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Abstract

Hyphenation is a technique of joining or separating syllables of a
word by adding a hyphen. This is typically achieved by implementing the
syllabic segmentation. We have attempted to achieve the same task based
on the sonority of phonemes, considering that sonority within a syllable
increases to the syllable nucleus and decreases at syllable boundaries. For
Macedonian, this principle was extended by an additional rule stating that
a syllable begins when a monotonically non-decreasing sonority ends. In
Serbian, monotonic non-decreasing starts at the beginning of a new
syllable. By defining appropriate sonority weights for both languages and
defining a very simple splitting strategy, the accuracy of the syllabic
hyphenation has surpassed the rule-based approach. It reached 97.59% for
Macedonian and 98.68% for Serbian. We intend to further improve it by
taking into account PoS tags for Macedonian and to fine-tune the sonority
weights for Serbian, hoping to achieve an accuracy that exceeds 99%.

Keywords: Macedonian, Serbian, syllabic hyphenation, phoneme sonority,
ChatGPT.
1. Introduction

Hyphenation is a technique of joining or separating the syllables of
words that improves their legibility, readability, aesthetics and visual
balance of printed or displayed texts [1]. The separation is done at the end
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of a line, using a hyphen to indicate where the break occurs. Since this
process combines the concepts of both syllabic and hyphenation, the term
for this process can be generalized as syllabic hyphenation [2]. It follows
the natural syllable boundaries within a word in a way that respects their
linguistic structure [3]. In the languages with a highly predictable syllabic
structure, hyphenation provides the most natural and linguistically logical
way to break words. In the languages with more complicated compound
structures or where typography is heavily involved, non-syllabic
hyphenation might be used in specific contexts [4].

The hyphenation of Macedonian language was embedded into
Korektor-M, the first software package for spell checking and hyphenation
of Macedonian texts. Created by Dragan Mihajlov and Dejan Gjorgjevikj
more than 25 years ago, Korektor-M was a favourite tool of many
newspapers that used it for automatic proofreading. With the development
of Microsoft Office, it became useless. However, although new office suites
offer spell checking option, word hyphenation of Macedonian language is
not yet enabled.

The first attempt to create a new system for Macedonian
hyphenation was done in 2023 [5]. It consisted of two mutually separate
parts supporting syllabification and morpheme segmentation [5]. The
segmentation was entirely based on rules that are quite general and
ambiguous (https://makedonskijazik.mk/). The accuracy of the approach
was below our expectations. Therefore, an alternative approach based on
phoneme sonority was proposed [6], which was presented on JuDig
conference (https://judig.jerteh.rs/). It is explained in more detail in this
paper.

The hyphenation of Serbian language has a much longer tradition.
It started with the research done by Krstev [7] and was then extended as
part of word length counting [8]. The resources used for measuring the
length of syllables in Serbian [9] were the bases for evaluating the proposed
hyphenation approach. Similarly to Macedonian, the rule based approach
was rather complex [10]. Exceeding the 98% accuracy obtained during this
study became our main challenge.

2. Sonority Based Syllabic Hyphenation

Phonetically, syllables are sequences of sounds containing one peak
of prominence [5]. Phonologically they are units of stress placement.
According to the Sound Sequencing Principle, sonority within a syllable
rises to the nucleus of the syllable and then falls in sonority [11].
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The sonority of Macedonian phonemes depends on their basic
classification: vowels, sonorants, voiced and voiceless consonants (Table
1). The sonority of Serbian phonemes is more extensive and includes three
additional classes: plosives, fricatives and affricates, in each of which
phonemes can be voiced or voiceless (Table 2).

Table 1: Sonority of Macedonian phonemes

Phoneme class Phonemes VSV(;?gO;;ty

Vowels aeuoy 12

Sonorant p 6

Sonorants J1 b MHB 4

Voiced consonants 6O 620Tr 35U 2

Voiceless consonants « n ¢ m K X y 4 w 1

Table 2: Sonority weights of Serbian phonemes
Phoneme class Phonemes S01.10rity
weight

Vowels aeuoy 12
Sonorant p 8
Sonorants ,mandni m u 6
Other sonorants 8] b M 5
Plosive voiced 620 4
Plosive voiceless « n m 3
Fricative voiced 3 arc 3
Fricative voiceless ¢ x ¢ w 2
Affricates voiced h 7 u 2
Affricates voiceless y u 1
Special signs FCS 0

The syllable nuclei in both languages are the five vowels. Their
sonority weight is set to 12. In Macedonian, a nucleus can be the sonorant
p (Latin transcription: r) appearing within a consonant group (kpcm, ép-
cma, np-een-cmeo) or at the end of the word (ma-ca-xkp). In Serbian
language, apart from the sonorant p (mepo, yps, mp-xa), the sonorants .z
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and # can also become syllable nuclei (for example, 6u-yu-x1, de-6a-xi,
Bn-ma-ea, Fby-mm).

Macedonian language has a special sound ‘, which appear in words
such as: ‘porc, ‘pra, and ‘pboem, mainly at the beginning of the word and
succeeded by the sonorant p.

Vowel groups (for example, ay in a-y-po-pa, ea in u-oe-an, and uo
in a-6éu-on) in both languages are separated by a fictive consonant FC with
a sonority weight of 0. Word delimiters are assigned as S, with the sonority
weight of 0.

The syllabic roles of the phonemes are determined by calculating
the triplet difference:

TD(pi) = w(p) - W(pi1) - W(pi+1), i = 1,...n (1)

The triplet difference of the nuclei has always a positive value,
while the consonants from the onset and the coda are always negative
(Table 3 and Table 4). The only exclusion to this rule in Macedonian are
the words starting with a voiced consonant succeeded by a voiceless
consonant, such as suepa and uydosuden. The problem was resolved by
adding a restriction that a single voiced consonant cannot form a separate
syllable.

In Serbian language, the high sonority weight of the sonorant p,
when it is between two vowels, reduces the triplet difference of the vowel
that immediately follows the fictive consonant, as in a-y-po-pa, making it
negative. This relatively rare inconsistency was solved in the second
iteration of the syllabic hyphenation of Serbian, in which the weight of the
non-syllabic p was reduced to 6.

The determination of syllable boundaries depends on a
monotonicity of sonority weights. In Macedonian, a new syllable starts
when monotonic non-decreasing ends. According to this constraint,
whenever the sonority of two adjacent Macedonian consonants is identical,
in that case the second one belongs to a new syllable (Table 3). In Serbian,
anew syllable begins at a phoneme where the sonority weight series begins
to monotonically increase (Table 4).

Table 3: Syllabic hyphenation of the word uoeanno in Macedonian

S u pi| E FC | A JI H (@) S
phonemme
sonority 0 12 2 12 0 12 4 4 12 0
triplet difference 10 | -22 10 | -24 8 -12 | -12 8
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Table 4: Syllabic hyphenation of the word uoeanno in Serbian

S u bl E FC | A J H (0] S
phonemme
sonority 0 12 4 12 0 12 6 6 12 0
triplet difference 8 -20 8 -24 6 -12 -12 6

3. Development of Syllabic Hyphenation of Macedonian and Serbian

The syllabic hyphenation was developed in Python. The algorithm
used in all experiments consists of the same general steps with adjustments
for each language. The steps in the base algorithm are the following:

1. Prepare the word — mark the beginning, end and put a marker

between each two consecutive vowels.
2. Find the nuclei of the word.
3. Iterate over the characters in the word and form the syllables.

The steps to find the nuclei of the word are similar for both
languages. First, the triplet difference is calculated for each group of three
letters in the word, and then the nuclei are detected based on this
calculation. Every vowel that has a nonnegative triplet difference with its
preceding and following letter is detected as a nucleus, as well as the
sonorant p surrounded by two consonants. For Serbian, the same rules are
used, but additionally, the phonemes 1 and H can be nuclei if they have a
positive triplet difference with the preceding and following phonemes.

The main difference between the experiments is in the way syllables
are formed. In all cases, the formation of the syllable begins by adding
phonemes until a nucleus is detected. In the baseline algorithm, this is
followed by adding phonemes as long as the sonority of the current
phoneme is higher than that of the following. If the sonority is not greater
than that of the following phoneme, and the following phoneme is a
consonant, then the first of the two phonemes is also added to the current
syllable. This finalizes the formation of the syllable, and the algorithm
continues by considering the next nucleus and again adding phonemes,
starting one after the last added phoneme until this next nucleus is found.

The updated algorithm for Macedonian adds an additional rule to
handle suffixes that shouldn’t be split. These suffixes don’t always appear
at the end of a word — they can also appear in the middle, for example in
declined forms of the word. This is done by simply looking at the phonemes
surrounding the current phoneme. These are detected after the step of
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splitting two consonants with the same sonority. The check happens when
the first phoneme of the wanted suffix is added to the current syllable. If
the following 2, 3 or 4 phonemes, along with the current, form one of the
suffixes that should be kept together (cmeso, cmeen, cku and variations),
then the current syllable is shortened and its last added phoneme is
removed. In the next iteration, the first phoneme of the group is added to
the syllable along with the other consonants that would usually be split,
since they all come before the nucleus of the following syllable.

The algorithm for Serbian makes only one change to this algorithm.
Here, the step where two consonants with the same sonority are split is
skipped, and as soon as a consonant with a sonority that’s not greater than
that of the following is found, it directly checks if the word contains the
groups that should be kept together, which are the same as for Macedonian.

4. Evaluation of Sonority Based Syllabic Hyphenation

The syllabic hyphenation of both languages started with the
baseline model, which was our benchmark according to which we modified
the approach. In Macedonian, it consisted of revoking the segmentation of
the suffixes cxu, cmeo and cmeen and their inflections. Namely, according
to the orthographic rules they should remain within one syllable, which
contradicts our constraint of splitting the adjacent phonemes with identical
sonority weights into two syllables. In Serbian, the adjustments were done
by decreasing the sonority weight of non-syllabic p.

The Macedonian language assessment sample consisted of 1310
words within average 3.09 syllables. The accuracy of the baseline
algorithm was 89.26%, mainly due to the frequent occurrence of words
with the suffixes cxu, cmeo and cmeen and their inflections. By adjusting
this, as explained in the previous section, the accuracy reached 96.63%.
However, it affected the syllabification of the nouns: eyc-xu, mac-xu, npac-
ku, in which cku is not a morpheme. The only solution for effectively
solving the problem of separable or non-separable suffix ski is the presence
of the PoS tag word. This annotation overcomes the hyphenation problem.

An additional problem was caused by the ambiguous hyphenation
of words with at least two adjacent consonants, such as the words:
asmoxpam, benepao, dexemepu and cogpmeep. According to our approach,
they were hyphenated as: as-mok-pam, bene-pao, oe-keme-pu and cogh-
meep, instead of the hyphenation suggested by the linguists: as-mo-xkpam,
ben-epao, oe-xkem-6pu and cogpm-eep. None of these automatic
segmentations is incorrect as far as syllables are concerned. Namely, kxpam,
epao and cogpm are morphemes and they can be subject of further
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segmentation, depending on the context. Still, when it comes to
hyphenation, it is better to leave them as a whole. Introduction of
morphemes will be one way to improve the system.

We were curious to find out how ChatGPT copes with the same
task. Without any previous training, ChatGPT performed much below our
expectations. Namely, many of the words were transliterated into Latin
script (for example, Au-gust instead of aB-ryct and cada-stre for xa-ta-
crap), presenting non-existent words. Many words had a wrong spelling,
for example abonenm was hyphenated as a-60-nem instead of a-60-nenm,
asawneapoa as a-ea-ean-oa instead of a-ean-eap-oa or ampubym with a-mu-
oym instead of am-pu-6ym. We then instructed ChatGPT with the rules for
syllabic hyphenations and with the explanation to take care of the spelling
and the Cyrillic script. Even with these instructions, the accuracy of
hyphenation reached a modest 61.71%. Interestingly, after our explanations
of what went wrong, this large language model gave examples confirming
that it agrees with our suggestions, but repeated the same mistakes again,
sometimes more than three times in a row.

The Serbian sample consisted of 3020 manually syllabified Serbian
words. We first started with the same approach used for the Macedonian
language, by simply modifying the sonority weights of the phonemes. After
obtaining an accuracy of 75.34%, the constraint for the segmentation when
the monotonic non-decreasing ends was adjusted with the constraint that
the new syllable starts when the monotonic increase starts. With this
adjustment, the accuracy of the baseline algorithm reached 97.59%, which
was quite satisfactory. Most of the mistakes were related to words with non-
sonoric p: ap-mu-ja, mop-uap and y-nop-no instead of a-pmu-ja, mo-pnap
and y-no-pno. Additionally, the inseparable Macedonian suffix cxu has
caused problems in the Serbian language as well, such as in the words: epa-
ockoe, my-ocku and cos-je-mcka. Apart from the fact that it was not
segmented, it also collected the consonant that precedes it into a syllable.
Several words containing the phoneme x (rzak-we instead of na-xwe, or
nom-cme-xom instead of no-mcme-xom) were also not correctly syllabified.
The last problem was the consonant group nwm, which should remain as a
whole: o-nwme, ca-o-nwmu, and y-o-nwume.

By modifying the sonority of non-sylabic p, i.e. p which is not
between two consonants from 8 to 6, the accuracy reached 98.68%,
exceeding the rule-based syllabification accuracy [10]. Fine tuning of the
sonority weights will be our next attempt to further improve the accuracy.

Similarly to Macedonian, we again tested ChatGPT. The accuracy of
Serbian hyphenation was slightly better, reaching an acceptable 79.70%
accuracy. Transliteration existed in a more subtle way: 6a-jo-net, and 6y-dem.
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Spelling mistakes also occurred: se-uu-wom and 6y-oaw instead of se-hiu-rom
and 6y-0ew. Consonants with the same sonority were separated: ax-mue, 6o:1-
Hu-ye and be-nedxc-nux instead of a-xmus, 60-1nu-ye and be-ne-dicHux.

When we informed ChatGPT that regardless of the training it had
successfully completed, it had poorly realized the hyphenation of these two
Slavic languages, the chatbot suggested that we try to repeat the same
experiment with the professional version of Get Pro, the price of which is
200 USS per month. For now, we decided to leave this offer, especially
because our system is still in the development phase.

5. Conclusions and Further Work

Novacula Occami or Occam's razor [ 12] teaches us that the simplest
solution is often the best one. In this study, we have seen that the most
straightforward approach to syllabic hyphenation for Macedonian and
Serbian, based on the sonority of the languages, is both practical and
efficient. By prioritizing simplicity, we have achieved a robust model for
hyphenation that respects the core principles of syllabic structure without
unnecessary complexity.

The main reason contributing to the high accuracy of syllabic
hyphenation is the phonemic orthography of both languages where one
phoneme is represented by one grapheme in the Cyrillic script. The
languages are closely related but have different syllabification patterns. In
Macedonian, hyphenation is based more on the phonemic sonority, where
sounds of the same sonority are separated, while in Serbian, the syllable
boundary tends to preserve a stronger connection between phonemes,
regardless of their phonetic features.

The approach we proposed is extremely simple and at the same
time, very efficient. We intend to further improve it by taking into account
the PoS tags for the Macedonian language and the exclusions for Serbian,
hoping to reach an accuracy of over 99%. The simplicity of the model
allows for better generalization and faster fine-tuning, while still capturing
the essential patterns of syllabification in both languages.

84



JUDIG - Proceedings, November 21-23, 2024. Belgrade

References

(1]

(2]

[6]

[7]

(8]

(9]

Walker, S. (2014). Typography & language in everyday life: Prescriptions and
practices. Routledge.

Haikio, T., Bertram, R., & Hyon4, J. (2016). The hyphen as a syllabification cue
in reading bisyllabic and multisyllabic words among Finnish 1st and 2nd
graders. Reading and Writing, 29, 159-182.

McCaskill, M. K. (1990). Grammar, punctuation, and capitalization: a
handbook for technical writers and editors (Vol. 7084). National Aeronautics
and Space Administration, Office of Management, Scientific and Technical
Information Division.

Schliicker, B. (2023). Compounding and linking elements in Germanic. In
Oxford Research Encyclopedia of Linguistics.

Mitreska, M., & Zdravkova, K. (2023, May). Syllable and Morpheme
Segmentation of Macedonian Language. In 2023 46th MIPRO ICT and
Electronics Convention (MIPRO) (pp. 1113-1118). IEEE.

Zdravkova, K., & Kuzmanova, J. (2024). Sonority Based Syllabification of
Macedonian and Serbian. Technical editors, 11.

Kirstev, C. (1991). Serbo-Croatian hyphenation: a TEX point of view. TUGboat,
12(2), 215-223.

Vitas, D., Pavlovi¢-Lazeti¢, G., & Krstev, C. (2007). About word length
counting in Serbian (pp. 301-317). Springer Netherlands.

Radojici¢, M., Lazi¢, B., Kaplar, S., Stankovi¢, R., Obradovié, 1., Macutek, J.,
& Lessova, L. (2019). Frequency and length of syllables in Serbian.
Glottometrics, 45, 114-123.

[10] A. Kova¢, M. Markovi¢ M: A Mixed-principle Rule-based Approach to the

Automatic Syllabification of Serbian. Contributions to Contemporary History /
Prispevki za Novejso Zgodovino. 2019.

[11] G. Clements: The sonority cycle and syllable organization, Phonologica, 63-76,

1988.

[12] Domingos, P. (1999). The role of Occam's razor in knowledge discovery. Data

mining and knowledge discovery, 3, 409-425.

85



JUDIG - Proceedings, November 21-23, 2024. Belgrade

CnoroBHa noaena pe4vm MakeaoHCKOr U CPRCKOr je3nka
MPUMEHOM 3BYYHOCTHU

Kamepuna 30pasxosa, Jana Kysmanosa

Caxetak

OBaj paa pa3zmarpa MpoLec CJIOroBHE MOJeNIe PEYH MAKEAOHCKOT U
CPICKOT' je3UKa IMPUMEHOM OpPUTHHAIHOT TPUCTYNA KOjU CE€ 3acHOBA Ha
3By4HOCTH (poHema. Hberosa miaBHa NpeTnocraBka je J1a 3By4yHOCT (hoHeMa
pacTe o1 mpUCTyIa mpema jesrpy, 1a Ou oreT naja npema oacryiy. la ou ce
KOHCTPYHCAao ayTOMATCKU CHUCTeM 3a e(puKacHy M TayHy CJIOTOBHY IOJEIY
pedn, MakeJIOHCKE U CPIICKe JOHEME Cy KaTeroprucaHe y HEKOJIMKO THITOBA, a
3BY4YHOCT OBUX (poHeMa je AeduHrcaHa 1a Ou ce oape e IpaHuLe CI0roBa.

O0a je3nka KOpHCTE CaMOIVIAaCHHKE M CIIOrOTBOPHH COHAHT P Kao
Hocuorle ciora. CKyI jesrapa y CpIiCKOM j€3HKY NPOIIMPEH je U COHAaHTUMA JT
U H KOju Mory Outu ciororBopHd. CamoriacHHUIIMMa W COHAHTHMA je
JofieJbeHa HajBHIIA 3By4HOCT. CyIIaCHULIM Cy MOJIEJbEHH Y JIBE KaTeropuje:
3ByuHH W Oe3By4HH. CpIICKM je3WK MPETO3Haje TPU JONaTHE Kareropwje:
HpackaBy, CTPYJHH M CIUBEHH, IPH YEMY 3BYYHOCT OMaja Of MpPacKaBUX
npeMa CIIMBEHUM CYIJIaCHUIAMA.

Jla 6u ce ozmpenmiia jesrpa M rpaHULE CIOTOBa, YBEIU CMO METONLY
TPOCTpPYKE pasiifKe KOja U3padyHaBa pa3luKy y 3By9HOCTH U3Mely CycemHnx
¢donema. OHa je mo3uTHBHA caMo Kaja je (oHema jesrpo ciora. Jla 61 oBo
NPaBUJIO BXWJIO M Y CIIy4ajy Y3acCTOITHHX CaMOIVIACHUKa, m3Mely muX ce
nonaje ¢uxktuBHU koHCOHAHT FC. 3Byunoct FC u rpanune peun je 0.

Monenu CIIOTOBHE TPTUIE CY Pa3BHjEHH y TPOTPAMCKOM jE3UKY
Python, ca npunarohaBamrMa 3a MakeJOHCKH M CPIICKU J€3UK Ha OCHOBY
3BYYHOCTH.

OcCHOBHM MOl 32 MakKEIOHCKH jJe3WK je TOCTUTa0 TavyHOCT Off
88,70%. Ilorpemrne mozjene Cy ce MPBEHCTBEHO ONHOCWIIEC Ha CHEIHUjalTHEe
cy(uKce CKH, CTBO M CTBEH, KOJU IIpeMa MpPaBOIUCY YBEK MPUIA/IaJy UCTOM
crory. Hakon npunarolhaBama, Ta4HOCT TOJENIa Y MaKEAOHCKOM JE3UKU Ce
noreta Ha 97,59%. Ilpobnemu Cy YKJbYYHMBaIU PYKOBaHE CIOKEHUM
cy(ukcuMa U rpynaMa CyrilaCHHUKaA.

V cprickoM je3uKy, HajBehr M3a30B je OMII0 HECJIOTOTBOPHO P, UHja je
3BYYHOCT OmJia cMameHa Ha 6. OBUM MOOOJbIIakeM, KOHaYHA MTPELIM3HOCT je
nmocturia 98,68%.

[TapanenHo ca CONCTBEHUM IPUCTYIIOM, YIIOPEIUIN CMO pe3yaTare
kopuctehu ChatGPT. IlpBo cMmo ra maksbuBo OOydwJM, a IOCIE IMPBUX
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HEYCIICIIHUX TOKYIIaja, TIOHOBMJIM CMO OOyKy oOjarimaBajyhu rpermike.
VYnpkoc opum nokytiajuma, ChatGPT je mokaszao Jionry Ta4HOCT IOJIeNe peun
Ha croroBe (61,71% 3a makenoncku u 79,70% 3a cpricku), moce6HO 300r
yOalBama TpaHCIUTEPUPAHUX CI0BAa Y HEKUM PeYHMa, a KaTKajl je MpaBHo U
MPABOITUCHE TPEIIIKE.

[lpuctyn 3acHOBaH Ha 3BYYHOCTH KOjU NPEIUIKEMO IOKa3ao ce Kao
jemHocTaBaH, av e(uKacaH METOJ 3a IMOJETy PeYH Ha CJIOroBe, KOjU Jaje
BHCOKY TIPEIU3HOCT 3a 00a je3uka. Odekyjemo na Ou gajba 1moOoJbllama
MODJIa YKJBYYUTH WHPOPMAIIHje Y BE3W BPCTE PEU 32 MAKESOHCKH je3UK U
¢uHO TOneNIaBake 3BYYHOCTH 3a CPICKU je3uK. Kpajin [wb OBHX
MonuQUKaIyja je Ja TAa9HOCT mozena 3a 00a jesnka Hagmamm 99%.
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