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Korean Part—of-Speech Tagging Based on Syllables
Using Machine Learning Methods

Kil—=Ho Jeon

Department of Computer Engineering,

Graduate School of Korea Maritime University

Abstract

Korean morphological analysis and part—of—speech (POS) tagging are
more complex as compared to those for languages like English because
Korean is agglutinative. In general, Korean POS taggers have, as a
part of preprocessors, Korean morphological analyzers, which use very
much knowledge like dictionary, but still have problems on unknown
words and ambiguity. To alleviate the problems, a Korean POS tagger
without a Korean morphological analyzer had proposed using machine
learning techniques. The POS tagger has two problems : One is not to
be able to segment compound nouns and the other one i1s not to be
able to correctly recover root (or stem) forms from surface forms of
words because of ambiguity in root form recovering rules. To solve
the former problem, we propose a new syllable coding scheme for
representing morphemes using machine learning methods like condition
random fields (CRFs). Basically we use the BIO (Beginning, the Inside
and Outside) coding scheme and additionally employ the special tag
‘sp’ for white spaces used between words. We also propose the new
method for recovering root forms using machine learning techniques
like Naive Bayes models in order to solve the latter problem.

In this thesis, we propose the Korean POS tagging system with the

two solutions. The proposed system consists of three modules. The



first module 1s the syllable tagger that segments words into
morphemes and assigns BlIO—tags coded for morphemes to syllables,
the second module is the root form recoverer that recoveries the root
forms of surface morphemes, and the final module 1s the POS
recoverer that assigns POS tags to morphemes.

The proposed system has demonstrated the F,—score of 97.5% for
the ETRI tree—tagged corpus. Thus 1t can be decided that the
proposed system 1s more effective than other existing Korean POS
taggers using machine learning methods to handle the compound nouns

and root form recovery.
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def align_syllable(sl, s2):
// sl, s2 = J4H 4
/I ABAA i sl = 0} FHY, 82 = OhEH
// path = s1, s29) <2 I3 P x

m = len(sl) // m = ¥ s19 FHA
n = len(s2) // n = JHFJA g2 A0

d = {(i,j): 0 for i in range(m) for j in range(n)}
//d=F I8 7525 BRE AR} 23] NG

p = {(i,j): (-1, —-1) for i in range(m) for j in range(n)}
/I p=HAE A2 B2 F2E AR 239 N

for i in range(m): d[i, 0] = 1
for j in range(n): d[0, j] = 3

(i-1, 0)
(0, 3-1)

for i in range(l, m): pl[i, 0]
for j in range(l, n): p[0, j]

for j in range(l,n):
for i in range(l, m):

if s1[i] == s2[jl:
d[i,j] = d[i-1,7-1]
pli,j] = (i-1, 3-1)

else:
replace_dist = 1 — Levenshtein.ratio(sl[il, s2[il)
delete = d[i-1,3] + 1
insert = d[i,j—1] + 1
replace = d[i-1,j—1] + replace_dist

d[i,j] = min(delete, insert, replace)
if d[i,j] == replace: pli,j]l = (i—-1, j—1)
elif d[i,j] == insert: pl[i,j] = (i, j—1)
else: pli,j] = (i-1, j)
path = [(m-1, n—-1)]
i, 3 = m-1, n—-1
while path[—1][0] != 0 and path[-1][1] != O:
path.append(pli,jl)
i, j = pli.j]
path.reverse()
for i, j in path: print (s1[il, s2[3j])

return (path)

<19 3.4> ojd ¥ Fe & 4 AR AE dugF
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def make learning corpus(W):
//W=W A%

// W, =°12 P8} P A 34 A3M, 7)Y gx==, [P, M, T]
// M =P A& J8 A P22 T = MY FAAR gx=
/l C, = 352} i 553

// C; = 3 %3 53 d5¢53

/] C; = 32} 1% e}-* -3 %]

for i = 0 to W.size()

for j = 0 to W[il.M.size()
Cs.append(W[i1.M[j]. get_reduced_form(W[/1.T[;1), WI/].T[j])
for k = 0 to W[j].M.size()-1 :

t.append(get_reduced_form(W[/1.T[j1)) //&5*¥ AR

t.append(get_reduced_form(W[i].T[—1])+'+") //) 2 3 5%} 23}
m.append(W[i1.M[;]) /AL A7

S.append(W[/].P, m, t)

S.append(‘sp’, ‘sp’, ‘SP+’)

for i = 0 to S.size()
p = S[i1[0], m = S[i1[1], t = S[il[2]
ifp==m

for j = 0 to p.size()
if j == p.size()
C,.append(pljl. tljl. tlj]1). C..append(pljl, tljl. m[jl+)

break
C,.append(pljl. tljl, tlj]1), C,.append(pljl. tl[1, ml[j])
else
Lp, Lm = Levenshtein distance(p, m) // 2123} dAh 23 I A
Lt =t /I E3E 2

for £ = 0 to Lm.size-1
if Lplk] == Lplk+1]
Lm[k] = Lm[k] + Lm[k+1]
Ltlk] = Ltlk] + Lt[k+1]
delete(Lpl&+1]), delete(Lm[.+1]), delete(Lt[k+1])
for j = 0 to Lp.size()
if j == p.size()
C,.append(Lpljl, Ltljl, Ltljl), C.append(Lplj]l. Ltlj]l, Lmlj1)
break
C,.append(Lpljl, Ltljl, Ltljl), C..append(Lpljl, Ltljl, Lm[;])
return (C,, C,, Cj)

<I¥ 3.5> srage A A4 ¢xFE

o,
ofl
o

AduE]=9 1194 =] Yx3t get_reduced_form() & EALQ]
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<E 3.3> 2d3FA 73 gawe e o

B

A (2) A (FEAD
o} Vv
a=2 \
ot \Y
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sSp SP+
> N
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3 N
A} N+
= P+
Sp SP+
A B+E+
= E
al E+
sSp SP+
3l B+E
= E+
sSp SP
2] B+E
c} E+

4 B AAgEHE shaEe A Co A o= <% 3.4>3 2 C, ¢

dAu = S8 FALE ARSRTh Al el tgt
T FEHA BAAINA ] 438 JRE FEek] A4
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<E 3.4> 54 Fd FAFA 9 o
AA1(54) | AA2(FAD F(=24d9)
o} v o}
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ot Vv el
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& N &
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sp SP+ sp
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sp SP+ sp
3] B+E 3} + o]
= E+ =t
sSp SP Sp
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o E+ o
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AR 9o, FAFS A S HAHE O T ARESit), o] TR XA = HEHA A
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<% 3.5> FAF 549 s5ETX9 9

AA1(013E) | AL2(FLEFAD | AGFEAHEY)
olFH \ VAB
v E EEI
Sp SP SP
=9 N NNI
A=} N NNTI
= P FSD
sp SP SP
u B VBB
el E ERD
1= E EEA
Sp SP SP
3 B VBB

A=} E EEG
Sp SP SP
| B VBB
v} E EEA

_24_




o

ojy
<|m
Tor

o]
np
M

gl

<19 4.1>3

=z 1
.

SECER

o

)

Naive Bayes &7 & ©]&

©
=

K|z
ol

oy

o

7A
Hin

bl EA}e)

9

o
G
i
o
te]

o

_X_I]E —

-2 o
mﬂ M i B
wel | M

ojn o

G

O

e ™ T

|/ 1R w

mal| = W

OEHT X/

ojn )

‘T

=

ol

T
~d

0

T

T

)A
B

<18 4.1> B =FA A

_25_



SO OWE ) I o’
T o Az o e T T +| 7o
i B mﬂ AR | ~ =
o = ~— — f i + o _
~ D P Ig T S AR i3
Ao ™7 o3 = o | B | N &
i T e s T w i
ol PUOFY — A= L = ~
ﬂ__lm Un_ | —_~ @ juy ﬂr_l e X .ZT 8 ~
N ol =y o T R T T a
T AN o LR LR R + o 8 g
SOl X o N 2 XK K| S P @ | =
—_ = N =0 _ B vl =
TR g ? T 5P, © z
XN KR 8 a“_ T o 5 W= S
e a v I ;
PaX s i RS HT om | S| T 5
° 2t = E | R N e >
e ﬁo UE I WLA 1r_| ol 1J| 0 N QA =Y E.O ~
8 Lo o Nl = 5 E e 2 +
o Kl 3 X A )
&o = —_ ui ﬁz_.a / o:u o —
~ 2 ) X 20 mp S =R o
0 W = Nk = v B} O
oy WX = g~ T ) S " olJ
o % T P U @_
Hor o T o s JYgF >
< 20 m MoT P | o o
A_H E#.D o R e %o & w_Tu 3 OT %) _ZT \QH
—~ T O %#H 1;1_ 1_.=._ ~
ol XE L . ~ E.O [— _Z - Wﬁ ) ol
= ok Wi oo X5 g v b =
— . ) ~ O ~ . A — —
Ny R WPk o xw A - m
o T & T N < | LfmeR| g M oar
N mo B0 9 Mu >~ 7 ®m B : Jr
TR L m_ﬂu oA oM . o7 v Nl
i o 7 i oy oy : o o
ST SRR E S R ) : Rox
< ooy 2B dp P om T e W W L we | wr | ok ~ X
TS Y W o e R ok o<W : -
woD T - ® " ™ S
o B T o - N B L — o
o oF Mo < T KN R S <

_26_

4) http://crfpp.sourceforge.net



ot o] St FAMEE Al A 4 e Bl A4 (Sha
et al.,, 2003) 7} 9)+= CRFs(Conditional Random Fields) &

7
Ao} kA AT BELEAS ARPEE ol

4.2. 4 E47]
=4 BV ol YEEA WYl os] do] WHyH Ay, 1 249
A9e BAGE Ve FAUT. AT Sof OlETE & “olERL o
BAHT T, 800 A8 W, U Foh Belghs ol B oA
Hejzo] 288 229 A8S 593817 98l Naive Bayes #7715 AR}
3 =

Naive Bayes T G
25 29 (Manning et al, 2007) ]t} o] W2 wll-g- wh<=dh o] x| vk 24
oA g okellA del ¢l AFA FAA i wilolth

Naive Bayes 7719 722 (A 4.1)3 2 #AAzko] FoAR8S W 7
= #s 7HE ¢ B AHoE AYst <1 °

5

AR S fdsslon (A= 244 71

.

< =
aive Bayes w7719 ¥ WHolth

1
i
N
)
_C;L'
rlr
PRV
o
=

¢ = argmaz,_ P(Clw; 1y wis wisys tioy ts tivn fio fo wity)  (4.1)
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(A)

(B)

©) t} + sp V Vv sp N v *V

<19 4.3> Naive Bayes ¥7]

Naive Bayes fF7|= <X 4.3>3 o] sh&5UaXE ARFF6 ¢lgokx oz
7Vaate]  ARgEE ‘#RELATION'S 53549 olF8 sl
‘#ATTRIBUTE &= 2 A T8 AAS Ay Folv. ‘#DATA &= =g
gelst 97hA A9 s SAabR o2 et Aol

n

<E 4.2> ARFF 9]g k2ol st&uix

#RELATION Naive_Features
#ATTRIBUTE W1 {$, oF, & o &, sp, 7, 9.7 A &, W, ...}
#ATTRIBUTE W2 {o}, &, t, &, sp, 5, 9, &, A £, W
#ATTRIBUTE W3 {$, &, o, +,sp, 7, &, 7, 2L &, 9, ...
#ATTRIBUTE T1 {$,V,V+,E+, SP+,N, N+, E, B+E, ...}
#ATTRIBUTE T2 {V,V+,E+, SP+, N,N+, E, B+E, ...}
#ATTRIBUTE T3 {$,V,V+,E+, SP+,N, N+, E, B+E, ...}
#ATTRIBUTE F1 {N, &, v sp, 71,0, 2, A&, ...}
#ATTRIBUTE F2 {N, o, v sp, 7, 0,2, A&, ...}
#ATTRIBUTE B {o}/V, &/V, t/V+, sp/SP+, 3/N, 9/N+, W/B+E+, ...}
#ATTRIBUTE C {¢}, &, %, v, sp, 7, 9,4, &, &, U+, ...}
#DATA

$, oF, &, V, $ V,$ N, ol/V, o}
of, & t}, V, V, V+, N, o, 2V, &
., O 9, V, V+, E+, o, N, ti/V+, &

=
=]
o}, &, sp, V+, E+, SP+, N, v, &/E+, v

6) Atrribute-Relation File Format®] ¢fo]
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def convert_syllable_to_morph(L)

2 s 3ty AR
24, 32hHY A%

for i = 0 to L.size()

(o]
—
\=

/'L = (

S
G

/M=

if not ‘+’ in L[i].t

m.append(L[i].s)

else

m.append(L[i].s)

M.append(m, (L[i].t.pop('+")))

m.clear()

return(M)

{a
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75467
13148646
A

1

Number of sentences:
Number of features:
Number of thread(s):
Freq:
eta: 0.00010
: 1.00000
shrinking size: 20
iter=0 terr=0.99254 serr=1.
iter=1 terr=0.42052 serr=1.

00000
00000

act=13148646
act=13148646

obj=26618895.64940 diff=1.00000
0b j=244809855.89200 diff=0.08032

iter=2
iter=3
iter=4
iter=5
iter=6
iter=T7
iter=8
iter=9

terr=0.
terr=0.
terr=0.
terr=0.
terr=0.
terr=0.
terr=0.

terr=0

42052 serr=1.
42574 serr=1.
35005 serr=1.
31513 serr=1.
21617 serr=0.
25073 serr=0.
22664 serr=0.
. 19967 serr=0.

00000
00000
00000
00000
99999
99999
99997
99996

act=13148646
act=13148646
act=13148646
act=13148646
act=13148646
act=13148646
act=13148646
act=13148646

obj=17026015.18790 diff=0.30452
obj=13554683.59103 diff=0.20388
obj=9342633.14399 diff=0.31075
obj=8283696.05713 diff=0.11334
obj=7480153.54873 dift=0.09700
obj=6447755.11366 diff=0.13802
obj=5545697.54623 diff=0.13990
obi=4775830.22056 diff=0.13882

3

5.2.

olr

g

X
R

1o

(precision,

P), A& & (recall, R), F,

<% 5.1> 714

<3 5.1>37 o]

84 =T CRF++ A3t

_x
=]
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5.3. A45%7}
5.3.1. AA A" A5 BTt

<GE 5.2>% AA AlAHE] sH7HE vEbdh SEFAN F2719] dee A
F53} AP Lo] FUs7] WEo] JFet BA5t9 o A5 97.3%0)t}. o}
So% S BV SHEY A uEA AAY A LA T AL
AEFEA 4T 2 old S el st des ol Hrtsksith A3
A AA -4+ 900,153 24 o e/ 2L v 1,499 54HE 4%
7} A3t AEE 99.8%, AAE 99.9%, F, 99.9%2] AsS Hola o o=
AGE A e A F7F 94%01de AAE] wWikel st A eH R TF
T 7 glrh olo d5 W&t AeB7FE Slal AA 283 52,418 54 of
ot s 7S st o 1 Ay AEE 97.2%, AEE 98.0%, F, 97.6%°] 74

AR ER718 e AEE 97.4%, AAE 97.6%, F

97.5%2 A5 Ho AA AAELE 975%2 H5S BT

e
4%
A
mf
o
Hl
e

<X 5.2> AA A" As H7}

43 937 e
Al 2" = A A AH = A A | Acc P R F1
T g gy | BHET
AT 58 BT T
l"‘f—E;W] ;_7-_(} 900,153 52—75} 861,011 | 838,045 | 97.3%
o ¥
P (;;];;) 900,153 PTEN 900,573 | 899,074 | - 99.8%| 99.9%| 99.9%
By o4 Ho B3l Ay
i (‘;3_;}% soa18| T A sogss| 51339] - | 97.2%| 98.0%| 97.6%
101\ =2
F V| 2 ne 72 B4
017 A | 434,626 EE 435,509 | 424,064 . 97.4%| 97.6%| 97.5%
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