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SRS E5IEEE (Natural Language Inference, NLI)

SEEEREEH (Recognizing Textual Entailment, RTE)& %
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SNLI[Bowman+ 15]. MultiNLI[Williams+ 18]

SICK[Marelli+ 141, SemEval2012-2017
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HANS (Heuristic Analysis for NLI Systems)
[McCoy+ 2019]
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Heuristic Definition Example

Lexical overlap Assume that a premise entails all hypothe- The doctor was paid by the actor.
ses constructed from words in the premise = ———— The doctor paid the actor.

WRONG
Subsequence Assume that a premise entails all of its The doctor near the actor danced.
contiguous subsequences. ——— The actor danced.
WRONG
Constituent Assume that a premise entails all complete If the artist slept, the actor ran.
subtrees in its parse tree. ——— The artist slept.
WRONG
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1. #HERBNS5DONDE1—-URFTFrDR
REEHANSD3DMDE 1—"1J X7+ D X (subsequence,

constituent, lexical overlap)E&£&(C. HAEE
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NDE1—J)RT1 DR EERE

subsequence
constituent
full-overlap
order-preserving

subset

mixed-subset

BOFNEOD>TULS XDF = RTULSD

BOF MNEOTUVS IEEE
O&o&lles HEMNEEDTLSD
FHRNE>TUS IEEE
SA-—NRY-—Tr—%&
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. Bsmons5DO0Oe1—YURF1rD R

HZAREEJaNLITIIEIEDZULZER L T, lexical overlapZ
RD3E D (b

full-overlap : HIIEX &R CEEHEHLE - FEIEELS
order-preserving subset : RN DEEE ECT_) =alER O
mixed-subset : (REZXNEBEE I - FBIRELSD

full-overlap SA—NNY—TJ7—%&
SAS—="9—T7— N ISR

order-preserving F4 H FHE S
subset FE M HEE=

mixed-subset FHE N KOWTUD Z4 = Bl LU TE
FH = A4 MNBNFHUE HEE=
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Templates for P and H Example Phenomenon/Pattern
FH A KTE & 5 C)
P: NP1 ga NP2 o TV-0 child ga woman o looking Scrambling

= H;: NP2 o NP1 ga TV-0
# Hj: NP1 o NP2 ga TV-0
# H3: NP2 ga NP1 o TV-0

(The child is lookmg at the woman)
2V % T B LT S (The child is looking at the woman)
Tt & VDY 5L T 4 (The woman is looking at the child)
TN FHE AT ?fz (The woman is looking at the child)

FULL-OVERLAP
FULL-OVERLAP
FULL-OVERLAP

P: NP1 ga NP2 ni TV-o passive

# Hy: NP1 ga NP2 o TV-0
=> Hy: NP2 ga NP1 o TV-0

BOTF M EE ITHIN-

boy ga young-man ni push-passive

(The boy was pushed by the young man)
BOF D EHE % # L 72 (The boy pushed the young man)
L8 NBOT % ML (The young man pushed the boy)

Passive

ORDER-SUBSET
MIXED-SUBSET

P: NP1 ga NP2 o IV causat

# Hy: NP1 galV
= Hy: NP2 galV

BOFHAY 7NV % XbH

boy ga couple o laugh-causative

(The boy is making the couple laugh)
BODF D% - T\ 5 (The boy is laughing)

Causative

ORDER-SUBSET
ORDER-SUBSET

P: Factive-adverb NP1 ga IV

# Hyp: NP1 galV

7:1 / 7°}l/ fJ‘ % = T % (The couple is laughing)
5 L y =7 7 — DWW TWS
gm'lw, S surfer ga swimming
(Perhaps the surfer is swimming)
=77 —BENTWS

(The surfer is swimming)

Factive adverb

CONSTITUENT l O
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Templates for P and H Sentence Example Phenomenon/Pattern
FELE-TVWS I Z2 BV

P: NP1 galV NP2 o TV-0 child ga running cat o chased Garden-path sentence
(The child chased the running cat)

% Hy: NP1 galV Tt B E > T W% (The child is running) SUBSEQUENCE

= Ho: NP2 galV Jiii B 5 T\ 5 (The cat is running) MIXED-SUBSET

= H3: NP1 gaNP2o TV-o FHt 235 % 15\ 7 1) /= (The child chased the cat) ORDER-SUBSET

% Hy: NP1 oNP2ga TV-o FHt % J& A5 5\ 742 1) /= (The cat chased the child) MIXED-SUBSET

11
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VI RIRAKR

HARZEOH—FT VINANIEATEREZEX THIRUYDT UM

D}b/\\\0)1 i\\fd:t“ﬁg%RE%Eé((—jéj Dg b (/\< Db\ﬁé
FRREBE(CI D I7OI—RICSDOUTNHF-TVERE
Subcategory Template Example
THE DB % 7= LDF Z BT T
GP-double-o NP1 ga NP2 o TV-o1 NP3 o TV-02 child ga cat o rescued girl o chased

(The child chased the girl who rescued the cat)

GP-punctuation

NP1 ga, IV NP2 o TV-0

TR, E-oTWVWE I % &
child ga PUNCT running cat o chased
(The child chased the running cat)

GP-selectional

NP-non-human ga IV-human NP2 o TV-o

DAPRLPRoTWS ﬁ[‘i ’5_'
squirrel ga talking woman o chased
(The squirrel chased the woman who was talking)

GP-wa

NP1 waIV NP2 o TV-o0

FHRIX E->TWVS I ’5:
child wa running cat o chased
(The child chased the running cat)

GP-scrambling

IV NP2 o NP1 ga TV-0

EoTVW5 T % FHEA VAT
running cat o child ga chased
(The child chased the running cat)

12
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Linguistic Phenomenon

Examples (Templates)

Pattern (Heuristics) | Entailment Non-entailment Total
FULL-OVERLAP 800 1,200 2,000
ORDER-SUBSET 1,600 800 2,400
MIXED-SUBSET 3,400 2,000 5,400
SUBSEQUENCE 200 2,000 2,200
CONSTITUENT 1,200 1,200 2,400
Total 7,200 7,200 14,400

GP-normal
GP-double-o
GP-punctuation
GP-selectional

GP-wa
GP-scrambling
Scrambling

Passive

Causative

Factive adverb

Factive verb

Modal

Negation
NP-coordination
Sentence-subordination
Sentence-coordination

1,600 (16)
800 (8)
800 (8)
800 (8)
800 (8)

1,600 (16)

1,600 (16)
400 (4)
400 (4)
800 (8)
800 (8)
600 (6)
600 (6)

1,200 (12)
800 (8)
800 (8)

Total

14,400 (144)
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INT A=V IVXREFHMEL. EFILE R

o BERTOOEERERTE
o huggingfaceMEF JL%& EF
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(a)JSICK, (b)JSNLI
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SR (Ea1—

X515 ZH)

Correct: Entailment

Correct: Non-entailment

Miodel Finetymedon | oy, Order.  Mixed.  Subseq.  Const. Full. Order.  Mixed.  Subseq.  Const.
JSICK (5K) 99.94+0.00 97.84+0.02 79.4+40.10 98.340.02 88.6+0.07 | 0.1+0.00 6.240.01 6.740.04 32.5+0.11 22.740.09
I +JaNLI (0.7K) |90.8+0.04 98.6+001 96.8+£002 99.2+001 97.3:£002 | 67.12017 59.14004 84.6+023 92.4+0.09 90.4-:0.05
c JSNLI (533K) [98.64+0.02 99.04+0.01 97.240.02 97.740.02 99.6+0.00 | 6.8+0.06 4.640.04 2.640.03 1.14+0.02 0.14+0.00
+JaNLI (0.7K) |71.740.03 8844003 81.4+007 8504016 92.5+005 | 53.4£007 46.6+0.10 69.2+0.16 48.5:0.03 67.9+£025
JSICK (5K)  |66.0+0.57 64.6£056 57.14050 62.7+055 63.8£0.55 | 33.94057 34.7£057 36.2+055 45.14048 43.5+049
o _PANLLOTK) 4084037 3294033 3804035 4984044 3884036 | 6424033 6604037 8334019 774032 809023
JSNLI (533K) [99.0+0.01 99.2+0.01 97.3+001 98.84001 99.2+001 | 2.0+0.02 1.6+001 0.8+0.01 1.2+001  0.8+0.01
+JaNLI (0.7K) [26.4+0.46 30.440.53 28.0+0.49 26.74+046 28.4+049 | 79.44+036 76.94+0.40 82.4+030 26.7+046 79.0+0.36
Human 94.2+005 9712001 92.7 £0.04 100.0£0.00 98.3:0.03 | 97.8£001 95.8+005 88.72009 9432008 91.1+0.14
== =2 =h , ==zha
o AFEFEFFT E*(L_C“%_Cb\éilfa SEROHRE. HARSE - 58
o A%:ET)bijlxed subset HME U META]
_I:I A3 — — .
o JaNLIE—HBZEICEMULIZES !

o JaNLIJZ(FT/E< . JSICK, JSSNLIMIEERE A LT S{EMA
o HZARFEBERT KD Z%EEEBERTDA

Ia=

\E) E U (C < OME[E
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SR (Ea1—

X515 ZH)

Correct: Entailment

Correct: Non-entailment

Miodel Finetymedon | oy, Order. | Mixed. | Subseq.  Const. Full. Order. [ Mixed. | Subseq.  Const.
JSICK (5K) 99.94+0.00 97.8+0.02 | 79.4+0.10 98.340.02 88.6+0.07 | 0.14+0.00 6.240.01 6.740.04 |32.5+0.11 22.740.09
I +JaNLI (0.7K) |90.8+0.04 98.6+0.01 | 96.8+0.02 | 99.2+001 97.3£002 | 67.1£017 59.1+004| 84.6+023 |92.4+0.09 90.4::0.05
c JSNLI (533K) [98.64+0.02 99.040.01 | 97.240.02 97.740.02 99.6+0.00 | 6.8+0.06 4.640.04 2.640.03 1.14+0.02 0.14+0.00
+JaNLI (0.7K) |71.7+0.03 88.4£0.03 | 81.4+£007 | 85.0£0.16 92.5:+005 | 53.4£007 46.6:+0.10| 69.2+0.16 |48.5:0.03 67.9+025
JSICK (5K)  |66.0+0.57 64.6£056 | 57.14050 | 62.74055 63.8£0.55 | 33.9+057 34.7+057| 36.2£0.55 |45.12048 43.5+049
vui_MANLLO.TK) (4084037 3294033 | 38.04035 | 4984044 3884036 | 64.24033 66.0£0.37| 8332019 |774+032 809023
JSNLI (533K) [99.0+0.01 99.2+0.01 | 97.3+001 | 98.84001 99.2+001 | 2.0+0.02 1.64+001 | 0.8+0.01 | 1.2+001  0.8+0.01
+JaNLI (0.7K) [26.4+0.46 30.440.53 | 28.0+0.49 26.74+046 28.44049 | 79.44036 76.94+0.40] 82.4+0.30 |26.7+0.46 79.0+0.36
Human 942005 97.120.01 | 92.7 £0.04 | 100.0£0.00 98.3:0.03 | 97.8£001 95.8+005| 88.72009 |94.320.08 91.1+0.14
= P =5 . ==z=5
o AFEFEFFT EEE(L_C“%_C(/\%;EE SEROHRE. HARSE - 58
o A%:ET)bijlxed subset HME U META]
_I:I A3 ([ — — '
o JaNLIE—HBZEICEMULIZES !

o JaNLIJZ(FT/E< . JSICK, JSSNLIMIEERE A LT S{EMA
o HZARFEBERT KD Z%EEEBERTDA

Ia=

\E) E U (C < OME[E
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SR (Ea—YU X5 O 5D

Model

Finetuned on

Test-overall

In-dist.

JaNLI

Ja

JSICK (5K)
+JaNLI (0.7K)

92.1+0.01
92.3+0.01

51.3+0.01
89.3+0.06

JSNLI (533K)
+JaNLI (0.7K)

94.5+0.00
95.540.00

50.4+0.00
72.340.01

Multi

JSICK (5K)
+JaNLI (0.7K)

73.6+0.20
86.5+0.08

50.240.01
56.9+0.06

JSNLI (533K)
+JaNLI (0.7K)

94.6+0.01
94.8+0.01

49.7+0.00
56.3+0.09

Human

94.0+0.04

o ANIEFFEEICTETTLVIIFSEERDMERE. HAGE - 555

BERTIZ1E U K HEERTE TLVEL)

o AEETILEMIixed subset HME L VEM]
o JaNLIZ—HEZB(CEMULIZEE .

o JaNLI/Z(F T <. JSICK, JSSNLIMIEEXRE M =T BEE
SEZBERTOAEMEERMAMA L U (C < CMEM]

o HZAFEBERTL D%
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ISR (

RIRASRAN)

Model Finetuned on GP Scramb. Pass. Caus. Fac-adv. Fac-v. Modal Neg. NP-coord. Subord.  Sent-coord.
JSICK 49.3+40.01 | 50.14+0.00 49.64+0.01 47.740.03 49.74+0.00] 51.1+0.02 54.840.04 63.2+0.03 50.2+0.00 69.3+0.02 46.8+0.02
+JaNLI 92.840.10 | 79.240.06 49.240.01 56.1+0.00 75.7+0.10 | 90.0+0.07 93.7+0.07 98.6+0.02 99.0+0.01 98.4+0.01 97.8+0.01

i JSNLI 50.24+0.01 | 52.3+0.02 45.9+0.04 49.7+0.01 51.5+001 | 51.24+0.01 49.64+0.00 50.240.01 51.440.00 50.0£0.00 49.7+0.00
+JaNLI 70.14+0.06 | 65.3+0.03 41.24+0.06 50.5+0.01 67.9+0.08 ] 70.2+0.09 71.7+0.19 87.4+0.06 76.6+0.17 88.8+0.11  79.2+0.18
JSICK 49.3+40.01 | 49.940.00 49.64+0.01 48.6+0.02 49.5+0.01 ] 50.840.01 50.54+0.01 49.3+0.01 49.840.00 61.0+0.10 49.6+0.01

Multi +JaNLI 56.3+0.05 | 52.7+0.03 49.2+0.01 56.0+0.06 53.2+0.04 | 58.74+0.09 57.64+020 62.74+024 61.04+0.12 61.5+0.10 60.7+0.10
JSNLI 49.840.00 ] 50.14+0.00 48.14+0.01 49.940.00 50.3+0.00] 50.3+0.00 49.64+0.01 45.5+0.04 50.5+0.00 49.9+0.00 50.2+0.00
+JaNLI 54.14+0.07 | 53.8+0.07 48.9+0.02 50.7+0.01 52.7+0.05| 53.3+0.06 55.340.09 62.64+022 54.4+40.08 54.4+0.08 54.8+0.08

Human 94.240.05 | 93.3+0.03 91.7+0.08 85.0+0.17 95.840.05 ] 95.0+£0.02 95.6+0.08 94.440.05 93.94+0.03 96.7+0.04 92.5+0.09

-_—
o JaNLIZ—ZZE(CEMLEZESE

O

%S EEBERTO A M

Hr:$

\a) B U (S < OME]
o BHAEEBERTE. XOSVIVUVYT, S5, {#HE
EEXR(EMELEUICS VMEM

. BXEEE!

5[0,
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Templates for P and H Example Phenomenon/Pattern
FH A 2 BT
P: NP1 ga NP2 o TV-0 child ga woman o looking Scrambling

= Hy: NP2 o NP1 ga TV-0
# Hy: NP1 o NP2 ga TV-o0
# Hs: NP2 ga NP1 o TV-o0

(The child is looking at the woman)

7 & 7t "% (The child is looking at the woman)
THE %2 S R > (The woman is looking at the child)
S Tt % 5 % (The woman is looking at the child)

FULL-OVERLAP
FULL-OVERLAP
FULL-OVERLAP

P: NP1 ga NP2 ni TV-o passive

# Hi: NP1 ga NP2 o TV-0
= Hy: NP2 ga NP1 o TV-0

BOT H Eﬁ G: Wé‘ﬁ?
boy ga young-man ni push-passive
(The boy was pushed by the young man)
% DF M ## % L /= (The boy pushed the young man)
LHEHE B BOT % #L 7= (The young man pushed the boy)

Passive

ORDER-SUBSET
MIXED-SUBSET

P: NP1 ga NP2 o IV causative

# Hyp: NP1 galV
=> Hy: NP2 gaIV

BOFH Ay TN % EbH

boy ga couple o laugh-causative

(The boy is making the couple laugh)
BDF M %5 T\ 5 (The boy is laughing)

Causative

ORDER-SUBSET
ORDER-SUBSET

P: Factive-adverb NP1 ga IV

# Hy: NP1 galV

i‘l 4 7011/ f)‘ % = T\\% (The couple is laughing)
o L , =7 7 — B EKWVTWVWD
serhaps surfer ga swimming

(Perhaps the surfer is swimming)
Y—77—HENTWD
(The surfer is swimming)

Factive adverb

CONSTITUENT

19



SElEESE (H—5 VI RIRR)

Correct: Entailment Correct: Non-entailment
Model Train Normal | Double-o Punct. Select. Wa Scramb. Normal Double-o Punct. Select. Wa Scramb.
JSICK | 90.240.09| 90.84+0.10 86.840.11 82.9+0.15 84.1+0.13 90.6+0.08 | 9.3+0.07 11.9+0.11 10.240.08 14.1+0.13 13.840.11 7.240.06
¥ +JaNLI | 99.04+0.00| 99.2+0.01 99.44-0.01 08.840.01 98.6+0.02 98.7+0.01 || 91.240.13 78.3+032 83.0+027 87.8+0.19 87.840.19 86.9+0.14
JSNLI 098.340.01| 95.340.03 99.440.00 98.840.02 99.3+0.00 98.6+0.02| 2.0+0.03 3.740.04 1.840.02 0.6+0.01 2.840.03 1.540.02
+JaNLI | 83.24+0.07| 88.2+0.01 86.540.08 92.840.09 88.840.09 82.8+0.07 || 58.0+0.16 54.8+0.14 53.14+020 49.4+0.19 47.740.17 55.940.09
JSICK 62.7+0.55| 64.0+056 59.840.53 62.94055 6244054 62.54055| 35.2+056 34.24057 35.84056 35.84056 36.2+055 37.94054
Multi +JaNLI | 33.840.35| 34.840.39 30.84028 35.4+033 32.44033 27.84032| 81.24+0.26 7494036 84.0+0.19 78.7+026 82.84+020 80.6+0.24
JSNLI | 98.7+0.01| 97.14£0.01 99.640.01 99.840.00 99.2+0.01 98.7+0.02| 0.6+0.01 1.840.02 0.24000 0.2+000 1.1+0.01  0.840.01
+JaNLI | 28.3+0.49| 29.840.52 30.840.53 32.2+056 30.9+0.54 29.3+0.51 | 79.840.35 79.24+036 78.7+037 74.2+045 77.9+038 78.3+0.38
Human 95.04+0.02| 96.7+0.06 100.0+0.00 98.3+0.03 98.3+0.03 97.54+0.03 | 90.840.14 96.74+0.12 91.74+0.10 91.0+0.05 95.0+022 96.7+0.04

o NIN—FTVNRRAXDBRZBEICIT ST 7 IF—HREIFNTL
BESH. (DFNTHBIN) EEFEXRNFOMER
o JE?)I/(atj D859 —NEHFHZ XAIL TUOILUMER

20
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o FERFEEFTILAZEINPILVEI-IUXXFTsDRCE
(CHAREOSBERERICED<#ERT VI —~&EXETL.
Wimr— Sty ~EEEHESE

o HZAREE - ZEEBBERTHERMICHEIRCE TL\S D H T
>E1—-—YXXFsOXXTCREBRETFHL. AlCEDTIE
AR ISR TSR (c_/}_Ml_’;bfoE(/\ﬂ?EF']

o HBMERZICEDLKT—HATy FEEERE. EOREL)
F—HRFFEE U TCEARERIEEML
o MEEEENEEBHREERICIEZRK (XRVS5YTVUVT -

TBILE) (FT—ILRTIIIR X DD HRELAIEEM

SEEhDORESCTVFE LR !
JaNLI=—5 1t w | https:/github.com/verypluming/JaNL|
a7 B : hyanaka@is.s.u-tokyo.ac.jp
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