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Korean Character Processing:

Part I.

Theoretical Foundation
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Abstract

This is Part | of a two-part article on Korean character processing by a computer, In

part ], the problems in Korean character processing are identified and the theoretical foun -

dation is laid out as a viable solution to them,
structures of Korean characters are formally defined by means of BNF and

The one-and two-dimensional  syntactic

“ Patternal

structure ” respectively, Formal discussion of lexical and syntactic algorithms is given for

character conversion, This character conversion algorithm is applicable to both input and

output, For device-independence and implementation-independence, the concept of «cardinal

symbol set ” is introduced,

We will present a historical survey of Korean character pro-

cessing and discussion of implementation problems for the above algorithm in Part |,

1. introduction

The history of efforts in computerizing the
Korean character processing is relatively long
considering the short history of computing in
These efforts have been directed to
two main areas : (i) discovery of Korean chara-

Korea,

cter processing algorithms and underlying theory,

and (ii) mass production of input/output devic-

es capable of handling Korean characters,
Naturally, any research and development pro -
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ject would try to be successful in both areas (j)
and (ii), In spite of the many attempts, the
reason for the long delay of the introduction of
commercially available Korean input/output term-
inals is largely due to the status of computing
in Korea during the last decade,
have to admit that the scientists and engineers

However |, we

involved in the field are also responsible for the
present status of Korean processing by compu-
ter,

A number of key problems in Korean charac-
ter processing can be identified : (i) approaches
to the algorithms for Korean I/O are more or
less adhoc, (ii) these algorithms are too much
device-dependent, and (iii) the lack of standa-
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rds in keyboard set or coding scheme causes
difficulties in communication and interfacing,
High cost of terminals currently available is a
serious obstacle to meeting the upsurging dem-
ands for Korean 1,/0 terminals ,

This article is a sincere attempt to provide
a meaningful solution to the above problems
(i) and (i), with a high hope that this will
lay a ground stone for future endeavors in the
It is believed to be a
underpinning of Korean character processing,

area (iij). theoretical
especially in relation to input/output and the
linear to two-dimensional conversion of Korean
characters, The syntactic structures of both
linear and two-dimensional character represe-
ntations have been analyzed(in Section 2), The
theory of

“ patternal structure ” is presented

for the latter, The conversion algorithm is
formally discussed (in Section 3) and the not-
ion of the ¢“cardinal symbol set ” is introduc-
ed to preserve the device - independence , The
theoretical background for the discussion is
provided by the formal language and language
translation theory of computer science,

A final remark should be made regarding the,
discovery of the algorithm and theory of this
article, The discovery occurred independently
without the knowledge of other works in late
October of 1978

(and the accompanying beauty) of Korean ch-

Considering the simplicity
aracter syntax, many independent works should
have been carried out without being known,
Thus, the claimis not a big one but being
made in good faith for the full disclosure of a
scholarly work,

2. Structure of Korean Characters

A, Formal Syntax of Korean Characters,

As any other language, the Korean language
is generated by an alphabet(generating set of
symbols ), The +Korean alphabet ” is divided
into two distinct classes * consonants” and” vow-
els”, according to the phonetic role of a sy
mbol ,

There are 30 consonants and 2] vowels be -

ing used in modern Korean, “ Consonants ”
are further broken down to three groups:
simple ( there are 14 of them), double (5),
and compound (11) consonants, Similarly,
vowels are grouped into two classes:
simple (10) and compound (11). The alpha-
bet symbols are classified and listed in table
1.

A proper combination of these 51 symbols
produces a Korean “character” which is a un-

it of promunciation and meaning,ie,, syllabus,

Formation of a character is governed by a fix—
ed set of rules,the subset of the syntax of
Korean,

Each character must begin with a consonant,
called <“initial consonant or sound” which is
followed by a vowel called “middle sound”,
Optional , third component of a character is
a consonant which is called “terminal con -
sonant or sound”, Simple and double conson-
ants can serve as both initial and terminal
sounds .

Table 1.

Simple(14) | 7,L,c,2,0,d,4,0,
A, X,7,E,i,T

Consoant Double(s) T, T, °H, AA, RR

Compound LX,LE,21,80,84,
(11) | 85,HA,TTA,2A,8E 071
T Simplei) | F, 3., —. 1, F, |
Vowel i, 0w,
Compound B, 4,8,%,4,4.,4,

an 4,44

— e e e — s ——

Compound consonants can be a terminal sound
only, The formal syntax of Korean characters
is described by means of BNF notations in
Figure 1,

There are two ways that Korean(sentence)
can be written down, One way isto spell one
symbol after another except for the necess =
ary blanks or sentential marks (commas, col -
ons, for example), That is, each position of a

_2_
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sentence (or word) is filled by a symbol, and
the sentence is a linear representation, The
other way is to arrange two or three symbols
making up a character in such a way that a
character becomes a two -dimensional pattern
and occupies a single sentential position. Of
course, this two —dimensional configuration
follows fixed syntactic rules, For historical re-
asons (perhaps, the Chinese influence), the
second convention is adopted in normal use.
However  the abstract syntax and semantics
remain the same without regard to the way
characters are recorded .

« BNF Specification of Korean
Character Syntax ”

{Korean character> :: = {initial sound>
{ middle sound )
(<terminal sound >)]

{ initial sound ) .= (initial consonant)
;1= {simple consonant)|
{double consonant >

<terminal sound) ::= (terminal consonant )
1= {simple consonant >|
{double consonant) |

{ compound consonant}

{middle sound) i= (vowel)

{vowel) t- = (simple vowel)
{compound vowel>

¢simple consonanty ::= Tli|c|e|ojv|A|ofx|x |
7€ |z}5]

(double consonanty :I= TI| T |uH|Ax|xx

¢compound consonanty:’ = LXIL-s—IE'l!ED|EH|E-S~|

HA[ A |BA|ZE| M|

HARde= 1 ¥
W {3 || A At A

Fig 1

i

{simple vowel)

{compound vowel )

i

Due to the idiosyncracies of two -dimensional
form of Korean characters,K more than one sh -
apes of symbols are required to write proper-

looking characters, What we mean by <“prop-
er - looking” is not determined by scientific
laws but by the conventions and aesthetic
considerations of written Korean, Nevertherless,
we may find a set of rules of formation for
two - dimensionally written Korean characters,
We shall give it a name, “patternal structure”
of Korean characters,

B. Patternal Structure of Korean Characters.

For systematic discussion of the “ Patternal
structure”, a couple of terms will be introduced.
The two -dimensional space occupied by a senten-
tial position is defined as a “slot "or “window ”.
A slot or window is simply an upright rectangu-
lar (or square) area whose size is fixed by a
writing style of a person or printing method (i,
e ., font ). Within each window, initial and mid-
dle , or terminal sounds occupy more or less pre -
determined positions. These positions are also de-
termined by the kind of a symbol and the presen-
What is
interesting is the fact that these positions ,i .e. ,

ce [ absence of a terminal consonant .

patternal structure , lead to two - dimensional
syntactic rules - as described in the following.
The vowels are subject to the following posi -
tional (or patternal ) classification :
(i) vertical vowels (V. ): W 4, I, K 4, W,
1, %, 9
(i) ‘horizontal vowels (V,): ., +, =, T, —
(ii1) mixed shape vowels (V ):<, 4, 4, ~,4
A, A

To each of the above classes V, { and y, cor -
responds two shapes - “short "and “long”. This
is based on whether there exists a terminal con-
sonant or not. The positions taken up by these
six types of vowels are shown as shaded patterns
in windows by Fig 2 (a) and (b)show the com-
bination of short and long types .

The consonants are classified by their
shapes and relative positions within a window.
( i) type -1consonants(Cy) . initial consonants

when followed by long vertical vowels.
(ii ) type - 2consonants (C;) : initial consonants
when followed by long horizontal vowels.
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(a)short-type

(b)long~type (c)combined

Fig. 2. Elementary patterns for vowels.

(iii) type-3 consonants(Cg) : initial consonants
followed by mixed - shape vowels.

(iv) type-4 consonants(C,) : terminal consonants
preceded by short vertical or mixed-shape
vowels.

(v ) type-5consonants(C,) : terminal consonants
preceded by short vertical or mixed - shape
vowels. .

Fig. 3 shows the window patterns for these
consonant type. Shaded portions represent the
We will call
the above window patterns for vowels andcon-
sonants

areas occupied by consonants.

“elementary patterns.”

]

(1)c,

‘LJJ

—

(19)C,,

—

(0)Cq

(11)02 (iii)cj

Fig. 3. Elementary pattefns for consonants.

We now recall that there are only a finite
number of ways that consonants and vowels are
combined to comprise a meaningful character.
This suggests that patternal structure of Korean
characters should be described in terms of fi-
And
The rules and co-
des for the patternal structure ¢ “ two - dimen-
sional syntax” if you like ) are succinctly
summarized in table 2 As we may see, there
are six combined patterns for legal Korean
characters.

nite combination of elementary patterns.
this is exactly the case.

These patterns are shown in fig, 4

together with examples of characters corres-

ponding to each pattern.

Table 2,
Vowel
Types Long- type Short - type
oo NG| Vi Ve[ Vi i Ve [ e
Long -type| C,|CV3| ~ | - - - -
Cal - |CoVy - - |GVC| -
Short - Cal - | - |GV5CsViC,| - [CsV3C,
type [C,| - | - | - - - -
Cia -1 -1- - - -
Code : Pattern : Examples ©
(8) CiVi: 7+, 4§
(b) CiVy: F, 2
(e} CsVs: o}, 4
(& CiViCs: z, =
(e)CsV.Cy: 2, @
(D CaViC,: Q, =

Fig. 4. Patterns for Korean characters.

3. Korean Character Combination”

Conversion Algorithm

We have seen that the differences between
the linear and two - dimensional character
representations are rather superficial. By this
we mean that the basic (abstract) syntax of
two representations is identical as described by
fig. 1.

This is so even though different concrete
syntax based on patternal structure can be
derived for two - dimensional character repre-
sentation.

~_4_
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However, there is an occasion that two cha-
racter representations make important prag -
matic differences. This occurrs for“computer
processing of Korean Characters” whether it
be in word processing applications or program-
ming system. There arise needs for distin -
guishing between two representations and for
converting from one representation to the other.
In particular, the conversion from linear to 2-
D representation is a well -known problem. Its
fame is due to the significance of the conver -
sion in the aforementioned computer applications.
Specifically, both input and output of Korean
involve this conversion process.

For the purpose of computer processing,
each symbol becomes the unit of internal re -
presentation and input while a character serves
as a unit of meaning and 2 - D output.

For theoretical discussion of the conversion
algorithm we need to have a framework which
is independent of device - specific features of
input/ output and internal representations(i.e.,
coding method). We will start with a few
definitions and notations.

DEF. Input to the conversion algorithm is
the linear representation of Korean

characters which is nothing but a

linear string, s, of Korean alphabet
symbols and separator symbols.
s = “ajya; - ap”
Where
a&E AUS for i1 1, 2, oo , n;
AE{_l,L, ...... F, by e 14]};
Korean alphabet set;
S={., .. =~ 1,+,0,- BLANK,
A, - ,Z}: Separator set.

DEF. A “Chunk” is defined as a consecutive

stream of alphabet symbols without
separator symbols.

“F Fv 1+ 1”7
forms a chunk and the the string “ X
v A vl iy bE?”

of two chunks.

For example,

consists

_5_

: Part I, Theoretical Foundation

DEF. OQutput from the conversion algorithm
is the 2 - D representation of Korean
characters with patternal structure

identified.

DEF. The “cardinal symbol set” ¢ is defined
as a minimal subset of A which is
necessary for unambiguous linear re-
presentation of Korean characters.
Explicitly the cardinal set consists of
12 vowels and 19 consonants, i.e.,
g= {1, 1L, T, e F,E X, 5 TI,

C, wd, A, =%, L 4, 0, ki,

ey Ty o M — W, W)

The remaining symbols, i.e., combined
vowels and complex consonants, can be coded
as two consecutive symbols from €.

Two practical implications of the cardinal

symbol set are noteworthy: first, ¢ is the
minimal symbol set for unambiguous input
and output of Korean; second, ¢ forms
the basis of device-independent discussion
of the conversion process. Thus, if an input
keyboard contains keys for symbols not in €
The validity

of the above arguments is not difficult to

they are just for convenience.

see. We can show the correctness by coun-
double
becomes

Without inclusion of
“ ob ek
ambiguous because it may be either *<t7|v}”
or “olzlr}”,
not cardinal because they are always termi-

terexample :
consonants, the string

The complex consonants are

nal symbols and thus unambiguously indenti~
fied. The vowels “H” and “3” should be
included because of “4” and “+l” but, “W”
and “9” are excluded because they stand by
themselves and can be coded as “ F |” and
“ 4 |” respectively. If three - position coding
of vowels is allowed, then “ 3" and “” can
also be deleted from €. However, the res-
their
contribute

triction of two ~ position coding and
inclusion will be beneficial and
much to the simplicity of the theory.
With the above preliminary we are now
ready to discuss the conversion algorithm.
The algorithm consists of two parts .
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(1) Lexical analysis : identification of chunks
and characters from the linear input
string.

(2) Syntactic analysis : determination of symbol
combination, i.e., patternal structure, of
a 2- D character representation.

For implementation purposes, it is not es-
sential that two parts are organized as sepa-
rate but connected modules(e.g., coroutines).
They may be integrated into a single pro-

gram module.

A. Lexical Analysis

The most fundamental to lexical analysis is
the property of the syntax of Korean that each
character must begin with a (simple or double )

consonant followed by one or two cardinal vowels.

Lexical analysis algorithm is best described by

a finite automaton. It seems most convenient to

(a5 < C &(ag « C OR ag < S))

get two input symbols at a time , which also re-

sults in the simplest automaton.

The automaton is described in fig, 5.

The START state is entered for every character
and , for all output states, it is necessary to re-
set all pointers being used with an input string.
All “error states” are suppressed but can easily
be added to the figure. Of course , any input
symbol a; & ¢.

We note that the basis of the automaton is in
fig. 2 -1

Three nonterminal states S,, S,,and S; ad-
mit interesting interpretations:
S, means that initial and middle sounds have
been identified (for noncardinal vowels,only the
first symbol): S, means that a compound vowel
has been detected:S, means hat a cardinal vowel
is followed by a terminal consonant.

OUT-b
"a1a2a3ahas"
((ag<C & ageV) OUT-3;
OR (ag < 5)) "ajaya5a,"

((azeC &ay<v) OUT=1;

C = consonant set

= Vowel set

v
S = Separator Set

OR (a; < 5)) %"

(asec & a“»ec)

Fig. 5. Automaton for lexical analysis.

_6_
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B. Syntactic Analysis ( Parsing)

Syntactic analysis for Korean characters is ex-
tremely simple, to the degree of triviality. Once
lexical analysis is done,the vowel (i.e.,h middle
sound) of each character determines the patte
The theoretical basis
of this comes from table 2:

rnal structure uniquely.

each column containsonly a singlk entry. Dis -
crimination between long and short vowel types
is trivially done by the absence or presence of
The fact that choice of a

column (from the type of a vowel )fixes the

terminal consonant,

types of consonant (s) is useful for syntax
error detection. That is,if the input consonant
(s) type does not match that of a selected
column,it signals the occurrence of a syntax

error. From the viewpoint of table 2,
actic analysis may be thought as the process
of determining the patiernal structure code,

where j £ {1,2, 3}

synt -

C; Vj Or C; vy Cy, and

Lk={1,2345}

Part 1. Theoretical Foundation

As a supplementary remark we add that
proper encoding of alphabet symbols should
be seriowsly considered for efficient lexical and
syntactic analysis .

Fig. 6 describes the syntactic analysis algo-
rithm, #S YNA#, by means of a pyramid-like
Labels in EXI T
nodes represent the patternal

symmetric flowchart,
structure n-
ames as in Fig 4.

(We note that the flowchart of fig, 6
obtained by straight for ward translation of
table 2.

is

4, Conchusion

In this article, we discussed (i) the theory
of Korean character syntax and patter-
nal structure {for two -dimensional compo-~
sition),and (ii)that of lexical and synta-
ctic analysis algorithms for Korean chara-

cter conversion. We were able to observe

SYNA

)

& & @

No Yes No VYes

v

@@@

Bl B0 gEBEIL

Fig. 6. Flowchart for syntactic analysis.
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the utmost simplicity and beauty of Korean
characters as the object of formal langua-
ge and computer processing..

The discourse has been presented in a m-
anner independent of device or implementa -
tion specifics. Thus any modification of t -
he discussed algorithms will be straightfo-
rward.

We suggest the following applications or e-~
xtension of the present theory :

(1) application of the patternal structure

to on-line character recognition (hand-

(2)

(3)

written or printed).

extension of the conversion algorithm
to the lexical and syntactic analyses
for a Korean (programming) language
processor , and

incoperation of formal and computer
processing properties in deter mining
the korean standards for keyboards -
et and coding scheme of korean chara -

cter processing.
Some of these problems will be discu-
ssed in the sequel.




