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Derivational Grammar Approach to Morphological Analysis of

Japanese Sentences

YASUHIRO OGAWA,t MUHTAR MAHSUT,* KATSUHIKO TOYAMA?
and YASUYOSHI INAGAKIt

In this paper, we propose a new simple Japanese morphological analysis system named
MAJO. The systems which have been proposed so far are quite complicated in order to deal
with conjugations of verbs and adjectives. On the other hand, it is known that the deriva-
tional grammar, which does not use the concept of conjugations, makes morphological analysis
simple. Although there are some literatures on the application of the derivational grammar
to Japanese morphological analysis, all of them has modified their grammar to utilize existing
systems. MAJO is constructed directly from the derivational grammar, so that it has less
grammar rules than the previous systems. We have evaluated its performance on the EDR,
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corpus and succeeded with 98.1% ratio.
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Table 1 Connections between a verbal stem and suffixes.

EAE | FEROH BEROH B

KR | kak-ana-i tabe-na-i -(a)na-i
kak-are-ru  tabe-rare-ru  -(r)are-(r)u
kak-ase-ru  tabe-sase-ru  -(s)ase-(r)u
kak-ou tabe-you -(y)ou

#AN | kak-imas-u  tabe-mas-u -(i)mas-(r)u
kag-ita tabe-ta -(i)ta

L | kak-u tabe-ru -(r)u

AR | kak-u tabe-ru -(r)u

RER | kak-eba tabe-reba -(r)eba

w4 | kak-e tabe-ro -e / -ro,-yo
kak-una, tabe-runa -(r)una

ERFETEREEST A LI Lo THER KT S
EVIUEEZRFOSEORKTH L. FRICHL T,
FERED LI, LEHNBEIFERORRKICL T
REINDEFIIBITE LRI B,
ERBEHO—ETH 505, HAFBOHSHEH
THLEVWIZLIL, BREIBEZETHLICO hhb
STHEICHEL CIEIENESPROSETH 5,
EWVH LIRS, FRICH LT, IEHERHR LT,
HAFBOHEDERS, EHRAOBHOERLE VI
TEBTEE L THRELEDIPRESATNS. R
EEICL 2 BAREORLZ, # ORI ENLHE
MOBBEIT % B MU TICE & D5,

2.1 EFETFHLEEDS

BFE ORI 2 B L IER. —BIEHHH (R
V] TENV] OB, NEEOHS TR &~
PREBETHL. TRCO—BRIERBFADERIIFD%K
EBVrBEiPBEe THLDT, BEHLIER, —F,
HEEREE [#2 ] “kak-u” OBEIT, FHEHHIC
EZANZE, “kak” BAEES, TRbLESRTHD.
£, T8V ] “%kav” O L) R IFRBIEHBFADE
AT kaw” RERET S, TRTORRIERHH
ERIE, TOREBITECTHLDOTTFERLITR.
I/, BERLTFERY SO CHFASR L IR, §FH
BICER T2 BREBHLHRERR L IR,
REEIIBV T, BHAOERIHFRIINL D
POBRFVFERLIZAOL LTELL, F0720%
BRIEIIBIT 213 ALDEHERYH, BEF %
BREELLTR). 20 LERTEICBII2ERO
FKLoxpERL IRT.

2T, ¥ “tabe-ru”, “kak-u” OEERITF
NEN “rn”?, “u” THD. REXETIEFNS % T
EDHT “(nu” LRETH. FEr0FRIEROX

¥ ZOMICILE, BAEL L ORSDHS.
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B LTHRE S, 728 21F, B8 “kak-” IZHER
B cru” PR LIRS, TEOERTEIT L7201,
BREOXEDOr ¥RETH. 2D L) TEHLEE
FELIRER.

—J%, REXETIE, R1IWWRT LI, [EIF
41 [&ERF L] %21 FN “kak-ana-i’, “tabe-na-
VLT A. 22T, BERRTERBIILOCT
“(a)na-” LRT. BEOBE a BEBEFIERT 55
BIREL, 20L& 2 BEEEERT LITE.

PEds, REXECBWTIE, BFAGREEHER
FHOEFHIUTO 2 00T LObN 5.

ERAR L. EETELR BFEEHFTER
BT 5256, EETELHIRTS.

ERRR 2 . ERBFEROBFHRERITER
WERT 254, EEBELHIRTS.

2.2 MEERRCREERR

MEHOBEDERSE “(a)na” X, [FEHVF v 7 |
“kak-ana-katta” O X 512, BFIMMOBERFIER
WHTHA. DI LT, BFEERCEREIERT
BIEEoT, FlfBRINRELIZEERZLNS.
ZFO LX) RERFLIREBRTE LTS, REBERIC
Wi “(r)are-”, “-(s)ase-”, “(i)mas-”, “(i)ta-”
REVHY, TNENTE - THE - B, F1%, TE,
FEDEREEL TS,

REBERFICH LT, F-REmRERELZVER
HEMBEERES LTS, §ifio “@)u” 320HTH
3. BEERRRBAROBRORI L RT. 22
TEIEFER L IR, EAE, ERE, S04
DL ThHr*. HABICEBOBRREI\ERT L%
AT, BEEREISRZICERTS.

23 & 8 W

ST ORMEBHERR “()ta” PTERICERT 2546
i, BEREHEA L oBIsNE 2B, 728 2 T2 | “kik-
w DFEF “kik-? R “()ta” PERT S5E,
A 1 125 20T TR 7 | “kik-ita” L R 55, &
BICIIRBRTFERPRELT [HA %] “ki-ita” &%
. THREELIFINDFHLFEBEMTHY, s
PAOFBFTEFHOTERBIBVWIREIS, £0F
LI 2 IR TL I, KETFHFEKET S, &35,
Fho ¢ BELET, BEHRICI-oT o IHIETHE
EPRELIZZLEELTVS,

B (477 ] “ik-u” OFERIE, ZORRBDIHIT
BN THD. 22T, KBTFHFRkIPRELTC
(474 % ] “ig-ita” LB, EBRICIEIKRETZ kD

* ZHIFALTH B, FHICEOEAB L IRL 2.
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Table 2 Internal sandhi form of verbs.

FERKFE HER B WE
k- -(i)ta | -¢ -ita | BV | AHE
g -()ta | -¢  -ida | KR | A FE+ES
-+ -(i)ta Woiz
-t -()ta | -t -dta | Mok | REE
-w -(i)ta Holk
D ()ea Y
-n  -(i)ta | -n° -¢da | A | BEFEL+EE
-m  -(i)ta AL
ik -(i)ta | it -¢ta | f7o7 | HIS
s -(i)ta | -s -ita | L7 | BERRL

t1BfLL, T47Y %] “it-¢gta” &% 5.

EERAERR ST 2BEFIL-()t-TH T R
EITHY, “(i)ta” OIS “()te”, “(i)tara”,
“(temo” ZEVHD. 4B, HEDRERREH
“(i)ta-” 1X-()t-THE B BFEBETEEL %2\,

24 WKREHA

RELEICBWTIR, ERETOREFIIEFD
—fE L LTbh, BREFLIFIN S, BREFIC
BUCHEAEER LB RV, 728 21, %1
“samui” IZJTEREEFH “samu-” ICTARENEIREFE «1”
PERELZLDTH 5.

SRR L MR, BREARRTIC DMERR
FEREBREVAEETS. Bk <" 3#IEEE
BT s HEERETH L. T2, [EHIV] “samu-
gar-u” \2B1F % “gar-” IIIREFRICER T A IRE
BEHTHY, FEBEZRETD. —F, BEORE
BRE “(a)na-” & HEOWRERREH “-(1)ta-” 1ZB)F
BCER L CRREBFARLIRET 5. 223, (&S
F 4 ] “kak-ana-i” T, BjF “kak-" OFEHICIRES
R “(a)na” AEEET 3 T £ 10 X o TR F%HAS
RESN, ZORICHREFARER 0 PERL T
ws,

E5, BRBFAICBWTOEER LRI TES
Bdhb. “gozar-” (ZTRREFHBE kv ORICHHR
LTTEOER TR IHBEFTH 527, Z0HER
DRICEB IIRT L) 2 EEEMERIY. 2L,
“taka-ku” |2 “gozar-" DR T AT “taka-ku”
A% “takou” L ZLL,[ ¥ 27 W)V | “takou-gozar-u”
k%%,

2.5 ARG

BFEROBRREOBRAN I, BTN
FIET 5. BESCHICBI 2 HTEREREE R
EVITEREREEE [ AV ] ZehEgisto1 o T
»HY, FHRABFH L IFENS, REETIE, THA
BEIHRBOBERsFoBF L LTk [Rv] i
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Table 3 Internal sandhi form of qualitative verbs.
KEBE HER Bt
-a+ku — ou HAEN 5 AED
-i4+ku — yuu K&w o5 KEwe)
~-u+ku - uu Hrw 5 B3
-0 +ku — ou A — &)
i ERERRICEE e ¥R OWREIFIIFEL 2.

ko, k7, “ku” D30, [AN] & e, s,
“si-?, “su-” D4 DODFEHTREDL, LTORA 3.1~
B4 IVBRERFLERT 5.

EHAR 3.1 “(ta” X OEERE 2O
B, “(Wmai” % EOEEET v 2 HOBRHE,
FEER k-, ‘s ICEERET .

ERAR 3.2 “(r)u”, “(r)eba” & LERETFSr
EROERHIE, FE ‘ku”, “su” IKEHRT 5.

HirRA 3.3 1 TBEDNREERE “(a)na” Ly
SROREBERE “ro” &, FBH “si” HERT 5.

E#eRRl 3.4 1 LR OBRIIL, EH ko,
“ge-” |CHEBET B.

Z ORI FRALZEIE T2 L 02 0BFFD
5. BEREICH T AEEORE L R TERENH T
[ ] “ossyar-u” IZ “(i)mas-” % ¥ i T T 5%
BEVERTLLE, BBRRBEOr SREL, (01
< A ] “ossyag-imas-u” L\ )k L DBENH B,
Z0 X9 B, RAESCETIRENEE & TR 5.
F75,[ 7 V] “ar-u” 3 TEREFTH D45, BEDE
B “(a)na-” 3R LV, S5, ko (177
bEREMICB TR L EMET2HFHATH 5.

3. WREFRMEHF S X7 L MAJO

METRRLREXEICESE, HRERES
fRAT > A7 5 MAJO (Morphological Analyzer of
Japanese based On derivational grammar) % %
L7:. MAJO RiREEIFOMB S 2EI T 20
2, ANXEETHEEMTHEN TS, 2070, AAX
& LTEFRER L Y X525 7254, MAJO Ik
2 DFREBOES % BB AR T — v FREITE
BUTHENT 5.

RETEIXERZSHEICBWETH ), FhE
FENICFETABICIIW o OMESEH 5. L
TTIX, WREEBT S A7 A ~ERT2ROMEL L,
ZHUTH LT MAJO CIRAT 2B FELRT.

* EEELERIT “(i)ta” ORI BERLHEREND,
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T4 MAJO DEEATH (—#8)
Table 4 Connectability matrix in MAJO.

B T 8 & &% B
WoE B W @ B
F % ¥ R
2 ¥ B
B R i3
O
TER -5 - -
BEER 20 - 5 20 - 20
HRER® | 20 - - 10 - 25
EHERE | 10 - - 20 - -
EA 20 - - 15 5 5
BERR 10 - - 10 - 30

3.1 MAJO D& E RN E

MAJO Tid, RF2LEREN & A EEREOHEE
HTERT S, £ (F) EBBREIE (F) flicEs
TAEWERERAETIRETHS. 22T, BEER
BOLEERRENBABEH TH L L &, BHERRAI1
BLU2 o TERBEFE - BREBEL RO LEI D
5. WEROBIZIZEN S OFAIZ HWv T BIZEER
HEBRTELY, BFIBWIF0FTHEHATS L,
RELIEREOETHLEL R SH. 2T, MAJO 2
BWTI, BREBEAZZ20ZIIHEATLIOTIIR,
ERORE L ERELHFICBRTI2FEE R
722, ERFE R OSEERE <()w L
T, “ru” & “u” %, EREBEL b OREERH
“(a)na-” <3 L CTid, “ana-” & “na” ¥ FNFh
BEICEHLL. /2, 2RIk LRV, BEREOL
HEEENT B ERERN L TEREES L TS L.
FeE i, “ru” & “na” OEEEBRMHIISERER
HTHY, “u” kL “ana” OBRAERFEHERHT
»35.

U EDER, MAJO X 24 BEOLEEREML 26
BEOGEERMEZRED, TOHAETEENE R
1259 L 2o/, MAJO TEEL TV A RFD—
B%, HEOKI IIRT.

MAJO 2 BiF A TEEE L, AEERE L ERE
BRMLOMOEZTHECRERT S, 2L, K
BB REEZIERT AT T, BRIAMED
BMO L B TERTRECEF 24T 5 (R4).
eERE, RADELITE 25085 E, FEHEW
IHEERBEERORAOERKI, FERERFLL
IEEBEBMEROMANERT ABEDIA LIS
THHIERRLTWS, TJARIVREWIEE, 2D
DRFFER LR TV, Fhkd OFo < 38R
AHETHALILERLTVAS.

3.2 EMEMLIE

MAJO TREF® L ZERFORRIT, HHLEE
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79 2 kK, BFATHICR IR BEZEROBERD
UEXARDL BT THEITTESL. L L, HEIIFE
LEREN 23H TR IR ET A, F
DOF F TR TE R\,

PEROFENTIE, 72 2iE, “Bk", “Bw” I
WLTEFEREFR B, ‘Bt 2RBEBL LTEHEL
Twi, COFERBMTED LIS, BEITREXER
BOBIHKLIOICES.

ZFRICH LT, MAJO Tik, #F»50BERBX
VEFEOFEELVITEZRAL, BFRORBELE
glLrwnwz kL.

BEWBOBFIVLEL 25D, TEELE LH
AVHEICBRGESNLBLELRY, BHLHEEFIET
BRENTELRLLRBPLTHAE. LL, ANIX%E
BEPOERLIZEES, TERBFHOERBEL Y LIC
MEBERHORBRMNREOH» S, L X, “(i)ta”
FERLLBFEDOBE, K2 OFERIORLTH D
“ita”, “ida”, “tta”, “n’da” O 4EHORBED
WENRPARONSL, £2°T, MAJO TEIhb6D
BREL RO &2, kbhiLtBbhbsTEL
FT5 I TH). CO—EOMBOHFNLEE1 I
SRY. “tta?, “n’da” 10 L CHAE ) FEOBREIT
EBED L), FOBSRTRTOBRHHEY, BF
FlEICE o THELER DOLEIRT 5.

X512, BEREOERELZMORF L KT 5720,

®5 BEABOFEOME

Table 5 Supplementing a consonant into a verbal stem.

HRE | #OTFF o2y
-ita k B ita — Bl k-ita
-ida g ik ida —  ¥kg-ida
r ) tta —  Yr-tta
-tta t i tta — L t-tta
w E tta — R w-tta
b Fn’da — Rb-n'da
-n’da n 3tn'da — FEn-n'da
m Finda — Fim-nda
-ita ¢ Hsita —  Hs-ita
%mg AN E%F P HHRE
4
# + ita BRE wita” 2 BR
N3
#Fk+ita “ita” 1T A FEk TWT
4
&+ ita P 4 “ita? &

1 MAJO I B} 5 EERLHE
Fig. 1 Treatment of internal sandhi by MAJO.
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(45 [MREE] TBEE] [HEE] Lvw)EdEs
BWriky, #he NEGERRE] EHERER] v
SAEEEREOMEE TREEHORFLIERL .
IHIREY BT AREOSEHOMENICHLL, &
L 2IE, “ita” O TAEE/EE] L2256, &
B, SEMELEEZE, ChooEERERE [FF
BEEE] L LT 20, BEELETRERED
TeoRETERT ALERR V.

COFEIZLY, BFEORBEOBRIIAEL Lo
7o, B, BEFHICHLTRIEBEROBFIIERRE L
TRBLRDD, 20 L) 2ERI-()t THIS
VEBRHICBONS 2D, BETHEBBRIIKT
SRR

F72,14727 ] “4Tk-u” REFERINHETH S5, &
NEEDEONTWAE D, BEE YTt 275
BFEE LTHBICERHTAI L THLL:, BRHO
BEREICOVWTE, FEORTLABD-OICEERR
BE2RWTT—2 THLENHo DS, RIPE 4Tt
oW TIE, B RABIILELR WO — 7 OLE
B, BEOHEBRELERKICHE) ZLTETHS.
MAJO Tk, 8D X i, ICIETOREEE
BBICBGETHH, INLHIZOWTDH, B0
VELZVOT, HOBEBELRNTELEI RV,

WREFADSERICOWT Y, BIFOEE LRI
NHES 5, FEENT 2 0IHEEE “gozar- 25
BT AEAT I THEHS, RREFARKEDORE,
BREFRERRESE “ku”, “gozar-” D3DO% T LD
FHREBRREETA. COEBRELE) BEONEE
£6IIRYT. ZokE, BRERBIBRGARCESR
L, FEBR*¥RETLOT, £9 »5ZF0RAIHT
REBRREL 5.

3.3 FEF w OHissE

REEICER S, —RICBHFAOERLLE: THR
BRI T BI5A, BHREN w Th L FEREFIC
W LTREAOHEZEL S, REXETIEEF [
Y | OFEHRIL “kaw-" THED,[HY] 2BITLLED
L LGE, 20u—<FEREE “kan” TH Y, BIF
BOXKBTEwIRL IRV, 204D, F0FF

®6 BREHFABRNOBEOHT

Table 6 Supplementing a vowel into a qualitative verbal

stem.
BR #HOBE | #NR
-ougozar- a /Is sa-ougozar-
-yuugozar- i X ki-yuugozar-
-ugozar- ¢ B ru-ugozar-
IL-ugozar-
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TRBHPTERVEWI)RHEIFEL S, MAJO T
X, EELELICHA L CIOMBEL R 7.

Thbb, EELEEFRICATIXERE D SBE
L, EEERE S TERERHCHIEELRA
L, »OEMCBEN S HECTEw v HET 5.
“ka-u” DBITIE, BREH v OEEEBEMNTEE
BREFHETHY, 2o, 2OEMIET 2 THL720,
FEWERBTSTAILILLY “haw-u” LT TX S,
7, MAJO TREFI-FRLYIX%2HFE->TwW
5729, BRIOFBIEETH LIS (128 213, Eii
DFEF R THEHE) bwiET .

3.4 FIRRIEHEH D4LIE

2.5 BiITHRA~7z L 10, AHABFEDEBROBIE
LT 2700, ZOFFTRENTERY., FRITL
T, TRUSHHAOEEIRONTWE0T, BiEL
TEERETEBREL UCHEICEG L TRRT 5 FEY
EZbND, LaL, %k, Y EWIFELEST
DEREBHTHL, BH/8Y — W TREER
MIRIRINCATR R R B, 22T, MAJO T, [k
W] LT “ko-”, “ku-”, “ki-” %, T AN okt
LT “se-”, “su-”, “si-” & ZNFNGE&RL L2, £
DFER, 728 21 “kita” 1 “k-ita” TiE% L, “ki-ta”
LETENS. TRICLY, THABHOERRRIZ
BELZH0LBEREFLE L CHFIRHTES,
ZDEE, FHENEH L ERTL OMOEHA 3.1
~34NRBENEL 5. LeL, 20% 9 23HE
PRELZBEDEITERDBETH Y, B OBEIC
BHRNCETI2RIEADXCENEWEEZZ LN D
T, MAJO TR b oz

ETAD, FOLICTHE, 2k 21 “kinal” @
BATOBRIC, “ki-” 2 BEREF (] T3k, &
HRIENE (3R] LTS 2UTREMDH B, T DORIZEIC
LT, AHEANEEFICT L CEFOBFHL Y K&,
JAMENEL, BEGE LTOBEERELT S
ETHRL .

ZOfBIZS 477 ] RERBFASRRI 22tz ¢
5. 0477 ] BEEEASAHEAICHY, FRIEEEIZ I
T ZERESERT AREI, KBED r PRET
5LV ETARBATH S, L L, EDR HAGEY
BHHICBCT (727 LRECHHIT 148, &0
BEIZ 1S LABRBINTWRW, 22T, Z15
OEFICH LT, EREZHEICEFTLL T
MLz, B 7] SBEOERTE “ana-” DBk
THIERRVEV) FTRHEAITH 595, BITERIC
BZ2OLIRATTRBENEWEER, Bk b FH8E
e LTEEFICRFELL.

Mar. 1999

4. MAJO O4#

RETIE, EROBEBEBITY AT A LB L 2A°
5 MAJO OEBICOWTRRS, MAJO IZiZBLFIC
AT (1)~(4) DE#HH 5.

(1) BEZRXEISHETH .

(2) HEFEHTLHEREZHMT A LATTES.

(3) OEMNRBEAOWHUYBESTHS.

(4) O—<FRILZHNVDL I L TENITEIMET
T5.

4.1 XEHBIOFRE

WEEZELFEOERSIIOVT, {SBINIPE
TS AT 5 JUMAN O ¥ MAJO & % By 2.,
JUMAN I33CHK 14) ICE W CRERTERER L T
WA, K 14) TREFAZEHBICE > THELT
Wh7:®, JUMAN Tidfil 4 OfERE S & EsHa)
PRELE->TWAE, #RIZH LT, MAJO OFgEE
EXFBRRELECETVTVE20, 20X 9 424
PBRAMIRETH 5.

SCEHR OB S OFIE & 7 BHTFIE, JUMAN
THEBENTWAETIZ 195x 165 DKE X Tho
7z, F72, WRAEEE JUMAN ISEH L HED T
i, TIAlOoKES813 63 x 71 EHE\ESATVS, L
ML, FRICIERE 17 B iFHE 16 EHEA X
N izl a¥hnhEEhTsy, BHEICE S
HEOMAEFLEL Levs MAJO T3, E53EAIL
24 x 26 L EHITNEL B,

B o A P R/ANESIO 2 FH T 254, SCESE
ALz A b g8 L 2 il b v, EEo
AN, ~HEEETL LML HEER5 2D
72, TORESHETH 55, MAJO F3CEHAI
BLEND, BEHRIAAMNRAEOETLERNTH 5.
F72, BMPOREILE TR, BEEOTHEHEE|O o X
FEERICEET A EPUEICE S, 12k 21T,
BAEZERLI-REASEEIT> TWASRE, ByFEs L
HREBOBERIA N 2 EFET 28I, MITEREFAE
B, YT RBRBFAERLR CORNI B L L, 250
FRERE CNCERTRABERHHNOBRI A L 23
TEETHLENDHS. LirL, MAJO ITBWVTIiE,
FEH-TEHERRES I USR-S SRR M
DERIAT ZEET L2507 TTE. X512 MAJO
T, BRBER LD, [T T40V] 1368
BETHDL, 2EOERNERFASTEEZEMLTY,
b ED EDOLFERAUID LD, FOBEKEIALD
BREVHETH B,
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4.2 ERBEEROHIRE

TRAESCIE R HESURAT ISR Lo FIED T, £
DBFICL > THEEEMEWMYFo T 5B, LORER,
AT ADEEIZERM L & BDY, FBEBRREN s DA
FEHEH L ABORBELHE BRI ILEND
5. EE, EDR AARGBHEERFICBWVWTUL, B3
NTWAEE 26,001 ()b TEHRENF 14,353 fH)
123 LT 9,247 BOBRREOBEWLEL 2D, Tz,
TR ACERADNICHET A LEND D,
FREE CED MR 5.

FRIZF LT, MAJO TREFH»LDHEEBIUV
BEEOBEL WHIFETTERLHN L, ERBOR
SR ERELIAHAZEEET2HRALTICB ST
W5, EE, MAJO BT ERED 0240 HORE
BEABFLTVLIITE 2w, 2, FRXEELL
#®iL, BEOBHLEMICRD ZLATEL LD, X
ERR OB S LE RV,

BB, RETEOTER 2> T2 FED T,
BREFE LR MAJO L DRI AL TFRINE
Hr SWHEROBINE FNER) VAT ADPLEE
HADT, &KL LTIEMAIO XV BEHICRB LE
AbN5.

4.3 COFEMNERFEA O30

MAJO iZBWTIE, THEHW LTS o—FThb
RECEEAWTWAD, ENREAOILFE
5ThH5. Big, HLOOBEBWRAY, ththio
DOWEEE % FB BT A5 TRITTEEE 2 5. W
Hbwa [LIREEE| Ths [AXLVIV] X, MAJO
TITROREBERH (e HEILEHTHZ
L2 D “Abereru” LTTEL. /2, “(r)e”
DOBGFICEY, ez ETE V] b “Fkeru” &
BRTEL, ThICXY, ERXETIE (& L]
MOBE & ST ETHEF [F5 V] OBHIA
Erhsh, S5, (&N [BEXY V] ITHT
3 [EHIAR)[BRYA] Lo RHD, REERH
“(s)as-” EEFTHILICL D, 2hEN “H k-as-
u”, “f besas-u’ LI TES.

2L, AFETIE “(r)e” R “(s)as-” HSEEHT
B ER T ERATIRLERLRY LD, 12L&
Z1T B kerw” % Y& k-e-ru” LEE o THEMN T 5 HE
MddHsb., JOREICH L TRERIAFOFHEICL
DEHLL 72, ELWEBITTH S B keru” LiBo 7R
WMTH5 YBkern” TR, “Bk” (FEBEM . T
TEk) L e (EEEEN FTTRERE LOE

* R 8) TRIBEEEIC DV TIRIERS LTV W

IRAEICEIC X 5 HAGEHEREAR 1087

B X b O5 Y k-e-ra” DH DRI A PAFKEL
Ghlo, EHIANRNECLY, ELVWERTH
5 “fE ke-ru” DSEIRENA.

B, FEROFEIIREEEZ JUMAN ICER L7
FHiED THITbRTWAD, TEEDREEREE “(1)e-”
BT AR, EABOBIFLETHY), HiEE
B CBET A2 CEBETEEL MAJO TR &,
MEMNRBENOLIIERETH 5.

4.4 O—YFERILICLZIBHADROET

MAJO TRAAXICBIT B FREOEF T2 —<
FREICT D720, BITMNROLFFIORSFHERT
BREEFHD. XFEFORSHPHERT L LHEELOR
SHGAE L A TEEDOD LEFIE L, BTHE
PETFTT 5. MAJO TiF, #F 7 VEFIEICL ST
ARBDLEAT LI EICL Y, HERROERLE
KoTw3h%, ZORBEORERYRBERLIZR>TW
2\,

5. 1 BEFF M@

EDR HAGEa—/3Z2AM 55, 1,000 XEHWT
MAJO DBBATREREE % 346 L 72. MAJO Tid#fio
AN B/NEIC L) B RICET 2 ) 545, 4
BREORLBVBITRERY 1 o723 &8, £h
PAFICLAEREREBLL. &8, #EIA
BAFICXE->THEZ .

BATHEOBRZ L LT, XM 17) LERC, EHRO
STREFERITT 2R ) OB (=T —K)
2B L. RAOREEENSRELR LD, 2T -F
PHMICEET A LIITER WD, ALEETT
T-HEEHELTWAIHE) BLULT) LokEx
F7IORT. MAJO IR LTRBFEERZRL &N
5y, HEROVAT AT 2BELERL TN
EWVz B,

MAJO OBATEY OFEEOARIIFTE R"T LB
TdHb. MAJO X555 ORI, BLUFEOH
FEVIHIMBOFEEZR-TTVAED, Th2EREL
% BT Y XA ROERTHEBR S o7, &
b, MAJO CTi#ERIA M R/AEEZHVT, £
NENOREEBITRRIIOWVWTIR N 2EHET 57
b, BEPLENLBED, > OB L RE

®RT EBRRROLR

Table 7 Comparison of morphological analyzers.

VATLA | AAX BEEREK RVER ry-—%
MAJO 1,000 25,012 469 1.88%
XK 17) 1,016 29,024 687 2.36%
3CHK 6) 10,000 207,547 2,040 0.98%
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®8 MR DFEHEOPIR

Table 8 Classification of alalysis errors.

#h oF R ELE: SIS A
RBERE 114 0.46%
LT ERD 79 0.32%
5 HOERE “to” 66 0.26%
& F+“de” 47 0.19%
AR BRI DOHEE 31 0.12%
EE] 19 0.08%
FEEA 4 0.02%
e 109 0.43%
BF 469 1.88%

b, BIRIA N ORPRAL RIBHERIFC LD
KRBPLTHD. T, FEOHEIIOWTIL, W
ET LML BFERROELENER SN BED,
FERCERTELZ2BESOENICBEY D 2561
BRELTWSD, RN 2808 Nzt
Ezbhb.
BYORED I L, DL VOIKREGEICERT
550THY, 11418 (0.46%) Ho7-. KBEHED
i3, EFPERDOMEIREIIRFIATHEE,
FREREAD D OPBEFEINT WL DI T HELE
L7z, 7ok ziE, 4RoEBR T, [IUARE+RUE
VEEAER] L) XERBITT 2354, BEIC R
i-ru” IIBFENTWAS, “hikii-ru” PBHF I TV
Gholalzh, ELLBITTEzd o7, FOREIC
T B 728, ICHK6) TIHEFRITOEIEL L
TRILELLDODFHFICEHL T, Z20E, X
B 6) TIREBHFEIER T H8E0130.42%L %>
W5, HEBRFEINTVLIHEORKRYLET 5 L,
CHK 6) TIXH 50 FRETH Y, Thid MAJO IZBIT
LEFHEOREN 25 FED 2fEL k> T\ 5b,
LrL, W oIl HRERELOBEEBL FHEICER
ThHE, BIEMIEIABBTOERL 2254605
5. SEOEBRETH (LT % 2] Ew) AHI
LT, AEE SIE “Bll-si-ta-tame” & BT T<E
EZA, BEIZ[V Y H A-V] Ysitatame-ru” HIEERE
ENTWiw, “Bfil-sitatame” & 22T L 724525
Hotz. ) L-FREREOHFICER T 5320 43,
SEDOERTII3ME (0.12%) bot:. #0E%E
BL, MAJO CREFRLOHBOFRGKTL LT
RTHBFUEERFTIFHIRB L2 P o 72,
BECEL TR, 11 EOBRY D7, FORR
X, LR “hikii-ru” O X 512, BIFOFIREBELH
FHHFICBFENTV R Do DH 5, BoTHEE

* MAJO ORE LTI —<FET.

Mar. 1999

BE BTSN b 0 2@, SERCERT 5EY
P4 TH o7z, 43 HTHRRZ2EBY, MAJO iR
HERER e 2HFIIEHT LI LT, TREFAD
HEBGEREL LTS, LaL,[avLy] 4
m-are-ta” % “@ mar-e-ta” LA L TL T 9 WHE
B, 20X RBIVFESAE 2B o72. &B,
WhWATREFAIRSEHO 2 —/N A 21k 14 7B
L7284, $RTELLSHENTEL. FERICERT S
BTy 5] 59T t-tta” (£ v ¥) THaED 4T
w-tta” (FTFv %) THEH», TRE (405 »F
“w-tta” (B %) THAHD “it-tta” (ITv %) Th5b
PORJNEESDDTHE., ThS5DEHERI XA
57012, HEFEOBERN L BRIVETHL/20,
BEDOMAJO TRIELSBIFTAZ LATTER W,
DED LS REZELNVOBRZ T CIRANCE
HZVERY R, BRIA T ORBERAERFERORY oK
LT, 40P EOEA RER T A+ OFR#E1t
BRELLoTHBNMTBER LT AZ L NEL L5,

6. B8bH VI

AL TIRIRECE RO BAREBRERIT Y X
75 MAJO 23E L 72, MAJO ORZETIZ, REX
HICHEML L B SCE R R L, R ESwTY
AT LAERBELL0T, RELFEOE MRS 2ED
LT, XERHNMOD R WBEEETETHAE OB
ZUREE LTWA. $/, BRECBHTIRBREH
ROFHEFBIFEL D LR TE, S5 TEHH
LZEDBHTERTETVED, FOBR, VAFAID
BHELERLLDEZoTVA, _

MAJO 3 # DB HEICBWTE PR ADOLHDS
BB, BRIAMIOWTE, BEZRAFICL Y HEE
LRELTWAEH, FFICX)HEWNICRET HFE
LRATWS,

T72, MAJO EFERFELTHV VWAL LD, O
BHRBANOMUAFES THL L Bbhb. #2T,
SHAY P2 —AR WWW LOXEIZR NSO
BRAEZFAEL, MAJO THET 2 OEERER
TEHEZLORFPTHA.

ZOMUC D, TRECFEIIAREOBEE L LTol
HIZEBLTwAZY), RAUBEETH 2BEE, ¥
AT VEER EL OMOBHEIR~DICHEIEIRFTE 5.
HEELIIBE, MAJO X FIF L HARGE-Y 17 Vil
BWMEIR'S OBFRICH Y HLA TV S,

KELRDL, AERERVLOPOTEE 2 W50
TeBEHRER IR LET
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132 MAJO TEHZR I h TV R

F£9 MAJO TEHEEN TS HmF
Table 9 Parts of speech used in MAJO.

il % AR HEERY
&7 E EF®
e 4 HREFR
R4 =% A BRaAR
HAHREF iz HR% AR
e B B
R R R
BIBhEF AIBh#E BBy
B2 B B
REE /¥ B B/ ¥k
Ry € b33 Rer/ 2R
3R NS TLARREEE SRR &
Bt TRRE Wk /&R
FEBREF LB FER
BEEDF LUES] BEH
N Ed] b E HikE
Y EE HE)F HhBhE) BEH
HEFEEBF HhBYEL FE®
TR Lo e FRE
FREBRRR/ & FERERER SRR
FHEEHREH/EM FERERY SHRRRH
AR R B/ R BERERR  EAREN
R R R EA BERERE ERRRR
WARBRE R R B/ Ak MRBHRER SRR
ARMFE R R/ EH A E T
LAREHET HFBR BAH
BRI LEER BER
HFREBER LFR el
LTGRERE R BB iz
BAIRERE BERERE  LRER
R AEHR BERERE BER
BFiRERRR BEHRERE  FER
BRRAERERE BEHERE  BR®
FRIRERRR FERERER 4FR
FRERERERF TERERE BER
FFREERE FERERE TER
FIRURE R FERERER BRR
B Re R BREERREE LRR
R AR BREERE BER
FFiRERR R HRBRERER FER
WRIREBRE R EREERE  BRR

B EE BehtBhEe HbeBh i
e HBhEe LivEa
HFBREHEE R SR
ES ek T T B E R
LIEDEE3 R B LBk S0
TEAR TR BT TEARBETHRE
MK AR A

IR EES] =]
ez BedtE e
WA AP R
e Bk s

continued on next page
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continued from previous page

% EEEENE  AAERR
P YETS TEE BB
B/ BEE ERER
R/ REE ERER R
A gk BEE AR
A {8/ 158 WA
BT /A BEE R
R/ REE R
BE/ i R

(FEL104E 1 B 9 H%AMY)
(PR 10 4 11 B 9 HER4F)

A FwEL (F4ERE)

1995 A HB A T#HHFHRT
FREE. 1997 FRA¥RE TEH
FHERTFHERBLREET. B
£, FgLREEED. BREHE
BIZBT AHRICIEE. SHELEE

L7521V 37Xy b (ERE)

1983 EFBAFHREE. 1996
FRHBRFRER T EH RS 8
THERETHRENT. FE =&
REDF. BASHEHEMIETAHF
FEICHEER. ATHfE¥A4KE.

Sl BZ (ERE)

1984 FHHERZETHEHRELRF
FrEk. 1989 ERAFE AR TS
MEFRER LEEELERHT.
FIRZFBF, PROKFEHEN, BhEds
THET, 1997 EHREBRRERFERK
ToARfeRtBhgd. T3, mEIcES CamEER
iR, BASHEEMIET AHEIC/KEE. ETEHR
BEYR, NTHESES, SELAERS, BRZAH

A A
FRERE.

WiE FE#E (E4H)

1962 EEHBRAKETHRETL
FREFE. 1967 ERAFREREE
THREEBT. AXEHEE, =FEX
ZEFERT, 181 £X W E&HE
KETZHHEE. 1997 £ X Y RK
FERFRTHHERE - THBE. T¥Et, 4L
v - SEEMR, BMER, v Mu o 7R £
BeotpkitaRiE, ATHRE, BRSELEICEST A0
FAZTESF. 1992~1994 SERFATE, 1995~1997 4
EESHAEMAEEREAETER. BEHERREYS,
ATHEESES, AV 7 by 7H%4, HEOR %
£, EFEAE%%, IEEE, ACM, EATCS £4 8.




