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Abstract

This paper attempts to identify and analyze different types of
gemination processes in Bangla. The focus is mainly on the
phonological representation of sound combinations which
forms a set of valid geminates in this language. I argue for
three major types of gemination processes present in
modern Bangla and a stratification strategy for the relavant
lexical items based on their origin (SB, NB and OB,
depending on the native vs. two type of borrowings). An
analysis of these gemination processes are given in the
framework of optimality theory (OT). Therefore, the
constraint-based analysis of OT is organized in a threefold
argument structure for each stratum. The conclusion is
drawn towards an understanding of gemination processes of
Bangla for different categories of lexical items and their
phonological formuations.

1. Introduction

In the last two decades, there has been a shift in focus in much of the
studies on phonological theory, from rule-based system to sets of
constraints on well-formedness principles, making way to the
formation of optimality theory (McCarthy, 2001;
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McCarthy & Prince, 1993a, 1993b; Paradis, 1988; Prince &
Smolensky, 1997). This theory was developed as a response to a
“conceptual crisis at the center of phonological thought” (Prince &
Smolensky, 1993) concerning the role of output constraints. It was
also (partly) inspired by the concepts of neural networks, as we can
see the ideas of optimization, parallel evaluation, competition, and
soft, conflicting constraints are familiar in this framework.

Optimality Theory (henceforth, OT) is often considered as a
development of generative grammar and the successor of the
harmonic grammar developed in 1990 by the trio Géraldine
Legendre, Yoshiro Miyata and Paul Smolensky (Legendre, Miyata &
Smolensky, 1990; Prince & Smolensky, 1993; Smolensky &
Legendre, 2006 a.o.). In harmonic grammar, the maximal harmony is
on the optimal candidate, where ‘harmony’ is calculated using a
simple linear equation. Given a representation’s scores on a set of
constraints, and a set of coefficients, or weights, ‘harmony’ is the
sum of the weighted constraint scores. From this structural
framework, Alan Prince and Paul Smolensky developed the
optimality theory where the constraints assign scores based on the
number of violations by the candidates, then the scores are the
corresponding negative integers, and the weights are positive reals
(Pater, 2007). Now, OT is widely adopted by scholars not only in the
area of phonology, where OT was initially developed and applied,
but also in other areas of linguistic studies, such as in syntax and
semantics (see Legendre, Grimshaw & Vikner, 2001).

2. Theoretical Framework

In a compact introduction, phonological (rather, grammatical)
constraints are ranked and violable by the phonetic forms of their
underlying representations in the OT structure. These constraints are
minimally violated by a set of candidates (potential surface forms)
and the one which incurs the least serious violations wins. The
seriousness of a violation is defined in terms of hierarchies of
constraints; the violations of higher-ranked constraints are most
serious. An OT-style tableau using Harmony maximization as the
criterion for optimality where the weights are in the top row and the
rightmost column provides the harmony values for the candidates.
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More elaborately, OT works in a constraint-based competition
system among a possibly infinite set of candidates (at least two). In
classical representation, the generation of utterances in the optimality
theory involves two very important functions, viz., GEN and EVAL.
From an input, GEN returns a set of unique output candidates.
Among these candidates at least one could be identical to the input
and the rest are somewhat modified in their structure. Then, EVAL
functions to choose the optimal candidate that best satisfies a set of
specially ranked constraints depending on the violation. That means,
in OT the constraints are violable. The ranking process of the
constraints is very crucial here, because it is the most important
criterion that chooses the optimal candidate as output. EVAL
chooses the out from a set of candidate starting from two to an
infinite number (n). The figure in (1) bellow illustrates the process to
reach an output from the input through the function of GEN and
EVAL (Davenport & Hannahs, 2005).

(1) Graphic representation of OT structure

Candidate 1
Candidate 1
Input [ (GEN > +» |[EVAL|» [output
Candidate 1

Candidate 1

There are two types of constraints which act as EVAL: markedness
and well-formedness constraints. Markedness constraints enforce
well-formedness of the output candidate, prohibiting structures that
are difficult to produce or comprehend, such as consonant clusters or
phrases without overt heads (Arbib, 2002; Kager, 1999). These
constraints usually prohibit some phenomenon or impose restrictions
on the occurrence of certain segments. For instance,

a. Syllables must not have codas

b. Syllables must have onsets

c. Obstruents at coda position must not be voiced

On the other hand, faithfulness constraints enforce similarity
between input and output. For instance, all morphosyntactic features
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in the input to be overtly realized in the output. Kager (1999) lists

some typical instances of faithfulness constraints that are available in

most languages:

a. The output must present all segments present in the input

a. The output must present the leaner order of segments in
the input

b.  Output segments must have counterparts in the input

These constraints, both markedness and faithfulness, are ranked in a
planned order. In an analysis, different markedness and faithfulness
constraints usually do conflict, so the ranking of the constraints
decides the right candidate as the output depending on the violation
(of constraints) pattern. This ranking of the constraints is not a strict
universal ranking; rather it differs from language to language. In
other words, different languages have their own constraint ranking
which applies to that particular language only. But, for every
language, the constraint ranking is very strict. That means a
candidate violating a high-ranking constraint can never be a winner
by satisfying lower-ranked. Here, the other important issue is the
violability of constraints. Violability ensures that the optimal
candidate is not required to satisfy all constraints. It may violate a
constraint and still win as the optimal candidate, if it satisfies the top-
ranked candidate(s). Another way of describing EVAL is that a
candidate x is optimal if and only if, for any constraint that prefers
another candidate y to X, there is a higher-ranked constraint that
prefers x to y (see Zuraw, 2003). So, the main point in this section is
that OT allows the specification of a ranking among the constraints
and allows lower ranked constraints to be violated in order for higher
ranked constraints to be satisfied.

The constraint ranking and their interaction among the input
candidates is typically showed in tableaux in the OT analysis. In
such a tableau, the candidates are listed vertically while the
constraints are ranked in the horizontal line. For a hypothetical
language X, let us assume that constraint 1 (con;) is satisfied by
candidate 1 and on the other hand, candidate 2 satisfies constraint 2
(cony). In the following tableau, it is shown how the optimal
candidate is being chosen by EVAL through the constraint
interaction.
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(2) Constraint ranking for language X

input con, con,
& 1. cand, *
2. cand, *1

In (2), con, is ranked above con, and hence, it is violated by the
candidate 2. This is a fatal violation and for this candidate, because
of the high ranking of con;. As a result, candidate 1 becomes the
optimal candidate, even after violating the low ranked con,. A hand
symbol is used in OT to indicate the optimal candidate in a tableau
(see the above tableau).

Optimality theory examines several restrictions available in the
phonological processes in a language and relevant constraints are
formed to account for those restrictions. Syllable structure is one of
the prominent topics in the research activities in the OT framework.
In recent time, Féry & van de Vijver (2003) presented a collection of
studies in this topic that opens up new ways of further research on
several issues of syllable structure. But, so far OT is comparatively a
less preferred methodology among researchers who work in Bangla
phonology. There are only a few works (Das, 2002; Kar, 2009;
Kothari, 2004; Vijayakrishnan, 2003 inter alia) done in different
phonological studies in Bangla using this theoretical framework. So,
there is always a lack of literature for anyone who would study this
issue in Bangla. But, on the other hand, OT itself is a very innovative
methodology and it is always a challenging matter to deal with.

OT is used in a large set of phonological analysis which includes
certain types of sound changes as well. Bangla registers a significant
amount of sound changes taking place in different types of lexical
elements, mostly in among the borrowed words. A large number of
Sanskrit words are integrated in Bangla lexicon over a long period of
time. These words typically belong to the SB' stratum, of a three
level stratification of the Bangla lexicon. The other two strata are the
NB? and OB?. The syllabic pattern of many of these words is
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changed after their integration in the Bangla vocabulary. There are
different types of sound changes that are available throughout the
process of borrowing from other languages including Sanskrit. One
of such changes is the gemination process, where a consonantal
sound reduplicates inside a word and sounds audibly longer period of
time compared to its original form. Interestingly, these words retain
their original orthographic mapping in the target language even after
the phonological changes in the spoken form.

3. Types of Gemination

A corpus study (of Bangla lexicon) presents various types of
geminates available in the Bangla vocabulary. Earlier investigations
show that only a few languages allow all types of geminates, but
actually there is a significant amount of work still needs to be done
in the area of gemination. In this regard, some remarkable work is
done in the case of voiced obstruent geminates. These studies reveal
that voiced obstruent geminates are cross-linguistically disfavored,
because, with long closure, it is difficult to maintain a transglottal air
pressure drop sufficient to produce voicing (Hayes & Steriade, 2004;
Jaeger, 1978; Kawahara, 2005; Ohala, 1983; Taylor, 1985). For
instance, Luganda® has no nongeminate coda present in the whole
lexicon (see McCarthy, 2003).

In a C,C; structure, where C denotes a consonantal sound, the loss
(or merger) of C, in the geminated form is subsidized as the former
consonant (C,) reduplicates to compensate the loss (or merger) of the
following sound. In other cases, the structure could be C,V, as well,
where V, denotes the presence of a semi-vowel (in general, V
denotes a non-consonantal sound), assuming that this cluster is
located word-medially and hence V| is taken as the peak of the first
syllable. There is a third type of gemination found in Bangla lexicon
where no sound is dropped or merged, but the first consonant is
reduplicated, keeping the following sound intact. This type of
gemination is seen when an obstruent is followed by a liquid (/t/ or
/I/) sound in the SB stratum words. Incidentally, all the above said
combinations are found in Bangla vocabulary. But, depending on the
sound preceded by the consonant C,, the geminates available in
Bangla could be divided into three categories as shown in (3) in the
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following. All the geminate cases are available in the word-medial
position, where, in Sanskrit, the following conditions prevail.
(3) Gemination process in Bangla (SB) from Sanskrit
i.  Obstruents followed by an semi-vowel
(C,C>C,C,, where C=0Obstruent and C,=Semi-vowel)
ii.  Plosives followed by a nasal /m/
(C,C>C,C,, where C=Plosive and C,=/m/)
iii. Obstruents followed by a liquid
(C,Cy> CC,Cy, where C;=Obstruent and C,= liquid)

3.1. Gemination with semi-vowels

The very first type in (3) represents a significant number of SB
words which lost their post-consonantal semi-vowels in the spoken
form of Bangla (SCB or Standard Colloqual Bangla, in particular)
when borrowed from Sanskrit. Note that, such changes are not
visible in some other Indian languages such as Hindi, Gujarati,
Marathi etc., which are, like Bangla, also closely related to Sanskrit.
These languages typically retain the original phonological forms of
Sanskrit words even after the bowing process is over. Sanskrit has
two distinct semi-vowels (also called glides in some earlier
literature): labio-dental semi-vowel [v] and palatal semi-vowel [j].
Below is a set of examples where type (i) gemination process takes
place with labio-dental [v]. This observation is also supported by
several literary works (see Chatterji, 1926a, 1926b, 1988; Dey, 1979;
Singh, 1980 a.0).

(4) Gemination: Consonant followed by labiodental semi-vowel in
Bangla (SB)

a. San. ATEAT /sad".vi/>  Ban. mali [sad".d"i] ‘faithful wife’

b. San. T=AT /prt".vi/ > Ban. ¢y [prit".t"i] ‘earth’ (as in
‘prithviraj’)
c. San. 3T /bis.vas/ > Ban lekim [bif.{af] ‘faith/belief/trust’

(5) Gemination: Consonant followed by labiodental semi-vowel in
Bangla (SB)

a. San. 9 [satya/ > Ban. mZ" [{ot.to] ‘truth’
b. San. ITTHTA /balyakal/ >  Ban evj’Kij[bal.lo.kal] ‘childhood’
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c. San. g /mrtyu/ > Ban. gZz[mrit.tu] ‘death’
d. San. 99947 /bashyata/ > Ban. eK'Zi [bof.fo.ta] ‘domesticize’
e. San. 99 /punya/ > Ban. CY [pun.no] ‘virtue’

There are two possible gemination processes for this type of words
that could be explained in this study. These are either a merger of C,
and C, into C, or the deletion of C,. It is generally assumed that the
deletion process is not favored in many languages. We will consider
both possibilities in the present study and see what be the outcomes.
The above mentioned gemination (semi-vowel) cases could be
structurally illustrated as follows. First, the more favored merger is
shown in (6) below.

(6) Geminate formation 1: Merger

o o o o
|
P I AL T I |
(ON vV C G, v C C, V C, vV G
a B oa

In this gemination process, C; is merged with C, and constitutes the
geminated form C,C; which is shown as C,,, in the above illustration.
That means the merged place feature is shared by the coda of the first
syllable and the onset of the following syllable. This formation
would give a [C,C,] geminate in the surface structure. Another
process of gemination is illustrated bellow where the coda of a
syllable shares its position with the onset of the following syllable
after the deletion of the original value of that very onset. This is not a
case of merger, rather an issue where a segment of the syllable is
deleted to make way for a geminate.
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(7) Geminate formation 2: Deletion

o o o o
|
S 0
o vV C G v o ¢ VvV oc, VG

aa

As we can see in (7), the onset (C,) of the second syllable is dropped
and the coda (C,) is shared at that position (onset). In general this
type of gemination is not favored in many languages. In the OT
framework, there could be a constraint favoring this type of
gemination as it shows coalescence in the syllable structure. The
faithfulness constraint UNIFORMITY (see McCarthy & Prince, 1995;
¢f. Causley, 1997; Gnanadesikan, 1995, 1997; Keer, 1999;
Lamontagne & Rice, 1995; McCarthy, 2000; Pater, 1999) could be
used in order to dispose of certain codas by coalescence with a
following consonant (violation of UNIFORMITY). Since this
constraint blocks any merger in the syllable or cross-syllabically (but
allows deletion), it must be ranked lower than markedness for
gemination effect to take place.

Q
=

(8) UNIFORMITY (McCarthy & Prince, 1995)
No element of the output has multiple correspondents in the
input. (No coalescence)

The constraint UNIFORMITY punishes the mapping of a pair geminate
onto a single segment. This constraint punishes any candidate where
two elements are merged (fusion) into one from the input form and
form a geminate. In the following figure, this type of fusion occurred
where the nearby consonants C; and C, are merged as C,, in the later
stage. UNIFORMITY does not like this type of merger though.

A constraint prohibiting any kind of gemination in syllable is used in
some previous studies (see Bakovi¢, 2005; Hall, 2003; Ham, 1998;
Murray & Vennemann, 1983; Shinohara, 2002). In many literary
works it is called NOGEM; we will use the same name in the present
study as well. This constraint requires every root node to be linked
only to a mora and not to any onset. This concept is illustrated
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below.
(9) No gemination structure

o
|
TR T
I I (.
o vV G, vV G
aa
(10) NOGEM (Hall, 2003)

No multiple links from a root node to a higher tier.

The well known syllable contact law is a relevant issue in the current
section of this work, as it maintains the sonority of the syllable edge
intact across the syllable boundary (Davis, 1998; Gouskova, 2002;
Hooper, 1976; Murray & Vennemann, 1983; Rose, 2000;
Vennemann, 1988). In a disyllabic word, if the coda of the first
syllable is o and the onset of the second syllable is B, then the
sonority of B must not be greater than a. This law is illustrated in the
following moraic structure in (11) and could be represented as a
constraint to account for a possible sonority change (rise) from coda
to the following onset (12).

(11) Syllable contact principle

@
0/\0
Lo u uthen, son, > son,
| |
i
¢ V C C, V. (G
a B

(12) SYLCONTACT (Gouskova, 2002)

Sonority must not rise across a syllable boundary.

McCarthy & Prince (1995) argued for the anti-epenthesis constraint
Dependency-1O (DEP-10) which says that nothing should be inserted
in the output segments that does not correspond to the input

Vol. 1 No.2 Augus, 2008



Gemination in Bangla: An Optimality Theoretic Analysis 111

segments. That means, there should not be any epenthesis in the
output candidates. On the other hand, MAX-IO requires all the input
segments to be preserved in the output candidates. Hence, no
deletion is allowed in the output segments.

(13) DEP-10 (McCarthy & Prince, 1995)

Output segments must have input segments.
(14) MAX-1O (Kager, 1999)
Input segments must have output correspondence.

Now, let wus consider (4¢) 1%3(-‘8[01?[ /bis.vas/  [bif.vaf]
‘faith/belief/trust’ from the example set to account for an OT
analysis based on the above mentioned gemination structures. Let us
mark the consonant-semivowel cluster /fjvy/ as /fup/ for the
simplicity of explanation.

(15) Gemination (SB): with a semi-vowel as C,

DEP- | MAX- ! i NOG
! ! SYLCONTACT | UNIFORMITY !
/bif vsaf/ I0 ! 10 ! !

1.
bif,.vzaf

2.
bi.f a.v.af
&3,
bipf,paf

4.
bipf.af

5.
bi.f,af

EM

*|

*1

*|

In this analysis, there are two different geminates contesting to win.
The above tableau has candidate 3 and 4 with geminated forms
which violate the NOGEM constraint once each. Additionally,
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candidate 3 violates the no coalescence constraint UNIFORMITY for
the merger of a and B. But these violations didnot rule out this
candidate, since UNIFORMITY is ranked lowest in the tableau. But,
candidate 4 is ruled out by the violation of the faithfulness constraint
MAX-IO, and so does candidate 5. An insertion is also not tolerated
in the case of candidate 2. The input form (candidate 1) has a fatal
violation of constraint SYLCONTACT for the rising sonority of the
place from o. The winning candidate /biyfwpaf/ (lekim) [biffaf]) is a
geminated form of the corresponding non-geminated Sanskrit word
and an acceptable phonological word-form in Bangla vocabulary.
The constraint ranking of this OT account would be as follows.

(16) Constraint ranking for gemination (obstruent-semivowel)

DEP-I0O MAX-IO SYLCONTACT

T

UNIFORMITY NOGEM

The first three of the five conflicting constraints are mutually ranked
while they dominate the last two gemination-related constraints
NOGEM and UNIFORMITY. Again, the low ranking anti-gemination
constraints NOGEM is dominated by this faithfulness constraint.

3.2. Gemination of nasal

A corpus study’ of Bangla lexicon (corpus size: 1.6 million words,
with repetition of same entries), it is evident that the non-coronal
nasal /m/ occurs restrictively after a plosive. A closer investigation in
the data collected from the corpus reveals that most of these cases
have more than zero instances belong to a particular stratum of
Bangla lexicon, viz., OB. So, NB and SB class words following this
restriction more faithfully, but OB does not. Let us have a look in the
following illustration of such clusters where the frequency of the
clusters is shown according to their respective stratum. Below, the X
mark denotes that the frequencies of the corresponding clusters are

zero and the tick (v/) mark is for frequencies between one and ten.

(17) Frequency of plosive-/m/ clusters
Cluster NB SB OB Cluster NB SB OB
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pm/ X X pm/ X X X
/tm/ X X X tm/ X X X
Hm/ X X X fm/ X X X
km/ X ¢ X K'm/ X X X
bm/ X X X bm/ X X X
/dm/ X X ¢ /d'm/ X X X
/[qm/ X X ¢ /d'm/ X X X
Jgm/ X ¥ ¥ /ghm/ X X X

So, it is clear from the above illustration, that plosives are not
followed by /m/ for maximum number of entries in the NB and SB
strata. But, two SB strata do record a nominal number of such cases,
which will be taken into the account later in this section. We can
draw the general plosive-/m/ restriction in terms of a constraint
prohibiting any plosive to occur before /m/ in a word-medial cluster
in Bangla, which will be applied only to the NB and SB stratum.

(18) *Plosive-/m/ (Kar, 2009)

No plosive is followed by nasal /m/.

In Sanskrit, there are numerous instances where a plosive precedes
/m/ at the word-medial position. In general, many such words in
Bangla are borrowed from Sanskrit (hence, belong to the SB
stratum). These words project an interesting behavior when
integrated in the B-lexicon. They always form a geminate of the first
element of the cluster, by either merging or dropping the second
element. That means, C,C, becomes C,C; where C; is the plosive and
C, is /my/. For instance,

(19) Gemination: Consonant followed by /m/ (SB)

a. San. 99 /padma/ > Bang. cU /padma/ [pod.do] ‘lotus’
b. San. T3 /c"adma/ >  Bang. QU /c"adma/ [c"od.do] ‘disguise’

c. San. JATHT /atma/ > Bang. AVZY /atma/ [at.ta] ‘soul’

These words retain the [dm] or [tm] sound sequesnce in some other
NIA languages like Hindi, Marathi etc. and of course in Sanskrit.
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But, in Bangla, the sequence is changed through a gemination
process. Let us take an example from the above set of SB words:
(19¢) Aizh /atma/ [atta] ‘soul’. It is presented in the format of C,C,
(that is, /t;m,/) in the following tableau.
(20) No plosive + /m/ cluster (SB case)

i *Plosive- | UNIFORMIT
/at,;m,a/ DEP-IO | MAX-1O0
! Jm/ Y
1. at;m,a ! *|
“ 2. auta *
3. at,a-m,a *|
4. apt,a *|
5. ata *|

In the above tableau, the markedness constraint *Plosive-/m/ rules
out candidate 1 for the existence of an unwanted cluster /tm/ in the
candidate. Candidates 3, 4 and 5 fatally violate faithfulness
constraints either by adding sounds or deleting any part of the input.
The lowest ranked constraint Uniformity is violated by candidate 2.
But, this violation is the weakest among all the candidates. So, this
geminated form wins.

The p symbol in (20) represents the place sharing feature of the
geminate structure as illustrated in the following figure.

(21) Geminate structure (moraic)

o o
C, vV G vV G

Now, in the presentation of the frequency of occurrences, very few
cases of velar-nasal /m/ (/km/ and /gm/) clusters occur in the SB

stratum. For instance, hi /jugma/ [dsugmo] ‘joint’, el /bagmi/
[bagmi] ‘speaker’, 1 bi /rukmini/ [rukmini] ‘a proper noun’ etc do
not allow any change in the medial cluster. A context sensitive
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markedness constraint requiring the nasal /m/ to preserve its nasality
after a velar sound could be introduced here to account for such
cases in Bangla.

(22) IDENT-NAS(vel, -m)
Input and output of a velar-nasal cluster must agree in nasality, if the
velar is followed by a nasal /m/.

This constraint punishes any deviation in the [nasal| feature in the
output candidate, when the input contains a velar-/m/ cluster. Let us
consider the above mention SB case: eiMk /bagmi/ [bagmi] ‘speaker’
(23) Velar (plosive)+/m/ cluster (SB case)

UNIF

/bagm,i | DEP- | MAX- | IDENT- *Plosive
i i ORMI

/ I0 | 10 | Nas(vel,-m) | -/m/
! TY

o 1. | | .
bag,m,i
2.

bapg, ,a
3.

bag,a- *|

m,i

4.
bapg,a
5. bag,a Pl

*|

In the above tableau, candidates 3, 4 and 5 violate the highest
ranking faithfulness constraints Dep-IO and Max-10. For the input
candidate (cand 1) to win, the context sensitive constraint IDENT-
NAS(vel, -m) needs to be ranked above *Plosive-/m/ and Uniformity.
This ranking would rule out the gemination case (candidate 2) for the
violation of the nasality ([gm]>*[gg]) in this velar-nasal cluster.
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Hence, the input candidate wins for the least amount of violation
(only *Plosive-/m/). There would be a strict constraint ranking for
the above mentioned criteria from NB and SB strata of the B-
lexicon, keeping the exceptional cases of SB (velar-nasal).

Now, let us consider a word from the OB stratum: ZKgyv /takma/

[tokma] ‘marking’. This is a borrowed word from Persian. The OT

analysis for this word in illustrated in the following tableau. The
ranking of the markedness constraints, UNIFORMITY and *Plosive-
/m/ is changed here to respect the occurrence of /km/ cluster in the
OB stratum. Since, OB stratum does not have any restriction in the
occurrence of /m/ after plosives; the relevant constraint prohibiting
such occurrences is ranked lowest in the above tableau.

(24) No plosive + /m/ cluster (OB case)

/tok;m, | DEP- MAX IDENT-NAS *Plosive | UNIFO
a/ 10 | -I0 (vel, -m) Jm/ | RMITY
1. |
tok,m,a
2.

topk ,a
3.

tok,a- *|
m,a
4,

topk,a
5. tok,a poo¥

*
*

*|

So, the previous winner (cand 2) is ruled out in this tableau by a fatal
violation of the anti-merger (no-gemination) constraint UNIFORMITY,
which is ranked comparatively higher. The input candidate (cand 1)
wins, because of the low ranking of *Plosive-/m/.
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The conclusion of this section is that the plosives are followed by /m/
in the OB stratum, but prohibited in NB and SB stratum in Bangla.
But, they need different constraint rankings (of the same set of
constraint) for the respective stratum.

3.3. Gemination with liquids

In Bangla vocabulary, voiced plosives geminate before a liquid (/t/
or /l/), keeping the latter sound intact. That means the adjacent
consonants C1 and C2 forms a geminate as C1C1C2. But, this rule
actually extends throughout the obstruent column, not limited only to
voiced obstruents. The said corpus study of Bangla shows that word
initial consonant clusters with a liquid sound at the C2 position, only
except one case (/t"r/), all the clusters have more than zero
occurrences in the Bangla lexicon. That means the obstruent-liquid
(/r/) clusters occur in geminated form in all possible cases in this
category. On the other hand, the (c) column records instances only
for unaspirated obstruents followed by /I/. As mentioned in the
previous chapter, such sound combinations where C,C,C, type
gemination occurs are found only in the SB and OB stratum of the B-
lexicon. The NB words do not allow any gemination of this sort.
Actually, there are a very few words present in the NB stratum that
have such sound combinations and when the gemination issue is
relevant, they refuse to change their structure.

Orthographically, all these combinations are represented in the
written form of Bangla using “phala”, a distinct feature of Bangla
orthography. While used as r-phala, the obstruent and the following
/t/ sound creates a ligature so that the regular form of the /r/ sound in
Bangla is replaced by a special r-phala symbol. For instance, para =
cl, but, pra = c. Sarkar (2006) includes also “l-phala” in this type of
gemination, though formally there is no evidence of “l-phala” in
Bangla orthography. Let us list down some examples of this type of
cluster, both from SB and OB strata.
(25) Gemination: Obstruent followed by liquid in Bangla
I.  Sanskrit Borrowings (SB)

a. Ban. cy/putra/ [put.tro] ‘son’(<Sanskrit)
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b. Ban. Ta /sub®ra/ [fub".b"ro] ‘white/bright’
(<Sanskrit)
c. Ban. Ac¥ /apluta/ [ap.pluto] ‘inundated’
(<Sanskrit)
II. Other Borrowings (OB)
d. Ban. meg /supriny/ [fup.prim] ‘supreme’
(<English)
e. Ban. mic\B /saplai/ [fap.plai] ‘suply’ (<English)
f. Ban. g’ vmi /madrasa/ [mad.dra.fa] ‘(Islamic)
school” (<Arabic)

It should be noted that this type of gemination occurs only when the
adjacent consonants (af) are preceded by a vowel. Thus, ‘Caf’
clusters do not show such a gemination in Bangla. For instance,

BiJKIUK /ilektrik/ [ilek.trik] ‘electric’ does not register such

gemination at the /tr/ cluster, even though it belongs to the OB
stratum. On the other hand, it is already mentioned that words from
NB category strictly do not follow this gemination pattern at all.

(26) Word-medial obstruent-liquid clusters belonging to NB stratum
a. Ban. MZ1v /satra/ [fat.ra] ‘a Bengali surname’

b. Ban. eveil /babri/ [bab.ri] ‘long curing hair-style’

c. Ban. kicjyv /sapla/ [{ap.la] ‘water lily’

In the following figure (27), at the gemination stage, C,(§) remains
untouched, but C;(a) is being shared by the coda of the first syllable
and the first segment of the complex onset of the following syllable.
SB and OB class words fall in this structure, but NB words do not
allow any complex coda.

(27) Geminate formation 3: WGG

(0] (0] (0] (0]
|
Ay ST
(0N vV C C, v ¢ C V C C2 V C
a B aa B
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This type of gemination has a close resemblance with a very well
known process of language change in Germanic language family
called West Germanic Gemination (WGG). As claimed in Hall
(2003), that a post-short vowel consonant is a geminate in West
Germanic languages before the palatal semi-vowel (glide) /j/. The
said gemination process is attested in some West Germanic
languages, such as Old English (OE), Old High German (OHG), Old
Saxon (OS), whereas it is absent in North Germanic (=Old Norse
(ON)) or in East Germanic (=Gothic (Got.)). A set of data showing
WGG (taken from Hall, 2003 and Simmler, 1974) is illustrated
below.

(28) West Germanic Gemination (WGG) data (from Simmler, 1974)

East/North Germanic West Germanic Gloss  Geminate
a. Got. Skapjan OS skeppian, OF scieppan ‘to create’  [pp]
b. Got. hafjan OHG heftan, OF hebban ‘to lift’ [ft]
¢. ON framja OHG fremmen, OF fremman ‘fo carry out” [mm)]
d. Got. halja OS hellia, OHG hella ‘hell” [11]

The contrast between the nongeminate forms in the East or North
Germanic languages (first column) and the corresponding cases with
geminates in the West Germanic laguages (second column) is
claimed to be a historical development. It is postulated that in Early
West Germanic languages, all of the above listed cases (and many
more) were originally VCjV (where j is the palatal glide) and that a
historical process of the form VCjV > VCCjV occurred before the
West Germanic daughter languages emerged from this family.

But, one notable difference is that, in WGG, mostly voiceless
obstruents are geminated when preceded by a liquid (Gaeta, 2001),
while Bangla typically allows such geminates for all obstruents
irrespective of their voicing. This type of sound change could be
explained by the so called Preference Laws for Syllable structure
(Murray & Vennemann, 1983; ¢f. Vennemann, 1988). The idea of
this type of sound change was determined by the influence of marked
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syllable structure as a consequence of the Germanic preference of the
bimoraic stems as asserted by Murray and Vennemann. Bimoraic
stem structure is also preferred by Bangla syllables. Hence, a similar
mechanism may also be applied to analyze the said gemination
process in the present work.

In order to omit a consonant or vowel which is not favored in a
syllable structure, two faithfulness constraints could be introduced
here. Both of these constraints belong to the same family of Max.

(29) Max-10-C

[+con]® sounds in the input must have output correspondence.
(30) Max-10-V

[-con] sounds in the input must have output correspondence.

The faithfulness constraint MAX-IO-C requires every consonant of
the input form to be preserved in the output. On the other hand,
MAX-IO-V wants the same for every vowel in the input. These Max
constraints will replace the general MAX-IO constraint which is used
in this study so far. Additionally, we will not consider DEP-IO in this
section (and thereafter), since it is not so crucial in the improvement
of the analysis. Instead, we would introduce the complex onset
related markedness constraint *COMPLEX°™®. This constraint does
not prefer consonant clusters at the onset position.

(31) *COMPLEX™™® (Kager, 1999)
Onsets are simple.

Let us take a word from (25a) Ban. ¢y /putra/ [put.tro] ‘son’, which
belongs to the SB stratum of Bangla vocabulary, with the same set of
constraints from the earlier section. In the following table (32) the
input form (cand 1) violated the SYLCONTACT constraint by
allowing a word-medial cluster [tr] which registers a rising sonority
pattern. This constraint punishes such phonological feature across
syllable boundaries.
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(32) Gemination (SB): with a liquid as C,

MAX | No
[put,r,0 0 i SYLCONTA | *COMPLEX® | MAX- G
-10- E
] ! CT NS 10-V
c | M
1.
*
put,.r,o
2.
& pu“tlrz ; * *
(6]
3. !
*] ! %
pupt,0 '
4.
*
put,o

The winning candidate (cand 3: [puytiroo]) satisfies top ranked
constraints MAX-IO-C and SYLCONTACT, but fails to satisfy
*COMPLEX™® and the anti-gemination constraint NOGEM. But, the
lower ranking of these constraints could not rule out candidate 3. The
last two candidates simply violate the faithfulness constraint MAX-
I0-C while candidate 3 violates another faithfulness constraint
NOGEM. This explains the double linking issue with a liquid sound
in the cluster. Now, the modified consonant ranking for gemination
in Bangla would be as followed.

(33) Constraint ranking for gemination (obstruent-liquid)
MAX-IO-C, SYLCONTACT » *COMPLEX™™® » MAX-I0-V » NOGEM

This constraint ranking, however, cannot account for NB category
words. Hence, the constraint ranking should be changed for this
stratum. Let us take a word of such a cluster from the NB stratum:
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(26¢) kicji /sapla/ [fap.la] ‘water lily’.
(34) No gemination (NB): with a liquid as C,

(fap. MAX | *COMPLEX? | MAX- | NoGe | svico
ap,L,a | | | E | SYLCONT
PR oo 0 s oy

] C 5 5 PM ACT

1.

- s s s )

Jap,.l,a

2. | *|
faupllz *

a

3.
Jaup,a

*!: i %

4.

Jap,a

The input is the optimal candidate in the above tableau for its least
amount of violation (only the lowest ranked SYLCONTACT). The first
four constraints MAX-I0-C, *COMPLEX”™, MAX-10-V and NOGEM,
eventually rule out all other candidates for fatal violations. The major
change in this tableau from the last one is in the ranking of the
constraints. The crucially ranked *COMPLEX*™® and NoGem in the
previous tableau no more maintain that ranking. It is now ranked
with the other Faith (Max-I0-C, MAX-IO-V) constraints. On the
other hand, SYLCONTACT is now ranked crucially with the other four
constraints, which was mutually ranked with Faith in the earlier
tableau.

(35) Constraint ranking for gemination (obstruent-liquid): NB
MAX-10-C, *COMPLEX™™®, MAX-10-V, NOGEM » SYLCONTACT
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Conclusion

The OT analysis for the gemination process given in this study
covers almost all possible gemination cases in the Bangla
vocabulary. One must be careful about the stratification in Bangla
lexicon, because, gemination may or may not occur in certain
clusters, depending on their stratum. For instance, the constraint
ranking for plosive-nasal restrictions that applies to NB and SB strata
of the Bangla lexicon, does not apply on the OB stratum.

(36) Constraint ranking for plosive-nasal restriction: NB and SB
strata

DEP-IO, MAX-IO, IDENT-NAS(vel, -m) » *Plosive-/m/ »
UNIFORMITY

The three top-ranked faithfulness constraints are not crucially ranked
relative to the other two constraints in this analysis. These constraints
dominate the last two markedness constraints. But, this ranking is
valid only for NB and SB strata. If the same constraints are applied
in case of an instance from the OB stratum, the ranking would be
changed in the latter case. These restrictions lead to a stratified
analysis of the gemination issue in Bangla. From the entire
discussion, we can draw a factorial typology with the relevant
constraints, taking DEP-IO and MAX-1O in one group: FAITH.

(37) Rankings for strata:
a. FAITH, SYLCONTACT » *COMPLEX"™®, NOGEM
‘Gemination in Obstruent-semivowel cluster (SB, OB)’
b. FAITH, SYLCONTACT » *COMPLEX"™ » NOGEM
‘Gemination in Obstruent-liquid cluster (SB, OB)’
Cc. FAItH,  *CoMmpPLEX”™, NOGEM »  SYLCONTACT

‘Gemination in Obstruent-liquid cluster (NB)’

It is widely believed that OT can give a fairly strong and stable
account for a structural analysis in a language. In this work, I tried to
focus on the gemination patterns in Bangla and then analyze them in
terms of optimality theory. The outcome of the study is quite neat.
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But there are still some areas that need more attention in future. The
OT approach to gemination in Bangla opens new possibilities to
cultivate this area from different angles. This approach can also be
used in the study of some other phonological issues in Bangla,
mainly those which are analyzed in the generative model of
linguistics.

Note

1. SB: Sanskrit Borrowing (sords directy borrowed from Sanskurti)

2.  NB: Native Bangla (native Bangla words and words indirectly
borrowed from Sanskrit, i.e., through MIA languages, such as Pali,
Prakrit etc.)

3. OB: Other Borrowing (words borrowed from other Indian and foreign
languages, such as Tamil, Gajarati, Santali, Enlish, Portuguese,
Persian, French etc.)

4. Luganda belongs to the Bantu branch of the Niger-Congo language
family. It is spoken by more than three million people in Uganda
(Africa).

5. The corpus used in this study was developed under the TDIL program
of the erstwhile DoE (Dept of Electronics, Govt. of India, now
Ministry of Communication and Information Technology).
Subsequently, the corpora were passed on to the Central Institute of
Indian Languages (CIIL), Mysore and have been in their custody since
then. This is available in Indian Standard Code for Information
Interchange or Indian Script Code for Information Interchange (ISCII)
format. However, a Romanized version of the same is used here
(thanks to Prof. Gautam Sengupta and Dr. Soma Paul), with some
modifications.

6. [+/-con] denotes the presence or absence of a consonantal sound.
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