Journal of the Korean Institute of Industrial Engineers http://dx.doi.org/10.7232/JKIIE.2014.40.1.018

Vol. 40, No. 1, pp. 18-33, February 2014. © 2014 KIIE
ISSN 1225-0988 | EISSN 2234-6457 <Original Research Paper>
= = =LA
KR-WordRank : WordRank & 7} A1 & 0| %] £33 714}
o] tho] 33

A8z . 242" Fyxy”

gt Al 3T A SR e dta 22 E § A F S

A=)

KR-WordRank : An Unsupervised Korean Word Extraction
Method Based on WordRank

Hyun-joong Kim' - Sungzoon Cho' - Pilsung Kang2

1Dept. of Industrial Engineering, Seoul National University

2Dep‘[. of Industrial and Information Systems Engineering, Seoul National University of Science and Technology

A Word is the smallest unit for text analysis, and the premise behind most text-mining algorithms is that the
words in given documents can be perfectly recognized. However, the newly coined words, spelling and spacing
errors, and domain adaptation problems make it difficult to recognize words correctly. To make matters worse,
obtaining a sufficient amount of training data that can be used in any situation is not only unrealistic but also
inefficient. Therefore, an automatical word extraction method which does not require a training process is
desperately needed. WordRank, the most widely used unsupervised word extraction algorithm for Chinese and
Japanese, shows a poor word extraction performance in Korean due to different language structures. In this
paper, we first discuss why WordRank has a poor performance in Korean, and propose a customized WordRank
algorithm for Korean, named KR-WordRank, by considering its linguistic characteristics and by improving the
robustness to noise in text documents. Experiment results show that the performance of KR-WordRank is
significantly better than that of the original WordRank in Korean. In addition, it is found that not only can our
proposed algorithm extract proper words but also identify candidate keywords for an effective document
summarization.
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2005; Berry and Castellanos, 2007; Cho and Kim, 2012).
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Aote AN AREREH FAY ARE FEF= YR 7
7 %(interior boundary value)©] 24, ©o] FH | & 24&
EHY FAH ARE F23k o F AA F(exterior boundary
value) & Al4Fete W E A|QFE A Th(Feng ef al., 2004; Jin and
Tanaka-Ishii, 2006). 3] Harris(1955)2] “The uncertainty of to-
kens coming after a sequence helps determine whether a given po-
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7] S8l & 229 YA H R E a2 sh= KR-WordRank
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2. WordRank

WordRanks= Chen ef al.(2011)2] Aol A 7ok 9] 5 A A 2k
(exterior boundary value; EBV)3} W 5 7 A| #k(interior boundary
value; IBV)S E5F o] &3] @] & Q4ste HIA 85 W
Holth & F A ol Tzl @9 24 FHo g2 T

of7F ebe 7he < dvlste, Wi A gholst o1 &
ofE ol F= LA 249 SHAE VAT WordRank
o AR AA B2 Pz dAHA e FLAA & A

o] FAEE Aststr] A8t A ¢HE mutual reinforcing rela-
tionship(Kleinberg, 1999)& ©]-&3to A4tdtt. of W& 7
4 #o]A Y FREE authoritys} B¢+ F, authority 7} =2 Y
oAz fE FUHE A7 B 9 #olA Y authority7}
=0 7H gt o] W2 PageRank(Lawrence ef al., 1999)4
H 7} vt 9 authority £ 7 PIH 2 i H = BAE /A= B
2 1] 9 authority?] o2 A 93Tt WordRank ol A= <1}
E o 5 AAdE 0E SutE dojrt A4S Aol
7HA S 5, 2t Aol 9f o A gkl authority S F91 9] &
HEE TS authorityoll oJste Adlete Aot &
WordRankol| A &= €] 7 74 A gho] &2 ©o] $HZ0] Q1A%

T U

111 r

OE $RE9 95 A #s 2UYLZA AR 7 ZA &
< A5 st &o 3R vt = 247 79 o F AA
{J\'% Zb=u, 9& A9 authority+ left boundary value(LBV)
Ao L EZ9 737:“«] authority+ right boundary value
( V)E A5 ] 73A Z& v 0.2 authority O] ¥
ST $HE TR FE3T
=A A ]%731—<F1gure 1>(a) 9} 2ol *g8tE AF o &=
U Yol oA, Hop T & R A #he A= o
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1>(b)-°v} o] Frt2 7] of2 2 SATo] P& QHsto &

ey
ol
i)
| m“
ﬂ'
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9} RBVO| E5F At} 859 44 RE%OH OE 9ol7t &
72}?'% Ve RE Y3eH 27 vl YT RBVE 7HA A
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U, oA, dep e Ffetal, LEE AAE Bob, Bt
P9} Ff3h & WordRankol| Al ©o] $H I = 4 (1)
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Figure 1. An example of correctly classified words (a) and incorrectly classified words (b)
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o o] AA & FHet7] WEolth dE S0 <Figure [>(a)  AA & ol F7kety] Wzl Ao E & o5 AA g
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Aieted o] gdth o W g3t & A ol B0l d ¢ k. AA, =4 HATIA @

59 92X B LBVS #S 2= Bl FREO B 5 o] FHY 3 MEGL Aol JoY 1E0T BE B
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=

‘HE}’BI LBV} 28ttt 2 ol $uE b2 gof 1o & 748 A E}TA 2P H FHE AT 5 U} EA,
o5 AA #E 4T A7) Y8t 4 2) @ 4 3)F 2 Substring Reduction(Lii et al., 2004) & U AR E 717

o 28 A g3t I e do] FRE Tz AN U & =
eg) e 98E B
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Lue | (ea) 8 () |, b B
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(a) (b)

Figure 2. A process of candidate words generation (a) and the relation between words (b)
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L} (1)
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L& (1) HE= (1)

L= Y38 2ot F (@

He Fste 2ot — oo — 3 (2)
HEHE (1) 28 1)
FSE (1) I (1)

(a) A ¥ (b) o] TR} HlE= (c) Substring reduction § To] T 1

Figure 3. A process of eliminating unnecessary words using Substring Reduction

<Figure 3>l A <G 7} <F3p o Ml e BF20]0, 9 &8
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ﬁrioﬂ‘i A g ¢ i, e Aol A HE3 dof 13
2 X_l‘g_ﬁl- 2= O]E].

WordRank= Tl o Wi A A gt-5 A4tstz] 93 mutual
information(MI)& A}-&-3Hc}, MI% ZA7 A&H o7 =4
G 7Hs RS A WO R 4 (4)9) o] 7] EHT.

a)p(b
Mi(a,b) = L (p()apb() ) 4)
TN ol e MIE Adsty] iste] treyet S o] Al

Q%] 9 Th(Petrovié, 2010). WordRankoll A= ©Ho} 1R o] Zo
7FLY A5 L1719 949 =4 2FYMIE ALt 5, H 4
Fhe Dol & P 249 SR A AT o &
o ‘abe’ 9] AF min(MI(‘a’, 'b), MIY, '¢)) Y = W5
A FOE AEEAT ol Zo] MIE 4T 7§ A
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76‘
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TH AT ST A RN e (A, &) I mICE, o)
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ol g8 dolg AAE & vyE 5 =AY 3
Ao] ook 322 WordRankZ5-E AAtH Tof 7154 A
T WRw)E A (5)%F 2ol & A #3 W5 AA #e 52
Z x4

AL

WR(w) = EBV(w) X f(IBV(w))

=LBV(w) X RBV(w) Xf(]BV(w))
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of ml g fz)= WH BA w3 o7 AA #e 7HsAE
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3. KR-WordRank

3.1 WordRank 9] 3+=9] 3
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Table 1. Top 30 word candidates identified by WordRank from 24,302 sentences of 40 characters-long comments on a certain

movie collected from movie.naver.com

(a) WordRankE A&+ A7} (b) WordRankE 483+ Az} (c) KR-WordRankS 2 &3 A3}
<9 (Zol7F 154 o3 A9 (Zol7} 254 o3 A (Zol7} 154 o132l A9
Tol(R=F) A 5 ToJ(H =) A E5 Tol(M=F) A S5

1 0](14448) A 33}(10559)* 3 3}H10559)*

2 3 3H10559)* AH1(9248)* Ax1(9243)*

3 tH(14351) A B A(3767)* AH(2783)*

4 AH(9248)* JTH(2783)* N 2(3766)*

5 ANX(3767)* 2 31(4255)* Z31(4251)*

6 AH(2783)* 27K2105)* 2ARH2105)*

7 T(5684) A o uk(2009)* o Hk(1988)*

8 gH7061) A A71(2460)* U 3H(1859)*

9 TH6004) A U 5(1860)* 9171(2460)*

10 7H5036) A O} A H (1281)* o} A )(1280)*

11 o}(5769) A A5 (1109)* AA(1073)*

12 ) 31(4255)* 2E#(1022)* ZH5(1109)*

13 (11221) A 2HA(1074)* ZEF(1022)*

14 £(8919) A AH12](1390) B B I(1875)*

15 (5386) A G 98H(1041) D Gk 3 8H(944) D
16 2](6908) A AH10](1078) B T1WH(789)*

17 2ARK2105)* B I(1875)* B (1245)*

18 1}(4069)* 3R] WH(718)* B 0] 2(753)*

19 2H(4501) A Z7H1995) C H(1441)*

20 71(4988) A 1\K(789)* T(578)*

21 3h(11114) A ] 2(1670) C E(557)*

22 2](4621) A 3}11(960) C B=(1867)*

23 o 212009)* 7 (1245)* o] #(573)*

24 A 71(2460)* H| o] &(753)* TE(966)*

25 ](4585) A B(1868)* Hl-9-(685)*

26 8(6073) A 0] 44 3}(504) D H-&(566)*

27 2(3066) A #3219 3K519) D 2] L-(676)*
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Figure 4. Cumulative frequency ratio of 1 syllable characters in Sejong Corpus

AE HA W E QB EAEH, 2AF B2 LEZR EA)
sk WAL G5 A AT AAAA g wuk S
dojgld WIE4E 7]|F0 2 to] TR AYE ZloH,
ofg W 543 dojgtd Hojxr)7} AYE Ho B2 9
Zo 54 7heAol =7] ol 2 B4l st thof
2 229 7t5Ao Bt 18 EE KR-WordRanke ©o] &
HE EZY d&o 5Ass TH AT LY EZY 2EF
SA%E THE Y RE B3 S L WA o] 29 R
Hgrola, RE oy} 2AHS S H 3ol HAE ZARS}
AZstA 1 G508 ASHIE SR EZ AA VL &
o] 3H2l % Z‘?‘M 44E FHFE F KR-Word-

=02 A 5 2oV, iz F FF

of w}t] &} Epy, Ern 7o 52 #4490

—n
o}}l
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o)tk 1} 9 MW O ZE <Table 15(b)9] A, BY ZAE 3
AT 4 glth. <Table 1>(b)ol Al ‘F3bete Toj7t F2HUS
A= BTt ‘Fste, ‘FEIb, ‘YIE GA B 9

Bl QoI 25990 AT A o} 22
A AR, 9 A Y Bolt FE5 ol 328 Bojeta Bt
% gtk o] 7 Hol+2Ap S A E AAN] SAdtel 7 @
F09 AL R) JRLE o] §8 5 9Tk o & Sof AR
o Sk 49 NS Dol TR 2ASt of vl o) 3}

_‘&

B2 o|F ZAS) ojn|2 $E3E YA L Ag3E AolT
B9 108) 22 Holg ol e SR Z BAY G40 o
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&-3kef <Figure 5>0fl Yehd W 02 Lol A WAL} of 2
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KR-WordRank+ <Figure 6> e uFe} o] o A A 9
Hakg T3l A g2 BolE =5

Input :

o Wanr (FE 2] HFY : (wi, wa, ", Wn)

© W (Fo] THsdes FEE A LY dof FR
Y2ZE) 1 (Wi, Wi, 7, W)

C We (o] JPsdo® 4R AT RS Bol Fu
Y2E) : (Wi, W, ***, W)

s Wik (Wr & 481 k7Y &0 3R ZXE)

(Wﬂ) Wi, *°7, er)
* Wan = Wi U Wg, Wgxk © Wr.
Output :

¢ Wi (AEFHOZ 329 do] TR 33

<Algorithm>
for each word candidate wy; in Wi
if wi is not form of wytw, (wi in W &
authority(wy;) > authority(wi), Wy in Wrk)
Add wil to WEgiract
end if
end for

Figure 5. A word filtering process for L group using the top
candidate words identified in R group
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Figure 6. A framework of KR-WordRank
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9} KR-WordRankol| M F=Z8lj oFst= thAh2 & 4jo] 7
o E AYE Fafolth, I F AAL Y3po) o] F
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do] o A 55 Atete T4 E 4 (6)F 2ol Mgt
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folw): & Z577F e we RIS
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Table 3. Extracted top 100 words by WordRank
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HEAZ 74009, S/XPN' T 22 HFALZ 11709 533
. o wf <k 9] ©o] % accuracy,,, (") P B4 o
7Hs A -8 gl HFAL FHXPN' S A9 3 A 91(2,844),
DY A34,742), &) A 0] ke B3 B 4(7,400)9] W=

79 J( 86)& ¥ W=F9] (124,694 2.2 Y 4 (7)%

2,844 434,742+ 7,400 &)
124,694

accuracy,,, (") =

_ 44,986
124,694

=0.361

o] 7HeA L KR-WordRank ] ©o] &2 T ZoA o o
01 7AA Fk= Yrsta, Tol AgEE ol SREFE F
H g7t AA R fu & AYe B 7‘32}50]1’% 9]¢
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9 kAol B g Tol 32 59 Hws AT

=
M ot oi N

lo

4248 43

WordRank 2} KR-WordRankE ©] &3} ©@of 7}sA o] =&
9 100709 do} $RE FE3 A 47 <Table 3> %
<Table 4> YEFY At} Al 3.2 2] KR-WordRank 2] 6A o]

2](0.47) th0.011)+ £(0.029) #(0.001) 21(0.008)
5(0.006) 240.001) Z(0.049) 74(0.008) 21(0.01)
2(0) 230.013) 5(0.014) 2](0.078) 30.037)
7H0.075) 7(0.446) 22(0.018) ©H0.034) 1](0.039)
2(0.101) 2(0.013) 21(0.036) 21(0.188) 2(0.128)
71(0.008) T40.004) 2(0.141) $+(0.008) 74(0.183)
1(0.01) Z(0.04) 5(0) 2K0.076) 2+(0)
AK0.025) 3(0.037) H](0.042) 21(0.047) A(0.01)
21(0.053) #(0.115) 3(0.024) =(0.007) 35(0.006)
ZH0.031) 2+0.302) 7(0.113) £(0.004) H(0.393)
1(0.001) A1(0.043) 21(0.041) £(0.008) A4(0.005)
TH(0.046) 7H0.034) ©](0.001) (0.026) £(0.102)
H(0.417) 110.233) vH0.005) 3(0.029) A(0.012)
40.009) 41(0.032) 73(0.002) 21(0.008) %4(0.013)
5(0.016) (0) 1(0.082) 7H0.124) 24(0.012)
310.46) 2](0.007) 0}0.007) 2](0.004) 0}+(0.356)
(0.344) 340.013) A1(0.102) E(0) $-(0.002)
9H(0.09) £(0.087) 21(0.013) 8+(0.005) E(0.106)
3H0.116) 2(0.001) 4(0.004) 3(0.004) 3(0.124)
2(0) 23(0.026) 2(0.212) 5(0.004) (0.013)
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Table 4. Extracted top 100 words by KR-WordRank when size of R set is 400
71(0.386) 1}4(0.762) 0}0.747) 7H0.952) ©]=(0.865)
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Table 5. Extracted top 100 candidate words in R set by KR-WordRank
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Table 6. Top 100 words which are extracted by WordRank and filtered with Sejong Corpus suffix dictionary
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