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Natural Language Inference via Negation Augmentation

ZENG Bi-Qing'"?, LUO Zhi-Kang', CHEN Wei-Hai'

'(School of Artificial Intelligence, South China Normal University, Foshan 528225, China)

*(Aberdeen Institute of Data Science and Artificial Intelligence, South China Normal University, Foshan 528225, China)

Abstract: Negation is an important expression form in natural language, playing a critical role in conveying textual
meaning. In natural language inference, the presence of negation can directly affect semantic relationships between texts.
However, current pre-trained models exhibit significant accuracy degradation in semantic relationship judgment when
processing negative sentences. Therefore, this study proposes a method to enhance the ability of pre-trained models to
recognize and comprehend negative sentences in natural language inference. By enhancing the a?tention score weights for
negative structures in text, the proposed method significantly improves the accufacy of natural language inference tasks
involving negative sentences without sacrificing the original perfo“r-mance on affirmative sentences of the model. The
effectiveness of the proposed method has been verified on a public natural language inference dataset for negation
analysis.

Key words: natural language in?erenc‘e (NLI); attention mechanism; pre-trained language model (PLM)

1 58 B8 R0 H B354 5 (entailment). 77J& (contradiction)

H 2818 5 HEBE (natural language inference, NLI) /&
H ARG 5 B Fe b i — AN E AU, 57 B B
SCASHE O HIW A 2 T p e R AE B ARIE
rh, 3K B SCATE HE A 40 AR N R SR AR B, Y (]

FIHT (neutral). HARE 5 HERLAE 5P B ARG 5 AL BT
FHREE R RELNAEN, QiR E . Mg,
AN i LN O R PR L. Transformer /& —fEFiER 7
PLRI B AL Be ), R B & RIF Bz Ak, TR — R0

O EETH: EREARRERS (62076103); R4 HAS B TR 7 3E 4 (2021A1515011171); [ M T EERERF 701 RIFE AL -5 B SEREBF 7T 50 H

(202102080282)
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BT HAER I Z558, 40 BERT. GPT2 F1 RoBERTa
A IX LTI SR A AS B K B 1R JE AR VR SCAR HEAT T
%, B4 F 5 10T SRR K 15 SRR BE ), 1240
R AT S5 I, W7 B o s B A 30 A7 A R T
S BLUF WML B . X R RN SR I i 73, 8 — 1 %
AN ERIE S AT, B4 ER e,

MR ARG PARF EENRIE T K, B
PG R FEAR A B 4. RS EXN THRES
AR A OCH B A Bh TR 0 [ SAE R ST 5
(1. Kassner 28 NPZERT 7t I 25618 = AL (PLM)
X 0] F 1 SRR AR 5 H B AR ERIIAT %%, 75 %€ (negation)
BRIMATE 55 AR 51 S (mispriming) $RI/E 5. @ 1
LAMA #EE PR E S B EAN T B EnER
(W1“not”), MTTIAE FTS 8 AR TS 2 1 56 T HE 2% il i 11,
#4108 is developed by [MASK] & 2% “i@S is not
developed by [MASK]”. S£46 45 ﬁﬁ\?, BERT %5457
LETIIN 5 5 AT AE Tl SN, T 25 L8549 Apple”.

15 HIRE 5 HEFAE 55 b, Tl SR ALt A e IE 1
AL 15 58 R ) S5 B R BN, BERT 25|
ZRVE F R H B “not” B no S KR 75 58 HARE
{H S B 25 oM B B 1 SRR 9 28T i B
T ) 24 E A AL P Hossain 25 AP0 Hr i 25
SRVE 5 LR AR P R, RO SR B R A S
75 58 A 0 EE ) AP, SNLT Hidl 451 ep 615 75 52 45 1
14 FAL G 7.16%, MNLI #4401 75 58 A1) 5 iy
22.63%. X B AR IE T HEEAT 55 & e A RE D 1 1)
B, A AT T — S RO AE NegNLI™, Z i 42

7£ SNLI. MNLI Al RTE 45 h 7 Sl B 1500 MEE. |

AR, 3505 R 52 4. BERT 28 BB 76 4 1R 42
W S AT 5SS KIS B, 7 NegNLI )
SNLI i i 4E F, BERT HIHEHG 1N 49.10%, 51
SNLI Wi 45 89.30% MI7ER A7 1EM K2 5.

ot A 1 B, A S A TN R, 4 e — b
B Bt L2 ST (07 12, 5 AR B o5 HE TR o R o
TN ZR BT AT 5236 % L R 92 4047, 2 B 5Tk A DA

(1) 3t — 5 5 1 0 7 3%, RE S AR A A Hodl 4R
AR S R E A BRI S SRR SIANT
3ATER KR s AEh MRS E, HT 108
BRERIK N LI

(2) BEiF—MEE S R, 1 5mAR X ) 5

R [ OTE, I SEIG IR I IZ AR R 1A Rt

(3) FRH —APIBT B L 22 2] U5 ik, B 1 B Bodt L
FOVEIE A G R NG R 3 AT ERRRE, 4LRk 3 AT
SR ZR PN EE.L 28 2 B BORt Ll 5 50 5 i R 4
SRR, AT IR AR AR LA 3 SR RIS EE.

2 HtgTit e

HARE 5 HEHR — M H B v L AR SO A
MR SOH AT 18 SO RHEWT AR 85 A A T [E A
GNKT: 1 AR B R 5 B S S R 1 AR X
FORBTRR. & .

,E?ﬁi«%é‘%&@ﬁ@f%ﬁ%%ﬁ%%’l\iﬁﬂﬁﬁﬁi%
FE AR L, HE AR SR AN A 2 1A E KR,
WHEAZES. PIUMTE 3 MR, ERERIES
PRAT 45 B R B 5 vk A R AR SCARTE XLHIRE D, IF
HieFHE A&

SNLI ¥4 412 Standford #2 H A9 — AN K H
SRR S HERR B 4R B AR R RT3 AR IR T Flickr
30k i AL 1 B s, AR s ) R AR 28 ) N AR R
WEFLEA TR SNLI £ ia 4848 h 7V 247 B 5 R 4. 41
11, Camburu 25 AR T e-SNLI, 3R 48 E A\ T
FRVE BB FRE MR AN SCAS A 1 4507A]. MINLI 3¢
P PR 5 — MR ME I KA NLI Bl 42, % 508
PRGBS . B R Ak, AT
PG AR AR £E AN [ 50 S0 T (R e

Devlin %\)\tf]fx% HHIEE T Transformer 4mAd 25 14
IZAAL BERT, 75 £ Fi R [ [ JA T & A F0AT- 2% o B
TR M B, BLFE E RS S HEFLT % . RoBERTa.
DeBERTa. T5 %5 Tl SR AL AW il BT B 2815 5 R
{E45 M HERA 2. 2 I SR 2B B B AR & HEERAE
S5 AR Hossain 25 N W 70 & B, BILA A KA A
HPi4E SNLI. MNLI H R = 21 1175 8 A REAR, (Rt
Pt 7 —ANERX B AR E S HEIEAT & 15 E ) A R
NegNLI #lliX 5. RoBERTa. DeBERTa %5 1)l 21 A
TEZIALR E3RIAE, HERR 2 KR T B

NARR SR T FHEER 75 78 71 ) 3L, Hosseini 25 AP
#2417 BERTNOT #%!, BERTNOT HE A% F 75 & 4
s 5 A 7 AT U 25, RO AT SCHRE B #9908 is not
developed by [MASK]” /7 2. Helwe 2 A" $2 11 T TINA
Jj i, %771 % 1 Unlikelihood 151 2k B8 30k 4T 43 2511
Sk, IR EE R 73 B A LAY () 1 22
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3 Wik
ATFEEE [ 3 N E oy, BARE S anlAl 1 B,
(1) 75 % 39 98 2% )5 ¥R e M B K £ 5 ok
BUE T EAMNERE S AR, 1w S
S RE SR L.

(2) RSy s B PR 2 kTR, 45
T A B Y i, AR B0 SO b 7 T 1A T D
B I3 A

(3) PART B bE 2 20 J7 vk Gl P AN /] fR 0] B 2

255, PG SEAR AR X SCAS R 5 R 1 SRR ) A

First .
contrastive
Add & Norm .
Pre-trained =] S =
model ulti- -1ea .
attention .
] Attention . .
\ <CLS> Three bikers::*<SEP> The bikers stop-*-<SEP> module

.‘.Bftcﬂ [<CLS> Three bikers::-<SEP> The bikers didn’t-:-<SEP>

sentence-pairs : Second
contrastive

[<CLS> The bikers:--<SEP> There bikers didn’t-:-<SEP>

K1

3.1 BEEE

5 € 1 98 — R BRI 50T V%, BRI = H AR
FAHEIAUREE S O E S RBEE A AR, K
A Spacy TR Hiet A vh ) R 1 REAT A0VE 0 #T
SR I R VLS &) 5 sl . BhahiE S RE g A
S8 DUE PRI, 8 X 2 3] 2 5 45 25 € ). X T A
F“Nowhere in his confession did he mention the

Monteagle letter”, 3L UGHC A 505 R0 an & 2 Fﬁﬂ? _ e

=

i

“name": "aux before subj",

"pattern”: "{§;tag:/VB.*/}=A >/advmod|cc/ {word:/never|nobody|nc|nothing]|
nowhere | neither |Never | Nobody | No|Nothing |Nowhere |Neither/}=npiword
>/aux.*/ ({}= B $++ {}=subject) >/nsubj.*/ {}=subject ?>obj
{tag:/NN.*/}=object",

"actions": [

{
"type": "move",
"to_move": "B",
"anchor": "A",

"position": "before"

“"type": "replace"”,
"token": "",

"to_replace": "npiword"

K2 sSHnse
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BB

38 o 1] P AR 2 UL C 3] “mention” F1<did”, 43 AlbRic
NEATFICBY, i B i TLAC B “Nowhere”, K HArid
“npiword”. M HAT A BNIE: KB R FI“A”Z
s AEt“npiword™ By % ke UV 19 B3 7 )
“in his confession he did mentionsthe Monteagle letter”.

0 UGB O 7 5 €0, IR B
i, AR E . R 2 Pl & 13 205 A

TR BB TR, R SR G AR 5 SR R X

KRR, WL E A F15 B0 X AR ZE, 15 25 58
FEA, WAZ A 3 P,

4 78 BRI AE SR UG 3 bR B e b i R A5 2 3 4
TEFRS: k2. AEdar, JEPE. @i 3 NS ER
ZERe s TN A T B RIS AT B 5 R I SOR A&.

3.2 FEEEER

FH T P 2R A R AN i IE A b 1R 3 ) i A
5K, ARSCHE T AN R S R T A B AR Y
WA FH T E G50 AR A s A B A B
WEEIIHEAIE—1k 3 AP IR, IR, 40 BERT
2, NN SCAR AT REE St 15 2K E N N S04
REAE, W A Sy = {ont_,, Hhix, € RIS T4
HIZEmA™ token.
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P: Two bikers

in town

H: The riders

- Negator
in the town

P: Two bikers stop in town

H: The riders stop in the town

P": The riders didn’t stop in the town

H': Two bikers in the town

L’ Not entailment

L: Entailment o

/' —H: The riders didn’t stop in the town
.///

—P: Two bikers do not stop in town

.

_ %_-_--__-____"“"- : \\i_

P'": Two bikers dot not stop in town

H': The riders stop in the town

L": Contradiction

3

SR SCA R 75 78 S5 AL 5 A TE Y ER 73 AR
SEEEIT, AAEER 5] e 0 B 4 i (RoPE)! 1 58 50 A4
fr token 2 YA B B4 FAGA- token, SLHAIA
A AR A o = [ 10 Xm0 X, Foh d RABE
X KNG d )20 ZHEV R (X k1, Xm2k), FeHF k= 1,2,--+,
d/2. x, 234 RoPE i 5153 x),, tH 5 R/ R

X 2k _ [ cosb, —sin,, X 2k-1 )
X |\ sind, cosé,, X2k
m,2k ’
Lo, 6 =

"~ 100002/
T ST 5K Transformer! ™ i (1 5 AR 22 Sy 4

S5 . AR ATV B TSRS, 1 S X N T R
PR 0 =WeSs, K =WKs, v=wVs. Hr, we.
WK, WY RH 2R E SRS, BEE X Q. KT AL

M

BmMLERQ . K, FHFALEMA token I SR AT

AR : .
ks, = Gk % (cos (m,‘— n)0+ Kinm-no) ()
qn = q,: * (cosmf + isinmf) 3)
k., = ky * (cosnf — isinnf) 4)

Forf, « Rt 2R, BB % S B T
BV R SV DA

’ ’\/T

= ]V ©)

J

head j = Attention(Q, K, V)j = Soﬁmax[

Horr, d 2RoR 5 A SR YRR, B B S EE 5
PHEG BB MER . SHREDLBNEE 154
Ra, Fild DL R TR, R EEES

BUVE B SRR AT S B T ROE BT LR R N
T = Norm (S + Concat[head,head;,--- ,head,]) (6)

i, Norm 78 RMSNorm JH— L #4E, Concat &R
BHERAE, S A2 T SR AL AR XY SCAS 7 FRFAE.
3.3 AMEXTEE S

X b 27 2] 3 SR o s R R s,
FAF B AR & R YT 5 o S b o 1A% O AR
TE B 1 1 B R AE 23 18] o, D AEAS H AR RE A i X R
(I IERE AN SRR AR, IEREAIE T 5 H AR e A HA A [
RIRRAE, SOREACE R 5 HARPEAR IR SEAN R, I8 L 724
iE = 8] EFW)&/J\EﬁZIS‘? I FRE A 2 A0 5, 38K 47
FEA 5 B REE AR T B, TR 542 e T A
2 T 0 7% e SLAE T — AN BT L2 5 7 8
R ity T A 7R 0ok A v 753 5 1 SCHR B A AT AL 2L

FERT SCHR B B s o, R CBINT 3AEE
Prgg: JEZE e B SRR, X 3 AN E AR T LA
HERBIEE TN 3 MRS BiE . Thor SR ALK
3WXIIRR, B 1B S TR 3 X%
RIAT. AR — P B, A5 R X 3K 3 AR R
552, T A ERSE—NEINEZ MRIE, Hi,
X 3 HKRRRFFE M B2 2 3 AL B RFE 73 [A]
HEATRIE, X — M BERR B2 ) AL v S A
FAALEE, T H A RE RN

S8

sim(Si,Sp) = —— (7
Vd

esim(S,-,Sp)/‘r] (8)

lip=
P Z osim(S;.5p) /71
kel ki
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L= Ziel|_;| Z —logli ©)

Horb, IR — N HERIOREAR RS, i T I — DR,
S TR PN ZRA5 T 52 L) SCAS PP B HRFAIE, p € PRIRFE
AiIEREAR, 7 RN

SE 1 BBt Bss 3] 58z s X o BRI 3706 A
ANTAL, 25 2 By BUxs b2 = [l 2 R an s s v 3 A
PREZEIXS L, B 7E SR m A0 )1 75 1€ 45 44 1R, OF
LR I T AT 3R 5 RO T8 LR &L X — B BUons o2
SIRMBLEE VSR AR S2 AR BLEE, T A 5 08:

ecos(T,Tp)/‘rg
= (10)

l;
P
Z ec0s(T.Tp)/ 72
kel k#i

1
L= Zidﬁ > —logli, (11

For, TR — MK IR AR, (R (= AR,
T 4 75 7 BB W9 SCA P SRR IE, p € PR RE
ARiHIEREAR, 7o R RE.

R, A5 B 2% ST 45 KA 45 31 24
FY B B0 LU 2k

Loss=Li1+ 1L, (12)
4 K
4.1 HUE%E

ASCAE NegNLT S84 b VAl A SC B8 7 3%,
IR AN F TR [ SR E = o TR 25 o b P A A 7
SE L5 )T 1A FE AR 4. Hossain 25 A°'7E SNLI.
MNLI HI RTE ##E4E Hh 43 i 48 1 1500 &AL AFAT

BERSME T 2548, X SNLI fl MNLI, 1X%. |

3 bR R AMBRAE IO ROR 47 500 4. BRI TS
BULFE 1. ASCIIIZHER L SNLI AT MNLI 1991 254,
FEAE I P/ U e B P B 8 SR AR A RE . A )
AERE A IR T, % TR R R A £
AT WS A 1 3] 7 i, 42 B R A e
V5 R 4% 0 0 1 1V PR B 60%, 14
AA AT AR AR 5 SRR U R0 — e 2L
SRERANISIEER, I 1% 9:1 BEHLYI 2.
1 HOREMGIH R

4.2 B4R
LIS H 5% BERTNOT W b & &, X
T SNLI ##i 48, =R W E N 1E-5, NEZRKE
9 0.1; X3 MNLI #dfla 45, % ) R E N 2B-5, BLH
IR E N 0. HALSLIE S HUH ), 105K 2 Fiow.
*2 ERHESH

ZH Hfl

AR KK 512
HEE 3
Epoch . 3
NN \ B 32
Dropout®  © - 0.1

W B H R 0.08

S2W BOGEL ek 0.05

#%  SNLIg, SNLI, MNLI, MNLIL,, MNLIL,,
W& 3329 500 3379 3463 500
T 3335 500 3123 3129 500
xIE 3378 500 3213 3240 500
it 9842 1500 9815 9832 1500

108 # %% # System Construction

S A S A R, A SCEEHU T Encoder-
Only. Decoder-Only #1 Encoder-Decoder iX 3 25
SER I TIN5 A, 36 UF A S 7 V20 20dE Tl A 2
Wb BT B ) A A . E4ME S BERTNOT A TINA
PN TJTIEREAT T L e B I 255 2 B AR L R

BERT™: 3T Transformer %t 5% 42 K4 (1) 5L [i7] 2 iy
PR BAEPRAMESS LT FlI 25: #EA01E S 128 (MLM)
AR —H)H (NSP).

RoBERTa'"": £ BERT HJ—FhAsfk, JL2uH 5
BERT AL, (BEVFE BRIE S AFRAES il T H T
(P RE. 55 BERT MIHL, 785 KA 4 LA A
HORE VAT T 54 190 1) BRI \IFEL (3 6 5 MLM
55114, 2Pk T BERT H1) NSP {£55.

ALBERTH 2 =Ffift AL BERT 4244, @it 5
fif Embedding 2 [f) 2 ¥M 5 |2 2 8L 2Rk b 25
B FA ) T AR 55 B8 T NSP 4155

GPT2!"": 1 H Transformers fifhd %8 42 4 2H B (1) 5
BB BONEAT 52 Tl — >, BPARE 2 1S
A7 HN T T K ) — AN 1.

XLNet!"™: J& —Fh % T Transformer [RERY, %45
RLERR HEPNE & AR AL S5 AT B 25, HEA
T AT R I Y SR AT BT BT BRI ) - HR A HE
HIEAT 2 2], DA A) B R 3.

BART!": —ANf1284L BERT )4 it % B A2l
GPT HIfERY 25 H2H B 7 41 21 5 SR AL, P ZR4E 55
A3 1E S AN (R B W A5 BR R (bR G R L FRiddE A
e AR Ja, B IR B SCARE oy R a6 TR A

ModernBERT™": ‘& i FH 5 A5 b 22 o 4% ke K 1%
FISCAR, FEd I B AS bh AR B 27 5 SCAS Al R 2 (1)
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(22 5. SRIG, — N 1E ORI HORE SCA A UG RFAE
S B — AL 8 (AL
43 FEL

S T I 5 L LR AR A B AT LR Pl AR SC R
AR, SEEEE Rk 3 R, R o e v
Y5 Macro-F1 {H, *F 7~ 404 51 F 5 B SCHR. J5 408 TINA
AR R R Z AR AUE ] T TINA VL, JE 48N Ours

B R TR BT 7 ARSI 7 1.

I3t %F Encoder-Only. Decoder-Only F1 Encoder-
Decoder iX 3 A FEAT S5, S50 45 R ARSI 7
RS BRIX 3 REAAE BARE SIS T E S
SE RIS, ) Four HEAT 1 SOOC RMEB IR R, R H S
TINA J7EAM E, AR T7EAE DU € A8 F 3R 4R
b, HERAZR IR T /N,

R 3RS HAR T R HE 2 /Macro-F1 45 R LEEL (%)

SNLI MNLI ,

A SNLI., SNLI, MNLI,, MNLLppt \ MNLI,,
BERTNOT* 89.00/— 45.96/— 84.31/— . —— 60.89/—
BERT 90.12/90.08 50.46/50.31 83.29/83.20 83.84/83.71 63.47/60.80
BERT-TINA 89.62/89.60 68.13/68.02 81.23/80.731 81.84/81.76 68.23/67.91
BERT-Ours 90.51/90.32 72.40/68.39 183.12/82:67 83.07/82.83 72.26/72.22
RoBERTa 91.37/91.34 56.73/56.70 85.87/85.79 85.74/85.73 65.26/65.13
RoBERTa-TINA 90.86/90.73 65.16/65.15 85.16/85.02 84.86/84.79 69.13/68.99
RoBERTa-Ours 91.42/91.40 73.42/73.23 85.30/85.12 85.82/85.70 73.43/74.32
GPT2 88.12/88.08 “47.47/47.26 80.86/80.63 81.23/81.10 62.33/62.15
GPT2-TINA 87.60/87.58 54.47/54.29 80.52/80.45 80.71/80.69 67.13/66.92
GPT2-Ours | 88.47/88.41 67.76/67.74 80.74/80.71 81.10/80.92 69.26/69.24
XLNet & 90.91/90.90 53.93/53.90 85.13/85.06 85.32/85.26 65.45/65.38
XLNet-TINA 90.62/90.53 66.72/66.65 84.81/84.72 84.63/84.55 68.92/68.91
XLNet-Ours 91.24/91.20 69.73/69.73 84.83/84.76 84.42/84.13 72.93/72.87
BART 90.93/90.86 56.86/56.81 84.81/84.74 84.96/84.86 66.36/66.13
BART-TINA 90.84/90.77 68.87/68.76 84.01/83.92 83.96/83.88 69.34/69.28
BART-Ours 91.21/91.17 72.14/72.13 84.38/83.32 84.57/84.21 70.87/70.85
ALBERT 89.67/89.65 51.73/51.67 82.87/82.86 82.87/82.82 63.36/63.01
ALBERT-Ours 89.81/89.76 70.20/70.03 82.93/82.89 83.24/83.19 71.21/71.19
ModernBERT 91.52/91.52 55.73/55.66 87.73/87.65 88.12/88.01 64.80/64.46
ModernBERT-Ours 91.21/90.70 72.67/70.8 86.72/86.62 87.17/87.03 § | 73.26/73.05

4.4 HRASEH
N T BIEFEA T3 10 R A F8 o A5 TR P R F) 52
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