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Distribution of canonical syllable types in Serbian

lvan Obradovic, AljoSa Obuljen, Dusko Vitas,
Cvetana Krstev, Vanja Radulovi¢

1 Introduction

If a canonical syllable type in a given language is denoted lspmbination
of the letter V, which stands for the “nucleus” of the syllapblisually a vowel,
and one or more letters C, representing consonants, whicousud the nu-
cleus, forming its “periphery”, then each syllable belotms specific canon-
ical syllable type. It has been argued by Z6rnig and Altmak89@: 190) that
the number of different syllables within a given canonigdlable type is nei-
ther chaotic nor deterministic, but rather follows a statladistribution. This
opens the problem of finding a model, namely an adequate pitapalistri-
bution that would fit the empirical data obtained by extragtsyllables from
texts of a given language and grouping them into canonidkdidg types. A
related issue to be solved is whether each language reguspscific model
or more general models exist for languages belonging toahmegroup, such
as Slavic languages; maybe even a universal model can bd.foun

The first result in solving this complex problem was presgig Z6rnig
and Altmann (1993). The essence of their approach to magelmonical
syllable types can be summarized in three steps. The finstist® propose
a model with several parameters, the second is to estimatengter values
based on empirical data, namely a sample of canonical $yltgpes, and the
third to apply the model with estimated parameters and coertpe results ob-
tained by the model and the empirical data. Although awaattttis approach
can be criticized for estimating parameters from a samptethen compar-
ing the results obtained by this estimation to the same sama nevertheless
decided to follow the same approach in our research.

Following the aforementioned procedure Z6rnig and Altmproposed a
particular mathematical model and validated that model samaple from In-
donesian. The basis for the model was the discrete two-diioeal approach
(Wimmer and Altmann 2005: 334) to the application of a trdadaConway-
Maxwell-Poisson distribution (Conway and Maxwell 1962)aifing from a
sample of 610 Indonesian syllables grouped into 12 canbsytiable types,
they estimated the four model parameters, applied the madel then fur-
ther adjusted the results with two weight factors, to finalbain satisfactory
results.
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Given the successful application of the Z6rnig-Altmann eldd Indone-
sian, this model presents a natural starting point for mogelanonical sylla-
ble types for other languages. However, to the best of ounledge, no results
were reported as to the validity of this model in any othepglaage, although
the Zornig-Altmann Indonesian sample has been used, yetdthar context,
namely for the distribution of the average number of phoreper syllable
in the function of the number of syllables per lexical unitcomparison with
an English sample (Rousset 2004: 95, 110). For that mateegre also un-
aware of a comparable model proposed for any other langiggs.our initial
step in investigating the distribution of the number of eliint syllables within
canonical syllable types in Serbian was to retrace the pigeeoutlined by
Zo6rnig and Altmann. To that end we have extracted syllalvlas fwo Serbian
texts generating two samples both of a size comparable WwiHrtdonesian
sample. As the Zornig-Altmann model failed to produce ataiglp results for
Serbian, we proceeded by investigating another posgihiliit it also failed
to capture the stochastic distribution of canonical syfiabpes in Serbian, if
such distribution indeed exists.

In Section 2 we outline the procedure we used for creatingtbesamples
of canonical syllable types in Serbian. In Section 3 resuilthe application
of the Z6rnig-Altmann to Serbian are given. In Section 4 wecdss the re-
sults obtained by the alternative model, and in the finaliSeate give our
conclusions.

2 Collecting syllable data for Serbian

There are five vowels in Serbian: ‘a’, ‘e’, ‘', ‘0’ and ‘u’, aheach of them can
function both as a syllable by itself or as a syllable nuclacsompanied by
one or more consonants. In addition to that, the consonasdriralso function
as a syllable nucleus in Serbian. However, as opposed tovéhedivels, this
“syllabic” consonant cannot be a syllable all by itself, boty accompanied by
one or more other consonants as in the words “pfstgér) or “vrt” (garder).
Nevertheless, we still have six canonical forms of the “Vpayin Serbian.
Namely, the consonant “s”, although unable to perform tly#labic” function
the way “r" can, may appear in texts all by itself as the abiated form of
the preposition “sa"ith), and hence be considered as the sixth canonical “V”
type syllable.

In order to investigate possible models of canonical sidlaype distribu-
tion in Serbian, we have extracted syllables from sampleste@ming from
two sources: a monograph on the University of Belgrade aaditdrary mag-
azineKnjizevne novineThe first text, extracted from the monograph, consisted
of around 10700 word tokens, whereas the other, from theatifemagazine,
consisted of about 13200 word tokens. Thus their size wagaaable to the
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Indonesian sample used by Z6rnig and Altmann, which hadaté6000 word
tokens. Syllables were extracted from words following aisemomatic proce-
dure. Namely, we used a software product named RAS corgsisfia spell-
checker for Serbian and a hyphenator (Stojac@@01). This software han-
dles all relevant coding schemes, both alphabets used ma®g(Cyrillic and
Latin), as well as the “ekavian” and “ijekavian” dialect. Wever, both sam-
ple texts were in “ekavian”. The hyphenator breaks word ®mto syllables
by inserting optional hyphens between two syllables witniword following
a set of rules and a library of exceptions. However, the hgptien rules for
Serbian prohibited some words to be completely broken iitaldes by RAS.
Namely, according to these rules, a word can never be hypéeaéer its first
letter even if this letter is a vowel representing a sylldhlétself. Conversely, a
word cannot be hyphenated before its last letter even ifégain, a vowel rep-
resenting a syllable. Thus for example the word “ugamigle with as much
as three vowels, and hence three syllables: “u”, “ga” and ¢ahnot be broken
into syllables by hyphenation, and hence RAS does not iasgrtgle optional
hyphen between the three syllables of this word. As a coresezpiof these
rules, results obtained by RAS had to be manually checkeccardcted in
order to complete the procedure of extracting all syllalfitemn word forms.
Once this had been accomplished, we grouped the syllatlitesanonical syl-
lable types and counted them.

When we completed the aforementioned procedure, the fitsbtet 0700
word tokens generated nearly 29000 syllables, of which 9édewdifferent,
within 11 canonical syllable types; the data are representéable 1).

Table 1:Number of syllables within canonical syllable types for thel sample

\% VvC VCC
\% 6 34 3
Ccv 128 424 26
ccv 176 126 7
ccecv 23 11

The other text had 13200 word forms, which also generataeghar@9000
syllables, but this time 1378 of them different, within 12noaical syllable
types (cf. Table 2).

We decided to keep the two samples apart, and we will furdéfer to them
as theUM (University Monograph) antM (Literary Magazine) samples. The
majority of syllables in both samples definitely belong te @V C type, which
is a feature Serbian shares with many other languagesdingundonesian,
the language Zo6rnig and Altmann used for testing their modal the other
hand, the syllable CVCCC type had only one representataragty the single-
syllable word “tekst” {ex), which appeared only in theM sample (although
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Table 2:Number of syllables within canonical syllable types for ti sample

\% vC VCC VCCC
\% 6 44 7
Ccv 133 620 38 1
ccv 253 221 10
ccev 33 12

five times), but not once in tHéM sample, thus equalling the lack of the fourth
column in Table 1.

Although the majority of syllables belong to the CVC typddaled by the
CCV type as the second largest, if we look at Tables 3 and 4hwdjve the
five most frequent syllables in both samples, we will notltat hone of them
belong to the largest CVC syllable type.

Table 3:Five most frequent syllables in théM sample

Syllable Frequency Type
u 1028 \Y,
na 873 Ccv
0 784 \Y
ni 754 (4Y)

i 748 \

Table 4:Five most frequent syllables in thé/ sample

Syllable Frequency Type
o] 1047 \%
je 917 cv
i 871 \
na 695 Ccv
u 674 \Y

Even more, once we ordered the syllables by the frequenchiedf ap-
pearance in the sample, the first CVC syllable type inWiv sample (“ver”)
appeared in place 21 with 307 occurrences, most probablipdhe frequently
used word university (“u-ni-ver-zi-tet”) in the Univergimonograph, whereas
the rank of the first CVC syllable type in thé/ sample (“nog”) was down all
the way to 73, with only 93 occurrences. Hence, we should keegnd that
we are dealing here with the numbers of different syllabliea certain type
rather than frequencies of particular syllables, whichimhigaturally, also be
a subject of a similar research.
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3 Applying the Zérnig-Altmann model to Serbian

As we have already mentioned, the successful applicatidgheoZ6rnig-Alt-
mann model to Indonesian made this model a natural startirg i our at-
tempt to find a model for canonical syllable types in Serbiak. will now
briefly outline the model and parameter estimation procethllowed by Z6r-
nig and Altmann, which we have retraced for Serbian.

Denoting the probability of a canonical syllable type wittonsonants be-
fore andj consonants after the nucleusRys the authors proposed the follow-
ing distribution:

a'b! o
WP{)O |,J:0717,4 (l)

wherePyg results from normalization, namely

4 4 gpl -1
o= L%%(i!)k(mm] |

The authors justified the restriction ofj < 4 by arguing that the sylla-
ble periphery cannot be infinite. This is an obvious fact, #mel periphery
limits were indeed corroborated by experimental data batis€rbian and In-
donesian. Even more, in both casemd j never exceeded 3. As for the four
parameters, b, k andm, the authors proposed that they be estimated from cor-
responding frequency types from experimental data. If timalver of different
syllables belonging to the canonical syllable type witlonsonants before and
j consonants after the nucleus in the sample is denotex] athe following
parameter estimations follow:

Rj =

N10
a=—,

Noo

No1
b —

Ngo

N1o
I(:In <a nzo) 2
In2 ’
In (b- E)
_ No2
In2 '
In addition to that, arguing that every language prefersaymaore syllable

types, the authors also proposed that the probabilitiesirdd by the afore-
mentioned distribution be weighted by two weight factargndb, proposing
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for their Indonesian sample the following modification oé timitial distribu-
tion:
B B-Rj for i=j=1
" la-R; for i,j=0,1,...,4, if i#lorj#1

Finally, they suggested that the weight factors again bimastd from ex-
perimental data as follows:

3)

_ N-b—ngg
G—1+—N—, (4)
Bi a-Nip

~ np-b

whereN stands for the sum of all different syllables within can@ahigyllable
types appearing in the sample:

N :i ini,- |

The authors then proceeded to estimate the four model p&esaand two
weight factors from the sample of canonical syllable tymedridonesian given
in Table 5.

Table 5:Number of syllables within canonical syllable types for thdonesian sample

\% VC VCC VCCC
V 6 36 7
Ccv 36 391 44 2
ccv 9 61 13
Ccccv 1 4

They further applied their model and the weight factors, ahthined a
model prediction for the same sample size, which they asdess obviously
acceptable without test (Z6rnig and Altmann 1993: 196). blquediction is
given in Table 6, but we must note that the results slighttfedfrom those in
the original Zérnig and Altmann paper. Namely, as more thaydars have
passed from its publication, we were now able to recalcuditealues with
greater precision without too much effort. A comparison ablés 5 and 6,
however, corroborates the conclusion reached by Zdrnighdngann.

We applied the Z6rnig-Altmann approach on the two sampleSavbian
canonical syllable types independently, following thelioet steps, with a
slight modification we will mention shortly. However, theitial brief com-
parison of Serbian samples with the Indonesian sampledlrslaowed that
syllables types follow a substantially different pattemnthe two languages.
Namely, numbers of syllables within Indonesian syllableety display a con-
siderable symmetry when consonants are added to the ®ytigi# on the left
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Table 6:Number of syllables within canonical syllable types fordnésian obtained

by the model
Y, VC VCC VCCC
\% 6.2 37.2 7.2 02
Ccv 372 4041 434 11
ccv 9.3 558 109 03
CcCccv 04 2.2 04 0

and right sides of the nucleus. This feature is, essentiadlynpliant to the
symmetry of the model itself along the two dimensions. Hasvethis is not
the case with Serbian, indicating possible problems in rhaylglication. This
difference can best be observed on the V-VC-VCC and V-CV-G@Nable
type sequences, which are especially important since these s the basis
for estimating model parameters. In case of Indonesiareteequences are
almost identical (6-36-7) and (6-36-9), whereas in Serlti@y differ signifi-
cantly, namely (6-34-3) and (6-128-176) for th& sample, and (6-44-7) and
(6-133-253) for theeM sample. Although the V-VC-VCC patterns in Serbian
an Indonesian are similar, the V-CV-CCV pattern is compyedéferent due
to a very high number syllables belonging to the CCV type ithizamples.

When we applied the model to two Serbian samples, withoutnbight
factors, we obtained results presented in Tables 7 and 8.

Table 7:Number of syllables within canonical syllable types € obtained by the

model
\% VC VCC VCCC
Vv 2.2 127 11 0
cv 48.0 2719 24.0 0.2
CCv 66.0 3738 330 0.3
cccv 182 1034 9.1 0.1

Table 8:Number of syllables within canonical syllable types fdf obtained by the

model
\Y VvVC VCC VCCC
Vv 1.7 126 2 0
CVv 38.0 2788 44.4 0.8
CCv 723 5303 84.4 14

Cccv 327 2399 382 0.6
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If they are compared with the initial samples given in Taldleend 2 it is
obvious that the difference between empirical and thezaktesults is too big
to justify the model. It should be noted that we have refrdiftem the weight
factors, as it turned out that they only further enlarge tifier@nce between
empirical and theoretical results.

In order to illustrate the difference in results for Indoia@sand Serbian we
used a simple measure of estimation error, namely the sqoetref the mean
squared difference between the number of syllables withironical syllable
types obtained from the sampl®;() and the one obtained by the model for a
sample of the same sizg{):

RACRL

i=0j=0
e= . 5
16 (5)
In the case of Indonesian the error was 3.6, which equals®BBb of the
sample size, whereas for Serbian the error amounted to as asug4.0 M)

and 140.0l(M), equaling 8.71% and 10.16% of the sample size, respegtivel

4 Investigating the alternative model

Although the results we have obtained clearly indicated the Zornig-Alt-
mann model cannot be applied to predict the number of diftesgllables
within canonical syllable types in Serbian, this did notemsarily mean that
this number does not follow a stochastic distribution. kdieif we compare
the frequency distribution of different syllables withiaronical syllable types
in two independent Serbian samples, given in Table 9, we oliflerve that
they do follow a similar pattern, which is also obvious frame .ccompanying
Figure 1.

Table 9:Frequency distribution of syllables within canonical aplle types in two
Serbian samples (in %)

\Y Ccv VvC ccv cvC VCC
UM 0.62 13.28 3.53 18.26 43.98 0.31
LM 0.44 9.65 3.19 18.36 44.99 0.51
ccecv CCcvC cvccC CccvC CCcvCC CvCcCC
UM 2.39 13.07 2.70 1.14 0.73 0
LM 2.39 16.04 2.76 0.87 0.73 0.07

Thus, further models, based on the same general hypotHestsohastic
distribution of different syllables within canonical ssfile types, were worth
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Figure 1: Frequency distribution of syllables within canonical aplle types in two
Serbian samples

investigating. The alternative model we tried to apply tddsmn syllable types,
similar to the approach Bghy and Altmann (1984) used for semantic diversi-
fication of Hungarian verbal prefixes, was the two-dimensiorgative bino-
mial distribution, namely

i1\ [ brj-1)
F’|j=<a+; >< +J! >C'dJPoo7 (6)

wherea, b, c andd are model parameters, am is the sum of all values
yielding the normalizing constant:

PooLii(aﬂl)(b*fl)cidill. 7)

The first problem we encountered with this model was thatrpater esti-
mations from sample values by analogy to the Zérnig-Altmianmdel yielded
negative parameter values, and could thus not be appliedh&¥eresorted to
different approaches to the estimation of model parametdesfirst tried to
obtain the parameters by the minimization of the sum of splidifferences
between the theoretical (model) and empirical (sampl@)ueacies, namely

3 3 nij 2
Z;,ZOOD"'W) . (8)

Parameter values obtained in this manner were now acceptalilthe re-
sults obtained by applying the model with these parameters again unsat-
isfactory. The error measusghat we have used to assess the Zoérnig-Altmann
model was 85.0 fotUM and 126.9 folLM, or 8.82% and 9.21% of the sample
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size, respectively. Thus the alternative binomial modelegated errors close
to those obtained by applying the initial Z6rnig-Altmanndebto the two Ser-
bian samples.

In order to rule out the possibility that the alternativedrimial model keeps
failing in the case of Serbian due to inappropriate parametgmation, we
made yet another attempt to estimate model parameterstirttésby using
maximum likelihood estimation, namely by maximizing thepession

log mﬁ Pi?”] - ©)

Parameter values obtained by this estimation were aga@ptaitle, but the
model produced results with an even greater error of 90.&fdrand 129.5
for LM, accounting for 9.40% of the sample size in both cases.

In order to justify the two alternative approaches to patemestimation,
we decided to the test their results by estimating parasaténe initial Z6rnig-
Altmann model for Indonesian by both approaches and compade| results
based on alternative parameter estimations with the seghtained by the pa-
rameter estimation approach used by Zdrnig and Altmanndpelied in the
initial Z6rnig-Altmann model for Indonesian, parametessmated by the min-
imization of squared differences between theoretical ampiecal frequencies
yielded the results presented in Table 10. If these residts@mpared with the
original sample in Table 5, they can be assessed as quiséasabiry.

Table 10:Number of syllables within canonical syllable types fordnésian obtained
by the Z6rnig-Altmann model with parameters estimation yimization
of the sum of squared differences

v vC vce vcee
v 4 394 48 0
cv 39.6 3929 481 05
ccv 65 649 7.9 01
ccev 01 1 01 0

This is especially true given the fact that they were obiiwé&hout the
application of the two weight factoesandb. Although parameter values were
slightly different from the values estimated by the origidérnig-Altmann
approach, the model generated results with an error of offlyd® 0.44% of
the sample size, which is less than the error obtained byastig parameters
according to the original approach.

Using maximum likelihood estimation for parameters in thigrdg-Alt-
mann model for Indonesian yielded the results presentedbieTL1. The error
was this time 5.9, or 0.97% of the sample size, which is maae th the two
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previous cases, but still acceptable, as the error stillareed under 1% of
the sample size. Besides, it should be noted that the resatis once again
obtained without the application of the two weight factandb.

Table 11:Number of syllables within canonical syllable types fordnésian obtained
by the Z6rnig-Altmann model with maximum likelihood estitioa of

parameters
\% VvC VCC VCCC
\% 4.4 408 5.6 0.1
Ccv 40.3 3740 513 0.6
CCV 7.9 730 100 01
CCcv 01 15 0.2 0

Hence, parameter estimation by minimization of squarefdihces be-
tween theoretical and empirical frequencies and maximueaiitiood estima-
tion for parameters proved to be fully acceptable as altmemto the parame-
ter estimation used by Z6rnig and Altmann. Failure to obsaiccessful results
for the alternative model for Serbian thus could not belaitdd to parameter
estimation, but rather to the model itself.

Wrapping up this research we made two more experiments, iRicrder to
confirm that failure to obtain successful results for théahizornig-Altmann
model for Serbian could also not be attributed to paramstenation, we used
both minimization of the sum of squared differences and manx likelihood
estimation to obtain parameters for Serbian syllablestduob avail. Second,
to verify whether the alternative binomial model fails far8ian only, we tried
both parameter estimation approaches to fit this model toriasian syllables,
but that did not yield satisfactory results either.

Hence, our research confirmed that neither the Z6rnig-Altmraodel nor
the alternative model can be applied for modeling canorsigidble types in
Serbian. On the other hand, it also confirmed that the Z&atigrann model
fits Indonesian data, no matter which of the three methodpdoameter es-
timation is applied (Table 12). Finally, it also confirmedthhe alternative
Altmann model not only fails when applied to Serbian, bulsfailso on In-
donesian.

5 Conclusions

Modeling the distribution of canonical syllable types inigem language turns
out to be an extremely challenging problem in quantitafivgdistics, as wit-
nessed by our attempt to find such a model for Serbian. Ouargseesults
outlined in this paper, involving two languages, two modmhsl three ap-
proaches to model parameter estimation indicate that atséar a universal
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Table 12:Comparing approaches to parameter estimation for the g#timann
model for Indonesian

Error Error
Parameter without Weight after
value weighting factors weighting
a b k m e a B &
Original 6 6 459 495 2125 071 129 363
LSE 997 992 592 634 266

MLE 9.17 928 555 608 587

model does not look like a promising task. Hence, models Ishioe inves-
tigated for a particular language, possibly language gsafikin languages.
However, we failed to reach even this moderate goal in the ca$erbian,
and the problem remains open. We would like to point out thatur pursuit
for an adequate model we have tried several other optionsdofar without
success, and we refrained from burdening this paper witle megative results.

Another interesting research direction that we might takbe future would
be to investigate possible models for the frequency digtidl of all syllables,
not only different syllables within canonical syllable g Namely, as we have
already noted, in the case of Serbian the most frequentégtialo not belong
to the most frequent canonical syllable types, and theibiigton of syllables
follows an entirely different pattern from canonical shllatypes. Thus further
research in this area might take two different directiorarshing for a model
of the distribution of frequencies of canonical syllablgsas and searching for
a model of distribution of frequencies of single syllables.
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