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Abstract 
In the grapheme to phoneme conversion problem for Korean, 
two main approaches have been discussed: knowledge-based 
and data-driven methods. However, both camps have limita-
tions: the knowledge-based hand-written rules cannot handle 
some of the pronunciation changes due to the lack of capabili-
ty of linguistic analyzers and many exceptions; data-driven 
methods always suffer from data sparseness. To overcome the 
shortages of both camps, this paper presents a novel combin-
ing method which effectively integrates two components: (1) a 
rule-based converting system based on linguistically motivated 
hand-written rules and (2) a statistical converting system using 
a Maximum Entropy model. The experimental results clearly 
show the effectiveness of our proposed method. 
Index Terms: grapheme to phoneme conversion, letter to 
sound rules, hybrid approach 

1. Introduction 
Grapheme to phoneme (G2P) conversion is the task of finding 
the pronunciation of a word given its written form. In general, 
it refers to a difficult problem, because the same grapheme 
may correspond to different phonemes depending on the con-
text. The G2P module is used in various applications in human 
language technologies such as speech synthesis (generating the 
pronunciation of given text input) and speech recognition 
(constructing a pronunciation dictionary). 

The Korean writing system (hangul) is an alpha-syllabary 
[1]. Sets of jamo (orthographic phoneme segments) are 
grouped into eumjeol (orthographic syllables), and sequences 
of eumjeols are grouped into eojeol (space-delimited ortho-
graphic words). Each eumjeol consists of up to three compo-
nents: choseong (the initial consonant), jungseong (the vowel), 
and jongseong (the final consonant), which can be represented 
in a canonical form as in Figure 1. 

The structure of eumjeol facilitates the alignment between 
graphemes and phonemes. In English, the type of alignment is 
n-to-n; the number of corresponding graphemes or phonemes 
can be greater than one. Thus, the alignment should be pre-
ceded by dynamic programming [2] or an iterative estimation 
[3]. In Korean, however, each grapheme and phoneme pair has 
a 1-to-1 correspondence under the canonical form. Thus, the 
alignment is automatically done by filling graphemic or pho-
nemic null symbols in the place where jamos are missing. 

The hangul was originated to be phonographic; words 
were written as they were pronounced, and pronounced as they 
were written. However, the current hangul is morphographic; 
verb and noun bases are written in one constant shape, ignor-
ing morphophonological sound changes [4]. An example of a 
morphologically conditioned alternation is given in Figure 2. 

As mentioned in [5], the correct morphological informa-
tion would be useful, but the problem is that erroneous mor-
phological analyses may degrade G2P conversion accuracy. 
However, we strongly believe that morphological analyses are 
essential for dealing with the examples in Figure 2. 
 

 
/san/ 

<Canonical form> 

 
/s/ 

 
/a/ 

 
/n/ 

Choseong Jungseong Jongseong 
 

Figure 1: A canonical form of eumjeol  /san/ ‘a mountain’ 
 
�  /geot-e/ ‘on the outside’ [geo-te] 

(/e/ locative particle is a bound morpheme) 
�  /geot-os/ ‘an outer garment’ [geo-dod] 

(/os/ ‘garment’ is a free morpheme) 
Figure 2: Morphologically conditioned alternation between 

[t] and [d] in /geot/ ‘the outside’. The hyphens represent 
eumjeol boundaries. 

2. Related works 
There have been two main approaches in the G2P conversion 
problem: knowledge-based and data-driven methods. 

In knowledge-based methods, the pronunciation is mostly 
generated by hand-written rules, and often a dictionary is in-
corporated as an exception list. Such rules can be implemented 
in the framework of finite-state automata [6]. Generally, it is 
said that designing rules is hard and requires language-
dependent linguistic knowledge. However, once the rules are 
settled, rule-based systems are quite effective. In addition, 
exceptional cases can be handled by exception lists. 

In data-driven methods, several machine learning tech-
niques are adopted such as Decision Tree [7] and Support 
Vector Machine [8] as well as MaxEnt [9]. The reason that 
such data-driven methods have been used is because of several 
advantages. It enables fast prototyping using existing machine 
learning algorithms. Also, in contrast to rule-based systems, 
highly educated experts are not necessarily required. However, 
to achieve the performance of the level at a well-designed rule-
based system, building a large corpus is the prerequisite. 

For Korean G2P problem, several specialized methods 
have been proposed considering the characteristics of Korean. 

In [10], a hybrid system was implemented based on mor-
phophonological facts. It consists of two stages: (1) graphemes 
occurring at morpheme boundaries are handled using 1,992 
hand-written phonetic patterns and morphophonemic connec-
tivity table; (2) morpheme-internal graphemes are dealt with 

Copyright © 2009 ISCA 6-10 September, Brighton UK1291

10
.2

14
37

/I
nt

er
sp

ee
ch

.2
00

9-
40

4



the conversion rules spanning two consecutive eumjeols which 
are learned from data. However, their large number of highly 
specific rules for morpheme connectivity may be costly to 
construct compared with simple implementation of morpho-
phonology of Korean [5]. Also, the features used in the con-
version rules need to be expanded; such limited contextual 
information may not reflect some morphophonological facts. 

In [5], a rule-based system was implemented using nine 
hand-written linguistically motivated morphopholonogical 
rules. This system works fairly well, even though a morpho-
logical analyzer was not incorporated. While subregularities 
and exceptions cannot be handled smoothly, their work is a 
good start point for developing a new rule-based system. 

3. System architecture 
Our hybrid system consists of two main components (rule-
based and statistical converters) with a POS tagger. The hid-
den Markov model based POS tagger, which is implemented 
in the manner of [11], partitions eojeol into morphemes and 
then attaches POS tags on each morpheme. 

After input sentences are analyzed by above two modules, 
the sequence of context-dependent graphemes enters in rule-
based and statistical converters. 

Rule-based sub-converters are arranged in the order of ap-
plication rules, because each rule has a different priority as in 
Figure 3. However, the rule-based converter often fails due to 
imperfect morphological analysis or insufficient linguistic 
information. Thus, in our framework, the rule-based converter 
only handles the cases which require the lexical information 
only, and let the statistical converter deal with the rest. 

 

�  /balb-neun/ ‘(something) to step on’ 
[bab-neun → bam-neun] 
(nasalization after neutralization of /lb/ in /balb/) 

�  /ddulh-ne/ ‘to make a hole’ [ddul-ne → ddul-le] 
(lateralization after neutralization of /lh/ in /ddulh/) 

Figure 3: Examples of applying more than one conversion rule. 
Neutralization should be applied before nasalization and late-

ralization. 

4. Morphophonemic rules 
In [5], a set of nine morphophonemic rules is implemented, 
but it is not an exhaustive list of all the morphophonemic rules 
in Korean. It does not handle the “tensification of Sino-Korean 
words and compound nouns”, “/s/-borrowing”, “/n/-insertion”, 
and exceptions of “/n/-lateralization” and “/l/-nasalization” as 
in their error analysis, which actually cannot be handled in 
deterministic manners as rule-based methods do. Instead, such 
cases can be dealt with in nondeterministic manners as statis-
tical methods do. In our framework, if the rule-based converter 
detects the uncertain cases to be handled, then it passes to the 
statistical converter. 

Figure 4 shows a full list of morphophonemic rules im-
plemented, which is in the order of applications. Inspired from 
[5], Regulation of Standard Korean Pronunciation [12] is writ-
ten and rearranged. “Aspiration of lenis obstruents adjacent to 
/h/” in [5] is comprised in “pronunciation of /h/”. “Tensifica-
tion after /lb/ & /lt/” is branched off from “Tensification”. In 
particular, “/n/-insertion” which is not written in [5] but in 
[12], is included. In contrast, “/s/-borrowing”, which is not in 
[12] but in [5], is also considered. 

 
 

1. Palatalization (17) 
�   /bat-i/   ‘farm + particle’    [ba-ci] 
�  /dad-hi-da/  ‘to close + suffix + ending’   [da-ci-da] 

2. /n/-insertion (29, 30) 
�  /som-i-bul/  ‘cotton + sheet’    [som-ni-bul] (compound noun) 
�  /na-mus-ip/  ‘tree + leaf’    [na-mun-nib] (compound noun) 

3. Tensification after /lb/ & /lt/ (25) 
�   /halt-da/  ‘to lick + ending’    [hal-dda] 

4. Simplification (10, 11) 
�   /anj-da/   ‘to sit + ending’   [an-dda] 
�   /malg-da/  ‘clean + ending’   [mag-dda] 

5. Neutralization (9, 15) 
�   /deup-da/  ‘to cover + ending’   [deub-dda] 
�    /ggoc wi/  ‘flower + upside’   [ggo-dwi] (free morpheme) 

6. Pronunciation of /h/ (12) 
�   /mad-hyeong/  ‘the eldest brother’    [ma-tyeong] (aspiration) 
�   /nah-eun/  ‘to birth + ending’   [na-eun] 

7. Tensification (23, 24, 27, 26, 28) 
�   /gug-bab/  ‘rice served in soup’  [gug-bbab] 
�   /sin-go/   ‘to wear + ending’   [sin-ggo] 
�    /tal geos/   ‘to ride + ending + object’  [tal-ggeod] 
�   /gal-deung/  ‘complication’   [gal-ddeung] (Sino-Korean word) 
�   /deung-bul/  ‘lamp + light’   [deung-bbul] (compound noun) 

8. Tensification of /s/-borrowing 
�  /seu-po-ceu/  ‘sports’    [sseu-po-ceu] (/s/-borrowing) 

9. Nasalization (19, 18) 
�   /hyeob-lyeog/  ‘cooperation’   [hyeom-nyeog] 
�   /gug-mul/  ‘soup’    [gung-mul] 

10. Lateralization of /n/ & nasalization of /l/ (20) 
�   /nan-lo/   ‘stove’    [nal-lo] 
�  /eui-gyeon-lan/ ‘section to give opinion’  [eui-gyeon-nan] 

11. Liaison (13, 14) 
�   /ggoc-eul/ ‘flower + particle’   [ggo-ceul] 
�   /dalg-eul/  ‘chicken + particle’   [dal-geul] 

Figure 4: A full list of morphophonemic rules in the order of applications. Bolds represent the graphemes and phonemes affected by 
morphophonemic rules. Italics represent the morpho-syntactic necessary conditions of rule applications. The numbers next to the 

names of the rules are the corresponding item numbers in [12], which are also listed in the order of applications. 
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The rules containing Italics require morpho-syntactic anal-
ysis; thus, the sub-converters for such rules postpone the deci-
sion. In addition, the sub-converter for “lateralization of /n/ & 
nasalization of /l/” also postpones for dealing with numerous 
exceptions. That is, the solely rule-based sub-converters are 
the ones for “simplification” and “nasalization”. 

5. Statistical models 
The statistical converter decides the phonemes which the rule-
based converter cannot handle. This can be treated as a local 
classification task, since the decision is based on the context of 
current letters and taken for each position. Among various 
conventional classifiers, MaxEnt [13] is employed in this work. 

For feature selection, the rules are categorized according 
to the discriminative clues as in Table 1. And then, the set of 
features is selected as follows: “previous POS tag”, “previous 
morpheme”, “previous POS tag + morpheme”, “next POS tag”, 
“next morpheme”, “next POS tag + morpheme”, and “previous 
POS tag + next POS tag”. Each decision is taken place on 
eumjeol boundary. That is, in an example ^  /ba-
ggat^eu-lo/ (noun^particle), previous morpheme, eumjeol, 
POS tag are respectively “ba-ggat”, “ggat”, “noun”, and next 
morpheme, eumjeol, POS tag are respectively “eu-lo”, “eu”, 
“particle”. 

To extract linguistically meaningful features, simplified 
and categorized POS tags are used. The full set of POS tags is 
reduced to nominal, predicate, adnominal, adverb, exclamation, 
particle, ending, prefix, and suffix. In addition, according to 
each morphological condition of rule application, POS tags 
are categorized into free and bound morphemes. 

 
Table 1: Discriminative clues for each morphophonemic rule. 

The numbers in the second column correspond to the rule 
number in Figure 4. 

Discriminative clues Rule number 
Grammatical function 1, 3, 5, 6, 11 
Class of nouns 2, 7 
Morpheme, lexical context 8 
Surrounding morphemes 10 

 

6. Experiments 
The materials used in experiments are the list of words in a 
standard Korean dictionary (DICT) and the transcriptions of 
Sent3000DB (SENT) and MBCNEWSDB (MBC). DICT is 
available from the website http://www.korean.go.kr (The Na-
tional Institute of the Korean Language). SENT is a trade-
related continuous speech database. MBC is a news story da-
tabase recorded from MBC TV News. The statistics of the 
corpora are shown in Table 2. Half of them are used for train-
ing and the rest are used for test. 

For evaluation, eojeol level accuracy and I-score [14] were 
adopted. I-score takes the value between 0 and 1, where 0 
corresponds to no common phonemes and 1 corresponds to a 
perfect phonemic transcription: 

 

sdic
cscoreI

���
��  

 
where c, i, d, and s denote the number of correct phonemes, 
insertion errors, deletion errors, and substitutions errors, re-
spectively. 

In Table 3, the summary of G2P conversion accuracy on 
test corpora is presented. It shows that a hybrid approach sig-
nificantly outperforms rule-based and statistical approaches 
except between a statistical and a hybrid approach on MBC 
corpus (marked by asterisks), though the hybrid approach is 
slightly better than the statistical approach. The presumption is 
that it might be near the oracle accuracy. 

Each rule sub-converter firstly decides whether or not to 
apply the conversion rule based on contextual information of 
the given grapheme. If the rule requires only lexical informa-
tion, then simply it can be applied. However, if it requires 
morphological information which could be incorrect (nonde-
terministic), then the statistical converter is executed. Figure 5 
shows the accuracy of rule-based and statistical converters 
measured on the places where nondeterministic morphopho-
nemic rules are applied. The rule-based sub-converters are 
operated based on given morphological analysis results which 
are assumed to be correct. In contrast, the statistical converter 
is operated using own model trained by extracted features 
including erroneous morphological analysis. 

Most numbers of the statistical approach are higher than 
those of the rule-based approach, which means that the trained 
model is robust to analysis errors and smoothly handles the 
subregularities and exceptions. 

In Rule #1 “palatalization”, the rule-based approach shows 
poor results. This is because the morphological analyzer used 
in the experiment inaccurately works. For example,  /gud-
i/ ‘particularly’ is a combined form of  /gud/ (stem) and  
/i/ (suffix), but it is analyzed to /gud-i/ as a single adverb. 

Especially, in Rule #2 “/n/-insertion”, Rule #7 “Tensifica-
tion”, and Rule #10 “Lateralization of /n/ & nasalization of /l/”, 
which were not fully implemented in [5], the statistical ap-
proach is working well. Thus, in these cases, instead of not 
implementing such rules, it is demanded to use the statistical 
approach. 

However, in Rule #8 “Tensification of /s/-borrowing”, the 
result of statistical approach is not significantly better. This is 
because foreign words including /s/ are not many compared to 
general words including /s/ in the test corpora. Thus, the effec-
tiveness of the statistical approach is not represented in Figure 
5. This task should be done with the corpus containing lots of 
foreign words. 

In Table 4, this work is quantitatively compared with [10] 
and [5]. Although the different training and test sets are used 
in experiments, this work shows comparable results with these 
two state-of-the-arts. 

In [10], the labor intensive “phonetic pattern dictionary”, 
which contains hand-written 1,992 patterns of phonetized 
morphemes, is used. Instead of using such highly specific rules, 
the morphophology of Korean can be represented in more 
abstract terms in this work. It is not clear how costly database 
to develop, but this work significantly reduces such effort. 

In [5], nine important morphophological rules are imple-
mented without use of the morphological analyzer. However, 
in this work, through analysis of each morphophonemic rule, 
morphological information is effectively utilized in G2P con-
version. 
 

Table 2: Statistics of the corpora used in experiments 
 SENT MBC DICT 
Sentence 14,746 1,150 - 
Eojeol 88,248 15,645 130,399 
Eumjeol 266,883 48,199 379,912 
Grapheme 649,930 119,433 978,676 
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Figure 5: Accuracy of the rule-based and statistical converters measured on the place where nondeterministic morphophonemic 

rules are applied 
 

Table 3: Summary of G2P conversion accuracy on test corpora. “±” indicates 99% confidence interval. 

 Rule-based Statistical Hybrid 
SENT MBC DICT SENT MBC DICT SENT MBC DICT 

Correct phonemes 310,958 57,454 472,126 313,387 57,792 477,767 313,838 57,807 477,718 
Substitution errors 2,686 514 9,150 501 204 4,120 115 212 4,064 
Insertion errors 7 2 1,380 0 3 1,574 0 3 354 
Deleletion erros 312 58 973 68 30 362 3 7 467 
I-score 0.9904 0.9901 0.9762 0.9982 0.9959* 0.9875 0.9996 0.9962* 0.9899 

Eojeol accuracy 0.9364 
± .0039 

0.9258 
± .0117 

0.8384 
± .0023 

0.9872 
± .0026 

0.9721* 
± .0090 

0.9120 
± .0020 

0.9974 
± .0019 

0.9747* 
± .0091 

0.9293 
± .0019 

 
 

Table 4: Quantitative comparison with related works 
 I-score Eojeol acc. 

This work 
SENT 0.9996 0.9974 
MBC 0.9962 0.9747 
DICT 0.9899 0.9293 

[10] SENT 0.9998 - 
DICT 0.9972 - 

[5] Newswire 0.9963 0.9117 

7. Conclusion 
This paper presents a hybrid approach for Korean G2P con-
version. In the experiments, the hybrid approach outperforms 
both rule-based and statistical approaches in three different 
corpora. The performance is improved by combination of un-
seen data handling (a rule-based component) and robust pho-
neme generation (a statistical component). 

The full list of hand-written morphophonemic rules is pro-
vided, which includes all the rules in [12] as well as a newly 
arisen rule “Tensification of /s/-borrowing”; yet, the effective-
ness of this rule is not conclusive due to the inadequate corpo-
ra to test. This full list will be helpful, especially to developers 
for implementing a new Korean G2P system, either rule-based 
or hybrid. 
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