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Abstract—This study aims to investigate the precise conditions required to establish rules governing
grapheme-phoneme correspondence (GPC) for six vowel graphemes in the Balinese script: <vm> /a/, <{n> /i/,

<'u1J> ul, <vl'un> /el <vl'un> lol, <Gn> /al. The data were derived from 2,274 lemmas listed in the Balinese

dictionary, which utilizes both Latin and Balinese scripts. The formulation of GPC rules is based on an
analysis of underlying representations and morphemic structure conditions. Initial descriptions of the rules in
ordinary language were subsequently converted into formal notations using the framework of four types of
generative phonological rules. The GPC rules for the six vowel graphemes are derived from the independent

underlying GPC <un> /ha/ and dependent markers for vowels: <8/l <:::J:>/u/, <T'}>/E/’ <vl:.':-:;>/0/, <ﬁ>/a/. The
analysis of morphemic structure conditions within canonical patterns reveals that syllable-initial positions

serve as the environment that triggers changes in the underlying forms. Two key rules govern the GPC for
these six vowel graphemes: (1) the deletion of voiceless glottal consonants and (2) sequential rules, which
include the heightening of low vowels and the deletion of the voiceless glottal /h/. The exact conditions
represent definitive statements that underpin the development of GPC alternation rules. These rules, which
systematically map sequences of orthographic units onto their corresponding linguistic forms, provide a
foundation for analyzing the transparency of a writing system.

Index Terms—Balinese script, grapheme, phoneme, correspondence rule

I. INTRODUCTION

The degree of orthography-phonology transparency is a critical factor in cross-writing system research, frequently
associated with the systematic mapping of graphemes onto phonemes (Protopapas & Vlahou, 2009). This mapping
system addresses both parallel and non-parallel correspondences between sequences of written units and linguistic units
(Nag, 2014). Non-parallelism, observed as inconsistencies in grapheme-phoneme mapping, arises from the principle of
interdependence between spoken and written language. Despite their relative (Pae, 2020; Pae & Wang, 2022) and
autonomy, these systems exhibit consistent patterns of correspondence (Meletis & Dirscheid, 2022).

The inconsistency problem is one of the three primary challenges identified in the psycholinguistic grain size theory
of reading acquisition, alongside the availability problem and the granularity problem. Ziegler and Goswami (2005),
describe the inconsistency problem as a condition in which certain orthographic units have multiple pronunciations, and
some phonological units have multiple spellings. These inconsistencies arise when a single orthographic unit
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corresponds to multiple phonological units (Bosch & Daelemans, 1993) or when specific orthographic units lack
phonological representation or are unpronounceable (Bassetti & Atkinson, 2015; Paramarta et al., 2024; Pike, 1956).

Inconsistencies resulting in ambiguous grapheme-phoneme mappings have significant implications across various
domains related to the interaction between orthography and phonology. These include reading outcomes across writing
systems (Burani et al., 2006; Jared, 2002; Moitra et al., 2024; Nag et al., 2010; Treiman et al., 1995), the accuracy of
modern text-to-speech (TTS) systems (Gonzalvo & Podsiadto, 2014), the precision of akshara-to-sound conversions
(Pandey, 2014), and the effectiveness of automated script converters for diverse writing systems (Rajan, 2018).
Furthermore, such inconsistencies affect the acquisition and development of writing systems (Frost et al., 1987). The
prevalence of orthography-phonology mismatches also represents a fundamental challenge in the study of specific
writing systems (Sircar & Nag, 2014; Ziegler et al., 2010).

Ambiguous grapheme-phoneme mappings are also evident in the Balinese writing system, particularly concerning six

orthographic units (graphemes) <umn>, <th>, <’U1J>, <*(1m>, <’I’UD>, <{m>, which correspond to multiple phonemic

units (Medera et al., 2003; Simpen AB, 1979; Tinggen, 1994). First, these graphemes represent the voiceless glottal
consonant /h/ accompanied by the inherent vowel /a/, as seen in /ha/, or other vowels when combined with bound
graphemes as vowel markers, resulting in forms such as /hi/, /hu/, /he/, /ho/, and /ha/. Second, under certain conditions,
these graphemes may also map directly to full vowels /i/, /u/, /e/, /o/, and /o/.

Inconsistencies in grapheme-phoneme mappings within the Balinese script writing system have adversely affected
the accuracy of grapheme-phoneme conversion results, which are essential for automating the transliteration of Balinese
script into Latin. The findings from conversion trials conducted with the ToLatin (Computer Science Undiksha, 2023)
applications reveal that there are significant mapping errors concerning six orthographic units. These units should
properly correspond to the phonemes represented as full vowels /a/, /i/, /u/, /e/, /o/, and /o/. However, they are currently
being incorrectly mapped as */ha/, */hi/, */hu/, */he/, */ho/, and */ha/. Figure 1 illustrates the errors in the transliteration

results produced by the ToLatin applications for the words t‘}myﬁ linuhl 'confused, agitated', u'nvlin:) Ibaoy/ 'neck’, and

fmsz Jcau/ ‘offering for rice plants'. The graphemes <>, <vztm:)>, and <m[]> in these three words should correspond

to the vowel phonemes /i/, /o/, and /u/. Therefore, the correct transliterations into Latin should be inguh, baong, and cau,
rather than *hinguh, *bahong, and *cahu.
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Figure 1. lllustrates the Errors in Grapheme-Phoneme Mapping Observed in the ToLatin Applications

This study investigates the specific conditions necessary to establish rules governing grapheme-phoneme alternations
for six graphemes derived from a list of base lemmas in a Balinese-Latin script dictionary. Drawing on the framework
of generative phonology, three key conditions were identified as the basis for determining grapheme-phoneme
correspondence rules: (1) which segments undergo grapheme-phoneme changes, (2) the nature of the changes, and (3)
the conditions under which these changes occur (Schane, 1973).

The grapheme-phoneme correspondence (GPC) framework offers a robust theoretical approach for representing
orthographic-phonological knowledge. It provides a predictive and systematic method for identifying and defining
consistent patterns in grapheme-phoneme correspondences (Coltheart et al., 1993, 2001).

Il. THEORETICAL FRAMEWORK

A. Grapheme to Phoneme Correspondence (GPC) Rule

Letter-to-sound rules, grapheme-to-phoneme correspondence (GPC) rules, or grapheme-to-phoneme conversion are
essentially analogous to phonological rules in classical phonological studies, except that they specifically involve the
conversion of grapheme sequences into phoneme sequences (Divay & Vitale, 1997). These rules are determined by
"context-dependent" or "contex-sensitive" and "contex-free" (Burani et al., 2006).
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The transformation of spelling into a phonological form is referred to as the process of "recoding” (Neef, 2012). Neef
introduces the term "recoding model of graphematic" as a theoretical reconstruction of the relationship between a
writing system and the phonological system of a language. The input to this model is a graphematic representation, such
as a sequence of written units within the graphematic word domain. Letters (akshara) are the fundamental abstract
graphematic units, defined by correspondence rules. Each letter unit is governed by a specific type of rule. These
correspondence rules can be highly complex, accommodating multiple possible options.

B. Generative Phonology

Generative phonology is a subfield of linguistic theory known as transformational generative grammar. According to
this theory, the phonological component processes surface structures to yield a phonetic representation. In generative
phonology, all linguistic forms are assumed to have an underlying form and a corresponding phonetic representation.
The transformation of an underlying form into a derived form is governed by phonological rules, which can be seen as
specifying the exact conditions under which a phonological process occurs (Schane, 1973).

The derivational approach, in relation to phonology and writing systems, has recently been considered outdated and
has been largely supplanted by Optimality Theory (Prince & Smolensky, 1993). However, in practice, many analyses of
orthography-to-phonology correspondence, particularly in computational studies of writing systems, continue to rely on
the foundational principle of "finite-state power," using recoding rules within the derivational framework (Sproat, 2000).

Pastika (2005), based on the generative phonology theory of Chomsky and Halle (1968) and Schane (1973),
identified 24 underlying phonemes in the Balinese language, consisting of 6 vowel phonemes and 18 consonant
phonemes. He also identified 28 canonical morpheme patterns and 17 phonological rules. Pastika findings provide a
basis for this study to: 1) identify the underlying phonemes of Balinese, 2) determine the exact conditions or specific
contexts (positions and phonetic environments) that lead to changes in GPC, 3) develop and formalize GPC rules, and 4)
establish guidelines for converting phonemic transcriptions into orthography.

C. Balinese Script Orthography

The Balinese script is divided into four based on its functions: 1) Aksara Wreastra, 2) Aksara Swalalita, 3) Aksara
Wijaksara, and 4) Aksara Modre (Suasta, 2006). Aksara Wreastra also known as the ordinary script, is commonly used
to write the modern Balinese language for everyday purposes. In contrast, the Aksara Swalalita serves not only for
writing the modern Balinese language but also for Old Javanese and Sanskrit. Meanwhile, the Aksara Wijaksara and
Modre are regarded as sacred and are typically used in the context of religious and mystical texts.

In this study, we focus on investigating the GPC rules in the Aksara Wreastra. The Wreastra script has 18 main
orthographic units for consonants (aksara wianjana) and 6 orthographic units for vowels (aksara suara) (Medera et al.,

2003; Tinggen, 1994). The aksara wianjana for consonants already carries the inherent vowel /a/, namely |um| /ha/, |99|
Inal, |99 Ical, |5 /ral, |9en| /kal, |z /da/, |vn| /tal, || /sal, @ Iwal, |ew| /lal, |en| /Imal, |1n| /gal, |©n| /bal, || /ma/, |U|

Ipal, |w| /ja/ |unjlyal |©n| /nal. The consonant letters also have variants in the form of conjunct-ligature (terms from

Fedorova (2013)), collectively referred to as pangangge aksara, which include pangangge ardasuara, pangangge
tengenan, gantungan, and gempelan. The aksara suara for vowels include: |un| /a/, |tn| /i/, |U1(]| ul, |vzzm| lel, |’IUD| lol,

and |{m| /o/. The six orthographic units for the vowels were taken from one of the aksara wianjana |un| /ha/ (called

wisarga) which is combined with diacritics for vowel markers or pangangge suara (|§e|/i/, |-::::A;|/u/, |VI...:_.:-|/e/, |vz....:..:-o|/o/, |ff|/e/)
as needed.

D. Grapheme

A grapheme is defined as the smallest unit that represents a form or a fundamental entity within a writing system.
Meletis (2019) proposes three universal criteria for defining graphemes applicable across various writing systems: (1)
lexical distinctiveness, (2) linguistic value, and (3) minimality. In the context of the Balinese script, the criterion of
linguistic value pertains to the role of graphemes as visual symbols that connect the graphic units of writing with
representations of language units, such as phonemes, sub-syllables, syllables, and morphemes (Astiti et al., 2023a,
2023b; Paramarta et al., 2024) or representations of abstractions of linguistic value, such as a null phoneme (Paramarta
et al., 2024).

I1l. RESEARCH METHOD

This study employs a qualitative descriptive research design. The qualitative data includes six GPC for vowels in the
Balinese script <um> /a/, <th> /il <m(]> ul, <V{’U11> lel, <V(’U113> /o/, and <{m> /o/ that conducted from 2,274 lemmas

listed in the Balinese dictionary uses Latin-Balinese script (Nala Antara et al., 2016). The sequence of grapheme units
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of the Balinese script in the compiled lemma list is then mapped to a sequence of phonemic units, converted from Latin
orthographic transcription following the guidelines established by Pastika (2005).

Based on the mapping results of the GPC sequences from the complete lemma list, the underlying forms of the GPC
were subsequently analyzed. The analysis refers to the identification of the underlying grapheme units within the
Balinese script writing system, as established by Astiti (2023), and was conducted using the three criteria proposed by
Meletis (2019). Meanwhile, the linguistic units represented by graphemes as phonemic segments refer to the underlying
phonemic segments in the Balinese language as established by Pastika (2005). Each phonemic segment is assigned
phonetic features using a binary system of plus (+) and minus (-) to indicate the presence or absence of specific
phonetic parameters (Schane, 1973).

The specific conditions (phonetic environments and positions) that result in changes in GPC are analyzed through
morpheme structure condition analysis. This analysis, conducted on the entire lemma list, aims to verify the realization
of canonical patterns by adhering to the 28 canonical morpheme patterns of Balinese root morphemes as established by
Pastika.

The exact conditions under which a GPC process occurs are first described in ordinary language. These descriptions
are subsequently converted into formal notations to construct GPC rules, based on the notations defined within the four
types of generative phonological rules: feature-changing rules, deletion and insertion rules, permutation and coalescence
rules, and variable-based rules (Schane, 1973). The formal notation utilized includes the following: square brackets ([ 1)
are used to denote a set of minimal distinctive features that characterize a segment or phonemic representation
undergoing change; an arrow (—) indicates a transformation, specifying the segment that changes and the nature of the
change; diagonal slashes (/) separate the environment from other rules; a hyphen ( _) represents the specific part of the
environment where the change occurs; C denotes the class of consonants, and V denotes vowels; the symbol (+) marks
morpheme boundaries; the symbol (#) marks word boundaries; deletion is represented by the zero symbol (&); and
brace notation ({ }) is used in rules to refer to alternative environments.

IV. RESULTS AND DISCUSSIONS

The findings of this study address three main issues related to the determination of the exact conditions that affect the
GPC rules for the six vowels in the Balinese script. First, an analysis of the underlying representation of the GPC.
Second, an analysis of morpheme structure conditions in the realization of canonical patterns to identify the specific
conditions (phonetic environments and positions) that lead to changes in the GPC. Third, the conversion of these exact
conditions into formal notations for the construction of GPC rules. The complete results and discussion of the study are
presented in the following sections.

A. The Underlying Form GPC

Based on the three main criteria for determining graphemes across writing systems by Meletis (2019), the underlying
graphemes in the Balinese script writing system, particularly within the wreastra script type, are classified into two
categories: free graphemes and bound graphemes. Free graphemes comprise 18 primary consonant graphemes, whereas
bound graphemes encompass all diacritics used to mark bound vowels and conjunct-ligatures that signify bound
consonants. These bound consonants function as paired variants of the primary consonant graphemes, demonstrating
graphematic allography (Astiti, 2023; Meletis, 2020). Pastika (2005) identified underlying phonetic segments as
representations of Balinese script graphemes in the realization of underlying phonemes in the Balinese language
through an analysis of contrasts in identical environments.

(a). The Underlying Form GPC <um> /ha/

The grapheme-phoneme <um> /ha/ is established as a realization of the underlying GPC based on an analysis of

grapheme criteria for lexical distinctiveness, demonstrated through minimal pair data that exhibit contrasts in identical
environments, as illustrated in Data (a). (1,2,3). The underlying GPC <un> /ha/ is only distributed in the final position.

Data (a).
1) <anun> /saha/ 'together' or 'with'

<ghu> /sapal ‘greeting’
2) <maun>/daha/ ‘royal name’

<zawn> /data/ “flat’
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3) <=mun>-/maha/ ‘great’
<gn9en>-/maka/ ‘each’

The data above indicate that the grapheme <un> represents an underlying form categorized as a free grapheme. This

underlying grapheme belongs to the primary consonant grapheme category, representing the linguistic unit of the
voiceless glottal consonant /h/, which phonemically carries the distinctive features [-sonorant, +low]. It also inherently
includes the vowel /a/ (without a specific marker), which is phonetically realized with the distinctive features [+back,
+low].

(b). The Underlying Form GPC <> il <o> ul, < 7> /e/,<7z:s:>> /ol < 1ol

/
The grapheme-phonemes <> il <d> ul, <vzs:;::a> lel, <7":}°> /o/, and <S> Iof are identified as realizations of the

underlying GPC based on an analysis of grapheme criteria for lexical distinctiveness. This is demonstrated through
minimal pair data that exhibit contrasts in identical environments. The underlying GPC is distributed in initial, medial,

and final positions, except for <{m> /o/, which does not appear in the final position of the morpheme (see Data (b), (c),

(d), (e), and (f)).
Data (b).

1) <ter>-/lima/ “five’
<tunen>-/lama/ “failing a grade’
2) <’m@15n?>—/baykit/ ‘delicious, interesting’
<mu”ﬁ‘1sn?>-/bagkat/ ‘ricefield’
36
3) <wnén>-/bati/ ‘profit’

<'¢c'm51l]>—/batu/ ‘stone’
Data (c).
1) <';ul]9cn>—/suka/ ‘like’

<vzm9cn>—/soka/ ‘angsoka flower’
2) <1sn9c1l]m?>—/takull ‘awkward’

<1s1192‘nm?>-/takill ‘wrap rice from areca leaves (upih)’
3) <';Ln2rJ>—/saru/ ‘vague’

<n$>-/sari/ ‘essence’
Data (d).
1 <vz&nm>-/sela/ ‘tubers’

<dnun>-/sila/ ‘base’
2 <1§'nvlzm\n?>-/bares/ ‘charitable’
<1rn2?mn’l>-/baris/ ‘Baris dance’
3 <'m1*{'m>-/bale/ ‘hall’

<entn>-/bali/ ‘Balinese Island’
Data (e).
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1) <V(momzm7>-/bodag/ ‘big basket’
<m]m1mz>—/budag/ ‘strong enough to eat’

?) <'ﬁ71€0>—/gejor/ ‘earthquake’
<imi&>-/gejir/ ‘shake’

3 <mvlqco>—/bano/‘fish name for Tylosurus crocodilus’

<ena>-/bani/ ‘brave’

Data (f).
1) <nww>-/salal ‘leisure’

<anwwn>-/silal ‘base’
2) <1(€D?>-/j’lah/ ‘scared, amused’
<'L('Tj?>-/j’th/ ‘coconut’
3) <un@>-/ajoyl ‘eat (high variety)’
<zm&j>-/ajmj/ ‘call for dad’
Data (b) indicate that the underlying GPC <&>-/il is bound to the primary consonant grapheme below it and is

positioned above the primary consonant grapheme. Data (c) indicate that the underlying grapheme <e::j>-/u/ is bound to

the primary consonant grapheme above it and is positioned below the primary consonant grapheme. Data (d) indicate
that the underlying grapheme <T::;:e>—/e/ is bound to the primary consonant grapheme that follows it and is positioned to

the left or before the primary consonant grapheme. Data (e) indicate that the underlying grapheme <sz:1i1::’3>-/0/ is bound

to the primary consonant grapheme that both precedes and follows it and is positioned on both sides of the primary
consonant grapheme. Data (f) indicate that the underlying grapheme <C>-1o/ is bound to the primary consonant

grapheme below it and is positioned above the primary consonant grapheme.
The data above indicate that the grapheme <> corresponds to the vowel /i/ with the features [+sonorant, +high, -

round], the grapheme <e:':d> corresponds to the vowel /u/ [+syllabic, +high, +round], the grapheme <VI::::::s> corresponds to
the vowel /e/ [+syllabic, -high, -back], the grapheme <vz-:::’:::o> corresponds to the vowel /o/ [+syllabic, -high, +round],

and the grapheme <> corresponds to the vowel /a/ [+syllabic, +back, -round, -low]. These five graphemes function as

bound graphemes used to mark vowels in the Balinese script writing system.

Based on the criteria of lexical distinctiveness, linguistic value, and minimality, all underlying GPCs are
demonstrated to distinguish lexical meaning through minimal pair data derived from a list of lemmas. Analysis using
the criterion of linguistic value reveals that underlying graphemes can represent different linguistic units, such as
combinations of consonant and vowel phonemes (/ha/) or individual vowel phonemes (/i/, /u/, /e/, /o/, and /a/).
Furthermore, from the perspective of linguistic levels, these underlying graphemes correspond to various levels of
representation, including phonemes, syllables, and sub-syllabic units.

These findings reinforce the concept of linguistic compatibility proposed by Joyce and Meletis (2021), which
suggests a typological classification of writing systems that better represents mixed linguistic units rather than relying
solely on dominant linguistic representations. Additionally, testing through the criterion of minimality indicates that
visually, all underlying graphemes are the smallest units within the Balinese script, classified under the aksara wianjana
and pangangge suara categories (Medera et al., 2003), or categorized as "letters" by Lindqvist (2001) to distinguish
them from punctuation, digits, and signs.

Rogers (1995) classifies graphemes based on their forms into two main groups: free graphemes and bound

graphemes. The underlying GPC <un>-/ha/ belongs to the category of free graphemes, or in akshara-based systems, it is
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referred to as a main consonant grapheme (Fedorova, 2013; Gnanadesikan, 2017). In contrast, graphemes in the form of
diacritics used as vowel markers fall under the category of bound graphemes, which Fedorova describes as "clothed".

The absence of an independent horizontal segmental space for the vowel graphemes <>/l <d> ul, <vz-:::.::s> lel,

<vz-:::'::s:)> /ol, and <©> Jo/ confirms their bound nature, meaning they cannot stand alone, particularly in post-consonantal

positions. The vowel /a/ does not have a specific marker in the form of a bound grapheme. This aligns with the
fundamental characteristics of the Balinese script writing system, which is categorized as an Abugida or Alphasyllabary
type. In such systems, the main consonant grapheme (akshara) inherently includes a vowel, specifically the low vowel
[al (Bright, 1996; Pandey, 2014; Vaid & Gupta, 2002).

The underlying GPC, when combined with other grapheme-phoneme elements to form Balinese words, undergoes
various transformational processes, resulting in diverse realizations of derived GPCs. The environmental conditions
surrounding the GPC are crucial factors influencing these transformations. This phenomenon aligns with the
foundational principle of generative phonology, which asserts that changes from an underlying form to its derived forms
are governed by precise conditions and can be systematically described through rules governing such transformations
(Schane, 1973).

B. Morpheme Structure Condition

The Balinese morphemes base examined in this study comprise 2,274 listed lemmas. An analysis of the morpheme
structure condition for the entire lemma list reveals that, out of the 28 canonical patterns of underlying Balinese

morphemes reported by Pastika (2005), only eleven canonical patterns were identified to contain the GPC <un> /a/,

<th> /il <U1J> ul, <vzzm> [el, <vztm:>> /ol, and <{m>. The eleven canonical patterns and their frequencies of occurrence

are as follows: (1) V.V, with 11 occurrences; (2) V.VC, with 104 occurrences; (3) V.CV, with 160 occurrences; (4)
CV.V, with 40 occurrences; (5) V.CVC, with 1,045 occurrences; (6) CV.VC, with 243 occurrences; (7) VC.CVC, with
596 occurrences; (8) VC.CV, with 56 occurrences; (9) CV.V.CV, with 4 occurrences; (10) VC.CV.CVC, with 3
occurrences; and (11) CV.CV.V, with 12 occurrences.

The eleven canonical patterns identified in the lemma list were further analyzed based on the number of syllables and
the position of the GPC. Table 1 presents the results of the analysis, showing the number of syllables and the positional
distribution of the GPC within the eleven canonical patterns.
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TABLE 1
CANONICAL PATTERNS, NUMBER OF SYLLABLES, AND APPEARANCE POSITION
Canonical Number of syllables Appearance position Example (lemma)
patterns Bisyllabic | Trisyllabic Initial Middle Final
V.V N v v <umun>-fa.al ‘fig tree’
<undn>-/a.i/ ‘sun’
V.VC N v v <m1m]m?>-/a.ud/ ‘put it to release’
<VIUDVI'L‘ID>-/0.0y/ ‘mushroom’
V.CV v v <ummJ>-/a.bu/ ‘ash’
<U1JZ€2>—/U.du/ ‘not selling well’
Cvv v v <satn>-/ca.i/ ‘you (male)’
<me>—/ca.u/ ‘offerings for rice
ceremonies’
V.CVC N N <‘1UD‘1K'ﬁO>-/0-b0r/ ‘torch’
<U1Jmm?>—/u.bad/ ‘drug’
Cv.vC v v <m?m&n?>-/ba.os/ ‘speech’
<wUn>-/da.ar/ ‘eat’
VC.CVC v v <z?nanJ&n?>-/im.pus/ ‘pick’®
<’U1J g?—/um.bah/ ‘wash’
VC.CV N J <Unvlsn.o>-/am.p0/ ‘clay’
<U1J'K]j1>—/uy.s[/ ‘evacuate’
CV.V.CV N v <tenuyp-fbaulul ‘padiock’
<ZOU1{]‘J\n>-/da.u.sa/ ‘names of plants
for fences’
VC.CV.CVC N v < i lanl “kidney’
lrl‘]i(’l].nmm%—/uy‘sz.lan/ kidney
e >
<zmanme?>-/am.pu.gan/ “full
CV.CVV v v <@nendn>-/ba.ba.i/ “evil spirits cause
disease’
<'l"§"=nmm(]>—/ba.da.u/ ‘canoe’

Based on their syllable structure, eight canonical bisyllabic patterns (V.V, V.VC, V.CV, CV.V, V.CVC, CV.VC,
VC.CVC, and VC.CV) and three canonical trisyllabic patterns (CV.V.CV, VC.CV.CVC, and CV.CV.V) were identified.
Regarding the positional distribution of GPCs, five canonical patterns feature GPCs in the initial position (V.CV,
V.CVC, VC.CVC, VC.CV, and VC.CV.CVC); one canonical pattern includes GPCs in both the initial and middle
positions (V.VC); one pattern has GPCs in both the initial and final positions (V.V); two patterns exhibit GPCs in the
middle position (CV.VC and CV.V.CV); and two patterns display GPCs in the final position (CV.V and CV.CV.V).

The morpheme structure condition refers to the constraints that define permissible sequences of phonemes within a
languages canonical pattern (Schane, 1973). The permissible canonical patterns in a language play a significant role in
shaping the orthography of its writing system by establishing systematic relationships between graphemic rules
(graphotactics) and the principles governing GPC mapping (Coulmas, 1999; Lukatela et al., 1980; Pae & Wang, 2022;
Pandey, 2014).

The eleven canonical patterns outlined above demonstrate that GPCs for the six vowels consistently appear in the
syllable-initial position. As a result, the graphotactic rules of the Balinese script require all vowel phonemes in this
position to be represented as independent graphemes. They cannot be rendered using bound graphemes as vowel
markers attached to consonants, nor can they remain unmarked to indicate the inherent vowel /a/.

This feature is one of the fundamental characteristics of Abugida systems, classified as Alphasyllabaries, where
vowels are represented by full-sized graphemes for independent positions—in particular, for syllable-initial positions
(Fedorova, 2013; Pandey, 2014).
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In the orthography of the Balinese script, one approach to representing vowels in syllable-initial positions involves
utilizing the akshara |un| /ha/, which is combined with vowel diacritics, known as pangangge suara (e.g., |e::"§-|/i/, |-:::j|/u/,

|vl-:::'::s|/e/, |vls::.:.:o|/o/, |ﬁ|/9/) as needed (Medera et al., 2003; Simpen AB, 1979; Tinggen, 1994). The voiceless glottal
phoneme /h/ in the primary consonant grapheme <um> /ha/ is silent or treated as "empty." Consequently, the GPC
mapping for canonical patterns should be represented as <un> /a/, <th> /i/, <’U”Il]> ul, <'I’U’ﬂ> lel, <7'Uno> lo/, and <{m>

/a/. Mapping them as <un> */ha/, <{n> */hil, <U1J> *Ihul/, <“('Lm> *Ihe/, <'I'Uﬂ’3> */ho/, and <{m> */ha/ would be

inaccurate. This approach aligns with the "empty consonant device" strategy, commonly observed in Abugida-derived
writing systems.

C. GPC Rules

Four types of generative phonological rules serve as the foundation for formulating GPC principles: (1) feature-
changing rules, (2) deletion and insertion rules, (3) permutation and coalescence rules, and (4) variable-based rules
(Schane, 1973). This study identifies two key GPC rules: deletion rules and sequentially ordered rules.

(a). Deletion Rules /h/ on Underlying GPC <zm>-/ha/

The voiceless glottal consonants /h/ [-sil, +low] in the underlying GPC <un> /ha/ become zero <un> /@a/ in the

initial, medial, and final positions of the root morpheme, as demonstrated in the following lemma examples.
<'umm]> fa.bu/ ‘ash’ (V.CV)

<'¢mvzﬁn.o> /am.po/ ‘clay’ (VC.CV)
<vz'm:>'uni> /o.ah/ ‘change (V.VC)
<um> /da.ar/ ‘eat’ (CV.VC)

<umum> /a.al “fig tree’ (V.V)
<wsaun> /sa.mu.a/ ‘forum’ (CV.CV.V)

The GPC rules for the deletion of the voiceless glottal consonant /h/ in the underlying GPC <un> /ha/ in formal
notation are expressed as follows:
<un> /ha/ — <un> [Qa/ /

#
_#

The rule above demonstrates that the voiceless glottal consonant /h/ [-sil, +low] in the underlying GPC <un> /ha/

#_
#_

undergoes elision in all positions (initial, medial, final) of the root morpheme. Upon closer inspection of the phonetic
environment where this change occurs based on canonical patterns (syllable structure), it is evident that all instances
appear in the syllable-initial position. Unfortunately, in generative phonological rules, there is no specific notation for
marking syllable nodes. Considering that syllable nodes or boundaries significantly influence GPCs in an akshara-based
writing system, Pandey (2014) uses the notation ( ¢ ) to mark syllable nodes or boundaries when formulating akshara-
to-sound rules in Hindi. Pandey’s concept can be adapted in this study to simplify the GPC according to the basic
principles of generative phonology, where abstraction and rules aim to streamline a system (Schane, 1973). The rule can

be simplified by stating that the syllable-initial position becomes the environment where the underlying GPC <um> /ha/
changes to <um> /a/. The formal notation of the rule becomes:

<um> /ha/ — <un> /@a/ /o

(b). Ordered Rule

The transformation of underlying GPCs into derived forms indicates the occurrence of various phonological
processes. GPC rules play a crucial role in elucidating and explaining the mechanisms by which a writing system
functions. Data analysis reveals that several root morphemes, represented as lemmas, undergo multiple rule applications
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due to grapheme addition or interaction. These processes occur sequentially. Table 2 illustrates that the underlying GPC
is positioned in the upper-left corner, while the processes on the left demonstrate the application of GPC rules that
transform the underlying form into derived forms. The resulting derived forms are positioned in the lower-left corner.

TABLE 2
ORDERED RULES
Left | Right
1. Ordered rule for <tm>/i/
Underlying H<N+HUMHC+90> [ra+ha+i+nal# Underlying # <ntun+i+9a> frathati+nals
Heighteninlg low #<xtOnHae> fra+hi+nals Deletion voiceless glottal | 4o n+ea> /ratai+nal
vowe
Deletioln ;/to:celess #<n+UM+90> frati+nals Heightening low vowel | 41 gnreq> frasii+nas
glotta
Derived <xntnea> /raina/ ‘day, afternoon’ Derived <nthnea> */raiina/
2. Ordered rule for <U11]>/u/
Underlying <O+ A+u> Jda+ha+u+sa Underlying #<m+un+ A+M> /da+ha+u+sa/#
Heightening low #<aotuntan> /da+thu+sals Deletion voiceless glottal | xcp yam+an> /dat+au+sal
vowel UTJ U‘J
Deletion voiceless | ucpoomtan> /datu+sal Heightening low vowel | 4o mtan> /datuu+salt
glottal m] m}
Derived <mm/]w> /dausa/ ‘plants for Derived <zau1l]&n> */dauusa/
fences’
3. Ordered rule for <'Z'(m>/e/
Underlying f<antorune) O Underlying #<aeoHUIH) 0>
/catethatetn/# /catethatetn/#
Heightening low #<?m+,&“> [ce+hen/# Deletion voiceless glottal #<Tm+,l}n> Jee+aen/#
vowel
Deletion voiceless #<7m“}“> Ice+en/# Heightening low vowel #<vztm+1}n> lceteen/#
glottal
Derived <Vzwl}n> Iceenl “measuring rice’ Derived <'I'351’(‘f“> *Iceeen!
4. Ordered rule for <*zm3>/0/
Underlying fameuney +5> [bathatot/ Underlying T U OO > | batha+o+n/#
Heighteninlg low #<1c'n+7m+".-> Ibat+ho+n/# Deletion voiceless glottal #<m+7m+:‘> [batao+n/#
vowe
Deletioln ;/to:celess #<u*n+*(1‘1r.)> Iba+on/# Heightening low vowel #<en+quo 5> [batootn/#
glotta
Derived <m71‘m> Ibaoyl neck’ Derived <'«*n'(1'm> *Ibaooy!
5. Ordered rule for <{m>/o/
Underlying PR T Underlying #aen+Hun+ o+ >
/katothatotta+@/# /ka+ot+ha+o+ta+@/#
Heighteninlg low #<m+ﬁn+m’z> Iko+ho+t/# Deletion voiceless glottal #<m+1"711+1s117> IKa+ao+t/#
vowe
Deletioln ;/to:celess #<9cn+5n+15n?> IKatott/# Heightening low vowel #<gcn+{f'n+1sn'{> Iko+oo+t/#
glotta
Derived <s€m?msn?> Koot/ 'slice' Derived <9cn'("?msn?> *Ikaoot/

The ordered rule described above demonstrates that the heightening of the low vowel occurs when the underlying
GPC <um> /ha/ is combined with bound graphemes for vowel marking, specifically <&>fil, <U1J>/u/, <71m>/e/,

<'zUD>/O/, and <{m>/o/. This combination results in the transformation of the vowel /a/ with the features [+low] into /i/,

ul, lel, lol, and /a/ with the features [-low], followed by the deletion of the voiceless glottal consonant /h/ to zero /@/.
This rule posits that the derived form on the left results in the correct derived form because the GPC rules are applied
sequentially. Specifically, the heightening of the low vowel rule must be applied before the voiceless glottal /h/ deletion
rule. Reversing the order of these rules, as seen in the derived form on the right, produces an unacceptable or unattested
form (*). These rules are applicable across all positions: initial, medial, and final morpheme positions. However, for the
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GPC <{m>-/o/, the rule is not found to apply in the final position of the morpheme, as the realization of the vowel /a/ in

the final morpheme undergoes weakening and is consistently pronounced as [9] in Balinese (Pastika, 2005).

V. CONCLUSION

The exact conditions represent definitive statements that underpin the development of GPC alternation rules. These
rules, which systematically map sequences of orthographic units onto their corresponding linguistic forms, provide a

foundation for analyzing the transparency of a writing system. The first exact condition stipulates that the GPCs <un>
lal, <Tn> /i, <ml]> 1/, <V{'U‘ﬂ> lel, <“{’U’110> Jo/, and <{m> are derived forms of the underlying GPC <vm> /ha/, which is

classified as a free grapheme, and <&/l <s".d.s>/u/,<T:.s>/e/,<~'(a:::::;:>>/o/, <S>/o/ are bound graphemes used as vowel

markers. The second exact condition addresses the morpheme structure, which explains the surrounding GPC
environment that triggers the transformation of the underlying GPC into the derived GPC, such as canonical patterns,
positions within the morpheme (initial, medial, final), and syllable positions (initial, medial, final). The third exact

condition concerns the rule for the transformation of the underlying GPC <um> /ha/ into <un> /a/, which is expressed as

a voiceless glottal consonant /h/ deletion occurring at syllable-initial positions. The transformation rule for the derived
GPCs <th> /il, <U1J> ul, <"Z’U1]> [el, <71m:)> fol, <tm> /of, formed by the combination of the free underlying GPC

<un> /ha/ and the bound vowel-marking GPCs <&>il, <-:::::::»>/u/,<vz»:"e>/e/,<vz=:"o>/o/, <f>/a/, is expressed through the

{

sequential application of heightening low vowel rules and voiceless glottal /h/ deletion rules. These sequential rules
apply across all positions (initial, medial, and final) within the morpheme, with exception of the GPC <{m> /o/, which

does not occur in the final position of the morpheme.

A comprehensive analysis of the cognitive linguistic mechanisms that explain the systematic mapping of orthography
to phonology, across various sublexical levels of representation, is crucial for advancing universal theories of reading
and writing across diverse writing systems. This is especially pertinent to minority writing systems, such as the Balinese
script, which have not been thoroughly explored. Fundamental concepts in phonology—such as distinctive features,
phonological processes, phonological rules, and language unit boundaries—including sublexical representations such as
syllable structure, syllable weight, and mora—are firmly rooted in linguistic theory and can be leveraged to identify
regularities in orthography-phonology mapping. This framework holds the potential to address ambiguities in
orthography-phonology correspondences. However, these concepts have yet to be widely applied to explain the
complexities of writing systems, thereby offering significant opportunities for future research.
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