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Question Answering

When did Kendrick Lamars first album come out?

A. July 2, 2011

Source: Natural Questions (https://ai.google.com/research/NaturalQuestions/dataset)



https://ai.google.com/research/NaturalQuestions/dataset

Sources of Information

Text Knowledge Bases

~ Freebase

~ e U e o ?
( dis IS o .

_ W |~.‘ : ' <) .
\N o » o o ®o® B

KNOWLEDGE .

WIKIPEDIA REUTERS ' w7 ¢ WIKIDATA

The Free Encyclopedia

@ reddit aGCJ*

select knowledge




Sources of Information

Text

[Moldovan, 2002], [Voorhees, 1999],

2017], [Peters, 2018], |

Ferrucci, 2012], [Yih, 2013],
[Hermann, 2016], [Chen, 2017], [Seo,

Devlin, 2018] ...

Knowledge Bases

[Kwiatkowski, 2013], |
'Reddy, 2014/,

|[Bordes, 2015],

Berant, 20

Pas

upat, 2015],

13],

Yih, 2015][Jaw1

2016], [Liang, 2017] |

Das, 2017] ..




Sources of Information

Text Knowledge Bases

[Moldovan, 2002], [Voorhees, 1999], | Kwiatkowski, 2013], [Berant, 2013],
Ferrucci, 2012], [Yih, 2013], ‘Reddy, 2014], [Pasupat, 2015],
[Hermann, 2016], [Chen, 2017], [Seo, [Bordes, 2015], [Yih, 2015], [Jam
2017], [Peters, 2018], [Devlin, 2018] ... 2016], [Liang, 2017] |[Das, 2017] ..

* |Lexical pattern matching o Clear semantics via parsing

* No grounding * (Grounded

 High recall * HIgh precision




Sources of Information

Text Knowledge Bases

|Gardner & Krishnamurthy, 2017], [Ryu, 2017]
Universal Schema [Riedel, 2013], [Verga, 2016], [Das, 2017] ...
Our Work

* |Lexical pattern matching o Clear semantics via parsing

* No grounding * (Grounded

 High recall * HIgh precision
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e Engineering motivation - QA performance
e [ext can complete missing information in KBs

 KBs can provide background context for understanding text



Why Text + KBs”

e Engineering motivation - QA performance

e [ext can complete missing information in KBs

 KBs can provide background context for understanding text
o Scientific motivation - Knowledge Representation

e [extIs expressive

KBS support reasoning
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1. "Reading” heterogeneous graphs of 2. lraversing text corpora like KBS
facts and text [EMNLP'18 ongoing
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Open-domain QA using Early
Fusion of KBs & Text

Haitian Sun*, Bhuwan Dhingra®, Manzil Zaheer,
Kathryn Mazaitis, Ruslan Salakhutdinov, William Cohen

“equal contribution

EMNLP 2018




Entity-Relation Knowledge Bases

Meg Griffin

has-character h
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network "/‘
/ | db\ » Collection of (subject, relation, object) facts
! voiced-by
FOX £ R
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network / Mila nis Lacey Chabert
! starred in e Freebase: 44M entities, >2B tacts

* Organize information around entity nodes

David Trainer
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Reasoning In KBS

Meg Griffin
%’ T (; Relation following operation:
has-character PN
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* Follow edges labeled with the relation R

e [o arrive at a set of entities Y
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Meg Griffin

Who voiced Meg in Family Guy?
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Question Answering

Meg Griffin

Who voiced Meg in Family Guy?

{Meg Griffin}.follow(voiced-by)




Question Answering

Who voiced Meg in Family Guy?

{Meg Griffin}.follow(voiced-by)

{Mila Kunis, Lacey Chabert}



Question Answering
E 1., Meg Griffin
r‘+v \ "
has-character -
) Annotating semantic parses of
/oiced-by\ guestions Is expensive

£ R

Who voiced Meg in Family Guy?

v

{Meg Griffin}.follow(voiced-by)

Mila Kunis Lacey Chabert

v

{Mila Kunis, Lacey Chabert}



Question Answering

Meg Griffin

Who voiced Meg in Family Guy?

Search for parses which lead to
the correct answer in the KB

227?

Mila Kunis Lacey Chabert

v

{Mila Kunis, Lacey Chabert}

Learning from Denotations
[Liang, 2011], [Berant, 2013], [Reddy, 2014],
[Krishnamurthy, 2017]



But KBs are often incomplete

m Meg Griffin
has character -'

twork z Freebase relation types Incompleteness
/o:ce . by\ /people/person/education 0.792
/people/person/employment_history 0.923
/people/person/nationality* 0.785
4 /people/person/parents™ 0.988
I o / o nis o Chobr /people/person/place _of _birth* 0.938
/people/person/places_lived™ 0.966

starred in

Min et al, NAACL 2013
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Graphs of Facts and Text
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Graphs of Facts and Text

- - Meg Griffin
~ by

Inject relevant text into the graph

Who voiced Meg in Family Guy?

TFIDF
Retrieval
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Graphs of Facts and Text

Inject relevant text into the graph

Who voiced Meg in Family Guy?

links-to

TFIDF
Retrieval

Megatron "Meg" Griffin
1s a character from the
television series

Family Guy.

£ ’
&

Mila Kunis Lacey Chabert
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Search via Representation Learning
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Megatron "Meg" Griffin
1S a character from the
television series

Family Guy.

Mila Kunis Lacey Chabert

Who voiced Meg in Family Guy?



Search via Representation Learning

Graph Neural Networks

-mbedding Vector
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Megatron "Meg" Griffin
1S a character from the
television series

Family Guy.

Mila Kunis Lacey Chabert

H 5 Who voiced Meg in Family Guy?




Search via Representation Learning

Graph Neural Networks

ks - MegGifﬁn o -mbedding Vector
l— ‘/-z._b»

"Pagerank” score

B - Initially uniform over entities in the
links-to |
/oiced-by question

Megatron "Meg" Griffin
1S a character from the
television series

Family Guy.

links-to

Mila Kunis Lacey Chabert

Who voiced Meg in Family Guy?




Search via Representation Learning

for t=1...T:
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Search via Representation Learning
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Search via Representation Learning
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Meg Griffin hfgjt) — f(hrgt_l)’ Z Oéfvlhq()t’_l)7 Z hg:l))
/ ’U/EN(’U) d:ved
Self connection / /
links-to Entity neighbors

Text mentions

links-to

* Only propagate embeddings from nodes
with non-zero pagerank score

Megatron "Meg" Griffin
1S a character from the
television series

Family Guy.

* This constrains learning along valid paths
in the graph

Mila Kunis Lacey Chabert

Who voiced Meg in Family Guy?




Search via Representation Learning

for t=1...T:
Meg Griffin prq()t) — (1 — )\)pn(jt—l) + )\ Z av/qu(j_l)
\ v'EN,(v)
ot Pagerank update

Learned weights

links-to
voiced-by
/ \ * Only propagate embeddings from nodes
* with non-zero pagerank score

Megatron "Meg" Griffin
1S a character from the
television series

Family Guy.

* This constrains learning along valid paths
in the graph

Mila Kunis Lacey Chabert

Who voiced Meg in Family Guy?




Search via Representation Learning

Classify each entity as Answer / Not-Answer:

lOngr'(v\q) X (hg - h.)

Meg Griffin

hq @ Question Representation

links-to

h. : Entity Representation

Megatron "Meg" Griffin
1S a character from the
television series

Family Guy.

NG ' " >
Mila Kunis Lacey Chabert I i i . 7

Who voiced Meg in Family Guy?




Search via Representation Learning

summary:

Meg Griffin

1. Inject text into KB using retrieval

2. Propagate entity embeddings

" along paths starting from
/o,-ced-by guestion entities

links-to

3. Classify each entity as answer /
no-answer

Megatron "Meg" Griffin
1S a character from the
television series

Family Guy.

Mila Kunis Lacey Chabert

Who voiced Meg in Family Guy?
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 WebQuestionsSP [Berant, 2013; Yih, 2016]:
E.g. “What language do they speak in Afghanistan?” — Pashto language

KB - Freebase, Text - Wikipedia

o 5K QA pairs for training
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E.g. “What language do they speak in Afghanistan?” — Pashto language

KB - Freebase, Text - Wikipedia
o 5K QA pairs for training

* Wikimovies [Miller, 2016]:

E.g. “What movies did Quentin Tarantino direct?” — Reservoir dogs, Pulp fiction, ...

o KB - Subset of OMDB, Text - Subset of Wikipedia

* 10K QA pairs for training



Fvaluation — WebQuestionsSP &
WikiMovies

 WebQuestionsSP [Berant, 2013; Yih, 2016]:
E.g. “What language do they speak in Afghanistan?” — Pashto language

KB - Freebase, Text - Wikipedia
o 5K QA pairs for training

* Wikimovies [Miller, 2016]:
E.g. “What movies did Quentin Tarantino direct?” — Reservoir dogs, Pulp fiction, ...

o KB - Subset of OMDB, Text - Subset of Wikipedia

* 10K QA pairs for training
 Both datasets are answerable using KBs

* But we simulate an incomplete KB setting
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Analysis

70

 Pagerank propagation leads to ~10% improvement

60 -

* LITOrs:
+ Retrieval (both text + facts) has only 90% recall 5

« Complex questions: _
"Who first voiced Meg in Family Guy?” 10_ %g%jgi‘ji: stontion |
"Which club did Cristiano Ronaldo play for in 20077?" O 3 @0 s s 100

Epoch
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Meg Griffin
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Q. Which TV Networks has Mila Kunis appeared on?




Multi-Hop Question Answering

Meg Griffin

has-character
| 3
e

network Q. Which TV Networks has Mila Kunis appeared on?

! /oiced-by
Y2 = {Mila Kunis}.follow(voiced)....follow(network)

network / Mila Kunis Ans = Y1 UNION Y2
starred in
v

A. Fox

Y1 = {Mila Kunis}.follow(starred-in).follow(network)

Y = X.follow(R) = {2’ : 3x € X s.t. R(x,2") holds}



an we do this with a Text Corpus”
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Mila Kunis
From Wikipeda, the free encyciopedia

Milensa Markovna “Mila® Kunis (/mide kusnis/, Ukrarsan: Minesa Mapxissa Kywic, bom August 14, 1983) is an American
Mila Kunis

actress. In 1991, al the age of seven, she moved from Soviet Ulkraing 10 the United Siates with har family. Alter being

enrciled in acting classes as an afler-school actvity, she was soon discovered by an agent. She appeared in several
levision series and commercials, belore landing her first signficant role at age 14, playing Jackie Burkhart on the television

serkes That 70s Show (1988-2006). Since 1980, she has voiced Meg Gritfin on the animaled seres Famiy Guy.

Kunis's broakout §im role came In 20081 19 playing Rachel in the romantic comedy Forgetting Sarah Marshal. She gained

further critical acclaim and accolades for her perdformance in the psychological theiler Black Swan (2010), for which she

received the Marcelio Mastroianss Award for Best Young Actor or Actress, and nomingtions 1or the SAG Award and the

Golden Globe Award

sooeszoio, ] - FOX Broadcasting Company

e Wicked Wich of

From Wikipedia, the free encydopedia

— e FOX" and "Fox (TV channel)” redivect here. For "Fox” television channels owtside the United $00 Fox (charme)). For the film studio that the
1 Early Mo
2 Caroor network was named after, see 20th Centuwry Fox. For the 24-howr news channel, see Fox News. For other uses, see Fox (disambiguation)

——— —— T

Family Guy @8

From Wikpedia, the free encyciopeda

iy

Y how andg

Family Guy is an American animated silcom created by Seth MacFadane for the Fox Broadcasting
Family Guy

padcasting Company

Company. The series centars on the Griffins, a family consisting of parents Peter and Lois; their children,
Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional city of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that

often lampoon American culture

The family was conceived by MacFarlane afler developing two animated fims, The Life of Larry and Larry

& Steve. MacFarlane redesigned the films' protagonist, Larry, and his dog, Steve, and renamed them
Peter and Brian, respectively. MacFariane pilched a seven-minute piiot 10 Fox in 1998, and the show was
greenlit and Gacas ocoduction Shodi afias tho thaed cagson ol Eamiy S had ol in 20090 Eoy

canceled the|  That '708 Show

Terrostrial lolevision network

seneas’ onging y and
convinced thd  From Wikipedia, the free encyclopedia (Over-the-air
2005

That '70s Show is an Amarican television period sitcom that onginally aired on Fox from August 23,
Since its dab

season bega

1998 to May 18, 2006. The seres focuses on the lives of a group of six teenage friends living in fictional
Point Place, Wisconsin, from May 17, 1976 to December 31, 1979.1") The main teenage cast members
1o be nominal  \are Topher Grace, Mila Kunis, Ashon Kutcher, Danny Masterson, Laura Prepon and Wilmer

2009, it was Valderrama. The main adult cast members were Debra Jo Rupp, Kurtwood Smith, Don Stark, Tommy
EEEEWSEIRGE | »
Chong and Tanya Roberts

Contents [hde]
1 Cast

1.1 Teens

1.2 Adults
2 Episodes Genre Perod siicom

2.1 Timeline Created by Bonnie Turner
Tor

Mark Braz

2.2 Eighth season and seres finale
3 Production

3.1 Tie

32 (Onannn

Directed by David Trairmer
Terry Hughes (piot)




an we do this with a Text Corpus”

@
1=}

Mila Kunis
From Wikipeda, the free encyciopedia

Milersa Markovna “Mila® Kunis (/mie kusrus/, Ukramian: Minesa Mapxiona Kywic, bom August 14, 1983) is an Amercan
Mila Kunis

actress. In 1991, al the age of seven, she moved from Soviet Ulkraing 10 the United Siates with har family. Alter being

enrciled in acting classes as an afler-school actvity, she was soon discovered by an agent. She appeared in several

television series and commercials, belore landing her first signficant role at age 14, playing Jackie Burkhart on the television

Q. Which TV Networks has Mila Kunis appeared on?

serkes That 70s Show (1988-2006). Since 1980, she has voiced Meg Gritfin on the animaled seres Famiy Guy.
Kunis's broakout §im role came In 20081 19 playing Rachel in the romantic comedy Forgetting Sarah Marshal. She gained

Swan (2010), for which she

further critical acclaim and accolades for her performance in the psychological thriler Black

received the Marcelio Mastroianss Award for Best Young Actor or Actress, and nomingtions 1or the SAG Award and the

Golden Globe Award 3
soreszoo, - FOX Broadeasting Company
™o Wicked Wich of 1

From Wikipedia, the free encydopedia

1 Early Mo FOX™ and "Fox (TV channel)” redivect here. For "Fox” television channels owtside the United Stales, see Fox (channel). For the film studio that the
2 Caroer network was named after, see 20th Centuwry Fox. For the 24-howr news channel, see Fox News. For other uses, see Fox (disambiguation)
——— —— UEY N WSS RSN RV 100 et ae
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Family Guy ©8 g
From Wikpedia, the free encyciopeda
v how and
Family Guy is an American animated silcom created by Seth MacFadane for the Fox Broadcasting

Company. The seres centars on the Griffins, a family consisting of parents Peter and Lois; their children,

Family Guy

padcasting Company

Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional Gty of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that

often lampoon American culture

The family was conceived by MacFarlane afler developing two animated fims, The Life of Larry and Larry

& Steve. MacFarlane redesigned the films' protagonist, Larry, and his dog, Steve, and renamed them
Peter and Brian, respectively. MacFariane pilched a seven-minute piiot 10 Fox in 1998, and the show was
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'
c ~alevt 1th
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2005
That '70s Show is an Amarican television period sitcom that onginally aired on Fox from August 23,

Since its debl 1998 1o May 18, 2006. The series focuses on the lives of a group of six teenage friends living in fictional
56as0n begal  point Place, Wisconsin, from May 17, 1976 to December 31, 1979.1") The main teenage cast members
10 be nominal  \are Topher Grace, Mila Kunis, Ashion Kutcher, Danny Masterson, Laura Prepon and Wilmer

2009, it was Valderrama. The main adult cast members were Debra Jo Rupp, Kurtwood Smith, Don Stark, Tommry
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Mila Kunis

From Wikipeda, the free encyciopedia

Milensa Markovna “Mila® Kunis (/mide kusnis/, Ukrarsan: Minesa Mapxissa Kywic, bom August 14, 1983) is an American

actress. In 1991, al the age of seven, she moved from Soviet Ulkraing 10 the United Siates with har family. Alter being

enrclied in acting classes as an afler-school actvity, she was soon discovered by an agent. She appeared in several

television series and commercials, belore landing her first & cant role al age 14, playing Jacke Burkhart on the ieevison

series That 70s Show (19968-2006). Since 1920, she has voiced Meg Gritfin on the animaled senes Famiy Guy

Kunis's breakout §im role came In 2008 11 pl aying Rachel in the romantic comedy Forgetting Sarah Marshal. She gained
further critical acclaim and accolades for her pedformance in the psychological theiler Black Swan (2010), for which she

received the Marcelio Mastroianss Award for Best Young Actor or Actress, and nomingtions 1or the SAG Award and the

Mila Kunis

Golden Globe Award 3
s orenczorn, ] - FOX Broadcasting Company

From Wikipedia, the free encydopedia
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1 Early Wo FOX" and "Fox (TV channel)” redivect here. For "Fox” television channels owtside the United Stales, see Fox (channel). For the film studio that the

2 Caroor network was named after, see 20th Century Fox. For the 24-hour news channel, see Fox News. For other uses, see Fox (disambiguation)

Family Guy
From Wikpedia, the free encyciopeda

Family Guy is an American animated sitcom created by Seth MacFardane for the Fox Broadcasting
Company. The series centars on the Griffins, a family consisting of parents Peter and Lois; their children,
Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional Gty of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that

often lampoon American culture

The lamily was conceived by MacFarlane afler developing two animated fims, The Life of Larry and Larry
& Steve. MacFariane redesigned the films' protagonist, Larry, and his dog, Steve, and renamed them
Peter and Brian, respectively. MacFariane piliched a seven-minute piot 10 Fox in 1998, and the show was

greenlit and Gacas ocoduction Shotiy altos tha thad cogann ol Eamile (s had olepdt 20 2009 Eoy

Family Guy
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convincad th From Widipedia, the lroe encyciopedia
2005
That 708 Show is an American television period sitcom that originally aired on Fox from August 23,
Since its deby 1998 1o May 18, 2006. The series focuses on the lives of a group of six teenage friends living in fictional
Point Place, Wisconsin, from May 17, 1976 to December 31, 1979.') The main teenage cast members

were Topher Grace, Mila Kunis, Ashon Kutcher, Danny Masterson, Laura Prepon and Wilmer
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Valderrama. The main adult cast members were Debra Jo Rupp, Kurtwood Smith, Don Stark, Tommy
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Q. Which TV Networks has Mila Kunis appeared on?

Bonnie Turner

Terry Tumer

Mark Brax

David Trairmer

Terry Hughes (pilot)

Since 1999, she has voiced Meg Griffin on the animated
series Family Guy.
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Mila Kunis
From Wikipeda, the froe encyciopedia

Milena Markovra “Mila®™ Kunis (/mde kusrus/, Ukraran: Minesa Mapxissa Kywic, bom August 14, 1983) s an American

actress. In 1991, al the age of seven, she moved from Soviet Ulkraing 10 the United Siates with har family. Alter being

Wvity, she was soon discovered by an agent. She appeared in several

enrclied in acting classes as an afler-school
television series and commercials, belore landing her first signficant role al age 14, playing Jackie Burkhart on the television

series That 70s Show (19968-2006). Since 1920, she has voiced Meg Gritfin on the animaled senes Famiy Guy

Kuns's breakout Sim role came in 200815 playing Rachel in the romantic comedy Fargelting Sarah Marshal. She ganed

further critical acclaim and accolades for her pedformance in the psychological theiler Black Swan (2010), for which she

recoived the Marcelio Mastroianay Award for Best Young Aclor or Actress, and nominations 1or the SAG Award and the

Mila Kunis

Golden Globe Award 3
s orenczorn, ] - FOX Broadcasting Company

From Wikipedia, the free encydopedia

1o FOX™ and "Fox (TV channel)” red
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act here. For "Fox” tefevision channels owtside the United Stales, se0 Fox (chammel). For the film studio that the

16 y M
2 Caroor network was named after, see 20th Century Fox. For the 24-hour news channel, see Fox News. For other uses, see Fox (disambiguation)

Family Guy
From Wikpedia, the free encyciopeda

Family Guy is an American animated sitcom created by Seth MacFardane for the Fox Broadcasting
Company. The series centars on the Griffins, a family consisting of parents Peter and Lois; their children,
Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional Gty of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that

often lampoon American culture

The family was conceived iy MacFariane afler developing two animated fims, The Life of Larry and Larry
& Steve. MacFariane redesigned the films' protagonist, Larry, and his dog, Steve, and renamed them
Peter and Brian, respectively. MacFariane piliched a seven-minute piot 10 Fox in 1998, and the show was
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That ‘708 Show s an American television perod sitcom that onginally aired on Fox from August 23,

Since its deby 1998 1o May 18, 2006. The series focuses on the lives of a group of six teenage friends living in fictional

56as0n begal  point Place, Wisconsin, from May 17, 1976 to December 31, 1979.1") The main teenage cast members
10 be nominal  ware Topher Grace, Mila Kunis, Ashon Kutcher, Danny Masterson, Laura Prepon and Wilmer

-

ood Smith, Don Stark, Tommy

2009, it was Valderrarma. The main adult cast members were Debra Jo Rupp, Kurt
——— Chong and Y.".“‘,’.‘Y Rakame
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Q. Which TV Networks has Mila Kunis appeared on?

Since 1999, she has voiced Meg Griffin on the animated
series Family Guy.

Family Guy 1s an American animated sitcom created by
Seth MacFarlane for the Fox Broadcasting Company.
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Can we do this with a Text Corpus?

Mila Kunis
From Wikipeda, the froe encyciopedia

Milena Markovra “Mila®™ Kunis (/mde kusrus/, Ukraran: Minesa Mapxissa Kywic, bom August 14, 1983) s an American

actress. In 1991, al the age of seven, she moved from Soviet Ulkraing 10 the United Siates with har family. Alter being

Wvity, she was soon discovered by an agent. She appeared in several

enrclied in acting classes as an afler-school
television series and commercials, belore landing her first signficant role al age 14, playing Jackie Burkhart on the television

series That 70s Show (19968-2006). Since 1920, she has voiced Meg Gritfin on the animaled senes Famiy Guy

Kuns's breakout Sim role came in 200815 playing Rachel in the romantic comedy Fargelting Sarah Marshal. She ganed

further critical acclaim and accolades for her pedformance in the psychological theiler Black Swan (2010), for which she

recoived the Marcelio Mastroianay Award for Best Young Aclor or Actress, and nominations 1or the SAG Award and the

Mila Kunis

Golden Globe Award 3
s orenczorn, ] - FOX Broadcasting Company

From Wikipedia, the free encydopedia

1o FOX™ and "Fox (TV channel)” red
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act here. For "Fox” tefevision channels owtside the United Stales, se0 Fox (chammel). For the film studio that the

16 y M
2 Caroor network was named after, see 20th Century Fox. For the 24-hour news channel, see Fox News. For other uses, see Fox (disambiguation)

Family Guy
From Wikpedia, the free encyciopeda

Family Guy is an American animated sitcom created by Seth MacFardane for the Fox Broadcasting
Company. The series centars on the Griffins, a family consisting of parents Peter and Lois; their children,
Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional Gty of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that

often lampoon American culture

The family was conceived iy MacFariane afler developing two animated fims, The Life of Larry and Larry
& Steve. MacFariane redesigned the films' protagonist, Larry, and his dog, Steve, and renamed them
Peter and Brian, respectively. MacFariane piliched a seven-minute piot 10 Fox in 1998, and the show was
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Family Guy
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Terrostrial jolevision network
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canceled el - That "70s Show
senas’ ongin
convinced thd  From Wiipedia, the free encyciopedia
2005
That ‘708 Show s an American television perod sitcom that onginally aired on Fox from August 23,

Since its deby 1998 1o May 18, 2006. The series focuses on the lives of a group of six teenage friends living in fictional

56as0n begal  point Place, Wisconsin, from May 17, 1976 to December 31, 1979.1") The main teenage cast members
10 be nominal  ware Topher Grace, Mila Kunis, Ashon Kutcher, Danny Masterson, Laura Prepon and Wilmer

-

ood Smith, Don Stark, Tommy

2009, it was Valderrarma. The main adult cast members were Debra Jo Rupp, Kurt
——— Chong and Y.".“‘,’.‘Y Rakame
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Q. Which TV Networks has Mila Kunis appeared on?

Since 1999, she has voiced Meg Griffin on the animated
series Family Guy.

Family Guy 1s an American animated sitcom created by
Seth MacFarlane for the Fox Broadcasting Company.
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Can we do this with a Text Corpus?

Mila Kunis

From Wikipeda, the froe encyciopedia

Milena Markovna “Mila® Kunis (/mde kuss/, Ukrarman: Minesa Mapxiona Kywic, bom August 14, 1983) s an Amencan

Mila Kunis

actress. In 1991, at the age of seven, she moved from Soviet Ulraine 10 the United Mes with har family, Alter being

enrciled in acting classes as an afler-school actvity, she was soon discovered by an agent. She appeared in several

N series and commercials, belore landing her first signficant role al age 14, playing Jackie Burkhart on the television

series That 70s Show (19968-2006). Since 1920, she has voiced Meg Gritfin on the animaled senes Famiy Guy

Kunis's breakout §im role came In 2008 11 pl aying Hachel in the romantic comedy Fargelting Sarah Marshal. She ganed

further critical acclaim and accolades for her pedformance in the psychological theiler Black Swan (2010), for which she

received the Marcelio Mastroianss Award for Best Young Actor or Actress, and nomingtions 1or the SAG Award and the

ciden Globe Award

s orencoo, ] - FOX Broadeasting Company
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Family Guy @a
From Wikpedia, the free encyciopeda

Family Guy is an American animated sitcom created by Seth MacFardane for the Fox Broadcasting

Company. The seres centars on the Griffins, a family consisting of parents Peter and Lois; their children,

Family Guy

f

Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional Gty of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that
often lampoon American culture

The lamily was conceived by MacFarlane afler developing two animated fims, The Life of Larry and Larry
& Steve. MacFariane redesigned the films' protagonist, Larry, and his dog, Steve, and renamed them

Peter and Brian, respectively. MacFariane piliched a seven-minute piot 10 Fox in 1998, and the show was

g'eeqm and Lasan orogtstinn Choastiy altos tha thaen cogann ol Eamil (s had aleodt o0 2009 Eoy

canceled the ! ~

cancaied el That "70s Show
senas’ ongin
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2005
That 708 Show s an American television period sitcom that orginally aired on Fox from August 23,

1998 1o May 18, 2006. The series focusas on the lives of a group of six teenage friends living in fictional
Point Place, Wisconsin, from May 17, 1976 to December 31, 1979.1" The main teenage cast members

Since its dab
season bega
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2009, it was

were Topher Grace, Mila Kunis, Ashon Kutcher, Danny Masterson, Laura Prepon and Wilmer

Valderrama. The main adult cast members were Debra Jo Rupp, Kurtwood Smith, Don Stark, Tommy
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2 Caroor network was named after, see 20th Century Fox. For the 24-hour news channel, see Fox News. For other uses, see Fox (disambiguation)

badcasting Company

Terrostrial lolevision network

y and
(Ove -the-air

Q. Which TV Networks has Mila Kunis appeared on?

Since 1999, she has voiced Meg Griffin on the animated
series Family Guy.

Family Guy 1s an American animated sitcom created by
Seth MacFarlane for the Fox Broadcasting Company.

A. Fox Information can be spread out across the corpus
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MetaQA Benchmark

Expands Wikimovies dataset to 2-hop and 3-hop questions

1-hop:
What movies did Quentin Tarantino direct?

2-hop:
Which movies have the same director as that of Pulp Fiction?

3-hop:
Who acted in the movies which have the same director as Pulp Fiction?

Text corpus:
17K first paragraphs from Wikipedia articles about the movies

Pulp Fiction is a 1994 American crime film written and directed by Quentin Tarantino, who conceived it with Roger Avary. Starring
John Travolta, Samuel L. Jackson, Bruce Willis, Tim Roth, Ving Rhames, and Uma Thurman, it tells several stories of criminal Los
Angeles. The title refers to the pulp magazines and hardboiled crime novels popular during the mid-20th century, known for their

graphic violence and punchy dialogue.
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Problem: Retrieval

Mila Kunis
From Wikpeda, the free encyciopedia

Milersa Markovna “Mila® Kunis (/mide kusnis/, Ukrarian: Minesa Mapxissa Kywic, bom August 14, 1983) is an Amerncan
actress. In 1991, at the age of seven, she moved from Soviet Ukraing 10 the United Siates with har family. Alter being
enrolled In acting classes as an afler-school actvity, she was soon discovered by an agent. She appeared in several

television series and commercials, belore landing her first signficant role al age 14, playing Jackie Burkhart on the television

seres That 70s Show (1908-20068). Since 1980, she has voiced Meg Grittin on the animaled seres Famiy Guy.
Kunis's breakout $im role came In 2008 1" 1 playing Rachel in the romantic comedy Forgetting Sarah Marshal. She gained

further critical acclaim and accolades for her pedformance in the psychological thriler Black Swan (2010), for which she

recoived the Marcelio Mastroianns Award for Best Young Aclor or Actress, and nominations 1or the SAG Award and the

Mila Kunis

Golden Globe Award
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1 Early Mo FOX" and "Fox (TV channel)” redivect here. For "Fox” tefevision channels owtside the United Stales, see Fox (chanel). For the film studio that the
2 Caroor network was named after, see 20th Century Fox. For the 24-hour news channel, see Fox News. For olher uses, see Fox (disambiguation)
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Family Guy
From Wikpedia, the free encyciopeda

Family Guy is an American animated silcom created by Seth MacFardane for the Fox Broadcasting
Company. The seres centars on the Griffins, a family consisting of parents Peter and Lols; their children,
Meg, Chris, and Stewie; andl their anthropomorphic pet dog, Brian, The show is set in the fictional city of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that

often lampoon American culture

The tamily was conceived by MacFariane afler developing two animated films, The Life of Larry and Larry
& Steve. MacFariane redesigned the films' protagonist, Larry, and his dog, Steve, and renamed them
Peter and Brian, respectively. MacFariane pilched a seven-minute piot 10 Fox in 1998, and the show was
- A 200D Ly

greenlit and

Family Guy
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convinced thl  From Widpedia, the free encyciopedia
2005
That '70s Show s an American television perod sitcom that originally aired on Fox from August 23,
Since its dely 1998 to May 18, 2006. The series focuses on the lives of a group of six teenage friends living in fictional
56as0n Degs  point Place, Wisconsin, from May 17, 1978 to December 31, 1979.1"! The main teenage cast members
1o be nomina
2009, itwas | yuidarrama. The main adult cast members were Debra Jo Rupp, Kurtwood Smith, Don Stark, Tommy
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were Topher Grace, Mila Kunis, Ashon Kutcher, Danry Masterson, Laura Prepon and Wilmer
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Q. Which TV Networks has Mila Kunis appeared on?

David Traimer
Terry Hughes (pilot)

Since 1999, she has voiced Meg Griffin on the animated
series Family Guy.

Family Guy 1s an American animated sitcom created by
Seth MacFarlane for the Fox Broadcasting Company.

A Fox Information can be spread out across the corpus



Problem: Retrieval

Mila Kunis ®a

From Wikipeda, the froe encyciopedia

Milersa Markovna "Mila® Kunis (/mide kusnis/, Ukrairsan: Minesa Mapxissa Kywic; bom August 14, 1983) s an American
Mila Kunis

actress. In 1991, at the age of seven, she moved from Soviet Ukraing 10 the United Siates with har family. Alter being

enrclied in acting classes as an afler-school actvity, she was soon discovered by an agent. She appeared in several

levision series and commercials, belore landing her fiest signficant role at age 14, playing Jackie Burkhart on the television

Q. Which TV Networks has Mila Kunis appeared on?

ws That 70s Show (1996-2006). Since 1999, she has voiced Meg Grittin on the animaled seres Famiy Guy
Kunis's breakout $im role came In 2008, 1 playing Rached in the romantic comedy Fargelting Sarah Marshal. She ganed
further critical acclaim and accolades for her pedformance in the psychological thriler Black Swan (2010), for which she

recoived the Marcelio Mastroianns Award for Best Young Aclor or Actress, and nominations 1or the SAG Award and the

Golden Globe Award L
s orenizorn, ] - FOX Broadcasting Company
e From Wikipedia, the free encydiopedia

1 Early Mo FOX" and "Fox (TV channel)” redivect here. For "Fox” television channels owtside the United Stales, see Fox (channel). For the film studio that the

2 Carcor network was navmed after, see 20th Century Fox. For the 24-hour news channel, see Fox News. For other uses, see Fox (disambiguation) ° ° . . .
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. f Since 1999, she has voiced Meg Griffin on the animated
Family Guy @8 L

PSP P o series Family Guy.

Family Guy is an American animated silcom created by Seth MacFardane for the Fox Broadcasting

Company. The series centars on the Griffins, a family consisting of parents Peter and Lois; their children,

Family Guy

padcasting Company

Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional city of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that

often lampoon American culture

The family was conceived by MacFariane afler developing two animated films, The Life of Larry and Larry

& Steve. MacFarlane redesigned the fiims' protagonist, Larry, and his dog, Steve, and renamed them

Family Guy 1s an American animated sitcom created by
Seth MacFarlane for the Fox Broadcasting Company.

Peter and Brian, respectively. MacFarlane pilched a seven-minule piot 10 Fox in 1998, and the show was Terrostrial lokrvison network
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2005

That '70s Show s an American television perod sitcom that onginally aired on Fox from Auqust 23,

Since its dety 1598 to May 18. 2006. The series focuses on the lives of a group of six teenage friends living in fictional

56as0n begay  point Place, Wisconsin, from May 17, 1978 to December 31, 1979.1") The main teenage cast members
1o be noming were Topher Grace, Mila Kunis, Ashon Kutcher, Danry Masterson, Laura Prepon and Wilmer

2009, it was Valderrama. The main adult cast members were Debra Jo Rupp, Kurtwood Smith, Don Stark, Tommy
———miiinild  Chong and Tanya Roberts
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e Can expand retrieval using e.g. pseudo-relevance-teedback

* But “reading” large number of documents is expensive
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Our Approach: Read oftline, Reason online

Reading Reasoning

Pre-train contextual
representations into an index

Use inner product search and
sparse operations

-LLMo [Peters, 2018], BERT
[Devlin, 2018], Phrase-Indexed
QA [Seo, 2018]

MIPS [Andoni, 2015; Johnson,
2017], Ragged Tensors
| Tensortlow]

Offline and slow Online and fast

Differentiable Reasoning over a KB of Indexed Text



Reading: Oftline Index of Entity Mentions

Mila Kunis ®a

From Wikipedia, the free encyciopedia

Milena Markovna “Mila®™ Kunis (/mie kusms/, Ukraran: Minewa Mapxisna Kywic, bom August 14, 1983) s an American
actross. In 1991, at the age of seven, she moved from Soviet Ukraing 10 the United States with her family, After being ,

Mila Kunis

enrolled in acting classes as an afler-school actvity, she was soon discovered by an agent. She appeared in several
television series and commercials, before kanding her first significant role at age 14, playing Jackie Burkhart on the television
serkes That 70s Show (1996-2006). Since 1929, she has voiced Meg Gritfin on the animaled seces Famiy Guy.

Kunis's breakout $im role came in 2008119 playing Rached in the romantic comedy Forgetting Sarah Marshall. She gained
further critical acclaim and accolades for her performance in the psychological thriller Black Swan (2010), for which she
recoived the Marcelio Mastroianni Award for Best Young Actor or Actress, and nominations 1or the SAG Award and the

Golden Giobe Award .
sxoeescon, | FOX Broadcasting Company

e Wicked Witch of
From Wikipedia, the free encydopedia

FOX" and "Fox (TV channel)” redivect here. For "Fox” television channels owtside the United States, see Fox (channel). For the fitm studio that the

1 Early Mo
2 Caroor nelwork was named after, see 20th Century Fox. For the 24-hour news channel, see Fox News. For other uses, see Fox (disambiguation)
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Family Guy
From Wikipedia, the free encyclopeda

Family Guy is an American animated sitcom created by Seth MacFardane for the Fox Broadcasting
Company. The series centers on the Griffins, a family consisting of parents Peter and Lois; their children,
Meg, Chris, and Stewie; and their anthropomorphic pet dog, Brian, The show is set in the fictional city of
Quahog, Rhode Island, and exhibits much of its humor in the form of metafictional cutaway gags that
often lampoon American culture

The lamily was conceived by MacFariane after developing two animated fims, The Life of Larry and Larry
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Sun et al (EMNLP'19)

Does Iiterative retrieval +
Graph Neural Network to read
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New Dataset: WikiData Slot-filling

* Constructed by aligning WikiData facts to Wikipedia

e 1-3 hop semi-synthetic slot-filling queries over ~300 relations

Q. Marcel de Graaff, place of birth, twinned administrative body?
Ans. Rotterdam -> Antwerp

Q. Muhammad Sanya, member of political party, chairperson, date of birth?
Ans. Civic United Front -> Ibrahim Lipumba -> 6 June 1952

* Task is to extract answer from an unseen corpus of 10K Wikipedia articles (120K passages)
- ~200K entities

- ~1.2M mentions
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e (Cascaded versions of two open-domain QA models - PIQA [1] and DrQA [2]

* Relations were converted to natural language guestions using templates

[ 1] Seo, Minjoon, et al. "Real-Time Open-Domain Question Answering with Dense-Sparse Phrase Index.” ACL (2019).
[2] Chen, Danqi, et al. "Reading wikipedia to answer open-domain guestions." ACL (2017).



Baselines

e (Cascaded versions of two open-domain QA models - PIQA [1] and DrQA [2]

* Relations were converted to natural language guestions using templates

Q. Marcel de Graatft, place of birth, twinned administrative body?

Q1. Where was Marcel de Graaff born? - | PIQA/DrQA ~ Rotterdam
|
l
Q2. Name a sister city of Rotterdam. | PIQA /DrQA - Antwerp

[ 1] Seo, Minjoon, et al. "Real-Time Open-Domain Question Answering with Dense-Sparse Phrase Index.” ACL (2019).
[2] Chen, Danqi, et al. "Reading wikipedia to answer open-domain guestions." ACL (2017).
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Analysis - Intermediate Predictions

QUGSZ‘/OI”) * |Inspected 100 correctly answered 2-hop questions

* 83% had at least one correct intermediate prediction

* For 80% the most confident intermediate prediction was correct

* This drops to 47% for incorrectly answered questions
X1.follow(R1)

 Rest 17% the model learned to answer in a single hop:

Intermediate l
Predictions

What are the genres of the films directed by Justin Simien?

Intermediate = drama, Final = drama
X2.follow(R2)

What genres are the movies acted by Jeremy Lin in?
l Intermediate = documentary, Final = documentary




Conclusion

 Word embeddings provide linguistic knowledge to NLP systems

e Can mention / span embeddings provide world knowledge?



Future Directions

Enriching the Knowledge Base Expanding to tasks other than QA
 Beyond entities and relations  Language Modeling
 Beyond English * Dialog

 Beyond Tlext * [ranslation



Thank You.



