Multi-Hop Paragraph Retrieval
for Open-Domain Question
Answering

ACL2019:&> 87T

20185F9H11H

A
BB RFAFRIBIHRFAFTA
fMERLEMFR T > 5 —



Multi-Hop Paragraph Retrieval for Open-Domain Question Answering

Yair Feldman and Ran El-Yaniv (Technion — Israel Institute of Technology), pp.2296-2309

Question: The football manager who recruited David
Beckham managed Manchester United during what time-
frame?

Context 1: The 1995-96 season was Manchester
United’s fourth season in the Premier League ... Their
triumph was made all the more remarkable by the fact
that Alex Ferguson ... had drafted in young players
like Nicky Butt, David Beckham, Paul Scholes and the
Neville brothers, Gary and Phil.

Context 2: Sir Alexander Chapman Ferguson, CBE
(born 31 December 1941) is a Scottish former football
manager and player who managed Manchester United
from 1986 to 2013. He is regarded by many players,

WEDQAT —F v MIERENTEXARICE B DEFEN
FET DE /Ry TH#Eim (GRS MEIN D )REN 0
EMEOFFR(ICIENILFRY T T, BRI ARIERD
IRRWA =T > RAA 2 BIDBERISE(ODQA)FENNE
ST E U TIE. ChenS(Chen et al. 2017)AY
WikipediaZzFIFH U. tf-idflc &2 B BINST S IRRERT
E—Rw 7OODQAZIRE

AKX TIL[Clark et al. 2018]03n;.,ﬁ€3&§1—)b€7§%
(CZ7Rw TDODQAFEZIRE L. HotpotQA(ZRkw )
T 214iI. SQUAD-Open(B—7rRw ) TSoTAZERK.

managers and analysts to be- one of the greatest and most Setting Method Answer Sup Fact Joint
successful managers of all time. EM F EM F EM Fi
e . Bascline (Yang ct al., 2018)  44.44 5828 2195 66.66 11.56 40.86
7k TERIDE : Context 1HRHAIDTFHIND & distractor _Descine (Yang et al, 2078)
2w F(first hop, $3:2). Context 2T 2 ZEEDFH} Our Reader 51.56 6532 44.54 7527 28.68 54.08
hD &Q\ya’_(second hOp, %@)\ 2 DODKH)TE(C,*E Baseline (Yang et al., 2018) 24.68 34.36 5.28  40.98 254 1773
B9 BEEXRIR(Alex Ferguson, S&)%E% full wiki  TE-IDF + Reader 27.55 3658 1075 4245  7.00 2147
MUPPET (sentence-level) ~ 30.20 3943 1657 46.13 1138 26.55
. = re MUPPET (paragraph-level) 31.07 4042 17.00 47.71 11.76 27.62
ZINw T - AT > RAABRISETE 2 DB E
DEE/\S TS I%RFRT D(NTTOREMASDFEN — —— ?VS’-LPOt(?A(—;d—g»y
HotpotQATSoTAR IERY L =S HIA o ! ikipedialcX 9 2%
POtQAT ZEMUICHRSHINSD) DrQA (Chen et al., 2017) 28.4 Ry TOBRET—45t
DrQA (Chen et al., 2017) (multitask) 29.8 - W I\ gﬁ:ﬁ%&l 12K)
3 (Wane ef : : v =
[Chen et al. 2017] Dangi Chen, Adam Fisch, Jason Weston, gsf(";’; &?;‘;'lﬁ_?]z%‘;)g) O
and Antoine Bordes. “Reading wikipedia to answer open- Par. Rar;kcm Full A%%‘ (Lee et al., 2018) 32.2 Y
; : ” Minimal (Min et al., 2018) 7
domain questions,” ACL 2017 Multi-step (Das et al., 2019) 319 392 SQUAD-Open
[Clark et al. 2018] Christopher Clark and Matt Gardner. BERTserini (Yang et al., 2019) 386 461 (SQUADDERIDHI &
“Simple and effective multi-paragraph reading TF-IDF + Reader 346 416  Wikipedia®thZz Xt (C
i ” MUPPET (sentence-level) 393  46.2 - =__ W
comprehension,” ACL 2018 MUPPET (;‘;m;r;;hf]‘;c]) 56 455 Liz—5tzv h,

2

Bff£X100K)



Multi-Hop Paragraph Retrieval for Open-Domain Question Answering
KA DB R TIIHRT + RS 25 A(MUPPET)DIBRE  A=((QKS) LR BpESH

%DQE‘&EKS
= {Py, ", Pis } Q
}\7077 P,
(pll P )
(FIfElDtoken’ — 7Ry JE#ET. FHESRER T E(C
- E— Reformulation — { . KEDHERIT ML =8, k=45(C3% T
=ia{e) | i t L TR LSBT
E:(CI{]E, Ty Em)ﬁlj l [ iterations |
m{EdDtoken | . =
Question | ) - Paragraph HEEEERARD
FREA [ Encoder 1 Ll Hetie | —’ (i, )”| Reader J fEZspanz i
'(:él o a)) T F EﬁW*ﬁ*ﬁ?(MIPS) l
Lo p p - PIKs| (C‘JI D _EAIkAED) (S
(EnfEldDtoken?!] 1R ) S I%e%R 4
Paragraph Jo e
Encoder Encoder HotpotQA®DYes/NOBREINDEIE T
supporting factEEBD (EE FE/R0)N
Sl 82 Sk
! tokenZ IE/RBIGRUICFAHAA TXARFRIRC,, -+, ¢, &4k, H
Sentence-wise Mas-Pooling| | {FODKEIDIBAHZEIRCES L. max- pooling-over-timeZz:t&
token 1 (BRENRD NLDEFR(C (Ftoken XD NLZ{E)
| BiGRU ‘ (Cl 7 €2, Crn) — BIGRU(t 1, t2,..., tm,)-
’_% s; = max(c;,, Ciy, - - -, Ci, ).
Word [ . . - U
| imbed | (GO | nememsmmpa Dtoken t, -, (4, BAIEE SN IEGloVe S SEEIAK.
HSJ:U“S'(—?I//\‘)I/ODiEJ‘&E’#ODCNN(uJiémaX poolingZ & (diRT)
anE 6 t¢ = max (CNN(t§,t5,....t7))
1tz |t3 . tm , : '
' t = [t";t°]. (ZBTEELMobRES Hiti Rk




Multi-Hop Paragraph Retrieval for Open-Domain Question Answering
KA DB R TIIHRT + RS 25 A(MUPPET)DIBRE  A=((QKS) LR BpESH

%D:ﬁ%ﬁKS
= {Py, ", Pis } Q
}\7077 P,
(pll Py )
(EIAEDtoken’l — I7Rw ZEIEE T,
N l____{ Refo{‘:”;ftlon ]‘ - kfBIDERINRT ML
EF(EEQ ) i i & U TR USSR
=Ty, Ay i [ iterations
(FmiElDtokensl | : _ s
m oxen ( Queshon l Paragraph HESRRAD
REA Encoder sl i —’ (Piyy s Py) Reader ﬁg”é‘-‘Span;&Hjjj
'(:él e a) . T H‘ﬁW%ﬁ*ﬁ%(MIPS) l
bk p1 Pz - pis ok D EAIKED/ (S
(EnfEdDtoken?ll ' S IR A
| ‘ Paragraph
] Encoder

BERIQICRSE T BHNMRD/ (SIS TP = (s, -+, s)RUTFD
— :E - . =] L C= /= = ) e O A e .
FOUETRL. rel(QPYED LAk BD/NS7 S IR MIPSOETER & 123/ (505 Tz tf-idfR— XD

s; w1 INSD'S Ti&ZR2R(C K D BRI HIBR S B (1)
rel(Q, P) = max g( SiOq| W2 H,)? RIK 1 DOERESD/INSIS T ZREBETETDH, EEEFE LW

i=1,...,k Si*q w3 ES (RTINS T S TEZIB U CHBIEERERE LR
W4 12
q 1.0 — — ': e a5.0 ,.--""‘_ — B + f:_ T
HDI\NSTITSHICEBQESV\EEE o8| A RSl S Mo
El / o ht B — w
%ﬁjﬁls.b‘ 1DEFFNTLWNIELWL gos| / p 0 g S| f
N E " A §ars ‘\_ uz‘: /
]_ E 0.4 50 k-\"’\-‘nk__ § ?
ECE - E Z Yi log (T’CJ(Q@, I)%)) " o2 ',/} e 325 — e | 8 o aemtapceieve
P /T ek o m— - rres
+(1—1 ) log (1 —rel(Qi, P; )) i - . I I I 0 200 400 600 800 1000
.}3 - s+t Y Number of retreived paragraphs Number of documents in search space Number of paragraphs in search space

©— TN = a) TF- strieval results b) SQuAD-Ope .
4 BRUSFDDEK (A %= REL () TEIDF retrieval results () SQuAD-Open (¢) HotpotQA



Multi-Hop Paragraph Retrieval for Open-Domain Question Answering

AW DRy TXIMRZER + 5fF> A7 A(MUPPET)DERL.  A=p(Q,KS) &1 pEFE

HFEEKS |
oS Ho e ? 2 BEUEDERDELT
= (Py, -, Pi ) (G x poin> LAk
(I B Dtoken?!) Ry TEEET. . DINSDZ 7RSS
____{ Reformulation }____ KBEDBEERARYT ~L ¥
i Te) i Layer & UTHBR UESH
Zt(c!{iﬁ,] Ty Em)ﬁj i [ iterations |
miEdtoken?! - 2 ! : —
Question :1 MIPS Retriever 1__ P, _"_ ., )”| Paragraph j%jnr_ ERAD
FREA . Encoder Reader ﬁzpéspa nZz ]
= (a, -, a) b g f f H‘ﬁW%ﬁ*ﬁ%(MIPS) l
Nrakanl p1 pz - PKs| (C\\JI D kD) (S
(EnfEldtoken?l | ) P p 4
— Reformulation | ‘ paragraph
q J Encoder
Max-Pooling ] BRIQE/INST S TIPDtokenBEMID 7T > 3> & 5tE ([Clark et al. 2018]&E L)

token _. Stlm + ]

[ Linear + RelLU
[ BIiGRLU
. )

Linear + Rel.U ]7

R P

1

P

<z Bidirectional €2
- -
Altention

g =W (0,

NS S JPMDtokendattended vector a;  query-to-context vector aP

e
i Tp . 3. ¢
e m; = max a;j, [B;= e
f—Eifj' — Wj a; = Z (_){13(,‘? 1<_‘j‘<?’bp Z?:[ e
j=1¢€ i )
g
= E o9
I l(jﬁ("’z .
q q n i=1
Ci'ﬁaiﬁc' 'G:' a; ﬁnd ﬂf (_::) a;

ZiEfE, RelLUEME L EFRZEEH CRIRMIZBRIND MLqadrk



Multi-Hop Paragraph Retrieval for Open-Domain Question Answering

BRI DERY TXIHRER + FfRS X5 I\(MUPPET)DIERE  A=p(Q,KS) £ B pE e

HEIREKS
= {Py; " Psy ¢
SIS P,
= (P1/ s Pii ) |
(FIEDtoken?l : I7Rw JEIEE T,
_____ Reformulation | KIEDBRIAR L
| =3
RIQ i Layer &L TR LB
= (94, ', Am) i  iterations !
(Em1EdDtoken?!l ( ‘ N ' ' =pr e
Question ) . IR _:’ _ _ Paragraph FESERAD
FREA . Encoder 1 MIPS Retriever & Py, - Py) ‘{ Reader fREspanzz
o a) : g S RANERZR(MIPS) i
— \%1 "' Cn Py P2 - Pis (Ck D EMUKED/ (S
—_ | ‘ Paragraph
% . Encoder
Paragraph Reader(d. BRIQEMIE T SNIZ/INSTS TEEPARDEPIC DLV T FELdDnegative
log-likelihoodRZE&iEIL T D, T Tsyld. P[CEFNDtoken t; HEEZ DspanfiinfiZig(start) &
BB FRRAITTHD. AlIRICESFENDIHEEDokenSEETH D
Skj IR TCOIREINSTSTCD
) e ki
[ — _low Z.?‘-ZPQ Zk?‘qj W TCHRZE spanDIEEE = 1EAR
start = 8 Z Eﬂj ,5i; »  {t(shared-normalization)
jePQ 24i=1°¢ [Clark et al. 2019]
FRE(C(FEEEspanDIR TAIE (end) (CEAT 2R EDHC KD FEEDBENES Z&/IMET D
ﬁs*p&n — Esta'rt + Eend-
6 ey wEKT



B

— EESAFT .
I 3 Fq?ﬂm¢ﬂﬁrmm}
ElEAT
A L_F— > mmmoks .
:'E]j—-:—- o .
) A EE O S
Query Focused
R > oo | TS .
@ v
T FFTiriaie
B FREE AR [ ] s=mam
WA T T 2rieate 1 RMN
SRR AR [ wiasmaiaa
SFHHAH
BERRR |:I
w#e  EEXa

PR S DFMHFES A5 L, “HHHE
B EDRFFE(CLDEIZER
Hl e R R el R it AR, S55
LRF S SE25EIFIRKS, 2019
F3H

BREILE ST EEHCEN (IR
BUSTERR) DIV F I X TFEZ(C
K D HotpotQATSoTAZ ZERK

Paragraph A, Return to Olympus:

[1] Return to Olympus is the only album by the alterna-
tive rock band Malfunkshun. [2] It was released afier
the band had broken up and after lead singer Andrew
Wood (later of Mother Love Bone) had died of a drug
overdose in 1990, |3] Stone Gossard, of Pearl Jam, had
compiled the songs and released the album on his label,
Loosegroove Records.

Paragraph B, Mother Love Bone:

[4] Mother Love Bone was an American rock band that
formed in Seattle, Washington in 1987. |5] The band
was active from 1987 to 1990, [6] Frontman Andrew
Wood's personality and compositions helped to catapult
the group to the top of the burgeoning late 1980s/early
19905 Seatile music scene. |7) Wood died only days be-
fore the scheduled release of the band’s debut album,
“Apple”, thus ending the group’s hopes of success. 8]
The album was finally released a few months later.

Q: What was the former band of the member of Mother
Love Bone who died just before the release of “Apple™?
A: Malfunkshun

Supporting facts: 1,2,4,6,7
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Leaderboard (Fullwiki Setting)

In the fullwiki setting, a question-answering system must find the answer to a question in the scope of
the entire Wikipedia. Similar to in the distractor setting, systems are evaluated on the accuracy of their
answers (Ans) and the quality of the supporting facts they use to justify them (Sup).

Ans Sup Joint
Model Code
EM F EM F EM F
BERT pip. (single model) [ 4532 5734 3867 70.83 2514 4760
5, 2 Anonymous
5 Entity-centric BERT Pipeline (single
model) [) 4182 53.09 2626 57.29 17.01 3918
Anonymous
3 GoldEn Retriever (single model
oldEn Retriever (single model) [) 2792 4858 20.60 6424 18.04 30.3
21, 2 Anonymous
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