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Multi-hop machine reading comprehension based on multi-stage reasoning
LI Juntao', OUYANG Zhi*, DU Nisuo®

(1 School of Mathematics and Statistics, Guizhou University, Guiyang 550025, China;
2 Guizhou Big Data Academy, Guizhou University, Guiyang 550025, China)

Abstract; Multi—hop machine reading comprehension involves extracting key clues from relevant documents and inferring the
answer to a given question based on those clues. With the advancement of natural language processing technology, this task has
attracted increasing attention from researchers. However, little attention has been paid to direct interaction between key clues.
Therefore, this paper proposes a multi—stage reasoning—based multi-hop reading comprehension model structure. Following the idea
of progressively refining information, it sequentially extracts relevant document sets, supporting sentence sets, and final answer
fragments based on a PLM—based deep learning model that is related to the question. In addition, a multi—Ilevel relational graph
convolution network is proposed in the answer prediction model to facilitate sufficient interaction between key information.
Experiments conducted on the HotpotQA dataset demonstrate that, compared to the baseline model, the proposed model achieves an
improvement of 24.26% in Exact Match ( EM) value and 23.86% in F1 value for answer fragment prediction.
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Fig. 1 Multi—hop reading comprehension tasks involve multi—stage execution processes
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Fig. 2 Two-stage document extraction model architecture diagram

22 ZEkERE

TESCRY B T 55 Th AR EC T 5 [R1 250 1) JAG O ) AH
RSCRYEE , 456 E SORY B SR A 7 B 20 28 32 T A DG 1Y
Z P AR R AR 3 BT, o A A By

B, —BrBUR KRR SRR R, AR A5 Y F
L5 [ 225 I R A 225 S AR SR A S B S ) B B
S R TMAEAY | H AR & 455 — B B it 4 3 45 )
SRR R A A Y B 2R



4 o i w5 MM

14 %

3] A T 55

x A ER
s Ji8E [iSES
2 FH SR 4 I
) 22 HEPRAR
@I [¥7) £ i R AR Y

k=

— B

A EIfd
itk it

SHFRIR ST e A HR
itk sk

=73

3 AMRSHIEEERENE

Fig. 3 Two-stage multi—-hop reasoning model architecture diagram
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Fig. 4 Supporting sentence selection model architecture diagram

FHRAPA TR U AT
1) PR AR e, 32 AE e T B AR SCP £

HRETRA 3] 1) R 5 SCRS B 308 a1 AL ) g A Y
P, 3271 A DR T SR R PR R R 2% R i 5 B AL



5 8 1]

BV, ST 20 BUfE R A 2 BRHL &% b 52 B 5

TR BRI AR

(1) 554k — SR il s ) 185 B AF7ERE
B ) TR [R]— SCRY 8 A 5 i =2 ) ST —
il () 3% 42 , A LR AR [ M,

(2) BT SO B M A R B A R X —
S T Y SR g — R G SR ) B ) A
HEST 53— R e A SRR M

2) R AR B 3 R R R Q FNAR
it SCP AR AR B A OC ST BE D Fe AR
1155 e i A 2 I3 o Pl 1 R0 5 A A0 A B
AR FRIR AL, B Sl n) BRI OGSO S Pf42 R
[CLS] +Q + [SEP] + D, + [SEP] MIE1EN
B seq, ¥E ] ELECTRA ) Large HiRIXT sep i
Trgmtd a3, A2 A K (3) BRI ERR QD e
RY ) Hop (LSRR A M KK B, d Ry i) 1) i
ZFRIRYESE

QD = ELECTRA - Large(seq) (3)

3) AR HAMEIALI, B E B R AR A
(1 A5 T A R iy R ), 3l i 38 X ) F R 4
TR 0F (B AR 5 SCRY (5 AT 28 LA,

5, IR QD Y873 RIS R, FISC
PERIR R, W5 I 28 S 7 2600 Tl R A 2, Al
AFISCR R I A R (4) -3 (6) iR,

Q=R W (4)
K=R, W' (5)
V=R W (6)

WA A7) - AKX () HEZ K GER 1,

cross — Attention (Q,K,V) = SoftmangKTg V (7)
e J/d, g

head, = cross — Attention (Q,,K,,V,)  (8)

MH - CrossAttention ( Q,K,V) = Concat (head, ,

-+ head;) W° (9)

B2k YRR G5 RS WO A LA
M RIRFRIR QD Bl G 3 BB 5 IS SUAR R
NI (10) BioR
QD = QD +w*MH - CrossAttention(Q,K,V) (10)

3 3 G AR P AR I 28 A 75 s A R TR B B
ABRIE .

FB RN RN, SRR R SR
AT IR AL & Pos',,, MZ5 AL E Pos,, 133
B F IR RR ML, e R i len,,,
TR KA FRKE, RFiEEd—ZMETme)z
AR TR token WY 14550 RGBT
PR G ) F5 B3 A 71 R, AR

(1) s, Horr, f(-) o3 7R IEZMARL
PEBIT PR Bl 22 BT 2%
Node,; = Mieul ®f(QD [Posium 1P03ind] ) (11)
B2 M T EBLR B 5 &R 1R G TR 4%
(Gate—RGCN) BB 17 s n . BB A0 (12)
X5 ST R R A BB B AR IR JE 1 U L
fHE RIRHEIR A (13) (A3 (14) BT B 2
T35 SR B ], B m 4% IR A 0 (15) HEAT Y
R FPRAE (5 B RS, 200 — 2 B Bz H 5
PR SAE B RR Node,,, .
Node!"" = 0'( z 2 W Node;” + W Node;[)) (12)

TeR jent

w = O'(fgam(Concat (Node!™" ,Nodel) ) )  (13)
Node!"' = w' ® tanh(Node!"') + (1 — w') ® Node!

(14)

Node!"' =mean( z Nodef”) (15)

Hodr | Nodel™ FeRef o A9 S AE L IREH A 1Y)
TR, R BRSSPI N FoR5E r FhilZeml
T AT S T AR E T AR S WY RRTE
5L )ZRBE A PR AR, W E
N EE WAL R RIERE ; £, () Fom— R MR
FLeREL; o (+) A sigmoid TG PREL; ARIR I AT
.

4) AL B T R X A B PR R
P92 A7 B AT 55 A 26 T [l 2 2 1 S R )
T, O R (16) 18 i R 2 A 1 2 M 2%
S o) 53NN 28 LT 245 3 B A SR R
QD" BRI 4 245 2 1Y 4 5 7 55 KR Node,,, 11
BRI R A, 5 Je He B A =0 (17) i ad — 4
238 S 5 2% PR X ( Binary Cross Entropy, BCE) 3T
SRR R L, o FE TIOR3 45 T AR
FRT threshold AY/m)F1E A fe 2 SCRpR) T 45 51

Y = (QD) +w - £, (Node,,,) ~ (16)
L =BCE(y, 0, Yuun) (17)
2.2.2 EEEIELA

RPN AL B 4 AR HEZR AR 5 BT

(1) EIA AL B b T AR 8 SCPY e e
RSB (4 A 6 SCARY A 38 3 18 1 A I Ay g 45 A R =2
A, i3 1 S A AR B S ) R, SRR
0, PV e SR Y 2 ) R R B AT A A A5
FIOCFHH K SCARY BB B M, | T [R) R 28 5
HiE M, DL ST SR b AR R M,

(2) T AREHR A HRRE R Q FIAH G S



6 oBe

2N A | S T A ¢

14 3%

PR N I A& K, [CLS] + “yes” + “no” +
Q +[SEP] + D, +[SEP], ##%li /] ELECTRA
RN sep HEAT Gt Ab B, A R A 5 B9 SCRY s
0D RLde

(3) S H AR S, BRI R 471
BRI LA K i 3R d 3 A8 O T M2 9 R 45
TR 2, Xof [ FUAF OGSO {5 R AT S AR, A2
SO T M2 1A B AR SR e R AL
AEH MERAR N A2 SO I R R B AR B
HR A SRR D', SR Gl 29 R EE
TR 8T w5 B, By . i e 4
AR (1) ~ A (15) 3 4 R GUE R KR
Node® ™" | SR J5 4 34 4) 19 45 3R Rl SR ) 4T 45 0

BESTaE S
HRICR I
oL
ﬁ;ﬁit ELECTRA
T i AR R

M M {E A Gate—RGCN % A, #2 B8A (18) -
(20) X 3R]y S TR, e R BRA S0 (21) 8
A SR RN M S R ) R I T B I i
HAS B LM SRR Node,,, .

Node‘;“p(l”) =0/ z 2 wee Node;“"(“ +

FeM jen;
Wy Node;™ ) (18)

w' = 0 (f,uc (Node;™ D)) (19)

Nodel™ = w' ® tanh(Nodej“"(M)) + (1 -w) ®

Node:"™ (0 (20)
Node,,. = Attention ( Concat ( Node®™"
Node*™ ")) (21)
MASK #ric
EZ2 3
P ACES
4
E 1%
iR BB
E
LN ERES
ST B

5 EERMNRBIZGE

Fig. 5 Answer prediction model architecture diagram

(4) e, AR 358 T Y B )
R R SRR QD LR R 15
8 Nodey,, AT IR 28 (R IR AT, # SEHLAE i
B S ) e T LA ) SR R4 B S MASK
bR e B B 56 Fr A0 R R 2 S )
bt S B P ek T R 2 T R
Node,,. 115 BT T I | B 38 1o 2 4 1
JRRIZ [0+ ) FREVHISE SR — A token ST
WS BT ., RS A R MASK i

TR SR S IR EARAY v . IS B
5 Yoo WIAT(22) ~ A58 (24) B,

Yeemt =S pan (Attention(Node,,,, , QD' )  (22)
Vo =L (QD) + vy + MASK,,, (23)
3/6'"(] :f;pan (QD,) + Ysent + MASKSUP ( 24)

TEYIZARRT i85 283X (25) T2 5 v Bl 1 4
WKL, . Hh, CE(-) &38R R, 2
Dt , 3 sigmoid FT PRI 2124 SR AR 1 L A T
DIRERAE, WX (26) R o

Lspan = CE(;/smn ’ystarl) + CE(;/(‘nd ’ycnd)

Pstart ’ Pend =0 (ystarl ’yend)

3 XBRERSLM

3.1 KIRIME

SEE ff Y g B 0R F & Python3. 8, £ T
CUDA10.2, Pytorch 1.6.0 HEZLFE AR 1) SEIG AT 5
JIR 45 % 38 /E 2 550 Ubuntul8.04, N 1M 128 GB,
GPU & 12 GB Nvidia Titan XP ,#7E 8 Ht GPU |
isf7, BRI EASEOLR 1,

(25)
(26)



5 8 1]

BV, ST 20 BUfE R A 2 BRHL &% b 52 B 7

R1 AIEEERASY
Table 1 Reading comprehension model parameters
28 SRl
T A ELECTRA-Large

iR AYE 1024
PHE AR RRKE 512
Lo N3 64
— R YT 1024
Y25 batch_size 3
BHIE U batch_size 12
TdfE ) R 1x107°
Pefb#s Adam
adam_epsilon 1x1078
noise_lambda 0.15
SR PR A P A B2 B 2
SRR PSR TIN5 B 0.50
2B SR TI0 AR A P AU AL 3
plEER eV 8

3.2 ZHEE
AREFRIR T HotpotQA g4 distractor A

PEATSEEG T, BOHE AR AL ok H 4L | RN
10 JFAN AV EAEAS Bt 4 vh R AR 0 2 (i
SCRY IR, SRR e, 2R ) UoTH L, S TR R
loe] 132 PR B TR FE AN (] i B S N T 28 b
B AR T SRR E MR RARES . WL, IB5IAT
HHTEMFEAR sup_F1 A1 sup_EM, FT7FAL 2 Bk
PSRRI IE 6 R SE I EE . BT, K282
B BEAR AR R AT X2 B R AT R Y, R 2
HotpotQA i 48 1 B4 HE 1], He v bR 2 44y 3
PREE | SR IR N RN B A 5.
33 R

h TR AR R PERE e T 4 AR
AL T P g 22 I 4% ) T3] i3 #fi B ASE 7R ( DRGN®Y |
SAE' HGN'®! AMGN'*") D) K KL 2L 45 %1 ( Baseline
Model 7 ), 7E_FARBE A M IR UEAE 1 AT LU, B ik
BRI HAN B ARLZE IR 8PS L AYZE SR 3,

% 2 HotpotQA EHE & EEHGI
Table 2 HotpotQA dataset data sample

SR 1

Allison Beth "Allie" Goertz (born March 2, 1991) is an American musician.

Her videos are posted on YouTube under the name of Cossbysweater.

[1]

[2] Goertz is known for her satirical songs based on various pop culture topics.
[3]

[

4] Subjects of her songs have included the film " The Room" , the character Milhouse from the television show " The

Simpsons" , and the game Dungeons & Dragons.

30 2
and part of the Simpson family.

[ 1] Bartholomew JoJo " Bart" Simpson is a fictional character in the American animated television series " The Simpsons"

[2] He is voiced by Nancy Cartwright and first appeared on television in " The Tracey Ullman Show" short " Good Night"

on April 19, 1987.

[3] Cartoonist Matt Groening created and designed Bart while waiting in the lobby of James L. Brooks” office.

R4 3

[ 1] Milhouse Mussolini van Houten is a fictional character featured in the animated television series " The Simpsons" ,

voiced by Pamela Hayden, and created by Matt Groening who named the character after President Richard Nixon's

middle name.

[2] Later in the series, it is revealed that Milhouse’s middle name is " Mussolini."

[ia) f5 Musician and satirist Allie Goertz wrote a song about the " The Simpsons" character Milhouse, who Matt Groening named

after who?

SCRY1:1.2.3; 3084 3.1

sy President Richard Nixon
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Table 3 Model metric comparison results

o A BRE 1535}

EM/ %  F1/% EM/ %  F1/ % EM/%  F1/%

Baseline 20.32 64.49 45.60 59.02 10.83 40.16
DFGN 51.50 81.62 56.31 69.69 33.62 59.82
SAE-large 61.53 86.86 66.92 79.62 45.36 71.45
HGN-large 62.76 88.47 69.22 82.19 47.11 74.21
AMGN+ 63.57 88.83 70.53 83.37 47.77 75.24
AAEE 65.35 89.38 69.86 82.88 48.83 75.50
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(1) EM {HA1 F1 530 FEAR T 0.85% F10.65% ; >4 55
U5 RBR T SRR B PR R AE B R O R B
TR 4 FESR UESE I S Rpm) ) EM BN FLAE 230 50 %
IR T 1.14% F1 0.97% , 2% W13 1o 5C & G TR 25
TESCR )+ 5 A) F = [) | A)F 5 ] 8] A4 2,
flA, T DA R T SR ) T AR Y kG

Sk T 2T 5 TR AR A ey A FERT o
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Table 4 Results of supporting sentence selection model ablation
experiment
EM/ % W31 F1/ % T3l
SRR AL 65.35 - 89.38 -

a) BERAZEXEE T 64.50 -0.85 88.73 -0.65
b) LR KR EIEH 6421 -1.14 8841 -0.97
x5 EZRWMEBERITIELIEER
Table 5 Results of answer prediction model ablation and

comparative experiments
EM/ % 1% F1/ % V5
2 SR TR AR Y 69.86 82.88
a) EERZXIEE S 69.08 -0.78 82.21 -0.67

b) EBRZH KR EE R ML
¢) Bl MASK Hric A ARHEERA]

35 HROM

AT TR AR RS AN [RIZE5]( comparison,
bridge ) FIA[AZ 22 (yes/no, span) FUEHE , #E4T
TIFMAEAR AT LEXT 45 R WL 6.,

M Yang 257§ 20 AT distract JRAS HotpotQA
B4 A ) 828 51 A comparison B B HE AL 491 5 E
20% ,bridge 257 (5 80% ., 1M NS 56: 245 SOk &, B
HIXGIAEA B 3D 1Y comparison 28 7 14 [n] 81 5% £ 5
U, WX TRD UG AR AN () SO rb 4 21 422 1] O ik
Py  BRSCR A T AR B — E R T
i, 30 RS A 30 5 2 A1 T A A%t i BRSO o g 7K
A 3, LU AN () B v SO A9 it v At v o v
MERR . MBEZEMENAEE ,XTF yes/no 25l[H]
R 22 7 B il i) EMERT F1AE B 43513k
27 93.04%F1 93.15% 1= 7K F-ZR B ; 1M span 2378
BB IR B A E | TP X E 1 R A
RIAET yes/no ZEII 4 [a] BUFAERE R 250

68.77 —-1.09 81.93 -0.95

67.90 -1.96 81.17 -1.71
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Table 6 Results of experiments on different categories of questions

A BRE 1535}
Bl
EM/ % F1/% EM/ % F1/% EM/ % F1/%
(A5 comparison 77.31 92.87 80.02 85.26 63.04 79.88
bridge 62.33 88.49 67.32 82.27 45.25 74.40
BEFME  yes/no 82.34 94.08 93.04 93.15 77.73 87.45
span 64.24 89.07 68.38 82.21 46.96 74.74

AN A SGRARTE T BTN A5 28 i S R AR A1)
FEDRERIN] DL A RN JE AR LR
WRAIK 3, R 7 thaIZE TGS R AR R
Gt a R W B P A A A IR S R h 2 R T
IS4 ) A5 IR HY | BE R A, 9K T HC R - Tt i)
ESSIF NS AESE ST SvN b= oS (k= () v N
L bR E & %2 N “ Greenwich Village, New York
City” , T ABS Y () T 285 5 54 “ Greenwich Village” , 4%

=7

FRSCRE AT TN A, A R R ] 1] 254 2 A0 15 0
FATLOASEIER A S, (Bl T A & — 2, 15
EM {HFEAE, X AR IR R bRt EM (A F1{H
FZBRM N, SRR G 25.42% , LB
HR] DA HH AR AN R ] 25 R DR ELRE T ) 5 A o
A S () Ja M ) BOURT RSE , T 2R SR ARG T L 3
A SHEA] TR T Hoh 2 A IR A 2R
FRZ TR SR B 22

SEIR TG

Table 7 Examples of Error

P

R4

BRAREH(T3.14%)
%5 5 ; Greenwich Village
ST EM L :2/2

RAEEIRSE (1.44%)
TIMZZE s yes
AT EM [:3/2

SSRGS RIS (25.42%)
T % ; United States ambassador

SR EM He:2/3

[A]/# . The director of the romantic comedy " Big Stone Gap" is based in what New York city?

AREA ZE  Greenwich Village, New York City

|55 . Are Random House Tower and 888 7th Avenue both used for real estate?

PRI % ino

[A] 1, What government position was held by the woman who portrayed Corliss Archer in the film Kiss and Tell?

PRIEZZE . Chief of Protocol
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