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SYLLABIFICATION RULES IN PUNJABI

HASAN KABIR

ABSTRACT

This paper describes an approach to
syllabification that has been incorporated
into Punjabi. It focuses on the syllabification
rules i.e. how many syllable categories exist
in Punjabi, syllabification constraints i.e.
which phonemes cannot come in the start of
a syllable, etc. and applicability of different
syllabification algorithms on Punjabi. An
algorithm for syllabification is also devised in
the end. Previously most of the studies in
this regard have been done on Western
Languages. This paper also covers all such
related details.

1. INTRODUCTION

Punjabi is a widely spoken language.
Punjabi being originated from Proto Indo
(Indo Aryan) languages has many distinct
characteristics. The accent (pronunciation)
of Punjabi varies from region to region.
Punjabi being spoken in Indian Punjab is
much different from the Punjabi being
spoken in Pakistani Punjab as proposed by
Masica (1991, 20). This paper discusses the
Syllabification Rules of Punjabi spoken in
Pakistan.

Syllabification is an important component of
any TTS (Text to speech) system. In many
languages the pronunciation of phonemes is
a function of their location in the syllable
relative to the syllable boundaries. Location
in the syllable also has a strong effect on the
duration of the phone, and is therefore a
crucial piece of information for any model of
segmental duration; (Kiraz, 1).

Syllabification can be achieved by writing a
declarative grammar of possible locations of
syllable boundaries in polysyllabic words. An
extremely simplistic, constraint-based model
of syllabification might state that each word
in the utterance consists of one or more
syllables of the structure C*VC*, i.e., of an
obligatory syllable nucleus (V) optionally

preceded or followed, or both, by any
number of consonants (C).

2. LITERATURE REVIEW

I never encountered any authentic document
on Punjabi syllables during the course of
study. Therefore, this document could act as
a baseline for the further research in this
area.

Goldsmith (1990, 110) suggests that sounds
differ in sonority. A low vowel is sonorous
than a high vowel and any vowel is more
sonorous than a consonant. Successive
peaks and valley of sonority therefore
characterize a sequence of sounds in a
normal utterance. The sounds, which
constitute the peaks of sonority, are called
syllabic and an utterance has as many
syllables as it contains syllabic word.

Different theories and rules have been
established for syllabification. The ideas
behind them are listed below.

2.1 Existing Algorithms

Maximum Onset Principle (MOP) prefers
onset to codas. It prefers onset wherever
possible; (Goldsmith, 1990, 137). In
contrary, Maximum Coda Principle (MCP) is
absolutely opposite to MOP.

Sonority  Sequencing  Principle  (SSP)
requires onset to rise in sonority towards the
nucleus and coda to fall in sonority from the
nucleus; (Kenstowicz, 1994, 254). Given this
rule, the sonority of the syllable thus peaks
at the nucleus and descends toward the
margins.

Ambisyllabicity is the process of making
intervocalic consonants member of both
syllables as proposed by Hogg (1987, 53).
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FIGURE 1 Ambisyllabication Process

Templatic syllabification algorithm suggests
that a grammar defines a template that
characterizes the gross prosodic shape of
the maximal core syllable. If a language has
several epenthesis rules and if epenthesis
consists in matching to the syllable template,
then the left-to-right/right-to-left direction of
template mapping should be fixed for a
given language and mirror its direction of
syllabification as proposed by
Kenstowicz (1994, 270).

Resyllabification suggests that syllable
boundary changes when prefix/suffix is
added or deleted as proposed by
Kenstowicz (1994, 280) e.g.

(2.1)

CV —-» CV

GoldSmith (1990, 120) suggests that
resyllabification sometimes change the
length of a vowel coming in a syllable e.g.
(2.2)

zoba:n - zobani

Applicability of these principles on Punjabi is
discussed in detail in Results section.

3. METHODOLOGY

3.1 Subjects

For the purpose of finding syllable
categories, data were obtained from two
women and three men, aged 18 — 45, none
of whom exhibited any evidence of speech
or vocal pathology. Furthermore, to confirm
data, two established dictionaries, (Bukhari,
2000) & (Punjabi, 1999), of Punjabi
language were consulted.
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Author being the native speaker of Punjabi,
was also a member of that group for finding
out all possible syllable templates.

3.2 Procedure

All subjects were asked to read from paper a
list' of Punjabi words, compiled by the
author, (containing almost all the possible
syllable templates) and point out the syllable
boundaries.

3.3 Data Recording and Analysis

For few of the controversies among the
native speakers, acoustic analysis of the
speakers was carried out on Praat 3.9;
speech-processing tools designed for
Windows users. The equipment consisted of
a 2K-ohm microphone attached with 32bit
sound card and two high quality Panasonic
2400 Watts speakers.

4. RESULTS

This was a preliminary study designed to
learn the syllabification rules in Punjabi.
Several different procedures were
investigated in order to gain a general
impression of how sonorant and obstruents
compete for a place in syllable. Last vowel in
open syllable word always is a long vowel in
Punjabi.

4.1 Syllable Structure

The phonetics of Punjabi allows complex
consonant clusters in both the onset and the
coda of syllables (might use extra
syllabification as in (ket). The maximum
number of consonants in the onset is 2
whereas it allows up to 2 coda consonants.
Thus, the maximum number of consecutive
consonants across syllable boundaries is 4.
List of all possible syllable templates along
with the examples and constraints is
provided in Table 1°.

' For list of words see Appendix
2V shows long vowel & diphthong and single V
shows a short vowel
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TABLE 1 Syllable Templates

Example SIS Comments
Templates

Not allowed at

to.rok.ti Ccv word final
position

pai Ccvwv ---

pak CvC ---

dra CCvv ---

tfond CvCC ---

pan CvvC ---

pand CVvVvCC ---

droxt ccvcce ---

Jkeet CCvvC ---
Can not precede

¢ W by a syllable
Can not precede

0s VVC by a close
syllable

4.2 Syllable Constraints

Certain restrictions exist as to which
consonants, or classes of consonants, can
occur in which position within the onset or
coda of a syllable. For instance, in Punjabi
no phones other than obstruents can occur
before an obstruent in the onset. In codas,
after the first obstruent no phones other than
obstruents can occur in the coda. Examples
for the longest consonant clusters in Punjabi
onsets and codas are given in Table 2a &
Table 2b, respectively.

TABLE 2A Consonant Clusters in Onsets

Onset

Class Cluster Example
stop-trill dr droxt
fricative+stop | fk Tkeet

TABLE 2B Consonants Clusters in Codas

Codas

Class Cluster Example
fricative+stop | xt droxt
nasal+stop nd tfond
trill+stop rk k"urk
Retroflex+stop | tk kP otk

Sonorants (nasals, liquids, and glides) can
only occur adjacent to the syllable nucleus.
This pattern is referred to as the sonority
principle, which ranks phone classes
according to their natural acoustic sonority,
which in turn is a correlate of the degree of
constriction of the vocal tract; (Kiraz, 2).

As mentioned earlier, there can be complex
codas (with one or more consonants) and
complex onsets in Punjabi syllables.
However, there are limitations in formation
of these complex onsets and codas. Firstly,
Maximum Onset Principle (MOP), which
prefers onset on codas, must be satisfied.
Secondly, Sonority Sequencing Principle
(SSP), which requires onset to rise in
sonority towards the nucleus and coda to fall
in sonority from the nucleus, must be
satisfied. Due to this, Maximum Coda
Principle (MCP) fails here. However, [sC’ &
[fC] clusters violate the principles we have
claimed to govern the structure of Punjabi
onsets e.g. in fket, /{/ is more sonorous than

/k/ and according to SSP this word is not
valid. This problem can be resolved by
declaring this extra syllabification. In
general, we can account for the exceptional
behavior of [{] & [s] if we postulate a special
rule adding [s] to the onset i.e. declaring [sC]
& [fC] as valid clusters. See GoldSmith
(1990, 143), Kenstowicz (1994, 258) for
further detail.

In addition, when there are two coda
consonants, the first consonant in coda is
limited to a voiceless fricative, trill, retroflex
or nasals i.e. /fl, Is/, I/, /x/ or It/ or [t/or In/,
/ml/, provided extrasyllabification is not being
donq", and second consonant is limited to a
stop .

There may be more restrictions on
constriction of these complex onsets and
codas. More research needs to be done to

% C denotes consonant having week sonority then
s&f
4 e.g. nuks is a valid word but here s is extra
syllable as it is more sonorous than k. Therefore,
we would not take them as two consonants in
coda.

Referred to Hussain(1997, 42), who did this with
Urdu perspective.
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determine complete phonotactic constraints
on syllable constriction in Punjabi.

4.3 Templatic Syllabification

Punjabi is a right-to-left language. It is clear
from the data in Figure 2 & Figure 3 by
considering their feet. Punjabi always makes
degenerate foot on the left side®. This shows
that templates would always be matched
from the right hand side to check validity of a
word or to find number of syllables in a
word.

mo d3z. bu

\/\

FIGURE 2 Feet Formation Process in Punjabi ( sus3=)

FIGURE 3 Feet Formation Process in Punjabi (eis)

Matching it with templates checks validity of
a word. If at any stage word do not match
with a template then that is an invalid word
of a language.

Again to find syllables in a word, templates
are matched with a word and the templates
found at the end cumulatively conforms the
total syllables e.g. tovade has three syllables
because of three templates participation.

te va de

FIGURE 4 Template Matching Process from Right to left

5 Only two examples are shown here. But this is
true for all the data. It can be seen from words
given in the appendix by doing foot formation.
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Template syllabification is applicable to
Punjabi but with few restrictions. An
algorithm is provided for this purpose.

4.4 Templatic Syllabification Algorithm

1. Match syllable template from right to left.
In case of tie among two templates, the
one with maximum onset would be
preferred, provided SSP is being
satisfied e.g. while matching from right
to left, we have three possible templates
in Figure 5 i.e. VV, CVV & CCVV but
CVV would be applied because of MOP
and SSP. In this example, CVV would
be preferred over VV because it is
satisfying both MOP and SSP. However,
CCVV would be rejected because it is
satisfying MOP but refusing SSP.

tfendd tfenda t§enda

Cvwv \A% CCvwv
Cv C cvcc CV

(@) (b) ()

FIGURE 5 Syllabification Possibilities

Therefore, Figure 5(a) shows the valid
syllable boundaries.

3. Stop matching templates when word is
either finished or no more template
matches with the syllable in word.

4. If templates cumulatively satisfy a word
then that is a valid word of a language.

5. Total number of templates used to
satisfy a word is the actual number of
syllables in the word.

4.5 Ambisyllabicity

Gemination is  applicable  whenever
consonant is preceded by a short vowel and
followed by a vowel. However, 1 is an
exception e.g. in to.rok.r1 gemination rule is
applicable but Punjabi do not allow two
consecutive retro flexes. Also, in case of an
aspirated consonant, gemination would be
applicable but consonant in first syllable
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would become unaspirated e.g. lat{"an would
become latf.t{"on.

The basic reason of gemination is that short
vowel always requires a consonant to follow
it and if that consonant is an onset of the
next syllable then it causes gemination.
Therefore, open syllable with short vowel in
word final position is not allowed in Punjabi.
However, short vowel could come at start of
a syllable as well as of word.

Gemination process is applicable after
templatic syllabification has been done
because templatic syllabification gives the
syllable boundaries. Ambisyllabicity process
considers adjacent syllables for gemination.

4.6 Resyllabification

Resyllabification is also possible in Punjabi
e.g. tfond is a single syllable but when a is

added, it becomes tfon.dd; that is the
syllable boundary changes. The reason is
that Punjabi follows MOP. Syllables might
change their boundaries whenever an affix
is added/deleted in a word in Punjabi.

5. DISCUSSION

Currently, there are two competing
hypothesis which attempt to explain the
validity of a word in Punjabi. Also, they help
us to find the possible number of syllables in
a word. SSP along with the MOP does the
same job as templatic syllabification. But the
flaw in SSP and MOP is that they would
validate the words which are not the
member of Punjabi but satisfy the MOP and
SSP principles e.g. CCV is not a valid
template of Punjabi syllable but SSP & MOP
will validate a syllable, if it satisfies them.
Therefore, templatic syllabification is much
easier to cope with i.e. we would have to
write fewer rules for it. Templatic
syllabification algorithm is provided in
Results section.

During the course of study, various
controversies existed among the native
speakers. These were mostly about
gemination and extrasyllabification. These
controversies were resolved by recording
and then acoustic analysis of these words. |

recorded three persons speaking fkat and
found out that vowel does not exist between
/f/ and /k/ showing that this is a consonant
cluster. Earlier, few native speakers
suggested [o.kaet.

k"otk was also recorded to analyze that
whether it is k"ork or k"orok and found out

k"ark was the actual word depicting that /t/
can come at second last place in a syllable.
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7. APPENDIX nal.da CVVC.CVV# alls
TABLE A Words starting with consonant ;z;fs gz\C/CCZXf/ # :‘S;;
Example g?u?tf rlg Syllable Punjabi vek".ni CVVC.CVV# S
dra COVV# 3 Intor G-CVC.CVC# g
5 CvVCH = lotf"an G-CVC.CVC# Oeal
mods ovCH - litfor G-CVC.CVC# s
i CVV# s tfoper G-CVC.CVVC# JATEN
b CVCH - tfovel G-CVC.CVC# Jsa
lur CVVC# G kidar G-CVC.CVC# X
al CVVCH Kt dagol G-CVC.CVC# Kas
naey CVVCH G dea.ti CVV.CVV# ek
fond CVCCH Y putor G-CVC.CVC# i
pand CVVCCH P kutf"ag G-CVC.CVC# JeaS
nuks CVCC# i pak.tor CVC.CVVC# TP
mor.da CVC. OV e kot.vad" CVC.CVC# ajy oS
mor.da CVC.CVV# o lodz.pal CVC.CVVCH# dug
bor. d a CVC.CVV# I nin.dor CVVC.CVC# s
bon d". ia CVCC.CVV# Lo mom.nun CVC.CVVC# Osien
VoK' ra CVC.CVV# s vonds.li CVCC.CVV# lais
ka.ki CVV.CVV# SK tova.de g{/c.cvv. CVV# PP
ku.gi E-CV.CVV# sis ord. 1 G- s
viga G-CVC.CVV# & ’ gVC.CVV.CW#
ma.ra CVV.CvVv# Il fite.nok N S
dran da CCWVC.CVV# EDY PLCVV.VLR -
pran.da CCVVC.CWV# ER govan.di cve.owe.owvi | S5
tf3ga G-CVC.CVV# Kia . G- .
;{Js? G.CVC CUVE — kebarja cvcowecows | 2
phika G-CVC.CVV# e moadz.bu.ri CVC.CVV.CVV# Gosse
pové G-CVC.CVV# Uisn moz.du.ri CVC.CVV.CVV# EBTE Y
dzophi G-CVC.CVV# = patf.vin.dza CVC.CVC.CVV# [ENPENY
gudi G-CVC.CVV# S sot.ja.nas CVC.CVV.CVVCH# | bl
pote G-CVC.CVVE & vitf kar.li CVC.CVWC.CWV# | sz
dsaval G-CVC.CVV# A boy.rof 8;/0_ cweves | S
pu.fol CVV.CVC# Jis ma.tfos CVV.CVC # o s
nasal G-CVC.CVC# G rorali G- s
m3g.ta CVC.CVV# 1 : CVC.CVV.CVV# ’
tfirj @ CVC.CVV# L e to.rok.ri E-CV.CVC.CVV# ©iSi
kdg.i CVVC.CVV# B3 bioPor.ia G- Lo
mam.la CVVC.CWV# = P SVOLVELVYE =
mon.dsi CVC.CVV# e govatfja CVC.CWC Cyye | =8
keen. tfi CVVC.CVV# b pa.kes.tan CVV.CVC.CVVCH# | sy
mun.da CVC.CVV# J$ia
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TABLE B: Words starting with vowel

Center for Research in Urdu Language Processing

Example g‘l):;frlg A Punjabi
oe VV# g
0s VVC# sl
o.da VV.CV# 1)
osi G-VC.CVV# &)
o.k"a VV.CVV# LS
omd G-VC.CVV# e !
&.dor VV.CVC# PP
ak”ja VVC.CVV# Las
a.la.na VV.CV.CVV# i
a.p"or.na VV.CVC.CVV# Ul
u.por.la VV.CVC.CVV# i)
ubak.na G-VC.CVVC.CVV# Lshf
a.ka.ba.ka VV.CVV.CVV.CVV# (WY
a.tof.ba.zi VV.CVC.CVV.CVV# | ksl

G: Gemination

E: Exception for Gemination



