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A Computational Linguistic Study of the Omission of Third-Person Singular -s in English
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(Haznedar & Schwartz (1997))
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Representational Deficit Hypothesis (RDH) (Hawkins and Liszka (2003))
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Missing Surface Inflection Hypothesis (MSIH) (Haznedar & Schwartz (1997), Prévost
&White (2000))
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N FiEZ2 TR0 320 STV D A, MSIH % X HF 2 5ELASFEAE L7220 (cf,
Wakabayashi et al. (2018))
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(Wakabayashi et al. (2018))
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(12)  The Anti-Lexicalist Theories (cf. Distributed Morphology (Halle and Marantz (1993))

(13)  The Single Engine Hypothesis:

There is only one generative engine to build complex words and sentences.
(14)  Hierarchical Morphological Processing Hypothesis (Oseki (2018: 58)):
“Morphological processing tracks hierarchical syntactic structures of words.”
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2.1 Okamura, Kimura and Kato (2022)
(17) a. Les enfants mangeront. [Agreement singular condition]

The children eat-FUT.3PS.PL
b. L’enfant mangera. [Agreement plural condition]
The child eat-FUT.3PS.SG
c. *Les enfants mangera. [Error singular condition]
The children eat-FUT.3PS.SG
d. * L’enfant mangeront. [Error Plural condition]
The child eat-FUT.3PS.PL
“The child/ the children will eat.’
(Frimu and Dekydtspotter (2022:6-7), with modifications)

(18) Activated vocabulary items in DM

Syntactic structure contains: Activations of subset vocabulary items in DM
[T: uPerson: @, uNumber: O] a) /-a/ <> [T: uPerson: @, uNumber: Q]
(3PS.SG agreement features)

[T: uPerson: @, uNumber: Plural] a) /-a/ <> [T: uPerson: @, uNumber: Q]
(3PS.PL agreement features) b) /oT/ <> [T: uPerson: @, uNumber: Plural]

(Frimu and Dekydtspotter (2022:5), with modifications)

(19) Vocabulary of English (fragment)

a. [3SG, PRES] - -s
b. [PRES] > -0 (Bobaljik (2017:6))
(20) a. -s > [uPerson: 3p, uNumber: Singular]

b. -0 > [4Person: @, uNumber: O] (Okamura, Kimura and Kato (2022))



(21) Activated vocabulary items in different condition in number

Representation in Syntax: YOcal?ulary
1tems:
3PS.SG: ' —
The child eats a lot of desserts. [uPerson: 3p, uNumber: Singular] (20a), (20b)
3PS.PL: ‘ '
The children eat a lot of desserts. [uPerson: 3p, uNumber: @] (20b)

(22) a. The child eats a lot of desserts.

b. The children eat a lot of desserts.

c. *The child eat a lot of desserts. [Error Plural condition]

d. *The children eats a lot of desserts.

(23) [The child] [eats] [PIC] [a lot of] [desserts.]

(24) Details of participants

[Agreement Singular condition]

[Agreement Plural condition]

[Error Singular condition]

(Okamura, Kimura and Kato (2022))

Proficiency n Average age Estimated
proficiency
Beginner 20 19.2 (18-20) CEFR A1-A2
Intermediate 9 23.9 (21-47) CEFR B1-B2
Advanced 3 22.3 (21-23) CEFR C1
Total 32

S

(25) TE LUAERICRT B (EAE I, WEDK 0 A

(Okamura, Kimura and Kato (2022))

d’ singular verb form

d’ plural verb form

1.062 (0.90)

0.500 (0.90)

(26) IR PIHRREIZ I T D BUGKEH] (RT)

(Okamura, Kimura and Kato (2022))

Error Singular Agreement Singular Error Plural

Agreement Plural

901 (194)

825 (197) 875 (217)

865 (210)

(Okamura, Kimura and Kato (2022))



(27) The result of GLM (General Linier Model)
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Grammaticality

(Okamura, Kimura and Kato (2022))
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2.2 HEELY F & & (Interim Conclusion): 3 HEELLE D EK D & 0 H»
(30) ET—XT 7 F ¥

List A

Morphosyntactic features:
[Det] [1st] [CAUSE]  [+pst]
[Root] [pl]

etc...

.

Syntactic Operations
(Merge, Move, Copy)

/ \

Morphological Operations Logical Form

Phonological Form
(Insertion of Vocabulary Items,
Readjustment, phonological rules)

s Wi/ T
Vocabulary Items

/dog/: [Root] [+count] [+animate] ...
/-s/: [Num] [pl] ...
/did/: [pst] ...
etc...

Conceptual Interface

(“Meaning”)

List C

Encyclopedia
(non-linguistic knowledge)
dog: four legs, canine, pet, sometimes bites
etc... chases balls, in environment “let sleeping __s
lie”, refers to discourse entity who is better left alone...

cat: four legs, feline, purrs, scratches, in
environment “the __out of the bag” refers to a
secret ... etc...

(Harley and Noyer (1999:3))
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(32) A% DR
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KA & 22Tl Ze v
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VB L 7 BRI UTFE LR
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3. HESERENT Su—F
3.1 #2959 LLM & Z D3l
e LLM DER

(33) Liner Language Model
LLM Tt 72 transformer &7 /L (Vaswani (2017)) 1%, n-gram %~ /L2 7i@fEIZ#EH 32
MaTFiEZ HW % (feed-forward networks),

e.g. GPT-3 (generative pretrained transformers) (Brown (2020)), LLaMA (language model for

dialogue applications) (Touvron (2023)), PaLM2 (pathways language model, version 2) (Anil
(2023))

—  p-gram (n=A) F— 27 U8R A LI RIERIC RS BT L

T
Py ) = | | PG @
t=1

o K b—7 L OMERE I (Multi-Head Self-Attention (Z 1 2 fE £ 11"

Attention(Q,K,V) = softmax <(QKT)> %4 (3)
v (i)
MultiHead(Q,K,V) = Concat(head,, ..., head, )W° 4)

where head; = Attention

(34)  Syntactic Language Model

TTL T LITERR DI O TGRS 2 A E OB LT 5, AR TIEEOH
T fAF A 72 Recurrent Neural Network Grammar (RNNG) (Dyer et al. (2016)) Z4% 9

(35)  RNNG (% n-gram &3 & LB 08, A SUIATRE R (y) & FilA3A Te 51 C Transformer &
F72 52, & 51T, RNNIZ LSTM (Long Short Term Memory) % flAxiA e Z & TR IHEEK
AR LTV D,

a. A7 —4 : Penn Treebank (PTB) X7 — % (b L <ITEH DOLT —H),
b. FA  Biifd 0 73
c. &7 /L : Noji and Oseki (2021) {Z & % python ~X— A ® RNNG*

PRSP TR O STV self-D H 3K, Query, Key, Value D#IHE Q=K=V THH Z L2k b, Zh
OOEILT ¥ LTk S5,

201X 7 7 > 3 (S (Stack), T (Buffer)) IZ#f 5 5 EARZ bk, bid A T A2 b, nl3dEF—I T (eg
S, NP) DILDHIAFA Y kb u, = tanh(W (o si; hn ] +¢) (0, s IE T, SO T), HIZT 7 v a VIEEE (a<). W
T8 A =B —_ clI/A T ARY kL)

3%%&L%”%@%7wmmwmumw»%ﬁf#é# ASBEIOWEOBRE ZHEE 2. Zife LET V%2 H
YA

4 A Z DFT AT DRI, FI O RNNG (Dyer et al. (2016)) & 0 HALEE ORI N FEH ST
WoH7e



(36)  HESTIEAT DB
Input: The hungry cat meows .

Stack Buffer Action
0 | The | hungry | cat | meows | . NT(S)
I | (S The | hungry | cat | meows | . | NT(NP)
2 | (S](NP The | hungry | cat | meows | . | SHIFT
3 | (S|(NP]|The hungry | cat | meows | . SHIFT
4 | (S| (NP | The | hungry cat | meows | . SHIFT
5 | (S| (NP | The | hungry | cat meows | . REDUCE
6 | (S| (NP The hungry cat) meows | . NT(VP)
7 | (S| (NP The hungry cat) | (VP meows | . SHIF
8 | (S| (NP The hungry cat) | (VP meows . REDUCE
9 | (S| (NP The hungry cat) | (VP meows) 3 SHIFT
10 | (S | (NP The hungry cat) | (VP meows) | . REDUCE
11 | (S (NP The hungry cat) (VP meows) .)
laCx,y)l
Py = || Paw (5)
t=1
B laﬁ)l exp exp 15 u; + by,
t=1 Yaleag(rospny) XD €xp raly + by

(37) (S (NP (NNS traders)) (VP (VBD said)) (, ,))
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(44)

The Anti-Lexicalist Theories (cf., Distributed Morphology (Halle and Marantz (1993))  (=(12))

The Single Engine Hypothesis:
There is only one generative engine to build complex words and sentences. (=(13))

Hierarchical Morphological Processing Hypothesis (HMPH) (Oseki (2018)):
Morphological processing tracks hierarchical syntactic structures of words. (=(14))

Oseki (2018) IZ A DO FFRAEEOMEICHES &, BRFIHLEE T Vb FIERIC (13) 25
BT DMENRH D L LT D (Oseki (2018: 168))
FED % FNE (e.g., unlockable)

n

P(my, ..., my) = 2; P(t) 1)

T:yield(T)=mq,...,mp

ARHICIE, FREEEIZEE SV TULEE A 1T 9 Syntactic Language Model % fEREF I & i H

LTEHERZIT O,

7272 L. Syntactic Language Model 1 SCREHT DALEL 2 7 D & FILRESRfRITICEH 92 B R
S B ORI RFEETH D

3 WH O EBRZ1T 5 HilC, morphosyntax % i L 7= MBROD & MM % 7+ EB % £ 917 9

(326% 2)

FER 2 DEH

a. JEEER & HREm A XB L2Vl A x. BASEAZBMUNICMEETE 2008009
18I 7> 5 @ HMPH DR IE

b. aDENIZ LY, AEHE D FET AN ANBOEELEOET Y 7L LTRYETHD
ZEDIREND

—  ANRBIDAERT 5558 OME % IEFMEICHNT C& 235X = A O FiE OIS % Eff
B LTV

Morphosyntax % H VN CHllf# L 72 RNNG

a. J7—% : PTB ZJURER M TR LI b2
b. FA Bl 0 H
c. &5 /L : Noji and Oseki (2021) {Z X % python ~<— & > RNNG®

> HEEOSEIEIZBVTIL, Natural Language Tool Kit package (NLTK) (Bird et al. (2009)) in Python, WordNet
(Miller (1995)) % f# i L #l# L 7= Morphessor (Creutz and Lagus (2007))& i L, HiEAZEERICYT b 0%
—HUMELE LT,

CAEOEICHTZY, HOREOERLZMA THY . FHIMREICELE 52 2 W EIIC W T, JBREHFE AL
H3 252 LIZ XD REOHMNZZE L T, M UHTIZIIT % Recursion DVE S D KAEZ K 6 f51ZH<° L T
Wh, 722l TR D LOBEORS ZHET 25 D=a— R ThY . GPUDAMENRIEZ 5 —5 T
PEREITII B EEE b 2 720y,



(45) (S (NP (NNS (NN (VB trade) (M-NN 1)) (M-NNS s))) (VP (VBD (VB scream) M-VBD)) (, ,))

e & L. HMPH M IE LiF4UIX. Morphosyntactic Language Model i%, RNNG £ Y & HRR SRED ML
BNFRERZ ENTHIEND,

3.2 FEhr 2

3.2.1 FEBROBEE &G

(46) %%@%E FEER 3 ZITORINC, TBREEZ b —27 L 9252 L OZUMEEZHEND D
%h ﬁ/&?é%T”i@% HARZRMENE SN D DO THIUE., AM O

% TWZ EDRELE L 72D

—

(47) SRENFEO HIRE &~ HEEE © Perplexity (PPL)
total_loss )

total_ num_words

PPL =exp exp (

48) T
a. hL—= /&iﬂﬁf%ﬁxé& PPL MK T35,
b. D EOFEETFT — 2 THIKW PPL 2#fiRiT 5 ZLnTE S
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(49) a.PPL (}25)

PPL over epochs

—&— M-RNNG
22 - —&— RNNG

20 -
18 -

16 -

PPL

14 -
12 -

10 -

Epoch

(50) a.PPL(hF—2 )
WordPPL over epochs

—&— M-RNNG
35 - —&— RNNG

30 -

25+

WordPPL
N
o
1

15 -

10 -

Epoch



(51)  a. Morphosyntactic Language Model |£7 — % &R v 7 B~ DIRLFH D 720

b. WordPPL (Z 35U Tl 7 O 3B S e d o 7z

—  Syntactic Language Model [T HGER] O ERMR TIE /e <. HEEFRTLOMAADEIC
XTL/TTL_ BEITo =Rt —J7, HEER ORISR 2 FER & LSO iESR

57} 72 Morphosyntactic Language Model (%, 17312 L D MEREIK T3 Z 0 12 <

> 71 D,

c. % # 2 7= Morphosyntactic Language Model /&, ActionPPL & #8419 PPL (280>
T, SHRETHEA A2 BN T

33 %E5R3  (BEETH)
3.3.1 #EBr 3.1

(52) 3 HiBl-s OFR Y [ IF8H - %5%@5%%&1@.7‘3%6@%) a1 i
a. Okamura, Kato, and Kimura (2022) TiZ, 88 - SiBICZEDOJRIKD B 5 AIREMED R S 4
2R, FECED L RO ON TR,
b. BEBFE IRV T, HEIE - B OBV T, ERRoiUE, SEEICED
BN H D REMED RSN D,

(53) FEO—HENEZL S HERK -
a. SHBLO-s BIIESNTEFELE L. TS OZELH O HBUEE
b. REREER G HBILA) CTRIUEXRZH WD Z & (BErEiESR O )



(54) —HBOREREZLNTLHD, HHHEE THE 21T

a.  AIFRSC

(S (NN teacher) (VP (VBZ (VB praise)) (NN student)) (. .))

(S (NNS teacher) (VP (VBP (VB praise)) (NNS students)) (. .))
b. 7AMX

(S (NN student) (VP (VBZ (VB praise)) (NN teacher)) (. .))

(S (NNS students) (VP (VBZ (VB praise)) (NN teacher)) (. .))
—  FERRAFROBEOENNI LY ENH LD D

(55)
ActionPPL Over Epochs
6.0 - —— Training ActionPPL
—— Validation pl ActionPPL
5.5 - —— Validation 3sg ActionPPL
5.0 A
g 4.5
o
c
B
2 4.0
3.5 4
3.0 -
2.5 1
2.5 5.0 7.5 10.0 12.5 15.0 17.5
Epochs

(56) 3 HLHLO PPL A3\
— J3HBO—-FUIEBFEHIZBWTHLRY NPT L2 06, SRBICEDOERNH
% REMEZ R T 5

4. FL®
3HTO-s K OER L, TRISEO XM TIZ/ARL, WEOHEIZERT 20

57) FLo
a. 3HITO-s BEDOERK L, FRIZSFEO KM TIE /<, FEEOREITEX T 5 rlREME
s LTz
b. S%ITLDESEFZOH THRBROMENGEOND K9 2L FXNERB L0
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