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Abstract

In thiz paper, the suthor propozez new cenonicel decompozition proceszs {MFD:
HMormalizetion Form D) and compozition procezszesz (NFC: Hormelization Form C) for
Hengeul, Eoresn script, The new procezzesz cen handle both Modern and O1d
Hengeul in & conziztent way, Therefore, the new procezszes are more general than
the onesz dezcribed in U8X #15, which handle only Modern Hangeanl zvllables,

Since MWED and WFC will play an important role in sorting and zearching,

Internet-related applications zuch sz Multilingual Domein namez, detabozes,

ete, , we need to eztablizh good NFD and MFC for Hangeul before they are widely
nzed,
Keywords:

13 Hengeul, Hengul, Eorean
o3 canonical, decompozition, compozition
3) normalization, form

2) Multilingual domain name, Internet, =ort, =zearch

1. Introduction

In Bection 1, we will gee 8 brief introduction of Hangeuwl, Eorean zcript, snd
termz uzed in thiz paper, In SBection 2, we will review previous works about
Hengeul Wormelizetion Forms, especislly four Mormelizetion Formz described in
O&¥ #15 [UAX15],

Then, in Section 3, we will propoze new cenonicel decompozition process {MFD:
Mormelizetion Form D) and compozition procezszesz (NFC: Mormalization Form C) for
Hengeul, which are better then the previous propozals,

Concluzionz are dezcribed in Section 4,



Mow let’sz zee a brief introduction of Hangeul, Koresn zcript, aond termz uzed

in thiz paper,

Wota 1. The =palling of “Hangeul™ follows IS0 T8 (Teohnimal Specification]) 11941, Information
and Dooumsntation -- Tranaliteration of Horean soript into Latin oharaoters. Fliret sedition,
19396-132-01

Mote 2. The alphabstiocal order of Hangeul letters follows the one adopted In South Horea.

1) Hangeul
It iz the neme of Korean olphabet or Eoresn zeoript, ‘Hen® mesnz great and

"geul’ meanz a =cript,

2) Modern Hangeul zimple letters
Modern Hangeul syllable-initial, =vllable-pesk, and zyllable-final zimple
letterz are zhown below {(U+xxxx indicatez UCE-2 code pozitions [ISD106461),

a) Svllable-initial zimple letters (14):
5 U+1100, L U+1102, C U+1103, 2 U+1105, O U+1106, H U+1107, A U+1109, O
U+110B, & U+110C, % U+110E, 7 U+110F, E U+1110, T U+1111, 5 U+1112

b) Svllable-peak zimple letters (10):
b U+1161, P U+1163, { U+1165, { U+1167, . U+1169, o U+116D, - U+116E, 4+
U+1172, _ O+1173, | U+1175

©) Svllable-final zimple letters (14):
— 0O+11a8, | UO+11&B, - 0O+11&E, 5 0O+11aF, o 0O+11BTY,  O+11B8, . O+11B&A,
U+11BC, . U+11BD, L U+11BE, - U+11BF, o UO+11C0, o 0O+11C1, o O+11cC2
3) Modern Hangeul complex letters

Two or three zimple letterz cen be combined to form a complex letter,

Modern Hangeul zvllable-initial, =zvllable-peak, and zyllable-final complex

letterz are zhown belom,

=N, Byllable-initial complex letters {g):
FoUO+1101, T U+1104, W U+1108, M O+110&, K O+110D

b} Svllable-peak complex letters (11):
H u+1162, H U+1164, 4| U+l166, 9| U+1168, .} U+1164, ol U+116B, .| U+1168, -
U+116F, - U+1170, | U+1171, _| U+1174

o) Svllable-final complex letters (13):
L U+1189, ., U+11Aa, . U+11A0, _, U+11AD, ., U+11BO, o, U+11B1, ., U+11EZ, o,
U+11B3, . U+11B4, , U+11BS, .. U+11B7, ,, U+11E9, ,, U+11EEB

1) Modern syllable-initial, =yllable-peak, and =yllable-final letters



Modern Hangeul zvlleble-initial, zvlleble-pesak, and =yllable-finel letters,
including both 2imple and complex lettersz, are zhown below in alphabetical order

of South Eorea:

) Svllaeble-initial letters {19):
J 0O+1100, F 0O+1101, L 0O+1102, C 0O+1103, T O+110d4, 2 0O+1105, O 0O+1106, H
O+1107, # 0O+1108, A 0O+1109, M O+110a4, © OU+110B, X 0O+110C, F U+110D, X
O+110E, 7 OU+110F, E 0O+1110, T 0O+1111, & OU+111Z2

b} Syllable-peak letters (21):

b Oo+11e1, J U+1162, F U+1163, f U+116d, 4 U+1165, 4| U+1166, § U+1167, |
O+1168, . U+1169, .|} U+116&, .J U+116B, .| U+116C, ., U+116D, —— U+11E6E, -
U+116F, | U+1170, - U+1171, - U+1172, _ O+1173, _| 041174, | U+1175

o Svlleble-final letters (277
- b+11a8, o, 0O+11a9, ., O+118a, _ O+11&4E, . O+11&C, |, O+114a0, _— O+118E, S
O+114F, o U+11BO, o, UO+11B1, ,, UO+11BZ, 5, O+11B3S, o U+11B4, o O+11BS, o,
0+11BY, 5 U+11B¥, _ O+11E8, ,, U+11E9, . 0O+11BA, ,, U+11BE, - U+11BC,
O+11BD, - U+11BE, 4 U+11BF, g U0O+11C0, o 0O+11C1, o O+11C2

5) A conplete Hangeul syllable: 2-letter and 3-letter =yllable

In & written text, & word iz a zedquence of Hangeul zyllablesz, mozt of which
are conplete svllablez, Each zvlleble iz written in & squere,

There are two typez of complete’ Hangeul zyllables:

E-a) & Z-letter zvllable iz compozed of =vllable-initial and =vllable-peak
(i_e_; vowel ) letterz, where each letter cean be either zimple or complex,

E-b) & 3-letter zylleble ig compozed of zvlleble-initisl, zvyllable-pesk (i_e_,
vowel), end zyllable-final lettersz, where esch letter can be either zimple or

comp lex,

6) An incomplete Hangeul syllable

&n ’incomplete’ zvyllable iz a ayllable which iz not complete, There are four
tvpes of incomplete zvllablez: i) & =vllable-initial letter alone, ii) a
zvllable-peak letter slone, iii) & =vllable-final letter alone, iv)

zvlleble-peak and -finel letters slone,

Examplez: i) 7 {(U+1100 11607, ii) | (U4115F 1161), iii) o (U+115F 11&8), iwv)
! {U+115F 1175 11&E)
7) Conzonantal letters

In Hengeul, conzoneantal letterz are clezsgified into svyllable-initial and
-final lettersz depending on the phyzical pozition in & square for a zyllable,

& zyllable-initial letter iz & conzonantal letter eppearing to the left and/or

above a zvllable-peak letter, whereasz & =zyllable-final letter iz & conzonantal



letter appearing belowm zyllable-initial and -peak letters,
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8) Dld Hangeul simple letters
01ld Hangeul =imple letterz uzed for 0ld Hangeul are zhown belowm:
a) Dld =vllable-initial zimple lettersz (3): A U+1140, & U+114C, T U+1159
b) D1d svllable-peak zimple letter (13: » O+119E
o) 01d evllable-final =imple letters (3): A U+11EB, & U+11F0, o U+11F9

In addition, there are =zix 0ld zvllable-initial =zimple letterz uszed for
foreign words,
8-d) U+113C, U+113E, U+114E, U+1150, U+1154, U+1155

9) Dld Hangeul complex letters

There are many 01ld complex letters, 158 01ld complex letterz are included in
I[S0/1EC 10646, There =zeem fairly many {tenz of ?) 0ld complex letters not
ineluded in IB0/IEC 10646,

10) Hangeul letter=z in ISDFIEC 10646-1

2538 Hangeul letterz {(whoze code pozitions are U+llxx) included in IS0/IEC
106d6-1 are clagzified depending on whether they are Modern or 0ld, whether they
are zimple or complex, and whether they are zyllable-intial, -peak, or -final,

& zummary table of letterz iz szhown below!



Table 1, Classification of Hangeul letters included in ISOD/IEC 106461
Modern 01d Modern + 01d
zub-— zub-— tot,
zimple|ocomplex|tot, [zimple|complex|tot, |zinple|conplex
2vllable-initial| 14 5 19 9 62 Tl 23 ET 90
zvllable-peak 10 11 21 1 ddq 45 11 55 EE
2vllable-final 14 13 27 3 52 55 1T ES g2
total =8 29 ET 13 158 171 51 187 2438
11) Hangeul Filler characters
Filler charscters are usged for reprezenting incomplete svlleblez, There are

tro Filler characters,

2vllable-initial Filler character: O+11G5F
zvllable-peak Filler character O+1160

of Filler charescters sre shonn below:

- 2 0+1100 1160 (syllahle—initial letter elone: append U+11607
- f: T+115F 1161 (syllable—peak letter alone: prepend J+115F)

- ¢ 0O+115F 1148 (syllahle—final letter slone: prepend U+115F)

Tzage

12)

01d Hangeul tone marks are uged for reprezenting the tones of zyllables,

01d Hangeul tone marks: Bangjeon

There are two tone marks,

O+302E
O+302F

zingle dot tone mark:

double dot tone mark:

13) 2-complex and 3-complex letters

4 Z-complex letter iz a complex letter compozed of two zimple letters,

Likewize, & 3-—complex letter iz s complex letter compozed of three zimple

letters,

Examplez of complex lettersz are zhown below:
2-complex letterz: 7 U+1101, | U+1162,
3-complex letterz: .|| U+116E, | U+1170

O+11AD

L&



14} IPF (Initial-Peak-Final) and Wanzeong formz for Hangeul =yllables

Modern Hangeul zyllablez can be reprezented either in IPF {initial-peak-final)
form or in HWanzeong {precompozed) form,
For example, =vyllable *2}* can be represzented az follows:
) in IPF form: U+1100 1161
b} in Wanzeong form: J+ACO0

In montrasgt, Old Hangeul =zvllablez muzt be reprezented in IPF form, zince no
01ld Hangeul zvyllablez in Wenzeong form are included in IS0D/IEC 10646-1,
For example, "0ld Hangeul =zvllable " 1" oan be reprezented az follows!:

a) in IPF form: O+1100 119E

b} in Wanzeong form: the gyllable cannot be reprezented in Wanzeong form,

Table 2. Possibilities of representiongy Modern and 01d Hangeul syllables
in IPF or Manseong form,

in IFPF form in Wanzeong form
Modern gvllables composed
Hangeul uzing 67 Modern 11,172 zyllables
letters
0ld gvllables composed (HD D1d zvllables
Hangenl nzing 238 Modern incladed in
and 0ld letters I80/1EC 10646-1)

15) 94 compatibility letters in ISD/IEC 10646-1 [[H3131 - 318E]

The 94 lettersz in the range of U+3131 - 318E are included for compatibility,
They are from K3 X 1001 {(formerly, K3 O S601), Compatibility meanz that theze
letterz can be uzed when converting D1d files in ES ¥ 1001 to filez in ISDSIEC
10646, Completely new files are not suppoged to be represented in compatibility
letterz: inztead, they zhould be reprezented in U+11¥X or O+LC0O0-DTAT,

Mow let’z zee the uzage of these letters,

8) Each of theze 935 letterz {(excluding the FILLER character: U+3141) can
reprezent an independent letter,

Examples: 7 (U+3131), 7 L C (U+3131 3134 3137), |} (U+314F), _, (U+3136),



b) Uzage of FILLER character [(U+316d7: it has two different funections,
& zequence of four code pozitions cen represent one &vlleble sz folloms:
FILLER (U+3164),
oconzonantal letter (U+3131-514E, U3165-3186),
vowel letter (U+314F-3163, U+3187-318E), and
conzonantal {LT+3131—31ﬂ1-E_r 03165-3186) letter or FILLER (U+3164).

FILLER indicatez that the FILLER charscter and following three code
pozitionz together reprezent one zyllable, not three independent letters,

FILLER {UJ+316d4) before U+3131 in example c}, {1} and the onez before J+3138
or 3131 in example o), (2) £all in thiz category,

In ceze of 2-letter zyllable, FILLER iz included st end to indicete that
there iz no zyllable-final letter, FILLER (U+3164) after U+314F in example o),
{1) below falls in this cetegory,

o) & =vllable, ezpecially & =vllable which iz not one of the 2,350 zvllables
in EE ¥ 1001, ecan be reprezented az followsz:
{1y & 2-letter zvlleble cen be reprezented in the form of FILLER (U+3164},
conzonantal letter, wowel letter, and FILLER (U+3164),
Example: 7} (U+3164 3151 314F 3164)

{2) & S-letter zvlleble cen be reprezented in the form of FILLER (U+3164},
conzonantal letter, wowel letter, and conzonantal letter,
Examplez: 55 {(U+3164 51358 5157 51410, This zvllaeble ig not one of 2,350
2vllablez in ES ¥ 1001,
25 (45164 3131 314F 3147

d) 77 P (two independent letterz) and "7} (one zvllable) are reprezented
differently az followmsz:

- 7 }: U48131 314F {(Two letters, not one zvllable)

- 2} O+3164 3131 314F 3164 (One zyllable, The firzt FILLER (U+3164
before U+31531) indicates that the FILLERE and following three code pozitions
together reprezent one z2vllable, not three letterz, The lazt Filler {J+31640
after U+314F) indicates that this zvyllaeble iz a tmo-letter =vllable (i_e_, no
zvllable-final letter),

Z. Previous Yorks
In U&X #15 [JAX15], four normalization formsz are deszeoribed:

1) Mormalization Form D {MNFD): cenonical decomnposzition

23 Mormelization Form C (WFC): cenonical deconpogition, followed by cenonical



conpozition
3) Mormalization Form ED (NFED): compatibility decompozition
4% Mormalization Form EC (NFEC): conpatibility decompogition, followed by

canonical compozition

Onee 8 canonical decompozition procesz for Hengeul iz defined, compatibility
decompozition procesz for Hangeul can be eagily defined, Therefore, in this
paper, we will foousg on ceanonical decompozition and compozition proceszez for

Hangeul, and sz & reszult, MNormelization Formz D {MFD} and C (HFC) for Hangeul,

2.1 Canonical Decomposition and Canonical Composition
Processes

He may normalize Unicode-encoded text to one particular zequence, We can

normelize into one of two formz [Unic30]:

i} gyztens that wanoot handle gopspaciog marks cang aormallize to precompozed
characters; ...
2} In systens that can handle nonspacing marks, It may be uzeful to aorpalize

20 Az to elimfoate precompozed characters,
Frocezz 1) abowve iz NFD and proceszz 27 abowve iz NFC,

& character that iz edquivalent to a zequence of one or more other characters
ig called a decompozable character, a precompozed character, or a compozite
character,

& decompogzition of & decompozable character iz & zedquence of one or more

characterz that iz edquivalent to a decompozable character,

2.2 Hangeul syllable decomposition process in UAX #15

The canonical decompozition procesz iz dezeribed in [U&X15], For a given
Modern Hangeul syllable, & zequence compozed of two or three of the 67 Modern
Hangeul letters ghown in 2), Section 1, iz derived, which iz a cenonical
decompozition, The zequence iz compozed of Modern Hangeul syllable-initial,
gvllable-peak, and optionally =vllable-final letters, Whenever pozzible, &

complex letter iz uzed in place of two or three =zimple letters,

Example in [U&X15]:
- &n original syllakle: Z2f (U+AC03)
-—» [NFD]: 2 + } + ,, {(0+1100 1161 11&&; --» [WFC]: Z2f {U+aC03)

Mota. & Z-aomelex letter -, (U+118A) 1z not deoomposed any further, although 1t ooold be
decomposed into two =imele letters — (1881 and . (U+11BA].

To help readerz understend, we made up more examplesz:



Zb (U+aC15) --> [NFD]1 7 + | + o (U+1100 1161 11BC)
ZF (U+acoc) --» [WFD] 7 + | + o, (0+1100 1161 11E0)
Wote. o (U+11E0) i2 not deocompomed any further.
ZH (U+aC10Y --> [NFD]1 7 + J + - (U+110o0 1162 11&8)
Wota. | fU+1162)] {2 not deoompomed any furthar.
2t (0+a000) --» [MFD] 7 + | (+1100 1161 )

2.3 Hangeul syllable composition in UAX #15

The compozition procezs iz dezeribed in [JAX15], For a given cenonical
decompozition of 8 Modern Hangeul =vllable, we can find 8 z2vlleble whoze code
pozition iz in the range of O+AC00 - DFAS, That =zyllable iz & compozition in
[U&X15],
Hote. In the Unioode 3.0 [Moin32], thiz ocompozition iz not demoribed expliaitly az "ocanoniocal”

aompod 1t oo

Example in [U&X15]:
- &n original =yllable: ZF (U+AC03)
--» [NFD]1 7 + |} + ,, (0+1100 1161 11&&) --» [NFC] Z2f (U+AC03)

To help resdersz underztand, we made up nore examplesz:

+ |+ o (U+1100 1161 11BC) --> [WFC] ZF {0+aC15)
F+ o (O+1100 1161 11B0) —-» [NFC] 2t {U+acoc)
|+ - (U+1100 1162 11a8) --> [WFC] 28 {0+aC1D)
i (U+1100 1161 b —=» [NFC] 2} (U+&C00)

TNV
+ + +

3. New Canonical decomposition and composition processes for
Hangeul

&lthough Mormalizetion Formz KD (WFED) and EC (NFEC) for Hangeul are oot
treated in thiz paper, bazed on new HFD and WFC, it zhould be ztraightforwerd to
def ine new NFED and WFEC, Therefore, in thiz paper, we will foousz on new
canonical decompozition and compozition processzez for Hengeul, and az & result,
new Hormelization Formz D (NFD) and C (HFC) for Hangeul,

3.1 The main idea of new Hangeul decomposition/composition
pProcesses

Canonical decompozition and compozition proceszez for Hangewl, az zhown in URX

#15, have limitations,

1) UA¥ #15 decompozition process only decompozesz 11,172 Modern Hengeul,
Therefore, O&X #15 decompozition procesz cannot decompoze complex {both Modern
and 01ld) letters,



2% UJAX #15 compozition proceszs only compozes Modern letters into syllables,
Therefore, 0OAX #15 compozition proceszz cannot compoze letterz into Old complex

letters,

Therefore, we propoge new canonicel decompozition and compozition procezses
for Hangeul, Eorean zeoript, Theze new proceszez zolve the limitations of UORX
#15 decompozition/conpozition,

& new decompozition proceszsz decompozez Hengeul letterz/avllablesz into zimple
letterz, Then & new compozition process compozez zimple letterz into complex
letterz {(whenever pnssihle}; but not into zyllables, Theze are the main idea of
new decompozition and compozition processes,

Tablez 3 and 4 compare UAY #15 decompozition/compozition and new ones,

Table 3. Compari=zon of U&X ¥15 Decomposition and a nem Decomposition,
Decompozition inpat output
Jax #15 11,172 Modern zvlleblez only 1) Modern complex letters

{whenever pozzible)

2% Modern zimple letters

1) Hodern zimple letters
2% 01d zimple letters

1) Modern zvllables
2% Modern complex letters
33 0ld complex letters

& New process

Table 4. Comparison of UAX ¥15 Compozition and a nem Compozition_

Compozition

input

output

oax #1%5

1) Modern complex letters

2% Modern zimple letters

11,172 Modern zvllable=

& New process

1) Hodern zimple letters

27 0ld zimple letters

1) Hodern complex
letterz {(whenever
pozzible)

2% Modern zimple letters

33 0ld complex letters
{whenever pozzible)

4% 0ld zimple letters

- 10 -




3.2 A pew decomposition process for Hangeul

& new decompozition process decomposzes zvyllables and complex {both Modern and
01d) letterz a=z follows., To decompoze =& zvllable, =ztart at =ztep D1; to

decompoge & conplex letter, start at step D2,

ztep D1) For each Hangeul zyllable in Wenzeong form, decompoze @ zyllable into
zvllable-initial, =yllable-peak, and pozzibly zvllable-final letterz a=
dezeribed in [IB010B46].

ztep D2) For each complex letter, decompoze a complex letter into
z2imple-letter-1, =zimple-letter-2, and pozzibly zimple-letter-3, For information

about decompozing & complex letter into zimple lettersz, =zee fppendix 1,

ztep D3) The reszult iz the cenonical decompozition of the given Hangeul zyllable
or complex letter, MHote that the canonical decomposzition hez only zimple
letterz and pozzibly Filler charscterz and tone marks, but neither zvllablez in

Wanzeong form nor complex letters,

Firzt, we will reviewm the example in [UJ&K1G5]:

- &n original zvllable: ZF (O+AC03)

-—» [NFD] 7 + |} + L, (U+1100 1161 1134)

Az noted earlier, a Z-complex letter o, (U+1182) iz not decompozed any further
in J&X #15, slthough it could be decompozed into two zimple letters (o+11a8)
and . (4+11B&),

4t ztep D1, an original zyllable (J+ac02) iz decompozed into three letters:

7t (U+AC03Y -=> 7 + |} + . (U+1100 1161 11AA4)

Then, at ztep DZ, & Z-complex letter (0+11a88) iz further decompozed into two
zimnple letters (U+1148) and (U+11BA):

o fO+l1aa) --» o (U+11a8) + . (U+11Ba)
Therefore, the final decompozition is:

- &n originel =vllable: ZF (U+AC03)
--» [NFD] 7 + |} + 4 + . (0+1100 1161 1148 11BA)

Mow let’z take =zome more examplez,

-11 -



Example 3,1

Example 3, 1a
ol (O+116E) --» [WFD] __ (U+1169) + |} (U+1161) + | {U+1175)

Example 3. 1b
of (U+116a) + | (U+11753 --» [WFD] __ (UO+1169) + |} {U+1161) + | (U+1175)

Example 3 1o
o (0+1169) + || (U+11623 --» [WFD] __ (0+1169) + |} (0U+1161) + | (0+1175)

Example 3, 1d
o TO+1169) + f (U+1161) + | {U+1175) --» (Since all letters are gimple, ne

cannot decompoze any further, )

The abowve four original zedquencesz are conzidered equal when rendered,
Howmewver, O&K #15 decompozition canWNOT handle any of the four examplez above,
gince that procezs handlez only Modern zvllablez, In contraszt, our newm
decompozition process decompozez a complex letter into =zimple letters =zo that

four =zedquencesz hecome the =ame in a decompozed form,

Example 3,2 Our new decompozition proceszs decompozez the following three

zequencez o= follows:

Exanple 3,2a: 7l (U+aC1C) --> [NFD] 7 (U+1100) + |} (U+L161) + | (U+1175)
Example 3, 2b: 7 (U+1100) + | (0+1162) --» [WFD] 27 (U+1100) + | (U+1161) +
| (U+1175)

Example 3, 2c: 7 (0+1100) + | (U+1161) + | (041175} --» (no further

decompozition, ®ince all letters are already =imple,

The asbove three original =equences are conzidered equal when rendered and oar

new decompozitionz of them are the =zame,

In montrasgt, the rezultz according to the 4K #15 canonicel decompozition are
ghown below:

Example 3, 2a: || (U+ACLC) -—» 7 (0+1100) + ff (0+1162)

Example 3 2b: 7 {(0J+1100) + H {U+1162) --» (no further decomposzition)

Example 3, 2c: 7 (0+1100) + | (U+1161) + | (041175} --» (no further

deconpozition)

fz wyou can zee, in & AKX #15 decompozed form, two zequences of examples 3 2o
and 3, 2b are equal, However, they are different from the zequence of example
a3, 2o,

In montrasgt, our new decompozition further decompozez the complex letter into
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zimple letters zo that the three zequences of examplesz 3 28, 3. 2b, and 3 Zc¢ are

all equal,

The above examplez 3.1 and 3.2 zhow why our new cenonical decompozition for
Hangeul iz better the one in U&X #15,

Examnple 3,.3: HMNow let’s conzider Dld Hangeul zvllablez and Dld complex
letterz, O&K #15 decompozition doesz not socept at all 01ld Hangeul =vllablez or
01d complex letters, In contraszt, our new decompozition procesz handlez O1d
zvlleblez and 0ld complex letters just like Modern zvyllebles and Modern complex

letters,

- original: W (U+1122) + |} (O+1161)
—-—» [NFD] H {(U+1107 + A (0+1109) + 7 (U+1100) + | {0+41161)

3.3 A pew canonical composition process for Hangeul

In IS0/IEC 106d46-1, 11,172 HModern Hangeul zvllablez in Wenzeong form are
ineluded; however, no 01ld Hangeul zvllablez in Wanzeong form are included,
Given a decompozition, we can compoze letterz into Modern zyllablesz in Wenszeong
form [U+&ACO0 - DTAS) eazily, but not into 014 zy¥llablez in Wanzeong form,

To be able to apply conziztent cenconicel compozition to both Modern and Old
zyllablez, we zuggest that letterz be compozed into complex lettersz, not into

zvllablesz,

In Unicode 3,0 Btandard [Unic30] and U&X #15 [U&KX15], cenonical decompozition
of Modern Hangeul zvyllables iz defined; however, the suthor could not find an
explicit” definition of cenonicel compozition for Hangeul,

There iz a dezoription of & compozition for Henoeul in the book, Ewen if we
gzzune theat the compozition iz a cenonicel compozition, the compozition iz
incomplete in the zenze that it handlesz only Modern szvllablez, but not O1d
2vllablez, In other wordz, the compozition algorithm compozes letterz into
Modern =zvllablez; however, we cennot compoze a zequence of letters correzponding
to an O0ld Hengeul =zyllable into an 0ld zyllable in Wanzeong form, zince there
are no 01d Hangeul =vllables in I[B0/IEC 10646,

In thiz paper, wWe propoze & new canonical compozition which cen handle both
Modern and 0ld zvllablez conzistently, Given a decompozition compozed of simple

letterz only, we can take the following ztepsz to get & cenonicel compozition,

Step C1) & sequence of zimple letters in & cenonical decomnpozition of Hangeul

are grouped into zyllable-initial, =zvyllable-peak, and pozszibly =zvllable-final
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letters,

Step C2) For each group of gvllable-initial, =vllable-peak or =ylleble-final
gimple letters, compoze az followsz:
- For & zimple letter, return the zimple letter;
- For a group of two zimple letterz compozed of letter-1 and letter-2:
If there iz a Z-complex letter, letter-1-2, compoged of letter-1 and
letter-2, then return letter-1-2;
otherwize return & =edquence of letter-1 and letter-2;
- For a group of three zimple letters compozed of letter-1, letter-2, and
letter-3:
If there iz a 3-complex letter, letter-1-2-3, compozed of letter-1,
letter-2, and letter-3, then return letter-1-2-3;
elze if there iz a 2-complex letter, letter-1-2, compozed of letter-1 and
letter-2, then return a zequence of letter-1-2 and letter-3;
elze if there iz a 2-complex letter, letter-2-3, compozed of letter-2 and
letter-3, then return a zequence of letter-1 and letter-2-3;

otherwize return a gequence of letter-1, letter-2, and letter-3;

ot e It 1= amaumed that a oomplex letter has at most thres aimple letters, whioh l&2 trus for
any Hanmeul 2vllablef letter found up to date. Howewer, the abowe algorithm oan be sazily

gxtended to aooommodate more than thres aimple lettersz In a group.
Firazt, we will reviewm the example in [U&K15]:

- &n original zyllable: Z2f {(U+&C03)
--» [NFD] 7 + } + ., (041100 1161 11&A) --» [WFC] ZF (I+AC03)

In contrazt, our new compozition compozes into complex letters, not into
gyllables=:
- an original syllakle: Z2f (U+AC03)
--» [NFD] 27 + | + o + __ (0+1100 1161 11a5 11B&)
--» [NFC] 7 + } + ., (041100 1161 11&A)

Mow let’s continue with examplez 3.1, 3.2, and 3,3 sbowve, &1l four original

zequences in example 3,1 ended up with the =zame decompozition az zhown below!:
[NFD] _ {U+1169) + } {U+1161) + | (U+1175)

Itz compozition iz zhown below:
-—» [NFC] .| (U+116E)

Likewize, all three zequencez in example 3,2 above ended up with the =zame

decompozition az zhown belowm:
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[NFD] 7 (U+1100) + | (U+1161) + | (0+1175)
Itz compozition iz shown below:
-—» [NFC] 7 (+1100) + | (U+1162)

How let’s conzider Old Hengeul zvllablez and Dld complex letters, Uk¥ #15
compogition doez not accept 2t all 01ld Hangeul zyllablez or Old complex letters,
In contrazt, our new compozition procezs handlez 0ld zyllables and 0ld complex
letterz juzt like Modern zvllablez and Modern complex letters,

Canonical decompozition in example 3.3 sbove waz:
[NFD] H {0+1107 + A (0+1109) + 2 (0+1100) + | (U+1161),
Itz compozition iz shown below:

—-—» [NFC] war (U+1122) + | (041161)

3.4 A canonical composition process for
Hangeul foption—-Hodern-syl

Since we frequently uze Modern Hengeul zyllablesz, we could modify the propozed
conpozition procezz zlightly to utilize Modern Hangeul zvllablez in Wanzeong
form included in IS0/IEC 10646, & cenonicel compozition modified sz zhown in
thiz zection will be called “compozition processz/option-Hodern-=zvwl®™,

If, after compozition sz dezecribed in zection 3.3, & sequence of lettersz is=
found to be a Modern zvyllable, we can further compoze the zedquence of letters
into & Modern =zyllable,

4lthough the author believwvez that the compozition in section 3,3 iz better
than the one in thiz zection, sometimes we may find thiz modified compozition

procezz uzeful,

Thiz modified compozition process iz bazically sz follows!

8, For 01d Hangeul, we uze our new compozition processz; thet iz, we composze
zimple lettersz into complex letters, if pozsible,

b} For Modern Hangeul, we uze the compozition proceszs dezcoribed in OAX #15;
that iz, after applying the new compozition process, we further compoze letters

into & Modern zyllable, if pozsible,
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4. Conclusions

In thiz paper, the author propoged new canonical decompozition process {MEFD:
Mormalization Form D) and compozition proceszzez (NFC: Mormelization Form O for
Hangeul, HKorean zoript, The new procezszez can handle both Modern and O1d
Hangeul in & conziztent wey, Therefore, the new proceszszes are more general than
the ones dezoribed in U&X #15 [U&K15], which handle only Modern Hangeul
zyllables,

Since MNFD and MFC will play an important role in gorting and searchiog,
Internet-related applications such az Multilingual Domain nemez, databazes,

eto,, we need to eztablizh good WFD and WFC for Hangeul before they are widely

uzed,

The author hopez that WFD and WFC propozed in thiz paper will be reviewed and
reflected in IZ0/IEC 14651 International String Ordering and Compearizon
[I8014651], Unicode Standard &onex #15 [U&X15], Wameprep for IDN

{Internationalized Domain MName) [Hameprep], and other related documents,
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Appendices:
Appendix 1. Decomnpozition of complex letter=s into zimple letters_
1) Decompozition of zyllable-initial complex letters into zimple letters,

O+1101 -> 0O+1100 1100
O+1104 > O+1103 1103
O+1108 -> 0O+1107 1107
O+110& —> OJ+1109 1109
O+1100D -> 0O+110C 110C
O+1113 -> O+1102 1100
O+1114 -> O+1102 1102
O+1115 -> O+1102 1103
O+111s -> O+1102 1107
O+1117 -> O+1103 1100
OJ+1118 -> 0O+1105 1102
O+1119 -> O+1105 1105
OJ+111a -> 0O+1105 1112
O+111B -> O+1105 110B
OJ+111C -> 0O+1108 1107
O+1110 -> O+1106 110B
O+111E -> O+1107 1100
O+111F -> O+110F7 1102

O+1120 —> OJ+1107 1103
O+1121 -> O+1107 1109
O+1122 -> O+1107 1109 1100
O+1123 -> O+1107 1109 1103
O+1124 > O+1107 1109 1107
O+1125 -> O+1107 1109 1109
O+112e —> O+1107 1109 110C
O+1127 -> 0O+1107 110C
o+1128 -> O+1107 110E
O+1129 -> 0O+1107 1110
O+1124 -> O+1107 1111
O+112B -> UO+1107 110B
O+112C -> O+1107 1107 110B
O+1120 -> 0O+1109 1100
O+112E -> O+1109 1102
O+112F -> 0O+1109 1103

O+1130 -> 0O+1109 1105
O+1131 -> O+1109 1108
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O+1132 -» 041109 1107
O+1133 -> 041109 1107 1100
O+1134 > 0O+1109 1109 1109
O+1135 -»> 041109 110B
O+1138 -»> 041109 110C
O+1137 -»> 041109 110E
O+1138 -» 041109 110F
O+1139 -> 041109 1110
O+113a -> 041109 1111
O+113B -> 041109 1112
O+1130 -»> 0O+4113C 113C
O+113F -»> O+113E 113E

O+11da -> 041107 1103
O+1141 -> 0O+4110B 1100
O+1142 -> O4+110B 1103
O+1143 -> O+110B 1106
U+11d4d4 -> O+110B 1107
O+1145 -> 0O+110B 1109
O+1146 -> O+110B 1140
O+1147 -> 0O+110B 110B
U+1148 -> O+110B 110C
0J+1149 -> 0O+110B 110E
U+11d4a -> O+110B 1110
U+114B -> 0J+110B 1111
U+1140 -> 0+4110C 110B
O+114F -» O+114E 114E

O+1151 -» 0O+41150 1150
O+1152 -»> O+110E 110F
O+1153 -» 041103 1112
O+1156 -»> 0+1111 1107
O+115% -» 0+1111 110B
O+1158 -> 0O+1112 1112

2% Decompozition of gvllable-peak complex letters into zimple letters,

O+1162 -> 0O+1161 1175
O+11ed -> O+1163 1175
O+1166 -»> O+1165 1175
O+1168 -> O+116T7 1175
O+11ed -> 41169 1164
O+116B -> 041169 1168 1175
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T+11e0
O+116F
+1170
T+1171
O+1174
T+1176
O+117F
I+1178
I+1179
T+1174a
O+117E
O+1150C
O+1150D
O+117E
O+11%F
I+1180
T+1181
T+1182
I+1183
J+1184
I+1185
I+1186
T+1187
IT+1188
I+1189
J+11324a
T+112E
OJ+1180C
I+1180C
O+1180
T+118F
I+1190
T+1191
T+1192
I+1193
J+1194
I+1195%
I+1196
I+119%
I+1198
I+1199
J+1194&
T+119E
o+119C

O+1169
O+116E
O+116E
O+116E
O+1173
O+1161
0+1161
O+1163
O+1163
O+1165
O+1165
O+1165
O+1167
O+1167T
O+1169
O+1169
O+1169
O+1169
O+1169
O+116D
O+1160
O+116D
O+1160
O+116D
O+116E
O+116E
O+116E
O+116E
O+116E
O+116E
O+1172
O+1172
O+1172
O+1172
O+1172
O+1172
O+1173
O+1173
O+1173
O+1175
O+1175
O+1175
O+1175
O+1175

1175
1165
1165
1175
1175
1169
116E
1169
116D
1169
116E
1173
1169
116E
1165
1165
1167
1169
116E
1163
1163
1167
1169
1175
1161
1161
1165
1167
1167
116E
1165
1165
1167
1167
116E
1175
116E
1173
1175
1161
1163
1169
116E
1173

1175

1175
1175

1175

1175

1173

1175

1175

1175

1175

116E
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O+1190 -> 041175 119E
O+119F -»> O+119E 1165
O+1140 -> O+119E 116E
O+1141 -> O+4119E 1175
O+1142 -> O+119E 119E

3% Decompozition of gyllable-final complex letterz into zimple letters,

O+1149 -> 0+1148 1148
U+11&48 -> 041148 11BA
UO+114C -> O+11&B 11BD
O+11&0 -> O+11&B 11C2

O+11B0 -» O+114F 1148
UO+11B1 -> O+11&F 11BT
U+11B2 -» O+114F 11B8
UO+11B3 -> UJ+11AF 11B&
U+11B4 -> O+11&F 11C0O
UO+11BS -> OJ+114F 11C1
UO+11Be -»> O+11&F 11C2
UO+11B9 -> OJ+11E8 11B&
U+11BEB -»> U+11E& 11BA&
O+11C3 -»> 041148 114F
o+11c4 -> O+11A8 11BA 1148
O+11C5 -»> O+11&B 1148
O+11Ce -»> O+114B 11&E
O+11C7 -»> UJ+11AB 11B&
o+11Cc8 -» O+114B 11ER
O+11C9 -> O+11&B 11CO
o+11Cca -> O+114E 1148
U+11CEB -> O+11&E 114&F
Oo+11cc -» O+11AF 1145 11BA
U+11cCch -»> O+114F 11&R
UO+11CE -»> O+114F 11&E
O+11CF -> O+11AF 114E 11C2
O+1100 -» O+114F 114&F
o+1101 -> O+11AF 11B7 1148
o+1102 -» 0O+11AF 11BT 11BA
O+1103 -> 0O+11AF 11B2 11B&
o+1104 -> O+11AF 11B8 11C2
O+1105 -> O+11AF 11B8 11BC
O+1106 -» O+11AF 11B& 11BA
U+11D07% -»> O+11&4F 11EE



o+1108
o+1109
T+110D4&
O+11CE
O+1100C
O+110D
O+110E
O+110F
T+11EQ
T+11E1
T+11EZ2
O+11E3
O+11E4
T+11ES
T+11E&
O+11E7
T+11E8
T+11E9
T+11E&
O+11EC
O+11ED
T+11EE
T+11EF
T+11F1
T+11F2
O+11F3
O+11Fg
T+11F%
T+11F&
O+11FF
T+11Fa

* ¥ ¥

O+11A&F
O+114&F
O+11E7T
O+11B7
O+11E7T
O+11B7
O+11E7T
O+11B7
O+11E7T
O+11B7
O+11E7T
O+11E8
O+11E8S
O+11E8
O+11E8S
O+11B4
O+11B4
O+11B4
O+11B4
O+11EC
O+11EC
O+11EC
O+11EC
O+11F0
O+11F0
O+11C1
O+11C1
O+11C2
O+11C2
O+11C2
O+11C2

11EF
11F%9
1148
114F
11E8
11EL
11B4
11EE
11EE
11c2
11BC
114F
11c1
11c2
11BC
1148
11AE
114F
11E8
1148
1148
11EC
11EF
11EL
11EE
11E8
11BC
114RB
114&F
11BEY
11E8

11B4

1148
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dppendix 2. Haogeul letters: U+1100 — 117F [ES X 1005-1] {contiuned)

# 35- 8 11: 82 A2

Table 35 - Row 11: Hangul Jamo
110 111 112 113 114 115 116 117

ol T E || R A K|

WO | ma | v | nm | b | s | fe | im |

d7|=(w o x|} |-
(LN O . O A . O O 1 O 1 I
2] Lo o BK1| AH | oL | KT ]:I TT
(0 O RN - S - N .- S O O 1. I S 1~
T vome Ao x| F |
(LN A O .~ - N < O - O I 1< O A 1
ML ARERERPP AN R - W
L0 I OV N N NN N I - N N 1 I 1 |
s|2 1w m r0 K] ]
(L0 SO S N S O " 1~ A 1
o T | W | WaK| Ak e [T | ]| LF
e | fM | T [ O m | iWe | s | e [ nm |
B | x| | F| ]|k G =00
(L0 L S . O A 5 187 L I F=ﬂu
o|HR | B BR 47 ox 55 3| | UF
1114 W v | M | 1 e | 1
ol A | T8 HE | AE | R R
L0 I . A i 18 1

NEOEX
ofl
E::;DU:.rﬁ

&_g)aéis_;g{:ra
9 @ ™




Hangeul letters:

U+1180 - 11FF [ES X 1005-1]

¥ 36- 8 11: §2 A=z
Table 36 - Row 11: Hangul Jamo
118 118 11A MB NMC NMD 1ME  11F
oAl A+ B E|[=|x| o
¥ i 11800 860 {A1%]] L] 1168 11Fd
JAl| A |en|x|w|us|on
i1d 1 (AT} (L] (5[] {1°:1] 11E1 1iF8
2| d|» |SH|E || B |0
(§E:r) il II.\?\\: it i 1417 11Ed 11F2
3| II\\?,A 78 | an | HE | EH
i1l 1l % ‘ RS [ [} (1% 11E} 11F3
4nFﬂ]\EE“mmHi%
T 1 % ﬁ 1101 (L] T ] 11E4 1174
o ol | =7 % w17 |26 B | &
LiEE] L1 .&_\ \\ LL o] LA -1 {1011 11E4 11F§
& nﬂ == \QSSS 5 W @ H | &
113# il % 3 il 0¥} ] 11E3 11Fd
7| 2| 5 \\\ T 1A |2 A1| 30
EH L1 T x ViR {4 [+ {11 11E} 11FF
dnl |8 w|s= || 8H
(G (] 1186 i) ficd 141+ ] 11E8 11Fa
ol -t | k| |BA|LE | | | T
fiad 1 1680 LL:] [ [+] {151 ] 11E# 11F4
B Ao m | \\\“‘
Al T —l
1168 1 (ALY 1ig& 1GA T10kA, 1Ea N\\
sl | H R IME|A %
1ir8 1198 1140 IIB_B 1TICH 1108 11 x\
C 'ﬁ] K| O | || o] 1\Q§?
TR it 114l 1188 ilx AL HEC %
3 N
ol F| 1 || X |2 |mA|on
ikl 1160 114D Tif0 11T 1100 T1ED k\}.{
. o | v || 2T | WA | oe %
1i6E 115 114E 11BE 1CE 110E TEE o
eldl d 2| F x| maloT
118F 11F i18F i HEF 1CF 1108 11EF \
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dppendix 3. Hangeul =yllables: U+AC00 — ACAF [ES X 1005-1]
{Dut of 11,172 Hangeul =yllablesz, only 176 zvllablez are zhown below, )

I 98 - @ AC: = =Atoic]

Table 98 - Row AC: Hangul Syllables
ACO AC1 AC2Z AC3 AC4 AC5 ACE ACT ACB ACE ACA

A 2 A A A A

e deab-ik-dieli:
eI EE N

-

=
RS
o

>“;£§§£;i,_%n:i§
g E s

e - | Aczr | ack | Aceg | A | ace | | | aow
3|3k 2|78 |22k ZF 2 Z A A
J7H ZE A | 2R A A A
BOM | mCH | ADH | ACM | ACHM | ACM | ACEA | ACM | ADM | aDM
|2k |24 |2 & A | A 3| F
ozt Zh Az A E A
e | | A | aces [ ACse | acme | WM |
; A3k AR d b R4 ks dE= R
|22 7FF A A A
| W | MG | A | A | acEE 4O

e

7 3k @ 73

| AGHE | A | acE |

7 2k 21| 22

Eoil B HY

X
" N B Bl PR AL pud it gl
8O 5 Oz & ::::-EPE :rFF.r,-gE= RLN
g

BERL B B pe el el m A
m?ﬁiiﬁi:?%ﬁ?ﬁigém :érhi ™
e

Ml T I N NI N T T T I T T

5
Eo B EM B B ot B A po zgd pad

e | | | aces
: PRI
c 7 7k 2k A | A Al
acic | Wi | dcac | oacsc | aoes | ACEC

b 2 Z}f?&%ﬁf{—ﬂ zal
ARAJRANE AR2AIRA REd AP Bpa)
MCE | ACiE | scE | aoIE | e | apsE | A | ACE | aceE
lzanzza2aa
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Information about Graphics Files for Figures:
There are four groaphicz filez sz follows:
- appZa, jpy for the firzt figure in appendix 2
- mpp2b, jpy  for the zecond figure in sppendix 2
- app3, jpo for the figure in appendix 3
- gimg=liw, jpo for a@uthor’z photo





