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Abstract We propose a format of a binary phrase structure grammar with composite labels. The
grammar adopts binary rules so that the dependency between two sub-trees can be represented in the
label of the tree. The label of a tree is composed of two attributes, each of which is extracted from
each sub-tree so that it can represent the compositional information of the tree. The composite label
is generated from part-of-speech tags using an automatic labeling algorithm. Since the proposed rule
description scheme is binary and uses only part—-of-speech information, it can readily be used in
dependency grammar and be applied to other languages as well.

In the best-1 context-free cross validation on 31,080 tree-tagged corpus, the labeled precision is
79.30%, which outperforms phrase structure grammar and dependency grammar by 5% and by 4%,
respectively. It shows that the proposed rule description scheme is effective for parsing Korean.
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1 A}Z/nen ONecn — nen
2a 2A/xp+(0Ncn A3t/ncn) INcn — xp + ONcn
Zb (ONcn AlZH/ncn)+E/xsn INam — ONcn + xsn
(ONcn N Zt/ncn)+©Vics jesNen — ONen + jes
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o
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N T 55709 FALEIaR o]Folh KAIST EAH
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2 Blw3 9A FEE & el 28 A
EE 98 & 344 Re upe 2o e E Jee
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2FAZ BHHHC dE 9, Yesx's A4S UE
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3 4H 2 98 AR
HEAIZ
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g =] FE 73 239
AlZste “Etmx’ & @ FAAY 98-S vellls Ao
ol AL T4 o]¥-& Jehly] wEe|th oA
T, o) A BE HolBe BIT “etmx"dl 9
3 YEHAKT) “xNbn"0] $4& oz HAHS
2 #HyYolo] AL e gEYAIFTYE vehdrl o]
g g FAgste 74 Yeo| FAvd B ol
< s e ted 2ok
«Case 0 (3] #4471 & /A9 FeElws 7HAE 7
) type 1, AFALE 7A€ type 2a, HAAVIANE
7HAE type 2b FHEC] &¥th Type 1 &=
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+Case 1 (Lo] HEI9HE 7R3 Ro| gEute 7MA&
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et B3 fol8e Ruelsm.02AM, AnpFow A
A8 FAAY 9L Rl BHE Lsw’t Tk
*Case 2 (L% R 2% AHUE 7MAE A9 type
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A7t 98 FEE 71AA 41 FEHEM RoawS 71
3 S-S YERdTH
«Case 3 (L2 €9} 988 71A2 Qo RE 4
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R +(ONen Alt/nen) O(Ncn) X (INcn)
rule INen — xp + ONcn
Type 2b L (ONcn A2Y/ncn) O(Ncn) 1Lssare
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Case 1 o el ks LHS #lol&
Type 2b L (ONen A13Y/ncn) O(Ncn) b3 RroteLstate
R °|/jcs X Of(jcs) (jesNen)
rule jesNen — ONcen + jes
Case 2 ol CLl a8 LHS #ol&
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R +°)/ip O(Jp) X (NbnJp)
rule Nbnjfp — EtmNbn + jp
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R +({ONcn AlZ/nen) O(Ncn) X (NcpaNcn)
rule NcpaNen — ONcpa + ONcen
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Case 3 o el o & LHS #o)&
Type 3 L (etmPaa AF+3H+L) O(Paa) Ofetm) LRoteRstate
R (ONbn Z/nbn) O(Nbn) X (EtmNbn)
rule EtmNbn — etmPaa ONbn
Case 4 o Fel 98 LHS #ol&
Type 3 L (jcaNbn 9+A+1-€) O(Nbn) Ofjca) RroieRsate
R (joaNbn 6+A)+7}A]) O(Nbn) O(jca) (jcaNbn)
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(S (sfp (efJp (JesJp (jesNen (ONen Al Zhmen) + Ol/jes)
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(ONBn Zd/nbn)) + O| fjp)) + Chief) + ./sf))

(@) 2& (1)o hE 25 53
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 AAY FEF 2L SAREeld, 1 olf= oL
- d e g

1. LL € RR %2
9 9.

2. LroeRroe™® 2ol 23d] AR {lo] 98z Jgyie)
2L olF= AL Fonsit}

3 ol FAA) 98 ARE Jhe 7] 33
4d FARE Yepe RERTY 94 228 ®d
goan XY dBAHE MARE Ft}

4. LrgteRsute?t RroteLsme= THE BEE 5 gtk

“AlZ/ncn+ol/jes”el ¥ case 1 F& “jesNen —
ONcn+jes™dl dig AwWe og&x ok WA, ‘A
/nen’ & AAYPELo)EE G 95 73 “ONen —
nen’o] AEPth o|F Hel| e ‘ofjes’ol thE o
2424 AR )ics'es FAANA F7 F4EA
YYesx & HEMH, BF #HolEe F7 wAFes Ed
9] “esNen"o] Attt A7) A 28R Yesk'© FHZ
AL ol WA Hell Yot Edolck. 19 3
L 23 (DL ol# B golEg )83 Ef F
Z2 BAF Aotk “Jes/p —>jcchn Nbnjp'e &
HYAF AELEA AuaA A&l

gy slR]) ket B, case 4%

“jesNen” o)

€ % D9 59
“Nbnjp"$t Z¥sld, AH}HOZ Folg F4g Ve
Mol A “JesJp"7t BE it

4.4 3

o) BolE AL #H Jle el 1 AAz @
o 7F BAol AYVAS VU] 98 4Y 29

2 723 KAIST T8 Ef Z¥aE 5579
KAIST EAME)19} AgE TRZEHE 243 31,080
2o A= ol #42F BF od £ 2 3

HA v 47F 11.35 2 25.620]th

A¥E SsiM KAIST ZH2F ANt 78 72
Whgoll oA WEkse Y ¥ A AlE (cross vali-
dation: CV)2& A8t 4¥L PCA9 Hancom
Linux 2.2 #7924 MSLR #A[14]8 ol&3te =3}
fe0, A7 248 93 PARSEVAL H7} 71E3[15]

2) @A Algeld WA 4 ¥R 75 BEIAG & FU 8 gt
A 4 BRE EoPIHA Afste AeE, B =Rd4e AA ans
£ 10583 2 384 ch¥ held-out test-3erol ALEERA ¥ B
g digle] APSE Ao 9 REE AFAA YA Ul 2E
£ A1g- & 48

3) B%&(precision)}E ¥4 A x¥P gulE FE 22 (cons-
tituent) 7A4=9] ¥l&, QP& (recal) L GulE 7& B4 TPY T
a2 e F B2 A T g vigoltt /¥4 Ag4E
(iabelled precision:LP) ¥ %A A#& (labelled recall: LR} ¥
840 91 EFE I FELL) U9 olgy 9A ARl
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# 4 KAIST 3o Wig £ 73 71e PH9 438 29

24 24 E T S S VY AR P LR Lf&%R
1 PSG 1,000 8 5,262 871E+08 74.66 72.18
2 RPSG-1 1,000 8 2,654 5.00E+08 74.09 72.36
3 RPSG-2 31,080CV 8 2,381 3.76E+14 75.39 72.83
4 5581 31,080CV 726 10,735 4.69E+06 7558 75.58 79.30
5 35812 31,080CV 343 5,868 1.34E+Q7 7305 73.05 76.73
6 MP-based DG 31,080CV 55 1,027 797E+07 75.32 75.32

< 43 EVALB 2 233[16]8 ©]83th ¥ 4=
ol3 §RNA AP AY FAE 2HFu ok

AY 17 2€ [3]eA AAE RelH, d¥ 3& g2
AY BRFNAM A AET Aotk FrREYH A
FE FTREYAAY FE HolEY AigE 8tk
A A A A8 A4S FR BE 3ol disiA
o 7% AYEE Holm gleH], ol dole By 7
A BH 4% g8 o] B% A% FFg=E
WeH17]e AHT fALS Adolth

ymz 4982 PCAHIIA HanCom Linux 2.2%
MSLR #AME 283l 4= 48 45 Agd
T Jle Wy o3 A¥egA 55 e FAEIZE
HEsgon zwraRey FFE TE dolE Af
& 7267h0lth. B #HolBL CiCrE e 4 glon
Cre 4 AHE BHIEE, G2 715F R 317
FAE s, BYF WHeg G2 29 £ %
e 687074 ")k whabA, 2108709 FE 3 olEo]
Theetel, Beiat A A € FEHQ B Ao
2 Q3 AW2A 726709 lo]Exte] WAH Ao
} =3, 0% ARE FF el 1057) TAHUA
o dgdMe ZEE oF dojEolgdn duidr =
H2oq Ao F2d ALde Uz XY
YA AY 49 FAAHE BB LP 2L LR 3 A
EE FH43 JHRo| T5EA%EA, 7|1E WHES Hm
g o 7TE Y 739 e PHoEN FAV gS
< ¢ 5 Aok

Ay 5= AY 49 vimsle ztEkslE gl Qo)
nxe AL Hrksy) 948 3Bl EAEIE FHE
3 Zzojch AY 4o AMR-E 557 FAFEILE 5F 2
A Fol (d: pvg, pvdE pvE) 357) FAMEIIE w
Fo] AP Ao, 55/ FAMEIE aRE o843
Al Wig] 253%9] 4% AI}E UEYLh 1 olfe

2 7EA AH & (unlabelled recall)2 ol 82 U ARE naisa]
¥ Aol

4) KAIST-POSS] EA¥Z(symbol)., MA(nominal), &= (foreign), 7
(interjection), A1&°l(predicate), F4°}(modifier). A&&AZA}(co
ojoj EgHdrt.

FAE AeE FolhA FAEIY ZIE AR
Aol A7 WjEoz FolEct 43 62 ¥
A FAFEIZ 79 &Y Fgolth Hed FAME
2 716k ERFHE Z FAAS AuAY FALE 1)
o) FHEH7] &l 55709 #HolEg A, A
& 2 AELEL B BRET 47 A3 Hos
et 3o

A8 49 59 2 F, “Fd LPRLRE FEA A
#&7 FEA AELES FHrlss o oM, 72679
TFEHOIES 44 55709 3BHE FGBAIA H7)3)
B Aot} o9} o] FEIES JusAA )
B olge e Zu

39 4% % “oFETHE BYe) ¥ ud 7R E
7 BEAEeIth (aDF bDE7} BREZ|T, (a2)9}
(b2)7} FEEA VY] AfEd et 2N B ul9)
2o}, (a7} b TUF TE 4 FRE HEdsz
Jdeon, mrA R (a2)2 b2)EF FIF TE 54
FRE Jehz gtk 23d, B 5004 By uig) 2
o] fEX FEEH APEE 1T W, Ed )9 3
f-ole NP[25]%te] E¥ 722 Hrhged Hs), =&
b)Y ASoe 2% EY 722 7HFd

TTrEEYH 2 ASY Fr=EydAs 8 =g
27158 AMESlEE, FEE 9 AAEL 89 Aoy
of tajaet Q) o]AF el Agkd 7H 7
z WHE &0 FAHM Hrke) 9% A9 Fge
(clustered LP) ¥ F& A¥&(clustered LR)E AAl
g & sled, 48 Eof 7E #HolE “EtmNen"e W
B3tHl(non-composite) BHIQR7|E “Neno2 AW
E 4 ik o]FA 3 726709 B oo Ay 4
o AL 557 e AY 59 AL 357e wgur)s
(FBATE 1] A9 2802 AME § Stk <)#F A
A& T3 By MY dMe &8 EANY “EtmNen
05’7 Fd Eg “JemNcnl05]” 25 598 “Nen
(05’2 BA"ct AF 494 IS LP & LRY ¥
Yoz HANE AS, AXT 73 7lE We] 79.3%
o AGEZ 7E] tZ Wy uldl 4% olate
d A5E 240



242

ARAEFIEEA AZE ] W S& A 31 A A 2 Z(20M2)

NP NP NP NP
AD’Jﬁ\A{P WP 4P I\IIP/[\I\iP
paa +etm nen Hem  nen paa +tetm ncn +jem  nen
olgE +& HE +9 2 OLEE +2 HE +9 2
0 I 2 3 4 5110 1 2 3 4 5
(1) a flower in the beautiful garden (2) a beautiful flower in the garden
Q@ H&SE PRXIRY Eg| 7 EH
jemNen JemNen EtmNen
EtmNen //\ /\ JemNen
T — }cmNcn/\\
etmPaa OI\‘lcn OJch etmPaa OI\IIcn OIch
paa -tetm nen -Hem  nen paa +etm ncn Hem nen
olEE +2 H¥ o+ 2 || oEg += mu +o 2
0 1 2 3 4 5110 1 2 3 4 5

(1) a flower in the beautiful garden

(2) a beautiful flower in the garden

by HeHE A 7ls Yol mE B2 = B

9 4 “olgthy B Fol UE T2 £ EH

it

57 & 7F4 Zledddd wE LP BrHHE ASHAE U & 9)

(al): AF = (a2): A3} B3 +
NP[0,3] — ADJPI0,1}+etm NP[2,3] NPI2,5] — NP[23]+jcm NP[4,5]
NP[05] — NP[0,3]+jem NP[45] NP[05] — ADJP[0,11+etm NP[25]

(bl): AF EF (b2): A7 E¥ }

EtmNcnl0,3} — etmPaal0,2] 0Ncnl2,3}
jemNenl0,4] — EtmNcn[0,31+jeml[3,4]
JemNcenl05) — jemNenl0,4] ONcn[4,5]

jemNcnl2,4] — ONenl2 3]+jeml3,4]
JemNenl25) — jemNen[2,4] ONenl4,5]
EtmNcnl05] — etmPaal0,2] JemNcnl2,5]

b | Bllo

KAIST #A} 8l A%

morpheme tag
Symbol splpause), sf(full stop), sl(left quotation & parenthesis mark), sr(right quotation & parenthesis
>ymbo mark), sd(dash), se(ellipsis), su(unit), sy(other symbols)
ncpalactive-predicative common noun), ncps(stative-predicative common noun), ncn{non-
Nominal |predicative common noun), nq(proper noun), nbu(unit bound noun), nbn(non-unit bound noun),
npp(personal pronoun), npd(demonstrative pronoun), nnc{cardinal numerals), nno(ordinal numerals)
;—;3 Foreign | f(foreign word)
S
Intj ii(interjection) |
Predicat pvd(demonstrative verb), pvg(general verb), pad(demonstrative adjective), paa(attributetive adjec—
Tedicate | yive), px(auxiliary verb)
Modifi mmd(demonstrative adnoun), mmaf(attributive adnoun), mad(demonstrative adverb), maj{conjunc-
BT ive adverb), mag(general adverb)
jes(subjective), jcolobjective), jcc(complemental), jem{adnominal), jcv(vocative), jca(adverbial),
Josa jci{conjunctive), jct{comitative), jcr(quotative), jxc{common auxiliary), jxt(topical auxiliary),
jxf(final auxiliary), jo(predicative case)
Al
fg;}\ Endi ep(prefinal), ecc(coordinate), ecs(subordinate), ecx(auxiliary conjunctive), etn(nominalizing), etm
¥e)2 | Ending (adnominalizing), ef(final)
Affi xplprefix), xsn{noun-derivational), xsv(verb-derivational), xsm(adjective-derivational), xsa(adverb-
x derivational)




23 dolRe A4 BT 7B 74 013

FE dol g Al

ONcn — ncn [413}]

1Ncn — xp [41] + ONen [71€]

INcn — ONcn [A1ZH + xsn [E]

1Pvg — ONcpa [#7Z}] + xsm [3}]

1Mag — ONcps {F€] + xsa [3]]

jcoNen — etnPvg [2+71] + jeco [E]
jcsNen — ONen [A7H) + jes [©]]

JcjNen — jejNen [B-4++4] etnPvg [£+7]]
JemNen — jemNen [39¢]] ONen [E]

NenNbn — etnPvg [H+71] ONbn [w&]
NbnJp — EtmNbn [AZE AT + jp []]
JxtJp — jxtNpp [2¥] NenJp [3H4ol]

NcpaNcn — spNepa [AX],] ONen [ A]]
MagPaa — jxcMag [W¥1}] OPaa [4)

EccPaa — spJp [£1,] OPaa [FAIH3})
ecc]p — ecc]plFFHOIAA] + jxc [E]
spNepa — ONcpa [HA] + 0Sp [,]
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