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1 FC®IC

7 % A M PNIZEE R E 7R R BE R % R
T 2720121F, ZOERORMEICE T 2 HENE
RHEP DR RS, LrL, H#EP7TFX A
WHIRIICRBEINE 223 AR, av
Va—RIZZD KD A F 2 7R HE R
ZEEDZZ BRI RREL o TV 3.
HASEMHIC BT 2 EMISEWCE T 25013,
HASHEHEMR —KEPOLDCFEOHENED S
N, AR, BEERMER TR TV S0, RHEIE
ik AW REE DHEEREE N R E M RIZL TV S
b DIEAIRV. Z T, RS TIEREEAYE RIS
o HRICHE S % YT, Multiple Choice TemporAl
COmmon-sense (MCTACO) [1] & W5 HAFFETE
HENL-BROFHERZHE S 23_EZ D
bUF, REBE SN 3 2 RO ER L2 B
ELTFEOHAREZITS. AR TOY Tu—F
LT, REPHBRICET 2EBOa— 2 %2H
A1 312 W 72 multi-step fine-tuning X°, BERT f#
RRIZBWTIHETE b — 2 2R $ % Masked Language
Modeling 2 3 2B T 57— X 2 EH L7255
OHNIFEE Y OBRERE L EZ2ITo72. 72,
CRSDERLEETADT V¥ Y TN ER LT
W, B—=E7L XD b BOWHERIGHN S 2 L 2
Rl

2 B9ERTRE

NEANDA X MBS 5 RHEBERZ EL < HfE
T2 Zrld, BRASHEHEEOEHICE W TARENRZ
HWETH D, IF, RRENERZE S 28RS
PR DEDBEAIZ I > TWB. Zhou b [1]1X, 7
7Y RY =y T RMBOREICET 2 5 0 DRHH
& (duration, temporal ordering, typical time, frequency,
stationarity) D RFEIHYH 3K % 88 MCTACO &\ 5 ¥t
LWwr—&ty b2fED, KR REEZ < R
JEEHET NV ERMELD, NOBAIRE LD B
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X Z 209G ENBEVIER R o7z, BB,
TacoLM & W\ 5 IR E 2 2 7= B FEE T L 2 i
LU [2], #% @ BERT [3] & D bIMHBEREZIZ 5
27 DTFAREERS VIR ZH/ TN 5.
Gururangan 5 [4] 1%, T TII—&MNLa— <X T
SHEETAZENFE L TVWEEFTLIIHNLT, &
BIIMRERD RXAL VRRXRAIDT—X+Ey MT
2ERBEHOHEAIEEZITS Zil& o T, HEREX
DN OREEDA EENDE 2R LTS,

¥ 7z, Phang & [5] &, T —XEDZWVHIEZ
HfiffE 2227 %2HVT 2 & EOHEMEE %
{To7. Z®7 v —F%, Supplementary Training
on Intermediate Labeled-data Tasks (STILTs) & L, #&
RelTHEoNdK—7 Yy FERRATETADRET
52k, RICT—& DD »wA R 2T BERT ZfliH
T55E6%, 7T X IZHINDD 2551 EHKIE
WRETZHZLERLTVS.

3 ’EFE
3.1 multi-step fine-tuning

AW TIEX, MCTACO % F\ T RERE 195 58 % 1
ETHHERRINTZ2ETVEMET I, TV
DONEEEA EXE27:0, ZEREO7 74 v F 2 —
= > 7% (multi-step fine tuning) %17 5. FHFIFEHE
A D BERT % 512 L T, MCTACO TII7 W\ ASHE
MERICBERED D Z 502 A7 EHRAL, Th
LEFAWTEZEMEDO 7 7 A v Fa—=V 0% To 72
IT MCTACO DX A7 ZHWT 7 74 ¥ F a—=
YZEB I, MCTACO IZ281F 3 [HE DK
fEm EE HigT.

3.2 Masked Language Modeling

AL TIX, BERT DFHFIFEH & L THHI R
T % Masked Language modeling (LT, MLM) &
Next Sentence Prediction DD h & D TdH 5 MLM 12
B LT, MCTACO Tl 7 — &g Twn
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Wi, BEET — X EHWTY R 7T 53E&D
BhCEEZTEBEN—27 Y EMET . 20
b, FHEICHWS T —& (MCTACO) ZH I
L7BHEETLVEMEL, ETLVORBER LEEH
55

4 3RER

multi-step fine-tuning I X 2 E ZHE T 5729,
MCTACO D& 1 B CT7 7 4 v Fa—=v 7 L1
e, or—2ty VEHFHLT2EETY »
AVFa—=U I LGEZHERL, BENED X
SWELT 20T 5. £/, MLMIZfFH S
35 —Rty VEEETLILICXIEELAET
%728, MCTACO 2 L7358 DFEE2 KD 5.
E5IT, SR TBREEV BV OLEHELLGA
DENZ DT 5.

41 FRT—2X

AT, FEHBXOFMH T — & v
P& LTMCTACO ZfEH 5. %7, 3.1 1B
51 EBEEEHDOT—%+y b LT, TimeBank[6],
MATRES[7], CosmosQA[8], SWAG[9] #* fif FH 3 5.
MCTACO, TimeBank, MATRES |ZFFEICEE§ 2% 7 —
Kty hTHDH, CosmosQA ¥ SWAG IFFFRTIZER &
TR ERERICET s T -ty FTH .
R1LZZENEFNDT—XEy OMGEHERE RT.

T1 KTF—XEv FIONT

> — % [l 7 — 2 | fHiiT — &
MCTACO - 3,783 9,442
TimeBank 1,248 - 1,003
MATRES 12,716 - 838
CosmosQA 25,588 3,000 7,000
SWAG 73,546 20,006 20,005

MTig&7T =%ty s OMEZRT.

MCTACO [1]

MCTACO T, KRR ICE $ % 5 D DR #
i (duration, temporal ordering, typical time, frequency,
stationarity) Z EFR L THE D, AASHE TR IN
HRORHIHRZ RS 2 REr OB SN S
F—Xty b THB. 5 OORMEDOVTND DR
HiZowTid N NEL 2O XFEIIHET 2H
i, ZAUIHT 2B X 2 RIEHOERE, ZDiE
R UTIERITIE yes, FAIEfRICIE no & T ~UL
frshkdoroishtns (EF22H).

) T4 74V EEE15%TH5.
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£z 2 MCTACO Dl
S1:He layed down on the chair and pawed at her as she ran
in a circle under it.
Q1:How long did he paw at her?
A1:2 minutes [yes]
A3:90 minutes [no]
Reasoning Type:Event Duration

A2:2 days [no]
A4:7 seconds [yes]

MCTACO T, Alf 7 — 23Rt TH5
3, MEET — &2 il 7 — &2 ATV S.
MCTACO Z Xf L T &, huggingface @ transformers
TR T2 EMEHDODET LVTH 5,
BertForSequenceClassification €7 /L2 {#HH T 5. %
72, ANMF—&%2zra—F3 3, XE+EM
X EBEZIX[SEP] TR HNTVS.

TimeBank [6]

TimeBank (&, RFEIRYE KOO, K e
WHT27 -ty FThHE. XENIZEEND
AXRY FOFERHEZS 1T HIDROW2E WL
X o Tyes,no DTN T NAFITFEIHATWVWS.
TimeBank (Z¥%f L T %, BertForSequenceClassification
ETFTAEMHTS. £/, ANMT—ZX%2xzrva—
R332, XFEY 4 XY MI[SEP] THF 6N T
W3,

MATRES [7]

MATRES 1, XEWNIZE Eh 5 =D DE)F DK
MERICET 2T —&Xty b TH 5. REHEBERIC
X 5T, AFTER, BEFORE, EQUAL, VAGUE O\ 311
M Z ROLAHF XN TWS., MATRES ISR LTH,
BertForSequenceClassification €7 LV ZfiH 3 5. %
72, AT —=2%2x>a—F35B, EHTSX
BEHOZOOBFORIKICR S~ — D —EFHAL T
W5,

MATRES & TimeBank O 7 — 2Lk & LT A
W3, ZOFE, MATRES IZ& ¥ N 3 REIERZ2 &
F—ZIZX LT TimeBank T7 7 A4 ¥ F a2 —= 7
HFEADETFNLEHANT T UHTEITV, BKEI
B 5 DMERIED 09 ZEZ 2D DDAHE T —
RYEIRICH VT EBRZTS .

CosmosQA [8]

CosmosQA 1%, HRFEDJRRESLHER Y, IR
HIZERENTOVRWYREDITH ZHi 2 &1

feicis 27—ty bTHD, WIR—DLJE
RIEETDH 5. CosmosQA I8t LTI, huggingface
@ transformers THEAL X LTV 2 ZGEREH O
£ 7L T» % BertForMultipleChoice € 7 )L % {# 5
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5. ¥/, ANNhTF—%2xzra—F3T 3B, X
FEAHE RS BRI [SEP] TR 5 TW5.

SWAG [9]

SWAG IF, 7L —X% 52607z ZIZXRD 7
L — X HHBICE SV THRIT 2MED T — Xt v
FTHB. 2B S DIMEICR 5§ — &2 H iR ek
WKHET27F =&ty b THD, VUR—DZEHRIRE
ETH5. SWAG IZXf LT, BertFormultipleChoice
ETAEMHTS. £/, ANT—&%E2xz>a—7F
T BRI, EEERBNIE [SEP] T 5 TW5.

4.2 RERERTE

multi-step fine-tuning IZBI L T, /¢5 X — X DERE
ZRIIWRT. ZhZhoT—&ty MZOWTT
R ZE L TROBEDPRL B o F A =&
(ERNKRT) 2T 5.

F72, MLM 2175 RO T X — X DREE R
412773, MLM 12 MCTACO % W T2£E, 3T
flig 2BED T X —RIEK3 D IITHIZKFT
FAEHODDEMAHT 5. MLM 121X, huggingface D
transformers? THRALX LTV 3 BertForPreTraining &
TNEMHT 5.

3 ¥ 12 7 /LIZIE bert-base-uncased Z {#/H L,
FHM4EFE ¥ L Cld Exact Match (EM) ¥ F1 2 a7 %
FHALL. EMBBEMINT 22 TOEZIRIEL
TN FT 2 eNTELMERTHD, F1 X2
TIXEER L BHEROPNTFEITH 5.

5 3 multi-step fine-tuning D EFRFKE

max train num learning
seq_len batch_size train_epoch rate
MCTACO 128 (32,16} {345} {le-52e-5}
TimeBank 128 (32,16} {345} {le-52e-5}
MATRES 128 (32,16} {345} {le-52¢-5}
32?;;;;‘ T128  (3216) {345} {le-52e-5)
CosmosQA 256 32 {1,3,5}  {le-52e-5}
SWAG 256 32 {1,23}  {le-52e-5}
&4 MLM DERHRE
max train num learning

seq_len Dbatch_size train_epoch rate

128 32 3 3e-5

4.3 RERER

multi-step fine-tuning FEERAT R %2 &K 5 ITRT.

2)  https://github.com/huggingface/transformers
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5 multi-step fine-tuning 12 & % SRR

fine-tuned on EM [%] F1 [%]

MCTACO 40.9 (42.1) 69.9 (68.2)

TimeBank — MCTACO 41.3(40.2) 70.3 (67.1)

MATRES — MCTACO 39.6 (42.0) 69.2 (69.4)

TimeBank + MATRES — MCTACO 40.2 (40.9) 70.2 (67.7)

CosmosQA — MCTACO 42.2 (41.7) 70.4 (68.9)

SWAG — MCTACO 43.0 (42.0) 71.7 (67.8)

#£ 5D 117HIZ, MCTACO % Wiz 1 RfED 7 »
AV Fa—=VIORR, 2fTHUTEZOMD
T—Xty e | BEFEHEICHEHL, MCTACO % 2
BB LTHWE mul 217 RoERTH 5.
¥ 72, 447HIZ MATRES % TimeBank @ 7 — X {5k
FICHWIRRTH 5. £ 5121 MCTACO O FFAff
TR LULAR, R O MICiEs 58Ik E
MREEZAT72 o T AE R Z Rl LTV 5.

EEROMR, HHT27 Xty Mk 2RI
»H 5 B DDERIIZIE multi-step fine-tuning %1772 -
T2z ik ABEOM ESHERI N, &D RV
By 7 o703 5 FTICEEH L TW3 SWAG % 1
BEHO 7 7 A v Fa—= Vv 2 IR LEEST
H o7z, CosmosQA ¥ SWAG 135 & & —fRIYLH
WeEMcET 2T &ty b THD, ZOoRLET
5% SWAG DADBKRERT =Xty b THB (K1
Z).

Masked Language Modeling SZBRf& SR % & 6 12
N

=6 MLM IC X 2EBER

Masking Probability [%] ~ EM [%] F1 [%]
15 44.5 (45.2) 71.9 (72.4)
30 435 (44.3) 71.9(71.3)
60 42.8 (44.6) 71.1(69.9)

ZH B HES A, MCTACO D7 — &
A LUAER, RO O PN S 5HIZ A MGEE %
Tlo 4R ETHMLTWD. REOMEE, RDE
ERRP 7D 1THD, ZUD yes DT — &K
DEEFMHL 15% <27 LEHETHo 7

ZZT, 7Yy IR L LT Max Voting 217
5. W ODPDNRX—VT3DDEFAEMHL,
MCTACO D 7 — & 2 W TEHii L7z, % Ofb
RERTITRT.
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K7 7Y INEFI K BERER

EFL [ RE—V 1] $B—V2[RE—23
MCTACO v
TimeBank /

— MCTACO

CosmosQA

— MCTACO 4 v 4
SWAG

— MCTACO v v 4
MLM (15%) v

EM [%] 45.0 45.6 44.4
F1 [%] 72.9 73.2 72.0

EERROMR, 7oV IV X3 EEOM L
DR XNz, KR, CosmosQA % FU T multi-step
fine-tuning % 1T - 72 € 7 /L, SWAG % fl\» T multi-
step fine-tuning % 1T - 72 € 7 /L, MLM IZ MCTACO
ZHWEETAVD 3 DOEMH L= 28R
FBENPRBo7. ZOMRIX, Zhou & [1] DFEER
R (F1:69.9%, EM:42.7%) IZHARTZNRZEN 3%
FEREEDSMLEL TV,

44 EE

multi-step fine-tuning 2175 &, 1 REDAHD 7 7
AV Fa—o VIR ROGELIDOEENIR
{72 Z ¥ DSHEFRT % 7-. MCTACO XI5 [ IR
DMREM > X227 TH 5D, | BEHICHEHAT 2
F—&Ey MCBEL T, FEBNRERCEST 2
T—=Xty M S TR R eI 5
TRty b RIKHERT -2ty N THZH
BIHEIRELEET 2 Z e PRI L.

%72, MLM IZ MCTACO # fiWVW3 ¥, X7 %
LZEBREWCE > TEWVWEIDH 5D DD, pre-trained
BERT E7 V2 ZDE¥MHT25EE LD DREE
DR ZEDHERTE. T 51T, multi-step
fine-tuning X D B FFENR KR 2 Z L bR TE,
FHLFETHIEEZONS.

ZZT, MCTACO DATIZ 74 ¥Fa—=
L7=EFI/L ¥, MLM I MCTACO 2 L/7-EF
N (R66DILROKEDODRIP-Z 1{THDOH
FERMFH) 1L T, MCTACO DRRFET — R IZ&
F N2 HNTX L Attention DAL 217\, BEL
7=, FERZX 1(a), X 1(b) IZ7RT. Attention D AJFH
{121Z BertViz® 2 L 7z. BertViz Tl&, & — Y
LNEEDLERTED F—2 V5O Attention &
BLAXY—ROEANY RTCLIHERTZ I eNT

3) https://github.com/jessevig/bertviz
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%, Attention K ZWIFEEDEL XRS5, fi
Z AL H D "happened" & \ 5 B EE I DO W TR L
TAbE, MLM IZ MCTACO ZFHW3 Z 22 &k -
T, "met" &\ D FHEF DEEIE R onely" & W\ S JTERE
FAND Attention K ZF LR TWNWE ZEDRTH 5.
Attention D A[FRLIZOWT, FHELWRERZAER A IC
FLET 5.

(cLs] fcLs] fcLs| fcLs]
still still still still
pro pre pre pro

#heta #iteta #ieta #iteta
##m ##m ##m ##m
ws vows ws s
to to te e

marry marry marry marry

n nan
##dini ##dini #dini di
if if if if
he: she she h
meets meets meet: meet:
him him him him
gain again aga o
what ‘what what what
happened happened happened ﬁlvapp d
: before before bef

hey  \ they they they
met N\ met met met
2 2

2 2
[SEP] [SEP] [SEP] [SEP]
they they. they they,
were \ were were were
lonely lonely lonely lonely
[SEP] [SEP] [SEP] [SEP]

(a) MCTACO TZ7 7 A4 ¥ (b) MLM Z MCTACO %
Fa—=V I ULETIL AWEETAL2HALE

EHEHALGES %ia
1 Attention AJfR{L D
5 HHDOHIC

AWFFETIE, HRSECTRE SN -EHROKFMEMY
Wik 2 RT3 X227 128\WT, ZRETD 7 7 4
VFa— U TRITO ZE DRROMEE, MO, H
HiZZE MIM IZBWTHHT 27— 22 ZEHT 5 2
YORBROBIEERIT o 72, EBOMEE, HHT2
TRy FRVRITIREIGICEEERIEID D
HOD, ML HITKHEEDH LRI NE. X5
12, MLMIIFEER KD B 5 Z e RN,
521X, Attention DT R HED 22535 MLM IZEB W
TYRIFT 5 =0 VDBV ELEETLREDHE
BEiTW», X5R2BEDN EEZERTZ-D1CH
7% B XA VA FER S KICSiEE T UMETIE
TRRT 5.

HEF
AW, BIFE (18H05521) DR % 321T7-.
ZZICHEERERT.
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A H 4.4 12 THT - 7= Attention D AJFRALDME £ LT, MCTACO ZHHWT 7 7 A4 v Fa—=r27 (B4

T, FT) L7=EF/L ¥ MLM IZ MCTACO % L 72 & 7L Z T, MCTACO ¥ SWAG % Fi\ T multi-step
fine-tuning (LT, MSFT) 21T 5 7E 7LD 3 DIZBI LT, MCTACO DIREET — X IZEZEN 5 HNzx LT
Attention DAL ZITWV, YD X I ICEM L TWE 2B L. K2 8 X3 1rfifb LR 2 RS

u |

Layer: Attention: (AT B Layer ennon _
u u u |

[cLs) [cLs) [cLs] [cLs] [cLsy [cLs)
still still still still still still
pre pre pre pre pre

#heta #iota #eta Hheta #heta Hheta

##m ##m #m ##m ##m ##m
ows vows vows vows vows vows

to to o to to to
marry mary marry marry mary marry
nan nan nan e nan nan

#eini #hdini ##dini heini ##dini sl

if if it if if it
she she <he she she she
meets mests meets meets meets meets
him him him him him him
again again again again again again
what what what Rat what what
happened fhappened happened (< happened happened (< fhappened
before before before bitors: before before
they they they they they they
met met met ket met met
? ? » 2 ? 2
s€P) seP) sEP] [seP] sEP] [sEP)
they they they they] they they
were were were wi were were
lonely lonely lonely Jonely fonely fonely
[SEP] (SEP] [sEP] [SEP] [SEP] [SEP]

(a) MCTACO ZFHWT FT L= &7
NERER LGS

(b) MCTACO + SWAG T MSFT %
TiRo T VEMH LGS
2 Attention AJfR{L.DH 1

Layer: . Attention: F

[cLs] [cLs]

(c) MLM Z MCTACO Z R L7-F¢
TNUERMER L7256

Layer:ntmn: Al B Layer:(10_%) Attention: (Al B
u | ; [ ] |

[CLs] [oLs] he he [cLs [cLs]
he he ay oy he he
M‘"‘Z ':: . hed #ed lay tay
e e down down #ted #hed
do: ::wn on on down down
the the
the the chair chair the the
chair chair and el chair chair
d and
- o - -
paw paw
#ed #ed ”ei ”fea #ed #hed
a a
at t at at
her her her bl her her
as as - b as as
she she she bl she she
ran ran
ran
i in in -
a 2 /
circle circle circle ki circle / circle
under under under fingse under / under
it it it it it / it
X i / [
how /" how how pow how how
long / long long long long long
dd |/ did did did did did
he he he ha) he he
paw & paw 1 paw paw = paw
at at at at at at
her  \ her her her her her
? \ ? ? d ? i
[SEP] h [SEP] [SEP] \ [SEP] [SEP] [SEP]
2 \ 2 2 2 2 2
minutes . minutes minutes A\ minutes minutes minutes
SEP] \ [SEP] (SEP] (SEP] [SEP] (SEP]

(a) MCTACO ZHHWT FT L7=%&F
NEER LI5S

(b) MCTACO + SWAG T MSFT %
TholETVEHHLGE
3 Attention FJfRAL.DH 2

F3, M2, MCTACO ZFH\WTFT L72ET LV TIXIEL  FHIT X720 - 7253, MCTACO + SWAG T
MSFT %2174 272 E7 /L ¥ MLM IZ MCTACO 2 L7 E 7 L TIXIEL { THITE I L THEET L E
FHALMEERETH S, Hil 2 1ECH D "happened" & W S BFICOWTHER L TA B &, (a) LI LT, (b) T
13, "before" & WS RFEICRE 3 2 AR "met" & W D EFA DB ETEAD Attention 23K ZX {720 TW5 Z D
DB, Fiz, () T, KXHFTHBRZED "met" "lonely" & W 5 FEARFAND Attention 23K E £ 72> T\
LIEDThD.

iz, M 31%, MCTACO ZH\WTFT L7ZEFIALTIZIEL L FHITETW=2, MCTACO + SWAG T
MSFT 21772 2 72 E 7L & MLM IZ MCTACO Z{HH L7z 7 LV TIXIEL K FHIT X R o 72w L TEE
TNAEFHLZMERTH 2. HIZIECHD " paw" & WO BFEICOWTHERE L TA D L, (@) HBELT, b) &
(c) DIIT ¥ B IRERICEE 3 2 BEERHIFZE A Attention PR ZL o TWB Z 2 I3H T HIERTERW.

(c) MLM Z MCTACO Z R L7-%
TUERERL5E
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