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Morphological Analysis and Part-of-Speech Tagging
for Applying Autormated Scoring of Korean Short-Answer Questions

Cheon, Min-Ah

Department of Computer Engineering,

Graduate School of Korea Maritime and Ocean University

Abstract

Through Korean short-answer questions, we can reflect the depth of
students’ understanding and higher-order thinking skills, but may take long
time to grade and may be an issue on consistency of grading. To alleviate
the suffering, automated scoring systems are widely used in Europe and
America, but are in the initial research stage in Korean. Many language
modules like morphological analysis are used to improve Korean automated
scoring.

The previous morphological analyzer used for Koran automated scoring
under development suffers from some unusal words like “$22 22222
LRRLRRRRLRRL R 2 In this thesis, we propose a new method for
Korean morphological analysis to solve this problem. The proposed method is
combined with syllable-based word segmentation and versatile searching for
morphological variants. The syllable-based word segmentation is based on a

machine learning model like conditional random field (CRF) and based on

- Vil -



the BIO coding scheme. The versatile searching for morphological variants
comprises four steps: The first and second steps are to look up segmented
words in the pre-analyzed dictionary and morphological dictionary,
respectively. For unknown words, the third step is to search for the
segmented word in the variant dictionary and to concatenate the variant
words with the previous words and the next words. The final step is to look
up the combined words in the morphological dictionary. At each step, words
in the dictionary are added into nodes on the lattice structure (, which is
used for POS tagging and a weighted graph. The POS tagging is the best
(shortest) path, i.e., the most proper sequence for a given sentence, from the

beginning node to the last node on the weighted graph.

The proposed morphological analyzer and POS tagger has demonstrated the
recall and of 98.86% and the precision of 95.03% for the SEJONG corpus,
and also can analyze all answers of subjects taken the 2014 National Level
Student Assessment. Thus it can be said that the proposed systems are more
effective than the morphological analyzer and POS tagger used for the

automated scoring system of Koran short-answer questions.

KEY WORDS: Morphological Analysis; Part-of-Speech Tagging; Automated

Scoring System; Short-Answer Questions Scoring
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Table 2.1 An Example of Morphological Analysis and POS Tagging
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AR F 7HF HZH A ZE(best path)E = A9 2o} o 2A AA +
22 FA 72 BAE 49 o] JEH4 B4 oA BAsE AN A4
5 Ad=gHA FJE F Jon, 24 mE23x 249 H{AY 24
AE 9, 1993) 5 RPoA FE2H mNEFE SR o]ET 5 Q)
O Ao AHAAE, 1996)

FA 716 AT WAl A Algste §ES TRE ¥ ZE(contextual
probability)¥} ]3] & (lexical probability)e] Ut &9 & Plwlw, )3
13 FHEPtw)S A (23)3 4 249t Zo] Tojgk FAY] NEFE
T F ok

A | )~ freq(wi_l,wi)
Bt freq(w,_,) 2.3
fTGQ(tpwi)
Pbe) ~ =gt 2.4)

21 23)3 2 24)dA we il GoE onE = wo FAES
ou|gty drtHo g U SE off FEo AUATN FEUS Mol F
E2 o] ALdM, yEgoz oY nl2ax ZEHMM, Hidden
Markov Model)oll 719+ & o] &&gto]l ATHAHAE, 1996). °]& 42

2 #2934 4 259 2ol vERd F 9ok

o
1
AA AE SE3 tHED vhe g3 do ¢S5x]7

(AAZ, 1996; o] &A, 1993).
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A 3 A A2 AYYE AZAH A2H FEH A B
2 FA & 7Y A 4

ZIAStE S ol &% ATAH ALEHL R A HehE a&F 0
2 AYT F dve AFo] Atk HAE FoAHd =7lA = GMAT,
TOFLE ¢ W= Ade A Al AsAHH A=dH(Atail &

= =8t loew, A Ao AYdES o7
I ot ZAE S-S o83 AFAH A=Hd A=

_]
=
A4o], n-gram T £ AHUY FEEH AHE

_Q

&

FHE> T Ao 4

TS AE=ZE AE3SFaL QIUH(Attali & Burstein, 2006). -2yt A= S
WEHGG7HAANA s LfolA NTHE AsAHH Al2ES Farste] gheo
AEE 2 AsAA Alzgs ey S 712 dF(=SF 4,
2014H)E XlPstar ot

e}

Aot tE tAel Fag sFehs Alzdd
A =

=4 =4
A FQ e B4 P EA RE W 20 BF BAYE A
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=
Bl o]~ & Fig. 3.13 Zt}. Fig. 3.1

2 o Qo] B2 BY ¥, A9 A%E
Mgos ARAL AT 27 A4s BAS AANES B AT
kg BejFE spEolth o71A AW AF FEol U ekt HeE
e ARG oE AW B GAEE A AW Belolgn we

o

2 FEHE =2

ER lojeMaM WS4 B

1= == B2

| E3.MEl-2 - ok i) 24 the FEn Ha mof S 9 2R

AEAE T 2401

SR ELERETET

HEHSZE Dos H Al Eer HEEs  Eazo
. 3796 |Wsi7t EiEEE S Beth )

0.993 5 |zo[ 24l =z sgr 1 njgel

‘ 0.992 6 |dait sxloix dameg SEt 3 ojsol
0.992 4 |zolauzs 1 ozl

‘ 0.992 88 |mOoZ7 =1 URLE =225190t 0 AT
0.991 9 [me=7URs Ae2 wrt 0 ozl

Fig. 3.1 A graphic user Interface of the Korean Automated Scoring
System (:=23], 2014)

Fig. 3.17bA 9] 34 233t
el ™ Fig. 3.29F Zo] Yehd

AA AEAY Azxde HHe TEE

o
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Fig. 3.2 The overall structure of the Korean Automated Scoring System
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ALGORITHM A7} 35 (L, U) -

Repeat U9 3717} O o] WA &S w71A]
StE58 @ Le o) &t A 2 hE THE
AEAd 2l hE APEHA G2 'H U AF
[F AR o= &5 >= threshold

A-dA A U] AAdE BRAE

m_u

il

ELSE
U'=g
ENDIF
L=L+U’
U=U-U'
UNTIL

Fig. 3.3 Pseudocode for the scoring step using the self-training

algorithm
pe ATAY RREFI)OIH, 1

S48 Gese Fgolth Uk
So) Aol U'E BF/E B3l A5AYY He

of & F3t}. threshold= AE o= &9

24
o
ita) ‘g
o
o &2
b rlo
i
i
M
N
ot T

N
AN
2y
o
o
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FAE F-2F 71 AA FFZ2+= Fig. 349 2ok

E75 2§ ol A%
A

s o o

373 99 23

%_ e i

a

7 ™
) o
4 4
iys
B R

mm_.m.

g

ff»ﬁ@] FE wi

A4 23

h

24 @

Fig. 3.4 Flow diagram for the previous morphological analysis and
POS tagging

Fig. 329 <o Az @ANA &4

A28 7t 3}

Fig. 3.49]
A3t A 53t F4 ol
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RS AAt A wHFom o] Fot. 20140l JNEE KA Al
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p
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™

YF(HAE 2, 19873 &2 &8 o] A, FH
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% A AEE ol 8d THed BEE FHi 24 ARE FHE
T AT Y “ofERE-H-270lu “olE R+ Aol sAe d¥
ojr|7} AdE w “obFrherdt 22 HAre] wgo] AT oje 2
& &

A(EAF F8Ahe A%, ¥y CcYK dauglEve =z AHEsr] I
TE ZE ofn ARS A AHRSte] A3 EqrE Z8 o

i
H
N fU‘\E ¢}

Table 3.1 Examples of dictionary structure of irregular verbs

5% | FH2: EY 2% | B3 28 | 29 43
L&t L5 H/PA n BT -
& w/EF - H B3

AP ol «“obFTh el «rdt e BAY FHFFo et FHA £ 2
o} Bt &8 on|e] HARE A FUidt. “olgrherolgte oA
off A «obFTproll A ‘n EAtE FEo] dojyre FAEE T <ol
o FHell & «“&7olgt= FHA B4 FHE 949 dort v Eq7 &
Y A7, A% 3 BEE F&l -/EPE E4ET. FEHA AR
Table 3.1°14 £ Fela 24 ARWe JEZ 7R e Aol
o B9E &8 o AR FEHA ARRE AT A(IEHE o,
201H)E ol st F=H3Y. 71E A 2HY FEA 24 #AH Y YAazE
(pseudocode)= Fig. 3.5¢F 2t}

2) Zoi7t detEr] o]Ae] JEHIE oY, detd o|% JEE &S FolL ¢

rol
&



ALGORITHM 3E¥| = 1 A (token) :
RETURN ®#H& ¥ CYK €8] (token) A3}

ALGORITHM @E| 4 727109 :
T=9Y4 &4 S5 39 TA9 F3& 7|eo =2 &4
Repeat i = 15-H w74 (n=T2 =7])
CASE type(t,) OF

3=

END CASE
Until

Fig. 3.5 Pseudocode for the previous morphological analysis
using the modified CYK algorithm

Fig. 3.5914 S= 949 EZAoH, 7= 948 =4S EE 992 Ue 2
Foltt. = iHA EFZE s, typet)= EF to] &G

“9Y ol Stul(school)ol| FTh S EEHZOo 2 R 3H
W /H (/P school/E )P ©l/H /Sp ZXThH ./P*7} Bt} of7]A
HS A% CYK ¢1E]Ed Fdeja APRS o] &34

EA BEe B/ AW F2 wHor TARY dua B A9s
2 ol o

of Az T2E FAGL TAD A4 Ao AF
M =

_22_



33 71 dH 4

. o] 7FeA] HE
O Ayl EAF 22 Ayl Ach i AE, 1996).

E A 7HE AHH-3 H E(best path)y S &S

AEAH Azdol Ag FU Fea

O

i=! =
LT;(OE

IJ8 Y 201439 % 27}

H 1]
L =

47 8 B4 23 A

| el B S2hsky] m ol /\P%@Pﬂ ol &A7}

F5te)

HS QAT u) EA7F HAAIT. Fig

Hoz So|7t 54 kel

AA=ERL 5

1 SCANEEGNC | 6(2)7_g¢th (O _# 1
6414 13400005396 0
6415 13400005397 oFRL ZED 4 ol 92 7|E 5+ g 1
6416 13400005398 = & 0
8417 13400005399 oEHL 2 SES =YL V25 949 1
5418 13400005400 Agy adas deqdn 0
6419 3400005401 AL nH-E ZosE AF 9t 0
6420 13400005402 HEEL SZESE UL 7 gltl 1
6421 3400005403 %00090000009000900000 0
6422 13400005578 L SET 9= UL 78 5 stk 1
£423 13400005578 AqEE L SET 5 = ¥2 JIE F 39 1
6424 3400005580 el FET 4 Q= 38 7jE & glvh i

e 24 4
ID(SCANREGNO &
£629902999

SIE 47k Fehzol talA 4x 4279 47hA %
A5l el Axsiok Bk o Ze ASE 7

¥l)o]

ol

=]
hun

Fig. 3.6 An example of problematic student’s answers
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Qo F7 ehd

A e
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s
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Feko] “g0

i

ot

4712 FEIA&(NQ, IC, NC, MA)9} «“277F 714 <
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B2 AyE 23tA E3lAY, ¥Ryt FEE 0 stua s Aabgo)
Borng AdE EH7|7HA Aol e Adtes EAF ] Ut

o] ZA|7} AW ARl olfr+ Fig. 324§ o] &4 @A T FH4
1L
E

WA g Agels 1 Ao $3e A
1

A e
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Al 4 & &3 kel go] Belsh A Al WL

&% Fes BA o

g =
>
1z
_124_5

Nze] Wela BA 2 EA RF sEe 33doN AFNd AXY
2o o] A%EE ool Sojge A, AT Zxz d) HY
g guaIZA Aztel o A UAY Wme HEF AFow YL ¢
g3lA 2aTE WA Bl Y

Table 4.1 Classification of integration of morphological analysis

and POS tagging in Korean

FEA 24 5 FA RE 7 R

1 | ¥4 &9 - 5d + FA & HYH CYK ¢ugF ol &
2 | FEl& 29 + 5 - A 7F two-level =&
3 | BY + Fea By + FAF 73} 7184 AR, o] 9™
4 | B - FE4 By + FAF R 29A & =9
5 | B - dH4 7Y - FAF 7 3TA & =4
6 o] £ - B4 - FA RF 2+ =29 Ak =24

‘+>: parallel processing, ‘-’: sequential processing

_25_



Table 4.18] 1S ‘Eo-BH+FA B2 7]HY dxEZF<Q 971 23+
CYK &18]&2 o] &3 Tabular A H(AAE, 1987)°|t}. o] WHE 7]

2o AEAH Axdold ST e el BA 9 FA 23 7Y
of AP B =R AtsE AW e HEN 22 Fy
el uw Hol RelE sABT 1 F, s U4¥ 29, §
A Rate] BAe A2 WAV Fig 418 B =RolA Abshe
CES S R R ES

)

A

L
i)
oft md E»

M _M
2
NE,

2

Hn
o

o
Hl

-t.:—n:E

ot
Rul
b
Fe
A%
i

I

|

1

1

|

|

I

|
=F

|

l
ik
A
oft
)
i

c e I Aol gE AHA
-\.\_‘_‘_‘_-__—-_-_._'_'_,.-

24 A%

Fig. 4.1 Flow diagram for the proposed method for morphological analysis
(Shading the changed part with the existing method shaded)
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Akshe el B4 D EA B2 PPl AE AF TEAZ Y
A Jwrel wol £ mdlL ol 3 J1ASE W el CRFE S
A 7ol who] Bt A4 AATh 1 F oA WE S| BH AR
o wasle] B4 FRE ARV o, B thold] tjs) wWold A
Ae BN At Fui 2% 29U AYe FHT FHa AAL
ol g3l B FRE FrtE YATTE o] HAL 45HoNA AAF HPB
o FHa B4 A4S BW F Mo HE AR o g3 A AR
FA B3 ANE AHT H FALE B AT 24 29E 2990

1:]
st HME BEAS olgae]l WE 4 ULk Table 42% AE ug%-xm

Table 4.2 The structure of the SEJONG corpus

HE ! FEH A& A A9
1 3 Z- 01/NNG+2/JX
2 729 Z 2L INNG+2] [JKG
3 HdHolgt= | 3 02/NNG+o]/VCP+2}=/ETM
4 1+ 1 01/NP+=/JX
5 S £ 01/NNG
6 EA| A A L& /VA+AJEC
7 & Zto] 3ZF__05/NNG+°]/JKS
8 T Z  01/VV+=/ETM
9 1| &+ 1] 8H/NNG+2/JKO
10 Z 8 A3 Z 2 A INNG+3}/XSV+o{/EC
11 skt 2 _ 01/VX+3}/EP+THEF+./SF

Table 4.2} o] A& WoX & 3 £ (014, FEL
Fo1Z ot Table 429 1¥H oA “F2S FH& A4
_ OI/NNG+2/I1X72 Yelt=d], “F 01794 <« 017 “Frolgh= WA
o] Toj7t og] A EAStER i ©ojrt of| ou]| Q1A HEsA S
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7] 913k 28 Ao |t} o] AEAES 74 AR, WHold AR, FEjA A
AL 7= 0 28 fle FHo|BZE AA s ok 3t}
Table 432> &4 7|Wre] ©o] mel gl AL Ao ARE3E AlS EEX
o FAA ol
Table 4.3 Statistics of the SEJONG corpus
T A

= A == 700,014

e I R - T 10.01

ZF od & 7,007,069

ANd & Hd FHA T 2.24

T ¥F"HA T 15,661,729

@<esk F FAF O (AA FAF B ) 37 (52)

A TFEE D ARSRE 2 e F 700,0147001H £ T
A" = 10071 shtel ofd B Hd FEH4 =

W AA AlF LA ARE T FAF Bl FRE S22 24
DA shvel FAS FA ZAKS), BA ZAKKC), ¥4 24
(JKG), 527 2=AHIKO) T3 &o] A&sksto] A&t St uhehA
AA AP T 8 ARbeE FEa 24 B F
3t @ FA s A 28 RS F e st FAR Fdst
37708 FAPHE ARSI AAIRE FA B

o,

3 AR A, FA HEV) e A H2ES ] A 7] 80%%F AT

_28_
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Fig. 4.2 The creation process of required models and dictionaries
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M) Feia Ad A BY B2 (oA, Fea B4 Az

FHL APS £ 99z (o, dHa B4 AdhE FESE L
=< B3 AT F Utk T LdaeES Fig 433 Zo] HluA It

ALGORITHM #7491 ] o1 d e 2448 =9 (A 25A[)):
eojeol[] =]
morphs[][] = [][]
tags[][1=[1[]
ent =1
FOR i =15 nl7kA (nl=AF T5Xx9 & %)
IF A& 25X i) 7} pattern( “#[0—9]+ /[0—9]+7 )S *3F THEN
CONTINUE
ELSE
temp| | =tokenizer (A& &%= [i], \t')
eojeol[ent] = temp[1]° A pattern( “__[0—9]+7 )& A+ A}
temp2[ ] [] = tokenizer( tokenizer(temp[2],"+") ,’/")
FOR j=1 HE n2744 (n2=temp2[]9] L2 5):
morphs|ent][j] = temp2[j][1]
tags [cnt] D] = temp?2 L]] [2]
ent +=1
END FOR

RETURN eojeol|], moprphs!], tags|]

Fig. 4.3 Pseudocode for extracting pairs (word, its morphological structure)
by sentence

Fig. 43914 ‘Mg o]lF[] FHZE 7|ed HAFTE2 M)
Agolt), sents[]= (A4, Fel4& &4 4
Holth, AEETAi]= AMF T

A

= =
pattern( “ATFEFA" )= « 7Qto] Eao] AFEHAAA S JEYE= 4



olt}. eojeol]] & AF LWHEAA FEI oHELS AHASE WHIo|H,
morphs[|[]= eojeol[]9] ZF Ya(o1d)e] FEHAES AAS= HolTh
tags[ 1l morphs(][]o AZE Z Fejzo BFd FASE AFsts W
Foltt. tokenizer(Mr[] sep)= WF([]9] 24 F&E sep 7IEo2 T

AFNE wEd Fe 2 W3t o & E9] Table 3.29] 12W ‘T RA& 2=
o] He A Fig 439 LTFYEHS HALsH 7 WG ARAHE FE

< ofef et 2
eojeol[12] ='ZF QA &l
morphs[12][1] ="=2A)", morphs|12][1] ="8}, morphs[12][1] ="'
tags[12][1] ='NC’, tags[12][1] ="XV', tags[12][1] ="EF’

Fig. 439 2uelgo2 A& moprhs| {19} tags[][18 A2 Aas
olg3te] Fela AHe AP

@ 7184 Ad A4

Ml el B F, (O1d, e B4 Ashl BF NE=5E A
, aWEd sPahse (o1d, Fuhx B4 Adhs 7124 A F7}

o}

(3) sts8& 2o A .
+4, FAh 38 g F + (2o, FEHL&, FAH FE dndE
(4, F4h AE < s (P, FHla, FAH A2 Ldard
Fig. 44¢} o] ojdo 4 Fea &4 <ol A& A &= &
1Hste] StEE EEAE AAETH. dE “Z A8t
AF, i “FaAEE ol T wold FHEjd B4 A «
QANC'E AAFE= AL A st ez - dx o
£ et =7 wjEoltt. 1y «FaA Y «gf vgte wols «dt

ok

1:1[\).1
rlo

o

4z ofy lo

-
-
1
-

12

s

Ay}




IXV»2} “o/EF”2} FAlo] A= ojof s

Vv v Y Y
z 2 A 4 F8AINC XV Ol/EF
CE des 24 A%

Fig. 4.4 Alignment of syllables and a result of morphological analysis

sl =23 FAE ZEsH7] AR AAE 2dS

137l 8l Fig. 459 daglEoz 7t EFe oAl

e Ak
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ALGORITHM 72 &9 A A4 (eojeol], morphs|]l], tags|][]):
syllable [ ][] =1[][]
syllable_tags[ 1] 1=[1[]
FOR i=15H nl7}A (nl =eojeol| ]2 D42 715)
ent =1
FOR j =178 n27k4] (n2 = morphs[i][]¢] 92=2] 7H)

FOR k=1%¥ n37FA (n3 =morphsli][j]¥] &22] )
syllable_tags[i][ent] = tags[i][j]
syllableo[i)[cnt] = morphs[i][j][k]
ent+=1

END FOR

syllable_tags[illent] ="+, syllable[i][ent] ="+

ent+=1

END FOR
syllable[i][ ]9] BFA] 2"+ 3k 2hA) [ 2] Eo)7]
syllable_tags[i][ |&) wpA L+ GF 2FA] [[o1de] Eol7] o
END FOR
RETURN syllable[ ][], syllable_tags|][]

’

M

Hg. 4.5 Pseudocode for extracting pairs (syllable, morphological structure) by
sentence

Fig. 4.59] &ag]EolA syllable[ ][ |=[]1[]12} syllable_tags||[]=1[]]]
Fe4& 2 BREE 9ET] A ARE ofd HE g3 Qo Zolrvt
O syllable| ][] 24 HRE AASIAL, syllable_tags| ][] FAF A
5 AAST. “HE seA e ol tHsiA Fig. 459 dagE
A &35t Table 442 235 A& < UTH

X0 rlr

e

S
=

_33_



Table 4.4 The Result of applying Fig. 3.11 algorithm to “H4& Z=QA &)

B o1 | #4
i| oA ol | i By Am |t
_ AR | AR
el [ EA
v 1 N J B B L
2 + +
1| 4= T = 7
= 2 = JJ 1 N n
1 = NC
2 Q NC
= Q =0
‘6‘_1_1_/\] 1 ‘25‘_1_1_/\] NC 3 /\] NC
21 =8 A8l 4 + +
- 5 sk XV
3 2 5} XV 6 n N
3 o EF 7 o] EF

o] HolEoA d HHE syllableli][cnt] 7} &
HEE syllable_taglillent]7t F3 Q= Feltk ix Z EZNA odo
=ME YL, j= i8A ofde] kA 3= ¥
. “TaAsreks ol A «FTaArst “afrete Tl
lom Zh dojs A o A Tele] FHiz Eedr 5d FRo
el ' HellA Hojzriste] FEl& LYE & B, Tl ¥
e 28 dade «FaA & o7k 2 Aotk oW FEi «sh ofrE
o] “r= wige A7I7] 7 A LarelFe] d8sit

o] dAelA «s»= ojmlolu, T ThE o] “S(A(TF)elH Bl (R
phel oulEs Ad @ s I AAZ g2 FAE AL F A7 o
Tolth oA H =0 i FoH(HFRNE) TAle dolo d3 F
Ao £4 o] YXAsHA] e AE sAsky] fd dolst FEHAE
AEafoF st} o]& 3l pythond difflib gho] B gl A A F3h=

SequenceMatcher &60E AF-23Th SequenceMatcher &2 T2 Ha

5) https://docs.python.org/2/library/difflib.html#
6) https://docs.python.org/2/library/difflib.html#sequencematcher-objects
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diff &31e]E(Heckel, 1978)F {rAlstth. Fig. 4.6 Table 4.4°] ZAF}=E o
oot Fel4, FAE AE3H7] Y7 Python Z o]t

lef align wordiZworph{eojeol, sylleble, syllable tags):
L
para eojeol : Fig. 3.11% eojeci[1Ml GHE
fpara ayllable : Fig. 3.11% ayllable[][]10 diE
ipara syllable_tags : Fig. 3.119 ayllable tags[] []U“ e
Bvar sentence result : Too 2f HE €2 (HH, s, EAh BE 20E HEY

Bvar result : HE €2 (HH, ZEHL, Fih BE ZUE HE
LA
sentence_result = []
for i1 in range (0, len(eojeol)):
3 = difflib.%equenceMatcher (lone, eojeol[i], syllablel[i])
result = []
for op, il, i2, 31, j2 in s.get_opcodes|):

result.append([op, eojeol[i][il:i2], sylleble[i][j1:j2], sylleble_tags[i] [J1:]32]])
L

Bvar op : A2 Z0 (egual, insert, delete, replacelt =)

Bvar i1 : eojecl[i]lHIAH E2s 20Dt AET= 24

Bvar i2 : eojecl[i]HAH EES ZIDt EU= #7

Bvar 31 : syllable[1]2} syllebde tags[1)E ZEE 200t AT = F3
Bvar 32 : syllable[i]Zl sylleble tags[i]E EZs 2100t Etk= 27

sentence_result.append(result)

recurn sentence result

Fig. 4.6 Python code for aligning (word, morpheme, and POS tag)
using the SequenceMatcher function in difflib

Table 4.42] A3} Fig. 4.69 ¢elES ZE3tH Fig 4794 22 2
5 A F YA, ol& E£E A SHH Table. 4.59 2T

EtH: HE

=x mE. 4=

SA HE: ("HMP', ‘JJ']

—————————— SequenceMatcher () &8 20 ——————————
Ecquasal H 4 wp

insert + +

Ecual = E Jag

=H:  E=AleH

=2 32: ZEmAl+gh+H

EA BE ('WC', 'EW', 'EF')

—————————— SequenceMatcher () 2% 29 —\—————————
equal ST Al ST Al mNc

replace o +5tH +XV+EF

Fig. 4.7 The Results of executing the Fig. 4.6 algorithm

for a given “UHE F8AI3H”
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Table 4.5 The Results of executing the Fig. 4.6 algorithm

for a given “ZFQ A &l”

A Z A} SequgenceMatcher 2 3}

AR | AR | 48 47 o ERES A
= NC
) NC equal =8 T2 NC
A NC
+ +
‘C‘j X+V replace 3 +&}+0] | +XV+EF
o] EF

SequenceMatcher 372l A& ZAI = “equal”, “replace”, “delete”, “insert”
7F o, AA Alzgo] Yeid A3E EE AAH YT ou|= Table
4.6° AEAt. o] A8 AHE o]l &st FHA o] ZEH WHold AL

[e) 2~
Aeg 9E & AT

Table 4.6 Meaning of aligning results

equal ojol FEiao] £4 Adrt dA

replace | ©oj¢F FEjLe] F4 ARV 9E B8 AbA
delete oo afgst= FEAT /il

insert FH4 #2918 A FEAH)

(@) Holg A A

A gkolu} 7hg miH R o A9k AASE A $4e AW T, 3

g8 wolsl Peja B4 Ane YRE Woly Ad Frhath “F8
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Alefre] «“ef»E o= EW “+dHo7E “shojr® WS F, ( “gfr, “H
of” )o] FEje} o] WHoly ALHS YhETH

(G) 2o 28 =d A

o] Eg mdo] A9 ‘equal’d ‘replace’e] AR E ©]&3}o] Table 4.7
o] Feje} o] 58 TEAE AAIY. To] £ BlI= CRFE °]
83 =4 7Idke] Hmoj2x7|(A3Ad, 2011b)dl A AFESE B, 1 Ej19] O Hj
= F71st] AREgT

.

uf

Table 4.7 The Results of word-segment for a given “ZQAI5K

- SequgenceMatcher 3} ol
=4 | FA A4 by
AR | AR A5 o] 2 B~ A ;]:L

= NC s | B
8 NC equal = QA Z 8 A NC 81
Al NC AT
+ + B
Bj X+V replace &l +3}+0] | +XV+EF | 3 %
o] EF [

o] £ B2 B T sAoA Hoj2rlstels vy, = Ho
27184 Feves rlelth o= OWQ Tl &Olh & = AH(space)
olmz FW EAE ¢ E X33 F, gojxr|ste] Eslete ou|o
o

(6) Aol FE A A

Aol & A2 4 23)e HIT 4 @Dl ddstes FAY =9

& Pilt,_ )% 2 249 3 FES AHEst] 443

freq(t,_,t;)

Pltlt. ~
(i) freq(t; ) 4.1
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43 54 7|4Hke] o] &

& 7] ©o Zeef 7EA]] JiE2 CRFE °l&3 &4 7

T
o

o] 3 ZFFolth(Laffery et al, 2001; AAZE, 2012). & 7]¥re] moj2
7] A FoAxl &9 2 S4dd tiste Hojxr|E &

A7bE UERE B $3 BAZ 2 % ok <UeAuEndte
o

TS CRFE °| &3l Hojx7|st= #H L Table 487 Zo] AHYT
AT
Table 4.8 An example of syllable-based spacing
49 & A
e 44 oA UEEAY
3 L o A U = 2 i o
=S g
CREE ol Ael=®g/ <130 "B 1 B I I
434E =49 oA UE Hith
o EAo] dgoz S0, CRFE &3l dld &40l B, I el17}
Roldh o714 BE g SN AZE oo AREE Folnz
Hojr] g sob drke aoln, 1= ool ool %3 $Hol A%

B Hoj2y]E A Holok 3= Ej1olth B, I BITLE ©]&38to] «1
JAUER AT etE S Hol2r|ad “YoA U4E Eityel 2o
=4

Ueldoh &4 7)dke] do] B EAE o)} e WAoo w AT 4
Ao, "Hojry|e} 2| Fig. 4443 &y FEH& £ AAE A3
ofF it o & FHol AdEdl, ol Y3 4382 (3)olA B3I &g
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CRFE ©] &3 54 7|4l tho] Eg XHJ_% =4 7|Hke] gojxr] 2}
E2 Table 499 A3

L
of\
du 4

Table 4.9 The feature set for morpheme segmentation based on syllables

UoA
g e[ 9 [ e [ A 9
B 1 B B | O B
AHd T/ Wi—og | Wiy w; Wiyr | Wiy
1 v
2 v
3 v
4 v v
Ao 5 v v
) v v
7 Ve Ve
8 v v v
9 v v v
10 v v v
=9 43 HoA . 4y
we AY 2SS 9HeiH, w,.o = oY &4 o T WA

X FHot w, v A 4 FHe SHolH, w,,,
Aotk oY ek BEE AT AHS A FHE FHOE 2
NSk 27 He SHES =TS 1071 AE 3 Table 4.90] FAISHA &
o i 5ol =, A, Fol, A T HF T oHo] &=
Ao gt FRE A 2t} o] AR Fig 3.59 YJAIZE=9] token®
= dadSoA tokends SAHE HIFEE AOoE 3T £
o8 A gtHE CRF EHE& o]&3dte “YolA & Rtk egs

sl =& 7|dke] ©o] EElE S Table 4109 AHE A& & Atk

>~9L
—Q:lo

Sl
o X
=2
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Table 4.10 An example of syllable-based word segmentation

49 g ZE.
=4S U™ HolA U& Rt
i de A *° 9= = Ag
= B g
CRFE T3l @l &9 | o' o' | o EB O B B B
FEEEE 9 oA _ g B _ B 9 o
4.4 A= FeA EY 79
oA sue) gol Bevt BUd dF AEs ngoR Fua Ba
SRk Adste Fea B4 7P J1BA AT Wold A,

— T

oy

l

TR

BE ofZel| 3]
7184 A B gs

A wEg oA w37

J

FH i &4 A
AA TFZ Y= 6

9

Fig. 4.8 The proposed method for morphological analysis

N 22 )E AR F, 2 ojdel] tis 7]
T} BE oA i3] 71EA Ao tig g

)
o] wol, @2 wol, Wold Ad wA
7
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chepd Aol 8 1] A8l Al <4l>g olg3te] ATHE 3
H 1

g oA _ g 2 _ ®oa oo

AA 4D

A <a1>0) BAL “UelA }E muteis BRS 43864 A8
% gd 7o) dol Bel'® fad Aot At FEs
A% Avte oAl <418 BFL Fig 495 2o o] AR 7= G2

N

Fig. 4.9 The lattice structure G as a result of morphological analysis
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o F Z2( ) A

A &
‘E AYste Lotk aW EAe B¢ FHA %*—1 A ¢/ SPwt
RO =2 Fig. 4107 Zo] ¢ / SP o

ERE b = 2o g

Fig. 410 Adding * /_SP_ nodes in the lattice structure &

Fig. 410014 At EA® $8o| F717h g Ao, A3
EAE RELS Fow Fdu AT St AH e 9

st ¢ FAE AAISS dA <4.2>9F o] o T = EE T

Y A U = H

<
o

oA <4.2>

29l wolEo Yol shitel of
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18 Apdel BA wele ofdolth old B sua Ade
st ag ojdo] 7|4 Adel Aste] AT S, Fig 4113 2o

7184 Aol ' ARES Ao wrEo Aa Fx GOl F7HETh

i

L | 4 £ L I

/NP o Al/]]

A 4

Fig. 4.11 Adding nodes in the lattice structure G due to lookup of the
pre-analyzed dictionary

W A%, AR T2 G FE AHES G4 Avel Fejk @elo)
ok S, CUNP ANrE HYOR RS Aol opueh, “LNPISh o

]
ANPrAYE Fea @2 e F713 5, 4 BF Abole] e F



() = 29 dof A=

N8 AR B gud Fo Hel Wt oAl 43> o] 7 of

o) whojolt}.

o)) <4.3>
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=1 [¢]
A A7 EAskE 79, Fig. 4.129F Zo] &4 AxE AHA

2 7St AR 72 GOl 7.

SIEIE

v

H/NQ, ®/NC, ---.

Fig. 4.12 Adding nodes in the lattice structure G due to lookup of the
morphological dictionary
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gkok St Tojo] tidk FElA Abde 2 Axy) EZA SR GEThd,
Fig. 4133} 20| w]5E0](Unknown word)E 53l < UK & FALZ 3}

= AAS WA Az F2 GOl F718r)

e

Hg. 4.13 Adding unknown word ( “‘waord [_UK_’ ) nodes in the lattice structure G

-GS 33 2 @e] B A7t FEH B SS AAFA
I3 atE GAET
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5) Wold A ©A

Ho g Abdel g8A T Al <4.3>0AH FAF To] ot W
ol AP BAE 4ok FARRE WAo® XdITE Fig. 4.149] A%}
2ol “®B @l o] «“Wve] Ag ol Ao & ATt < vrol
HAot ®old Abde] g ARt EAste A dlT ol i ¥

B Ao A Rastel 0 AR Yo Frlw

| [a] [
Hola ALA =
Wol g Apad e i 2 ) ALa

Fig. 4.14 Adding nodes in the lattice structure G due to lookup of the variant
dictionary
old, «(6) Tolst WolPe AFatd FEla ARS BAsE Ade
Z1e48k7] 918, Fig. 4.15¢F o] Z} ©@ojo] wWo|g o A WA Fd3 nt
At Fdo ik ARE siF o] HHo| FU}et
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Fig. 4.15 Adding the first syllable and the last syllable of variant
to word information

“Are] A weld <y vrold A WA S-E cuirel viAY &4
QA “rro] wof AR FrHHETE Fig 4159 2E% I WHolgo] &
d ARE F7HE dubEdd Fxolth w & BojolH, K& Y Told
Holde] A WA &4 AEE9 HAPelrt. L2 4l
npA e S FRE] Yol

1

ofl
By
2
Lo
i3
2
ot

o
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©) ©olst Wol¥g A%

Tojo} o)y Ajsts Wl Fig 4.163 Zo] 47kA]7}F Q)

....................

Wy | + F2
Lyt Wy
Liji + Fp

Fig. 4.16 The combining method of words and syllables of variants

5 tho] gholuk o] fojZink @Al Wolrl woln Te woist
w,d A Aol dojups WL ol o] 47k ol ot

o A Dol(w,) + TS Tol(wy)

o FA Dol(w) + TF @0l WHolF e A WA SH(F)

o A Tojo] Wolge] mAut SH(L) + TS Tol(w,)

o A dolo WolFo| mixu SH(L) + TS Tolo] wWo|F e

A AA SH(F)

ZF ©oje} 7} Wolgo] Agtet A" Tojsol sl 4ol AT
gao 2 FHa AHde "Aste AX 2 Gol A3E FUHH. o,
FEI& Aol B4 ARt EAEHA ¥ AR ES AHoE FUISHA
Rt o] A& a9 YeElNE Fig 4179 2o
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Wiy Wp Wj
H A = w, +F, | BU/PV &

d . iy i il . 2 3

2 3

Fig. 4.17 Adding nodes in the lattice structure G due to lookup of the
morphological dictionary for combined words

M A= BAH w2 AW F)
vE dojd] @ Bejs Fu 4G BY

(16 FHL wuste] we
W Fig. 4185 2ol A% A Bos)# rlA= FH(E0S)S THZ Gol

7t

Fig. 4.18 Adding the BOS (first) node and the EOS (last) node

_50_



Skl Wém e YA Fela B4 FH FA oE Feja
AaloF FTh o HYL EA Raojely k.

2

()

_?L

e

il

2 [‘Uﬂ,
O

o
% gtk A% e AT —ErX}OJ ‘BOS’® ;g_u_—g— ke Aol
o Ao gy B9 ‘EOS’ e ARE zt= A Ho|th

Aol AT 7HgAE 2 249 o3 F& Pllw)et 2 @19 FAH
W StE Pt )< 2 @2)9 st F3tth

&

YA = Ptlt,_,) x Plthw,;)
~—(log(P(tt, ) +log(P(tiw,)))

N freq(ti_ A ti) freq(ti,wi)
~ ol et ) % eatw) w2)

—

AA B B HEG o3 FEL T
Ashe] Hats 4o MIsto] AT

rlr

T 4 FE logE

Fig. 4.189] A} Fx2] 2t 2 (4.2)9] 7tFAE AAste] A
7}Ex) a8)= G= Fig. 4.199} 2o
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Fig. 4.19 Loading weights on the edges of weighted graph G

HAd A= duglES o83t Fig 4.199 715X a2z g9 A%
oA wixet Ao g 7= HHY B=E & ZAI= Fig 4.203%

_l

7
2t

Y/NP A/ [ SP_ “HWNP £/ [ SP_ RU/PV v THEF

Fig. 4.20 The shortest path as a result of POS Tagging

soldl Aol ARE FEEA FHOR 2HSE FA 1F A
7} e,

o
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A5 A AE L HU}

Bt A4

[€)

T

51 4

wK

flZ
<

o}

15,00371 o1}, Ad5 H 7}l

AFEEA(THd =4, 2011 2014d

evaluation

Y

T

}_

<)

aL

o

T

HAA A
]o] AR = Table 5.1 2t}

T+
Table 5.1 Statistics of the SEJONG corpus for performance

MNILO[<H O |©O |00
OO IO | |©O AN
Sl <
LO [ |~ {e)
I Lo o
Ny «© .
Eo — o
=19F K
a2
T NE
S 60 =
B TR R
AT ﬁo ﬁl ‘mo a.._
Ro| o | &M | 1o Y
mh| . | S _
x| % IRE| <R
o | Bk [No |5 o | T3

of ANdE “m7l¢E SIAAAR B =0, As), 73}

ArE Yol

5.1.1 Al
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5.1.2 20143 =I7}r-E FAFHE Hrp Gt

T
s

H7HE Al AFERE 20149 FIUbEE SHAFHAE W7H2014
NLSA, National Level Student Assessment)”’$] W &2 =0, ALE] &=
o AEd £FS AR AA StAE9 F T Folt(d=uSHA

, 2014). 3l ©eHE wSsHAARFIIAH APt “Tbmo] AFH
T AsAd Zz2a9 g 2 A8 A ZEAHAEE 95 AT

bsolsl, motel BAE 98] S FuE BRIE A 5
% A H = Table 529 2t}

37kl

e

Table 5.2 Statistics of the 2014 NLSA for performance

evaluation
o-d 3hd 32 =3
3= =to] ol | A8l | W
= HE 2—(2) 6-(1) | 6-(2)-71 2
ok o 7,965 7,965 7,453 7,442 7,706
A 30,498 26,935 39,010 | 14,713 | 27,789
= g
B ol 2 3.83 3.38 "7 1.98 3.61

52 Ads HUl 3=

B o=re) 4% Wy} Ax

| Y

(precision)©] TF. A @& FEfA&

<

) S

F{

24 e 3%

o

e FA RF 7We) A% Wk Hmolnh

D]

E= Table 5.39] AYH A

S (recall), 43

37} Aol n, 4

Table 5.3 Measures for performance evaluation

e YIAE Fela N Fejs 24 R R
A A& e —— 7 %100
PRI R=ae BB Aoy g9
_ Ao Fe A N FAFF-2F A o] FEN A0 g
PR o1 ]
O™/
Y IFEA -2 A3l BEA oy g
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AHAEL od D= A2 FE
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‘mo

o
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i
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o
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0

ity

—_——
7A
Hin

del FA 23 Ans} driy A8

‘_ml.o

g

=
T

o 7

| .

AL

t 71 o] Hlal o %(baseline)

EA 52 7ol

Table 5.4 Recall of morphological analysis

Table 5.40]H, FAF B2 A3 = Table 5.5°|t}.

51.18904 A7
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Table 5.5 Accuracy of POS Tagging
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53.2 201499 =71 F SUYAHAHE U FHA B4 L FA 73 A
Table 5.6 5.12&A AW3 20143 =7} £F TIAFHE H7}o
SOtES o2 Ay H7EE 3 Adtolth A AF3 AAHH o] A
tomg FHElhk B4 FAF 2 A

5
B &9 R} o] wE AHE U gdew B

sk

Table 5.6 Performance of morphological analysis and POS tagging
for 2014 NLSA

shd 52 =3
B Stol =o] e et
= 2-(2) 6-(D 6-(2)-71 2

Al 7RE | ARE | ZRE | ARE | 7R | ARE | 7S | AR | RS | ARE

22| O] O] 010 | x| OO0 |0 |A] O
AZKZE) |40 | 1778 | 310 | QM| - 015 2223 | 08| - 4%
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Agksts Fed B7 R FA 22 AW eRE A £ e

olE A Y TAE FUI & 7|6k wo] & ARt AgetA &
2 ke = 522 ojdoel dis Tl

g A#7F 24 Ydehde 2757 Aok dE S0, “I AbEo] 9
g B di&] g & JPT S <HErgs ode <9 o=
7 olEF 2= AHE 29T
oA «Hfsrete o] -

oF StAuk “ska] A 2 Relsle] Z2H

Gk il

48 ARl EAskA ¥ Ad 2 e/t o] Ave 48 A
e == H AR Fig 469 (2], Ela) AE dadFe &40
o &FFoll Fig. 469 daglEs F48tY 248 AAde Bastd 9
LFe WA= 20| T

L
= FHa ARde si" dEad] ARE Friete Aom AT & 3
A

ot o] o= Ho] & ArdoNA JI(EAH-SXN(EAY WA FHu| Ay e
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FEF] WEAH-SNP(HEAY S SFEGET e %S JFAHA “U/NP
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