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Dependent Type Semantics (DTS) is a framework of natural language semantics based on dependent type theory.
DTS gives a unified analysis of entailment, anaphora and presupposition from a computational perspective. In this
paper, we extend the framework of DTS with a mechanism to handle entailment and presupposition associated
with factive verbs. Factive verbs such as know embed both that-clause and wh-clauses, and trigger special presup-
positional inferences. We present a semantics of wh-clauses using Y-types, and give semantic representations of

factive verbs using the notion of proof objects in dependent type theory.

1. LI

TERERHO FELBEO—oI1, AHASEOSEHRIE
RN HHE L2252 ETHD, 2L, HASEICIZRIE -
RIS INE S 2 SRR D3 b . SUIRIRTFEME DR & &
MfgoEHZ R ) 2 eBb o ond, HAEF, (1)
WhbWw3 E YA THRICOFTH D, = TRINZERBFRE
BT 220123, TTAHEOH 1 CEH 2 XIS Y 37
OICBIRZ R T 2 Z P EREN D,

(1)

A student entered. He whistled.
= The student who entered whistled.

[Bekki 14a] THESE S N7 KATURIRGR (DTS) 1&, MAFAHIE]
i [Martin-Lof 84] 128D BASFHEERKROMMATH 5,
KA EH (underspecified term) 2\ % Z & TG - BifE%
HRANCRELL . B & SRR LD VW TR EBHR D E
& SURAAFE DR 24— I ) RIS %, DTS 13,
(1) IR e N2 X9 il DR L ~ L OfER - RIGICE-S <
OB 21T TH L, wH W S modal subordination 1214
FINBGMEL XNV ORIR - RUGIZIED < #HEgm DO 1T b IR
SN T3 [Tanaka 14],

AfTId, DTS O~z RIEHG (factive verb) DT
WHRET %, & BRWICiE, aENEBE2 R THEHORT
b, know Z YUY & 2 HEHEEZ, believe 2 AL L T 2 Ik
RO G & 135 BB b0 L v ) Blrio 6, B
DEZ L2 J 2B b, EBEEFEIX, that i
T, wh iz ET 5 EDBARETH), INET
IZ DTS 23> TEIREG - TieBIR EIEHR 2252 F 2R
%, AT, BEHERAOE®GRZ KA HZ e TEA 7 b
T, MEHFADNHTD 7= I21d DTS DHiFEFLR O A % H5
BT 20END 5 L L %,

REDF

COfiTId, UEBHFANED L) LEE LHHREZMNE) 0%
MR L 72 BT, ARSI ONR E T 2 #HRER %M T 2,

2.

HHESE: ) N BIR DKL RARAGEN B SALANLR
FOPFERIBE AR 2 — 2| BRSO XORIK 2-1,

tanaka.ribeka@is.ocha.ac.jp

2.1 MKEFE IR

£, MEFHHOEAN L ME 2R L TE <, know &
B L $ 2EFFNL, believe D & 9 ZIEREEF & 13RIy
2, WiXONBEPETH S LI EEEZ LD, Bl2IE, HHEH)
i know ZFE9) (2a) 13 (3) ZERT 523, JERGEHE believe
89 (2b) 1F (3) ZEEL &R\,

(2)

a. John knows that he is successful.

b. John believes that he is successful.

(3) John is successful.

PR Z LU, (22) 2 &BE., BERL. SECORTE L v o7
XARICHEDIAATH, (3) 3ZDXEEROEETH Dt 5,
DT o (da—<) Db, (3) 28HET 5,

(4) a. John does not know that he is successful.
b. Does John know that he is successful?

c. If John knows that he is successful, ...

T VbW BT DT (presupposition projection) & W
BNBBRTH D, LS DEEDI B, S HE, BEH. &
XD L o T URICHEOAENTH, ZOXEEDOER
TH KT 2 DD, S DHiE (presupposition) & FEIXILS,
X oT, (3) IZ (2a) DH{IETH 5,

Hite LEHOER L DEVIIRD & I 2L SHo Lk S,

()
(6)

It is true that John is successful.

a. It is not true that John is successful.

b. Is it true that John is successful?

c. If it is true that John is successful, ...

(5) & (3) 2 GHET B, Lo, (5) 270k, BE. 4l

ICHEDIAA TR LN (6a—c) Tlk, TOEGRIFNEET S, Lo

T, (3) 1 (5) DHHRTIR A . WHEOBEDVD EDTH S,
HiPEORBO U E2iz, BT & 9 % XRICE W THiEEDS

HETE (7405 —3N3) LI EBEITFONS,

(7)

a. John is successful, and he knows that he is.

b. If John is successful, he knows that he is.
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El x knows whether Aor B, A I+ x knows that A

E2 x knows whether Aor B, B I x knows that B

E3 x knows who F';, F(a) I+ x knows that F(a)

P1 x knows that P > P

P2 x knows who ' > someone F

P3 x knows whether A or,y B > A or B (but not both)

1 BUEEIFDHE ) &R - Wi, - & > 2Nz,
MR D 322) GBI L iR 2 KT

(e

21 (7b) TlE, (3) DL, BEHF% & URAFEOHE T
b 503, (Tb) DXEKDHIHET S R IFIUTARE T D 2\, i
2, S" S DHifEEEE TS LEE, S and S KU If S’ then S
EVIHTBERDOL T, S DHERIE7 4 VY —3 N5,

2.2 FEEFAE wh

WIETFIE, FERIEIEA L xR D, wh HizHiCE LTE
D9 % [Egré 08],

(8)

a. John knows whether Mary or Bob came. **

b. John knows who came.
9) a.

b. * John believes who came.

* John believes whether Mary or Bob came.

wh I OIAE N (8a, b) &, U T D X)) %IFT, that
fisi e IA £ NI XA DEEBIRDIR D SLO RIS 5
[Lewis 82, Groenendijk 82],

John knows whether Mary or,: Bob came.

(10) Mary came.

John knows that Mary came.

John knows who came.

(11)

Mary came.

John knows that Mary came.

wh i3 IA F N BB SCOMRIZSRIHKAA L v <D
DPDOEL R (Wb W B weak/strong/exhaustive reading)
EIRT 5 2 LIS N TV S [Groenendijk 82] *2, 24T
DWTI 43 HiTHL B,

wh HiHMHOIA F N7 REEBEDHE ) B OVWTE, He 7
i#am23d % [Hintikka 62, Karttunen 77, Aloni 13], #l 2 1E
(8a) 1% (12a) ZHifE L L. (8b) Ix (12b) ZHifE L T2 LE X
2DIEEATHS 9,

(12) a. Mary or Bob (but not both) came.

b. Someone came.

WFEBFOERIE, wh HiDES 29 LnitziddcE s
HDOTRITIUI RS 0,

13, INE TR L MEFHAICH2LEEE - il
’RERZFLDLDTH B,

&, AR B T, BEHFHOFNEE K- %1
BELHEETEN S, InoiRb o106 ETFVHNEEDLS
DOWIFETH b, HARS BN O EEIIRRTR S A 7 ~DIEH %

*1 (Sd) &, "Mary K7z Dh, 2t d Bob 23k DEAI>T1 3
L9 Alternative question Diidk & "Mary 7> Bob Wi askizd
»EI %)\D’)’CMZU L9 Polar question DfiiAh3%H %, Alternative
question ® or % or,, L#&Kild %,

*2  (11) @’%‘g‘li strong/exhaustive reading M & EIZJK Y 2D,

x3  [Beaver 01] IZHiRBIR M OMRER « CENRY — M 2 52T 2,

LRI I ANz, GRS - ﬁ% MELE D 5 DOFfFEIE+
T INTwaw, i<, ik (epistemic logic) @
XHRTIE, AR &R R ﬁ« A DR 75 EE AR
b%ﬁémiw>[Mwm0q UL, IhsiddE e LTH
WMPERZOLOEMWH) T EXHNELTED, BASEICE
J 2R IERORI P Ea0MEEZRET 0 @
BWHzO I TRV, 200, BkmtHo XIRT
ﬂ%@ﬂ##%%%ﬁ%&& HASTEICER OBIRIC Omf
For i TN TuRCOBEIRTH 5,

% TR T, AR R BN S, & - il H
RELTESZ, M1IKFLDon2BHEFRZLTE S
AR AR EREO R EMBET 2 2 L2 HIET,

KEHEERRICE T HIHRER

ZDiTIE, RHFEDOBERROVILATH % DTS 12O\
ML L 785, WK OISO W THAT %,

3.1 {KEFESK®E (DTS)

DTS [Bekki 14a] 1., HAHITRIBL GG 2 509E U 7 6 B B G
[Mumnbmq'ﬁo<§%§%%%ﬁ®mm&f%éo%
KD FOVERIN R IR L, DTS 1 AFH R IR
b\X%@MM%%%E%%T%fwm%Tﬁﬁatfe%
i%:&ﬁfgéo%ﬁﬂ@ﬁm%d<ﬁ%§%@%%ﬂﬁ
1% [Sundholm 86] MEWIFE23ED 541 TE D [Ranta 94],
ECITEMEEY G2 Fl V7R S LT e F%F%O)nf%%)uﬁ?%
511 TCv> % [Chatzikyriakidis 14],

BBEEIE, a: A &) TEOFIW (judgement) 2 EUROIE
AHALETZ, Z9ud THa 3B A Z b0, LRI NS,
HAKR B T IR IE & SIS KA I N T L 2 DR L, K
ARG CIREICHRAE L 72 (IRAFRY) AP35, itmﬁ

3.

R, AV — - N7 — FEEE =, H=30H)
Kib\“%ﬁ%ﬁﬁ%l/:-kf%%i?&mﬁ%ﬁ )

BT B EDHENT VDS, OB ST
iﬂ HiWia: Alx To 368 A DFEHTH 2, BRI N

35, ZDkI quFﬁ’f"uiEﬂL&bl“)Tﬂfuﬁ)IEk L CNREEEICEL
N5 E W) MWED, ARICE T 2SO T I B A 15
BRI T,

BRI LTS L T %2 b2, X IEHEMMO
—ffbch b, FERIMICHET 5, B (Sz: A)B(z) b2
Hik, B ADHEHm LB B(m) ODEHn 2267% 58 (m,n) TH
%, fHOBREZED HTBRHEB m, o PDEREINTED., %
NZEN w1 (m,n) =m, m2(m,n) =n ThH s, IITEEMD—
ftcdh b, FEIcTHtd 2, B (Tx: A)B(z) b DH
X, B ADEBEDEH a I22WTH Bla) DI fa #iKT L9
ZBB f TH B, Bz ZHIMELHE L TEERVEE, T
BUGHE AABIC, TTRIZER A — BICIET 2, #llik
[Martin-Lof 84, Ranta 94] 22 & 172\, DTS Tk © M
ENM AR 21TRT &9 ICEKFT 5,

3.2 FIHRERROMA
DTS Tid, #ift%z MV AT 2 RIBUIAREFEH Q; (I 1ZHA
B) 2HVCEBEI NG, BIZIEEEH the ZETSUIBLTFD
FRE B,
]»

IFEEWIIE & IS

(13) a. The apple is red.

x: entity

b. Ac.red(m (Qic: apple(z)
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PO ImA
FEHERY 7 25T (3z: A)B(z) (Iz:A)B(z)
= x: A )
DTS D&t B(x) (z:A) — B(z)
z ¢ fu(B) DEE g A—B

X 2: ¥ & I1 Mo Feadd:

FRIEEHE Q) IIFRATNR c BEIN TV S, Qic: A DIEA
BRIO7 77—y av e, HQehBlAZ2bOIL%
FHET 5, (13b) TIHIHQic i3 ") v IVFEET 5, LI
BTGS2 Z O 2 EBFEIN TV 3B,

KRIEEH Q; 13, TTHHR7 LTV ZAITL>TZ ORI
E XN [l 15, 20 LT, 208 % b OFIEZ K
T 37 OIEEIRR 2179 . BaIIIIIRE S Bz DA
FRZEICES D 2, ZO—HOMEIHIROMBIETH 5,

(13b) Tl&. the DIFIERIFRICHIET 2 T v IWHEET 5
CEDFHEERNT 2 2 gk ah g, Rk c 25
M) v aIDEET %) 2L OIFHEEZKCTE 2581C1F, 2
DIET Qic ZEEHZ 2 2 L2 TH S, ZHUIHITRD 7 4
WE )Y TS T 5, FRFTR ¢ 2> 6T E R wHHIc
&, Wb W 2i#)E (accommodation) 12 & D, GEHHIEHDEAED
RESIND, ZONFROMI 7o 2%, RiFEHEZEAT S
HiEE b U A DEE LS X OHi 72 EOSURICHEDIAFNTH
HEEZ T 5w, TS X DEHROBHEVFTHHI NS,

BAEINC (13b) T Qe LIEE b 2 HIX, kL 2 Dk
BY I THDLZEDAHDOMTH 2720, fHOF TR EZHL
DTS m iIckoT, Vv aThBEEINED ., WiE red
IEING,

4. & know DM

WEFE know %3 that i, whether i, who Hi%z & 254
DEWLDZ RIEEHEZ HWTE A, 20BN ZRT,

4.1 know that EFIE

2.1 Hi TR~ X9, “o knows that P’ IZHIXXHAETH %
P ZHift L 9%, &o7T “x knows that P” %, KIiFEHE Q,
ZHOCTUTD L )20 5,

Ae.kn(z,@;c: Pc)

22T, kn(a,b) iF TFfkald GEL) b Z2TFITANTVR 3
EWIHIEEERZRT, RIEEH Q FRITURk e 2518 E LT
D. cOTTH Pc OFFHE (T4bbMmE Pc OFEIL) % i
252 ExRERT L, ZNDS, PcllitHEIEET 52 &,
DFED PeHETH S EWVI)FHIRRICHIGT 5, I THEIN
TEEHIED kn DEE 2T E 725 2 E D25, “a knows that P?
DFIRNFIE, 52 oN7R c 12 LT e 5 Pe DFELE
FIZIANTVS) LI bDITR D,
WERDTEABERI®ICB T 2 know D3HTI, [Hintikka 69)
DB 7 b DTH D, AR RIcEENS TIE4Ly o
Wz KL 22 DTIE R o, JHUTR LARIRIZ, 5
B know %, EVETH S TFEHL 2 AF L T3R8
WZh b ERIBRZAMFELE LTHNT 5, TadE, 20 TEE
iy & o RO 2 ATEEIC LTV 2 1A%, DTS O
RMED1-5TH 2, —J. believe D & 9 7 IEREN 72 BEEH)
FZOWTIE, EAIHE LTE2BEEE L CaliETh %

[Tanaka 14], Z D X 9 1ZHHEHE know & IENFZHE belicve
IR 2 E 5.2 5 L v ) oirid, TBAERRICE T 2
PR 22 T & 3R 2 R ICED (b DTH 5,

4.2 know whether
“r knows whether A orae B” DHIFRIZRD X ) TH o7z,

x knows whether A orae B > A or B (but not both)

& 2 BB know that DA L IZREIIZ, “2 knows whether
Aoray B? DERNEIZ, HIHENA “A or B (but not both)”
DiflE > TV B L) 2 ETIEARY, LA, TAPET
H ik, B BETH 5, T aiboTnw5, &
V) BERPERIIN TS, Z2D7d, that HiDHE & I3ES
TXDHIHE E FERNEPMITH D, Bift s SN T 260ED
AELE Z D F FAEE kn DEE T2 bIF IR,

Z T, FIRNAE EMT 225N T 27201l T oA
R —F 2 EET 5,

PR(@ic : A) Y Xe. (Qze =4 Qyc)

Z U3 [Bekki 14b] 2 & 2 HEMNE A (conventional implica-
ture, CI) DANTICEEZMAZ b DTH %, CI DitibicH
WHENBEERL—F L DOHIEIZARBEHELI R ¢ 22T -
TWBHTHZ, CLR7A NI —SINTHICHRHINE -0
[Potts 05], 3CHR ¢ 2 @; ICIEZI L WIETERI N TS, fil
Ji. PR ARV —% OGEILEE ORiROS A L Mk, 4L
7 ANY =DM EHHT 27212 Q; IR e 252 T3,
F7 Qic =4 Qic BEETHB7:%0, PRARL—FIZTIEN
FICIFEBRL 2\, 22Uk D FIRNA LU0 B L Crigé % ad
W2 ENTEEE 2D

ZDPRARL—=FZHWT, whether iz & 3 know I8
\F 3 FERNE LHifE 2 RR T 5, £9. whether BiDHIRTH
% “A or B (but not both)” IZITD kI ITEEI NS,

A<+~ —-B
B+ —A

AvBY

wh TR DI S B2\ %, “c knows whether A or
B’ DEWIEIMTD X)) I TE 3,

Ac. (Q: ) - mmQ — |:ir:r(1z7ﬁq?:|

ZOBWREROL LT, X1 OEEBR EL, E2 25EFHAEET
Hh. THICPRARL—FIC X ViR P3IBHINS,

p:type
p=AcVp= Be

PR(Q;c: Ac v Be)

4.3 know who
“x knows who F” IZIZLITD 3 DD5ANH 5 Z LS
LTV % [Groenendijk 82],

1. Weak reading
21X “Who is F?77 EWIHWITHT2E 2244 LD
12HI>Tw3

2. Strong reading
z 13 “Who is F?7” IZW T 2EZ 2 TR THI>TWw5

3. Ezhaustive reading
z & “Who is F? I 2EZA 2T XTHI->TED, »
2 “Who is not F?7” IZ$2EZ BT XTHI> TS

x4 FIRNA L LR HTRORERN A6 & LT, “[Johnr] likes apples,
too.” DX I % too BEHELXHET NG, DL BEAICOWTY PR
FR =5 2O THKREZLLT 5 2 LAHETH %,



The 29th Annual Conference of the Japanese Society for Artificial Intelligence, 2015

zhFh, UTokyicebcs3,

p:type
y: entity

p=Fey
PR(Q@;c

¢mmQ
kn(z, q)

Ac. °
: (Zy : entity)Fey)

[ p:type

y: entity

p=Fey
B o

| PR(Qic: (Zy

p:type
y: entity]

q:7r17T1Q:|

- mmQ — |:kn(z,q)

: entity) Fey) |

mmeQ — {q:mm@}

kn(z,q)
.

p=Fey q:~mimQ

kn(z, q)

o 77 @ =
| PR(Qic: (Zy : entity)Fcy) |

7272 L. who BiOHHEEZMTO LI ITERT %,
Sz : A)B Y ~((2:4) = —B)

I KD 1 D P2 OHiEDFHII I 41, strong/exhaustive

reading DIKFTRD G & T, E3 DEEBIHRSEALATRETH 5,
4.1 fiiTHH L7 “x knows that P” IZDWThH, whfiiiE

A SRz TERERTR 2525 2 LBARTH 5,

p:type O
Ae. | Q: p= Pc ﬁme%{q' . ]
kn(z, q)
PR(@;c : Pc)
ZAUT KD, that fiii & wh HiDOFENEHTE [Groenendijk 82] %

)T EbAAEL 2B,

4.4 BRI
HIE F CIOR L2 BRI, REBOERFETD & AR
WEET 2 2 LB TH 5, MRk (Combinatory
Categorial Grammar) [Steedman 00] DFEFEEHH %X 3 1277
o WIHFD Semp 1FHIX 2 L THAEREE, VP X S\NP &
T, FHGREREOHEFICEBZIENT 5 x 2@l £
DRFEEERIE C1, C2 I22WT O xCy IIHFEHIETH D LT 5,
ZITREHOD, AT L L TD ora DilitHE %
HZTw3, LityesEnzitadsgsa, 22200
DES% & 2BE~D—LLTHETH 3,
5. F&O
ARETId DTS DA THEHE OB % o TS EF
know DEWRZ G A7, Eo. BRI X - TREEROE
WRR%E G 27 1T, DTS OBfHAIC PR A XL —% 2/l 2
22 L TERNE &M 2R ) kR IRE L,
Z Db D RO EBF L MO ROEIUT DV TUE,

AN

2,
BRSNS 20D 5, FHARGETIE that HilCHIEL T H
flitatfiinsdh, Lboz L r0NEEICEEZ525 L

CHOEOBRDH 5, DX BEHRETH L TONZE5 23
b5 BoBETH S,

S5
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|

3] EaaHE HRER
Q:Tc
knowsy, VP /Sems AT 'zc. q:mmQ
kn(z, q)
knows VP/Semb Alze. (Q:Tc) — mmQ — ¢mmQ
kn(z, q)
mmQ — ¢ mmQ
kn(z, q)
knows. VP /Semp ATze. (Q:Tc) —
—mmQ — ¢ mmaQ
o kn(z, q)
p: type
that Sems /S APc. | | p= Pc
PR(@;c : Pc)
p:type
whether  Senms/(SXxS)  ARc. p=mRcVp=maRe
PR(Q;c: m Re v T2 Rc)
p: type
x: entity
who Semv/ VP Ave. _
p=vcx
PR(Q;c : (%x : entity)vce)
OTalt (Sx8)\S/S  AP'Pc.(Pc, P')

3: A HIEOE IO CFiAEE.
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