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Interstellar

What else did the director of the
movie Interstellar direct ?

v

select ?y
fb:m.0fkf28 fb:object.type fo:film.film
fb:m.0fkf28  fb:film.film.directed_by X
X fb:film.director.fim 2y
2y fb:object.type fo:film.film
|
|
Theatrical release poster ] oﬁp
Directed by Christopher Nolan _~ F ! —
Produced by Emma Thomas P re e a S e ! H
Christopher Nolan : B
Lynda Obst |
Written by Jonathan Nolan Y
Christopher Nolan Inception,
Starring Matthew McConaughey The Dark Knight Rises
GO The Dark Knight
Jessica Chastain -
Bill Irwin Batman Begins
Ellen Burstyn. ...

Michael Caine
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What else did the director of the
movie Interstellar direct ?

select ?y *
fb:m.0fkf28 fb:object.type fo:film.film
fb:m.0fkf28  fb:film.film.directed_by X
X fb:film.director.fim 2y
?y fb:object.type fo:film.film

. Query over]

s 1~ Freebase

-~

Inception,
The Dark Knight Rises
The Dark Knight
Batman Begins

Feng et al. (PKU) Question Answering October 19, 2016



@ Baseball : B XHEEK L FRRIR]Z [Green et al., 1961]
e How many games did the Yankees play in July?

o LUNAR: A XRHIFEIE M R]Z [Woods, 1993]

e How many samples contain Titanium?

o iTHLE . HEAA, HT(E
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@ Baseball : 5 XEERILFRAA]Z [Green et al., 1961]
e How many games did the Yankees play in July?

o LUNAR: A XRHIFEIE M R]Z [Woods, 1993]

e How many samples contain Titanium?

o iTHLE . HEAA, HT(E

.
o Tl i
o MBEFHIAIAEL B NS, BEA G %R
o STABAEAIR. HFA =T
o K TTLAR A T4 MR A A7 1B
o MELAR (IFFHUMIEL. EEM%M . XF, BEHM=IiA
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KA ENIRZE

BEZSLE . BERA
et =" Microsoft

‘ Freebase . SATORI

*

@ Freebase
@ DBpedia
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KA ENIRZE

BEZSLE . BERA
et =" Microsoft

‘ Freebase . SATORI

*

@ Freebase — Free917, WebQuestion
@ DBpedia — QALD
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@ Free917 (caiand vates, 2013]
o f#iHFreebase
o 7RI, HRE TIBHEIAR
@ WebQuestions [Berant et al., 2013]
o f#HFreebase
e 5,810 ", j#iTGoogle Suggest APITEEL
o FIF Amazon Mechanical Turk RESSEIE R (FEHER)
o —NMAHAREFELZNER
o FIF Average F1 14/
o WebQuestionsSP: WebQuestions with SPARQL annotations (vinetar.,
2016]
e QALD
o HMFZERZE VN, QALD: Question Answering over Linked Data
o f#F DBpedia
o BF100M AL
e Hybrid Track: DBpedia/~ /& LASERERIZ IR, WAKE SORE B
o Slmple Questions [Bordes et al., 2015]
o 108,442 ME HL[A|fH, [ffH—%%Freebase = LAHIENER

Feng et al. (PKU) Question Answering October 19, 2016 6 /40



BRBAL

Q WnfATHe B b ARIR (RIS

Q AT (IR )R R 5 SR AT SRR
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BRBAL

Q WnfATHe B b ARIR (RIS
o FEMBRMIIAN, BARMIRFEA
Q AT (IR )R IR 5 AR AT SRR
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BRBAL

Q WnfATHe B b ARIR (RIS
o FEMRNMIIN, ERHITRFEE

Q LRI MR HTE SRR 5 FHIR AT KRB
o RMBIT U ARz
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BRBAL

Q NfTTE bR oR Al ATIE 3L

o EEMIRIIN, BERIRNEE — B XM
Q LRI R RR HTE SRR 5 FIR AT KRB

o RHUBFFHUMAIREE — HIAFE B
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BRBAL

Q WTTE bR oR Al ATIE 3L

o FEEMIRIIIN, BERIRNERE — BT
Q WNAATRE R RR HTE SRR 5 FIR R AT KRB

o RHUETFHUMEIRE — LIRS AT

Feng et al. (PKU) Question Answering October 19, 2016 7140
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A FHFE 2T IR oR 1A EE S

o —JEIN

o ML
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RSN

AR T IR oR 1A E S

o — WL
o HIRIRTGE BMAANRAZEMKRANE LR

Who is Justin Bie@er 5 sister? | ‘?
\Y,

S

: Jazmyn Bieber 7

Knowledge
Base
&uerying

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

semantic parsing

[Kwiatkowski et al., 2013, Yih and Ma, 2016]
Feng et al. (PKU) Question Answering October 19, 2016 8/40



AL 2T TR 3R oR 1Al E S

o —WEIfL
o Wbk
o SEIBMIE LFR
o 5FSEHIANAEEBRST

Who is Justin Bieber s sister?

Jazmyn Bieber

Knowledge

Base

verying

semantic parsing

Ax. sister_of(justin_bieber, x) ‘

l matching

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

Feng et al. (PKU) Question Answering
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B S

AL 2T IR R 1A E S

o —JEIN

o ML

@ )\ Calculus: A\x.sibling_of (justin_bieber,x) A gender(x, female)

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

o EENTHVE AL XA THEAR, PCFG- CCG- Phrase
Dependency Graph

@ Query Graph

o ...

v

Feng et al. (PKU) Question Answering October 19, 2016 8/40



BN Fs: )\ Calculus

@ constants
e entities, numbers, variable function entity

functions
@ logical connectors
oV, A\, 7, — a) What sta€s border Tefas

e . quantifier  \z.state(x) A borders(z,texas)
@ quantification

o 1V bWhat is the largest state
arg max(Az. state(z), Az.size(z))

@ additional quantifiers
¢) What states border the state that borders the most !

@ argmax, afgmin, Az.state(z) A borders(z,arg max(Ay.state(y),
Ay.count(Az.state(z) A borders(y, z))))

[Liu, 2015]

Feng et al. (PKU) Question Answering October 19, 2016 9/40



i M #®7R: A\-DCS

Lambda Dependency-based Compositional Semantics (iang, 2011)
o HEE - HH
o HARL: SEfE. KA - Join/ntersection #(E

Type.City M PeopleBornHere.BarackObama

=) N

what Type CityTown  was PeopleBornHere. BarackObama T~ ?

/\

city BarackObama  PeopleBornHere

Obama born

Feng et al. (PKU) Question Answering October 19, 2016 10/40



B Y #RR: A\-DCS

Lambda Dependency-based Compositional Semantics (iang, 2011)
o HEE - HH
o HARL: SEfE. KA - Join/ntersection #(E

Type.City 1 PeopIeBornHere BarackObama

///(/ \

what” Type.CityTown  was PeopleBornHere.BarackObama T2
join
Alignment
city BarackObama  PeopleBornHere
Alignment Alignment

Obama born
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B XS~ CCG

o ‘HA&VuW;EL: Combinatory Categorial Grammar

Cameron directed Titanic in 1997

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

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

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

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

g
|\e. directed.arg1(e, Cameron) A directed.arg2 (e, Titanic) A directed.in(e, 1997)|

Reddy et al.. 2015
Feng et al. (PKU) Question Answering October 19, 2016 11740



B XS~ CCG

o ‘HA&VuW;EL: Combinatory Categorial Grammar

Web Cameron directed Titanic in 1997 CCG Ae.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)

flm.dirccted_by.arg2(m, CAMERON) A S—— e
film.directed.by.arg] (m, Trravic) A dirccted.argl (¢, Cameron) A
i oo dateargi(n, Tmanc) 1 N—’ directed.arg2(e, Titanic) A dirccted.in(e, 1997)

release_date.arg2(n,

[Who directed Titanic? |——| Denotation-based

Learning Model

Feng et al. (P! Question Answering October 19, 2016 11740




7 MR Query Graph

o BN TIIRENE TR BL, DLRSLMEER:/ < ATMH

Who first voiced Meg on Family Guy?
= M\x.Jy.cast(FamilyGuy,y) V actor(y,x) V character(y, MegGriffin)

constraints

topic entity

<.,

2

o Meg Griffin
o~

core infd

Family Guy

—Cas

o
actor:

0

rential chain

o ELRARL BEFIT - AR KA KR A

[Yih et al., 2015]

Feng et al. (PKU)

Question Answering

October 19, 2016 12/40



& X #7~: Phrase Dependency Graph

Q B ERRFMAL TR —BAREIRE

==

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

Feng et al. (PKU) Question Answering October 19, 2016 13/40



& X #7~: Phrase Dependency Graph

Q B ERRFMAL TR —BAREIRE

AN = =

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

Q SHMAZEMIBRES T LIE R 1

oN3p
~ Frecbase DBpedia

select ?y elect 7y
fb:m.0fkf28 fb:object.type fo:film.film ns:Interstellar dbo:type dbo:film
fo:m.0fkf28  fb:film.film.directed_by X ns:Interstellar dbp:director 72X
2% fb:film.director.fim 2y ?y dbp:director X
2y fb:object.type fo:film.film Y dbo:type dbo:film

[Xu et al., 2014]
Feng et al. (PKU) Question Answering October 19, 2016 13/40



Framework

what else movies did the director of the movie Interstellar direct

Feng et al. (PKU) Question Answering October 19, 2016 14/40



Framework

what else movies did the director of the movie Interstellar direct

lParsing
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Framework

what else movies did the director of the movie Interstellar direct

Parsing

S~ m

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

what else movies did the director of the movie Interstellar direct

Parsing

S~ m

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

Instantiation
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Framework

what else movies did the director of the movie Interstellar direct

Parsing

S~ m

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

Instantiation

select ?y
fb:m.0fkf28 fb:object.type fo:film.film
fb:m.0fkf28  fb:film.film.directed_by X
X fb:film.director.fim ?y
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Phrase Dependency Graph
/A

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

BNEIEEEAIEIE | € {entity, category, variable, relation}

B Z AR 1F -8 TT 4514
unary predicate
binary predicate

Feng et al. (PKU) Question Answering October 19, 2016 15/40



LERE FIEMI ] 5L

A BINES R
Hiti: Phrase Dependency Graph

7K ERAEZR
@ Phrase Detection

what else movies did the director of the movie Interstellar direct

variable category relation category entity relation

© Phrase Dependency Parsing

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

Feng et al. (PKU) Question Answering October 19, 2016 16/40



Phrase Detection

what else movies did the director of the movie Interstellar direct
V-B o C-B O R-B R R-l C-B  C-l E-B R-B

@ Sequence labeling problem
@ Structured perceptron with lexical features

Feng et al. (PKU) Question Answering October 19, 2016 17/40



Phrase Dependency Parsing

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

Transition-based parsing
@ A queue of incoming phrases
@ A stack of processed phrases
@ Four actions (ArcLeft, ArcRight, Shift, Reduce)
@ Multiple heads

Feng et al. (PKU) Question Answering October 19, 2016 18/40



Parsing Example

Queue

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

Current Dependency Graph

Stack

Feng et al. (PKU) Question Answering October 19, 2016 19/40



Parsing Example

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

Current Dependency Graph

Stack

Feng et al. (PKU) Question Answering October 19, 2016 20/40



Parsing Example

Queue
else [movies] did [the director of] [the movie] [Interstellar] [direct]
category relation category entity relation
[what] Current Dependency Graph

variable

Stack

Feng et al. (PKU) Question Answering October 19, 2016 21/40



Parsing Example

Stack

ArclLef

[what]
variable

Feng et al. (PKU)

Queue
[direct]
relation
Current Dependency Graph /\
— /—>A
[what] [movies] [the director of] [the movie] [Interstellar] [direct]
variable category relation category entity relation

Question Answering October 19, 2016 22/40



Parsing Example

Stack

Shift

[what]
variable

Feng et al. (PKU)

Queue

[direct]
relation

Current Dependency Graph

7N T =

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

Question Answering October 19, 2016 23/40



Parsing Example

Stack

[direct]
relation

[what]
variable

Feng et al. (PKU)

Queue

Current Dependency Graph

7N T =

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

Question Answering October 19, 2016 24 /40



W .
n : ArcRight shift ArcLef
)} Reduce

@ incremental processing
z=argmaxw - f(S,Q,a)
acA
where A = {Shift, Reduce, ArcLeft, ArcRight}
° ¥k
TACAFAE

°
o LEHHFRHIE
o 1B HFHIE

Feng et al. (PKU) Question Answering October 19, 2016 25/40



5 RAREE R FHR

Qind
select ?y
e
Interstellar the director of X

X direct

dbo:type

s:Interstellar

ns:Interstellar
2

dbp:director X

type movies dbo:type dbo:film

® SFIREF HSE R HER
© ] [A) KA B AR L
© ] A KR ) 5% A L

Feng et al. (PKU) Question Answering October 19, 2016 26 /40



5 RIR R ER

SEARHE R \

o M — BOHL (k). BEHK (AR). BUWL (), ......
o [MIRIE FHHE - SR EMEH) L RIT A% SE AR S, ...

Feng et al. (PKU) Question Answering October 19, 2016 27 /40



5 RIR R ER

o TR = TRy (i) Ty (EE) T (HRE), ...
o [|ELE A ST BHEH L R0 4R LRI AR, ...
o TFRAFFINA SRR T H ¥R (Heng Ji's EDL tools collection)

Feng et al. (PKU) Question Answering October 19, 2016 27 /40



5 RIR R ER

SEAREER:, R AAHE

o I — ThL kilT) TIR (BR). T (BHE), ......
o AL HBE « BT BOEH L RIC - A S A, ...
o T M A LG T B 517 (Heng Ji's EDL tools collection)

v

K ZR A/ DL HD
o = BWH LTI RANTAREEH . FEXRANRE - GHHE
FRNIEEL « 5 2R E R, ...
o HAKAFR, WFreebase™ HICVT(compound value type)T &,
o BKRA-BRA-BRAKT- LA B, REWRALLH, ...
@ ZETTN: XA . Wi SLAEM - BRATHAE, ......

Feng et al. (PKU) Question Answering October 19, 2016 27 /40




HXE T RIS S

o RTHEFWHRLRER, £ TEFKETHEMES
o TLARFIKEHELR T ER %2

[Xu et al., 2016]
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R0
o FFEHFMTEALRERE, £ FESBETFREMEER
o FLHUKAAELE A HER (&
o FIEYIS 5 TR I AP LM I 4] OB A TR

\
top- (et )

variable  relation relation entity

top-2

variable category relation entity

[Xu et al., 2016]
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HXE T RIS S

o T HEFWHRLRER, £ TEFKETHEME
o FLARFIKEHEIR FEIR %2

o SEUARBERS S A AHENZ (A WHK & VA

[what] else [moyies] did [the diregtor of] [the mQVie] [Interstellar] [direct]

777777777777777777777777777777777777777777777777777777777777777777777777777777777

i fb:time. momh | fb:sports.sports_team.. cha i fb:time. momh i fb:m. 04p4lvx i | fb:sports.sports_team.. cha
+ fb:time.event 1 ‘ 1 mpionships ; + fb:time.event 1 1 fb:im.04p3_v_ . mplonshlps i
! fb:film.film i ﬂ) film.direct_by v fbifilm. film i | fb:m.01yz0x i ﬂ:) director.film

| 1 1 ! i ! !

[Xu et al., 2016]
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LERL AR Z S SUREIVEH

B FE AR D VR NS Y
o MELLE RIUKFEENIRZEMAT: Who did Shaq first play for ?

o REMAIFIAT: Whatis the most popular movie in the past 5
years in UK ?

[Zhang et al., 2015, Xu et al., 2016a, Xu et al., 2016b]
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LEFLEMREZ Sh: SURETER
U ISR VR RS = 21K X R OB A TR

[who did shaq first play forJ

v

KB-QA

Entity Linking Relation Extraction

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| | L

Y \
[ Joint Inference ]
|

| m.012xdf sports.pro_athlete.teams..sports.sports_team_roster.team | \
|

Los Angeles Lakers,

Boston Celtics,

Orlando Magic,
Miami Heat

October 19, 2016

Feng et al. (PKU) Question Answering



LERLERZEZ S SUREITER
OB IRARATIF B R RIS = R E O R R

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

v ¥

Answer Refinement

Wikipedia Dump

Los Angeles Lakers Boston Celtics Orlando Magic
Shaquille O'Neal . Shaquille O'Neal . Shaquille O'Neal Bl
Pomp—— N daed

the Boston Celtics in the 2010-11 season before | by the Orlando Magic with the first overall pick
retring ———————————— | inthe 1992 NBA draft ——————

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

O’Neal signed as a free agent || O’Neal played for the Boston Celtics
with the Los Angeles Lakers || in the 2010-11 season before retiring

I I
Refinement Model J

S O e

v

Question Answering October 19, 2016 29/40
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7EWebQuestions |

] 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

Feng et al. (PKU) Question Answering October 19, 2016 30/40



WebQuestions I 45 5

Method average F,
Berant et al. (2013) 35.7
Yao et al. (2014) 33.0
Xu et al. (2014) 39.1
Berant et al. (2014) 39.9
Bao et al. (2014) 37.5
Dong et al. (2015) 40.8
Yao et al. (2015) 44.3
Bast et al. (2015) 49.4
Berant et al. (2015) 49.7
Reddy et al. (2016) 50.3
Yih et al. (2015) 52.5
EL/RE (KB) 44 1
EL/RE + Joint 47 1
EL/RE + Refine 47.0
EL/RE + Joint + Refine 53.3

Feng et al. (PKU) Question Answering October 19, 2016 31/40



Hybrid-QA: 2 TR & BRI FNRZ ] 2

@ SR BEIIIH —LIR— KR FoRIFIRIE X

o [R5 FRAGHA (L R 28 55 4 22 TE SORAH B Y AL 1B TR AT Ik A
o SUiRBERE

o FIFHSEA R A TBGIRTBGRTAL KRR E IR R R X

associatedBand Y
o FIAFFHUE BEMEBEARMBIFMABPICARRZE: X is written by Y
o FIFHEE MM EFERERS, MEFIRESR

[Xu et al., 2016b]
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Hybrid-QA

[who is the front man of the band that wrote Coffee & TV]

Question Decomposition
< ans, is the front man of, var, >
<wvari,isa, band >
<var: , wrote , Coffee & TV >

T
<var: , wrote, Coffee & TV >

\e—— Coffee & TV — is the front man of —{
Textual

Entity Linking . .
wrote Relation Extraction
DBpedia Lookup
- KB-based :
Relation Extraction Open
Bitter_Coffee_(Iranian_video — Information Extractor
. _series) . DBpedia
InshﬁC‘offeei(TVisenes) Freebase
Coffee & TV
v
v
Multi-Channel Neural Network
Paraphrase Model
influencedBy
associatedMusical Artist !“"“_"“‘”;’
associatedBand — t is written by J
writer lead vocalist of

( . )
¢

Damon Albarn
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WebQuestions I 45 5

Method average F,
Berant et al. (2013) 35.7
Yao et al. (2014) 33.0
Xu et al. (2014) 39.1
Berant et al. (2014) 39.9
Bao et al. (2014) 37.5
Dong et al. (2015) 40.8
Yao et al. (2015) 44.3
Bast et al. (2015) 49.4
Berant et al. (2015) 49.7
Reddy et al. (2016) 50.3
Yih et al. (2015) 52.5
EL/RE (KB) 441
EL/RE + Joint 471
EL/RE + Refine 47.0
EL/RE + Joint + Refine 53.3
Hybrid (KB + Text + Joint) 53.8
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7EQALD-6_F 45 5

Method WebQ QALD
EL/RE (KB) 44 1 10.1
KB + Joint 47 1 14.3
Text 40.3 28.7
Text + Joint 455 37.4
53.8 40.9
QALD-6

What is the most common language in norway

What currency do they use in switzerland

What countries does queen elizabeth ii reign

What is the best sandals resort in st lucia
WebQuestions

What is the largest city in the county in which

Where was the Father of Singapore born

Who is the architect of the tallest building in Japan

Feng et al. (PKU) Question Answering October 19, 2016 35/40



o EFE M IIE L F R
o RETESHINESE?
o IEEM ST THEER EWLTF?
o FIAEFEEMRIR, #lan, A&, ZHIHESE
o [HZ
o RIKFEIRZ AT/ A~ #U « AR
o KH
o HRIES GHNREZ FIMBET (k. X&)
o FLTHIR R Z T
o FIHIHR
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27 k-1

John Zelle and Raymond Mooney. Learning to parse database queries
using inductive logic programming. In AAAI 1996

Luke S Zettlemoyer and Michael Collins. Learning to map sentences to
logical form: Structured classification with probabilistic categorial
grammars. In UAI 2005

Yuk Wah Wong and Raymond J Mooney. Learning synchronous
grammars for semantic pars- ing with lambda calculus. In ACL 2007

Percy Liang, Michael | Jordan, and Dan Klein. Learning
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