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Linguistic Knowledge

® Syntax:

Is the given string of words are
grammatical expression of that language!

® |nterpretations:
What does it mean? (Semantics)
How to spell it! (Orthography)

How to pronounce it? (Phonology)




Syntax

o XEBRMZE o> 7c (Taro ran)

o XERM T+ % R 7c (Taro saw Hanako)
o * XKEEMWMEFZEDIC
o * MANBSRTcZ e T




Type Logical Grammar

Type T ::= s|n|... (atomic)
| T1—T» (function)

Signature:
Taroo

ga
waratta




Type Logical Grammar

> : backward application
XET :“Xisagrammatical expression of type T”

Taroo - n ga F n—nNsupj

—E

(Taroo > ga) " nNsubj waratta F Ngsupj™S

—E

((Taroo > ga) > waratta) F s




Type Logical Grammar

Word learning involves type inference

Unknown word: xxxxxxx + 22?72

((Taroo > ga) > XXXXXXX) F s
Taroo F n

ga F n—Nsubj

Inferred type:

XXXXXXX F Nguypj™S




Intererpretations in
Different Domains

Grammaticality : Typeability
((Taroo > ga) > waratta) F s

Orthography Phonology Semantics

“KEBDIK - f2” : string

smiled(taro) : bool

[ta’ro:gawaratta/ : phon




Orthography Domain

Signature:

Taroo = n
ga - n INlsubj
waratta F Nguj ™ S

Interpretation:

Type s =
Type n

Taroo

ga
waratta

string

string

“KEB” : string

Ax.x — “HY” :string — string
Ax.x T “SED1c” :string = string




Orthography Domain

Taroo = : string
ga \ : string — string
waratta ' :string — string

((Taroo > ga) > waratta) :string

~ (“KEB” > Axx ™~ “ DY) >(Axx T “EoT”)
~ (“KEE T “DY) > (Axx T 4K 127)

~ (“KREB” — “h™”) T Kol

~ “KEBME > 12”7




Phonology Domain

Signature: Taroo - n

ga - n INlsubj
waratta F Nguj ™ S

Interpretation:
Type s = phon
Type n phon
Taroo /[ta'ro:/ : phon

ga Ax.x + /ga/ : phon — phon
waratta = Ax.x + /waratta/ :phon — phon




Phonology Domain

Taroo /[ta’ro:/ : phon
ga Ax.x + /ga/ : phon — phon
waratta = Ax.x + /waratta/ :phon — phon

NB: + denotes concatnation of two phonetic representations, e.g. /m/ + /a/ = /ma/

((Taroo > ga) > waratta) :phon

~ (/ta’ro:/ > (Ax.x + [gal)) > (Ax.x + /waratta/)
~ ([ta’ro:/ + /gal) > (Ax.x + /waratta/)

~ (/ta’ro:/ + /gal) + /waratta/

~ [ta’ro:gawaratta/




Semantics Domain

Signature: Taroo - n
ga = N — Nyom
waratta = nyom ™ S

Interpretation:
Type s = bool
Type n ind

Taroo taro :ind
ga AX.X :ind = ind
waratta Ax.smiled(x) :ind — bool




Semantics Domain

Taroo taro :ind
ga AX.X :ind — ind
waratta = Axsmiled(x) :ind — bool

((Taroo > ga) > waratta) :bool

~ (taro > (Ax.x)) > (Ax.smiled(x))

~ taro > (Ax.smiled(x))
~ smiled(taro)




Empty Categories

Null pronouns

pro F n

((Taroo > ga) > (pro > kaita)) F s
“REEMEW/Z”  :string
[ta’ro:gakaita/ : phon
wrote(taro,pro) : bool




Empty Categories

Relativizer (as type shifting operator)
REL = cn —(n—s) — S
Anr.x.n(x)&r(x) : (ind—ind) — (ind—bool) — ind

Anr.r n : string = (string—string) — string

Anr.r // +n : phon & (phon—phon) = phon

((Taroo > ga) > kaita’) > (hon>REL) F n

“KEBDE WA : string

/[ta’ro:gakaitaho’n/ : phon

Lx. book(x) & wrote(taro,x) :ind




Delimited Continuation
in Japanese

® Quantifier
Focus/Presupposition
(Multiple) question

Wh-island

Split-quantifier




Quantifier

® TJaroo-ga Hanako-o hometa.
Taro-NOM  Hanako-ACC praised

“Taro praised Hanako!

praised(taro,hanako)

® Taroo-ga daremo-o hometa.
Taro-NOM  everyone-ACC praised

“Taro praised everyone.

Vx. praised(taro,x)



Quantifier

® [Taroo-ga -0 hometa]

Taro-NOM -ACC praised

AXx. praised(taro,x)




Quantifier

® [Taroo-ga -0 hometa]

Taro-NOM -ACC praised

[ Taroo-ga Hanako-o hometa]
(Ax. praised(taro,x)) hanako
~ praised(taro, hanako)

[ Taroo-ga daremo-o hometa]
(Ak.V'x.kx)(Ax. praised(taro,x))

< Vx. praised(taro,x)




Quantifier

® [Taroo-ga -0 hometa]

Taro-NOM -ACC praised

AXx. praised(taro,x)

daremo = shift k. Vx.kx

dareka = shift k. dx.kx

Whole sentence is now enclosed by reset.




Quantifier

daremo = shift k. Vx.lkx

reset ((Taroo > ga) > ((daremo > o) > hometa))

= (reset ((taro > Ax.x) > (((shift k. Vx.kx) > Ax.x) > Axy. praised(y,x))))

<(reset (taro > (((shift k. Vx.kx) > Ax.x) > Axy. praised(y,x))))
= (reset (reset (Vx. (Ay.taro > ((y > Ax.x) > Axy.praised(y,x)))x)))
= (reset (reset (Vx.taro > ((x > Ax.x) > Axy.praised(y,x)))))

< Vx. praised(taro,x)




Quantifier

(reset ((Taroo > ga) > ((daremo > o) > hometa)))

< (reset (“AXEBDY") >
(((shift k. “FEDH”) > Axx™ “Z”) > Axy.y  x~ “BH 1))

< (reset (reset (Ax.(“AE[fHY") >
(x> Axx" “Z”) > Axyy x~ “BB8712”)x))

~ “j\(EBbi\nﬁ" QE&) 7LL._




Focus

® [Taroo-ga Hanako-mo hometa].
Taro-NOM Hanako-also praised

“Taro also praised Hanako.’

praised(taro,hanako) & Jy#hanako. praised(taro,y)

presupposition

x mo = shift k. kx & dy#x.ky




Question

® [Taroo-ga dare-o home(masi)ta] ka!?
Taro-NOM  who-ACC praised QUES

‘Whom did Taro praise?’
Q Ax. praised(taro,x)

shift l<. Ax. lx
Q (reset x) ka introduces reset.




Question

® Hanako-wa [laroo-ga dare-o hometa] ka tazuneta.
Hanako-TOP Taro-NOM  who-ACC praised QUES asked

‘Hanako asked whom Taro praised.
ask(hanako, Q Ax. praised(taro,x))

shift l<. Ax. lx
Q (reset x) ka introduces reset.




Question

dare = shift k. Ax. kx
x ka = Q(reset x)

reset (((Taroo > ga) > ((dare > o) > hometa)) ka)

< (reset (Q(reset (taro > (((shift k. Ax. kx) > Ax.x) > Axy.praised(y,x))))))
< (reset (Q(reset (reset (Ax.(Ax.(taro>((x>Ax.x)>Axy.praised(y,x))))x)))))
< (reset (Q(reset (reset Ax.(taro > ((x > Ax.x) > Axy.praised(y,x)))))))

< (reset (Q(reset (reset Ax.(taro > (x > Axy.praised(y;,x)))))))

< Q Ax. praised(taro,x)




Multiple Question

Hanako-wa [ Taroo-ga hon-o  mita]-ka tazeneta.
Hanako-TOP Taro-NOM  a.book-ACC saw QUES asked

‘Hanako asked whether Taro saw a book!

Hanako-wa | laroo-ga nani-o  mita]-ka tazeneta.
Hanako-TOP Taro-NOM  what-ACC saw  QUES asked

‘Hanako asked whom Taro saw.

Hanako-wa [dare-ga nani-o mita]-ka tazeneta.
Hanako-TOP who-NOM who-ACC saw QUES asked

‘Hanako asked who saw whom.

Hanako-wa [dare-ga nani-o doosita|-ka tazeneta.
Hanako-TOP who-NOM what-ACC did.what QUES asked

‘Hanako asked who did what to what.




Multiple Question

Hanako-wa [ Taroo-ga hon-o mita]-ka tazeneta.
Hanako-wa [ laroo-ga nani-o mita]-ka tazeneta.
Hanako-wa [dare-ga nani-o mita]-ka tazeneta.
Hanako-wa [dare-ga nani-o doosita|-ka tazeneta.

Type of question depends on the number of question words
(cf. Printf problem)

Q saw(taro, a-book) :Q bool
Q Ax.ssaw(taro,x)  :Q (ind = bool)
Q Axy.saw(y, X) : Q (ind = ind — bool)
Q AxyR.R(y, x) :Q (ind = ind —
(ind = ind = bool) — bool)




Whe-island

\/ Hanako-wa [[dare-ga nani-o kaita]-ka tazeneta]-ka!?
Hanako-TOP who-NOM what-ACC wrote QUES asked QUES

‘Did taro ask who wrote what?’

W Hanako-wa [[dare-ga nani-o kaita]-ka tazeneta]-ka?

““Who did Hanako ask what he wrote?’

“*“What did Hanako ask who wrote it?’

Both dare and nani must be associated with

ka in the embedded clause (the nearest enclosing reset)




Split Quantifier

® |Dare-ga kaita hon]-mo omosiroi.
who-NOM wrote book -every interesting.

‘Every book that a person wrote is interesting.

Vx. person(x) D interesting(Ly. boolk(y) & wrote(x,y))

shift l<. Ax. lx
shift k. Vx.k(reset x)




Summary

® Type Logical Grammar
® Analogy with programming language
® Non-typable code cannot run

® ungrammatical expression cannot be
interpreted.




Summary

® Use of delimited continuation
® Quantifier
Focus/Presupposition
(Multiple) questions

Wh-island

Split-quantifier




