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Multi-task Hierarchical Fine-tuning Model Toward Machine Reading Comprehension

DING Mei-Rong, LIU Hong-Ye, XU Ma-Yi, GONG Si-Yu, CHEN Xiao-Min, ZENG Bi-Qing
(School of Software, South China Normal University, Foshan 528225, China)

Abstract: Machine reading comprehension and question answering has long been considered as one of the core problems
of natural language understanding, which requires models to select the best answer from a given text and question. With
the rise of pre-trained language models such as BERT, great breakthroughs have been made in natural language
processing (NLP) tasks. However, there are still some shortcomings in complex reading compfehension tasks. To solve
this problem, this study proposes a machine reading comprehension model based on retrospective readers. The proposed
model uses the pre-trained model RoOBERTa to encode questions and articles and divides the reading comprehension
section into two modules: an intensive reading'module at the word level and a comprehensive reading module at the
sentence level. These two modules capture the semantic information in articles and problems at two different granularity
levels. Finally, the prediction results of the two modules are combined to produce the answer with the highest probability.
The model accuraey is ‘imprdved in the CAIL2020 dataset and the Joint F1 value of the model reaches 66.15%, which is
5.38% higher than that of the ROBERTa model. The effectiveness of this model is proved by ablation experiments.
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N3 B AR 1) Q AN SCEE T #EAT 433, Input K&
N 512, MR B K ERIES] 512, AL 0 #h 4. 2

e

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20224 314 F3HW

http://www.c-s-a.org.cn

i H AR G N H

S W B A A A v 4R 1 ) &, JE e 24 /2 Trans-
formers, BREKZ 255N 1024, B3GR BUE FH & iR =

SRS R

BRI FFAG (BRSSO B

| i)

&l 2 HF-Reader #5571 4244 [

4 BRHERE

JE YR 75 5 0 S AR K 1 2 (a) AR
24 T 2 (T 55 3RICE ) Z (A U AR,

127152 1L RoBERTa FUU MM 5 2L, |
SJTERAT R, HAORAE SR 1 RoBERTaE‘:EJ‘RE
ORGP A AR AR e I 2 o (13) W R ke
*ﬂ{Zliﬁﬁ%%hﬂlﬁﬁ&ﬁl,ﬂi&%fﬁfhE/JE%J:J?E
Y125, MTI 3 31— ANECHT 1) 2R
3.5 1EIEIER

igpR st ROk ) W=V W& i fa ) =S ]
Gt 2R 3.3 W5 AT RS MO B R AL
HIZV RS

KR ZAT 52 3 0775, AR5 1 T BIRRTE 1) 7\
RS R E A E U R S RALE, AR5 2
] B, 454 10 DL B SCRE HEAT I 4 3 2 SR I 28 AL
H4mit 2 ] IS 2SN Z 10 1024 48K R, n N 512.

f£55 1 s X BERT W% AN [CLS]Q[SEP]P. &

LR MR (GELU), 7R 16 ik IHLHE T s, &
I w2 A5 B e ok T JE S0 A8 B Z 3 T AL

TWJ&%

B TR

X P AN H ) BERT ﬁﬁfw U sy ), Iy € R,
7 BERT E(ﬁ;%ﬂtbn&~/l\ﬁﬁﬁ A R
ﬁ}ﬁ\s € WS, 23 Softmax Tt 54T B R ) 2
R AL B IR PS, R (2) B
PS5, PS5, P,S = Softmax(sy,s2,- -, sp) 2)
[FIEE, N5 — AN BRG] X 28 WE € RUR SR
Ble; € h,WE. 233 Sofimax TH5145 2R AL T 2 R AE
SCRHREANM B AR IR PE, W (3) Bk
PE,PE ... PE = Softmax(ey,ea,- - ,en) 3)
) n QeI RS W, BRI A B SR ER
A B IREZE AR N, AL E TS5 A E, WEY 0. A
oW SRR AL E. FERE W E an=t (4) P,

PS+PE PS+PE o PS+PF
0 PyS + Pt PyS +P,E

W= : . : : )
0 0 PS5 +P,F

Software TechniquesAlgorithm #PFH AR F% 215

http://www.c-s-a.org.cn

© ERSEBIK T


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F #5314 3

f£%% 2 ¥ BERT W% A [AI#: 9 [CLS]Q[SEP]P. 5&
X [CLS] 1 BERT %fi% Nho € RY. £ BERT B 7 |
N—ANHT T 28 WS € RO SRIRIU B ) [4),6,13.84].
234 Softmax T4 15 245 Y T i B A2 R BB
MEZE P, HEAT BN 2 B KB RRMAP,. Z RRY
9 4 Ry 58 SPAN 257, YES 287, NO KA1 L)L Jy
UNKNOWN 8 -T2 8 (1 73258 X, X (5)

Py, Py, P3,Py =Softmax(t,t,t3,14) %)

FAESS 1, W AR MR S KT AR B S 45 R
A1 B 5 PRS2 1AL B 0 N A SO 2% iR AR 3 loss.
[FIFERFAE S5 2 TP i K SR S hR e B 2K
U HEAT A2 XU RS B loss, K5I I loss AHTIR

(B 45 RAL LT U2, RAdoe st (6)-2K (8) fias

loss) = —y*logPs — yFlogPg . (6)
lossy = —y'log P; ) (7N

_ ‘ .
L=a-lossy+b-loss (3

Horp S 535 SRR I AL B AR e 5 25 R B
PIARIEEAE, Y AR B RBN AR EAE, Py 5 Pp RS
AR AR AL T (T AR AL B S gE A E, P AR
MM EZI, a 5 b NEREL
3.6 JZIZIRHR

R R R S gAY R, 2R R
Gatid YR 3.3 AT VEEAT A AT B RAR R
HIZU i )=

AL B AT Gt A A 5 RS AR gk AT L A
SR, B 3.3 TR E] 512%1024 45 A =%

BT RO LS R, Fe o m<1024 4 5] T &, JE

1 R SCE AT B, ) R R A S= s,
53000 St SRR TG I A PRI 55 Sigmoid 5 Hh
WU x, FUT % AT R B R I,

B 54 e bR BORE P 620 SO B 8, AR
3 (9) MK (10) Frow, Hrb y S B AMA, x N TTIE.

x1’x27"',-xm:Singid(slsszy"',sm) (9)

1
BCELoss === " (yn1ogx, + (1 = yp)log(1 = x,)) (10)
n

3.7 FMAEBR
FE A ER () TR &5 A WAy, B 1 M NB R

HRA—JLF 4 Fp o2, 43 NS R (SPAN 25HY),
BRI (YESNO A DL AT] [IZ2R 3 (UNKNOWN
K
7=

). 55 2 53 MR 1) A S5 S AR B

216 FHfHARH % Software TechniquesAlgorithm

FATSEHR 1 M & BRI P REE R, WK
NFETR R GAAT [ 28R, ) L 1 o ) e SR AR
DRGSR, G RO, HCER 2 3070 i
WRNEER.

e, R RSB HL TN A 25 2 B A Y Y
B R SAF AT IR, AT RAE R, SRR 1
(45 SR 7 5 S PP

4 SEIG \
4.1 HIEE : B

A3 1 SERRRAE Jy @ATL2020, I 254 447 37
FREEFOZ'S 100 A FIRT, Foop R, . THK
) ,_1100 AN )20, 3508 T B 22 00 HE BRIV ) RS L. 56
TESEFIIAREE %20 52924 1 900 AT 2 600 /1] &%k, [F]
FESRN T B 2 DA 1) RIS b I SR P % R
e 2 R RHAT RIS, B 3 KRB (SPAN 247) %
AL Fr 2748 AN X, /&R RAY (YES/NO ) B8 1512
AN 2N, AR A (UNKNOWN KA A4
758 AN N

YES/NO 257

SPAN k71

UNKOWN 27

K3 ZRRAA

42 FHWBY

S I ZRId AR PR Loshchilov 2524 42 Hi )
T A B RN B & N AR A 1 (AdamW) 1E AR
ETE, 52 2150 1e-5. ffiH Tl 31 % (warmup step),
RISE BV 7 21 F 1125, SRR T8 MK, BRIk E
VI EE 5 2] %, JUAAHE KN 1, — 38115 10 $2.
43 KIHR

FH 000 45 2R ZAS AN B, 43 5 9 “answer”
Hisup”. “answer” % B (1) 2 B2 TN 25 22, “sup” Il /&
AT ()2 28 AR . A SO F1ARE Vo i = 2
PR, 43 B X “answer” F1“sup” FIME BEAT TF HORS
% (precision) MBI Z (recall), 135 p™, ™™, p**°

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 3

http://www.c-s-a.org.cn

i H AR SN A

P A E LA Joint F1AE/E AR &M AR,
precision A KB H MM ER AT EHIEER
SCABIAR TR 2B 7 LEZR, recall FSRFEIRFTA B IEZ
E RSN R3S @ N ) I TR Tl = S ey

precision M recall FiAMEFR, Hog =X (11) #1 X (12) .

TP
precision = TP+ FP (11)
TP
recall = (12)
TP+FN

TP 7R LSRR AR T RE A 4 j (token) A1 [F]
(65>, TP+FP R~ TR AR BT A 14 MEH,
TP+FN s B AR T TG 2 A E .

Ans F1 UAK Sup F1 BITFT7 75 0] 52 K 5 B 1
Faf 5 H B 25 p e =X (13) 1 X (14) Fiow:

2 Ans rAns
— pA“S 4 pAns
: 2x Sup X Sup
Sup F1=22P " *" (14)

pSup + ySup
Joint F1 THE 7L N2 K “answer” 5 “sup” [ F
R 5 A B BIAHE, b5 Joint S ZVF N 6 4.
A ApRhn S R:

pioint _ pAns XpSUP (15)
Aoint _ . Ans o Sup (16)

2% 'ointx joint
Joint F1 = 2XpT X a7

pjoint + pjoint

ARSCAR PRI & Bl 52 B A v AT ) S R TN SR

HEAT R ELS20 . FF FLAEUT 4 F R [F) MRS A A T 4T

XFE A AT, EER: .

(1) BERT # %Y, E?D‘iﬂlﬁléﬂﬁﬂ%iﬁﬁ)ﬂ%ﬁ%#
ATk T,

(2) ALBERT 5 8, SR FHH B 7 i 55 715 N iR )
ff) BERT FE A1) S48 Tl i Y 2 Jim SR 2 AF 55 2
ST HEAT T,

(3) RoBERTa #:2!, #H#: T BERT, 4l LBk T
T A TR 4. e sz B ) T 3 base RAS
1 large-ext BRAL. [EREAE F 224155 5 2] D7 vk b AT Tt

(4) MJL-DPCNN #5284 FH A1)76 0 R IG5 0 6 &
R KR T775/E DFGN B8 kAT SC 8R035 48 o4
JiI DPCNN HEAT W 725 ] 15 43 3527281,

(5) DFGN_CAIL 8!, #2#8 CAIL2020 FI%E 1%
3, IEXT DFGN % kb #3557

(6) Cola #7, CAIL2020 5 i FE A LL 3£ 55 4 44 Bt
AR

BT A SCI B0 B 9 b SO B B, DR IG A F o S
421 7 5 1) 77 sSUBUR AR 96 5T 1) WordPiece 7772, A
SCK F RoBERTa 1B A TN SR AL, s 56 (1 P-4 $8 A
5 HotpotQA —%§. LA B ARITENIAAE b (s & 5t
R PR, 1T LVE T 22658 i RoBER Ta-large
PRV T . A SC IR T AT RoBER Ta-large
FELL IR E AP 1R TRT 3.38%.

.

1 CAIL2020 SEH 45 R (%)
Y Ans_F1 Sup F1 Joint_F1
BERT 68.61 66.11 49.02
ALBERT 62.97 66.70 46.91
RoBERTa 71.09 73.63 5727
RoBERTa-large 74.86 77.46 62.77
MIJL-DPCNN 77.43 75.07 61.80
DFGN_CAIL 68.79 72.34 53.82
Cola 74.63 73.68 59.62
HF-Reader 78.48 80.33 66.15

4.4 THRLSCIS

1 S 6 043 R 4 91 AT 4 00 40 B M
I S RIS E 4. A T b P A R A
YeI TR, A SCHERT T 1 T s e

(1) -Retrq REader: JiofiifHible 517 Wbtk It
FZ(E 55 T BAREAT U,

- () -HF: X452 R0 77 7.

% 2 S IR, FIRE I )V R, Ans_F1
FHE FF& T 1.24, Sup F1 TR T 1.99, Joint F1 T
T 224, FREFMG T HRER | A 2 AR5 iR
RJG, Ans_F1I{E FBE T 2.01, Sup F1 P& T 2.48,
Joint_F1 FWET 3.7. b @bk s 4 b, WEW] T A5
FIFAR AT F) 7 20

5 HifiE

AR T — 2 AL 2 IR B, R i
TN 5 2 AT % % 5] 7 3R BUE 5 32 (018 IS 8,
T4 25 22 TR TN 25 S TR0 A 58 TN K B
148 F 2 A 55 2 51 J7 0 AT 00000, FEEA% HIE 8 b A 45 8
B TRHZ SR, S AT DI ZR TR, 55 LA A

Software TechniquesAlgorithm 3 FHA S 217

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

20224F #5314 H3

B P 25 Sk T4 e, 3 Hae B 1 BERT. ALBERT.
RoBERTa. RoBERTa-large PUFf A [F] BUAE ) T )l S A
RSt B 1 S 56 45 AT T O L b, SEER R I, AL
FIT & 7515 AT DAA RO i LA B 132 AR 1D 22 SRl L DA %
TEHE IR R 9 7k — D PP R T AR ) BT
R, 7R SC O VH b S B I R R HR R 921 BEAT T4y
B, 23 0 5 37 I AN 031 B R 47 S5, 43 7] 22 4

Retro-Reader 73 LA K JZ IRGWORTR 73, FEAEH 2415577
EIREAT TN 5, 1B 38 R T B, ik — Bk ]
T ARSI B A R AR SRR AN U R 12
M 5z e b, DAt — 0 AR Y 3R AT g AR A, 191
WA A ET T B G A 28 4 R DL A 7R T i ik
IGRHAT T, 32— 2042 AL 35 ) 152 B A 1 280 R DA I,
AR

F2 WHELSEEE (%)

o BX e L\ G
precision recall F1 EM precision recall Fl EM Fl1
HF-Reader 82.26 81.38 80.81 71.68 68.10 69.15 66.97 46.73 55.51
-HF 80.42 80.65 79.57 69.70 71.21 | 63.21 64.98 44.15 53.27
-Retro Reader 81.51 78.72 78.80 69.30 \ 67.42 65.49 64.49 44.35 51.81
SE -k 8 Huang HY, Zhu C, Shen Y, Chen W. Fusionnet: Fusing via

1 Long SB, Tu CC, Liu ZY, et al. Automatic#judgment
prediction via legal reading conylprehe‘nsiz)n. China National
Conference  on Ckvllinese‘ Computational Linguistics.
Kunming: Springer: 2019. 558-572.

2 Xu YM, Cohen SB. Stock movement prediction from tweets
and historical prices. Proceedings of the 56th Annual
Meeting of the Association for Computational Linguistics.
(Volume 1: Long Papers). Melbourne: ACL, 2018. 1970-1979.

3 Suster S, Daelemans W. CliCR: A dataset of clinical case
reports for machine reading comprehension. Proceedings of
the 2018 Conference of the North American Chapter of the
Association for Computational Linguistics: Human Language
Technologies, Volume 1 (Long Papers). New Orleans: ACL,
2018. 1551-1563.

4 BRI, TEF. BETIREY TP b 3 iRk . 15

HUELEE, 2019, 46(7): 7-12. [doi: 10.11896/j.issn.1002-137X.

2019.07.002] »

5 Rajpurkar P, Zhang J, Lopyrev. K, et al. SQuAD: 100, 000+
questions for machine Vcomprbhe\hsion of text. Proceedings of
the 2016 Conferehce“ on Empirical Methods in Natural
Language Processing. Austin: ACL, 2016. 2383-2392.

6 Seo M, Kembhavi A, Farhadi A, Hajishirzi H. Bidirectional
attention flow for machine comprehension. Sth International
Conference on Learning Representations. Toulon: ICLR,
2017.

7 Wang WH, Yang N, Wei FR, er al. Gated self-matching
networks for reading comprehension and question answering.
Proceedings of the 55th Annual Meeting of the Association
for Computational Linguistics. (Volume 1: Long Papers).
Vancouver: ACL, 2017. 189-198.

218 F A HiARH % Software TechniquesAlgorithm

fully-aware attention with application to machine
comprehension. 6th International Conference on Learning
Representations. Vancouver: ICLR, 2018.

9 Devlin J, Chang MW, Lee K, et al. BERT: Pre-training of
deep bidirectional transformers for language understanding.
Proceedings of the 2019 Conference of the North American
Chapter of the Association for Computational Linguistics:
Human Language Technologies, Volume 1 (Long and Short
Papers). Minneapolis: ACL, 2019. 4171-4186.

10 Vaswani A, Shazeer N, Parmar N, et al. Attention is all you
need. Proceedings of the 31st Interfational Conference on
Neural Information Processing S_ysterﬁs. Red Hook: Curran
Associates Inc., 2017.6000—6010.

11 Reddy S, Ch’en DQ, Manning CD. Coqa: A conversational
qu\estion answering challenge. Transactions of the Association
for Computational Linguistics, 2019, 7: 249-266. [doi: 10.
1162/tacl_a_00266]

12 Zhu CG, Zeng M, Huang XD. Sdnet: Contextualized
attention-based deep network for conversational question
answering. arXiv: 1812.03593, 2018.

13 Rajpurkar P, Jia RB, Liang P. Know what you don’t know:
Unanswerable questions for SQuAD. Proceedings of the 56th
Annual Meeting of the Association for Computational
Linguistics (Volume 2: Short Papers). Melbourne: ACL,
2018. 784-789.

14 Zhang ZS, Yang JJ, Zhao H. Retrospective reader for
machine reading comprehension. Proceedings of the 35th
AAAI Conference on Artificial Intelligence, Virtual Event:
AAATI Press, 2021. 14506-14514.

15 Yang ZL, Qi P, Zhang SS, et al. HotpotQA: A dataset for

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.11896/j.issn.1002-137X.2019.07.002
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.07.002
http://dx.doi.org/10.1162/tacl_a_00266
http://dx.doi.org/10.1162/tacl_a_00266
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.07.002
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.07.002
http://dx.doi.org/10.1162/tacl_a_00266
http://dx.doi.org/10.1162/tacl_a_00266
http://www.c-s-a.org.cn

20224F #5314 H3 W

http://www.c-s-a.org.cn

i H AR SN A

16

17

18

19

20

21

diverse, explainable multi-hop question answering.
Proceedings of the 2018 Conference on Empirical Methods
in Natural Language Processing. Brussels: ACL, 2018.
2369-2380.

Ding M, Zhou C, Chen Q, et al. Cognitive graph for multi-
hop reading comprehension at scale. Proceedings of the 57th
Annual Meeting of the Association for Computational
Linguistics. Florence: ACL, 2019. 2694-2703.

Qiu L, Xiao YX, Qu YR, et al. Dynamically fused graph
network for multi-hop reasoning. Proceedings of the 57th
Annual Meeting of the Association for Computational
Linguistics. Florence: ACL, 2019. 6140-6150.

Tu M, Wang GT, Huang J, et al. Multi-hop reading
comprehension across multiple documents by reasoning over
heterogeneous graphs. Proceedings of the 57th Annual
Meeting of the Association for Computational Linguistics.
Florence: ACL, 2019. 2704-2713.

Nishida K, Nishida K, Nagata M, et al. Answering while
summarizing: Multi-task learni\hg for multi-hop QA with
evidence extraction. Pr“oceedings of the 57th Annual Meeting
of the Association for Computational Linguistics. Florence:
ACL, 2019. 2335-2345.

Tu M, Huang K, Wang G T, et al. Select, answer and
explain: Interpretable multi-hop reading comprehension over
of the 34th AAAI
Conference on Artificial Intelligence. New York: AAAI
Press, 2020. 9073-9080.

Shao N, Cui YM, Liu T, et al. Is graph structure necessary

multiple documents. Proceedings

22

23

24

25

26

27

28

for multi-hop question answering? Proceedings of the 2020
Conference on Empirical Methods in Natural Language
Processing. ACL, 2020. 7187-7192.

Duan XY, Wang BX, Wang ZY, et al. Cjrc: A reliable
human-annotated benchmark dataset for Chinese judicial
reading comprehension. China National Conference on
Chinese Computational Linguistics. Kunming: Springer,
2019. 439-451.

AL R THI 7] 22 283 ) LA (] 1 PR AR T VEBT AL, h
YAE B AR, 2020, 34(6): 81-88. [doi:(10.3969/j.issn.1003-
0077.2020.06.011] \ B

Loshchilov I, Hutter F. Fixing weight decay regularization in
Adam. arXiv; 1’;1 1.05401v1, 2018.

Lan Z, Chen M, Goodman S, ez al. Albert: A lite bert for
self-supervised learning of language representations. 8th
International Conference on Learning Representations. Addis
Ababa: ICLR, 2020. 344-350.

Liu YH, Ott M, Goyal N, et al. RoBERTa: A robustly
optimized BERT pretraining approach. arXiv: 1907.11692v1,
2019.

Johnson R, Zhang T. Deep pyramid convolutional neural
networks for text categorization. Proceedings of the 55th
Annual Meeting of the Association for Computational
Linguistics. (Volume 1: Long Papers). Vancouver: ACL,
2017. 562-570.

TR, EFA, EAL, &5, 22T MHSA MI)7ER R 58 1)
FL B 152 2 A 75 3% 0F 7. B 3 46 3%, 2021 1-11. [doi:
10.16383/j.aas.c200951] ‘

%

Software TechniquesAlgorithm FXAFH AR 7% 219

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.3969/j.issn.1003-0077.2020.06.011
http://dx.doi.org/10.3969/j.issn.1003-0077.2020.06.011
http://dx.doi.org/10.16383/j.aas.c200951
http://dx.doi.org/10.3969/j.issn.1003-0077.2020.06.011
http://dx.doi.org/10.3969/j.issn.1003-0077.2020.06.011
http://dx.doi.org/10.16383/j.aas.c200951
http://dx.doi.org/10.3969/j.issn.1003-0077.2020.06.011
http://dx.doi.org/10.3969/j.issn.1003-0077.2020.06.011
http://dx.doi.org/10.16383/j.aas.c200951
http://www.c-s-a.org.cn

	1 引言
	2 研究进展
	3 模型与方法
	3.1 任务定义
	3.2 模型构建
	3.3 编码层
	3.4 层次微调方法
	3.5 精读模块
	3.6 泛读模块
	3.7 预测模块

	4 实验
	4.1 数据集
	4.2 实验参数
	4.3 实验结果
	4.4 消融实验

	5 结束语

