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AL, IEREERICHE O HASEOEKRD
HERCH 2R ERRZ @ LT, BRHZERI (modal
expressions) DT il A 5. MIFREKRRK, FIS
RHRFE O EM R FRERBUCHICAIRETH S Z &
DRSS NT XD, WEDATHENE (possibility) R465R
TE (necessity) (2B 2 FRIERIAAN O 4T DIRIRIFMK
KB O RHID D 2. F 2 TARRUE, KIFHIER
A BRAHBICHLIR U 7 Modal DTS 242853 5. i
WZED, RIS EXY 7 4 BHEEERT 2 5REEE
{t. (modal subordination) % 1% U, Hii1&% £F 5 HEHNE
BLIZOWTH otz 5 2 5k Y, KEMEKRD
MR T EEFEHE IR L 7.

1 XIS

HASHOEMMBIRICED 2, BMRSIEHRRIC
BRI R G E 5 2 2 72912, TENEKR Tlakk 4
BEGRIRE AP REINTER (1,2, 2D XS
BRRHAD—DIZ, ARWFZE TR T 2 A8 E KGR
(dependent type semantics, DTS) [3] 233 5. DTS 13K
1735 (dependent type theory, DTT) [4] IZFED W7z
HASHEOEKROMERTSH 2. HEAMHEIZ/EH
UZa VBRI B [5]) & 72 D, DTT & NHIZIKTT
L7 %50 CTE 5. DTS TIIXOEKERD Z
O DTT OB WS T 5. [THITHKTE L 2B D3 TRLE
THI eIk, HMONERTHRATIRF DIHDEE
AHJRE L F2 D, PRJSMRIR (anaphora resolution) X HHE
W#E (presupposition binding) IZDWT, WL HAEH
B (proof search) DEREIZIRICEI L5 & W\ D R
H5.

MR SREBIRIC N2 5 2 5 DTS 7223, HRtE#E
B4 (modal expressions) Z B3 2 FEBRATAF T3 Tanaka
6] ZREZNFTHEHRINTELT, FIHXNSR
BRRHRB 2 &2 nvmE I RES N Twk. 22
TAISEX, DTS ZHMHANC X DRk S 5 2 & Th
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MRS BRI 5252 2 HIEL -,
FRAHZREE ¥ &, YIEDRIRENE (possibility) 00548
(necessity) ICBID 2 FFEBRITH D, HAEKRIC
B2 EERHFENRO—DOTH 5. HHRKRHEE
SBRD—21Z, HAHIEEIL (modal subordination) 7%
H5. HHECEIIIHERIEZ S #EE B 518
JHIRRTH D Roberts [7] 12 X D F65H X 41 CTLLK van
Rooij [8] %° Asher and McCready [9] 7% ¥ 28D 53 H7 5
AAOLNTE. HRHEIEELOHIZRT.

(1) [A wolf]; might come in. #It; growls.

(2) [A wolf]; might come in. It; would growl.

MR ZES KT () O XHIRT XS
E XA WS [10] DEGERTRETIA R R D 20D
20, (1) 34 it A3, awolf % E X4 TGO
TRl 322 enTERY. —F, ZXHIZ would
ZINZ 7z ) EAR&GF it 2, §iE DT might D A
a— N TEAINT awolf AT E T2 D
TE5.
FHERBFEIERERRICB T 23HN RO —D2 D
HLDTHEZeh b, HMHEHERE L BICHOHEER T
LHEMEEELICOWT, BISOMERTH % DTS D
MHHA TN E S22 Z e A 3. Zhuext
LT, SAS [NTNEERD RS2 IND 7223, Hifd
ZAES BRI L D TR R 2 T Wiz, DU
Whl %R

(3) [A man]; might be married. He; would accompany

his partner.

HITR DT, BIFEF% ST (presupposition projection) %
a3 2 EDN D 5. AR RSNE, FifezHoSE3E
READHERREOMOFERHA L HAGDLELN
gk LT &S Liifzfion, Lo
METH 3. 722 2% 3) & married 12 X D 5| &L
Z N7z A man has a partner. 3, 5-Z 67 XARIC

D HEICE,N: ) BH KOV TH B Z L 2R d
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BWTHILT 2 ZeHHEE 5. RS [11] T
ZDHMHRBICOWTEEIHEZ R T 2 Z e KR T
Holz. KT, BAHNS [11]12B1T 25HE %2
HERL, AHRZH S AR OV TERZ R
HB.

2 KFRISOESR

2.1 KEEROH

FROf e LT, EoEa Enie s ok
ZiRET 5. IIEBERAE, = 3EERO—&{LT,
e BTN T 2 eMELF e FEEILTFD LS
WiR285. NAr sHRORGTLEEK 1 I1ITRT.

x: A
B
B1 o%lck) x B H) R

I ANIEAFOR BICBWTHIEDR A %2 & D& TH x
WARIFE L7280, s B —EHROM B ITB W TEH
—HEEDR A BEOLTE x [IRIF LT, Zh?
TUERATRET H 5.

2.2 DTS IC&EB3BIEDSR

DTS &, KRigEH (underspeciﬁed type) [12] Z DTT
WINZ % 2 & CTRISHRIR 2 ATHEIC T Z 2Tl
& U T A wolf came in. It growled. 123 H’ 5 HEC D iR
WEZRT. X2 ZRICHERATOREERRRTH 5.
m EZ OB —EREZWD M THMETH 5.

X : entity
v wolf(x)
comein (7 (u))
z @ entity
v - human(z)
growl(m; (w))
B 2 A wolf came in. It growled. D EIRER

XDEKREFRDOANL, DTT 2B % type TRIFIUL
72 5720 2 W0 S ill#Y (semantic felicity condition) 73
5. ZOMKZ# 72T IR B 7 DI (type
checking) 21T\, Z O CTRIGERNHE S £IH
Z BRI R AEICE X L2 5 I E DS RRIG R TIC &
7=%. BITE T[S 50 entity z 2 = human(z) TH
%) LWHORIORIIHEZRR T2 il b, ZD
FERRIEDMETE T AULHTAR DR b 7z T 5. B
U 7zREBATE 2 B A ORISR L7246 R, X3
DEKRFREES. ZDLS1Z, DTS IZBIT 3G
fRTRIIEEHBRR R OMEIE TIN5,

(DTS)

(x:A)—> B
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X : entity
v wolf(x)
comein (7 (u))

growl(m; 1 (v))

E 3 A wolf came in. It growled. O RS ARG SR
3 =X
3.1 Modal DTS

AHFFEDERAHEL & U CTERA 3 % D13 possibility 12
®fI53 % © (diamond) € necessity IZXf)3 % O (box)
TH 5. might ° would D X 5 RHFMHRHN o & o
WKEhERIND., ¥ 2L LT 412HIZRT

| x:entity

wolf(x)
comein (7 (u))

Z : entity
we [ - human(z) ]
growl(mr; (w))

B4 (2) A wolf might come in. It would growl. D EIKFER

v: (P)

[¥]

possibility IZH 7z 5 (¥) IZ ¥ IZEB W T “A wolf comes
in” LRABMBENELET 22 L 2RT. necessity IZ
H7=5 [P X P ITBITEITXTOMFT “It growls.”
Y725 ®F%3. Modal DTS TlX, DTS IZBIT3
R % DT RTRETH SR (possible world) IZE X3 5.

3.2 Contextual Modal Type Theory

§ 3.1 THEZR L 7= Modal DTS 1%, DTS IZB1T 31K
1781 ¥ Contextual Modal Type Theory (CMTT)[13] 125
IR 2 B ICEE LA TH 5. CMTT
X, EBFEFAMHGHIE (Intuitionistic Modal Logic) 12
LT, WERKE 72 F-75 T possibility £ necessity (2 &
KDFHHZ 52 2B TH 5.

Modal DTS {28 % ¢ £ ol¥, CMTT IZBIT %
Contextual Possibility ¥ Contextual Necessity D i€ (2
#i€5 . Contextual Possibility (%, possible world {Z¥f3
LZIFER(LE R T A poss (V) ZHT72ICEFR L2IKR
TH5. Aposs (P)lX, ¥ & ADFKIZ true 7125
MHRBFLET 2 2R (WAL DAELEH
TW3. Contextual Necessity 1% [P]A ZEFKL, P I
BILZITXRTOMATAD rue 22 %2FRT.

DTS DILIRICH 72 D Hi 7212, CMTT OREEHIAN,
O oW T 2RI, poss 2B 2 RAIZ BT
22, ot oBIT 3 HAN, EARAIZMECER

2) HREI—EX https://github.com/iimuraaoi/modal_dts.git
EBIREINTZ0
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X : entit
u: [t

— 1
v (W) man(x) ] ¥
: married (71 (1))
z :entity |
[ male(z) ] - ype ;
z : entity
¥ context male(z) ] rue
: (@)
Z . entity
male(z) }
y : entity : type
partnerOf(y,m; (w))
accompany(7; (w), 71 (s))
' (OF),1
w Z © entity
[ male(z) ]
[¥] sal Y entity - type
partnerOf(y,; (w))

accompany (my (w), 71(s))

B 5 (3) Amanmightbe married. He would accompany his partner. DZUE: D — &K

LE AR Y BRERIZ CMTT 2 5483 5. poss IZ
B3 2 AN, BRI BREAZHEICER LEA
HI|%Z CMTT 22 548H 3 5.

4 9

AT, A% S AL Z 5, i
TIEZLE L7z Modal DTS Z W T2 52 5. IR
DX 3) ZHNHLY EF, BMRE OB CIEIAERER
DR TTT % DTS D3HT (§ 2) ITIEW RIS 5.

3)

[A man]; might be married. He; would accompany

his partner.

AR % £F 5 BRAETEE RIX, BEIS & AiHE, FRAHZRILDS
HAEERT2HRTHS. 3) 1%, K4 he 23 a man
% E XA THRIGDHATHE TH VWO G, —X
HIZED 7 4 V&2 =X 3 Aman has a partner. £\
3 BB IZ D W T might ° would 215 KETHNT %
5.2 2 08HH 5. FRICHR AR RER VTN
FFRAERR ORISR IT S 15 DTS OFSHAHE W,
B 6 DEHRFRICB W TARIFERICHES “oDZIH
w & s T BRINREEHICBE 22 2 2 Z HIET .

| x: entity
v: (¥) “ [ man(x) ]
married(m (u))
z @ entity
[ male(z) J
[¥] y : entity
partnerOf(y,7; (w))
accompany (711 (w), 71 (s))
Bo6 IHTEiOERET
51" LD Q) DEIRED—ETHS. §2°T
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IMARZFRN e AR TIEREREZITS. XOEK
FROED type TH % & W I ilfI 2 i 72 30 FHR 2
729, iEARZ R 685, i R, K6 DEK
FKRIZBWT, HEHRICDH 5 “XHOERKR
TH%. DITIZBWT, ZHOBERFREAKDOAZ
type &3 51C1%, FERLF _EHRZoRLZNE
Ntype THL TEARSHRW. MEIICERL:Z (O F)
W&, ZXHOEKRELERD S RRMHEBOED % 77
J, o& LTYEH L TW 2 would DXRTH % ¥ %
REFHIC S 2. W, —oDRfEERZhZN
12DV T well-formed P 7% 58 3 2 7z & 1 HEdm A Al
(@) ZEHT 5.
5ERISICE S 2 REGERUCTOWTHEA L 723

BHKTH 2. BIIZOWTIE i 522D entity z 23
—human(z) TH %] WO RDFFAEZ KR T %
MECETTEN S, MEOEE L, BISICEET %3
FHERR DFFEMNTHIZ T 225, RIBERICIES EH w
DHERAINCE XX 5N MR, K7 0EKRERRE
85%. DIF, FRMEKRIINNT —XHDEKRELERD
AEBHIET ® 5.

| x :entity
v (wy | " | man(x) ]
married (7 (1))
@l entity
[¥] § [ partnerOf(y, ;7 (D)) ] ]
accompany (771 (D), 71 (s))

B7 otm@FoEKFRR
RICHTTRICEE § 2RERARR 2175 . Bt oW TiX
a] & 7> entity y 75 partnerOf(y, 7171 (D)) TH 3 |
WS RIDEFHIEZ R T 2 EIGE TSNS, 2
Z T partnerOf(y, mim (D) Xy 2 mim (D) OF D a
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. [ X : entity

1 2
X @ entity = lIla-’ : g : (w) v [ .man(x) ]
v (¥) v [ man(x) ] - married(m, (4)) (poss1)
married (7 (u)) " [ X : entity ]
(o' V') " | man(x) poss (o’ : ¥)
married (7 («))
- (0E),2
X :entity
letdia (v, {o,vY.{c',V')) : ' “ man(x) ] ] poss (o’ : ¥)

married (7 (1))

p2 (letdia (v, (o v/ ).( V') [”

- (possE )
| x:entity

[ man(x) ]
married (7 (u))

B8 (3) A manmightbe married. He would accompany his partner. O ZEFA#EER D —HF

man @ partner TH 5 Z & 2R3 . iEHEKRE D /7
X, FIRBRMHERBENINNT-—CH O EWRIRDIEH
HD ZHRT 5T, BHREKRHEZEERV—KN
RAASRRICIRE S E 2 2 TH S, DEorih
AR U7z BIc B3 2 AR RIC @3 5. Gk
HD OBRZH 8 ITRT.

XHE-XHIKFLTEwZ e s, —XH
DFFHICIZ— X HOEKREZROFHATE 5. © Zff
S —XHOEKRKREHNHT 27D (0 E) Z#EH
T5%. (O E)DEAICIE, CMTT ICHK T % poss B
BUSEA SN DERK RV E L 85, £ZT
(poss1) ZiH 3 5. poss BRIEDE A I1CiX, X H
DOHMHER [P] 1oV T (o F) XX bE5zohzX
ko ¥ 2HW5. 8 TlX, IR (possE) % #H
AL poss IWREEBRET 5 2 & T, HERHENINNT
—XHOEK®RRROIHENPRERE I N S.

Z OFER, HHEREZ S F R0 — IR EEIRER
WRES 5. 2D, BIFOKEROHAID A% F
FLT, a5 2020 entity y 73 partnerOf(y, 7,71 (D))
TH2) LWVWHIRORIIHZ FRTUI I V. 2D
B%, Tmarried 72 51X partner 23\ % | &\ 5 [HH % B
Ber UTXRICHWS. R L -AFAEIZEIME
DFEFARICRA SN, 2 s DERINICE 22 5
nd. BISICET 2REIHER e e T, RIEERIIC
5 ZO0ZFHw & s PDERRRARICE 22 5
N, X9 DEMKEREES. Modal DTS IZ & % 777
WL ETH 2. BifRZ &R OEBHEIEELD 2T
5% (A) 22 SN0,

X : entity
man(x)
married (7 (1))

['Y] accompany (7,71 (D), 71 (g (1711 (D), m2(D))))
B9 Ik OERKR

u:

v: (¥)
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SEHHRZRICHE R L7 (possE) 3B ICER L /2
HAMTH D, WIS Tposs BrEEIZE A 5 2 SZRD
AEBHIE DY (possE) # AT O 2R DFEHEICHHZE
He LTHI2Z ) Z2HlfNciRs. e 2I1FX 8
TR FEHET e oEHANHTFTEINS.

o’ € letdia (v,{o,v).{(o’,Vv'))

ZOHIFNEE VIR AL TR ICEEREZ 5 5
BIBRHFICHHEERZES 228 KkT 5 0D
ERZFD. DF D, FIHFICOARERIZ S X
72 ZIE IR LT MEFEATEETIER V) W)
HAR G2 2 v IZ0oRNS.

5 &hHDIC

ARWFEIL, DTS ZHAHECHLIR L 72 Modal DTS %
REL, A2 BREEREILE NS e UCHA%
B Z 7z, JRRCH 7= DM S [11]1 128 25 %
HERLZ., ZHUTXD, DTS 23S FRISRIHE
MAHEZHOHESEHSWT, DTS ORHAICED
Mot ZrlgE L L.

St DL, Modal DTS 12381 3R DL
fRICOWTHE T2 22 TH3. BHIRODH (§4)
TUX, BRI might ° would W23 2 Xk W 238
DEICEDLNT VST, £z, might
X0 would ¥ 575 2 MR SR & 2 BRAHERI may S
will 219 XX @G IOV THH—RICEHETE %
ZEDNEFELW.

(4) [A wolf]; might come in. #It; may growl.
(5) [A wolf]; might come in. #It; will growl.
FERERGRTIE, HHEEEITH L TZED o

HASLNTHD [6,7,8,9, 14, 15], FERANZ IS
DA L ARERI T2 LI 21T S DI H 5 .
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T
A FRHEGERBIE A wolf would come in. It might growl. D #Ffl

X : entity
v: [W] wolf(x)
comein (7 (u)) X : entity
@| ¢ entity v: [P] wolf(x)
(P) W - human(z) comein (7 (u))
growl(; (w)) (¥) growl(mm1(D))
B 10 MUSHERAT O ERER B 11 RUSHRE O ERER
| x:entity .
v [¥] wolf(x) b d
: | comein(m; (1))
7 : entity
: type :
¥ context [ — human(z) 7 : entity
true
- human(z)
Z : entity @
we [ - human(z) ] : type
growl(zr; (w))
- (OF),1
Z . entity
(P) Y [ - human(z) : type
growl (i (w))
Bl 12 A wolf would come in. It might growl. DEUARE D —Ff
1 ; X : entity
oY Vo wolf(x) [P]
— | comein(m; (u
) . o ¥ ( 1( )) (ctxhyp)
. [ X : entity ] [ x: entity
v [¥Y] wolf(x) clo(V,o') : v wolf (x)
comein(rr; (1)) comein(r (u))
3 (poss1)
" X :entity
(o', clo(V',do")) : [ wolf(x) ] poss (o’ : ¥)
comein (7 (u))
- (0E),2
" X :entity
Letbox (v,v'.{c’, clo (V',0'))) : " | wolf(x) poss (o’ : ¥)
comein (7 (u))
. (possE)
" X @ entity
p2 ( letbox (v,v'.{o’, clo(V',0")))) : ’ [ wolf(x) ]
comein(ry(u))
B 13 A wolf would come in. It might growl. DEERHERER D —Hf
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