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ABSTRACT

Punjabi is a modern Indo-Aryan (Indic) language spoken primarily in the Punjab
states of both India and Pakistan. Punjabi uses either Gurmukhi script (written from
left to right), a Brahmi-derived script or Shahmukhi script (written from right to left),
a Perso-Arabic script. The phonology discussed herein relates to Gurmukhi script as
it is used by speakers in Punjab and also majority speakers across the globe. The
characters in the script are normally aligned below the line of grapheme. Punjabi has
concatenative morphology i.e. many words can be created using a root word and
adding various morphemes. Punjabi and Dogri are the prominent tonal languages in
this family. Lexical tone in Punjabi is utilized to distinguish words. The vowel is the
tone bearing unit in Punjabi. A word has a single tone, which may co-occur with

stress on the syllable.

The lexicon is the bridge between a language and the knowledge expressed in that
language. The lexicon in any system plays an important, dynamic and necessary part
in the syntactic and semantic fields. Monolingual (Punjabi) and bilingual (English &
Punjabi) dictionaries are available in printed as well as e-form containing information
such as meaning, pronunciation etc. A Pronunciation Lexicon for machine learning is
required for development of speech systems. W3C (World Wide Web Consortium)
has defined Pronunciation Lexicon Specification (PLS) - version 1.0 (2008) which
covers the multiple Pronunciation and multiple orthography in the XML structure at
the lexicon level thus providing the flexibility of creating language specific PLS
documents. The current version of PLS 1.0 is a broad based base line specification
which covers the requirements of Latin script based languages and can be used for all
global languages. The specification document also cites few examples for Japanese
and Chinese. The requirements of many other global languages such as Indian
languages haven’t been discussed in this document.
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The grammatical information is relatively encoded in its morphology than syntax in
Indian languages unlike English where the grammatical information is an integral
part of the syntax. Hence there is a need to augment PLS structure to broadly cater to
Indo-Aryan languages.

The main objective of the thesis is to evolve a Pronunciation Lexicon Specification
for Punjabi Language within W3C Framework. This Framework is expected to
capture the phonological features of the Punjabi language and provide phonetic
evidence for them through the experimental study of recorded speech signals of the
Malwai dialect of the language. The phonetic experiments involve collection of data,
recording, data segregation, annotation and analysis. The data have been sourced
from published Punjabi Dictionaries. The phonetically rich and frequently occurring
words of Punjabi were collected for phonological analysis covering all phonemes,
tonemes, consonant /h/ and conjuncts of /f/ and schwa vowel of Punjabi.
Monosyllabic/ disyllabic/ trisyllabic/ polysyllabic words containing various
combinations of light, heavy & super heavy syllables were selected for study of
lexical stress. Ten informants (4 male and 6 female) between 25-40 age group
belonging to the rural, town and city background were identified. Total of 4000
words were recorded for 10 speakers and 50 sentences across 8 speakers for prosodic
study. Data was recorded in the laboratory through good quality audio recording
devices in standard speech and noise free environment having SNR>=45db as per
standardized procedure for speech corpora development based on the ITU
recommendations. The speech tools such as Praat, Gold Wave etc have been used for
speech analysis. Other parameters such as frequency formants, duration and intensity

of syllables in a word were also recorded for prosody analysis.

The discussion on tone has been covered under two categories of tone i.e.
Independent Tone and Tone arising from Supra-laryngeal Consonants. For this words
with each of five tonemes in initial, medial and final syllable of the word have been
compiled ensuring the phonetic coverage in terms of various vowels, dipthongs,
nasalization, gemination and other co-articulation parameters such as occurrence of
Toneme as onset/ coda in above contexts across monosyllabic, disyllabic, trisyllabic

and polysyllabic words.



For Independent tones, the words containing consonant /h/ in initial, medial and final
syllable of the word were considered to examine these characteristics. Half /h/ does
not occur in the initial syllable hence words containing conjuncts of /fi / in medial and
final syllable were considered. The spectrographic analysis using PRAAT of all the
male & female samples was carried out. The duration, fundamental frequency (F),
quarter wise slope of the vowel associated with the Tone Bearing Vowel (TBU) have
been recorded. The tabulation of data has been done for three categories of words i.e.
tonemes, consonant /h/ & conjuncts of /f/ capturing the variety of acoustic
environments. The objective of experimental work carried out was to corroborate the
tone rules of Punjabi as collated through the literature survey. These rules have been
experimentally verified and are applicable by and large. The detailed analysis has
been presented in the thesis based on experimental observations which lead to
discovery of allotones and findings on tone variations due to various co-articulatory

factors.

Stress is not a prominent feature of Punjabi, as in other Indic languages, however it is
utilized in di-syllabic words to distinguish between grammatical categories. The text-
to-speech technology uses concatenative approach which results in artificial
production of speech and lacks prosody. The research on intra-syllabic stress at the
lexical level can help bridge this gap. The empirical study has been used for this
purpose. To start with, non-tonal words were taken as basis for determining the inter-
relationship between syllables in a word to report the heaviest syllable which is the
carrier of stress and can be utilized by TTS system for natural production of speech.
The acoustic parameter of syllabic weight has been modeled using Linear Regression
for relational analysis. The duration, Pitch and Intensity of both the syllable in a word
averaged across 10 speakers for 95 words was tabulated in a spreadsheet and was
plotted using Curve Expert Professional. This is a cross-platform solution for curve
fitting and data analysis. The linear equations of all the three acoustic parameters 1i.e.
Intensity (I), Pitch (P), Duration (D) which influence the lexical stress were obtained
using Piece-wise curve fitting technique. The normal distribution curves for all the
three acoustic parameters were plotted using Standard Deviation and mean of the data

averaged over two syllables.



Analyzing the above functions driven from the stress patterns of the recorded
samples, the corresponding weightage factors of the acoustic parameters viz I, P & D
have been calculated. The different categories of data i.e. D1/ Tri/ Poly-syllabic non-
tonal words, Di / Tri / Poly-syllabic tonal words were analyzed to find out the
probability of occurrence of a score by standardizing the scores, known as z scores.
Using this value of z-score, a value will be obtained from Z table, which gives the
probability of the score. The lexical stress pattern for the given range of the data is
obtained using 80-20 rule. The stress rules have been evolved based on minimum
80% probability of occurrence of that rule in the given data being analyzed using
above defined heuristic approach. Based on this experimental study, the rules have

been proposed for marking lexical stress in PLS for different categories of words.

Schwa is an important part of the vowel space but is considered as a weak vowel as
compared to other vowels. The Schwa has been the subject of much research by
phonologists yet substantially less consideration has been dedicated to the study of
the phonetic attributes of Schwa vowel. In Punjabi, Schwa is a short neutral vowel,
which sounds like every single other vowel, however its exact quality changes
depending upon the adjacent consonants. The words containing Schwa in different
positions and occurrence of these words in sentences has been considered in various
phonetic contexts i.e. Word-initial Schwa or inherent Schwa in a Consonant Cluster
(CC) and also Schwa as a tone bearing unit, Schwa with Nasalization, Schwa
associated with geminated consonant as onset, Schwa as Release Vowel. The work
has also been carried out for observing quality of Release Vowel in a sentence viz-a-
viz isolated word in same acoustic context. The different parameters i.e. Fundamental
frequency (Fy), Formants F1, F2, acoustic space in terms of F1 and F2, Intensity,
Duration, Slope of Fy contour over TBU and Burst Energy (BE) have been used to
study the variations in the quality of schwa in these contexts. These variations have
been discussed in terms of Vowel height and Vowel front-ness / back-ness. POS is an
available source for feature extraction for building NLP & speech systems as Punjabi
are a highly inflectional language. There is a need to develop prosodic PLS based on
morphological and overriding phonological features such as stress, tone, germination,

nasalization etc.



The complete phonological coverage of PLS data needs to be ensured by
incorporating words that contain maximum inflection under each POS category. This
can be a useful resource for training of speech systems. The thesis discusses the
prosodic features of Punjabi with the help of examples along with IPA transcription
and POS information. The various POS inflections in Punjabi such as prefix/Suffixes
with change in grammatical categories have been presented. The distinctive features
of morphology-phonology interface of Punjabi language will be discussed in this
thesis such as Tone, Nasalization, Gemination, Word variants in Homonyms,

Homographs, Homophones, borrowed words, Abbreviations etc.

The Framework for Pronunciation Lexicon Specification for Punjabi Language
(PLS 2.0) with addition of new element tags and attributes has been proposed. The
thesis represents the sample PLS data in XML conformance with PLS 2.0 framework
of different POS categories such as Noun, Pronoun, Adjective, Adverb,
Demonstrative words, Verb, Postposition, Conjunction, Homographs and Multi-Word

Expressions such as echo words, duplicates etc.

The phonological research findings of the present study can be leveraged to
implement a computational Phonology model for Punjabi language. This can also be
utilized to build large word level speech corpus containing prosodic information,
syntax and semantics that can be used for development of Punjabi Text-to-speech
(TTS) Systems, Language Identification Systems, and Speech Recognition Systems.
The foundational work done for Punjabi prosody in this thesis can provide a strong
basis for future research in areas such as co-articulation modelling of Punjabi,
prosodic features based modelling techniques for language recognition and the

extension of work to other Indo-Aryan languages.






Chapter 1

Introduction

1.1 Research Problem

The Pronunciation Lexicon Specification (PLS 1.0) has been designed by World
Wide Web Consortium (W3C) with a goal to have inter-operable specifications of
pronunciation information which can be used for speech technology development.
This specification provides the possibility of providing multiple pronunciations for
the same orthography as well as multiple orthographies against an entry of single
pronunciation in the PLS. Lexical phonology assumes that all word formation,
including inflection, is carried out in the lexicon as discussed Clements & Keyser
(1983). As the morphology and part of phonology are carried out in the lexicon, the
nature of syllable needs to define in terms of nature of nucleus, as nucleus is
considered to be a prosodic category. It also defines type of onset and coda and such
definitions are language dependent. These features are not discussed in the current
PLS 1.0 specification. Among Indo-Aryan languages, tonal feature of Punjabi makes
it more complex. The major hurdle in creating PLS for Punjabi is to capture the
pronunciation as properly understood by a native speaker. Thus the new elements

need to be identified for making PLS morphologically and phonologically richer.

The theory of Generative Phonology Chomsky & Halle (1968), is concerned with
generation of rules that apply to the phonemic level of representation to yield the
phonetic level of representation. It treats the phoneme as a bundle of features. The
generative phonological approach gives equal importance to theoretical concepts and
principles and the facts of data analysis.

The primary concern of Generative Phonology is the development of the rules that
deal with the pronounceability of the strings ‘generated’ by the syntactic component

of the grammar.



The generative approach to phonological analysis begins by stating the syntactic
structure, passes this on to phonology, which can use futher any relevant syntactic
facts. According to this theory, words are fully syllabified at the level of lexical
representation which constitutes inputs in to the phonological components. Thus the
postulation of syllabic structure in the lexicon makes it possible to achieve significant

simplification of phonological component.

The proposed research focus is to derive Punjabi phonological rules for applying
these on lexicon element of PLS 1.0 and its XML codification. This organizing
principle is expressed by placing all lexical phonological rules in the lexicon.
Therefore PLS for Punjabi language within the W3C framework will be proposed

which will be useful for the development of prosodic Punjabi TTS.

1.2 Objectives of the Thesis

Consistent specification of word pronunciation is critical to the success of many

speech technology applications. Several guidelines have been reported to define the

structure of a pronunciation lexicon, ranging from simple two-column ASCII

lexicons. This gap has been bridged by the W3C PLS 1.0 Specifications which have

been brought out as a broad specification for generation of pronunciation data in

XML format for machine learning. This specification needs to be examined for its

applicability for morphologically & phonetically richer Indian languages. The main

objectives of the proposed research are as follows:

1. Adaptation of the W3C PLS 1.0 for evolving a framework capturing Punjabi
language phonological features.

ii. Corroboration of the major linguistic aspects through analytical study of recorded
speech signals for Punjabi Language.

iii. Identification of the challenges for designing of web based Machine-Readable
Pronunciation Lexicon Specification in XML.

iv. Design of new lexeme elements and attributes to incorporate the identified

features.



1.3 Lexical Phonology

Phonology deals with the abstract mental representation of sound rather than
properties of the physical speech signal whereas morphology is concerned with the
principles that regulate word structure in a language and how that structure relates to
other components (e.g. syntax, phonology). The morphological structure of a
complex word determines how the constituent morphemes of a word are realized
phonetically. ~ The phonological structure of a complex word reflects its
morphological structure, but is not isomorphic to that structure. Thus morphological
and phonological processes are tightly interrelated in speech production. During
processing, morphological processes must combine the phonological content of
individual morphemes to produce a phonological representation. Further, morpheme
assembly frequently causes changes in a word’s phonological well-formedness that
must be addressed by phonology, hence morphology & phonology are closely
interrelated. Phonological structure of a language covers the inventories of
phonological units (in common terms, inventories of vowels, consonants, syllables
and tones , prosodic organization (in common terms, the organization of speech forms
from lower to higher levels i.e. segments— syllables— words— phonological
phrases— intonational phrases) and relation of phonology with syntactic, semantic

and pragmatic structures Pandey (2007).



Mouth and ears

|

Phonology
(rules that define
the sound pattern

of a language)

/ | .

Lexicon Morphology Syntax
(stored entries (rules for forming (rules for
for words, complex words, forming phrases
including irregulars) including regulars) and sentences)
Semantics

(meanings expressed
through language)

|

Beliefs and desires

Fig 1/1: Morphology-Phonology Interface

According to the lexicalist hypothesis as proposed by Chomsky (1970), all word
formation, including inflection takes place in the lexicon. The theory of lexical
phonology seeks to explain the inter-relationships between morphology and
phonology by allocating some of the phonological processes to the dictionary or
lexicon in which the morphemes reside. The domains of both morphological and
phonological rules within the lexicon are subdivided into strata which define both the
type of morphological processes applicable and the mode of operation of the

associated phonological rules as defined in the form of structured framework.

The phonological studies on Indian languages have been carried out in varied
theoretical approaches. Majorly the framework of American structural linguistics has
been used for this purpose. Such full length phonological studies can be seen in
Kelkar (1968) which is based on a conception of language in which phonology
manifests syntactic, semantic and pragmatic aspects of the linguistic knowledge of a
sentence. Absolute phonological studies of Indian languages wusually don’t
exhaustively cover all aspects of phonological structure. These generally follow the
usual divide between segmental and suprasegmental phenomenon. There is a general

lack of good quality descriptions of the phonologies of Indian languages.
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Tones in Indian languages have received stray treatments Haudricourt (1971) &
Burling (1992). The Punjabi language studies by Gill & Gleason (1969), Dulai &
Koul (1980), Gill & H.S (1986), Singh (2001) , Singh (1991) , Arun & Bhaskar
(1997), Bhatia (1993) etc cover a majority of the Linguistics rules in Punjabi
language. Punjabi is highly tonal Haudricourt (1971) and the tones arise as a
reinterpretation of different consonant series in terms of pitch. The phonological

studies on Punjabi need to be further investigated.

14 Orthography of Punjabi

Punjabi is a modern Indo-Aryan language spoken primarily in the Punjab states of
both India and Pakistan.
It is one of the Indic (Indo-Aryan) languages which gets distinguished from other

languages of this family (other than Dogri) as it has developed tonal contrasts.

Indo-European

Indo-Iranian

l'Nj{_)IC
:

Sanskrit (100 B.C-600 B.C)
¥
Pali/ Prakrits (600B.C-500 A D)

Apa.phra.ms*as (500 AD-1000A D

North- Western Apaphramshas other regional Apaphramshas
Eastern
Western Classical Punjabi {10% century-1 6" century’)
Medieval Punjabi (16% cenhury — 19% century) New Indo-Aryan

Modern Punjabi (19" century onwards)

Lahanda

Fig 1/2: Family tree of Indo-Aryan Languages
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A language usually refers to the spoken language, a method of communication. A
script refers to a set of characters used to write one or more languages. Brahmi script
is the oldest known writing system of Ancient India evolved in the beginning of the
4th century BCE. Brahmi inscriptions are found on edicts of Ashoka in north-central
India. Indic scripts are descendants of Brahmi script and are abugida. These use a
system of diacritic marks to associate vowels with consonant symbols. Indic scripts
are typified by Devanagari and have two important characteristics: conjuncts and an
orthographic syllabic structure. Each Indic based orthography has a set of common
conjuncts that are used, along with a possible further set of rarely used conjuncts.
Conjuncts / ligatures representing consonant sequences for Gurmukhi are given in the

following example:

A+T+I =79

Punjabi uses either Gurmukhi script (written from left to right) or Shahmukhi (written
from right to left) script, a Perso-arabic script. The phonology discussed herein refers
to Gurmukhi script as it is used by majority speakers across the globe. According to
2011 census of India, there are 27,704.236 Punjabi speakers in India; globally there
are 120 million people who speak Punjabi. Punjabi is a tonal Language. The
characters are normally aligned below the line of writing. Punjabi has concatenative
morphology i.e. many words can be created using a root word and adding various
morphemes. Punjabi language leans very heavily on the use of suffixes whereas use

of prefixes is lesser. Word order is Subject Object Verb (SOV) and is fairly fixed.

Gurmukhi has thirty five /péti/ alphabets as per old orthography. Vowels other than

/o/ are indicated by accessory symbols (Vowel Matras) written around the consonant

symbols. [€] U+0A73 & [€] U+0A72 are vowel bearers and are not used as

independent vowels.
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The characters as per Unicode 11.0 are listed in the following table.

S. | Characters Characters with Code-Point
No.
1| Vowels wW=U+0A05, W=U+0A06, fe=U+0A07, E=U+0A08,
(referred as
, 8=U+0A09, 8=U+0A0A, B=U+0AOF, %=U+0A10,
primary -
vowel) €=U+0A13, M=U+0A14
Vowel
Matras o"=U+0A3E,f>=U+0A3F,1=U+0A40,2=U+0A41,5=U+0A42,
(referred as . N
3=U+0A47, 3=U+0A48,3=U+0A4B,5=U+0A4C
secondary
symbols of
the vowel)
2 Consonants | A= U+0A38, H=U+0A36, I= U+0A39 , d= U+0A15,
Y= U+0A16, H=U+0A59, 3= U+0A17, II=U+0ASA,
== U+0A19, 8= U+0AlA, 8= U+0AIB, H= U+0AIC,
#=U+0A5B, &= U+0A1E , €= U+0AI1F, &= U+0A20,
I=U+0A21, €= U+0A23, 3= U+0A24, 5= U+0A25,
T=U+0A26, 5=U+0A28, UY=U+0A2A, s=U+0A2B, S=U+0ASE,
= U+0A2C, H= U+0A2E, &= U+0A2F,
J=U+0A30, 8= U+0A32, &=U+0A33, = U+0A35, I=U+0AS5C
W= U+0A 18, ¥= U+0A 1D, B= U+0A22, U= U+0A27, 3= U+0A2D
Tonemes

Table 1/1: Vowels & Consonants with Unicode Code-Points
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S. No. | Characters Characters with Code-Point

1 Numerals 0=U+0A66,1=U+0A67,2=U+0A68,3=U+0A69,¥=U+0A6A,
U=U+0A6B,£=U+0A6C,9=U+0A6D,t=U+0AG6E,X=U+0A6F

2 Special #=U+0A02,5=U+0A70,:=U+0A3C,18 =U+0A74,:=U+0A71,:=U+0A4D,

Symbols .

2 =U+25CC,:3=U+0A03,::=U+0A01

3 Punctuation |=U+0964, I| =U+0965

4 Conjuncts H+ <2 + T —H=U+0A2E+0A4D+0A39

U+ <+ I -Y=U+0A2A+0A4D+0A30

T+ & + T —g=U+0A26+0A4D+0A35

Table 1/2: Special Characters in Gurmukhi Script with Unicode Code-Points

Sorting Rules in Punjabi

II.

1.

IV.

VL

The sorting order starts with primary vowels “{,WF,TQ,E’T,@,Q,Q,Q,@,WT

The words starting with vowels will then be combined along with the

consonants in their alphabetical order

@5 “{783 -H-7a-9 a-7H9 aTﬂ u'l-)sﬂ Hﬁgﬂ H-;BQEB 376735 E’E, 3-3 H,EQU,KQU,E,H’ 35 Hﬂ H7aﬂ 8-73-9

ERARZK KT R-#2)

The consonants combined with first primary vowels and will be arranged in

their alphabetical order

The consonants combined with secondary symbols of the vowels.

The consonants combined with consonants according to alphabetical order i.e

cluster formation.

The consonants combined with the secondary symbols of the consonants.
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Compounds

Compound word can be formed from already existing words by a process known as

compounding. For example:

Simple Compounding - fHI+E9E /sir+dord/= fTHIEIE /sirderd/

Hybridation Compounding - STH+WST /bass+odda/= SHWS" /basodda/

Reduplication Compounding - A&+H™S /mel+mal/= H&HS /melmal/

1.5 Phonological Features of Punjabi

Phonology is concerned with how sounds function in relation to each other in a
language. Punjabi literature reveals that the supra-segmental phonemes such as Tone,
Nasalization and Stress are realized at the syllable level. There is abundance of

geminated words in which stress co-occurs on the geminated consonant.

Phonology
Segmental Phonology Supra-segmental Phonology
Vowels Semi-vowels  Consonants
Syllabfes
| | | l |
Tone Intonation Stress Mazalization  Juncture

Fig 1/3: Punjabi Phonology
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Within phonology, two branches of study are usually recognized: segmental and
supra-segmental. Segmental phonology deals with discrete segments, such as
phonemes, supra-segmental phonology deals with those features which extend over

more than one segment.

Vowels:

Oral vowels: There are 10 vowels in Punjabi i.e. 7 long vowels viz /a/, /i/, lu/, /e/, /¢/,
/o/ & /o/ and 3 short vowels viz /o/, /i/ & /v/ in Punjabi. Further these may be
classified into two categories viz class I and class II vowels depending on their
prominence. The class I vowels are phonetically less prominent and have laxer

articulation then those of class II as discussed by Sharma (1971).

Vowels (V)

Class I vowels (V1) Class IT vowels (Vz)
I U i u
3 e o
g (=) 3
a

Fig 1/4: Vowels Categories (monophthongs)

This definition of V| and V, will be used in subsequent chapters of this thesis. It is
also noted that the use of short vowels in initial position of word and use of long

vowels in final position of the word is more prevalent.

Diphthongs:
Word IPA Diphthongs (Vq4)
ynyr /khva/ /va/
fonr /la/ /1a/
st /gai / /a1/
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Nasal vowels: Correspondingly, there are 10 nasalized vowels i.e. viz /a/, /i/, /i/, /&/,

1€/, 101,13/, 13/, 11, 15/

Oral Vowel Nasal Vowel
T [katal T (katal

Fig 1/5: Example of oral and nasal vowel

The nasalization is phonemic and the opposition between nasal and oral is given a
special technical status in the distinctive feature theory of phonology, where it works
alongside other two-way contrasts as part of the complete specification of a sound

system.

Some of these features are discussed below:

a) It helps in differenciating between grammatical forms e.g.

Word IPA Form
E=Eil /beti/ Singular
EEinty /beria/ Plural

wd /kar/ Noun

wJ /kard/ Ablative case
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b) When nasal consonants occur after the vowel in a word, the vowel is usually

nasalized e.g.

Word IPA Meaning
°c /dén/ Gift/ Blessing
yE /kban/ Mine

¢) In addition, if the word ends with an open vowel, this vowel also gets

nasalized e.g.

Word IPA Meaning
S /déna/ To give
yrer /kfana/ Food

d) If dipthong or tripthong occurs at the end of the word with nasal vowel in the

end, all the prior vowels also get nasalized e.g

Word IPA Meaning
Jrfemgt /gia/ Have gone
it /aia/ Have come
WHM / osia / To wait eagerly

A similar phenomenon is observed in words containing € /v/, being semi vowel.
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The consonant sounds of Punjabi, classified according to their place of articulation

and manner of articulation are as below:

Plosive(stop) | Bilabi | Labio- | Dent | Alveola | Post- Retrofle | Palat | Velar | Uvun | Glott
al dental | al r Alveola | x al lar | al
r
(vluna)
(vuna)
Voiceless F (4 t @ t (D @ |4
unaspirate =
Voiceless r ®) @) )| B o
aspirate
Voiced b (=) d ® 4 @ g @
unaspirate
Nasal m () n @ n & |n &@|n &
Trill r @)
Flap T @
Fricative i (3 sz |1 @ EE L @
H @
Approximant v & i ®
Lateral 1@ [N E:);
Approximant
Affricates:
Unvoiced g &)
unaspirated
Unvoiced th &
aspirated
Voiced dy ™
unaspirated
Table 1/3: Consonants IPA Chart
1.5.1 Syllable: Sounds are grouped in larger units. The most important of these

is the syllable. The syllable (referred as S) is a structural unit and within that structure
we can identify a sequence of consonants and vowels. Just as in grammar we can
parse a grammatical structure; in phonology we can parse syllabic structure. The
syllable is the most basic element and it has psychological reality as a unit that
speakers of a language can identify. Speakers are able to count the number of
syllables in a word and can often tell where one syllable ends and the next begins
phonetically. It is claimed that when identifying syllables, listeners are responding to
sonority. Sonority is the relative loudness of a segment as compared with others.
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Each syllable has a single sonority peak. What is a syllable? There is no definition of
the syllable that phoneticians or philologists currently agree upon yet the notion of a
unit at a higher level than that of the phoneme has existed since ancient times.
Sonority or prominence: this is where some sounds are said to have greater
prominence than others and these form the basis of syllables. Syllable boundaries fall
at points of weak prominence. This is governed by a principle determing underlying
syllable division known as maximal onset principle. It states that intervocalic
consonants are maximally assigned to the onsets of syllables in conformity with

universal and language- specific.

The syllable is seen as a unit of neural programming rather than primarily muscular or
acoustic events. If an error is made in the duration of a phoneme, the error is
compensated for within the syllabic unit suggesting that articulatory events are

programmed in terms of higher —level articulatory units rather than single phonemes.

Every syllable consists of at least a nucleus (N), which is typically a vowel. The
nucleus may be preceded by an onset (O), consisting of one or more consonants and
followed by a coda (Co), again consisting of one or more consonants. The
constituents are in general assumed to be hierarchically organized as consisting of
Onset and Rhyme/ Rime and the Rime consisting of the nucleus and the coda, as

represented below:

Syllable

N

Omezet Ehvme

MNucleus Coda

Fig 1/6: Components of Syllable
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A syllable which ends in a vowel is called open and a syllable where the vowel is
followed by one or more consonants is called closed. Here we describe some words

from English & Punjabi language.

Open syllable 6 /dzao / (Punjabi)

No /no/ (English)

Closed syllable J'IH /hakom/ (Punjabi)

Odd /od/ (English)

The syllable structure of Punjabi
The canonical syllable structure is represented byPandey (2014):
©)(©)V(O)(©)

The valid combinations are elaborated below:

Monosyllabic Words: V, VC, CV, CVC

Di-syllabic Words: VCV, CVCV, VCVC, CVV, CVCV, CVV
Tri-syllabic Words: VCVCV, CVCVCV, CVCVCVC

The frequency of disyllabic words is maximum in Punjabi however monosyllabic
words are also found in abundance. There are plenty of trisyllabic words and few

polysyllabic words.

1.5.2 Tone: Most of the languages of the world which are tonal languages use
tone in a systematic fashion to express either lexical or grammatical distinctions.
There is no standard way in which tones are marked, either in conventional

orthographies or in linguistic representations.
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Most of the world’s tone languages in Africa and the America, have relatively
modern spelling devised by missionaries or linguists, in which tone is usually marked

by some kind of diacritic within an alphabetic writing system.

According to Gill and Gleason (1969:48) “There is one tone onset on every word----
the occurrence of a tone may be taken to mark a phonologic word, generally

2

equivalent to a morphologic word.

Punjabi is highly tonal Haudricourt (1971) and this is the contrastive feature of
Punjabi (other than Dogri) among Indo-Aryan languages. Punjabi doesn’t have
contour tones as are found in mandarin. There are five tonal characters and three
types of tone i.e. high-tone /6/, low-tone /0/ and mid-tone /6/. Synchronically the tone
placement interacts with accent/stress. In the production of tones there is neither
friction nor stoppage of air in the mouth. These are pronounced always concurrently
with a syllable. In the production of low-tone, there is a considerable amount of
constriction in the larynx along with some creakiness. The fall in pitch is followed by
a rise, not to the same level in all the cases. The pitch of the voice is raised and falls
down in the same syllable in a monosyllabic word but in polysyllabic words the fall is
realized on the tail syllable which follows the onset syllable. In mid-tone words, the
pitch remains fairly level which may rise towards the end. The rise is not necessarily

realized 1n all the cases.

Joshi (1968: 48) defines pitch as, “ a sensation, perceived by the listener and
referable to a scale, as well as being related to the frequency with which the vocal
cords of speaker open and close during the utterance and which is measurable by

’

instrumental techniques.’

High frequency of the fundamental is related to high pitch and low frequency is
related to low pitch. In Punjabi speech, as in other languages, it is the relation of the
pitch of one syllable or word to another in the clause that is important and not the

actual pitch.
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1.5.3 Stress: Stress is the degree of prominence of a syllable and degree of
force with which a syllable or a word is uttered. The usual distinction between
stressed and unstressed syllables is, the former being more prominent than the latter
(and marked in transcription with a raised vertical line [']). Stress systems can be
divided into two types: metrical and prominence-driven. In prominence driven
systems, syllables with high sonority nucleus i.e. long vowel, onsets or any of a no of

other properties convey more stress.

Pitch
Frequency [Hz]
Stress
Loudness Length
Intensity [dB] Duration[sec]

Fig 1/7: Phonetic correlates of Stress

According to Krishnan (2003), stress placement in Punjabi has a three way syllable
weight distinction as monomoraic light syllables (L), bimoraic heavy syllables (H)
and trimoraic super-heavy syllables (S) which have a long vowel and a coda or a
short vowel followed by two coda consonants. He also attested that tonal alternations
have been observed viz the falling tone becoming a falling-rising tone in certain
derived environments. The experimental study by Nara (2015) reported that F, as
well as duration is used as a marker of stress in tonal words. There is only primary
stress in Punjabi. The syllable with the longest rhyme such as a long vowel, receives

stress.
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1.6 Pronunciation Lexicon

1.6.1 Pronunciation Lexicon for Language Learning

The lexicon is the bridge between a language and the knowledge expressed in that
language Sowa (2005). Dictionary, a book or electronic resource that lists the words
of a language (typically in alphabetical order) and gives their meaning, or equivalent
words in a different language, often also provide information about Pronunciation,
origin, and usage or a reference book on a particular subject. Readers use dictionary
to learn the exact Pronunciation of a word, however it may have several
Pronunciations. Words belong to different syntactic categories which determine the
distribution i.e. the context in which they can occur. The types of dictionaries such as
phonological, morphological, syntactical, semantic, etc. depend upon the phonology,
morphology, meaning, etc. of the items. Root word is used to be given as the basic
entry in a common purpose dictionary because it is impossible to put all inflectional

or derivational forms.

Printed Dictionaries: These can be termed as monolingual/bilingual/trilingual or
multilingual dictionary. Monolingual Dictionary: Oxford Advanced Learner's
Dictionary, COBUILD's Dictionary of English Language, Shabdkosh (Punjabi-
Punjabi Dictionary) etc for understanding of the language usually contains
information about parts of speech, irregular inflected form, definition of meaning in

the same language, and often some pronunciation information etc.

A bilingual dictionary is consulted for transforming into and understanding a second
language. Bilingual dictionaries carry a list of translation and Pronunciation
equivalents in its target language. Trilingual dictionary has one source language with
Pronunciation and more than one target language. The terms in multiple languages
are mapped taking one language as source language in a Multilingual Dictionary. It

may contain more information inline with other dictionaries.

e-Dictionaries: An electronic dictionary is a resource that contains a library of
words and their meanings, spellings, Pronunciation and etymologies. It is used in
background of other programs, such as word processors.
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ii.

iil.

Some dictionaries can also serve as thesaurus or translation tools, such as English-
Hindi dictionary, etc. These days e-Readers, tablets, and smartphones also have e-

dictionary capabilities. Some of these also have feature of recorded Pronunciation.

Online Dictionaries: An online dictionary is a dictionary that is accessible via the
Internet through a web browser. These may be in audio or video forms. Online
dictionaries available in mostly Indian languages provide Pronunciation also e.g.

http://dictionary.cambridge.org/

1.6.2  Punjabi Dictionaries with Pronunciation Feature

Punjabi dictionary is available in the form of monolingual and bilingual (English &

Punjabi). It provides the full information like lexicon, meaning, Pronunciation etc.

Printed Dictionaries

Punjabi-English dictionary written under the supervision of Joshi & Gill (Ed)
(1994) contains about 40,000 Punjabi words, phrases and idioms. It also contains
grammatical information and pronunciation of principal words in IPA.
English-Punjabi dictionary by Singh & Sandhu (Ed) (1979) on the pattern of
Webster’s Third New International Dictionary for arrangement of Lexical data
with Pronunciation.

Punjabi-English & English-Punjabi dictionary written by Goswami (2000) covers

25,000 entries. It provides meaning, idioms, Pronunciation etc.

e-Dictionaries
The Punjabi e-dictionary is available for handheld devices. It provides the

information of thesaurus, Pronunciation, translation, synonyms-antonyms, etc.
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Punmnjabi Dictiomary

English Wword

Punmnjabi Meaeaningss

—_agaat=. L —EN i — o — ol ——
Fa=., =siPDrar=-.

SwnoOnyrms

dump, desert, end, lack of
restrainmnt

AanNtonmnyrnms

kececp, contimnu e, restraint

Fig 1/8a: Punjabi e-dictionary

T —
- E

eE - S ooad -

PREWVIOULS PROMOUINCOCE 1 FAR (=IFEANVORITE
—
=1

= ANTONY MS

Bad, Evil Badness, 111

= EXAMPLE

wwe live at = = ch other,

= [ i
giving pleasure. enjoyvable or :

Fig 1/8b: Punjabi e-dictionary

Online Dictionaries: It is a dictionary which is available on the internet and can be
accessed through a web browser or a mobile device, primarily by using the search
facility. Most of these provide pronunciation also. Some of the websites offering
these are <Dic.learnpunjabi.org>, <yourdictionary.com>, <Dictionary.refernce.com>,
<Thefreedictionary.com> etc. <Tamilcube.com> provides online dictionaries from

English to Multiple Indian Languages including Punjabi.
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1.6.3 Machine Readable Pronunciation Lexicon

Pronunciation Lexicon for use in Text- to -Speech systems: Pronunciation Lexicon
for machine learning is required for development of speech systems as it represents
the interface between acoustic and speech layer. For example in Text-to-Speech
(TTS) synthesis, phonemic transcriptions are required for the selection of the proper
units to generate the desired waveform. TTS systems are developed based on
following approaches (a) corpus based concatenative synthesis which concatenate
speech units (waveform) from a database known as unit selection synthesis Murthy
etal (2013) (b) the statistical parametric synthesis, the source-filter model (Klatt
Synthesizer) and (c) Statistical acoustic model viz HMM (Hidden Markup Model)
based synthesis.

Most TTS systems use a combination of pronunciation lexicon and rules. The TTS
systems mainly use grapheme-to-phoneme rules as the main Pronunciation
mechanism however these also provide Pronunciation lexicon for exceptional words
for which rules aren’t applicable. The data size of such lexicon may be large. The
TTS engine refers to the lexicon and generates the Pronunciation by rules if the word

isn’t found in the lexicon. Sample data of such Lexicon for Punjabi is as below:

Word IPA

/pumlka/

/pa/
/flr/

/padzdzon/

/patia/

/btdd/

/ni/

gher
ERl
fag
e
=3t /oethi/
g
g0
ST
&o

/natftfon/
Table 1/4: Sample Words with Pronunciation for TTS
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Pronunciation Lexicon for Machine Learning: Syntactic word is considered as the
smallest unit in a prosodic hierarchy tree. TTS requires large amount of pronunciation
lexicon containing morpho-phonological information. It uses three different methods

to learn rules specific to a language.

1. Manually written rules
ii.  Probabilistic methods

iii. Machine learning methods

The Machine learning approach is most widely used these days. The prosodically rich
PLS data can be used to develop language specific models to enhance the efficacy.
Hence the sample data given in Table 1/4 needs to be augmented with supra-

segmental information such as stress etc. may be useful for this purpose.

1.7 'W3C Pronunciation Lexicon Specification (PLS 1.0)

PLS is designed to enable interoperable specification of Pronunciation information
for both speech recognition and speech synthesis engines within voice browsing
applications. It helps developers in supporting the accurate specification of
Pronunciation information for international use through the use of language tag as

provisioned.

W3C have developed a recommendation of Pronunciation Lexicon Specification
(PLS) and its current version is PLS 1.0 (2008) produced by Voice Browser Working
Group of W3C. The specification covers the multiple Pronunciations and multiple
orthography in the XML structure at the lexicon level thus providing the flexibility of
creating language specific PLS documents. The Meta tags feature is available for
describing the domain and end use. PLS specification provides a framework and
guideline which can be tailored to the needs of a specific language and consequently
the XML tag set can be defined to build the PLS data using IPA as UTF 8

representation.
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PLS can be used by Text to Speech (TTS) and Automatic Speech Recognition (ASR)
Engines and can have a wide variety of applications like voice browsers, pedagogical
tools etc. The Pronunciation Lexicon markup language enables consistent platform
for independent control of Pronunciation for use by voice browsing applications.
Thus this specification can be extended to all other human languages by examining
the language-specific requirements. The Pronunciation Lexicon markup language

consists of the following elements and attributes:

Elements Attributes Description
version
xml:base
<lexicon> xmlns root element for PLS
xml:lang
alphabet
name
<meta> http-equiv element containing meta data
content
<metadata> element containing meta data
. the container element for a single lexical
xml:id
<lexeme> entry
role
contains orthographic information for
<grapheme> a lexeme
contains Pronunciation information for
<phoneme> prefer a lexeme
P alphabet
contains acronym expansions and
<alias> Prefer orthographic substitutions
contains an example of the usage for
<example> a lexeme

Table 1/5: XML Structure of W3C PLS 1.0
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1.7.1 Review of Indian Efforts on PLS

An initial work on development of Pronunciation Lexicon Mandal, Lata et al (2010)
on Use of Part of Speech (POS) and morphological information for resolving
Multiple Pronunciation in Pronunciation Lexicon Specification (PLS) for Indian
Languages has been carried out. The work has been done using Bengali as a Case
Study, which was presented in W3C Workshop on Conversational Applications, June
2010, USA. Using example of Bengali word 3<<T /[orlo/ (moved) and /forol/ (easy),
the paper proposes to use the POS along with morphological information for
resolving multiple pronunciations which will result in reducing the size of the
lexicon. This can be used to choose the proper pronunciation among multiple
pronunciations of the same orthography. Text-To-Speech (TTS) systems rely on
lexicons, which contain pronunciation information for many words. PLS lexicons
provide control over the text-to-speech (TTS) playback rendering on conforming
reading systems. The proposed morphological features inside PLS lexicon makes

voice of TTS more natural.

1.7.2 Review of International Efforts on PLS

SI-PRON

In Slovenian language, occurrence of multiple orthographies is rare but multiple
pronunciations are common. The lexical stress can be located on almost any syllable
obeying hardly any rules. It contains all the lemmas from the dictionary of Standard
Slovenian (SSKJ), the most frequent inflected word forms found in contemporary
Slovenian texts. The lexicon file contains the orthography, corresponding
pronunciations, lemmas and morphosyntactic descriptors of lexical entries in a format
based on requirements. SI-PRON pronunciation lexicon developed over 1.4 million
lexical entries. It contains a collection of over 190 context-sensitive and context-free

grapheme-to-allophone rules.
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It used “x-sampa-SI-reduced” phonetic alphabet, a subset of the X-SAMPA set as
defined for Slovenian Gros et al (2006).

Swedish Pronunciation Lexicon

A Swedish Pronunciation Lexicon consisting of 8529 words for TTS/ASR has been
developed. It has been developed based on PLS format, in addition the data has also
been stored in a tab separated format. The delivery comes in two formats namely (a) a
tab-separated format and (b) an XML format. It follows the SAMPA conventions. In
the current version of Swedish lexicon, there are no special diphthong phoneme
symbols. The tag-set used for part of speech information is similar to the one used in
Stockholm corpus (SUC). The lexicon is lacking of two forms in the genitive i.e.

proper noun and adjective genitive forms.

Finite State Pronunciation Lexicon for Turkish

Similar work has been reported for Turkish, named as Finite State Pronunciation
Lexicon which has approximately 7,50,000 words. The pronunciation is encoded
using SAMPA. Turkish, being an agglutinating language with extremely productive
inflectional and derivational morphology has an essentially infinite lexicon. Another
important phonological feature of Turkish language is Stress. The system produces a
parallel representation of the pronunciation and the morphological analysis of the
word form so that morphological disambiguation can be used to disambiguate
pronunciation. The computation of the position of the primary stress depends on
interplay of any exceptional stress in root words and stress properties of certain

morphemes and requires that a full morphological analysis be done Oflazer (2003).
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1.7.3 Gaps in PLS 1.0 Specification

The current version of PLS 1.0, the broad based base line specification which
addresses the requirements of Latin script based languages only however cites few
examples for Japanese and Chinese also. The requirements of many other global

languages such as Indian languages haven’t been discussed.

In Indian languages, grammatical information is relatively encoded in its morphology
than syntax unlike English where the grammatical information is an integral part of
syntax. The tonal language like Punjabi has concatenative inflectional morphology.

Hence, PLS 1.0 needs to be revisited with respect to following:

i.The provision to encode script information is currently not there and some
languages use more than one script.

ii.It also needs to add some features, such as morphological & syntactic
information associated with pronunciations.

111.It does not have provision encode borrowed words.

The task of constructing a large pronunciation lexicon is very tedious and time-
consuming, therefore there is a need to revisit current specification of PLS from
perspective of Indian languages, specifically Punjabi and propose additional
extension of PLS 1.0 to mainly deal with multiple pronunciations, descriptions of
script, morpho-syntactic descriptions and other language specific features such as

origin, script of the languge, POS tags, stem etc.
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1.8 Research Methodology

The Analysis using

- Speech Tools &
Collection of .
Presentation of
Data, Informants E , iD
Word Do and Recording xperimented Data
Sourcing from: l Verification &
Define Punjabi Corpus Data W a.lhdlauon o clnf
Research N Existing Lingmstc
Problem Monolingnal > ¢ » Rules
Bilingunal . .
Dictionaries Phonetic Augmentation  of
Transcription and Rules and
Morphological Annotaion  of Presentation of PLS
Dictionaries Speech data Framework &
sample PLS data

based on  new
Framework

Fig 1/9: Methodology of Research
The present research involves collection of data, recording, data segregation,

annotation, experimental study and analysis.

1.8.1 Sources of Data & Data Collection

(1) The data has been sourced from Punjabi corpus and published Punjabi

Dictionaries. The criteria for selection of data can be broadly categorized into:

The words containing five tonemes in the initial, medial and final syllable

The words containing consonant /h/ and conjuncts of /f/ i.e. J & I in the initial,

medial and final syllable

Non-tonal di-syllabic, tri-syllabic and some poly-syllabic words
Words containing Geminated consonants

The words containing same vowel in different positions of the words
The words containing schwa vowel

The words containing nasalized vowels

Sentences for study of release vowels
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2) Root words were selected from the dictionaries and its POS variations were
obtained from online Punjabi Morphological Analyzer Tool for generating sample

XML data.

1.8.2 Informants and Recording

Patterns of pitch variation are lexically significant in Punjabi hence are to be
examined. The present study is on Malwai dialect of Punjabi language. Pronunciation
Lexicon (PLS specification of W3C) being the scope of current research, the
phonetically rich & frequently occurring words of Punjabi were collected for
phonological analysis covering all phonemes, tonemes,consonant /h/ and conjuncts of
/f/ and non-tonal words of Punjabi. The frequently used words cannot be used for
study of prosodic features such as tone, stress etc. analysis and data will be
specifically designed so that it fully represents the tone patterns. Word selection will
be across monosyllabic, disyllabic, trisyllabic and polysyllabic for complete

coverage.

Ten informants (4 male and 6 female) between 25-40 age group belonging to the
rural, town and city background were identified. These informants are from Malwai
region of Punjab covering Bhawanipur, Kapurthala, Mansa, Patiala, Ludhiana etc.
Recording of data will be done by these informants who are native speakers of
Punjabi. The prosodic features are highly variable and depend on a complex set of
factors, including speaker variables hence speakers were selected from across the
Malwai region. What is high with regard to pitch for one speaker, may be low for
another. Hence the averaging of observations over ten informants will facilitate fair
investigation of the linguistic features. Representative data viz total of 4000 words
across 10 speakers and 50 sentences across 8 speakers is to be used for prosodic
study. Data will be recorded in the laboratory through good quality audio recording
devices in standard speech and noise free environment having SNR>=45db as per
standard procedure for speech corpora development based on the ITU

recommendations. The informants to repeat each word of the word list thrice.
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All recorded data will be segregated with the help of Goldwave Tool as it is a
professional digital audio editor. The middle samples of the isolated words as
recorded will be free from any contaminating contextual influences and will be used
for investigations. All the segregated data will be used for the measurements of the

pitch, intensity, duration, formants etc. of the recorded samples.

1.8.3 Data Analysis and Presentation

The annotation of the recorded speech will be carried out. The label "transcription" is
used to refer to any symbolic representation of the significant side of documented
speech events. Types of transcription are orthographic, phonemic and phonetic
transcriptions of segmental information, transcription of prosody and of paralinguistic
and non-linguistic phenomenon. The use of phonetic transcription is a faithful
rendition of variation in pronunciation which may turn out to have relevance for the
description of sociolects or dialects Gippert et al (2006). All the recorded speech data
transcribed phonetically and will be tabulated to get the nature of varitaions in
pronunciation. The annotation of the recorded speech data at phoneme level will be
carried out using the PRAAT software package since it is a very flexible tool to do
speech analysis. The values of pitch floor and pitch ceiling of 128-390 Hz will be
used. This tool will also be used for analysis of the Fy contour and the slope of the
contour over the pitch area of the associated vowel. The spectrographic analysis of all
the male & female samples will be carried out. Data recording of the above given
parameters will be done. Punjabi literature reveals that the supra-segmental phonemes
such as Tone, Nasalization and Stress are realised at the syllable level, hence will
require annotation at syllable level also. There is abundance of geminated words in
which stress co-occurs on the geminated consonant, which will also be examined. For
the analysis of the Punjabi tones, release vowel quality etc, fundamental frequency
and formants of the associated vowel will be studied. MATrix LABoratory
(MATLAB) algorithm will be developed to get mean pitch and duration. It is a high-
level matrix/array language with control flow statements, functions, data structures,

input/output, and object-oriented programming features.
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Graphs will be plotted for sample words exhibiting pitch contour, duration, intensity

and formants. The analysis will be presented on acoustic features of Punjabi.

Pronunciation lexicon specification for Punjabi language within W3C framework will

be proposed based on above proposed analysis.

The parameters recorded for analysis will be following scientific methodology given

below for corroboration of results:

Acoustic Auditory—> | Phonological Category
= Fundamental = Pitch = Tone
frequency * Length = Quantity (Vowel
* Formants * Loudness duration, Gemination)
= Duration = Stress = Lexical stress
= Intensity * Grouping = Levels in  syllable

=  Pauses/silence

= Voice quality

hierarchy

ii.

Table 1/6: Parameters for analysis

The acoustic characteristics of spectrograms will be corroborated with auditory

parameters and will be tabulated. This experimental data will be scientifically

analysed for establishing the phonological parameters with references to PLS.

1.8.4 Assumptions

It is assumed that the work carried out will be, by and large, applicable to all

other Indo-Aryan Languages except for the specific features of tone,

gemination etc. specific to Punjabi.

The research work will be carried out on the words recorded by native Punjabi

speakers from Malwai region of Punjab.
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It is assumed that the speakers are the representatives of the major Punjabi
community of Malwai region of Punjab.

The research findings will be reported based on the analysis of data recorded
by 10 speakers (4 male & 6 female) and it is assumed that this can be
extrapolated for reporting the research findings.

The parameters selected for acoustic analysis is selected on the basis of review
of International research efforts in this area.

The syllable definitions vary from one source to the other as literature review.
Therefore the syllable definitions of light syllable, heavy syllable and super
heavy syllable will be defined for the current scope of research.

For stress analysis, the complete coverage of di / tri / poly-syllabic words will
be done on the basis of various combination of syllables as per above syllable
definitions.

The study of stress in disyllabic words to be reported on the basis of Linear
Regression Analysis.

The stress findings for the tri-syllabic & poly-syllabic words is extrapolated
on the basis of the analysis carried out for di-syllabic words and also based on
experimental work for small set of data.

Phonological study of schwa vowel to be carried out to report variations in it’s
behavior in different contexts and also as release vowel based on limited set of
data.

It is assumed that new PLS framework within W3C guidelines proposed based
on the acoustic analysis of limited set of data will be largely applicable for
Punjabi Language.

The PLS data developed on the basis of proposed framework will be of
immense benefit to TTS and ASR researchers for building Punjabi speech
systems.

Drawing examples from international efforts, it is assumed that computer
scientists can further develop finite state machines for faster generation of

PLS data based on the proposed framework.
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1.9  Organization of the Thesis

The Thesis is organized as follows. In Chapter 2 Literature Review on Tonogenesis
of Punjabi will be discussed. The experimental verification and validation of tonal
features of Punjabi will be reported in Chapter 3. Chapter 4 will focus on the lexicon
stress and the stress resulting due to the presence of tone and gemination. Chapter 5
will discuss the phonetic and phonological analysis of schwa vowel and also some
other findings on release vowel. The morpho-syntactic features such as POS based
lexical variations and other co-articulation features will be described in Chpater 6.
The suprasegmented features discussed in the previous chapters will be presented in
Chapter 7 as lexeme elements, attributes & rules for marking supra-segmental
features. These features will be represented in the XML format for presenting the
PLS framework (PLS 2.0) for Punjabi language within W3C framework. As per this,
sample XML examples of Punjabi data are also given for reference. Chapter 8 will
present the theoretical & practical work done alongwith research findings and path

for future research.
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Chapter 2

Tonogenesis of Punjabi: Literature Review

2. Introduction

Tone is the use of pitch in a language to distinguish lexical or grammatical meaning —
that is, to distinguish or to inflect words as corroborated by Pike & Welmers (7948
&1959):

“... having significant, contrastive, but relative pitch on each syllable” [Pike 1948:3]

“... in which both pitch phonemes and segmental phonemes enter into the composition

of at least some morphemes” [Welmers 1959.:2]

While Pike originally saw tone as a contrastive feature on each syllable or other tone-
bearing unit (TBU), Welmers’ definition insists on the morphological nature of tone:
tone is not a property of syllables, as expressed by Pike, but rather of morphemes, not
all morphemes need to have a TBU- they may be “tonal morphemes”. Tone being
supra-segmental in nature, the tone features as described below are ‘overlaid’ on
segments and are not inherent to the definition of segments.The term tone language
has traditionally been used to refer to those languages which use the feature of tone to
distinguish between lexical items. A syllable is pronounced with different tones in
order to differentiate meaning. Clark & Yallop (1990), in “Tone Languages”, tone is
a feature of the lexicon being expressed as prescribed pitches for syllables or
sequences of pitches for morphemes or words and in some cases, it may distinguish
the meanings of words, thus tone is a significant part of a syllable. Linguists working
within the Generative Phonology paradigm look for a set of features for
characterizing tone and other prosodic phenomena of a language. Most tone
languages have a number of rules that modify tones when spoken in a sequence i.e

when spoken in normal phrases rather than in isolation.
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Within the generative tradition, the study of word-prosodic typology was greatly
influenced by McCawley (1968 &1970), who attempted to set up a principled
distinction between tone vs. pitch-accent systems based both on distributional
properties and rule types (tones tend to assimilate, accents tend to dissimilate or
reduce). A survey of subsequent literature reveals that the terms “accent”, “pitch
accent” and “tonal accent” have generally been used to refer to tone systems which
are defective in the sense of restricting tones by number of contrasts or by position:
“A pitch-accent system is one in which pitch is the primary correlate of prominence

and there are significant constraints on the pitch patterns for words.” Bybee et al

(1998:277).

Tone exhibits long-distance effects within and across words i.e. the tone of one word
migrates several syllables or words to its right. The word level tones are assigned by
rule.
Tone bearing unit (TBU) can be anyone of the following:

a. The entire syllable (or the voiced part of it)

b. The rime portion of the syllable (but not the onset portion)

¢. The mora (including the onset)

d. The moraic segment (the segment in the rime)

There is general consensus that in both tonal and non-tonal languages, the tone
melodies that are present are best analyzed as consisting of sequence of one or more
tones (generally called High/Mid/Low). In almost all cases, the rising and falling
tones encountered on a single syllable (known generally as contour tones or dynamic
tones) are best analyzed as being either allophonic variants of level tone, or more
commonly as being the realization of a sequence of two level tones. It is difficult to
draw a sharp boundary between tonal and non-tonal languages as described by

Goldsmith (1994):

a. A length of the span of each tone melody is roughly the size of a word in a
tone language, where as in a non-tonal language, its size ranges between that
of syntactic phrase and that of a sentence.
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b. The tone melody of an utterance in a tone language is composed of the tone
melodies that are directly contributed by the lexical items in the utterance and
to slightly lesser extent by a syntactic constructions present in the sentence,
whereas the tone melody of an utterance in a non-tone language is generally

determined by the information structure of the sentence.

c. Tone languages generally have phonological rules that modify the tone
melody depending on the tones found around them as well as on the syntactic

structure in which they occur.

Tone systems are found in approximately 50% of the languages of the world. The
greatest concentrations of “tone languages” are found in Sub-Saharan Africa, East
and Southeast Asia, South central Mexico and parts of Amazonia and New Guniea.
The study of tone has influenced the history of phonology and has contributed to the
understanding of languages in general and in particular for study of syntax-
phonology. Tone systems have properties which surpass segmental and metrical

systems.

Tone cannot be studied the same way as other phonological phenomenon. As in the
case of voicing nasality vowel length and other phonological contrasts the normal
technique is to first elicit individual words to determine the phonetic properties and
ultimately the phonemic contrasts. In case of tone, it yields tonal minimal pairs and /
or require specific contexts or “frames” in which the full range of contrasts can be

discerned.

Welmers (1959), describes discrete level tone system as one where the pitch value of
the different tones are maintained in approximately as standard relationships to each
other. He also introduced the notion of down step, which is the lowering process in
tonal phonology which can be applied to the second of the two high tone syllables.

This means that the choice of tone after a high tone syllable.
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After low tone, the tone of the next syllable can only be low or high. After high tone,
however, the next tone can be low, the high or down stepped high (that is a pitch
slightly lower than the preceding high but not as low as it would need to be counted
as a low tone). A high tone after down stepped high is on the same level as that down
stepped high. A phonological feature called up step has also been discovered. Gill
H.S. & Gleason (1969), deeply analyzed place of articulation & manner of
articulation in the context of tones and concluded that tone system in Punjabi

language is well developed & established.

2.1 How to Measure Tone

The melody of an utterance is communicated chiefly by movements in time of the
pitch of the voice. Pitch as such is a perceptual concept. It is phonetic correlate of the
vocal folds during the voicing of segments. Pitch changes can occur due to variations
in laryngeal activity and can occur independent of stress change. They are associated
with the rate of vibration of the vocal folds. Because each opening and closing of the
vocal folds causes a peak of air pressure in the sound wave, we can estimate the pitch
of a sound by observing the rate of occurrence of the peaks in the waveform. To be
more exact, we can measure the frequency of the sound in this way. Frequency is a
technical term for an acoustic property of a sound — namely, the number of complete
repetitions (cycles) of variations in air pressure occurring in a second. The unit of
frequency measurement is the hertz, usually abbreviated as Hz. If the vocal folds
make 220 complete opening and closing movements in a second, we say that the
frequency of the sound is 220 Hz. The pitch of a sound is an auditory property that
enables a listener to place it on a scale going from low to high, without considering
its acoustic properties. In practice, when a speech sound goes up in frequency, it also
goes up in pitch. For the most part, at an introductory level of the subject, the pitch of
a sound may be equated with its fundamental frequency Fy.  Tone is observed

through this change in pitch over an utterance.
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According to Carnochan (1964) “Pitch is a sensation, perceived by listener and
referable to a scale, as well as being related to the frequency with which the vocal
cords of the speaker open and close during the utterance and which is measurable by

instrumental techniques.”

2.1.1 Methods and Apparatuses for Experimental Phonetics
There are two methods which are used to study speech sounds:

Direct Observational Method: In this method, the investigator relies upon his
personal impressions and observations. He observes and listens to a subject in the act
of speech and then tries to describe the physiological processes involved in the
pronunciation of a particular speech sound. In this method, the degree of accuracy
depends on the experience and training of the observer engaged in research. The
literature survey reveals some accurate descriptions of the articulatory structures of
speech sounds given by few phoneticians who have made use of this method. But
now greater emphasis is laid on empirical evidence to verify and confirm the findings

of the phoneticians.

Instrumental Methods: These methods are preferred over observational methods as
these eliminate the possibilities of subjective distortions which could be introduced
by a phonetician. However, the method of observation has not lost its significance
since experienced phoneticians still use it. It doesn’t exclude but presupposes
instrumental methods. Thus speech should be investigated by combining both the
techniques to get the best results. Instrumental methods may be divided into methods
investigating articulation and methods of physical analysis of speech sounds, the
nature of stress and intonation. The experimental work in this thesis will focus on

physical analysis.
2.1.1.1 Types of Instrumental Methods

Recording the pitch and the intonation contour of spoken words and sentences has

been focused by phonetic and linguistic research for a long time.
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It is well recognized that a sufficient description is not possible by human hearing
alone. Instead, experiments and measuring devices had to be developed for pitch
analysis. “Pitch determination is one of the most important but also most delicate
problems in speech analysis”. This statement from the standard book on “electronic
means in this field” Hess (1983.3) describes a scientific problem which was known
long time before the computer found its way into the phonetic laboratories,
phoneticians become aware of the importance of pitch measurement approx. The

choronology of various techniques is as under:

a) Pneumatic Kymograph: This mechanism was utilized for examining the
physical aspects of speech in the first laboratories of experimental phonetics. Air
motions caused by the speech sounds were changed into mechanical vibrations of the
stylus which left the traces of the recorded speech on the turning drum of the

kymograph for example a kymogram as shown in figure below:
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Fig 2/1: Kymogram
The investigations of pitch analysis using these devices offered a lot of problems and
was time changing, hence it was replaced by an electronic kymograph registering
speech wave and singling out the main acoustic parameters of speech-fundamental
tone (melody). The time marker below the kymogram made it possible to calculate

the duration of the speech signal
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Fig 2/2: Electro-Kymogram
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b) Intonograph: It is an electronic device which registers speech signal as a sound
wave and signals out the main acoustic characteristics. The following main
physical characteristics of speech can be separated and registered on the

intonogram:
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Fig 2/3: Intonogram

e Fundamental frequency (measured in cycles per second) is marked by a curve at
the bottom of the intonogram. The higher the curve of the fundamental
frequency rises, the higher is the fundamental frequency. The control signs of
the fundamental frequency are situated at the upper line of the intonogram.

e Intensity (measured in mm, conventional unit is db) is marked by a curve in the
upper part of the intonogram. The lower the curve of intensity falls, the bigger
1s its meaning.

e Time marker makes it possible to calculate the duration of the utterance or its
parts, measured in msec.

e The intonograph makes it possible to investigate intonation and stress as well as

other phonetic phenomena.

¢) Spectrograph: It gives the opportunities to speech investigators for the study of
physical characteristics of speech and acoustic method on the borders of sounds in
speech etc in the form of a spectrogram, which has time along the horizontal axis,
frequency along the vertical axis, and the amplitude of the signal at any given time
is shown as a grey level. Conventionally, black is used to signal the most energy,

while white is used to signal the least energy.
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These are of two types:

e Wide-band Spectrogram: A Spectrogram produced using an analysis scheme

which emphasizes temporal changes in the signal: with short-time spectrum

calculations (about 3ms) or highly damped analysis filters (about300hz).

e Narrow-band Spectrogram: A spectrogram produced using an analysis scheme

which emphasizes frequency changes in the signal: with long-time spectrum

calculations (about 20ms) or lightly damped analysis filters (about 45hz).

d) Kay Sonograph: It is a workstation for speech analysis, a powerful tool for

speech-scientists or other speech professionals. It produces real time speech

analysis on a high resolution display monitor. One-screen waveform editing and

speech parameter extraction help to analyse speech and select segments for further

work. Both narrow and wideband spectrographic analysis can be performed in real

time. These analyses can be edited, stored and printed.

Frequency in kHz
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Fig 2/4: Kay sonogram

e) Computer: It is an electronic device which can simultaneously acquire, store in

memory, analyse and display speech signals and it also produces the required

results from the stored data. Computer speech programmes provide all the

possibilities for phonetic professionals. They are a powerful tool for acoustic

analysis of all the phonetic phenomena of speech as it can combine the results of

two main types of analysis-intonographic and spectrographic.
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In the upper part of the computer intonogram, speech is recorded in the form of a
sound wave. In the middle part of intonograms overall fundamental frequency in
the form of a curve is recorded. The higher the curve rises, the higher the meaning
of the fundamental frequency is. In the lower part of the intonogram, amplitude &
the intensity of the speech signal is recorded. The bigger the intensity of the speech

signal is, the higher the impulses of the intensity rise.
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Fig 2/5: Computer Intonogram

Praat: It is a software tool using which one can study the acoustic characteristics of a
sound file by viewing and measuring the sound files waveform and spectrogram.
Pitch range settings in PRAAT are the most important parameters used in pitch
analysis. As described, the pitch floor determines the window length and the pitch
ceiling restricts the values being used during the analysis. The optimal default values
of pitch floor and pitch ceiling are 75-500 Hz. This tool can be used for acoustic
analysis by documenting various parameters of the sound waveform such as value

and slope of Fy, Formants, Intensity, Duration etc.

Gold Wave: It is a professional digital audio editor that plays, records, edits,
processes and converts audio on the computer. Gold Wave includes a complete set of

audio processing features.
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An intuitive and customizable user interface makes editing easy. An independent
Control window provides direct access to audio devices. It contains  controls for
playback, rewind & fast forward, recording, volume, balance and speed. Real-time
visuals display the sound during playback and recording. A multiple document
interface (MDI) allows several files to be opened at one time, simplifying file-to-file

editing.

Matlab (matrix laboratory): It is a fourth-generation high-level programming
language and interactive environment for numerical computation, visualization and
programming. It has powerful built-in routines that enable a very wide variety of
computations. It also has easy to use graphic commands that make the visualization
of results immediately available. Specific applications are collected in packages

referred to as toolbox.

2.2 The Analysis of Pitch Patterns in Tone Systems

Tone is a linguistic term that refers to a phonological category that distinguishes two
words or utterances and is only relevant for languages in which pitch plays some sort
of linguistic role. It is established through research studies that the vibrations of the
vocal cord result in change of pitch and this change of pitch is used to distinguish
words. The change of tone results in distinctive word formation. Tone in the
linguistic domain gets mapped to Fy in phonetic domain. F, is an acoustic term
referring to the speech signal of the lexical items and reflects how many pulses per
second are contained in the signal. The perception of tone must be dependent in
whole or in part on pitch perception, and thus on fundamental frequency. The speech
signal must contain large enough F, fluctuations, to be perceptible as pitch
differences. Therefore tone is an inherent expression of pitch that contrasts with
other expressions of pitch. Tone is neither pitch variation within a defined perceptual
space nor a system of pitches expressed relative to a single segment in segmentally
based minimal pairs and it is phonetically analyzed relative to other F, segments that

are in sequence with rather than looking at it as a segmental attachment.
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The various features of any tonal system can be broadly categorized as:

General Criteria Specifies
a. Number of level tones e At least four, possibly five
b. Contour tones e Rising, falling, convex, concave

e Sometimes result of combining two

or more levels

C. Contour tones contrasts e Two or three

d. Common alternations e Assimilation & dissimilation,
simplification and formation of

contour

e. Tonal markedness e In a two level tone system, low is
usually unmarked.

e In a three level tone system, mid is
usually unmarked

e Level tones are less marked than

contours.

f. Tonal and laryngeal features e Low tone associated with voicing,
and especially
e High tone  associated  with

voicelessness

Table 2/1: Features of Tonal System

Thus the acoustic properties of speech signal relate to the phonological information
which the signal conveys. The vibration of vocal folds is periodic and is known as
phonation. Several aspects of phonation waveform combined together result in the
spectrum. The slope of the spectrum represents voice quality i.e. rate of airflow
during phonatory cycle. All native language speakers exhibit variation in duration &
amplitude from cycle to cycle phonation. The phonation waveforms and spectra

represent idealizations of natural speech; hence can be used for phonological studies.
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The pitch of the speech signal is the perceptual correlate of frequency, the higher the
frequency, the higher is the pitch. The pitch contours can be studied using
spectrogram of speech signal of native speakers using s/w tools as described in
section 2.1.1.1e. Thus Fy contours of recorded words can be analyticaly examined to

study the tonal characteristics of a language.

The phonetic facts for publishing linguistic data on tones are plots of fundamental
frequency over time. There has been a concensus among various linguistic theories
that tone is always transcribed on the syllable nucleus, which is usually a vowel.
Thus tone may be phonetically realized on any voiced sonorant segment in the

syllable.

2.2.1 Types of Tones and Notations

Tone is primarily the contrastive use of pitch in grammar and lexicon, including
movement from level to level. The first question is what are the fundamental pitch
levels? The simplest systems have a two-way contrast between higher and lower
pitch, H and L. In a tone language, distinctive pitch levels and contours along with
vowels and consonants serve to make up a word. Such languages vary as to how
many phonologically relevant tones they have. In contour-tone languages, at least
some of the tones must be described in terms of pitch movements such as rises and
falls or more complex movements such as rise-falls. This is characterized by many
tone languages of south-east Asia. The nature of tones can thus be broadly

categorized as:

2.2.2 Register Tones

Register-tone languages use tones that are level i.e. they have relatively steady-state
pitches which differ with regard to being relatively higher or lower. This is
characterized in many tone languages in West Africa. Register Tones are small no. of
tones which are illustrated over vowels e.g. 4, a and a e.g. high, low and mid (level)

tones. These symbols don’t give an impression of the pitch movement.
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These symbols are further combined to get combinations of high and low i.e. falling
(high + low) etc. Gur, Atlantic Mande, Dogon, Nilo-Saharan, Chadic and Cushtic
languages usually have two level tones. Examples of 3-level languages are Angas,
Peki Ewe, Ebira, Kasem, Kotoko, Kpelle, Logo, Mbay, Yoruba and Ibibio. Kotoko
has the 3-tone system H M L. The representation of Register Tones is illustrated

below:

é _l Top
P
& 1 nigh
e 1 mmia
é —I Low
A
S5 J Bottom
Torne terracing
T
Upstep
4
Downstep

Fig 2/6: Register Tone Levels

In some languages (Shonna, Kipare, Mbololo Taita, Miya), syllables are either H or

L, without phonological rising tones, which involve Fy movement from level to level.

2.2.3 Contour Tones

Contour tones are clusters of level tones which have been widely adopted by African
phonologists, but it has met considerable scepticism from Chinese phonologists e.g.
Yip (1989), Bao (1990), Cahn (1991). Contour tones pose two problems for
distinctive feature theory. First, if contour tones are basic units, they require

trajectory features such as rise and fall, or a modified version of it, as shown:

Rise TBU Fall TBU
L H H L

Fig 2/7: Model of Contour Tone Units
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Many languages have phonological contour tones. Some allow contour tones only on
long syllables, for example Hausa and many Bantu languages (Tachoni, Dembwa
Taita) have just falling tone and only on long syllables. Many languages have
contours on short vowels, thus Gen and Temne have H, L, Rising and Falling tones;
Angas has 3 tone levels and the 4 rising and falling contours which do not end with
Mid tone; Benchnon Wedekind (1983) has 5 levels but only one contour, a 4-3 rising

tone. These languages lack long syllables.

Languages with four tone levels are much less common and include Bariba, Anlo
Ewe, Grebo, Igede, Kamba and wobe. Five levels are quite rare, occurring in
Benchnon and the Santa dialect of Dsan and only Chori is reported to have six. The
Santa dialect of Dan Bearth & Zemp (1967), Filk (1997) which has 5 levels and
contrastive length, allows one short contour (2-3 fall) but 5 long contours (rises 3-2,3-
1 and falls 1-5,2-5,3-5), way fewer that the 20 possible contours. The representation

of Contour Tones is illustrated below:

S 1 Rising

é N Falling

e 1 High rising
S A Low rising
e N High falling
e N Low falling
e Peaking

e ~ Dipping

Fig 2/8: Contour Tone Levels

These pitch movements are represented on a 5-point scale (1= lowest & 5 = highest)
by means of tone letters consisting of a vertical reference line on the right preceded
by a line indicating pitch. Often the tone is also explicitly described by a series of
numbers on the 5-point scale. It is basically a stylized representation however lacks in

details of actual pitch contours.
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Tone Sandhi is easy to represent using tone numbers. Mandarin, Cantonese and Thai
from Asian Region belong to this category. The major characteristics of Yip (2001)
and Barrie’s (2007) proposal for contour tones in Chinese languages are as follows.
First, as is generally assumed for Chinese, contour tones are unitary entities, with
only one tonal root node. Second, only one register feature [+upper] is specified for
the whole contour tone. Third, only the tonal onset, but not tonal offset, is specified
for the pitch feature [£raised]. That is, this is a one-target proposal, with only the
tonal onset explicitly and fully specified cf. the two- target unitary-entity proposal in
Yip (1989). Forth, a [contour]| feature (Barrie) or an unspecified “rebound” (Yip)
signals a contour tone. All these properties are illustrated by the following examples,

based on Barrie’s system.

S. No. Tone Onset Offset
[fupper] | [traised] | [fupper] | [£raised]
1. High —Level 55 + + + +
2. Mid —Level 33 + - + -
3. Low- Level 22 - + - +
4. High —Rising 25 - + + +
S. Low- Rising 23 - + + -
6. Low- Falling 21 - + - -

Table 2/2: Chinese (Cantonese) Tone Levels

2.2.4 Standard Notation in IPA
The IPA consists of a universal set of symbols representing distinctive sound of the
world’s languages and is used to show pronunciation in many dictionaries

(International Phonetic Association 1999).
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The IPA chart consists of several sections such as vowels, Pulmonic consonants and
non- pulmonic consonants. The IPA chart can be a useful tool for teaching the basics
of speech production, as it shows at a glance commonalities and differences between

the articulations of various speech sounds.

Different notations were being followed in Asia, Africa and America etc. to denote
the tone thus IPA was devised by Henry Sweet (1889), to standardize this notation of
various diacritics applied over segmental representations. Most of the world tonal
languages have 5 levels of pitch heights which have been provisioned in IPA Chart
for transcription. However, there are few exceptions such as African Languages
(Chori, Benchnon etc.), Asian languages viz. Chao etc. IPA provides diacritics for
(upstep) (17) and downstep ( {1) to facilitate representation of desired no. of tonal

heights. The various tone contours are also provisioned as below:

Level Contour

’ ] Extra high i | Rising
: 1 High ¢ | Faling

a + 7 ; | T
B 1 Low § ] Low rising
i ] Estra low i A Rising fallmg
| Down step ; (lobal e

] Upstep \ (lobal fal

Table 2/3: Register & Contour Tone Levels in [PA

These IPA notations will be used for data representation in this Thesis.

54



2.3 Function of Tones

Phonological theories are sharply divided into two areas: segmental and prosodic.
Segmental phonology focuses on “melody”: speech sounds (segments), their internal

composition and external interactions.

One of the greatest discoveries by Trubetzkoy (1939) & Jakobson (1941) in this area
is that segments consist of features and it is through these that segments interact with
each other. Segmental phonology is therefore concerned with phonological features,
how are they organized inside segments and between segments. Prosodic phonology
focuses on aspects of the sound system “above” the level of segments, such as timing,
tone, stress and rhythm. Research into the nature and patterning of these phenomena
suggests that speech sounds are not just arranged linearly, but are hierarchically
organized into prosodic structure: segments into moras and syllables, syllables into
metrical feet, metrical feet into prosodic words, prosodic words into phonological

phrases, and so on. The prosodic structure is as given below:

® «—phonological

///’\x\\_\. phrase
« phonological

/ﬁj}\\‘ U|J words
LP LP ./LP\ «— metrical feet
o 0O 0 < syllables
HE U pp < moras

V
u d3ak+E|i 3l i

S -

«— segments

—_—
=
a2

Fig 2/9: Segmental Phonology

A tone system has lexical, morphological and syntactic functions. Tone systems have
properties which surpass segmental and metrical systems. This is especially true of
the long-distance effects that tone exhibits both within and across words, as when the
tone of one word migrates several syllables or words to its right. Some tonal
phenomena have no segmental or stress analogues, thus there is a need to understand

how tone systems work.
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Thus the role of Segmental phonology is not limited to only syllable structure and
the distribution of the consonant and vowel phonemes but also covers the tones and
tone sandhi, leading to a tone system viz. a system of six to eight contrastive tones at
the lexical level. The functions of tone include the restrictions on the lexical tone
system according to the part of speech and Tonal sandhi viz. the tones mark signifies
grammatical contrasts in addition to lexical units which is a cue used in syntactic and

discourse structure.

Based on this, tonal languages of the globe can be divided into two categories i.e.
Asian Tone languages in which tone is primarily limited to lexical function (Type A
languages). African and Central American tone languages in which the tone spreads
to neighboring syllables and exhibits segmental morphology and have
polysyllabic roots (Type B languages). However there are some languages like
Japanese which don’t fall under any of these categories as every word in Japanese has

a fixed tone pattern.

2.3.1 Lexical Level Tone Function

The role of tone is limited primarily to lexical function & it does not exhibit at
morphology level and thus do not have lexical contrast. These languages have more
phonemic tone and tone sandhi rules involve predictable replacement of one tone for
another rather than spreading of a tone onto neighboring syllables. There is no use of
segmental morphology however syntactically defined tone sandhi compounds may be
present. Minor (closed) word classes marked by tone may differentiate lexical
meaning.  Predominantly monosyllabic roots are found in such languages.
Phonological word-building resources are determined by non-tonal contrasts however
a set of vocabulary is governed by tone function. Most Asian tone languages belong
to this category except for Hakha Chin or Lai language which has exceptional
features of type B although it is spoken in some parts of Asia viz. Mizoram in eastern
India & Burma, small number of speakers in Bangladesh. Tone is lexically

contrastive in Japanese. Punjabi can be clearly categorized as Type A language.
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2.3.2 Morphological Level Tone Function

These languages (Type B) exhibit all types of Tone functions as discussed for Type A
languages however in addition to that, these also make major wuse of tone in
morphological processes such as tonal derivation, inflection etc. Polysyllabic roots
are found and these languages exhibit derivational and inflection segmental
morphology. Thus Major (open) word-classes are characterized by different tone
inventories or alternation of tone patterns. Number of possible syllables X and their
syllable position within the non-tonal words is comparatively high. Tone Sandhi is

Syntagmatic.

Tone Sandhi is governed by a number of rules that modify tones when spoken in a
sequence, i.e when spoken in normal phrases rather than in isolation. One of the most
well-known cases is Mandarin Chinese wherein two Tone-3 syllables occur in
sequence, the first one is changed to Tone 2 as explained in the examples given

below:

mai hau chou chi shuei guo wo hen ho
33>23 13>23 33>23
buy good wine eat water fruit I very good

Each word consists of 3 syllables. They are spoken first as isolated syllables (without
sandhi) and then as a phrase (with sandhi). The tone of the middle syllable changes in

each case from Tone 3 to Tone 2 (indicated by “3>2").

Most of the Languages of African and Central American region belong to this

category. Word-building in type B languages uses tonal morphology.
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2.4 Study of Tone in Different Language Families

A language family is a group of languages that are related to their descendents from a
common ancestor. All natural languages of the world have historical base. The
boundary of linguistic ancestry is always not clear as the languages come into contact
with each other due to conquest or trade or through other means and they tend to
borrow the features from the languages with which they do not have any historical

relationship.

The common ancestor of a language family can be identified by the Comparative
Linguistics which studies the historical and genetic relationship between languages.
The regularity of sound change is the pre-requisite for the comparative method. It
implies that when a certain sound X changes in one word, the same change X tends to
take place in all words where sound X occurs, or in all words where sound X occurs
in a particular context e.g. sound cluster from / k{ / latin undergoes a change as

below:

e Latin /Kkt/ > Portugese / jt/
e Latin /kt/ > Spanish  /tf/
e Latin /Kkt/ > Italian /tt/
e Latin /kt/ > Romanian /pt/

The branching structure of a family free is based upon shared changes. These changes
distinguish the group from related languages. Suffix -ic is used to designate
languages families and major groups such as Turkic whereas Turkish is a language.

Languages are often characterized as tonal or non-tonal. Tonal languages utilize pitch
to distinguish lexical items, whereas non-tonal languages do not use pitch
distinctively. Tonal languages are further divided into tone languages and pitch-
accent languages. In tone languages, the tone of each syllable is unpredictable and,
therefore, must be specified in the lexicon. No syllable in tone languages is

considered more prominent than any other.
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In pitch-accent languages, by contrast, the specification of some accent location is
sufficient to predict the tonal configuration, or melody, of the entire word. Therefore,
the syllable on which such an accent falls is considered more prominent than other
syllables. It can also be said that moving from one tone to the next in tone languages
is a syllable- level phenomenon, whereas such a movement in pitch-accent languages

is a word-level phenomenon.

Japanese and Korean languages aren’t specifically covered under any language

family hence are being discussed here.

In standard Japanese, the only distinctive melodic characteristic of a phrase is the
location of the syllable, if any, where the pitch drops. The tone pattern of a Japanese
word 1s predictable as can be seen from following example where syllables are
separated by a hyphen, where H is a high tone and L is a low tone as seen in the
following example:

ka-ki-ga -H-L-L  ‘oyster’

ka-ki-ga -L-H-L ‘fence’

ka-ki-ga -L-H-H ‘persimmon’

Thus, for a given word form, there are only as many possible tonal patterns as there
are syllables (ignoring unaccented word). Thus a tri-syllabic word has three possible
tone patterns. Accent, unlike stress, may not necessarily be accompanied by greater
duration or amplitude. Apart from its effect on pitch, accent is hardly felt by native
Japanese speakers. Pitch can be predicted from accent marks as follows: the pitch is
high up to the first mora of the accented syllable (or up to the end of the phrase, if is

unaccented, its first mora is low pitched).

Korean language made use of tones until late 16™ century. It contained a system of
denoting the four tones by placing one or two dots on the left of the letter. Until
around 20" century, it was common for Koreans to distinguish certain words by
pronucing them for a little longer. These vestiges of tone are today unnoticed even by

Koreans themselves.
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Depending on the morphological category of the morpheme, its dictionary entry will
specify either the syllable, if any, on which it contributes an accent (nouns,
postpositions, verb inflections) or merely whether or not it contributes an accent
(verbs, adjectives). The rules apply in such a way as to yield outputs in which each
phrase has at most one accent. Some accent rules make one accent predominate over

others whereas others attract accent into a given position.

2.4.1 Niger-Congo Languages

It is largest language family of world and has 1436 languages. It covers mainly the
different types of African languages. Many of these languages have phonological
contour tone which is exhibited on long syllable. In some languages short syllable

only have level tone and other have contour on short vowel. The main branches are:

MNiger- Congo

Western Sudanic Benne- Congo
MIande west atlantic Gur Ewa Bantu Drelta cross
1 ¥oruba 2 Ikhin{Edo) albibio

Fig 2/10: Niger-Congo Languages

2.4.1.1 Yoruba Language (Register) has three phonemically distinctive tones-H, M,
and L. H occurs in word-initial position only in marked consonant-initial words,
which reveal an implicit initial vowel when preceded by another word in genitive
construction. Most words start with a vowel, which is L or M but not H. Except for
this minor tonotactic restriction, tones occur freely in lexical representations, without
apparent restrictions on word melodies.

So there are three possible tonal patterns for monosyllables, nine possible tonal
patterns for disyllables. Lexical tone contrast in such words is indicated in the

following example:
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S. No. Word-1 H Word -2 Word -3
M L
ra ra ra
1 “to disappear” “to rub” “to buy”
Pako Kése Pako
2 'g “plank” “mythological “chewing
= place name” stick”
Oko Oko Oko
3 “hoe” “husband” “vehicle”
14 Ilu I
4 “tOWﬂ” “Opener” Cédrum”

Table 2/4: Tone levels in Yoruba

2.4.1.2 Ikhin (Edo) Language (Register) is spoken in Ikhin, Edo, Nigeria. Ikhin has
terraced level tone system having two basic tones viz. high and low. The following

minimal pairs of words get differentiated only by tonal contrast:

S. No. Word 1 HL Word 2 LLL
1 Aki aki
“Toad” “Market”
2 dkpa okpa
C‘COCk’, “One,’
3 éda &da
“High” one“River”

Table 2/5: Tone levels in Ikhin

2.4.1.3 Ibibio Language (Register) has three tones (high, low and falling). The
falling tone only occurs on final syllables, giving the following combinations in two-

syllable words:
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Tone on First Syllable

Word 1H Word 2 L
D
g H akpa akpa
& | “expanse of ocean” | * first”
=
= T T A
§ F akpan akpd
2 | “square woven basket” | ““ rubber tree”
=]
% L aku akpa
H (13 : 2

| “priest | (small ant)

Table 2/6: Tone levels in Ibibo

2.4.2 Austric Languages

The Austric proto-language has been identified by some with the Hoabinhian
archaeologicali industry dating from the late Pleistocene to mid-Holocene (roughly
6,000 to 12,000 years ago). Primary Hoabinhian sites have been identified in
Sumatra, Thailand, Laos, Myanmar and Cambodia, while isolated inventories of
stone artefacts displaying Hoabinhian elements have been found in Nepal, South
China, Taiwan and Australia. Except for Nepal and Australia all of these areas are
home to Austric languages and there is evidence that Austric may formerly have been

spoken in the Himalayan foothills also.

Austric

|
. v

Aunstro-Tai Aunstro- Asiatic

fat 2 ! }

1 Thai 2 Lao

IVietnamese Munda

Fig 2/11: Austric Languages

2.4.2.1 Thai (Contour) Language is atonal language. Tones are the core of the
language, they are essential, as important as any vowel or any consonant. Tones
distinguish the meaning of one word from another.
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Each syllable is pronounced with one of five distinct tones- middle, low, falling, high
or rising. The middle tone starts at a middle pitch level, rises slightly and returns to
mid-level. The low tone starts low and gradually falls even lower. The falling tone

starts high and falls to a low pitch. The high tone rises to a peak and then drops. The

rising tone starts at mid-level and gradually rises.
S. Word 1 Word 2 Word 3 Word 4 Word 5
No. M L F H R

1. mai Mai mai mai mai
“mile” “new” “not” “wood” “no?”

2. kha: kha: kha: kha: kha:

“a glass” | “galangal” “slave” “to engage “leg”

in trade”

Table 2/7: Tone levels in Thai

2.4.2.2 Lao (Contour) Language is an isolating tone language where most syllables
form individual morphemes. There is only eight bound derivational morphemes

Enfield (2007). Tone varies significantly depending on the Lao dialect; Lao linguists

identified five tones on long and three tones on short vowels.

S.

Word 1 Word 2 Word 3 Word 4 Word 5
No. L M F H R
1. kha: kha: kha: kha: kha:
“slave” “galangal” | “commerce” “stuck” “leg”

Table 2/8: Tone levels in Lao

2.4.2.3 Vietnamese (Contour) Language is the official language of Vietnam.
Vietnamese is based on melodious syllables and stressed accent. It is a monosyllabic
language with each articulated sound carrying a certain meaning. There are five types

of tones and a mid-level non-tone.
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Word 1 | Word 2 Word 3 Word 4 Word 5 Word 6
L HR M Dipping R LF L F Short H R Glottal
stop
ma Ma ma ma ma ma
“ghost” | “cheek” “tomb” “but” “young rice” “horse”

Table 2/9: Tone levels in Vietnamese

Tones are realized by a complex of pitch and voice quality features. In particular,
glottalization plays an important role in the production and perception of the broken
and glottalized tones. The falling tones have been described by some researchers as
accompanied by a breathy voice quality. The low falling tone has also been described

as accompanied by light final laryngealization.

Vietnamese tones are not subject to phonological tone sandhi (i.e. the realization of a
tone is not affected by the surrounding tonal environment), tonal realization in

connected speech is subject to phonetic coarticulation effects.

2.4.3 Indo-European Languages

It is one of the largest language families in the world havingten branches of living
languages. Out of these, three are primarily spoken in India i.e Armenain, Iranian and
Indo-aryan (Indic). The most widely spoken Indo-European languages are Spanish,
English, Hindustani, Portuguese, Bengali, Russian and Punjabi (over 100 million
speakers each). The next widely spoken languages are German, French and Persian.
Germanic languages possess a number of defining features compared with other

Indo-European languages.

[ Indo-European J

‘Gemmnic ]‘ Hellenic I ‘Ce!.tic ] ‘Iralic ]‘ Baltic Ilj_’ndo-lmnian]

Swedish Norwegian Lithuamian  Lativian Iranian  Indic
1 2 3 4

Fig 2/12: Indo-European Languages Families
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2.4.3.1 Swedish Language (Register) is a pitch accent language which has two
distinctive accents related to the different syllabic structures. Acute and grave accents
often distinguish meaning. Monosyllabic words and words with the stress on the last
syllable receive the acute accent. It can occur in any accented syllable regardless of
position.

Acute Accent (accentl):

1. Monosyllabic words including their declination, e.g. /huset/

2. Words which start with an unstressed syllable, e.g. / botala /

Grave Accent (accent2):

It never occurs in the last syllable of a word. Therefore it occurs only in polysyllabic

or at least dissyllabic words.

S. Word 1 Word 2
No. Acute accent H Grave accent L
1 Slutet slutet
“the end” “Close perf. part of att sluta”
2 Vaken Vaken
“the ice hole” “awake”
3 Skallen skallen
“the brak” “the skull”
4 Egen egen
“own” “peculiar”

Table 2/10: Tone levels in Swedish

2.4.3.2 Latvian Language (Register) is a Baltic language, hence it exhibits syllable
tones (also called syllable accents or syllable intonations). There are three types of
tones viz. level, falling, and broken tones (B) which are associated with a syllable
having a long vowel, diphthong or a combination of a short vowel plus sonorant (so-

called diphthongal sequences) respectively.
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S. No. Word 1 Word 2 Word 3
L F B
1 mit mit mit
“change” “exist” “tread”
2 atiksts - atksts
“cold” “high”
3 rauks ratks
- “pucker” “yeast”
4 valks - vaiks
“tether” “humid”

Table 2/11: Tone levels in Latvian

For syllable tones, an obstruent occurring after a short vowel has no bearing on
syllable structure and it could as well be absent from it, as syllables of this kind
would have no distinctive tone in either case and are therefore called short.

Type of vowel Word Type of vowel Word

rinch ‘row, line’ lazda ‘hazel’

2.4.4 Sino-Tibetan Languages

This family has around 300 members and has 5-main branches viz. Tibetic (Bodic,

Burmic, Bai, Karenic and Sintic).

Sino- Tibetan

!
! l

Sinitic Tibeto-Karen
1(Mandarin)
Karen Tibeto- Burman

l

2Mizo, sNhWlanipuri. 4Bodo

Fig 2/13: Sino-Tibetan Languages
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2.4.4.1 Mandarin (Contour) belongs to contour language family. In order to
differentiate meaning, the same syllable can be pronounced with different tones.
Mandarin's tones give it a very distinctive quality, but the tones can also be a source
of miscommunication if not given due attention. Mandarin is said to have four main

tones and one neutral tone (or, as some say, five tones).

e The first tone is flat just like walking on a flat smooth road.

/ The second tone rises like going up hill.
v The third tone falls and rises like riding on a roller coaster
AN The fourth tone goes down fast all the way.

The fifth neutral tone short and lightly spoken, and can be seen in the use of the word
“ma” at the end of a sentence to make it a question. Each tone has a distinctive pitch

contour which can be graphed using the Chinese 5-level system.

S. Word 1 Word 2 Word 3 Word 4 Word 5
No. L R FR F N
1 %5 ma % ma B ma B ma 15 ma
“mother” “numb” “ horse” “scold” “question
word”
2 b1 bi ba bi bi
“force” “nose” “compare” “wall”

Table 2/12: Tone levels in Mandarin

2.4.4.2 Mizo Language (Contour) is a Tibeto-Burman language spoken in India,
Bangladesh and Myanmar. Its tone system has been described and analyzed by native
speakers (Chhangte 1986; Fanai 1989, 1992) as having four tones. Chhangte
describes the Mizo tone inventory as including High, Rising, Falling, and an
unmarked tone, where the unmarked is phonetically mid or low. Fanai also describes
the four tones of Mizo as High, Low, Rising and Falling where the Low tone can also
have an allophonic variation realized as an extra low tone. The four tones in Mizo can

surface in monosyllabic, disyllabic and trisyllabic words.
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S. Word 1 Word 2 Word 3 Word 4 Word 5
No. HR FR HF LR LF
1 Lum Lum Lum Lum Lam “roll
“bushy” “to cheer up” | “to leave” “warm” down”
2 tsan tsan tsan tsan Tsan
“joint” “To wait” “To warp” “Bird’s tail” “alone”
3 buk buk buk buk buk
“hut/camp” | “Totipup” | “To weigh” “Sound of sudden “bushy”
incident”
4 bok bok bok bok bok
“knob” “Swaying to | “Temporary “also” “To lie
one side” village” down”

2.4.4.3 Manipuri Language (Register) is a tonal language and has

Table 2/13: Tone levels in Mizo

lexically

significant & contrastive but relative pitch on each syllable. There are three types of

tone viz. Falling, rising and level Inder Singh (1975), Chetan Singh (1976).

Spectrographic analysis of Manipuri words reveals that phonemically only two tones

are realised because the level tone occurring in certain words in isolation is replaced

by rise-fall when preceded by roots containing the final tone.

S. No. Word 1 Word 2
L Level
1 kanbd konbo
“Hard” “To protect,etc
2 taba taba
“to hear” “to fall,etc
3 mi mi
“man” “Shadow”
4 Khon Khory
“Leg” “Canal”

Table 2/14: Tone levels in Manipuri

Level tone occurs in monosyllabic as well as polysyllabic words. It has two allotones

viz. Level, unmarked in transcription and rise-fall marked as /*/.
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S. No. Word 1 Word 2
Low Low Rising falling
1 /ma +pu/ [map1]
“His/her + to bring” “His/her mode of
bringing”
2 /mi +sin/ [misin]
“Man+ Marker of
plurality’ “Men”
3 /sa+mu/ [somii]
“Animal +black” “Elephant”

Table 2/15: Allophonic variations of level tone in Manipuri

The four possible tonal sequences in Manipuri as discussed in chapter III of

Shodhganga are:
Tonal sequence Word Meaning
Level + Level /kobok/ parched rice
Level + Fall /kaphoy/ pomegranate
Fall + Fall /khabd/ bitter
Fall + Level /thomoy/, [thomdy] heart

Table 2/16: Tonal sequences in Manipuri

2.4.4.4 Bodo Language (Register) is a Tibeto-Burman language which is tonal. It
is spoken mainly in the northern parts of the State of Assam in India. Garo, Boro,
Rabha, Tiwa and Kokborok all belong to the Bodo subgroup. Boro is the major
dialect. Linguistic development in Bodo is relatively new, hence there is dearth of
proper research of its tonal phenomenon however the available research is

summed up below.

Bhattacharya (1977) described maximum four tones in Bodo language i.e. neutral,
high, mid and low. Neutral tone is dependent on associated tone viz L/M/H and
the quality of vowel whether centralized or more lax. In high tone, the level of

pitch contour is level or rising and the quality of vowel is closer and tense.
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In mid tone, the level of pitch contour is level or falling and the quality of vowel
is medium as to closeness and tenseness. In the low tone, the level of pitch

contour is falling and the quality of vowel is open and lax.

S. Word 1 Word 2 Word 3
No. L M H
1 aid - ail/ aif
income goddess / mother
2 Dan/{ Dan4 Danf
month to cut gift
3 - eol/eol eol
to plough / to fry to clear by cutting
4 k"a k"ai /k"a -
to test bitter to pluck / to tie
5 On4 Oni / Oni -
to open to love / powder of rice

Table 2/17: Four way tone levels in Bodo

Weidert (1987) also identifies the presence of tone in Bodo and opines that the
tone patterns in Bodo are dependent on the syllable types and the consonantal
specification of the syllable coda. Boro (1991) identifies a two-way tone system

in Bodo which he describes as the rising and the falling tones.

S. Word 1 Word 2
No. L H
1 doi dai-
water lay egg
2 toi- tdi
die blood
3 Hor Or
Night fire
4 ka- ka-
tie bitter
5 seo- sdo-
rot burn

Table 2/18: Two way tone levels in Bodo
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Sarmah (2004) examined the autosegmental nature of tones using Optimality Theory.
He advocated constraints viz ALIGN-L (DT, PRWD) says that each default tone
should align with the left edge of the domain. Whereas ALIGN-R (PRWD, LT) says
that the left edge of the domain should be specified with a lexical tone. However it

needs further investigations.

2.5 Indic Languages

The Indo-Aryan or Indic languages are the dominant language family of the Indian
subcontinent. They constitute a branch of the Indo-Iranian languages itself, a branch
of the Indo-European languages family. Indo-Aryan speakers form about one-half of
all Indo-European speakers (about 1.5 of 3 billion), and more than half of all Indo-
European languages recognized by Ethnologue. While the languages are primarily
spoken in South Asia, pockets of Indo-Aryan languages are found to be spoken in
Europe and the Middle East. The Ilargest in terms of native speakers
are Hindustani (Hindi-Urdu, about 329 million), Bengali (242
million), Punjabi (about 100 million), Dogri (4 million) and other languages, with a

2005 estimate placing the total number of native speakers at nearly 900 million.

Indic
R
Vedic- Sanskrt
Prakzit (Pali)

Apabhl;'ashas

#
Hindi Kashmiri Bengali Gujarati Marathi Punjabi Dogri  Sindhi Maithili Oriya

Fig 2/14: Family of Indic languages
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The Punjabi dialect continuum has clearly been determined to possess tonal features,
although it has no genetic connection with other tonal languages, including those that
are geographically proximate, such as Tibetan and Chinese. However Dogri is
another tonal language in this family. Ghai (1991) studied phonetics and phonology
of Dogri monosyllabic words & few disyllabic words and stated that the vowel
quantity plays a position in the configuration of rules for stress in Dogri. The stress is
phonetically realized by duration and pitch movement. Further she states that it is the
stress feature that determines the place of the word tone. Tones in Dogri are due to
tonemes and only single tone occurs on a simple word. She reported three tones in
Dogri namely mid level, falling and rising tone. Kaul (2017) experimentally observed
the tone in Dogri words. She also verified that the vowel bearing the falling-rising

tone is the longest in duration.

S.No. IPA Meaning Tone Average vowel
duration of the nucleus
1 /cd/ Peep Falling-rising 0.42
2 /cal Tea Mid 0.33
3 /ca/ Desire Low 0.16

Table 2/19: Tone levels in Dogri

2.6 Summary

The literature survey of tonal languages of the various language families has been
studied in detail to understand the types of tone and tone variations within and across
languages. The presence of tone has been discussed in Punjabi and Dogri only among
Indic Languages. Tones in Punjabi language and its experimental verification will be

discussed in detail in the next chapter.
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Chapter 3

Tonogenesis of Punjabi: Experimental Observations

3. Introduction

Punjabi lexicon has closer ties with early Vedic Sanskrit & has also assimilated a

wide array of words and expressions from Arabic and Farsi. The presence of pitch

contours in Punjabi has been discussed by various linguists.

Linguist A B C D
Bailey, T, Low rising Ordinary High falling
G(1914)
Behal, Falling Even Rising
K,C(1957)
Sampat, K.S Falling Level Rising
(1964)
Gill, H.S &
Gleason, Low Mid High
H.A.(1969)
Joshi, Tone 1 Tone2 Tone3
S.S(1973)
Sandhu, High Level Low
B.S.(1974)
Malik, High-falling Level Low- rising | Rising falling
AN(1994)

Table 3/1: Eminent linguists’ description of Punjabi tones

Joshi (1987) established through research studies that the vibrations of the vocal

cords results in change of pitch and this change of pitch is used to distinguish words.

Tone is observed only on one syllable and may co-occur with stress on it. If the class

I vowel occurs in the first syllable, tone gets extended to the second syllable.

73



Although one word has one tone only but phonetically its effect is observed across

syllables.

Singh (2001) Punjabi has a lexically significant contrastive pitch accent (tone) which
it makes use of to distinguish words which otherwise have identical phonetic form.
The use of pitch by Punjabi to differentiate the meaning of various lexical items i.e.
words, establishes it as a tone language beyond any doubt. The author has studied the
prosodic features in Paninian linguistics and has evolved the Moraic-Model for
representing the prosodic features. Especially study on tones in Punjabi has been

carried out in which he has identified presence of three tones in Punjabi.

Sangha (2014) the low tone is characterized by lowering the voice below the normal
pitch and then rising back in the following syllable. In the high tone the pitch of the
voice rises above its normal level falling back at the following syllable. The level
tone is carried by the remaining words. Thus there is a need to examine the lexical
tone in this context in Punjabi. Low tone and high tone can occur in monosyllabic,
disyllabic and trisyllabic environments. Following Examples illustrate that tone plays

a significant role in the Punjabi lexicon as is evident from the minimal pairs given in

the table:
S. [ /K/ [ /p/
No.
1 Ny / kora/ ‘Horse’ EicY / para/ ‘Fare’
2 g / kora/ ‘Whip’ g / para/ ‘Difference’
3 JIF  /kora/ ‘Leper’ ug / para/ ‘Student ’

Table 3/2: Tonal Minimal Pairs in Punjabi

Thus Punjabi has three tones viz low tone /3/, high tone /8/, and mid tone /3/. Any

vowel can be a tone carrier, however schwa is used as an example here.
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The mid tone is never represented since it is predictable by rules of redundancy; if a
vowel does not have any tone specification at the level of phonetic representation, by
default it carries a mid tone. The tone placement also interacts with accent/stress. The
low tone must be on the same syllable as the accent Bhatia (1993). Generally not

more than one tone can occur in a single Punjabi word.

Tones in Punjabi can be broadly discussed under two categories:

Tone Arising from Supra-Laryngeal Consonants

Punjabi has five voiced and aspirated consonants which are represented

orthographically as: W /gb/, ¥ /q3%/, € /df/, T /d%, F /bf/ also known as murmured

consonants. These have disappeared and resulted into a tone. The tone is remnant of
historically voiced aspirated consonants. If the murmured consonant was at the
beginning of a word, it left behind a low tone; at the end, it left behind a high tone. If
there was no such consonant, the pitch was unaffected; however, the unaffected
words are limited in pitch and did not interfere with the low and high tones. That
produced a tone of its own, mid tone. The historical connection is so regular that
Punjabi is still written as if it had murmured consonants, and tone is not marked. The
written consonants tell the reader which tone to use. A phoneme that is distinguished

from another phoneme only by its tone is called Toneme.

The tones in Punjabi arise as reinterpretation of different consonant series in terms of

pitch viz four stops: W /gf/, € /d%/, T /d%/, § /b%/ and one affricate: ¥ /q3#/ and these

five consonants are called Tonemes. The rules for characterization of Tonemes are

described in the table below taking Toneme W /gf/ as an example as these are well

documented in the linguistic studies.
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Toneme Word/ Position | Nature | Toneme Substitution IPA
Meaning of of Tone Transcription
Toneme
w W/ Home Initial | Low /&/ [k] /kar/
(voiceless unaspirate)
u HYH to Medial | Low /a/ [g] /mogara /
(voiced unaspirate)
Burn
w HW/ Name of | Final | High /&/ [g] /mag/
(voiced unaspirate)
the month

Table 3/3: Tone Marking Rules (Tonemes)

Independent Tone

Sandhu (1968), discussed that the aspiration effect of [J] /h/ in Pali, Prakrit and

Apbhransh got developed into the tone system in Punjabi during middle Indo-Aryan

period. Bailey (1914), stated that the tone resulting from the middle J /h/ occurs at

the last syllable and in some cases it occurs on previous syllable. Tisdall (1953),

identified that in ‘fSf" /keha/ & fITT /reha/, the pronunciation of consonant /h/ [J] is

very weak and it does not act like an independent character.

Singh (1991), consonant J /h/ is used in all word positions i.e. in initial, medial or

final syllable. If I /h/ occurred at the end of words then it is not pronounced and ends

with breathy force, which shows the occurrence of tone e.g. Utg /pi/ Grind;

dJd

/tfa/  Tea. Similarly the I /h/ occurring in the middle position also acts a tone e.g.

AfIH /séds/ Slowness; ffI&™  /énd/ these.
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Sangha (1999), /h/ in initial position is pronounced as a consonant and is non-tonal

e.g. I'el /hani/ companion;E’fB? /holi/

slow. The consonant J /h/ in the end of

the word is realised as a high tone. The tone due to J /h/ in the medial position could

be high or low depending on the context.

Thus the tone rules are summarised below:

consonant Position of Word / Meaning Nature of IPA
consonant /h/ tone transcription
in a word
Final 99/ Wish High /a/ /tfa/
I Medial g™ / These High /¢/ /énd/

Table 3/4: Tone Marking Rules (Consonant /h/)

Conjuncts of /fi/ consists of pairin /f/ e.g. UJ /pdd/ to study. It does not occur in the

initial syllable. The pronunciation of pairin /f/ in medial and final syllable is so weak

that it is perceived as a tone as illustrated in the examples below:

consonant | Position of /h/ | Word / Meaning Nature of IPA
in a word tone transcription
Conjuncts :
of i/ HJ<"/ Rough High /3/ /kbardva/
Medial
'H'&d'ra'r/ Seepage Low /a/ /salaba/

Table 3/5: Tone Marking Rules (Conjuncts of //)
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3.1 Methodology
Tone is observed through the change in pitch viz fundamental frequency F, as
discussed in section 2.1. The methodology followed for experimental study of tones

is as below:

3.1.1 Criterion for Data Collection: The frequency analysis of corpus of 1 lakh

sentences reveals that frequency of:

a) words containing a toneme/s is about 10-15%
b) words containing consonant /h/ is 15-20%

¢) words containing conjuncts of /f/ is 1-5%

Thus the data needs to be designed specifically for experimental work for tonal

analysis as discussed in section 1.8.1. Word selection criteria will vary in context of:

A) For Tone arising from Supra-Laryngeal Consonants, words with each of five
tonemes in initial, medial and final syllable of the word will be compiled ensuring
the phonetic coverage in terms of various vowels, dipthongs, nasalization,
gemination and other co-articulation parameters such as occurrence of Toneme as
onset/ coda in above contexts across Monosyllabic, Disyllabic, Trysyllabic and
Polysyllabic words.

B) For Independent Tones, the words containing consonant /h/ in initial, medial and
final syllable of the word will be compiled to examine the tonal characteristics.
Conjuncts of /f/ do not occur in the initial syllable hence words containing

conjuncts of /f/ in medial and final syllable will be compiled.
Data recording specifications were followed as elaborated in section 1.8.2

3.1.2 Data Annotation using Praat Tool: The procedure to annotate the data in this

tool is listed below:

e Load a recorded wave file (.wav extension) by selecting “Read from file”. The
file will appear in the objects list.

e (Click on “Annotate” and select “To Text Grid”.
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e The created TextGrid will appear in the object list of the object window. Selects
both audio file and TextGrid file and click on “Edit”.

e The speech wave form gives information about the duration (horizontal axis) and
loudness (vertical axis) of each part of the recording. In the spectrogram one can

see the energy (shade of grey or black) at each point in time (horizontal axis) and

| | I‘m'w""“" SpeechWave Fonm
il

g

each frequency (vertical axis).

L | |:
il

|| Spectrogtam

i ]

'.l
b
o

~lf
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Fig 3/1: Waveform & Spectrogram

e Formants (in red colour), the intensity curve (Yellow in Color), the pitch curve
(Blue in Color) and the spectrogram (Gray part in Spectrogram) can be displayed
or turned off, by clicking on the corresponding buttons on the top bar of the
window.

e For setting a boundary (i.e. marking the beginning or end of a phoneme, syllable
etc.) click on the appropriate place in the spectrogram. A blue circle appears on

the tier. Boundary can be created by clicking on the circle.

Fée Edt Query View Select Interval Beondary Tier Spectrum  Prch Imtencty  Formast Pulses
|

0170488 0836872 (1.192 / 5)
TR

I - l HTETIR] y
. B AT _

5000 Hz

10.T Hz
>1

Fig 3/2: Boundary Tier for Phoneme Marking (bottom layer)
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e After having created a second boundary, IPA transcription can be added for the
given phoneme. Click on the grey button underneath allows it to play back this
particular part of the recording. This button also gives the exact duration, pitch

and intensity of the respective phoneme/syllable.

Fie fde Quey Wiew Selex Istenel Soundsy Toer Specucen Pacn bntemty Formart Pubes
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e " \

STy

Fig 3/3: IPA Transcription Marking of Phonemes

¢ Click the save button to save the file with .Collection extension in the given path.

The first layer of Praat annotation tool was used for phoneme level annotation.
Syllable marking can be done by adding second layer following the same procedure.
Some samples were not annotated due to improper recording (IP) i.e. presence of
noise or some other factor impacted the recording such as incorrect pronunciation
including non-tonal (NT) pronunciation due to error by informant etc. These samples

are limited to 10 % of the data and will be ignored for presentation of the data.

3.1.3 Acoustic Parameters: The spectrographic analysis of all the samples will be
carried out using praat tool. After identification of the vowel bearing tone (TBU) in a
word being analysed, Fy contour and the slope of the contour over the pitch area of
the TBU will be examined by recording of the parameters such as Fy, slope of pitch
of the (TBU), quarter wise slope data of the pitch curve. The data sheets for each
word will be recorded. The fundamental frequency is speaker dependent hence F( can
be analyzed for speaker variations also. The quarter-wise slope data will be correlated
to detect the contour of the tone over duration of the TBU.

The PRAAT graphs will be reported in the thesis. Some samples of Independent tone
as discussed by Lata et all (2013), were verified using the MATLAB tool for which
the code used for plotting the graphs is given at the end of appendix C.
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The higher the slope of the pitch variation across TBU, the stronger is the tone

pronounced by the speaker, which is generally the case with native speakers. Non-

native speakers or urban speakers sometimes pronounce tonal words with weak tone.

The onset of tone and realization of allotones will also be examined. The effect of

tone on other syllables within a word also needs to be studied. Any single tone in a

tonal language is susceptible to a good deal of variation owing to contextual

compulsions. These patterns may also vary across mono-syllabic, di-syllabic, tri-

syllabic and poly-syllabic words. Variations within a word may occur due to co-

articulation and other factors as discussed below:

The distance in tongue movement/ movement of lips between consecutive
phonemes/syllables depending on the place of articulation and manner of
articulation.

The sonority of vowel bearing the tone.

Variations across Tonemes & variations in Independent tone across words
containing consonant /h/ and conjuncts of /f/.

The variations due to presence of gemination and dip- thongs.

Speaker variations such as speaker dependency (stylistic variations /
geographic variations etc) while recording, age variations of speakers, the
trend of loss of tone among urban speakers and non- native speakers.

Speakers may differ both in pitch height and in pitch range hence articulation

of tone may vary from speaker to speaker.

3.1.4 Notations to Represent Tone: Symbol [0] has been used in the following table

to denote a tone bearing vowel. Following IPA symbols will be used in the thesis for

marking tone in the representation of Punjabi PLS data.

S. No. Types of tone IPA Notation
1. High tone / Rising 0 LH
2 Low tone / Falling 0 HL
3. Rising Falling 0 LHL
4 Falling Rising 0 HLH

Table 3/6: Tone Marking Symbols
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3.2 Experimental Analysis of Tone arising from Supra-Laryngeal Consonants
Keeping in view the frequency of occurrence of words as discussed in section 3.1.1,

the data samples were drawn for analysis as tabulated below:

S. | Toneme | Mono Disyllabic Trisyllabic Polysyllabic | Tot
No syllabic al
Initial | Final | Initial | Medial | Final | Init | Media
ial 1
1. W 8 10 9 1 7 - 1 - 36
2 1 9 8 8 3 5 - - 1 34
3 < 8 4 7 4 6 4 - - 33
4. T 4 8 11 1 5 3 - 1 33
5. g 3 6 7 1 3 1 1 - 22
Sub-total 32 36 42 10 26 8 2 2
Total 32 78 44 4 158

Table 3/7: Size of Data Samples of Tonemes

The word list of tonemes is given in Appendix A.

Data Collation and Presentation

The spectrographic analysis using PRAAT of all the male & female samples was
carried out. The duration, fundamental frequency (Fy), quarter wise slope of the
vowel associated with the Tone (TBU) have been recorded. The observations on
contour of the tone over TBU have been tabulated. The tabulation of data has been
done for various categories of words across the male and female speakers capturing
the variety of acoustic environments as per Table 3/7 for studying the nature of the

tone associated.
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Recording of Data Sheets

The phoneme level annotated data of above samples was used for recording various

acoustic parameters. A sample data sheet is given below:

Sample Data Sheet: % /bGd30/

Male Foin Slope in Cross-Sectional Slope of | Contour of | Duration of
Speakers (HZ/5ec) (HZ/5ec) TBU(HZ/5ec) tone IBU
25% | 25% | 25% | 25%
M1 149 353 140 | 147 | 1534 | 135 ILH 0.08
M2 227 328 220 | 225 | 227 | 236 LH 0.07
M3 204 462 184 | 200 | 212 | 218 LH 0.10
M4 157 287 148 | 156 | 161 | 161 LH 0.07
Average 184 358 173 | 182 | 193 | 193 LH 0.08
Table 3/8: Data Sheet of Male Speakers
Female Foin Slope in Cross-Sectional Slope of | Contour of | Duration of
Speakers (HZ/Sec) (HZ/Sec) TBU (HZ/5ec) tone TIBU
25% | 25% | 25% | 25%
Fl1 246 501 232 | 247 | 251 | 253 1LH 0.07
F2 278 545 259 | 279 | 287 | 288 LH 0.10
F3 277 812 244 | 280 | 293 | 293 1LH 0.0%9
F4 284 803 265 | 282 | 292 | 297 LH 0.06
F5 320 719 296 | 319 | 332 | 332 1LH 0.0%9
Fo 275 451 265 | 276 | 280 | 280 LH 0.08
Average 280 639 260 | 281 | 2890 | 291 LH 0.08

Table 3/9: Data Sheet of Female Speakers

The sample data sheets for each category of Tonemes are given in Appendix B.

The rules reported as per literature review in section 3 will be corroborated and the

variations discovered will be elaborately discussed.
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3.2.1 Monosyllabic Words

These words have been analysed under two categories depending on whether Toneme

1s appearing as coda or onset.

Words with Toneme as Coda:

S. No. Word Duration F, Slope Contour
Text & of tone
IPA M F Avg | M F |Avg | M F |Avg | M&F
avg | avg avg | avg avg | avg
u
1 3w /dig/ | 0.24 | 0.29 | 0.27 213 | 315 | 264 | 329 | 315 | 322 LH
2 3w /tag/ | 0.33 | 039 | 0.36 | 209 | 296 | 253 | 308 | 276 | 292 LH
3 Uy /pig/ | 0.31 [ 0.39 |0.35 224 | 318 | 271 | 246 | 216 | 231 LH
4 gur fig/ 0.33 10.32 |0.33 240 | 313 | 277 | 326 | 397 | 362 LH
5 HW /mag/ | 0.29 | 0.29 | 0.29 202 | 268 | 235 | 244 | 238 | 241 LH
4
1 s 0.32 | 042 |0.37 209 | 303 | 256 | 278 | 560 | 419 LH
/sadz/
2 g% /bodz/ | 0.28 | 0.31 | 0.30 | 205 | 294 | 250 | 282 | 364 | 323 LH
€% /5dy/ | 0.19 | 0.26 | 0.23 211 | 308 | 260 | 429 | 432 | 431 LH
4 g3 0.30 | 0.38 | 0.34 |206 | 278 | 242 |290 | 351 | 321 LH
/bé dz/
<
1 e /s6d/ | 021 [0.26 | 024 | 220 | 309 | 265 |317 | 307 | 312 LH
2 g2 /vdd]/ | 0.13 | 0.15 | 0.14 197 | 286 | 242 | 452 | 497 | 475 LH
g
1 g /jodd/ | 0.12 | 0.14 | 0.13 213 | 308 | 261 | 432 | 522 | 477 LH
2 da/kdd/ | 0.21 [ 0.26 | 0.24 | 215|304 | 260 | 334 | 339 | 337 LH
g
1 Hg /dzib/ | 0.27 | 0.29 | 0.28 223 | 310 | 267 | 400 | 360 | 380 LH

Table 3/10: Contour of Tone in Monosyllabic Words with Toneme as Coda
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The rising tone is observed in all words. Sample word 3™ /tig/ Anxiety:

Fig 3/4: Male Sample - LH

Words with Toneme as Onset:

T

Sy

Fig 3/5: Female Sample - LH

S. Word Duration F, Slope Contour
No. Text & of tone
IPA M F Avg | M F [Avg | M F |Avg| M&F
avg | avg avg | avg avg | avg
u
1 wg /kar/ 0.18 |1 0.20 | 0.19 206 | 294 | 250 | 277 | 364 | 321 HL
2 WH /kus/ 0.38 | 0.31 | 0.35 233 | 320 | 277 | 327 | 416 | 372 | HL (50%)
- HLH
(50%)
g
1 91 /tfdg/ 0.13 | 0.17 | 0.15 234 | 298 | 266 | 280 | 459 | 370 HL
2 srg /tfad/ 0.50 1048 | 0.49 212 [ 304 | 258 | 184 | 400 | 292 HLH
3 ¥S /tfutt/ 0.29 10.29 | 0.29 232 | 314 | 273 | 314 | 393 | 354 | HL (40%)
- HLH
(60%)
<
1 &3 /idl/ 0.12 | 0.14 | 0.13 233 | 316 | 275 | 608 | 633 | 621 HL
2 od /tér/ 0.29 |10.29 | 0.29 198 | 297 | 248 | 288 | 419 | 354 HL
3 0.32 1036 | 0.34 223 |1 303 | 263 | 226 | 272 | 249 | HL (50%)
3 /tol/ HLH
(50%)
4 247 /th/ 0.23 | 0.27 | 0.25 219 [ 300 | 260 | 288 | 279 | 284 HL
5 ot /tdi/ 0.45 1046 | 046 205 [ 301 | 253 | 190 | 321 | 256 HLH
6 gg”r /ttii/ 044 | 041 | 043 221 [ 328 | 275 | 249 | 293 | 271 HLH
Contd..
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S. Word Duration F, Slope Contour
No. Text & of tone
IPA M F Avg M F [Avg | M F | Avg
avg | avg avg | avg avg | avg
g
1 O /t3n/ 0.15 | 0.16 | 0.16 231 | 308 | 270 | 273 | 427 | 350 HL
2 o7 /tdy/ 0.19 [ 0.23 | 0.21 228 | 299 | 264 | 282 | 371 | 327 HL
3 e 0.21 | 0.12 | 0.17 222 1300 | 261 | 173 | 297 | 235 | HL (50%)
\ HLH
/tian/
1@ (50%)
4 Efn{'r/tﬁa/ 0.51 | 0.52 | 0.52 217 | 315 | 266 | 257 | 366 | 312 HLH
g
1 g /pokky/ | 0.14 1 0.12 | 0.13 230 | 322 | 276 | 653 | 891 | 772 HL
2 :;;e /pr/ 0.30 [ 0.29 | 0.30 230 | 319 | 275 | 244 | 352 | 298 HL

Table 3/11: Contour of Tone in Monosyllabic Words with Toneme as Onset

Falling tone is observed in the majority of the words. Example word ¥dT /t[3g/ Foam:

L W§

[T —
| Vi e

Fig 3/6: Male Sample - HL
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3.2.2 Di/ Tri/ Poly-syllabic Words with Toneme as Onset in Initial Syllable

S. Word Duration Fo Slope Contour
No. | Text & IPA of tone
M F Avg | M F |Avg | M F | Avg | M&F
avg | avg avg | avg avg | avg
w

1 U koda/ | 020 | 021 | 0.21 | 210 | 284 | 247 | 298 | 294 | 296 HL

2 W /kdri/ 0.13 | 0.13 | 0.13 | 220 | 300 | 260 | 415 | 400 | 408 HL

3 U /kassa/ | 0.08 | 0.07 | 0.08 | 213 | 307 | 260 | 655 | 479 | 567 HL

4 Wt /kahi/ | 0-17 | 0.20 | 0.19 | 211 | 285 | 248 | 349 | 330 | 340 HL

5 Wt /kddi/ | 020 | 0.23 1022 | 221 | 306 | 264 | 492 | 475 | 484 HL

6 3t /kiggi/ | 0.09 | 0.09 [ 0.09 | 226 | 312 | 269 | 782 | 670 | 726 HL

7 W& /kna/ | 0.09 | 0.07 | 0.08 | 243 | 324 | 284 | 670 | 441 | 556 HL

8 Wgr /kera/ 021 [0.22 | 0.22 | 218 | 293 | 256 | 281 | 297 | 289 HL

9 UE /ksli/ 0.18 | 0.19 | 0.19 | 233 | 296 | 265 | 317 | 335 | 326 HL

10 ureT /kota/ 0.13 | 0.14 | 0.14 | 226 | 299 | 263 | 566 | 486 | 526 HL

11 STl 0.19 | 0.18 | 0.19 | 235 | 315 | 275 | 359 | 375 | 367 HL
/kurona/

k4

1 $3" /tf3da/ | 0.18 | 0.21 [ 020 | 221 | 290 | 256 | 336 | 403 | 370 HL

2 3 Afapw/ | 022 | 025 | 024 | 221 | 290 | 256 | 251 | 348 | 300 HL

3 fB3g 0.11 | 0.14 | 0.13 | 240 | 320 | 280 | 323 | 448 | 386 HL
/t[irak/

4 ¥Hg 0.22 | 0.26 | 0.24 | 213 | 290 | 252 | 357 | 433 | 395 HL
/tfadzor/

5 Bt /tfoli/ 0.18 | 0.23 | 0.21 | 232 | 301 | 267 | 319 | 388 | 354 HL

6 gor 0.16 | 0.18 | 0.17 | 234 | 300 | 267 | 522 | 549 | 536 HL
/tfutha/

7 sy 0.19 | 0.20 | 0.20 | 227 | 304 | 266 | 463 | 464 | 464 HL
/tf3pori/

8 b cIEd 0.11 | 0.13 | 0.12 | 229 | 305 | 267 | 487 | 665 | 576 HL
/tfogora/

9 g 0.10 | 0.09 | 0.10 | 240 | 318 | 279 | 937 | 833 | 885 HL
/tJokona/

Contd..
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S. Word Duration FO Slope Contour
No. | Text & IPA of tone
M F Avg | M F |[Avg | M F Avg | M&F
avg | avg avg | avg avg | avg
<
1 2de tdkkory | 0.07 | 0.07 | 0.07 | 228 | 313 | 271 | 835 | 576 | 706 HL
2 o filla/ 0.09 | 0.08 | 0.08 | 235|328 | 282 |503 | 552|528 HL
3 ST /taba/ 0.13 | 0.15 | 0.14 | 215|299 | 257 | 426 | 502 | 464 HL
4 o3t /tadi/ 0.14 | 0.17 | 0.16 | 223 | 304 | 264 | 420 | 463 | 442 HL
5 fdagr 0.13 | 0.15 | 0.14 | 211 | 311 | 261 | 477 | 495 | 486 HL
/ﬁc{c‘)ra/
6 fagaer 0.07 | 0.08 | 0.08 | 240 | 335 | 288 | 517 | 566 | 542 HL
/tilkovd/
7 2fger 0.09 | 0.12 | 0.11 225 | 310 | 268 | 537 | 352 | 445 HL
/tohena/
8 ge’gr 0.17 1 0.20 | 0.19 | 231 | 304 | 268 | 476 | 488 | 482 HL
/tiidy na/
g
1 gt /tobi/ 0.14 | 0.16 | 0.15 | 227 | 319 | 273 | 454 | 463 | 459 HL
2 O&H /t3nu|/ 0.06 | 0.08 | 0.07 | 224 | 320 | 272 | 386 | 506 | 446 HL
3 ger /t5da/ 0.20 | 0.24 | 0.22 | 221 | 298 | 260 | 312 | 446 | 379 HL
4 g&reg/tdnad/ | 0.05 | 0.04 | 0.05 | 232 | 322 | 277 | 449 | 678 | 564 HL
5 OgH /tdrom/ | 0-11 | 0.14 | 0.13 | 235 | 308 | 272 | 348 | 424 | 386 HL
6 g?ﬁ NSni/ 0.11 | 0.08 | 0.10 | 242 | 339 | 291 | 458 | 529 | 494 HL
7 ge-y;r 0.15 | 0.16 | 0.16 | 228 | 312 | 270 | 507 | 600 | 554 HL
todola/
g
1 eIl /pSgi/ 0.17 1 0.22 | 0.20 | 206 | 320 | 263 | 309 | 429 | 369 HL
2 5?—;’ /pgdu/ 0.23 1025 | 024 | 226|309 | 268 | 332 | 454 | 393 HL
4 BHasT 0.09 | 0.08 | 0.09 |263 |309 | 286 | 870 | 883 | 877 HL
/pid3zdzna/
gaa"r /pdsuri/ | 0.07 | 0.06 | 0.06 | 237 | 320 | 279 | 585 | 953 | 769 HL
6 ‘@;ﬂm 0.08 | 0.08 | 0.08 |224 | 315|270 | 583 | 764 | 674 HL
/priftatfar/

Table 3/12: Contour of Tone in Di/ Tri/ Poly-syllabic Words with Toneme as Onset

in Initial Syllable
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The toneme as onset in the initial syllable of the word always bears a falling tone

observed on the nucleus of the syllable e.g. B /tdkkon/ Cover

1
[N
i | M ] i . i
T 10 e e

Fig 3/8: Male Sample - HL Fig 3/9: Female Sample - HL

Discussion

It has been discussed in literature survey that the toneme as onset in initial syllable

leads to falling tone which is corroborated for mono/di/tri/poly-syllabic words as is

evident from Table 3/11 & 3/12. There is no reference in the literature about toneme

as coda in the initial syllable but experimentally rising tone has been observed in case

of monosyllabic words (refer table 3/10). Falling-rising tone has been observed in

words having dipthong as an open vowel however it is observed in 50% of the

speakers only in case of closed syllable as can be seen in f'® /tian/ as an example.

In a monosyllabic word with toneme as onset and coda both, the toneme in coda gets

substituted by corresponding voiced unaspirated consonant due to articulatory

constraints e.g. g’E /pi d/. Such words occur very infrequently.

The relevant Praat graphs are given in Appendix C.
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The observations are summed up below:

S. No. Acoustic environment Tone observed Allotones
1 Monosyllabic with tonemes Rising tone -
as coda
2 Mono/ Di/ Tri/ Poly- Falling tone Falling-rising

syllabic with tonemes as
onset
e Dipthong in open
syllable

Falling-rising

3.2.3 Tri/ Poly-syllabic Words with Toneme in Medial Syllable

Table 3/13: Tone Rules (refer Data Tables: 3/10, 3/11 & 3/12)

S. Word Duration F, Slope Contour
No. | Text & IPA of tone
Mavg | Favg | Avg | M F |Avg | M F |Avg | M&F
avg | avg avg | avg
b1l

1 IET 0.08 0.08 | 0.08 | 225 | 319 | 272 | 264 | 467 | 366 LH
/tagdrp /

2 feowgsr 0.10 0.10 | 0.10 | 223 | 313 | 268 | 290 | 327 | 309 LH
/nigdrna/

3 eBwer 0.08 0.08 | 0.08 | 217 | 310 | 264 | 241 | 333 | 287 LH
/uldgdm /

4 SwEr /igna/ | 0.09 0.25 | 0.17 | 232 | 317 | 275 | 291 | 414 | 353 LH

5 qUgaT 0.09 0.11 | 0.10 | 229 | 304 | 267 | 228 | 339 | 284 LH
/pdgdrna/

6 fowrgsT 0.24 0.23 | 0.24 | 206 | 296 | 251 | 212 | 300 | 356 HL
/nigarna/

7 Yugr 0.19 0.20 | 0.20 | 216 | 306 | 261 | 220 | 427 | 324 HL
/pdgura/

8 Hyr®sT 0.17 0.17 | 0.17 | 218 | 278 | 248 | 221 | 267 | 244 HL
/kh3galna/

Contd..
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S. Word Duration Fy Slope Contour
No. Text & of tone
IPA M F Avg M F Avg M F | Av| M&F
avg | avg avg | avg avg |avg | g
k1
1 1SkStd 0.09 | 0.08 | 0.09 | 227 | 315 | 271 | 262 | 492 | 377 LH
/r1icg dna/
2 Aseg 0.10 | 0.10 | 0.10 | 212 | 301 257 | 335 | 482 | 409 LH
/sadzidar/
3 g5 0.08 | 0.09 | 0.09 | 228 | 309 | 269 | 198 | 406 | 302 LH
/bud3zdna/
4 AHSES 0.06 | 0.09 | 0.08 | 210 | 307 | 259 | 269 | 382 | 326 LH
/samdzdda
ri/
5 farsger 023 | 027 | 0.25 | 216 | 302 | 259 | 161 | 258 | 210 HL
/gidzaona/
6 IS4G 021 | 022 | 0.22 | 218 | 288 | 253 | 237 | 323 | 280 HL
/udzarna/
<
1 geer 0.08 | 0.08 | 0.08 | 210 | 286 | 248 | 192 | 238 | 215 LH
/tudér /
2 Haosr 0.07 | 0.07 | 0.07 | 228 | 328 | 278 | 238 | 300 | 269 LH
/s3ddm /
3 JosAg 0.07 | 0.08 | 0.08 | 225 | 312 | 269 | 279 | 484 | 382 LH
/h3ddnsar/
4 HewT 0.17 | 0.18 | 0.18 | 226 | 306 | 266 | 275|349 | 312 HL
/stdela/
5 faagr 020 | 0.24 | 022 | 214 | 297 | 256 | 200 | 371 | 286 HL
/tidora/
6 g 0.15 | 0.16 | 0.16 | 214 | 285 | 250 | 519 | 592 | 556 HL
/budapa/
Contd..
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S. Word Duration Fo Slope Contour
No. Text & of tone
IPA M avg Favg | Avg | M F |Avg | M F |Avg | M&F
avg | avg avg | avg
g
1 foaog 0.05 0.06 0.06 | 244 | 320 | 282 | 289 | 526 | 408 LH
/kid 1o/
2 JigsT 0.06 0.05 0.06 | 228 | 319 | 274 | 249 | 354 | 302 LH
/gdd’la/
3 Jaays" 0.06 0.05 0.06 | 237 | 318 | 278 | 291 | 589 | 440 LH
/tfoddrpun,
a/
4 wogr 0.19 0.20 0.20 | 222 | 304 | 263 | 204 | 336 | 270 HL
/3 ra/
5 AO98 0.21 0.23 0.22 | 221 | 296 | 259 | 161 | 274 | 218 HL
/sadaron/
g
1 Jger 0.08 0.06 0.07 | 245 | 321 | 283 | 162 | 377 | 270 LH
/r3bdrp /
2 sgeT 0.07 0.07 0.07 | 234 | 317 | 276 | 253 | 430 | 342 LH
/labbdna/
3 fegger 0.22 0.22 0.22 | 227 | 311 | 269 | 201 | 286 | 244 HL
/nibavna/

Table 3/14: Contour of Tone in Tri/ Poly-syllabic Words with Toneme in Medial Syllable

It is observed from the above table:

e The medial syllable containing short vowel and toneme results in rising tone e.g.

JTsT /g3dsla/ Muddy

Fig 3/10: Male Sample - LH Fig 3/11: Female Sample - LH
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¢ The medial syllable containing long vowel and Toneme results in falling tone e.g.

HO™JS /sodaran/ Simple

T T T T I T T T

. tempe ]

Ty 1

L o
- T
o

+ — % 3 -
. "
1

T

o e

— = = == .
Fig 3/12: Male Sample - HL Fig 3/13: Female Sample - HL

Discussion

The rising / falling tone is observed in case of tonemes in medial syllable depending

on whether the TBU is short / long vowel respectively.

The observations are summed up below:

S. No. Acoustic environment Tone observed Allotones

1 Tri / Poly-syllabic with Rising -
tonemes in medial syllable

and short vowel as TBU

2 Tri / Poly-syllabic with Falling -
tonemes in medial syllable
and long vowel as TBU or

dipthong (long + short)

Table 3/15: Tone Rules (refer Data Table: 3/14)
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3.2.4 Di-syllabic Words with Toneme in Final Syllable

S. Word Duration Fy Slope Contour
No. | Text & IPA of tone
Mavg | F Avg | M F |Avg | M F | Avg | M&F
avg avg | avg avg | avg
W
1 fowr /nigga/ | 0.07 0.06 | 0.07 | 190 | 278 | 234 | 401 | 417 | 409 | LH
2 St /kSgi/ 0.06 0.22 | 0.19 |209 | 300 | 255 | 283 | 233|258 |LH
3 =t /bdggi/ 0.07 0.07 | 0.07 | 193 | 263 | 228 | 287 | 293 | 290 |LH
4 Y /lagu/ 0.08 0.09 |0.09 | 195|273 | 234 | 193 |363 | 278 |LH
5 wWewg 0.13 0.16 | 0.15 | 219 | 306 | 263 | 404 | 343 | 374 | HL
/ark ot/
6 WA /nigas/ | 0.39 0.39 1039 |216 | 299 | 258 | 186 | 386 | 286 | HLH
7 BwF /tfigay | 0-39 0.34 | 037 |210 | 280 | 245 | 144 | 241 | 193 | HLH
4
1 IS /h3dzu/ 0.16 0.19 | 0.18 | 193 | 278 | 236 | 349 | 243 | 296 | LH
2 =% /b0 dzo/ | 0.08 0.08 | 0.08 | 194 | 280 | 232 | 358 | 639 | 499 | LH
3 Y /dsddzw/ | 0.17 0.21 | 0.19 | 191 | 270 | 233 | 237 | 300 | 269 | LH
4 WS /otf3kk/ | 0.12 0.13 | 0.13 | 229 | 313 | 271 | 511 | 488 | 500 | HL
5 HS™ /sodza/ | 045 0.36 | 041 |203 | 301 | 252 | 180 | 287 | 234 | HLH
6 R 0.47 042 | 045 |206 | 299 | 253 | 174 | 378 | 276 | HLH
/sudzai/
g
1 Aes 0.10 0.13 | 0.12 | 207 | 247 | 277 | 146 | 254 | 200 | LH
/sid'l/
2 =Tt 0.15 0.16 | 0.16 | 235|331 | 283 | 146 | 228 | 187 | LH
/bid 8l/
3 Har 0.18 0.21 | 0.20 | 205 | 318 | 262 | 227 | 341 | 284 |LH
/s3d a/
4 IMEE 0.08 0.13 | 0.11 |226 | 336 | 281 | 190 | 268 | 229 | LH
/guad dn/
5 Jar 0.16 021 | 0.19 | 199 | 313 | 256 | 184 | 410 | 297 | LH
/K3 /
6 gt /tflidi/ 0.21 0.24 | 0.23 | 231 | 324 | 278 | 269 |338 | 304 |LH
Contd..
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S. Word Duration Fy Slope Contour
No. | Text & IPA of tone
M avg F Avg | M F |[Avg | M F | Avg | M&F
avg avg | avg avg | avg
7 =% /bodda/ | 0.08 0.07 | 0.08 | 189 | 278 | 234 | 484 | 619 | 552 | LH
8 CILE 0.28 0.32 | 030 | 217 | 285|251 |195 |268 | 232 | LH
/goadi/
9 O&™e /tonad/ | 0-33 0.36 | 0.35 | 221 | 307 | 264 | 170 | 284 | 227 | HL
(60%)
HLH
(40%)
10 Je€ /wdaw/ | 0.44 043 | 044 | 219 | 285|252 | 165 | 318 | 242 | HLH
11 2 /kodai/ | 048 0.45 | 047 |223 {300 |262 |162 |348 | 255 | HLH
T
1 ¥og 1dday | 0-10 0.15 | 0.13 | 236 | 331 | 284 | 241 | 225|233 |LH
2 HOF /mody't/ | 0-17 0.17 | 0.17 | 195 | 334 | 265 | 219 |304 | 262 | LH
3 Tamr 0.38 0.36 | 037 |229 |318 | 274 |207 | 291 |249 | LHL
/dudia/
4 g /5dl a/ 0.30 0.23 | 0.27 | 224 | 268 | 246 | 238 | 547 | 393 | LH
5 A /s3di/ 0.17 0.21 | 0.19 | 205|304 | 255 |228 |312 |217 |LH
6 Y /khgda/ | 0-11 0.12 | 0.12 | 169 | 273 | 221 | 351 | 344 | 348 | LH
7 I /gddh / 0.9 0.10 | 0.10 | 185|279 | 232 | 264 | 355|310 |LH
8 T /gidda/ | 0.06 0.06 |0.06 | 184 | 279 | 232 |457 | 571 | 514 | LH
9 3 /godda/ | 0.06 0.07 | 0.07 | 196 | 287 | 242 | 393 | 573 | 483 | LH
10 yoe 0.35 0.38 | 037 | 191 | 295 | 243 | 149 | 239 | 194 | HLH
/pradan/
11 oot /k3dui/ | 041 0.39 | 040 |201 |323 |262 |165 |261 |213 | HLH
g
1 SEL 0.11 0.17 | 0.14 | 222 {335 (279 |165 |313 | 339 | LH
/dubbar/
2 93 /gordb/ | 0.11 0.15 | 0.13 | 187 | 292 | 240 | 219 | 413 | 316 |LH
3 SSRCES 0.10 0.10 | 0.10 | 191 | 283 | 237 |232 |334 | 283 | LH
/dorlabb/
Contd..
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S. Word Duration F, Slope Contour

No. Text & IPA of tone

Mavg | F Avg | M F [Avg | M F | Avg | M&F
avg avg | avg avg | avg

4 &St /nébi/ 0.15 0.15 [0.15 | 192 | 273 | 233 | 258 | 214 | 236 | LH

5 a9 /toba/ 0.15 0.13 | 0.14 | 209 | 292 | 251 | 217 | 349 | 283 | LH

6 TII" /ddrba/ 0.0.09 | 0.11 | 0.10 |208 | 264 | 236 |232 (275|254 |LH

7 foa3 /nirbe/ | 011 0.10. | 0.11 197 | 284 | 243 | 235 | 367 | 301 | LH

8 Wiy 0.40 041 |0.41 189 | 302 | 246 | 184 | 369 | 277 | HLH

/abias/
9 RIEIS] /g3hi 1/ 0.27 030 [0.29 |222 |295|259 |208 | 420 | 314 | HL

Table 3/16: Contour of Tones in Di-syllabic Words with Toneme in Final Syllable

The majority of the words reflect rising / falling tone depending on the context as per

detail given below:

e Rising tone is observed in words having open final syllable. It is also observed that

tone doesn’t reflect on the open vowel in the end of a word and it shifts to the prior

vowel e.g. &3 /nabi/ Navel

i
e | V8

Fig 3/14: Male Sample -

LH
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Female Sample - LH



¢ Falling tone is observed in words having closed final syllable e.g.

Jigig /g3bir/ Serious

T §E

L) Sm 3 E

Fig 3/16: Male Sample - HL Fig 3/17: Female Sample - HL

Discussion

Rising tone has been observed in words having open final syllable. In addition, the
tone gets shifted to prior vowel as investigated. Falling tone has been observed in

words having closed final syllable. Falling-rising tone has been observed in words

having dipthong (short + long) and (long + long) with an exception in UM /dudia/

where rising-falling tone is observed. Falling-rising tone is observed in case of long

vowel being TBU due to fricative, flap and nasal coda.
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The observations are summed up below:

onset in final closed
syllable
¢ Dipthong (short +
long) and (long +
long) and flap /

fricative / nasal coda

Falling -

rising

S. No. Acoustic environment Tone observed Allotones
Tone Shifting of tone
contour on prior vowel
1
Di-syllabic with toneme in | Rising tone Yes -
final open syllable
¢ Dipthong (long + Rising -
long) falling
2
Di-syllabic with toneme as | Falling tone | Not applicable HLH

Table 3/17: Tone Rules (refer Data Table: 3/16)
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3.2.5 Tone Patterns in Composite Words

S. Word Duration Fo Slope Contour
No. Text & of tone
IPA M F Avg | M F |Avg | M F Avg M&F
avg | avg avg | avg avg | avg
1 W - WY I /k3llukara/
tlirey 0.07 | 0.07 | 0.07 | 232|302 | 267 | 608 | 500 | 554 HL
/k3llu/ +
WrgTkara 0.15 | 0.17 | 0.16 | 223 | 301 | 262 | 216 | 339 | 278 HL
/
¥ -Bo¥o" /tfontfona/
1 g /tfon/ | 0.11 | 0.10 | 0.11 | 237 | 329 | 283 | 452 | 506 | 479 HL
_|_
¥&Ttf3na 0.07 | 0.07 | 0.07 | 225|288 | 257 | 233 | 332 | 283 HL
/
¥ -fIHSH /rimtfim/
2 | 9 /m/
J’_
fon 0.15 | 0.13 | 0.14 | 231 | 329 | 280 | 267 | 317 | 292 LH
/tfim/
g - STHO'IT /namtari/
I | &H
/mam/ +
orat 0.15 ] 0.16 | 0.16 | 226 | 317 | 272 | 254 | 338 | 296 HL
/tari/
3 - 3913 /pipit/
1 é/pg/ 0.15 | 0.12 | 0.14 | 223 | 305 | 264 | 248 | 428 | 338 HL
+
13 /pit/ 0.20 | 0.22 | 0.21 | 225|280 | 253 | 332 | 565 | 449 HL
¥ & Y - @¥IY /Gd3bog/
1 €% /6dy/ | 0.06 | 0.04 | 0.05 | 217 | 284 | 251 | 509 | 739 | 624 LH
J’_
gy LH
= 0.09 | 0.10 | 0.09 | 226 | 321 | 286 | 185 | 564 | 338
/bbg/

Table 3/18: Contour of tones in Composite Words
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The tone rules as discussed in previous sections are fully applicable to the constituent

members of the composite words. An example word is B&EET /tfontfona/ Sound

making toy is shown below:

1 o h e W it ]
e — e

Fig 3/18: Male Sample - HL Fig 3/19: Female Sample - HL

3.2.6 Research Findings on Tone arising from Supra-Laryngeal Consonants

e As per literature survey the toneme in initial position leads to falling tone which
has been corroborated experimentally and holds good for mono/ di/ tri/ poly-
syllabic words with toneme as onset in the initial syllable. However falling-rising
allotone has been observed in 50% cases. Falling-rising tone has been observed in
all cases having dipthong as coda.

e In addition falling tone has also been observed in tri / poly-syllabic words with
toneme in medial syllable and long vowel as TBU and dipthong (long + short).
Falling tone has been observed in di-syllabic words with toneme as onset in final
closed syllable. However falling-rising tone has been observed in dipthong (long +
short) & (long + long) and flap / fricative / nasal coda.

e Mono-syllabic words with toneme as coda in initial syllable testify rising tone and
rising tone has also been observed in tri / poly-syllabic words with toneme in
medial syllable and short vowel as TBU.

¢ In addition rising tone has also been observed in di-syllabic words with toneme in
final open syllable. Rising-falling tone has been observed in dipthong (long + long

vowel).
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These findings are summed up in the table below:

Occurrence of

Toneme in

Acoustic environment

Tonal

Variations

Initial syllable

1. Monosyllabic with toneme as coda

2. Monosyllabic with toneme as onset

LH (100%)
HL (50%), HLH

e Dipthong (50%)
HLH (100%)

Tri / Poly-syllabic with toneme as onset HL (100%)

Medial syllable 1. Tri-syllabic with toneme and short as LH (100%)
TBU

2. Tri-syllabic with toneme and long vowel
as TBU or dipthong (long + short vowel) HL (100%)
Final syllable 1. Di-syllabic with toneme in final open LH (100%)

syllable

With Dipthong (long + long)

2. Di-syllabic with final closed syllable
e Toneme as onset
e Toneme as coda
¢ Dipthong (short + long) and (long +

long) and flap / fricative / nasal coda

(tone shifts to

prior vowel)

LHL (100%)

HL (100%)

HL (60%), HLH

(40%)

HLH (100%)

Table 3/19: Rules for Tone arising from Supra-Laryngeal Consonants
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3.3 Experimental Analysis of Independent Tones

In this case, the words containing consonant J /h/ in Initial/Medial/Final syllable and

conjuncts of /f/ in the medial/final syllable only were gathered as conjuncts of /f/ in
the initial syllable doesn’t orthographically occur. Initial /h/ is extensively used in
orthography and as per literature survey it is considered non-tonal, which will be

verified. The data sampling for study of independent tones is as below:

Words Mono Disyllabic Trisyllabic Polysyllabic Total
Consisting of | syllabic s T Final | Initial | Medial | Final | Initial | Medial
Consonant /h/ 15 15 16 6 16 3 - 3 74
Conjuncts of 1 - 6 - 8 - - 2 17
/8/
Sub-Total 16 15 22 6 24 3 - 5
Total 16 37 33 5 91

Table 3/20: Size of Data Samples for study of Independent Tones

The corresponding word lists are given in Appendix A.

Data Collation and Presentation

The spectrographic analysis using PRAAT of all the male & female samples was
carried out. The duration, fundamental frequency (Fy), quarter wise slope of the
vowel associated with the Tone (TBU) have been recorded. The observations on
contour of the tone over TBU have been tabulated. The tabulation of data has been
done for two categories of words (consonant /h/ & conjuncts of /f/) capturing the
variety of acoustic environments as discussed in section 3.1.3 for studying the nature

of the tone associated accross the male and female speakers.

These tones can be broadly divided into two categories:
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3.3.1 Tone Variations Associated with Consonant /h/
Recording of Data Sheets
The phoneme level annotated data of above samples was used for recording various

acoustic parameters as discussed in section 3.1.3. Sample data sheets are given

below:

Sample Data Sheet 1 (consonant /h/): 3E'J /tobad/

Male Fpin | Slopein | Cross—Sectionalslopeof | Contour | Duration

Speakers | (Hz'sec) | (Hz/sec) TBU (Hz/sec) of Tone | of TBU
0% | D% | 2% | 2%

Ml 167 44 ) 134 | 169 | 188 | 177 | LHL 043
M2 243 168 | 132 | M1 | 257 | M LHL 040
M3 7 156 | 212 | 14 | 120 | 211 LHL 043
M4 170 M8 173 | 170 | 185 ] 130 | LHL 019
Average | 100 217 | 188 | 201 | 212 | 197 | LHL 0.39

Table 3/21: Data Sheet of Male Speakers

Female Fpin Slope in Cross — Sectional slope of Contour | Duration
Speakers | (Hz/sec) | (Hz/sec) TBU (Hz/sec) of Tone of TBU
3% | 3% | 2% | 1%
Fl 269 202 47 | 237 | 276 | 196 LH 0.35
Fl 2968 324 270 | 273 | 307 | 33 LH 027
F3 287 457 45 | 237 | 297 | 349 LH 0.37
F4 300 224 269 | 293 | 317 | 311 LH 0.39
F5 351 194 322 | 346 | 369 | 370 LH 0.40
Fé 252 232 241 | 246 | 233 | 166 LH 0.13
Average 103 106 66 | 170 | 34 | 313 LH 0.34

Table 3/22: Data Sheet of Female Speakers
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Sample Data Sheet 2 (conjuncts of /f/): Y&ET /khuldna/

Male Fyin | Slopein |  Cross-Sectionalslopeof | Contour | Duration
Speakers | (Hz/sec) | (Hzlsec) TBU (Ha/sec) of Tone | of TBU
L% | X% | Bh | 23%
Ml 139 180 | 183 | 188 | 192 | 193 LH 003
M2 1 i 3 [ 25| T4 1 LH 003
M3 234 26 | 48| 24| 2157 | 188 LH 009
M4 225 25 | 219 | 222 | 1% | 23 LH 003
Average | 16 168 | 231 | 24 | 238 239 IH 0.08
Table 3/23: Data Sheet of Male Speakers
Female | Fpin | Slopein | Cross- Sectional slope of Contour | Duration
Speakers | (Hz/sec) | (Hz/sec) TBU (Hz/sec) of Tone | of TBU
5% | 2% | 5% | 2%
F1 289 309 | 279 | 285 | 291 | 300 LH 0.09
F2 318 490 | 306 | 315 | 313 | 330 LH 0.07
F3 329 407 | 316 | 326 | 334 | 339 LH 0.08
F4 307 204 | 302 | 308 | 310 | 310 LH 0.07
F3 328 235 | 321 | 325 | 331 | 333 LH 0.08
F6 299 190 | 204 | 296 | 301 | 303 LH 0.09
Average | 312 306 | 303 | 300 | 315 | 30 LH 0.08

Table 3/24: Data Sheet of Female Speakers
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3.3.1.1 Monosyllabic Words

S. Word Duration Fy Slope Contour of
No. Text & tone
IPA M F Avg | M F |Avg | M F | Avg M&F
avg | avg avg | avg avg | avg

1 g /khé/ 0.43 [ 035 {039 |212|319 | 266 |229 |348 | 289 | LH (60%)
LHL (40%)

2 I /ga/ 0.51 | 0.31 | 041 192 | 284 | 238 | 191 | 361 | 276 | LH (60%)
LHL (40%)

3 Wi /4/ 0.37 | 0.25 | 0.31 192 | 271 | 232 | 242 | 373 | 308 | LH (50%)
LHL (50%)

4 I /4l 0.43 | 0.34 | 039 | 200 | 300 | 250 | 347 319 | 333 | LH (50%)
LHL (50%)

5 I /o [ 042 1032 1037 199 | 299 | 249 | 220 | 598 | 409 | LH (50%)
LHL (50%)

6 T va/ 0.31 {029 {030 | 192|276 | 234 | 216 | 502 | 359 | LH (50%)
LHL (50%)

7 BT /16/ 043 | 029 | 034 | 217 | 287 | 252 | 214 | 472 | 404 | LH (30%)
LHL (70%)

8 I /k6/ 0.48 {029 {039 | 199 | 311 | 255 | 188 [434 |311 | LH (20%)
LHL (80%)

9 g /khi/ 0.43 | 033 {038 |219|310 | 265 |231 541 |386 | LH (20%)
= LHL (80%)

Concluding the nature of tone across above 9 words LH (50%)
LHL (50%)

10 2T /o/ 0.44 | 0.36 | 0.40 | 201 | 298 | 250 | 297 | 420 | 359 | HL (30%)
HLH (70%)

11 oI /i/ 0.36 | 036 | 036 | 199 | 283 | 241 | 250 380 | 315 | HL (20%)
HLH (80%)
12 AfT /sé/ 0.24 | 022 | 0.23 | 198 | 289 | 244 | 333 | 522 | 428 | LHL (30%)
HLH (70%)

Table 3/25: Contour of Independent tone in Mono-syllabic Words
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The tone variations may be seen from the following examples:

e T'J /tJa/ To wish — observed LH in 50% of the speakers and allotone LHL in rest

50% of the speakers
0207531 o 340 5) Jo.r13am
02645
[ ——1Ch13
02883 ¢
02845
’nmg— -—-—-—W— e —— 7 1
5000 Hz| it 300 He
ok i
5 p r oy
2 o
) oy
0287533 1 0420096 1 0343017
o 1056848 soconds
Total dumton 1 seconcs
.;ﬁﬂﬂﬂ- [+ [Ele

Fig 3/20: Male Sample - LHL

fcha o

300 He.
3128 He

08821

Fig 3/21: Female Sample - LH

e T'J/ta/ Fall - allotone HLH observed in 80% of the speakers, toneme being onset

of the monosyllabic word whereas HL is seen only in 20% of the speakers

0 TGt

He b Quey vew Sten b Bwnwe fer temmn o ey R e

q

| iz
1.187:

0585M2 ] 047925
[} 1 187450 seconds

Total curation 1167460 seconds
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Fig 3/22: Male Sample - HLH
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Fig 3/23: Female Sample - HLH



Discussion

The tones reported by linguists as discussed in section 3 indicate high tone in T'J

/tfa/. The data above indicates that consonant /h/ when orthographically attached as a
coda in the monosyllabic words results in allotone (LHL) in 50% of the speakers. The
variation in tone pattern observed due to onset being a toneme reflects the presence of

falling tone coupled with allotone HLH in 75% cases. The fricative onset in case of

HIJ /sé/ leads to two allotones viz LHL in 30% speakers and HLH in 70% speakers.

The above observations are summed up below:

S. No. Acoustic environment Tone observed Allotones
1 Monosyllabic with Rising tone Rising-falling in
consonant /h/ as coda 50% of the speakers
2 Monosyllabic with Falling tone Falling-rising in
consonant /h/ as coda and 75% of the speakers

toneme as onset

3 Monosyllabic with - Rising-falling in
consonant /h/ as coda and 30%
fricative consonant as Falling-rising in
onset 70% of the speakers

Table 3/26: Tone Rules (refer Data Table: 3/25)

107



3.3.1.2 Di-syllabic Words (with consonant /h/ as coda in initial syllable)

S. Word Duration Fo Slope Contour of
No. Text & tone
IPA M F Avg | M | F |[Avg| M | F | Avg M&F
avg | avg avg | avg avg | avg
1 | fogat 0.15 [ 0.16 | 0.15 | 142|252 | 197 | 171 | 326 | 248 | LH (40%)
NT (60%)
/énd/
2 | wgsr 0.18 | 0.13 | 0.15 | 141 | 230 | 185 | 155|149 | 152 | LH (50%)
NT (50%)
/éla/

Composite word: AfIHS /sésuba/

1 |#fg/sy ]020]0.18] 0.19 [ 182264 [ 223 [ 414 | 441 [ 427 | HLH (60%)

NT (40%)
+
HI/suba/
Table 3/27: Contour of Independent Tone in Di-syllabic Words
(with consonant /h/ as coda in initial syllable)
Discussion

The tone reported by linguists taking f8IJ&' /énd/, as an example, as discussed in

section 3 indicate high tone considering presence of orthographic consonant /h/ being
in the medial syllable, however as per the hypothesis of word categorization followed
in the present investigation, orthographically consonant /h/ is onset in the initial
syllable of this disyllabic word. Rising tone is observed in 40% of the speakers. It is
observed while annotating the data that 60% of the speakers (50% male & 50%

female) have articulated consonant /h/ which reveals the trend of loss of tone amaong

some speakers. Similarly it is observed that 50% of the speakers have recorded W'J&"

/ahala/ as non-tonal and rising tone is observed in the rest.
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HIT /s¢/ is monosyllabic (first part of the composite word viz AIHST /sésuba/) which

was discussed in section 3.3.1.1. Accordingly HLH tone has been observed in 60% of

the speakers and rest of the speakers has pronounced the consonant /h/.

The above observations are summed up below:

S. No.

Acoustic environment

Tone observed

Allotones

1

Di-syllabic with consonant
/h/ as coda in initial

syllable

Rising

Composite word with
consonant /h/ as coda in

initial syllable

Falling-rising

Table 3/28: Tone Rules (refer Data Table: 3/27)

3.3.1.3 Di/ Tri-syllabic Words (with consonant /h/ as coda in final syllable)

S. Word Duration Fy Slope Contour of
No. | Text & tone
IPA M F Avg | M F Av | M F Av M&F
avg | avg avg | avg g |avg lavg | g
1 3979 0.39 [0.34 |0.40 |200|293 |264 222|306 | 217 | LH (60%)
0
b/ LHL (40%)
2 3979 039 032 |036 | 196|216 |206 | 188 | 521 | 355 | LH (80%)
o
/tora/ NT (20%)
3 THT 040 |0.29 | 035 |209 |244 | 227 |212 | 485 | 349 | LH (80%)
) LHL (20%)
/vosa/
4 fanrg 043 |0.35 | 039 | 194|293 |244 | 233|329 | 281 | LH (80%)
, LHL (20%)
/v1a/
5 feegdg | 040 | 029 | 035 |219 |223 |221 | 185|442 | 314 | LH (40%)
/vidard/ LHL (40%)
NT (20%)

Table 3/29: Contour of Independent Tone in Di/Tri-syllabic Words

(with consonant /h/ as coda in final syllable)
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In the trisyllabic word feE€39 /viderd/ rebellion, allotone LHL is observed in 40% of

the speakers, whereas LH is seen in 40% of the speakers and 20% of the speakers

have pronounced the consonant /h/.

| 28 Textind vided new T
-

[Fe [de Quey Vew Selea intnal Bousdary Tar Spectum Fach bmensty Foomamm Pubes

§ 2 Tealnd vdn

| e o Qumy View Sciect intel Scurdary Yer Soecinm fach inomusy Fomnt fubes

01814
9.0013?8};---. e
02389

01814
0001378
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5000 He|
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o

: i o

-3 1 'mg

1010045 | 0092
[ Visible par 1 101855 seconds 1101
Total durahon 1 101655 seconds

ol o o oo [l |+[Eloey

Fig 3/24: Male Sample - LHL

Discussion

&
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Fig 3/25: Female Sample - LH

Rising tone was observed in 70% of the speakers and rising-falling in 20% speakers.

A trend of loss of these tones has been observed.

S. No. Acoustic environment

Tone observed

Allotones

1 Di-syllabic / Tri-syllabic
with consonant /h/ as coda

in final syllable

Rising

Rising-falling

Table 3/30: Tone Rules (refer Data Table: 3/29)
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3.3.1.4 Independent Tone Rules Associated with Consonant /h/

Based on the above discussions, the tone rules are summed up below:

S. | Independent | Corroboration | Acoustic environment | Observations
No. Tone of tone on tone
variations /
Allotone
1 Consonant LH Monosyllabic with LHL (50%)
/h/ consonant /h/ as coda
e Fricative onset HLE (70%)
LHL (30%)
e Composite word
with consonant /h/
in initial syllable HLH (60%)
NT (40%)
Di-syllabic with
consonant /h/ as coda in -
initial syllable
Di / Tri-syllabic with
consonant /h/ as coda in LHL (20%)
final syllable
2 NA Monosyllabic with HLH (75%)
consonant /h/ as coda and HL (25%)
toneme as onset

Table 3/31: Independent Tone Rules associated with Consonant /h/ and Allotone

Variations
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3.3.2 Tone Variations Associated with Conjuncts of /i/
3.3.2.1 Monosyllabic Words

S. Word Duration F, Slope Contour of
No. Text & tone
IPA M F Avg M F |[Avg | M F | Avg M&F
avg | avg avg | avg avg | avg
1 Eﬁ'ﬁ /gbl/ 0.29 | 0.31 | 0.30 207 | 288 | 248 | 241 | 210 | 226 | LH (100%)

Discussion

Rising tone is observed based on the single word examined as such words are

Table 3/32: Contour of Tone in Mono-syllabic Words

infrequently used in the language.

3.3.2.2 Tri / Poly-syllabic words Conjunct containing /fi/ in Medial Syllable

S. Word Duration F, Slope Contour of
No. Text & tone
IPA M F Avg | M | F |Avg | M | F | Avg M&F
avg | avg avg | avg avg | avg
1 bpjg’} 0.07 | 0.06 | 0.07 | 238 | 300 | 269 |284 |489 | 387 | LH (100%)
/khomadni/
2 Hge" 0.06 | 0.06 | 0.06 184 | 286 | 235 | 326 | 270 | 298 | LH (100%)
/khardva/
3 g 0.08 | 0.08 | 0.08 |236 |312 |274 | 168 | 306 | 237 | LH (100%)
/kholdna/
4 g}%g'r 0.05 | 0.06 | 0.06 |224 |315|270 |286 |326 |324 | LH(100%)
/kholldva/
5 Hasr 0.08 | 0.08 | 0.08 | 230 | 311 | 271 |201 |257 [229 | LH (50%)
o LHL (50%)
/sinéna/
6 CIEC Y 0.02 | 0.02 | 0.02 |205 |298 | 252 |836 |733 |785 | LH (30%)
. LHL (70%)
/gaorokana/
7 pirvu=y 0.13 | 0.13 | 0.13 | 219 | 295 | 257 | 333 | 417 | 375 | HL (100%)
/solaba/
8 33T 0.13 | 0.12 | 0.13 | 224 | 291 | 258 | 318 | 364 | 341 | HL (100%)
/tomator/
9 qu@? 0.23 | 0.23 | 023 | 247 | 294 | 271 | 195 | 263 | 229 | HL (100%)
/patavna/
10 HIIS 0.19 | 0.20 | 0.20 194 | 264 | 229 | 123 | 215 | 169 | HL (100%)
/kholarna/

Table 3/33: Contour of tone associated with Conjunct of /f/ in Medial Syllable in Tri
/ Poly-syllabic Words
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It is observed from the above table:

e The medial syllable containing short vowel and conjunct of /f/ results in rising

tone e.g. bD;[E'T /kPomdni/ Multicoloured yarn

o ¥ Tettnd sharsn [y 1] 32 Teafied bamnei -=:¢ﬂ
Fin_ e Gy ot vl ey TPty _faa_ Putms ) f-_h Tuoy Ve St b Beurdey T Sevtn PR by furnat P =y
LR ) 0706313
0007 T0 i e
03461 o212
odsTHEL i 1.
0461 o212
5000 Haj 5000 Hel i 00 Ha
0Ha oHy a8 e
1 1 Blal m [ifn i o
2 2 )
=3 3 ) ﬁ.ﬂ
0708313 | _oagmeot |
(] Viskle part 09001 13 seconds: 08001 g
Tetal drabon 0.500113 seconds |
S Y | B N I e
Fig 3/26: Male Sample - LH Fig 3/27: Female Sample - LH

e The medial syllable containing long vowel and conjunct of /f/ results in falling

tone e.g. HSB™E" /solaba/ Seepage

136 Tewiied ideba =!HH.I B B b s )
o - ey

|Fie fe Qury Yew lcht e Bewoey To S P beemy fewm bem

[He ot Gumy Tew et bime Sniey e fpeine P beessy formi o vy

QEB4051

P 11
EB05T 1 &%3 [T 1 01zn0z 4
L] Visitke part 0 B47B58 seconds [} [ Visitie part 01900113 seconds ooty
g;I—L_I_Aﬂ - Tolal dranon 0 847853 seconds. = 3 I e Totad cwaton 0 90011 3 seconcs. e |
Fig 3/28: Male Sample - HL Fig 3/29: Female Sample - HL
Discussion

The rising / falling tone is observed incase conjunct of /f/ in medial syllable
depending on whether the TBU is short / long vowel as in the case of tonemes in the
same acoustic environment as discussed in section 3.1.3. Rising-falling allotone is

observed in case of short vowel being TBU due to flap and nasal onset.
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The observations are summed up below:

conjunct of /i/ in medial
syllable and long vowel as
TBU or dipthong (long +
short)

S. No. Acoustic environment Tone observed Allotones

1 Tri / Poly-syllabic with Rising Rising-falling
conjunct of /f/ in medial
syllable and short vowel as
TBU

2 Tri / Poly-syllabic with Falling -

Table 3/34: Tone Rules (refer Data Table: 3/33)

3.3.2.3 Di-syllabic Words Containing Conjunct of /fi/ in Final Syllable

S. Word Duration Fo Slope Contour of
No. | Text & tone
IPA M F Avg | M | F |[Avg| M | F | Avg M&F
avg | avg avg | avg avg | avg
1 IS 0.10 | 0.13 | 0.12 | 233|320 | 277 | 169 | 325 | 247 | LH (60%)
9 LHL
/galdr/ (40%)
2 gj)jg 0.11 [ 0.13 | 0.12 | 235|324 | 280 | 208|264 |236 | LH (70%)
. LHL
gomay/ (30%)
3 ﬁl’&’g’g 0.11 1 0.12 | 0.12 | 236 | 315|276 | 161 | 210 | 186 | LH (50%)
/dz1lan/ é}olg;o)
4 & 0.22 10.20 | 0.21 | 206|322 |264 | 123 | 182 | 153 | LH (50%)
/thold/ LHL
(50%)
5 LFE@F 0.38 1 0.32 | 0.35 | 224|308 |266 | 181 | 286 | 234 | LH (50%)
, LHL
/paria/ (50%)
6 14?{'@ 0.47 | 0.41 | 0.44 | 198 |295|247 | 158|299 |229 | HLH
/porai/ (100%)

Table 3/35: Contour of Tone in Di-syllabic Words containing Conjunct of /f/ in Final
Syllable
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e LH is observed in words having final syllable in 50% of the speakers and LHL is

observed in rest 50% e.g. IS /galdr/ Squirrel

o B Testind guine ol A e gand T
Voot Gury Vew Sanc Vel Somduy e fgwaun Per tenty fomus b =3 Fle Gde Qe Wew Soet lstmal Bewliy T Gpeose fees ety foess Pebe e
] L)

0420224 | DA 0 530250

0 505493 0i0eE o sz

0105

B Y Y ' [Fie
Fig 3/30: Male Sample - LHL Fig 3/31: Female Sample - LH

Discussion

Rising tone is observed in 50% cases and allotone rising-falling in rest 50%. In case

of dipthong (long vowel + long vowel), falling-rising tone is observed.

The observations are summed up below:

S. No. Acoustic environment Tone observed Allotones

1 Di-syllabic with conjunct Rising Rising-falling
containing /f/ in final
syllable or dipthong (short

+ long vowel)

2 Di-syllabic with conjunct Falling-rising -
containing /f/ in final
syllable followed by
dipthong (long + long
vowel)

Table 3/36: Tone Rules (refer Data Table: 3/35)
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3.3.2.4 Independent Tone Rules Associated with Conjunct of /f/

Based on the above discussions, the tone rules are summed up below:

S. | Independent
No. Tone

Corroboration
of tone

Acoustic environment

Observations on
tone variations /
Allotone

1 Conjunct of
B/

LH

Monosyllabic with
conjuncts of /f/ in final
position

Di-syllabic with conjuncts
of /fi/ in final syllable or
dipthong (short + long)

Open syllable with
dipthong (long + long)

LHL (50%)

HLH (100%)

Tri / Poly-syllabic with
conjuncts of /f/ in medial
syllable containing short
vowel

Flap / nasal onset

LHL (60%)

HL

Tri / Poly-syllabic with
conjuncts of /f/ in medial
syllable containing long
vowel or dipthong (long +
short vowel)

Table 3/37: Tone Rules associated with Conjunct of /i/ and Allotone Variations
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3.3.3 Non-Tonal (NT) Occurrences of Consonant /h/

In section 3 discussed that /h/ in initial position is non-tonal Sangha (2014). The
following data was analysed to verify it.
S. Word IPA Meaning S. Word IPA Meaning
No. transcription No transcription
1 IGar /hoka/ Sigh 1 IJA" /hasab/ law
2 IJIrg /hogar/ Excreta of | 2 IaH /hozom/ Digested
houseflies
3 farg /hisab/ calculation |3 fgafast | /hikarti/ Apologal
faHgs /himatf1/ Himachal 4 IJo9 /hunar/ Art, skill,
Pradesh }
5 RIIGH /hulara/ Swing 5 IJH /hakom/ Ruler
6 ga9 /hadzor/ Present 6 I /hia/ courage
7 Jreg /hitor/ Heater 7 REtS /hukona/ To raise
8 gar /hura/ buffet 8 Iz /hesiot/ Status
9 Jos /hevan/ uncivilized | 9 Ja=r /hotfha/ Mean
person
10 J9 /hor/ More, else | 10 | JasHe | /hoslam3d/ Patience
11 gd /hod3/ Water tank | 11 | wgag /ah3kar/ Pride
12 wWag /ohar/ Food, diet 12 | wfgaa /ohisok/ Peaceful
13 wfdgarew= | /ohisavad/ Doctrine 13 | fagf3gg | /1ftehar/ Poster
14 fofsg | /itehas/ History 14 | afgs /sahit/ Literature
15 Afag /saheb/ Master 15 | gfgge /suhird/ kind,
gentle
16 HIST /svhela/ Soothing 16 | gges /fohadat/ Martyrdo
m
17 Hire /fohid/ Martyr 17 | vigg /ohor/ Diseases
18 wfgo /ehad/ Resolve 18 | wfgear | /ehodnama/ Treaty
19 wWrag /ahor/ Impulse 19 | wrgsr /ala/ Superior
20 fogst /énd/ These 20 | fayfsgres | /imtehan / Test
21 AfgrsT /s¢suba/ Naturally 21 | AgRr /sahas/ Courage
22 frgsHe | /sehotomdd/ Healthy 22 | fHggr /sehora/ Honour
23 HIA /suhodz/ Grace 23 | goe /sohana/ Good
looking
24 HI9T /suvhaga/ Borax 24 | #fazs /fehatut/ Mulburry
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S. Word IPA Meaning S. Word IPA Meaning

No. transcription No transcription

25 Afgg /fehar/ City, town |25 | gragat /fahadi/ Testimon
y

26 B9 /fohat/ Husband 26 | Agfea /sohark/ Assistant

27 Hafesr | /soharta/ support 27 | AT /sohai/ Who
provides
help

28 AII&T /soharna/ Bear 28 | AgTgr /sohara/ Support

29 HAfagq /sehad3/ Easy

Table 3/38: Words with Non-Tonal Consonant /h/
Discussion

The acoustic environment in which /h/ is non-tonal i.e. mono/ di/ tri/ poly-syllabic

having consonant /h/ as onset in associated syllable. Some sample graphs are given

below:

Monosyllabic J9 /hor/ More
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[\

f

)
0T 23910 1 ofoi
] Vistie pan 0580522 seconcs @
I TotalGushon 0560322 econds
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Fig 3/32: Male Sample - NT

118

¥ 26 Tealid hot

Fie Fit (ueyy View Lo bimal londwy Ter Secnm Pech Joity Fommt Pubes

f]

0320563 043458 [ 1355070 |
] Visibée part 1 110909
Total duration 1.109093 seconds |
=TT For
Fig 3/33: Female Sample - NT




Disyllabic HJIE /fohid/ Martyr
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Fig 3/34: Male Sample - NT
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Fig 3/35: Female Sample - NT

Trisyllabic f®Hf3I® /imtehan/ Examination

Fig 3/36: Male Sample - NT
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Fig 3/37: Female Sample - NT
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Polysyllabic WfJAT@™E /ohTsavad/ Doctrine
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Fig 3/38: Male Sample - NT Fig 3/39: Female Sample - NT

3.3.4 Research Findings on Independent Tones

The rising (LH) & falling (HL) tone as discussed in the literature survey (refer section
3 Independent Tone) has been corroborated by and large other than some specific

acoustic environments as discussed below:

e The allotone rising-falling (LHL) has been observed in 50% of the speakers in
monosyllabic words having consonant /h/ as coda, di-syllabic words having
conjuncts of /fi/ in final syllable and tri / poly-syllabic words having conjuncts of
/f/ in medial syllable with flap / geminated nasal onset.

e The allotone falling-rising (HLH) have been observed in following acoustic
environments:

a) Toneme / fricative onset in monosyllabic words having consonant /h/ as coda.
b) Dipthong (long + long vowel) in open final syllable containing conjuncts of
/8/.

¢) Composite word having first syllable having consonant /h/ as coda.

e The Mono/ Di/ Tri/ Poly-syllabic words having consonant /h/ as onset in the

initial syllable are found non-tonal.
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Occurrence

Acoustic environment

Tonal variations

of Consonant
/h/ in
Initial syllable | Monosyllabic with consonant /h/ and LH (50%), LHL (50%)
conjunct containing /f/ as coda
e Fricative onset HLH (70%), LHL (30%)
e Toneme as onset and /h/ as coda | HL (25%), HLH (75%)
e Composite word (initial syllable | HLH (60%), NT (40%)
with /h/ as coda)
Di-syllabic with consonant /h/ as coda in LH (100%)
initial syllable
Medial Tri-syllabic with conjunct containing /f/ LH (100%)
syllable and short vowel LH (40%), LHL (60%)

e Flap / nasal onset

Tri-syllabic with conjunct containing /f/
and long vowel or dipthong (long + short

vowel)

HL (100%)

Final syllable

D1 /Tri-syllabic with consonant /h/,
conjunct containing /f/ as coda
e Open syllable with dipthong (long
+ long)

LH (70%), LHL (30%)

HLH (100%)

Table 3/39: Independent Tone Rules
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3.4 Summary

The historical origin of tone in Punjabi has been discussed in the Introduction
section. The rules for contextual substitution of Tonemes orthographically by
their voiced / voiceless unaspirated counter parts belonging to same group of
consonants and the tone associated marking rules have also been discussed for
Tones arising from Supra-Laryngeal Consonants. The nature of tones associated
with consonant /h/ and conjuncts of /f/ has been deliberated under the
Independent Tone section and rules have been summed up including non-tonal
exceptions.

The objective of experimental work carried out in this chapter was to corroborate
the tone rules of Punjabi as collated through the literature survey. These rules
have been experimentally verified and are applicable by and large. The detailed
analysis has been presented in the chapter based on experimental observations
which lead to discovery of allotones and findings on tone variations due to
various co-articulatory factors.

The presence of rising and falling tone as discussed in literature survey is attested
as seen from the table below. The major research findings are the presence of

allotones viz LHL, HLH for example:
a) LHL (100%) : g4t /dudia/ Milky white

b) LH (70%); LHL (30%) : Ir&3F /galdy/ Squirrel

¢) LH (50%); LHL (50%) : ¥"gJ /vd/ Wonderful

d) LH (100%) , Tone shifts to nucleus of prior syllable : foWT /nigga/ Warm

e) HLH (100%), Dipthong monosyllabic open vowel : @€l /tii/ Two and a Half
f) HLH (100%), Dipthong disyllabic final closed vowel : YU'& /pradan/ Chief
g) HLH (100%), Dipthong trisyllabic final open vowel : 1—@@ /parai/ Education
h) HL (50%); HLH (50%) : fi'& /tian/ Attention

i) HL (60%), HLH (40%) : &2 /tora d/ Rich Person
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Tone on vowel | Category of words Co-articulation parameters in a Tone
of syllable (syllable under syllable variations
under consideration) (percentage
consideration of speakers)
Monosyllabic Consonant /h/ as coda LH (50%);
LHL (50%)
Mono/di/ tri/poly- Toneme or conjunct containing LH (100%)
syllabic (initial | conjuncts of /f/ as coda
syllable)
Di/tri/poly-syllabic Toneme or conjunct containing /fi/ | LH (100%)
(medial syllable with | as onset
LH short vowel as
nucleus)
Di/ tri/poly-syllabic Toneme as onset LH (100%)
(final open syllable) Tone shifts
to nucleus of
prior syllable
Tri/-syllabic  (final | Dipthong (long + long) LHL (100%)
open syllable)
Di/ tri-syllabic (final | Consonant /h/ or conjunct LH (70%);
closed syllable) containing /f/ as coda LHL (30%)
Monosyllabic (closed | Toneme as onset
syllable) Consonant /h/ as coda HL (100%)
Any other consonant as coda HL (50%);
HLH (50%)
Monosyllabic (open | Dipthong HLH (100%)
syllable)
Di/ tri/poly-syllabic Toneme as onset. HL (100%)
(initial syllable)
HL Tri/poly-syllabic Toneme or conjunct containing /f/
(medial open syllable | in the onset HL (100%)
and long vowel as Dipthong (long + short vowel)
nucleus)
Di-syllabic Toneme as onset HL (100%)
(final closed syllable)
Toneme as coda HL (60%),
HLH (40%)
Dipthong (short + long) and (long +
long) and flap / fricative / nasal HLH (100%)
coda
Tri-syllabic Consonant /h/ or conjunct
(final open syllable) containing /f/ as coda with dipthong | HLH (100%)

(long + long)

Table 3/40: Tone Marking Rules for Punjabi Language

The sample data sheets and few reference graphs have been given at Appendix B & C
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Chapter 4
Experimental Study of Lexical Stress

4. Introduction

Stress is a large topic which has been extensively studied for a very long time and
still has many areas of disagreement. However, it is true that in all languages some
syllables are in some sense stronger than other syllables. The difference between
strong and weak syllables is of linguistic importance and in every language strong
and weak syllables do not occur at random. It is observed that in all languages the
words get distinguished by the position of strong syllable alone are comparatively
few in number. Thus stress alone, without the accompaniment of some other
distinguishing feature does not constitute a very effective means of differentiating
words. The effort of pronouncing syllables with strong stress is clearly felt by the
speaker but the resulting prominence is not always easily perceived by hearers Jones

(1967-146).

4.1 Syllabification

How are syllable structures assigned to words? There are two main types of
principles that determine syllabification in words in languages- one, universal

syllabification principles and two, language-specifc syllabification principles.
In most languages, syllabication in words follows the following generalizations:

i. Each vowel is assigned to a syllable:

E.g. ma. t1. ni: ‘matinee’ go:. 1y ‘going’

il. A consonant between two vowels goes with the following syllable.

E.g. me. t1. ni: ‘matinee’ i:. tiy ‘eating’
iii. A final consonant goes with the preceding vowel.

E.g.i:. tig ‘eating’
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iv. Between two consonants, there is a syllable division.
E.g. len.don ‘London’
v. Languages differ with regard to restrictions on syllable structures.

a) Universal Syllabification Principles
The two most important universal principles influencing syllabification are: Maximal

Onset Principle (MOP) and Sonority Sequencing Principle (SSP).

The Maximal Onset Principle (MOP) the syllabification of a sequence of consonants
requires that they occur as onsets not as codas. Thus when there is a single consonant
it is syllabified with the following vowel not with the preceding vowel in a majority

of languages, for example, [me.t1.ni:] ‘matinee’ not *[maet.in.i:].

The Sonority Sequencing Principle (SSP) requires that the sonority of a syllable
increases from the centre to the edge of a syllable. The sonority scale is given below.

Vowels or syllabic consonants- Glides- Liquids — Fricatives —Stops — Geminate stops
The sonority scale could also be given with the least sonorous first and the most

sonorous last.

Thus a look at the sonority in the following English words- tend, great, swat, etc. In
all these words, the sonority of the consonants increases towards the centre of the
syllable. There are also violations of SSP. For example, in the word “pest” the SSP is
working at the end, but not at the beginning in stop. The fricative /s/, which is more

sonorous than /t/ is towards the edge of the word.

b) Language-specific syllabification constraints
A language-specific constraint on syllabification in English is the following:
There is no syllable division between s+C, C+r/l/w/j and s+C+r/1/w/j

Followng this constraint, the syllabification in the following English words is as

follows:

deprive: di.praiv replay: ri.pler equate: 1.kwaert inspect. m.spekt
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The following syllabifications are unacceptable: * dip.rarv, *rip.lei, *1k.wert,

*ms.pekt.

Consonant Clusters in Punjabi:

Two consonant clusters:

Initial: 1) p/k/g/t/t + 1; 2) s+1; 3) p/t/k/kh +; 4) k/g +w
Final: General

Medial: General

Three consonant clusters:

Initial: Nil

Final: Nil

Media: N+S+¢/[/r

4.2 Linguistic Theories of Syllabic Structure
4.2.1 Metrical Phonology

The structure of the syllable as proposed in Selkirk (1982) is binary branching:
o >Onset-Rime; Rime >Nucleus-Coda

This structural representation allows the syllable to represent quantity, by separating
the Onset from the Rime. Rime carries the weight of a syllable in languages in which

weight plays an important role in word-stress. The structure is exemplified below:

(s ] (s 3

™~
yaawi
i /

I~
| I ™~
A > v o C
[ | | (I
B k

2

(")n ™ Co
C

a

product P r t

Fig 4/1: Structure- Metric Phonology
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In this representation a binary branching Rime represents a Heavy syllable; a non-

branching Rime represents a Light syllable.
4.2.2 Moraic Theory
Hyman (1985), Hayes (1989) The binary branching structure can be alternatively

represented in terms of a mora (n), which only shows the weight of the syllable, as

below:

(o] a

On R On R

1

bag b & g £go g

Q

Fig 4/2: Structure- Moraic

The phenomenon of word-stress in many languages, including Punjabi, involves the
weight of the syllable, as we will see below. For Punjabi, as also for Hindi see Kelkar
(1968), Pandey (1989), a three-degree classification is crucial: Light (a short vowel-
V), Heavy (a long vowel (VV) or a short vowel followed by a consonant (VC) and
Superheavy (a long vowel followed by a consonant (VVC) or a short vowel followed

by two consonants (VCC))

Light svllable: nucleus Heavy syllable: nucleus
V Vv C
YT faf YT/ af H /sl

Fig 4/3: Weight of Syllables
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The above definition doesn’t characterise the consonant clusters occurring as onset /
coda or dipthongs. Which result in three —tier syllables.

For example:

'rq’HE"E"HfRariua/t_iarf
Rhyme Rhvme
Rhyme Laver C Ay C v
[CY Layer ] —_— A | | A\
Segment Layver ‘ | o
P a r i I t a tf a r

Fig 4/4: Syllable Definition

Based on the syllable definition as discussed above & also in section 1.5.1, word
categories in Punjabi based on the number of syllables in a word as discussed by

Singh (1991) as given below:

Monosyllabic Words: The words containing only one syllable.

V i /a/, 8 /e/, € Jo/
VC: 89 /1kk/, W /adzds/, €5 /odd/, WF /or/
CV Ut /pi/, © /de/, R /so/

CVC: a3 /kor/, UF /per/, & /nal/

Di-syllabic Words: The words containing two syllables

VCV: €€ /edi/, €3 /ure/, 68 /othd/
CVCV: H'J" /sara/, Her /mota/, a3 /kita/
VCVC: 839 /utar/, B€E /odon/, WH'E /od3an/

CVV: BT /lara/, I /hora/

129



CVCV: @3t /tfvati/, IMNTDT /guatfa/, TSt /krari/

CVV: 18WE /l1ai/, ¥TET /khoai/, Y /kPvao/

Tri-syllabic Words: The words containing three syllables

VCVCV: WS /ogari/, AT /usari/, fE8=T Alava/
CVCVCV: ASTII /sovari/, HE™T /motapa/, IO /kotfodzdszi/

CVCVCVC: AZJ™E /sorehan/, IFHI /korimar/, 3739 /torebad3/

The frequency of disyllabic words is maximum and there are loan words borrowed
from other Indo-Aryan languages. The vocabulary is mainly composed of
“tadbhavas”, however the percentage of “tatsama” words is also on the rise. The
vocabulary logs words in the domain of politics, science and technology. The
morphological forms in Punjabi can’t be directly related to the parts-of- speech. New
word forms are constructed by using pre-fixes and suffixes however no. of prefixes is
much less than suffixes. Prefixes are mainly used in formation of adjectives.
Compound words are also quite frequently used and there is reduplication also in

their use. Some of the notable features of Punjabi are:

1) Punjabi has abundance of masculine words.

2) It is known as /a/ ending language as most of the nouns and many verbs and
adjectives also follow this pattern.

3) The gemination is a special feature of Punjabi among Indo-Aryan languages.

4) Tt has lexically significant constractive tone.

5) Nasalization is phonemic.
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4.3 Word-Stress
4.3.1 Phonetics of Word-Stress

The phonetic definition of stress is one of the most difficult topics.

According to Hayes (1995:5) says, “The definition of stress is one of the perennially

debated and unsolved problems of phonetics”.

Trask (1996.336) “Stress is invariably associated with greater loudness, higher pitch
and greater duration, any of which may be more important in a given case, and
sometimes also with vowel quality. Earlier attempts to identify stress with greater
intensity of sound are now discredited, and current thinking holds that stress is
primarily a matter of greater muscular efforts by the speaker and that hearers take

advantage of several types of information to identify that effort”.

Thus, phonetically it may be realized by any or a combination of any of the following
features: extra breath force, vowel lengthening, loudness and pitch change. An
example of stress realized as extra breathforce is the pronunciation of the word potato
as [po 'thertou]. The stressed syllable with an onset /t/ is aspirated, but the unaspirated
syllable with an onset /t/ is unstressed. Stressed syllables are realized in most
languages with the vowel longer. For example, in the word /a:ka:f/ the stressed
second /a:/ is longer than the unstressed first /a:/. As we will see vowel lengthening of
the stressed syllable and the complementary feature of vowel shortening in unstressed
syllable is a prominent feature of stress in Punjabi. Stressed syllables are found to be
louder than the unstressed syllables in most languages. Stressed syllables are

perceived to bear change of pitch from Low to High in Hindi.

The production of stress is generally believed to depend on the speaker using more

muscular energy than is used for unstressed syllables.

Measuring muscular effort is difficult, but it seems possible, according to

experimental studies, that when we produce stressed syllables, the muscles that we
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use to expel air from the lungs are more active, producing higher sub glottal pressure.
It seems probable that similar things happen with muscles in other parts of our speech
apparatus. Phonetically, stress is also employed to express emphasis. The phonetic
correlate of stress is a combination of length and pitch. Unstressed syllables lack

length and a high pitch.

4.3.2 Phonology of Word-Stress
The phonological account of word-stress has passed through several stages-
Structuralist (e.g.), Generative Phonology by Chomsky & Halle (1968) and Metrical
Phonology by Selkirk (1980), Hayes (1981) being the most prominent. Metrical
Phonology (refer section 4.2.1) later came to be subsumed by Prosodic Phonology
Selkirk (1984), Nespor & Vogel (1986). Our main concern here is with the metrical

phonological approach to the study of stress. It would not be out of place to briefly
discuss to the theory of Prosodic Phonology

Prosodic Phonology proposes that the phonological structure consists of the

hierarchical units as given below:

Utterance (U)

Intonational Phrase (Ip)

Phonological Phrase (o)

Phonological Word (w)

Metrical Foot ()

Swvllable (o)

Fig 4/6: Stages of Phonological Stress
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An Intonational Phrase has at least one nuclear tone. A Phonological Phrase has at
least one phrasal accent, a word has at least one stress Foot, and a Foot has at least

one Syllable.

The theory of Prosodic Phonology claims that a unit at a certain level consists of the
unit at the immediately lower level. Thus a word consists of at least one Foot, and a
Foot consists of at least one Syllable. Given a word such as examination

[1g,zeemi neifon], it has the following prosodic/ metrical structure:

w

A
NN

Oy 05 Oy Os Oy
1gzemi 'neifon

Fig 4/7: Metrical Structure

Metrical Tree Theory of Word-stress Hayes (1981) proposes that word-stress in
languages can be represented in terms of relative prominence on the labelled tree
structure. All branches are labeled either strong (s) or weak (w), where strength is the

formalization of stress as shown below for the words differ and defer:

2

'‘differ de'fer

Fig 4/8: Labelled Tree Structure

This not only presents stress as relative prominence, but also explicates secondary

and other level of stress.
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Extrametricality: In the theory of metrical phonology, the notion of ‘extrametricality’

plays a crucial role in the assignment of stress in words.

In languages, a syllable, mora, vowel or consonant may not be counted at the
periphery, i.e. at the beginning or the end of the word. Hayes (1995) discusses the
notion in full. The extrametrical constituent is shown with an angled bracket (<>), as

in the representations of the words in Hindi below.

Wwd wd wd

2 <2> T <Z> T <T>
g 00 g 0 00 go O
11h 1 1 1h 1 h h
o i thi: pi po rija: si ta:ra:

Fig 4/9: Notion of Extrametrical

It is important to note here that in Punjabi, the final foot is extrametrical.

4.4 Parameters of Stress

Hayes (1981 & 1995) proposes the following parameters along which stress systems

in world languages vary:

Quantity-sensitivity: Quantity-sensitive (QS) vs. Quantity-insensitive (QI)

Boundedness: Bounded vs. unbounded
Dominance: Left- dominant (LD) vs. Right-dominant (RD)
Directionality: Left-to-Right (LR) vs. Right-to-Left (RL)
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These parameters are further illustrated by Gussenhoven and Jacobs (2001):

Quantity-sensitivity: It refers to the difference in the quantity of syllables affecting
stress. For example, in Hindi, the words ['mohila:] ‘lady’ and [ma’hi:na:] ‘month’
have identical syllable structure, with the difference in the middle syllables. The

difference causes the stress pattern to differ in the two words.

Boundedness: It refers to the difference in stress systems allowing a single stress at
the edges in words of any length (undbounded) or words having stress within a
number of syllables (bounded). In Punjabi, for instance, word-stress must be placed

maximally until the ante-penultimate syllable.

Dominance: It refers to languages allowing either the left branch or the right branch
to be strong. For instance, in Adi, a language spoken in Arunachal Pradesh, the right
branch has stress, whereas in Punjabi, it is the opposite. This difference can be
illustrated with the help of the pronunciations of the English word “city” by an Adi
speaker and a Punjabi speaker: [si'ti:] (Adi English), [ 'siti] (Punjabi English). Adi is
Right dominant (or RD) and Punjabi is Left-dominant (or LD).

Directionality: It refers to the stress assignment going from one of the two directions-
Left-to-Right (Ir) or Right-to-Left (rl). For instance, in Tamil, the first syllable of the
word is stressed. The stress assignment in Tamil starts at the left. In Malayalam,
however, stress begins at the right: Leaving out the final long vowel, the first long
vowel from the right is stressed; e.g. [molo ‘ja:lom]; if there is no long vowel, then the

first vowel is stressed [ ' komolom] ‘lotus’.

4.5  Rules for Assignment of Stress

The rules for stress assignment are presented at two levels- at level of the Foot

(containing a single stress) and the Word level (containing one or more stresses)
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The following rule applies for English Hayes (1995)
Foot level: ~ Raise LD, QS, bounded tree from right to left (LR)
Word level:  Raise a LD word-tree

The word-tree gives us the primary and secondary stress in the presence of more than

a foot in multi-syllabic word eg: 'deva state.

The rules yield the correct output in a majority of English words, subject to

morphological structure of words.

4.6 Review of Studies on Stress in World Languages

Language in which meaning depends in any degree upon types of stress or upon the

location of strong stress in sequences of syllables is termed as “stress languages.”

They fall into three categories:

(i) Those in which the the location of strong stress in words of more than one
syllable is an integral part of the pronunciation of words.

(i1)) Those in which the use of special types of stress is an integral part of the
pronunciation of words.

(ii1) Those in which strong stress is used in sentences but do not have fixed positions
in particular words known as intonation and isn’t discussed here as it is outside

the scope of defined research problem.

Stress languages of the first category are numerous. Among them are English,
German, Russian, Spanish, Danish, Hungarian, Icelandic, Welsh, Greek, etc. In these
languages a given word always, or generally, has strong stress on a particular
syllable. Some of these words of more than one syllable may be differentiated by the
position of the strongest stress. Stress is accentuations of syllables within words and
this type of stress is known as lexical stress and fits into second category. The Indo-

Aryan language falls into this category.
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Stress functions only to point out the existence, at some point in the utterance, of a
significant unit carrying the amount of information which is expected from a lexical
unit. In lexical- stress languages, the syllables of any polysyllabic word are not
created equal. Some syllables may serve as the focus of accentual prominence; others
may not. Perceptually, this results in a distinction between the syllables within a

word.

According to M. Ohala (1977) “Stress involves morpho-syntactically conditioned
intonational difference rather than lexically marked accentual differences”,
Languages may differ as to the place of stress in a word.

Proto-Indo-European (PIE) is the linguistic reconstruction of the hypothetical
common ancestor of the Indo-European languages, the most widely spoken language

family in the world.

Proto-Indo-European and Other Languages

|II\'D0-IRA_‘\'L{\' ‘ ‘ HELLENIC ‘ ‘ ITALIC | |BALID—SALVIC | ‘GE]C\L%_TIC H OTH-LANG ‘

ﬁ:}ﬁan Greek Latin Polish Ruszian North Germa'uc Austro-Tai

¥ v
Avestan Old Persian Austro-Kadai
Swedish l
lAustro-Japanese

Middle Persian ~ French Romanian Italian Norwegian West Gepmanic
]
Sanskrit Famsh Sparish

Anglo- Frisian Old Dutch  Old High German
Bengali \Urdu Gujarati Old English (Old Frisian Middle Dutch
¥
Punjabi di Middle English Frisian Dutch  Gemnman Yiddish

Modern English

Fig 4/10: Proto-Indo-European Languages Representation
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4.6.1 European Languages

The ancient Greeks studied no language but their own; they took it for granted that
the structure of their language embodied the universal forms of human thought or,
perhaps, of the cosmic order. Accordingly, they made grammatical observations, but
confined these to one language and stated them in philosophical form. They
discovered the part of speech of their language, its syntactic constructions, such as,
especially, that of subject and predicate, and its chief inflectional categories: genders,
numbers, cases, persons, tenses and modes. They defined these not in terms of
recognizable linguistic forms, but in abstract terms which were to tell the meaning of
the linguistic class. These teachings appear most fully in the grammar of dyscolus

Thrax (Second Century B.C) and of Apollonius Dyscolus (Second Century A.D).

Greek is a language with lexical stress that marks stress orthographically with a
special diacritic. Thus, the orthography and the lexicon constitute potential sources of
stress assignment information in addition to any possible general default metrical
pattern. In Greek spelling, contemporary rules dictate that every word with more than
one syllable must bear a stress diacritic on the vowel of its stressed syllable
Petrounias (2002). Greek words with two or more syllables written without a stress
diacritic are thus considered misspelled, even though stress assignment can usually be
guessed successfully from the phoneme sequence Protopapas (2006). Extending and
complementing previous studies in Italian and Spanish, Greek allows investigation of
stress assignment free from the structural (Phonological) constraints that interact with

default placement in those languages.

Phonological changes concern the segmental and supra-segmental characteristics.
Changes in both aspects are bounded through production and perception. Expending
more muscular energy in the articulatory movements for making a syllable more
prominent influences timing which may possibly result in different vocal tract
configurations in stressed versus unstressed vowels. This may cause more or less
perceptible changes in time, leading eventually to a different set of syllables

depending on position in the word.
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When an unstressed syllable is emphasised, jaw lowers and the short vowels tend to
be perceived and perceived as more open (short i>e; short u>o; short e> ¢, short 0> O,
etc.).

Classical Latin is considered to have a melodic accent on the penultimate or the ante-
penultimate Roudet (1910). The prosodic anchor point for the pitch-accent was the
penultimate syllable, if the penultimate was a heavy syllable, i.e. a closed syllable
(“syllable entravée”), ending by a consonant (mam), ending by a consonant (amantem
> amant[ amA$] 'loving') or had a long vowel (farina > farine '[faAin] 'flour' , amatus
> aimé [Eme]'loved'), and on the ante-penultimate on the other cases (asinus > asne>
ane[ An]'donkey', fragile > fréle [frEl] 'frail'). French descends from Vulgar latin, e.g.
the Latin spoken by the soldiers, the merchants, the immigrants after the roman
conquest.

Stress can be on the first or penultimate or final syllable as in Czech, polish and
French respectively. Similarly there can even be complicated stress on penultimate
syllable if it is long and on the third syllable from the end if the penultimate syllable
is short in classic Latin. In French the distribution of stress serves only as a kind of
gesture: ordinarily the end of a phrase is louder than the rest; sometimes, in emphatic
speech, some other syllable is especially loud; often enough one hears a long
succession of syllables with very little fluctuation of stress. In languages such as
Italian, Spanish, the selvic languages etc. the stress characterizes combination of
linguistic forms; the typical case is the use of one high stress on each word in the
phrase, with certain unstressed or low stressed words as exceptions. Thus there are
differences in the manner of applying stress among stress using languages.

In English, the prominence results from the pitch movement and gives the strongest
type of stress. The stress in English is either primary'/ or secondary // . Primary
stress is stronger than secondary stress and there may be some syllables which are
unstressed e.g: Photographic- / fouto' greefik/. Stress placement in a word in some
cases divides its function as a noun/verb hence it is called functional stress e.g. in
word delegate

['delo, get] verb; ['delogot]  noun
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In order to decide on stress placement, it is necessary to make use of some or all of

the following information:

1. Whether the word morphology is simple, or whether it is complex as a result of
either containing one or more affixes (that is, prefixes or suffixes) or of being a
compound word.

2. The grammatical category to which the word belongs (noun, verb, adjective, etc.).

3. The number of syllables in the word.

4. The phonological structure of those syllables.

4.6.2 Indo-Iranian Languages

The rapid initial expansion of Islam in the seventh century brought Arabic as the
sacred language of the Quran to all the vast territories of the Caliphate, but as a
spoken language only to the Middle East and North Africa. In the eastern lands of
Iran and Central Asia, Persian continued to be spoken and soon evolved as a literary
language also. This classical Persian, the most prominent representative of the Iranian
languages which are quite closely related to Indo-Aryan retained its Indo-European
structure and basic vocabulary but incorporated a huge number of loan-words from
Arabic and was written in the Arabic script. Persian language was also known as

“Farsi” an Arabic adaptation of the word “Parsi”.

Chodzko (1852), was the first person to discuss stress in Persian. He identified the
basic rule that stress is word final in simple, derived & compound nouns and
adjectives, and nominal verbs. As to verbal stress, he has different rules for different
tenses. Another researcher Mahootian (1997), explained stress point of Persian
language: stress is word-final in simple nouns, derived nouns, compound nouns,
simple adjectives, derived adjectives, infinitives, and the comparative and superlative
forms of adjectives as well as in nouns with plural suffixes, and mentions verbal

stress as one of the exceptions to this rule.

140



Vahid Sadeghi (2011), discussed the Persian stress pattern by examining the acoustic
correlates i.e. duration & intensity and concluded that the majority of lexical words in
Persian are stressed on final syllable. Word-final, stress pattern applies to nouns,

adjectives, most adverbs & simple verbs.

The phonological literature typically describes Arabic stress as predictably falling on
a particular location in the word, depending on the internal structure of the syllables
making up the word. The pattern of stress location varies considerably in colloquial
and modern renditions of classical Arabic Jong & Zawaydeh (1998). The general
pattern of stress placement in Arabic is that the last heavy syllable is typically
stressed. Here heavy is a term grouping syllables which are closed and open syllables
which contain a long vowel. If there are no heavy syllables in a word, then stress falls

in some other predictable location.

4.6.3 Lexical Stress due to Gemination in Japanese and Italian

Gemination of consonants as a distinctive feature occurs in some languages however
it is subject to various phonological constraints depending on the language.
Languages such as English and Spanish do not have geminates. Japanese and Italian

geminates are exemplified by the minimal pairs as given:

1. Japanese geminate contrast (Tsujimura 2007)
a.[saka]  ‘hill’
b. [sakka] ‘author’
2. [Italian geminate contrast
a. [fato] ‘fate’
b. [fatto]  ‘fact’

Leben (1980), posited an autosegmental representation of geminates in which a single
phoneme is linked to two slots on a skeletal tier that encodes the prosody of the word.
This skeletal tier is also referred to as a CV-tier, an X-tier, or a length tier depending

on the specific conception of the researcher.
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Important earlier works that incorporate a CV-tier include McCarthy (1979 & 1981),
Halle and Vergnaud (1980), Clements and Keyser (1983) and Hayes (1986).
Geminate representation on this view is exemplified by the geminate [kk] of the

Japenese word in (1b).

. CV —tier representation

C VC ¢V

Fig 4/11: Skeletal Tier (CV -tier representation) — [sakka]

Languages with geminates vary considerably with respect to the durational difference
between the geminate and its singleton counterparts. The Ratio may vary from 3:1 (in
Japanese to 1.8:1 ratio for Italian) Idemaru and Guion (2008). Thus geminate
consonants are transcribed by a sequence of two identical letters in orthographic
representation. The phenomenon of pronouncing geminated consonants leads to

stress.

4.7 Lexical Stress in Indo-Aryan Languages

The history of the easternmost branch of the Indo-European language family, known
as Indo-Aryan, dated back at least three thousand years to the earliest hymns of the
Rigveda, the most ancient of the sacred texts of Hinduism. When the natural
processes of linguistics change threatened to corrupt the sacred vedic texts and
thereby sap their ritual power, the world’s first linguists emerged from the ranks of
the Brahmins to codify and thereby artificially preserve their language. This process
reached its culmination in the grammar of Panini (4thc.B.C.), which fixed Old Indo-

Aryan in the stage of ‘Classical Sanskrit’.
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4.7.1 Hindi — Urdu Languages

Thus Hindi and Urdu can be described as being ultimately descended from Sanskrit,
near relatives of such contemporary New Indo-Aryan languages as Panjabi or
Bengali, quite closely related to the next languages of the vast Indo-European family
(refer Fig 4/10), such as Persian and still more distantly connected to languages such
as English and Portuguese belonging to remoter branches. Such relationships can be
objectively demonstrated by reference to shared grammatical structures or to
etymologically shared vocabulary e.g. Hindi-Urdu /ma/, Sanskrit /mator/, Persian

/madar/, English /mothar/.

Husain (1997) discussed that stress falls on the right most heavy syllable in the word.
If there is no heavy syllable, stress falls on penultimate syllable. Word final segments

are extrametrical (invisible to the stress rules).

Halpern (2009) presents five stress rules which govern word-level stress patterns in
Modern Standard Arabic. First, stress always falls on the ultimate syllable, should the
ultimate syllable be superheavy e.g. in the word /dza.di:d’/ meaning ‘new’, the stress
falls on the final syllable as it is superheavy. This rule takes precedent over all others.
Second, in monosyllabic words, stress always falls on the ultimate syllable. Though
this seems obvious, it is necessary to remember that words which contain proclitics
are considered monosyllabic, and thus the ultimate syllable must be stressed. This is
important because in a disyllabic word with a proclitic, if the proclitic was considered
in applying stress, the stress rules would dictate that the stress be penultimate instead
of ultimate. For example, the word /bi.Kdnmeaning ‘how much’, contains the

proclitic /bi/ and thus the ultimate syllable is stressed rather than the penultimate.
Third, the stress in disyllabic words falls on the pentultimate syllable, regardless of
syllable weight, should the word be lacking a superheavy syllable. This pattern can be
seen in the word /kia: 1b/ meaning ‘writer’, in which the stress falls on the
penultimate syllable because the final syllable is not superheavy. Fourth, stress falls

on the pentultimate syllable in polysyllabic words if that syllable is heavy.
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The word hu.ku:".ma/ meaning ‘government’, has stress on the penultimate syllable
because it is a heavy syllable. Finally, if the penultimate syllable is light in a
polysyllabic word, then the stress falls on the antepenultimate syllable. The verb
/ka’.ta.ba/ meaning ‘write’ demonstrates this pattern, with stress falling on the
antepenultimate syllable because the following penultimate syllable is light Erica
Lauren Shifflet (2011). Halpern (2009) mentions a few points which are necessary in
understanding how to apply these stress rules. As previously stated, though words
with proclitics are technically disyllabic or more, the proclitic is ignored when
applying stress. As a result, words with proclitics that are disyllabic are treated as
monosyllabic and polysyllabic words with three syllables are treated as disyllabic,
with regards to the stress pattern rules. Examining how a word is actually pronounced
is also important with Modern Standard Arabic (MSA) because in formal situations
words are pronounced with case endings. When these case endings are excluded and
not pronounced, the stress pattern of the world will change, as will the number of
syllables in the word. For example, the word /dza.di:d’/ meaning ‘new’ has final
stress as mentioned above. However, with a formal marking of case, the stress moves
to the penultimate syllable because a new syllable is added to the end of the original
word. Therefore the word becomes /dza.di:".dun/ with stress on the heavy penultimate

syllable, which follows the rule for polysyllabic words.

4.7.2 Punjabi Language

Assignment of stress in Punjabi is entirely predictable, yet it patterns differently in
disyllabic and trisyllabic words. Optimality Theory provides a unified system in
which both disyllabic and trisyllabic words can be handled under a single ranking
using typologically attested constraints. Dhillon (2007) presented Optimality
Theoretic analysis of Punjabi stress as well as a brief exploration of Hindi, Sindhi,
and Urban Hijazi Arabic- three languages with stress systems similar to that of
Punjabi. Punjabi exhibits a three-way distinction in syllable weight with monomoraic

light syllables, bimoraic heavy syllables and trimoraic superheavy syllables.
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Secondary stress is not found in Punjabi and main stress is not contrastive except for
few minimal word pairs. Stress is also not affected by morphology. In the verb forms,
the addition of a suffix to the verb stem does not alter stress placement nor does the
addition of the plural suffix alter stress placement for the nominal forms. Stress in
Punjabi is distributed solely according to a pattern based on the syllables present in a
word, the same phenomenon is evident in Hindi Hayes (1995), Pandy (1989), Kelkar
(1968) and Sindhi Walker (1997)- two Indo-Aryan Languages closely related to
Punjabi. Sangha (2014) discussed although Punjabi is not a stress language like
English however in many words the change in stress position is lexically significant
and sometimes may result in change of POS category. Stress is a multidimensional

suprasegmental feature of Punjabi.

Nara (2016) carried out study of 85 words on stress and tone analysis for Doabi
dialect of Punjabi using mixed effects model of stress. He also reported only primary

stress. The stress analysis by him is briefly given here:

e The syllable with longest rhyme is stressed e.g.
a3 /k1'tab/ viz book

gfene/bu 'niad/ viz foundation

e If there is no long rhyme then the penultimate syllable is stressed e.g.

€&+ /u'ndd3a/ viz forty nine

e Singleton coda consonants do not contribute to the weight of the rhyme

e.g.
feag /' phiker/viz. worry

996 /'kiron/ viz. ray
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e Homorganic Nasal stops and geminate consonants do contribute to the

weight of the rhyme:
WET /o'n3d/ “happiness”

YHE /p's3d/ “Preference”
YfE393™ /po'vittarta/ “Purity”
7-13vbf /par 'tokkh/ “Obvious”

Pitch starts out low on the stressed syllable and rises through the syllable boundary so
that it is the syllable following the stressed syllable that has the highest pitch. A
phonemically long vowel may become a phonemically short vowel when the syllable
within which it occurs loses its stress e.g. ba’taa (To tell) viz.” baat (utterance). Thus
stress falls on highest sonority syllable.

Stress placement in Punjabi is determined by syllable structure and morphology

similar to Hindi - Urdu stress placement. The stress bearing syllable carries high tone.

4.8 Stress Patterns of Punjabi

Stress is not a prominent feature of Punjabi, however it is utilized in di-syllabic words
to distinguish between grammatical categories, known as functional stress. In the
noun category stress falls on the initial syllable and in the verb category stress falls on
the final syllable. In gemination, stress falls on the geminated consonant and it
additionally co-occurs with tone in tonal words. The acoustic characterization of the
properties can help in identifying the stressed syllable from other unstressed syllables

in a word.

4.8.1 Functional Stress

Stress can be used to establish a distinction in meaning between two words, where the
only difference is with regards to the placement of stress. Such stress is known as
functional stress. English has functional stress. Punjabi also exhibits functional stress

in a very small set of words.
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Stress placement in these words divides their function as noun / verb / adjective etc

i.e. the POS changes with the change in the position of stress e.g.

Sr No Noun Verb
L. JJ" /'ho ra/ (Green colour) JJ" /ha'ra:/ (Defeat)
2. gd" /'pora/ (Brother) gd" /pa'ra:/ (Filling)
3. HS' /'so pha/ (Page of book) HG' /so 'pha:/ (Clean)
4. JIBT /' gola/ (Throat) JI&T /ga'la:/ (Cause to melt)
3. 33T /'tala/ (Sole) 3BT /ta'la:/ (Cause to fry)

Table 4/1: Pairs of Functional Words

It is noted that there is also an alternation of vowel quality depending on the position
of stress. The last vowel gets elongated when second syllable is stressed, it is also

referred as prolative vowel.

4.8.2 Stress due to Gemination

Gemination in Punjabi is phonemic. The minimal pairs (non- nasal and nasal) are

given below:

Non —Geminate Geminate
Word IPA Meaning | Word | TPA | Meaning
us pot Honour |13 patt Leaf
A3 sot Essence | {3 sott Seven
fas | d3m Who s | d3in Devil

Table 4/2: Minimal Pairs (non- nasal and nasal)

Orthographically gemination is represented by double consonants and such
consonants occur in medial & final position only. These are preceded by short vowels

/o, 1, U/.
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For example, the geminate clusters are written by the sign W known as /addok/. The

consonantal segments /n,/, /| /, /v /, / ¢ /, /h/ and /j/ do not occur as geminates.

Geminates of /& /p®/, 8 /tv/, & /{*/, &€ /tfr/, d /K" aspirate only at the final release in a

geminated word. They are phonetically similar to a cluster of an unaspirated stop and
homorganic aspirate. There is, however, no structural reason to consider such

geminates as different from others. S.S.Sangha (2014)

Word IPA
Har /dzoppta/
gat /hatthi/
=)l /katthi/
23t /watftfMi/
Hyr /khakkha/

Table 4/3: Examples- Geminate Aspirates
The geminate cluster can be within the same cluster e.g. I& /kall/ or can go across

the syllable e.g. ASI /kolli/ as illustrated below:

L) w jeiy
/\ ) /\g ) /\
= R l
g fanias
& /kall/ SAST/kolli/

Phonetically, the duration of double consonant becomes 1.5 to 2 times longer than the
non-geminate consonant, thus leading to the increased duration of the syllable of
which geminate consonant is the part. Such syllable becomes stressed as compared to

other syllables in a word.
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Phonotactics

(1) Diphthongs do not occur in word initial position.

(i1) Short vowels don’t occur in word final position.

(i11))  Short vowels /I/ & /U/ generally occur in word initial position.

(iv)  The vowels /e/ & /o/ generally do not occur in word final position

except for some monosyllabic words.

V) Words don’t begin with these consonants /2, €, €, J, &/- /n, n,n, 1, |/

(vi)  There is abundance in use of vowel diphthongs in the end of the words

including three or more than three vowels.

The generalization about where stress occurs, can only be made in reference to
syllable types for the study of stress patterns. These types are usually described in
terms of weight of syllables categorized into types such as light, heavy or super
heavy. The following syllable definitions have been followed for the purpose carrying
out the experimental study of intra-syllabic stress the definitions of light (L), heavy
(H) and super- heavy (SH) syllable have been evolved by Slata et al (2015).

Light Syllable (L)

(1) Open syllable containing a class I vowel i.e. V; or CV;

Heavy Syllable (H)

(1) Open syllable containing a class II vowel or a diphthong viz. V,, CV;, Vg,
CV4

(i1)) Any syllable having class I vowel with a coda or onset & coda viz.
ViC (0), CV,C
Super Heavy Syllable (SH)

(1) Class II vowel or a dipthong followed by one or more consonants viz.
V2C(C) , VaC(C)
(i1) Class II vowel or a dipthong having onset as well as coda viz. CV,C,

(C)CV,C, CV4C, (C)CV4C

(i1) Class I vowel followed by two or more consonants viz. CV{CC

Table 4/4: Syllable Definitions for Experimental Work
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4.9 Experimental Study

4.9.1 Articulatory Features for Determining Syllabic Stress

Co-articulation is a phenomenon in which the articulatory movements required for a
syllable are often anticipated (anticipatory Co-articulation) or carried over (carry over
Co- articulation) during the production of an adjacent syllable. Stress plays an
important role in this. It depends on: quality of syllable peak, openness or closeness
of the syllable, type of syllable margin, position of the syllable in the word under

consideration, presence of germination/tone etc.

Syllable peaks and syllable margins show considerable reduction of quantity, quality,
and intensity and pitch when occurring in weak position of a syllable whereas there is
an all around rise in a stronger syllable. Reduction in quality of the initial syllable in
disyllabic words is a common feature. Sharma (1971) discusses syllabic structure of
Punjabi in detail with reference to the variations in quality of syllable peaks, vowel

reduction, schwa deletion etc. as is evident from following examples:

S. Description Example word IPA Meaning
No.
1. | Preference for class I War /ogg/ Fire
1labl k
syllable peaks 5 Jproll/ Flower
Byr /tikkha/ Sharp
2. | Reduction / centralization | grarg > g9g | /bazar/ - /bazar/ Market

of first syllable to neutral
schwa when second
syllable is heavy and
closed

3. | Reduction of class II /kavi/ Poet

<
(phonemically shorter - -
duration of vowel) 1%(81@ /kirpalu’/ Kind
syllable peak in the final
syllable of di/ploy-
syllabic words

Contd..
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S. Description Example word IPA Meaning

4. | Occurrence of class I fg /ki/ That
syllable peak in final .
open syllable only in E /ko/ Approximately
mono-syllabic function
words

5. | Preference for Hg /mi/ Rain
nasalization with long - e Y
and open syllable peaks E} tu ou

6. | Regressive nasalization EEiLd /kodia/ Girls

f syllabl k —
of syllable pea p— Nava/ May take
7. | Schwa deletion HAIS /sorka/ Roads
T /kagza/ Papers

Table 4/5: Variations in Quality of Syllable Peaks & Vowel Reduction in Punjabi

Crystal (1997) further describes syllables by their position within the word e.g. in a
tri-syllabic word, final syllable is referred to as the ultimate syllable, while the second
to the last syllable is the penultimate syllable and the third to final syllable is the
antepenultimate syllable. All of these placements are determined beginning from the

rightmost edge of the word, which would be the ultimate syllable.

Lexical Stress in terms of Intra-syllabic stress needs to be examined to aid the

prosodic PLS development in Punjabi.

4.9.2 Empirical Research

"Empirical" means "based on observation or experience," according to the Merriam-
Webster Dictionary. Empirical research is a research using empirical evidence. It is a
way of gaining knowledge by means of direct or indirect observation or experience.
Empirical evidence can be analyzed quantitatively or qualitatively.

Empirical analysis is an evidence-based approach to the study and interpretation of
information. Empirical analysis is integral to the scientific method and is the usual
approach used to study subjects for a probable answer through quantified

observations of empirical evidence.
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Scientific method begins with scientists forming hypotheses and then acquiring the
knowledge through observations and experiments to either support or disprove a
specific theory. The scientific method often involves lab experiments and these
experiments result in quantitative data in the form of numbers and statistics. The role
of empirical study is to develop a general hypotheses which relies upon the capacity
to characterize computational models as far as sets of features that can be utilized to
make and evaluate predictions about what influences the conduct under investigation

Cohen (1995), Sparck-Jones and Galliers (1996), Walker (1996).

4.9.3 Acoustic Parameters

The stress measurement parameters as discussed in section 4.3.1 viz. Pitch (P),
Duration (D) and Intensity (I) of the syllables in a word form the hypothesis for
determining the Intra-syllabic stress experimentally. As per literature study, intensity,
fundamental frequency (Pitch) and duration of vowels is greater within stressed
syllables. Though data is still lacking to establish definite correlates, however Erica
Lauren Shifflett (2011) says fundamental frequency, intensity and duration can be
used as phonetic correlate measurements to determine the stress pattern of a
language. Thus a systematic approach needs to be taken to measure these parameters
of Punjabi word samples. Di-syllabic words have highest frequency of occurrence in
Punjabi. The frequency analysis also reveals presence of 10-15% tonal words.
Therefore the empirical study is based on this premise and to start with, non-tonal
words will be taken as basis for determining the inter-relationship of these parameters

in the context of stress.

4.10 Methodology

4.10.1 Data Selection, Recording and Annotation

The phonologically rich words in various combinations of syllables as per definition
given in Table: 4/4 are being considered for analysis for 10 speakers (4 Male & 6

Female).
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The distribution of data across various catogries of words is given in the table below:

S. No. Word category Total words
1. Di-syllabic 185
2. Tri-syllabic 86
3. Poly-syllabic 12
Total 283

Table 4/6: Data Samples for Study of Lexical Stress

Recording of data done as per specifications as discussed in section 1.8.2. Data

annotation using PRAAT tool was done at the phoneme level as per procedure

discussed in section 3.1.2. The syllables in each word were also marked. A sample

annotation is depicted below:

0.711603

0.248884 (4.018 / s) ID 960487

sl

52

Fig 4/12: Sample Annotation (syllable & phoneme level)
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4.10.2 Recording of Data Sheets

The syllable level annotated data of above samples was used for recording various

acoustic parameters as discussed in section 4.9.3. A sample data sheet is given below:

HJH /sarab/
Speakers Syb1l Syb2

D P I D P I
M1 (S8) 0.13 135 71 0.18 165 70
M2(S13) 0.2 200 71 0.21 192 66
M3 (S5) 0.29 188 63 0.22 186 65
M4 (S7) 0.2 171 65 0.16 176 67
F1 (S1) 0.27 241 67 0.25 205 64
F2 (S2) 0.23 241 63 0.24 248 62
F3 (S3) 0.4 239 63 0.22 227 65
F4 (S11) 0.27 305 70 0.31 357 71
F5 (S6) 0.26 241 62 0.23 248 62
F6 (S9) 0.32 246 72 0.25 261 72
Average 0.26 | 220.70 | 66.70 0.23 | 226.50 | 66.40

Table 4/7: Sample of Syllable Level Data of different Acoustic Features

4.10.3 Linear Regression Analysis

Linear regression is a linear approach to modelling the relationship between a scalar
response (or dependent variable) and one or more explanatory variables (or
independent variables). Linear regression is a basic and commonly used type of

predictive analysis.
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These regression estimates are used to explain the relationship between one
dependent variable and one or more independent variables. Linear regression is very
extensible and can be used to capture non-linear effects. There are typically a small
number of coefficients. If we have a small number of features that are important, it

predicts future data quite well in a lot of cases, despite its simplicity.

The standard deviation (represented by the Greek letter sigma o) is a measure that is
used to quantify the amount of variation or dispersion of a set of data values. A low
standard deviation indicates that the data points tend to be close to the mean of the
set, while a high standard deviation indicates that the data points are spread out over a
wider range of values. In statistics, a confidence interval (CI) is a type of interval
estimate, computed from the statistics of the observed data. The confidence
level represents the frequency (i.e. the proportion) of possible confidence intervals
that contain the true value of the unknown population parameter. In other words, if
confidence intervals are constructed using a given confidence level from an infinite
number of independent sample statistics, the proportion of those intervals that contain
the true value of the parameter will be equal to the confidence level. Most commonly
the 95% confidence level is used. However, other confidence levels can be used in

the range of 90% - 99%.

In two-dimensional linear regression, the general form for a model is a distribution
concentrated along a line. A line is determined by two parameters — its slope and it y-
intercept — and we want to find the parameters that determine the best fit line for a
given set of points. We know that the data points probably won’t all fall right on any
one line, so there will always be some error. For any given line, we can define a
distribution that is equal to one along the line and decreases as we move away from
the line. In particular, the probability will be defined by the Gaussian function
e 420 122 where d is the distance, so that as we move away from the line, the

probability will follow a bell curve.
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Fig 4/13: Graph of the Distribution Function

The properties of a normal distribution are:
e The mean is at the middle (50% of the data are above and 50% of
the data are below)
o  68% of the data fall between -1 and 1 standard deviation
e 95% of the data fall between -2 and 2 standard deviation

e 99.7% of the data fall between -3 and 3 standard deviation

The acoustic parameters as discussed in section 4.9.3 will be modelled using
Linear Regression for relational analysis. Linear regression is a standard
mathematical technique which has been used to predict the intra-syllabic
stress in percentage i.e. the heaviest syllable will be identified for marking the
stress. The duration, pitch and intensity of both the syllables in a word
averaged across 10 speakers for 95 words was tabulated in a spreadsheet and
was plotted using Curve Expert Professional, a cross-platform solution for

curve fitting.
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A sample spreadsheet and graph-plot for duration of first syllable of all
sample words is given below. Similar plots were made for Pitch and Intensity

for both the syllables in each word.

4 @c npfess'w - -~ o =)
oo to iy RS ——

File Edit Data Calculate Tools Window Help
UBH&SS @ A DO FIVNAE AL @

=8 x Graphs and Data “Bx
Name Kind Score || Data | Notes | DataPlot | Top Results [+ |
C [ ) -
=
1000000 0.060000 4

1

2 2000000 0.070000
3 3.000000 0.070000
4 4.000000 0.080000
5 5.000000 0.080000
6

7

8

9

6.000000 0.080000
7.000000 0.030000
8.000000 0.090000
9.000000 0.090000
10 10000000 0.090000
i1 11000000 0.100000
12 12000000 0.100000
13 13000000 0.110000
14 14000000 0110000
15 15000000 0.110000
16 16000000 0110000

17 17000000 0120000 -
4 m b
Result Preview =B X | Messages SBx
Data [felcome to CurveExpert Professional.
adn R11 fonts now available.
. N See "Activate Trial Peried" in the Help menu to activate your unlimited 30-day trial.

R new version of CurveExpert Professionzl is aveilable. Your current version is 2.6.3, and
the latest version is 2.6.5.

az Autoacaling graph Top Results...
> Rutoscaling graph Preview...

o Rutoacaling graph Data Plot...

ais Ruteacaling graph Top Results...

Rutoscaling graph Preview...
Rutoacaling graph Data Plot...

Dataset: 95 %2 D0 None =

Fig 4/14: Plot for Duration

157



8 Cunvebrpert Prolezuenal 263 ] — - L ak
Fibe Edd Dot Colculste Tooh Whadow - Help

BEAE e A DOFEINNAK VL@

Fevaty =0 x  Graphs sod Dl Oox
Narae Kind Scone || Date | Wenes | Dot Plen| Top Rewlts |

Parcewne L By m ] r;
Kl Peecewne Linear eqresson PO+ XK 2 = Move Cursar in Graph

Top Resuilts

® Data =
—— Pecowss Linsar

040

015

x

Rt P évew =0 | ksl =Aax

Fig 4/15: Piecewise Linear Curve Fitting

The process of finding the best fit piecewise linear curve was automated using this
tool. Linear regression attempts to model the relationship between two variables by
fitting a linear equation to observed data. A linear regression line has an equation of
the form Y = ax + b, where X is the explanatory variable and Y is the dependent
variable. Using Nonlinear model, the piecewise linear curve fitting equations:
ax+tb | cxtd (ax+b<50 ; cx+d>=50) were obtained from this tool for all the three

parameters for both the syllables.

Duration(D) Syllable 1 Syllable 2
2.04d+7.48 2.73d+2.51
n<50 n<50
3.50d+3.84 3.74d+1.72
n>50 n>50

Linear Curve Equation (1) 554d+11.32 6.47d+4.23

Pitch(P) 62l p+2 495p+220 n<50
n<50 591 p+2.12 n>50
1.32p+1.48 n>50

Linear Curve Equation (2) 7.53p+3.48 10.86 p +4.32

Intensity(I) 6.611+6.58 8.061+6.43 n<50
n<50 4.88 1+ 6.64 n>50
8.27i+6.51
n>50

Linear Curve Equation (3) 14.871+13.09 12941+ 13.07

Table 4/8: Piecewise Linear Curve Fitting Equations of Acoustic Parameters
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Averaging over two syllables, the linear equations of all the three acoustic parameters
which influence the lexical stress are:

f(d) =6.00d + 7.77

f(p)= 9.19p +3.90

f(i) = 13.901 + 13.08

The normal distribution curve for all the three acoustic parameters is as below using

Standard Deviation and mean of the data averaged over two syllables.

Analyzing the above functions derived from the stress patterns of the recorded
samples, the corresponding weightage factors of the acoustic parameters have been

calculated. Thus the empirical stress function (s;) can be defined as

st = 0.49d+ 0.16p+0.35i where
d is the duration (ms)
p is the pitch measured in terms of frequency (hz)

1 is the intensity (db)

This reveals that duration and intensity have higher importance in determining lexical
stress as compared to pitch.

The syllabic weight of all the syllables using above stress function will be calculated
and the heaviest syllable needs to be identified for determining the strongest syllable

in a word.

4.11 Data Analysis

Statistics and Probability are interrelated but separate academic disciplines. Statistical

analysis often uses probability distribution.

When a frequency distribution is normally distributed, we can find out the probability
of a score occurring by standardizing the scores, known as standard scores (or z

scores).
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The standard normal distribution simply converts the group of data in our frequency
distribution. Z-scores are expressed in terms of standard deviations from their means.
The absolute value of z represents the distance between the raw score and the mean
value in units of the standard deviation. z is negative when the raw score is below the

mean, positive when above. Thus z-scores are a way to compare results.

5 4

-3 -2 -1 |0 1
-0.39
Z-SCore

Fig 4/16: Normal Distribution of z-score

The formula for calculating the standard score is given below:

z-score = (x- n)/ ¢
Where:
u is the mean of the data

o 1s the standard deviation

Applying this definition on the stress data:

z-score = (s¢-Sy)/ ©
where
s is reference value taken as 0 to get the point to the left of which intra-syllabic
stress is negative
St 1s the mean of the intra-syllabic stress (in %)

o is the standard deviation
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The z-score gives the percentage that scored lower than the reference value.

A standard normal table (Z Score Table) gives the values of the cumulative
distribution function (®) of the normal distribution. Using this value of z-score, a
value will be obtained from the online Z Score Table. This value gives the probability
of the score lower than the defined reference value that gives the lexical stress pattern

for the given range of the data.

The heuristic is an approach to problem solving, learning or discovery that employs a
practical method, not guaranteed to be optimal, perfect, logical, or rational, but
instead sufficient for reaching an immediate goal. Thus taking a clue from 80-20 rule,
the stress rules will be evolved based on minimum 80% probability of occurrence of

that rule in the given data being analysed using above defined heuristic approach.

4.11.1  Di-syllabic Words

Di-syllabic words have highest frequency of occurrence in Punjabi hence lexical
stress will be experimentally examined for these words and findings will be
extrapolated. The frequency of tonal words is only 10-15%, therefore the basis will
be evolved first for di-syllabic non-tonal words and then will be validated for tonal

words.

a)  Di-syllabic Non-Tonal Words

Ninety five phonetically annotated words are being analysed. The stress of syllable 1
and syllable 2 of each word was calculated using the empirical stress function (sy).

The intra-syllabic stress was calculated using the formula s = ((Si2- st1) / s¢1)™* 100 and

sy 1s tabulated as at Annexure I in Appendix D, where i varies from 1 to 95.
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Mean of s;; for 95 words ('s; ) =4.50

n
Standard Deviation (o) = sqrt [(1/nY  (si-50")] eq (1)
i=0

Where n=95; h=2
Using this formula, 6 =3.11
The range is -3.65 <s; < 11.51

The normal distribution curve is:

—

483 172 g 139 45 7.61 1072 13.83

—

Fig 4/17: Graph of the Distribution of Lexical Stress Data of Non-Tonal Di-syllabic
Words

It is observed that majority of data is positive which reflects that the stress lies on the
second syllable. The probability (P;) of words having intra-syllabic stress less than 0
can be calculated using z score.

z=(0-4.50)/3.11=-1.44

The corresponding value of @ against this z-score is calculated given below:

P, (x<0)=P,(z<-1.44)=0.0751i.e. 7.5 % (marked red in fig)

Therefore there is 92.5% probability of lexical stress being present on second syllable

(ultimate syllable).
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S. Word Rule Probability of | Exception
No. category occurrence
L. Di-syllabic Stress on 0.93 -
non-tonal syllable 2
words (R1)

Rule 1: Stress falls on ultimate syllable

b)  Di-syllabic Toneme Words

Sixty six phonetically annotated words have been analysed out of which 33 words
contain toneme in initial syllable and balance 33 having toneme in final syllable. The
stress of syllable 1 and syllable 2 of each word was calculated using the empirical

stress function (s;). The intra-syllabic stress was calculated and s; is tabulated as at

Table 4/9: Lexical Stress Rules for Di-syllabic Non-Tonal Words

Annexure II in Appendix D, where i varies from 1 to 66.

Mean of s;; for 66 words (s;) =0.99

Using eq (1), Standard Deviation () = 7.86
Where n=66; h=2

The range is -14.36 <s; <20.45

The normal distribution curve is:

z=(0-.99)/.7.86=-.12
P (x<0)=P,(z<-12)=045ie.45%
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2250 -1473 687 0.00 8.85 1671 2457

Fig 4/18: Graph of the Distribution of Lexical Stress Data of Di-syllabic Toneme
Words

The Rule 1 (R1) is largly applicable for tonal di-syllabic words also however it is
noted from the above figure that words towards the left side of the mean do not carry
any lexical stress as these contain toneme in the initial syllable due to which the
syllable 1 also becomes emphasised and counter balances the stress which is generally

observed on syllable 2 in such words.

Rule 2: No Stress

Hence the Rule Table can be represented as:

S. Word Position of Rule
No. category toneme

1. Di-syllabic Final syllable | Stress on syllable 2 (R1)

Toneme Initial syllable No Stress (R2)

words

Table 4/10: Lexical Stress Rules for Di-syllabic Toneme Words
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¢) Di-syllabic Words (consisting of cosonant /h/ or conjuncts of /fi/)

Twenty four words containing cosonant /h/ and conjuncts of /fi/ were examined. The
stress of syllable 1 and syllable 2 of each word was calculated using the empirical
stress function (s;). The intra-syllabic stress of was calculated and s; is tabulated as at

Annexure III in Appendix D, where i varies from 1 to 24.

Mean of s;; for 24 words (s;) =4.82

Using eq (1), Standard Deviation () = 5.40
Where n=24; h=2

The range is -3.07 < s, < 14.8

The normal distribution curve is:

e

1138 598 058 48 1022 1562 2102
Fig 4/19: Graph of the Distribution of Lexical Stress Data of Di-syllabic Words
(consisting of cosonant /h/ or conjuncts of /f/)
It is observed that majority of data is positive which reflects that the stress lies on the
second syllable. The percentage of words having intra-syllabic stress less than 0 can
be calculated using z score.
z =(0-4.82)/5.40=- 0.892
P, (x<0)=P;(z<-0.892)=0.186 i.e. 18.6 % (marked red in fig)
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Therefore there is 81% probability of lexical stress being present on second syllable.

The Rule 1 (R1) is largely applicable for this category of words however it is noted

from the above figure that three words marked in the red region do not carry any

lexical stress. Hence the rule table can be represented as:

(consisting of cosonant

/h/ or conjuncts of /f/)

(R1)

S. Word category Rule Probability of | Exception
No. occurrence
1. Di-syllabic Words Stress on syllable 2 0.81 -

Table 4/11: Lexical Stress Rules for Di-syllabic Words (consisting of

cosonant /h/ or conjuncts of /f/)

4.11.2 Tri-syllabic Words

In tri-syllabic words, the stress may fall on final syllable or penultimate syllable in

case of European languages as discussed in section 4.6.1. This needs to be examined

in the context of Punjabi. The experimental data of second and third syllable will be

compared and stress will be reported along with exceptions if any.

a)  Tri-syllabic Non-Tonal Words

Thirty phonetically annotated words have been analysed out of which three words

contain toneme in initial syllable. The stress of all three syllables of each word was

calculated using the empirical stress function (s{). The intra-syllabic stress of was

calculated using the formula s; = ((si3-si2)/si2 )* 100 and sy is tabulated as at Annexure

IV in Appendix D, where i varies from 1 to 30.

Mean of s;; for 30 words (s; ) =4.5
Using eq (1), Standard Deviation (o) = 3.25
Where n=30; h=2

The range is -1.48 <s;<10.85
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The normal distribution curve is:

520 f _ ] 1096 1421

Fig 4/20: Graph of the Distribution of Lexical Stress Data of Tri-syllabic Non-Tonal
Words

It is observed that majority of data is positive which reflects that the stress lies on the
third syllable. The percentage of words having intra-syllabic stress less than 0 can be
calculated using z score.

z=(0-4.5)/3.25=-1.38

P, (x<0)=P,(z<-1.38)=10.083 i.e. 8 % (marked red in fig)

Therefore there is 92% probability of lexical stress being present on third syllable.

The Rule 1 (R1) is largely applicable for this category of words and stress falls on the
third syllable. However, it is observed from the data that syllable 1 is stronger in case
of occurance of toneme in initial syllable hence the stress gets counter balanced and

there is no need to mark stress.

Hence the rule table can be represented as:
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S. Word Rule Probability of Exception
No. category occurrence
1. Tri-syllabic Stress on syllable 3 0.92 -
non-tonal (R1)
words

Table 4/12: Lexical Stress Rules for Tri-syllabic Non-Tonal Words

b)  Tri-syllabic Toneme Words

Twenty eight phonetically annotated words have been analysed out of which 7 words
contain toneme in initial syllable. The stress of all three syllables of each word was
calculated using the empirical stress function (s;). The intra-syllabic stress of 28
words was calculated using the formula s = ((si3-s12)/s12)* 100 and sy is tabulated as at
Annexure V in Appendix D, where i varies from 1 to 28.

Mean of s;; for 28 words (s; ) =4.85

Using eq (1), Standard Deviation (g) = 5.92

Where n=28; h=2

The range is -4.54 <, < 16.49

The normal distribution curve is:

T

e —
-12.91 -6.00

16.60 22 61

-1.07% 485 10.77

Fig 4/21: Graph of the Distribution of Lexical Stress Data of Tri-syllabic Toneme
Words
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It is observed that majority of data is positive which reflects that the stress lies on the
third syllable. The percentage of words having intra-syllabic stress less than 0 can be
calculated using z score.

z=(0-4.85)/5.92=-0.81

P, (x<0)=P;(z<-0.81)=0.20 i.e. 20 % (marked red in fig)

Therefore there is 80% probability of lexical stress being present on third syllable. It is
observed that seven words (* marked) containing toneme as onset in the initial syllable
have s, as the heaviest syllable and thus stress falls on the syllable 1 in these cases for

example:

353;7 /pasuri/ (refer Annexure V in Appendix D)

The Rule 1 (R1) is largely applicable for this category of words and stress falls on the
third syllable however observing from the data, it is noted that syllable s;; is stronger if
it contains toneme in the initial syllable. In this case the stress which generally falls on

the ultimate syllable gets counter balanced. Hence the rule table can be represented as:

S. | Word category Position of Rule
No. toneme
1. Tri-syllabic Medial / Final | Stress on syllable 3
Toneme words syllable (RD)
Initial syllable No Stress (R2)

Table 4/13: Lexical Stress Rules for Tri-syllabic Toneme Words

¢) Tri-syllabic Words (consisting of cosonant /h/ or conjuncts of /fi/)

Twenty eight words containing consonant /h/ and conjuncts of /f/ were examined.
The stress of syllable 1, syllable 2 & syllable 3 of each word was calculated using the
empirical stress function (sy).

The intra-syllabic stress of was calculated using the formula s = ((si-si2)/s12 )* 100
and s is tabulated as at Annexure V1 in Appendix D, where i varies from 1 to 28.
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Mean of s;; for 28 words (s; ) = 3.82

Using eq (1), Standard Deviation (o) = 4.5
Where n=28; h=2
The range is -8.03 <s; < 17.6

The normal distribution curve is:

-9 .rﬁﬂ -5.18 -0.68° is2 832 12.82 1732

Fig 4/22: Graph of the Distribution of Lexical Stress Data of Tri-syllabic Words

(consisting of cosonant /h/ or conjuncts of /f/)

It is observed that majority of data is positive which reflects that the stress lies on the
third syllable. The percentage of words having intra-syllabic stress less than 0 can be

calculated using z score.

z =(0-3.82)/4.5=-0.85
P.(x<0)=P;(z<-0.85)=0.19 i.e. 19 % (marked red in fig)

Therefore there is 81% probability of lexical stress being present on third syllable.

The Rule 1 (R1) is largely applicable for this category of words however it is noted
from the above figure that three words marked in the red region do not carry any

lexical stress. Hence the rule table can be represented as:
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S. Word category Rule Probability of | Exception

No. occurrence

1. | Tri-syllabic Words Stress on 0.81 -
(consisting of syllable 3 (R1)
cosonant /h/ or

conjuncts of /f/)

Table 4/14: Lexical Stress Rules for Tri-syllabic Words (consisting of

cosonant /h/ or conjuncts of /f/)

4.11.3 Poly-syllabic Words

Twelve poly-syllabic (8 quadri-syllabic & 4 penta-syllabic) annotated words have

been analysed. The syllabic weights of all the syllables of each word were calculated

and have been tabulated as at Annexure VII in Appendix D.

S. Word Rule Exception
No. category
1. | Poly-syllabic Stress on ultimate Noted in 50% of the
words syllable (R1) words
Stress on penultimate Noted in 50% of the
syllable (R3) words
No Stress (R2) Toneme in initial syllable

Table 4/15: Lexical Stress Rules for Poly-syllabic Words
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4.12 Findings and Discussion

S.

No.

Word category

Rule

Di / Tri-syllabic non-tonal words

Stress on ultimate syllable

Di /Tri- Toneme in medial or

syllabic final syllable

Stress on ultimate syllable

Supra- Toneme in initial
Laryngeal | syllable

tonal words

No Stress

Di /Tri-syllabic words (consisting of

cosonant /h/ or conjuncts of /f/)

Stress on ultimate syllable

Poly- Noted in 50% of the Stress on ultimate syllable
syllabic words
words Noted in 50% of the Stress on penultimate
words syllable
Toneme in initial No Stress

syllable

The difference between strong and weak syllables is of linguistic importance as
discussed in section 4. In this context few examples of words having functional stress
which is phonemic has been discussed in section 4.8.1. The experimental work
carried above has focused on identifying the strongest syllable in a word so that stress

can be marked on this syllable based on which prosody modeling can be done for text

Table 4/16: Lexical Stress Marking Rules

to speech system development.
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Chapter 5
Acoustic Variability of Schwa

5. Introduction

Speech science is the study of all the factors involved in producing, transmitting,
perceiving and comprehending speech, including all relevant aspects of anatomy,
physiology, neurology and acoustics, as well as phonetics. Speech analysis began in
1940 in the United States of America. The study of speech production from an
acoustical point of view provides the means for looking at a very complex process
in a simple way. The source of sound with which we are most concerned is the
human voice. Here fluctuations in air pressure are caused by a variety of means. The
most important of these is the rapid opening and closing of the vocal cords. Each
time the vocal folds are closed pressure is built up, which is suddenly released when
they are opened. Consequently the rapid opening and closing of the folds causes a
series of sharp variations in air pressure. The air in the vocal tract will vibrate in

different ways when the vocal organs are in different positions.

Speech sounds in a language are generally classified in two broad categories, viz,
segment and supra-segmental. Segmental sounds are further divided into vowels and
consonants. Supra-segmental sounds are classified into stress, tone, nasalization etc.
Vowels can be defined in terms of both phonetics and phonology. Phonetically, they
are sounds articulated without a complete closure in the mouth or a degree of
narrowing which would produce audible friction; the air escapes evenly over the
centre of the tongue. If air escapes solely through the mouth, the vowels are said to
be oral; if some air is simultaneously released through the nose, the vowels are
nasal. It is very difficult to classify the vowels and this classification is usually
carried out using acoustic or auditory criteria, supplemented by details of lips
position. There are several systems for representing vowel position visually. From a
phonological point of view, vowels are those units which function at the centre of

syllables.
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In some approaches, the term ‘vowel’ is reserved for the phonological level of
analysis; vocoid is then used for the phonetic vowel which generally is called a

semi-vowel also.

Soft Palate

Fig 5/1: Tongue Positions in Production of Vowels

In the production of vowels, air stream coming from the lungs passes through the
oral cavity without any obstruction. While producing vowels, different parts of the
tongue move to different heights within the oral cavity, the shape of the lips is
modified. In the production of vowels, vocal cords may vibrate to produce voiced
vowels. The nasal passage remains closed when the non-nasal oral vowels are
produced and it remains open allowing the air stream to pass through the nasal
cavity thus producing nasalized vowels. Point 1 in the above Figure indicates the
height to which the front of the tongue can be raised in the production of vowel
sound. Points 1 & 4 represent the front close and the back close position
respectively. Point 3 represents back open unrounded vowel i.e. /a/. Point 2
represents front unrounded vowel between half-open and open position i.e. vowel

/ee/.

Vowel systems vary greatly in their complexity from language to language. English
happens to be relatively rich in vowel contrasts, with the added complexity that the
vowel system is by no means uniform across the English-speaking world. Lindblom
(1986), provides a brief but useful survey of ‘some facts’ about vowel systems as
well as discussion of how languages exploit the ‘vowel space’. His paper includes

references to both classic and recent work on universal aspects of vowel systems.

174



At the end of the nineteenth century, scholars began to feel the need for a
standardized and internationally acceptable, system of phonetic transcription.
Although there was and still is much to be said for non-alphabetic system of
representation, it is the International Phonetic Alphabet (IPA) developed and
promulgated by the International Phonetic Association since 1888 which with or
without minor modification is now most widely used by linguists. The basic
principle upon which the IPA is constructed is that of having a different letter for

each distinguishable speech-sound.
Primary & Secondary Cardinal Vowels

A reference system of vowel pronunciation in terms of the vowel sounds that is
independent of any given language has been devised. A famous example of such a
system is the Cardinal Vowels. Daniel Jones (1976) postulated the vowel
quadrilateral and the cardinal vowels, a Primary set and a secondary set of cardinal
vowels. Each set comprising eight vowels, the choice of 8 vowels in the primary
cardinal vowel system was probably strongly influenced by the vowel system of late
19%/early 20™ century. A given cardinal vowel is described by its articulation in
terms of three dimensions: tongue height, front-back position of the tongue and

degree of rounding.

Primary Cardinal Vowels Secondary Cardinal Vowels
Front Back Front Back
Close 1 U y w
Close-mid e O o] ¥
Open-mid € ) o A
Open a a @ D

Table 5/1: Cardinal Vowels (i)
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The primary and secondary cardinal vowel categories provide a suitable framework

for comparison for many languages.

VOWELS
Front Central Back
Close L@ Yy —————— ie B———— e U

Close-mid

Open-mid

Open

Fig 5/2: Cardinal Vowels (ii)

The neutral Schwa vowel sound is produced without tightening the throat and vocal
cords, which is not the case for the other vowel sounds. Recasens (1991), claims that
Schwa is the vowel with the highest degree of variability; hence it is important to

discuss this in detail.
Quality of Schwa

Schwa is an important part of the vowel space but is considered as a weak vowel as
compared to other vowels. The pitch of the neutral Schwa vowel sound is low and it
is barely audible. It goes by so fast when someone is speaking that you may not even
notice it’s there. Thus orthographically also it is not written in some cases. To
produce the neutral Schwa vowel sound, the throat must be relaxed and the air
passage must remain open. The mouth will remain open slightly as well in order to
produce this sound. Schwa is often taken to be a mid-central vowel, in accordance
with the denotation of the Schwa symbol [9] in the International Phonetic Alphabet.
The three phonological processes of vowels are well known viz. Initial Vowel

Truncation, Vowel Reduction and Vowel Deletion.
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Initial Vowel Truncation

Vowel Schwa when used in initial position of the word sometimes gets truncated in
pronunciation. This phenomenon may vary from language to language and is also
speaker dependent. This variation may also be found in various dialects of a

language.

Vowel Reduction

Phonetic reduction most often involves a centralization of the vowel that is, amount
of movement of the tongue in pronouncing the vowel is reduced, as with the
characteristic change of many unstressed vowels at the end of English words to
something approaching Schwa. A well-researched type of reduction is that of the
neutralization of acoustic distinctions in unstressed vowels, which occurs in many
languages. Vowel reduction is a phenomenon that happens around the world,
according to different rules for each language. The most common reduced vowel is
Schwa which is particularly vulnerable to the co-articulatory effects of adjacent

consonants.

Vowel Deletion

An elision or deletion is the omission of one or more sounds (such as a vowel, a
consonant, or a whole syllable) in a word or phrase. The word elision is frequently
used in linguistic description of living languages, and deletion is often used in
historical linguistics for a historical sound change. Many studies have confirmed that
Schwa deletion is influenced by multiple factors such as lexical stress position,

sonority, lexical frequency, word length, phonotactic environment and speech style.

The basis for the weakness of Schwa has been the subject of much research by
phonological experts Van Oostendrop (2000), but much less attention has been
devoted to the question of what the phonetic characteristics of Schwa vowel are,

hence acoustic analysis of only Schwa vowel has been undertaken in this thesis.
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5.1 Variations of Schwa in English

In linguistics, mainly phonetics and phonology, Schwa is the mid-central vowel
sound amidst the vowel chart, indicates by the IPA sound /o/. It was first utilized in
English texts between 1890 and 1895. In Hebrew writing, “shva” /:; (two vertical
dots) / is a vowel diacritic that can be written under letters to indicate an ‘eh’ sound
(which is not the same as our Schwa). The term was first used in linguistics by 19"
century Germany philologists, which is why we use the German spelling, “Schwa”.
Styler (2012), discussed the difference between Schwa /o/ and wedge /a/. The
difference between /o/ and /A/, at a fundamental level, is that /o/ is a reduced vowel,
whereas /a/ is a full vowel. The language-specific Variations of Schwa are being

discussed in this section.

5.1.1 Schwa in British English

In English, there are 44 distinctive speech sounds 20 of these are vowels and the
remaining 24 are consonants. /9/ is a very frequently occurring vowel in English. It
occurs only in unaccented syllables. The vowel is articulated with 2 different
tongue-positions, depending upon whether it occurs finally in a word or elsewhere.
During the articulation of non-final /o/, the centre of the tongue is lifted towards the
roof of the mouth to a height along with half-close and half-open. The lips are
neutral. Non—final /o/ is therefore a central unrounded vowel lies between half-close

and half-open.

fromt central back

Fig 5/3: Cardinal Vowels (British English)
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/5/ occurs initially, medially and finally in a word.
Initial ap'point  /o'pomt/
Medial ‘excellent /'eksolont/
Final ‘drama  /'dramo/

English is a stress-timed language displaying phonological vowel reduction: weak
vowels, such as Schwa [9], are part of the phonological form of many words in the
language. Schwa in English is mainly found in unstressed positions, but in some
other languages it occurs more frequently as a stressed vowel. It is a particularly
frequent vowel in English, as it is the one most commonly heard when a stressed
vowel becomes unstressed, e.g. telegraph becoming telegraphy /'telogra:f/

/to'legrafi/.

5.1.2 Schwa in American English

Vowel reduction is a prominent feature of American English, as well as other stress-
timed languages. The vowel /a/ is an unrounded mid-back morpheme, more or less
lowered and fronted. It take places before all consonants excepting /h,z,j,w/ e.g
supper /sapper/, cup /cap/, nut /nat/ etc. it can also precede clusters consisting of a
resonant and a plosive e,g. hunt, bundle, punch etc or a plosive alone e.g. husk and
lust. Schwa /o/ is used only in unstressed syllable word initially medially and finally

e.g. initial arise /arise/, medial begin /ba’gm/, final comma/' kama/.

Front Near front Central Near back Back
Close i T+ L1
Near close I = a8 ]

Close mid 10
Mid =]

Open mid — f3\ —A T D
— N

Open a® \ a* D

Fig 5/4: Cardinal Vowels (American English)
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5.2 Schwa in Indo-Aryan Languages - Literature Survey

The Schwa sound in Greek, Latin, and Sanskrit (where it is called a svarabhakti
vowel) and the notation of <o> was used for Indo-European languages. The modern
Indo-Aryan languages also prevalently use this notation. These languages are
spoken in most of the north and centre of the Indian subcontinent, with outliers in
Sri Lanka and the Maldives. Hindi-Urdu and Bengali are by far the largest; of the
remainder, Marathi in south of the main area, Gujarati in south-west, Sindhi to the
west, Punjabi in the north-west, Assamese in the east, Oriya in the south-east and
Sinhalese in Sri Lanka all have a current literary standard and are linked to major
political units. Others such as Bhojpuri or Maithili also have speakers in ten of
millions. Across the main area, separate languages have arisen largely by division
with a geographical continuum. The occurrence of vowel Schwa in these languages
will be discussed in this section as deliberated by Pandey (2014) and many other

linguists.

5.2.1 Assamese

Assamese has eight oral vowels. Vowel harmony is a distinguishing feature of the

Assamese vowel system.

=T a =i ri
=T a ] e
= i < ai
k3 i 3 o
=3 u = au
ey u

Fig 5/5: Cardinal Vowels (Assamese)

Mahanta (2012), discussed the Vowel Triangle of Assamese. It is observed that there

is no Schwa in Assamese.
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5.2.2 Bengali

Schwa viz. /e/ is open-mid central rounded vowel in Bengali. Vowel sequences of

two and three occur e.g. /ee co/, /ego cea/

Front Central Back
Close i u
Close-mid € 0
Open-mid ® a
Open a

Table 5/2: Cardinal Vowels (Bengali)
Schwa /e/ in Bengali is a mid-low vowel and is realized as full vowel e.g.
/mel/ ‘dirt’ [emol] ‘pure’,[enek] ‘many’.
5.2.3 Dogri

Dogri also uses mid-central open Schwa like Punjabi. In addition it has vowel

allophone  /3/1.e. extra short Schwa.

5.2.4 Gujarati

Murmur has been reported in Gujarati vowels which are attributed to loss of h in

casual and rapid speech. Thus Schwa also gets breathy and is represented as /9/ e.g.
/mohino/ [mg jno] ‘month’
/paholii/ [pg 1ii] ‘broad’
There are two allophones of Schwa /o/ viz [3] [a:]
Example

/wahelll/ [ve 11] ‘early’
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5.2.5 Hindi
Schwa does not occur word finally.

Allophone [e] < /o/ occurs when followed by /h/, e.g.

gl /kaena/
olgl /laer/

5.2.6 Kashmiri
Kashmiri has in addition a long Schwa also. Both the Schwa do not occur word

finally.

5.2.7 Konkani

In Konkani, Schwa is a close-mid central vowel. There are two allophones of

Schwa viz. The raised, [9] and [9] lowered allophones occur before high and low

vowels as dipthongs i.e. /ai ou/.

5.2.8 Maithili

Schwa is close-mid central vowel in Maithili and is instrumental in formation of
geminates similar to Punjabi. Geminate consonants occur intervocalically. They are

however in free variation with single consonants in this position.
/potta/ [ 'potta]
Schwa also is found as part of two and three-vowel clusters.
/ 1au iau oia oua uia /

5.2.9 Sindhi

Schwa occurs in the end of syllables unlike other Indian languages. Sindhi syllables
in most of the cases end with vowels or semi-vowels and consonant can occur at

initial, medial and final position of words Jatoi (1983)
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For example:

S. Vowel Sindhi English | Sindhiin | English
No. contrast in IPA IPA
1 /a/ /a/ sara Miss Sara reeds

Table 5/3: Occurrence of Schwa in end of Open Syllable in Sindhi

5.2.10 Urdu

In Urdu first alphabet alif (') is also used to represent Schwa /a/. The behavior

of alif in various contexts is described below:

Alif + jabar on top = /o/ and is used as full vowel in the initial position of the

word e.g.
CacUNIINS
Alif+ madd= /a/ in the initial position and is used as full vowel e.g.
() ol
Alif in the medial and final position of a word is used as /a/ matra.

Alif + Zer below alif =/I/ and is used as full vowel in initial position e.g.

(FHAT)

Schwa is also found as part of vowel consonant clusters:

Alif + vao = /ao/ which is a diphthong. e.g.

CEVEE
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53 Phonetic Variations of Schwa in Punjabi

The Schwa has been the subject of much research by phonologists yet substantially
less consideration has been dedicated to study of the phonetic attributes of Schwa
vowel. Punjabi is a tonal language wherein Schwa is a short neutral vowel sounds
like every single other vowel, its exact quality changes depending upon the adjacent

consonants, which needs to be investigated.

5.3.1 Occurrence of Schwa in Isolated Words
(i) Word-initial Schwa or inherent Schwa in a consonant cluster (CC) and

also Schwa as a tone bearing unit

e.g. WH'S (/asan/), A (/kasak/), W /kar/

(i) Nasalized Schwa

e.g. IFE /r3bdna/, TH3/basst/

(iii) Schwa associated with Geminated Consonant as Onset

e.g. B'HET/ pidzdzona/, 9 /budzdzéna/

(iv) Schwa as Release Vowel

Schwa doesn’t occur in word-final position in Punjabi Panday Pramod (2014),

however it is observed as consonantal release in words ending with closed syllable

e.g. BTHd /tfadzer/, INEE /guidy n /, BaE /takkor /

5.3.2 Schwa as Release Vowel in Sentences

The most psycholinguists have discussed the selection of lexical concepts and the
generation of a syntactic structure of a sentence appropriate for conveying the

speaker’s intended meaning or “message”.
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Levelt (1989, 1992) argues that the unit of phonological encoding is the phonological
word. He postulates a prosody generator that takes as input the rhythmic information
about the selected words and combines them into phonological word frames. The
phonological segments for each word are made available separately and then
associated to the newly constructed phonological word frames in a left to right

manner.

Short release vowel schwa is observed in following Punjabi sentence in some

speakers:
(i) N WI A= /mé kar dzavaga/
() W WI A= /mé kar'o dzava/

This neutral Schwa vowel may sound like nothing or its something like a low
volume, low pitch, very short grumble or grunt which ought to be verified
experimentally. In this context, the phenomenon of Release Vowel as discussed in the
context of Isolated Words needs to be examined in the context of a sentence and

comparison needs to be drawn in both the acoustic contexts.

5.4  Experimental Study

5.4.1 Acoustic Parameters

The following parameters will be used to study the Schwa quality:
. Fundamental frequency (Fy)

. Formants (F1, F2)

. Acoustic space in terms of F1 and F2

J Intensity, Duration, slope

. Burst Energy (BE)

The acoustic space is calculated in order to determine the tongue position involved

in articulation. The few examples of different categories of words will be recorded.
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There can be more than one Schwa in a word occurring in different contexts as
discussed in section 5.3. The Schwa in the words being analyzed will be highlighted
in the word list. Burst energy i.e. (Intensity * Duration) of Schwa vowel will be

calculated to determine the quality of a vowel viz lax/tense.

5.4.2 Methodology
5.4.2.1 Data Selection, Recording and Annotation

The list of phonetically balanced words was collated for this experimental analysis.
The selection of the word will be prepared based on the criteria of occurrence of /o/
in different contexts as discussed in the section 5.3.1 by using available published
dictionary from authentic sources such as Punjabi-English Dictionary, Punjabi
University (2011). Phoneme level annotation of the data was done based on auditory
perception. The Release Vowel study is not limited to only Isolated Words and is
being extended to sentence level containing that word. The Isolated Words
containing tonemes and their occurrence in two different sentences were taken for
two sentences containing these isolated words to examine the significance of release
vowel in the Punjabi language. The informants were selected from region of Punjab
where Malwai dialect is spoken. Each informant recorded the entire set of words
thrice. Out of this, words containing toneme will also be recorded in sentences i.e.
each word in two different sentences for study of release vowel in an isolated word
viz-a-viz it’s occurrence in a sentence. The sentence data was recorded only for 8
speakers (4 male & 4 female) and the corresponding Isolated Words were also
recorded by these speakers for the study of release vowel.The recording and
annotation of the data was carried out as per details discussed in section 1.8.2. The
spectrographic analysis of all the male & female samples was carried out and
phoneme level annotation was done and Release Vowel was marked in Isolated

Words as well as sentences.
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Fo, first two formants (F1 & F2), Intensity & duration of the schwa vowel under
examination were recorded for each word by using PRAAT software for all the words
being analyzed and also for the Release Vowel associated with Isolated Words as
well as its occurrence in a sentence. Based on this data, the analysis of vowel quality

will be carried out in various acoustic settings.
5.4.2.2 Recording of Data Sheets

The various acoustic parameters as discussed in section 5.3 were recorded and are

given in the respective sections given below.

5.4.2.3 Analysis of Schwa Vowel in Isolated Words

Wilder (1975), Vowel height is inversely correlated with the frequency of the first
formant: the higher the vowel (the higher the tongue position), the lower the F1.
Vowel backness is reflected in the frequency of the second formant or more precisely,
in the distance between the first and second formant frequencies. The frequency of
the third formant does not change as much as that of F1 & F2. Formant frequencies
higher that F3 are not considered important clues to the identity of the vowel. The
production of nasalized vowel requires two resonators, the oral and nasal cavity. The
difficult interface between these two resonators and the heavy damping of the nasal
cavity give results in several differences between oral and nasalized vowels. In nasal
vowel typically represent greater formants bandwidth, lower overall amplitude, a low
frequency nasal formant. A traditional "vowel diagram" can be obtained by plotting
the vowel formants in a graph where the horizontal axis is (F2-F1) and the vertical
axis 1s inverse of F1. Burst energy i.e. (Intensity * Duration) of Release Vowel was
recorded for Isolated Words vis-a-vis its burst energy in a sentence to identify the

quality of a vowel viz lax/tense in both the contexts.

5.4.2.3.1 Oral Schwa Vowel

Schwa occurs in only word-initial and word-medial positions in Punjabi language.
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and is not represented orthographically but is phonetically realized.

The word-medial Schwa is usually used functionally to break the consonant clusters

Words IPA F1 F2 F2-F1
WHS /osan/ 625.1 1526.40 901.3
wflg /omit/ 63422 | 141422 780
W fophim/ 649.33 1240.83 591.5
wEy fonok?/ 711.22 1526.78 815.56

g /abias/ 637 1306.90 669.9
IS /okal/ 660 1484.00 824
e /anad/ 665.1 1558.90 893.8
S /otfokk/ 603.8 1701.30 1097.5
WSS / atf3kk / 751.8 1678.80 927

wigr logge/ 620.8 1547.90 927.1
IR /hasab/ 669.5 1505.50 836
S /hasab/ 606.1 1506.70 900.6
IHE /kasak/ 59425 | 1380.75 786.5
A fkasok/ 590.75 | 1406.45 815.7
Aod /sarab/ 626.1 1565.20 939.1
IS /sarab/ 599 5 1569.20 969.7
I /sarak/ 614 1609.90 995.9
A [sarak/ 610.50 | 1684.80 | 10743
) /fogon/ 573.4 1685.00 1111.6
e [fogon/ 577.7 1640.10 1062.4
Hae /s3kat/ 582.2 1633.20 1051
g9z /tokkan/ 683.3 1665.80 982.5
sg= /lobbdna/ 655.3 1500.70 845.4
N / kessa / 592 1562.00 970
gH3 /basst/ 492.5 1527.40 | 1034.9
SSRGS /dorldbb/ 8143 1472.19 657.89
T /tfagg/ 748.1 1686.50 938.4
shit /bdggi/ 584.2 1457.87 873.67
A /kdllukara/ 654.6 1561.00 906.4
Average 635.40 1538.14 902.74

Table 5/4: F1 & F2 — Oral Schwa
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5.4.2.3.2 Nasalized Schwa (3)

Schwa before a nasal in the same syllable tends to be nasalized. The few examples of

Schwa with nasalization are shown below:

Words F1 F2 F2-F1
WET/ andd /| 54130 | 149820 956.90
FH3/bas3t/ | 560.80 | 1505.90 945.10
A/ sskot/ | 5p3.10 | 142720 904.10
IR/ Aguwl | 49978 | 1274.40 774.63
devtsda’ | 47650 | 155720 | 1080.70

AeET/ssdina/ | 52000 | 165370 | 113170
SO Kadui /| 45367 | 145677 1003.10

B /gdddla/ | 47580 | 161590 |  1140.10
SO /badia/ | 47133 | 135933 888.00
IFT /rdbdnal | sgs10 | 153220 947.10
WOTT/aderal | 49140 | 1594.90 1103.50

Average 534.99 1502.19 967.20

Table 5/5: F1 &F2 — Nasalized Schwa

5.4.2.3.3 Schwa Associated with Geminated Consonant as Onset (3;)

The effect of occurrence of geminated toneme as onset of the syllable containing
Schwa (o) needs to be examined to understand the variation of schwa in this

context.
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Words F1 F2-F1
€ /bu'd3d3zs,na/ 510.90 1861.9 1351.00
B¥e m'dzdzdemal | 504,70 1901.6 1396.90
BAE pi'dsdsomna/ | 40300 | 19274 | 143430
BT /lo'bbdgna/ 564 934
f8Tg /1'ddd,r/ 624.40 1104.60
Average 539.42 1783.58 1244.16

Table 5/6: F1 & F2 — Geminated Schwa

The analysis of above examples reveals that the tongue moves higher and forward in

the phonetic realization of schwa in such cases.

5.4.2.3.4 Schwa as Release Vowel (3,)

Schwa doesn’t occur in word-final position. In Panday (2014) however it is

observed as consonantal release in words ending with closed syllable which is

termed as Release Vowel (RV). The examples are shown below:

Words IPA F1 F2 F2-F
e /taray/ 554.08 1681.56 1127.48
wWewg /onk3ray/ 565.48 1694.52 | 1129.04
Wy /atfokka,/ 5182 1539.6 1021.4
Hy /n‘léger/ 535.37 1545.62 | 1010.25
s /sad3a/ 436.98 1766.85 | 1329.87
gg /tfadzoray/ 539.99 1682.13 | 1142.14
da= / tokkong, / 556.94 1606.6 | 1049.66
wg fkora 523.42 167541 | 1151.99
g /tfogga/ 515.51 1586.65 | 1071.14
55 /tuthay/ 549 13 1518.61 969.48
s ftona/ 556.42 1598.79 | 104237
Contd..
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Words IPA F1 K2 F2-Fl
% /bodza 451.06 1687.67 | 1236.61
gsw | / f’d3?b‘5g9f/ 47143 1459.12 | 987.69
&y [diga/ 564.83 1602.56 | 1037.73
Ihy /taga,/ 517.84 1568.88 | 1051.04
Uy pigod 490.42 1588.66 | 1098.24
Su fugad 597.81 147794 | 880.13
Average 526.17 1604775 | 1078.6

Table 5/7: F1 & F2 — Release Vowel in Isolated Words

5.4.2.3.5 Vowel Diagram of Schwa

Based on the above findings, the acoustic space is depicted in the below graph for
various phonological settings plotting the average values of each category as

discussed above:

800 750 700 620 600 550 500 450 400
F1
. 600
700
800
@ Oral Schwa a
o8 900
g
A )
1000 Nasalised schwa a,
F2-F1
O 2, 1100  # Schwa associated with geminated

consonant ag

1200w Release vowel in isolated words

Ch

3 1300

1400

1500

1600

Fig 5/6: F1, F2-F1 Plot of Schwa in different Acoustic Contexts
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The acoustic variations of Schwa can be observed from F1 & F2 plot given below:

2000
1500 -
1EQD
1700 <
1600 -
1500 -
F2 1400
1300 -
1200 -
1100 <

1000 -

300 400

S00 500

T00

& OralSchwa @
B nasalized Schwa @,

Geminated Schwa :..E

@ Release vowel in lsolated words

?

Fig 5/7: F1, F2 Scattered Graph of Schwa

The range of F1 &F2 of Schwa vowel in above acoustic contexts is tabulated below:

F1 Table
Categories | F1 range Vowel height
9 500-800 Mid
2 450-600 Transition zone high
9 500-650
or 450-600
Table 5/8: F1 Range in different Acoustic Contexts
F2 Table
Categories | F2 range Articulatory zone
9 1200-1700 Central
“n
) 1500-1950 Transition zone front
o 1450-1800 Transition zone front

Table 5/9: F2 Range in different Acoustic Contexts

192




2000
1800
1600

(1538.14]

{1502.18)

(1783.58)

1400

1200
1000

800

600 -
400 -
200 -

ag

ar

mFl

HF2

Fig 5/8: F1, F2 Average Values Bar Chart in different Acoustic Contexts

5.4.2.4 Comparison of Release Vowel (3,) in Isolated Words viz-a-viz Sentences

The average of burst energy of Release Vowel in Isolated Words viz-a-viz average

of burst energy when the same word occurs in two sentences is tabulated below:

Word with in a Sentence Isolated Words
Words F1 F2 Burst Energy F1 F2 Burst Energy
(Duration (Duration *
* Intensity)
Intensity)
ug 443.25 1792 2.71 470.00 1725.00 9.03
/kara,/
gos 391 1498 0.78 567.00 1730.50 6.04
/tdkkana,/
U& /t3na,/ 409 1969.5 2.28 538.50 1686.00 9.23
3T /tdra/ 497.5 1650.5 3.23 506.50 1705.50 10.87
EEll 387 2342 2.26 494.00 1612.00 10.15
/tfogga,/
85 ffurey) | 4755 1921 2.21 442.00 1522.00 10.02
Contd..
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Word with in a Sentence Isolated Words
Words F1 F2 Burst F1 F2 Burst Energy
Energy (Duration *
(Duration Intensity)
*
Intensity)
gHg 408 1323.5 4.50 470.50 1724.50 8.72
/tfadzora,/
Ty 502 1687.5 0.17 694.00 1876.00 5.18
/tfigara,/
wWEwy 551.5 1695 2.53 499.00 1766.50 8.13
/onkara/
Eway 556 1777.5 1.92 441.50 1471.50 9.19
Judzbbga,/
Aes 446.5 1569.5 3.40 516.00 1477.00 11.38
/sidy lay/
wWsq 514 1450 3.31 528.50 1584.50 8.05
fot[3kka,/
B /qigos/ | 546.5 1746.5 4.76 511.50 1625.00 9.66
3 /tags,/ | 426.5 1727.5 1.20 454.50 1567.00 8.48
Uhy /piga,/ 624 1940 2.30 453.00 1655.00 6.58
8w /liga,/ 417 1750 1.48 515.50 1471.00 9.60
HW /maga,/ | 503 1759.5 1.70 482.00 1601.50 7.12
HY /sadzo,/ | 448 1799 1.16 402.50 1940.00 6.95
g9 /bodza,/ | 4355 1930 0.61 418.50 1992.50 8.37
Average | 474.58 | 1771.17 2.24 495.00 1670.16 8.57

Fundamental frequency (Fy) male & female speakers

Table 5/10: F1 & F2 - Isolated Words viz-a-viz Sentence

Male Female
Isolated Words 190.11 263.33
Word occurrence in sentence 188.32 268.58

Table 5/11: Fy - Isolated Words viz-a-viz Sentence
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5.5 Results & Discussion

The variations as observed from above data analysis are reported below with

reference to pure vowel /o/ characteristics:

Punjabi Vowels
Front Back
Unrounde rounded
High \ [u] g
i =
o m fe \ we
o
wid [2]
[E] é- \ [0] ﬁ
| [D] wi
Low [E] ¥
[a] »

Fig 5/9: Cardinal Vowels (Punjabi)- Acoustic Variabiality of Schwa

The data analysis from the above tables and graphs reveals that there is variation in
the quality of Schwa in Punjabi language. The Schwa in IPA is indicated as mid-
central vowel as discussed in this chapter however the data analysis shows changes
in the vowel height and degree of backness. The following is observed from the

above tables and graphs:

. The values of F1 are decreasing for nasalized Schwa and also for Release
Vowel associated with Isolated Words. Similar phenomenon is also observed in
case the geminated toneme occurring as onset of the syllable containing Schwa. In
these cases the vowel height is 20-25% higher.

. The F2-F1 value is maximum for geminated toneme as onset of the syllable
containing Schwa (9g) and decreases in case of Release Vowel associated with
Isolated Words having closed last syllable (9;) & nasalized Schwa (9,) as compared
to mid-central Schwa 1i.e. there is a relative shift in the vowel position towards the

front. This shift in case of 9, is negligible.
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The Release Vowel in Isolated Words ¢ ;) gets shifted towards the front by 20 % in
articulation. The major change in the place of articulation happens in case of
which can be considered in between the front and central in the vowel triangle.

. It is observed that Burst energy of Release Vowel in a sentence is much less
(only 25 %) as compared to the Release Vowel associated with Isolated Words.
Hence can be ignored. It is also noted that there is not much variations in
fundamental frequency and the first two formants.

o Thus the Release Vowel in a sentence gets suppressed due to the continuation
of speech in the sentence due to accompanying intonation features whereas the
release energy in maximum in Isolated Words due to un-interrupted pronunciation.
Hence the Release Vowel in a sentence is not phonologically significant. Thus mid-
central Schwa /o/ is a pertinent vowel in terms of acoustic variations as discussed

above and can be represented in IPA as follows:

(i) All nasalized Schwa (2y) 1/
(i1) Schwa associated with geminated consonant as onset (9,) / ?/
(iii) Schwa as Release Vowel (o) 1/

The above findings can assist TTS developers in realizing natural speech in Punjabi

TTS.
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Chapter 6
Correlation of Morpho-syntactic Features with Lexical Representation and its

Co-articulation

6 Introduction

In spoken production, there is an intimate link between morphological and
phonological processing. First and foremost, the output of morphological operations
serves as the input to phonological processes. When morphological processes
combine lexical representations (morphemes) to form a multi-morphemic word, the
constituent sounds must also be combined in such a way that the resulting
phonological representation is suitable for driving spoken production.

The PLS provides inter-operable specification of pronunciation information which
can be used for speech technology development. W3C PLS 1.0 represents the
requirements of Latin script based languages with few examples mentioned for
Japanese and Chinese, thus keeping the specification very broad, however it currently
does not cover morphological, syntactic and semantic information associated with
pronunciations (such as word stems, inter-word semantic links, pronunciation
statistics, prosody etc.). POS is an available source for feature extraction for building
NLP & speech systems. PLS based on morphology with overriding phonological
features such as stress, tone, gemination, nasalization etc covering phonological
words that contain maximum inflection under each POS category can be a useful
resource for training of speech systems. An initial work on Part of speech (POS) and
morphological pronunciations in Pronunciation Lexicon Specification (PLS) —
Bengali has been carried out as discussed in section 1.7.1. The paper proposed
addition of POS feature in PLS XML structure either as an attribute or an element.
This can be used to choose the proper pronunciation among multiple pronunciations
of the same orthography of a word. This information can reduce the search time in a
large vocabulary recognition and synthesis system. This needs to be further
investigated for Punjabi language. Therefore there is a need to standardized the tags
to be used for part-of-speech information to be encoded in PLS data.
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6.1 Standard POS Tag Set

Parts of Speech tagging is one of the key building blocks for developing speech
applications. A Part-Of-Speech Tagger (POS Tagger) is a piece of software that reads
text in a language and assigns parts of speech tag to each word such as noun, verb,

adjective etc. Punjabi has a rich base of POS based inflections e.g.

Word IPA POS Gloss

gag=t /ukkarva/ JIM.S engraved. etched
Sag= 8= /ukarvavna/ VM. M.S to get engraved. inscribed
Sag=dr /ukarvai/ N.F.S wages for

Table 6/1: Example of POS Based Inflections

The POS tag set for Punjabi language has been standardised as discussed in Paper
“Standardization of POS Tag Set for Indian Languages based on XML
Internationalization best practices guidelines” by Lata et al (2012), the same is
enclosed at Annexure I of Appendix D. The prosodic features of Punjabi are
discussed here with the help of examples transcribed in IPA using these standard POS
Tags.

6.2 POS Inflections in Punjabi

Punjabi is highly inflectional language like most other Indo-Aryan Languages. POS is
an important feature in Punjabi language. Main parts of speech (POS) in Punjabi are
noun, pronoun, verb, adjective, adverb, preposition, conjunction and interjection etc.
An affix is a morpheme that is attached to a word stem to form a new word. Affixes
are divided depending on their position with reference to the stem as discussed

below:
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6.2.1 Prefix

A prefix is a morphological unit, for example 'un-' or 'multi-', which is added to the
beginning of a word in order to form a different word. For example, the prefix 'un-' is
added to 'happy' to form 'unhappy’. Use of prefixes is much lesser as compared to the

use of suffixes in Punjabi. These are mostly used with Nouns, Adjectives. Its use with

verbs is very rare. For example:

Word
Ufags

6.2.2 Suffix

A suffix is a morphological unit attached to the end of a word to form a new word or
to change the grammatical function (or part of speech) of the original word. For
example, the verb read is made into the noun reader by adding the suffix -er.
Similarly, read is made into the adjective readable by adding the suffix -able. The

addition of suffix may also lead to change in number, gender & person. The Punjabi

IPA
/pél/

/pél-a/
/pél-u/
/pél-e /

/pél-an/

Ipél-a/

POS
N,F

M

N.M

JIM

Al

RB

Gloss

first step/initiative
First
aspect/point of view
first/foremost

calved for the
first time

formerly/before hand

examples related to these changes are covered in the following section.
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6.2.2.1 Change in Grammatical Categories

Word

a

HIT

H3

HEgw

-

HEE

6.2.2.2 Word Inflection for Number, Gender and Person

IPA

/mud-a/

/mud-e/

/miid-1a/

/mud-Io/

Inflection for Number change

Word

Gender change

Word

o 4 % q

IPA

/muid-a/
/mud-e/
/ kug-1/

/ kur-ia /

IPA
/b6 d-a/

/b6d d-1/
/kor-a/

/kor-1/
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POS
N,M.,S

N,M,P

N,M,P

N,M,P

POS
N,M,S

N,M,PI

N,F,S

N,F,PI

POS
N.M

N,F.,S

N.M

N,F,S

Gloss
boy

boys
boys

boys

Gloss
boy

boys
girl

girls

Gloss

old man
old woman
horse

mare



6.3 Distinctive Features of Morphology-Phonology Interface

The morphological structure of a complex word determines how the constituent
morphemes of a word are realized phonetically. The phonological structure of a
complex word reflects its morphological structure, but is not isomorphic to that
structure. A native speaker understands that spoken words are made up of sequences
of speech sounds and has the ability to hear and manoeuvre the sounds in spoken
words. This ability is known as phonemic awareness. Phoneme is capable of
distinguishing meanings of words. Phonemic awareness is a subset of phonological
awareness in which listeners are able to hear, identify and manipulate phonemes, the
smallest mental units of sound that helps to differentiate units of meaning
(morphemes). Phonology plays a role in the selection of one from a set of competing
affixes. The supra-segmental phonemes i.e. patterns of articulations due to presence
of tone, stress, nasalisation, germination etc are phonemic. Hence the distinctive
features of morphology-phonology interface of Punjabi language will be discussed in
this section. These features are essential for the completeness of PLS and should

necessarily be captured for complete phonological coverage of the language.

6.3.1 Tone

Tone in Punjabi language has been discussed in detail in chapter 2 & 3. The tonal
minimal pairs based on three types of tone i.e. high-tone /6/, low-tone /0/ and mid-
tone /0/ have been discussed in this section. Level tone is also phonemic however it is

customary not to mark it in the pronunciation lexicon. For example:

Word IPA POS TONE Gloss
=ro) /san/ V,Aux Nil were
=re) /s3n/ N.M Nil year
):i’-s:; /sén/ N.M HighTone hole made by thieves
Ig /par/ N, M Low Tone load
ug /par/  RB ,Both NiL beyond
ggg  /bahar/  RB, Both NiL out
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6.3.2 Nasalization

Nasalisation is phonemic in Punjabi. Tippi (&) and Bindi (ﬁ) are used to represent

nasalisation. Functionally both are same however there are some rules in orthography

with regard to use of tippi and bindi. Tippi is used only in conjunction with some

vowels and matras i.e. [, fo, f, <, ¢l /5, 1, I, U, u/ and rest of the vowels and

matras use bindi. For example:

Word IPA POS Gloss

wer /kata/ N,F to subtract/decrease
ufar /k3ta/ N.M large bell

A /sa/ N hundred

A / s3/ A% to sleep

6.3.3 Gemination

Punjabi has a large number of geminates. In Punjabi, gemination is phonemic and it

results in unique words. For example:

Word IPA POS Gloss
<H /das/ JJ digit ten
°H /dass/ \Y to tell

fest /d1li/ A from heart
1582} /di/ N delhi
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Word IPA POS Gloss

H3 /sat/ N, M strength
H3 /sott/ QTC seven
HET /soda/ RB always
HeT /sadda/ N, M invite
wcer /kotm / N knee
WeEr /kottna/ A% to press

6.4 Word variants

6.4.1 Free variations

It is the phenomenon of two (or more) sounds or forms appearing in the same
environment without a change in meaning. There is an alternative textual

representation for the same word or phrase in Punjabi. For example:

Word IPA POS Gloss
Jgenrgr  /gorudvard/ N place of worship
Jge<egr  /gordevara/ N place of worship
ggggTér / kutkotari/ \Y% tickling

393t /kutkoti / \Y tickling
3 Ipe/ N fear
3 / pd/ N fear
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6.4.2 Homonyms
Homonyms are words which sound alike, but have different meanings. There is

abundance of homonyms in Punjabi.

Word IPA POS Gloss

g /khan/ \Y to eat
yE /kPan / N mine

33 /&d/ N push-up
33 /dd/ N punishment
33 /&d/ N noise

6.4.3 Homographs

Homographs are words with the same spelling (and sometimes different

pronunciations), but different meanings. For example:

Word IPA POS Gloss
ESH /para/ N, M brother
ESH /para:/ \Y to get filled
gdr /hora/ 1 green colour
SCH /hora:/ \Y to defeat
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6.4.4 Homophones

Words with the same pronunciation but different meanings and different spellings.

For example:

Word IPA POS Gloss
I /kat/ N hard layer
CES /ka't/ A" continuous boiling at low temperature
Sy /pata/ N gap
g /para/ N learner

6.4.5 Borrowed Words

A loan word is a word borrowed from a donor language and incorporated into a
recipient language. Borrowed words are adapted to the sound system and
grammatical system of the language in which they are borrowed. Like when Punjabi
borrows word from other languages it changes its gender or other categories
according to its nature or behaviour. Punjabi language has borrowed extensively from
Sanskrit, Hindi, Urdu, Persian and English. 5 /f/, 9 /z/, € /1/, ¥ /x/, 91 /y/ used only for
borrowed words from Perso-Arabic. Such borrowed words have been assimilated in
Punjabi however some of the native speakers do not pronounce nukta hence both the

variants are in use. For example:

Word in Urdu Word variants in Punjabi IPA
) THST /zomana/
HH ST /dzomana/

These words pose a challenge in building PLS for Punjabi language, in deciding

which pronunciation should be kept in the database, either or both.
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6.4.6 Acronyms / Abbreviations

An acronym is a word or name formed as an abbreviation from the initial components
in a phrase or a word, usually individual letters and sometimes syllables. There are no
universal standards for abbreviations and the orthographic styling. For some words
and phrases pronunciation can be expressed quickly and conveniently as a sequence
of other orthographies. Acronyms / Abbreviations as used in some Punjabi language

terms is given below:

I fegrar Uy — e
/pafa/ /vibag/ /p3dzab/ /pa./ /vi./ Ipa./
HAITT aAd THY — AAF.
/sordar/ /kesar/ /sig/ /s./ /ke./ /si./
£9 - g
NIt[to/ 1[5/
I E - 3
/ote /’te/
g3 3
/ottd/ 13/
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6.4.7 Multi-Word Expressions (MWEs)

Multiword expressions (MWEs) are expressions which are made up of at least 2
words and which can be syntactically and/or semantically idiosyncratic in nature.

These act as a single unit for linguistic analysis e.g.

Ut gatedfiet ufenrs

/p5dA33bi/ /junivarsti/ /patiala/

Such language specific data of all possible MWEs also needs to be encoded in PLS.
The value of this attribute can be “NER” for encoding this type of data. The
corresponding abbrevaiation can be encoded using <alias> element. These value can
be defined suitabily for example “echo” or “duplicate” for encoding echo words and

duplicate words. The examples will be covered in the next chapter.

6.5 Conclusion

The data covering the Morpho-syntactic features of Punjabi as elaborated in this
chapter need to be encoded in the PLS to get prosodically rich PLS. The word list of
unique words in Punjabi from major POS categories such as Noun, Verb, Adjective,
Adverb and other granular features may be collated along with the variations for

developing phonologically rich PLS data.
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Chapter 7
Prosodic Lexical XML Database-PLS Framework, Rules and Sample Data

7. Introduction

Pronunciation Lexicons are of critical importance in the development of speech
technology for a language. They represent the interface between the interpretation

and analysis of speech.

ngungl
Understond Caonbext Warld
Inf=ipretation Wide
%
melnclamn Lexicon Dislog
Specification [PLS) Mangger
i
User Pre-tacardad Audin Player
\ N -
Ha:ﬂ?l o el
Languags g
[Fanaration

Fig 7/1: Interface between the Interpretation and Analysis of Speech

In text-to-speech (TTS) synthesis, for example, phonemic transcriptions of the
pronunciations of words help determine the selection of the acoustic models for
generating the targeted waveform. The Automatic Speech Recognition (ASR) engine
developed based on Speech Recognition Grammar Specification (SRGS) uses PLS to
leverage multiple pronunciations of words and phrases. PLS entries are also applied
to the graphemes inside SRGS grammar rules to convert them into the phonemes to

be recognized.

In Indian languages, Part of Speech (POS) plays an important role in pronunciation as
discussed in chapter 6. The XML schema needs to be evolved which will help in
capturing the language specific morphological features in PLS. The proposed XML

design will also be targeted towards search optimization of PLS data.
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7.1 Punjabi Lexicon

Punjabi lexicon is mainly composed of Tadbhavas and use of Tatsama words is very
limited. The borrowed words pronunciation is adapted by the Punjabi speaker as
discussed in section 6.4.5. Punjab being an agricultural state, the vocabulary is rich in
this domain whereas vocabulary of science and technology is not so much developed.

Punjabi has inflectional morphology as discussed in section 6.2. Punjabi singular

nouns abundantly use W' /-a/ as suffix and this is indicative of the major use of

masculine gender. It is also used in conjunction with singular form of verb and verb-

adjective. The corresponding feminine suffix is 8 /-i/.

The tone is phonemic and has been discussed in section 6.3.1. There is only single

tone in a word and exhibits on the nucleus of the syllable containing toneme or

consonant / h/ conjuncts of I /f/. The frequency of use of short vowels i.e. f& /1/, €

/v/ is very less. Among long vowels, use of } /e/ and W /o/ is less. Punjabi vocabulary

contains monosyllabic and polysyllabic words however the frequency of disyllabic
words is maximum. Many monosyllabic words end in long vowels. Use of dipthongs
is frequently found in Punjabi. Four to five vowels can get aglutted to a verb and are

commonly found in the language.

7.2 Current Framework for Pronunciation Lexicon Specification (PLS 1.0)

The current version of PLS may be referred as base line specification as it addresses

the requirements of Latin script based languages.

The specification covers the multiple pronunciations and multiple orthography in the
XML structure at the lexicon level thus providing the flexibility of creating language

specific PLS documents.
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Elements Attributes Description
version
xml:base
<lexicon> xmlns root element for PLS
xml:lang
alphabet
name
<meta> http-equiv element containing meta data
content
<metadata> element containing meta data
xml:id the container element for a single lexical
<lexeme>
role entry
contains orthographic information for
<grapheme>
a lexeme
prefer contains pronunciation information for
<phoneme>
alphabet a lexeme
contains acronym expansions and
<alias> Prefer _ o
orthographic substitutions
contains an example of the usage for
<example>

a lexeme

Table 7/1: Markup Language Definition of PLS 1.0

It only covers segmental features of the language. There is no provision to cover
morphological, syntactic and semantic information associated with pronunciations
(such as word stems, inter-word semantic links, prosody etc.), hence the research
undertaken has addressed these additional language specific requirements in this

context and proposed a new framework.
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7.3 Proposed Framework for Pronunciation Lexicon Specification for

Punjabi Language (PLS 2.0)
The main objective of the research undertaken has been:

e Adaptation of the W3C PLS 1.0 for evolving a framework for capturing Punjabi
language phonological features.

e Corroboration of the major linguistic aspects through analytical study of recorded
speech signals for Punjabi Language.

o Identification of the challenges for designing of web based Machine-Readable
Pronunciation Lexicon Specification in XML.

e Design of new lexeme elements to incorporate identified features.

The supra-segmental features of Punjabi language have been experimentally
examined using recorded speech samples and reported in the previous chapters.

Based on these findings, W3C PLS 1.0 has been augmented as discussed here.
7.3.1 Addition of New XML Tags/Attributes

The co-rrelation of Morpho-Syntactic features with lexical representation and its co-
articulation has been discussed in chapter 6. Based on these findings, new xml
elements/attributes in yellow colour are proposed for addition in the existing PLS 1.0

as given in the table below:

Elements Attributes Description
version
xml:base
<lexicon> xmins root element for PLS
xml:lang
alphabet
xml:script
name element containing meta
<meta> http-equiv &
data
content
<metadata> element containing meta
data
xml:id the container element for a
<lexeme> . .
role single lexical entry
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Elements

Attributes

Description

<rootword>

Container element for a
rootword that contains
nested derived root words
with their prefixes and
suffixes information

<stem>

Container elements for
derivational words
containing affixes of the
root word

<grapheme>

Origin, pos, pre-fix, MWE ,

meaning

Contains orthographic
information for a lexeme,
its origin and it’s Parts-of-
speech label, Pre-fix and
multi word expression viz
MWE, meaning if any.
Origin attribute will
contain ISO 639-3 code of
the language from which
the word has been
borrowed.

The standard POS tagset
will be referred as “BIS”

<suffix>

Element contains all the
suffixes of the particular
root word that may be
nested

<inf>

Container contains all the
inflections of a particular
stem

<phoneme>

prefer
alphabet

contains pronunciation
information for a lexeme

<alias>

Prefer

contains acronym
expansions and
orthographic substitutions

<example>

contains an example of the
usage for a lexeme

Table 7/2: XML Structure of PLS 2.0 Framework

“Script Attribute” of <lexicon>:

Punjabi is written in two scripts i.e. Gurmukhi script (used in Punjab, India) or

Shahmukhi script, a Perso-arabic script (used in Punjab, Pakistan). Although the
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scope of the thesis is limited to Gurumukhi script yet it will be appropriate to add
script attribute in the lexicon to cater to the users of both the scripts to keep the
framework resilient. The script values for these languages can be encoded in the PLS
lexicon, which is a four-letter code as per ISO: 15924 “Codes for the representation
of names of scripts”. The code value for Gurmukhi is “Guru” and the code value for
Shahmukhi is not yet assigned in the standard. The xml: lang tag is already
provisioned in the PLS, code value of “Pan” will be encoded in the sample PLS data

as per ISO: 639-3 “Codes for the representation of names of languages”.
Element <rootword>

It is a container element for a rootword and all other word inflections. The
<rootword> element contains one <grapheme> element and corresponding
<phoneme> element. The <rootword> element forms multiple orthographies and

corresponding pronunciations using affixes.
Origin Attribute

There are many borrowed words as discussed in chapter 6. The origin attribute
contains the information of the language from which the word has been borrowed and

will be used only for borrowed words.
POS Attribute

It is important to encode POS information for each lexeme viz rootword and its
inflected words. The Standrad POS labels will be used as per Annexure I
(appendix D) of Chapter 6 to encode POS attribute for each lexeme and the tagset
will be referred as “BIS”.

Prefix Attribute

The words generated from the root with addition of pre-fix will also be entered as
lexemes within the rootword container however pre-fix attribute will be added with

it’s <grapheme> and <phoneme> elements.
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Suffix Element

The words generated from the root with addition of suffix will also be entered as

lexemes within the rootword container and suffix element will be added.
Multi-Word Expression (MWE) Attribute

The combination of two or more words which conveys specific information needs to
be encoded as use of such words is very common as discussed in section 6.4.7. This
attribute will also be used for encoding echo words, duplicate words, idioms/

proverbs, compound words etc.

7.4 Sample PLS Data in Conformance with PLS 2.0 Framework

Punjabi morphology is highly inflectional as discussed in section 6.2. Verbs have
maximum inflections. There are some words which are used both as native and
borrowed. The linguistic variations as discussed in the previous chapters need to be
captured in the PLS data for complete coverage of the language hence XML of

representative examples is given in the following sections:

7.4.1 Verb/ Noun d'd /kar/

As Tadbhava, it is native word of Punjabi and is used as a verb and as Tatsama, it is a
word borrowed from English and used as a noun. Samples of lexicon xml are given

below:

d'd /kar/ - verb has 10 inflections viz 3 prefixes and 7 suffixes

<?xml version="1.0" encoding="UTF-8"?>

<lexicon version="1.0"

'

xmlns="http://www.w3.0rg/2005/01/pronunciation-lexicon’
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xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.w3.0rg/2005/01/pronunciation-lexicon

http://www.w3.0org/TR/2007/CR-pronunciation-lexicon-20071212/pls.xsd"

alphabet="ipa" xml:lang="pan">
<lexeme>
<rootword> // native root word /kar/ as verb starts here

<grapheme pos="BIS: V_VM”> d'd </grapheme>

<phoneme> /kar/ </phoneme>
<stem> // stems of the root word /kar/ start here

<inf> // inflections of native root word /kar/ using prefix start here

<grapheme prefix=""" pos=“BIS: N_NN”>Wd'd </grapheme>

<phoneme> /a'kar/ </phoneme>

<grapheme prefix="™fT pos="“BIS: N_NN"> Wfdg </grapheme>

<phoneme> /adi 'kar/ </phoneme>

<grapheme prefix="8" pos="BIS: JI”> 8d'd</grapheme>

<phoneme> /be kar/ </phoneme>
</inf> // inflections of native root word /kar/ using prefix end here

<suffix> // suffixes of the native root word /kar/ start here
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<inf> /I inflections of native root word /kar/ using suffixes starts

here

<grapheme> d'ddId </grapheme>

<phoneme> /kar’ gor/ </phoneme>

<grapheme MWE="compound”> F'I-WHE </grapheme>

<phoneme> /kar-a'moad/ </phoneme>

<grapheme MWE="“compound”> S'J-A<" </grapheme>

<phoneme> /kar-se'va/ </phoneme>

<grapheme MWE="“compound”’> 'J-dJedil </grapheme>

<phoneme> /kar-kordo'gi/ </phoneme>

<grapheme MWE="“compound”’> S'J-fHEH3 </grapheme>

<phoneme> /kar-x1do 'mat/ </phoneme>

<grapheme MWE="“compound”’> aTJ-HH3WT </grapheme>

<phoneme> /kar-muxtr'ar/ </phoneme>

<grapheme MWE="“compound”> S'J-f€J'g </grapheme>

<phoneme> /kar-v1'har/ </phoneme>
</inf> // inflections of native root word /kar/ ends here
</suffix> // suffixes of native root word /kar/ end here
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</stem> // stems of native root word /kar/ end here

</rootword> // native root word /kar/ ends here
<lexicon>
Tree View Result: i
L—I

t----7 grapheme : =g
@pos=BIS: V_WM

t----%/ phoneme : /kar/

F---{ @ stem

t---% grapheme : wag
@prefix="n
@pos=BIS:N_NN

+----% phoneme : fe'kar/

+----%47 grapheme : wifaarg

; @prefix=wfa
. @pos=BIS:N_NN

+----%7 phoneme : /edr kar/

+----% grapheme :@ a3
H @prefix=8

Fig 7/2: Tree view by XML Reader

A sample xml entry of lexicon for a rootword d'd /kar/ as borrowed from English,
used as noun in Punjabi language having 2 inflections viz suffixes

<lexeme>

<rootword> //Borrowed root word /kar/ starts here
<grapheme origin= “eng” pos="“BIS: N NN”> d'd </grapheme>
<phoneme> /kar/ </phoneme>

<stem> //stems of borrowed root word /kar/ start here
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<suffix> //suffixes of Borrowed word /kar/ starts here

<inf> //inflections starts here

<grapheme> &9 </grapheme>

<phoneme> /ka’'rd/ </phoneme>

<grapheme> 'J" </grapheme>

<phoneme> /ka'ra/ </phoneme>

</inf> //inflections borrowed root word /kar/ end here
</suffix> // suffixes of Borrowed word /kar/ viz car end here
</stem> //stems word of borrowed root word /kar/ end here
</rootword> // Borrowed root word /kar/ ends here
</lexeme>
(S1exicon )
{70 pr—

{ © rootword ]

----% grapneme @ 39
@origin=eng
Spos=BIS: N_NN

i.."."v phoneme : /kar/
'| @ stem |
é‘---{ﬁsutﬂx]
~| © inr |
}.’4 grapheme . =3
}.':J phoneme @ /ka'rd/

f---+= grapheme : ==
i----<F phoneme : /ka'rid/

Fig 7/3: Tree view by XML Reader
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7.4.2 Pronouns

The hierarchy of Pronouns (6 layers) as defined in the Standard POS Tag Set has

been implemented in xml as given below:

<lexeme>

<grapheme pos="“BIS: PR PRP”> "</ grapheme>

<phoneme> /még/ </phoneme>

<grapheme pos="“BIS: PR_PRF”’>WET </grapheme>

<phoneme> /aps 'na/ </phoneme>

<grapheme pos=“BIS: PR_PRL”> fAH </grapheme>

<phoneme> /d31s/ </phoneme>

<grapheme pos=“BIS: PR_PRC”> "JH </grapheme>

<phoneme> /a'pas/ </phoneme>

<grapheme pos=“BIS: PR_PRQ> e </ grapheme>

<phoneme> /ka'dd/ </phoneme>

<grapheme pos=“BIS: PR_PRI"> et </ grapheme>

<phoneme> /koi/ </phoneme>

</lexeme>
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Tree WwWiew Result:

| & iexicon |
- @ 1exeme |

————— grapheme - 3
Spos=8IS: PR_PRP

-—— Phoneme : /im&s

————— grapheme - e =T
Spos=8BIS: PR_PRF

HE Phoneme @ faps na/s
_____ grapheme - A&
@po==BIS: PR_PRL
Fo-—= Phoneme @ /dais/s
_____ grapheme @ wrJys T

@pos=BIS: PR_PRC
Eo——— pPhoneme - J7/a pass

-— grapheme : ==
Spo==8BIS: PR_FPRQ

F--—= Phoneme : /kaads

grapheme - ==t

Spos—BIS: PR PRI

Fig 7/4: Tree view by XML Reader

7.4.3 Demonstrative Words

The hierarchy of Demonstrative words (4 layers) as defined in the Standard POS Tag

Set has been implemented in xml as given below:

<lexeme><grapheme pos=“BIS: DM_DMD”> f&g </grapheme>

<phoneme> /i/ </phoneme>

<grapheme pos=“BIS: DM_DMR”> "</ grapheme>

<phoneme> /d30/ </phoneme>

<grapheme pos=“BIS: DM_DMQ"> &€ </grapheme>

<phoneme> /kon/ </phoneme>
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<grapheme pos=“BIS: DM_DMI"*> faH</grapheme>

<phoneme> /kis/ </phoneme>

</lexeme>

Trese “WwWiew Result:

2 lexicon

02 lexerme

Epos=—8IS DM __ D10
phoneme - Ffir
graphsme - =

Bpos=8TS: DM_DMR
phoneme @ rdasol

grapheme | S=

Ppos=8BI%: DM_DCH10Q
phoneme © fkkond
grapheme - &=

@pos=8IS: D™M_DMI
phonaerme kTs

Fig 7/5: Tree view of Demonstrative Words by XML Reader

7.4.4 Verb W3 /kay/

A sample xml entry of lexicon for a rootword WJ /k3/, verb containing toneme W

/gf/ having nine stems, total 41 inflections out of which there are 4 prefixes. The

causative form of W3 /kar/ i.e. WF<" /'karva / has been encoded as a separate root

word with 9 stems and total 37 inflections:
<lexeme>

<rootword>
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<grapheme pos=“BIS: V_VM”> WJ </grapheme>

<phoneme> /kd1/ </phoneme>

<stem>

<grapheme pos="BIS: V_ VM"> WfZn </grapheme>

<phoneme> /kar1a/ </phoneme>

<inf>

<grapheme prefix=""g"> WeWfan </grapheme>

<phoneme> /anka 'r1a/ </phoneme>

<grapheme prefix=""&">WeWfan </grapheme> <phoneme> /onka'(ia/
</phoneme>

<grapheme prefix="Wg”>"WWH </grapheme>  <phoneme> /anka 't/
</phoneme>

<grapheme prefix=""E">WeWIM </grapheme> <phoneme> /onka'(ia/
</phoneme>

</inf> </prefix>

<suffix>

<inf>

<grapheme> W3 </grapheme> <phoneme> /kare/ </phoneme>
<grapheme> W3HT </grapheme> <phoneme> /kari/ </phoneme>
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<grapheme> WIMI" </grapheme> <phoneme> /kaid/ </phoneme>

<grapheme> Wf3n" </grapheme> <phoneme> /karid/ </phoneme>

</inf> </suffix>
</stem>

<stem>

<grapheme pos="BIS:V_VM”> WI<TT </grapheme>

<phoneme> /kadrada/ </phoneme>
<suffix>
<inf>
<grapheme> WJE </grapheme> <phoneme> /k3rade/
</phoneme>
<grapheme> WISl </grapheme> <phoneme> /karadi/
</phoneme>
<grapheme> WIS </grapheme> <phoneme> /karadia/
</phoneme>
<grapheme> WI e </grapheme> <phoneme> /kdradia/
</phoneme>
</inf> </ suffix >

</stem>

<stem>
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<grapheme pos=“BIS:V_VM”> WIe </ grapheme>

<phoneme> /kdradd/ </phoneme>
<suffix>
<inf>
<grapheme> WIEE </ grapheme> <phoneme> /kdradio/
</phoneme>
<grapheme> WZfEEG </grapheme> <phoneme> /kdradio/
</phoneme>
<grapheme> WIFCIQ </grapheme> <phoneme> /karadio/
</phoneme>
</inf> </suffix >
</stem>

<stem>
<grapheme pos=“BIS:V_VM”> WJ&T </grapheme>
<phoneme> /kdrona/ </phoneme>

<suffix>

<inf>

<grapheme> WJ& </grapheme> <phoneme> /karone/

</phoneme>
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<grapheme> WIS </grapheme> <phoneme> /kdroni/

</phoneme>
<grapheme> WISMIT </grapheme> <phoneme> /karania/
</phoneme>
<grapheme> WIS </grapheme> <phoneme> /kdron/ </phoneme>
<grapheme> WIS </ grapheme> <phoneme> /karond/
</phoneme>

</inf> </ suffix>
</stem>

<stem>

<grapheme pos=“BIS:V_VM”> WJ" </grapheme>

<phoneme> /kard/ </phoneme>
<inf>

<grapheme prefix=""g&"> WeW3 </grapheme>

<phoneme> /on kare/ </phoneme>
</inf>

<suffix>

<inf>

<grapheme> WHTE </grapheme> <phoneme> /karie/ </phoneme>
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<grapheme> W3 </grapheme>

<grapheme> W3 </ grapheme>

<grapheme> W3 </grapheme>

<grapheme> WIS </grapheme>

</inf> </suffix>

</stem>

<stem>

<phoneme> /kard/ </phoneme>

<phoneme> /kdro/ </phoneme>

<phoneme> /kate/ </phoneme>

<phoneme> /kdran/ </phoneme>

<grapheme pos=“BIS:V_VM”> WZFJI" </grapheme>

<phoneme> /karaga/ </phoneme>

<suffix>

<inf>

<grapheme> WJdl </grapheme>
</phoneme>

<grapheme> W3JT" </grapheme>
</phoneme>

<grapheme> W3t </ grapheme>

</phoneme>

<phoneme> /karage/
<phoneme> /karéga/
<phoneme> /karoge/



<grapheme> WIJT" </grapheme> <phoneme> /karega/
</phoneme>

<grapheme> WISI </grapheme> <phoneme> /karange/
</phoneme>

</inf> </suffix>

</stem>

<stem>

<grapheme pos="BIS:V_VM”> WZFJlt </grapheme>

<phoneme> /koragi/ </phoneme>

<suffix>

<inf>

<grapheme> WITJM </grapheme> <phoneme> /karagia/
</phoneme>

<grapheme> W34 </grapheme> <phoneme> /karégi/
</phoneme>

<grapheme> WIIM" </grapheme> <phoneme> /karogia/
</phoneme>

<grapheme> W34 </grapheme> <phoneme> /karegi/

</phoneme>
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<grapheme> WI&IM </grapheme> <phoneme> /karangia/
</phoneme>
</inf> </suffix>

</stem>

<stem>

<grapheme pos=BIS:V_VM”> WHIE" </grapheme>

<phoneme> /kdrida/ </phoneme>

<suffix>

<inf>

<grapheme> WIS </grapheme> <phoneme> /karide/
</phoneme>

<grapheme>WIEl</grapheme> <phoneme> /karidi/
</phoneme>

<grapheme>WIeMi</grapheme> <phoneme> /karidia/
</phoneme>

</inf> </suffix>

</stem>

<stem>
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<grapheme pos=“BIS:V_VM”> 111_.3’ </grapheme>

<phoneme> /karli/ </phoneme>

<suffix>

<inf>

<grapheme> wWH </ grapheme> <phoneme> /ka i/ </phoneme>

<grapheme> Wf3E </grapheme> <phoneme> /kar1o/ </phoneme>
<grapheme> Wg </grapheme> <phoneme> /koru/ </phoneme>

</inf> </suffix>
</stem>

</rootword>

<rootword>

<grapheme pos="“BIS:V_VM”> WIS </grapheme> //causative form of verb//

<phoneme> /kd ava/ </phoneme>

<stem>

<grapheme pos=“BIS:V_VM”> WFSGE" </grapheme>

<phoneme> /karavavna/ </phoneme>
<suffix>
<inf>
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<grapheme> WISYE </grapheme>
</phoneme>
<grapheme> WISQE! </grapheme>

</phoneme>

<grapheme> WISGEMIT </grapheme>

</phoneme>

<grapheme> WISEE </grapheme>
</phoneme>

<grapheme> WITET </ grapheme>
</phoneme>

</inf>

</suffix>

</stem>

<stem>

<phoneme>

<phoneme>

<phoneme>

<phoneme>

<phoneme>

<grapheme pos=“BIS:V_VM”> wFTger </ grapheme>

<phoneme> /kd rovadda/ </phoneme>

<suffix>

<inf>
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<grapheme> wFerge </ grapheme> <phoneme> /karovadde/
</phoneme>

<grapheme> Wt </ grapheme> <phoneme> /karavaddi/
</phoneme>

<grapheme> wFTEEMI </ grapheme> <phoneme> /kdrovaddia/
</phoneme>

<grapheme> wzTGfen </ grapheme> <phoneme> /kdravaddia/
</phoneme>

</inf> </suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> WITET </ grapheme>

<phoneme> /kd rovaddd/ </phoneme>

<suffix>

<inf>

<grapheme> WISGEIE </grapheme> <phoneme> /karavaddio/
</phoneme>

<grapheme> wzTEfel </ grapheme> <phoneme> /karavaddio/

</phoneme>
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<grapheme> WITGEE </grapheme> <phoneme> /karavaddio/
</phoneme>
</inf> </suffix>

</stem>

<stem>

<grapheme pos="“BIS:V_VM”> ’-HB'ETQ </grapheme>

<phoneme> /kdroavail/ </phoneme>

<suffix>

<inf>

<grapheme> W </ grapheme> <phoneme> /karavai/
</phoneme>

<grapheme> WISTEE </grapheme> <phoneme> /kadravaro/
</phoneme>

<grapheme> WS’ETQ </grapheme> <phoneme> /karavau/
</phoneme>

</inf> </suffix>

</stem>

<stem>
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<grapheme pos="BIS:V_VM”> WI=rfemfr</grapheme>

<phoneme> /karavaia/ </phoneme>
<suffix> <inf>

<grapheme> WJ<E </grapheme>
</phoneme>

<grapheme> WI<T8l </grapheme>
</phoneme>

<grapheme> WISTEMI" </grapheme>
</phoneme>

<grapheme> WIS </grapheme>
</phoneme>

</inf>

</suffix>

</stem>

<stem>

<phoneme>

<phoneme>

<phoneme>

<phoneme>

<grapheme pos="BIS:V_VM”> WISTEIET </grapheme>

<phoneme> /korovaida/ </phoneme>

<suffix> <inf>

<grapheme> WI<TEIT </grapheme>

</phoneme>
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/kdrovaide/



<grapheme> WI<TEIT! </grapheme> <phoneme>
</phoneme>

<grapheme> WIF<TEIEMT </grapheme> <phoneme>
</phoneme>

</inf> </suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> WZFT<</grapheme>

<phoneme> /kad rovava/ </phoneme>

<suffix>

<inf>

<grapheme> WI<EIY </grapheme> <phoneme>
</phoneme>

<grapheme> WI<E </grapheme> <phoneme>
</phoneme>

<grapheme> WFS'E </grapheme> <phoneme>
</phoneme>

<grapheme> WIY </grapheme> <phoneme>

</phoneme>
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<grapheme> WISEE </grapheme> <phoneme> /katavavn/
</phoneme>
</inf> </suffix>

</stem>

<stem >

<grapheme pos=“BIS:V_VM”> WJT<JI" </grapheme>

<phoneme> /kdrovavaga/ </phoneme>

<suffix> <inf>

<grapheme>WI 2 JI</grapheme> <phoneme> /karavavage/
</phoneme>
<grapheme>WILEI</grapheme> <phoneme> /karavaega/
</phoneme>
<grapheme>WITGJN </grapheme> <phoneme> /kdrovaoge/
</phoneme>
<grapheme>WI<EJI" </grapheme> <phoneme> /karavaega/
</phoneme>
<grapheme>WFLGEd! </grapheme> <phoneme> /kdravavnge/
</phoneme>

</inf> </suffix>

</stem>
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< stem >

<grapheme pos="BIS:V_VM”> WISt </grapheme>

<phoneme> /kdravavagi/ </phoneme>
<suffix> <inf>
<grapheme> WIS M </grapheme>
</phoneme>
<grapheme> WI<TEIT </grapheme>
</phoneme>
<grapheme> WF<TGIIMT </grapheme>
</phoneme>
<grapheme> WI<EIIT </grapheme>
</phoneme>
<grapheme> wFergEdimit </ grapheme>
</phoneme>
</inf> </suffix>

</stem>

</rootword>
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<phoneme>/kdrovavagia/

<phoneme>

<phoneme>

<phoneme>

<phoneme>

/karovaggi/

/karovadgia/

/karavaegi/

/karavaongia/



7.4.5 Adjective JI"3" /gara/

A sample xml entry of lexicon for a rootword dI"3" /ga'd/, adjective tonal word-

conjunct of /f/, is having 2 inflections of the root word and 1 inflection of the stem

Ell'él /ga'ti/.

<lexeme>

<rootword>

<grapheme pos="BIS:JJ"> dI"3"</grapheme>
<suffix>

<inf>

<grapheme> HT'% </grapheme>

<grapheme> G'I"'f_g"’\-r'k/ grapheme>

</inf>
</suffix>

<stem>

<grapheme pos="BIS:JJ"> EII'3;| </grapheme>

<suffix>
<inf>
<grapheme> EI'F?T"HT </grapheme>

</inf>
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<phoneme> /ga'td/ </phoneme>

<phoneme> /ga'té/ </phoneme>

<phoneme>/ga'rid/ </phoneme>

<phoneme>/ga'(i/ </phoneme>

<phoneme>/ga'(id/ </phoneme>



</suffix>

</stem>

</rootword>

</lexeme>

Tree View Result:

[ @ lexicon ]

(@ texeme )

?L---{ @ rootword :l

t----%7 grapheme : SrI"
: @pos=BIS:13J

t----7 phoneme : /ga'ta/

(S sumx)

;,_ ---%/ grapheme

t----% phoneme

t----% grapheme
I

i----= phoneme

-----% grapheme : 3Irgr
i @pos=BIS:13

E_____::? phoneme : /ga’n/

T oarg
: Jgé‘(_gf
D STiger

. /ga 'rl?a'.f

Fig 7/6: Tree view by XML Reader
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7.4.6 Adverb §'Jd<'d /bahar var/

A sample XML entry of lexicon for a word §'Jd<'d /bahor 'var/:

<lexeme>

<grapheme pos="“BIS:RB”> #'Jd<'d </grapheme> <phoneme> /bahar var/
</phoneme>

</lexeme>

7.4.7 Postposition &S /nal/

A sample XML entry of lexicon for a word & /nal/, postposition:

<lexeme>

<grapheme pos="BIS:PSP”> &'& </grapheme> <phoneme> /nal/ </phoneme>

</lexeme>

7.4.8 Conjunction W3 /o 'te/

A sample XML entry of lexicon for a word W3 /a'te/, conjunction:

<lexeme>

<grapheme pos="BIS:CC”> W3 </grapheme> <phoneme> /2 'te/ </phoneme>

</lexeme>
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7.4.9 Multi-Word Expressions
Sample xml data of echo words:

<lexeme>

<grapheme MWE="echo"> §8-U3</grapheme> <phoneme> /vdd-pudd/

</phoneme>

<grapheme MWE="echo"> 83 -UrAd</grapheme> <phoneme> /' d3d3or-

pu 'dzdzor/ </phoneme>

</lexeme>

Tree View Result:

'
i

+----4 grapheme : €3-Us
@MvE=echo

,1"

.- grapheme : §q=-U
@MkE=echo

I
'
V
.
'

----% phoneme : /s d3d3e[-pu d3d3a[/

Fig 7/7: Tree view by XML Reader
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Sample xml entry of duplicates:
<lexeme>
<grapheme MWE="duplicate”™> 3"3F-3"I</grapheme> <phoneme> /tar-tar/
</phoneme>
<grapheme MWE="duplicate”> @-@U</grapheme> <phoneme> /'torip-torip/
</phoneme>
</lexeme>
A sample xml entry of abbreviations and Cardinal-ordinal pair:
<lexeme>
<grapheme origin= “eng” pos="“BIS: N NN” > Jdd </grapheme> <alias> 3.
</alias>
<phoneme> /dak 'tor/ </phoneme>

<inf> FFI" </inf> <phoneme> /dakto rd/ </phoneme>

</lexeme>
<lexeme>

<grapheme> T  </grapheme> <alias> 1 </alias> <phoneme> /Ikk/
</phoneme>

</lexeme>
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Tree View Result:

;'““[ © iexeme |

R 7 grapheme : s~
@pos=8BIS: N_NN

t----% alias : =g
+----% phoneme :@ /dak’ter/
f---% IinT - I

i -2 phoneme : /dakts &/

F---1 @ lIexeme

R 7 grapheme - 1
i----% alias :© f&=x

i----%7 phoneme : /IkK/

Fig 7/8: Tree view by XML Reader

7.4.10 Homographs
Sample XML Entry of homographs:

<lexeme>

<rootword>

<grapheme pos="JJ"> JJ'</grapheme> <phoneme> /ha'ra/ </phoneme>

<suffix>
<inf>
<grapheme> JJ </grapheme> <phoneme> /ha're/</phoneme>

<grapheme> IfIn </grapheme> <phoneme> /ha 'r13/</phoneme>
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<grapheme> IJI </grapheme>

<grapheme> IJIM" </grapheme>

</inf>
</suffix>

</stem>

<stem>

<phoneme>/ha ri/ </phoneme>

<phoneme> /ha rid/</phoneme>

<grapheme pos=“MWE”> JJd"-gd" </grapheme> <phoneme> /ha'ra-pa'ra/

</phoneme>

<suffix>

<inf>

<grapheme> JJ-9IJ </grapheme>

</phoneme>

<phoneme> /ha're-pa're/

<grapheme> Ifgwi-FfgT </grapheme> <phoneme> /ha'rid-pd 1/ </phoneme>

<grapheme> JJI-FJt </grapheme>

<phoneme> /ha'ri-pd 'ri/ </phoneme>

<grapheme> JI-FIMIT </grapheme> <phoneme> /ha'rid-pd 'rid/ </phoneme>

</inf>

</suffix>

</stem>



<grapheme pos="“BIS:V_VM”> Jd'</grapheme> <phoneme>/hara:/

</phoneme>
<suffix>

<stem>

<grapheme pos="BIS:V_VM™> IJJ'EE" </grapheme> <phoneme> /horav'na/

</phoneme>
<suffix>
<inf>

<grapheme> II'GE </grapheme>

<grapheme> JIEET </grapheme>

</phoneme>

<grapheme> II'GEMI™ </grapheme>

<grapheme> JI'GE </grapheme>
</phoneme>

<grapheme> II'GE </grapheme>
</phoneme>

</inf>

</suffix>

</stem>
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<phoneme> /harav ne/ </phoneme>

<phoneme>/ harav'ni/

<phoneme> /horav 'niad/ </phoneme>

<phoneme> /ha'ravn/

<phoneme> /horav 'nd/



<stem>

<grapheme pos=“BIS:V_VM”> IJIge </ grapheme> <phoneme>
/horas'da/ </phoneme>

<suffix>

<inf>

<grapheme> IIET </grapheme> <phoneme> /horad ‘de/
</phoneme>

<grapheme> IIE </ grapheme> <phoneme> /horad 'di/

</phoneme>

<grapheme> II'EEMIT </grapheme> <phoneme> /horat 'dia/ </phoneme>

<grapheme> IIEfent </ grapheme>  <phoneme> /horad’dia/ </phoneme>

</inf>
</suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> IIET </ grapheme> <phoneme>
/horats'do/ </phoneme>

<suffix>

<inf>
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<grapheme> IIGAE </ grapheme> <phoneme> /horas ' did/
</phoneme>

<grapheme> ITEfe </ grapheme> <phoneme> /horad "dio/
</phoneme>

<grapheme> ITEEE </ grapheme> <phoneme> /horad "dio/
</phoneme>

</inf>

</suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> EEFQ </grapheme> <phoneme>
/ha'raii/ </phoneme>

<suffix>

<inf>

<grapheme> IIe </ grapheme> <phoneme> /ho rai/ </phoneme>

<grapheme> JITEE </grapheme> <phoneme> /ha'rato/

</phoneme>

<grapheme> EJG‘Q </grapheme> <phoneme> /ha'rau/
</phoneme>

</inf>
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</suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> IJJfen </grapheme>

/ha'rara/ </phoneme>
<suffix>
<inf>

<grapheme> JJ'8 </grapheme>

<grapheme> JJ'8l </grapheme>

<grapheme> JI'EMT </grapheme>

<grapheme> JIIENT </grapheme>

</inf>
</suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> JJ'gler </grapheme>

/horai’da/ </phoneme>

<phoneme>

<phoneme> /harae/ </phoneme>

<phoneme> /ha rai/ </phoneme>

<phoneme> /ho'raid/ </phoneme>

<phoneme> /ho 'ra1d/ </phoneme>

<phoneme>



<suffix>
<inf>
<grapheme> JI'EIE </grapheme> <phoneme> /horai’de/

</phoneme>

<grapheme> JJTEITI </grapheme> <phoneme> /horai'di/ </phoneme>

<grapheme> IIEEMT </grapheme>  <phoneme> /horai'did/ </phoneme>

</inf>

</suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> JJ'e" </grapheme> <phoneme>

/hora’va/ </phoneme>

<suffix>

<inf>

<grapheme> JJEIE </grapheme> <phoneme> /ho'raie/
</phoneme>

<grapheme> JJ'€ </grapheme> <phoneme> /ho'raé/ </phoneme>
<grapheme> IJ'E </grapheme> <phoneme> /ho'rao/ </phoneme>
<grapheme> IJJ'8 </grapheme> <phoneme> /ho'rae/ </phoneme>
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<grapheme> IIEE </grapheme>

</inf>
</suffix>

</stem>

<stem>

<grapheme pos=“BIS:V_VM”> JJ'EI" </grapheme> <phoneme>

</phoneme>

<suffix>

<inf>

<grapheme> JJ'LJl </grapheme>
</phoneme>

<grapheme> JIEdI" </grapheme>
</phoneme>

<grapheme> JI'Ed </grapheme>
</phoneme>

<grapheme> IIEdI" </grapheme>

<grapheme> II'GEJT </grapheme>

</inf>

</suffix>

<phoneme> /har avn/ </phoneme>

<phoneme>

<phoneme>

<phoneme>

<phoneme> /horae’ ga/ </phoneme>

<phoneme> /horavn ge/ </phoneme>

/horava’'ga/

/horava’ ge/

/horag&’ ga/

/haorao’ ge/



</stem>

<stem>

<grapheme pos="BIS:V_VM”> JJ'<Jl </grapheme> <phoneme>

</phoneme>

<suffix>

<inf>

<grapheme> II< I </grapheme>
</phoneme>

<grapheme> JIETT </grapheme>
</phoneme>

<grapheme> II'GIM" </grapheme>
</phoneme>

<grapheme> JJEJN </grapheme>

<grapheme> II'GEIM </grapheme>

</inf>
</suffix>
</stem>
</rootword>

</lexeme>
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/horava’gi/

<phoneme> /horava’ gia/
<phoneme> /horaé’gi/
<phoneme> /horao’ gia/

<phoneme> /horae’gi/ </phoneme>

<phoneme> /horavngid/ </phoneme>



7.5 Conclusion

Phonetically rich PLS data in conformance with PLS 2.0 framework covering
segmental as well as suprasegmental features such as stress, tone, gemination,
nasalization etc. can be developed based on the representative samples as described

above.
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Chapter -8
Research Findings and Future Work

8 Research Goal

The main objectives of the proposed research have been:
i. Adaptation of the W3C PLS 1.0 for evolving a framework capturing Punjabi
language phonological features.
ii. Corroboration of the major linguistic aspects through analytical study of recorded
speech signals for Punjabi Language.
iii. Identification of the challenges for designing of web based Machine-Readable
Pronunciation Lexicon Specification in XML.

iv. Design of new lexeme elements to incorporate identified features.

8.1 The Research Undertaken

A given phoneme is not always pronounced the same way in every context. Therefore
the concepts of articulatory phonetics need to be explored to model pronunciation.
Machine-Readable Pronunciation Lexicon in Punjabi can be spawned by leveraging the
existing W3C Pronunciation Lexicon Specification recommendations which are global
in nature and need to be internationalized from this perspective. It is a step-in-step
inter- disciplinary process which involves study of language specific phonological
features using experimental phonetics. The specific emphasis was laid on the study of
suprasegmental features of Punjabi to evolve a rule set leveraging the existing
knowledge found in linguistic literature. The layered approach was adopted to verify
the existing rules and discover exceptions. New knowledge base has been created to
report and handle these exceptions by evolving additional rules to augment the
machine learning approaches in speech processing. Thus the framework PLS 2.0 has
been developed which can capture such model Punjabi lexicon pronunciation in global

IPA standard.
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The Extensible Markup Language (XML) which can be used both for machine and
human consumption however machine readable pronunciation lexicon is the major
outcome which will aid production of Punjabi speech systems. The phonology specific
to the Punjabi language when systematically approached through experimental effort
using computer-aided tools, can help discover the way sounds are differently realized
in different environments as governed by the grammar of the language. The
phonological rules thus discovered can be used for building computational models of
phonological learning i.e. how the phonological rules can be automatically induced by

machine learning algorithms.

8.2 Evidence from Quantitative Analysis for Phonological Rules

Quantitative research involves the use of computational, statistical, and mathematical
tools to derive results. It is conclusive in its purpose as it tries to quantify the problem
and understand how prevalent it is by looking for projectable results largely applicable.
Thus the segmental and suprasegmental prosodic features require in-depth analysis for

arriving at phonological rules.

Segments, usually phonological units of the language, such as vowels and consonants,
are of very short duration. A given feature may be limited to a particular segment but
may also be longer (as a suprasegmental feature). Suprasegmental refers to a
phonological property of more than one sound segment. Suprasegmental information
applies to several different linguistic phenomena (such as pitch, duration, intensity and
loudness). The data gathered was annotated at phoneme level for study of segmental
features and at syllable level for examining the suprasegmental features. The
parameters were recorded as discussed in the previous chapters. The proposed
hypothesis was validated and variations reported.

Tone is a very important feature of Punjabi language which makes it distinct from
other Indo-Aryan languages. Hence an elaborate study of this has been carried out as
discussed in chapters 2 & 3. Stress has not been considered a very crucial parameter by

Punjabi linguists.
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However it has been given due attention as it becomes relevant from machine
perspective. Stress has been dealt at intra-syllabic level within a word which is
meaningful for building a lexicon that can be utilized for artificial production of speech
via text-to-speech tools. These tools can utilize this stress information to produce near
human voice by machine learning of prosodic features incorporated in the data
developed based on PLS 2.0. Similarly these features can be leveraged by speech
recognition systems for attaining an acceptable level of efficacy in recognizing native

speakers’ speech.
The steps involved in quantitative research can be divided into:

1. Current hypothesis based on literature survey

2. Collection of appropriate data to verify the hypothesis

3. Analysis of data to validate the hypothesis and report rules along with
exceptions

4. Evolve new hypothesis

8.3 Research Findings

8.3.1 Tones

The observational experimental methodology as deliberated in chapter 3 was adopted
to report the types of tones observed in Punjabi lexicon based on the slope pattern of

the fundamental frequency of the tone bearing vowel (TBU).

8.3.1.1 Verification and Validation

The available hypothesis on high and low tones in Punjabi has by and large been
corroborated in both types of tones viz tones arising from supra-laryngeal consonants
and independent tones which have been experimentally verified as discussed in

chapter 3.
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8.3.1.2 Discovery of Allotones

The level tone in Punjabi is not marked and existence of low (HL) and high tone (LH)

is well recognized and are not represented orthographically. However Punjabi native

speakers handle the tone variations in their speech naturally and predictably.

Allotones are linguistically non-significant variants of tones but are considered

important for the development of technologies such as speaker identification,

language identification and speech recognition as these may vary from person to

person and occasion to occasion. Two new allotones have been discovered viz LHL

as an allotone of LH and HLH as an allotone of HL. This phenomenon has been

noted in 50-70% of the speakers and very rarely in all speakers in a particular context

as elaborated in the table below.

Tone on Category of words Co-articulation Tone/Allotones
vowel of (syllable under parameters in a syllable (percentage of
syllable consideration) speakers)
under
consideration
Monosyllabic Consonant /h/ as coda LH (50%);
LHL (50%)
Mono/di/ tri/poly- Toneme or conjunct LH (100%)
syllabic containing /f/ as coda
(initial syllable)
Di/tri/poly-syllabic | Toneme or conjunct LH (100%)
(medial syllable containing /fi/ as onset
LH with short vowel as
nucleus)
Di/ tri/poly-syllabic | Toneme as onset LH (100%)
(final open syllable) Tone shifts to
nucleus (vowel)
of prior syllable
Tri/-syllabic Dipthong (long + long) LHL (100%)
(final open syllable)
Di/ tri-syllabic Consonant /h/ or conjunct LH (70%);
(final closed containing /f/ as coda LHL (30%)
syllable)
Contd..
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Tone on Category of words Co-articulation Tone/Allotones
vowel of (syllable under parameters in a syllable (percentage of
syllable consideration) speakers)
under
consideration
Monosyllabic Toneme as onset
(closed syllable) Consonant /h/ as coda HL (100%)
Any other consonant as HL (50%);
coda HLH (50%)
Monosyllabic Dipthong HLH (100%)
(open syllable)
Di/ tri/poly-syllabic | Toneme as onset. HL (100%)
(initial syllable)
HL Tri/poly-syllabic Toneme or conjunct
(medial open containing /f/ in the onset HL (100%)
syllable and long Dipthong (long + short
vowel as nucleus) vowel)
Di-syllabic Toneme as onset HL (100%)
(final closed
syllable) Toneme as coda HL (60%),
HLH (40%)
Dipthong (short + long) and
(long + long) and flap / HLH (100%)
fricative / nasal coda
Tri-syllabic Consonant /h/ or conjunct of
(final open syllable) | /f/ as coda with dipthong HLH (100%)
(long + long)
Table 8/1: Research Findings on Tones/Allotones
8.3.1.3 Extrapolation of the Existing Knowledge Base
. The detailed experimental analysis of the co-articulation parameters examined

through recording,

annotation and quarter-wise slope observations

of the

fundamental frequency taking tone rich data covering large variety of phonetic

contexts lead to indepth understanding of the tone patterns of the Punjabi language.

. The visualization of the tone patterns using the scientific tools has

corroborated the perceptual & X-ray studies done by linguists and added conviction.
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J The speaker dependent reflection of allotones in certain acoustic contexts has
also been discovered.

J Tone in Punjabi gets exhibited on the associated vowel of tonemes (viz
nucleus of the syllable containing toneme) however it has been discovered that it
shifts to nucleus of prior syllable in the phonetic context of di/tri/poly-syllabic
words having toneme as onset and having final open syllable.

J The tone patterns of mono-syllabic words do not find much discussion in the
literature. A significant amount of data was analyzed to report the findings.

o Allotone HLH has been discovered in all the speakers in case of open
dipthongal monosyllabic words, Final closed dipthongal di-syllabic words having
flap/fricative/ nasal coda and dipthongal tri-syllabic words with toneme or

Consonant /h/ or conjunct of /f/ as coda.

8.3.2 Lexical Stress

Stress in Punjabi is distributed solely according to a pattern based on the syllables
contained within a word. The linear regression technique was used to investigate the
relationship between the outcome variable and multiple explanatory variables that are
potentially correlated with each other. The statistical analysis of each parameter was
carried out. The intra-syllabic stress was calculated to report the stress patterns in
Punjabi lexicon across various word categories. The literature survey discusses the
possibility of its occurrence on ultimate/penultimate syllable in a word however stress

related information is not found in Punjabi dictionaries.
The following research contributions were made:

e Empirical formula for stress function was derived through Linear Regression
analysis by modeling the relationship between the dependent variables viz
pitch, duration & intensity to determine the extent of contribution each
variable makes towards intra-syllabic stress which is significant research

contribution as no quantitative research has been reported so far.
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The empirical formula was used to calculate the syllable weight for each syllable
in a word covering all the words. The heaviest syllable in each word was

identified.

e The statistical approach such as Normal Distribution was adopted to analyze
this data and stress rules were evolved for each category of words by
calculating Mean, Standard Deviation and plotting the normal distribution
curve to report the stress marking rules in the Punjabi PLS data.

e These stress rules are largely applicable depending on the position and context
of syllables in a word :

i.  Stress on ultimate syllable (majorly applicable)
ii.  No stress (in case toneme is present in the initial syllable)

iii.  Stress on penultimate syllable (discovered in 50 % of the polysyllabic

words)
Rule Rule for marking Condition
No. Intra-syllabic stress
R1 | Ultimate syllable Di/Tri/Poly syllabic non-tonal words
and tonal words except words having
toneme in initial syllable
R2 | No Stress Di/Tri/Poly tonal words having
toneme in initial syllable
R3 | Penultimate syllable Some Poly syllabic words

Table 8/2: Rules for Marking Intra-syllabic Stress

8.3.3 Acoustic Variability of Schwa

As discussed by linguists, schwa in Punjabi is a mid-central vowel as indicated in the
vowel triangle shown below. No further study has been reported on variations in its

acoustic properties.
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Punjabi Vowels
Front Back
Unrounde rounded
High g
ilised
= entri
w o fe weg
i \
[e] 2 \ I=Ik=4
[0] Wi
Low [E] wt
[a] wr

Fig 8/1: Vowel Triangle

The schwa has been the subject of much research by phonologists globally. The
schwa not written orthographically as a part of consonant cluster however
phonetically it is realized as is observed through data annotation. The current Punjabi
dictionaries also mark it in the pronunciation. The analysis has been done by taking
the different classes of Phonetic context, which has lead to discovery of certain

acoustic variations.

Allophones Phonetic context Vowel height Vowel frontness
of schwa(o)
on Nasalized Schwa Close-Mid Central
% Schwa in Tri-syllabic Close-Mid Transition zone
Words having front

Geminated Toneme as

onset
o Schwa as Release Approaching Near- | Transition zone
Vowel in Isolated close front
Words

Table 8/3: Acoustic Variations of Schwa
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Three allophones of schwa have been discovered:

i.  Qpis Close-Mid and Central
. g is Close-Mid and lies on the rear border of transition zone front

1. 9y 1is approaching near-close and lies on the front border of transition zone

front

The augmented vowel triangle incorporating acoustic variations of schwa is as below:

Punjabi Vowels
Front Back
Unrounde rounded
High \ [ulg
i B
D m fe \ e
b
wifd 2]
[e] 2 N [o] &
[2] ¥
Low [E] »}
[a] »

Fig 8/2: Acoustic Variations of Schwa (augmented vowel triangle)

The analysis of same set of words in a sentence revealed that the release vowel in a

sentence is insignificant in comparision to its occurrence to isolated words.

8.3.4 Pronunciation Lexicon Specification For Punjabi Language Within W3C

Framework

The World Wide Web Consortium (W3C) in 2008 recommended the machine
readable pronunciation lexicon framework (PLS 1.0) which is being used globally

with suitable language specific adaptations as discussed in section 1.7.2.

8.3.4.1 Research Contributions
Grammatical information in Punjabi is majorly encoded in morphology not syntax

unlike English.
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Therefore the Morpho-syntactic features of Punjabi were examined in correlation
with the current PLS framework. Ten additional features were identified.
1.  New features:
* Script — To provision for additional Shahmukhi script

* Rootword ~

¢ Stem

*  Prefix

*  Suffix > Morpho-syntactic features
s Inf

+ POS

J
* Origin — To encode borrowed words

* MWE — To accommodate compound, duplicate, echo, named entities
etc.

* Meaning — To differentiate homographs

ii.  Incorporation of features in PLS framework

* Elements — Rootword, Stem, Suffix, Inf

The primary information to represent Morphological features is rootword which will
be treated as element. Similarly Stem, Suffix and Inf constitute the secondary

information to be encoded as elements wherever applicable

» Attributes — script, prefix, pos, origin, MWE , meaning

The script attribute is required to have composite data of language having multiple
scripts. The prefixes find limited use in lexicon hence can be incorporated as
attributes. The pos attribute will be used to define the Part-of-speech of the
rootword/stem element. The origin attribute would help in identification of borrowed
words. The MWE attribute is required to accommodate multiple words entries which
semantically need to be treated as single entity. The meaning attribute will

differentiate homographs.
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These new elements/attributes (represented in yellow colour) are proposed for

addition in the current framework as presented below:

Elements Attributes Description
version
xml:base
) xmlns

<lexicon> root element for PLS
xml:lang
alphabet
xml:script
name

<meta> http-equiv element containing meta data
content

<metadata> element containing meta data
xml:id the container element for a

<lexeme> _ )
role single lexical entry

Container element for a
rootword that contains nested
<rootword> ) ) )
derived root words with their
prefixes and suffixes

information

Container elements for
<stem> derivational words containing

affixes of the root word

Contains orthographic
information for a lexeme, its
Origin, pos, pre-fix, origin and it’s Parts-of-speech
<grapheme> . .
MWE , meaning label, Pre-fix and multi word
expression viz MWE, meaning

if any. Origin attribute will
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Elements

Attributes

Description

contain ISO 639-3 of the
language from the word has
been borrowed.

The standard POS tagset will
be referred as “BIS”

<suffix>

Element contains all the
suffixes of the particular root

word that may be nested

<inf>

Container contains all the

inflections of a particular stem

<phoneme>

prefer

alphabet

contains pronunciation

information for a lexeme

<alias>

Prefer

contains acronym
expansions and orthographic

substitutions

<example>

contains an example of the

usage for a lexeme

Table 8/4: Proposed PLS 2.0 Framework for Punjabi

The sample data as per this framework covering various categories of words to give a

representative set from completeness point of view and also as a guideline to develop

machine readable PLS data has been presented in the previous chapter.

8.4  Impact of Research Outcome on Speech Technologies in Punjabi

All the above phonological research findings can be leveraged to implement a

computational Phonology model for Punjabi language. The proposed PLS 2.0

framework can be utilized to build large word level speech lexicon corpus containing

prosodic information, syntax, and semantics that can be used for machine learning.

The specific end use cases are discussed below.
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8.4.1 Punjabi Text-to-Speech (TTS) Systems

The Open-source Festival Engine or similar other engines are used to quickly build a
TTS prototype which delivers synthetic speech difficult to comprehend by humans.
The prototype can be made useable by incorporating prosody to realize human like
speech. It may not be easy to have TTS prototype for Punjabi, as Punjabi is tonal
which compulsorily requires implementation of prosodic feature of tone, therefore no
Punjabi TTS has been developed so far unlike Hindi. The in-depth treatment given to
tonal features of Punjabi in this thesis will enable speech researchers in developing a
TTS prototype system. The incorporation of the other research outcomes of this thesis

can help in getting TTS of useable quality.
8.4.2 Language Identification Systems

Fo and amplitude contours on a syllable-by-syllable basis are useful parameters.
Language —specific prosodic cues such as stress, tone examined in this thesis can be

utilized in Punjabi language identification.
8.4.3 Speech Recognition Systems Based on Prosody

Presently the speech recognition systems in Punjabi are in nascent stage. Prosody
could be used to improve word recognition in ASR systems. Parameter such as pitch,
intensity, and duration of different contexts has been reported in the thesis that will be
utilized to generate speech vectors that can be optimized by Punjabi Speech
recognition system. The work reported in this thesis can be used to develop language
model and pattern matching probabilistic framework which makes use of these
prosodic features of the word in question along with the information from word

sequence associated.
8.5  Future Research

The foundational work done for Punjabi prosody in this thesis can provide a strong

foundation for future research in following areas:

265



8.5.1 Extension of Work from Word to Sentence Level in Punjabi

8.5.1.1 Intonation Study: The prosodic work currently done at the intra-syllabic
level within a word can be extended by recording sentences for studying intonation,
juncture etc.

8.5.1.2 Co-articulation Modeling of Punjabi: The syllables having significant co-
articulation features can be examined for capturing Morpho-Phonemic features which
will help in reconstruction of the phonological knowledge from the speech stream. It
may be desirable to capture such features for consonants (other than stops), semi
vowels etc as lot of variation has been noted from the data analyzed. The spreading of
nasal prosody can also be studied.

8.5.1.3 Speaker Variation: The data can be used for further analysis for reporting
variations among male and female speakers and also for capturing acoustic variations
across 10 speakers.

8.5.1.4 High Quality Acoustic Models in Punjabi: These rely on availability of
large & reliably transcribed training sets that match the underlying distribution of
speech in different acoustic environments. The large set of phonetically and
prosodically rich data can be generated based on the sample data which can improve
the word recognition accuracy.

8.5.1.5 Rule Based Formant Synthesis: The Klatt synthesizer approach requires rule
based approach for hand crafting of phonetic units for which PLS data can be
utilized. This data can also be useful for unit selection synthesis.

8.5.1.6 Language Identification: The tone patterns of Punjabi can further be
investigated and based on tonal feature extraction from multilingual data stream,
Punjabi language data can be segregated.

8.5.1.7 Comparative Study of Vowel Features: The acoustic variations of schwa
vowel have been reported. Similar study can be done for other vowels.

8.5.1.8 Prosodic Features Based Modeling Techniques for Language
Recognition: By capturing the prosodic features such as Fy, duration, Intensity etc. ,
the model that captures the prosodic information can be developed by using the
various modeling techniques such as Neural Network, HMM, GMM, DNN, N-Gram ,

Histogram etc for Punjabi language speech recognition.
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8.5.1.9 Extension of Work to other dialects of Punjabi: The similar data and
analysis can be done for other dialects of Punjabi such as Majhi, Doabi and Lehndi.

8.5.1.10 Extension of Work to other Indo-Aryan Languages: The other Indo-
Aryan languages are phonetically similar to Punjabi but are non-tonal. The data could
be recorded for other languages and similar analysis may be done to corroborate the

findings for a specific language.
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Appendix A - WORD LISTS

Chapter 3 — Word list of Tonemes

Monosyllabic
S.No. Words IPA transcription Meaning
1. ug /kar/ Home
2. WH /kus/ Bribe
3. é [ /dig/ Pace
4. 3y /tag/ Anxiety
5. Uhy /pig/ Swing
6. Sy fig/ Doze
7. ;pq /d35g/ Thigh
8. HY /mag/ Name of month
9. gq7 Itfag/ Foam
10. 55 /tfuth/ Lie
11. F}g /sad3/ Partnership
12. ug /bodz/ Weight
13. g /madzdsz/ Buffalo
14. 15451 /5d3/ Otherwise
15. Eyg /tMids/ Ring for fighting game
16. As /d35d3/ Marriage procession
17. 99 fbadz/ Unproductive woman
18. 155 /tidd/ Belly
19. ag /ter/ Heap
20. oros /tol/ Drum
21. o7 /tog/ Method
22. org Jtai/ Two and a Half
23. gg’f /ui/ Back
24, He /s1d/ Nosy
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S.No. Words IPA transcription Meaning
25. e /s6d/ Trunk/dry ginger
26. g /t3n/ Money
27. o3 /tar/ Upper part of body
28. ey /jbdd/ War
29. g /k3d/ Wall
30. Sy /pokk"/ Hunger
31. I /pid/ Female Pig
32. ;ﬂg /d3ib/ Tongue

Table 1
Disyllabic

S.No. Words IPA transcription Meaning
1. Mcw /koda/ Horse
2 wWHY ot/ Watch
3 plip= 1y /kdssa/ Push with hip
4. Wt /kahi/ Grass cutter
5 Wt /kodi/ Trick/Problem
6 e /kiggi/ Hiccup caused by

‘ crying

7. Wesr /kona/ Cunning
8. wgr /kera/ Circumference
9. plipes) /o' 1i/ Lazy
10. uar /kota/ Cramming
11. fowm /nigas/ Warmth
12. ST /onkady/ Crude
13. fouzs /tfigar/ To cry out
14. Eway /odzely g/ Not in shape
15. fawr /nigga/ Warm
16. Sur /o al Prominent
17. hift i g/ Comb
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S.No. Words IPA transcription Meaning
18. st /bdggi/ Horse driven cart
19. Iy /gu/ Small
20. EEY e Flag
21. vF /tfaru/ Broom
22. fBS3a /tfigok/ Scold
23. gHg /t J‘édS or/ Anklet
24. L. Possessing something
L&l ffoli/ in one’s cloth worn
25. v Jtfai/ Not vey smart
26. sense of enjoyment
g7 /tfuta/ while in a moving
vehicle/on swing
27| we¥g Jotf5kk / Bold
28. S /sod a/ Suggestion
29. RS /sudzai/ To suggest
30. foHfsH /rimtfim/ In slow motion
31. E]"g /h3dzu/ Tears
32. g8 /b6d30/ To put question
33. At /s6d3i/ Insight
34, H /médsi/ Language in Punjab
35. i3 /dz5dzu/ Sacred thread
36. ggs /t3kkon/ Cover
37. Eor /tilla/ Loose
38. ogr /taba/ Small Restaurant
39. o3t ‘1 Particular Religious
fady/ Singing Group
40. e /sid’l/ Nosy person
41. Hes /bidy'l/ Munder
42. Har /s5ca/ Bull
43. Jer /h3ca/ To wear
44. ar /k3da/ Edge
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S.No. Words IPA traqscription Meaning
45. gt /tfudi/ To pinch
46. S;IUET /bbdda/ Old
47. o /tha/ Smoke
48. f‘;:;;p?g /tian/ Attention
49. ot /tobi/ Washerman
50. TSH /tar [/ Bow
51. gar /t5ch/ Profession
52. B oL /tora d/ Rich Person
53. OgH /tdram/ Religion
54. dat /ton / Navel
55. ffog /1ddér/ This side
56. yoe /pradéan/ Chief
57. HOg /mady’ 1t/ Sweet
58. wogr /4dda/ Half
59. frgr /sidda/ Simlpe
60. e /s5di/ Joining
ol. T /khada/ Ate
62. g /gdda/ Donkey
63. figr /gidda/ Type of Ladies’ Dance
64. I /g6dda/ Kneaded
65. Iamt /p5 gi/ Simpleton
66. 3¢ /p3du/ Wanderer
67. Qg’*];_,r /pepit/ Scared
68. FHH /@ sem/ Ash
69. Basr /pidzdzna/ Get wet
70.]  wfgwrH /abias/ Practice
71. g9 /gdbi 1/ Serious
72. g9 /dubbar/ To make it difficult
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S.No. Words IPA transcription Meaning
73. RIS /gordb/ Pregnant
74. SSRIES /dorldbb/ Rare
75. &3t /nabi/ Navel
76. ey /téba/ Small Water Pond
77. SECy /darba/ Small congested space

Table 2
Tri-syllabic

S.No. Words IPA transcription Meaning
1. Sy /kurona/ To stare
2. 3~'qur /tagana/ To desire
3. fowgsr /migdrm / To swallow
4. fowrgar /nigarna/ To sink
5. g /pdgura/ Cradle
6. qu{gr /uldgdna/ Violation
7. Swsr /ig dna/ To doze
8. u;;rggr /khdgalna/ To rinse
9. qugsT /p3gdrna/ To melt
10. BE8S /tfontfana/ Sound making toy
1. suF tf5pari/ Hut
12. 89137 Jtfdgoral Quarrel
13. g Jtfokena/ To bend
14. gy /rdzdna/ Getting cooked
15 mdes /sadsidar/ Partner
16. g5 /budzna/ To guess and answer
17 fgs@e Jgidzaona/ To make habitual
18.  gwg&r Jodzarna/ To spread
19. fdagr /tidora/ Public Announcement
20. fosaat Jtilkovd/ Loose
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S.No. Words IPA transcription Meaning
21. gfgsr /t3hena/ To fall
22. goer /tudana/ To find
23. ):Egr /s3dana/ Two chords for pulling
the bull
24. H“@qr /soc la/ Jaggery and Dry ginger
25, Jous=Ag /h3dénsar/ Long life
26. Jeg /h3dau/ Durable
27. ae'r;"r /kadai/ Embroidery
28. ImgE /guad n/ Neighbour
29. Saiy /budapa/ Old Age
30. IS /guadi/ Neighbour
31. gesr /todala/ Hazy
32. wagr /ak ra/ Darkness
33. OIS /sadéran/ Simple
34. ot /kadui/ Big sewing needle
35. ]%;qé‘ /kidard/ From where
36. JosT /gddala/ Muddy
37. Tamr /dudia/ Milky white
38.| &HOI /namtari/ Religious Community
39. sSonr /badua/ Bonded
40. 37;3& /pasuri/ Stampede
41. ﬁg:@gr /nibavna/ Cope up
42. Jager /r3bana/ Sound produced by
Cow/Bull
43. &geT /labbana/ To find
44, fog3 /nirpe/ Unfearful
Table 3
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Polysyllabic

287

S.No. Words IPA transcription Meaning
1. Wawrgr /kallukara/ Massacre
2 AHSTI! /samdzadari/ Wisdom
3. Suaysr /tfoddrpuna/ Purposeless leadership
4 @iﬂm /priftatfar/ Corruption
Table 4




Chapter 3 — Word list of Laryngeal Consonant /h/

Monosyllabic

S.No. Words IPA transcription Meaning
1. g 18/ Sigh
2 Afg /s€é/ Indicating togetherness
3 g /ko/ Mountain
4. yJ /kta/ Well, irrigation well
5 z;;_[ /kho/ Discomfort, uneasiness
6 g /ga/ Disorder, spread of harvested crop

awaiting
7. gg tfa/ Wish, desire, avidity
8. 29 / tfro/ Touch, dab, contact, tap
9. o /ta/ Fall, defeat, destruction
10. og /to/ Back-rest, rest
11. o3} 16/ Iron
12. g /va/ Wonderful, well-done
Table 5

Disyllabic

S.No. Words IPA transcription Meaning
1. 3979 /taba/ Destroyed, ruined, spoiled
2. 399 /tard/ Fright, sudden fear
3. =p=13) /vasa/ Trust, reliance, faith
4. fenrg /v1d/ Marriage, matrimony
5. WgSBT /ala/ Superior, excellent
6. fogat /énd/ These
7. IGar /hoka/ Sigh
8. IJAY /hasob/ According to rules, law
9. JIrg /hogar/ Excreta of houseflies
10. IJAH /hazom/ Digested
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S.No. Words IPA transcription Meaning
11. farsg /hisab/ Account, calculation, rate
12. 59 /honar/ Art, skill, technique
13. IJIH /hakom/ Ruler, governor, officer
14. IJHag /hadzor/ Present, ready, available
15. I /hia/ Heart, courage, nerve
16. Jreg /hiter/ Heater
17. gIr /hura/ Fist, box, buffet
18. a;;y?; /hevan/ Animal, uncivilized person
19. Jar /hotfha/ Blunt, flippant, mean
20. J9 /hor/ More, else, further
21. J9 /hod3z/ Water tank, masonry tub
22. wagg /ohar/ Food, diet, meal
23. Afas /sahIt/ Literature, literary art
24. Afaog /saheb/ Master, lord, boss
25. Hile /fohid/ Martyr
26. waJg /ohar/ Ailment, diseases, malady
27. wfge /ehad/ Resolve, promise
28. wragg /ahar/ Impulse, enthusiasm
29. HAIJH /sahas/ Courage, boldness, daring
30. HIA /suhadz/ Grace, beauty, delicacy
31 Afgg /fehat/ City, town
32. Hag /fohar/ Husband
33. Agfey /sohark/ Assistant, helper, colleague
34, Afaa /sehadz/ Easy, slow, tranquil

Table 6
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Trisyllabic

S.No. Words IPA transcription Meaning
1. feedg /vidoro/ Rebellion, defiance, revolt
2. AfgHsT /s¢suba/ Naturally, spontaneously
3. faarfe=st /hikarti/ Apologal, anecdotal
4. foHgTs /himat/fal/ Himachal Pradesh
5. RIGH /hulara/ Swing, oscillation, kick
6. REtS /hukona/ To raise, utter cry of pain
7. a;'TMS’ /hesiot/ Status, position, property
8. JABTHT /haslamad/ Courageousness, patience
9. wWJarg /ohdkar/ Pride, arrogance
10. WigAg /ahisak/ Nonviolent, peaceful
11.| fogfsgg /1ftehar/ Advertisement, poster
12.|  fofsgr /Ttehas/ History, the past
13. Hf‘aag JsohTrd/ Good-hearted, kind, gentle
14. E@-gr /suhela/ Comfortable, soothing
15. HIeS3 /[ohadat/ Martyrdom, self-sacrifice
16.| foHfsgs /imtehan / Examination, test, trial
17. fraagr /sehara/ Chaplet, wreath, honour
18. HI=" /sohona/ Good looking
19. LEIGIH /suvhaga/ Borax, tincal, leveller
20. Afg33 /fehatut/ Mulburry
21. m%‘r /fahadi/ Evidence, testimony
22. Hafasr /soharta/ Help, support, relief
23. Hagt /sohai/ Who provides help
24, HIIS /soharna/ Bear, suffer, to support
25. HIgr /sohara/ Support, refuge, shelter

Table 7
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Polysyllabic

S.No. Words IPA transcription Meaning
1. wWigae~ /ohTsavad/ Doctrine
2. Wigea™H /ehadnama/ Treaty, formal agreement b/w nations &
states
3. faasHe /sehatomad/ Healthy
Table 8
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Chapter 3 — Word list having Conjuncts of /fi/

Monosyllabic
S.No. Word IPA Transcription Meaning
1. Eﬁ'@ /gol/ Fruit of mulberry
Table 9
Disyllabic
S.No. Word IPA Transcription Meaning
1. I8 /galdy/ Squirrel
2 @jg /gdmay/ Boil
3 ﬁwgg /dz1lan/ Mire, bog, mud, marsh
4. qug"r /patai/ Education, study, teaching
5 er—a:n{r /paria/ Read, studied
6 o /thold/ Fat person
Table 10
Trisyllabic
S.No. Word IPA Transcription Meaning
1. m:[g”r /kPomani/ Multicoloured yarn
2. I /kbordva/ Rough, rude, impolite
3. g /kPulana/ To open, become open
4. g-pFT /kholldva/ Loose, expansible
5. AT /solaba/ Water-logging, seepage
6. ﬁ"—ssgr /sinédna/ To moisten, make wet
7. 33T /tomatay/ Someone like you, you
8. us;v@gr /patavna/ To teach, educate, tutor
Table 11
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Polysyllabic

S.No. Word IPA Transcription Meaning
1. HEIAT /kbolarna/ To stop, to interrupt
2. SIECHS /gardkana/ To boil, thunder, roar
Table 12

293




Chapter 4 — Word list of Stress

Di-syllabic

S.No. Word IPA transcription
1. AIg /sarab/
2 "3 /sarak/
3 TJAS /hasab/
4 I&d /hunar/
5 IJAH /hazom/
6. =CIC] /ugar/
7 CGE] /vzar/
8 €3r= /utsav/
9 €3ma /utsuk/
10. 1S /fogon/
11. IAS /kasok/
12. Jfges /gorift/
13. 5G] /tfogal/
14. =iE) /omar/
15. Wy /anakh/
16. rorel /ondd/
17. Hae /sdkat/
18. HIS /magal/
19. gSH3 /basat/
20. HETT /maldg/
21. gar /phikka/
22, gt /agge/
23. A /sad3za/
24, Ugr /poka/
25. o937 /bota/
26. g57 /bula/
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S.No. Word IPA transcription
27. g3 /pPidda/
28. fear /pPida/
29. HEg /majur/
30. H;SF /mona/
31. IHT /koma/
32. TS /suna/
33. gAr /rosa/
34. 3IeT /tana/
35. SIoCH /tfolak/
36. farsT /gila/
37. wH / jesu/
38. 1?!3'({?5 /jokin/
39. IJAST /rosta/
40. faas /hisab/
41. S3g /badzar/
42. HIHA /maridz/
43. I /korib/
44, SC19) /udzen/
45. WIS /okal/
46. WarH /aphim/
47. g3 /utar/
48. 152= 1) /uthan/
49. WH'S /asan/
50. wHg /omir/
51. A8 /dzoban/
52. =t /kani/
53. 3A /tosa/
54. 3 /tadd/
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S.No. Word IPA transcription
55. nigg /dgur/
56. a]'l;E[ /gadzor/
57. I /gokul/
58. 536 /nuton/
59. ézg /vetar/
60. - [=ro) /jovan/
ol. I3 /herat/
62. azse /kedat/
63. IJH /hakom/
64. y3g /khator/
65. was /orat/
66. Gl /thakar/
67. wag Jakat/
68. goE /tfanan/
69. I59 /balak/
70. W3y /atyf/
71. HaE /sdkan/
72. 3I3< /tadav/
73. 135 /pEdl/
74. yy'g /pak"3d/
75. ggr /tfatfa/
76. acr /pheta/
77. P=1p5 /dzina/
78. HE} /mali/
79. 14 /deo/
80. 3G /leo/
81. agr /kora/
82. a3 /phita/
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S.No. Word IPA transcription
83. 253t /benti/
4. n3Tg /mordar/
85. Hae /modzud/
86. Q%r /una/
87. ;137 /sara/
88. oHS /iman/
89. I=t /rani/
90. qJaSBr /kaphla/
91. Hgr /khira/
92. IJrat /gani/
93. Her /sina/
94. 3gr /taba/
95. = rell /kata/
96. g /tfadi/
97. O3t /péti/
98. o /vedat/
99. Har /muigi/

100. );;ﬁ /mudzi/

101. 1;3?} /khadi/

- Table 13
Tri-syllabic

S.No. Words IPA transcription
1. WIIHS /akarmok/
2 wWfH3T /omita/
3 WHSS /asaphal/
4. SHIS /befakal/
5 e /besidak/
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S.No. Words IPA transcription
6. fosHIT /tfilmat/fi/
7. fogsaar /tfilgoza/
8. ITIB /davadol/
9. Jga+ag /gerhadzor/
10. foasg /1kottor/
11. AJreT /dzagona/
12. ASTSS /dzolalot/
13. A%Tg /d3olodor/
14. AgaeSs /dzobanvat/
15. IJsUfsa /kalpanik/
16. IHAHIH /kafmakaf/
17. grfest /khofdili/
18. Jgus /korapan/
19. 3F3E /niletton/
20. ygegdad /pardor[ok/
21. UBYE /polapan/
22. Ju3g /rupator/
23. }533-).@ /surotmad/
24, ngq /t3baku/
25. 31:[8;5 /tapoban/
26. IZIg" /totkora/
27. Jararg /tikakar/
28. fegqesr /tikona/
29. S /vdzorat/
30. Ewcer /vltena/

Table 14
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Poly-syllabic

S.No word IPA transcription

1. wigfanrds /akirrafil/

2. Aehiteg /s&timitor/
3. I3t /tfetavoni/
4. AT TSI /gud3zravala/
5. fegeAUsE /ikvasapan/
6. yaargr /khatfevala/
7. Sargar /nakab3adi/
8. UyItersr /pdkhrivala/
9. JU3Is /rupataron/
10. F;’)—lBE"E"‘I' /samatvadi/
11. AHIHS /samradzvadi/
12. AE&396 /sthan3toran/
13. GO /ugarpathi/
14. ISGES /uvdzaddpona/

Table 15
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Chapter 3 — Data sheets of Tonemes

Sample Data sheet 1 (Composite word): uf?:iul‘ﬁ"' /kallukara/

Appendix B - DATA SHEETS

wg
Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU(HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
M1 199 628 209 | 203 | 196 | 188 HL 0.04
M2 248 348 254 | 248 | 246 | 243 HL 0.07
M3 256 321 263 | 259 | 256 | 248 HL 0.10
M4 224 1135 249 | 229 | 218 | 205 HL 0.06
Average 232 608 244 | 235 | 229 | 221 HL 0.07
Table 1: Data of Male Speakers

Female Fy in Slope in Cross-Sectional Slope of | Contour | Duration

Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%

F1 295 450 307 | 292 | 290 | 289 HL 0.07
F2 IP IP IP IP IP IP IP IP
F3 323 402 331 | 325 | 322 | 316 HL 0.06
F4 280 778 301 | 282 | 272 | 264 HL 0.07
F5 IP IP IP IP IP IP 1P 1P
F6 309 371 316 | 309 | 309 | 305 HL 0.07
Average 302 500 314 | 302 | 298 | 294 HL 0.07

Table 2: Data of Female Speakers
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yrgr

Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU of tone of TBU
(HZ/Sec)
25% | 25% | 25% | 25%
Ml 179 149 183 | 180 | 179 176 HL 0.13
M2 256 125 258 | 258 | 256 252 HL 0.12
M3 243 293 257 | 245 | 239 231 HL 0.19
M4 214 297 230 | 215 | 207 204 HL 0.15
Average 223 216 232 | 225 | 220 216 HL 0.15
Table 3: Data of Male Speakers
Female Fy in Slope in Cross-Sectional Slope of Conto | Duration
Speakers | (HZ/Sec) (HZ/Sec) TBU ur of of TBU
(HZ/Sec) tone
25% | 25% | 25% | 25%

F1 325 315 325 | 315 | 297 | 278 HL 0.21
F2 1P 1P 1P 1P IP 1P IP 1P
F3 335 328 335 | 328 | 321 304 HL 0.15
F4 292 278 292 | 278 | 275 | 275 HL 0.14
F5 1P 1P 1P 1P 1P 1P 1P 1P
F6 301 298 301 298 | 298 | 290 HL 0.16
Average 313 305 313 | 305 | 298 | 287 HL 0.17

Table 4: Data of Female Speakers
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Sample Data sheet 2: fJISE /rid3d3dna /

Male Fy in Slope in | Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU(HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
M1 191 324 177 | 191 | 196 | 201 LH 0.11
M2 266 156 263 | 266 | 267 | 269 LH 0.10
M3 232 296 224 | 230 | 236 | 239 LH 0.09
M4 217 403 207 | 218 | 221 | 222 LH 0.06
Average 227 266 219 | 226 | 230 | 232 LH 0.09
Table 5: Data of Male Speakers
Female Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
F1 289 419 278 | 289 | 293 | 296 LH 0.06
F2 301 850 282 | 301 | 311 | 313 LH 0.05
F3 314 433 298 313 320 325 LH 0.10
F4 345 474 329 346 352 353 LH 0.09
F5 346 346 333 | 344 | 350 | 354 LH 0.08
Fé6 309 428 297 309 | 314 317 LH 0.09
Average 317 492 303 | 317 | 323 | 326 LH 0.08

Table 6: Data of Female Speakers
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Sample Data sheet 3 (Dipthong): @78t /¢ai/

Male Fy in Slope in | Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU(HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
Ml 173 229 182 | 160 | 175 | 175 HLH 0.46
M2 261 150 267 | 261 | 258 | 258 HL 0.35
M3 242 155 255 | 230 | 242 | 242 HLH 0.51
M4 201 187 211 | 192 | 192 | 206 HLH 0.34
Average 205 190 216 | 194 | 203 | 208 HLH 0.44
Table 7: Data of Male Speakers
Female Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
F1 308 462 322 | 279 | 294 | 337 HLH 0.39
F2 332 362 343 | 321 | 318 | 345 HLH 0.33
F3 333 312 345 | 318 | 319 | 351 HLH 0.44
F4 309 192 329 | 302 | 295 | 308 HLH 0.45
F5 365 128 374 | 365 | 361 | 361 HLH 0.44
F6 319 300 353 | 315 | 294 | 312 HLH 0.43
Average 328 293 344 | 317 | 314 | 336 HLH 0.41

Table 8: Data of Female Speakers
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Sample Data sheet 4: TJH /taram/

Male Fy in Slope in | Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU(HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
M1 187 627 207 | 196 | 182 | 165 HL 0.08
M2 272 274 280 | 272 | 270 | 266 HL 0.11
M3 262 308 265 | 264 | 263 | 256 HL 0.15
M4 218 184 223 | 220 | 216 | 212 HL 0.10
Average 235 348 244 | 238 | 233 | 225 HL 0.11
Table 9: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
F1 297 327 307 | 299 | 297 | 287 HL 0.13
F2 321 410 331 | 322 | 322 | 311 HL 0.13
F3 317 379 328 | 325 | 316 | 299 HL 0.12
F4 278 519 300 | 283 | 272 | 256 HL 0.14
F5 343 299 349 | 349 | 344 | 330 HL 0.16
F6 293 611 307 | 307 | 291 | 268 HL 0.17
Average 308 424 320 | 314 | 307 | 292 HL 0.14

Table 10: Data of Female speakers
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Sample Data sheet 5: fm /priftatfar/

Male FO Slope in | Cross-Sectional Slope of | Contour | Duration
Speakers | in(HZ/Sec) | (HZ/Sec) TBU(HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
Ml 177 612 196 | 185 | 170 | 156 HL 0.08
M2 270 249 275 | 272 | 270 | 263 HL 0.08
M3 236 544 238 | 247 | 239 | 221 HL 0.11
M4 214 926 229 | 225 | 211 | 194 HL 0.05
Average 224 583 235 | 232 | 223 | 209 HL 0.08
Table 11: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
F1 302 928 296 | 312 | 309 | 292 HL 0.07
F2 341 707 341 | 348 | 346 | 328 HL 0.06
F3 312 629 334 | 319 | 302 | 294 HL 0.07
F4 281 820 296 | 295 | 282 | 251 HL 0.08
F5 IP
F6 338 736 342 | 350 | 342 | 319 HL 0.12
Average 315 764 322 | 325 | 316 | 297 HL 0.08

Table 12: Data of Female speakers
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Chapter 3 — Data sheets of Consonant /h/

Sample Data sheet 1: I /k™i/

Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
Ml 181 251 154 | 192 | 198 | 181 LHL 0.43
M2 258 202 239 | 265 | 267 | 263 LHL 0.43
M3 235 200 234 | 245 | 236 | 225 LHL 0.53
M4 203 271 178 | 201 | 219 | 215 LHL 0.33
Average 219 231 201 | 226 | 230 | 221 LHL 0.43
Table 13: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% |25 | 25% | 25%
%
F1 307 317 287 1291 | 316 | 332 LH 0.35
F2 343 471 319 | 331 | 363 | 357 LHL 0.33
F3 295 875 291 299 | 333 | 252 LHL 0.38
F4 324 347 285 | 321 | 348 | 340 LHL 0.31
F5 282 713 347 1372 | 214 197 LHL 0.38
F6 310 525 274 | 288 | 325 | 356 LH 0.24
Average 310 541 301 | 317 | 317 | 306 LHL + 0.33
LH
Table 14: Data of Female speakers
Sample Data sheet 2: ©7J /ta/
Male Fyin Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
Ml 159 232 157 | 139 | 165 | 175 HLH 0.48
M2 230 293 231 | 221 | 230 | 237 HLH 0.17
M3 217 229 243 | 224 | 224 | 217 HL 0.43
M4 188 245 188 | 171 | 191 | 202 HLH 0.35
Average 199 250 205 | 189 | 203 | 208 HLH + 0.36
HL

Table 15: Data of Male speakers
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Female Fy in Slope in Cross-Sectional Slope of Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% 25% | 25% | 25%
Fl 271 454 281 252 | 254 | 295 HLH 0.39
F2 261 327 274 261 | 247 | 262 HLH 0.37
F3 250 536 296 280 | 227 195 HL 0.30
F4 298 382 314 279 | 294 | 304 HLH 0.38
F5 346 192 358 331 340 | 354 HLH 0.42
F6 270 390 275 278 | 255 | 272 HLH 0.30
Average 283 380 300 280 | 270 | 280 HLH + 0.36
HL
Table 16: Data of Female speakers
Sample Data sheet 3: €H'J /vosa/
Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
Ml 166 233 138 | 163 | 185 | 179 LHL 0.37
M2 239 198 220 | 234 | 248 | 257 LH 0.39
M3 223 206 218 | 227 | 225 | 224 LHL 0.44
M4 NT
Average 209 212 192 | 208 | 219 | 220 LHL + 0.40
LH
Table 17: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of Contou | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) r of of TBU
25% | 25% | 25% | 25% tone
F1 266 318 246 | 251 | 271 296 LH 0.30
F2 305 392 283 | 283 | 309 | 345 LH 0.27
F3 283 465 255 | 256 | 286 | 336 LH 0.38
F4 275 435 269 | 277 | 289 | 265 LH 0.19
F5 339 230 317 | 328 | 349 | 36l LH 0.34
F6 257 232 251 | 251 | 261 | 266 LH 0.23
Average 288 345 270 | 274 | 294 | 312 LH 0.29

Table 18: Data of Female speakers

308




Sample Data sheet 4: feedT /videro/

Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration

Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
Ml 181 194 152 | 180 | 199 | 191 LHL 0.47
M2 246 178 227 | 245 | 255 | 256 LH 0.37
M3 231 183 223 | 238 | 236 | 228 LHL 0.35
M4 1P
Average 219 185 201 | 221 | 230 | 225 LHL + 0.40
LH
Table 19: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
F1 281 337 253 | 267 | 292 | 312 LH 0.27
F2 303 422 285 | 290 | 310 | 328 LH 0.22
F3 Non- Tonal
F4 301 284 277 | 289 | 315 | 324 LH 0.33
F5 339 232 311 338 | 354 | 353 LHL 0.30
F6 298 978 279 | 282 | 319 | 313 LHL 0.18
Average 304 451 281 | 293 | 318 | 326 LHL + 0.26
LH

Table 20: Data of Female speakers
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Chapter 3 — Data sheets of Conjuncts of /f/

Sample Data sheet 1: Eﬁ?’g /g6l/

Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
Ml 169 262 140 | 161 | 180 | 195 LH 0.06
M2 251 170 230 | 247 | 261 | 267 LH 0.04
M3 223 259 195 | 217 | 236 | 245 LH 0.12
M4 186 274 158 | 174 | 199 | 214 LH 0.11
Average 207 241 181 | 200 | 219 | 230 LH 0.08
Table 21: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
F1 260 246 249 | 250 | 262 | 279 LH 0.24
F2 323 259 314 | 314 | 321 343 LH 0.32
F3 303 277 278 | 295 | 312 | 326 LH 0.30
F4 282 147 261 277 | 292 | 297 LH 0.43
F5 329 186 319 | 326 | 332 | 341 LH 0.25
F6 232 143 226 | 230 | 232 | 240 LH 0.31
Average 288 210 275 | 282 | 292 | 304 LH 0.31

Table 22: Data of Female speakers
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Sample Data sheet 2: HS™E" /solaba/

Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration

Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%

M1 175 415 187 | 181 | 173 | 158 HL 0.11

M2 272 226 282 | 277 | 269 | 261 HL 0.14

M3 235 268 243 | 242 | 235 | 219 HL 0.15

M4 195 423 208 | 201 | 192 | 179 HL 0.11

Average 219 333 230 | 225 | 217 | 204 HL 0.13

Table 23: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of Contour | Duration

Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%

F1 276 411 291 | 286 | 273 254 HL 0.13

F2 304 381 319 | 311 300 286 HL 0.12

F3 317 519 340 | 328 | 311 288 HL 0.13

F4 253 353 271 | 258 | 248 235 HL 0.15

F5 334 459 345 | 343 | 334 312 HL 0.12

F6 283 380 294 | 292 | 285 262 HL 0.13

Average 295 417 310 | 303 | 292 273 HL 0.13

Table 24: Data of Female speakers
Sample Data sheet 3: H&'J ST /khalarna/
Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration

Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%

M1 145 58 148 | 147 | 145 | 143 HL 0.18

M2 241 75 242 | 242 | 242 | 240 HL 0.18

M3 IP

M4 220 237 220 | 203 | 185 | 178 HL 0.22

Average 203 123 203 | 197 | 191 | 187 HL 0.19

Table 25: Data of Male speakers

311




Female Fyin | Slopein Cross-Sectional Slope of Contour Duration of
Speakers | (HZ/S | (HZ/Sec TBU (HZ/Sec) of tone TBU
ec) ) 25% | 25% | 25% | 25%
F1 270 342 289 | 282 | 264 | 243 HL 0.17
F2 293 171 303 | 293 | 290 | 289 HL 0.19
F3 285 153 295 | 288 | 282 | 278 HL 0.17
F4 228 313 240 | 226 | 222 | 219 HL 0.21
F5 287 192 291 | 289 | 285 | 283 HL 0.20
F6 218 121 226 | 220 | 215 | 212 HL 0.23
Average 264 215 274 | 266 | 260 | 254 HL 0.20
Table 26: Data of Female speakers
Sample Data sheet 4: IS F /galdy/
Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
M1 204 264 202 | 204 | 206 | 202 LHL 0.09
M2 282 143 282 | 286 | 283 | 279 LHL 0.11
M3
M4 212 101 212 | 214 | 212 | 211 LHL 0.09
Average 233 169 232 | 235 | 234 | 231 LHL 0.10
Table 27: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%
F1 304 554 282 | 297 | 309 | 327 LH 0.11
F2 344 560 326 | 338 | 347 | 365 LH 0.11
F3 355 135 355 | 358 | 357 | 351 LHL 0.16
F4 292 158 284 | 290 | 294 | 298 LH 0.13
F5 341 260 331 335 | 344 | 356 LH 0.12
F6 284 283 277 | 281 | 288 | 292 LH 0.14
Average 320 325 309 | 317 | 323 | 332 LH 0.13
+LHL

Table 28: Data of Female speakers
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Sample Data sheet 5: @& /fhola/

Male Fy in Slope in Cross-Sectional Slope of | Contour | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) of tone of TBU
25% | 25% | 25% | 25%

M1 197 179 196 | 198 | 197 | 196 LHL 0.20
M2 IP

M3 1P

M4 215 67 215 | 217 | 216 | 213 LHL 0.24
Average 206 123 206 | 208 | 207 | 205 LHL 0.22

Table 29: Data of Male speakers
Female Fy in Slope in Cross-Sectional Slope of Contou | Duration
Speakers | (HZ/Sec) | (HZ/Sec) TBU (HZ/Sec) r of of TBU
25% | 25% | 25% | 25% tone
F1 322 140 310 | 321 328 | 329 LH 0.21
F2 309 129 302 | 304 | 312 | 320 LH 0.23
F3 340 267 326 | 332 | 346 | 359 LH 0.21
F4 287 188 280 | 289 | 291 | 288 LHL 0.14
F5 351 112 351 353 350 | 350 LHL 0.27
F6 325 253 309 | 323 335 | 335 LH 0.14
Average 322 182 313 | 320 | 327 | 330 | LHL + 0.20
LH

Table 30: Data of Female speakers
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Appendix C- GRAPHS

Chapter 3- Graphs of Tonemes

Fig 3: Male formant sample Fig 4: Female formant sample
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Fig 7: Male formant sample Fig 8: Female formant sample
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3. BUIYT /tfrddrpona/

Fig 9: Male pitch sample Fig 10: Female pitch sample
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Fig 11: Male formant sample Fig 12: Female formant sample
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Fig 15: Male formant sample Fig 16: Female formant sample
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5. f&38= /mibavna/

1

Fig 17: Male pitch sample Fig 18: Female pitch sample
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Fig 19: Male formant sample Fig 20: Female formant sample
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6. g=E /tuddna/

Fig 23: Male formant sample Fig 24: Female formant sample
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7. ®HOIT /namtari/
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Fig 25: Male pitch sample Fig 26: Female pitch sample

Fig 27: Male formant sample Fig 28: Female formant sample
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8. €%9W /6d3bog/

Fig 29: Male pitch sample Fig 30: Female pitch sample

Fig 31: Male formant sample Fig 32: Female formant sample
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9. TUM /dudia/

Fig 35: Male formant sample Fig 36: Female formant sample
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10. HS™ /sGd3a/
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Fig 37: Male pitch sample Fig 38: Female pitch sample

Afe=] ol

Fig 39: Male formant sample Fig 40: Female formant sample
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11. HSE /sud3ii/
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Fig 43: Male formant sample Fig 44: Female formant sample

Fig 45: Male pitch sample Fig 46: Female pitch sample
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Fig 47: Male formant sample Fig 48: Female formant sample

13. foWTF itfigiy/
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Fig 51: Male formant sample Fig 52: Female formant sample
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14. 4T /pradin/

Fig 55: Male formant sample Fig 56: Female formant sample
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Chapter 3- Graphs of Consonent /h/

1. <J/va/
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Fig 59: Male formant sample
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2. AfT /sé/
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Fig 63: Male formant sample Fig 64: Female formant sample
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Chapter 3- Graphs of Conjuncts of /fi/

1. 31 /g6l
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[E e

2. Y& kholldva/

Fig 77: Male pitch sample

(1] = .
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4. LIB:'@E’ /paravna/

e
519 ot prans L
Fe lm Oy tew ez e Sowdwy Te Spemum Pen e fome hae e

I T e

o ‘Visibie pan (1 £31746 saconds

B O N

ot Auaton O 521748 Seconas S
[:[F=

Fig 85: Male pitch sampie

¥R ot panaana R
i b Gy vew bews e ety T g baun by o -
O

Fig 86: Female pitch sample

0.51 1802
e

Y [ N e

Fig 87: Male formant sample

5. UfE:Y)F /paria/

7 T s,
i S Gy e et il Bty T puctm T% biready famat Fubes B ™
el

T — I
[ Vst 0 GTRARY samerte, oorna

| Total uraion 0 97D saconss

T T N | am

Fig 89: Male pitch sample

0273547 [ 0325838 T 0091749
o 691134 seconds. 06911;
0691134 seconds.
a || o [ o || ] bk ] ] % oo

333

Fig 90: Female pitch sample




* I Teed v ==
]

N T Y e
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Chapter 3- MATLAB code for plotting Independent tone graphs

[x,fs]=wavread('C:\Users\tempS\Desktop\Matlab\chidak.wav');
y=x(:,1);

[fx,tt]=fxrapt(y,fs,'u");

subplot(2,1,1),plot(y)

hold on

subplot(2,1,2),plot(fx)
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Chapter 4 — Experimental Study of Lexical Stress

Appendix D - ANNEXURES

Annexure I
Di-syllabic non-tonal words
S. No. Word Syllabic weight Intra-syllabic
s1 s2 stress (si_in %)
1. HIH /sorab/ 58.78 59.59 1.38
2. A3 /sorak / 59.43 60.5 1.80
3. IAS / hosab / 58.34 61.43 5.30
4. HITS / fogon / 59.77 61.61 3.08
5. A / kasok / 58.97 60.57 2.71
6. WEY / onokh/ 60.88 61.64 1.25
7. J&d /honar/ 63.5 65.8 3.62
8. | €319 /ugor/ 64.31 65.47 1.80
9. €79 /uzor/ 59.55 59.98 0.72
10. | 918 /tfogal/ 61.29 61.17 -0.20
11. | W& /ondd/ 59.66 60.53 1.46
12. | #Ade /s3kat/ 60.2 61.56 2.26
13. | »idl /ogge/ 59.23 60.97 2.94
14. | AA /sadza/ 60.33 62.36 3.36
15. | yar /poka/ 60.04 61.35 2.18
16. | =37 /bota/ 56.37 60.05 6.53
17. | g3 /bula/ 56.28 60.19 6.95
18. | €3 /phdda/ 61.44 59.2 -3.65
19. | feer /phida/ 61.12 61.54 0.69
20. | H&™ /mona/ 59.6 62.4 4.70
21. | IH /koma/ 59.82 60.32 0.84
22. | H&" /svna/ 61.41 63.21 2.93
23. | IA /rosa/ 58.15 62.54 7.55

Contd...
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S. No. Word Syllabic weight Intra-syllabic
sl s2 stress (si_in %)
24. | 3= /tona/ 59.04 61.47 4.12
25. | 913 /gila/ 56.51 61.08 8.09
26. | W /yasu/ 60.26 65.86 9.29
27. | IHS3 /rosta/ 58.15 63.36 8.96
28. | IHA /tusd / 62.25 64.39 3.44
29. | 32/ todd/ 60.08 61.98 3.16
30. | 8HT /omor / 63.77 66.15 3.73
31. | F=t/ keni/ 63.46 68.9 8.57
32, | HI® /m3gal / 61.63 67.67 9.80
33. | A3/ bos3t/ 57.26 63.85 11.51
34. | HEJT /molag / 60.99 64.12 5.13
35. | @3AE/ utsov/ 59 41 65.37 10.03
36. | @384 /utsuk/ 60.59 66.22 9.29
37. | qfgeE3 /gorpy 58.38 62.63 7.28
38. | a9 /gadsor/ 57.53 60.62 5.37
39. | JFS /gokul/ 58.26 62.83 7.84
40. | 33& /nuton/ 59.57 62.97 5.71
41. | &I /votar/ 57.82 61.17 5.79
42. | ¥ /yovon/ 59.76 62.83 5.14
43. | I93 /herot/ 60.75 62.89 3.52
44. | d3< /kedot/ 5982 60 0.30
45. | IIH /hakem/ 59.38 65.95 11.06
46. | HAdE /s3ken/ 62.01 64.62 4.21
47. | 313< /tadov/ 59.33 63.06 6.29
48. | 03 /pecpl/ 59.9 63.49 5.99
49. | Wig3 /orat/ 60.54 64.04 5.78
50. | 9T /ifatfa/ 58.8 61.82 5.14
Sl | 22 /phetal 61.28 62.5 1.99
52. | Wt /mali/ 59.8 61.54 291
53. | 33 /kora/ 64.5 68.3 5.89
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S. No. Word Syllabic weight Intra-syllabic
sl s2 stress (s;_in %)
54. | I3 /phita/ 63.3 66.96 5.78
55. | 39 /taba/ 58.74 61.42 4.56
56. | gteT /kita/ 58.52 63.27 8.12
57. | o< fadi/ 60.21 62.17 3.26
58. | O3 /peti/ 59 63 6.78
59. | 9t /magi/ 59.63 62.48 4.78
60. | &g /thakor/ 61.2 64.87 6.00
61. | y3g /khator/ 60.5 63.65 5.21
62. | WidF /akoy/ 60.63 64.75 6.80
63. | I'&E /tfanon/ 64.77 66.75 3.06
64. | UnF /pakhad/ 64.41 63.71 -1.09
65. | I&d /balok/ 59.39 63.26 6.52
66. | AT /sara/ 59.72 64.03 7.22
67. | Wit /miidsi/ 62.85 65.3 3.90
68. | gret /rani/ 61.37 66.79 8.83
69. | &S /kap'la 61.68 66.07 7.12
70. | HreT/ dzina/ 58.23 64.87 11.40
71. | ¥itgr /khira/ 63.02 65.37 3.73
72. | JrSt/gani/ 63.38 67.27 6.14
73. | HreT /sina/ 61.07 65.69 7.57
74 HE keody/ 64.3 66.41 3.28
75. | HYJ /mojur/ 62.01 63.15 1.84
76. | 9% fifolak/ 61.83 60.23 -2.59
77. | Weltes /jokin/ 5935 63.38 6.79
78. | fIATE /hisab/ 62.19 62.43 0.39
79. | 999 /bozar/ 58.11 59.56 2.50
80. | HIIH /morids/ 63.13 62.56 -0.90
81. | gdig /korib/ 61.89 61.56 -0.53
82. | 67& /udzen/ 59.62 60.16 0.91
83. | W /okal/ 59.4 62.01 4.39
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S. No. Word Syllabic weight Intra-syllabic
s1 s2 stress (si_in %)
84. | Wl /ophiny/ 60.52 64.71 6.92
85. | €3 /utay/ 60.75 63.11 3.88
86. | @ES /uthan/ 61.58 63.29 2.78
87. | WH'S /osan/ 60.6 63.27 4.41
88. | wHig /omir/ 61.39 65.56 6.79
89. | AT /dzoban/ 59.84 63.97 6.90
90. | nigm/3gur/ 62.78 65.36 4.11
91. | ¥ge/modzud/ 59.8 59.36 -0.74
92. | T3 vedat/ 59.25 60.38 1.91
93. | dHres/iman/ 66.57 67.39 1.23
94. | 9&31/benti/ 57.11 61.75 8.12
95. | Hg=I/mordar/ 60.02 62.43 4.02
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Annexure 11

Di-syllabic Supra-Laryngeal tonal words

S. Word Syllabic weight Intra-syllabic
No. stress (s; in %)
sl s2
1 g3 (ftfuth/) 68.47 58.63 -14.36
2 u]a (/kdr/) 66.64 57.57 -13.60
3 B3 (/kiggi/) 68.94 60.92 -11.63
4 B3 (/tfirok/) 70.20 63.04 -10.20
5 ga&t (/5 /) 72.25 65.41 -9.46
6 et (/tobi/) 69.67 63.29 -9.15
7 TS (ftadi)) 68.07 62.94 -7.53
8 313 (/pebit)) 66.94 62.23 -7.04
9 gfger (/tdhna/) 68.39 63.61 -6.99
10 " (/taba/) 67.74 63.00 -6.99
11 WaT (/kdm /) 70.08 65.39 -6.70
12 Wt (/kahi/) 65.78 61.38 -6.69
13 SJ1 (tfagg/) 67.76 63.77 -5.88
14 &3 (4illa)) 70.43 66.31 -5.85
15 WHT (/kad /) 67.06 63.22 -5.73
16 OIH (/tdrom/) 69.67 66.09 -5.13
17 e /kota/ 67.74 64.33 -5.05
18 FHAH (/pasom/) 70.01 66.47 -5.05
19 Wgr /kéra/ 66.07 62.76 -5.01
20 B3 (/tfoli/) 68.71 65.40 -4.81
21 gt /k3li/ 68.06 65.34 -3.99
22 g (/tfutal) 66.34 63.90 -3.68
23 éa’g (/t3kkan/) 68.76 66.27 -3.63
24 ST (tfadg or/) 66.01 63.74 -3.43
25 W (/kSd /) 67.65 65.60 -3.04
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S. No. Word Syllabic weight Intra-syllabic
stress (s; in %)
s1 s2

26 T (tfadw) 67.23 65.28 -2.90
27 It (/pdgi/) 69.44 67.65 2.57
28 UaH (/tonof)) 70.15 68.41 2.49
29 AUFT (/kodal) 65.35 64.27 -1.65
30 WIa" (/kirona/) 66.31 65.22 -1.64
31 B3 /t3da/ 66.03 65.07 -1.46
32 3T (/p3du/) 68.96 68.05 -1.31
33 T&™E (/tanad/) 65.96 65.53 -0.64
34 fowr= (tfigar)) 66.58 66.84 0.38
35 FEE (/kodai/) 66.85 67.18 0.50
36 ol (/k3dii/) 68.95 69.71 1.11
37 HYE (/sudzail) 65.73 66.49 1.15
38 HS™ (/sudzao/) 66.23 66.99 1.15
39 EIEIC] 64.34 65.65 2.04
40 fSWH (/nigas/) 65.49 67.56 3.16
41 YOS (/pradan/) 68.56 70.98 3.52
42 HOT (/s3di/) 65.11 67.52 3.70
43 gt (/tfudi) 70.19 73.04 4.06
44 JTE (/h3dau/) 63.15 65.91 4.37
45 fIHEH (/rimdsim/) 65.43 68.81 5.16
46 &3T (/nabi/) 62.15 65.43 5.29
47 29 (/toba/) 65.12 68.63 5.39
48 WAWF (ankdr) 62.84 66.34 5.57
49 RS (/adzdzdk/) 62.87 66.84 6.30
50 WiSMTH (abias) 62.53 66.70 6.67
51 HES (/siddl/) 65.64 70.09 6.78
52 HOI (/moddr/) 63.35 68.53 8.18
53 593 (/nicbé/) 63.07 68.23 8.19
54 T (/khada/) 59.90 64.85 8.26
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S. Word Syllabic weight Intra-syllabic
No. stress (s; in %)
sl s2

55 W 8T /ducldt / 63.12 69.30 9.79

56 TII (/dorbd/) 63.47 70.15 10.53
57 SEC] 60.44 67.51 11.70
58 I (/gada/) 60.85 68.08 11.88
59 g (/odda/) 57.53 64.54 12.19
60 3T (/gudda/) 59.95 67.65 12.83
61 INEE (/guad /) 62.04 70.10 12.99
62 e bid'l/ 62.10 70.85 14.09
63 TUM (/dudia/) 59.53 68.02 14.26
64 g7 (/budda/) 58.70 67.08 14.29
65 T (/gidda/) 58.03 66.41 14.45
66 Bug (hdl ar/) 59.53 71.70 20.45
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Annexure II1

Di-syllabic laryngeal words

S. No. Word Stress (s1) Stress (s2) %age increase of
stress (s;)

L. | AITeS /sohak/ 64.62 62.63 -3.07
2. | AJE /sohai/ 64.89 62.92 -3.04
3. | ugE /porai/ 68.4 67.23 -1.7
4. | AfIH /sehadz/ 62.76 62.8 0.07
5. | 3= /hevan/ 61.58 61.89 0.5
6. | Afa=d /saheb/ 62.52 62.95 0.69
7. | J& /hotfra/ 63.57 64.26 1.07
8. | #J /fohor/ 64.53 65.23 1.09
9. | g9 /hadzer/ 60.64 61.58 1.55
10. g /hura/ 63 64.19 1.89
11, | wfge /ehad/ 62.34 63.57 1.98
12. | wrgg /ahor/ 63 64.65 2.61
13. | wigg /ohor/ 63.55 65.85 3.62
14. | 3979 /toba/ 61.73 64.39 431
15. | 399 /tora/ 64.16 67.15 4.66
16. | Jteg /hitor/ 61.1 65.15 6.63
17| ufgw /po ria/ 64.4 69.16 7.39
18. | & /thola/ 63.64 69.31 8.91
19. | =AYg /vesa/ 58.9 64.84 10.8
20. | fegat /énd/ 60.81 68.02 11.87
2L | oI /4la/ 54.61 61.31 12.28
22. | IrBF /galdy/ 60.69 68.6 13.04
23. | ghF /gomdt/ | 40 39 69.27 13.75
24. fFR%E/dylérL/ 58.8 67.5 14.8
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Annexure IV

Tri-syllabic non-tonal words

S. No. Word Stress Stress Stress $3-52/s2*100
(s1) (s2) (s3) (%age increase of
stress (s;)

1. | Sfaeg 60.60 62.31 61.39 -1.48
/bestdak/

2. | IEHIA 60.90 61.80 61.16 -1.04
/kafmakaf/

3. | 39 56.74 58.13 57.54 -1.01
/tdbaku/

4. | guys 59.21 62.27 62.43 0.26
/korapon/

5. | 3399 58.59 62.73 63.56 1.33
/totkora/

6. | geizm 54.82 59.76 60.75 1.65
/davadol/

7. | A%&I 55.87 58.32 59.31 1.69
/dzolalat/

8. | Iggag 57.28 59.10 60.33 2.08
/gerhadzor/

9. | Sraag 58.96 62.03 63.78 2.82
/tikakar/

10. | fgsHgt 62.27 62.64 64.51 2.98
/tfilmatfi/

11.| 99 55.97 57.34 59.05 2.99
/befokal/

12.| Agaes 56.12 60.06 62.00 3.24
/dzobanvat/

13.| @gcer 59.18 62.71 65.00 3.66
/vltena/

14.| feger 60.17 62.03 64.48 3.95
/tikona/

15. | 309 58.19 59.70 62.08 3.98
/topoban/

16. | wWagHa 54.69 59.99 62.84 4.75
/okormak/
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S. No. Word Stress Stress Stress $3-52/s2*100
(s1) (s2) (s3) %age increase of
stress (s;)

17| ma3ie 60.92 60.98 63.88 4.75
/surotmdd/

18. | fgsdiar 59.51 56.84 59.71 5.05
/tfilgoza/

19. | gr&ufse 58.67 58.94 62.02 5.24
/kalponik/

20. | dmnos 62.17 59.44 62.62 5.36
/polapan/

21.| 83 58.30 57.70 60.91 5.56
/niletton/

22. | ygegny | 58.77 56.08 59.42 5.96
/pardor[ok/

23.| a8<g 56.62 57.71 61.78 7.05
/dzolodor/

24. | wifyzr 56.52 59.18 63.63 7.53
/omrta/

25.| faazg 56.09 59.67 64.49 8.08
/ikottor/

26.| qut3g 56.99 58.06 63.02 8.54
/rupator/

27. | WiAa® 56.84 59.24 64.45 8.78
/asophal/

28.| a3 56.48 56.59 61.56 8.79
/udzorat/

29.| |rgreT 54.65 55.44 61.14 10.26
/d3zagona/

30.| yrfast 65.13 61.95 68.68 10.85
/kho[dili/
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Tri-syllabic Supra-Laryngeal tonal words

Annexure V

S. No. Word IPA Stress | Stress | Stress $3-s2/52*100
(s1) (s2) (s3) %age increase of
stress (si)
L | Fasr /stdola/ 65.54 67.59 64.52 -4.54
2. 353& * /@ suri/ 69.71 68.98 66.35 -3.8
3. | fdagr /fidora/ 68.1 67.22 65.42 -2.68
4. | AOgs /sodaran/ 66.17 67.18 65.57 -2.41
5. | viOgr /3 ra/ 64.25 67.93 66.71 -1.79
6. | fogger /nibavna/ | 65.54 68.37 67.45 -1.34
7. | fowurgar /migéarna/ 63.08 65.41 64.96 -0.68
8. | = /budapa/ 61.59 65.56 65.2 -0.55
9. | JusAg /h3dénsar/ | 61.14 67.09 67.44 0.52
10. | fgrgGer /gidzaona/ | 60.67 66.54 67.43 1.34
11. | 3hysr /tagorp / 64.22 67.48 69.02 2.28
12. | Lhygar /p3garna/ | 62.76 66.53 68.72 3.28
13. gu;gr /ligdna/ 62.83 66.95 70.07 4.65
14. | ggsr sdch na/ 64.12 68.19 71.43 4.75
15. | gae /tfOkony / 69.74 62.75 66.1 5.33
16. @ﬂm" /priftatfar/ | 68.13 63.8 67.29 5.46
17. | gseg /sadzidac/ | 59.21 62.06 65.89 6.18
18. | fowger /nigdrna/ 62.63 64.37 68.44 6.33
19. | gigsr /g3 1a/ 61.93 67.47 72.15 6.93
20. | desr /tocb la/ 67.86 63.23 68.14 7.76
21. | 593 /tfogra/ 68.36 61.11 66.32 8.53
22. | gy /tfope di/ 68.09 60.65 66.15 9.06
23. | Gs=y /udzdbvg/ | 62.6 59.01 64.52 9.34
24, | g /pidzdzena | 70.61 61.5 69.64 13.23
25. | Bg=r //lebbéqa/ 61.65 63.27 72.02 13.83
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S. No. Word IPA Stress | Stress | Stress $3-52/52*100
(s1) (s2) (s3) %age increase of
stress (s;)
26. | gger /budzdzdn, | 58.7 62.72 71.42 13.87
a/
27. | faogd ki’ cd/ 65.08 62.83 71.92 14.47
28. | gger /ridzdzéna/ | 60.21 61.61 71.77 16.49
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Tri-syllabic laryngeal words

Annexure VI

S. Syllabic weight Intra-syllabic
No stress (si in
Word sl s2 s3 %)
1. | Agrr /solaba/ 66.43 67.81 62.37 -8.03
2. | ¥gI& /Kholarna/ 62.01 64.04 62.75 -2.02
3. | fef39H /itehas/ 6153 | 64.86 | 63.92 -1.46
4. | ferf3a79 /iftehar/ 59.64 | 64.78 64.07 -1.09
5. | wJarg /eh3kar/ 59.74 | 62.14 | 62.61 0.76
6. | ferf39s /imtehan/ 64.65 | 66.21 66.91 1.05
7. | AfIZ3 [fehatut 67.67 | 67.58 | 6829 1.05
8. | BIT /suhela/ 63.81 63.79 65.05 1.98
9. | fAgHE /sehotomad/ 66.37 66.38 68.14 2.65
10.| AfgEsT /stsuba/ 59.25 60.36 | 62.09 2.87
11.| AII&™ /soharna/ 64.63 63.03 64.92 3.00
12.| ga™ /hukena/ 59.39 62.58 64.48 3.03
13.] g&a" /holara/ 59.82 60.86 62.90 3.35
14.| 72t /fahodi/ 63.43 63.13 65.25 3.37
15.| fAg9" /sehora/ 66.58 | 66.54 | 69.36 4.25
16.| AQTfE3T /soharta/ 64.25 63.10 65.81 4.30
17.| I /sohona/ 6538 | 6745 | 7043 4.42
18.| AT /sohara/ 63.82 62.40 65.25 4.57
19.| IrMZ /hesiot/ 5883 [ 61.99 |65.01 4.86
20.| fgE" /sindna/ 64.17 | 66.98 | 70.42 5.14
21| yge kholsna/ 6345 | 6779 | 71.43 536
22.| WA /ohisok/ 61.44 61.42 65.00 5.83
23. ¥g=t Khollsval 66.01 68.26 72.90 6.80
24.| {99 /himat/l/ 60.56 59.63 63.82 7.02
25.| fagarfast /ikarti/ 58.76 59.48 63.95 7.51
26.| xnyEY /kbomani/ 5033 | 64.62 | 7046 9.03
27.| |g=r /khordval 63.98 | 6374 | 69.99 9.81
28.] fe=dT /vidoro/ 58.60 |57.60 | 67.74 17.61
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Poly-syllabic words

Annexure VII

S. No. Word Syllabic weight
sl s2 s3 s4 )
1. SIS /okiriafil/ 58.52 59.53 60.67 57.58 | -
2. JUT3IS /rupitoron/ 55.43 57.99 60.85 60.31 | -
3. ;[rg—;_rrgq /khatfevala/ 56.95 61.63 62.08 61.53 | -
4. eFtesT /pakirivala/ 57.94 59.80 62.28 62.56 | 62.25
5. IS /gudzrivala/ 54.22 51.92 60.39 62.07 | 62.20
6. Srarsat /nakab3di/ 57.07 61.28 60.08 60.95 | -
7. fedeAUE /ikvasapon/ 53.71 57.01 60.82 61.85 |-
8. AShited /sétimitor/ 58.04 62.21 61.10 6221 |-
9. EIIER /ugorpathi/ 51.81 58.96 60.73 62.69 | -
10. | @Y= /udsaddpuna/ 57.40 58.04 57.13 60.30 | 63.39
11. | 33<=t /tfetavoni/ 58.36 59.19 59.35 62.75 | -
12. | gAHgH=S 58.09 61.49 56.60 54.06 | 60.73
/samradzvadi/
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Chapter 6 — Correlation of Morpho-Syntactic features with lexical
representation and its co-articulation

Annexure I

POS for Punjabi

S. No. Categories Label Annotation

Convention
Top-level Sub-type - Sub-type -
level 1 level 2

1 Noun N N

1.1 Common NN N_NN
1.2 Proper NNP N__NNP
1.4 Nloc NST N_NST

2 Pronoun PR PR

2.1 Personal PRP PR PRP
2.2 Reflexive PRF PR__PRF
2.3 Relative PRL PR__PRL
2.4 Reciprocal PRC PR _PRC
2.5 Wh-word PRQ PR_PRQ
2.6 Indefinite PRI PR PRI

3 Verb \% A\

3.1 Main VM V_ VM
3.1.2 Non-finite VNF V_VM_VNF
3.13 Infinitive VINF V_VM__VINF
3.14 Gerund VNG V_VM_ VNG
3.2 Auxiliary VAUX V_ VAUX
4 Adjective JJ

5 Adverb RB

6 Demonstrative DM DM

6.1 Deictic DMD DM__ DMD
6.2 Relative DMR DM__ DMR
6.3 Wh-word DMQ DM _ DMQ
6.4 indefinite DMI DM_DMI
7 Postposition PSP
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S.No. | Categories Label Annotation Label Annotation
Convention Convention
8 Conjunction CC CC
8.1 Co-ordinator CCD CC__CCD
8.2 Subordinator CCS CC__CCS
9 Particles RP RP
9.1 Default RPD RP__RPD
9.2 Classifier ckE RP—CE
9.3 Interjection INJ RP__INJ
9.4 Intensifier INTF RP__INTF
9.5 Negation NEG RP__NEG
10 Quantifiers QT QT
10.1 General QTF QT _QTF
10.2 Cardinals QTC QT __QTC
10.3 Ordinals QTO QT _QTO
11 Residuals RD RD
11.1 Foreign word RDF RD_RDF
11.2 Symbol SYM RD SYM
11.3 Punctuation PUNC RD__PUNC
11.4 Unknown UNK RD UNK
11.5 Echowords ECH RD_ ECH
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