UlJ 
ru� 
ru� 
ru� 
ru� 
ru� 
ru� 
ru� 
ru� 
ku� 
ku� 
ku� 
ku� 
ku� 
ku� 
ku� 
ku� 
kUIJ 
ku� 
ku� 
ku� 
ku� 
ku� 
kh u� 
kh UIJ 
kh u� 
kh u� 
kh Ut) 
XUIJ 
xu� 
xu� 
xu� 
xu� 
xu� 
xu� 
xu� 
xu� 
uo� 
uo� 
tsy� 
tSh YIJ 
tSh yiJ 
SytJ 
Syu 
Syu 
Syu 
Syu 
sy� 
y� 
y� 
y� 
y� 

tn 

la 
la 
la 
la 
2 
3 
3 
3 
3 
3 
la  
la  
la  
lb 
lb  
lb  
2 
l b  
lb  
lb  
lb  
l b  
l b  
l b  
l b  
l a  
l a  
l a  
l a  
l a  
l a  
l a  
l a  
l a  
2 
2 
3 
3 
3 
l a  
2 
2 
3 
3 
l a  
l a  
l b  
l b  
! b  
l b  
l b  
l b  
2 
l a  
3 
2 
l b  
l b  
l a  
l a  
l a  
l a  
l b  
l b  
l a  
2 
2 
3 

Diachronic 
t 1 :  fric :med-a: retrof-2 : 
t 1  : med-a: retrof-2 :  
t 1  :med-a:retrof-2:  
t 1 : med-a:retrof-2 :  
med-a: retrof-2: 
fric : med-a: retrof-2 : 
devoi :fric: med-a: retrof-2 :  
med-a:retrof-2 :  
t2 :  devoi : med-a: retrof-2 :  
med-a:retrof-2 :  
t 1 :med-a:retrof-2 :  
t 1 : med-a:retrof-2 :  
t 1 :  med-a:ret rof-2 : (asp J :  ( fric J :  
asp: t 1 :devoi: fric: med-a: retrof-2 : 
asp : t 1  :devoi : i-del: 
asp:t1 :devoi : fric:med-a:retrof-2: 
fric: med-a: retrof-2 :  
t 1  :degem:fuse:[ya-ru]: 
t 1 :fric:med-a:retrof-2: 
t 1 :fric: med-a:retrof-2: 
t 1 :fric:med-a:retrof-2 :  
t l  : (i-r] :  
t l  : (i-r] :  
tl : (i-r] : 
t 1 : (i -r] :  
t l :  
t l :  
t l :  
t l :  
tl :y-spl-b: 
tl :y-spl-b : 
tl :y-spl-b: 
t 1  :y-spl-b :  
t l :y-spl-b: 
y-spl-b:  
y-spl-b: 
y-spl-b: 
y-spl-b: 
devoi:y-spl-b: 
t l :y-spl -b :  

y-spl-b:  

t 1 : pal-d : vocal : fuse:coal: [cha) : rime: 
t l :  
tl  :devoi:rime: 
t 1 : devoi: 
t 1 :devoi : vocal :fuse:coal: [eh a]: rime: 
t l  :devoi :vocal :fuse: coal : [eh a] : rime: 
t 1  :devoi :vocal:fuse:coal : [eh a] :rime: 
tl  :devoi:vocal:fuse :coal:(cha] :rime: 

tl  :pro: [schwa-ins} : 
pro: [schwa-ins}: 
devo i : rime:pal: 
asp:t 1 :devoi : vocal :fuse: coal: [cha] : rime:pal: 
asp:t 1 :devoi: lab-abs :pal : 
tl :vocal:fuse:coal: [ cha) :rime:pal : 
t l :  lab-abs:pal: 
t l : lab-abs:pal: 
t l  :lab-abs:pal: 
t 1 :  lab-abs:[j-5]: 
tl  :lab-abs:[j-9]: 
t1 :pro: lab-abs: 
degem: vocal : fuse : coal : [ cha) : rime: 
lab-abs: 
lab-abs: 
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cha: 
cha: 



Appendix D 

From S implified Middle 

C hinese to Modern Cantonese 

For an discussion of the rule names and the exceptions, see the first section of 
Appendix c. 

pg eo I eh tn me tn Diachronic I Allophanic 
I re pa pa: l a  t-split :length: 

I E pa pa: l a  t-spl it : length: 
2 11. pat pa:t 4e t-spl i t  :ac-sp I it: length: 
3 1£ bat pat 4b t-split :devoi: 
4 le pa pa: 2a  t-spl i t : length: 
5 Jjt pa pa: 3a t-spl i t : length: 
5 f! pa pa: 3a t-spl it :  length: 
6 e pa pa: la  t·spli t:length: [t3-t 1 ) :  
7 � bai pa: 3b t-spl it :t2-merge:devoi: I en gth : [i-del]: 
8 � ba ph a: l b  t-spli t:asp:devoi : length : 
9 tl'l ph a ph a: 3a t-spl it : length: 

t� m a: la  [t-split) : length: 
2 I# m a m a: l b  t-split: length: 
3 ll, m a: 2b t-spl it : length: 

'I; m a m a: 3b t-split: length: 
� fyat fa:t 4e t-split :ac-split: lab-dnt 1 :lab-dism: length: 

6 z vyap fat 4b t-spl i t:devoi: lab-cl nt ' :  I ab-d ism: final-dism: 
7 tl! vyat fat 4b t-spl i  t : devoi : lab-cl nt': I ab-d ism: 
8 il; fyap fa:t 4e t-spl i t:ac-spl it: lab-dnt 1 :  lab-

dism :length:final-dism: 
9 � fyat fa:t 4e t-spli t: ac-split: lab-dnt ' :  lab-cl ism: length : 

Ill tnp ta:p 4e t-sp l it :  ac-split: length: 
2 1i tnp ta:p 4e t-spl it: ac-spli t: length: 
3 ]!; dnt ta:t 4b  t-spl it:devoi :length: 

tr tan ta: 2a t-split:length:[n '-del) : 
3 5 * dn 3 tai 3b t-split :devoi: 
3 6 fill th n th a: l a  t-split:length: 
3 7 � th ap th a:p 4e t-split:ac-split: length : 
3 8 '* th ap th a:p 4e t-spli t: ac-spl it :  length: 
3 9 11 th ap ta:p 4b [ t-spl it) : length: [de-asp) : 

* na na: l b  t-split:length: 
!Ill nnp na:p 4b t-split:length: 

3 tu_ lnp la:i la [ t4-t I ) :  [ t-spli t] :length : [p- i ) :  
4 m lnp la:p 4b t-split:length: 

5 "* i<lt la:t 4b t-split:length: 
6 11. t§at tsa:t 4e t-split :ac-spli t: deret : length: 

4 7 � dzap tsa:p 4b t-split:devoi :length : 
4 8 • tsh at tsh a:t 4e t-split: ac-spli t: length : 
4 9 ii!§ �a sa: 2a t-split:deret: length: 

ii t�a tsa: l a  t-split :deret : length : 
5 2 11. t§ap 4 tsa:t 4c t-split :ac-split: deret: length: (p-t] : 
5 3 (;p] d�ap 4 tsa:p 4b t-split:devoi:length: 

4 *" d�iap 4 tsa: 3a [ t4-t3): [ t-spli t J :devoi : r-unglide:deret : length :  
5 5 11. t§at tsa:t 4e t-split:ac-spli t :deret : length : 
5 6 tlf d�at tsa:t 4e [ t-spli t]: ac-split :devoi: deret : length: 
5 7 IF t§a tsa: 3a t-split:deret :length: 
5 8 *" tsa: 3a 
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pg 

5 

6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 

7 
7 
7 
7 
7 

8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
10  
10  
10  
10  
10  
10  
10  
10  
10  
10  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 2  
1 2  
1 2  
12  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 3  
13  
13  
1 3  
1 3  
13  
1 3  
1 3  
13  
1 4  
1 4  

CO eh 

9 ., 

'F 
X 

3 12 

4 llli 

5 1fi 

6 ll 
7 ff 

8 -

9 ft 
12 

2 � 
3 � 

tit 

5 11! 

6 JJa 

7 • 
8 * 

9 I! 
� 

2 � 

3 1!1 

4 !I( 

5 'I' 

6 1!1 

7 • 

8 li 

9 9ol! 
tl 

2 Ill 
3 Ill 
4 �r< 

5 tit 

6 !kf 

7 • 
8 • 
9 li 

� 

2 llf 
3 T-
4 r 

5 !L 

6 fl 

7 � 
7 " 

8 !li 

9 7f 

1 ?,f 
2 ft 
3 Jf 
4 _i( 

5 lW\ 

6 11\ 

7 ill 

8 Jl:! 

9 )1l. 

IM 

2 • 
3 il-
3 ti 
4 q 

5 � 

6 � 
7 lE 

8 � 
9 lit 

«:. 

2 I( 
3 li'i 
4 J!j 

5 !!: 

6 M: 

7 l* 

8 J!il 

9 • 

� 
� 

smc 

tta 
d'i.a 
t§h a 
to: h a 
t,ha.p 
a a 
a .. 
d'i.a 
toh at 
to:ha 
ttha 
'" 
'" 
§at 
fU& 
ka 
ka 
ka 
kai 
kap 
kap 
ka 
ka 
kap 
ka 
ka 
ka 
ka 
ka 
ka 
kh ap 

¥& 
¥" 
¥& 
?a 
?ap 
?ap 
?ap 
ua 
ua 
ua 
?a 
?a 
t1au 
t3a.u 
ouat 
fUa 
kua 
kuat 
kua 
kuai 
kuai 
kh ua 
kh ua 
kh ua 
xua 
¥Ua 
"X"U&t 
xua 
yuai 
luai 
yuac 
?uat 
u ua 
ll)yat 
tok 
tok 
dok 
lo.k 

tn 

3 
3 

4 

4 
3 
3 

4 

4 

4 
3 
3 
3 
3 
3 
3 

2 
3 
3 

2 
3 

4 
2 

2 
3 
3 

3 

4 
3 
3 
3 

4 
2 

4 
4 
4 

tsa: 
tsa: 
tsh a: 
tsh a: 
tsh a:p 
tsh a: 
tsh a: 
tsh a: 
tsh a:t 
tsh a: 
tsh a: 
sa: 
sa: 
sa:t 
., 
ka: 
ka: 
ka: 
ka:i 
ka:p 
ka:p 
ka: 
ka: 
ka:p 
ka: 
ka: 
ka: 
ka: 
ka: 
ka: 
ha:p 
kh a 
hap 
ha: 
hat 
ha: 
kap 
hat 
ha:k 
ha: 
ha: 
ha: 
a: 
IJ&!p 
ua:p 
IJ&!t 
IJ&! 
IJ&! 
a: 
a: 
a: 
tsa:u 
tsa:u 
tsa:t 
sa: 
kw a: 
kwa:t 
kw a: 
kwa: 
kw a: 
kh wa: 
kh wa: 
kh wa: 
fa: 
wa: 
wa:t 
fa: 
wa: 
wa: 
wa:k 
wa:t 
IJ&! 
ma:t 
tak 
tak 
tak 
bk 

tn 

3a 
3b 
l a  
la  
4c 
lb 
lb 
lb 
4c 
3a 
l a  
l a  
l a  
4c 
l b  
l a  
la  
la  
la  
4c 
4c 
2a 
2a 
4c 
3a 
3a 
3a 
3a 
3a 
3a 
4c 
l a  
4 a  
l b  
4b 
lb  
4a  
4b 
4c 
2b 
3b 
3b 
l a  
4c 
4c 
4a  
lb  
l b  
l a  
2a 
3a 
2a 
2a 
4c 
2a 
la 
4c 
2a 
3a 
3a 
l a  
l a  
3a 
l a  
l b  
4b 
3a 
2b 
3b 
4b 
4c 
2b 
4b 
4a 
4a 
4b 
4b 

Diachronic 

t-s pli t: deret: length: 
t-spli t :devoi : deret : length : 
t-spli t :deret: length : 
t-split :deret : length : 
t-spli t: ac-sp l it :  deret: length: 
t-spli t:fricat :asp:devoi : retrof:deret:length : 
t-split: fricat :asp:devoi : retrof:deret :length : 
t-split: asp:devoi :deret: length: 
t-spli t: ac-s pl it :  deret: length: 
t-split: asp:deret : length : 
(t3-t 1 1 :t-spli t :asp:deret : length : 
t-split:deret:length: 
t-spli t :deret:length: 
t-split : deret:length: 
(t2-t 11: [ t-split 1 :r-unglide:deret: [ rnd1 : 
t-split: length: 
t-split: length: 
t-split : length : 
t-split:length :  
t-split :ac-spli t :length: 
t-split:ac-spli t :  length: 
t-split :length: 
t-split: length: 
t-split: ac-spl it: length: 
t-split:length: 
t-split:length: 
t-split: length: 
t-split : length: 
t-split :length: 
t-split :length :  
t-spl i t  :ac-spli t :spi rant : length: x-weak: 

t-spl it :spirant :x-weak: [ !  ac-spl it ] :  
[ t-spli t 1 :  x�weak: length: 
(t-split1 : x�weak: 
t-split:devoi :x-weak:length: 
( t-spli t 1: devoi: [x�kh 1: (de-asp 1: ( !ac-split 1 :  
t-split:devoi : x-weak: 
t-split:ac-split :x-weak:length :fusion: 
t-spli t :devoi : x-weak: length : 
t-spli t :devoi :x-weak: length : 
t-spli t:devoi : x-weak: length : 
t-split:length : pro-a: 
t-split:ac-split : length:pro-a:pro-m: 
t-split:ac-split: length:pro-a:pro-m: 
t-split:length:pro-a:pro-m: (p�t1: (!ac-split1: 
t-split:length: 
t-split:lengt h :  
[ t2-t 1 1 :  [ t-spli t 1 :  length: ( ng-del1: 
t-split:length : pro-a: 
t-split: length : pro-a: 
[ t l-t21 :(t-spli t 1 :deret : length : 
t-spli t :deret: length : 
t-spli t :  ac-sp I it :  r-u nglide: deret: I engt h :  { s-ts] : 
t-spli t: r-unglide :deret:length: 
t-split: lab-vel : length: 
t-split :ac-spli t: lab-vel :length: 
t-spli t: lab-vel : length: 
t�spli t: lab� vel :length : (i-del1 : 
t-split: lab-vel: length: (i�del1 : 
t-split:lab-ve l : length: 
(t2-t 11 :t�split: lab-vel: length : 
t-split:lab-vel : length: 
t-spli t: lab-vel: £-coal: length: 
t-split: length :pro� b: glide : 
t-split:length:pro-b:glide: 
t-spli t: lab-vel : £-coal : length : 
( t3-t 21: t-spl i t :  I engt h :  pro-b: glide: ( i-del1: 
t-split:length:pro-b:glide:(i-del1: 
t-spli t: length : fusion : pro-b: glide: 
t-s p lit: ac-spl it: I en gt h: pro-a: glide: 
t�spli t: [ unglide 1 :  length: 
t-spli t: lab-dnt ' : lab-dism: length : 
t-split:io-flip: 
t-split:io-flip: 
t-spli t :devoi: io-fli p: 
t-split:rnd: 
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pg 

1 4  
1 4  
1 4  
1 4  
14 
14 
1 4  
1 5  
1 5  
1 5  
1 5  
1 5  
15 
15 
15 
15 
16 
1 6  
16 
1 6  
16 
16 
16 
16 
16 
16 
17  
17  
17  
1 7  
1 7  

1 7  
1 7  
17  
17  
18 
18 
18 
18 
18 
18 
18 
1 8  
1 8  
19 
19 
19 
19 
19 
1 9  
1 9  
19 
19 
20 
20 
20 
20 
20 
20 
20 
20 
20 
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
22 
22 
22 

eo 

3 

6 
7 
8 
9 

3 

6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
6 
7 
8 
9 

2 
3 

6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2 
3 

6 
7 
8 
9 

3 
4 
5 
6 

8 
9 

3 
4 
5 
6 

8 
9 

2 
3 

eh ., sme 

lok 
ts�k 
aae 
aae 
t§ac 
t§i�k 
t§h i�k 
t§h i::.k 
t§h iac 
t�h ac 
§ie>p 
§i3t 
§i3k 
§i<>k 
t.Sia 
£iat 
t.Siat 
t.Sia 
tSiat 
t.Sh ia 
t3h ia 
ih iat 
£h iat 
diia 
diiat 
Si a 
S i  a 
Si a 
Zia 
diia 
Ziap 

Si at 
ilia 
rliat 
kn 
knp 
kat 
knk 
kae 
kae 
kae 
kn 
knk 
kh ua 
kh ua 
kh ua 
kh ak 
khn 
kh at 
kh ua. 
khok 
khok 
kh ac 
�a 
�a 
�a 
�un 
�un 
�np 
�np 
�ae 
Jn 
un 
un 
un 
u un 
uae 
un 
?nk 
pun 
pun 
ph ua. 
puat 
pak 
pnk 
pak 

tn 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
2 

2 
4 
4 

4 
2 
3 
3 
2 
3 

4 
3 

4 
4 
3 

4 
4 
4 

me 

lak 
tsak 
tsa:k 
tsa:k 
tsa:k 
tsak 
tsh ak 
tsh ak 
tsh a:k 
tsh a:k 
sap 
sat 
sik 
sik 
tse 
tsit 
tsit 
tse 
tsit 
tshc 
tshc 
tsh it 
tsh it 
se 
sit 
"" 

se 
s<: 
"" 

s<: 
sip 

tsit 
jc 
j it  
ko 
kap 
bt 
bk 
ka:k 
ka:k 
ka:k 
ko 
kok 
fo 
fo 
fo 
hok 
ho 
hot 
fo 
hak 
hak 
ha:k 
ho 
ho 
ho 

hap 
hap 
hak 
ho 
u• 
uo 
uo 
uo 
ua:k 
u• 
ok 
po 
po 
po 
put 
pok 
pok 
pok 

tn I Diachronic 

4b 
4a 
4b 
4b 
4a 
4a 
4a 
4a 
4e 
4e 
4a 
4a 
4a 
4a 
la 
4e 
4e 
2a 
4e 
la  
2a 
4e 
4e 
lb 
4b 
2a 
3a 
3a 
2b 
3b 
4e 

4e 
2b 
4b 
la 
4e 
4e 
4e 
4e 
4e 
4e 
3a 
4e 
la 
la 
2a 
4e 
2a 
4a 
3a 
4a 
4a 
4e 
lb 
lb  
lb  
lb 
lb 
4b 
4b 
4b 
3b 
lb 
lb  
lb  
lb 
4b 
3b 
4e 
la 
3a 
la 
4b 
4a 
4e 
4e 

t-spl it : io-flip:  
t-split: io-flip: 
t-spli t : f  ricat :devoi : retrof:deret : length: fusion: 
t-split:  f ricat :devoi : retrof:deret : length :fusion: 
t-spli t :deret: length: fusion:[! ac-spli t]: 
t-spli t: r-u nglide :deret: io-fl i p: 
t-spl it: r-unglide:deret: io-fl i p: 
t-spl it :  r-u nglide:deret: io-ft i p: 
t-sp I it: ac-s pl it: de re t: I e ngth: pal-d ism: fusion: 
t-spl it: ac-spl it: deret: length: fusion: 
t-spli t :  r-u nglide: deret : io-fti p:  
t-spl i t :  r-unglide: deret: io-fti p:  
t-spli t: deret :color: 
t-spli t: deret :color: 
t-s pi it: sharp: ret rof: de ret: u n g I id e :  
t-spli t :  ac-spl it :  fricat : retrof: deret : io-flip: rime: 
t-spli t :  ac-spli t :  retrof: deret: io-fti p:  rime: 
t-spli t :sharp: retrof:deret : u nglide: 
t-spli t :  ac-spl it: retrof:deret : io-fti p:  rime: 
t-spli t :  sharp : ret rof:deret: u nglide: 
t-spli t :  sharp: r-u ngl ide :  deret : 
t-spli t: ac-spl it :fricat : retrof: deret : io-ftip: rime : 
t-spl it :  ac-spl it :  fricat : retrof: deret :io-ftip: rime: 
t-split:affric:devoi :sharp:retrof:deret:unglide: 
t-spl it :affric:devoi :retrof:deret : io-ftip:rime: 
t-spl it :sharp: ret rof: deret: u ngl ide: 
t-spl it :sharp: retrof:deret: u ngl ide: 
t-spl it :sharp: retrof: deret: ungl ide: 
t-spl it :devoi:  sharp : retrof: deret: ungl ide : 
t-spl it :  aff ric:devoi :sharp: retrof: deret :u ngl ide: 
{ t-spl it): ac-spl it :devoi : retrof:deret : io­
ftip:rime: 
t-spli t :  ac-spl it :  retrof: deret : io-fti p: rime: [ s-ts] : 
t-split :sharp: pro-d :glide: 
t-sp I it: io-ft i p: rime: pro-d: glide: 
t-spl it :rnd:  
t-spl i t :  ac-spl it: [back....a-f ranted) : 
t-spli t :ac-split: rnd: 
t-split:ac-split: rnd : 
t-spl it :  ac-spl it:  lengt h :  fusion: 
t-spl it :  ac-spli t: length :  fusion: 
t-spli t :ac-spl it :  length :  fusion: 
t-split:rnd: 
t-spl it :  ac-spl it :  rnd: 
t-spli t :spi rant : lab-vel : f-coal : rnd : 
t-spl i t  :spi rant : lab-vel: f-coal : rnd: 
t-spl it :spi rant: lab-vel: f-coal: rnd: 
t-spl i t :  ac-spl it: spi rant : x-weak : back-asm: rnd : 
t-spl i t :  spi rant : x-weak: rnd: 
t-spl it: spi rant : x-weak: rnd : [! ac-spli t] :  
t-spl it :spi rant : I ab-vel: f-coal : rnd: 
t-spl it  :spi rant : x-weak : io-ft i p: 
t-spl it :spi rant: x-weak : io-ft i p: 
t-split:ac-split:spirant:x-weak:length:fusion: 
t-spl it :devoi:x-weak :rnd: 
t-split:devoi :x-weak: rnd : 
t-spli t :devoi : x-weak : rnd : 
t-spl i t :  rnd: pro- b:gl ide: 
t-spl it: rnd: pro-b:gl ide: 
t-spl i t :devoi :x-weak : [back_a-fronted] : 
t-spli t :devoi :x-weak: [back_a-fronted] : 
t-spli t :devoi : x-weak : fusion: 
t-spl it :devoi : x-weak: rnd: 
t-split:rnd: 
t-split :rnd: 
t-split :rnd: 
t-split :unglide :rnd : 
t-sp I i t :  ler.gth: fusion:  
t-split:rnd: 
t-spli t :  ac-spli t :  rnd : pro-a: 
t-spl it :  lab-dism:rnd: 
[ t l-t3] :t-spli t: lab-cl ism: rnd: 
t-spli t :  lab-dism: rnd: [de-asp] : 
[t-split] :lab-dism:rnd: 
t-split:back-asm:rnd: [!ac-split]: 
t-spli t :ac-spli t :  rnd: 
t-spli t: ac-spli t: back-asm: rnd : 
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rnd-adj: 



pg I eo T eh 

2 2  
2 2  
2 2  
22  
22  
2 2  
23  
23  
2 3  
2 3  
23  
23  
2 3  
23  
23  
23  
2 4  
2 4  
2 4  
2 4  
2 4  
2 4  
2 4  
2 4  
24  
25  
25  
25  
25  
25  
2 5  
2 5  
25  
25  
25  
25  
2 6  
26 
26 
26 
26 
2 6  
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
28 
28 
28 
28 

29 

29 
29 
29 
29 

29 
29 
29 

4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

3 
4 
5 
6 
7 
7 
8 
8 
9 
1 
2 
3 
3 
4 
5 
6 
6 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 

6 
7 
8 

smc 

pac 
pun 
pun 
ph ua. 
ph ua. 
ph ua.t 
bun 
ph ua. 
pac 
mnk 
mun 
mun 
mun 
mo 
mua.t 
mun 
mua.t 
mua.t 
mu�t 
mnk 
mok 
mok 
vy;at 
tn 
dua.t 
tun 
tun 
dun 
thn 
thn 
th ua.t 
thnk 
thnk 
dn 
dn 
t h ua. 
nn 
nun 
In 
In 
In 
!un 
Ink 
Ink 
Ink 
Ink 
dza.k 
dza.k 
tsn 
dzua. 
dzua. 
tso 
tsa.k 
tsh a. 
tsh o 
sun 
sun 
tiuk 
sun 

tio 
snk 
tSyat 
tak 
ttak 
.1iak 

dz..ak 
thak 
Syat 
tiiak 

rliak 
kun 
kua.k 

tn 

4 
2 
3 

4 

3 

4 

4 
3 

4 

3 

4 

2 

2 
3 

3 

2 
4 

4 

4 

4 

4 

me 

pak 
p> 
p> 
ph, 
ph, 
phut 
ph, 
ph, 
pik 
m> 

m> 
m> 

b 
b 
lo 
b 
bk 
bk 
bk 
bk 
ts:>k 
ts:>k 
ts> 
tsh:> 
ts> 
tsou 
ts:>k 
tsh:> 
tsh:> 

suk 

s>k 
tsyt 
tsoek 
tsuk 
tsoek 

tsuk 

tsuk 
tsh oek 
syt 
jcek 

jcek 

kw:>k 

tn Diachronic 

4c t-split:ac-split:fusion: 
2a t-split:lab-dism:rnd: 
3a t-split:lab-dism:rnd: 
la t-split:lab-dism:rnd: 
la t-split:lab-dism:rnd: 
4a t-split: lab-dism:rnd:[!ac-split]:  
lb t-split:asp:devoi: lab-dism:rnd: 
3a t-split :lab-dism:rnd: 
4a t-split:fusion : [a-i] : (lac-split] : 
2a [t4-t2] : (t-split]:rnd :[k-del]: 
la [t-split]:!ab-dism:rnd: 
la [t-split]:lab-dism:rnd: 
l h  t-split:lab-dism:rnd: 
lb t-split: raise: 
4c (t-split]:ac-split:lab-dism:rnd: 
3b t-split:lab-dism:rnd: 
4c [t-split):ac-split: lab-dism:rnd: 
4b t-split:lab-dism:rnd: 
4b t-split:rime: 
4b t-split : rnd:  
4b t-split:io-flip: 
4b t-split:io-flip: 
4 b t-spli t :devoi: lab-dnt ': lab-dism: io-fli p: 
1 a t-spli t :  rnd: 
4b t-split:devoi :rnd: 
2a t-split:rnd:unglide: 
2a t-split:rnd:unglide: 
3b t-split:t2-merge:devoi:rnd:unglide: 
la t-split:rnd: 
la t-split:length: 
4c t-split:ac-split:rnd : 
4c t-split:ac-split :rnd: 
4c t-split:ac-split:rnd: 
l b  t-split:asp:devoi:rnd: 
1 b t-split:asp:devoi :rnd: 
2b [t-split] :rnd:unglide: 
1 b t-split:rnd: 
3a [t-split] : rnd:unglide: 
1 b t-split:rnd: 
1 b t-split:rnd: 
1 b t-split :rnd: 
lb t-split:rnd:unglide: 
4c t-split :ac-split :rnd: 
4c t-split:ac-split:rnd: 
4c t-split:ac-split:rnd: 
4b t-split:rnd: 
4b t-split:devoi :rnd: 
4b t-split:devoi :rnd: 
2a t-split:rnd: 
3b t-spli t: t2-merge: asp :devoi : rnd: unglide: 
3b t-split:t2-merge:devoi:rnd:unglide: 
3b [t-split]:raise: 
4c t-split:ac-split : rnd: 
la t-split:rnd: 
3a t-split: 
la t-split:rnd:unglide: 
la t-split:rnd:unglide: 
4a t-split:unglide:deret: 
2a t-split:rnd:unglide: 
2a t-split:rnd:unglide: 
2a t-split:r-unglide:deret: 
4c t-split:ac-split:rnd: 
4c t-split : ac-spli t :  retrof:deret :io-fli p: rime: 
4c t-spli t :ac-split: fricat: retrof:deret: [ a-oe] : 
4c t-split:ac-split:deret: back-asm :rnd: 
4 b t-split:devoi : fricat : retrof:deret: back­

asm:rnd:color: 
4 b t-split :devoi :fricat: retrof: deret: back-

asm:rnd: 
4b t-split :devoi :deret: back-asm:rnd: 
4c t-spli t: ac-split : fricat: retrof:deret: [ a-oe] : 
4c t-spli t :ac-split : retrof:deret: io-flip: rime: 
4c [t-spli t) :ac-spli t: back-asm: rnd :color: pro­

d : glide-ins: 
4b 
la 
4c 

t-split:back-asm:rnd:color:pro-d:glide-ins: 
t-spli t :  lab-vel : rnd: [kw-w] : 
t-spli t :ac-spli t : lab-vel :rnd: 
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rnd-adj: 

brk-b: 
rnd-adj: 

rnd-adj: 
rnd-adj: 

rnd-adj :degem: acute : 

rnd-adj :degem :acute: 

rnd-adj: 

rnd-adj: 

rnd-adj: 

I 



Ps I 
29 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
31 
31 
31 
31 
31 
31 
31 
31 
31 
32 
32 
32 
32 

32 
32 
32 
32 
32 
32 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
34 
34 
34 
34 
34 
34 
34 
34 
34 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
36 
36 
36 
36 
36 
36 
36 
36 
36 
37 
37 
37 
37 
37 
37 
37 

9 

2 
3 
4 
5 
6 

8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

3 
4 

6 
6 
7 
8 
9 

2 
3 

6 
7 
8 
9 

3 

5 
6 
7 
8 
9 

3 
3 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 

8 
9 

2 
3 

5 
6 
7 

eh I sme 

ku�k 
kua 
kua 
kua 
kh ua.t 
kua.t 
kh ak 
yua.t 

xua 
xua 
xua 
lU�k 
lURC 
?ua 
ga 
gua 
?ak 
pi at 
biat 
ph i at 
miat 
! ia  

diat 
diap 
diap 
diap 
diap 
th iap 
th iap 
t h iat 
niat 
liap 
liat 
liat 
l iat 
lyat 
kai 
kai 
kai 
tsiap 
kiat 
giat 
tsiat 
kiat 
dziat 
tsia 
kai 
tsia 
kai 
kai 
kai 
kai 
kai 
tsh iat 
gia. 
tsh i a  
kh iap 
si  a 
xi at 
zia 
yai 
Jiap 
si a 
xyat 
si a 
si a 
zia 
J&i 
l&i 
si at 
?iat 
ia 
ia 
ia 

t n  

4 
2 
2 
3 
4 

4 
4 
2 

2 
3 

1 
2 
3 

2 
3 
3 
3 
3 
3 
3 

1 
2 

4 
3 
3 
3 

4 

2 
2 
3 

me 

kw:>k 
kwo 
kwo 
kwo 
fut 
kh ut 
kh w:>k 
ut 
fo 
fo 
fo 

wak 
wok 

tit 
tip 
tip 
tip 
tip 
th ip 
th ip 
th it 
nip 
l ip 
lit 
lit 
lit 
lyt 
ka:i 
ka:i 
ka:i 
tsip 
kit 
kit 
tsit 
kit 
tsit 
ts<: 
ka:i 
ts<: 
ka:i 
kai 
kai 
kai 
kai 
tsh i t  
khc 
tshc 
hip 
se 
hit 
ts<: 
ha:i 
hip 
se 

hyt 
se 
se 
tsc 
ha:i 
ha:i 
sit 
j it 
ja: 
jc 
jc 

tn 

4e 
2a 
2a 
3a 
4e 
4e 
4a 
4b 
2a 
2a 
3a 
3b 
3b 
4b 
4b 
la 
2b 
3a 
4a 
4e 
4b 
4a 
4b 
4a 

4a 
4b 
4b 
4b 
4b 
4e 
4e 
4e 
4b 
4b 
4b 
4b 
4b 
4e 
la 
la 
l a  
4 e  
4e 
4b 
4e 
4e 
4b 
2a 
2a 
3a 
3a 
3a 
3a 
3a 
3a 
4c 
lb 
2a 
4e 
la 
4e 
lb  
l b  
4 b  
2 a  
4 e  
3 a  
3 a  
3 b  
3 b  
2 b  
4 e  
4 e  
2 b  
2b 
lb 

Diachronic 

t-spli t:ac-spli t: lab-vel :io-fli p: back-asm:rnd : 
t-split:lab-vel: rnd: 
t-spli t :  lab-vel: rnd : 
t-split: lab-vel :rnd:  
t-split: ac-spl i t  :spirant: lab-vel: f-coal :  rnd : 
t-split: ac-spli t :  rnd : [asp] : 
t-split' rnd ' [ x-lab}' [! ae-spli t} ' 
t-split: rnd: pro-b: 
t-split: lab-vel : f-coal : rnd: 
t-split: lab-vel : £-coal : rnd: 
t-split:lab-vel : f-coal : rnd: 
t-spli t :  t2-merge: rnd :  pro-b: glide: 
t-split: rnd : pro-b:gl ide: 
t-spl it: io-fiip: pro-b: glide: 
t-spl it :fusion: back-asm : rnd: pro-b: glide: 
t-spli t :glide: rnd: 
t-split:rnd: 
t-spl it: rnd : u nglide : 
t-spli t: pro-a: [ !  ac-spli t] :  
t-split: ac-spl it :  io-fii p :  rime: 
t-split:devoi: i o-fii p :  rime: 
t-split: io-fl i p:  rime: [!ac-spl it] :  
t-spl it: io-fl i p :  rime: 
[t 1 -t4] :t-split :  retrof:deret: io­
flip:unglide: [ ! fricat]: 
[ t-spl it] :  devoi: io-A i p: rime: [ !  ac-spli t ] :  
t-split :devoi : io-flip: rime: 
t-split:devoi : io-Aip:rime: 
t-split:devoi : io-flip :rime: 
t-split:devoi : io-Aip:  rime: 
t-split:ac-split : io-flip:rime: 
t-spl it: ac-spl it :  io-fli p: rime: 
t-split:ac-split : io-Aip:rime: 
t-spl it :  io-fli p: rime: [ t-p]: 
t-split: io-Ai p : rime: 
t-spli t :  io-Ai p: rime: 
t-spli t :  io-A i p: rime: 
t-split: io-Aip : rime: 
[ t-spli t ] :  ac-spl it: io-fl i p: rime: 
t-split: length: 
t-spl it: length : 
t-spl it: length :  
t-spli t :  ac-sp l i t :  io-flip :  rime: 
t-split:ac-split: io-flip :rime: 
t-spl it: devoi:  io-fl i p :  rime: 
t-split:ac-split: io-flip :rime:  
t-split:ac-split : io-flip :rime:  
t-split :devoi : io-flip: rime: 
t-spli t :  sharp : ungl ide: 
t-split:length: 
t-spl it :sharp: u ngl i de: 
t-split:length: 
t-split: 
t-split: 
t-split: 
t-split: 
t-spl it: ac-spli t :  io-fl i p: rime: 
t-spl it :asp: devoi : sharp: u nglide: 
t-split:sharp:unglide: 
t-split:ac-split:spirant:x-weak:io-flip:rime: 
t-spli t :sharp: unglide: 
t-split :ac-split :x-weak:io-flip :r ime: 
t-spl it :  affric :devoi :sharp: u nglide : 
t-split :devoi : length : 
t-split:devoi:io-flip:rime: 
t-spl it :sharp: unglide: 
t-spli t: ac-split: x-weak: io-fl i p :  rime: 
t-spl it :sharp: unglide: 
t-split:sharp:unglide: 
t-s pI i t :  affri c: devoi: sharp: u n g 1 id e: 
t-split :devoi : length : 
t-spli t :devoi: length: 
t-split : ac-split : io-fl ip: rime: 
t-spl i t :  ac-s pI it: i o-flip:  rime: pro-a:gl ide-ins: 
t-split :glide: length : 
t-spli t:glide :sharp: 
[t3-t 1] 't-split,glide,sharp' 
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rnd-adj : 
rnd-adj :degem: 

rnd-adj :degem: 



pg 

37 
37 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
39 
39 
39 
39 
39 
39 

39 
39 
39 
40 
40 
40 
40 
40 
40 
40 
40 
40 
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
43 
43 
43 
43 
43 
43 
43 
43 
43 
44 
44 
44 
44 
44  
44 
44 
44  
44 
44  
45 

4 5  
45 
45 
45 

CO 

8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 

7 
8 
9 

3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
7 
8 
9 
9 
1 
2 
3 
4 
5 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 

eh smc 

lit iap 
:11: uiap 
1E uiak 
11 uiak 
Ill! liak 
� dzyat 
lll gyat 
/R kyat 
lit kak 
lit kh yat 
ill kh iak 
• kh ak 
!I xya 
• siat 
ftj siak 
,., J&k 
l!l syat 
!<l ?iak 

1Jt yat 
(lij yat 
fl uyat 
� yat 
ffi uak 
$f: uak 
llf tsi 
� tsi 
it tsi 
it tsi 
f( tsi 
t$ tsi 
=f tsi 
fl dzi 
'i' dzi 
.. tsh i 
:!!! tsh i 
!li: dzi 
g dzi 
lilll dzi 
5t zi 
l;;J zi 
iJil zi 
Jlt tsh i 
*'! tsh i 
lX tsh i 
liJ si 
llli si 
l!Ji si 
:ft. si 
it si 
1!!. si 
11: si 
n si 
lrn si 
• si 
ftl zi 
re zi 
'!I zi 
!Ill zi 
m ti 
ill ti 
:it tsi 
� tSi 
lli tsi 
!Ill tsi 
2: tSi 
� tSi 
tt tSiop 
!!! tsiok 
R tSiac 
VI tsiop 
fi! ai.t 

11: aiok 
fl ai.k 
fl :iiok 
� tSi�k 

tn I me 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 

4 

2 
3 
3 

2 
3 
3 

2 
3 
3 
3 

3 
3 

4 

4 

4 
4 

j ip 
j ip 
joek 
joek 
loek 
tsyt 
kw at 
kh yt 
k>k 
kh yt 
kh oek 
kh ok 
hce 
sit 
soek 
hok 
syt 
joek 

jyt 
jyt 
jyt 
jyt 
uok 
uok 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
si 
si 
s i  
si 
si 
si 
si 
tsh i 
si 
si 
tsh i 
si 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsa.p 
tsik 
tock 
tsap 
tsat 

tsik 
tsik 
tsik 
tsik 

tn Diachronic 

4b t-split:glide-ins:io-flip: rime: 
4b t-split :io-flip:rime: pro-c: glide-ins: 
4b t-split:pro-c:glide-ins:back-asm:rnd:color: 
4b t-split:pro-c:glide-ins:back-asm:rnd:color: 
4b t-split:back-a.sm:rnd:color: 
4b t-split:devoi:io-flip:rime:  
4b t-split:devoi:y-split:lab-vel: 
4a t-split: io-f!ip:rime:[asp] : [!ac-split]: 
4c t-split:ac-split:ba.ck-a.sm:rnd: 
4c t-split:a.c-split:io·flip:rnd: 
4c t-split:a.c-split:ba.ck-asm:rnd :color: 
4c t-split:a.c·split:rnd: 
l a.  t-split:x-wea.k:sha.rp:color: 
4c t-split:a.c-split: io-flip:rime: 
4c t-split:ac-split:back-a.sm : rnd:color: 
4b t-split:devoi:back-a.sm: rnd: 
4c t-split:a.c-split:io-flip:rime: 
4c t-spli t: ac-spli t: pro-a.:glide-ins: back-

asm:rnd:color: 
4b t-split:glide-ins: io-flip: rime: 
4b t-split:glide-ins: io-flip: rime: 
4b t-split:io-flip:rime:pro-c :glide-ins: 
4b t-split:glide-ins:io-flip:rime: 
4b t-split :back-asm:rnd: 
4b t-split :back-asm:rnd: 
l a  t-split: 
l a  t-split: 
l a  t-split: 
l a  t-split: 
2a t-split: 
2a t-split: 
2a t-split: 
3b t-split :devoi: 
3b t-split :devoi: 
l a  t-split: 
la t-split: 
lb t-split:a.sp:devoi: 
lb t-split:asp:devoi: 
1 b t-split:asp:devoi: 
lb t-split:affric:a.sp: 
1 b t-split:affric:a.sp: 
l b  t-split:a.ffric:asp: 
2a t-split: 
3a t-split: 
3a t-split: 
la t-split: 
la t-split: 
la t-split: 
l a  t-split: 
la t-split: 
la t-split: 
2a t-split: 
3a t-split:[asp]:[s-ts]: 
3a t-split: 
3a t-split: 
2b t-split:affric:a.sp: 
3b t-split: t2-merge:devoi: 
3b t-split:a.ffric:devoi: 
3b t-split:affric:devoi: 
la t-split :fricat:retrof:deret: 
l a  t-split:fricat: retrof:deret: 
la  t-split:retrof:deret: 
la t-split:retrof:deret: 
la t-split: retrof:deret: 
la t-split: retrof:deret: 
la t-split: retrof:deret: 
la t-split:retrof:deret: 
4a t-split : retrof:deret:io-flip:unglide: 
4a t-split:retrof:deret:rime: 
4c t-split :a.c-split :sharp:pal-d ism:  fusion: 
4a t-spli t: retrof:deret: io-flip: unglide: 
4 b t-split: fricat:devoi : retrof:deret : io-

f!ip:unglide: 
4 b t-split :frica.t:devoi : retrof:deret : rime: 
4 b t-split:fricat :devoi : retrof:deret:rime: 
4 b t-split:affric:devoi : retrof:deret :rime: 
4a t-split:retrof:deret:rime: 
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45 
45 
45 
45 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
47 
47 

47 
47 
47 
47 
47 
47 
47 

48 
48 

48 
48 
48 
48 
48 
48 
48 
49 
49 
49 
49 
49 
49 
49 
49 
49 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
5 1  
51  
5 1  
5 1  
5 1  
51 
5 1  
5 1  
5 1  
5 2  
5 2  

52 
52 
52 
52 
52 
52 
52 
53 
53 
53 

I eh 

6 !I!; 
7 .R 
8 
9 

2 
3 

6 
7 
7 
8 
9 
I 
2 

3 

6 
7 
8 
9 

3 
4 
5 
6 
7 
8 
9 

4 
5 
6 
7 
8 
9 

3 
4 
5 
6 
7 
7 
8 
9 
I 
2 
3 
4 
5 
6 
7 
8 
9 
I 
2 

3 
4 
5 
6 
7 
8 
9 

2 
3 

8 
JL 
i!ii 
J!!: 

tSi 
tSi 
tSi 
tSi 
tSi 
tSi 
tSiai 
1i 
ti 
tSi 
£i 
tSi 
tSi 
tSi 
di 
tSi.,t 
kh iac 

:ii 
£h i 
tsh i 
ulh iac 

Si 
tSh iac 

Si 
ji 
ji 
Si 
Si 
Si.,p 
�i;at 
Si.,t 
ii 
:ii;�p 
:ii;.p 
d:ii;)t 
d:ii3k 
d:ii;)k 
Si.,k 
:iiac 

Si 
Si 
ji 
ji 
ji 
Si 
Siai 
Siai 
:iiai 
:ii 
d:ii 
ii 
d�i 
d�i 
d�i 
Si 
ii 
:ii 
Si:.t 
Si.,k 
Siac 

n.i.,t 
rli 
rli 
rli 
lli 
pi;)k 
b i  
pi 
pi 
pi 

tn 

2 
2 
2 
3 
3 

3 
3 
3 
3 
3 
3 

3 

2 
3 
3 
3 
2 
3 

2 
3 
3 

4 
4 

4 

2 
3 
4 
3 
2 
2 
2 

me 

tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsai 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsi 
tsat 
hck 

tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tsh i 
tshck 

si 
si 
si 
si 
si 
sap 
sat 
sat 
si 
sap 
sap 
sat 
s ik 
s ik 
s ik 
sck 

tsh i 
si 
si 
si 
sai 
tsh i 
sai 
sai 
sai 
si 
si 
s i  
s i  
si 
s i  
si 
si 
s i  
sat 
sik 
s ik 

jat 
j i  
j i  
j i  
j i  
pik 
pei 
pei 
pei 
ph ei 

tn 

2a 
2a 
2a 
2a 
2a 
2a 
3a 
3a 
3a 
3a 
3a 
3a 
3a 
3a 
3b 
4a 
4e 

l b  
ib 
lb 
lb 
2a 
2a 
4e 

3a 
4e 

la  
la  
l a  
l a  
l a  
4 a  
4a  
4a 
lb 
4b 

Diachronic 

t-spl it :retrof:deret : 
t-split : retrof:deret : 
t-spli t: retrof:deret : 
t-split: retrof:deret : 
t-split : retrof:deret : 
t-split: retrof:deret: 
t-s pi it: re t rof: d er et: pal-d ism: 
t-split:  fricat : retrof:deret : 
t-spli t :fricat :retrof:deret: 
t-split: retrof:deret: 
t-spl it: fricat: retrof:deret : 
t-spli t: retrof:deret : 
t-split :retrof:deret: 
t-spli t: retrof:deret: 
t-s pi  i t :fricat:devoi :retrof: deret : 
t-spli t: retrof: deret : io-fli p :  ungl ide:  
t-s pI it: ac-s pI  it :  s pi  rant: x-weak: sharp: pal­
dism:fusion: 
t-spli t :asp: fricat :devoi : ret rof: deret : 
t-spli t :asp:fricat:devoi : ret rof: deret : 
t-spli t: asp: fricat : devoi : retrof: deret : 
t-split: asp: aff ric:devoi: retrof:deret : 
t-spli t: fri cat: retrof:deret : 
t-spl it: retrof:deret: 
t-spl it: ac-split: sharp: retrof: deret : pal­
dism:fusion: 
t-spli  t: retrof: deret: [asp] : [ s-ts J :  
t-split: ac-spli t :  retrof:deret : io­
fli p : rime:fusion:{de-asp] : 
t-spli t: retrof:deret : 
t-split:deret: 
t-split:deret: 
t-spli t: retrof: deret : 
t-spli t: retrof: deret: 
t-s pi it: retrof:deret: io-A i p :  ungl ide: 
t-s pi it: r-u ngl i de:deret : io-A i p :  
t-spli t :  retrof:deret: io-A i p :  u ngl ide: 
t-spl it :  devoi : retrof:deret : 
t-spl it :  devoi : io-A i p: ungl ide: 

4b t-split:devoi:io-Aip:unglide: 
4b t-split :affric:devoi :io-Ai p :unglide: 
4b t-split :affric:devoi :rime: 
4b t-split :affric:devoi:rime: 
4a t-split:retrof:deret:rime: 
4b t-split:devoi :sharp: retrof:deret:pal-

dism:fusion: 
2a t-spl it: retrof:deret: [asp) : { s-ts J : 
2a t-split : retrof:deret: 
2a t-split:deret: 
2a t-split:deret: 
2a t-split:deret:[a-ins): 
2a t-spli t : retrof:deret:(asp ): (s-ts] : 
3a t-spl it :  retrof:deret: io-fti p: pai-d ism: 
3a t-spl it :  retrof: deret : io-A i p: pai-d ism: 
3 b t-spli t :devoi: retrof :deret: io-A i p :  pal-dism: 
3 b t-spli t :t 2-merge:devoi : retrof:deret: 
3b t-split:affric:devoi :retrof:deret: 
3b t-split:devoi:retrof:deret: 
3b t-split:t2-merge:devoi :deret: (asp): 
3 b t-spl it :  t2-merge:devoi :deret : [asp] : 
3b t-split:asp:devoi:deret: 
3a t-split: retrof:deret: 
2b t-split:devoi:retrof:deret: 
2a [t-split] :devoi :retrof:deret: 
4a t-split:retrof:deret:io-flip:  unglide: 
4a t-split: retrof:deret:rime: 
4a t-split:retrof:deret : io-fli p:  ri me:fusion : (!ac-

split]: 
4b t-split:io-flip:pro-d:glide: 
l a  [t-split) :pro-d:glide-ins: 
lb t-split:pro-d:glide-ins: 
2b t-split:pro-d:glide-ins: 
3b t-split:pro-d:glide-ins: 
4a t-spl it : rime:  
3b t-split:devoi: 
2a t-split: 
2a t-split: 
2 b  [t-split]:[asp]: 
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brk-d: 
brk-d: 
brk- d :  

brk-a: 
brk-a: 
brk-a: 
brk-a: 



pg 

53 
53 
53 
53 
53 
53 
53 
53 
54  
54  
54 
54  
54  
54  
54 
54  
54  
55  
55  
55  
55 
55 
55 
55 
55 
55 
56 
56 
56 
56 
56 
56 
56 
56 
56 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
58 
58 
58 
58 
58 
58 
58 
58 
58 
59 
59 
59 
59 
59 
59 
59 
59 
59 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
6 1  
6 1  

4 
5 
6 
6 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

3 
4 
5 
6 
7 
8 
9 

2 
3 
3 

5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

3 

5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
6 
6 
7 
8 
9 

2 

eh sme 

li! piot 
fi piai 
1'li biai 
#Ill biai 
Ill!! biai 
Jll biai 
AI piai 
" p i  
ill bi 
• bi 
tl' piot 
� pi�t 
f.l piac 
� piac 
m ph iai 
� ph i 
!Jt ph iae 
/!l bi 
• bi 
'"' bi 
ll!! ph i�t 
V ph i 
liil ph i 
� m i ai 
il:l miai 
* miai 
{!! p i  
� mi�t 
11 mi;�t 
m miac 
1lf tiai 
f;i tiai 
• tiac 
l'fJ tiac 
lN d i ac 
tk diac 
1l'r diae 
lit tiai 
ll tiai 
n£ tiai 
� tiai 
;il'l diai 
� diai 
it diai 
it di 
M\ th iai 
J1 th iac 
M th iac 
H diai 
trl diai 
1$ diai 
'* diai 
if: th iai 
tf th iai 
� th iai 
¥4 th iai 
i!i! niai 
IB ni 
1$ ni  
llt ni  
i!! u i ac 
� l iai  
¥ l i ai 
J!l! l i  
• l i  
!Ill l i  
Jm l i  
!I l i  
tL l iai  
J!l! l i  
!I! l i  
M l i  
* l i  
!I! l i  
fJf l i ai 
fij l iai 
iii l i ai 

tn I me 

4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
1 

4 
3 
3 

3 
4 
4 

4 
2 

2 
3 
2 
3 
3 
3 

2 
3 
3 
3 

2 
3 

2 

2 
2 
2 
2 
3 
3 
3 

pat 
pai 
pai 
pai 
pai 
pai 
pa.i 
pei 
pei 
pei  
pat 
pit 
pik 
pik 
ph ai 
ph e i  
ph i k  
ph e i  
ph ei 
ph e i  
ph at 
ph e i  
ph e i  
mai  
mai 
mai 
pei 
mat 
mat 
mik 
tai 
th ai 
tik 
tik 
tik 
tik 
tik 
tai 
tai 
tai 
tai 
tai 
tai 
tai 
tei 
th ai 
thck 
th ik 
th ai 
th ai 
th ai 
th ai 
th ai 
th ai 
th ai 
th ai 
nai 
nei 
nei 
nei 
IJ&%k 
lai 
lai 
lei 
lei 
lei 
lei 
lei 
lai 
lei 
lei 
lei 
lei 
lei 
lai 
lai 
lai 

tn Diachronic 

4a t-split:io-flip:unglide: 
3a t-split: io-flip:pal-dism: 
3b t-split:devoi: i o-flip :pal-dism: 
3b t-split:devoi : io-flip:pal-dism: 
3a [t-split]:devoi:io-flip:pal-dism: 
3b t-split:devoi : i o-flip :pal-dism: 
3a t-split: io-flip:pal-dism: 
3a. t-split: 
3b t-split:devoi: 
3a [t-split] :devoi: 
4a t-split:io-flip:unglide: 
4a t-split:rime: 
4a t-split :io-flip: ri me :fusion:[!ac-split]: 
4a t-spli t :io-flip: rime:fusion: [!ac-spli t]: 
la t-split:io-flip :pal-dism: 
la t-split: 
4a t-split : io-fli p: ri me:fusion : ( !  ac-spli t]: 
lb t-split:a.sp:devoi: 
lb t-split:asp:devoi: 
lb t-split:asp:devoi: 
4a t-split:io-flip:unglide: 
3a t-split: 
3a t-split: 
lb t-split:io-flip:pal-dism: 
lb t-split:io-flip:pal-dism: 
2b t-split:io-flip:pal-dism: 
3a t-split: 
4b t-split:io-flip:unglide: 
4b t-split:io-flip: unglide: 
4b t-split : io-flip : rime:fusion: 
la t-split:pal-dism: 
1b  [t-split]:pal-dism: [asp]: 
4a t-split : io-flip:rime:fusion: [ !ac-spl it] : 
4a t-split : io-flip:rime:fusion: [ !ac-spli t ] :  
4 b t-split:devo i : io-flip: rime:fusion: 
4b t-split:devoi : i o-flip:rime:fusion: 
4b t-split:devoi : io-flip:rime:fusion: 
2a t-split : io-flip:pal-dism: 
2a t-spl it : io-flip:pal-dism: 
2a t-split : io-flip:pal-dism: 
3a t-split:io-flip:pal-dism: 
3b t-split:devoi :io-flip:pal-dism: 
3b t-split:devoi : io-flip:pal-dism: 
3b t-split:devoi : io-flip:pal-dism : 
3b t-split:devoi: 
la t-split:pal-dism: 
4c t-spli t :ac-spli t :sharp: pal-dism: fusion : 
4a t-split:io-flip:rime:fusion: [ !ac-split] :  
lb t-split:devo i : io-flip:pal-dism: 
lb  t-split:asp :devo i : i o-ftip:pal-dism: 
lb t-split:asp:devoi:io-fiip:pal-dism: 
1 b t-split:asp:devoi : io-ftip:pal-dism: 
2a t-split:io-flip:pal-dism: 
3a t-split :io-ftip:pal-dism: 
3a t-split:io-flip:pal-dism: 
3a t-split : io-flip:pal-dism: 
lb t-split:io-ftip:pal-dism: 
1 b t-split: 
2b t-split: 
3b t-split: 
4b t-spl it : length:pal-dism:fusion: 
l b  t-split:io-ftip :pal-dism: 
1 b t-split :io-fiip :pal-dism: 
1 b t-split: 
1b t-split: 
1 b t-split: 
1b t-split: 
1 b t-split: 
2b t-split : io-ftip :pal-dism: 
2b t-split: 
2b t-split: 
2b t-split: 
2b t-split: 
2b t-split: 
3b t-split:io-flip:pal-dism: 
3b t-split:io-ftip:pal-dism: 
3b t-split : io-fiip:pal-dism: 
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brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-a: 
brk-a: 
brk-a: 

brk-d: 
brk-a: 

brk-a: 
brk-a: 
brk-a: 

brk-a: 
brk-a: 
brk-d: 
brk-d: 
brk-d: 
brk-a: 

brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-a: 

brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-d: 
brk-a: 
brk-a: 
brk-a: 

brk-d: 
brk-d: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-d: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-d: 
brk-d: 
brk-d: 
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eh 

liai 
I; 
h 
h 
li;Jp 
li�p 
li;)t 
li;)k 
l iac 
liac 
kiai 
k; 
k; 
k; 
k; 
k; 
k; 
tsiac 
kiac 
kiac 
dzi�p 
ki�p 
ki;)p 
gi3p 
dzi3t 
ki�t 
tsi�k 
gi;)k 
tsiac 
dziac 
tsiai 
k; 
k; 
ki�p 
tsiai 
tsiai 
tsiai 
dziai 
kiai 
kiai 
k; 
g; 
g; 
k; 
k; 
g; 
k; 
kui 
tsiac 
tsiac 
tsiac 
tsh iai 
tsh iai 
kh ; 
tsh i;)t 
tsh i�t 
dziai 
dziai 
g; 
g; 
g; 
g; 
g; 
g; 
g; 
kh iai 
kh i 
kh i 
kh iai 
kh ; 
kh i 
kh i 
kh i 
siai 
siai 
kh iai 
x; 

tn 

3 
3 
3 
3 

4 

4 
2 
2 

4 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
3 
3 
3 
3 
4 

4 

4 
4 

2 

2 
3 
3 
3 
3 
3 

me 

tai 
lei 
lei 
lei 
lap 
lap 
lcet 
I ;k 
l ik 
I ;k 
kai 
kei 
kei 
kei 
kei 
kei 
kei 
tsik 
k;k 
k;k 
tsap 
kap 
kh ap 
kh ap 
tsat 
kat 
tsik 
k;k 
tsik 
tsik 
tsai 
kei 
kei 
kh ap 
tsai 
tsai 
tsai 
tsai 
kai 
kai 
kei 
kei 
kei 
kei 
kei 
kei 
kei 
kwai 
tsik 
tsik 
tsik 
tsh ai 
tsh ai 
hei 
tsh at 
tsh at 
tsh ai 
tsh i 
kh ei 
kh ei 
kh ei 
kh ei 
kh ei 
kh ei  
kh ei 
kh ai 
hei 
hei 
kh ai 
hei 
hei 
hei 
hei 
sai 
sai 
kh ai 
hei 

tn I Diachronic 

3b t-sphUo-R;p,pal-d;sm,[I-t]' 
3b t-spht' 
3b t-spi;t ,  
3b t-spi;t, 
3b [t4-t3P-sphUo-R;p ,ungi;de' 
4a [t-spi;tj , ;o-A;p,unghde' 
4b t-split:pre-color:color: 
4b t-split :rime: 
4b t-split : io-ftip:rime :fusion: 
4b t-split:io-Aip:rime:fusion: 
la t-split:pal-dism: 
la  t-split :  
l a  t-split :  
la t-split: 
l a  t-split :  
la t-split: 
l a  t-split: 
4a t-split : io-fiip:  rime: fusion : [!ac-split] : 
4a t-split : io-flip:  rime : fusion : ( !ac-split) : 
4a t-split : io-fl ip:  rime: fusion : ( !ac-split] : 
4b t-split :devoi :io-ft i p : unglide: 
4a t-spl it : io-flip:unglide: 
4a t-split : io-flip:ungl ide: [asp): 
4b t-split:asp:devoi: io-Aip:unglide: 
4b t-split:devoi: io-flip : unglide:  
4a t-split : io-flip:unglide: 
4a t-spl it :r ime:  
4b t-spl it :devoi :rime: 
4c t-split : io-flip:r ime:fusion: 
4b t-split:devoi : io-fl ip:rime: fusion: 
la [t2-t l ] , t-spi;t , pal-d;sm' 
2a t-split :  
2a t-split :  
4a t-split : io-flip:unglide:[asp): 
3a t-spli t : io-flip:pal-dism: 
3a t-split : io-flip:pal-dism: 
3a t-split :io-flip :pal-dism: 
3a {t-split]:devoi:io-flip:pal-dism: 
3a t-split : io-ftip :pal-dism: 
3a t-spl i t : io-flip:pal-dism: 
3a t-split :  
3b t-split :devoi: 
3b t-split :devoi: 
Ja t-split: 
Ja t-split: 
3b t-split :devoi: 
3a t-split: 
3a t-split : lab-vel: 
4a t-split :  io-flip :rime:fusion: {!ac-split]: 
4a t-split : io-flip:rime :fusion : [ !ac-split] : 
4a t-split:io-flip:r ime:fusion : ( !ac-split] : 
l a  t-split:pal-dism: 
l a  t-split:pal-dism: 
l a  t-split :spirant:x-weak: 
4a t-split : io-flip:unglide: 
4a t-split:io-flip:unglide: 
l b  t-split:devoi:io-flip:pal-dism: 
1 b t-split:devo i : io-flip:rime:degem: 
1 b t-split:asp:devoi: 
l b  t-split:asp:devoi: 
1 b t-split:asp:devoi: 
1 b t-split:asp:devoi: 
1 b t-split:asp:devoi: 
1 b t-spl i t :asp:devoi: 
l b  t-split:asp:devoi: 
2a t-split : io-flip:pa.l-dism: 
l a  [t2-tl J : t-split:spirant :x-weak: 
1 a [t2-tl ] : t-split:spirant:x-weak: 
3a t-split:io-flip:pal-dism: 
3a t-split:spirant:x-weak: 
3a t-split:spirant :x-weak: 
3a t-spl it :spirant : x-weak: 
3a t-split :spirant:x-weak: 
la t-split:io-flip:pal-dism: 
la t-spl i t : io-flip:pal-dism: 
l a  t-split:io-flip:pal-dism: 
la t-spl it :x-weak: 
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eh smc 

lit xi 
� xi 
!lt xiop 
A!!. siok 
ll siok 
1t siac 
f1T siac 
:f3 zi�p 
.W ziac 
• siac 
ts'f siai 
W xi 
!Ill siai 
#i yiai 
i!t xi 
m ?i 
� ?i  
tx. ?i  

?i�t 
11: ui  
8 
;( 
JeW 
lit ui  
ll ui  
,. ?i  
M ?i 
E. 
1;.1. i 
Z:. ?iot 

l; IJi&i 
:X ui 
1:)( ui 
" 
• ?i 
#-
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� ?iac 
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yac 
yac 
po 
bo 
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bo 
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bo 
bo 
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tn I 
hei 
hei 

4 khap 
4 sik 
4 sik 
4 sik 
4 sik 

tsap 
4 tsik 
4 sik 
2 sa.i 
2 hei 
3 sai 
3 hai 
3 hei 

ji 
ji 
ji 

4 jat 
j i  
j i  
j i  
j i  
j i  
wai 
j i  

2 ji 
2 j i  
2 j i  
4 jyt 

3 IJ&i 
3 j i  
3 j i  
3 j i  
3 ji 
3 j i  
4 jik 
4 j ik  

4 
4 

4 
4 
2 
3 
3 
3 
2 
2 
3 
3 
4 

4 

4 
2 
2 
3 

2 
2 
3 
3 
3 
4 
4 
4 

jik 
j ik  
jik 
j ik  
j ik 
pou 
pou 
pou 
pou 
pou 
pou 
pou 
fau 
pat 
ph ou 
ph ok 
ph ou 
ph ou 
ph ou 
ph uk 
ph ou 
ph ou 
ph ou 
mou 

mau 

mok 
muk 
muk 
muk 
fu 
fu 
fu 
fu 

tn Diachronic 

l a  t-split:x-weak: 
l a  t-split:x-weak: 
4a t-split:io-flip:unglide: (x-kh]: 
4a t-split:rime: 
4a t-split:rime: 
4a t-split:io-flip:rime:fusion : {!ac-split]: 
4a t-split:io-flip:rime:fusion:{ !ac-split]: 
4b t-split :affric:devoi :io-flip:unglide: 
4b t-split:affric:devoi:io-flip:rime:fusion: 
4c t-split:ac-split:io-flip:rime: 
2a t-split:io-ftip:pal-dism: 
2a t-split:x-weak: 
3a t-split:io-ftip:pal-dism: 
3b t-split:devoi:io-ftip:pal-dism: 
3a t-split:x-weak: 
l a  t-split:pro-a:glide: 
l a  t-split:pro-a:glide: 
l a  t-split:pro-a:glide: 
4a t-split:io-ftip:pro-a:glide: 
1 b t-split:pro-c:glide: 
2b (tl-t2]:t-split:glide: 
I b t-split:glide: 
l b  t-split,glide: 
1 b t-spl it :pro-c:glide: 
l b  t-split,glide: 
2a. t-split:pro-a.:glide-ins: 
2a. t-split:pro-a.:glide-ins: 
2b t-split:glide-ins: 
2h t-split:glide-ins: 
4c t-split:[ac-split] :pro-a:glide-ins: pre-

color:rime: 
3b t-split:pal-dism: 
3b t-split:pro-c:glide-ins: 
2b (t3-t2]:t-split,pro-c:glide-ins: 
3b t-split:glide-ins: 
3a t-split:pro-a:glide-ins: 
3b t-split:glide-ins: 
4a t-split:rime:pro-a:glide-ins: 
4a t-split:io-flip:rime :fusion:pro-a:glide-ins:[!ac-

4b 
4b 
4b 
4b 
4b 
2a 
3b 
3a 
3a 
3b 
3b 
3b 
3b 
4a 
la  
4c 
lb  
2a 
lb  
4a 
2a 
2a 
3a 
la 
2b 
2b 
3b 
3b 
3b 
4b 
4b 
4b 
4b 
la 
la 
la 
la 

split]: 
t-split:glide-ins:io-flip:rime:fusion: 
t-split:glide-ins:io-fiip:rime:fusion: 
t-split:glide-ins:io-ftip:rime:fusion: 
t-split:glide-ins :io-flip:rime:fusion: 
t-split:glide-ins:io-flip:rime:fusion: 
t-split :raise: 
t-split:devoi :raise: 
t-split: raise: 
t-split:raise: 
t-spli t: t2-merge :devoi: raise: 
t-spl it: t 2-merge: devo i :  raise: 
t-split:devoi :raise: 
t-spli t' [raise] :di ph:  io-flip: (b-f] ' 
t-spli t: lab-dism :io-flip: [f-p] ' 
t-split:raise: 
t-split: [ ac-split] : [ u-o] : 
t-split : asp:devoi : raise: 
( t l-t2]:  (t-spli t] :asp :devoi : raise: 
t-spli t :asp:devoi :raise: 
(t-split):asp:devoi: 
t-split: [asp] : raise : 
t-split:raise: 
t-split:raise: 
[t-split]:raise: 
t-split: 
t-spli t:di ph: io-fli p: 
t-split:raise: 
t-split:raise: 
t-split:raise: 
t-split:rnd: 
t-split: 
t-split: 
t-split:unglide: 
t-split:raise:unglide: 
t-split:raise: unglide: 
t-split : [ asp-r] : raise: unglide: 
t-spli t: [ asp-r]: raise: unglide: 
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3 
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8 
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6 

8 
9 
9 
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f0io 
viu 
vio 
via 
fiuk 
viuk 
viuk 
fio 
fio 
fio 
fio 
fio 
fio 
via 
vio 
fio 
fio 
vio 
via 
fiu 
viu 
viu 
fiuk 
fiuk 
viuk 
to 
duk 
duk 
duk 
duk 
to 
to 
to 
do 
do 
do 
do 
do 
du:o�t 
th uk 
do 
do 
do 
do 
do 
th o 
th o 
th 0 

no 

lo 
lo 
lo 
lo  
lo 
lo 
lo 
lo  
l u k  
luk 
l iuk 
l iuk  
tso  
tsy�t 
dzuk 
tsiuk 
tso 
tso 
t§iO 
tsh o 
tsh o 

so  
z iuk  

so  

tn  

2 
2 
3 
3 

3 
3 

2 
3 
3 
3 

3 

2 
2 
3 
3 
4 
4 

4 

2 
2 

l 
3 

4 
3 
3 

fu 
fau 
fu 
fu 
fuk 
fuk 
fuk 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fu 
fuk 
fuk 
fuk 
tou 
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tuk 
tuk 
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tou 
tou 
tou 
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th uk 
th ou 
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th ou 
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th ou 
nou 

nou 
lou 
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lou 
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lou 
lou 
luk 
luk 
luk 
luk 
tsou 
tsret 
tsuk 
tsuk 
tsou 
tsou 
ts> 
tsh ou 
tsh ou 

sou 
tsok 
sou 
sou 

tn 

la 
lb 
lb  
l b  
4a 
4b 
4b 
2a 
2a 
2a 
2a 
2a 
2a 
3b 
3b 
3b 
3b 
3b 
3b 
3a 
2b 
3b 
4a 
4a 
4b 
l a  
4 b  
4b 
4b 
4b 
2a 
2a 
2b 
3b 
2b 
3b 
3b 
3b 
4b 
4a 
l b  
l b  
l b  
l b  
lb  
2a  
3a  
3a  
l b  
2b 
3b 
l b  
l b  
lb  
2b 
2b 
2b 
3b 
3b 
4b 
4b 
4b 
4b 
la 
4a 
4b 
4a 
2a 
2a 
2a 
la 
3a 
l a  
l a  
4b 
3a 
3a 

Diachronic 

t-split : [ asp-r) :raise: unglide: 
t-split :devoi : di ph :io-fl i p :  ungl ide :  
t-split : devoi :raise: unglide : 
t-split :devoi :raise: unglide : 
t-split:unglide: 
t-spli t :devoi : ungl ide: 
t-split:devoi :unglide: 
t-spli t: raise: ungl ide: 
t-spl it: raise: u ngl ide: 
t-spli t :  raise: u nglide: 
t-spli t :raise: ungl ide: 
t-spli t :  raise: unglide: 
t-split :raise: unglide: 
t-split:devoi: raise: unglide: 
t-split : devoi : raise: unglide: 
{ t-split]: raise: u nglide: 
( t-split J: raise: u nglide: 
t-split: t2-merge :devoi : raise : unglide : 
t-split:devoi: raise: u nglide: 
t-split:unglide: 
t-spl i t:devoi: u ngl ide: 
t-split: t2-merge :devoi : u n glide: 
t-split :unglide: 
t-split:unglide: 
t-spli t :devoi :ungl ide: 
t-split:raise: 
t-split:devoi: 
t-split:devoi: 
t-split:devoi: 
t-split:devoi: 
t-split:raise: 
t-split:raise: 
it-split] o raise' [asp]' 
t-spl it : t2-merge :devoi: raise: 
t-spl it: asp:devoi: raise : 
t-split:devoi : raise: 
t-split:devoi :raise: 
t-spli t :devoi: raise: 
t-spl it :devoi: io-Ai  p: u ngl ide :  
t-split: 
t-split : asp :devoi: raise : 
t-spli t :  asp:devoi: raise : 
t-split :asp:devoi : raise: 
t-spl i t : asp:devoi: raise: 
t-spl it :asp:devoi: raise: 
t-split:raise: 
t-split:raise: 
t-split: raise: 
t-split: raise: 
t-split: raise: 
t-split:raise: 
t-split:raise: 
t-split: raise: 
t-split: raise: 
t-split:raise: 
t-split: raise: 
t-spli t : raise: 
t-split: raise: 
t-split: raise: 
t-split: 
t-split: 
t-split: unglide: 
t-split:unglide: 
t-split: raise: 
t-split:color: 
t-spl it :devoi :  
t-spl it :unglide: 
t-split: raise: 
t-spli t : raise: 
t-split :deret : unglide: 
t-split:raise: 
t-split: raise: 
t-split:raise: 
t-split: raise: 
t-split :affric:devoi: [i u-o] : 
t-spli t : raise: 
t-split :raise: 
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brk-b' 

brk-b' 
brk-b' 
brk-b' 
brk-b' 
brk-b' 
brk-b, 
brk-b' 
brk-b' 

brk-b' 
brk-b' 
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brk-b' 
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brk-b' 
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brk-b' 
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brk-b' 
brk-b, 
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89 
89 
90 
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90 
90 
90 
90 
90 
91  
91  
91  
91  
91  
91  

eo I eh 

2 ilii 
3 !t! 
4 i! 
5 !if 
6 • 
7 !I 
8 � 
9 * 
9 • 

• 
2 I* 
3 1t 
4 $1: 
5 Ill! 
6 • 
7 j; 
8 11 
9 • 

tt 
2 !£ 
3 !£ 
4 � 
5 if 
6 tt 
7 tt 
8 .llb 
9 m 
1 tJJ 
2 l:ll 
3 � 
4 
5 

6 

7 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
2 
3 
4 
5 
6 
7 

8 
9 

2 
3 
4 
5 
6 
7 
7 
8 
9 

I 
2 
3 
3 

• 
IJ1 

I tn 

so 3 
so 3 
suk 4 
siuk 4 
siuk 4 
tio 
tSio 
tSio 
tSio 
tio 
tio 
tiuk 4 
tiuk 4 
Uiuk 4 
Uio 
tSio 
tSiuk 4 
tio 3 
tio 3 
tio 3 
t.Sio 3 
tSio 3 
tSio 3 
aio 2 
aio 3 
d�io 3 
tSiuk 4 
t;:h io 
tsh y;.t 
aio 

t1h io 
t1h io 
tsh io 
uh io 
th iuk 
tsh iuk 
§iO 
§iO 
Sio 
Sio 
Sio 
iio 
Siuk 
diiuk 
Sio 
Si a 

Sio 
1io 
iiuk 
&�io 
iio 

iio 
fiU 
diy:�t 
diy�t 
rl.io 
rlio 
r\ 
O.iuk 
rliuk 
kio 
kio 
kio 
ko 
ko 
ko 
ko 
ku�t 
kuk 
kuk 

2 

2 
3 

2 
2 

2 
4 
3 

3 
3 

4 
I 

2 
2 
2 
4 
4 
4 

sou 
sou 
tsh uk 
suk 
suk 
tsy 
tsy 
tsy 
tsy 
tsy 
tsy 
tsuk 
tsuk 
tsuk 
tsy 
tsy 
tsuk 
tsy 
tsy 
tsy 
tsy 
tsy 
tsy 
tsh y 
tsy 
tso 
ts':)k 
tsh ':) 
tsh oet 
tsh y 

tsh ':) 
tsh :> 
tsh y 
tsh y 
tsh uk 
tsh uk 

sy  
sy  
sy  
sy  
suk 
suk 
sy  
sy  
sy 

suk 
sou 
sy 

sy 

scet 
scet 
jy 
jy 
jap 
juk 
juk 
ku 
ku 
k u  
ku 
ku 
ku 
ku 
kwat 
kuk 
kuk 

tn Diachronic I Allophanic 

3a t-split:raise: brk-b: 
3a t-split:raise: brk-b: 
4a 
4a 
4a 
l a  
l a  
l a  
l a  
l a  
la  
4a  
4a 
4a 
2a 
2a 
4a 
3a 
3a 
3a 
3a 
3a 
3a 
2b 
3b 
3b 
4a 
la  
4a 
lb  

lb  
lb 

lb 

t-split: [asp 1 :  [s-ts 1 :  
t-split:unglide: 
t-split:unglide: 
t-spl it: f ri cat: retrof: deret: raise: y-fuse: 
t-spli t: ret rof: deret : raise :y-fuse: 
t-spl it: retrof: deret : raise: y-fuse: 
t-spli t: retrof: deret: raise: y-fuse: 
t-spl it: f ri cat : ret rof: deret: raise: y-fuse: 
t-spl it: { ri cat : ret rof: deret: raise: y-fuse: 
t-spl it: ( ri cat: ret rof: deret: ungli de: 
t-spl it: f ricat: retrof: deret: u n  glide: 
t-s pi it: retrof: deret: ungl ide: 
t-sp I it: retrof: deret: raise: y-fuse: 
t-sp I it: retrof: deret: raise: y-fuse: 
t-sp I it: retrof: deret: un glide: 
t-sp I it: fri cat: retrof: deret : raise: y-fuse: 
t-sp I it: f ri eat: retrof: deret : raise: y-fuse: 
t-s pi it: frica t: retrof: deret : raise: y-fuse: 
t-s pi it: retrof: d er et: raise: y-fuse: 
t-s pli t: ret rof: d er et: raise: y-fuse: 
t-s pi it :  ret rof: d er et: raise: y-fuse: 
t-split:devoi : fricat : retrof:deret:raise:y-fuse: 
t-spl i t:devoi :fricat : retrof:deret:raise:y-fuse : 
t-spl it:devoi: r-unglide:deret: 
t-spl it: retrof: d er et: u ng I i de: 
t-spl it :r-unglide :deret: 
t-spl i t: retrof:deret :calor: 
t-spli t :asp :devoi : fricat: retrof :deret: raise:y­
fuse: 
t-spl it :asp: devoi : r-unglide: deret : 
t-spl it :asp :devoi : fricat: retrof :deret : raise:y­
fuse: 
t-s pi it: asp: devai: f ri cat: ret rof: de ret: raise: y-
fuse: 

2a t-spl it:r-unglide:deret: 
2a t-split :r-unglide:deret: 
2a t-spli t: retraf:deret: raise:y-fuse: 
3a t-spli t: retrof:deret:raise:y-fuse: 
4a t-spli t :affric: retrof:deret :ungl ide : 
4a t-split: retrof:deret:unglide: 
la t-split:r-unglide:deret: 
la t-split:r-unglide:deret: 
1 a t-spl it :affric : retrof:deret : raise:y-fuse: 
1 a t-spli t :affric : retrof:deret : raise :y-fuse: 
1 a t-spl it :  affric : retrof:deret : raise :y-fuse: 
1 b t-spli t :  affric :devoi : retrof:deret: raise:y-fuse : 
4a t-split: retrof:deret:unglide: 
4 b t-spli t :devoi : retrof: deret : unglide : (ts-s) : 
2a t-spli t :  retrof:deret : raise:y-fuse: 
2a t-spli t :  retrof:deret : raise:y-fuse: 
2a t-spli t: retrof: deret: raise :y-fuse: 
2a t-split:r-unglide:deret:raise: 
4 b t-spli t :devoi : retrof:deret :unglide: 
2a (t3-t2] :t-spli t:r-unglide:deret : raise: 
3b t-spli t: t2-merge :devoi :retraf:deret: raise:y-

fuse: 
3b t-spli t :devoi : retrof:deret : raise :y-fuse: 
3a t-split :r-unglide:deret: 
4b t-split:devoi : retrof:deret :color: [ts-s] : 
4 b t-split :devoi : retrof: deret : calor: (ts-s] : 
1 b t-split: raise:y-fuse:pra-d :glide-ins: 
2b t-spli t :raise:y-fuse: pro-d : glide-ins: 
4b t-split:io-flip:pro-d:glide-ins: 
4b t-split:pro-d:glide: 
4b t-split:pro-d:glide: 
la t-split :unglide:raise: 
l a  t-split:unglide: raise: 
1 a t-split :unglide:raise: 
2a t-split:raise: 
2a t-split:raise: 
2a t-split:raise: 
2a t-split:raise: 
4a t-split: lab-vel :io-flip: 
4a t-split: 
4a t-split: 

215 

brk-b: 
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c 
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smc 

ko 
ko 
ko 
ko 
kho 
kh uk 
kh o 
kh o 
kho 

xu;;.t 
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JO 
JO 
JO 
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¥U3t 

JO 
JO 
JO 
?o 
?uk 
uo 
QO 
ll) iO 
QO 
QO 
QO 
Il) iO 
rl]iO 
?o 
QO 
QO 
nJ iO 
rt] iO 
llJY�t 
rlJY�t 
nio 
l io 
l io 
l io 
l io 
l io 
ly3t 
l iuk 
kio 
kio 
kio 
kyat 
kiuk 
giuk 
kio 
kio 
kio 
gio 
gio 
gio 
dzio 
kio 
gio 
giac 
tsh io 
kh io 
kh io 
kh yot 
kh iuk 
kh iuk 
gio 
tsh io 
tsh io 
kh io 
tsh io 
xio 
xio 

t n  

3 
3 
3 
3 

2 
3 
3 

4 
2 
2 
3 
3 

2 

3 
3 
3 
3 
3 

3 
3 

2 
3 
3 

2 
3 
3 

4 

4 
1 
2 
2 
3 
3 

me 

ku 
ku 
ku 
ku 
fu 
huk 
fu 
fu 
fu 
fu 
fat 

wu 

wu 

wu 
wat 
fu 

wuk 

mou 

wu 

mat 
mat 
nrey 
lrey 
lrey 
lrey 
lrey 
lrey 
lret 
luk 
krey 
kh rey 
kh rey 
kuat 
kuk 
kuk 
krey 
krey 
krey 
krey 
krey 
kcey 
tscey 
kcey 
krey 
khck 
tsh oey 
kh cey 
kh cey 
wat 
kuk 
kh uk 
kh cey 
tsh oey 
tsh cey 
hcey 
tsh cey 
hcey 
hcey 

tn 

3a 
3a 
3a 
3a 
la 
4a 
2a 
3a 
3a 
l a  
4a 
l b  
lb  
lb  
l b  
l a  
lb  
l b  
4 b  
2a 
3b 
3b 
3b 
la  
4a  
lb  
lb  
l b  
2b 
2b 
2b 
2b 
2b 
3a 
3b 
3b 
3b 
3b 
4b 
4b 
2b 
lb  
2b 
2b 
3b 
3b 
4b 
4b 
la 
la 
la 
4a 
4a 
4b 
l a  
3a 
3a 
3b 
2b 
2b 
3b 
3a 
3b 
4b 
l a  
l a  
la  
4a  
4a  
4a  
l b  
2 a  
2 a  
3a 
3a 
l a  
la  

Diachronic 

t-spl it :raise: 
t-spl it : raise: 
t-split:raise: 
t-split:raise: 
t-spl it :spi rant : x-lab: f-coal : raise: 
t-spli t :spi rant: x-weak: 
t-sp I i t :  s pi rant: x -lab: f -coal: raise: 
t-s pI it :  s pi rant: x -lab: f -coal: raise: 
t-s pI it: s pi rant: x-I ab: f -coal: raise: 
t-spl it: x-lab: f-coal : raise: 
t-split: lab-vel : f-coal : io-fti p: 
t-spli t: raise: pro-b: glide-ins :  
t-spli t :  raise: pro-b: glide-ins: 
t-spli t: raise : pro-b: glide-ins: 
t-spli t :  raise: pro-b:glide-i ns: 
[ t-spli t ) :  raise: pro-b :glide-ins: 
t-spl it: raise: pro-b: glide-ins: 
t-spli t :  raise: pro-b: gl ide-ins:  
t-split : io-flip:  pro-b:glide: 
t-spl it: x-lab : f-coal : raise : 
t-spl it :  t2-merge: raise: pro-b :glide-ins: 
t-spl i t :  raise: pro-b :glide-ins: 
t-spli t: raise: pro-b: glide-ins: 
t-spli t :  raise: pro-b: glide-ins: 
t-spli t: pro-a: glide-ins: 
t-spli t :  raise : n asal-sy I: 
t-spl i t: rai se: nasal-syl : 
t-spli t :  lab-dnt' :raise : 
t-spli t :  raise: nasal-sy I :  
t-spli t :  raise: n asal-syl : 
t-split :  raise: nasal-syl: 
t-split : lab-dnt ' : raise: 
t-split: lab-dnt ' : raise : 
t-spl i t :  raise: pro-a: glide- ins:  
t-spli t :  raise : nasal-syl : 
t-spl i t :  raise : nasal-syl : 
t-split: lab-dnt ':raise: 
t-split: lab-dnt ':raise: 
t-spl i t :  lab-d nt ' :  lab-d ism: io-fli p: 
t-split : lab-dnt ' : lab-dism:io-flip: 
t-spl it:  raise:y-fuse: 
t-spl i t :  raise:y-fuse : 
t-spl i t :  raise:y-fuse : 
t-sp l i t :  raise:y-fuse: 
t-spli t: raise:y-fuse : 
t-spli t :  raise:y-fuse: 
t-split:color: 
t-split :unglide: 
t-spl i t :  raise:y-fuse: 
t-spl i t :  asp: raise:y-fuse: 
t-spli t: asp: raise:y-f use: 
t-spli t :y-spli t: io-fli p: 
t-split:unglide: 
t-split : devoi: unglide: 
( t2-t 1 ) :  t-spl it: raise: y-fuse: 
t-split: raise :y-fuse: 
t-spli t :  raise :y-fuse: 
t-spli t :  t2-merge: devoi : raise :y-fuse : 
t-spl i t  :devoi: raise :y-fuse : 
t-spli t :devoi : raise:y-fuse: 
t-spl i t :  t2-merge: raise:y-fuse: 
t-spli t :  raise :y-fuse: 
t-spli t :devoi: raise :y-fuse : 
t-split:asp:devoi:sharp:pal-dism:fusion: 
t-spl it: raise :y-fuse: 
t-spli t: raise :y-fuse : 
t-spli t :  raise:y-fuse: 
t-split:y-split:x-lab:io-flip: (kw-w]: 
t-spl; t '  u ng!;de'(  de-asp J '  
t-split:unglide: 
t-spli t :  asp:devoi : raise:y-fuse: 
t-spl i t :  raise:y-fuse: 
t-spli t: raise :y-fuse: 
t-spli t: asp:x-weak: raise:y-fuse: 
t-spli t: raise:y-fuse: 
t-sp 1 i t :  x-weak: raise : y-fuse: 
t-spli t :x-weak: raise:y-fuse : 
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brk-b' 
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brk-c: 
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brk-c: 
brk-c: 

brk-c: 
brk-c: 
brk-c: 
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brk-c: 
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uio 
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jio 
jio 
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io 
uio 
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jio 
io 
io 
io 
IJiO 
uio 
io 
io 
jyok 
iuk 
uiuk 
IJiuk 
iuk 
bac 
pai 
pac 
pac 
pai 
bai 
bai 
ph ac 
bai 
bai 
ph ai 
mai 
mai 
mai 
mai 
mo.c 
mac 
ta.i 
ta.i 
th a.i 
da.i 
da.i 
da.i 
da.i 
ta.i 
th a.i 
da.i 
da.i 
th a.i 
th a.i 
th a.i 
na.i 
niai 
na.i 
na.i 
la.i 
la.i 
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tn I me 
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2 
4 
3 
4 
4 
4 

2 
2 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 

4 
3 
3 
3 
4 

1 
3 

2 
3 
3 
4 
4 
1 
3 
3 
2 
2 
3 
3 
3 

3 
3 
3 
2 
2 
3 
3 
1 
3 

soey 
soey 
soey 
tsh �y 
hoey 
soey 
ts�y 
ts�y 
tsoey 
tsuk 
sai 
soet 
tsh uk 
tsh uk 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
jy 
wik 
juk 
juk 
juk 
juk 
pa:k 
pa:i 
pa:k 
pa:k 
pa:i 
pai 
pa:i 
ph a:k 
ph a:i 
ph a:i 
ph a:i 
ma:i 
ma:i 
ma:i 
mai 
mak 
mak 
ta:i 
ta:i 
th a:i 
bi 
bi 
bi 
bi 
ta:i 
th :>i 
th:>i 
th :>i 
th a:i 
ta:i 
th a:i 
na:i 
na:i 
n:>i 
n:>i 
bi 
la:i 
ts:>i 

tn 

la 
la 
l a  
lb  
2a 
3b 
3b 
3b 
2b 
4b 
3b 
4a 
4a 
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l b  
l b  
l b  
l b  
l b  
lb  
l b  
lb  
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2b 
2b 
2b 
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4b 
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2a 
4c 
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3a 
3b 
3b 
4c 
l b  
lb  
3a 
lb  
2b 
3b 
3b 
4b 
4b 
2a 
3a 
3a 
3b 
3b 
3b 
3b 
3a 
l a  
lb  
l b  
3a 
3a 
3a 
2b 
2b 
3b 
3b 
l b  
3b 
la  
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t-s pi it :  raise: y-fuse: 
t-split :raise:y-fuse: 
t-split :raise :y-fuse: 
t-spli t: affri c: asp: devoi: raise: y-fuse: 
t-split:x-weak:raise:y-fuse: 
[ t-split] : raise:y-fuse: 
t-spli t: affri c: d evoi : raise: y-fuse: 
t-spl it: affri c: d evoi: raise: y-f use: 
t-spl it: affri c: devoi: raise: y-fuse: 
t-spl it: affri c: devoi: u nglide: 
{t-split] : io-fiip: pal-dism: 
t-split:color: 
t-spli t :unglide: ( x-tsh1: 
(t-spli t 1 :unglide: (x-tsh 1: 
t-spli t: raise: y-fuse: pro-c: glide-ins: 
t-spli t: glide-ins : raise :y-fuse: 
t-spli t: glide-ins: raise :y-fuse: 
t-s p lit: raise: y-fuse: pro-c: glide-ins: 
t-spli t: raise: y-fuse: pro-c: glide-ins: 
t-sp lit: raise: y-fuse: p ro-e: glide-ins: 
t-spli t: raise :y-fuse: 
t-split: raise :y-fuse: 
t-spl it: glide-ins: raise: y-fuse: 
t-s pi it: g I i de-ins: raise: y-fuse: 
t-s pi it: raise: y-fuse: pro-c: g I i de-ins: 
t-s pi it: glide-ins: raise: y-fuse: 
t-split: raise:y-fuse : 
t-spl it: glide-ins: raise: y-fuse: 
t-sp I it: g I i de-ins: raise: y-fuse: 
t-sp I it: glide-ins: raise: y-fuse: 
t-spl it: raise: y-fuse: pro-c: g 1 id e-ins: 
t-s pi it: raise: y-fuse: pro-c: g I i de-ins: 
t-split :glide-ins: raise :y-fuse: 
t-s pi it: g I id e-ins: raise: y-fuse: 
t-split: (pro-jJ :  glide: [ schwa-i1 : 
t-split:glide: 
t-split : pro-c: glide: 
t-split : pro-c:glide: 
t-split:glide: 
t-spli t :devoi : length : fusion: 
t-split:length: 
t-s pi it: ac-sp 1 it: length: fusion: 
t-split: ac-spli t: length :fusion : 
t-split:length: 
t-split:devoi: 
t-split:devoi :length: 
t-split :ac-spli t :  length :fusion: 
t-spli t :asp:devoi : length: 
t-split:asp:devoi:length: 
t-split:length: 
t-split:length: 
t-split:length: 
t-split:length: 
t-split: 
t-split:fusion: 
t-split:fusion: 
[ t l-t21 :t-split : length : 
t-split:length: 
t-spli t: length: 
t-split:t2-merge:devoi:rnd: 
t-split:t2-merge:devoi:rnd: 
t-split:t2-merge:devoi:rnd: 
t-split:t2-merge:devoi:rnd: 
t-split: length: 
t-split:rnd: 
t-split:asp:devoi :rnd: 
t-split:asp:devoi :rnd: 
t-split:length: 
t-spli t :  length: (de-asp I: 
t-split:length: 
t-split:length: 
t-split:length:pal-dism: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:length: 
t-split:rnd: 
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2 ts:�i 
2 ts:>i 
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1 tsh a:i 

tsh';)i 
tsh :>i 
tsh :>i 
tsh ;:,i 
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tsh';)i 
tsh'li 

3 tsh:�i 
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s:>i 
4 sak 
3 tsh :>i 
3 ts11 :>i 

tsa:i 
tsa:k 

tsa:k 
tsa:k 
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sa:i 
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3b 
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3b 
l a  
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Diachronic 

t-split :rnd:  
t-split :rnd: 
t-split :rnd:  
t-split : rnd : 
t-split :rnd: 
t-spl it :t2-merge :devoi : rnd : 
t-split:length: 
t-split:asp:devoi:rnd: 
t-split :asp:devoi:rnd: 
t-split:asp:devoi:rnd: 
t-spl it: asp:devoi : rod: 
t-spl it :rnd:  
t-split : rnd : 
t-split :rnd: 
t-split :rnd: 
t-split :rnd: 
t-split :rnd: 
t-split : io-flip: 
t-spl it :  rnd: [asp I :  [s-ts I :  
t-spl it :rnd : [aspl : [s-tsl : 
t-spl it :deret: length: 
( t-spl it J :  fricat : retrof:deret : length: pal­
dism:fusion: 
t-spl it :  fricat: devoi : retrof: deret: length :fusion: 
t-spl it: fricat : devoi : retrof:deret: length :fusion: 
t-spl it: ac-spli t :deret : length :  fusion: 
t-split:deret: length: 
t-split:length: 
t-spli t :ac-spl i t : fricat :retrof:deret :length: 
t-spl it: asp :devoi: deret : length: 
t-split:deret: 
t-spli t :deret: length : 
t-split :rnd: 
t-split :rnd: 
t-spli  t : [back-asml :rnd: [asp I :  
t-split :rnd: 
t-split:spirant:x-weak :rnd: 
t-spli t :spi rant: x-weak : length: 
t-spli t : rnd: 
t-spl i t  :devo i :  x-weak : rnd: 
t-spl i t : x-weak:rnd : 
t-split:devoi :x-weak: rnd: 
t-split:rnd : pro-a: 
t-split: length :pro-a: 
t-split : length :pro-a: 
t-spl it :rnd: 
t-spli  t :  length:  
t-spl it :rnd :pro-a: 
t-split:deret: 
t-spl it :deret: 
t-split:deret: 
t-spl i t  :deret: [y-t I :  [ t3-t4 I :  
t-spl it:  lab-vel: length : 
t-spli t: lab-vel: length: 
t-spli t : lab-vel: 
t-spli t: ( rn d ] :  raise:degem: [asp} : 
t-spl i t  :spi rant : lab-vel : f-coal: length : 
t-spli t :spi rant: lab-vel : f-coal : length: 
t-sp I it: s pi rant: I ab-ve 1 :  f-coal: I en gth: 
t-spli t: length: pro-b: glide: 
t-spl it: length: pro-b: glide: 
t-spli t :  length: pro-b:  glide: 
t-spl it: length: pro-b :glide: 
t-spli t :  length: [pro-xI :glide: 
t-spli t : rnd:  unglide: 
t-spl i t :  lab-dism: rnd: 
t-split: 
t-split :  
t-split: 
t-split: io-Aip: 
t-spl it :rnd:  
t-split: lab-dism:rnd: 
t-spl it :rnd:  
t-spli t :  as  p:devoi: lab-dism: rnd: 
t-spli t: t2-merge:devoi: 
t-spl it :devoi: 
[t-splitl : lab-dism:rnd: 
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Diachronic 

t-split : asp :devoi : lab-dism: rnd : 
t-split : asp :devoi : lab-cl ism: rnd: 
t-split : asp :devoi : lab-cl ism: rnd: 
t-split:lab-dism:rnd: 
[t-split]:asp:devoi:lab-dism:rnd: 
t-split:lab-dism:rnd: 
t-split: lab-dism:rnd: 
t-split:lab-dism:rnd: 
t-split: 
t-split: 
t-split: lab-dism:rnd: 
t-split: 
t-spli t: lab-dism: rnd: 
t-split: lab-dism:rnd: 
t-split:lab-dism: 
t-split : lab-dism: 
t-spli t:devoi : lab-dism: 
t-split :lab-dism: 
t-split : lab-dnt 1 :  lab-dism: 
t-split: [ asp-r J: lab-dnt' : lab-dism: 
t-split : [ asp-r] : lab-dism: 
t-spli t :  rnd: unglide: 
t-spli t: rnd: unglide: 
t-spl it :rnd:  unglide: 
t-split: 
t-split: 
t-split: 
t-split: 
t-split : io-Aip: 
t-split:asp:devoi:io-Aip: (length]: 
t-spl it : io-A ip :unglide:[asp]: 
t-split:x-weak: io-Aip: 
t-split : rnd: 
t-split:rnd: 
t-split:devoi :rnd : 
t-split:devoi :rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split: 
t-spli t :t 2-merge:devoi :rnd: 
t-spl it : rnd: 
t-split: 
t-split:rnd: 
t-split :rnd:  
t-spli t: pal-dism: unglide: [ rnd] : 
t-split: 
t-split: 
[ t-spli t]: asp: fricat :devoi : 
t-spli t :  asp: fricat :devoi : 
t-split :rnd: 
t-split: pai-d ism: unglide: (rod] : 
t-split:devoi: 
t-spli t:fricat : retrof:deret: 
t-spli t: retrof:deret : 
t-spli t :  retrof:deret: 
( t-split] :retrof:deret : 
t-spli t :devoi : retrof: deret: 
t-s pi i t :  asp: devoi: retrof: deret : 
t-spli t :  asp: devoi : retrof:deret: 
t-s pi it :  devoi: ret rof: d er et: 
t-spli t: retrof: deret: 
t-spl it :  ret rof: deret: pai-d is m :  u n glide: ( rnd]: 
t-spli t:devoi: retrof:deret: 
t-split : pro-d : glide-ins: 
t-spli t :glide: [ rnd]: 
t-spli t: [asp J: lab-vel: 
t-split: lab-vel: 
t-split:lab-vel: 
t-split:lab-vel: 
t-split: lab-vel: 
t-split: lab-vel: 
t-split:t2-merge:devoi:lab-vel: 
t-split :devoi : lab-vel : 
t-split:lab-vel: 
t-split: lab-vel: 
t-split:asp:devoi: lab-vel: 

219 

Allophanic 

rnd-adj: 
rnd-adj: 
rnd-adj: 
rnd-adj: 
rnd-a.dj: 
rnd-adj: 
rnd-adj: 
rnd-adj: 
brk-a: 
brk-a:(e-u]: 
rnd-adj: 
brk-a: 
rnd-adj: 
rnd-adj: 
brk-a: 
brk-a: 
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rnd-adj :degem:acute: 
rnd-a.dj :degem:acute: 
rnd-a.dj :degem :acute: 
rnd-adj :degem:acute: 
rnd-adj:degem:acute: 
rnd-adj :degem: acute: 
rnd-adj :degem:acute: 
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rnd-adj :degem: acute: 
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rnd-adj : degem: acute : 
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tn Diachronic 

3a t-split: lab-vel :[asp]: 
la t-split:lab-vel :f-coal:rnd : 
la  t-split:lab-vel :f-coal: 
la t-split: lab-vel :f-coal: 
l a  t-split : lab-vel :f-coal: 
l b  t-split:rnd:pro-b:glide: 
3a [t2-t3] :t-split: lab-vel:f-eoal: md: 
2a t-split:glide:[pro-x]: 
2a t-split: lab-vel :f-coal:rnd: 
3b t-split:t2-merge:rnd:pro-b :glide: 
2a [t3-t2]: [t-split]:devoi:rnd : unglide: [x-kh]: 
3 b t-sp lit: pro-b: glide: (back...a-fronted] : 
3b t-split:pro-b:glide: [baek_a-fronted] : 
2a [t3-t2] : [t-spli t] :devoi :rnd: unglide: [x-kh]: 
3b t-split:pal-dism:pro-b:glide: 
2b [t3-t2] : [t-spli t] :glide: [pro-x] : 
lb t-split : lab-dism: 
la t-split:pro-a:glide: 
1 b t-split:pro-c:glide: [back_a-fronted]: 
1 b t-split:unglide: 
I b t-split:glide: [pro-j]: 
I b t-split:glide: 
1 b t-split:glide: 
I b t-split:glide: [pro-j]: 
I b t-split:glide: [pro-j]: 
2a t-split:pro-a:glide: 
3b t-split:unglide: 
2b t-split:lab-dism: 
2b t-split:glide: [pro-j]: 
2b t-spli t:glide:[pro-j]: 
3b t-split: pal-dism : [pro-j] :glide: 
3a t-split:pro-a:glide: 
3b t-split:glide: [pro-j]: 
3b t-split :gl ide:[pro-j] :  
3b t-split:lab-dism: 
3b t-split:lab-dism: 
3b t-split:unglide: 
3a t-split:pro-a:glide: 
3b t-split:glide: [pro-j ] :  
3b t-split :gl ide:[pro-j ] :  
3b t-spli t :glide:[pro-j]: 
la t-split:rnd: 
la  t-split:rnd: 
4b t-split:devoi:rnd: 
4b t-split:devoi:back-asm: rnd : 
2a t-split:rnd: 
2a t-split:rnd: 
2a t-spl it : rnd: 
2a t-split: length: 
3a t-spl it : rnd: 
2b t-split:asp:devoi : rnd:  
3b t-spl it :devoi :rnd: 
3a t-split:length: [asp]: 
3a t-split:length: 
3a [t2-t3] :[t-split] :devoi :length :  
l a  t-split:length: 
1 b t-split:asp:devoi :rnd: 
1 b t-split :asp:devoi:length: 
2a [t l-t2] : [t-split]:asp:devoi : l ength: 
la [t3-tl ] : t-split: 
3a t-split: 
la [t-split] :length: 
1 b t-split:rnd: 
1 b t-split:length: 
l b  t-split:length: 
1 b t-split:lab-dnt :diph : io-Aip: [length]: 
2b t-split: length : 
3b t-spl it :md: 
3b t-split:rnd: 
3b t-split:length: 
3b t-split :diph : i o-Aip:  
3b t-split :diph:io-Aip: 
la t-split :rnd: 
2a t-split:rnd: 
2a t-split:rnd: 
2a t-split:rnd: 
2a t-split:rnd: 
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brk-a: 
rnd-adj: 
brk-a: 
brk-a: 
brk-a: 
rnd-adj: 
rnd-adj: 
brk-a: 
rnd-adj: 
rnd-adj: 
rnd-adj: 

rnd-adj: 

brk-a: 
brk-a: 
brk-a: 

[brk-a]: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
[brk-a]: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
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brk-a: 
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[brk-a]: 
brk-a: 
brk-a: 
brk-a: 
brk-a: 
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4 bk 
1 tsou 

tsou 
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2 tsou 
1 tsou 
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1 
2 sou 
2 sou 
3 

2 
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1 
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tsiu 
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tsa:u 
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tsh a:u 
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s iu  

j i u  
j iu  
j iu 

tn  

3b 
3a 
3a 
3b 
3b 
3b 
la 
lb 
lb 
lb 
lb 
2a 
3a 
lb 
2b 
2b 
3b 
lb 
lb 
lb 
2b 
3b 
4b 
4c 
l a  
l a  
2a 
2a 
3a 
3a 
3b 
3b 
la 
3a 
lb  
lb  
2a  
la  
la  
2a  
2a 
3a 
la 
l a  
la  
4b 

Diachronic 

t-spli t :devoi :rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:t2-merge:devoi:rnd: 
t-split :t2-merge:devoi:rnd: 
t-split :devoi : rnd : 
t-split:rnd: 
(t-split]:rnd: 
t-spli t :devoi : rnd : 
t-spli t :devoi : rnd : 
t-split:asp:devoi:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split: 
t-split:rnd: 
t-split:rnd: 
t-split:length: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
[ t-spli t]: ac-spli t: rnd: 
t-split:rnd: 
t-spl it: rnd : 
t-split:rnd: 
t-split:rnd: 
t-split:asp:rnd: 
t-split:rnd: 
t-spli t: t2-merge :devoi :rnd: 
t-split:t2-merge:devoi:rnd: 
t-spli t :  rnd : [de-asp] : 
t-split:rnd: 
t-split :asp: devoi : rnd: 
t-split:asp:devoi:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split :rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-spli t :  fricat : retrof:deret: io-Ai p:  rime: 
t-spli t: fricat: retrof: deret : i o-fti p: rime: 
t-s pI i t :  f ri cat: ret rof: deret: i o-ft i p: rime: 
t-s pl  it: devo i: fri eat: ret rof: d er et: back-
asm:rnd:color: 

2a t-split:deret:length: 
2a t-split:deret:length: 
2a t-split : fricat : retrof:deret: length: 
3a [ t2-t3) : [ t-split] : devoi :fricat :retrof: deret : io­

flip:rime: 
3b t-spli t :t2-merge:devoi :fricat: retrof: deret : io-

flip:rime: [ts-s] : 
3a t-split :devoi: fricat :retrof :deret: io-fli p :  rime: 
la t-split:deret:length: 
la t-split:deret:length: 
l a  t-spli t :  fricat:retrof:deret : io-flip:rime: 
la [t-split] :asp:devoi:deret:length: 
1 b t-split :asp:devoi: fricat:retrof:deret: io­

flip:rime: 
1 b t-split:asp:devoi :fricat:retrof:deret:io-

flip:rime: 
2a t-split:deret:length: 
2a t-split:deret:length: 
l a  t-split:deret:length: 
la t-split:deret:length: 
2a (t3-t2] :t-split:deret:length: 
l a  t-split :retrof:deret:io-ftip :rime: 
4b t-split:devoi :retrof:deret: back-

asm:rnd:color: [s-ts): 
2a t-split :retrof: deret : io-fti p: rime: 
3a t-split: retrof:deret : io-flip: rime: 
3 b t-spli t :t2-merge:devoi :retrof:deret : io-

flip:rime: 
lb  t-split: io-flip:rime:pro-d:glide-in s :  
2 b  t-split : io-flip:rime:pro-d:glide-ins: 
2b t-split : io-flip :rime:pro-d :glide-ins: 
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l a  
l a  
l a  
l a  
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3a  
2a 
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l a  
l b  
l b  
2 a  
3a 
3a 
3b 
l b  
l b  
2a 
3b 
l a  
l a  
2a 
2b 
la 
lb 
1b 
3a 
3a 
3a 
l b  
1 b  
2b 
3b 

Diachronic 

t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-spl it :rnd:  
t-sp1it:1ength: 
t-split:rnd: 
t-s pI it: s pi rant: x-weak: I e ngt h: 
t-split :spi rant :x-weak: length: 
t-split:length :  
t-spl it :x-weak:rnd: 
t-spl it: x-weak: rnd : 
t-split:devoi:x-weak:rnd: 
t-split :devoi:x-weak:rnd: 
t-split:x-weak:rnd: 
t-spl it :x-weak:rnd: 
t-split :x-weak:rnd: 
t-split :devoi:x-weak:rnd: 
t-split:rnd: 
t-spl it :rnd: 
t-split: rnd:pro-a: 
t-split:rnd: 
t-spli t :  io-A i p :  rime: 
t-split: 
t-spli t:  io-fti p:  rime: 
t-spli t :  asp:devoi: io-fl. i p :  rime: 
t-spli t: i o-Ai p:  rime: 
t-spli t :  asp:devoi: io-ft i p :  rime: 
t-spli t: asp:devoi: io-ft i p :  rime: 
[ t2-t3]: t-spl it: io-fti p: rime: 
t-spli t: i o-fti p :  rime: 
t-spl it: io-A i p :  rime: 
t-spl it:  io-fti p:  rime: 
t-spl it:  io-A i p: rime: 
t-spl it :  io-A i p: rime: 
t-split: io-Aip: rime: 

3b t-split : io-A.ip:rime: 
la t-split : io-ftip:rime: 
1 a t-spl it : io-Aip:rime: 
la t-split : io-Aip:rime: 
3a t-split :io-Aip:rime: 
3a t-split : io-Aip:rime: 
3b t-split:devoi:rime: 
3b t-split:devoi :rime: 
la t-split : io-Aip:rime: 
la [t-spli t ] :asp:devoi :io-Aip:r ime:  
l b t-split:asp:devoi : io-Aip:rime: 
3a t-split : io-Aip:rime:  
2b [t-sp1it] :io-flip: rime:[t-n]: 
3b t-spl it : io-ftip:rime: 
lb t-spl it : io-ftip:rime: 
lb t-spl it : io-Aip:rime: 
1 b t-split: io-flip:rime:  
2b t-split : io-flip:rime: 
3b t-split : io-A.ip:rime: 
la t-split:length: 
la t-split:length: 
la t-spl it :length: 
3a [tl-t3] : t-sp1it:1ength: 
la t-spl i t : io-ftip:rime:  
la t-split : io-flip:rime: 
la t-split:io-flip:rime: 
la t-spli t : io-flip:rime: 
la  t-split:io-Aip: rime: 
la t-split:io-flip:rime: 
4b t-split:devoi :back-asm : rnd:color: 
2a t-split:length: 
2a t-split:length: 
2a t-split:length: 
4c t-spli t :ac-spli t: back-asm: rnd :col or: 
4c t-split:ac-split:back-asm:rnd: 
3a t-sp1it:1ength: 
3a t-split:length: 
3a t-sp1it:1ength: 
3a t-split:length: 
3a t-split:length: 
3a t-split:length: 
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3b 
3a 
la  
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l b  
lb  
2a  
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4a 

la 
la 
la 
la 
la  
la  
4c  
2a  
2a  
3a 
3b 
3b 
3a 
la 
l a  
l a  
l a  
l a  
l b  
lb  
lb  
lb  
lb  
lb  
lb  
2b 
2b 
3a 
4b 
4b 
4b 
lb 
2b 
2a 
2a 
l a  
2a 
2a 
2a 
3a 
3b 
3b 
la  
l b  
l b  
3a 
lb  
2b 
3b 
l a  
2a 
3a 
3a 
la 
l a  
l a  
l a  
la  
l a  
4 a  
4b 
2a 
2a 

Diachronic 

t·split:devoi : io-flip: rime: 
t-split:io-flip:rime: 
t-spli t:spirant: x-weak: 
t-split:io-flip:rime: 
t·split:asp:devoi:io·flip:rime: 
t·split: asp:devoi : io·flip: rime: 
t·split:asp:devoi:io.flip:rime: 
t·split:asp:devoi :io-flip:rime: 
t·split:asp:devoi:io-flip:rime: 
t�split:spirant:x-weak:io-flip:rime: 
t-split :ac-spli t: back-asm: rnd: calor: 
t-split:io-flip:rime: 
t-split:spirant:x-weak:back-asm:rnd:[!ac­
split]: 
t-split:io-flip:rime: 
t-split : io-fli p: rime: 
t-spli t: io-flip: rime: 
t-spli t: io-flip:  rime: 
t-spli t :  io-fli p: rime: 
t-split: io-fii p: rime: 
t-s pi it: a.c-s pi it :  back-as m: rnd: calor: 
t-split:io-flip:rime: 
t-split:x-weak:io-flip:rime: 
t-split:x-weak:length: 
t-spli t :devoi :x-weak : length : 
t-split:devoi:x-weak:length: 
t-spli t: io-flip: rime: 
t-split:io-fl.ip:rime:pro-a:glide-ins: 
t-split:io-flip:rime:pro-a:glide-ins: 
t-split:io-flip: rime:pro-a:glide-ins: 
t-split:io-flip: rime:pro-a:glide-ins: 
t-split:io-flip: rime:pro-a:glide-ins: 
t-spli t :devoi : (pro-x] : pro-m: 
t-spli t: devoi : (pro-x] : pro-m: 
t-spli t: glide-ins: io-fli p: rime: 
t-spli t: glide-ins :io-fli p: rime: 
t-spli t: glide-ins : io-fii p:rime: 
t-spli t: glide-i ns:io-fii p:rime: 
t-spl it: glide-ins : io-fli p:rime: 
t-split: 
t-split: glide-ins: io-fli p:ri me: 
t-split: io-Aip: rime:pro-a:glide-ins: 
t-split:pro-c:glide-ins:back-asm:rnd:color: 
t-split:glide-ins:back-asm:rnd:color: 
t-split:glide-ins:back-a.sm:rnd:color: 
t-split:la.b-dnt :diph:io-flip: 
t-spli t :di ph: io-flip: 
t-split: lab-dnt ' :di ph: io-fli p:  
t-split:raise: 
t-split:diph: io-flip: 
t-spli t :d i ph: io-flip: 
t-split:diph:io-flip: 
t-split:diph :io-flip: 
t-split:di ph: io-fli p:  
t-split:devoi :diph:io-flip: 
t-split :devoi :di ph: io-flip: 
t-split:diph:io-flip: 
t-split:devoi:diph: io-flip: 
t-split :devoi :di ph :io-flip: 
t-split:diph: io-flip: 
t-split:diph:io-flip: 
[ t l-t2] :t-spl it :di ph: io-fiip: 
t-split:diph:io-flip: 
t-split:r-unglide:deret :diph:io-A.ip: 
t-split:diph:io-flip: 
t-split:diph: io-flip: 
t-split:diph:io-flip: 
t-spl it: r-u ngl i de: deret: dip h: i o-flip: 
t-sp lit: r-un glide: deret: cl i ph: i o-flip: 
t-sp 1 it: retrof: d er et: d i ph: io-flip: u n glide: 
t-sp I it: ret rof: de ret: d i ph: io-flip: u n glide: 
t-split:retrof:deret:diph:io-flip:unglide: 
t-ap 1 it: retrof: d er et: d i ph: i o-flip: un g 1 id e: 
t-sp 1 it: ret rof: deret: u ngl ide: 
t-sp I it :devoi: f ri cat: ret rof: deret: ungl i de: 
t-s pli t: fri cat: retrof: deret: dip h :  io-flip:  u n glide: 
t-spl it: ret rof: deret: d i ph: i o-flip: u ngl i de: 
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Diachronic 
t-s p 1 it: fr i cat: retrof: cl er et: d i ph :  i o-flip :  ung 1 i de: 
t-sp 1 i t :  r-u ngl id e: deret: dip h :  i o-flip: 
t-spli t: r-unglide :deret :diph: io-fti p: 
t-spli t :devoi : retrof: deret : di ph: io-fli p:  unglide: 
t-split:fricat:retrof:deret :diph: io-flip:unglide: 
t-s pi it: asp: devo i: fr i cat: ret rof: cl ere t: dip h: i o­
flip:unglide : 
t-split : asp: devoi : fricat : retrof:deret : di ph: io­
fiip:unglide: 
t-split: asp: devoi : fricat : retrof:deret : di ph: io­
flip: unglide: 

1 b t-split:devoi :fricat: retrof:deret :diph: io-
ft i p' ungli de' [ ts-s] ' 

1 b t-split:asp:devoi :diph :io-fiip : u nglide:[s-tsJ: 
1 b t-split:a.sp:devoi :diph:  io-flip:unglide:[s-ts] : 
2a t-spl it :  retrof: deret :di ph: io- ft i p :  unglide: 
3a t-split : retrof:deret :diph: io-Aip: unglide: 
1 a t-spli t : retrof:deret :diph:io-ftip: unglide: 
4 b t-spl it :devoi: retrof:deret: ungl ide:  
2a t-split : retrof:deret:diph:io-ftip: unglide: 
2a t-split: retrof :deret: di ph: io-fti p:  u nglide: 
2a t-spl it: retrof:deret:d i ph: io-fti p: u ngl ide: 
3a t-spl it: retrof: deret :d i  ph: i o-fti p: un glide: 
3a t-spli t :  retrof: deret : di ph: io-fti p :  ungl ide: 
3 b t-spli t :  t 2-merge:devoi : retrof:deret :di ph: io-

ftip:unglide: 
3b t-spl it: devoi : retrof:deret :cl i ph: io-fti p :  unglide: 
3b t-spli t: devoi : retrof: deret :cl i ph: io-ft i p :  unglide: 
3 b t-spl it :devoi: retrof: deret: d i ph: io-A i p: ungl i de: 
1 b t-split : d iph:io-ftip :pro-d:glide: 
1 b t-split:diph: io-ftip : pro-d :glide: 
4b t-split:pro-d:glide: 
la t-split :diph: io-ftip :  
la t-split:diph: io-ftip: 
la t-spli t :d iph:io-Aip:  
2a t-split :d iph : io-ftip: 
2a t-split :d iph: io-ftip: 
3a t-spli t :diph: io-ftip:  
3a t-split :diph:io-Aip:  
3a t-split :diph: io-ftip: 
3a t-split : diph:io-Aip:  
3a t-split :diph: io-flip: 
2a t-split:spirant:x-weak :diph : io-Aip :  
3a t-split :diph: io-flip: 
3a t-split :diph: io-ft ip:  
3a t-split:diph:io-flip: 
l b t-split:devoi:x-weak :d iph: io-Aip: 
1 b t-split:devoi : x-weak :diph : io-Aip :  
1 b t-split:devoi:x-weak:diph:io-A ip:  
2b t-split :devoi :x-weak:diph :io-ftip: 
3b t-split:devoi : x-weak:diph : io-Aip:  
3b t-split :devoi :x-weak:diph: io-ftip: 
la t-split:pro-a:diph: io-flip: 
2b t-split :diph: io-ftip: 
2b t-spl it :diph: io-flip :  
2a t-split:pro-a:diph: io-flip: 
3a t-spli t : pro-a:diph : io-ftip: 
la t-split: 
1 b t-split :diph :io-flip:unglide: 
2a [t-split] ,diph, io-ftip ,unglide' 
2a [t-split] ,diph, io-ftip,unglide' 
3b t-split :diph : io-Aip : unglide: 
lb t-split :diph: io-fiip:unglide: 
1 b t-spl it :diph : io-flip:unglide: 
1 b t-spl it :diph: io-flip:unglide: 
lh t-split :diph:io-fiip:unglide: 
l h  t-spl it :diph : io-fiip:unglide: 
la [t-split] ,diph , io-ftip,unglide' 
2b t-spl it :diph: io-fiip:unglide: 
4b t-spl it :unglide: 
l a t-spl it :diph: io-fiip:unglide: 
3a t-split :diph: io-A.ip:unglide: 
2a t-spl it :diph : io-Aip:unglide: 
2a t-split :diph: io-fiip:unglide: 
2a t-split :diph: io-fiip:unglide: 
2a t-split :d iph: io-flip:unglide: 
3a t-split :diph: io-fiip:unglide: 
3b t-split:devoi :diph: io-fiip:unglide: 
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la  
la  
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Diachronic 

t-split :diph: io-flip:unglide: 
t-split :asp :devoi :diph :io-fli p: unglide: 
t-spli t :devoi :diph:io-flip :unglide: 
t-split :diph: io-flip:unglide: 
t-spli t :spirant:di ph :io-flip: [pro-x] :glide: 
t-spli t :affric:asp:devoi :diph : io-flip:unglide: 
t-split :asp:devoi :diph:io-flip:unglide: 
t-spli t :  asp:devoi :diph:io-fli p :unglide: 
t-split :diph:io-flip:unglide: 
t-spli t :diph:io-flip:unglide: 
t-split :diph:  io-fii p :(pro-x] :glide: 
t-split :di ph :  io-fiip: (pro-x] :glide: 
t-split :diph: io-fl.ip:unglide: 
t-split :diph:io-flip:unglide: 
t-split :diph: io-flip:unglide: 
t-split :affric:devoi :diph:io-A.ip:unglide: 
t-split : di ph :  io-fli p: pro-a: glide: 
t-split :diph:io-fl.ip:pro-a:glide: 
t-spli t :glide:diph: io-flip: 
t-split :diph: io-A.ip:pro-a:glide: 
t-split :diph: io-flip:unglide: 
t-split:diph: io-flip:unglide: 
t-spli t : glide :diph: io-flip: 
t-split :glide:diph:io-flip: 
t-spli t: glide:di ph: io-flip: 
[ t l-t2] : t-spli t :glide:di ph: io-fii p: 
t-spli t: glide:diph: io-fli p: 
t-split :diph: io-flip:unglide: 
t-split :diph : io-flip:unglide: 
t-split :diph : io-flip:unglide: 
t-split :diph: io-flip:unglide: 
t-split :diph: io-flip:unglide: 
t-split:glide:diph : io-flip: 
t-spli t: glide: di ph: io-fli p: 
t-spli t :  diph: io-fli p :  pro-a: glide: 
t-split: 
t-split: 
t-split: 
t-split: length: (asp]: 
t-split : lab-dism:rnd: 
t-split: lab-dism:rnd: 
t-split : length: 
t-split : length: 
t-split : length: 
t-spli t :devoi: length: 
t-split : lab-dism:rnd: 
t-split :devoi : lab-dism :rnd: 
(t2-t3] : [t-split] : asp: devoi : lab-d ism: rnd : 
t-split:length: 
t-split : lab-dism:rnd: 
t-split : asp :devoi : lab-dism: rnd : 
t-split : length: 
t-split : lab-dism:rnd: 
t-split: length : 
t-split : lab-dism:rnd: 
t-split : lab-dism:rnd: 
t-split : length : 
t-split:length :  
t-split :length : 
t-spli t :devoi : lab-dnt 1 :lab-dism: length :final­
dism: 
t-split: [ asp-r]: lab-dnt 1 :  lab-dism: 
t-spli t: [ asp-r] : lab-d nt': lab-dism: 
t-split :devoi : lab-dnt 1: lab-dism: length :final­
dism: 
t-split :devoi : lab-dnt 1 :  lab-dism: length : 
t-split :devoi : lab-dnt' : lab-dism: length : 
t-split :devoi:lab-dnt':lab-dism:length: 
t-split : lab-dnt 1 :lab-dism: length : 
[ t2-t3] : [t-split] :devoi :lab-dnt ' :  lab­
dism:length:final-dism: 
t-split:t2-merge:devoi: la.b-dnt 1 :  la.b­
dism:length:final-dism: 
t-split : la.b-dnt 1 :  lab-dism: lengt h :  
t-split:devoi: lab-dnt': lab-disrn: length: 
t-split :length :  
t-spli t: length : 
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rnd-adj: 
rnd-adj: 

rnd-adj : 
rnd-adj : 
rnd-adj: 

rnd-adj: 
rnd-adj: 

rnd-adj: 

rnd-adj: 
rnd-adj: 



pg 

165 
166 
166 
1 66 
166 
166 
166 
166 
166 
166 
166 
166 
167 
167 
167 
167 
167 
167 
167 
167 
167 
168 
168 
168 
168 
168 
168 
168 
168 
168 
168 
169 
169 
169 
169 
169 
169 
169 
169 
169 
170 
170 
170 
170 
1 70 
1 70 
1 70 
1 70 
1 70 
1 70 
1 7 1  
1 7 1  
1 7 1  
1 7 1  
1 7 1  
1 7 1  
1 7 1  
1 7 1  
1 7 1  
1 72 
1 72 

1 72 
172 
1 72 
1 72 
1 72 
172  
1 72 
1 73 
1 73 
1 73 
1 73 
1 73 
1 73 
1 73 
1 73 

eo I eh 

9 "' 

3 

6 
7 
8 
9 
9 

2 
3 
4 
5 
6 

8 
9 
I 
2 
3 
4 
5 
6 
7 
8 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

3 
4 
5 
5 
6 

8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

3 
4 
5 
6 
7 
8 
9 

2 
3 

5 
6 
7 
8 

B!! 
I!! 

sme 

tnn 
tnm 
tnm 
dnm 
tnn 
dnn 
clan 
clan 
tha.m 
tha.m 
than 
th an 
dam 
dam 
dnm 
dnn 
clan 
tha.m 
than 
tha.m 
than 
tha.n 

nnn 
lam 
lam 
!an 
I an 
!an 
lam 
lam 
Inn 
In m 
Inn 
dza.m 
tsa.n 
tsh a.m 
tsh a.n 
dza.m 
dza.n 
tsha.m 

san 

san 
£iam 
£iam 
tSian 
tSam 
tSan 
£ian 
ta.m 
t&�am 
tSiam 
d2i_an 
tSian 
t§h am 
d2t_am 
dian 

iian 
t§h an 
t3h an 
§am 
§&n 
Si an 
Siam 
Si an 
iian 
rl.ian 
iiia.n 
rl.iam 
kam 
knm 
knn 

tn  

I 
2 
3 
3 
3 
3 
3 
3 

2 
2 
3 
3 
3 

I 
3 

2 
3 
3 
3 
3 
3 

I 
2 
2 

3 
2 

2 

ta:n 
ta:m 
ta:m 
ta:m 
ta:n 
ta.n 
ta.n 
th a:n 
th a:m 
th a:n 
th a:n 
th a:n 
th a:m 
th a:m 
th a:m 
th a:n 
th a:n 
t h a:n 
th a:n 
th a:m 
th a:n 
th a:n 
na:m 
na:m 
na:n 
na:n 
la: m 
la: m 
!an 
!an 
la:n 
la: m 
la: m 
la:n 
la: m 
Ja:n 
tsa:m 
tsa:n 
tsh a:m 
tsh a:n 
tsh a: m 
lsh a:n 
tsh a: m 
sa: m 

sa:n 
tsim 
tsim 
tsin 
tsa:m 
tsa:n 
tsin 
tsa:m 
tsa:m 
tsim 
tsa:n 
tsin 
tsh a:m 
tsh a:m 
tsh in 

si  m 
tsh aln 
tsh a:n 
sa: m 
sa:n 
sin 
si m 
sin 
sin 
jin 
jin 
jin 
ka:m 
ka:m 
kon 

tn Diachronic 

la t-split:length: 
2a t-split:length: 
3a t-spliUength: 
3b t-split:devoi:length: 
3a t-split: length: 
3b t-spl i t :devoi:length: 
3b t-split :devoi:length: 
3b t-split:asp:devoi:length: 
la t-spl it : length: 
la t-spl i t : length: 
la t-split: length: 
la t-split: length: 
1 b t-spl it :asp:devoi : length :  
1 b t-spl it :asp:devoi :length :  
lb t-split:asp:devoi:length: 
lb t-spl i t :asp:devoi : lengt h :  
lb t-spl it :asp:devoi :length :  
2a t-split:length: 
2a t-spl i t : length: 
3a t-spli t : length: 
3a t-spl i t : length: 
3a t-split:length: 
1 b t-split:length: 
I b t-spliUength: 
1 b t-split:length: 
3b t-split:length: 
1 b t-split:length: 
1 b  t-split:length: 
la [t-sp1it } : [baeLa-fronted}: 
I b t-sp1it: [ba.ek_a-fronted} :  
l b  t-split : length: 
2b t-split:length: 
2b t-split : length: 
2b t-split:length: 
3b t-spliLlength: 
3b t-split: length: 
3b t-split:devoi:length: 
3a t-split:length: 
la t-split:length: 
la t-split:length: 
1 b t-split:asp:devoi:length: 
1 b t-split:asp:devoi :length: 
2a t-split:length: 
1 a t-split: length : 
3a (t2-t3}:t-split: (back_a-fronted} : 
3a [t2-t3}:t-split: [baeLa-fronted}o 
3a t-split:length: 
1 a t-spl it :fricat:retrof:deret:io-Aip:rime: 
1 a t-spli t :fricat : retrof:deret : io-flip:rime: 
la t-split:fricat: retrof:deret: io-fiip:rime: 
2a t-split :retrof:deret : length: 
2a t-spl it : retrof:deret : length: 
2a t-spli t: f ricat : retrof: deret : io-Ai p: rime: 
3b [t-split] :fricat:retrof:deret:length: 
3a t-split:deret:lengt h :  
3a t-split:retrof:deret: io-fiip:rime: 
2a [t3-t2} :[t-split}:devoi :deret:length: 
3a t-spli t :  retrof:deret : io-flip:ri me: 
la t-split:deret:length: 
1 b t-split:asp:devoi :deret:length: 
1 b t-split: asp: devoi : fricat : retrof: deret : io-

fl i p:rime: 
1 b t-spl i t :devoi :  retrof: deret : io-fli p :rime : ( n-m] : 
2a t-split:deret:length: 
2a t-split:deret:length: 
la t-split:deret:length: 
la t-split:deret:length: 
3a [ t l-t3] : t-spli t :  retrof:deret : io-fl i p: rime: 
2a t-split : ret rof:deret :io-fli p:  rime: 
3a t-split : retrof:deret : io-fli p:  rime: 
3 b t-spli t :devoi : retrof:deret : io-fli p:rime: 
l b  t-split:io-flip:r ime:pro-d:glide-ins: 
1 b t-split : io-flip:rime :pro-d:glide-ins: 
2 b  t-spl it : io-fiip:rirne:pro-d:glide-ins:[m-n]: 
1 a t-spli t :  length : 
l a  t-split:length: 
la  t-split:rnd: 
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1 73 
1 73 
1 73 
1 74 
1 74 
1 74 
1 74 
1 74 
174 
174 
1 74 
174 
175 
1 75 
1 75 
1 75 
1 75 
1 75 
1 75 
1 75 
1 75 
1 76 
176 
1 76 
1 76 
1 76 
1 76 
1 76 
1 76 
1 76 
1 77 
1 77 
177 
177 
1 77 
177 
177 
177 
1 77 
1 77 
177 
178 
178 
1 78 
178 
178 
178 
178 
178 
1 78 
1 78 
1 78 
1 78 
179 
179 
1 79 
179 
179 
1 79 
1 79 
1 79 
1 79 
1 80 
180 
1 80 
1 80 
1 80 
1 80 
1 80 
1 80 
1 80 
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  

9 
9 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
3 
4 
5 
5 
6 
7 
8 
9 

I 
2 
3 
4 

6 
7 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
2 
2 
2 
3 

eh sme 

ko.n 
kan 
kan 
kam 
kam 
kan 
kan 
kan 
kan 
kham 
khan 
kha.m 
kham 
khan 
xam 
xam 
xan 
xan 
xam 
xan 
xan 
xan 
?an 
?an 
?am 
gun 
?an 
?an 
pian 
pian 
pian 
pia m 
pian 
pian 
pian 
bian 
bian 
hi an 
hi an 
pian 
pian 
ph i an 
ph i an 
bian 
ph ian 
ph ian 
mian 
mian 
mian 
mian 
mian 
mian 
t ian 
tiam 
tian 
tiam 
dian 
dian 
dian 
th iam 
th ian 
diam 
dian 
dian 
th iam 
niam 
niam 
nian 
nian 
lian 
nian 
niam 
liam 
liam 
liam 
liam 
lian 

I tn I me 

I 
2 
2 
2 
2 
2 
3 

2 
2 
3 

2 
3 
2 
3 
1 
I 
3 
3 
3 
3 

2 

3 

3 
2 
3 
3 

I 
3 
3 

2 
2 
3 

3 
3 
3 
3 

2 
2 
2 
3 

kon 
kon 
kon 
ka:m 
ka:m 
kon 
kon 
kon 
kon 
ha! m 
hon 
ha: m 
ha: m 
hon 
ha: m 
ha: m 
hon 
hon 
ha: m 
hon 
hon 
hon 
on 

a: m 

on 
pin 
ph i n  
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
ph in 
ph in 
ph in 
ph in 
ph in 
m in 
m in 
m in 
m in 
m in 
m in 
tin 
tim 
tin 
tim 
tin 
tin 
tin 
th im 
th in 
th im 
th in 
th in 
th im 
nim 
nim 
nin 
nin 
I in 
l in  
nim 
lim 
l im 
lim 
lim 
I in 

tn 

la  
la  
l a  
2a 
2a 
2a 
2a 
2a 
3a 
la 
la 
2a 
2a 
3a 
l a  
l a  
l a  
l a  
3a 
3a 
2b 
3a 
l a  
l a  
3a 
3b 
3a 
3a 
la  
la  
l a  
2a 
2a 
2a 
3a 
3b 
3b 
3b 
l a  
3a 
3a 
l a  
l a  
l b  
3a 
3a 
l b  
lb  
!b 
2b 
2b 
3b 
l a  
2 a  
2 a  
3 a  
3b 
3b 
3b 
la 
la 
lb 
l b  
l b  
2 a  
l b  
l a  
l b  
2b 
2b 
2b 
3b 
l b  
! b  
! b  
l a  
l b  

Diachronic 

t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:length: 
t-split:length: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-spli t :spi rant: x-weak: length: 
t-spli t:spirant :x-weak: rnd: 
t-spli t:spirant :x-weak: length : 
t-split:spirant:x-weak:length: 
t-split:spirant:x-weak:rnd: 
[ t-spli t 1 :devoi : x-weak: length: 
[ t-spli t] :devoi : x-weak: length: 
( t-spli t] :devoi :x-weak: rnd : 
( t-spli t 1 :devoi :x-wee.k:rnd: 
t-split:x-weak:length: 
t-split:x-weak :rnd: 
t-split:devoi:x-weak:rnd: 
[ t-spl it] :devoi :x-weak:rnd : 
t-spl it :  rnd : pro-a: 
t-spli t :rnd:pro-a: 
t-spli t:length: pro-a: 
t-split:rnd: 
t-spli t: rnd : pro-a: 
t-spli t: rnd : pro-a: 
t-spli t: io-flip: rime: 
t-spli t: io-flip: rime: [asp] : 
t-spl it: io-flip: rime: 
t-spli t: io-fli p: rime:final-dism: 
t-split:io-flip:rime: 
t-spli t: io-fli p: rime: 
t-spli t :  io-fli p: rime: 
t-split:t2-merge:devoi:io-flip:rime: 
t-split: t2-merge:devoi:io-flip:rime: 
t-spli t :devoi: io-fli p: rime: 
(t2-t 1) :  (t-split) :devoi :io-flip:rirne: 
t-spl i t:io-fli p:rime: 
t-spl it: io-fli p :  rime: 
t-spl it :  io-fli p: rime: 
t-spli t :  io-fli p: rime: 
t-spli t: asp: devoi : io-fti p: rime: 
t-spli t: io-fl i p: rime: 
t-spli t: io-fli p:ri me: 
t-spli t :  io-fli p :  rime: 
t-spl it :  io-flip: rime: 
t-spl it :  io-fli p: rime: 
t-spli t :  io-fli p: rime: 
t-spli t: io-fli p: rime: 
t-split:io-flip:rime: 
t-spli t: io-fli p: rime: 
t-split:io-flip:rime: 
t-split: io-fl i p: rime: 
t-split:io-flip:rime: 
t-split:devoi :io-flip:rime: 
t-split:devoi:io-flip:rime: 
t-split:devoi:io-flip:rime: 
t-split:io-flip:rime: 
t-spli t:io-fli p: rime: 
t-spli t: asp:devoi : io-fli p:rime: 
t-split : asp :devoi : io-fli p :rime: 
t-spli t :asp:devoi: io-fli p:rime: 
t-split:io-flip:rime: 
t-spli t: io-fli p: rime: 
(t-split) :io-flip:rime: 
t-split:io-flip:rime: 
t-spli t: io-fli p: rime: 
t-split : io-fli p: rime: 
t-split:io-flip:rime: (n-1] : 
t-split:io-flip:rime: 
t-split:io-flip:rime: 
t-spli t: io-fli p:rime: 
t-split:io-flip:rime: 
(t-split] :io-flip:rime: 
t-split:io-flip:rime: 
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1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
1 8 1  
181  
181  
182  
182  
182 
182 
182 
182 
182 
182 
182 
182 
183 
183 
183 
183 
183 
183 
183 
183 
1 83 
183 
184 
184 
184 
184 
184 
184 

eo 

4 
5 
6 
7 
8 
9 
9 
9 

2 
3 

6 
7 
8 
8 
9 
1 
2 
3 

6 

8 
8 
9 

2 
3 

6 
184 7 
1 84 8 
184 9 
1 85 
185 
185 3 
185 
1 85 5 
185 6 
185 7 
185 7 
185 8 
185 9 
1 86 
186 
1 86 3 
1 86 4 
186 5 
186 6 
186 
186 8 
1 86 9 
187  
187  
1 8 7  3 
187  4 
187  5 
187  6 
187  7 
1 8 7  8 
187  9 
187 9 
188 
1 88 2 
1 88 3 
1 88 4 
1 88 5 
1 88 6 
188 7 
1 88 8 
1 88 9 
189 
189 2 

eh 

lian 
lian 
lian 
kiam 
liam 
lian 
lian 
lian 
lua.n 
kiam 
tsiam 
tsiam 
kiam 
kan 
kan 
kan 
kan 
tsian 
tsian 
kian 
kian 
kam 
kam 
kiam 
giam 
kan 
kan 
kan 
tsian 
kian 
dziam 
kiam 
kan 
kan 
tsian 
tsian 
dzian 
gian 
kian 
gian 
gian 
tsian 
kian 
tsh iam 
tsh iam 
kh iam 
tsh ian 
tsh ian 
kh ian 
yan 
giam 
dzian 
dzian 
gian 
gian 
tsh ian 
kh iam 
si an 
si an 
xi an 
si an 
Jam 
Jam 
¥iam 
Jan 
Jan 
xi an 
xi am 
xi an 
Jam 
Jam 
Jan 
si  an 
xi an 
xi an 
xi an 
xyan 

tn 

2 
3 
3 
3 
3 
3 

2 
2 
2 

3 
3 
3 
3 
3 

2 
3 
3 
3 
3 
3 

1 
2 
3 

2 
3 
3 
2 
3 
3 
3 
3 
3 

me 

lyn 
I in 
I in 
l im 
lim 
! in  
I i n  
! i n  
lyn 
ka:m 
tsim 
tsh im 
k im 
ka:n 
ka:n 
kan 
kan 
tsin 
tsin 
kin 
kin 
ka:m 
ka:m 
kim 
kim 
kan 
kan 
ka:n 
tsin 
ka:n 
tsim 
kim 
ka:n 
ka:n 
tsin 
tsin 
tsin 
kin 
kin 
kin 
kin 
tsin 
kin 
tsh i m  
tsh i m  
him 
tsh in 
tsh in 
hin 
jyn 
kh i m  
tsh in  
tsh in  
kh i n  
kh in  
tsh in  
him 
sin 
sin 
hin 
sin 
ha: m 
ha: m 
j i m  
ha:n 
ha:n 
jin 
h i m  
h i n  
ha.: m 
ha: m 
ha:n 
sin 
hin 
h in  
j in  
yn 

tn 

lb 
lb  
lb  
2b 
3b 
3b 
3b 
3b 
2b 
la  
la  
la  
la  
la  
la  
la  
la  
la  
la  
la  
l a  
2a 
2a 
2a 
3b 
2a 
2a 
2a 
2a 
2a 
3a 
3a 
3a 
3a 

Diachronic 

t-split : unglide:[rnd1: 
t-spli t: io-flip: rime: 
t-spli t: io-fli p:  rime: 
[t-split 1: io-fli p:  rime: [k-11 : 
t-split : io-fii p: rime: 
t-spli t : io-fii p: rime: 
t-split:io-fiip:rime: 
t-spli t :  io-ftip: rime: 
[ t3-t21: t-split : rnd : 
t-spli t :  [ unglide 1 :  length: 
t-spli t :  io-flip: rime: 
t-spli t : io-flip : rime: (asp] : 
t-spli t: io-flip: rime: 
t-split: length: 
t-split:length: 
t-split: 
t-split: 
t-spli t: i o-fli p:  rime: 
t-spl it: io-fli p: rime: 
t-spli t :  io-fli p :  rime: 
t-split: io-Aip:  rime: 
t-split: length: 
t-split:length: 
t-split: io-fli p:  rime: 
t-split:devoi : io-ftip: rime: 
t-split: 
t-split: 
t-split: length: 
t-spl it: io-Ai p: rime: 
t-split: [ unglide1: length : 
[ t-spli t] :  devoi : io-fl i p: rime: 
t-spli t :  io-A i p :  rime: 
t-split:length: 
t-split:length: 

3a t-split:io-flip: rime: 
3a t-split : io-fiip : rime: 
3b t-split: t2-merge:devoi : io-fiip:  rime: 
3b t-split:t2-merge:devoi : io-fiip:r ime:  
3a t-split:io-flip:rime: 
3b t-split:devo i : io-fl ip :rime: 
3a [t-split):devoi : io-ftip:rime: 
3a t-split:io-flip:rime: 
3a. t-spl it : io-flip : rime: 
la t-split : io-flip: rime: 
l a  t-split: io-flip:rime: 
1 a t-split: spira.nt:x-wea.k : io-ftip:rime: 
la t-split : io-ftip:rime: 
la t-split:io-flip:rime: 
la t-split:spi rant:x-weak : io-fiip:r ime:  
1 b t-split:glide-ins:io-flip:r ime:  
1 b t-split:a.sp:devo i : io-flip:rime: 
lb t-split :asp:devoi : io-flip:rime: 
1 b t-split :asp:devoi : io-fiip:r ime:  
lb t-spl it :a.sp:devoi: io-flip:rime: 
1 b t-split:a.sp:devoi : io-flip: rime: 
2a t-split:io-flip : rime: 
3a. t-split:spi rant:x-weak : io-fiip:rime: 
la t-spli t : io-fl ip :rime: 
la t-split:io-flip:rime: 
l a  t-spl i t :x-weak: io-fiip:rime: 
1 a. t-spl it : io-ftip:rime: 
1 b t-split :devoi :x-wea.k:lengt h :  
1 b t-split:devoi:x-weak: length: 
1 b t-spl it : io-ftip :r ime :pro-b:glide-ins: 
1 b t-split:devoi:x-weak:length: 
l b  t-split:devoi:x-weak:length: 
1 b t-split:io-flip:r ime:pro-b:glide-ins: 
2a t-split:x-weak: io-flip:rime: 
2a t-split :x-weak :io-flip :rime: 
3b t-split:devoi:x-weak :length :  
3b t-split :devoi:x-weak:length: 
3b t-split:devoi:x-weak:length: 
3a t-spl it : io-ftip:rime: 
3a t-split:x-weak: io-flip: r ime: 
3a t-split:x-weak: io-flip:rime: 
3b t-split:io-flip:rime:pro-b:glide-ins: 
3b t-split:io-flip:rime:pro-b: 
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rnd-adj :acute: 

rnd-adj :degem:acute: 
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tsyn 
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tsh yn 
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syn 
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l a  
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l b  
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l b  
l b  
l b  
l b  
l b  
l b  
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2 a  
2 b  
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3b 
3a 
3b 
3a 
3b 
3a 
3a 
3a 
l a  
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3a  
3a  
3b 
3b 
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lb  
2b 
2b 
3a 
la 
3a 
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3a 
3a 
la 
l a  
3a 
3b 
2a 
3b 

3b 
la 
la 
lb  

Diachronic 

t-split:io-fl.ip:rime:pro-a:glide-ins: 
t-split:io-flip:rime:pro-a:glide-ins: 
t-split:io-flip:rime:pro-a:glide-ins: 
t-split:length: 
t-sp l it :  glide-ins: io-flip: rime: 
t-spli t: glide-ins: io-flip: rime: 
t-split :glide-ins: io-flip:rime: 
t-split:io-flip:rime:pro-c :glide-ins : 
t-spli t :length: 
t-spl it: glide-ins: io-flip: rime: 
t-split: io-ftip.:rime:pro-c :glide-ins: 
t-split:io-flip:rime:pro-c :glide-ins: 
t-split : io-flip:rime:pro-a:glide-ins: 
t-split:length: 
t-spl it: glide-ins: io-flip: rime: 
t-split : io-fiip:rime:pro-c :glide-ins: 
t-split : io-flip:rime:pro-a:glide-ins: 
t-spli t :  length : 
t-spli t :  length :pro-a: 
t-split:io-flip : rime:pro-c:glide-ins: 
t-split:io-flip:rime:pro-a:glide-ins: 
t-split : io-fiip:rime:pro-a:glide-ins: 
t-split: io-flip:rime:pro-a:glide-ins: 
t-split:rnd: 
[t2-tl]  :t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-spli t :t2-merge: devoi :ro d :  
t-split:devoi : rod: 
t-split:devoi :rnd: 
t-spli t:a.sp:devoi: rnd: 
t-split:rnd: 
t-split: rnd: unglide: 
[t-split]:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split: retrof: deret : io-flip: rime: 
t-split : retrof: deret : io-fiip: rime: 
( t2-t3] : t-split : fricat: retrof: deret: io-fti p:rime: 
t-spli t: devoi : fricat : retrof:deret : length: [ m-n) : 
[ t3-t2] : t-spli t :fricat : retrof:deret : rnd:  
t-s pi  it :  t 2-merge: devoi: fricat: retro f: de ret : i o­
flip:rime: [ts-s]: 
t-split:devoi:fricat:retrof:deret: io-flip:rime: 
t-spli t: retrof:deret: io-fii p:  r ime: 
t-split : retrof:deret: io-fl.ip: rime: 
t-s p 1 it :  asp: devoi: fri cat: ret rof: deret: i o­
flip:rime: 

1 b t-split:asp:devoi : frica.t:retrof:deret :io-
fiip:rime: 

1 b t-spli t: devoi : retrof:deret:io-flip: rime: [ ts-s] : 
2a t-split:retrof:deret:io-flip:rime: 
3a t-split :retrof:deret:rnd: 
3a t-split :retrof:deret : io-flip: rime: 
l a  t-split:r-unglide:deret:length: 
l a  t-split:r-unglide:deret:length: 
2b t-split:io-flip:rime:pro-d:glide-ins: 
la t-split:rnd: 
l a  t-split:rnd: 
la t-split:rnd: 
la t-split: lab-vel : length: 
2a t-split:rnd: 
2a t-split:rnd: 
3a t-split :rnd: 
3a t-split:rnd: 
3a t-split:rnd: 
3a t-split:rnd: 
3a t-split:rnd: 
3a t-split:lab-vel : length: 
1 a t-spli t :spi rant : x-lab:f-coal : rnd: 
2a t-spli t:spirant : x-lab: £-coal: rnd : 
1 a t-split :spirant :x-lab :f-coal: rnd:  
lb t-split : length:pro-b:glide: 
1 b t-split: length :pro-b:glide: 
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rnd-adj :degem:acute: 
rnd-adj :degem:acute: 
rnd-adj :degern:acute: 
rnd-adj :degem :acute: 
rnd-adj :degem:acute: 
rnd-adj :degem :acute: 
rnd-adj : de gem: acute: 
rnd-adj :degem :acute: 
rnd-adj :degem:a.cute: 
acute: 
rnd-adj :dege m : acute: 
rnd-adj :dege m : acute: 
rnd-adj :dege m : acute: 
rnd-adj :dege m : acute: 
rnd-adj :degem :acute: 
rnd-adj :degem:acute: 

acute: 
rnd-adj :degem:acute: 

acute: 
rnd-adj :degem:  

rnd-adj :degem: 
rnd-adj :degern: 
rnd-adj :degem: 

rnd-adj :degem: 
rnd-adj :degem: 
rnd-adj:degem: 
rnd-adj :degem: 
rnd-adj :degem: 
rnd-adj :degern: 
rnd-adj:degem: 

rnd-adj:degem: 
rnd-adj :degem: 
rnd-adj:degem: 
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3b 
3b 
3b 
3b 
3b 
3b 
la 
la  
la  
l b  
l b  
l b  
lb  
2a  
2a  
2b 
3b 
3b 
l a  
2 a  
3a 
3a 
3a 
3b 
3b 
la 
lb 
lb  
lb  
lb  
2a 
3a 
la 
lb 
l b  
l b  
2a 
2a 
3a 
la 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
l b  
l b  
l b  
2b 
3b 
3b 
3a 
l a  
2a 
3b 
3a 
lb 
lb 
3a 
la 
la  
l a  
lb  
2a  
3a  
3a 
2b 
lb 
3b 
3b 
l a  
l a  
l a  
l a  
l a  

Diachronic 

t-split: t2-merge:glide :rnd : pro-b: 
[ t-spli t] :  rnd: [pro-x] :glide: 
[ t-split] :  rnd : [pro-x] :glide : 
t-spli t :rnd:  pro-b :glide: 
t-spli t :  length: pro-b:glide : 
t-split: length: pro-b:glide: 
t-split: rnd: pro-b:glide: 
t-split:length:pro-b:glide: 
t-spli t: length: pro-b: glide: 
t-split:rnd :pro-b: [j-ins]: 
t-split :rnd:  pro-b: (j-i ns] : 
t-split: length : pro-c: glide : 
t-spl it :  length : pro-c:glide : 
t-split :rnd:  pro-a:glide: 
[ t-spli t]: lab-d nt ' :  lab-dism: length: 
t-spli t :  lab-dnt 1:  lab-cl ism: length: [ m-w J :  
t-split: lab-cl nt ' :  lab-cl ism : length: 
t-split: lab-dnt 1 :  lab-dism: length: 
[ t-spl it]: i o-Ai p:  rime: [k-i ns]: 
t-spli t :  i a-flip: rime: 
t-split: io-flip:rime: 
t-spli t :  i o-fl i p :  rime: 
t-spl it: i o-fli p:  rime: 
t-split:devoi:io-flip:rime: 
t-split: t2-merge :devoi: io-fli p: rime: 
t-spli t:spi rant : x-weak :io-fli p:  rime: 
t-spl it :  asp : devoi : io-fl i p :  rime: 
t-spl it: asp: devoi : io-fl i p: rime: 
t-spli t :asp:devoi: io-Ai p: r ime:  
t-split: asp :devoi: io-Ai p: r ime: 
t-split :spirant:x-weak:io-Aip:rime: 
t-split :spirant:x-weak : io-Aip:rime: 
t-split : io-Aip:  rime: 
t-spli t :devoi : io-Aip:rime: 
t-spli t :  io-A i p: rime: pro-b: glide-ins: 
t-split : io-Aip: rime:pro-b:glide-ins: 
t-spl it: io-A i p :  rime: 
t-spl it: io-Ai  p :  rime: 
t-spli t :  x-weak : io-fli p:  rime: 
t-split: io-Aip:rime:pro-a:glide-ins: 
t-spli t: io-Ai p:  rime: 
t-split : i o-Aip:  rime: 
t-split: glide-ins: io-Ai p: r ime:  
t-spl it : io-Aip :rime:pro-c :glide-ins: 
t-spl it: io-Ai p: rime: pro-c : glide-ins: 
t-spli t :  io-Ai  p: rime: pro-c: glide-ins: 
t-spli t :  io-flip: rime: 
t-spl it: io-A i p :  rime: 
t-split : io-Aip: rime: 
t-split : io-Aip: rime: 
t-spl it: i o-A i p :  rime: 
t-split: io-Aip: rime: 
t-spl i t :  io-A i p :  rime: pro-c : glide-ins: 
t-spli t: io-A i p :  rime: pro-a:glide-i ns: 
t-spli t: lab-dism: io-Ai p: 
t-split :r ime:  
t-split:t2-merge:devoi : lab-dism:io-fiip: 
[ t l-t3] : t-spli t :  lab-d ism: io-Ai p:  
t-spli t :  asp:devoi : r ime:  
t-split:rime: 
[t-spli t] :rime: 
t-split : lab-dnt 1 : lab-d ism : io-Aip:  
t-spli t :  asp: lab-dnt 1 :  lab-dism: io-fl i p: 
t-spli t: asp: lab-d nt 1 :  lab-dism: io-fl ip: 
t-spli t: devoi : lab-dnt 1 :lab-dism: io-fli p:  
t-spli t :  lab-dnt 1 :  lab-dism: io-fli p :  
t-spl it :  la.b-dnt 1 :  lab-d i s m  :io-fli p:  
t-spli t :  lab-dnt' :  lab-dism: io-fli  p:  
t-spli t :  devoi : lab-dnt ' : I  ab-d ism: io-flip: 
[ t2-t 1 ] :  t-split :devoi : lab-dnt ' : la.b-dism: io-flip: 
t-spl it :devoi: lab-dnt' : lab-dism:io-flip: 
t-spl it :rime: 
t-spli t :  r-unglide:deret: io-fli p :  
t-spti t :  r-unglide:deret : io-flip: 
t-sp 1 i t :  ret rof: de ret: i o-flip: u ngl ide: 
t-sp 1 i t :  retrof: de ret : i o-flip: u ngl id e: 
t-spl i t :  fr i cat: retrof: deret: i o-flip: u ngl i de :  
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rnd-adj: 

rnd-adj : degem: acute: 
rnd-adj : degem: acute: 
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Diachronic 

t-spl it: f ri cat: ret rof: deret: io-flip:  rime: fusion: 
t-spli t :fricat : retrof:deret : io­
Aip:rime:fusion: [de-a.sp): 
t-spli t :  frica t :  retrof: deret: io-flip: u ngl ide: 
t-s pl it: frica t: retrof: deret: io-flip: u nglide: 
t-sp 1 it: frica t: retrof: deret: io-flip: u ngli de: 
t-s pl it: fricat: retrof: deret: i o-flip: ungli de: 
t-split:devoi : fricat: retrof:deret: io­
flip:unglide: 
t-spl it: retrof: deret: i o-flip: ungli de: 
t-spl it: ret rof: deret: io-fli p: u ngli de: 
t-spli t :asp:devoi : fricat:retrof:deret : io­
flip:unglide: 
t-spl it: asp: d evoi: frica t: retrof: deret: io­
flip:unglide: 
t-spl it: asp: d evoi: f rica t: ret rof: deret: io­
flip:unglide: 

1 b t-split :devoi : retrof:deret : io-flip :unglide: 
1 b t-split :devoi : retrof:deret: io-fli p: unglide: 
1 b t-split:devoi: retrof:deret: io-flip:unglide: 
3a t-split :fricat : retrof:deret : io-fli p: unglide: 
3a t-split:r-unglide:deret:io-flip: 
3a t-spl it :  retrof: deret : rime: [de-asp] : 
l a  t-split:r-unglide:deret:io-flip: 
1 a t-spli t:retrof:deret : io-flip: unglide: 
1 a t-split:retrof:deret:io-Aip:unglide: 
la t-spli t: retrof:deret : io-Aip: unglide: 
1 b (t-split):retrof:deret:io-flip:unglide: 
1 b t-split :devoi : retrof:deret:io-flip:unglide:(ts-

s] :  
2a t-spli t: retrof:deret : io-flip: unglide: 
2a t-spli t: retrof: deret : io-Aip: unglide: 
2a t-spli t: retrof:deret : io-flip: unglide: 
3a t-split:r-unglide:deret:io-flip: 
3b t-spli t: t2-merge :devoi : retrof:deret : i o-

flip:unglide: 
2b t-spli t: devoi : retrof: deret : io-fli p: unglide: 
3b t-spli t: devoi : retrof:deret: io-fli p: unglide: 
1 b t-split : glide:io-flip:pro-d: 
l b  t-spl it :glide:io-flip:pro-d: 
2b t-split:glide:io-flip:pro-d: 
3b t-split:glide:io-flip:pro-d: 
3b t-split:glide:io-flip:pro-d: 
3b t-split:glide:io-flip:pro-d: 
l a  t-split:io-Aip: 
la t-split:io-Aip: 
2a t-split :spirant :x-weak:io-flip: 
2a t-split :spirant:x-weak:io-Aip: 
2a t-split:spirant:x-weak:io-flip:  
2a [t-split) :devoi : io-flip:  
3b t-split:devoi : io-flip: 
la t-split:glide-ins:io-flip:  
la t-split:io-flip:unglide: 
3a t-split:io-flip:unglide: 
la 
1 b t-split:asp:devoi : io-flip:unglide: 
1 b t-split:asp:devoi:io-flip:unglide: 
2a t-split:io-flip:unglide: 
3a t-split:io-flip:rime:fusion: 
lb t-split:io-flip:unglide: 
2b t-split:io-flip:unglide: 
l b  t-split:io-flip:unglide: 
la [t-split] :io-flip:unglide: 
la [t-split ] : io-flip:unglide: 
la [t-split):pre-color:color: 
1 b t-split:pre-color:color: 
lb t-split:pre-color:color: 
3b t-split:glide:io-flip: (n-del]: 
3b t-split:pre-color:color: 
la t-split:pre-color:color: 
la t-split:io-flip:unglide: 
la t-split:io-flip:u nglide: 
la t-split:io-flip:unglide:[asp] : 
l a  t-split:io-flip:unglide: 
la t-split:io-fiip:unglide: 
la t-split:io-flip:unglide: 
la t-split:io-fiip:unglide: 
2b [t-split]:pre-eolor:eolor: 
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tn 

2a 
2a 
3a 
3a 

Diachronic 

t-split:io-ftip:unglide: 
[ t-split] :devoi : io-A.i p: unglide : 
t-split:io-flip:unglide: 
t-spli t :  pre-color: color: 

3 b t-split : t2-merge:devoi : pre-color : col or: 
2b t-split:asp:devoi : io-flip:unglide: 
3b t-split :rime: [n-ng]: 
l b  [t-splitPo-flip,unglide' 
la t-split : io-ftip :unglide: 
1 b t-split :asp:devoi :io-ftip:unglide: 
1 b t-split:asp :devoi : io-flip:unglide: 
1 b t-split:asp:devoi : io-flip:unglide: 
1 b t-split :asp:devoi :pre-color:color: 
1 b t-spli t :asp:devoi :unglide:io-flip: 
1 b t-spli t :asp:devoi :ungl ide:io-fiip: 
2a t-split:io-flip:unglide: 
la t-split: io-ftip:unglide: 
l a  t-spl it : io-fl.ip:unglide: 
l a  t-split : io-fl.ip:unglide: 
la t-spl it : io-flip:unglide: 
la t-split:io-fl ip : [pro-x] :glide: 
3a t-spl it :pre-color:color: 
l a  t-spli t : io-Aip:pro-a:glide: 
la t-split : io-Aip:pro-a:glide: 
la t-split: io-flip:pro-a:glide: 
la t-split : io-Aip :pro-a:glide: 
la t-spl it : io-Aip:pro-a:glide: 
la [t-spl it ] : io-Aip:unglide: 
1 b t-split :rime: 
2a t-split : io-ftip:pro-a:glide: 
2a t-spl it : io-flip:pro-a:glide: 
2a [t-split) ,gl ide, io-flip' 
2a [t-split) ,y-spl it ,glide,io-flip'  
3a t-spli t : io-Aip:  pro-a: glide: 
la t-split : io- Aip:unglide: 
la t-spli t : io-flip:unglide: 
3b [t-split),colo" 
2b t-spli t :asp:devoi:color: 
3b t-split:devoi:color: 
3b t-split:devoi:color: 
la t-split : io-Aip:  
lb  t-spl it :rime: 
l b t-split :rime: 
1 b t-spl it :color: 
la [t-split]:color: 
1 b t-split:color: 
3b t-split:color: 
l a  t-split:rime: 
la t-split : rime: 
la t-split:rime: 
lb t-split :asp :devoi:rime: 
3a t-split :r ime: 
la t-spl it : rime: [asp}: 
2a t-split :rime: 
2a t-spli t :color: 
2a t-spli t : retrof:deret:color: 
la t-split :retrof:deret:color: 
1 b t-split:devoi : retrof:deret:color: [ts-s]: 
l a  [t-split] :devoi :retrof:deret :color: 
1 b t-split:devoi :retrof:deret:color: 
2a t-split: retrof:deret :color: 
3b t-split:devoi :retrof:deret:color: [ts-s] : 
3b t-split:color:pro-d:glide-ins: 
3b t-split:color:pro-d:glide-ins: 
2a t-split:lab-vel:io-flip: 
3a 
l a  t-sp1it , io-flip , [asp)' 
la t-spliho-flip,[asp)' 
la t-split : lab-vel:io-flip: 
2a t-split:lab-vel :io-flip: 
3a t-split: lab-vel:io-flip: 
la  t-split : lab-vel:f-coal:io-flip: 
la t-split: lab-vel : f-coal :io-flip: 
la t-split :y-spl it :  lab-vel: f-coal : io-flip: 
l b  t-spli t : io-flip:pro-b:glide: 
lb t-split:io-flip:pro-b:glide: 
3b t-split :t2-merge:io-flip :pro-b:glide: 
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l a  
l a  
l b  
l b  
l b  
2a 
3b 
la 
la 
la 
la. 
3a 
2a 
lb  
lb  
la. 
la  
lb  
lb  
lb  
lb  
3a 
3a 
3a 
lb  
lb  
2b 
3b 
3b 
3b 
3b 
3b 
la  
la  
2a  
2a 
2a 
l a.  
3a. 
lb 
l b  
l a.  

lb  

lb  

l b  

2a 
2a 
2a 

2a 

2a 

3a 
la. 
2a. 
2a 
3a 
l a  
l b  
l b  
la  
l b  
2 a  
3a 
3a 
l b  
l b  
l b  
la  
3b 
l a  
l a  
la  

Diachronic 

t-split:io-flip :pro-a:glide: 
t-spli t:io-flip: pro-a: glide: 
t-split:lab-dism:io-flip: 
t-split:lab-dism:io-flip: 
t-split : lab-dnt 1:  lab-dism:io-fli p: 
t-split:io-flip :pro-a:glide: 
t-split: lab-dnt 1:  lab-dism:io-flip: 
t-split:y-split: lab-vel:io-flip: 
t-split :y-split : lab-vel :io-fli p: 
t-split:y-split: lab-vel:io-flip: 
t-split:y-split:lab-vel:io-flip: 
t-split:color: 
[t-split1'asp,devoi:y-split,lab-vel , io-flip' 
t-split:a..sp :devoi:y-split:lab-vel:io-flip: 
t-split:asp:devoi:y-split:lab-vel:io-flip: 
t-split:y-split:lab-vel:f-coal:io-flip: 
t-spl it: y-s pi it: lab-vel: f-coal: io-flip: 
t-s pi it: affri c: asp: d evoi : io-flip: u n glide: 
t-spl it: aff ric: asp: d evoi : color: 
t-spli t: affric: asp: devoi: color: 
t-s pi it :  affri c: asp: devoi: eo I or: 
t-spli t: pre-color:color: 
t-split:color: 
t-spl it :y-spl it: lab-vel :f-coal : io-flip: 
t-split :y-spli t: 
t-s pi it' y-spl it' i o-flip' (pro-j 1 'g I i de' 
t-split :y-spli t: glide: io-flip: 
[ t-spli t 1 'y-s pI it' io-flip' pro-a' glide' 
t.s pi it' y-sp I it' i o-flip' (pro-j 1 'g  I i de' 
t-s pi it' y-spl it '  io-flip' (pro-j 1 'glide' 
t-s pI it: y-sp I it :  i o-flip: (pro-j]: g I i de: 
t-split 'glide' io-fli P' (ng-n 1' 
t-split:rnd: 
t-spli t: back-a.sm :rnd: 
t-split:rnd: 

[ t-spli t] :asp:devoi: length : 
( t-spli t] :asp:devoi : rnd : 
t-split: back-asm:rnd: 
t-split:rnd: 
[ t-spli t 1 ' lab-dnt ' '  lab-dism' baek-asm' rnd' 
t-spli t' [ asp-r1 ' lab-dnt' ' lab-dism' baek­
asm:rnd: 
[t-spli t 1' [ asp-r 1 ' lab-dnt •, lab-dism 'baek­
asm:rnd: 
t-spli t :devoi : lab-dnt 1 :  lab-dism: back­
asm:rnd: 
t-spli t :devoi : lab-dnt 1 :  lab-dism: back­
asm:rnd: 
t-split: lab-dnt 1 :  lab-dism: back-asm: rnd: 
t-split: lab-dnt 1 : lab-dism: back-asm: rnd: 
t-spli t' [ asp-r 1 '  la.b·dnt ' '  lab-dism 'baek­
asm:rnd: 
t-spl it: [ asp-r] : lab-dnt 1 :  lab-dism: back­
asm:rnd: 
(t3-t21 't-split ' [ asp-r 1 ' la.b-dnt ' '  la.b-dism' ba.ek­
asm:rnd: 
t-spli t :  lab-dnt 1 :  lab-dism: back-asm: rnd: 
t-split ' rnd' [t-f1 ' 
t-split ' rnd' (t-f1 ' 

t-split:rnd: 
t-split:rnd: 
t-spli t: asp:devoi : rnd: 
t-split:asp:devoi :rnd: 
(t-split1'""P'devoi,rnd' 
t-split:asp:devoi:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
(t-split1 ,rnd' 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split : rnd:  
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t-spl it :rnd: 
t-split:devoi:rnd: 
t-split : devoi :rnd: 
t-split:rnd: 
t-split :rnd: 
t-split:devoi:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split:rnd: 
t-split :rnd: 
t-split: fricat: retrof :deret: back-asm: rnd:color: 
t-split: retrof: deret : back-as m: rnd:color: 
t-split: retrof: deret: back-asm: rnd :color: 
t-spli t :  fricat: ret rof:deret : back-asm: rnd :calor: 
{ t2-t3]: t-spli t :  fricat: retrof: deret : back­
asm:rnd:color: 
t-spli t :  retrof:deret : back-asm: rnd : color: 
t-spli t: f ri cat : retrof:deret : back-asm: rnd :calor: 
t-spl it: fricat : retrof:deret: back-asm : rnd :calor: 
t-spl it: f ricat : retrof:deret : back-asm: rnd :col or:  
t-spl it: fricat : retrof:deret: back-asm : rnd :calor:  
t-spl it :devoi: fricat: retrof: deret : back­
asm:rnd:color: 
t-spl it : devoi : fricat: retrof: deret : back­
asm:rnd:color: 
t-spli t: devoi: fri cat : retrof:deret: back­
asm:rnd:color: 
[ t2-t3]: t-spl i t :  retrof: retrof: deret: back­
asm:rnd:color: 
t-spl it: retrof: deret : back-asm: rnd :calor: 
t-spli t :  asp:devoi: fricat: retrof: deret : back­
asm:rnd:color: 
t-split: asp:devoi : fricat : retrof: deret : back­
asm: rnd:color: 
t-split: asp:devoi : fricat : retrof: deret : back­
asm:rnd:color: 
t-spli t :devoi: retrof: derel : back-asm: rnd: col or:  
t-split :devoi: retrof:deret: back-asm:rnd:color: 

1 b t-split :devoi : retrof:deret: back-asm:rnd:color: 
2a t-split: retrof:deret: back-asm :rnd:color: 
3a t-spli t :  f ricat : retrof:deret : back-asm: rnd :calor: 
3a t-split: retrof:deret: back-as m :  rod :color: 
3a t-split : retrof:deret: back-asm : rnd:color: 
1 a t-spl it : retrof:deret: back-asm :rnd:color: 
la t-split: retrof:deret: back-as m :  rnd :color: 
2a t-split: retrof:deret: back-asm: rnd :calor: 
2b t-spli t: devoi : retrof:deret : back-as m: rnd :calor: 
3b t-spli t: devoi : retrof: deret : back-asm: rnd : calor: 
3b t-spli t: devoi : ret rof: deret : back-asm: rnd : calor: 
1 b t-spli t :  retrof:deret: back-asm : rnd :unglide: 
2b t-split: back-asm:rnd :color :pro-d :glide-ins: 
2b t-split: back-asm: rnd:color: pro-d :glide-ins: 
2b t-spl i t :  back-asm: rod : col or: pro-d :glide-ins:  
3b t-spli t :  back-asm:rnd :color:p ro-d :glide-ins: 
la t-split:rnd: 
la t-spl i t :rnd: 
la  t-split:rnd: 
1 a t-spl i t : rnd: 
la  t-split :rnd:  
la t-spli t :back-asm:rnd: 
la  t-split :back-asm:rnd: 
2a t-split:back-asm:rnd: 
3a 
la t-split:spirant:x-weak:rnd:  
la t-split:spirant:x-weak:rnd:  
2a t-split :rnd: 
3a t-split :rnd: 
3a t-split :rnd: 
lb t-spl it :devoi:x-weak :rnd:  
1 b t-split:devoi:x-weak:rnd: 
1 b t-split:devoi:x-weak:rnd: 
la  t-spl it :pro-a:rnd: 
1 b t-split :rnd: 
lb t-split:back-asm:rnd:color: 
l b  t-split :back-asm:rnd:color:  
la  [t-split]:back-asm:rnd:color:  
lb t-split:back-asm:rnd:color:  
lb t-split:back-asm:rnd:color: 
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234 
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234 
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235 

235 

235 
235 
235 
235 
235 
235 
235 
235 
235 
236 
236 
236 
236 
236 
236 
236 
236 
236 
236 
237 
237 
237 

237 
237 
237 
237 
237 
237 
238 
238 
238 
238 

I eh 

8 • 
9 i'li 

� 
• 

2 � 
3 W! 
4 � 
5 � 
6 fl 
6 • 
7 * 
7 * 
8 li 
9 � 
1 m 
2 & 
3 � 
4 J!i: 
5 11$ 
6 ffl 
7 � 
8 lit 
9 l!il 

ffl 
2 !lil 
2 ffi 
2 5 
2 !Ill 
3 'i5' 

!; 
� 
� 

6 1¥-
7 Jll$ 
8 � 
9 • 
9 If! 

tll 
jl! 

3 • 
3 � 

loJ 
5 iji 
6 '!!! 
7 91: 
7 " 
7 � 
8 � 
9 � 
9 1!1-

� 
pa 

2 itlJ 
3 � 
4 tt 
5 � 
6 ft 
7 a: 
8 !11! 
9 Ill 
1 tt 
2 :!* 
3 ll 
4 If; 
5 \ l  
6 tl< 
7 l!jj 
8 {llj 
9 • 

� 
2 Jl! 
3 � 
4 I 

li"'') 
li"'') 
li"'') 
li"'') 
li"'') 
li&IJ 
tsi&IJ 
tsiau 
ki"'') 
kiau 
ki"'') 
ki"'') 
kag 
tsia.g 
k"'') 
tsi&IJ 
tsi&IJ 
dzia.g 
k"'') 
tsh i&IJ 
kh "'') 
dzi&IJ 
giau 
tsh iau 
siau 
siag 
siaiJ 
siaiJ 
xiaiJ 
xiau 
zial] 
Zi&IJ 
ziaiJ 
Jag 
sia.IJ 
xiag 
xiau 
siau 
ziaJ) 

ziau 

zi&lJ 

xial) 
Jag 
Jag 
?ia.IJ 
?ia.IJ 
?iau 
i"'') 
iaiJ 
iau 
ia.u 
i"'') 
ui&IJ 
i&IJ 
i"'') 
iau 
iau 
tu:ial] 
t,ia.IJ 
£ag 
t3ia.u 
d7t,i&IJ 
a"'�� 

t�h iau 
t,h "'I) 
d"<.i"'') 
t,h i"'') 
t"h i&l] 
§i&l) 
§ag 
1iau 
ku<4J 
ku<4J 

tn me 

1 loeg 
2 loeg 
3 loeg 
3 loeg 
3 lceg 
3 loeg 

tsoeu 
tsoeu 
koeg 
koeg 
koeg 
koeg 
k>g 
tsoeu 
k>g 
tsoeu 

3 tsoeg 
3 tsoeu 
3 k>g 

tsh ceu 
hog 
tsh ceu 
kh oeg 
tsh c:eu 
soeg 
soeg 
soeg 
soeg 
hoeg 
hoeg 
tsh <:eiJ 
tsh oeu 
tsh oeu 
hog 
sceg 
hceg 

2 hceg 
3 sceiJ 
2 tsceg 

tSCE:IJ 

tsceu 

3 hoeg 
2 hog 
3 h:Jl) 

joeiJ 
jceu 
joeu 
jceg 
joeu 
joeiJ 
joeg 
jceg 

2 jceg 
2 jceg 
2 jceg 
3 jceg 
3 jceg 

ts:>IJ 
ts:>IJ 

1 h'liJ 
J tS'llJ 
3 ts>g 
3 h'liJ 

tsh :)IJ 
tsh c:eiJ 
tsh 'liJ 

2 tsh :JIJ 
3 tsh 'liJ 

sceg 
sceg 

2 S:>IJ 
1 kwog 
2 kW'liJ 

tn Diachronic 

3b [t1-t3J:t-split:back-asm:rnd:color: 
2a [t-split]:back-asm:rnd:color: 
3b t-split:back-a.sm:rnd:color: 
3b t-split:back-a.sm:rnd:color: 
3b t-split:back-a.sm:rnd:color: 
3b t-split:back-asm:rnd:color: 
l a  t-split :back-asm:rnd:color: 
l a  t-split:back-asm:rnd:color: 
l a  t-split : back-asm:rnd:color: 
l a  t-split:back-asm:rnd:color: 
l a  t-split:back-asm:rnd:color: 
l a  t-split :back-asm:rnd:color: 
l a  t-split:back-asm:rnd: 
2a t-split : back-asm:rnd:color: 
2a t-split :back-asm: rnd: 
3a t-spli t :  back-asm: rnd :col or: 
3a t-split:ba.ck-a.sm:rnd :color: 
3b t-split:devoi:ba.ck-asm:rnd:color: 
3a t-split:back-asm:rnd: 
la t-split:back-asm:rnd :color: 
la  t-split:spirant:x-weak:back-asrn:rnd: 
1 b t-split :asp:devoi :back-asm:rnd:color: 
1 b t-split:asp:devoi :back-asm:rnd:color: 
2a t-split:back-asm:rnd:color: 
l a  t-split:back-asm:rnd:color: 
la  t-split:back-asm:rnd:color: 
la  t-split : back-asm:rnd :color: 
la t-split:back-a.sm:rnd:color: 
la t-split:x-weak:back-asm:rnd:color: 
l a  t-split :x-weak: back-asm:rnd:color: 
la [ t-spli t]:  affric :asp:devoi: back-asm: rnd :calor: 
1 b t-split :affric:asp:devoi:back-asrn:rnd:color: 
1 b t-split:affric:a.sp:devoi:back-asrn:rnd:color: 
1 b t-split:deVoi :x-weak:back-asm: rnd:  
2a t-split:back-asm:rnd:color: 
2a t-split:x-weak:back-asm:rnd:color: 
2a t-split:x-weak:back-asm:rnd:color: 
3a t-split :back-asm:rnd :color: 
3 b t-spli t: t2-merge:affric:devoi: back­

asm:rnd:color: 
3b t-split :t2-merge:affric :devoi : back­

asm:rnd:color: 
3b t-spli t :t2-merge:affric :devoi : back-

asm:rnd:color: 
3a t-split:x-weak:back-asm:rnd:color: 
3b t-split:t2-merge:devoi :x-weak: back-a.sm:rnd: 
3b t-split:devoi :x-weak:back-asm:rnd: 
1 a t-spli t :  pro-a: glide-ins: back-asm : rnd: col or: 
l a  t-spli t: pro-a: glide-ins: back-asm: rnd :color: 
l a  t-split:pro-a:glide-ins:back-asm: rnd :col or: 
1 b t-split:glide-ins: back-asm: rnd:color: 
1 b t-split:glide-ins: back-asm:rnd:color: 
l a  {t-split] :glide-ins: back-asm :rnd:color: 
la [t-split] :glide-ins: back-asm:rnd:color: 
1 b t-split :glide-ins: back-asm:rnd:color: 
2b t-split:back-asm:rnd:color:pro-c :glide-ins: 
2b t-split:glide-ins:back-asm:rnd:color: 
2b t-split:glide-ins:back-asm:rnd:color: 
3b t-split:glide-ins:back-asm:rnd:color: 
3b t-split:glide-ins:back-asm:rnd:color: 
la t-split:deret:back-asm:rnd:unglide: 
l a  t-split:deret:back-asm:rnd:unglide: 
1 a t-spli t :fricat :retrof:deret: back-asm:  rnd: 
3a t-split:r-unglide:deret:back-asm:rnd: 
3b t-split:devoi : r-unglide:deret:back-asm:rnd: 
3b t-spli t:devoi : fricat : retrof:deret: ba.ck-

asm:rnd: 
1 a t-spli t :deret : back-asm: rnd :color: 
1 a t-split :deret:glide-i ns: back-asm: rnd: col or: 
la (t-split] :asp:devoi:deret:back-asm:rnd:color: 
3a {t2-t3] :t-split : r-unglide :deret:back-asm:rnd: 
3a t-split:r-unglide:deret:back-a.sm:rnd: 
la t-split:deret: back-asm:rnd :color: 
l a  t-split:deret:glide-ins:back-asm:rnd:color: 
2a t-split:back-asm:rnd:unglide: 
la t-split:lab-vel : rnd: 
2a t-split:lab-vel:rnd: 
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239 5 
239 6 
239 7 
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240 2 
240 3 

240 4 
240 5 
240 6 
240 7 
240 8 
240 9 
241 
241 2 
241 3 
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241  
241  
2 4 1  6 
241 7 
241 8 
241  9 
242 
242 
242 
242 
242 
242 
242 5 
242 6 
242 7 
242 8 
242 9 
243 
243 2 
243 3 
243 4 
243 5 
243 6 
243 6 
243 7 
243 8 
243 9 
244 
244 2 
244 3 
244 4 
244 5 
244 6 
244 7 
244 8 
244 9 
245 
245 2 
245 3 
245 4 
245 5 
245 6 
245 7 
245 8 
245 9 
246 

eh sme 

kh U<UJ 
XY<UJ 
XU<UJ 
XU<UJ 
¥U<UJ 
¥U<UJ 
¥U<UJ 
XU<UJ 
¥U<UJ 

?u<UJ 
11JY"9 
jya9 
11JY"9 
jya.9 
llJY<UJ 

f1JY8.1J 
jyalJ 
P>9 
ph an 
bo9 
bo9 
bail 
ban 
bu9 
bu9 
rh iu9 

miaO 
mu9 
mari 
man 
miul) 
fiu9 
fiu9 
f11 iul) 
fiu9 
f11 iul) 
f11 iuu 
rh iul) 
viul) 
viul) 
viuu 
fiu9 
viul) 
viul) 
viul) 
viulJ 
t>9 
to9 
to9 
t>9 
do9 
dio9 
do9 
do9 
do9 
do9 
no9 
1>9 
lari 
ts�l) 
ts�l) 
dz�IJ 
dz;.IJ 
dz;,IJ 
S09 
tSi;,u 
t1an 
t,an 
t3an 
tSiafi 

tn 

3 

3 
3 

2 
3 

3 
3 

2 
3 
3 

1 
3 
3 
2 
3 
3 

2 
3 
3 
3 

1 
3 

khW�IJ 
fo9 
[,9 
fo9 
W09 
W09 
W09 
fo9 
[,9 
fo9 
W09 
ffi09 
W09 
ffi09 
W09 
ffi09 

ffi09 
W09 
Pa.JJ 
ph a:l) 
ph aiJ 
ph a!IJ 
ph a:u 
ph a:u 
ph U1J 
ph UIJ 
ph UIJ 
ph UIJ 
ma9 
mu9 
ma:u 
ma:IJ 
ffiU9 
fu9 
fu9 
fu9 
fu9 
fu9 
fu9 
fu9 
fu9 
fUIJ 
fu9 
fu9 
fu9 
fu9 
fu9 
fu9 
ta9 
ta.9 
ta.9 
ta9 
ta.9 
ta.9 
t11 aiJ 
th aiJ 
th &IJ 
t11 aiJ 
""9 
li9 
la.:9 
tsa.J] 
tS&IJ 
tsa.J) 
tsh &IJ 
tsh &IJ 
tS&IJ 
tsiiJ 
tsa:IJ 
tsa:u 
tsa!tJ 
tsil) 

tn Diachronic 

3b [t-split} : la.b-vel : [  unglide} :length: 
la t-spli t :spirant :x-weak: back-as m : rnd: unglide: 
lb  t-split:asp:devoi: lab-vel:back-

asm:rnd:unglide: 
3a t-split: lab-vel:rnd: 
3a t-spli t:  lab-vel : f-coal : back-as m :rnd: ungl ide: 
la  t-split: lab-vel : f-coal : rnd: 
la  t-split:lab-vel :f-coal : rnd: 
lb t-split : rnd:pro-b:glide: 
lh t-spl it :rnd:pro-b:glide: 
la. [t-spl it } : rnd:pro-b:glide: 
2a t-split: lab-vel : f-coal :rnd: 
2a (t-split] :f-coal:devoi : lab-vel : rnd: 
2a 
la t-split : rnd:pro-a:glide: 
1 b t-split: lab-dnt' :lab-dism: back-asm :rnd: 
1 b t-split: back-asm:rnd:unglide: [pro-j] :gl ide:  
2b t-spl it : lab-dnt' :lab-dism: back-asm:rnd : 
2b t-spli t :  back-asm: rnd: ungl ide: (pro-j) :glide: 
1 b [t3-t 1} :t-split: lab-dnt ' : la.b-dism:baek-

asm:rnd: 
3b t-spl it :  lab-dnt ' : lab-dism: back-asm:rnd: 
3 b t-spli t: back-as m: rnd : unglide: [pro-j] :gl ide:  
la  t-split:io-Aip: 
la t-split: length:fusion: 
l b  t-split :asp:devoi : io-Aip: 
1 b t-split:asp:devoi : io-flip:[length]: 
1 b t-spli t :asp:devoi : length:fusion: 
1 b t-spl it :asp:devoi :length :fusion: 
lb t-spl it :asp:devoi: 
1 h  t-spl it :asp:devoi: 
2a t-split: la.b-dnt' : unglide: [fh-ph}: 
3a 
1 b t-split :lab-dnt:fusion: 
1 b t-spli t :  
2 b  t-split : length:fusion : 
3b  t-split : length:fusion: 
3b t-split: lab-dnt: 
l a  t-split: lab-dnt': 
l a  t-spl it : lab-dnt ' :  
la  t-split: [asp-r} :lab-dnt': 
l a  t-spl it : lab-dnt ' :  
l a.  t-split: [a.sp-r}:lab-dnt ' :  
l a  t-split: [asp-r):lab-dnt ' :  
l a  t-split : [a.sp-r}:lab-dnt ' :  
1 b t-spl it :devoi:lab-dnt': 
1 b  t-spl it :devoi:lab-dnt': 
1 b t-spl it :devoi : lab-dnt ' :  
3a. t-spl it : lab-dnt ' :  
3b  t-split :devoi : lab-dnt' :  
3b  t-split :t2-merge:devoi :lab-dnt': 
2b [t3-t2}:t-split :devoi : lab-dnt ' :  
3b  t-split:devoi : lab-dnt ' :  
l a  t-split:io-Aip: 
l a  t-split : io-Aip: 
2a t-split:io-Aip: 
3a t-split: io-flip: 
3b t-split:devoi:io-flip: 
3 b t-split :devoi: retrof:deret : io-Ai p: unglide: 
l b  t-split :asp:devoi :io-flip:  
1 b t-split :asp:devoi : io-flip: 
1 b t-split :a.sp:devoi: io-ftip: 
lb t-split :asp:devoi : io-Aip: 
1 b t-split:io-flip: 
1 b t-split: [sehwa-i} :  
2b t-split:length:fusion: 
l a  t-split: io-flip: 
l a  t-split : io-flip: 
3b t-split :devoi :io-flip: 
l b  t-split :asp:devoi : io-flip: 
lb t-split:a.sp:devoi : io-flip: 
la t-split: io-flip:[s-ts): 
la t-split:retrof:deret :rime: 
la  t-split:deret:length:fusion: 
la t-split:deret:length:fusion: 
la t-split:deret:length:fusion: 
la t-spli t :retrof:deret: io-fli p:  rime:fusion: 
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9 
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9 
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2 
3 
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2 
3 
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8 
9 

smc 

tSiarl 
tSiaii 
Ui�u 
tSi:otu 
<1iari 

tSiaii 
tSiari. 
tsh i:otu 
ih iarl 
d:ii;nJ 
Zi .. u 
:ii:otiJ 
c1an 
c1ian 

:iiail 
:iiail 
Ziatl 
:iiaO 
tSh i:otiJ 
Si .. IJ 
§&il 
§&ii 
§&ri 
Siarl 
d:ii .. IJ 
§iari 
dii .. IJ 
Si .. IJ 
Siafl 
:iiatl 
rli:otg 
rli:otiJ 
karl. 
karl 
karl. 
karl 
kafi 
kail 
kh an 
l�U 
J&il 
JU&fi. 
JU&ri. 
pi:;al) 
pian 
pian 
pian 
piarl 
bian 
pian 
biaii 
bi .. u 
bi:otiJ 
bi:o.u 
biarl 
hi an 
biarl 
hi ail 
miatl 
miarl 
miaii 
miaii 
miaO 
tiatl 
tiari 
tiarl 
tiail 
tiaii 
tia6. 
diaii 
th ian 
th iari. 
dian 

tn 

2 
3 
3 
3 

3 
3 

1 
3 

3 
3 
3 
3 

1 
3 

3 

1 
2 
2 

3 
3 
2 

1 
3 

2 
2 
3 
3 
3 
1 

tsiu 
tsiu 
tsiu 
tsiu 
tS£u 

tsiiJ 
tsiiJ 
tsi:IJ 
tsh a:u 
siu 
&iiJ 
siu 
tsh a:u 
tsh iu 

siu 
siu 
SiiJ 
SiiJ 
tsh iu 
siu 
sa:IJ 
sa:u 
sa:IJ 
siu 
siu 
sau 
tsiu 
SiiJ 
siiJ 
siu 
jiu 
jiu 
kau 
ka:u 
kau 
kau 
ka:u 
kau 
ha:u 
hau 
hau 
wa:u 
wa:IJ 
piu 
piiJ 
piu 
piiJ 
piu 
piiJ 
piiJ 
piiJ 
Ph au 
ph iiJ 
ph iu 
ph iu 
ph iu 
ph iu 
ph iu 
miu 
miu 
miiJ 
miu 
miu 
tiiJ 
tiu 
tiu 
th iiJ 
tiu 
tiu 
th iiJ 
th iu 
th£U 
th iu 

tn Diachronic Allophonic 

l a  t-split :retrof:deret : io-flip:rime: fusion: 
2a t-split: retrof: deret: io-flip:rime:fusion : 
3a t-spli t: retrof:deret: io-flip:rime: 
3a. t-split: retrof:deret:io-flip:rime: 
3b t-spli t: devoi :sharp :fricat:retrof:deret: pal-

dism:fusion: 
3a t-split:retrof:deret:io-flip: rime :fusion: 
3a t-split :retrof:deret:io-flip :rime:fusion: 
l a  t-split :retrof:deret :rime: [de-asp) : 
1 a t-spl it: fricat: retrof: deret: length: fusion: u ngl ide 
1 b t-split :affric:devoi : retrof:deret:rime: 
1 b t-split:devoi:retrof:deret: rime: 
1 b t-split:devoi :retrof:deret:rime: 
1 b t-split:asp:devoi : fricat: retrof:deret:length:fusi n: 
1 b t-split:asp :devoi : fricat: retrof:deret: io­

flip:rime:fusion: 
1 b t-split: asp:devoi : fricat: retrof:deret: io-

flip: rime:fusion: 
1 b t-spli t :  devoi : retrof:deret : io-flip: rime: fusion: 
1 b t-split :devoi: retrof:deret :io-fli p :  rime: fusion: 
1 b t-spli t :devoi: retrof:deret: io-flip :rime: fusion: 
1 b t-split :devoi :retrof:deret: io-fli p: rime:fusion : 
3a t-split:retrof:deret: rime: 
l a  t-split:retrof:deret:rime: 
l a  t-split:deret:length:fusion: 
l a  t-split:deret : length:fusion: 
l a  t-split:deret:length :fusion: 
1 a t-split: retrof:deret : io-flip: rime :fusion : 
2a [t l-t2): [ t-spli t):  affric :devoi: retrof: deret : rime: 
2a t-split:deret: pal-dism:fusion: 
3b t-split:devoi: retrof:deret:rime: 
3a t-split:retrof:deret:rime: 
3a t-spli t: retrof:deret : io-fli p: rime :fusion : 
3b t-spli t :devoi: retrof:deret :io-flip : rime: fusion : 
lb  t-split:rime:pro-d:glide-ins: 
lb t-split:rime:pro-d:glide-ins: 
la t-split:fusion: 
la t-split:length:fusion: 
la t-split:fusion: 
la t-split:fusion: 
la t-split:length:fusion: 
3a t-split:fusion: 
1 a t-spli t :spirant: x-weak: length :fusion: 
lb t-split:devoi :x-weak: io-ftip: 
lb  t-split:devoi:x-weak:fusion: 
1 b t-split : length :fusion:pro-b:glide: 
3 b t-split : length : fusion : pro-b:glide: 
la t-split :rime: 
la t-split:io-flip:rime:fusion: 
2a t-split:io-fl.ip:rime:fusion: 
2a t-split:io-fl.ip:rime:fusion: 
2a t-split : io-flip:rime:fusion: 
3b t-split:devoi:io-flip:rime:fusion: 
3a t-split:io-flip :rime:fusion: 
3b t-split:t2-merge:devoi:io-flip: rime:fusion: 
1 b t-split :asp:devoi :io-flip:unglide: 
l b  t-split:asp:devoi :rime: 
lb  t-split:asp:devoi: rime: 
1 b t-split :asp:devoi :io-flip:rime:fusion: 
l b  t-split:asp:devoi:io-fl.ip:rime:fusion: 
lb t-split:asp:devoi : io-flip:rime:fusion: 
1 b t-split :asp:devoi :io-fl.ip:rime:fusion: 
lb t-split:io-flip:rime:fusion: 
1 b  t-split : io-flip:rime:fusion: 
l b  t-split:io-flip: rime:fusion: 
lb t-split : io-flip:rime:fusion: 
3b t-split : io-flip:rime:fusion: 
l a  t-spl it : io-flip: rime:fusion: 
la t-split : io-flip:rime:fusion: 
2a t-spli t : io-fl.ip:rime :fusion: 
2a t-split:io-flip:rime:fusion:[asp]: 
3a t-split : io-flip:rime:fusion: 
3a t-split : io-flip:rime:fusion: 
3b t-split :asp:devoi :io-flip:rime:fusion: 
l a  t-split: io-flip:rime :fusion: 
l a  t-split:sharp:pal-dism:fusion: 
l b  t-split:asp:devoi:io-flip:rime: 
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2 
3 
4 
5 
6 
7 
8 
9 
9 
9 

2 
2 
3 

6 
7 
8 
9 

3 
JW 

5 !:£ 
6 � 
6 � 
7 # 
8 � 
9 Jt 

jt 
� 

3 !lt 
4 ff; 
5 D 
6 l'r> 
7 � 
8 1\1 
9 111 
1 Jj 
2 Ill 
3 11/ 

m 
iJi 

6 IX 
7 � 
8 � 
9 

2 
3 
4 
5 
6 
7 
8 
9 

2 
2 
3 
4 
5 
6 
7 
8 
9 

3 
4 
5 
6 

smc 

diail 
diati.. 
diari 
diatl 
diatl 
IJi;,tJ 
niari. 
li�IJ 
li;»IJ 
li;»IJ 
liarl 
l iarl 
l iari. 
liari. 
lian 
l iatl 
l i ari. 

k i ari. 
kiail 
kiarl 
tsiarl 
tsiari 
tsiarl 
kiarl 
kiarl 
kiarl 
tsiatl 
k iarl 
k iarl 
k i arl 
k iar1 
kiati. 
giatl 
dziari. 
dziatl. 
k h iarl 
tsh iarl 
tsh iari. 
kh iarl 
dziaii 
dziarl 
tsh iarl 
khyarl 
kh iarl 
xi;;au 
siarl. 
siari. 
xari. 
xiari. 
xiari. 
xi an 
siaii 
siari. 
xi;;aiJ 
xarl 
Jarl 
siaii 
siari. 
?i�nJ 
?i�l) 
?an 
?ati 
?iatl 
?iaO. 
?iarl 
i;;au 
u iatl 
iarl 
iarl 
yaii 
xya.n. 

?iatl 
?i�IJ 
uan 
tu� 

tn 

2 
3 

2 

3 
3 
3 
3 
2 
3 

2 
3 

2 
3 
3 

2 
3 
3 

me 

t"i� 
th iiJ 
th il) 
th iiJ 
th iiJ 
j il) 
niu 
l i� 
liiJ 
liQ 
liQ 
I iu 
l iQ 
liQ 
Iiu 
liQ 
liiJ 
lil) 
kiiJ 
kiQ 
kcQ 
tsiiJ 
tsiiJ 
tsiiJ 
kiQ 
kiQ 
kiQ 
tsil) 
kcQ 
kiu 
ki� 
ki� 
kc� 
kil) 
tsiiJ 
tsiu 
hiiJ 
tsh il] 
tsh iu 
kh iiJ 
tsh ilJ 
tsh iu 
tsh iiJ 
kh il) 
hiu 
hiQ 
si I) 
si I) 
ha� 
j iiJ 
j iiJ 
j il) 
si!) 
si!] 
hi I] 
h� 
ha� 
siu 
siu 
j iiJ 
jiu 
j iu 
j iiJ 
j iu 
j iu 
jiu 
jig 
j i� 
j iu 
j iiJ 
jiu 
j iu 

tn 

lb 
lb 
lb 
2b 
2b 
lb  
lb  
lb  
lb  
lb  
lb  
lb  
la  
lb  
2b 
2b 
3b 
3b 
l a  
l a  
l a  
la  
la  
la  
la  
2a  
2a 
2a 
2a 
2a 
2a 
3a 
3a 
3b 
3b 
3b 
la 
la 
la 
la 
lb 
l b  
2a 
2a 
3a 
la  
l a  

Diachronic 

t-spli t: asp :devoi: io-fiip: rime: 
t-split :asp:devo i : io-fiip:rime: 
t-spl it :  asp :devoi : io-flip: rime: 
t-spli t :  asp :devoi: io-A.i p:rime: 
t-spli t :  asp : devoi : io-fli p:  rime: 
t-spli t :  rime: pro-c: glide-ins : 
t-spli t: io-A.i p: ri me:fusion: 
t-split :rime: 
t-split:rime: 
t-split:rime: 
t-split : io-A.i p:  r ime :fusion: 
t-spli t: io-fli p: r i  me :fusion : 
[ t-spli t ] :  io-Ai p :  rime: fusion : 
t-spli t: io-flip:  rime: fusion: 
t-spli  t: io-fl i p: rime: fusion: 
t-spli t: io-Ai p :  rime: fusion: 
t-spli t: io-Aip:  rime: fusion: 

t-spli t :  io-flip: rime :fusion: 
t-spli t :  io-fli p: rime: fusion : 
t-spli t: sharp : pai-d ism :fusion: 
t-spli t: io-fl i p: rime: fusion : 
t-spli t :  io-fl i p :  rime: fusion: 
t-spli t: io-fli p: rime: fusion: 
t-split: io-fli p: rime :fusion: 
t-spli t: io-fli p :  rime: fusion: 
t-split : io-fli p: rime: fusion : 
t-spli t: io-flip :  rime: fusion : 
t-spli t :sharp: pal-dism: fusion: 
t-spl i t :  io-fl i p :  rime: fusion: 
t-spl it: i o-fl i p :  rime: fusion : 
t-spl it : io-flip :rime:fusion: 
t-spl it :sharp: pal-dism: fusion: 
t-spli t :devoi : io-Aip:rime:fusion: 
t-s pl i t :  t2-merge:devoi : io-fl i p: ri me:fusion: 
t-split :devoi : io-flip :rime:fusion: 
t-split:spirant:x-weak:io-flip:rime:fusion: 
t-spli t :  io-A i p: rime: fusion: 
t-spli t :  io-A i p: rime: fusion: 
t-split : io-flip :rime:fusion: 
t-spl i t :  asp : devoi : io-fli p:  rime: fusion : 
t-spli t :  asp: devoi : io-A ip :  rime: fusion: 
t-split : io-A i p:ri me: fusion: 
t-split:io-fli p: rime:fusion : unglide: 
t-spli t :spi rant :x-weak : i o-fl i p :  rime: fusion: 
t-spl it: x-weak : rime: 
t-spli t: io-A i p: rime: fusion:  

1 a t-split: io-Ai p :rime:fusion : 
1 b t-split:devoi:x-weak:fusion: 
1 a [ t-spl it ] :  io-fl i p: rime :fusion : pro- b :glide-ins: 
1 a [ t-spl it ] :  io-A.i p: ri me :fusion : pro-b:glide-ins: 
1 b t-split: io-A.ip:rime:fusion:pro-b:glide-ins: 
2a t-spl it : io-flip:rime:fusion: 
2a t-split:io-flip:rime:fusion: 
3a t-spl it :x-weak:rime: 
3b t-split: t2-rnerge:devoi : x-weak :fusion: 
3 b t-spli t: t2-merge:devoi : x-weak :fusion : 
3a t-split : io-flip: rime:fusion: 
3a t-spl it : io-flip:rime:fusion: 
la t-split:rime:pro-a:glide-ins: 
l a  t-split:rime:pro-a:glide-ins: 
1 a t-spli t: io-fli  p: ri me:fusion: pro-a:glide-ins: 
la t-spl it : io-flip:rime:fusion :pro-a:glide-ins: 
1 a t-split: io-fli p: rime: fusion: pro-a: glide-ins: 
1 a t-spli t :  io-flip: rime:fusion : pro-a:glide-ins: 
1 a t-split : io-flip: rime: fusion : pro-a:glide-i ns: 
1 b t-split :r ime:glide-ins: 
1 b t-split: io-flip: rime:fusion : pro-c:glide-i ns: 
l b  t-spli t : io-fiip:rime:fusion:glide-ins: 
lb t-spl it : io-Aip: rime:fusion:glide-ins: 
lb t-split : io-Aip:rime:fusion:glide-ins:unglide: 
l b  t-split: io-Aip:rime:fusion:pro-b:glide-

ins:unglide: 
2a t-split: io-flip:rime:fusion:pro-a:glide-ins: 
3a t-split :rime:pro-a:glide-ins: 
3b t-split: length:fusion: 
l a  t-split: 
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261 7 :t- tug 1 tug la t-split: 
261 8 !I tug 2 tug 2a t-split: 
261  8 • tug 2 tug 2a t-split: 
261 9 * tug 3 tug 3a t-split: 
262 1 ;b dug 2 tug 3b t-spli t :t2-merge:devoi: 
262 2 � dug 3 tug 3b t-split:devoi: 
262 3 il th ug 1 th UIJ la t-split: 
262 4 ll!J dug 1 th UIJ lb  t-split:a.sp:devoi: 
262 5 "' dug 1 th UIJ lb  t-split:a.sp:devoi:  
262 5 !M dug 1 th ug lb t-spli t:asp :devoi: 
262 6 " duu 1 th uu lb t-spli t :asp :devoi : 
262 7 • dug 1 th UIJ la  [t-split] :asp:devoi: 
262 7 • dug 1 th ug lb t-split:asp:devoi: 
262 8 fit th UIJ 2 th UIJ 2a t-split: 
262 9 � th UIJ 3 th U1J 2a [t3-t2]:t-split: 
263 1 • th UIJ 3 th ug 3a t-split: 
263 2 :& nug 1 nug lb t-split: 
263 3 � nuu 1 nuu lb  t-split: 
263 4 � nuu 1 nuu lb  t-split: 
263 5 ff luu 3 luu 3b t-split: 
263 6 :!l luu 1 luu lb t-split: 
263 7 � luu 1 luu l b  t-split: 
263 8 � liuiJ 1 luu l b  t-split:unglide: 
263 9 ;it. liuu 1 luu l b  t-split:unglide: 
264 1 tit lug 2 lug 2b t-sptit: 
264 2 � liuu 2 lug 2b t-split:unglide: 
264 2 IJt liuu 2 lug 2b t-split:unglide: 
264 3 � tSUIJ I tSUIJ l a  t-split: 
264 4 • tSUIJ I tsuu la t-split: 
264 5 .; "' tSUIJ I tSUIJ la t-split: 
264 6 � tsiuiJ I tSUIJ l a  t-split:unglide: 
264 7 $ tSUIJ 2 tSUIJ 2a t-split: 
264 8 ** tSUIJ 3 tsou 3a t-split:[u-o]: 
264 9 !M tsiuiJ 3 tSUIJ 3a t-split:unglide: 
265 1 � tsh UIJ I tsh UIJ la  t-split: 
265 1 � tsh UIJ 1 tsh UIJ l a  t-split: 
265 1 � tsh UIJ 1 tsh UIJ la  t-split: 
265 I • tsh UIJ 1 tsh UIJ la  t-split: 
265 2 /i, dzuiJ I tsh UIJ lb  t-spli t :  asp :devoi: 
265 3 M dziuiJ 1 tsh UIJ lb t-spli t: asp :devoi : unglide: 
265 4 I'A SUIJ 1 suu la  t-split: 
265 5 � sug 1 tsh UIJ l b  [t-split] :[asp]: [s-ts] : 
265 6 i! suu 3 sug 3a t-split: 
265 7 * sug 3 suu 3a t-split: 
265 8 i� ziuiJ 3 tSUIJ 3b t-spl it: affric:devoi : unglide: 
265 8 14 ziuiJ 3 tSUIJ 3b t-split: affric:devoi : unglide: 
265 8 IJ ziuiJ 3 tSUIJ 3b t-split: affric:devoi : unglide: 
265 9 "' £iuu 1 tSUIJ la t-s p 1 it: f ri cat: ret rof: deret: u ng lid e: 
265 9 ll: £iuu I tSUIJ la t-sp I it :  f ri cat: ret rof: deret: u ngl id e :  
266 1 � tSiuiJ I tSUIJ la  t-spli t :  retrof:deret : unglide: 
266 2 t+ tSiuiJ I tSUIJ l a  t-spli t :  retrof:deret : unglide : 
266 2 t+ tSiuiJ 1 tSUIJ l a  t-spli t :  retrof:deret : unglide: 
266 3 "" tSiuiJ 2 tSUIJ 2a t-spli t: retrof:deret : unglide: 
266 4 "' £iug 3 tSUIJ 3a t-s pi it :  f ri eat: ret rof: deret: u ngl ide: 
266 5 # .:liug 3 tSUIJ 3b t-split :  devoi: f ri cat: ret rof: deret: u n glide: 
266 6 � tSiuiJ 3 tSUIJ 3a t-spl it: retrof:deret : unglide : 
266 7 • .:liug 2 tSUIJ 3a [t2-t3] : [t-split] :devoi : frieat: retrof: deret : u nglid< : 
266 8 "" tSiuiJ 3 tsul) 3a t-spli t :  retrof:deret: unglide: 
266 9 "!£ tsh iuiJ 1 tsh UIJ la  t-split: retrof:deret: unglide: 
267 1 lll' tSh iuu 1 tsh UIJ la  t-split: retrof: deret : u ngl ide: 
267 2 • SiuiJ 1 tsh UIJ la  t-split:retrof:deret: unglide:[asp]: [s-ts]: 
267 3 !1!. .:liug 1 tsh uiJ l b  t-s pl it :  asp: devoi: f ricat: ret rof: deret: u ngl i de: 
267 4 liE d�iuu 1 sug lb t-spl i t :  devoi :r-unglide :deret : [ts-s] : 
267 5 • .:liuu 1 tsh UIJ lb  t-spl i t :  asp: devoi: fri cat: ret rof: deret: u n glide: 
267 6 :1l th iuu 2 tsh uu 2a t-s p l it :  f ricat: ret rof: d er et: ungli de: 
267 7 � jya.il 1 wiu lb t-split:geng-zeng:io-A.ip:rime: [pro-j] :glide: 
267 8 !lt iliuu 1 juiJ l b  t-spli t :  pro-d : glide: 
267 9 Ill fiiuu 1 juu lb  t-split:pro-d:glide: 
268 1 • fiiuu I juu la [ t-spli t ] :  pro-d : glide: 
268 2 li iuu 1 juu l b  t-split:glide: 
268 3 � iuu 1 juu lb t-split:glide: 
268 3 " iuu 1 juu lb t-spli t: glide: 
268 3 l:t iuiJ 1 iuu la [t-split] :glide: 
268 4 � kug 1 kug l a  t-split: 
268 5 Jj) kuu 1 kug l a  t-split: 
268 5 I kuu 1 kuu la t-split: 
268 5 ltl: kug 1 kug l a  t-split: 
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268 6 "l kiurJ kuu l a  t-split:unglide: 
268 7 '8' kiuiJ kuu l a  t-split:unglide: 
268 7 fl kiuiJ kuu l a  t-split:unglide: 
268 8 $ kiuiJ kuu l a  t-split:unglide: 
268 9 jj\ kiuiJ kuu l a  t-split :unglide: 
269 m kiuiJ 2 kuu 2a t-spli t :unglide: 
269 lJl kiuu 2 kuu 2a t-split:unglide: 
269 2 j)i kug 3 kul) 3a t-split: 
269 3 jj\ kiuiJ 3 kug 3a t-split:unglide: 
269 � giun 3 kug 3b t-spli t : devoi : u nglide: 
269 5 � kh i uu hug la t-spli t :spi rant : x-weak: unglide: 
269 6 l'L kh UIJ huu 2a t-split:spirant:x-weak: 
269 7 � kh iUQ hul) 2a t-split: spi rant :x-weak : unglide: 
269 8 !':! kh Ul) 3 kug 3a t-split: [de-asp] : 
269 9 � kh ug 3 kul) 3a t-split: [de-asp] : 
270 � xyarl k waiJ la  t-spl i t :  geng-zeng: x-lab: io-fl i p :  ungl i de: [x-

kh]: [de-asp]: 
270 :lj\ XUl) hul) la  t-split:x-weak: 
270 3 iJl. lll�IJ wau lb  t-spli t :  io-Ai p:  pro-b: glide: 
270 4 � xuari. wal) lb  t-spli t :  fusion :pro-b :glide: 
270 5 !I XUlJ hul) lb  t-split:devoi :x-weak: 
270 6 jj\ XUlJ hug lb  t-split:devoi :x-weak: 
270 � xug hug lb  t-split:devoi :x-weak: 
270 8 il: XUlJ hulJ lb t-split:devoi :x-weak: 
270 9 ll;t hug 3b 
271 1f ?ul) julJ la t-split :pro-a:(j-insJ: 
271 tt ?ul) WUQ 3a t-spli t :  pro-a:glide- ins: 
271 3 tf gy;m kh wan 3a [ t2-t3]: [ t-spli t] :  asp:devoi :y-spli t :  lab-vel: io-

flip:  
271 fill: gyarl kh il) lb t-spli t :asp:devoi :geng-zeng: rime: u ngl ide: 
271 � giul) kh uu lb t-spli t :asp:devoi: ungli de: 
271 6 5?. xyarl hiu la t-spl it :y-spl i t  :x-weak : geng-

zeng: rime:unglide: 
271 7 � xiuiJ huu la t-spl i t :x-weak :unglide: 
271 7 � XiUIJ huu la  t-spli t:x-weak: unglide: 
271 8 Jij xiul) hul) la  t-spli t : x-weak :unglide: 
271 9 !!ft jiuiJ hul) lb  t-split:unglide: [j-h] : 
272 it jiuiJ hul) lb  t-spli t :unglide: [j-h] :  
272 2 !Ill ?iuiJ jUIJ 2a [t l-t2] :t-split: pro-a: glide: 
272 3 ,:J<. jyarl wil) 2b t-spl it :  gen g-zeng: rime: [pro-j ] :  [glide]: 
272 M iuiJ jUIJ 2b t-spl it :glide: 
272 Ill iuiJ 3 jug 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.5G ,  last para, liue 1 :  Chauge " . . .  usiug our earlier 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 .GO ,  line 17: Change "But Wallace and Freeman . . .  " to "Wallace and Free­
rnau . . .  " 

p .79, last line: Chauge " . .  .little symbol repetition." to " . .  .little symbol repetition 
within each string." 

p.80, line 1 1 :  Change " .. . function of the the . . .  " to " .. .function of the . . .  " 
p .81 ,  section 6.4, para 2 and 3: Delete subscript ''c" on "Qc , <\ , Qoc and Fe" 

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
ruissible 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 describeu in Lhis 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 . 1 15 ,  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) 
alH1 Allison aml Ycc ( 1990) ." 
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