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Abstract

A natural language processing system usually has the demerit that its processing time is

relatively long. If an interactive system makes its user kept waiting long. it can ‘t be said
to be practical. In this paper, the on-line natural language parser in which its processing
coincides with the sentence s inputting is designed. Since the greater part of morpholgical
and syntatic semantic analysis is already performed during the keyboard input. user can
get a prompt response. Moreover, the Korean parser is implemented in multitasking
environment, and it is compared with an off-line parser. The on-line parser can be

considered to be efficient for its real time processing.
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E7F AAZE| o]22] ¥l o] dAdelr), 7)AM
A3} Zeol 2=epel A" A7 (off-line batch
processing)ellA+ AIZHY Alefo] wlna gk A4
olch, e} Ale] Sgdoi} aledale] lejsle] A~ 4]
28 A3} T 5ol AEElE sy W A AEe
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£ sAslr] 9ste] 22 el 47] (on-line
parser)®] AAe} T3l Hate] =5t} gl

ARGAL7) A olH sk AF wWste] AkElA
£ Asske el AARIGE, Evide] 3% 4
Halz AL sl AEE A2ge] ade] iy
o AR F gleng A Y FRe A FA
o ode) A& ARY ¢ A =Hel F, 2xejql
AojsjAell A= AAZE eyt Z;|shA e,
A28 (interactive system)d 73-%ellx= 1] &llH
AZke] b RS A Y Azkel EgAY 5
erz wE S e 4 ool Aldde M
AlzegleollA] e H--o] A7 ARFs FRe] o]
A Folmz olzglt ZdolA Bml gl FAl
AAE Y= A AxEY rPeAdE ReEd
sAc.

b & =l £ AA7E otiet oA &
9] gl det e E Fadhe Ad]ie] 4 o
HEE AR o] lEEw P4 4T ¢
g A7)7t EAsla, B2 Sl o E ode]
= wohE A2r7t sl g w S50
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7l T AATE BRI AL wmokE §lY
old-e 4 s)M3ly] fl8l di7ishe wbde] et
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2t B mEoAe zleddde] Mo wHEHA
(paralellism)& #elslar, o]& AHeshz dx&F
4 Akt w3 thEAe] @AY o) & T35l
At vl F848 walo, Baole] H7lE
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dae|Fo] AAEejo} g}
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o A rE el sy 2Fshq TE MY
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AHel7b 2% shssich. ShllellME o 87 elix 9]
olel aiA ubge] igkgl o M7} glent qlef &l
o] wiE Ao izt Ayt Adolsta @A 2xeiql A
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I. dAojsiiAel WA DA
defaM s oF v 9y Wy or Helsied
faroe g sk d47Irh ofd Fiold WEARE 7
7HE A B sledor #hn, v)me] oA AFEo]
AAF o] glet, © B =Rl pEshs s 2
ghql e 2xelele g i AL HA ojdd
2 sdge) o] A YelA siie] 3=
olw 7t ot 7te] wWiwAdel &Rt 1Y 1614 H
olr)g FEE 7zt ofHe W TgAA Pl ~
P5oll 28 E3jdeg ek A" 5 glow A
of Wl Hejrt shsslch, 2.=ebql glEelebd 574

o meAssh B Uk HNE FAY 4 9l

I, fekale) ASeld R ol o7k K] A
7k F2 P1¥E P57t 3 i waisle] sfiadg
4= gk}

1y 39¥E 7U7A oo

Pl P2 P3 P4

33 Aldc)

P5

a3 1. Hela siade) WA
Fig. 1. Parallism in Morphological Analysis.

w& Y A ALl ddME B sHe) oA
A Ao} B she] 2] 2PH o AHLHe
uhajolugd wWyAle] gicd. ¥ 2+ FE M E
(partial parsed tree) 7te] W&AE Jepd 7o)
t}. R1, R2el sfidsle 770 772 w32 4%
SPAolng e x2Asd o Waiste] A
435 5 ok ¥ 32 siAe ofrigle] 2 WY
e Jehd Zlolth "114 3de 77" i’
F71A] wjMo] ofelghs wWAAF| L, olwf 3 A4

3 AR FARE
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R1 R2

a7 2. %% A4% 7o) wEA
Fig. 2. Parallism among Partial Trees.
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off Wl T ol Hd%e P AL wWsly
Aejd 5= ot old P12t P4, P29} P3 F 24
2 Z Aelele HgAe] Ackn & 4 9o

AL
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a8 3. of=idel o3t wigA
Fig. 3. Parallism in Ambiguity.
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B mFoll s olabellA] FE 37kx] WA S 1
g3t} o)7L zlddo] a4 AAE Fefa s}
FE/om) A S T e} FE ol9dlx
2 27 gyAe v g 5 Ut A5 59, PATR-
II® 9} zro] 3} £ F4 (annotation) ¥-7}+
WpAlel ojsl T WdsEE SA50) WY A
gl < gl 7FeAdol vk ¥ 4+ PATR-II
2o et} a¥olM FFE FEHe] 4L o
FHbE = a) ~ )8 FHEL W] fad 75
Ae] itk B =l Ao i FAER o)
g T4 ¥ob whalel] Zwke F3 glemg oy}
A FolA| vk, of7|e= EFAA et olRe
74 FAE bl AF BAZE E2AEA] eheohe Bt

< & 4 7] dielch Fo) £4% w3t o4k
"Ji FAHchd vl gojstlont Hol ¥
A 9] S| upe als}t odake] WSS e}
FAEo] AHEHE ASE U7 dEolr) Y o=
3 edstel he od4b zHAlelx 93 (principles)
ol wel gaddde] EAgctn & ¢ denp® B

fe %

EEHE B3 TS gareR a o] ohin
2 Aght,
S -> NP VP -> CFG
<S head> = <VI head> -> annotation a)

<S head form> = [inite b)
<VP subcat first> = <NP> 4]
<VP subcat rest> = end. d)

O 4. FA Hrbol] 93 573 A
Fig. 4. An Example of Rules with Annotations.
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. 2ak2! siAz[e MA|
A7 Alaw Ag Addde FLaAx
(main process)2} 4 A& gl L Z2 A

2 (child process). 7% ¥ vl #{A-g gedsl=
Fradag FAZC o Ae wale 2elql 3
2718 AAE] e 27HA E’_E‘Jl do} & ARt
o] glct, 7|RAog maus7ke] Agle] FEE x|
the waje] " sie}l =HolMe LA A0
Agd#e ¥ WEES TR #IEP  (shared
memory) e 7F (queue)ol] HASIL, Fei
TE A Z2AAEe] Hd wel AdFsle] 2hg]
dhe WAl g AladlS AAERh xpAle] q1&%E
ztgjo] w2 ZAFE F L Ale] sz,
F ZeAdie o] AFHE BA3l Az Mg o]0}
& AYES ohA] Foll Frldiel iAo AME=
dlo|elal olje} A]d g-Fol AA=Ex —1—7}7‘—1
22 EHuZ 28 |9 Hybo] ¢lo =
z2 a7k g #Hadsh) e 914 "&%"]
o EgAo) 7P s]ofo} ), wel olde] Heli
M2 Aol FHE HYREF ARgslH, o)A @9
9 M Aaprt P 2 9nEd el AdHE=
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Helste% kst
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(1) M4 (Global variable)

bool on_line
int  usable_morph_process
int  usable_rule_process
int  input_end

= NULL

= TRUE
int  no_pair_queue
int no_edge_queue
Queue sentence
int  read_sentence_ptr
int  add_sentence_ptr

Queue edge_queue
int  start[x,y]

int  endlx,y]

Queue pair_queue

D2t/ kgl Aey

P AFE e HeEls sl BT 2 A0 A
D AMRIEY 3 AR BIoie] A

P B FEo{% (Button)

-> d¥gF
-> %5

. pair_queueo] 2= elements 24
: edge_queuedl] 9l elements A

P ERA R

v elol A Hel4 MY (Hal) $1x]
v A ol Al Adld el

D HEla SN ANE XA
v Uy oA Az 21X xF ZE (sentence At2])

edge_queued 24 HZ y§ HOoZ = wg

cd¥ olHe  #lx] xE 7zl (sentenceite])
. edge_queued] 84 HE yE #og 3= ujg

AR LS ASY pairA]F (AP )

;¥ AIEY pair 21]

int  current_pair_queue_ptr
;. pair_queucd) £ 2]

int last_pair_queue_ptr

0 1 2 3 4
g oflefsla | AGuict
sentence
edge_queue
00 | W& [ 8E]
start table
> 01 | olledstn (Hd3R) 0: 00, 03, ..
— 1: 01, ..
02 | Aot (H43H) 2: 02, ..
3: NULL
03 | W A3t (]
end table
04 1: 00, ..
2: 01, 03, ..
3002, ..
4: NULL
pair_queue
start end
> 00 01 <- Hela ¥ UAAH pair
> 01 02 <- Hel4 #MF YN pair
current_pair_queue_pointer -> 03 02 <- FRALF Y™ pair
(edge 032 F33L¥ 4
last_pair_queue_pointer ->

a8l 5 #4 daels (D
Fig. 5. Parsing Algorithm (D).

A2 ARR-E el AN AL TR A2
Ag=e|ct, weta] o1& 12 A&t W4 on lined
FALSE®Z 319 exglqle] whd T2 As Al2glo]

a8 (1) Alxg] Akl ALgE= A9 W 7Fs8hc}. sentencer dHH FAS MAsle wid
wE F4 vzl AgFxz dae|tt. usable_ o, AEF ojHe] qjH=w el 4 F|Mo] x|
morph_process, usable rule processe thaE Z2 o] 1 A7} edge queued] A}, edge queue

7128 ¥ F ZRAio AEE By v A
(sleep) Ael7} Hr} deldde 4% dxdEe
a3 50 MNEFH ez Bl
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(2) FR22AMA (Main Process)

TAGIL: if (usable_morph_process == MAX_NO_OF_MORPID)
and (usable_rule_process == MAN_NO_OFF_RULE)
[ X e Az 25 22 ¢ x/

and (sentence '= NULL) /* E3¢do] Alasladd */

and (input_end == TRUE) /+ &% do] FEF S */

and (no_edge_queue == 0) /* cdge_queue X 2|7t F8H */

and (no_pair_stack == 0) /* pair_stack A 2|7} £8¥ */
then

call generator or application: /e AN e 7)El 28 RO x/

TAG2: if ({usable_morph_process > 0) or (usable_rule_process))
then /x ALB Mg TR MAT) glow «/
if read_sentence_ptr < add_sentence_ptr
then /= ojo] YAH oI5 HelL 14 QY olo] glow »/
Read Next Phrasc /¥ TS o3 ¢
read_sentence_ptr++

usable_morph_process--
Send Signal To Wakeup A Morphological Child Process

if (pair_queue != 0}

then
/* pair_queued] R47} glom  x/
usable_rule_process--
Send Signal To Wakeup A Rule_Apply Child Process
else
/+ A1 E7He Rt ZEMATE glowd «/
wait) /* EEZ2MA & shvpyl 2 8Y oizlA] sl «/
goto TAG2
goto TAG!

(3) HeflA iy FZ2ZHA

STEP 1 : Performing Morphological Analysis (with Demons)
STEP 2 : Write Into edge_queue

STEP 3 : Write Into start, end

STEP 4 : Write Into pair_queue

STEP 5 : usable_morph_process++

STEP 6 : return

(4) FHBHE FZIANA
TAG3: if (current_pair_queue_ptr < last_pair_queue_ptr)

Read From current_pair_queue_ptr
current_pair_queue_ptr++
Apply A Rule

if (% 3% success)

then Write Into edge_queue

if (input_end == NULL) and (usable_process !'= 0)
then goto TAG3 '

usable_rule_process++
return

08 5 s dxElE (1)
Fig. 5. Parsing Algorithm (1).

£ 2= A Y oA edge pool =+ agenda AA sl o] 3 edge_queued] AHAHr),
(chart)ol) si28bed, 2% wlme) Ao 2%t F+ pair_queueXx Ff vi2e] Aol EA)sl= dloly) T
=/9m) giie] zldPxe] QL P &4 Az} zoltd, MZEE edge’t edge queuedl F7+E wiwt
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t} main proccess¥E ©] edgest A3 754l 3l A g T2AAE o] pair_queuedlA jpbs
£ wr}E edge® 3ol pair_queued] AARIC} F wowg mayAzte] 2E AHE 7M5AL gich =

NP -> VP(+%8% -content] NP

(fequal "(Sdaul head syn change) ‘detm)

(Inotequal "(3daul head syn content) "+)

(fconcatpos)

(fset ($moth cat) "np)

(fset "(Smoth head syn) "(SdauZ head syn))

(fset "(Smoth head sem) "($dau2 head sem))

(fset "($moth head sem (Mnext (Sdau2 head sem)) mod)
"($daul head sem))

(fvarcn "($moth head sem (fnext '(Sdau2 head sem)) ref)
"($moth head sem (fnext '($dau2 head sem)) mod (fselectcase)))

(fvarcn "($moth subcat daul) "(Sdaul))

(fvarcn "($moth subcat dau2) "(Sdau2))

a7 6. e A
Fig. 6. An Example of Grammatical Rules.

bool VP_NP1_rule(NODEP mother, NODEP daughterl, NODEP daughter?)
/* NP -> VP NP */

int tmp_feature, listHIMAXDEPTIHL Hs2IMAXDEPTIHE

list1[0] = HEAD, list1{1] = SYN, listl[2] = CHANGE, listl{3} = 0;
if(fequalvalue(daughterl, listl, “DITM") == FALSI)
return FALSE; )
list1{0] = HEAD, list1{1] = SYN, list1[2] = CONTENT, listl{3} =
if('fequalvalue(daughteri, listl, "+") == FALSE)
return FALSE:
clear_node(mother);
feconcatpos(mother, daughterl, daughter2, TRUR):
list1{0] = CAT, listi(1] = O
if(fsetvalue(mother, listl, "NP”) == FFALST)
return FALSE;

list1{0] = HEAD, listl{1] = SVYN, list1(2] = O:
fsetlist{mother, hstl daughter?, listl);
list1(0] = HEAD, listl[l] = SEM, listl{2] = 0:
fsetlist(mother, listl, daughter2, listl):
list2[0] = HEAD, list2[1] = SEM, list2(2] = 0:

tmp_feature = fnext(daughter?, list2).

list1{0] = HEAD, listl{1] = SEM, list1{2] = tmp_feature;
list1[3] = VMOD, list1[4] = O:
fsetlist{mother, listl, daughterl, list2):
list1[0] = HEAD, listl{1] = SEM, listl[2] =
tmp_feature = fnext(daughter2, listl).
listl[2] = tmp_feature, list113] = R
iist2[0] = HEAD, list2[1] = SEM, list2{2} = unp_icature, list2(3] = VMOD;
list2(4] = fﬁelectcase(daughtcrl, daughter?):

list2(5] =

fvalcn(mother listl, mothcr list2):

list1(0] = VAL listl{1] =

fsetlist{mother, listl, (ldLu,l]lerZ, list]):

listl{0] = SUBCAT, listl[1] = HEAD, list1[2] =

fvarcn{mother, listl, daughter2)

list1[1] = REST:

fvarcn{mother, listl, daughterl):

return TRUE:

)

)
=4

72| 7. precompile® 22 o3
Fig. 7. An Example of Precompiles Rules.
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%l main_process”} 1F3& 44 edge #& HA
g o dukdql 2E s edge queues A
5 A sfof shA|ak B Alxwlo M= 7t edgest vl
sentenced] #]12E w-§-4]7]% start. end Ho]E&
s o] AT I, hx] o] HelEubE 4
st} AAE & U}, ()& FuaAdse A odw
2lgola, (32 Held & FxaAx @)= F3
g PR/9v] A B 2] HA o)
stell A R A A7ke) M-S H sl ¢l of
d wle] E8IAE sIEkdch ey AA #e
Edlo} ddzgtel Wi o3 Ho|So o3 rlof
A 37} o EAskng o9 Al oF e

ol wpale) woleky & 4 glek ‘el 59 oo}
B oo} e Aol 7] wEel | -e 4 ol 5

e 7)selge] olol s}, = zrig R
7zt ofH™o] zb7| t}E E R A6l s siAEch o]
shle] o3 2 FHFshe Aol Erbssit B =
A ol & aAFF7) flst] shie Aot
R A3 E A& =9 ofE 8-S Fx3]
sl AL o)k WS AHosligd. «E B9,
def | alel 35 ‘Ale} 39 ooy Alel 4
i’ 5-2] o1 nE Ae} gl 7] (key) #OE A}
Aol 5-E53tc}, Alel "7} JHE e dld =
2A = #le] ZlEEe] Wl /o] o3& ARHAA] AdE
ghop. o] Aelellix] er} Zhedk AR 5 Aley
of &l et M-S sty o1 AE IF o
gejo] AAgel mz] Ae] Al FEE Fxe

v X e e

Az W3 zde] AR e o8 WA d)
o7t Hep ohg o Bd o] YL, F

2 Al 2ae di7] Aol #1 Z2 Ao AlZE B
AL Helg A Asla, HEY] et &y T2 s
#20ll ‘RIS S HulStEE Frh mzAlA #12 W
B oads) ulasle] Apd g2 ‘Alel T o sl
Hehx siA HlE sl 2 A3}E oA I v
glol) g}, ojul) Uy Ao F AL gEo]
o} glevg A< ceid HelE Hs d7Fd A

sl Weh Cale A B EeE ol slw
Y3 oz AAS L, Ao 59 febr & gl
Aol &g wgaH petnz AATCh W

2eo] WA = cleld ey} FE=o] Hek 8
A7)+ sleep¥tt}t. ‘single room’. ‘ John F
Kennedy' 8} 22 &=7o] o]e]9] xFo] gjadd 7
Sl tleld o3 e} FUI Ao e He]gic},
Hh 2 gk A4S F o ojato g Relsle] el
g dart e ASE o oAE EW ke
7 o]l F2 Ho] &7 /5ol 93t A$r}b wrl,

19944 3H EFIHERGE
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o] o] & il gell4 ZEAAE F oJHE e
slo] Ml 1 F A9 AFAE edge queued] 7t
7 Aagkel AdAIEE A"l defElr]| &
e wAls} olu] RR5 EARE Coflefsl o} WAl
712 2 vrel 7F ML AP, ojgddx
ol Ra yAjo] ARgHr}

2 Qoo E4 473 71E9] PATR-II 53

2-e FA (annotations) ¥7F WA ¢V & A3
t} e} QA FA (declarative annotations) ™

Alell, FAA F4g E&she We] g 34
(procedural annotations)& %7}8he= w3 7%
wele Aojslodny v s FHe oE B,
719 Aold FA Hrleld G5} olefe] 4t

88 A7 Al Al dqel whet A7 =gt
onglst g Aelsbr] flalde AddAel 3
A Ao} wAlwlo g Erlsslug B =Fofxis} 7+

Aol AHEElE ghaoll @ D} £y
¥ BYE $EY 5 Ak 29 62

Aol glck, -7 Alztsl=
$moth 3daul $dau2e 27] F+F= 73 A3t
29 = (mother node), 3¢ x= (daughter
node)ell E§% &4 F2E vepd) ol F4
Hepo] F2-2 ARl Al Lol Hef]RE, Al
gloflA] AYA] sjriEejol uE ik AZke] A8
HAep, 248 Axsr] Yl 2 =T IS
precompilersl #J& C do12 v}e} Algjct 1
2] 72 precompiles 32} o]}

al
ES

V. sli447] 7+ o 03

B =velA AAR AlAgE SUN-SPARCsta-
tion AellA C dol2 7&sldx, ol & I 7AH
o Azt A2 g5 Alanglel ASEs A7t A
ot} ox FE FRE ARE At 50002t
ol Axola, Agele 10002789 1§ =3 60
i =¥ A AHested AgAnt. Ay oY
AR 3¢ oo dellA MAEl= 1009470 HA™

S A defelet. B4 HAlSo
flol WEHE Agoleh Harola 3l ¥
et 571 9lel gl BHoR, WAz
FeAog ouidomd ooy wol
| Sioh 9ol 23l RS o ofulat a4
AYR A AP AH 7P sl ¥
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eehal whaje] Aadgle] sals] A

$ FAE dHEAL - d M do] 29E by By FAUAL.

warrnnnanre Q1 FALY B srexraxserexss

strf0] @ &4 stel1} ¢ g+ 2]
str[2] @ ol str(3] @ 2%
str{4] @ shpy str(5) - g8
strl6] ¢ FAAL,
« Alat o] HE » g ol HE «
0:00 3:00
3:01 6:01
602 9:02
9:03 12:03
12:04 15 : 04
15 : 05 18 : 05
18 : 06 07 21 : 06 07

wxarnnkann -2 A B Y Bl rkerrkexexnrx

daughterl :
1 01. daughter?

daughterl

daughter! :
daughterl :
: 04. daughter2
0, end egde :

daughterl

start edge -

00. daughter2

02, daughter2
03. daughter2

1 01
202
103
1 04
205

21

POS  ¢d dH9 9ol £4g sy BBl FANL

CAT VP
HEAD SYN  VFORM ADVB
TENSE PRES
CHANGE TERM
HUMBLE +
NEED +
SEM  PRED Be
ADVMOD s
ACC REF &%
NMOD REF 99
NMOD REGF 44
NMOD REF &4
VAL SELF OR-R Z
SUB] OR-R AA B
SUBCAT HEAD POS  shid E& #4212
CAT VP
HEAD SYN  VFORM ADVB
TENSE PRES
SEM  PRED E3_F4A L
ADVMOD shube
VAL SELF OR-R z
SUBJ] OR-R AA B
ACC  OR-R AA
SURCAT 1TEAD PTR->DE 8 F4AlL
REST PTR->8}u4
REST CAT DPOS £4 4#e oo] Adg
CAT NP
HEAD SYN  NFORM NORMAL
NUMBER SINGULAR
SEM ACC REF 2Ad
NMOD REF %]
NMOD REF 44
NMOD REF &4
VAL SELF OR-R ]
SUBCAT HEAD PTR->AME

REST  PTR->&d 448 9ol

a8 8 sl Axbe| 43
Fig. 8. An Example of Parsing.
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Fig. 9. Examples of Tested Sentences.
g 3 P EREICED N ER T P DL R F X EREY
B 2 [(dU2EqL) 5 10 2
2320 .02 121 [+ X3 0.52
11.05 17 024 019 014
278 227 0z 017 0.15
4 11.03 32 | 0 0.08 007
5 957 034 006 00 003

7 10, #A Ajzke] Bl
Fig. 10. Comparison by Parsing Time.
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