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An outline figure of the proposed model for language comprehension
and production in young children from two to five years old. In the
early stage of development, words are not categorized into grammati-
cal categories. Grammatical categories begin to be acquired at around
three years old, but they are not clear enough to comprehend a cate-
gory of novel verbs. The undifferentiated grammatical categories also
cause overproduction in utterances that children produce. Acquiring
accurate grammatical categories enables children to identify a category
of novel verbs and to fix the overproduction. . . . . . . .. ... ...
A graphical model for inferring word meanings via grammatical cate-
gories. This indicates the inference process of a target feature o desig-
nated by a word w; through the grammatical category s; and meaning
category m. The dashed arrow represents a direct induction from a
word to a feature, but the model cannot learn the relation for a novel
word. The grammatical category s; is a clue for inferring the feature
o from the observed features f. The gray circles indicate that the

variables are observable in the environment. . . . . . . . . .. .. ..
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Inference of word meanings depending on the number of grammatical
categories. (a) The model acquires obscure grammatical categories be-
cause the number of grammatical categories S is smaller, resulting in
the failure to infer a target feature designated by a novel word. (b)
A sufficiently large S enables the model to acquire well-differentiated
grammatical categories. The larger S improves the accuracy with
which target features are inferred. . . . . . . . .. ...
Estimation of the target feature corresponding to a novel word by the
model (bars) and children (points). Results for the model trained with
the (a) English, (b) Japanese, and (¢) Chinese corpus. The bars indi-
cate the average percentage of model estimates in which the inferred
feature was a novel action. The white and black bars denote the results
for the models with fewer hidden states (three-year-old case) and more
hidden states (five-year-old case), respectively. The stars above the
bars denote significant differences (*: p < 0.05, **: p < 0.01) between
the model estimation and the chance level (0.5), shown as a dashed
line. The error bars indicate the standard error. The black and white
points denote the results achieved by three- and five-year-old children,
respectively, as reported by Imai et al. (2008). . . . . . .. ... ...
Part-of-speech representation for each hidden state of the HMM that
was learned the English corpus. The graphs on the left indicate a

typical representation of the three-year-old cases, whereas the graphs

on the right indicate a typical representation of the five-year-old cases.

Part-of-speech representation for each hidden state of the HMM that
was learned the Japanese corpus. . . . . .. .. ... ... ... ...
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[22] 122D Ty DEINEITH 5 LRIV T, Lo T, RisCeh gl
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LBENGET SN E ALY, JOBMBIERD X A Z A LTOWT, PR [22] 1%, £
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BHRHIPERINTE 5T, BOBBBAIPEAICIE6, LddsT, UEAT
TVIEED O SRR TE R VD, FEOBBHANC XD, SUGEMICIEL WX E
HT& 2, D S ANBEEICHE WA T 3 DER I RO 503, DX
EAT VIR THD ET S, B2, Aeh T3 E2znDNDFELT I L
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Verb generalization
depending on a
native language

C hensi «  Successful noun generalization *
omprehension » Failure of verb generalization

Increase in the number of hidden states of HMM

" » |
fTransntlon rtt_JIeI Adiective B Adjective Adjective. Be
or grammatica e Verb Be ( /) )
categories oun - ver Noun s Noun / Verb
: \

| ::' /

Transition rule ‘
Dogs™ are =» running Dogs=* are =* running  Dogs~* are ~* running

for words
Under 2 yds. 3 yds. Over 5 yds.
. Overproduction * Overproduction * Decrease in
Production of “no” of “ed” overproduction
of “ed”

Figure 1.1: An outline figure of the proposed model for language comprehension
and production in young children from two to five years old. In the early stage of
development, words are not categorized into grammatical categories. Grammatical
categories begin to be acquired at around three years old, but they are not clear
enough to comprehend a category of novel verbs. The undifferentiated grammatical
categories also cause overproduction in utterances that children produce. Acquiring
accurate grammatical categories enables children to identify a category of novel verbs
and to fix the overproduction.

FEDLA, IR OHEEN TR D I WSk A 7 3 2R S, % OE
F230 0 26T 254 TR, BEARMANREICAR S, 7, EA T 3V OBEIR
WDl S s 2 LT, WRERHEAT 2.

RETTNTIE, EAT IV Z2EET 572018, Hifiliks L OEWAEFETD 3,
fRit~L 2 7€ 7L (hidden Markov model: HMM) Z % [27], 8BS G2 61
et &, HMM I3 Z DEEDGEA T 3 Z2RVREBE LTHEEL, 2047 3V HD
BHMER 2T 5, RET T K 2305A 7 2 S IIEEI OFEER - TEREIIHT



FHHAID RICHEDE, MHERERIZZ IS L 2w E 5, SHEHM L EHICE T
RN EFHT 2EE L ST A—=D, XiEhTaVE, T45bb, HMM O
BEAVREERCH 2. % DREIREZFSE TV, X )KL SOEA T 2V BRI
2%, RBIVREEDYROFREOHK L 2 5. EilOKiEBEET 2 72012,
SIEHEAOFERTIE, WEE HARE, BXY, hEREO SO0 SERECREE T
Z¥3ab—1FL, Imaietal [11] DFEEFEZHIT 2 E2HA5, ZL T, #ES
NZGEA T3V OWNERBNTT 2 2 & C, MAKEOSHEMAREZF ER I L
FEAT ) ZHSPICT 5, SiEEHOERTIE, 5L HAED > DOFIERET
REETNVZLI2LV—F L, Teds & T, OWFEROBEZAALL, Z1L T, %
DEZDOEAT IV DEFTIZ KD, BREEROFEX A=A L 2w T 5. 561,
YERA—NZ T2 2 LT, BEERICHES T 2 ANERZY o nICL, REE
FLADOEEZRT, 727201, BEEFILTIE, HMM ORIVRIEERIZH 52 L &K
EINBLEEMTHY, > Ialb—yaryfuldlHEmic2ilys s Lidze, &En
REBICR L TZNEFNL T 2L —2avEETL, ZOEEDETILDNAT +—=
VA ENHRBEOELZHERT 5.

1.3 X DIFEA

AL ODETHRE NG, H1HTE, HHREETULONR, 8IS, K
wi XD HINZ2 Tz, 52 5T, fERMZRZMA L, RAROFRIELE 71 77 %
HEDRNZ, 2L C, E3IWMLEPATT, GEAT ) OERE T L2 VTS ER
fRt L PEH 2 BT 2 ER 21T, 5 3 H Tl Imai et al. [11] D FEBEEREZ FHHT 2
YIal—varzitwe, ZORMHEDE AR EFENELDOTRICH 53CGEA T
TYREEZHS2ICT S, HA4ETIE, HIREEFEL HMM €7 V2 HWT, Teds &
"D OWMFIERIBAN L D2 WEEL, ZOFEHRIC OV T 5. FFEBRICD
WTDBLRIHETENRS, U EOFERIRZHE AT, H5ETRREETVORS
ESBRDEEICOWTIERS, BRI, HBoHTANEZE LD 2.
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2.1 XEATITVIEDFELMD

RO 7 3V DIERZ > 72 T AL RITEIE % H 5. 205
FRDSEA T Y ZHEET 72D, HaEH (DA F230 0, TBENTF)
D, B, HHNTFEPLYDD=Z20ZFHLTWEIEEZRL TS,

XiEA T TIVAGICEE T %13 L A EDRHRGRE TIVIE, FEDIER RS — 2 Th HiiEE
1, &2wiE, JANERZHCTW S BIZE, (28,29, 30, 31, 32, 33, 34, 35, 36]) .
%l Z1Z, Tthey use balls; & Tthey throw balls; &9 X352 6N 7 & F 3 &, Tuse]
& Tthrow) WGEE L ZEBIIFEILCTH S Z L3025, FLUXELT IV IR
ILIR, 2oL RiEEAETAMHEEICH D, INDEERDET I TERN) LD,
7, ZODFOBEIZFEEOHMZ T TEi L, EA T 3V OB (Fl 213,
B A 7T TVIEEFEA T TV OHE S, HIWEAS T Y OHi) Tbm L3¢ ohnd
29, 33]. T%bb, FEOEAT IV, WL GE LT L 230k A 7 3 O
ORI GIRO 5ND, D X)) BIEMANCES CET LT, AT 3VDRD
DH 7 LB G 50T\ %, Elman [28] (395D BiffiZe =55 % AWT, H
iy ALy b=a2—7 V% vy b7 —7 (simple recurrent neural network: SRN) %33
EAhT )RR CTEL I LER L. SRN BBEDEL SRXDEEZ TFHIT 2 X5
IZEEL, ZO8%, ZOSRNOYIRE = 2 —a v ToMmNEBZER L. 2L
T, Z2O=a2—0vvORWEEZ I IAZ )V 75T ELICE->T, XEAT IS
N5, L7o>T, 2O SRN OMF AT T GREDOEA 7 3TV ICEEDW»
THRE 5, ZHMV2 HMM bRDFEZ3GEA T I VIS > TP 2729, [FfkD



HETXLEF->TDEEVZS, LrLads, HMM O k) ZHERNTFEIIES %
WERER E Z DR L LT vy RAfbl, BN =2—FLET LI HZD
VRO EIICERT 5. 2D, MERNTEDHPRHEMICK VLTS,
E 7, FEN R ERUIL OB NERBL (SRR, SGEATIY) OBELL #
ROEHTH 5.

X YRR & RNT L 7B R O Tk, SQEA T 3V RIS BT 2 TEREN - HERN
T30 ) OEBEVEDEF I 1T %, Onnis and Christiansen [37] (3% { DFFEICE
W, SEIRFERRICIESGE A T 3 O FICH 5T E 2 TBRENERDS S FNT
W3 ZEEME L, WX, REEOBEIE L CEREE Ting © Ted) ZE9. %
7o, FEBRZRIIZE I3 IE3E 2 REGE & T 2 94 IR b B 2 s £ Hhiesic
oI EERRLTVD [38,39,40]. LAaA->T, HRIZID LX) RIFENT
DY ZHWTOEA TV ZHEEL T3 AEERH 5, I 612, WL DD DEHH
WEED LA T 3 OFAINCHEHATH 2 Z L2VRIN TS [41], FIZIE, HEFEIC
BT, HEOEHOIGR LD QHFDTBRE ., £, ETAMAELS D, i
N2 F0 D 210K, TN - HEHNA TR D (Hl21X, FHoBeiERo
JURER) [T WTSUEA T ) 22 EH T2 L, 200K LT 5 2 LR
T3 [42],

F LW 5L, MERDOFIERNIIEE, SQEAT TV EZHEET 20200713
ALZRELTE . ZLTC, N6 DMRIEBHEENZ T390 7217 T% L, FHNE
CHBF D ZHCT, HRIEEFEEZDEL O REZR LTS, LirL, &
LA E DRI Z NS DFEDRD VIS X BB EZ R L OARTHD, HRD
SEFEOREN M L R En v, HEEFLOZRYMEZRIET 5 7
DL, SiBMDER L Vo L FIBFKEOMNA R H %2 T 2 0813 H 5. K,
Imai et al. [11] DFEERIZ LA 7 TV ICHD K GEOMAIC BT 2 FENZEAL & S EEH
MEEZRLTED, ZOFEBEMBTZ I EEREETNVOZY LM LFFT 5.
Bl ZE, WEEEERGEE T 5 I, BIC Tdaing) & 720BIL & 2 0@hE % 8E I
XIGAHT 2 2 ENTE R VD, ZOHZAML 2WEAETIE, ZOR)EAT 2 HEE I
%%, Uk, FEEERREE T 2NIINT LS TEENT ) 2 O CEE A 72
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VEHELZWI EEZRLTCWS, —T, HAEZREEE T2 HE R Tdazing
EFEED T2 5 T3 EEWEEATIE, TBENWEXLDICLD, Zo8ERERD
HWENTES, FHDIIRYROTELVLI L, BXY, FEZ2EDTHHTE 2
ETNELTEYMEEZBAET 2 2 ENEE L, E61C, LiloSiEMmM2 ) ok
{, SHERICB2HBNHRZFHETE L 2L ZDET IV OGN PR
3 5.

2.2 XEATIVEBHWCZEEDOHTE

SEEOYEL, WG RSN E FITy — T H 2E f OREE P(f|w) DEF
BELTETIULEN S, WIRDUVAE EMHIEN 2 EER A LTI, S0 v —
YOMNDE ZOMEREZFET 2 (B2, [43, 44, 45, 46)) .

AW B T 2BEHEDEARNL 7 A T 7%, wFThL, ZOEDOXEAT
TV szHT fe#ETEI L (P(flw,s) THAS. Imaiet al. [12, 11] DEED
£I9IS, REZwPRAGETH-TYH, sHZ DFE LY LR L ORISAHT % AlHE
129" %. Alishahi and Fazly [47] 1 s ZFi/c 2\ W30EA 7 3V ERE TV LHRT, s
ZEOETVEHWS LT, ERYEOMELEENM LTI EER L, L
L, ZOWIETIE, sRERICIELL, H62LDE5A6N55D LEIN T
7o, LEDST, ZOETLTEsDBED L) IHERI BEL), s DFHEKRE
MWBRED X I P(flw,s) ISHET 200 2HHTE R\, —HT, a—1"RICED
CHbM7Z LEEMEEEIC X D s 2R3 2T VD H 5 [48, 49, 50, 36, 51]. Toyomura
and Omori [49] 12 s 2R T 572 OIZSRN Z Vv, ZOXIRE= 2 —v v O3E#
Blelig LR e a3, 2L HoDETVIEZOELRBZNL T, §E
DI THERMEZHEE L7z, LarL, o RR&HAEFHAO D T TV OWTDEHE
7RO FRENZLZ ER L T\ 722\, Alishahi and Chrupata [51] (&#EETHY 72 il
BLETNLVZHWT s Z2EET 52 LT, Hlilid ) O3GEA T T VAL [47] & RO
BRRE %D ERR L.

ERDOETFILDIZEALIE, ZDETILOEENEZ L 2 IHEY, SiERE
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PP FENZ Lz L Ty, IS DiETY, Aifiiio ks 73 VAl L Ak
DREDNH 5. AT LDFFIZALT L HRMA A=A L & LTORYMZREEL
3,

2.3 HEED Ted) OBEFERTETIL

PEED Ted) OMBERZHHT 25HHEwME T VICIE, 327 a3 =X FPETAN
H5 Bz, [52, 53, 54]) . THUF—DODEEIBELTE TV TR A K D FEHH % G A
TWwWa, Za2—J)NV%y V7 —7DANZEHEFIEOERE L, ZDM1%2 AJ18E
DMEWDEHRET S, 2L T, Z2a—7 )%y b7 =271 AHDEOEEELHI
REET 2. FHOMTI, 2TOEENIC Ted; OZLEHIZSER SN2 720, @
BRRAVEL 5038, BB, BB E AEIZ LW EE I N5 720, &
FIERHERT 5. L@L,Lmém%fw@~%®ﬁm@ﬁ%®%%@%b,gﬁ
5 2B S D IHEEHAI DI D TH 2 HAGED BRI K & EERICBED 1T 5 2 13T
R/

MR, Tedy DB RKZ FIHH T % Words and Rules PlamClE, SEEALLIZ >
DI, Thbb, FIv—LtL X arvolafEH - #H#AICkoThINiEIN
% (25, 26]. MHIZ(LOHANE, 79 <—DMBIZ X ) TEEFRER + ed) OTHEEE
B LTEHEINS, FHAZELOES, LI aryolin s s v —oFhiE 2l
HIL, Teds ZAHMT 22 E 4L, V¥ avyoHIC X D EEL ToiloiEic £k
T2, ZOMHIDEEShRBE, 792 —DTHE BB LBEIC £ M S
N, Ted) DBFAEIEL 5.

—77, HAFED T OMBFIER % T 25T T VIEREEREINTE ST,
F7, ZTNEHGED Ted) OMPEEK L DBEDIZ LA SHERIN TR,
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2.4 AKEFEXDOXF—TATT

KX TlE, SROSEIMR - EHOW A OFENEN, Thbb, ¥t -8
ﬁ@ﬂﬁ%&ﬁ@@ﬂ&%ﬁﬁ@&ﬁpﬂ,z;w,ﬁﬂiﬁwmﬁk%%ugw]
ZHBT LIk T, REETVOZY LIS 2. REETILTI, B
[« FEREIN T30 D ICED W TOEA 7T 2HEET 57201, HMM ZHWw5, Z
D7 L DO HMM ZEEANORIVREE L L TUEA T3V 2EH§ 5, ?%ﬁ%
DY 2ab—arTld, ZORIRELEBIZL 7258 L OXNERGR 2RI <G
B2, REETAPEEZEL T, ANFEOEA T 3VAD 72 DY) 2 Fo3
20 ZERL, ZoOME, BRI OSIERAERNAEL 2 eI s, 7,
HMM OERBERDOIEKR, T4abs, RBIVREBEORMNDS, RO EiEFHED— M
ZHHTE S LW IIRIZIRET 2. SEHBICOVTE, 4 - BEAoMH o FiE
725 L RN (1] 2 22, FEHT 555 LRREBE ORI X b i<
Er v ial—varvERICKDRT, FEERICIOWT, HEED Tedy & H

D "oy OBFAELD, HMM OFRIVRERE DI X D B - HRkTsl L%
AT, 6L, 2NFNOEET, B LRBIVREZEN T2 2 LiIck>T, 30k
AT TVRED L) ICTHEANOREZELBIL, SHEABCEDICEE 2 KX L 7D
DPZHLNIZT S,
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3.1 [FU&IC

ARETIE, SiEMMICBT2HELE LT, 1L.1.1ETHENRZ Imai et al. [11] D45 -
B O RERE T VR RET 5. ZOFETIE, YYUIRAGEOSGEA T2 &
HETEILICEST, ZOXEAT IV 2N LT, GEITNIGT 2GRz #EE L
U o 7w, 2 ofTEhsEEIT WOETEEAT IV ZHLNIZT 5721
TIE% S, Z2OEAT D) BYROFEZREEZRET L2 L 2R LT3,
RERAEIIETATEE LBl L A ERBONICEROER LAY NS, L,
2T, ZOFELOIRTREBICAMED?» I D 5 2 LNTEICR 5. HBOHER
(BEE, Wik, BifE, BHELE) Obss —v2BEL T3 & FICHAaERS 2
5Nb L, RIZZDOHAEIMIZIBEL T30 2HH L 24Ul nsk\wn, 20
IR IE Quine [55] 12 & > THEGR I ALTLUR, %R OGERER O LIRS &
HmoTWw5b, ZD— o@%&iLﬁﬁm%ﬂf%ém3ﬁ]:mx,y<®%%&
Bz L7z, 58 & SRR OM oL E O EHEHAI OGS TH 5. 75T, YR
—RDYEEEEFRTH > ThH, ASHPDNL TRAHEDSOGEEZHEEL T b 2 Ld
bhroTEY, ZHEHIR~y BV 7 LI s (BRI, [56]) . Z2DF2300 D
— N HEHHEENA 7 2235 D, ZAUIH AL BA I WG S ¥ 2 I E v 9
57). 72, YRIEIHAEZ NREEOLHETTH 5 LIRS 2MHEMICHD, iUt
YItkoN g4 7 A EWEENS (58], IEDIIFETIE, EREE XN 2 B0 HE BN
ERERED 7' — S N @D YR OERHED TR D ICR 2RI NTw 5
[59]. ZNHDNAL T ARFELDDICHZ T, Tmai et al. [11] DEBHERIE, STEA
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TAVHEDOTYRIGEEHE L TWE I LE2R LTS, LEdisT, ZoiHE
ZETIMET BT LiE, SIROSGEA T T ERIZIT TR, BBEHEEXA=XLD
R & LT HEERE .

REETFTILTIE, SEANLSHMMICE D ZOLEST I 22EEHL, 2D
AT 2 L GERHEOSGRIR 2 @R DU T T2, SN DFEHOKE, €7
WAISGEA T3 2/ LT, Hranso I EREEzitETE 2 L)1tk 5, 4M,
Imai et al. [11] DR OIER L FRIC, 355E, HAGE, XY, PEEFEO=FFETH
Bil, ZOEEEDSHERERZINKT 2, 4, HMM ORNEH COkh 72
V) DBDOLEE LS VGG L CHERER L, =% o FUROAERE b 7
5T EAT IV ICOWTHERT 3.

—\V

3.2 7

Fig. 3.112, 8RN w = (wi,wy, -+ ,wy, -+ ) EREREE = (f1, fo,- ) BEZ
S L EIC, §Ew DI TR 0 DIERZHEE T 277 74 ANVETLVERT. &K
FNZFINOZEI O St E WAt 2 m 3. S0l w I3BIFEREE: & 4rifE L 72 B33
B (R 2abekEd s, £, fI34H, 85, 8L, ERIAICHGT
LMRNEHERBOES LT 5. KETVOHWIZ Plo|lw, f) Z@EYNZFHET %
ZLThHDL, ETNEHEA SN — R OBEAREE 6, 526 NKEE w D
TR 0 23BIRT 2. 2 DOHEFIX Plojw,)Plo|f) IHBIL, 22T, w & fiZ
W7 ERET 2. BIE, BIMIL T2y —VICHEET 2IC LT, Ploff) 13—
Mot LTE5 4%, —, 4 D=y LiEOXD S, EF IV Plojw,) %%H
T2, LaL, EFMEHLLESA N 0w £ 20D T o DIEHEIN 7
BAfR Plolw, = w) (Fig. 3.1 TMOWHRRHE) 2HEFL TR wD T, ZOHEE
ZWETHIEIETE R\, Lo T, wy,DXIEAT I 5, 238 L THEENIZ o
ZHEET B, $4DBL, Plojwy = w) = 3 P(o]s)) P(se|w; = w, s_y) TH
5, 22T, 8 = (5,8, ,8, ) dwDXIEATIVRIITHY, s_, s D
ND s ZEKRT 2. IREETILTIE, SUEAT IV Psiw, = v s ;) % HMM

16



DFEIVREBE LTHEET 5. 2D s OHfEE#fE% Fig. 3.1 DM CHEN 7 7 7
KRS %, 4B, XEATIVEOERIS, FI74 776072 7#EZRE
5. $%bb, BUEOSCGEA T 3 ORI, THET 220 h 7 3 ) idIw
THEEIND @ P(si|wy,s4) = P(se|wy, Si—2, 841, St41, Sev2). 7272 L, Fig. 3.1121F
P(sg|wy, si-1, 8¢41) ZRTRAD AR I TS, HMM 1Z3EA 7 3 B0 ER
EEzZAEHL, IR AHEERANONET 2, BlZ2I1E, KEEZEEH L ET LT
¥, P(s; = “verb stem”|s;_; = “be-verb”, sy, = “verb suffix”, - --) 23K & %
iz ff> 2 LBFRFI NS,

ZLT, EFTMIEEATTY 525 Plolsy) ZHToz#EET 5. LoL, ¥
LGB Z s ncfiarfic o w» T u,:®%%%%%%$¥?%%Aﬁ&m A¥SY
Imai et al. [11] DEBKETDH, IR INYE L EEIIHE RS DTH o7, C
DREZE R 728 :,%%%@W JEYED X9 R REO 7 3 TH KA
TIYmEEAT S, SE, ZOAHT7 3 3R EBEREL CHIGL, 2 ORIGE]
RIFFHNCEZ6N2bDET L. Thbb, Plojm=m;) DoflE, A73Y m;
CETRBICH L CET 2., o, ETAMEHAR oD m ZRBRTEETH S &
RET 2. ETNVIIHARE o & s DIERENL TR ZAEEHTELR VD, m & s DRR
FEEETES, TOXHITLT, HiL{EA6NT0lE, s 5 mzs L THENIC
HEE I NS @ Plolsy) =), Plojm)P(mlsy).

DLED 6, w, ODIT o DEHRIL, TEEFEEE Plo|w,) & B
> 2om Plolm)P(ml|s;) P(swy,s_) DRTH 5.

P(o|wy, sy, £ ZZP olm)P(m|s;)P(st|ws,s_¢) P(o|w:) P(o|f), (3.1)

ZIT, HLD Plolw,) 1355 L FBOEREBREZ R, %uqm#mﬁmf%m
COMERIZRICR S, 51T, HABEe AR L2540

X (3.1) DA% max,(Po|w,)) THRET 2. ZORER, FEFEICE T 2 AP
DK [57) 1IcFED <.

REETNVIEIA (3.1) IZEIT 2 “ODMERZEE L 2T %6 %\», —DIF,
P(siwy,s_y) THY, QEAT IV OEBBIAIZIEIC, B0 EA 7 3 2t
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Feature
(e.g., book, read, green)

Meanings category /
(e.g., object or action)

category

Word
Bayesian

_______________________________________________________

Figure 3.1: A graphical model for inferring word meanings via grammatical cate-
gories. This indicates the inference process of a target feature o designated by a word
w; through the grammatical category s; and meaning category m. The dashed arrow
represents a direct induction from a word to a feature, but the model cannot learn
the relation for a novel word. The grammatical category s; is a clue for inferring the
feature o from the observed features f. The gray circles indicate that the variables
are observable in the environment.

ETHMETHD. I —2%, Plmls,) THYH, CEh5 3 LERA T3 Xt
JGBIRTH 5. D@D, P(s|w,s_;) Z#RDD7-DIZHMM 2 w5, 2O HMM
TlE, ¥FIFa— N AwDARIHEIE, om TR GElZMERA2.1 Z2IH
DIZL). ZLT, P(m|s) (ZERWVIIERT 2. Loy —rv2nziitld 2
BB BN E FID, B — v RIBIAEA T Y EEE A T2 Dk
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MERZEHET 2 GElEEIRA2222 RO L) .

REETNICEBT, GEAT TV DOHEE (P(si|w,s_y) BEHELLZ, ET)VIE
COWERZ 23— RADSEET L (EEITH G S 2 — S 2 DFEMIEKE & ATk A3.2
WO L), Lo T, AEAT Y Lz 0B BREANE, 52605l
DIGERIE IR T 5. £72, HMM ORIVIREEE S 13K FED> T a1 —v 3 Vi
BOTRAZERELTEZS, ZOBIELT ) ORBEICERREEL L Z
3. b L, SHAMIFIUL, BlZIE2THBEE, Fig 3.2 () IORT XIS, XA
TAVIEIADFED A T AV &, ZNLDNDFED AT ) DA% KRBT 2 WHEMENH
2. ZDX)BRRLES T )T, o & m DHEROHEZIIRIEMIZ RS, —
T, BEFADPTFICRER S ZALTwIUL, BiFA T 2V %5 A T3 550
Yt d 2720, mEoZIEL {HEETE S (Fig. 3.2 (b)) . AWZETIE, SICHE
BAEZRET S LT, Imaiet al. [11] 258 L7, 2k 24 mcoFasaa - 8
OB EZHETEL I L2ART. K& S ENSESZR >ETVIEZNE
N, R ETROIRDBOZTBLTE L 2 L2 FEOFHEBTRT,

3.3 EBR&KT

RIRD HINE, REE T RoLG - BEamH 1) 230, Ba244mE
i COMMDAERDIFNZH S Z L TH B, ET N2 ANLINEL - > — X CEHE
S, 2O, FEEPETREEHET 2 LICk>T, ETARHET 2. 2L
T, ZOETNVORIVREONINEB 2 BITT 5 2 LICk>T, ZOHEHDER
EIWCHG LISGEA T3V 2G0T 5, DT, 7V 0%E Lok
DN TIER 2,

3.3.1 X - HFEHO™

FELE LT, HAGE, %, BLY, PERFEOSSHEMEZAT LA T a—12
ZELT 2 GEIICOWTIEMNERA3.2) . W, BRI ZGEZRIOGED 73
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m (Action?
Object?

Non-start on-start!

(b) More grammatical categories

Figure 3.2: Inference of word meanings depending on the number of grammatical
categories. (a) The model acquires obscure grammatical categories because the num-
ber of grammatical categories S is smaller, resulting in the failure to infer a target
feature designated by a novel word. (b) A sufficiently large S enables the model to ac-
quire well-differentiated grammatical categories. The larger S improves the accuracy

with which target features are inferred.
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) DR ZRETT 2720, FHa— A TIERL, NLa—m2ZHwi, fEsrT73aY
(Bl z0%, 58, HWEE BhEd, 720k, BEFHOA T 3YV) BOMERN BRI %

BEICDOWTEKEIL, Z205EA T3 OROREREY X F 6k —D % 7 VLIS
BT 2 2 L ORI L. BB, TNE6DATLa—RICB VT, ANTFHEEX
Z72v, ZRNETNDFRED 32— R ALE EF N5 305G L 2 OEIEE, CHILDES 7—
FR—Z [60] IZET 5 6 T DI T 2 RADFEGE2 — 3R [61, 62, 63]
a2 — S ZENTHTSE [64] Z MR 72,

—fkic, HAFEIZEESCHERELD b EBEPHNGERRE T 2 2 8%, X%,
FEEPHWFEDOFEIES AN DL 2 Z b %, SEER L 2 HAGE 2 — 2 TH,
P HIVEED RV AN Z 0 H 5. £ 72, FEETIE, THE-ing) A THEES
N2 LA, WEOANTI— A THZD L) RHEEZOEGL0.2% &
FEH ARG, T, HAEI = SA T, BiE A RIS o,

BTDA—NRICEWT, EEZOEE LRI INTw5 2 E2{KEL 7.
Bl Z1E, BEFEa — S AT, BB o DR GER & BRH Nlingy) I
SEESNG, ZOFSIEIC XD, BEFIVIIHKEEN R TR0 2213k, BENZ
F20Y ZHOTLEA T TV ZHETEL LIRS, ShoshEcb Bz | P
BFEEMHIBRERICT TSNS [38,39,40) 2EH6, ZOREIEFHYLLEVZ S,

X032 6% EFIIC, Z2OXho4E, B, JBAFEOZNZ UG T 25
RETNVICATIZING, 51T, RTOMEPLEYITIEZ LA o DEEZRD LK
EL, ZOXHCRERFCBMiINTORVARHICS, BEZEI ST, 0B
P 7 v LGB NBRFNCNIBT 5. B2, TBEIZ A 23 v K %2 H AT
%) LWIHIXTHIUL, "B ADEMNE T8izA, ThRv, TR THERAT) T
BT 2R EZon%, S, ZO0RWAT IV, Thbb, WK #F, B
o, BHEOAT TV ERREL, Insikznzh, 4, BE, B8O, BEAFEICE
P COIRT 2, ZOREKA T2 ERHEOMGBIRIZBEA E T 5. S, #5iE
2= ZDEARNRD 10,0002y b EHOBTE T ILEZEEH IS,
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3.3.2

ETNADERDOK 23— 2% H L 721, Imai et al. [11, 12] DEBRIZH - T,
YERIA—RACGENZHAEX ZUNTOXTETINVICEZ S,
HAGE

o SN TX ¥ H2B
o B (HAEME) &M TX 5 T3

o W (HAMS) Sff TS A 23 2 X 2T5

o #igtE "Thereis a X .

o B (JHAME) Z&fF "X ing .J

o Hhi (JHAME) & "She is X ing it .J
i

o HEIRAE TH X

o Ty (B ZfF X

o B (JHAMS) Seff T4 (ta) £ X KW

COXEFRHT T2y & Tatolgtt, (Wind Bk , Biaiid, , ey
HoEM, B, THEHFEHE ST 2 OOREEETVICEZ 5, KHEOE
M & AR OEEE, 2 — N ADBEFFERED S 7 V¥ MTRIENIGEITNIRT 5
EETHS, 2L T, ETAMRAEBLY) ZHOTX 2 6R Mo z#ET 2. 4k, X
MR T 2 R0 0 & L THEE SN Bh, €T IVIIHEWIR L s
2R TERT 5, CoRER, & - B9 (11, 12] THIRISHEEZ Y
EPEELA EHEE L T & LT, Wik - BIfEZLEED &8 &2 IR L T
722 TR T 5,
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BHEMETXITHNT 2 0 ZHEE T 2 E M E, HMM QW UIRER 2 2 T 20 05
ML, X ZHaEfE L HE § 2HEROPIETE TV ZEHE L 72, A ¢ BUEIC &
D, ZOFHIfELTF v AL )L (0.5) ZHEIC EFUE, €703 X 2 HadfE
RN 72 RS ERAT T 5. 70, BHffESERIC TS, € 7 vI3FEmdicst
JoRHF 72 &9 5, RRBAVREBEL S PR EVWHE LIS WGz 2 Z =i & hus!i
DEgHEARL, TNLDEZHIT 5. Tmai et al. [11] DEBFHRERZHEHTE % &

INZ, BERAVIREER S 2 =R IERE TN CIE 3, HWIHEE T I TIE 5~TITRE L 7=,

oI, EBEINLBWRE COkhT3Y) OROSGFAREZ ML 72, 78
22— RADEFEIWG Y 72 E D YT, FRWVREBIZOWTZOMEAD O 28 &%
Kotz B2, BFEOELRICOVTORMEIZXATEASN S,

Z P(si|lw,s_;) (3.2)

ic“verbs”
22T, “verbs” 1Za—NAHPTOHEGEHADA VT v 7 AELETH S, ETOMEITD
WTDZDEDEIGZ, FERRIUIREEIZHR L TEHE L 7.

3.4 RERER

3.4.1 FHIEBOEKDHETE

Fig. 3.3 12 (a) gk, (b) HAGE, (c) HEEED ZNZNDFIESRMTORREZE S
7 7 CmY, MO AR BIE L HEE L 2EIAE T, A4S F AL R
VOS5I L TZDOMEPERIC/NS K, &, BFEFFETEZOEPERICKENE
ELWBRHEWZS, B77 73T ARRTH Y, FidImaiet al. [11]1C K HRE
SNTYROERFERTH 2 (ZOT—FDEIHICOVTIE, [ikA1ZSHHE L) .
HEROBIZZNZN, SONIV, BXY, RELZGAEOMEELRT. £/, BHo
MEAEZORIZZNLEN, KB E AR DOFEERTH 5.

ETOFMICTB VT, EFVICX DB IISBOBME & FLL 2z Rm L TED,
ETNADEER - FERBIC O VT O ROFE 4 - B oEEHE 2 HETE v
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Figure 3.3: Estimation of the target feature corresponding to a novel word by the
model (bars) and children (points). Results for the model trained with the (a) English,
(b) Japanese, and (c) Chinese corpus. The bars indicate the average percentage of
model estimates in which the inferred feature was a novel action. The white and
black bars denote the results for the models with fewer hidden states (three-year-old
case) and more hidden states (five-year-old case), respectively. The stars above the
bars denote significant differences (*: p < 0.05, **: p < 0.01) between the model
estimation and the chance level (0.5), shown as a dashed line. The error bars indicate
the standard error. The black and white points denote the results achieved by three-
and five-year-old children, respectively, as reported by Imai et al. (2008).
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5L0Z5, ETNEGRIZIEE S, REECEMICBERL C, S 4%z Ik
LERTETWS (2 Tp<.01). = (S=2) O5A, £5 5 OEESMAT
b, FY Uy ALVERRE, 0%, ZRE DAV, —HT, AREOLSE, ¥
BWLASHEIKELC, B2 28HEMTORMEEZTRI L T05, BivREZ /SO,
WEEREEH L2 TV (Fig 3.3 (a) T3, HEHREFSMET, HiamdfEziEL &
RLT02D (p<.05), HAMEGISATIE, ZOBERICERKL TS (p>.05).
BRAVIREEZ UKD, HEFEZYEE LA€7V (Fig. 3.3 (c) bHGEEZPE LTS
WV ERRRDMEIAIZ 8 LTV 228, Bhg (JHAN) CTOMEIZF v ALV X ) FEIC
KREW (p<0.05). ZHUIKRL T, IioofVRE2ZES, HAGEGEZEEH L€ T
v (Fig. 3.3 (b)) T, E£B 6 DBFAISEATHHEEZBENEL WG ¢
TWw3 (p<0.01). ZOEH, FHMETHILT % &€ 7L ESIOHEE X R D
THD I LD, FEEIZIE, BE (EIR) & oY RoERISHEHCE
BT (11, &k, SR TosRo4E - S HEBE R 2 & b & 3T %
SEBEINL, SHEMTERLS S EAho7D, ZODSELFKETHL S (=6) 2>
BHacb Bl L FROKREE S Ntk

3.4.2 XEATTYDKRIR

HIETR L2 S5, 8L, FEMMH0EZROFENZFHET 240, K (3.2) %H
VT HMM DFEUREE D FF O Sid B %2 T3 5. Figs. 3.4-3.6 ([ 55E, HARE, &
KO, HEEEZYE L GO MFARBOMAGZ RS, D77 71 3=K (NS %
S), FDU 771k Hk (KERS) oBGTHS, Mo 7ay 7 H35GEEEOE
HGEFT. INLDONEIL, FNFNDOI—RAOEMEIC L D kO (WEOE
MZABICOWTIE, (ERA32E2 R LK) .

TODRBIVREER L, WHEEYEEH LB EALDETVIE, LE (1%) k@
(2%) DOHEL -BRIVREZER L T3 (Fig. 34 DEK) . TN T VI
L0, EFVEHELAZIEL S ERISHBHT s, LaL, s T3 3%
Kl eHFlD—HMEHEATED, ZHUTX>T, BFESFMEDOHEITF v v AL LI
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represented by each hidden state
o
N

Proportion of parts of speech

0.0

1T R

o
©
L

o
o
L

o
~
L

0.8

0.6

04

0.2

» 0.0

1 2
IDs of hidden states

Three year old case

3 4
IDs of hidden states
Five year old case

[ JArticle
Adjective

\:| Verb suffix

. Be verb

. Intransitive verb
E Transitive verb

Hﬂm] Noun

Figure 3.4: Part-of-speech representation for each hidden state of the HMM that
was learned the English corpus. The graphs on the left indicate a typical represen-

tation of the three-year-old cases, whereas the graphs on the right indicate a typical

representation of the five-year-old cases.

represented by each hidden state
o
o

Proportion of parts of speech

0.0

04 4

0.8

0.6

04

0.2

» 0.0
IDs of hidden states
Three year old case

2 3 4
IDs of hidden states

Five year old case

\:I Verb suffix
(auxiliary)

B Adiective suffix

[ |Particle
Adjective

. Intransitive verb
% Transitive verb

HM] Noun

Figure 3.5: Part-of-speech representation for each hidden state of the HMM that
was learned the Japanese corpus.
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o
©

D Zhengza| / zai
(adverb

\:I De (partlcle)

Bl shi (be verb)
Adjective

. Intransitive verb

o
o
L

o
~

E Transitive verb

H]ﬂﬂ] Noun

represented by each hidden state
o
o

Proportion of parts of speech

o
o

1 2 2
IDs of hidden states IDs of hidden states
Three year old case Five year old case

Figure 3.6: Part-of-speech representation for each hidden state of the HMM that

was learned the Chinese corpus.

BoltFEZoNS, —HT, NOORNWRELZFOES (Fig 3.4 04K) ,
ML ML AR A EE L w2, FcHEiElh 7 3Y 3-4%) 2973

T EIL&oT, HAWR L LGAICHERR 2 B EISIGMT S it & T2
GHWEEA T Y (1F) LFEATTY QF) ahbn, 2FhH, InsoXik
AT IV FHEE, Tabb, HENFESPDIKFELTOS LwA s, LEdoT,
YA IR G Z & NGy, SCRIZAFAR D, ST OBRER ORI EE & v 7
JELIHEEZ T T VIERERC SN, B (HEER) RECOHEEDLF v v AL X)L
IZhok b EZ oD, VEEIAFDOREND %, FEEYATIBEZ 6N L
DIZEAEROID, T VFEE L TAGEENTF 0 DIl d 2 2 L1k D, kil
DWRBBINT- L W2 5,

TODRIVRELZ RS, HAREZAE LR, o088 ni, —oI,
Fig. 3.5 DL T & 9 %, HIEEA T3V (%, 8, 8L, BEH) 1F%)
EEFEATTY Q%) PEGINLILATHY, 20 11 HNEZORBLE o
7o. 2ODXI RS TIVICED, EOFMFETLELIZF vV ALV OHEE
2725, b9 —ODEATIE, 4 kBFEBSTIrNTEHINL, LrL, BElh T
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D) RIEEFAEEGEA TS, BEFETOZDOETAMHEFZF r v AL )L E
%otz —HT, hoORIWKEZE 25, BEHoazRElT 2073 3—>o8
N2 (Fig. 3.5 DAKD 2%) . ZOEFNVEHFERA TV 56&) ORHIEIES
TV THL EVIRBAEZES L, ZOfR, HEFSE I oBE A 7 VIS
N, HIEMI WL LT, Hidsszsfficiort i ons, AAREZAHD X
SREL, GEES ANBEOLZ EB3H D7D, TTIVIIMENTESDD XD HIEERN
FRDDIHEDSOGEA T IV RER LIz EZoNS, LIz > T, Wi THAEL
72 k) TV EOHAD, HAREOLEG IR E T, #Edomsfficks vy, Ik
L B fiEE T & 72,

TODRNREER D, PEEEZYE LGS (Fig 3.6 DEN) , AalvBaE
BEDHDOFED AT IV (1F) L20DHNOFEOAT Y 2F) BRIHINT.
CozoftAh T )%, BiEEd s, BEEEO R eEEZ ST, Lo T, HrérsEd
EXIHICH B, HDVIE, BEEORICH S0, 1H/DOATIVICHEIN, Fv
VAL RVIGEWHEE & 7o Tz, O DRRIVREZ FiO8A (Fig 3.6 DAK) , €
TWEER DR THR I NS AT ) 25T 2, L L, HEREZIESGES HAGED
9 i L@ R KT R R v, HIBKI NS L, BFBHS
TER\, 4T, BEEA T3 (4FK) oI ZRE L T, REENTFLS
Y EZHRT 2 L, ZoEEZEIFRBICIEL BT s s,

3.4.3 EATIOU OEEIBETRE

Figs. 3.7-3.91C S % 2205 6 L THIMI ¥ 7 & EITHER L ZRBURED M EH %
BT, ZNSDOME D, BRAVRERDOBINCHE S BEOZLD, $hROCEA T Y
DIGEIIET 2 E VI RGERETE S, 2L, FFMECO VTS EH LD
REINTEY, BEOE TN TR IC S 23RN ELT 2 2 LIFEEINnT
WD,

Fig. 3.7 £ 0, JEEEOYA, 34T VBB TE L3005, 21T, 2
DG T IVIEEGE CCHOFE) & HIVEE CCHMANO4E) 12T 5. Zoff
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S=2 3 4 5 6
( Noun 1 Noun ) [ Noun ] [ Noun ] [Noun ]
\Noun (subject)) \Noun (subjectl [Noun (subject)] (Noun (subject)J (Noun (subject)J
( Transitive ) (Transitive ([ Transitive | (Transitive ) (Transitive )
verb verb verb verb verb
Be verb Be verb Be verb L Be verb I Be verb )
Intransitive Intransitive Intransitive ( Intransitive ( Intransitive )
verb verb verb verb verb
Verb suffix L Verb suffix L Verb suffix L Verb suffix ) Verb suffix
Adjective [ Adjective (Adjective | [ Adjective | [ Adjective
| Article A Article L Article L Article Article

Figure 3.7: Different part-of-speech representation of the hidden states with the

number of hidden states varying from two to six in the English case.

S=2 3 4
Noun Noun ( Noun J ( Noun ] ( Noun J
Transitive Transitive ( Transitive ) Transitive Transitive
verb verb verb verb verb
Intransitive Intransitive Intransitive Intransitive Intransitive
verb verb verb verb verb
Adjective Adjective Adjective ( Adjective ] ( Adjective J
e N e 3
Particle Particle Particle Particle Particle
Adjective Adjective Adjective Adjective Adjective
suffix suffix suffix suffix suffix
\Verb suffix ) [ Verb suffix J [ Verb suffix } [ Verb suffix ] [ Verb suffix ]

Figure 3.8: Different part-of-speech representation of the hidden states with the

number of hidden states varying from two to six in the Japanese case.
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S=2 3 4 5

De (particle) De (particle) e (particle) (particle) De (particle)

Noun ( Noun J ( Noun J ( Noun J [ Noun ]
Transitive ( Transitive ) Transitive Transitive Transmve

verb verb verb verb verb
Intransitive Intransitive Intransitive Intransitive Intransmve
verb verb verb verb verb

Adjective Adjective [ Adjective J Adjective J [ Adjective ]

{ Shi (be verb)

~———

Zhengzai/zai Zhengzai/zai Zhengzai/zai
| (adverb) SN (adverb) ) (adverb)

(adverb) adverb

Shi (be verb) Shi (be verb) Shi (be verb) {Shl (be verb)

Zhengzai/zai ] [Zhengza|/za| ]

Figure 3.9: Different part-of-speech representation of the hidden states with the
number of hidden states varying from two to six in the Chinese case.

RED, FEFEOXEA T Y 25T 2BRIEEEE, Thbb, MEENTFD D ITHEK
e 22 tnbnrsd, —JT, HAEOYGG, F9MEEEHEEVTHL, EE

2> 6 BEAL BEEI b LT K (Fig. 3.8) . L7223->T, HAREDX A 727 &
HERIEIEPHRERICE LT WS 2 b s, i, TEEZYEE T IEHAD
FfkIlc, fHEZEIEN S (Fig. 3.9). L2 L, WPEEECIZAH L 8H2 Xt 58
R0, ZoMEsEAa T 3V ZBEEdA 72 LA T IV Icabd 5. FH—
DOYEEDHFIC b AFNCH e ) 2 ZHEFEICE 5T, 2 OMBIEIA EE A AR T
HBHEVZE, DXL, KEFNICK-T, SHEMGERKML 72 CEA T T D
R Z RS 5 2 LTS,

3.5 BiE

AT, SHROFHE 4 - BEAOEKZHET 2T LV ZREL 72, HMM 23
A6 ZDEEDEA T IV ZHEEL, N6 DA T 2V IFBIEE L 7R & XIE
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fHFons, 2 LT, BETTIVIER L ZED 7 3 2 v CHiaaEoE 3 EY)
BRHEEHEE ST 5. S, BT X AHEERF L, Imai et al. [11] 238G L 7 9535,
HK%,iku,ﬁﬁ%%ﬂ%&?%@ﬁ@%ﬁ%%&%wﬁt% Z DRER, R
ETMIE, FEMRICOWTOHEROHEEICE T 2 SiEAARZHI T2 LB TEL
(Fig. 3.3) . §6~,%§LKHMM®VHR EXRNTT 22 L2k o T, ZDEEE
AR Z B L I 3EA T3V REOFMZH S 2212 TE % (Figs. 3.4-3.6) .

INSORRED, Zo0HHEEARET S, ~OHIE, RET TV, SUEFEY
WoOSEA 7 2 G2 3iHT 25 RRIHSHA L 25 2L TH D, ZL T, TD&
) BRI GEA T ) D, ROEEEB I E 25 A5 L2 L, —DD
ETNICE ST, ZODFHERE L “ODEMFEOEEOEZ B TE L LI,
REETNVOZYMELZRT, FabRERZ Fiaii~—MBILd 2121, RN SGEA
TAVPRRAF =P E IN, ZIUTJEDP S KT AIFEET S EEZ 6N TV
% [4, 5, 6]. Tomasello 13 £ 72, ZDLROMEEHGRDOHERIZE T 2 FiEA S OEEH
WEEFHL VD, X651, 3373 aRAARTHLIORAZRK/HLTEY, T
bbb, FEERE, YRBPHICT 2SO - ERIEEOYE L AR IND
65, 66].

TOHIZ, B 2ERTOBEEEOE VI, HMM O RIVREER DE\» CHiH
TEAHILETHSL. ZOBINIVE, ETINVEBEKRGGES T3 2 #5355, &
1%L 72445l h 7 20 FHEBER © 4% <, —J5C, BhadAh 7 30 (3o dgE &IRR S
N5 EBLH, LEIESTHICKRS 2 L%, ZOREBNFELEPDICE>T, il
IS, &ih T3 2EE LRIV, Lo T, EFNVIIHFLHA IR
IEL CRIBfHT sz, —75 T, BIVREBEDSTICRES RS L, GEAT YD
St L, FaEEcbATE L L9 1cn s, Shl, JEEEE S =6, HAGEIEXS =5,
BLY, HEREIS =4t 0wo k), FFHEOAKBET NV ELT, BB 5D
fizRE L7, TS DfEE, T NVOMED Imai et al. [11] DFFRETE R —
T B EHITRIINS, ZOSEMTD S DEWVIZ, ¥Ea— 2D EEMEE D
PRI CTOAAREERH B, Lo T, INSDEICEELRERND S L v
L0, B 2EMoSRIC X 2EREHEEN R ZRVREBRCHHTE 2 2 L2
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L 7z,

=oHIg, RO O FERARDY, SEANNIGT 5230EAT TV %
R LEREWZ 20 TH 5. JEa — R A DHGEERANERERLANZ Z D 72 AL
ELTED, 7, HEEOFEL L (MAIPEREZMED) 20, EA T3 2H#ET
% 12 DG - TERINTF 0 24 G, L7add> T, —iE3 Xdingy 2352
Gt E, XWEXHETH 27045 TH Y, ling) DHITH 5 7-dBEE]E VI A
DEBPDICEDETNEEA T ) 2HET 5. 2D DDF00 D) DFA DS
B, BE (HBIR) &FCIEF v v ALRVOHEE E ko7, Lal, THEPHMWEE
E VS RN TFDD D 3K K RIET 2 HAGEZ FE L2 TUE, THRENTFHD
ZEMTIMEELE o7, ZNUTE - T, HAREE T VIZHAKSEETY, 8% IE
L HEECE 7, —7, WEEEa — SR I3EEB R 2 H- 9, B GET1H1D)
TOARFE ELFHAPXAN I NG, L3> T, hEEEZFEH L T TILTE, HIE
WS4, FEETFBD % ks s, Bt 4FAZKTE Lok,

PEDZ 06, REETMIZDOANTEIIN L GHEYZF8H9 D 2 HvTw5
EWZ %, FHEDBRC, T A MXDBZDFERDD ZEATOIUL, FiamrzEL
TAVIHETE, BEMEICRIT 5. IERMRIGEEBDOF0H D 2 FwCGED
T3 EFEARTH L I EEERML T30 ATH LD (B2, [34, 37, 41]) ,
RET TN, PERDTEIFER 11 2R L7 X )%, SIRPREEICEL Z2F250: 0
EHOWTWE ZERRBT S, ZOXHZRALE, ERIICHFOEEDTFDD D D5
AWKV HEEIND L) BEET NV WBIZIX, [67,68) WWEHEILTWwS, 2L,
REETNLVTE, BADAAZRALZPITEALTEST, EHICL->T, EAT
) OFREICHMZFEND D 2 HEINCEE LT3, REFEIDROBE A A =
ALDFEIZOWTHH L WARRE2 525 L Bbins,

DTk, SIROFERFEICHT 2 X625 HER, BURETILORRICO N

Ttk 9 5.
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3.5.1 fEFREEBBFAOKE —MANSYEYD

AP CIE, FELHE EBFEORAICOWTOREZ K-> TV 328, o L D
ES— ATy VI AR, BB B S Vo X ) DA T
Y EWSTRD, 205 DIETIIFIAIE, =T OSET, FiasH e, 7
1%, MEEETEIEZEUIORIRTE 202 AL Tw3 AL, [8, 69,70, 71]).
Naigles [8] I, SiE% REE L % 254 H YL AhEIETSC Tthe duck is gorping the bunny |
(gorp I3HT7EE) 2R/ L &, HEEIWRBIEL D O MBENREIEL X D RS
B2 Lzl L, S COHBENAEIEE L, TerB 7 Xoihzif
LCHIEI 22 EThHY, £/, MBEFENARBEL L, TELEYHX2I4ICH
Goliziy s EThb, —J7, YWD Tthe duck and the bunny are gorping &
VI FEEIC R G L E, ZoMEIEICAR Y, HEENZEIEZ XD RS X9
%%, ZHUIB & Z IROHETH T I B & ARBIE IO T ORISR R S0
T3 DR H H Z EERL, REET AR Inai et al. [11] DFERFER & BANT
R\,

RETTN TR EOMEEZFHT 22 LIFTER VD, ZORAHZRLITONT
DRBERRD, REET LTI, RTOFESMICE T, fhdhE & HEE O H 7
TV A b EFEHFEOA T DY NRL ML TE D (Figs. 3.7-3.9) , Ihiik =z
5 fDZhiZ LBk cb MfRICE Z D182, fhBhEE & ABEI oA 7 2 2 1E53
2702, CF) #Alid b FHESBEICR S, b L, EFIEOTERE (F
ZE, BfEELHERE) 2RECE R, AaeEEo s T 3 2ok I ¥ B HiC,
fthBhad & BEEAO A 7 ) 2R TE 200 Livkw, WS EHOFLIE SRR
DEEF L HEIF L Lo LEBEREZ AL TE 2 LW IH R D2 dH B (72, 73).
ST E 5T, % ORI & LR R EIfERMEZFAEST 2 2 L kDb, BifE
T LW HE ORRBIRZ BT 213 ) DR TH 200 Lk, LiehisT, S
DEFEHEI OO TOEED, HABIROEIRIHEINS Z LBHARL VR
2, LT, $HRIFEZ S N3N L Ol L 7 SRR Z SIS A 3 5 nlfg
Wiz, =—Y = v FMEOKRREGZFE T 2 ETHIUE, DILIFHREBIRE I
I L SGEARRE IO Tw 2000 Litgwve, —T, BARNZRBIERYE% [H
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EY SAE THIUL, HULIFHEAENR L THE L SGRARE Vv 2 WREMED S 5.

3.5.2 ZAABMNEORERIANZ=ZX LA

REETTIIE, ZFEETOEAICE VT, kI AFMBATTREZ S, Bk
AHTH B ZLmMm LIz, ZiUd, EEEFEDEE A T3 OF8H D L h bAGED
T3 DEEFVRLD 2L HLT0E056TH S, AlDFEPHRFOFEE L DRE
ZChHH, Rl wiHEimik, BeRSEETO, HONROEEFZICET L4 D
P CHEENICBIZZ I T WD (B2, [74, 75,76, 77) . L DD DB - KR
IFZE T, C OAFMEM IR IFHTER - B ERICK D b3 Nns LifimL <
W5 [74, 75,78, 11). bbb, EfFOREMNERIIAHKTH D, BIfEOUID H
L IERIC R THEEL W 2 & SR EBEMEE b 72 5 7,

SRS, JREE TV, LB EIEHaEmRTN 2% R CHHTE 5, fho ik
AT IV 2GRN AIE TS, Adh T 3 OERNI DRI 2L
Tz Bz, [35) . £/, ZOBMEESHEANOHELZITS I LE2RBRT
LW%EnH % (Bl Z1E, [79, 80]) . Choi and Gopnik [79] IXE#EEFEZ KR E T 28T
BT K BFG0IE, FEEA ML T2 EBEHEOFKML VL 02 L I L 2WG L
7. ZLC, BXZ2197HT, BEEEZRMGEL T 29 HOFHFEICE T 2EE O
AL 72D, ZoOHAIYESEERREEE T AMRICIEA L N o Tz, EERETIE, T
AP HMWEEDRET 522D 0, BER kRIS NG 2 D6, LELORER
FEEEEDEE A 7 3 2T 5 72 O OFGEENERE %  GA TR SR L RIRC
E%. 3512, Imaietal [12, 11] L FAROFEICE VT, HEEZREELE T2 Wi
TY, HIVGE LGB E > TRLADH 5 b D THIUR, Frardhaz @)
CHBAHT 65 2 EREIN TS [81]. ZOfEHRIE, BEAIOYEDZERED R
NIl T, YRPFHFHHOIETEEZEIRTE 2 L) Ik LBRTE,
SHVLSEEDREN T TICHEETH 2 2 2R T, Thbb, ZmETOEFEBRHD
WL, TR - RN REEA TV U HLIc K 2WEES T3 <, BEh T
2V TR O X R 2 WREED D B
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AAFZEIE SEEN (R - BiaEamm) WEDSSE RIS RIETIERZ TR L 205, 35
FIZEDYINT B VT, FENERDO A ZDFEEZ RO 5 L FET 25D TIER
W, LY arv o, ERRo AT ) ZRUET 2 S50 - SEENOTER L vo
TBEBOFR»DICKZ 65, FEBE, Imaiet al. [11] IZHABOREKDOFEHICE T

SENOTP ) OBREMZEIAL T2 (RHERAL SR E) . g, hEE
LS B IR R, BRERMEE CYMEDFE 2 IR 5 &, BEE 2 R ICNIGA

DRERE e o7 [11]. SIS RENTL D L SEBADOTLN D 2 ED K ) ITHAL
BEEHET 2002V TORERN - FHRGRINIFR IR S HROBEELIETH 3.
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FAE RMEBRXCENATIVICK BB
RERET L

4.1 FUIC

HIF T, RETTIVIC K 23050 7 3 BENS G GEREEE) ICkIFTH
et Loy, RETIE, ZODISHEEINCG 2 28 2FET 2, 4, 1.1.27H
TR 5GE & HAGED#ERIE R Z, HiE & R LC HMM 2 e <TE T VLT 5. HMM
FRED A T IV T TR, Z2OATIVICHESOTHEZERTL I L HTE, ¥
BHHEDO HMM 226 BRI NGB 2 IR E AT, L L, £oflasahs 73V
226 10%, WRIERDFM 72T T e S IRGEN L R EN S N5 AlRERH 5.
HIEDE TIVTIE, =KD 6 30EA 7 3 EBIL ST L RE L 7223, FEF%
i, ZATHLGEMICIEL WXEZERTE S, 22T, &) MRV SGESEE
ETNVICHZIAT S,

Tomasello [82, 6] (ZHRD b OIEEMLIIZ =2 DR H 5 L LT 5,

1. BEREG LEEEA X —~ (187 HW@E) 1 SEoE VB G » oI5 89—~
ThHbh, PEDIE (HhEE) HYREOEIETHOZE LS S,

2. JHHMILIAESC (247 HEAE) BB %2 15 L\WEE mzﬁmL,Mﬁﬁﬁ(ﬁ
NEoAGEEER) DSBERE LR 2. 72771, ZHUIEFEDE (FrcHEhi) FEE ok
WY —THY, PFIEaDEBIZZIDONRNY—r2H#HT A EIETER D,

3. MRAVREERSC (367 HULL) @ Bhad—MICEH] ¢ & 2 B2 853 2. Hiad)
FTHoTYH, WEaAMCE LTHM - T 52 LD TE S,
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IO XHI, WREFERSHEBT 2 6 ST, GEL L TOREER AL
D6, KOMRNZEIEAT IV (FEPA4E LR L) OEBBMOERS LI NnTw»
%, 2O &9 BHAOMRAOBEEET, ZOBAIMPESE L Ty (HiEbI e
) 7o, ZOHAIOMEE I X 2FAMBEL 2 EEZ SN TV 4]
Tomasello [6] DfftaEFERERME 2 fRICKRB T 27201, Z20RllZRET 5 (%
72 L, Tomasello IZHHIZ O ZEFE /ML TE ST, &L A, HEKIMNNZ Y —
Y SRR I N T T EEZBMAL TV 3) . —DIFEERAHITH
D, BB EMEEA X —<IOWNET 5, UL, FBOEA T IV 2EEL R 0iED
L DOBBIERTERIN, AL VERING, Leh >, @BREARD X 9 ik
FIZIFEAEET B, b9 D 3EA 7 IV EBBEHITH D, MRFERERE S
MIHL, HMM ZHWTET AT 5. Z4uUd HMM THEE S L7z kA 7 3 Filic
N5, AT ITVESMERTERINSG, Z2LTC, TOXEATIV 2L ZNIETEE
DERI NG, TOXEAT I BEYNER I N Twiv b, FESGEIN LGRS
RENB, NN ODORAIZEAGIE T, EHZERIES, JoEaE, HK
DIERNZGRAIRA H Z AL ZHAEIE CEEIEP LTI LI RAET L
67, 68] DEZICHD ., GRlOYG, dEoaur—vayRllzZ20 % £5ET 5
AHZALE, ZOMWMBINLIEA T Y BOBAIZ G X = AL EDFATH
5. ZOZODMBEFHAIZED, Words and Rules B [26] TV 9) 77 <~ — DULE
ZHBLT 5.

CDETNMTENT, EAT T VDI X - TREFIA K HEL - RT3
ERRE I NG, AT VBBV CGE GEEDE) T, BELSEATIVE
BHAIDTEE S Nz, FEEBRBNIMEL L 20, BREARIZEC K, AT
VEDRRREDOLG GEETRH) T, DTN S L30ED 7 20 EBHLRATDMEAL
C 208, Z0HT 3 NEDERTH D, @RERIHET S, 2LT, A7
BTt H s & GEHERM) , WUe3GEA 7 3 BRI 1, 8R4 K535
KY 5,
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Transition rule for grammatical

categories: P(w, | s,)

The categories are acquired by HMM.
P(s;1 501, 5.2)

Grammatical

categories P(s, 15,1 5.5 and P (w, 1w, w.5)

are computed as trigrams.

Probability to produce
the next word:

1
—Pw, 1 s) Pw, | w,y, w,5)

Transition rule for words: Z

P w lwey,we)

Figure 4.1: The proposed statistical model. The transition rule of words is a tri-
gram for words, and the transition rule of grammatical categories is a trigram for
grammatical categories. A probability for generation of the next word is given as the

product of these rules.

4.2 ETILHPE

Fig. 4. 1ICIRET 2 EFNERT, 0TV GBI & kA 7 ) BHAL
HID D OB X D BRS NG, 2 ZhoBIHIC X ) RICERT % BOMHEE K
b, N6 EEA (GBE) ¥ TCROEOLERERZ2ES,

RN w = {wy, ..} 1T S, B ICE Y 23 w, DA
K, DATOFEN P ROV ET S, SR, AR E TDE (w,_y & wi_s) IT
HTC wy, DUER Plwglwir,w) WEE S ET 2. COMRERRD L5477
LTk oTKRD 5,

C(wy, wi—1, w—2) +
C(w_1,wy_2) + Wa

2T, Cx)F« DMV EHR I — 2T H 2HETH Y, W IEREROFEREET

(4.1)

P(wt|wt—17 wt—2) =
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Hb, F, alFERICLRELZEIT272ODERTH D, NI RMEINEIINS.
L7235 TC, PEEBHANCIZHEE a2 — R 2SR WED I N DMERIZIER 1T L 72 D,
EEERIFIZ EA EEL W,

S 7 ) ERBBINE, WG 2 30EA T I s = {1, 50,.. .} ICHEDK,
sIERA Y7 HMM [83] Ik DEtH I 2 (R A21%22H) | w 24ERT 3
EE, £7, w,DFEAT IV s & KT £ TOEA T IV IHDWTKRD %
(P(s¢]81-1,8t-2)) . ZLT, Plwls) 2k, w, ODERMERZES. P(ss|si_1,5_2)
E Plwysy) 13ZNZN, RATEINZEEHA—RADSTDONIA 778, AT
T LEDMEMHERTRD 5,

C(S¢, St—1,St_2) +
P(si|si_1,80-0) = c&;_f;_;%isgg (4.2)

P(wsi) = % (4.3)

22T, O B¥FEa =2 Tx DERPER T 2HETHD, SEHSHPLD
REIND LA T AVETH D, 1, BEylda b AMONSBEOERTH 5.
XiEA T IVIIEBOERET 270, ZI0oEMINsiEE, FHa— R
F R WEEIECTH 2 AIHEED D 5.

PLED =0 DFEARMER (P(wwi_i, wi_s) & Plwysy)) ZREL T, RDFBEDE
MR L P(w w1, wi—o) P(wy|sy) 2132, 2T, ZIZESLERTH 3.

4.3 HERERTE

Hiffi D€ 7 MIC AL a—,32 10,000 X &2 AJ) L CAE S, L (4.1) - (4.3) D C(%)
EC(x) 2RO (a—"RAOFEMIIXRE 2SO L), EEBRDETIVIZ, K (4.1)
~ (4.3) IZfE> T, FEHaA— RN T—3EZLERT 5. 2L T, ZOEICH\T,
RO—GBEREET 5, Tz 5,000 XI5 ETHDIEL, 06 DERI %N
5.k, (41 - W3)HDEH o, 8, BLY, viFwTNny 00001 &L =
7o, HEBOEERTEETVIEEE Lk, 273 (BEIIREE) S 13278
ETHD, 15520 FTEATEBL ., FHICH I a—"Z2ADK28EA T3V
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(Fig. 4.2 DM D%, XKIETEHMZARNS) FH~415THD, ET VAT Y DERK
B2 INoDa—RAZEBT DI TTREIVERZ S,

T, B OMEIELEAEFEL 2, HEOSA, ARHIELEEFE O ERIC
ed) 3% 28HE %, Ted) DEKROIEALE CTHRE L Z-HZ MR A RE G E Lz, £, %
FiZiE Ao WiERIER & LT, BEbAOEOERIC Tedy 230 2HE %, Ted)
DEFROHECRE L b kD7, HAREDOLA, WEAFEHOERIC To) BH 5
BEZ, TO) OEROMECIRE L 7 E2\fEREGE L, 7, 46l - BR
LA DOREDIERIC Ty d2HEE, "D ORROHECRE L 2fEb ko 7.
HMM O A 7 23V E D YT 5 U FLITEAT, %S DEIZOWT 10 FFETL,
ZOVE RO, 2 LT, EBRINQGEAT ) 2MRT 57012, 53 EHEDE
BHEER L AR (32) ZHWT, ZnoRETRGEZEM L, £/, §B
BHHLA & SR 7 2V BB 5 & 2MBEAICIEZ & W OGRRIAE DA U 720
ZANT 20T, WEERS Ted), HAGERS Ty DMERI N & ZDOKHADHER
(P(w; = Tedyor "D |wy_1,wi_5) & Plw, = Tedjor T® |s;)) 226 Z 16 DL%EGF
B,

4.3.1 FEI—/IX

PEGE 2 — X A DA RBIHIZ Fig. 4.2 (a) 1233, 3L BOS (begin of sentence) 7> &
IR ¥ D, EOS (end of sentence) TH#H %, BOS £ EOS biE (I —7—F) ¢ LT
ETNDFEDONRER D, 7721, REITIX, BOSEEOSDAT Y 24EML T
MR z2R T, &M, ZNETNERINIGEREOFD» S 7 v ¥ LI—FEERRT 5. 55
FRUIATER A3.2 1CRLHR T 2. KD EO/NBUIBIEHER, KED EO/NBULESHE
Lmd, hEEI & HEESCOEIA (10 : 3) 1%, FERED NG YFEEE % fdtt L 721t
98 [64] I2FB ) B FEEARFE X TOFGITEKIL T 2. MHOMUAEIEHBEEDONETH
D, BEIE LBEEN 7 v ¥ LIGEIIN S, BEROL AL, BAZWL, £,
BAZEANE TN S, —fRIC, TEEEOABIHIZ )R O Fh4BUI B ZLEE D b O
Db 70D, FHONE AR B W TIE, ABBIZEE] (gave  took 7% &)
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DIFIDLHSNBMHEAICH B [6]. Lo T, WBERBICET 2 AHHZ LS &
HAIZALEE oR &% 3 21 E L 72, &E, ZDOFHE1E Plunkett and Marchiman
(1993) DK TDETNNDHBHOZFEAN LB L Z—HL T 5, ZOEBHHI
B DA THOFETH 5.

HAGE 2 — R 2 DERFRHI % Fig. 4.2 (b) IR T. HAFEOSS, F5E- HWGE B
il (SOV) & HIWGE- 558 (0OSV) DEEIFET %, £/, L HNE, B
SO, ZNoITHEET 2H8BIE A 0.5 DMERTEM I NS, I HATED NS Y
I BT DU OBBEEGRE X Z 045956 0.7 TH 5 2 LIHEI L [84]. N
OPafIZIE TEEE + BiE oONETH D, 0.3 OERT T4 + o + K, 0.7
DHERT T4 25EIEN S, 7, AFlOniNi 0.3 DR CIAFIE I 1%,
H B & B OB A IR — R L HE L L.

4.3.2 O—)CR&HE

BRI & A T ) BRAIIIO Z OB ZHS T 572012, —D
DETNGFMEZFE L 72, —DIFFEREN & SGEA 7 2V ERBAIOW G267 5
TTN, b2, EAT TV EBRHOARZETLET NV THSL, BEOET
ik, X (4.3) »oEEE, BEENT S, kB, EEBRIOADOYLS, BEHZIZE
AEEL RO, RITHRE Lk,

Elo, EEHA— NZAPBER LRI KITTEERZIET 572012, Hiffio "L ¥a
T— A=RAMA, D= RAGMEEZE L. FEEOSS, AR LB
AU TR BRI OBHE DR Z v &, BERZABIIZbEEI D A 7 3 L 2 DRl
RIS R S T, BRIARRDS K D FET 2[R D 5. L7223> T, BHIZAL
Bz & ABLRNZAVE G O RN 2 SRR RICEHE T 5 L EA 6N b, 21T,
AR ZALEhE & AL BF O#E S (Fig. 4.2 (b)) %3:206 3: TICEHEL 72,

HAGED MR L OFATERE T (F5 - o) + #&BhEL o7 37 B0
Bchh, Z2ODIZ, BUE "o, & NE -2 %) O BHHERNIEICK S
tEZoNns, 35, BEEKEZGEEITAHER AT VI, ETADA T

42



Transitiv

\%ﬁ\ N
Verb suffix

\/QW)

Ihtransitive,
verb X
Drop off with
) probability X
03 Adjective X Transiti.o_n with
probability X

R djective @

~

0.5
Object
+0 haorga
7

[\

-
&

intransitiv

0.2 verb
— N probability X
0.3 Pa@l?r

X  Transition with

p ~ Drop off with
TN\ probability X
Past regular e

intransiti
verb

\ present /
ntransmv

verb

(b) Japanese

Figure 4.2: Generation rules for artificial corpora.
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VEDRBFICH LT, ANBEOEMS, Thbb, WENLGED T T BREL
LEICIBEEI NG, HRGEOY &, COFHEOEMSIE TSOV) & TOSV) & 25D
FHDEFEIC K DML, T2 &M HARGE OMBIERICE S LT % HHE
Wz, UEDOZ D6, RO=D2Da—N"A5MH2&T 7.

o "Dy a— A HFIILT T, THEMMEM S N, KB T, OBERS -,

o NZ A% 2, a— X DREBIE & - A5 2y DAL, TS DHE

EATY
e SOV, 22— 32 1 SOV DFEMHDATH Y, OSV DFBEMIIHAEL %\,

NS DaA—RAEMITONWT, FEBBHAE SGEA T 2 BEMAIOM G 2 RK>€
FIOTHEEL 7.

4.4 EERFER

4.4.1 RETOBHEAER

PEECOFERNE R % Fig. 4.3 1287, Fig. 4.3 (a) OFElIZ A 7 3V 5, #EEE Tedy
DMEFVEROEN G Z R T, HORIESGEA 7 3 BRI L EERHR O /T %2 K>
ETNVOME, BOREBSGEA T TVEBRNOAZFFO>ETLOMETHS, 0D
ML, A7V BEOEMfE>T, BEAEKEEDHEML T2 2 ebrsd, %
LT A73VHI02E—2I1CL T, 20, BREAEREEGHD T 2HAICH %
BRI D 5 2 & TREIEREA LT 00, TOHEIZOWTDO DD
ET VORI Z2hifiZzm LT b, Lo L, BEMANDFEIC Ted) ZAHNL
7427739 Fig. 4.3 (b) TIE, INSDREICKELE VDAL NS, FHEBHH L
XiEA T ) HMOW 2R OE TN TIE, 20X RRHAPIZEAEEL TR
DI LT, XEATIVHADOARDETILTIE, FHZATIVELID R GE ZFITK
EREEGERSTVD, LT, BEBRHANCXD, BEUAND Ted) DA
DI I N T B EnZ B,
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-e— Transition rules for words & categories
-0~ Transition rule for only categories

0.4 4 — Transition rules for words & categories (higher use of irregular verbs)

0.3 1

0.2 . d

q’.’-- L4
\. T
/o'f___ -1

o---

\
O-<--

0.1

produced after an irregular verb

Rate at which “ed” was

0.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
The number of hidden states

(a) Irregular verbs

o
©
)

a
o —
8 $0810 - y
5 > o Transition rules for words
8 E‘ 0.7 A 0 - —@— and categories
g ® i : o
206 - Vo --Q-- Transition rule for only
88 VLol categories
Z5 0% L
i 2 o-Q ! |
<5 0.4 - o i .
< ‘\ 1 |
S B 031 S
< S ,
\L _o |
2 202 o9 . | _1: ~.
© © N T b -
© & 011 Q. i | » P
- q) "'o~\ O"'O N
o o T

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

The number of hidden states
(b) Words other than verbs
Figure 4.3: Results of overproduction in English. Markers indicate rates of over-

production of “ed” for (a) irregular verbs and (b) words other than verbs. Error bars
indicate standard deviation. 45



«
o
)

n
(]

n
o

-
o
M

-
o
M

—®- English
-o- Japanese

o
[$)]
"

1

o
o

Ratio of a probability of the transition
rule of grammatical categories to a
probability of the transition rule of words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
The number of hidden states

Figure 4.4: Averaged ratios of a probability of the transition rule of grammatical
categories to a probability of the transition rule of words in English and Japanese.
The probabilities were for “ed” when “ed” was produced in the English case, while
they were for “no” when “no” was produced in the Japanese case. Error bars indicate
standard deviation.

D &) BEFIERDRREES 720, Ted) 24 L 72 & E OEBBRHHIOMERIC
W2 HEA T 3 BEBAIOMERDO % Fig. 4418 F, ZOMEPKEVIZE, X
Bh T IVBEHHINEL ST Ted) ZHEMLALI LIRS, ZOKED, 2573
BOSEM L, K sGhh 7 30 WERINDIC L0 > T, Xikh T 3 ERER
23 Ted) ODEMICKRELHFLGTELIICRDI LS, DEDZ XD, kA
7 3V E SR Ted) DOMBFIELDOHBLE HRDMHEADFIKTH S Z LD 5,

RIZ, HMM 23R L 723054 7T ) G2 & T 5. Fig. 4.5 1327 TV ED3
DEZERINIAT ) OMIITH D, FEleRHT A2 A7) QFL 3F)
DY Tedy ZOFETRILTWBE I L3005, Lo T, THE] — edy DOHLHIDE
Band, EBEEHAIDMEMNICZD, ELL Ted) ERINZEEZOSND, —H,
AT TVEN10127% % & (Fig. 4.6) , B@Ah 73V GHFEL6HF) & Ted) AT
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|:| -ed
I:I Article

. Past irregular intransitive verb
N Present intransitive verb &
Past regular intransitive verb
. Past irregular transitive verb

5y Present transitive verb &
& Past regular transitive verb

% Noun (objective)
Mm:ﬂ Noun (subjective)

1 2 3
ID of hidden states

o
[

<) o
S [}

represented by each hidden state

Proportion of parts of speech

o
o

Figure 4.5: Typical representation of three grammatical categories acquired from
the English corpus.

U (10%) Dol CRESNS, 5FDH T IV MBI, 6 FEDAH T IV IZHE)
Az RBLTw A, Zho 3B LEE & ABRIZLEE 2 Kl T Ic g AT
5. LieodoT, Brdh 73905 Ted) A7 3V NOHBERES ZHERG L 72HE,
WEAERPEC 2 EWA D, 2L, Fig 471307 3V 5019 T, @FEH g
Yol HMM OHITH 5. 12 - 14 FD A 7 3 MG, 15 F DA 7 3 2°H
Bz R L TWw3, Fig 4.6 D3FEA T AVICHRZ E, 4FL I5FEDATITYD
RHLT 2 AHAZALBFA DOEIE D%\ 2 6, Ted) DMEBFIERDNHA T 2 fHIH 4

bz, L L, ZBRCAHNECEFHOAZERET 257 3V 13ESI T, B
BRI RT B 2 Ed o,

BANZALEE OB DL v a2 — 82 (THRRIZLEE, 2 —R) ZHWTEEL
7AW % Fig. 4.3 (a) D= TRT., ZORLD, EEO "vXa7—) a—<2
TORERITHN, KE BRI ERES L R>T03 2 bbb s, HAIZE LS D4
JE2WE09 2 8T, AT VI 2B IR RO G2 ML, AHRIZLL
BEBZ DA T IVIDAEN, BRERPELP TS o tELLNS,
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o
®

N o
> o
L

represented by each hidden state

Proportion of parts of speech

I
o

ID of hidden states

|-
I:l Article

- Past irregular intransitive verb

N Present intransitive verb &
Past regular intransitive verb

. Past irregular transitive verb

< Present transitive verb &
N

Past regular transitive verb

E Noun (objective)
mﬂm Noun (subjective)

Figure 4.6: Typical representation of ten grammatical categories acquired from the

English corpus.

0.8
0.6

0.4

0.2

Proportion of parts of speech
represented by each hidden state

0.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
ID of hidden states

I:I -ed
|:| Article

. Past irregular intransitive verb

Present intransitive verb &
ﬁ Past regular intransitive verb

. Past irregular transitive verb
Present transitive verb &
N
& Past regular transitive verb
E Noun (objective)
H:mﬂ] Noun (subjective)

Figure 4.7: Typical representation of nineteen grammatical categories acquired from

the English corpus.
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4.4.2 BHAEBTOBEIER

Fig. 4.8 ICHAGE COMPIEREI G2 Y. Fig. 4.8 (a) 3&A T TVEITEWTE
Nl "oy #AML7ZHETH S, EBLLDETALOATIVHATE—2LRD,
AT AVET 64 GREIERDEL Tukv, Ladi> T, EEETORMBIZIERS
&, hwvhra)goe—rzlz, §CICHEBERMERLT 205, 7,
E— 7RO RE V. Fig. 4.8 (b) (3445 - WAFMUNOFEDERIC T, b
2EIGTH S, WEOLA L FMKIC, FEEBHRNN A 7 2 ERBR O D 2 i L
TWVWBEZ LD 5,

Fig. 4 4 ICHAZED T, BERI N L &0, EERHAIOMRIINTSHT 3
VBB ORI E R T, WEEL M, ATV O Lo, To; o
FRRICAH T AV BBEHIIPKRELFLGT 2L ICE>T0R I Lo 5. Thbb,
A7 3 BEBAOZD "D OMBFIEROMELEHROM G IS L Tw5E Ew
25,

AT IAVEN4 GHFIEEDOE—7) D EED 10 RORITIZONT, ZDODhT
VRGN BRERE o7z, Fig. 4913 T, OBFAERIEL 2/ETH D,
8/10 sfTZ DIEIETH > 7. 1 HFEDA T Y 345 L WEFHOM T2 E&ATED,
A/DATIAVIEMEEA T TV TH S, LEB>T, 1B/DAT IS AFEDA
TIYNDEZICKY, BREEEBEL S, —J7, 2/10847TlE, Fig. 4.10 IR
AFTVREEE D, BREERIZEEAEEL ok, ZOBE, 1FEDAT Y
DI - TREFE Ty 2GR, AFDATIVIE T, UANOKEEIO A T3 T
b5, LoT, T4 - BEF + Oy OBHIERINT, FEEBRERIMEICRD,
WREIERDEC R OFERE RS> L3005,

Fig. 41113A 7 2V ED5 D & EDH 7 2) & AR ©H 3, 4 L TERFAD
XlZd, Z2NZN1FEDAT IV E2H/DA T IVICREIN 720, WRIELD
AT, DO 6, "oy OBREIERIEL 2 7-0121%, e L IBEGHE D
RAEL 72 A7 3 ERBIEA O 22 4 7 2 DITER I N -3 D 5 2 L DB3bdr o7,

RIZ, HWEERICHFLG T EANZHTARNL 012, a— A2 BLI ¥ & EOFEE
ZART. WINOa—RSREETH, AT IVEA THEIEREIGOE -7 Lot

\y

49



0.5 1

Qo4 ; Transition rules for
" ‘8‘ | words and categories
© = H

© i iti
53 ® 03 - : -Oo- Transmgn rule for only
“8 = ! categories
P
S £o02
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o
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®©

0.1 1
23
®©
X g
0
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
The number of hidden states
(a) Adjectives
09 r

o
[
r

Transition rules for
words and categories

o
3
T

o
(2]
-~ =1

_ Transition rule for only
categories

o
w
r

o ©
N oW
r r

than any adjectives and nouns
o o
N iN

produced after an word other

Rate at which “no” was

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
The number of hidden states

(b) Words other than nouns and adjectives

Figure 4.8: Results of overproduction in Japanese. Markers indicate rates of over-
production of “no” for (a) adjectives and (b) words other than nouns and adjectives.

Error bars indicate standard deviation.
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Proportion of parts of speech

represented by each hidden state

o
©

o
[}

N
'S
1

o
[N

o
o

3
ID of hidden states

|:|No
7/ o
. Wa & ga

Verb suffix
I:l (auxiliary)

Intransitive verb
Transitive verb
[l Adiective

% Noun (objective)
[m]m Noun (subject)

Figure 4.9: Typical representation of four grammatical categories acquired from the

Japanese corpus, where the overproduction appeared (its rate was 0.41).

Proportion of parts of speech

represented by each hidden state

1.0 4

o
©

o
[}

o
IS
L

<
[N}
2

o
o

OOEND

3
ID of hidden states

N

]

)

Wa & ga

Verb suffix
(auxiliary)

Intransitive verb

Transitive verb
[l Adiective

% Noun (objective)
[ﬂﬂﬂl Noun (subject)

Figure 4.10: Typical representation of four grammatical categories acquired from

the Japanese corpus, where the overproduction did not occur (its rate was 0.00074).
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|:|N0
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. Wa & ga

Verb suffix
I:I (auxiliary)

Intransitive verb
Transitive verb

- Adjective

E Noun (objective)
[mm Noun (subject)

o
©

o
o

I
~

represented by each hidden state
=]

Proportion of parts of speech

o
o

1 2 4

3
ID of hidden states

Figure 4.11: Typical representation of five grammatical categories acquired from
the Japanese corpus, where the overproduction disappeared.

7o, ZOE—IfHDO A% Fig. 412187, Ero,TL¥a7—; a—X, TS0V,
aA—RNZA,NE %) a—RZ, ZLTC D) a—R2ADRTH S, B, 1
FNDa— S ADWHgRNE 4.7, 4.7, 7.2, 6.15ETH S, ZOFEXD, FEIEL SOV
IZ7 D, EECHHERHAIC 2 2 LRI, £7:, EBIEROHENS <
2, RS C 72 5 LRFIEEDRAD T A HEIAICH D 2 b0 S, C
DEME 2 — R 2ADLRTIFFH I N0,

Fig. 41312 Ty a— A TAHTIVE4 D & IR I N 7 3 HiE o Al
Blernd. To) OBENSVWE, T ZXVBHICh T3V T 206813 H 5. L
L, EFADAT TVEITIZRAD D 5720, KBIEFSHEICERHINT, 4H0
Rl LIRE LA T TV MERIN S, ZOE, ARAHAIEHEINT, EER
HRAIDMBAL E ol B Z oS, Lo T, FEEHaA—N2ADOXENGEES, T
bbb, REUCHEL AT VBT % &, WMBIEA 73 OBEICKRKL, @
FIERA Lz e S g, U EDZ 25, o, omFlAR, KihEh T a
Y DI, A - Zailh T 303500 T 5 L I RFEDBRTAEL 5 2 L2%D

52



0.4 -

1h.

Regular OnIy SOV  Highuse of  High use
(w/o OSV) “wa, ga, & 0" of “no”

o o
N w

produced after an adjective

Rate at which “no” was

Figure 4.12: Rates of overproduction of “no” in several corpus conditions. “Regu-
lar” denotes the corpus used the experiment shown as Fig. 4.8. Error bars indicate
standard error.

»oTe,

Figs. 4.9 - 4.11 2260905 X 9512, T, 1Mok Nk - 28 %2, ERUAT
VIZIET. L7edd->C, A + #&BhEL omF A "o, 2 Tldil, 2n
Pt Tix - 8- %2, TH4AU, Fig 4.8 L FEEOHERD D 5

4.5 HiE

AWHFEE, 3CEA T 3 ORI LRSI X D, BEEE L HAGEICEK T 2 #H AR A
BT B EW)REZ, o CTHMZRIIYE TH 52 HMM Z HVW-THGEEL 72, Z D
B, BFE—ETIVC, HEE, £, HAFEZREELE T29RICE T 28 A RO
e WM RAE EENICHRTE 2, 2L, SEETOMBIAR I O Z R T
DD, FERIIIHEL Lo,
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Figure 4.13: A typical representation of grammatical categories which was acquired
from the Japanese corpus including more “no”.

4.5.1 HEBEEHAXEBEOBREERICHEET DAL LA

RET TNV, EAT 2 EBRRNI L EEERBRIOBAIC X D X2 RT3, #E
Bzl D, 206 oBHIOKEHRIHE L o7, SEA T I VERBAIO A 73
B3P enwt & GEEHIPAEIN WO, EEBRHRIMEN IR, AT
VEDIHREIC RS &, AR T IV D OEMNERIND D, ANIZHEW R
AT 22 L3H%., ZNDMEERDA A=A LTH S, —H, BB
PNZIE L WIGEICHI 9 72X 2R T 5, Z3Uck D, KA T3V EBD R nE ED
S T 3 BRI SRR I N AR 2 WIHT 5. T s oBHIBHGI NS
L2k o T, WEETEEFEICN L CoAROBEA R, HAE AN LT
D H DT A R AR D i %

41 TR X 912, AT FTIVIE Tomasello [6] DIRET 2 SREFEER ICHIFED
FoNnTw3H, ZOREHRI - OOUHERELTEST, REET VI %E
KL T3 Eldvwzzwy, RiFRoBHNIE, ZofGmosieist T bTtidzl,
XiEH T 3 DR ED X HIGBRIERICES T 20D ORHTH 5720, %
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NEWIREIC T 272 DI O DI L U2 RGE L 72, L L, oD% H 5
COIRERTIZ, SEANDS ED &I IR ER s N, FEEGD SR
A ¥ —2~DY — L L ARFEENEAE AR 2 FHEE TOVIZIEH ICEBRE S, T4
DEHEBBROAR I a=AMETIL[85,86) 1ZZD X)) RIKEEZIICERITFTLZ Lk
{, HMELZSOEZER L TwaD, 206D LEORERE 2P TE200 89 0
DWBGEEDHIETH 5.

4l HEEEOFEREAHATH 2 THFEGESE + ed) ZFEIIOKANE A% F 2 LT,
HAFEDHEERAICH 2 T48 + 1B, LRUET VTR - HiktE 5 K91
ot JEEOMEILERIGBEICES T, ABRETADPREIN TV (HlZ
&, [87,88]), ZNHDIFEA EIFFEFEDMEICE T % YT & B o3 E 02 LA
HIELTHRA TS, Thbt, E7VEEGEEIEOGERINZ Z DBEFDOHERIIN
EH1T 3 X512 ET 5, —H, AR, FERNOBFEERTS Ted) O
BRI C 5[tk 2 T 20D TH D, £, HODITHEERII O AL
EEZONDHAED T, DA L ORHEZRRT 2,

AREBFDORERD S, SBAN EMFIERDOF 72 R ZIRETE 5, KWHETIE, @
FIZZBBGEH OGS (RELRIENR) OSHEZHMI 5 L, ZOEEEREGIMET
L7z, HAFETIE, XOEMIZHINSE2 2 L CHROBEIMES N, Z0ET
N6 DFHERGES 572 IC, HEEOEFH « PIRFAE 2 — 2 2l Tk
iz 3508 H 5.

Slal, SEfRITE T — % OBHIIHEECcH 2720, TN ETET—% LER
MIctigcETE 69, EMEMNAFHHICE EFoTw3, K, HAGEROBEE AL
DITE) T —Z IFIEF D%, IR 278 T —8 OHUS L RALVSHETH 5. AW
ROMRIE, ZDOI SR ZHEICHT2H L ORGZRETE LI LICE®RDYH 2.

PR BRI ORAIZAL & HAGE DB DR D —E D558 L T 2301, i
TERIEIIE D & DI 5, REBFEOWITE S, OB Z B L 72 B#F I3
HIZALBE & b, AHAZEEIC O W TOFEDORBEME T 5 2 E s T
%, —HT, EOHESE (Ve AR 285 L 2 BE 2 OMoMHin 2R
T [89]. L7223 T, TEhGEGEELL + edy DOBIHNIFTHHFIRD VW HW 5 7'10 — A BT
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NG, ks, ZOBANZEIE & ABLRIZCB)E O QB O FEIN 2 oy, 2.3
fifi T X7z Words and Rules Bl 2 59 % H DTH % 26, 90]. HAFEIIDOWTYH,
MRI e &, [FRRD ATEAGEIS S BIER OMBIZ B b > Tw 3 2 E B EI N T
% [91,92]. L723>T, ZOMEBORABZNZNDFFETOBREERZ D75
LTWaERRINS,
ETNVOHMIPZRRBRET NV TEHIHTE -8RV H 2. DIKET, 20
FNDZHEIZOVTDETLDHIRIZOWTHRHT 5.

4.5.2 WETOIBFEIER

WEEDL Ay, BRIZAENE & ABRIZALEIE IOV TRMER A 7 3 BRI
ToRER, AHHIZHFIC S Ted) MIMES N, 2L T, LEAT ) 28NS
52T, INSMBAINTL LA T VM5 N, Ted) DMWRIERINEAT 2
RS ASN, L L, 2056 B5ERICIITHET, Ted) OMBPIERDTERITHR
T2 ko, T, BAT- AEZEEE 2 HMM 23582 XAl 213 L
DG ZE T Y AR o577 TH %, Words and Rules BiHTlX, 77 ~v—D
2N 2 L ¥ > AV R BEDEEE S 5 (26, 90]. L F & ANV RIS B T 55
A, TEIERESE + edy D & 9 REEFIOHAITIE 2% <, HlZ1F, Thold — held; @
£ 9 BBy — v OBEMINGUEICIED (. 20 X 9 RRBEAL OB I LD
S L, FEFIBANCIE DK EE TN A FAIE 2 2 LTk > T, WBEERIEE
ISR 2BRE2FHTE L LEZLLND,

4.5.3 HBHAEBTOBEIER

HAGED LA, 4 L EFADPK LR D T 3) BB S kSR, BRHAOHS
Cb T DELE S N, FERORE, HEEOMEAR & LT, HAFEDBREE
iz wh T IV ETEL, ~RNEBERTH D, HMM OFHIEICBIETH D,
F7, FIBRFATHKET 2 EBbhok. THUFEBOMBEOBIEERTH 3,
T RS R H iy (247 HEE) AU, o HTEARL 19, 23], HAZEDNKR
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L, BREERLZVHEL B 22], £, EAFAUNANOBEILRIZIZEA LR
W23] TEEEHT D,

ERINZAT ) D6, TO ) OMMBEARICIE, e L TBRFEDOIREL A
T3 &, WUEAOHMEZR AT TV BRI NS Z EDRRETH L Ex3bhrolk,
oL, BREERDELLRVCHROET2H 7T TVIZONT, “ODOAREMNZ R
232, —2I%, BRCHAHLTBERFADOTH LA T TV 2R L TS HEETH 3.
%l E AR DRFEDSERAERD A A = X0 & T 2FUIONE 23] bR L T3, b
I —I%, BIFEH T ) ORI L T BN TH 5. SHDFEE» S, A
NOSGEEFZDS T E 2 LigIhElh 7 3V ORI L, WRIERIEL 2w &
Bbhhol, Lo, B (E) B, FHERMANC X B 2 @)
WATOTH, ZOWNETIE, KIFED AT T VDEINTORWATREERE Z 5
ns,

L2 L, BEETTIUVOFERLTIE, T, Z0Th, TE -2 %) OKRBELEA
FDOBAICEHEIND 203D D, Ty EFROMREIERDS A S Nz, —75, FERO
YT, Ty OWRIERNS S HEIN TS [19. 24U, 206 OEPIEI O]
BIIFHLFADHBEIND 2 EDBLW0E VW) T E5, ZNLDREU AT I VICHHEI
NEZEDPFEKTHZ, LrL, "oy & N2 %2, OMEEEEE L CofEizse
CEAp 2, SN, Ty Z4FEOEME & LToE, Tix - 25 2, i REsesl (k
I, BIfEEEHEIE) 20 2RERH L. IO L) RLTOKE - BREEET
LT, BYUEOHRTI HICA T AV LRI, TO) DADBRELERIEITE S
b LI,

HROFRICBIL T, RO L) BYROBHLBIEIN VL, ThrE oA D
TV (93 TLEDIEI Lo 23 Atey [94). EBBH My Tldkl, T2 MIE
L, |BEEFILTY, BEans 8 & T2, BRACATFIVITHD, 26
£ AL 2D D 5. FERE L SGEA T 2 OB OE DR T,
FRD &) M ZFHETE 20089 I3 IR 1 RO,
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=5E  Fiim

\nx

RETTNVORALSBROEHAL LT, WODWIEDOT AMEZiR%RT 5.

5.1 HMM O Y4

REETNICTB T, EA T2 ORICEELGEDRA )L a 7HRETH
%. ZOMOMEGEIESEREE 7IVICRE ©% <, EEEE (95, 96] .0 DB [97]
D &9 AT T NP ANLHRBEMIAC s nTws, 2O ERIREET VI
SR RN TR, SERNREIEEOFAE L RET 2 Hilg 2 5 E Gk & I3
HHIERTFRTS, L, BEEFVEERICHMTH Y, SHEOMEEL Vo
LEBOMEDOETEZHHATE L LD TII AR\, 2721, BASHELIEOBLE S 11,
dhad 7 7 3 )AL S AR RS O Bl L AE oM Ch 270 (B2, [98), 2
KT TV S REFOEI O FLREN 72 SCIEE & A9 2000 Lk,

72, AWH7EIE HMM T ROSGEICE T 2TEIN AR Z2FHHITE 5 2 L 2R
L7223, ZODSMMDEHMILT )L 2) AL & LTEYDE ) DR BEET 2 0D H
2. AR, BYFEC YL ARL X T a—F 0V Ry N7 =BT F T AN
T2 X > T, HMM & ABRICANTRINDRENIREZEBITZ 2 2 LRI NT0 5
[99, 100, 101]. TD &) BMREEIRET LV ZHWS Z LT, MERAZEIC X 2K
BEEDSAIREIC 72 0, SO SHEEROMRE S FEN A A = X L DRI D %35 Z L3
Mrrsn 2.
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5.2 XENTIUREONUAH

REETNLOATIVEIIEETH Y, BT LICZDOBELEZ TERLZ, Ly
L, ¥, EDXII, Z20H7 TVEBINT 200 &) 5ERTI35E5,. SGEA T
TYFED YD WT, ANEKSE & AMKGEDOBERDEZ Z 65, —DI3FE
AN EFIZIFIHRAE LD TH 5. ZJ%h 6 TURDOHIC D, SR OMIE 2080 F
L TWw L (102, 103, 104). EEERIC X DL N 200882y b7 =7 QEET
5LEZONDED, MO OWTIE, EENA A ZALGEOHERLE 25 TH A
5. BURDETFNICE T BIHER F = X LTRSS IRAT 75 B 72 D R &
Al 5, HIHE TR, HMM OffiFEEHEE 7L [99, 100, 101] I8 WT, D8
T A= DBEBIVREEIZCHRIG L, ED X I I TIUIRBIVRESHBIFIZEML Tw (D
D% FEHEMBERPED MR ZEIE L 2030 Bt 2 031035 5

EEBANOEIIZONT, %L DIIFED, HOSRIC & 2 HEHEOBFEH, 2D
HEHEDOLDLFRT AL 2R LTwE (Bl2IE, [105,79]) . £->T, EBHEHD
S AN, DROBFHEENOFEEIHFLG T2 LIRS DoNTWVS, YRD
FHEBPEICIG U C, BEEDFKEOENLHEL I 2 /O T02 LI WD DH 5
[106, 107]. Snow [106] |*¥EFEZ REGE & 3 2 R ULIC W § 2 EFEDFEGEE &, Fusilic
W 2boDLEMIKL 7, ZOE, RIS 2 FEEO TSR, AR
T2b0 XL, HAFFEPHEHOBN L VPRI EPHE LR, D
£ 9 B SCEIC R S N F8EE1E, SIS & o TR T L, RO SGEEE %2
L TR HREEDS SR S TV B, $7:, SHEANDRLICHEMICEL ko T
WS T EDS, CEAT VRO YIRS H B, SR HMM 245
RU, AJNT#EL 727 3V Fz HERGE 3 5 R HMM (108, 109] (FEE7+ Y 2
LIEFE HMM [110) 28 %, 2O LI RETLEZHVE I LT, BEELEOHKKICE
INDZLEA T AV EERETE, LD OBGEED RIS R B
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5.3 EkATFIUOFHEES

REET VT, SUEAT 2V FEBEIIOHETEED S O A¥EHE - HEE I N, Ik
DG ZZEL TR, HEIFEOFEETIE, ANSHEOARPSFE L GEA T2
VEANLT, FEEOHITE®RA T IV EZHE L, LrL, BR7—FRAFI7vE
YOG, BRA T IV X TCOEA T IV BRI NS AR Z B L T\w3
[111]. £, SRIIEEREEMESCEELR EORKRA T IV ICHETE L T L %2R
ETH, 2LT, INSOEKEA T I LIEOMNIBEKRY S, HlZIX, 5B TR 3Y
K5, 3 T BEIEA T IVIBT I L8305, 2Dk RER2S
HHEKRA T IVITNINT 2FEHEAZXEAT T AT ILENTE S, MR,
Witk A 7 IV ICNIB T 25EEAZ A T3, BXY, BffA T IV ICHIGT 258
EEZHEFEA T TV ETEILNTE S, FEOBTOFHENLY EDiIcBWT, Hi
ZE, ETOTABEFIC X VFHS NG Lok k)i, NBRFFEFO LD T
Y EEWA T Y EOMWILEERSA SN, BR7— ATy BV IWHEET
HHIEPRINTVS (112, TOXIBAAZALZERTHI LT, EAT
I LR T 3 OB HEETE, K 0 IEE RN 22 R E S0 TR I
BBHEEZEZLND,

22T, MRDBERA TV R EDL ) IHEET A, Thbb, Eok ) I
IRF[H] - 2 O EREWD &, BHRDOH 2 H 7 3V 2T 2 00 EHEL[w &
%5, HIETOETLNTIE, BRATIVIEHo2UOKEIINTED, #HLL
D, ZL70 T2 ahrok., ZRICKLT, EHE, EHFTHETI2 Ry
FARATRRA VR EDILFE—I NGy HIERE AT IV TE I LIk
T, HREZERTIVATLAREINT VS [113], F/, BELL —vEZN
ZERITXDS, ZOXZRRT 2FEOBKZEE - HET L2 AT A0 INTL
% [114]. %8, ZOMATY, XOMHTICIZ, HMM &34 75 A3 w 60T
%, Fiz, BWEEDE T, REDHHRE Z2 0K 7 2 DRIGEIR % R YE %
FCTHEET 2 2 LT, HawGR» S Z20MErs 7 A2 H#E S 88T, AN2lB2 2%
RRVERE DB TE L 2 EPMEINT 0D (115, 5612, HifkE Z2n%2FHT 5
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TXA LT =Y 2EAET AEEEEICLD, FrEamiReHiHT 2 XEE2 QAR T
BYATALPKEINTOS (116, 2D AL AT AEHMLT, Ekn T3
EGEAT TV R L 36, EMFRLEMT 20N OFEHERA = AL %2EZ
TV BERD 3,

5.4 ESHBEECELOHEAERER

SEnPR L EEMICB T 2 HBRIROBEAMEIC O W TR S, Imai et al. [11] DO
FFERRIZ =R L TR A2 RRICLTE D, —C, WEEED Ted) DOEBREA L IE =R
WHE» BN 2 LE3ND, SHOEH TR, SHEHMIERTOEELEHT 2560
SERETNVEIRRBETVIEZNENATIVE2L 6 THoT. ZDATIVE
DT, FIBEMIEER TIRBRR RO W BA LT, A7 3 H6 DIFETH IR £
FRAERE IZBIIN L T 228, FEEED Ted) OMWBFIERSIUREE THALMbLH 2 2 &
25 (16, 17), WFEOLA T, SiEHEM LR CEFIERERPBE O L VWA B,
HAGEDSA, T, OBEIARIZ L e REcAs S 21,23, ¥ Tal—a
YL, Ty OBBIERIEA T IVEATROFEE LKL, oA TTVE4LIE, FiE
PRI CIE =% © FURICHY L, SEEPE L FEH oA 7 3 BUCFIEEL T
W3, iz, SiEERERTHCIHAE —/ S22, BESEECTcoa—
NAXDEHECTH D I D6, FEERFEBRTON T ) EDHIRNE o770
LEZoND, EHERTOa— A3 T, 2&A T30, HEFEBRTO
3= T ZEATORVKYD, ZORBICHER AT ) BUIFEHERTD
A= RADIEFI VLV EWVZ D, S LERZIEL CHE-IICHHT 2201
1%, LML a—RN2AZHCTERT 208035 2, £z, FEEROMNGIRFEGEa —3
A% O FAMOERNSHOMEL 25, 3612, AkThiuL, SiEIEMFICX
TERINERISEEN SRR 52, $, SHEERICX > THi 2 iEEEs
OB LERbONS, BETTINLTIIID L) RSBl L PEHPHA I E LS.
252 EREBREL TRV, TOMA74— NNy 2ICk) Bz ERT5ET L
DREEDGHDOMEL 72 5.
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AT, EEOHE - S3E - IO W T OEBRIVIHLZ BSGHI T H 2 3,
HTCHAT 2 2 LD TELEA T IV ERE TV ERE L, kAT IV E
BT 2072 T, BIREEE & L C oD, $hIRoSEHED i L 2>
FERIN TP %k, ZIUIKL, R TIIIREET TV 2 Sk & e o FE
WELICBIL T SEMICHRHTT 2 20, 20ZUM2HBEET 2 2 £ T, Z0Z1L
DIEHRICH B LEA T TVEERA D ZALITOBTH L WIHEZE2 2 LR TEL,

3 ETOZEHEMICOVTIE, Imai et al. [11] D4 - B HAZEICEH L,
A T 3 ORI EED VT, ZOSFIERAR EEENLLETHATEZET LR
REL, B 2B0OREREZRET S LT, EFNVIZEL ZERDOYIROHER
BERHT L EDTE, 5, TIAMNSEEAGOES T 2EETE L
T, HRETAHALNL SHEMZREZ T CE 2. ZOME, RETTIVICKL 25EEHE
E NS RO BUERAE & FRROMEM 215 7:. WEEIFLE RMGEMIIZH L Tw 3o,
WEED NS0 SIER L 72305 7 ) IIEEF 230 D ISR KA L Tz, Z DFEE,
EPEMSNT, HETEDD YRk D L, WiELRYE LT TV HEEE %5
TEICHIBTE % oo e, MRS, HAGEZHEET3 0 I RIET 570,

TOVIZTEREN T30 D IS CAE L, THAMSEEcO B2 c& . £, W
EEFEIZZ D &) RIEREINT0 D) 2Rz k0w, € TIVIFTHEMESE I3 BhE 2 ik
ATE o7, 612, HMM DREAVREER ZIRNICENIE T, 20T A0
BRI 230EA T TV ERRTIET, ROEA T 2 OBRBRICE T 25 %
REL .

AR CTOEHEENOFERTIE, HMM &+ 74 77 L& w) IERICH, 5o,
BRBEAE TR VE TV EZHWT, JEEEE HAGEOMRFIEROBIRZHHT 2 2 & %2

{1

it
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Hlz, TORAIE, TOX)LFEHEL2ERE L L CEMILHEE T LT, E2ETY
WOFGEZFHMAED E LI IRIC Sz 6Nns, v T2l —vavickD, @
BERBROKTH 2 @R EROLB 2 HECE . —HT, V¥ AN, BXU,
kYT AV I BANZALDRIFEICE ST, HHTELVWHR (HEFEDMEEERD
SARRHEEKE, HAFED "oy DANOBRERLOIE) bHE» k%, L Lk
D5, ZOX)BHEMAETAPOHEL, ZORAZEREIGE ML Tl EI
£oT, BHEFED L) BEBD Y AT LAEHICAD A LBR %, BN
DOHFETEL L)L EEbNS. KT, HAED "o, O@BIERIEL 22w
Bitr, UIESIEL (A Tw3 X ICH R 228, FIFEEIE A 7 3 2ERUCTZR
SNTOHEWI EFHREWIER EWZ 5, ZORFHZ I SICHEETE % L) RrbiE
DHENFEFREEN S,
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Figure A.1: A graphical model for the Bayesian hidden Markov model. W indicates
the number of words in a corpus, i.e., the length of a corpus.
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fET 205 THD, ZIZERLERTH S, Shl, ZOMEEITRTORRELEEITHEH
TELILRIET S, Thbb, Plow”) = Plow) (t=1,2-,TO, XU,
i=1,2---,N) TH53,

ZDEIT, s, DT TDOm DHER (P(mls;)) ZaIHET 2. ZOMERIIHIZE, B
AT IAVRBENEAT I ERIGLPT VW E Vo HlEEZRT 2 EBFEINS, 20
£ 9 BEBIIR (A6) L FRDILEMEREZH WG TE 2, LaLl, FEBIKE, m
DWERIE BRI 2 272, Bl EBIRY S KD b 2 52 RT3 2 L
FEHEL WV, i BHOY =52 6N EE, ETIVIIMESLEIETHRI NS %S
DR DXy b O 2BEL, ZORR, m BT 2WELEED A T I DFFGEIE

E—HRIC D, Leddo T, EFVIEm L s, DERBRESEYYEHTERL, I
ZHET 570, i HFHOY —VICBIT2EEKA T3 %2, GERINTHIGT 5 EW®WA T
TY RO = (), ) RS B, kA 7 ) RN RO
P(olw) Z VTR o6N 5,

P(m{”|wf”, £9) Ejljnn P(oju, £)
x Z P(o|m!™) mti))P(0|wEi))P(0|f(i)) (A7)
22T, ATHOAAS - HIEBERTH D, R TH D, £, ZDE

Eﬁuﬁouﬂﬁﬁémé.%@Eii%ﬁ®v—yzﬁﬁﬁ%%ﬁfl:ouf@
—fafThH b, N(AT)ICKD, HlzIE, 55 “walk” ZEE A7) THDY, il
FEA T 3V ICEENS “walk” OBEREZIET L W IHENREICR S, 2L T,
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tEilchioTm & s OIEREBEHY Y+ 5 LT Pim|s) 2155,
1 N T®
Pm=my|s =s5,) = - > > Plmy” = mglu” £ P(s)) = s, ui”,s7)  (A8)
% t

22T, ZBIERBULER. COMERIZTNTOEAD 7 TV BRI S0 D L 2R
T B, Thbb, Pmlsi”) = Pmls) (t=1,2,--- .70, BXK, i=1,2,---,N)
ThH5,

A3 FHEI—/\X

A.3.1 EEHTEICEIFTZEEI—/(X

HI3TOHEEBTIE, T VIINEEE, HAGE 713, PEREOMHF LA —,R2
THET 5. Figs. A3.1-A3.1IC%EE, HAGE, LY, FEED a3 — S 2ERD 7%
HDFEA T ) OB SBAZ RS, RPOEMEEEAT IV EZRL, ZOATIVD
R ORI VA LR E NS, S, KIERERELR S DDA T D5
BIIND LIRET S0, HlZ21F, L3I HEENCS 2 ) B2 EBIIEEL v, X
DN TO RO, WTNOa— 2Ty, il (FELHWEOHTITY) @
AN TEE G A 7 20 23 50% DMEFR TRLE 415, Table A1 ICHKEEA 7 3V DFEFEDOK
EI%NY. FHELHWEDOA T ) OFEREIIE U AFTHRINSG, Z0s OBl
I “BOS” THAE D, “EOS” THKbH 3. ZN6DF I —EDLEAT IV 3H 6L
HEDYToNTED, RO ISRy, RALED/NEUZEES 7 2V [
DESMEREZ R L, KOOH EO/NKIZZ DFED T 3 BIRET MR R T, B
ZEUXTIE, ZO0RHl, Thbb, AW, #EE, BXY, #TFED) DL
TN DEHRTERING,

JEEOKH] (Fig. A.3.1) TlE, &iA 73V, £iF, BEHD T3 O, i
G T T PMEI NS, LFIFEBOATH 20, BEKOBEARELND <7, «
es”, BLU, “ies” IXAMET 5, Lo L, MERLETEELZETEGFERELED “ed”
& “ing” IFEMEFOBRICELE I LS. HAGEOHHI (Fig. A.3.1) <&, RfllZEEREE
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0.08

Drop off with
probability X

X _ Transition with
—

probability X

Figure A.2: Transition rules between word categories for the production of the
English corpus.

0.9
Object | ®e V@x

+P\if? Aparticles Wauxiliary/)
0.3 Object Subject fTransitiv
; i + particle’ @

Drop off with
probability X

X  Transition with
probability X

Figure A.3: Transition rules between word categories for the production of the
Japanese corpus.
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0.2 %3\(
SUbjeCt Adverb 0.5 I]me
@ /—\

Being verp 0.5

Object
(shi) v

Drop off with
probability X

X _ Transition with
probability X

Figure A.4: Transition rules between word categories for the production of the
Chinese corpus.

Table A.1: Vocabulary sizes of word categories in each corpus.
Word category H English Japanese Chinese

Subject 41 45 56
Object 37 45 56
Adjective 35 34 34
Transitive 20 21 20
Intransitive 14 15 14
Article 2 -
Auxiliary - 3
Adverb — — 2
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(BhEhGE) Ck¥ 3. HAFEICR=Z20UED S D, T X - THe O 38R
(FEEPHWEE) 2% %, XD particlel (& & particled 1 Z N Z1UgBhE 253 &
NE, THY, ZOHIOLFIZFEETH S, 2 LT, particle2 IZ0HE T2, THD, %
DD AFVHWEETH 5 2 L 2 ¥, HABOAFIZEER Ty 2K>2 9%
Wied, S, TRAFEER T\ 2GR LT 5. PEEEORIAI (Fig. A.3.1)
Tix, B (TIETE (zhengzai)) & THE (zai)y) DNEfTEZET. T2 (shi)y 1A
k% C OBREZ K003, Fll, 2 ¥ 2 7B 2 be Rl OAREDAZFO LT 5,
7, WA T (de)s ZIEAGRER & L TR, BAGFRERO%R A ICHET 5.

26 OEBMERIIIEENVRHR DY EIE O RL) RFERE 2 — SR [62, 61, 63] & —T
X HIGEREI K, £7, Fa— " 2holiEdE, £iE B XY, HNEOHA
R, T, HEFATDOHRDOXEFHFHADADLDE G RO, 2 LT, ATL.a—
NALEFEA—RADINGDHEVB L Z T % X9, WY REBHRZHREL
7o, 61T, WEEa— N2 TIE, LRI 2 T L 72098 [64] 225, =D DREX
(WTH X (#dfy, $7:0%, BiEfid), ava 730 BXY, FiE- diEX) 3%
IC—3T 2 & ) IOBBMER 2 HRE L 7-.

A.3.2 BREERICHFZIEEI—/ICRDES

H5 A FECTORBICH V7 355E 2 — S 2K (Fig. 4.2 (a)) DEE#E% Table A.3.212,
HAGE 2 — S 28] (Fig. 4.2 (b)) DFE%E% Table A.3.2 1T/RT,
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Table A.2: Vocabulary sizes of word categories in the English corpus.

Word category Vocabulary size
Noun 257
Transitive 45
Intransitive 45
Past tense irregular transitive 10
Past tense irregular intransitive 10
Article 2
“ed” (bound morpheme) 1
Total 372

Table A.3: Vocabulary sizes of word categories in the Japanese corpus.

Word category Vocabulary size
Noun 243
Transitive 52
Intransitive 52
Adjective 17
“Ha” and “ga” (case particles) 2

“O” (case particle)
“No” (case particle)
Auxiliary 2
Total 372
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