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HAMYEIC S BRI FEDIRE
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e

O REKRMBATICE U 2 IS TIX, GBoD
fi] D =R Y B LU % B W T RS R B (apaphoric
expression) DFEATRAIZFE T 2 &\ o T IREYH -
WA EICL2 7 7e—FRERLL->TWVD
—7, MAFRIE LG (Dependent Type Semantics, DTS)
3, AR K 2 BASHEOERRD —DT
HY, FHIHEJE (anaphora) & A (presupposition) (%
DTS 3T E 2 ERBEROPHRE L 7o T 3.
Z DFSLTIE, DTS OARFEER (underspecified types)
ZHWTRISRHADAIRER AT Z 2 THERL, £
DHTRD D & BISHIATREIR AT D 5 B & Xt
RGP N TV E 02 HET 2 FELRET
5. ¥, MET2FED, ENZTORIGHNT D
MEZEL e TE 0% T 5.

1 IXLCHIC

DTS T, RIEER (underspecified types) &
XN 2 # 7 R BERASEE N E A X L7 [1]. DTS
B B RUSHRITIX, RIEEREZN LEARR
LTHERbEh, RIEERZN LRI 2 5%
rxint 2l

— RN BRI %, EEERAICE U, TF
2 NDHIZH B it R he T2 ¥ DIIERE D475 %
FETREA2THS. —J7, DISIKROTHERAE
WA BT 2 RIEHEGRD Z 2 713 (ISR DT
FAZFEEST 2 Z e TIdR) CoRIEPKISEHD
FEATRNC R D 5 B0 FLERREN) 2 FHIT 5 2
¢, BIUOMRICERHDOEERRER TR TORIICTD
WTC, ZORBDPATHATH 2G5E50EKESZ 5
ZETH5.

AFZED HIZ, DTS OIRIGHERD Z D X 5 721k
BEAMHALT, BIGRBEOEITHZFE T 2 FiEE
RE - FETZ2ZrTh3. FEATRERKREADIIG
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RBFEDOHATHATH 2 0E2E, ZIhoFoh-E
HRELTRICHIR DX DREEWN D 2 D EDTHIE
THRIEINTES.

AEFH S $8 % (proof assistants) D —2T & % Coq [3]
ZHWT, DTS OARIEEM 2 A U 72 RSN 2 5238
35. ¥, Coq Rt 5 % refine X771 7 &
ARWGENEIET 2 HBRICHRR X 7 7 4 72V T
FEFTRER AT Z 2 THER T 5. K2, RIGERH
EETLT X A MRS RBICENERRE /2 e T % XY
TEDT XA MERT 5. KRS, BEide A
BEZC B LEFERICEDERLEZTFA MO

iz TV, HEEMASEERHRIBET & % Dk~ AlRET
HBPTED, WNROFIEDNR & DEEN 2 HE
35,

2 BBISIEERFE
R [ ’;@A l BN LERISERTS S %,

Coq Z HHVWTROFIETERLT 5.
(i) FEFRERICATHRZRET 5.
(i) MILEHRZEL T F 2 MCEERRER L TaH %
WTEDTFRA AR TS.
3, RKIEER % Coq DIFRMIE aspT & L TE
E3 5.

Inductive aspT (A : Type) (a : A) (B : Type) :
Type :=
resolve : B -> aspT A a B.

T2 TRl aspT X, BA AR B DHG I BD=

ORI N SEENZE aspTAa B TH 5. 72

72U, WMBIEH KELTWTH K. fle LT

DTo#EzE 2 5.

(1) The lawyer asked the witness a question, but he was
reluctant to answer it.l)

(1-0) There is a lawyer, a witness, and a question.

D ZOXE[4] DFIX 10. TH 5.
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(1a) The lawyer asked the witness a question.

(1b) He was reluctant to answer it.

(1) DIREETIX, he & it BIRIGRITH D, aspT
ZHWT (1b) DERFRERD X 512K T.

aspT {x:entity & human x -> False} ?[aspl]
(aspT {y:entity & man x} ?[asp2]
(reluctant (answer (projT1 ?aspl))

(projT1 ?asp2)))

Nasp] lEZEZFTTH D aspT DT A 2 DIHEHT H
5. (la)DTFAIDS (1-0) DX S IZ alawyer & a
witness & a question D3RITE X4, ZNZHIIRD K
SBME S L, HEHRE R e LCEN
T 5.

a lawyer DEHFFTR
X . entity
[ lawyer (x) l
a witness DEFF
X : entity
witness(x) l

EIRFRR ¢

X : entity

a question D=

question(x)

RERE UCEINT 2 H A 72 5 SRR

Hypothesis LawyerHuman :
lawyer x -> human x.
Hypothesis WitnessHuman :
witness x -> human x.
Hypothesis QuestionNotHuman : forall x:entity,

question x -> (human x -> False).

cmﬁﬁﬁiémﬁm&7%47%am®%%ﬁ
RICHEA LT, 2asp] DA ORI BRI A Z i LD
D, ZEFTaspl] & ?[asp2] %iﬂ?ﬁb 2w IT—IIZ
RET B, RIS, Zie W TRINEES
KB T —VICREL, HitED o RICDFRMS
ERRTHEVIAAERRE T VIRZ 5 2 M T
5. 2IT, HERLERE 771 72T
HENRCAEHRR 217 5. HERSHREKR X 7 7 4
71X, destruct_one_ex *° destruct_one_pair T DTS
DEMBLORTHESELY, specialize H TII

forall x:entity,

forall x:entity,

BB ZITV, eexists TIT— MK L TEED
FHEER %5 2T, applyH TT—LDENZES b

DEFHTERCIREDISHEA L CHFHT 25D TH 3.

2) destruct_one_ex ¥ destruct_one_pair i, XD Coq 2 <
ATSVDHTEREINTVWEHDTHS : https://coq.
inria.fr/doc/v8.18.0/stdlib/Coq.Program.Tactics.html
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Ltac tacl' n :=
match n with

| @ => cbv in *; intros; try repeat (
destruct_one_ex || destruct_one_pair ||
specialize_H || rewrite_H); eexists; try
apply_H

| S ?m => move_H' n; cbv in *; intros; try
repeat (destruct_one_ex || destruct_one_pair
|| specialize_H || rewrite_H); eexists; try
apply_H

end.

CDRIT 4 7EHAVSZET, 7TFANHNDET
DRJREREATRA 2 R LAEFARRME R » L TEHT
X%, FERAEEGE R Type B WO BITEERL, (1b)

HRD KD BEATAZE Y TED T F A bR
Xha.

(1b-1) The lawyer was reluctant to answer the question.

(1b-2) The witness was reluctant to answer the question.

3 BIRRERROESUHHEFE

ARWFFE T, B UCERF I i, MM
e LTHIEZ i, RISRH DR D SR
FEARERNRD S, HEXNRDPIBIERILD
TET?T‘T%%“C“% 270, FRIERISERBOFETHRTR
WORHEST 2 FIEERRT L. TAMF—RLL
“C Winograd Schema Challenge [4] DT — Xt v M %
HWTWwW3,

3.1 because: [R[& * I

(2) The trophy doesn’t fit into the brown suitcase because
it is too small.?) => The suitcase is too small.

(2-0) There is a trophy and a brown suitcase.

(2a) The trophy doesn’t fit into the brown suitcase.

(2b) It is too small.

2-0) X 2) DHiH= 2a) DHIET D 5. (2a)
because (2b). DFXEHIX, (2b) AREK « HEICAR D (2a)
ML LTW3., DF D, (2b)= (2a) D’KILT
720, BEMWHIETIE Q) D &5 RitERZ21T.
(2c) It is too small = The trophy doesn’t fit into the

suitcase.

9, §2TD (2-0) ZHIIE L L7z (2b) DIRJGHEER
Fzicky, BIDRH it OA[RER AT Z 2T
BRL, WRE Q) XHTEDETFRA P EER
3 5.

(2b-1) The trophy is too small.

3) [4] DHISC 4. X bk
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(2b-2) The brown suitcase is too small.

Rz, BN T F 2 M LR EITY, B
MR TR E THER SN T XX~ OBREEZHE
T5.

(2c-1) The trophy is too small = The trophy doesn’t fit
into the suitcase..
(2c-2) The brown suitcase is too small = The trophy
doesn’t fit into the suitcase..
ez T o, TR=yr—xXhdREVF
T2 bxlE, TDRA=YFr—2OFIIE ALK
WL WD HEERIN R BRI REICIBINT 5.
Hypothesis AnythingBigger :
forall u: {x: entity & {y:entity &
{_: suitcase y & is_bigger_than y x}}},
{y:entity & {_: suitcase y &
(fit_in y (projT1 u) -> False)}}.
®%IZ, (2c-1), (2c-2) % Theorem ¥ L CHFHH %44
», HEREHAX 7 7 1 7% AW THEIINZEEARR
2179

Ltac tacl := cbv in x; intros; try repeat (
destruct_one_ex || destruct_one_pair ||
specialize_H || rewrite_H); try exists_H;

try apply_H.

Ltac tac4 :=
solve [repeat (intros; cbv in *; try repeat (
destruct_one_ex || destruct_one_pair ||
specialize_H || rewrite_H || destruct_H);
rewrite_G || exists_H || apply_H ||

reflexivity || destruct_hyp || simple eapply
exchange_lemma || info_eauto)].

Ltac tac5 := tac4 || tacl.

HENREAEZ 757 4 22 W3 Z 2T, #mz B8
FNCEEHT 2 2 e Tx 5. HERIHA 2574 27T
FERATC & 72354, HERDIEL <, BISHERE R
JGRFADIEITNREFELTWVWS ZEPHEI N
5. GEBAT E o256, #HmHSEL Ry, O
T ) IRICERERSIRICRBE ORISR E2FEE LT
WRWZ EBHIEEINS.

3.2 but, although: &%

(3) Sid explained his theory to Mark but he couldn’t un-
derstand him.¥) => Mark couldn’t understand him.

(3-0) There are two mans called Sid and Mark, respec-
tively, and a theory developed by Sid.

(3a) Sid explained his theory to Mark.

(3b) He couldn’t understand him.

4) [4] DI 48. & D ke,
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“A but B.” ¥ W\ 5 @G ORI EICB W T,
FHAD T E (denial of expectation) [5, 6] B & UFH{HE X
N7HE (7] 3D 2 Z DRI TWS. D% D,
(3a) but (3b). DIKFEIZBWT, (3b) 2*5 (32) DHIK
HLOLFRIND Z L OFEDREDNN, (3a) A (3b)
= LW T 3. FOe, BEMEHETIE (o)
D &S LHEEwmEITS.

(3c) Sid explained his theory to Mark and he couldn’t
understand him. = L

£, §2 COMINRRFMZITED, HIGKH he
DARER AT Z R THERL, MR %Z (32) & (3b)
THTEDTFANEERT 5. (3b-1) DIREEE
FAERIT ThreeB1 ¥ LT, (3b-2) DBIGIFRRFERIX
ThreeB2 ¥ L CTESR L 7-.

(8b-1) Sid explained his theory to Mark and Mark
couldn’t understand him.

(3b-2) Sid explained his theory to Mark and Sid couldn’t
understand him.

HERZAT O RMC, x 23y ICEBAS 2725, yldx %
FBELZVEWS Z2IdRW) 2w THIEh 3E
REPREIEMT 5.

Hypothesis UnderstandExplain :
forall x y : entity, explain y x ->
((understand x y -> False) -> False).
®H%IZ, (3b-1)= L ¥ (3b-2) = L % Theorem & L
Ttz ta, BEREEHX 27 7 4 7 TitBHZ17 5.

Theorem Success : ThreeB1 -> False.

Proof.
tach.
Qed.

Theorem Failure : ThreeB2 -> False.

Proof.
tach.
Abort.

(3b-1) 22X EHE2 I, FiED AR DS
BTV Zeh5, 3b-1) IXMENERDOIE TR
ZREELTVWS ZEDHIEXNS. —J5T, (3b-2)
D OFEPEINT, ROk OBEESEH
TVWRWI D5, (3b-2) IXBERBHDIET NR%E
FIEL TN HEINS.

3.3 when, after, before: Bl

fiam when B X after DE®RFRZ 52 5729
12, URTIX [8,9] TD DTS I & % il 5347 %
il b LTV, £9 time B2 HHEH OB
QxQ 2 LTEEL, time D Ficwnw 250 #
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BB IUBREZERT S, 2T time MOEED
FHOEHBDORT (q1,92) : time 1&, H 2 HE (H
KED L ITIREE) DB ¢, & Z DRk R
DEX g ZRLTED, time MOEZRZRFEDT]
Bz s zeT, ZOREIRTFEROKH %
RET 5. KW ¢ time IZX L TZ DR TERZ %
RI B endtimer, BX K, 2 ODKM 11,1, : time
WX LT M ldn o) b nwoHELZRITH
1% precedet; H IERD LD ICERTES. ERDE
WIXEHEA Q I2OWTD Coq DIEHES £ 751
QArith Z V3%,

Require Import QArith.
Definition time : Type := Q * Q.
Definition endtime : time -> Q :=
fun t => fst t + snd t.
Definition precede (t1 t2 :
endtime t1 < fst t2.

Rz, [10] TOHEHianA when, after D EBEETH % 5
FIZLoD, ZHHIT L TDTS IZB % EKE
TE5Z2%. “When A, B.” YW KFEICBWVWT A &
BUIXFRILKANCKR T I 2 EZbN b7, AL B
DHTIRZAPFELVE W FErEREZRICE R
5. “A,after B.” LW I IKEHICBWTIE, B O T
NI A DBGEREZNCHEAL DD T, precede & W T
B O TIFZNZ A DBHIRIZNI IO &5 &bz
BRERICEZ 2. ZOXIREREREEZ 57
DIZ, UTOERTIEA & BIKHZ5[$ 2 LT
52%.

Definition when (A B :

{t1 : time & {t2 : time & {s :

(endtime t1 = endtime t2)3}3}3}.
Definition after (A B : time -> Type) : Type :=

{t1 : time & {t2 : time & {s : A t1 & B t2 &&
(precede t2 t1)3}3}}.

time) : Type :=

time -> Type) : Type :=
A tl & B t2 &&

(4) Joe paid the detective after he received the final report

on the case.®’

= Joe received the final report.
(4-0) There is a detective and a man called Joe.
(4a) Joe paid the detective.

(4b) He received the final report on the case.

T3, §2 TOD (4-0) ZHGHE & L7z (4b) DFRRILIER
FhiE gk, BISEE he DAHER JeATHZ 2T
BRL, HR%E @b) ICHTEDTF A M EAER
T 5. (4b) DRISERRAG R % HeReceived & L TH
L. HERZITOENC, KIZ, ElEhETF 2
Mot LR Z 1TV, BISRRF S THERI

5) https://coq.inria.fr/doc/V8.18.0/stdlib/Coq.QArith.
QArith_base.html
6) [4] DRI 213. & bR
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TXAMOBEWEHET 5. (4a) after (4b). DFKGH
1%, (4b) DT HEZINZ (4a) DBHEAREZNC ST D 7=
o, REEBARZED H LT < 2701 HBBE%
TimeOfHeReceived Z BN L, (4b) = (4a) IZRFfEIBE
REBIMNLHEGREITS .
Theorem TimeOfHeReceived :
Proof.

intro.

destruct X as [x1 [x2 [x3 [x4 x5]1111.

exact x1.
Defined.

HeReceived -> time.

Theorem inference : forall (a: HeReceived),

{t : time & {y : entity &
{_ : detective y & {_ : pay t y joe &
precede (TimeOfHeReceived a) t}3}3}3}.
Proof.
tach.
Qed.

4 HHOHIC

ARRFGETIX, FERREMEZ b ORBEMLIRIGRIHD
FATHTD 20 ED ZHIRO Xk OEEWEDLD 2
PEPTHET 2 WS FIETHER TR -72. R
JCRZEAE R OB AR EFIETIE RO HF T H R
Eiac BB LT, Ease LTiERAZ 2,
TURFETIIHEZ 1238 L, because DJFHA -
FH @ = but, although D #i$Z D FiE B & O when,
after DIRFHlOAZEZ EXLT 22T, XhZELD
TSR ORIEZ RS e B TEB X5 1Chotz

SHOFEL LTE, BISHETCBWTR2ToRx
ITRADAREMERET 22 WS Fhi X % Coq X7
T4 712X TRIRERIR D HEL 3 2 i3 iF o h
%, BERETIE, BdRo (1b-1) % (1b-2) D X 5 725k
TFERDAREMICHIE T 2 7 F A M EBER T2 Z i
BTN TFENTIT o T3, BRI, FRIGEB
DIETHROBERIIEHITITZ2DDD, Hoho
7 REBIGENER LTEHRLTT XA M 24
W2, —O—DODHRENZ L ICTFHTIT-
TW5. CogBb DOV D0DERT T 4 7 FiEDKH
REERFAN, ZOEEDX I T4 712k EHBIET S
ZrxEETT.

7) R X 7T 4 7 558 Ltac B £ O Ltac2 Il X THI 2L
Coq-Elpi [11] L\ o /e X Z 7 4 JEFEMREINT V5.
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