EO6E HIFFRNZIERE

ARBEEIIENBLE NLP ATSSH WREE 2 AEAE Tk F XA K& DL AT 55— AL 8% Bl 15 28
fi2 (Machine Reading Comprehension, MRC). /44— F MRC P Ho WHERE, 2
JE YRR FE 25 SIAR RS, b 2 8 el — R R s i

6.1 MRC &R

MRC IX N5 0] 5 43 1] 248 Ry 44 SEAR R ST 55 AN A, X SBAT 55 K2 #RAN 2 58
MST AT 55 5 FEASHT A& oA AT 25 1 A1 B 84 B« 17 MRC 2 N T8 B8 I B R 4541 5%
RN T BeAE 2 S VPR b A sk 2 5 VAR IR BE 7, VA8 I B 32 A2 e R Al A\ 0 11
W, TR LA R UL — A, RS O, HAHE MRC. MR HEAN
TR REE U FISAR, BESREBLB B MRC & RR EFRch “RISEER 7, (HRR AR EIFR
A AT XA, BIEIEE RS N ERAL, AR EEI BRI R R T
W GREE 1 — PP i, o AR 4 VIR U GRRE A s D, 2 ST n ] 5 25 5 1) SC AN
v R B A R AL E . BT LB B MRC AR R e 2 Hofth NLP AT 4510 —34>,
= B R AT 1

6.2 MRC #HiEE

AL ST B B W 4, R BRI ANEI . T 4 A B9 MRC B R
AEH A 4 R HHEAE 0 2 83E 4 (Stanford Question Answering Dataset, SQUAD), DL &
H i MRC H3CiE R DuReader 4 4 .

6.2.1 SQUAD #iE&

BAYE— T SQUAD 1.0 HI—ANFEA, WK 6.1 s

SQUAD 1.0 2 AN WL Bel S B TR RL I, L7 10 J3A4Nin) i, it 500 R 4ERE E
BEISCEE, H—N RS R R4S B B R B [ IS A — MER R AR R,
A PRET A SE 3R

KTHA, GEARMRAE T —odE AT RMERE, S H5HIRAHA, 45\ R H
X MR AT, R =g N .
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(| Context -»

Architecturally, the school has a Catholic character. Atop the Main Building's gold
dome is a golden statue of the Virgin Mary. Immediately in front of the Main
Building and facing it, is a copper statue of Christ with arms upraised with
the legend "Venite Ad Me Omnes". Next to the Main Building is the Basilica
of the Sacred Heart. Immediately behind the basilica is the Grotto, a Marian
place of prayer and reflection. It is a replica of the grotto at Lourdes,
France where the Virgin Mary reputedly appeared to Saint Bernadette Soubirous
in 1858. At the end of the main drive (and in a direct line that connects
through 3 statues and the Gold Dome), is a simple, modern stone statue of Mary.,

Question -» To whom did the Virgin Mary allegedly appear in 1858 1in Lourdes France?,
Answer -

Saint Bernadette Soubirous,

AnswerPosition - 516 )

K 6.1 SQUAD 1) SCE+ )R 5]

529 SQUAD 1.0 AT 1] BI7E S 3 AR RE AR B 58, BT AR BRI RIAG 3 5 7 HSLH IR %
T, ISR TS A H B, 6 N A RETE R M L0 R BB . B
PL SQUAD 2.0 i T &% PR 5

Q 38T KME 5 734N JE SR HRAS B S in) i, X 26 e R I A2 N TR, B

DIABA A = o
Q T SQUAD 2.0 [ 52 BE AR AT 55 IRIASE B AN (N 2 RS 7E ] R AT [R1 & I 25 28 22, i HLZE
S R VAR 2 i) 850 £ ) 1 SCA A AR SRR IR, 4 266 [ 2 T 6 ) R

6.2.2 DuReader ¥iB&E

DuReader &/ & ) — AR AR ER 5, FINHAHEZ 1A R . SQUAD B AR
(SQUAD 1.0 #1 SQUAD 2.0) &L # w7 AR, 28 NI ) n A S, 1 BAR 2 0] it
P o, 78 Tk b ok BB XA I B T R .

PRI F B 2T ) R BRI B 7 OR SR B SE R, G0 P A R S s N\ R ) S
KRN i 757 BERE LR AN B A DL S P RAS R R . (RIS, o] R 2R A AR
T, AEHEEWERMERCE, WAREAGEREANAE S . DuReader 1 T 3
KA A, iR 6.2 FTR.

Hen W e 2 Mt
Entity 14.4% 13.8% 28.2%
Description 42.58% 21.0% 63.8%
YesNo 2.9% 5.1% 8.0%
Total 60.1% 39.9% 100.0%

6.2 DuReader [ ] 2R R FIEL 3

Q Entity & SEARZS A, R S A e — M %R, A—xRAid. #u “iPhone
11 B RKRAI? 7, BREX X AXXH. Fact h2gseM a8, Xk A1t
FfE, R ES, FrLlstE T Fact. B2 “HRINA iPhone 18 MR KAT? 7,
A IAEL A E B S, FrLAst/2 Opinion Wi %Y.

O Description 2 i [ @, tH 5l 2 n] 2 1) 25 2802 — B A S0+ - UM /& how/why
ZRMW ., BN, CHEBERNARLER? . FEE, RS ERK RS
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BTE RN, WRIA R, A Fact SR, A0SR A “CORNAA BRI
@2 7, WAH A A Opinion ML AR

0 YesNo /23R, Zr&mi/e Yes ok No. ERAGTH Fact F1 Opinion PiAN 2R —FE, S
BE M ESR, BagRELR, mERE, B2 SR. 2589 HE
LW SR S XA W, “39.5°CHRERBED? 7, XA ) M) (] 2 J
A Yes, FrLAE R Fact B, Q[ )2 “37.8°CHKLELG? 7, XA A A
i, HNREAE, Xite Opinion B, (HIRFEHAE SISO, midEsn,
E A ? A —ANEIRA Y Fact A1 Opinion f2) 5t05, BIE XA, K 6.3 s,

Question iR t5/ What are the colors of academic dresses?

Question Type  Entity-Fact

Answer 1 [5kfa, K, W, B R¥EELRGE, BEYLRKE, TEELRER, &
HRELLRIKE, HEFLRNE, EETRGE, SHE¥LRKE. /
[green, gray, yellow, pink] Green for Bachelor of Agriculture, gray for Bachelor of Science,
yellow for Bachelor of Engineering, gray for Bachelor of Management, pink for Bachelor
of Law, pink for Bachelor of Art, gray for Bachelor of Economics

Document 1 R RGE, BEELRKREA, ., WENL B T K E- EFHAK
R, SHHENEWABEIE - K B G B LG .

Document 5 F LR LR E AU T EFRO TR ERLR, ..., BX
EX VRSN L

Question B BAAGERFE 1§72 / Which car is better, MAGOTAN or PASSAT?

Question Type Description-Opinion

Answer 1 IBRERETT A, BAAB L I/ PASSAT may be better, but it actually depends on your
custom options

Answer 2 PR A —B, FEIMNEAIE/ almost the same, just different in appearance

Document 1 BN R B I A ILGH 2% ERCRA T 23T G ...

Document 5 J‘%&Efﬁﬂﬁ.@%iﬁ%%Kﬁ‘?&iﬁﬁﬁ*ﬁuﬁ'ﬂ&&ﬁ o FLATRTCHE S, A E A AR AR

Question B —FZ3RKS/ Do I have to have my wisdom teeth removed

Question Type  YesNo-Opinion

Answer 1 g‘gﬁlﬂqﬁﬁ?ﬁiﬁ?ﬁﬁﬂﬁ}ﬁﬁl . IR AR5 L O BRI, BT DA A R

/
[Yes] The wisdom teeth are difficult to clean, and cause more dental problems than normal
“teeth do, so doctors usually suggest to remove them

Answer 2 [Depend & i A—E Rk, —BAKMEIEREIAVEE, LREHTIRR
[Depend] Not always, only the bad wisdom teeth need to be removed, for example, the one
often causes inflammation ...

Document 1 ?z’rl‘ﬁ%?ﬁ%‘fﬁ? BRI REE R 24 ER W FEZT R 8 R

Document 5 RBEREZFRMKEIRS, WO —EEGHEE, FEHEESFLM..

& 6.3 DuReader [{1#:4

FTREARIH 2772, DuReader 5 SQUAD A 1R KEIAIE, SQUAD Z2e45 i —Fs 3L
T, R A . XS DR B AR I B R “ ELsE T,
FEPL I 5 P AR NS th— RS0 EE, SRR E O IR SR fe — HE R, BRI 2T
DuReader (L7 e a2 3 TR, Hiddkss — N RE, R st 54
AR B R MR A BRI E. U, R FAR EROIZFEAE QA (55, AR
MRC {£55, {H QA 5 MRC LR ARZH LA, Bl dere R ey it 2 v LLE AT .
T A AHE S R ——GloVe, HAURS Word2vee AHZEAN K, B 7EH:
LEfE 55 GloVe 2xfif —26. (H = H AJIIZRIEER 5E AR, IRATAS B B AABA RIS
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FIEABEE TR 1 BB HEAT U .

N LAR 2 ZER RS AR Dy — A BT PRA, S o 4l 2 R A S LR 2 G s
HUE PR, B HORE TR AR, et A AR AR B EIR R 2
SRR I AL AR S T ) A 8 58 A R RTT T (R N 2 X 22 S) U L Se e 2R, (IR FE
W2z B 5 NI, TR KR A A R 1T A 2 AR 17 2 Xk LA BRI o T A
gk, SEur R, Bl sl Reals B I, USRI RIR & R S B, AR
2 ROIRR. TUH SRE R T IR S8

6.3 EILH MRC &

MRC {55 sk P (K14 G¢ 5 A LU IR, AR [ St B2 A, 2 B 2 i) ]
53R 2 8] UL EEAN IS SRR AE TAESCILA, RCRERANGY P LI B I AR G075 B %
BEANTRE A 2T

6.3.1 AEEIEGE GloVe

GloVe & —Fhia [a & IR 720, T & Word2vec ) CBOW ik & Skip-gram, #f/&
AR TGI8 R/ 6 BT INGMIA M &E, X ER —SHnEErER. Glove e
ETFXABAE, FHERNGHE ERIIZGR R E.

GloVe [FFJE TE&E AR, AR BTSRRI EE R, XESE8—
Be % SO AR S35, AT =28 TR 4T BN SO A SUE R, BRI B 2 1] ) &
BERT AATHE K. AN zhadimmEEsa A m e, REFIERFHEFHSHMER. R
S8 GloVe [ THHIE A2 il Word2vee [k &, (HA2 IR & & S A K, Pifiid
VA B H 25

{E A% ] GloVe 1 LAt ia & ik £ LR, BN,

Word2vec H 5462658 & — M 51T G W B A K R flln, —Na)F e R4
TR, BATRMEAT LU XA RN %24, B AER, RS B MR R %
fHaERE . flhn “_ SET/NH—TR, X BEOREU T DU R AL R N4, B
AT o PR Lk %) 9 SR R (] AR, B R T R 1R T A i D 1R A A 2 T X R Y R
UEEL o

1M GloVe IR 4G 66 B AR IXFE T . i —Nin a PRiA] b &% —RHIL, B2 aR b
KEFAFETIN, ATULH— NS pap KER: WH a BAI—A ¢ AEH —HIM,
W4 a il ¢ KR RMABIZE), A LLH— M55 pac KF R, AT abc =AM, afE& bilr
MEEES ¢ 3L, A pap/Pac FMEHLELETK .

ZH 9 GloVe IS F L RME— N, A AA EHEAE ) pab,Pac SR W P i B AL 1] &
KFR, MH—NHEHERRT pap/pac KR 3 MAMIKRNE? XILSRA — LI 1
WR B G &, IBADIRE BT, R RN R R TEL, AP
4 ab fil ac Ao RAESELE Y], (HS2br B Eida — AN EE S D) R, R R
P & B B, AR —E eI HESE 2 ), IX A ) 2Rk 18 LR T N .
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B 3 AR B R BU E1 2 M X R, ER RIS £ A0 8 208, I
FUEAG 4 AR § A Z KR, T ERTIN, (8RR AR R,
T EL 4 A = 3% RS A E @A 4 M2 MR, BAER, 4AT 3
AT, 5% H 5 B A8 S

ISP X RIE? S AL ORI, R XA, 5 A
i, AE B 1o U A P RSB K, {5 R T S B
BRH.

e Xy FERAN | LT | B IR

X, =, %, R B HILEL | 05 2000,

S SEAT DL SR T, Py = PO =2 i | BT | L A0,

WA R ENIERER.
RN TR AT B A R, wie w R w09 i o KX 3 AN i R
T (1 4% L T A A0 R it SR 1, AT S . TR TR B st 3 e B
FIBRG T — PRI 5, T2t B B AR B — A R Ty 3, R SR i
gioﬁﬁﬁﬁﬁﬁﬁ%~4f@ﬁo
f(wi,wj,wk):&
ik
AL FIIAAISE, T LA F AR R O 5 ME T 2
J= Z%— f(w,,w;,w,)?
ik Mijk
PEBE T — N @& f R, NS RA IR MER LS —AME, (ERREE %
v, BT OATT L 2 AR B
Pic
R R AT — AN M scalar, THARIIEL, LA i 4 BT A e
(W, —wy) W) = (W —w]w,) =Pt

f(w; —wy,w,) =

TR R BT DA ZE AR B
exp(w; w, —wiw,) = —eXp(Wi:Wk) = P
eXp(Wj w,) Pix
Ry T A BEIESF R BEEESR, AT RAR ik 755 100 5 BT B
exp(WiTWk) = Pics exp(WjTWk) = Pk

AIRE A T A A, AUTEACSR W] DLE RN R &R, B L g(wi,wi)=pic it
ALY, A ZE R A 3 AMA) R 5% ZR T H5Jm 15 H PR320 2 P 1] Y 5% 2R e ?

HSXAE R AER, SHERINCEsr 7, LR 3 M), 2By 3 /i
Z A H AR ORI S EUNAE B b 2 MR ZOR, TMILAESE T 3 ANal i 9C &R 114k tH R B P R 2 1]
KRR AN EEEM M ZEA = L.

WRE BN FRLR, W BT Skew w, = p, 1T T, A2 Em—148
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KR KW ?

AR LEHE T

exp(WiTWk) = Py
w;'w, =log(p,,)

EX B, wiw, =wew, 117 log(p, ) # log(p) » Ja R AAFWE? W] LHEE X
Wit EAXRITE, BT T2 R R BERANF R X U W2 s s 2 | ieA
AR, RIEIE—TFPA S BEANE

eXp(WiTWk) = Pic = %« / X
w;'w, =log(x,) —log(X;)
WiTWk = Iog(xik)_ IOg(xi) +b| +bk

bi & 517 | AR — MW ET, log(X) 25 i AR — DN EUE, Prbbl —FH&IF. @
AP RUE PTS  BEAN ], AR IS 2 BRI E AR ] T

(NMEEGPSE GiR

J

N
ZWiTWk —~log(x,)+b, +b?
i

BEAh, SRR B R B 0T B8 S OB AR e ] O, PRI ) g A g — £ 3,
H i 3fe b —MBCE BRI g(xik) o

0 (i) B 5 75 6 AL PA T 5 A

0 g(0)=0, HIHiElCILILARECH O I, %S AR E M 1% 9 0.

Q g(x) 2 — A EREREL, XA A REORUE 2 T LI A IR EGER I, A E A2

LN BRSO .

Q X TS I ARHE 3], g(x) AT A BE B as AT A, XA A2 I

o FEINAL.
Zia Ll b 3AMRRE, WEFUE SR TN AR R

9(x) :{(x/ Xoax )" s XX,
1 HA
Xenax WA TG BCE VBRI RIS X MERL B E N 1, A,
S EREPNSEAOSE )
J= Zk:g(xik)WiTWk —log(x, ) +b, +b’

RS 2T LLER Word2vee —REREANAYIZE H— AN i, AT DAVE S 23] P T
HAhH NLR /£55 .
6.3.2 Match-LSTM #&%Y

AT MRC HAER# 2 1) Match-LSTM B, 8 H 2 R R AV ) Ji
WRE LT, TRE ARSI T LR BN MRC R4, SLE B RES:
£

D R B R SRAUNL AR B, A MBS, WiE 6.4 Fos.
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start=57 -----= end=57

T
- - f BN R L 1) 4 s =2 |
’ |
EI%H?&EE |
| %1422 E(INRNN) - 443 E(IIRNN) |
} e }
| R R - | A AR |
- f G — " o = %0 fo\ 2 = o o o—
E E é 8 § )

6.4 [T ER AR A ) LS5 4

Match-LSTM S5#2K 0 NMT HIZmidas-iidas by, A2 7SR, mHEAR
R - AL 25 XA i A S AR AL 2R AR AT — A, TR AT P G a A B, 2093 T
A JE ORI . AT, Match-LSTM 2 17— NS ELALER, JXANBLESIEER Eog A= )M
ARRh, XA RS T R G A R AR, R A R A g A ) 1A
BR, A —NMERE, EET L -ERNZLERmMEESR, WA RE
HEMEEZ, Wk 6.5 Pros.

e B T D e A el

Match-LSTM/Z

HELSTM
TERMAAHRE T

Why did  Tesla ? Why did Tesla ?

(a) JEFIRHR (b) L HHHEC

K 6.5 Match-LSTM [ /48 £ #4)

e S ER AR A B A PR, — AR IS, W 6.5 (a) Fion, A —FE
WA, WK 6.5 (b) A
Fr A e A R AR R NMT BERISRAL, mi— AN — AN, & e —
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AR R, XA I NMT Af DUE 2 HAri, Tl — My EFs, Hei,
BT B X I PR sl A S S HR R — AN

0 GO B R A R — AN T RO RSE AL, 0 R SRS R R B
Fo XA RE R e A B R SR, (HEE SRR A k. WSR2 SQUAD 1.0 T
EA, HSPR R G AR, T2 RAE RSO L, B RN T T

K, Match-LSTM &5t 1 P H 2 B 454, 30 anf&] 6.5 (a) FIE] 6.5 (b)
Fizn. FHIFUEA HEERILHTT .

B, JCISE SQUAD AU BITLFEAR, — R SCERCE A, 5L DuReader 257K
— AN B R E, BRI BB EE — R SRR AN, e A RE A
Passage 1 Query.

AR ERAN— R LEPeRY MI— MR Qe R, d & MENYEE, X
T PRI Q L id i N, SR — MAfES 7. dJFHM P M Q BEMiZNAEK—
M, ZF ARG SCE PN Q KT .

B BRI, iR MRC AMELR B mIDHEE, X2 A
LSTM.

HP = LSTM(P),H? = LSTM(Q)
HP e R HYeR™

X | A BREUIR A K

5 JE & Match-LSTM 2, X — 2 RIShRE b fa o, w38 130 3 (A — A 3] B il 7t
(IR T T3 — AN R R, AR5 P IX AN 3fe A 1] A 2.3 31— A S0 2 st R IX AN
(I B R SO R

G, =tanh(W°H? + (WPh? +W'h', +b°) ®e,)
G, e R™

®e, A HE M Q IR, AT LAMIEE—F, tanh PIEBIIPIITRT, BT 945 G — ANERE,
M E Mg Rt —A s, AL AG —A ReAEn. X HSTRIETRERE T, BATE
WL R T S R A, (HATH PHE R I A 75 W i 7 A W
Fi, —F R ek, RO siqhy B b —MBCE A s Whys i — Rl iniE, HETE
17T 55 2 ST 5 P 70 9 32 1) 4 P R A L witanh(Ws 1 hy) » TEF32 2 I PS5 AL i afe 1)
SRR RNINE . Ak, HT S PR IA ) & R B OURCE TR, ThIX B — AN m e
—ANEREE ER . R, HRAXFR AR, EHEMERITRE Q
AN E SRR

a; =softmax(w'G, +b ®e,); o € R®
VERIX BL o FOZERE A | 4ERY
WIeR" WP eR" W eR";b” e R, weR';beR

h, e R' 477 Match-LSTM J2 i) b —mF B itk R S0t b — AN 55 5745 il
WA T EE.

hP R SC 2 2 AL A . HO S R R R A 2 1 A B

z,=h?;qH% e R?
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h' =LSTM(z,h,) e R
Match-LSTM Z& WA, _EriE WA B4 T7 TR, 55— T7 a2 B
it k, BR Bi-LSTM HIHHE ML, X EEAms T .
E = m(zi"ﬂ)
}F:@mjﬁF:Ewﬁg
H' =H;H"
g — A DA S5 R A I, BARHKH R T - EERENRIA.
KEMERZHEMILE, T Pointer Network (FREFRIZ%), #idr % A Ans-Ptr,
B2 AREr . XMW — T HREFPIZS, AR 7E%m H IS S AN TR0 4 A7 B 0o 2 ) ] 3 L
HORTISiof /e S S g N VA W O TR e UL R £ WANSET R £ T VAT R S R F28% B0 o 1=K W23
CNANER -G DR TP UE S
B, A—NE)T CURANERM L., IR I H T RE 2 T N I R Ak
7 3 - AN 1] R T St AN TR . T AR AT S B R R — AN, R RS N A
A E, g “7,87, MBAX MR “ L& WAF.
WANR BB B RZNEE, KB
F =tanh(VH" + W?h}, +b*) ®¢,.)
B, =softmax(v'F +c®e,,)

HE, BARYERKERAEN, YBIH —AelE NS R EE, B A A
RIRA), MRAERA)ZJEMAN T — AN RARE, ST X 28 T 213X A7 B 52 B 25 1
7o FrCATRIN A7 SIVE RIS 2 P A2 P+1. X HSEERIE R 103 5 A 2 — R, WseR
T2, WMRRZPAER, BABEERR AT 5RER T, WREZH, BamEsm—A i
&5 AT

V e R* W2 e R™ ve R, ce R#ZATIIZNISH.

h, RERE E— R R ESR d, THEE R R

he =LSTM(B.H".h%,)

AN R RECEF R RIE

p@NHW=Eh@A%w@wHW

a" K —H a, aoe 1~ P+ HI—ANE, REITHTTE k-1 AN R A AR Tl
MR =R

p(adas, -+, a1, H)=px j
MEZ R EAIF T By Boe—A P+ 4Ef &, B AR sk R IAME AR 5
VE N5 .
j=argmax; B |
ERPNESEAE
J =—Zl‘,log p(@ | p.,Q,)

X n AR — AN SCEEFN A, N ARZRIINZREEAS ) SC 2 A0 ) 8 1) 4. a™ Ak
—NFEIRE, AR~ MLERRS .
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P bt oA A e, HEGAN. Ko i 5o f A —FE,
M — PR DX ) A2 3 7 X R A IR TR0 i R AT 1, PP DAAS TR B N 45 R I 46 bR il
p@"|H")=p(a|H)p(a, |a,H")
B AR, WRZHEH LY, AT e,
N HFFKREE Match-LSTM [ISLIG 455, Wil 6.6 Frx.

l @ Exact Match Fl

Dev  Test Dev  Test
Random Guess - 0 1.1 1.3 4.1 43
Logistic Regression - - 40.0 404 51.0 S51.0
DCR - - 625 625 712 71.0
Match-LSTM with Ans-Ptr (Sequence) 150 882K 544 - 68.2
Match-LSTM with Ans-Ptr (Boundary) 150 882K 61.1 - 71.2
Match-LSTM with Ans-Ptr (Boundary+Search) 150 882K 63.0 - 72.7
Match-LSTM with Ans-Ptr (Boundary+Search) 300 32M 631 - 72.7
Match-LSTM with Ans-Ptr (Boundary+Search+b) 150 1.IM 634 73.0

Match-LSTM with Bi-Ans-Ptr (Boundary+Search+b) 150 14M 641 647 739 73.7
Match-LSTM with Ans-Ptr (Boundary+Search+en) 150 882K 67.6 67.9 768 77.0

K 6.6 Match-LSTM [1 5256 45

Match-LSTM & MRC A5 FH R B 27 2] A v A 22 b s A R A5 8L, AL baseline i
7 LR. Sequence 2/75I & %)%, Boundary &AL R)E, Search fRE 114 5% X th
(R AN B (R PR B AN RREE T 15 MA], RN 2508 RIK RN 15 M), an Sk
R AR . b RoaRgmibas 2 XA LSTM. en 28RS, M T 5
ANBFHER, SR IG B AR 15 FOMESR I R B AR L f i

AR S|, A F a8 R B T . ERE 156 MiARKERZE, 14
PR XERTE T 28, thAh, ST IR A IR RS I 2 4R B 150 B9 nF| 300, 45 SR
FREREETE T — a5 ARG SRS 2% )2 AR A 0] LSTM AR ) LSTM, Fabs )R T 7 — A1,
EELERIZMAAA LSTM, f8hsX3eF 7 — 8, &EHH 7 5 MEAMERY ], 15
B UF TR FR SR o

B SR Match-LSTM #& i i bt i, (E2 AR AT DLE SR 2 DUFE SR TE A6 FH 1 8t & 2

R,
6.3.3 DCN =5l

DCN [J4=#% A Dynamic Coattention Networks. DCN # A i FL.7E ICLR2017 L3 H, /v
F A HLAES Match-LSTM 1 Bi-DAF 2 [8]. Match-LSTM Clifit, J&Hi< i Bi-DAF.

AT T FE /44 Match-LSTM I 350, i F e = th L s Ok o, TR, P ol
BEAGE M — A A, B SEE R R, TARES ZAAAE 2 Bk )
He— A LAY .

{3 S A W, R W SRR BB R, A G LR EA%% T,
SE AL B AT RE IR

KT X, HSzPe BT UEH Beam Search BRI ERARNUR, HTiRAAE
MR BN EMER S, MAZET R EEREFEREmPEGAE, HLE
B ETRZA A AT R, R CR AR RN . SRR 2] BRI R AR bR ER T HEOR, Al
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AR BT T TR
1M DCN ] 1 55— FUB s, AR AT 2 0GR TANE —JORE - .

J3 A Match-LSTM 7R 1530 = 5 [ AU RyE B 0, Rk T 305 i3] [ &t
FERT), R R REERT), FEETREAES, DCN Bl 7 XUAE R I i
Foget @ NXAMERTFAR, 2 J5 ) MRC BB A E#SR A 1 XA 0 kit

DCN a5t anid 6.7 fror, IXAEHLTERRTHE /M 2531 MRC ARAEREZA —FF, Hst
R EIER R, AR R, DCN XA A B & 7 )2 H S & prtlE MRC AHEZE
B SRR, Wik 6.8 s, ZhAMEENZAERZ.

AR RERE
AR
AR LERT) | EBRE®
BRI E: 51
steam turbine plants
peEt T i) R G s 2%
The weight of boilers and condensers geneerally makes
the power-to weight ... However, most electric power is ‘What plants create most
generated using steam turbine plants, so that indirectly electric power?
the world’s industry is ...
6.7 DCN [#&5#4
. U: U,
D:
4 } } 4 {
i |:| |:| |:| H H bi-LSTM] == bi- LS TM] == bi- LSTM|==]bi- LSTM|=]bi- LSTM[=™
[N N ]
m+1 AP
document
A2 =

g

g\ ce

=]

0 N 0L
allil il
B
n+l1

Kl 6.8 DCN X HZHI%ZEH

BRI RN, SCE X, XD e RY™, d i MR YT, m & CEMKE.
] X2, X9 e RU™, A2 i) PR B

PR vHEHE S 5L (1) S L) 45 2 A X BLAE A 1K) & B m) LSTM:

d, =LSTM(d, ,,x")

KRR AN EHE D=d,--,d, e R"™, | ZRGEIRSHIZERE.

WAFF]—AN [ B H Q'=0qy, -+, Uno

BEXT i) AL T — AN AR

Q=tanh(W? Q' +b°) e R""
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X SR B SO PR G it 2 1) R i 83 ) G = [R) A DT A o
TN SCE AN A ST R IEAT R T .
Je R HEAEER I, Match-LSTM BLAEFH & nvkik & 7y, X EahcdH 73, 1
HL R B A B ) R
L — DTQ = Rmxn
XA R Transformer 1) HE R JTHEARSERL, SeH ARG 3 —MER IR, K5
3K softmax, /55 value #HRAG 2] R K. BEARER IR A S H COMHTE, Frilih
5 softmax (175 7] IR — 77 FF A6 &R —FF o 111X AN R 77 ) AR R AN R e 2 7T
I 8] SR ) R ) A T A Uy R — 1k
A®=softmax(L)
SCRY T v 5 )9 R 72 %R doc Jr 1A — 14k
AP=softmax(L")
] R SE R
C° =DA® e R"™"
SCEM R SE B R LR Sy BT
CD :Q, CQ AD EIRlem
SRJE T A T R -
u, =BiLSTM(u, ,,u, ,,,d,;c”) € R?
KB LSTM H&HSE, S EmA B LSTM, 433 ] T E—raE A
B RPIRES, ANZEFECN R N b — B ZRR — i 20 IR S i R TR 2
N RSS2, RN R T s o 5 R H 4% (Highway Maxout Network ),
T A B i R B L PR 4% R TS A R ) R A B 2% (Highway Network) B AR % 7 1R14,
PARHISML, (H IR X A . 1A % A K HE X 4% 35 ) R B 2 AR 2 1 5 F
6.9 118 6.10 Fw .

wee Ggg Ggg Gsg sy Osy eee

1

MAXOUT |
! ’lf IlJ Il" ! m 2)
| { | Mhxolr |
mh
| MAXOUT
.
1

U: |j|j|j|j|j T

8 49 50 51 52

4
Qo )
& §F .5
§ f&g

6.9 eIE Ly B K H I 2% G #
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h Piv

Uy m s |—~u
= argmax s;:49 wuy, argmax e : 51 5
u,. { (steam) 5 (turbine) u,, U,

U Uyg Ugg Usy Us) Usy

WILST
WLST

6.10 BhAMEIYJZE L5

HAAWF:
r=tanh(W°® h HUSHURD IS R
WP eR™™, s RHIUEVEE AN L EKENIRS, MESREHMNENTS, ey &4
KBRS . u bR NER u XN ERIHRA RN R R, u, SRR
BEXT IR E. A4 0 RS AR AL, XTSI hy 2 G HT AL 2D X B RS Al &
1K 6.10 fiow.
m = maxout(W'u,;r +b*) e R’
Wl = kalx3|
u B E—ERHE, Fhe t SRR E— B H S E AT N, BTRL ot
FIVE R A2 SCRE K, R R IRCE TR . BB R maxout G2 —> max #1E, 2%
BL CNN B8 KA 2 . X L k2 Wik re ? Hog NS5, RALT Transformer )2 3k
VEETD, ERESES] kA, BUES KA N
m? = maxout(W’m; +b?) e R'
W2 c kalxl
a, = maxout(W*m';m? +b*) e R
W3 c kaZl
s, =arg max(ey,---, ;)
si it e MR M B R IERIGA E . m 2 SRR, BRI RS u X N #D
23 E|—A Qto
ER AL E R A s FIAL B B s BIET,  FRERTH m A,
& =arg max(4, -+ A,)
THEAR hy g — AN LR LSTM:
hi =LSTM, (hi ’usi,l;ueH)
hy RBEREATRENLOTAA L - =1 5.8 (LS, ATCARENLZY — A, ] DAERI A S u, sy,
%%B’Jﬁﬁﬁ%tﬂ#’[\ Si,€jo

+ 194 -



56 & Hlav iR

EARA AW s 1R 2 AT PASE B 48 AR e J5 A uk, BDAT— B4 H A si,ei0 A4 AT —
B s e AEAR TR . AT LB [ e D E Tk, —RRMEE S
NHE— FEas R, WK 6.11 A1 6.12 fiiw.

Model DevEM DevFl TestEM Test Fl
Ensemble

DCN (Ours) 70.3 79.4 71.2 80.4
Microsoft Research Asia * - - 69.4 783
Allen Institute * 69.2 778 69.9 78.1
Singapore Management University * 67.6 76.8 67.9 77.0
Google NYC * 68.2 76.7 - -
Single model

DCN (Ours) 65.4 75.6 66.2 75.9
Microsoft Research Asia * 65.9 75.2 65.5 75.0
Google NYC * 66.4 74.9 - -
Singapore Management University * - - 64.7 73.7
Carnegie Mellon University * - - 62.5 733
Dynamic Chunk Reader (Yu et al., 2016) 62.5 712 62.5 71.0
Match-LSTM (Wang & Jiang, 2016b) 59.1 70.0 59.5 70.3
Baseline (Rajpurkar et al., 2016) 40.0 51.0 40.4 51.0
Human (Rajpurkar et al., 2016) 81.4 91.0 823 91.2

K 6.11 SZEGSE R

Model DevEM DevF1
Dynamic Coattention Network (DCN)

pool size 16 HMN 65.4 75.6
pool size 8 HMN 64.4 74.9
pool size 4 HMN 65.2 75.2
DCN with 2-layer MLP instead of HMN 63.8 T4.4
DCN with single iteration decoder 63.7 74.0

DCN with Wang & Jiang (2016b) attention 63.7 73.7

K 6.12 HmhsLIs gt R

XHEE S5 Match-LSTM fii— FXFLLBIRT, nfeUE S|, RTHeELn. Hd, T
JEHAE R AL 2k L Highway Maxout Network #B#EE 3] T — & KIER, &5
—ATIRAE X AL B Z B # T Match-LSTM (B A2 5., {H HMN 12 s 244,
it LAE A& B Match-LSTM 199543 &1, Wil 6.13 fis.

Question 1: Who recovered Tolbert's fumble?

w
o

1

i=1 sta

(]
N
N

o I =l Mol JIN L

o
2

12
o

| =T ]
=] = =
1]

||=3star. el
i=3 end e:22
PUKEXUE PV oD ERCE SHPCDEYATY L YNSY VXL UT X200 oNAtDCDE "gUZll VB USNEERY YPDEEXMSEEDDAE pOGE TRY8LYDRY
3 5 2 o = S S = & o 2
d #F T8 & 2 8 i fF % i % £ s 3 8 8 =%
8 i £ 8
Answer: Danny Trevathan Groundtruth: Danny Trevathan

Question 2: What did the Kenyan business people hope for when meeting with the Chinese?

i=1 start s: 66!

£ GGI

F==|
®

||=lend l
|i=2 start I I ] s 84|
||=2end I l €. *»’“"I
ACEATEURSC "DUE00 HUUBZOVMAQD © : YECD TYNC ‘OSVHUBCHYE "D BU DWICE EN BV R o a0 Cul—DBp CHESEUTWnc>EUS C
P26 275EEA3E 27802 MEETRERECE § U IUSE WURE E27GECSUT R OTY TS5 °C £ $AMEfR R° §REIRTEITNEZEEESE-
"2 g 28 %58 g 2 v N = cE 3 C & €8 P32 MsE 8 G g N & S ecg 8 =5 £ F=F 5¢
fEX 8¢ B 9o az & 2 2 ® E g2 53 %3 5 s B S 2 g3k s B 5¢
2E g 3 35 6% B g = g2 =T @® g g =3 7 @& g
& ¢ E

ig g S g > ~ 5

3 § £ g = g

Answer: gain support from China for a planned $2.5 billion railway
Groundtruth: support from China for a planned $2.5 billion railway

K 6.13 EHRITHEIUR
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M4 Question 2 B7x, H—XgHINALE 66-66 584k, (HIFA LI 5 S0t IE#h %
R, PrelBEpLE £ E K& R AL E R AT

6.3.4 Highway Network #&#Y

A4 Bi-DAF ¥ it 2| T Highway Network (EiifiaBgmes), FrLL NN H— T
Highway Network.

Highway Network 55% 7 /2% ResNet i 50L, $& N A4, SI#E2 N Tk
CV S LR FE 2 I R /i, BARFRATTE E NLP, {HJ2 CV SUs IR Z &30t n) DL
FHEINLP B, 54 i i vFad i3 s AL de ) 2 N T BB A, 38 F CNIN AR ZE 94
N

F A 2012 4F AlexNet F T 7 52 LK, B2 GoogLeNet HiILZ B, 3 HIMI2%
SERITRAE KBRS TR (JZH0D MM S (P2 TTH0 .. Fr AR FIRGLIRE S 2108 “IR
FEZ”, BRI R JEH RN EWBIRZE, .

QZHKRZ, WMRNGHEANE S, WEGEUE.

Q MZEHOR, THEE RO, HMELAN FHERE .

O PIZBRR, BRI JE 2R Z T R (BRRETH ), HMERLILAL R .

KTHREEWH R, TAVEATH M LSTM B ki, 785 RNN U380 186 2 2k 32 2% NS
WA, XF AR —AD&RE, HHAT LN, fEREMEZFEHSZEIERE D, JHKRT
1), REMIFZJGSALRAR, B2 bhEEENE. 729 RNN BRI, n SR 2% JZ 4002 08
%, Wl BLIA R, WE 6.14 k.

-10 -5 0 5 10

Kl 6.14 sigmoid %L

UbAh, GniRAEA sigmoid YE NG BREL, B4 T PIL RS R AR AR /N, R IA)
FERR SRR A L BIRZ MG B UM EEINR G, BT/ T 1 FMER S AETENE
B FRE S IS X AN AR . 64 anqe] fift e e 2

Q xfF sigmoid, T LMEH ReLU Z KHI R HCRAE .

0 A LA# ] BatchNormalization 22 25— 4L 4 .

Q REIEE—MA BTG S, AR,

mRIERSAEEZS Y AR
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PATE LR 4 M7k, RITREEM 24549, Highway Network Bt 7k —, H—
ANTJ7 ik 2 ResNet.

Highway Network () BAS LA 8, 8RR 523 LSTM KIJE K, e 11t
SRR A A58 B2 3 2R I ) 1) R

X —ANEE IR a LR N g, — S ALN:

y=HWXx+b)
X Highway Network — 2, #4507 BN 14%:
y=HW,Xx+Db,)TWx+hb)+xCW.x+hb,)
KirMEERREA L x id X — B EERE N2, EAMREX— BN
BBEX— RN Xo HIRZHUHOL T T EIFIE 0 F1 1, 2 2 rh RS . AT
LSTM JRUtg i), ] DL — AT 1R I ME, RELT GRU XU
g=TWx+h)
y=H (\th + bh)'g +X+(1-9)

TH B0 B2 2R 1) SR FEER LSTM ZEAAHE], AH S TR EIG I 7 — M EEERER T,
XFEURIR B R P A G, IR AR 21818 27 > 209 3 Shphid iX L8 2 R 25 2 AT
WG, I B ind IS

Highway Network ()RR U1K 6.15 frax, 1EMZS BN G, 155 [ I 2545 2k ik ok
ARXE LU B, 1 Highway Network W R] DLAK SR AF I AF I ROR,  RALE JZHe /b (1 IR s i

I 73
SH IR
5 107
5
g0
E = plain
2 107 highway
2
s}
g 100 —
= —
10° —_— 1 T
50 100 150 200 250 ';-Dﬂ 350 4000 50 100 150 200 250 300 350 400 50 100 150 200 250 ’;Iil] 350 400 50 100 150 200 250 300 350 400

‘Number of Epochs ‘Number of Epochs ‘Number of Epochs Number of Epochs

K 6.15 Highway Network 5 IF ¥ 9 5 /R 28 )1 Zrxct He

KTFREML, ArHEE Transformer BfA285L, Transformer HI%EEANHEE /1 block
H e Ja A e 1 F R 2= 78, i 6.16 Fias.

+ M%%ﬁﬁ #
F(X) ) X
i SRR

FX)+X

i A
K6.16 FkERMZ
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BIRRZE IS 5 Highway Network X AIHECK, (H =38 SEbr EAGR P ik s 1
—HAMAEIL, BREAEFRA x BER T E, EARKBEAR x #AT b B IE.

6.3.5 Bi-DAF {&%!
Bi-DAF A% T Match-LSTM f#)—t& B AH, H4FR & Bi-Directional Attention Flow,

RS R A T o IR PP X )y i I WL LSRG DCN L2 s28d T, Bi-DAF FEA4
HFA], HeumE 6.17 Fras.

Figal wHH Query2Context
} } i
Wz EraEealralivaies u
g N
% SRS SR SRS SRG SR 5 w
bsiihd
E by b h.
a

£

Context2Query

—

Query2Context 1 Context2Query
ERA

2 2
Uy
hy he h, u uy { “
EFXBAR g . B O SAv<as e S R
A
u U h,
HHREAR
FRHERBRNZ
1 2 T qi qs
L 1 |

EENME

softmax

LSTM

HEEERAN  FEHERRA

| GloVe ‘ | Char-CNN |
1R e JEL

K 6.17 BIi-DAF %514

Bi-DAF Z5#—3500 6 2, AidiX 6 J2HARVEAT i 238 HAEZE [ 4 J2 4540 .

F—ERFHMERNE, BT EAERLEFRIRNE . §N ARG N — 750
&, SREEAEIELR CNN IR — AN 1A 2. R EIER 2 NLP AL i #imT
DA, HEZEATURMHEAmERE RS, FEIFAMZRA OOV M, A%E5
HILL R A

frise{dy, -, dr} A4 ET MRCATS I SCERIN, {qi, -+, QN RSSO .

TN T 215 Em A R vy —AMERE, 285408 CNN+Max-Pooling, 445 E]—
ANEETFRERAE DR M A, CEAE AR E S IR DM e R, ¢ &R
RIYERE, FENN QM e R .

8RN EIRA S, EE T EHMELR RN . 1 5L b 5 B O T
ZRUT GloVe Ta] [ i, SCEEFA A &40 38 DOV e RYT, QO e R™

A A MR, AT A I ?

B (R ERL R 7 VA PRSI, Al B R EEA ML, HIX B EEA
FRIBRERIE R AR, D R — AN .
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Dwrd — HW(DChar; DGIOVe) c RdXT
Qwrd _ HW (Qchar; QGIOVe) c RdXJ
FoER B RANE, B misat )z, £ — XA LSTM.
H =BiLSTM(D") € R**"
U =BIiLSTM(Q"") e R**
X P RBORES M B4R d, HERESH, WafARENd.
FWERZHE, KRG NERIMZ, HE DCN MiE R —Lk,
[F) R e SC 5 1) R[] 7 P 3] T SRR DR AR B, ANk 5 7 sUBEAN 2 Match- LSTM
EARER T, AR DCON gt R 71, MamEsaE—i.
s, =W h;u;;houy eR
w, e R*, hit & R gminZ 5 105 t M, up a2 g w2 5 15 A4
B <o BRI IRIE, AR IR, A REIAINEERIE, BEH R R [,
T iR M EPHEERE . BT I EPHE SAE AR R INEEE R, B
e A, (H2 SHTi A EAAR G I EA N, & T RERE B E, S TR
EHEAT T IR AN
XFERB— MM RE: SeR™ .
SR G & B A BT E R /T, context-to- 7T 1] attention (C2Q), Match-LSTM f3Z H.
ERAX—T7In, WA RBSMTT .
a. =softmax(S,) e R’
R SCEE At AN A ) O E A, BAME A, AT R — N R
ueR™,
u=U;=>aU, eR*
J

KR AXEREASHTHE AR, HieH—NEEBE 5 X R [ = A7,
B3¢ J X BT A 3R AL B (1 i) R3] ) 2 R AN AS 2060 B A il A5 B B R e E U, A
W], mAU eR¥T,

PSR TH L ] BB SCE IR I, query-to-context attention (Q2C).

b = softmax(max, (S)) € R

maXeo(S)l & HL S AR e KR — %1, a2 1) 3] ST 3 (13 = 0 A T A )

R IBGE, T AR T RIS
h'=>bH, e R*

KA b s 3T 5177 1) b ds KAH RAS 7045 BB, By DL A [R] fé) 7] R i) 1 45 2R 2 AH
[FY, AT bt 2 AR R o
IRJE R R IX — JE I -
G, =MLP(h;u/;h ou/;h oh") e R(8d xT)
hy 24 A8 B Z AL B ) b—gwhs 2 I SCE 2 ¢ SRS H . o) SR ETT C2Q 2
Ft M . MLP @& — AN RR I AR AR E . 88, X R T D
AT LA
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BLERBERE, FAEEMUE, elfETERE.
M, = BiLSTM(G) e R2
M, = BiLSTM(M,) e R**"
p' = softmax(w,G;M,) e R"
p2 = softmax(w, G; M,)
p', p7 AR T AR A BRI 45 SR B RS . IR R ORI AME AR R A S R
BURBRAL:
1

N
— 1 2
LWF—WZWMMHWRQ

VLY R EIREARI ARG RO E, py, Th Ty TRIEIIEE y DIu K.
LA bt /2 Bi-DAF BRI 734, R RE B LA R, Wik 6.18 s,

Single Model  Ensemble
EM Fl EM Fl

Logistic Regression Baseline” 404  51.0 - -
Dynamic Chunk Reader” 62.5¢ 710 - -
Fine-Grained Gating® 62.5 733 - -
Match-LSTM? 647 737 679 770
Multi-Perspective Matching® 655 151 682 T2
Dynamic Coattention Networks/ 66.2 759 71.6 804
R-NetY 684 775 721 79.7
BIDAF (Ours) 68.0 773 733 811

6.18 Bi-DAF [J5La 4,

SIS E AR & SQUAD 1.0, FTLAEH, #IREIL T Match-LSTM £ DCN.

FORE— N, wE 6.19 Fin. a MERER BRE BT, HER
MR AR X M AL, B AR R AT R, I ER R BRI, Bk,
HEWT TSRS T N fiF, HR, NGBS RS, Rk — e TR AR
L

EM Fl

No char embedding 65.0 75.4
No word embedding 55.5 66.8
No C2Q attention 572 67.7
No Q2C attention 63.6 737
Dynamic attention 63.5 73.6
BIDAF (single) 677 773
BIDAF (ensemble) 72.6 80.7

K 6.19 IHREISZIRSE

TG B, AR AR, 45 P A5 IR R AR iR/, I 77 17 B A s ik
FERBAT L OOV BRI,  LARAS Tm] 3R B AU/ DS — 28R A, HeAth ok
Bobo BRI, WREERE AR, AREFAAE, BAER TREXIERIE. C2Q
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TR /I Q2C VER I TTHR K. C2Q F1 Q2C MM it = JytH L 5 E M S B AR A 1Y) o1
ik, AL C2Q I DTHRE K, M7 52 WA L R SR 58, AN A o5 JR S0 25 )
HERE L, FTbh C2Q MEMTEK: Q2C 15 C2Q TuiikAH ZEid K R W] e & 7E Q2C MR
Jrt S RS T BORARSCRE, ARk T RN REAT B T 5

6.3.6 Ruminating Reader 1&#!

Ruminating Reader #2843 T~ Bi-DAF fil 1 — L4 i, BAR LM F- R 78, HEAE Bi-DAF
FEAl B T — AN SRR, A 6.20 FTE 6.21 s .

Bi-DAF [T 2 &5 H FL 5238 2 J8 T AR vER MRC 454, iX B i J5 — 2 2 AR Bi-DAF
fIfr 4oy 9 7B ER T 2. Ruminating Reader & X £ 7 — a8 B, HmA&=
Fs ANERIIRE . FHERIUZ A EE, R R R AT 2 R

| W2 |
)
[ GEBAE |
[]
| EEIRE |
/ \
| EK%@E | | Hﬁ%ﬂ% |
| SN | [ aEsAE |

& 6.20 Bi-DAF [¥Ti 2451

| Rl 2 |
| %Eéﬁ% |
| E%Lﬁ% |
| 38 s 5 1 s 4722 LR | | £FHESFGH TR ERE |

| R EUZ |
| B |

[ JE AL | [ i B AYE

[ EI%AE | [ H@ék@ |

6.21 Ruminating Reader 115 /= 45 #4

Ruminating Reader 15 8 fit) JE & 157 5K 10 Al A IR A AR 1) B35 S SR A5 0T PR 25 S e 5 1) 3
fite, LAMETHEPR, 1XER Transformer HVERE JJBIALFEAT 6 RGN Z BN, FHas
Pt 6.22 AR
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---------- RS2 b gk
e BT S AT R T T
----- o B4

C ] WEERA
[ CharCNN#fE#!

LSTM LSTM

ERIRE

R 7 U S
]
i
i
f

LSTM
3
:

=

%

—
LT3 HE ] 1
[ ] ] ] [ ] L]

& 6.22 Ruminating Reader ({405 45 #

[AI°4 Ruminating Reader &2 T Bi-DAF 4 J& 1], Bt LLIX P AME AL 1T = /2 58 4 2 —FE Y -
j%: {dly"'r dT}°
F: {gg, -, qo}e

=202 -



56 & Hlav iR

FREEE RN JE4 1 CNN+Max-Pooling 7521
LE: D™ eRYT, ¢ RTFIFREMAERE, T RRCEMFEL.
I QM e R™
SCEEANE) R A RN DO e RYT, QO e R
i# L Highway Network &9
Dwrd — HW(Dchar; DGIoVe) c RdXT
Qwrd _ HW (Qchar; QGIoVe) c Rdx‘]
WA LSTM s = :
H =BiLSTM(D"™) e R**T
U =BiLSTM(Q"™) e R**
RIERAH)E, ZHENEIES Bi-DAF 584 —F:
sy =Weh;u;ih ou; e R, wy e R™
B DA RIERERE S:
SeR™ .,
context-to-query attention(C2Q)
a. =softmax(S,) € R’
15 B = IR R R
aeR™ .
BN BTN
w=U;=>aU, eR
J

Ur c RZdXT .
query-to-context attention (Q2C):
b = softmax(max, (S)) e R"

h'=>bH, eR*
t

R
g, =G, =MLP(h;u/;h ou/;h oh") e R(8d xT)
NIk A& Ruminating Reader HTi AL, ot — A R4E)E:
sy =LSTM(G; 5, )
5, =LSTM(G,.5,)
R —MAE LSTM, A G, ZAJFIEMNT7 R LSTM 1 G — AN RS THER K
S= §; g e R*
XAEER N s, SR —)ZP Ruminate 4B e 54 H . 5% Query Ruminate:
z}' = tanh(W,,s +W_u, +b,,)

qz i
U= A2 2R R R TP AR s 6 B SR A H
1 2 2dx2d . 2d
W, W, e R%b, e R

fl =oWys+Wziu +by)

qf ~i
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Q =flu+@1-f)ez";Q e R*
K EIEAE N LSTM #8:4E, sl m—A 114 & 5 (s B S R S 2 5 ME
B, A R 2 I 28 A v TN B T 4% (1) i S
F1#E4T Context Ruminate 4bFE, ST A BA5E, X s JeidbiT—WX{ A LSTM AbFE .,
et s A TIX, RN LI Query Ruminate &E/kiHH z Al f i s #AE R —/ME, A4
FiEsHE T I k. XEER T RG] —/NHEFE:
S c RZdXT
S’ = BIiLSTM(S) € R*T

BN S, e R, HFLADUA LSTM (IBBERA AL A d.

2! =tanh(Ws/ +W2h +b,,)
s{ bR WIA 2 Bi-LSTM AL S'EE | AN & hy 5t/ B T gw A 5 S0 B i 38 1

=
Hﬂﬂﬂ

fid =0 df 5 Wdfh +by )
D =f'ch+0-f") oz’ eR*;D' eR*"
B3 Q'F C'J5 4T —Ik Attention Flow #:4F, ®&&E3 G, X#nxses5 E—4
Attention Flow #/EAH IR, FrbAAXAZIH K T .
i Ja AR 2 A5 2 A -
M, = BiLSTM(G') e R**"
M, =BiLSTM(M,) e R*""
p, = softmax(w, G';M,)
p, = softmax(w;G';M,)
W, W, € R
N FRE— T Rimas R, Wik 6.23 Fik.
A LAE#], Ruminate Reader Lt Bi-DAF [1#E st — 03Tt 7, Aibix AN S s i &
LW 7, eI 7 LR MEEAL, b DCN+WZEH % DCN #4711 — e ik

Model Test
Fl EM

Match-LSTM? 73.743  64.744
Bidirectional Attention Flow® 77.323 67.974
Multi-perspective Matching® 77771  68.877

FastQAExt" 78.857 70.849
Document Reader® 79.353  70.733
ReasoNet 79.364  70.555
DCN+# 83.081 75.087
Reinforced Mnemonic Reader® 86.654  79.545
R-Net! 88.170  81.391
QANet 88.608 82.209
Human Performance 91.221 82.304
Ruminate Reader 79.456  70.639
/623 SonsiR
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6.3.7 FastQA 1&%!

FastQA LAY ()4 & Lh A S B, HAEE UCNIE B AR %, N TR/
TR KB EE (M52 Ruminate Reader), i 45 5 J6 195 0 11 N A 3 7 Mk 37
Heb, R HEMNS—ANrmk, Wit T —MrEEEEAREE, st DR
SOTA /K#E.

MR TR BRI GIES I8, EHEEE H— M. HeBase et
RO, TR A, XA, (R EE R (5 4 B AN J) . i,
Transformer A1 BERT (LR MRS K, BB IR SIS E, (H2 4 r AT 7T 1)
NZ T, BeE I R BT, WS A TR JE T HMBR RS k. ik
BB RIEN, WG BERT X AE &t 8 hnm — 8 12450, s X ik
T FH B AE O RS AR AL 35 T DL SR B RE R $

MIREIE RS K. B4 BERT, 78 Tl sz 35 0N R R AT, i LLAE
FH ] B (R RS 28 2 g e 1) R A T AR S ) H A

TIHFRA 1R E FastQA H R & e ¥t 1K) o

BEX BRI T —AMA SRR Bow, HOE e TRHME TR, /B baseline.

1) R qu,...,xg

LEE: X, xS

SR AT 1] [ AR AN R [ B RN :
= Ex‘

&5

E mt /2 Embedding %5 %,
x! =C(x")
C e HEMZ RN 5 1) CNN #4557 B R A
d :[xd'xﬁ]e[@d

q=[xix ]er’

X255 F TH A 28 A Y By = 4R ) A0 1] ) B 1R DX S R VA A P e T A B X 4% B
Fofth I 14075347691, T H BB T PfE.

PrHEERIE s o, (5 R R R, (HHA kI8 SO =E4EERG, 5
[iiiTRa R 8= JilI8

TR G I R R ERE T AMERER, BAMERIST, NINE & 28:
PERfE > Tt EE, KGR thRE it EE.

Type Matching 25 A4 JLL 2 :

B U B Sy — A, b 3 AN, g 3 AN M E R PHE. & OE
SR FERAL, G0 “who” “when” “why” “how” “how many” %, XfF “what” “which” iX
FERI A8 7 b2 JE S8 — /N 4408, 5140 “what year did...”, 3T “year” i b, XFRN
LAT. XAMEFAERISEE0 R 5 TR AU ER, AR BT 8 205 i) A Ao B A DG 1

R S A 1) R R A A
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U=0;0q; Qg

O W ) A ), g MU, Qavg WA AT T HI K “who---when---what
year” i (R [ Y, MR, W RAA—ANE, WRAFME Rt e EC. KEER
AT DA 4350 1) A 4] 1) P 3 BT b, DA S SRR

SRR B E, KN FastQA MIRREJERIFEE /N, Ri& M T SQUAD 1.0 (1) i 7 4
RS — 8 y, FrlX BAEE SO A2 A, APl g — DB R TR A &
LA Pk le ? 3 & WA B 7%, R2RE 7 10 M fiaE ERR . Ht
HEMH R IR, RONERE LN, Baf—AiE, FrblgaiEge — 1k,
R —AJTE KT 10 M A X 5y, 877 10 AMAFE—ANE, J5 10 MaF—AN e, & EEm
WS — N A &

h =d1';d'D;d;Vg

di b A 0 RIEE —MA], dy BRRER | BRIV N, d,, SRS | A P
Bl &

A I 20 2 A B A IS D HE 2 R muik. o, “... president obama ...” 1 “...
obama, president of...” 43 HiX} BT SCF G SO 2 RN, BT DLCEAME I T AN T S
% 5 AN HLI] [T 35 1) &

h=dg; 0100y O

SR 5 Gt — LU AR 4 st T DA AR SR ) VE

u'=tanh(FC(u))
h'=tanh(FC(h))
Otype(S,€)=softmax(FC(h'; u'; u'~h"))

FC i —NaiEs)Z: FC(U)=Wu+b, “o” B RILMTAHTRARKRAEEIE . gype LML 2
AR E BRI, s N e Bl YO IR RO E . Aid Pai i Tix
MR E S RAGE, FrCAgidghn R i R .

O Context Matching b FSCULHAL: X BALEPARHIE, — & 2 H7 a2 75 78 i) @l s 30

ik, 5 i S i) ) SR A AL
wig’ :1(3i X = xiq)

WIERSCEWEE | AN S 5§ N E AN, IR AR AR 2 1.

0 5 ZNRHIEH SR AR AT AN A 2 S A B, RO AEIR 2 s inl )
R 2 R AR —2e5 4k, Al 7[R SCH] 3 7 — DA RS, L, ST
AUUEE, Ty ARG, B DASE —ANRRAIE Al 3 1] 1) 5 P o SCARCLBE 1B 47 40 T o

SiM, ; =Vy;0 (d; © @), Vi € R
X IR — VB ALE .
wig? = softmax(sim,.),

AT RN T CE S § AN S ) B R SR ARBLRE SRS R X Se AR AL FE
S5 AT SR

X HLTHT Y softmax JHe S At & A ARABL RS T Y mi S R B e kAT 3 — 4k .

simi st A2 1] B 5 | AN 5 217 SR e B A R A LRE ) &, SRJ5 3K softmax, 55
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HMEI j 2R FARBCE jAME, HSU 22 MR —{b 2 J5 AL, SRR,

AR SCEREIKERA SR — 1), AT 4—, R AL Sl K B 1 & DR R,
X HLAH R AN SCEEBRIA I 5 AN, 10 AN 20 MEFEFESSME . B, — A SCERE S
12 MFFHE, Ferh— AN 23 5 ANMA L wig® B wiq” BSSE, oAt R AR 10 AN
20 AR IR R AE S (B . XA ORI 2 T 12 AMRFAE, A T DA T IX SRR AE
THEH M B ROMER, X RN AT B ICEAS B FERFE .

gcm(s,e)=softmax(wT [Wiq:’&;;wiq,v;;---;wiq:’zo;wiq:“’zo}),weR12
9(5,€)=Giype(S:€)+Gerxi(s.€)

U T8 R T RAE AR AR R — MR, el s, THREIER N, EHED
R, FAHEHAMERA A5 EE — FEAIHOR.

N ES FastQA g5, Wil 6.24 fiR.

=R

T
Answer
Layer

z
[ [a) @ (@ @ @ ()] [
@ @ @ & @ @® @ g
i zZ —~— - = H"g
® ¢ ® & @ @ e rS
- g
= wiq H [ =]
O O O 3]
@ @ o O %
=H=I=R=E=N === == R wig” <IN = <= P
o o g o o o o 9 o o o g o
4 I —4 I — IO — I —( I I 4 [ —{( = I I (It I [
- w - e o= e — n e = = @ -
-2 EE "5 gE" = 1 2dg FIFSEFIF
g "'2 %‘ ED_E — < Oognu;n
L =
5] Eo 'g g g 4
g é 8 =

Kl 6.24 FastQA &5ty

W RIS TARATER 22 bkt 7, B FastQA 5 dEH i 8, st & — /ANl LSTM
B REMAER T o EWIHVIERERA R — A RIF IR E L MRS &, X
S8, HUTER) Bow AREAITE oL, (HECARREAL, B DU TGS AR 5 15 B AR
AR, T HARVEE R R S E oL, MRTIBAGHEESEENA L, A
H AR A AT eI B R 1

FastQA it &8 1 W iIkATTH baseline (LA, H Bi-LSTM Z42HUE XE R, 1M
R I P AR G 1 0 IR SC R R 3 T S R A BB R

St 2 B T T IR ON JZ R baseline & —FER), #2 A A& S5 CNN B F 450 ) & .
baseline [f14mhD )2 w2 — A4 IEH N tanh, PR .

1M FastQA 14 HE 2 il & — > sl A BE N 4%

d'=Pd,PeR™
ge=c(FC(d"))
d"=tanh(FC(d"))

~

d=g,d'+@-g,)d"
@3 D=d,-d, .
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et — A A B AL B R R R Q=qy, -+, 0 » AR ABUESEAE X AME,
B ERBERVHER A RO L.

K24 FastQA A MMHINAZ B =, ZME Bl e 25—/ h 0, ERX Bty b7
T O A —ANRRAE, 2 wig®, wig"e 3K PN AR SRt St o S22 Py A AN A
1, P79 baseline #RUEE BRI 2] 7 — Al b, BT X BMFAE R BEMSCR A2,
XEMAH T .

D = {[&l;wiqf;wiqﬂ,---[&D;Wiq%;wiqg]}, D’ e R(@+2D

X T ) R A X LT A wiq FFAE, X By TAER F— &L E, B AYERE 2R

FRgi—, 1A A A wig”,wig” #E N 1.
Q' ={q,;L1---,qy; L}
SRIG 2T WA LSTM AL,
H'=BIiLSTM(D'),H’' € R?*?
U’=BiLSTM(Q), U’ e R*™©
H =tanh(BH'),B e R*
U =tanh(B'U")
X B R B 2 PN S M B DR AT A AR .
B=[ls1y].1, eR

R RIAEA B B AE W AR AL I B H L SERUR 24 THEXR LSTM AN T 17
(RN (2D R R N B — e . B AUE R AT YIZRIY, 2 J5 o] DA T REACRRAE 2% 2] 2 an o] i3
AT IBCRAN A EME SRR 2 WK . X B AUE @A &R AL, BEHILRTT
e — .

RIEHRE R,

a =softmax(v,U),v, € R’

=) aU
i

up e U IS i AN mE . XERRUER IR, A X BEIFRAEEANER, A
BT kv HOHHR T BOERAER, PPl SRR R, B3] AN A TR S
& Z.

si=ReLU(FC(h;; z; hj°z))
p, = softmax(v,s),v, € R°
ej=ReLU(FC(h;; hs; z; hj°z; hjehy))

X HL hg w2 b5 R AR G A BN R 1 )

p, =softmax(v,e),v, € R’

XHIEH F 7 Beam-search.

AITEI UG 1 FastQA A R HZE, Hodild — LR fERITBUA RIAZ H R . N
TIRBELZHJZZNERAR DI, AR DO RE TR, X BB a8 R MM
SR T, ANy, —RXENGEEMZE, KT aERT), SR ESH
B H., X B WL T
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Bix=Vp(hjohy)
KRR MR TR, ek, Al T g 5H A SN E.
pi=softmax(p;, )
hjm = Zﬁj,k h
k
KEENET U ETXRRT .
h; =FUSE(h;,h{*) =g,h, +(1—g,)hy
g, =o(FC(h;,h))
1X B FUSE #1E R —AN 1 5t
h 2 CE LTS Bi-LSTM Jwhd 2 2 J5 BI5E | M, SCE RSB 15 21— A0 R
ff) FUSE 5 h)
h? = FUSE(h;, hY)
X B FUSE FIVEZRALT—A RNN $58, MJEAERTIEAT A2 hy A3 T — .
h; = FUSE(h™,h, )
b — AR W S AR T — .
RIE e RS RS, XA R R T
7ii =V;/(ui Ohj)
X BB ) A ) e A8 L AN A TR I S B A [, T e 20 B N RS B E ) Fr .
7i :SOftmaX(7i,.)

ﬁjco ZZVi,jui
i

RIGHRT IR ERMAERAZERZR T ESERMVE 7. WinT 2 EZ R
e i 44 N FastQAEXt.
wEHATRE — Ml VX A2 W EREEC G4 R, WK 6.25 fiE 6.26 Ais.

Model Test

F1 Exact
Logistic Regression® 51.0 40.4
Match-LSTM? 73.7 647
Dynamic Chunk Reader® 71.0 625
Fine-grained Gating® 73.3 625
Multi-Perspective Matching® 75.1  65.5
Dynamic Coattention Networks®  75.9  66.2
Bidirectional Attention Flow " 77.3  68.0
r-net® 779 69.5
FastQA w/ beam-size k = 5 771 684
FastQAExt k=5 789 70.8

6.25 FastQA SZie sk i
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Model Dev

F1 Exact
Logistic Regression’ 51.0  40.0
Neural BoW Baseline 56.2 43.8
BiLSTM 58.2 48.7
BiLSTM + wiq® 71.8  62.3
BiLSTM + wiq" 73.8 643
BiLSTM + wiqi’+'“" (FastQA™) 749 655
FastQA™ + intrafusion 76.2  67.2
FastQA™ + intra + inter (FastQAExt™)  77.5  68.4
FastQA”" + char-emb. (FastQA) 76.3  67.6
FastQAExt" + char-emb. (FastQAExt) 78.3  69.9
FastQA w/ beam-size 5 76.3  67.8
FastQAExt w/ beam-size 5 785 T0.3

K6.26 JHRhSLIRES

S £ L B VY RS e 4 A . T LUK B A I 40 Bi-LSTM 2R, wid?
AR A 28, T Bt B AN AE SR AE TR BRI TE TR 2, wig" b wiq® A 2L, XS
SeI i), A IRTT IR I AN S, BV B R AR 2 SQUAD 1.0, ZE W] DL M 7E S
wmrp R, T HIERE 2 B0 HEh A ), SEUTIER A K.

(A5 Y wig®,wig® [ Bi-LSTM i/t FastQA, #E— 37+ T #6545, 1 H SRTmA4id
() Match-LSTM FI DCN #H bt A8 b5 th 2 Pt dr i), R LG Bi-DAF Al r-net ik — £ )L

7E FastQA EZARSE N BERAE, S A CE NS ., 4R B M2 i AR TR
PRi, XL T M1

Where is Brittanee Drexel from?

The mother of a 17-year-old Rochester, New York high school student ... says she did not
give her daughter permission to go on the trip. Brittanee Marie Drexel’s mom says.

AT PR AR A, BR LSTM 2 KFIHCIZ BT, (H 20 T 1 Ak i st AR AEAAE B IR
BNk, FrBAAAE T Transformer (1) B VE R IHLGIRRAT « 1X BB AR 2L, Al
LSTM i+ B S TR (*) mom A2 15 X Or B 71 1 ) mother (45 B0, AH A B = ipL 0 my B
REEAME R, MR HERIEFHHED.

T4 ) B R Beam-Search i ik — SRR THBCR BIME AN K.

HSLHBRE )G, FHAE LR EARIEHARA 7, B AT A YRR T )
R =2, Al { SR BURE S0 AR B 3 L5200, TR B 27 > XE K H )3
FRIE . (HXAFAEPIAN A — 2 A SRS B TH R 2 B i, RS S T e i & e
R4 757920 BT RO SR s, AN INRIE TR R A3 B — RAER L 2 S A
HAHZES T, R T RE RSSO R 8, B4 et 5 T R
PEEZE I Ta S, MR LRI A% O 50 4+ ) X AEWE L 2

HIRER TRHIE LR AT DL B U, EO TR B I 2ok, BT L st
e MRHIE . — ot Aol R 2 e et 2 N 4%, B EEIRT DA R T A 0] R
HENHEZBRATT R, PO E S RE (BEAD Bt
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AN B R, AL TR G ARt TR A R e K, WA R RRAE B SR BOE T
IS EERE 59 ZE AN 0T HORFALAL B, 170 TSR AE AR AR AL S 06 vt Al T RORLE . A B
RS

6.4 KRIEEBEHAH YRS BRI AE

HLEs 3 f#% (Machine Reading Comprehension, MRC) & [ 4R1E & AL B i ) — I 5%
BATS, BAELTTENLRENSAR N S —FEER A AN (B2 SCA A 1 ) . KRB (1 B, MRC
(RIBE I FHERPERS ) T B3R T . AT A AN S B b R, IFiE T B
AN N R NP ) 28

6.4.1 M BERT #H{THLSE 7SR
BERT M 7EAL 2 bl S B ARAT 5 h R I €0, REUS TR N\ FE AR A P9 25 632 LAk A 1 25
o LU BERT HEATAL S (352 AR () < 1A XA <

from transformers import BertTokenizer, BertForQuestionAnswering

M

import torch

# INEFUIZR) BERT BLALAN /317 5

model name = "bert-base-uncased"

tokenizer = BertTokenizer.from pretrained(model name)

model = BertForQuestionAnswering.from pretrained(model name)

# TG SCAS T ] 7
text = "RETHHA N, Seth BFE. KB A, KLz, »
question = "REANAFAMRKEHZ? ¢

# GmASEN

inputs = tokenizer.encode plus(question, text, add special tokens=True,
return tensors="pt")

input ids = inputs["input ids"].tolist () [0]

# RIS i L

outputs = model (**inputs)

answer start scores = outputs.start logits
answer end scores = outputs.end logits

# IREE R BT A AN 45 SR AL E
answer start = torch.argmax(answer_start_scores)
answer end = torch.argmax (answer end scores) + 1

# R E S

answer
tokenizer.convert tokens to string(tokenizer.convert ids
to tokens (input ids[answer start:answer end]))

print (£"&%: {answer}")
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W EIRACES, AT EAE I ZRE BERT BRI [R5 SOA P g 1) L, SEBLATL A ) 1352 2
A5 o

6.4.2 {EF ChatGPT #{TH 2 FIEIEAR

ChatGPT FERAE L BAT 55 PR BT, FIREREDS N T HLAs (U BE AR5 . AR 2R
FI ChatGPT JEAT HLAS [ 3 A ) = 1A

import openai
openai.api key = 'your-api-key'

def answer question (text, question):
response = openai.Completion.create (
engine="text-davinci-003",
prompt==£"TEMRYE LT SCAR B @ : \n\n SCA: {text}\n\n F&: {question}\n\n
BE: ",

max tokens=100

)

return response.choices[0].text.strip()

# I STA A i)

text = "IRETEA AL, SE2H BFE. kB A, KLkB#kz., o
question = "REANAFAMRKEHZ? ¢

answer = answer_question(text, question)
print(f"%%: {answer}")

WLV ChatGPT 1 API, AT LA SEAT AL bl S2BEAR, 15 2ERY [B1%F . ChatGPT
TERRARFI AL S 5 TS K68, IHAE MRC A4 R I .

KAE TSN A Bl 52 B AR P 1R AT 7[RI o AR I RNk, 1 Bk Jg 1
MRC [N 5. Ak, BEE KRB FIARWIRAAUR R, HLAS S BA R AR 2845 5
BRI, BN T 2 B SEBR st

6.5 /) ¢

A B T AN FERE B AR GloVe 14 A1 B At Highway Network, 1y MRC ##74
HES, SRIGHKIRAHE T JLA MRC AU aE w4 M s A . i @it A1 1 e
f# Fi§ BERT Al ChatGPT BAY 47 A0 Hr .

MRC (L5 AT AR SO D S B A, SRR LT AR, g i — R, REETIX
o SCEE A — e . AR R TR SR A RH L, TR . g & HAh
NLP {155, #SJCikBE B H MRC BARM G @, &5 2 27—l st i) Mg b R %
TER . Blln, TEZRE QA Hia — R ERNEGEMNESR, WA R H MRC HA,
JE HTEA 44 QA In] IR 2> LA 41
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