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Abstract

Hangul, which is the Korean alphabet, features excellent phonetic principles. Hangul
can be an efficient alternative for languages that do not have their own alphabet, or
which have their own language, but for which it is still difficult because of their inefficient
system for use in the digital environment. However, the Hangul alphabet system currently
in use is standardized only for the pronunciations of the Korean language. In reality, it is
therefore incapable of notating foreign languages with different phonetic systems. In
order to solve this problem, in this paper, we analyze the input problems that can occur in
the extended Hangul, and we propose a suitable input system.
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1. Introduction

Hunminjeongeum is a writing system with an excellent phonetic representation,
and it is capable of notating any language based on the principles of its phonemes.
The project of Hangul adoption for the Cia-Cia tribe is a good example that shows
its potential for supporting languages that have no alphabet, and to notate such
foreign languages as pronounced with a high efficiency. However, the Hangul
system that is currently in use is standardized to represent the pronunciations mainly
used in Korean phonetics, which makes it impossible to represent the phonetic
systems of foreign languages. In order to solve this problem, there is a need for
additional graphemes that are based on Hunminjeongeum.

However, these extra graphemes cannot be input with the existing Korean
keyboard using the current input system. In most cases, a separate input interface is
therefore used, or the expression of additional graphemes incurs additional tedious
steps and time delay. Several studies and patent cases have aimed to solve this
problem, but to date, there has been no reported solution to inputting double
consonants based on a dictionary with the existing keyboard input system.

In this paper, we propose an input system based on Hunminjeongeum for the notation
of foreign languages. The proposed system is convenient system as it does not require an
additional interface. In addition, it will be useful as it allows inputs with a high efficiency
by suggesting input words using a dictionary database.
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2. Related Works

In recent times, there have been many patent applications and studies that are
related to Hangul as there is a growing interest in Hangul for its potential
applications. In this paper, we address the input problems for improvement, and we
examine the cases for past patents and studies, with a particular focus on the
Chinese language and the old Hangul input system.

First, we review the Chinese Word Input Apparatus and Method, in which
Chinese words and the notation written in Hangul of the corresponding Chinese
pronunciations are paired and saved in a database. When the user inputs Hangul
letters, the Apparatus extracts and displays corresponding Chinese characters from
the database [1]. In order to solve the problem of Byeongseo? and Yeonseo®, which
occurs when typing Hangul letters for the Chinese notation, using this technology,
graphemes with such problems were categorized into the 1t consonant, 2"
consonant, 1%t vowel, and 2" vowel. The method automatically combines graphemes
either in Yeonseo or Byeongseo, and inputs them if the 2nd consonant is inputted
within a given time after the input of the 1% consonant.

This is processed in the “input decision section” and “combination input section.”
The input decision section decides whether the 1st and 2nd graphemes are inputted
within a given time, and if they are input within the time limit, the combination
input section combines them either in Yeonseo or Byeongseo. However, this method
is problematic in that it is impossible to input other combinations of graphemes,
with the exception of the selected sets of the 1t and 2" consonants and vowels.
Moreover, the efficiency is affected as the user has to wait for a specific time when
the input is not diagraphs.

Second, it is an input apparatus for Chinese pronunciation notation, in which
consonants and vowels are combined according to the order of the input, and are
converted into Chinese phonetic notation signals. When a number of consonants or
vowels are consecutive in the input letters, the conversion mechanism included the
conversion of each of the consonant and vowel set into either Yeonseo or
Byeongseo notation [2]. This method uses the special characters * or # for vertical
or horizontal combinations of input letters. As a result, the method generates an
additional input of keys for special characters on top of the existing input of Hangul
keys, and the problem is therefore that it increases the number of key inputs for the
user.

The third technology combines Hangul letters, which correspond to both the
consonants and vowels comprising Chinese pronunciations, and the tone markers
that mark the tones. It then inputs the pronunciations of the Chinese characters in
corresponding Hangul notation [3]. However, the output method of this technology
differs from that of the general modern Hangul notation system. Therefore, it
requires a separate keyboard that enables the input of Hangul consonants and vowels
as well as the tone marking characters in order. In addition, it is not possible to use
the existing modern Hangul keyboard as it is with this technology.

Some studies reported that the national standard KSX2016, where 117 more graphemes
were added in 2007 to process old Hangul in order to represent 1.6 million syllables,
worked outside the principles of Hunminjeongeum, and they proposed a new web input
keyboard [4]. This keyboard was devised to receive grapheme information from the web-
based Jeongeum keyboard, and save it in Jeongeum codes. These codes list the graphemes

2 Byeongseo is a term in Korean grammar, which is a way of arranging consecutive consonant
letters horizontally to fit into a Korean character block. For example, 77, TC, vd or B ©=/H AT /tr
% Yeonseo is a counterpart term of Byeongseo in Korean grammar, which is a way of arranging
consecutive consonant letters vertically to fit in a Korean character block. For example, B + © =

K
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internally on the computer, and outputs the syllables on the screen according to
Seongeumbeob*.

3. Input System of Additional Hangul Graphemes (Diagraphs)

The additional graphemes that were added to enhance the phonetic property of Hangul
are the extended graphemes based on Hunminjeongeum. The meaning of the diagraph
used in this paper is a consonant cluster consisting of two or more consonants, and not
double consonants used in modern Hangul. In the extended Hangul, the need for
consonant clusters and vowel clusters was increased, but there is no problem with vowel
clusters in the input principle. This is because multiple inputs of vowels do not result in an
ambiguity in syllables.

Input Character Section

l Input Character I

.

Input Consonant

Input Vowel

Check Extract Count Table
Double Consonants Double Consonants per Double
Pattern Consonants

Patterns

(Recommend word)

1

Output Word

Figure 1. Expanded Hangul Input System

The input system proposed in this paper allows an input of extended graphemes
(diagraphs). Although it uses the existing keyboard, it is still expected to reduce the extra
steps and to significantly reduce the time delay. When inputting diagraphs, a separation
between the final consonant of a present syllable and the initial consonant of a following
syllable becomes ambiguous, and an input is not possible.

Therefore, the system proposed in this paper maintains a database of foreign language
notations and a frequency count table for each of the diagraph patterns. When a user
inputs a diagraph, the system extracts and displays the words based on the frequency
count table for each diagraph pattern in the database. A user can notate the foreign
languages rapidly and precisely without setting an additional input interface for foreign
language notation.

In the extended Hangul, the character input section identifies the input phonemes, and
it also identifies the number of consonants until a vowel is input. Then, in the character
check section, the number of consecutive consonants and the presence of double
consonants are checked to decide whether double consonants were input. The system

4 Seongeumbeab is a set of rules for the first Hangul orthography provided in the
Hunminjeongeum document, and is different from the modern day Korean orthography.
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searches the pattern of corresponding double consonants, and inputs the most frequently
suggested patterns from the frequency count table per each pair of consonant pattern. The
frequency count is established through a pattern analysis of the words in the dictionary
database, and the accuracy of the frequency is maintained through continued updates.

4. Cases According to Input Form of Diagraphs

In order to solve the problem arising from inputting additional graphemes that are
required for the notation of foreign languages, we examined possible cases according to
the input form of diagraphs. The diagraphs are as in Table 1, when all of the diagraphs in
old Hangul are restored to enable the representation of foreign languages.

Table 1. Added diagraphs upon Restoration of Old Hangul

Diagraphs upon restoration of old Hangul

LLLL LA LA TIA 2C THA 2A 6 TH 18.

TATIA 3 H H BRI WAC HA HE '8
W KT AL AL KB AR 00 OA OA & 35

Other than the diagraphs, the consonants, which can be a problem when restoring old
Hangul, are bansiot (2) and old ieung (o), which cannot be input on the current
keyboard. Bansiot has a softer pronunciation than siot (), and was used only in between
syllables. However, it used to be put in the initial place of a syllable when notating the
Chinese language, and it is used when representing the voiced alveolar fricative [z]. The
old ieung ( ©) has a velar sound, and it used to be a letter representing the velar nasal, and
is the modern day final consonant ieung (©). In the initial era when the Hunminjeongeum
was first used, the current ieung was used as a final consonant filler to Chinese characters
that did not have a final. The use of these two old Hangul graphemes depends on the
phonetic systems of foreign languages. If they are added, we should consider inputting
bansiot using [ctrl+A] and old ieung by [shift+ ©], while considering the current
keyboard system.

In old Hangul, diagraphs of a maximum of three single consonant combinations were
used. If the consonants in a former syllable and a latter syllable are combined, a total of
six multiple consonants can be input, and the cases for which the ambiguity arises when
distinguishing syllable by syllable are as below.

(D Vowel 1 + diagraph (2) + vowel 2
- Consonant vowel 1 / diagraph (2) vowel 2
- Consonant vowel 1 consonant 1 / consonant 2 vowel 2

@ Vowel 1 + diagraph (3) + vowel 2 (example of input: & 1 A)
- Consonant vowel 1 / diagraph (3) vowel 2

- Consonant vowel 1 consonant / diagraph (2) vowel 2

- Consonant vowel 1 diagraph (2) / consonant vowel 2

@ Vowel 1 + diagraph 4 + vowel 2 (example of input: = 1 A 1)

- Consonant vowel 1 / diagraph (4) vowel 2 (no occurrence)

- Consonant vowel 1 consonant / diagraph (3) vowel 2 (no occurrence)
- Consonant vowel 1 diagraph 1(2) / diagraph 2 (2) vowel 2

- Consonant vowel 1 diagraph (3) / consonant 1 vowel 2
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5. Decision-making Rules for Determining Input Words

In the above section, we examined types of diagraphs that were added for the notation
of foreign languages, and we analyzed ambiguous cases in syllabic distinction for inputs.
This ambiguity prevents the input of diagraphs in practice, and results in a process of
selecting an additional interface or an input method using a time lag. The input system
proposed in this paper increases the input efficiency by suggesting priority diagraph
patterns that we expect to be preferred based on the patterns found in a dictionary
database, which enables the existing Hangul keyboard for inputs without an additional
interface.

5.1. Pattern Frequency-Count Table for Extraction of Input Words

We used a dictionary database containing the phonetics of foreign languages in order to
extract input words. Based on the dictionary database, we composed frequency count
tables of diagraph patterns. A frequency-count table increases the input efficiency by
suggesting priority patterns of the highest frequency when ambiguous diagraph patterns
are input.

The below Table 2 is a frequency-count table of patterns “consonant vowel 1 /
diagraph (2) vowel 2” and “consonant vowel 1 consonant 1 / consonant 2 vowel 2,” which
can occur when a cluster of two consonants is input. Then, Table 3 and Table 4 are
frequency-count tables for each pattern that can occur with a cluster of three consonants
and a cluster of 4 consonants, and the tables exist respectively according to the form of a
consonant cluster.

Table 2. Frequency-count table of Diagraph Patterns with a Cluster of Two
Consonants

a = frequency of “consonant vowel 1 / diagraph (2) vowel 2” pattern
b = frequency of “consonant vowel 1 consonant 1 / consonant 2 vowel 2” pattern

Vowell (Vowel of the former syllable) Total
k F 1

F (a11.b11) (a21,b21) (as1,ba1) (Yain, Y bin)

E (a12.b12) (a22,022) (as2,b32) (Yaiz > biz)

1 (a13,13) (823,023) (as3,bsa3) (Yaiz > bis)

| (a14b14) (824.024) (a34.031) (Zaia Y bia)

(\\//g\\llvveellif . (u5.b15) (a2s b2s) (s5.b33) (Zais, Y bis)
g;?lgat;[lt:)r 4 (a16.b15) (226 b26) (a3s.b3s) (Zaie, Y bie)
T (a17,b17) (827,027) (as7,ba7) (Yair. > bir)

™ (a18.b1s) (228 b2s) (ass bas) (Xais Y big)

- (a19b1o) (a29.b29) (a39.b39) (Zaie, Y bie)
| (a110,b110) (a210,b210) (a310,0310) (Yai10, biro)

Total (YayYbi) | (PazXbz) | (LasXbs) (Xaij, X bij)
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Based on Table 3, the probability of “@FCl” based on this frequency-count table is
0

(. =
Pl 8y Th

Pl )=———
, and that of “Of "% |~ is . Patterns with higher

probability are suggested for input.

Table 3. Example Frequency-Count Table of Diagraph Patterns with A
Cluster of Two Consonants

Vowell (Vowel of the former syllable) Total
F
au= The frequency of < | = |,
F (au a Y (X airY biz)

b11= The frequency of < L'C})

a11= The frequency of < } “= f7,
E ( d y (Xaiz, Y bi)
b11= The frequency of * _"CF)

(a11= The frequency of < | "= 4,

ais,) bis
Vowel2 1 b11= The frequency of * ") (220 Xba)
(Vowel of _ cpe g
the latter 4 (au= The frequency of + 1 , (Saia Y bia)
syllable) bl1=The frequency of < (')
(a1s,bis)
L (@2s5,b2s) (X ais,Y bis)
(ass,bss)
(a16,b16)
4L (a26,b26) (X ais,Y bis)
(a3s,b3s)
Total (>a1j,. Y baj) (>aij,> bij)

An example of a cluster of three consecutive consonants is “=+"1+A.” In the case
where “ | is the vowel before and after the cluster, the cases areall=“ } au [,” b1l =
« Q. Frd2[2,”and c11 = “8f AL according to the Table 4.

Table 4. Frequency-Count Table of Diagraph Patterns with A Cluster of
Three Consonants

a = frequency of “consonant vowel 1 / diagraph (3) vowel” pattern
b = frequency of “consonant vowel 1 consonant / diagraph (2) vowel 2” pattern
¢ = frequency of “consonant vowel 1 diagraph (2) / consonant vowel 2” pattern

Vowell (Vowel of the former syllable) Total
I : 1

F (a11,b11,c11) (821,b21,c21) (@31,b31,ca1) (XairY bis, >.Cit)

Vowel2 E (a12,b12,c12) (a22,b22 c22) (as2,bsz,c32) (Xai2,Ybiz, Y'Ci2)
(Vowel

of the i (a13,b1s,c13) (@23 b23,c23) (@33,b33,c33) (XaisYbis, Y Cis)

latter
syllable) | (a14,b14,c14) (a24,b24,c24) (asa,b3a,c34) (X aia, ) bia, > Cia)
L (a15,b1s,c15) (a25,b25,c25) (ass,bss,c35) (X ais Y bis, >.Cis)
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4 (a1s,b1s,c15) (a2s b2s.c26) (a36.036,c36) (Xais X bis, Y.Cis)
T (217, b17,c17) (a27.b27.c27) (as7.bsz.ca7) (Xair Y bir, ¥.Cir)
™ (a1 bis,c1s) (az8 bas,c2s) (ass bss,c3s) (Yaig Y bis, Y.Cig)
- (a19,b19,c19) (a29,b29,c29) (ase,bse,c30) (Xaio Y bis, 3 Cie)
| (a110,b110c110) (a210,b210,c210) (as10bs10.c310) (Zairo. Y biso, > Ciso)
Total (CayybiY cjy | (CazXbzyca) | (XasiXybsj Ycsj) (Xaij Ybij, XCij)

In Table 5, an example of a cluster of four consecutive consonants is “=+ 1+ A+71.”
Considering only the consonants defined by Hunminjeongeum, the cases of a and b
cannot occur. In other clusters of four consecutive consonant combinations, a and b
cannot exist, and the syllabic ambiguity occurs with ¢ and d, and the examples are c11 =

“%}‘ A |' »and d1l=“} an 7|'-”

Table 5. Frequency-Count Table of Diagraph Patterns with A Cluster of
Four Consonants

a = frequency of “consonant vowel 1 / diagraph (4) vowel 2” pattern

b = frequency of “consonant vowel 1 consonant / diagraph (2) vowel 2” pattern

¢ = frequency of “consonant vowel 1 diagraph 1 (2) / diagraph 2 (2) vowel 2” pattern
d = frequency of “consonant vowel 1 diagraph (3) / consonant 1 vowel 2” pattern

Vowell (Wowel of the former syllable) Total
b F
Vowel2 | } (as:bercrpdeg) (221 ba: carday) (FanFhi Fha¥da)
Wowel —
of the k (312012c12d42) (322022 2220 (Fazibe Ybedda)
gﬁ%g[ﬂej q (azbrzcizdsal (222 b2z coadas) (Fazibae Fbedda
Total (GayibgXegkdy (Gazyba Fcyddy (3ap by dopddy)

5.2. Process for Applying the Decision Tree of Input System

The technique involving decision trees is used when proposing patterns for the entered
diagraphs in the input system; the process for the application in the input system is as
shown in Figure 2 below:

Decision Preprocessing Decision Extract
Tree | Dictionary uy (Frequency »| Tree | Corrections
Model DB | Analysis per (Pruning, per Consonant
Build Patterns) Boosting) Patterns

Figure 2. Decision-Tree Process for Input System

We built a decision tree model, which is the basis upon which the input words are
proposed, and the model is preprocessed with suitable data using the dictionary database.
Preprocessing involves analyzing the frequency of each pattern with syllabic ambiguity,
and putting it in table form, and it should be possible to modify the table according to
updates made to the dictionary database. Then, a decision is made by the decision tree on
the input words, and based on this, proposed words are extracted for each grapheme
pattern.

Copyright © 2018 SERSC Australia 83



International Journal of Advanced Science and Technology
Vol.110 (2018)

5.3. Decision-making Rules for Determining Input Words

The decision-making rules that are used for deciding input words are based on the
pattern frequency-count table of the dictionary, and the decision-making rules for the
proposed words requires that we select the patterns with the highest frequency of use. If
one wants to input a pattern that is different from the primary suggestion, another set of
probable patterns is proposed using the [F1] key. This can also be a time delay in the
sense that an additional choice should be made when the primary suggestion is not
suitable, but it reduces the delay up to a certain degree compared to the method that
distinguishes the former and latter syllables every time, entailing a time delay.

=] G

[Check Vowel of the ] [ Check Vowel of the J Check Vowel of the]

Former Syllable Former Syllable Former Syllable

L Check Vowel of ] [ Check Vowel of } [ Check Vowel of ]

the Latter Syllable the Latter Syllable the Latter Syllable

Ol

[P[U(O,Z)] l[ P[U(1,1)]] (P[U(O})]] (P[U(LZ)]] l P[U(2,1)] ‘ P[U(2,2)] ][ P[U(3,1)] ]

The number of Continuous lnput Consonants = N

The ber of Use Conti input Consonants per Syflable » U(The number of final
consonants in the former syllable, The number of initial consonants in the latter syllable)
Occurrence probability = P

Figure 3. Decision-Making Rules for Determining Input Words

Figure 3 shows the decision-making rules employed to determine the input words.
The process of determining diagraphs, which causes ambiguity of syllables, depends
on the decision of the number of syllables that are input in advance. At the point
when the input of consecutive consonants ends because of a vowel being input, the
number of consecutive consonants (N) is decided, as well as whether it is a diagraph
with syllabic ambiguity. If it is determined to be a diagraph, the types of patterns
that can occur with the corresponding set of consecutive vowels is learned. Then, we
obtain the probability of a comparison from the frequency-count table by checking
each vowel that is placed before and after in order to suggest words.

6. Conclusion

In this paper, we proposed an input method of extended Hangul for the phonetic
notation of Chinese and other foreign languages using the existing Korean keyboard.
To express pronunciations that cannot yet be notated by the modern Hangul, we
added the extended graphemes, and using suggestions that were based on the
dictionary database, we solved the ambiguity that exists in the distinction of
syllables, which occurs when inputting diagraphs among extended graphemes.
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The expression of Chinese and other foreign languages close to their actual
pronunciation in Hangul notation is absolutely necessary for persons who learn
these languages, and it is also very important that this issue be addressed in order to
reassure the potential of Hunminjeongeum for its excellent phonetic representation
capacity.

We evaluated Hangul as a writing system that can be applied efficiently to
languages that do not have their own alphabet for writing, and which require
improvements for structural inefficiencies in their writing systems. However, there
are not enough real examples of the practical development and application of
Hangul into the extended Hangul based on the principles of creation of
Hunminjeongeum. Based on the solution to the diagraph input of extended
graphemes, the input system proposed in this paper is intended to address input
problems that can occur in the future when expressing a variety of languages, as
well as for further development in order to propose more efficient suggestion
methods.
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