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biggest river in china

~

Web Images  Videos

EERRT REA

ERERAF RIS SRISHERE LRESR, DERREER,

213,000,000 RESULTS Anytime ~

China - Longest river

Yangtze

Yangtze River is the largest and longest river in China, even in Asia.
Over 6,300 kilometres long, the mighty Yangtze is the largest and longest
river in China, surpassed only by the Nile of Africa and the Amazon of
South America.

hina.htm

The Longest Rivers in China - Top China Travel

Signin R =

Yangtze

River

The Yangtze, known in China as the Ghang Jiang or
the Yéngzi Jiang, is the longest river in Asia and the
third-longest in the world. The river is the longest in
the world to flow entirely within one country. It drains
onedifth of the land area of the People's Repub... +

W/ Wikipedia
Length: 3,915 miles (6,300 km)
Basin area: 698,266 sq miles (1.81 million km?)

Discharge: 1,065,312 ft/s (30,166 m¥/s)
Location: China
Mouth: East China Sea

Source: Qinghai
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o %Mk

o ™ ABNH

o FHERIE

o IBM Watson
o ZINER:

Al2, Todai, 863
> N2EBRE L
» 22 BIRERRE B
» BB B, B

pse, s, ..

(PKU)

Natural Language Processing
Image Recognition

Frame Problem 19805  SPeech Recognition
Symbol Grounding Problem G G Robotics
Subdivision 1990s
Rise of Machine
i Learning

5
1960s

Dawn of Al f?
Information Explosion
u mprovement of Hardware
“Can a Robot Get Into'the *IBM Watson
University of Tokyo” Aera

Question Answering . Ratiocination
Deep Semantic Recognition (A e
(Textual Entailment etc..)

Understanding and

rding to
{according to Images) Processing of Formula

Unification of Image and Text

“Cobden and Bright
organized Antt-Com Law
League.”

Y=+ 9%+ kx
xy=128
log,x + logy =

running by the horizontal
J

Lo—ol-

“Cobden and Bright
asserted abolion of e
‘Cornlaw allance. -

uestion Answeri
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Interstellar

What else did the director of the
movie Interstellar direct ?

select 2y *
fb:m.0fkf28 fb:object.type fb:film.film
fo:m.0fkf28  fb:film.film.directed_by ™
X fb:film.director.fim ?y
2y fb:object.type fo:film.film
I
I
Theatrical release poster [} ow

Directed by Christopher Nolan _~ [}
Produced by Emma Thomas F Fre e ba Se : -B

Christopher Nolan "

Lynda Obst |
‘Written by Jonathan Nolan A

Christopher Nolan JnCepinn,
) Matthew McConaughey The Dark Knight Rises

e The Dark Knight

Jessica Chastain N

Bill Irwin Batman Begins

Ellen Burstyn

Michael Caine
Yansong Feng (PKU) Question Answering Nov. 2020
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What else did the director of the
movie Interstellar direct ?

select 7y *
fb:m.0fkf28 fb:object.type fo:film.film

form.0fkf28  fb:film.film.directed_by ™

X fb:film.director.fim ?y
2y fb:object.type fb:film.film

1
1
; - :
|~ Freebase | pBpedia
i
Inception,
The Dark Knight Rises

The Dark Knight
Batman Begins
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o Baseball : HREEKILFHIMZ [Green et al., 1961]

» How many games did the Yankees play in July?

o LUNAR: HRBHIEIREHIFZ [Woods, 1973]

» How many samples contain Titanium?

o TIMLE « #IFANR - HIIE......
» ATIS, GeoQuery, JOBS ...
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o Baseball : HXBEEKILFFAIAIE [Green et al., 1961]
» How many games did the Yankees play in July?

o LUNAR: HXRBHIEHEFIZ [Woods, 1973]

» How many samples contain Titanium?

o IIMLE - MR FIME....

FEAER) IR
o THI [ 7 8 AL
o FHIRERIELA R:
BOEAEM - JLTFRR . BT =4

o AMIKZH ! AT T HOREHR B R e 7 1]

EEFRIRRTTH NEIRAESHR AL
o Xt LARLAF T it

BT EARER . KA, El=TH

ZFEIRBHR: KB UK K5, ...
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LB RS
o Freedl7
» i/ Freebase
> 917/ AR WRE T 2R IR
@ WebQuestions
» i Freebase
» 5,819/ 7], i#1d Google Suggest APIEHL
» FH Amazon Mechanical Turk JRGSFENIE R, — MR REFEE
NMER
» FIH Average F1 #EM
» WebQuestionsSP: WebQuestions with SPARQL annotations
e QALD
> FIHZER)Z T, QALD:Question Answering over Linked Data
» i DBpedia
> BEEL100 AL
» Hybrid Track: DBpedia /™ /& L5E%E | ZF [n] @, AR SRR B,
@ Simple Questions
> 108,442 18] B [A] {0, [ i — S5 Freebase = TLAHTENE SR
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RS

| BIEE FRE TN Hith
ATIS 5410 BEESS
JOBS 640 (A 4-EEFA LA )
GeoQuery 880 A BN 2 A
QALD Series 150-300/4F | [AIEXF+E45F 10 B 1h)
Free917 917 (RN -2 R IR
WebQuestions 3782/2037 (] %t
WebQuestionsSP 3098/1639 | [RJEXT+4EH 1L iR
SimpleQuestions 108,442 [ ZE%F
ComplexQuestions 2,100 [A] &%
WikiMovies 100k A2
MSParse 100k A4 12 E A =
GraphQuestions 5166 7] R L5 A X 1)
LcQuAD 5k A4 L5F4 (L)
LcQuAD 2.0 30k (A& 4-EE 8 (LB
Table: MR [A)ZAL S MR HTYE PR LR
Yansong Feng (PKU) Question Answering Nov. 2020
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A Tale of Two Streams

5 Xt (SP) | {5 EHHEL (1E) |
(Natural Language Question) (Natural Language Question)
I
Semantic Parser Anchor
( Meaning Representation) ( Topic Entity )
| I
Map with KB Retrieve KB Graph
v v
( Structured Query ) [ Candidate Answer )
[ T
Query over KB Ranking
v v
( Answer ) ( Answer )
(a)

D
Yansong Feng (PKU) Question Answering Nov. 2020 14 / 83



A FRAIE SR

o 1B T (SP)
» BT (P)CCG - Zettlemoyer&Collins (2005, 2007), Kwiatkowski
et al. (2013), Cai et al. (2013), Reddy et al. (2014), ...
» BGIA1EST: PCFG/SDP - Berant et al.(2013), Xu et al.(2015)...
» KK GR: Paraphrase - Berant et al.(2014), Dong et al. (2017)

o FEHHL (IE)
» FOE ST RAIEHEDR
* SR . kR E — FEPE
> Yao et al.(2014, 2015), Dong et al. (2015), ...
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A FRAIE SR

o 1B T (SP)
» BT (P)CCG - Zettlemoyer&Collins (2005, 2007), Kwiatkowski
et al. (2013), Cai et al. (2013), Reddy et al. (2014), ...
» BGIA1EST: PCFG/SDP - Berant et al.(2013), Xu et al.(2015)...
» KK GR: Paraphrase - Berant et al.(2014), Dong et al. (2017)

o FEHHL (IE)
» RITRFRRA A EHER
* SHRMEE - TRk — KL
» Yao et al.(2014, 2015), Dong et al. (2015), ...

o HETH
- sp: CEMIMER, §RALT KB
- B SERCHERF, S PR A
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A FRAIE SR

o 1B T (SP)
» BT (P)CCG - Zettlemoyer&Collins (2005, 2007), Kwiatkowski
et al. (2013), Cai et al. (2013), Reddy et al. (2014), ...
» BGIA1EST: PCFG/SDP - Berant et al.(2013), Xu et al.(2015)...
» KK GR: Paraphrase - Berant et al.(2014), Dong et al. (2017)

- PHEE R 45
o [EEFHHL (IE)
» FOE ST RAIEHEDR
* SHRMEE - TRk — KL
» Yao et al.(2014, 2015), Dong et al. (2015), ...
> FRZE R L4
o FHTH
> SP: SEINMERR, §TRRAES) KR
> IE: ENPELF, [RIREE SCHEEA 2
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o ARfAIte = b R Al A7 S
» FEIRMATTN, BRI AE

o ARARIA FH (R FIAR) (FF U FHiR ZE TT R SR 7R (RIS L
> R« T

o THEA A FERIFISRMRE [HIAY
> FREIZ AL

o fRfALAETY H IE AT
» RRVEM
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o ARfAIte = b R Al A7 S
» EEMRATIN, BERORAIRE - 8GR - 15T
o ARARIA FH (R FIAR) (FF U FHiR ZE TT R SR 7R (RIS L
> RAUER - JT R0
o THEA A FERIFISRMRE [HIAY
» FIRMZ R
o fRfALAETY H IE AT
» RRVEM
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» EEMRATIN, BERORAIRE - 8GR - 15T
o ARARIA FH (R FIAR) (FF U FHiR ZE TT R SR 7R (RIS L
> RMUBE - JFHUE — Fb R
o THEA A FERIFISRMRE [HIAY
» FIRMZ R
o fRfALAETY H IE AT
» RREH
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o ARfAIte = b R Al A7 S
» EEMRATIN, BERORAIRE - 8GR - 15T
o ARARIA FH (R FIAR) (FF U FHiR ZE TT R SR 7R (RIS L
> ORI FFROE — FAERLST — SCOREERE . KR AT
o THEA A FERIFISRMRE [HIAY
» FIREIZ L
o fRfALAETY H IE AT
» RREH
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o ARfAIte = b R Al A7 S
» EEMRATIN, BERORAIRE - 8GR - 15T
o ARARIA FH (R FIAR) (FF U FHiR ZE TT R SR 7R (RIS L
> KA U — FUAERLST — SEOREERE . SR AR
o THEA A FERIFISRMRE [HIAY
» FIRMIZHEL — FHARS
o fRfALAETY H IE AT
» R — AL . BT
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o ARfAIte = b R Al A7 S
» EEMRATIN, BERORAIRE - 8GR - 15T
o AT FH (KRR (FF 7 te) KA ZE TC B AR KR Rl S
> KA U — FUAERLST — SEOREERE . SR AR
o THEA A FERIFISRMRE [HIAY
» FIRMIZHEL — FHARS
o fRfALAETY H IE AT
» R — AL . BT

o RGITIEHIR LY
» E5. ERORAES R
> A BRI Ak

o IR TIEIF R
» DRSS ACBERHUERTR MGERL, A RON M R
» % BRI EITEENAER ...
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o ARfAIte = b R Al A7 S
» EEMRATIN, BERORAIRE - 8GR - 15T
o ARARIA FH (R FIAR) (FF U FHiR ZE TT R SR 7R (RIS L
> KA U — FUAERLST — SEOREERE . SR AR
o THEA A FERIFISRMRE [HIAY
» FIRMIZHEL — FHARS
o fRfALAETY H IE AT
» R — AL . BT

o MEGIITILHIR LY
- (RS LIRS
- M SRR — (FELERIN . ISR E R .
EESCESTRE ST
o VREESIIEMBR?
s fRE  AMERHBIATIR R, ORI A AR
- . BUFEE FREEHER .
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o ARfAIte = b R Al A7 S
» EEMRATIN, BERORAIRE - 8GR - 15T
o ARARIA FH (R FIAR) (FF U FHiR ZE TT R SR 7R (RIS L
> KA U — FUAERLST — SEOREERE . SR AR
o THEA A FERIFISRMRE [HIAY
» FIRMIZHEL — FHARS
o fRfALAETY H IE AT
» R — AL . BT

o BGTIEMIRLY
» BE BN EROREEIIR
» EE: BUBRHERAK — (SO TR E TR L 5
BERM R RFTLH
o RIEESTIENIFRR?
> R AEEERHUERR AGERE, RN R £
» B BNERIE FEITERIER . — 7 s B
Y GPT-3/07?
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B TR T
X 7 (SP) [

(Natural Language Question)

Semantic Parser

( Meaning Representation )

o BN FIR
Map with KB e Grounding with A1 JZE

( Structured Query )
[

Query over KB

v

( Answer )

D
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B XS
B
AT R AR RIS X J

o —FEINL
» HIEIRGS %S AR R AE R

[ Who is Justin Bieber s sister? }

Jazmyn Bieber
Knowledge
Base
Verying

‘ Ax. sibling_of(justin_bieber, x) A gender(x, female) ‘

semantic parsing

[Kwiatkowski et al., 2013, Yih and Ma, 2016]
=) [ - = =

T 9ace

O i
Yansong Feng (PKU Question Answering



B XS
B
AT R AR RIS X J

o —HEIfi
o WISLIN
» SEERIENEOR, B5 BRI R

[ Who is Justin Bieber s sister?

Jazmyn Bieber

D
| Ax. sister_of(justin_bieber, x) |

Knowledge
Base
werying ‘ matching

‘ Ax. sibling_of(justin_bieber, x) A gender(x, female) |

semantic parsing

[K\Agatkows%l et al., 2013, Yih and Ma, 293-?1 I
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& ST
XS
A I A TT 1R 7R (] E S J

o —HEINL
o PILI

B R
e M-Calculus: A\z.sibling_ of (justin_bieber, x) A gender(z, female)

@ Lambda Dependency-based Compositional Semantics (A-DCS)
SisterO f.Justin_Bieber

o EBNINE 6% - IBIEAITEOR, 21 PCFG, CCG, Dependency
structure, Phrase Dependency Graph, ...

@ Query Graph

o ...
4
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15 N FR7r: M-Calculus

@ constants
» entities, numbers, functions
@ logical connectors
> V, A, =, ™
@ quantification
» 3V
@ additional quantifiers
> argmax, argmin, ...

What states border Texas?
Az.state(z) A borders(x,texas)
What is the largest state?

arg max(A\z.state(x), A\x.size(x))

@ variable:

e function: state(), borders(, ),

size()
e entity: lexas

@ quanitifier: arg max

Yansong Feng (PKU) Question Answering Nov. 2020
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B MR A-DCS

Lambda Dependency-based Compositional Semantics [tiang, 2011]
o HETE HH
o HAL: T4k KFE - Join/Intersection #HIE

Type.City M PeopleBornHere.BarackObama

=/

what  Type.CityTown  was PeopleBornHere.BarackObama ?
city BarackObama  PeopleBornHere
Obama born

[Berant et al., 2013]
=] 5 = E £ DA
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B MR A-DCS

Lambda Dependency-based Compositional Semantics [tiang, 2011]
o HETE HH
o A SE{F- KA Join/Intersection FEIE

Type.City M PeopleBornHere.BarackObama

TN

what  Type.CityTown  was PeopleBornHere.BarackObama ?
join
Alignment
city BarackObama  PeopleBornHere
Alignment Alignment
Obama born

[Berant et al., 2013]
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E R CCG
o ‘HAVuM;E% (Combinatory Categorial Grammar)

Cameron directed Titanic in 1997

Cameron directed Titanic in 1997
NP ((S\NP)/PPlin])/NP NP PP/NP NP
Cameron AzAyAzAe. directed.argl(e,z) Titanic Az.z 1997

A directed.arg2(e, z)
A directed.in(e, y)

(S\NP)/PP g PP g
AyAze. directed.argl (e, x) 1997
A directed.arg2 (e, Titanic)
A directed.in(e, y)
>

S\NP
Az)e. directed.argl (e, z) A directed.arg2 (e, Titanic)
A directed.in(e, 1997)

S
Ae. directed.arg1(e, Cameron) A directed.arg2(e, Titanic) A directed.in(e, 1997

[Reddy et al., 2015]
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BN FEIR: CCG

‘HAYEEEE (Combinatory Categorial Grammar)

Web Cameron directed Titanic in 1997 CCG Xe.directed.argl (e, Cameron)
Titanic, directed by Cameron in 1997, ... Adirected.arg2(e, Titanic)
Corpus Titanic which Cameron directed in 1997, ... Adirected.in(e, 1997)

Graph Matching
KB

rpeap

(
S~—— g
film, duectedrb’y ar{l(m CAMEWGN)
Sl i ia] relosse. date argl(n, TANC) A ~—— dirctod s o T N S (e 1997)
film.initial_release.c dsce srglm 1997) }

S T Denotation-based
‘Who directed Titanic? Tearning Model

[Reddy et al.

uestion Answeri

Nov. 2020

, 2015]
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B X 7R Simple Query Graph
TR BREEE LM AN KRR B IR &
= BElA]IA] SR R R AR R A
= SR 5 R AMEECE T
@ Who does Michael Keaton play in Cars?

Question: . .
Who does michael keaton play in cars

Star Graph:
michael keaton

fim starring

G character )@« character d
Freebase Graph: ?
- — The Merry Gentleman
Caroline McWilliams starring Penthouse North

film

spouse_s spouse direct  direct by @
actor
\{ spouse_s
fil starring
fi ilm
6/5/1982 |« from epouse
0 film
¥ type of union parents
character
portrayer

8
[Xu et al., 2016, Lai et al., 2014]
Yansong Feng (PKU) Question Answering Nov. 2020 23 /83
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B X 7R Query Graph
o TEBT miH B w A i+ B A DL S S AR B B2

Who first voiced Meg on Family Guy? =
Az Fy.cast(FamilyGuy,y) V actor(y, x) V character(y, MegGrif fin)
constraints

i Meg Griffin
| % :

: ; o) @C@ - . .
topic entit n A\ core infdrential chain
p y o

Family Guy —cast—b@—actor—b@

o ELFEARL: BEFITH - SR AR BAI MR S AR E

[Yih et al., 2015]
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& X F7R: Phrase Dependency Graph
TEM S LR T IET
Q@ AL THA BARFIR RIS LM RIR

e~ m

[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]
variable category relation category entity relation

[Xu et al., 2014]
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& X F7R: Phrase Dependency Graph
FEW P LR IR ITIEH
© AL THA BRI IE LSRR

a— m
[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]
variable category relation category entity relation

Q@ RIHHUN B BRRIAIREH

~ e
r~ Frecbase DBpedia

select ?y lect 2
fb:m.0fkf28 fb:object.type fb:film.film elect 7y
ns:Interstellar dbo:type dbo:film

. i i i 2

fb:m.0fkf28  fb:film.film.directed_by ?X ns:Interstellar dbp:director 2
72X fb:film.director.fim ?y ?y dbp:director X
2y fb:object.type fo:film.film ?y dbo:type dbo:film

[Xu et al., 2014]
Yansong Feng (PKU) Question Answering
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7y

What else movies did the director of the movie Interstellar direct ?

)
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%A

What else movies did the director of the movie Interstellar direct ?
Q BRI &5 BAARSIRETC KB E R

)
Variable (V), Category (C), Entity (E) and Relation (R)

Yansong Feng (PKU)

Question Answering



{5 4n

What else movies did the director of the movie Interstellar direct 7 |

Q FIERMN K5 BMAEIRET RAFIE R
Variable (V), Category (C), Entity (E) and Relation (R)

[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]
V-B C-B R-B R-l Rl C-B C-l E-B R-B
variable category relation category entity relation

Yansong Feng (PKU) Question Answering Nov. 2020 26 / 83



{5 4n

What else movies did the director of the movie Interstellar direct 7 |

Q FIIERN J 5 BARFIRE TR IE 73 2%
Variable (V) Category (C), Entity (E) and Relation (R)

[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]
V-B C-B R-B R-l Rl C-B C-l E-B R-B
variable category relation category entity relation

Q JHIE N EIfFT

==

[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]
variable category relation category entity relation

SEARKEVE — RAKIE, KMKEEE - KAV, RARKE - RAMIE
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{5 4n

What else movies did the director of the movie Interstellar direct 7 |

Q FIIERN J 5 BARFIRE TR IE 73 2%
Variable (V), Category (C), Entity (E) and Relation (R)

[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]
V-B C-B R-B R-l Rl C-B C-l E-B R-B
variable category relation category entity relation

Q JFHIE KA EIfE T

==

[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]
variable category relation category entity relation

SERSEVE - SR, SR - KBS, X RAE - XREE
SR B
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T B 5 AR RS
Grounding: MELEKTZE (PDG) BIRHUTHILEHA LA

T =

[what] else [movies] did [the director of] [the movie] [Interstellar] [direct]

variable category relation category entity relation
[
G rou nd
select ?y select ?y
fb:m.0fkf28 fb:object.type fb:film.film
ns:Interstellar dbo:type dbo:film
fb:m.0fkf28  fb:film.film.directed_by ns:Interstellar dbp:director 2%
2% fbfilm.director.fim dbp:director %
y fb:object.type fb: f|Im film dbo:type dbo:film

F~ Freebase Dé"%éia
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5F1HZER]Grounding

Qu

Interstellar the director of

X

fb:film.director.fim y
type fo:film.film

o [HI [ AR 2 ) SE A B 432
o [HI [ AR AL 2 UL T
o [HI [F IR E K A fil X
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Grounding
S B [

S
o TZLSEAR (topic entity)iiE B
o TN = BRI (BhT), T (BR), Tk (H0H), ...
o BRZ B E NI, il SR FAEM
o A HIHINE FE (Heng Ji's EDL reading list)

Nov. 2020 29 /83



Grounding
STURBERE, % RHIH |

SR EE R
o TZLSEAR (topic entity)iiE B
o TR = Tk (BUTH), T (BE), B (HHE), ...
o BRZ EME F NI, fins S S
o A HIHINE FE (Heng Ji's EDL reading list)

K ZRTHEL/DEAC
o L TFICHIR, REANTARELHE, SFNRERBAILHL, MBR%ER R
Z, SEIREE, .
o EFKRAR, WiN-ary R R, B, 80 FreebaseFICVT T A,
o ZETTT: XA, W\ /KANHEM, BATHME, ...

v
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Grounding

° %fn%'ﬁ’ﬂl P2 HIBRES R SL/EAT B9
BRAGERATA] REAF AL B 1R A

[what] else [moyies] did [the direptor of] [the mgvie] [Interstellar] [direct]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

i fb:time. month | fb:sports.sports_team.. cha i fb:time. month i fb:m. 04p4lvx i | fb:sports.sports_team.. cha

+ fb:time.event l ‘ 1 mpionships i ! fbitime.event l 1 fb:im.04p3_v_ . mplonshlps i
! fb:film.film i ﬂ) film.direct by ! fb:film.film i ! fb:m.01yz0x i fb director.film

: ! : ! : !

o FREF/ZMME = (ERZRETK )
o ZREMIHREHIMM = (W, ETRIWEFFILERIReranking) J

[Xu et al., 2016a]
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o (ERMBEKTTI%
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A Tale of Two Streams

5 S AHEL (IE) J

(Natural Language Question)
|

Anchor

v

( Topic Entity )
I

Retrieve KB Graph

v
[ Candidate Answer )
I

o BEFLTM (BRIEH)
e J

Ranking

¥
( Answer )

(a)
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IEQA

who is the brother of Justin Bieber?

[Yao et al., 2014]

Yansong Feng (PKU)
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IEQA

who is the brother of Justin Bieber?

awards_won type

place_of_birth

...........
--------

person.sibling_s

v

dummy node ]

sibling

sibling

[ Jazmyn Bieber J

3
i person |
LS "
e .
l male I
| — s

gender , \ type

J—— L. A— -
{ female | i person
4 ) (S /
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IEQA
who is the brother of Justin Bieber?

Freebase Topic Graph

awards_won {
...................... | person |
L — 4

place_of birth |~ =" ] ¥

R e T — -4
"

dummy node ]

sibling

sibling

[ Jazmyn Bieber J

s

gender .\.._ type gender \ type
r‘-

p—— S ~ 7 \
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IEQA

who is the brother of Justin Bieber?

Freebase Topic Graph

i N N
ERHALXE !
awards_won type ,f_"”‘——' N
...................... { person |
L J
place_of_birth --g?nder JPR— .
""""""""" male !
person.sibling s = “eeeeeeens =
v
dummy node ]
sibling sibling
[ Jazmyn Bieber J
g '. 7
gender - . type gender - \ type : 9ac
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IEQA
who is the brother of Justin Bieber?

who
o we

place_of_birth

v \
dummy node
sibing #— X sibling| — 777"

Jazmyn Bieber

i
V— -

{
i
\

gender /. type  who gender , type  who
R v
ey r A ¢ ( 7
i female i i person i i male i person |
| ; ! z A 2 N 4
[Yao et
[m] = =
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IEQA
who is the brother of Justin Bieber?

awards_won \ %%CS;?’ " \
teeemeeniiieene | PEMSON |
C—

place_of_birth

F T | male |
person.sibling_s = S -
"

dummy node

sibling sibling E:%‘%"/
- RER? -
///V//
7
gender gender
' """'"{""l N ™ i 1
i female i i person i H |
A — | N -
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b3 ST

[ hE \ AR , £E \ mfA =
China citizen life quality high
= ERERPA R Lo & ;ﬁnﬂu [ &
middle country human people alive live quality quality

T
[ CI:)';EIeSAe H |iv§r%od ]

Matching
o FHIR(EEE (501« i SERIRA)
o FIMEHFERAER
o NAIKE

[Lai et al., 2019]

Yansong Feng (PKU) Question Answering Nov. 2020 34 /83



LISZE A
/N

The Siamese Vector
gate
D::D Residual Connections
pELCLCTIT] TN )
I o o s - )
AR citizen
e
111
2
K
Embedding | lattice based convolutional layers

<

Kernel size=3

global pooling
| MLP |

Matching
o 1Ak (lattice of characters)
o [FINEARNE L%EE
o HBAESLHIILAD

[Lai et al., 2019]
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H 57

25 %

o HERAIE - S o HRHUHEE T 1

o SITHAZHAE o SIBERIE M
o BHEEMAIM/MERES | o MEKAEE AL
o JEFIZ AT HIR | o LubERERE A
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RHAREE 57 > T IRR T AR A&

HEEIA R
o KA

o fBE

BT RTERE

[Yih et al., 2015], [Xu et
al., 2016a, 2016b)], [Zhang
et al., 2015], [Yu et al.,
2017, ..

75

EREMERITENE

[Yih et al., 2014], [Dong et

al.,2015], [Hao et al.,2017],

Yansong Feng (PKU)

Neural End-to-End HEZR
o ZHCEES EMBEEHESE

o Embedding Everything

[Bordes et al., 2015], [Hao

et al., 2017], ...
@ Memory Networks

[Bordes et al., 2015], [Miller

et al.,2016], [Xu et al.,
2019] ...

@ Graph Networks
[Sun et al., 2018], ...

o BN HTRHAESE

[Liang et al., 2017], [Xu et

al., 2019], [Hua et al.,
2020]...

v

Question Answering
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RHAREE 57 > T IRR T AR A&

BEE A R

o KA
BT RITERE
[Yih et al., 2015], [Xu et
al., 2016a, 2016b], [Zhang
et al., 2015], [Yu et al.,
2017], ...

o EHTS
B RMBER AN E
[Yih et al., 2014], [Dong et

al.,2015], [Hao et al.,2017],

Yansong Feng (PKU)

Question Answering

Neural End-to-End HEZR

o ZHUENE(E B MBERAELR

@ Embedding Everything
[Bordes et al., 2015], [Hao
et al., 2017], ...

@ Memory Networks
[Bordes et al., 2015], [Miller
et al.,2016], [Xu et al.,
2019] ...

@ Graph Networks
[Sun et al., 2018], ...

o 15 MM RAELE
[Liang et al., 2017], [Xu et
al., 2019], [Hua et al.,
2020]...

o FTAH

4

37 /83
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STAGG: Staged Query Graph Generation
HEHER, ZPWEEE (Query Graph)
Who first voiced Meg on Family Guy? =

Ax.Jy.cast(FamilyGuy,y) V actor(y, x) V character(y, MegGrif fin)

constraints
@ v Meg Griffin

7, e

topic entity o a°

X core infdrential chain

Family Guy —cast—b@iactor‘b@

o Query Graph /M T 551RFETL R ATE LRS54 LE I (SPAQL,
SQL, ...) 2

o RIE) IR B R R A IRA
o EXELIL

[Yih et al., 2015]
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Linking Topic Entity

Who first voiced Meg on Family Guy 7
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Linking Topic Entity

Who first voiced Meg on Family Guy ?

o fHFHm AT SRR SEikREE TR
[Yang and Chang, 2015] S-MART: Novel Tree-based Structured
Learning Algorithms Applied to Tweet Entity Linking, ACL 2015
o (R Top 10 1E /5 BRI A RIE R A
» Family Guy
» Meg Griffin

>

Yansong Feng (PKU) Question Answering Nov. 2020
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|dentifying Core Inferential Chain

Who first voiced Meg on Family Guy ?
Who/x «

Family Guy
{cast—actor, cast-character, writer-start, genre,

Yansong Feng (PKU)

Question Answering



|dentifying Core Inferential Chain

Who first voiced Meg on Family Guy ?

Who/x <

Family Guy

o FETHAIHLE ML (CNN)H 5K A FHIER
Deep Convolutional Neural Networks [Shen et al., 2014]

__ exp(cos(yr, ¥p))
PRI = 5 P os s 7))

yp € R

who voiced meg on (e)

Yansong Feng (PKU)

cast—actor

Nov. 2020

Question Answering 41 /83



Identifying Core Inferential Chain
Who first voiced Meg on Family Guy ?

Who/x < Family Guy
o BT HBIMZ ML (CNN)H) I R THEL

Deep Convolutional Neural Networks [Shen et al., 2014]
o R MA] HEH BRI K A
» Topic Entity /& Bl —ZHI88E (yIECVTRY)
» Topic Entity /& B2 HI20E (y HCVTEY)

Yansong Feng (PKU) Question Answering Nov. 2020
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Argument Constraints
Who first voiced Meg on Family Guy 7
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Argument Constraints
Who first voiced Meg on Family Guy 7
o A NIABRENTY

» A Meg, = character(y, MegGrif fin)
» Sl first, = arg min

o PRI mfpi: SEAR, LY
> ARSI 7= A BRI

H 5'.5;} .................................................
o, Bmc‘e{ Meg Griffin

Yansong Feng (PKU) Question Answering
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Learning

o LU HIR

> Log Linear Model

» IE#f)Query Graph 155 5

> AR R R PRI R B R
o ILEANERIAIFFIL - HIEFE

> SERHERAS

> RAMEG

> LIRS HETA VLB 9

> .
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Learning

o LIHEFFN HAR

> Log Linear Model

» IE#f)Query Graph 155 5

> AR R R PRI R B R
o ILEANERIAIFFIL - HIEFE
SCARBEREAS
*ZA MBS
AP S S n INIWE iy

vV vyVvYy

157 5 R MY |
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KR [R) 2 H A 5 AR AL

e

oﬁﬂ@ﬂﬁ§$L% & LMK A
i A RN R = | SRR

o = E E = 9ace

Yansong Feng (PKU)



KA

Who first voiced Meg on Family Guy ?

Who/x < Family Guy
cast-actor

S5 E X

WEAT S, k—NAFESATREIE (W, AERE) er M e, %S
BRRIAE er M exfEAEMTRISRALHIE SR A
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KA

Who first voiced Meg on Family Guy ?

Who/x < Family Guy
——— cast-actor

S5 E X

WEAT S, k—NAFESATREIE (W, AERE) er M e, %S
BRRIAE er M exfEAEMTRISRALHIE SR A

o RGN IEMIEHIE TAE T BURFIE
» TRVESFIE, 20, POS, WordNet, FrameNet$#1ESE
» FNEFHE, QARSI IESE
» IR L,
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KA

Who first voiced Meg on Family Guy ?

Who/x < Family Guy
——— cast-actor

S5 E X

WEAT S, k—NAFESATREIE (W, AERE) er M e, %S
BRRIAE er M exfEAEMTRISRALHIE SR A

o BG T EEMVRHE TAEHBURFAE
» TANVESELE, W, POS, WordNet, FrameNet4F{F 55
> ANERHIE, (NANEGEI ISR
> R, AL,
o RS T IENA EIRRHIE T2
> AFPEZZRZELER) (CNN, RNN, ..)
> I P 1R ) o B ) 4 £ 20 RV AREAE DA TR R AE
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ik Eay Rt

o BFAMLZMLLIETY [Zeng et al., 2014], [Xu et al., 20153, ...
HYAE SR [Socher et al., 2012

TEERFI2E M 45185 [Xu et al., 2015b], ...

IRAFEEF [Liu et al., 2015], [Xu et al., 2015a] [Xu et al., 2015b], ...
Ranking CNN [dos Santos et al., 2015]

TREASRIENLH [Xu et al., 2015a]

o FEIRMFRZEMLE [Yu et al., 2017]
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A AR E5 1)

T

The recipient receives the call through a miniature radio receiver carried on his person

receiver Instrument-Agency recipient ‘ receiver +— carried— radio <— through <+— receives — recipient
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A AR E5 1)

T

The recipient receives the call through a miniature radio receiver carried on his person

‘ receiver Instrument-Agency recipient ‘ receiver +— carried— radio <— through <+— receives — recipient

T 4 VA L VE AR M 457 B A
o RMBFERIENEE
o FI AL IR AINELEHEH R AR T
o EUHIRIFHITLNEF MERE
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Multi-Channel Convolutional Neural Networks
FFH multi-channel convolutional neural networks (MCCNNs) [E]H M 17] &2
IR G FURKAFEE _E BB R S BRI R RFKIE [Xu et al., 2015]

[Who] did [shaq] first play for

.

Feature Extraction <— dobj — play - nsubj »  did first play for

Convolution o W-L y i ¢
ey it
max(-) ; '

|

Output

W3
KB relations Softmax (0 © © 0 ©

Yansong Feng (PKU) Question Answering Nov. 2020 48 / 83



WebQuestions

AR AIHER R

o Naive Bayes Model: 30.2%
@ depLCNN: 45.9%
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WebQuestions

AR AIHER R

o Naive Bayes Model: 30.2%
o depLCNN: 45.9% @ &5

Yansong Feng (PKU)

Question Answering



WebQuestions

F RIRANEF .
@ Naive Bayes Model: 30.2%
o depLCNN: 45.9% & &5
o SSLRRFEZ ML REE G 5 v KRR & R A5 URRAE
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] B [7] j

BT BT B A R 5% R SRR 5 VR 2RV TR 1938 ST / 9% Z AR
@ 82.53% on WebQuestionsSP
@ 93.3% on SimpleQuestions

l (cosine similarity) ]
Question Relation
Representation Representation

i

max-pooling

|
) @ . @ . @ . ,@ ; @ | Point-wise
T T - §

i} Bi-LSTM2
max-pooling

Relation-Level | [ Word-Level

Shorteut -

e P

o | |ie @ i
.

H H
| BiLSTM1 H H
@ @
S e = I [ S S S N i S S o
| | | | | | |
what tv show did <e> starring_role series starring role series
uestion Relation

[Yu et al., 2017]
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SR TIE
o F RN /A
o HAUREHIL I RIETS
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S B DLAEGH

SR TIE

o F RN /A

o LHIFHFIEIEIEFS

o ...

HE,

o DL 3,20 F R ARt
o KE(LIE LI HHESR Jy o>
o MHBSHHCHTE S B HIUESR
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S B DLAEGH

SR TIE

o F RN /A

o LHIFHFIEIEIEFS

o ...

HE,

o DL 3,20 F R ARt
o KE(LIE LI HHESR Jy o>
o MHBSHHCHTE S B HIUESR

Anything New 7

Yansong Feng (PKU)
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@ Neural End-to-End fEZE
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End-to-End

Who first voiced Meg
on Family Guy?
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End-to-End

Who first voiced Meg
on Family Guy?

|l Embedding

< Matching = |

10 ... || [1]

Yansong Feng (PKU)
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End-to-End

Who first voiced Meg  Lacey Chabert
on Family Guy?

| Embedding

Yansong Feng (PKU)

o F
Question Answering



End-to-End

Who first voiced Meg Lacey Chabert

on Family Guy?

|} Embedding R

ssssssssssssssss

10 .. [[][]1]
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Simple Matching

o HAbIE B K R EE 0] )

o HMAIKI{E B IHEHELE
Q fFEER: Topic Entity —BVEEA
Q HEF A
Q@ ZHREHSA: JUKREIR
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Simple Matching

o HAbIE B K R EE 0] )
o HMAIKI{E B IHEHELE
Q fFEER: Topic Entity —BVEEA
Q HEF A
Q@ ZiESIL: UERER
Q BEEZRM LTI
Q K ZEZEE  Topic Entity -~

How the candidate answer
Score 5(q,a) fits the question

2
[Embedangmoder 1
Embedding of the | | NN ° S | mbedding of the
question f(g) - =/ —_ subgraph g(a)

Dot product
Embedding matrix W B Embedding matrix W
Binary encoding of EI:EI]:I:I:I | | 11 | ‘ Binary encoding of

the question @(q) the subgraph ¢)(a)
(Frssese g
“Who did Clooney marry in 1987?" !Tf.

Detection of Freebase
entity in the question

;

pp—

Subgraph of a candidate
answer a (here K. Preston)
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Multi-Column CNNs

o HA{E BAMEHEZE

o FIF Multi-Column CNNs FH 52 ] &5 )/~ =] ] T
» Type, Context, Relation

o M PN ZE MAAN[R] 0 1 221 o e 16 2 22

» Type, Context, Path
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Multi-Column CNNs

o HA{E BAMEHEZE

o FIF Multi-Column CNNs FH 52 ] &5 )/~ =] ] T
» Type, Context, Relation

o M PN ZE MAAN[R] 0 1 221 o e 16 2 22

» Type, Context, Path

+ +
Score Layer
Dot Product Answer
Answe e V)

film film_regional_release
_cate.release_date

. film.fim. m.Ogdp17z
I LT
m.Obthsa type.object.type

I H

\ film.film_regional_release s
. date film_release_region p

i film.film, directed_byN, R

O O o] %] 9] O film filmXrelgase | United Kingdom —

©) ©) O ©) Q) ©) date s ." e

JamesCameron | TN, e . -
3, g \ ........

im film_region
Convolutional Layer type.object type | ‘m.0Sw0sjk |<Nﬂf-ﬂthﬂ-WD=

600) 600 @00} ©00) @00 @00 000 @00 type.cblect:type fimiin_regiralrdease

film.fim_regional_release _date release_date
film producer

_date film_release_region

value_type

Max-Pooling Layer
— Muitiple

nsm
e

Neooo
©C000)

Shared Word
Representations
<>  when did  Avatar release in UK <R>

United States.
of America
mOScTwld
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Attention + Global Knowledge

o [AIA)E SR R TR

o W SEARZREERIIIZRE TR AN 2
» Cross-Attention ZI|[H 7] A F A 52 2 2 [ 5 EK
» ZAES5%3]): TransE

q: Who is the president of France?

Topic entity
France Candidate
generation
| Cross-Attention based Neural Network .
Candidate Answers

/ [ / VAnswer Aspects

(L XX} (XXX answer entity:/m/05qtj

answer relation: capital .
| answer type: /location/city town
i answer context:/m/0276jx2, /m
S(q,a1) S(q,a3) - i /0jd4j, /m/0f3vz, ...

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I
Ranking@ :
;
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Attention + Global Knowledge

o [RJAJTE ML K R T E #

o NfSEARZPREERIINZREIREA 2
» Cross-Attention %I/l [n] 7] F iR 5 R 2 [B] KLBE
» ZAES5%3]): TransE

q: Who is the president of France?

Topic entity
France Candidate
generation
| Cross-Attention based Neural Network .
Candidate Answers

/ [ / VAnswer Aspects

(L XX} (XXX answer entity:/m/05qtj

answer relation: capital .
| answer type: /location/city town
i answer context:/m/0276jx2, /m
S(q,a1) S(q,a3) - i /0jd4j, /m/0f3vz, ...
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Attention + Global Knowledge

o [MJA)IE W FR/R TR B

° XT;HZI-UZW HIIEREE A 2
» Cross-Attention %I/ [n] ) iR 5 2 2 2 ] L BE
» ZAES5%>]: TransE

A Q Attention Model ql‘ )

,/,/,\
o

i

a1 Tz 03 Ay A5 as!

(I S S S S |
‘Word Embedding Matrix E,, KB Embedding Matrix Ej
£ R A R N ()
q * X2 X3 X4 X5 X Qe
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Memory Networks

e Memory Networks 7 [A] 4035 1) Fc 1) 2 13t

o MHAfAEL [ HFF—2&5mRRI AT A%
ICC BT

o BN EITIFE—FRAIA=ICAH

o TAILHIEE
HRE S &

o 1AL

o NS FERITHE FITHE (EITUEERE)
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Memory Networks

e Memory Networks 7 [A] 4035 1) Fc 1) 2 13t

o MHAfAEL [ HFF—2&5mRRI AT A%
IEIZ8TT

o BMHILFM—FAA=JtH

o A LR
EP N

o A4

o MG B ITHE ST H ((SBIAUERRE)
Memory Networks HJ5 RIS UE
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Key-Value Memory Networks

o ILIZHITH Key-Value TER, W< E A+ KR, Bik>

o VIIAIAY, Query S5HHEHICH) Key THREARKE

o FZRIGE|AIValue FZE FH Query BiE 5Memory LA 245 5
e A]ZIKiK[A] Memory
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Key-Value Memory Networks

o ILIZHITH Key-Value TER, W< E A+ KR, Bik>

o VIIAIAY, Query S5HHEHICH) Key THREARKE

o KREE|MValue 2 BHT Query B35 5 MemoryILALE 2| 2%
e A]ZIKiK[A] Memory

B

A

Sowee [omreemmmee IR (v (v () (v o G v

Key-Value Memories
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Z X% 1A] Memory
= TFHR R 1B A A
o ViRIZ/DIRAE1E?
o WNMAILEERIRI (IR AEN S TRAARC R ?

query

®
. representation y Ke
Embedding > Addresysing

memory stgts (T (e | e (o)l | query

update
G )
answer Ranking
text

Value
Reading
Acandidate answer
representation

. answer
Embedding candidates
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Z X% 1A] Memory
= IFFREMEE: 15 A A
o WIAZ/DIRAEE? = FESHIE IEHLHI
° iﬁlﬁtW\U‘J‘lﬂ%ﬁﬁ'ﬁ%@ﬁﬁﬂﬁﬁiﬁ? = FER R Query FHTHL
|

[Kim]

[Alice]
n]  |[Malice in Wonderland]|

[Taken fxfilm. character] [Kim]
[sTOP) [**Zero Vector**]
Key-Value Memory o hop- 1} | . hop 2 |
v ¥
[Maggie Grace fb:actor. character] [Taken f:film. character]

append append
structured query ¥ v

[Maggie Grace fb:actor..character]
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Neural Symbolic Machines

Vyai=)
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2
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Neural Symbolic Machines
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Vyai=)
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Neural Symbolic Machines

EXMTRTL: 2\ (775

E ARG

L

o HEE: Ml — Eif) — FH I HH R [

Yansong Feng (PKU)
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Neural Symbolic Machines

B TR ) 'EWPR (175 250)
o MAEE: A — |l — FHR U AL I - BR
o Seq2Seq with Key-Variable Memory: [A]#l — i<
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Neural Symbolic Machines

BT RIS 223 EPER (

Vyzai=)

G

AIT)

HHEE: [ — Bl - FR H AR R - BR

Seq2Seq with Key-Variable Memory: [Alfl — Eifir4 — 4550
TR EIRIEA], MREL
55 Ws BHHEZEAE AL [ R: Non-Differentiable

Weak
supervision

Manager

question
& reward

—
 C—

answer

Yansong Feng (PKU)
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Programmer

program

code assist

Question Answering

Symbolic

Computer

non-differentiable;
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Neural Symbolic Machines
B STRAL. 2 BB (75 R5%)

o HHHE: Wl — Bl — &R AR m8@ - BR
Seq2Seq with Key-Variable Memory: [Alf#l — Eiffi4< — 45
THFAERL BB, KA
55 W BHEZRAELE [R]8: Non-Differentiable
IR 5EH%: REINFORCE F1 Augmented REINFORCE
RS H AR BRERRIR T BB A3 15 L2 B Rl R

Key | Variable |::> Key | Variable :> Key | Variable |:> m.NYC
Execute Execute . Execute
v, | RI(mUSA) | (HopR1!Cityin) v, | Ri(m.UsA) (Argmax R2 Population) | | Return
v, | Reiistof US cities) d v | R3mNYC)
Entity Resolver

( Hop R1 ICityln ) Argmax R2  Population ) Return

Largest city in us GO ( Hop R1 ICityln ) ( Argmax R2 Population )
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B A

Pl !

o THTER: HAXA . HASLK
o THIE 4+ Kj

o N-ary

o HIERA

o ZRAHE

o HEF

o M7

o Hith

[Talmor et al., 2017]
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L

P |

o MIEL: BAKAR . HSE
o T + R

o N-ary

I ES S

o ZRRUE

o P

o NP

o Hith

(142 P |

[Talmor et al., 2017]
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[RIBR: T SEAR- R R R A EROR

Question: Who does michael keaton play in cars

Star Graph:
michael keaton

film starring

\CD— character Q@% character —d

Freebase Graph:
- “— The Merry Gentleman
Caroline McWilliams starring Penthouse North

spouse_s spouse direct direct by film
. Spouse_s actor
starring
fi film
6/5/1982 | from spouse —
to film
parents

type of union

»
1/29/1990 N child

‘4

?

characte

portrayer

l
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AN %5 55 ) ]
@ what mountain is the highest in north america
@ who did shagq first play for
@ who is shaq's father
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AR 4 25 B FL R

@ what mountain is the highest in north america
@ who did shagq first play for

@ who is shaq’s father

KB A R, BZ4iE X 4HE, Sub-lexicon,
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AN %5 55 ) ]
@ what mountain is the highest in north america
@ who did shagq first play for
@ who is shaq's father

Shaquille O Neal

From Wikipedia, the free ency
(Redirected from Shaq)

"Shagquille" redirects here. For other uses, see Shaquille (disambiguation).

Shaquille Rashaun O'Neal (/[a'kid/ sho-keeL; born March 6, 1972), nicknamed Shaq (/[zek/ sHak), is an American retired professional
basketball player who is currently an analyst on the television program Inside the NBA. Listed at 7 ft 1 in (2.16 m) talll!l and weighing
325 pounds (147 kg), he was one of the heaviest players ever to play in the NBA. O'Neal played for six teams throughout his 19-year
NBA career.

Following his career at Louisiana State University,(O'NeaI was drafted by the Orlando Magic with the first overall pick in the 1992 NBA)
He quickly became one of the best centers in the league, winning Rookie of the Year in 1992-93 and later leading his team to the
1995 NBA Finals. After four years with the Magic, O'Neal signed as a free agent with the Los Angeles Lakers. They won three
consecutive championships in 2000, 2001, and 2002. Amid tension between O'Neal and Kobe Bryant, O'Neal was traded to the Miami
Heat in 2004, and his fourth NBA championship followed in 2006. Midway through the 2007—2008 season he was traded to the Phoenix
Suns. After a season-and-a-half with the Suns, O'Neal was traded to the Cleveland Cavaliers in the 2009-10 season.[?] O'Neal played
for the Boston Celtics in the 201011 season before retiring.[3!
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[who did shaq first play for]

(KB-QA

Entity Linking

Relation Extraction

shaq: m.012xdf
shaq: m.05n7bp
shaq: m.06_ttvh

sports.pro_athlete.teams..sports.sports_team_roster.team
basketball.player.statistics..basketball.player_stats.team

)

Joint Inference

l m.012xdf sports.pro_athlete.teams..sports.sports_team_roster.team ” T
|

Los Angeles Lakers,
Boston Celtics,
Orlando Magic,

Miami Heat

!

e Joint Entity Linking & Relation Extraction (ranking problem)

Yansong Feng (PKU)

Question Answering
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LEF AR Z S SURRIMER
OB RAE AT B R RIS — PRI SR B R

[WhO did shaq first play for]

v

KB-QA

Relation Extraction

Entity Linking

shaq: m.012xdf sports.pro_athlete.teams..sports.sports_team_roster.team
shaq: m.05n7bp basketball.player.statistics..basketball.player_stats.team
shaq: m.06_ttvh | |

v

[ Joint Inference ]
]

1
’ m.012xdf sports.pro_athlete.teams..sports.sports_team_roster.team | ]
|

Los Angeles Lakers,
Boston Celtics,
Orlando Magic,

Miami Heat
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OISR ATIR BV RIS — IR R IE ST e

Yansong

Wikipedia Dump

v

Los Angeles Lakers,
Boston Celtics,
Orlando Magic,
Miami Heat

v

o
=

ES

Answer Refinement

Los Angeles Lakers

Boston Celtics

Orlando Magic

Shaquille O'Neal

Shaquille O'Neal

Shaquille O'Neal

O'Neal signed
with the Los Angeles Lakers

O'Neal was drafted|

ONeal played for

the Boston Celties in the 2010-11 season befor

by the Orlando Magic with the first overall pick|
in the 1992 NBA draft

\/

O’Neal signed as a free agent
‘with the Los Angeles Lakers

ONeal played for the Boston Celtics
in the 2010-11 season before retiring

O’Neal was drafted by the Orlando
Magic with the first overall pick in
the 1992 NBA draft

Refinement Model

&

o

L]
Orlando Magic

uestion Answeri
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Yansong Feng (PKU) Question Answering Nov. 2020

Question & Answers

1. what is the largest nation in europe
Before: Kazakhstan, Turkey, Russia, ...
After: Russia

2. which country in europe has the largest land area
Before: Georgia, France, Russia, ...
After: Russian Empire, Russia

3. what year did ray allen join the nba
Before: 2007, 2003, 1996, 1993, 2012
After: 1996

4. who is emma stone father
Before: Jeff Stone, Krista Stone
After: Jeff Stone

5. where did john steinbeck go to college
Before: Salinas High School, Stanford University

After: Stanford University

68 / 83



Craft-Net
R [l 5 e iR 7 R B, FIT IR B &
@ Personalized PageRank

@ Graph Convolutional Neural Networks

Q. Who voiced Meg in Family Guy? ‘ A. Lacey Chabert, Mila Kunis
~ Freecbase l \WI[\II’[ 1)1/\

rec Encyc
Question Subgraph

T Meg Griffin auon Me Gnﬁn jsa

ani ma(ed \ele e
> Famiy Gy

Famlly Guy [«
Originally voiced by
berfduring the

5| Lacey Chabert
st season, she has been
i jcedby
s Mila Kunis |« fiaKinissncs eason 2

) KB Entity Text Document —> KB Relation ~<—> Entity Mention

[Sun et al., 2018]
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Enchanced NSM with Meta-Learning

Neural Symbolic Machines:

@ pseudo-oracle sequence
@ properly rewarding — Reinforcement Learning + Meta Learning

o few-shot learning

Neural

U

Ly

) QAR A R TR PR

V1«

Symbolic

v2 | (Argmax v1 Population) |

{Hop v0 Cityin)_| [ Population |
| Popuiction |
e

vo— [ (usa) | [ Giyin |

Vear
1896
1900
1904

2004
2008
2012

Yansong Feng (PKU) Question Answering

City  Country Nations
Athens  Greece 14

T

[ —

® | omence
GRAPH
DBpedia

o\ [—
[ ]

[Hua et al., 2020]
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Enchanced NSM with Meta-Learning

Neural Symbolic Machines: 2%>] U] A4 AL EE 1) P58
@ pseudo-oracle sequence
@ properly rewarding — Reinforcement Learning + Meta Learning
o few-shot learning

Question: How many Attention-based Encoder-Decoder
rivers flow through

India and China?

o Evaluator
[ Symbolic Executor H (Reward Function)

LSTM LSTM LSTM LSTM H |
Select Value: Select & Union: | Count: | EOQ: | |
. . @ @ AL (ENTITYL, AB (ENTITY2, Al |A16
RELATION1, TYPE1) | RELATIONL, TYPEL)
Attentive Read - = 1
program J
;

How many <TYPE> —
S Generate-Mode @ —
<ENTITY> and S T

<ENTITY>? L. | | m] D )
é proximity
- 4 m

‘ . update
| | memory|
INeuraI NEL SR e oY, buffer,

((MASKING | :ﬁ;‘w\l TYPEL | ENTITYL | ENTITY2 [l el reward to train the programmer

flow river India China

[Hua et al., 2020]
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LSS
BN BELRARES m ﬁﬂ@
Bt AR EARIESE
AR

o HEIEM = ERIEM
o KRB = FIEY AITY .
o AU NEIXEELIRN 7
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GenQA
Encoder-DecoderfEZE

A: “He is 2.29m and visible from space.”

o

Answerer Generator

Att. Model

Short-term Memory

Interpreter

Q: “How tall is Yao Ming?”
[Yin et al., 2016]
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GenQA
Encoder-DecoderfEZR . A\ H: 77 0155

A: “He is 2.29m and visible from space.”

Answerer Generator

Att. Model

. Interpreter

Q:-“How tall is Yao M1ng>”|

[Yin et al., 2016]
Yansong Feng (PKU) Question Answering Nov. 2020 73 /83



GenQA
Encoder-DecoderfEZE . B #IAMREE, KSR = T4H

A: “He is 2.29m and visible from space.”

Answerer

Att. Model

Short-term Memory

Interpreter

Q: “How tall is Yao Ming?”
[Yin et al., 2016]
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GenQA
Encoder-DecoderfEZE : 4 BRESHE

A: “He is 2.29m and visible from space.”

——

Answerer

Generator

Att. Model

p=L TR _L_L.

Short-term Memory

Interpreter

Q: “How tall is Yao Ming?”
[Yin et al., 2016]
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COREQA
Encoder-DecoderfEZE

(d) Predicting, Copying (from Question)

and Retrieving (from KB)
(c) Decoder: Natural Answer Generation P(Beijing) = ,,,(Beumg) + I’E,(Beumg) + P.o(Beijing)
i - S H e .
Jet_Li was born in Beijing i [IDD O D g

- _Vocalulary Questlar‘?usltlon K@ plsition

\
) ) \
1 il )
1 1 !
il 1 || _______
\ '

t ot oot ot
<eos>Yet_Li *was *born A
— in” embedding
Copying “in”
from Question
Retrieving “in”
from KB

(e) State Update

(b) Encoder: Q ion and KB

s n [t | propery | objct_|

h; h,
m _ﬂ— _u Jet_Li gender I Male

Do you know where was Jet_Ll from

hs

Jet_Li birthplace i Beijing

Jet_Li nationality Singapore

Jet_Li birthdate 126 April 1963

| (a) Knowledge (facts) Retrieval Y

[He et al., 2017]
E 9ace
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COREQA
Encoder-DecoderfEZE

(c) Decoder: Natural Answer Generation

Jet_Li was born

\

Ky
v \
\ 1
' 1
i '
! [l

t ot
<eos>’$et Li *was “bor

(b) Encoder: Q

T A

Jet'_Li from

?

WHIR (=)

(d) Predicting, Copying (from Question)
and Retrieving (from KB)
P(Beijing) = P, (Beijing) + P,,(Beijing) + P, (Beijing)
Softmax

~~ﬁDD O D”Dmmﬂ

Questlov‘Poslklon

KB P‘sitlon

“in” embedding

from Question
Retrieving “in”
from kB

U
i
i
i
U
Copying “in” |,
i
i
i
i
U

Jet_Li gender
Jet_Li birthplace

)
‘ f
(a) Knowledge (facts) Retrieval

Question Answering

_[He etgl., 29}701@



COREQA
Encoder-DecodertEZE . 155 41iR 4aH5

(d) Predicting, Copying (from Question)

and Retrieving (from KB)
(c) Decoder: Natural Answer Generation P(Beijing) = P, (Beijin ) + Pm(Beumg) + Pro(Beijing)
Jet_Li was born i e oot >[.DD gujuj D 0} {0~ 0 :]

questwv‘Pusmon KBP‘sition

\
'
'
i
\

\
1
]
'
i

\

IR RN
<eos>Yet_Li *was *b -
— in” embedding
Copying “in”
from Question
Retrieving “in”
from kB

(b) Encoder: Q ion and KB

Jet_Li gender
Jet_Li birthplace
Jet_Li nationality
Jet_Li  birthdate

Beijing.

Singapore
126 April 1963

i
i
\,

s
1
1
i
i
i
i
i
i
i
i
i

=

1 (a) Knowledge (facts) Retrieva 4

[He et al., 2017]
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COREQA
Encoder-DecoderfEZR . BBAERE R

(d) Predicting, Copying (from Question)
and Retrieving (from KB,
(c) Decoder: Natural Answer Generation P(Beijing) = ,,,(Beumg) + Pc,,(Eeljmg) + Pro(Beijing)

Jet_Li was born in Beijing oo-oo |:| O O~}

Vocafjulary auesnmfposman X8 Plsition

Question Natural Answer

5 & R
< Jet L, gender, Male >~._ e S (latent) Q-A pattern
< Jet Lj birthplace, Beijing > Ol
< Jet Li, nationality, Singapore >==="7"" Copying from Question Yy
5 Knowledge < Jet Lj, profession, actor > Retrieving from KB —y
Base < Jet Lj profession, martial artist > Predicting ===
Copying and Retrieving —_—

Yansong Feng (PKU) Question Answering
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COREQA
Encoder-DecoderfEZE

(c) Decoder: Natural Answer Generation

Jet_Li was born
t-

\

\
\ \
' [l

1 [l

i '

\ ll

\

*b

\
1
1
'
[l

\

<ec1)s>'5ett_Li "w'as

(b) Encoder: Q ion and KB

KR~ P DAL FOR SR B

;‘D'o you know where was Jet_Li from ?;

f..
(a) Knowledge (facts) Retrieval

(d) Predicting, Copying (from Question)
and Retrieving (from KB)
P(Beijing) = P, (Beijing) + P, (Beijing) + Py (Beijing)
Softmax

100~ O 0 400 O 0 -~ 00
Vocafjul

uesﬂcr‘Pasitlon

KB P‘sitlon

“in” embedding

Copying “in”
from Question
Retrieving “in”
from KB

-

Jet_Li gender

Jet_Li birthplace Beijing.
Jet_Li  nationality Singapore
Jet_li  birthdate 126 April 1963

B
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A Z2 5 S AR B
Seq-to-SeqHEZE:

Key-Value Memory: F1iRJE < £k K

Q: the film The First Nudie Musical

B Mark was directed by who?
directed_by | Haggard
kb Bruce A: The First Nudie Musical is a 1976
written_by Kimmel
doc - Wl American motion
year
o Bruce picture directed by Mark Haggard
directed Kimmel i
: and Bruce Kimmel.
kb The First
movie_name|Nudie Musical
doc Mark [] [ 1] ]
director Haggard memory from memory from memory from
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topic word knowledge base documents
[Fu and Feng., 2018]
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A Z 5 A8 FH B
Seq-to-SeqtEZR:  HRIBKVMEHE S B Attention

| Final Distribution p |

21999
o)
Normal Vocabulary }
1 M [1 M ¢

Key Pomter

kb
directed_by

kb
movie_name

James James James
Cameron Cameron Cameron

The Titanic
[Fu_and Feng., 2018]
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A FH 22 IR A8 R B

Seq-to-SeqEZE:  Xy{pi# - WAHEE - HHILEHEE

| mem | repetition | mem |
'ﬁ' avoidance
Attn
A

| hist | ] dec | | hist |

HS-AttnHist HS-CumuAttn

[Fu and Feng., 2018]
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A FH 2R A FR B R

Seq-to-SeqtEZR:

hk
hv

N

context vector
Attention to Decoder States h_t-1

Question Answeri

CEE

Cumulative Attention to Memory Keys |—> context v

v

v

|

v

P’

kb kb doc doc kb
directed_by | written_by year director movie_name
James James James .
Cameron Cameron 1999 Cameron The Titanic

T

b

context vector
from question

T
[

Cumulative Attention to Memory Values |—> context v

h_t

Decoder

[Fu and Feng., 2018]
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T H) FR B R HE ]

o MBKEHL
> TRRTE
> REE SR Z M
» beyond toy datasets ...

> BN LS
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T ) KR B RE [A] EF

o MBS
> TRRE
> REES) AR 2 N
» beyond toy datasets ...
> SHTHIN IR
o HSRFTIHBAL
> [IRARTE L FROR
» BIRES TR SRR Z A A
» 1B X HA (Semantic Composition)
» T (REHER)
» FIHEEE RFIA TR
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T ) KR B RE [A] EF

o MBKEHL
> TRRTE
» RESS) AR IZ R A
» beyond toy datasets ...
> SETHIR FHIERS

o IR IEMHi bk
> [RIERIE LFER
» HIRTE S R 5 FRZ 8] #9875
» X ZHA (Semantic Composition)
> HEFE (VREMERE . AAHEE . O IRHER)
» FIFHEFERERER
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T ) KR B RE [A] EF

o MBKEHL
> TRRTE
» RESS) AR IZ R A
» beyond toy datasets ...
> SETHIR FHIERS
o IR IEMHi bk
> [RIERIE LFER
» HIRTE S R 5 FRZ 8] #9875
» X ZHA (Semantic Composition)
> HEFE (VREMERE . AAHEE . O IRHER)
» FIFHEFE AR TR
> Q0 ELIESERR A
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T ) KR B RE [A] EF

o MBKEHL
> TRRTE
» RESS) AR IZ R A
» beyond toy datasets ...
> SETHIR FHIERS
o IR IEMHi bk
> [RIERIE LFER
» HIRTE S R 5 FRZ 8] #9875
» X ZHA (Semantic Composition)
> HEFE (VREMERE . AAHEE . O IRHER)
» FIHEFE AR TR
> ITECESEPRA A ARIEHERIE . EBE . R 2R £ES
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Information
Extraction
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