)

1=

BALEL S SEOBIAMEIR RS HKEH CE (2019423 1)

EI&E R4 A )b % HlE A 88 70 4 i B e 4w 555

PHH HAT

P WO A P OB EH —

520 R R AT G g

INTT AT 474 YT VYy A 2l RERER HRE TR/ ER

1 ELC®HIC

WA, BRICT F A N2 GARNTE 2 5 Wi h
FEHZEDTWS. HEEIX SQuAD [12, 13] ITRFEX
N5, TXANPSEIEHFAOK S LK ETFHIT S
iR SR AR A F I D Ml E T E 2. TD—T,
[B1% % 7 % A b OFIFIZIRE U 2\ R BUEE AR 1,
HELHERETH I IZEEDL ST HOREBEIES
N TV, BERT [3] 2 O E T IV TIHMEED
EEAEKRTET, EROEKRET IV 20, 8] 1&%H
T—REBEOREINHEL L-oTWVW5.

F7-, BWEi e ZRACI THRES RS0
&, FE—OEMICHN L TERORY A ILTHET 4
TOERBENVEELZEZ 5. K2, Web REIZHE L /-
7 L — 2 & B EAREE X, Siri ¥ Alexa 72 2D A
X — M TFNA RITE L 72 BRI & B EIEDAERRILEE
ERE, TNSDERD AR A NIED L EHIZHE
WIZHISE T BBIRICH D e E R 5NDED, EEAXRA
IV ORIRFEE, X ST EE SCAE R O FIE % 17 5 B
FRDIIZRIE I N E TIrbN TR,

ARRFETI, #Hi7-mAEREME 7)) Masque % $2
£ 5. BEETIVIX, Bing REFERD 10 v & —
IS EfR%E1T D> MS MARCO 2.1 [2] iI28WT, [A]
BARAIDEILD 2 DD XA ZIZT state-of-the-art
DOMEREZZER L7z, EREMIIATO 2 K Th 5.

1. BT F A NOEMICE D ENEGR. EE
FITHW SN 5 pointer-generator [14] % GEH D 5 D
AR FOEM - #EUSy =Y 5D a Y - A[EE
IRETIVICHRR U ARG A B L (1), &
512 RNN 2» & Transformer [21] R—ZIZHEER U 7.

2. B&ERY A IV %GR RE 7R FAE. pointer-generator
EEEARANEZME UMM T 3 - XIZHER L,
A XA N DRIFEE B LA XA 2 HE L 7[H
B EREAREIZLZ (K1) .

2 MEER

AHGETHL D MO A R Bl & 2 b9 5.

EIRE 1. B 21 = {29,...,2%}, KD AvE2—-v
bk ={alF 2y (k=1,...,K), AZA)s%k

AR T5. BEHY AT LI AR A IS L 7= E
Ly={yr,....yr} 2T 5.

Trbb, HHFEL 3 DM (29, (a7 ), s) B AN
U, P(y) 213 5. JT— 2136 D (29, {aP+},
s, Yy, a, {rPr}) &5 5. o lFEMICHLT Ay =Y
BE (2P} OREKERIZEIZERLSGEIZ1, rPr i
Bk Xyt — o BEIFEICBERBEIT 1 85N
1 FVERTHS.

NTT 2B 51 v &2—rv vy T O E#.

Question: “how long to get nys tax refund’
[NLG] 10 weeks new york state

3 Generate from Voc.
-I_I_I = Copy from Question

1

L

Mixture weights
- o

I Copy from Passages

0

[Q&A] 10 weeks

X 1: fEET NI L BEIESCESRE]. fBEAZ AL
(L£: BRSEEER, T SRR EE) 2L T, EE
MODERB IOER - Sve—Yhronavr—iz&
DL RPN ERAT Yy THIZEE LU TERT S.

—_

3 RBEETIL

Masque (F5HAHER p(y|a?, {aP}, s) D end-to-end
ETNTHD. EHARAANVOEREEIMAT, B
Wt DX 6 2REE R D728, [FEICBER Y
=Y DI VR T LEARDOREEYNT RAY
FETE, K227 —FT I/ F Y OLRKERT.

3.1 B -Nyvte—v)—%

A z?, {xPe} OXRERS K~ v F 2 7475,
3.1.1 HFEEDIAHE

HATFEIZ & bR X N7z 300 ¥R GloVe [10] & 512

%76 ELMo [11] @ 7 % j856% U T 2 J8 D highway net-
work [16] ~NAH UL, HEERZ MVRIIZHIIT 5.

3.1.2 HBEITVIO—YE

MO I17% d IRTTITKRIE A%, 3 8D Trans-
former [21] ZfEH S, £y =T LT EPr €
RIXL BRIz LT E1e R 2115 5.

Transformer TV 1—4 7 0Ov Y. £70v 7
self-attention & 2 JE®D FFN 22 S I N 5. self-
attention |& multi-head 77> a ¥ (8 Ay F) [21]
EHVWS., Y770y 20MhiEAN% ¢, W%
f e U7zE &, residual &, layer normalization [1]
% H\WT LayerNorm(f(z)+x) £ $5. 2TOHVT T
0y 7 DAHNRIGIE d =304 £ T5. FFN D 18
H A1 256 6, TEPEALRIEIE GELU [4] £ 3 5.

3.1.3 WHRT7TFVYavE
I3, BMEE kY — YV OBEBIETS] UPr € REXI
ZRD L. FATHIEFEZ [15] & FRERIC

UPF = w" [EP*; ES BN © B (1)

35, wr e ROVIFPNRIA-—RTHS. 0 IFT
R —)VME, [;] 134T AN o e T B OVGEHE D JHE
TaRT. I, UPr 2847 BHITERLL, AP =
softmax; (UP+ ") € R/*E, BPk = softmax;(UP*) €
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Answer Possibility Answer Word Sequence

Decoder
Multi-source Pointer-Generator
4
Relevance Combined 3
Attention Add & Norm

Additive Additive
Attention Attentlon

L query

Feed
Forward

Add & Norm

(Passage Ranker | Multi-Head
A Attention
»| Concat
4

5x )\ 2% Add & Norm

i ( Modeling Modeling Modeling ) : N
Encoder | ------- [ Encoder [ Encoder | : "’kﬂgxgid

Block Block Block
, , S S

A A
query
Add & Norm

I
Masked
Multi-Head

[ Dual Altenuon ]

‘_3x I .
. (— Shared Shared Shared
Encoder | ------- Encoder Encoder | !
Block Block Block
Highway [ nghway ] [ Highway ]
I I I

High
[ igl Iway ]
(GloveaELMo] Read (GlovesELMo]  (Glove&ELMo) (Glove&ELMo]
| eader | |
Passage 1 ------- Passage K Question Style + Answer (Shiftted)

2: Masque EFIVT —F T 7 F v.

REXT 2135, T LT, DON [23] 12 & D EIfi 508

Yt —IVADT T ay GiPr ¢ RYIXL.
[EPk;APk;APk;EPk @Apk;Epk @Apk}

Nyt —UDSBBADT Ty ay GPe e RYX,

[B% max(BPk); mgx(épk); EY© max(BPF); B 0 m]gx(épk)}

EENEFNESE. 2T, APk = FIAPr ¢ RIXL,
Bpk — EP:BPrk ¢ RdXJ’ Apk — B;DkAPk c Rde’
BPe = AreBri ¢ R Th %,
3.14 EFVVIIVI—FE
GP=9 )5 M9 e R, Gi=pe s MPr ¢ RIXL %
FNEFN 22, 5O Transformer Z EFH X ¥15E5.
3.2 NyvtE—ISvh—
EHZRXy =V DEHEE BP %::J’LUTTZD AR

DEMDEZE (BOS b—27 V) ZHT2ETY v
I‘/:l—ﬂ“%‘@thjj%/\/k VOREE L,
BPr = sigmoid(w” T MP*) (2)

PHAITS., w eRVFEBFHNRATA—RTH5.

3.3 EZEUEDEESR

Bfzw LT, ok KfHoNyr—T%HiC
AN TH IR Pla=1) 2T 5. &y
Y-V DERMDHEZE (BOS b—2 )
Vs zva—XEothEiESL,

P(a) = sigmoid(w® [MP*;...; MPX])  (3)
EHNT S, we e REGIFFENRIA-—XTHS.

NS 5ET

3.4 [MA&¥EXFTI—%

HOMHRMICEAT Y TTER LU RBERIRATY 7
DASTE TS, AEAXRAIVOEO=, [EIEXD
BOS b—2 vV ARAINEBIZHBE L h—27 VIZEH
T 5. H#@HmEHE, M= DEEIZED AR LIV ES
WTES. b= UM (6, 19 $THED DY, €
FTNT =T 7 F Y IIEEEZG5 2 HIMHZAJREICT 5.

3.4.1 HEEDHIAHE

) — X OHERDAAE L FEETH S, 7272, ELMo
EXA 1A LSTM OEAT15 (256 ¥KIG) DA% W2
3.42 F7Fvvavira—4dBE
AZA I+ [RIERFNI AT 2 HEEHOIAARSE D H ] %
d IRTTIZHRRE 2 H%, 8 B Transformer 2 HWT, T
I—ZRERH {s1,...,57} € R*T 21T 5.
Transformer 7 1—47AOv Y. Tya—X78av
22009770y EFATS (K 2) . self
attention JEIFZAMIE ¢ I2BWT ¢t + 1 IO IEHR %
J& L 72\ subsequent ¥ A2 [21] ZFIHT 5. EHIL
Y77y 7 TlE MY, MPa % key, value & U7z
multi-head 77> >3y (8 v N) [21] 2475 . MPan
BEFV /Ty a—REDORSy =I5 H
SIS MPan = [MPr .. MPK] € RXKL TH 5,
ZZT, [ BAIAEORY NVHEEEOEE TR KT,
3.4.3 E#IEHRE Pointer-Generator

Yi5RE iﬁ?ﬁ VEAREERE Vo % GloVe DEEHEV @ E

£7. 5,000 FEE AT 2 HEOHELS LTS, ¢
%E@Egﬁuu yt j(jug_é V;;Xt L@Eﬁiﬁ%ﬁ PY %

PY(y:) = softmaX(WQT(Wlst +bhy) (4)

CEFET D, TIT, W? e RiworaXVext |F50f)53 5
GloVe DEA L —HX &5 [5]. W € Riworaxd pl ¢
R4word ZFBENTA—RTH 5. nH, n NVizs
ENTORWEGS, PU(y) =07 5.

jt—ﬁﬁ.ﬂq°@,1E®RNN?3~ﬁ®ME
WryFryarvntiza—nrd KRS S, 2
WIZRLT, BEETILVD 8 BOD Transformer 7 I — X
T, «/F&ﬁ@?7//a/ﬁﬁ#&ﬁéhét
SIAV—BEETHWDIZIZES 2\, £ 2T, gk
77//3/’5:;@7JDL/ FaA—XREs, 2rTY L
LT, BRI LTT T vy ayafiaf € RY,
AVFFARMRT MLl e RY, Ny t—IRFNTH
LTal eREL, P eREEZNEFNHIT 5.

af = softmax(e?), cl =3, M} (5)
& =3, b M (6)

ZT, ef =wi' tanh (W M+ W s, +b7), ef* =
w”T tanh(VmeMp’c +WPsg +bP) &5 5. wl, wP,
b, bP € R, Wam, Was, Wrm, JWps ¢ RIXd (32

BNRNIA—-RTHB. £LT, ,\F'ﬁ NRy—=Un 6
DAY= AG P& PP %, of, o ITHDE

Pq(yt) = Zj:zgiyt agj’ Pp(yt) = El:sz(”:yt O‘f‘,)l (7)

CEFRTD. k() IE, FESNvE—TYD | FHDHGE
ST BNt —IDA VT2 AERT.

of = softmax([e’!, ..., ePK]),
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BEDTH. E%%?ﬁyt DA%, 5&3(4), :T:%(?) 12
T3 ODNMDEEGHIMELTERT .

P(yr) = NP (ye) + ATP(ys) + NP (i), (8)

AN NP = softmax(W™[sy; cf;cf] + b™) &9 5.
Wm e R3>3, pm e RIFEFNRTA—-RTHS.
344 ®WETTVIaYV

BB B R A Sy £ — U S HEER AR L 7R\ 728
~,X$%%fﬁbbhéitﬁ LRILVDT T
VavEMSET AR (1T 2 EATS. IBEETILT
&, Nyt =L )VDHEEE P EBEEL )LD T
Trvaval ERAEL, BESLETS.

P opra
} o, BPRM
Oép tl

t Zl, Oéfl/ﬂpk”/)

3.5 1BREH

FaA—XK, Nvtk—VFvh—, AIEAEGEERDE
REME L L(0) = Lacc + YrankLrank + YelsLets %
R/MET B, 22T, QI EFETNAVNRTIA=RTHY,
Yeank = 0.5, Yeis = 0.1 & U7z, T 3A—=X DK Lyec
WRIEFEXETER ML 280 LEIZL bRk 5.

e Y APy (o)

(a, )GD t

Z :"C“, DIEN 4@5”#@7‘*- ﬁ, Nablc Ta=1D
T — R TH B, Fvh—, DEBROEE Lok,
Las i3 2fiorznzazyrpb—izk ok 3.

rPk log Pk 4
Lyank = Z Z (

)(m
o\ = 70 log(1 — 57%)

Leis = —% > (alogp(a)Jr ) (12)

aeD (1 —a)log(l — P(a))
4 FHMBEER

4.1 FEERFRTE

F—&ty hBLURH M. MSMARCO 2.1 [2] D
NLG, Q&A X AT X D EBREfF-7-. HEAXR
ANVFER A7 IR E 7. NLG X A7 3B &
Ny —=I9 6D EERL THET S (FFF16.6
HEE) . Q&A XA HARRICENZ BB L T 50,
\ZDLEITEM O X% & F W ERREE L RS
(F#9 13.1 B3E) . #Hlzx1E, “tablespoon in cup” &\
SERIZH LT, Q&A X A7 Tk “16”, NLG X A
2 Tl% “There are 16 tablespoons in a cup.” A3E[E
b, i, £5—X ALLIZINAT, FHiifHIz
DO Ty hEHBELZ (R1). ANS IX[EZEATHE
AER, WFA ZEZE A EEDD NLG X A2 FD[a%
TR S, WFA C ANS C ALL OBfR% 723

SEAKZE. ALL vy b2HWT, Ny FHA X80,

IRy 78 & L, 8D NVIDIA Tesla P100 GPU (2
K DER Uz, T3 —XADASE Teacher-forcing &
U7z, ETINT A — X DOIREEEITY (£5£20.9995)
%:’f“’sfib WA Wz, 73 Y TV E TV 6K

TR U7z, spaCy 2 \WT b—27F+1 XL, ELMo
A@)\j]%l}/%b\fd\ji'—?fhbfc. ol biZld Adam %

(9)

Ldec =

set train dev. eval
ALL | 808,731 101,093 101,092
ANS | 503,370 55,636 -
WFA | 153,725 12,467 -

% 1: MS MARCO 2.1 ¥ 7ty b®D QA T H.

NLG Q&A
Model Rouge-L Bleu-1|Rouge-L Bleu-1
BiDAF [15] 16.91 9.30 23.96 10.64
Deep Cascade QA [24] 35.14 37.35| 52.01 54.64
S-Net [20] 45.04 40.62 | 44.96 46.36
VNET [22] 48.37  46.75 | 51.63  54.37
Masque (Q&A; single) 25.66  36.62 | 50.93 42.37
Masque (NLG; single) 49.19 49.63 | 48.42 48.68
Masque (Q&A; ensemble)| 28.53 39.87 | 52.20 43.77
Masque (NLG; ensemble) | 49.61 50.13| 48.92 48.75
Human Performance 63.21 53.03 | 53.87 48.50

# 2: MS MARCO 2.1 ®V =X —KR—RIiZB 55
ik SR (2019/01/03 f+f. EFEE : Rouge-L) . HEKE
FIDH— « 7 2% T NDRKANEIENR.

Model Rouge-L. Bleu-1
Masque (NLG style; single)! 69.77  65.56
w/o multi-style learning (§3.4.2)2 68.20 63.95
< w/o Transformer (§3.1.2, §3.4.2)2| 67.13  62.96

w/o passage ranker (§3.2)2 68.05 63.82
w/o possibility classifier (§3.3)3 69.64 65.41
Masque! w/ gold passage ranker 78.70 78.14

# 3: Ablation 7 A MER (NLG 2 A2, WFA dev) .
TALL, 2WFA, 3ANS v MZTHH.

W, 1 =09, =0999, e=10"82 L7%. €T
WRT A—=RIE N(0,0.02) THIHHELL 7. HAHID 2000
ATy TTHEELE 025 2.5 x 1071 IZHIBIIC

&, 2D cosine A7 Y a—)Liz kb 0I1ED 7L
7o, BEIEHRAK/ VA1 Ty YT Uiz, Ly IE
AL [7] 2 52HE L 7z, highway network $ & OF multi-
head 77 ¥ a it LT Ray 777 b 0.3 23
LTz, T vh—, BRI LU TEHOEAZ 0.9
& LU T one-sided label smoothing [18] 17 > 7z.

4.2 MEWEGTRERE ICE T 55
EFILROEEIEE B X R BN DV TR L 7=.

BREETIVITEREGRAICH W T state-of-the-art

DUEREEERT BN ? F2ITRTHRIZ, BREETL
DT YV TIVIEH R A 7128 W T Rouge-L DFFFE
THIHHELE TV [15, 24, 22] % kA% state-of-the-art
OMRERZER L7z, FFZ, NLG R AZIZB W TIHH
—DETINVIZTHEBETVOMWEEZ KE L EH-7-.
Q&A A XA N TIEFHRREE 2R A D720, NLG A
R AN AR TIEfERED Rouge-L 1 E WA, ASIEfi#
RFD Bleu-1 (3 M8%G 12K < 72 B HEM DB B - 7=.

BER Y1 IVDOREFES IIFAEOMERLICES T3
h? RKIIIRTEEIZ, 2AXA )% 1 ETILTEE
b@ﬁx&4» NLG 2 EUL~=ETFIVIE, NLG A
RANDATEHUEZETLVOMEER LF -7~

Transformer X— X @ pointer-generator &5k fi#
DEREEREICHESTHH? K3 ITRTHRIZ, Trans-
former Z WA REE FIIX, LSTM B & O self-
attention Z M\t ([8] & [FAIkk) % k6] -7z,
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Model MAP MRR
Bing (initial ranking) 34.62  35.00
Masque (single)? 69.51 69.96
w/o answer decoder (§3.4)1 67.03 67.49
w/o multi-style learning (§3.4.2)2 65.51  65.59
w/o possibility classifier (§3.3)3 69.08 69.54

T4 Ny —V 50 TOHEREE (ANS dev) .
LALL, 2WFA, 3ANS v MZTHH.

1.0

0.94 F1=0.9

Precision
N~
I

o
=)
L

0.7

o
o

101 03 0.5

0.4 T
0.0 0.2

04 06 08 1.0
Recall

3: &S FED Precision-Recall (ALL dev) .

30

I Prediction (Q&A) =3 Prediction (NLG)
25 [ Reference (Q&A) [ Reference (NLG)

20+

yesno which when who where all how what other why
B 4: ARA)N - 22D XA TRHIOEM - H S DEE
X (WFA dev) . 77— N—|3fHERREE KT,

SUh—8LUNESREORBEEILFGEHEDOMRER L
ICBEE5T2A7? RIITRITERZ, RBREETIVIE, F
V=B LONHEEEHWRWERE BT, 7z,
FUA—DHIZIELWH I Z T 5 LRE (gold F)
U756, F LU \WHRER EAHER T & 72, R Sy
Y=V DRENI SR EFEER LDO/-HOIZEETH 5.

4.3 ZFOHOOHT

Nyt —=VIvFrr, REAELEOREIZELT
FEiS 5. X 51T, EEXES LCERNE DT 5.
TILFIRIZBIEINRv -S5O MREE L
ICEBF59HHh? R4CHMHERZRT. £7, £
KETINVDT V=%, Bing DT > > 7D
BEERELWEL., ROER L, HHAXAILD
FEIRFZHIZ L 0 FE T — 2 BDMEIMU -2 e ThH o7z,
F7z, EBEXTI—XEWOIRE T 77— HAROFEAT
Bi{To722 A, 9] DG & FEBRICEREN B L 7.
&R Bl SEEICHTESZN? M3ITR
D, H Pla) KBMEZEZRET 5 Z & TRV
= (F Bk :0.7803) #EBHTE -,

EEXRODHT. 4RI Y, BETEFIVIMEE
U7z AR AV U CEYNT B2 2 SlE kT vz,
¥ 7z, when-who 7 & factoid B OEMIZIX5 <, why
72 &€ non-factoid BLOBRNZIZE S BB HE T W=,

£ - TS—9F. EHIZAZAIVEOERE %R
9. NLG TIRERM - Xvte—YDEHN &5 HRAE
XEEHNTE ., ERT 7 -2 LTI, Yes/No bl
BOIBY, BEOI—DI| RN ITo5N5.

Question: why your body would feel like it is shaking
Relevant Passage: (...) Shaking can be due to cold body
temperatures, rising fever (such as with infections), neurological
problems, medicine effects, drug abuse, etc. (...)
Reference Answer (Q&A): Shaking can be due to cold body
temperatures, rising fever (such as with infections), neurological
problems, medicine effects, drug abuse, etc.
Prediction (Q&A): cold body temperatures , rising
fever , neurological problems , medicine effects , drug abuse
Reference Answer (NLG): Body would feel like it is shak-
ing due to cold body temperatures, rising fever, neurological
problems, medicine effects, drug abuse.
Prediction (NLG): your body would feel like it is shaking
cold body temperatures , rising fever , neurological
problems , medicine effects , drug abuse

F 5 BEEFTNMZIBARAINVAMERG]. 7*:av—
(Rwt—=Y), #k:av— (EGM), & EetK.

5 BbHYIC

ARWISETIXRIE A X A )V % Gl w] BE 7 2R B oD Mk e
fi# € 7V Masque Z$2ZE L, MS MARCO 2.1 ® 2 X
A 72T state-of-the-art DMERE 2 JE K L 7-.

BEMZ & . ERDERE TV MCAN [8] I
pointer-generator & F\\THED NLP X A 7 % [H IR
FHEUD, WG OREIZM LU ahro7. £z,
Ny —UPEERS 2 555 %2F R U TV,
S-Net [20] 1Z/8v 2= S #ifHZ M U, b EipH
ZHDSWTRIZZEKT S, Lrl, BRPy—
UMSDIAC—EEMTE RN, £z, TNSIFHEK
DEEAZA N EEFLTORW. AWETIE, I
AZANDOEREE S K OEM - EH Sy 2—Un 63
¥ — " HE72 pointer-generator ZE AT 5 Z & THE L
WEEE R L2 U7z, £72, Transformer ~DHLIE,
TN — - NEBLOTIVF XA FEHEEEL .

AMEROEEM., BRI B T BEEA XA IVIZH)
OTHIBL, NAMOE W=7 VEBAARNIZT, &
BARANVOEGEEDOAENMEZ R U, IBEETIV
&, A= b TNAALARF vy bRy MIBIT2HA
EETOEMNE, DVY—ADEZARIIL (F¥
T R E) RO EMNE R Y, E¥EEEEL
MEIZN U CISHARETH 5.
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