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Percentage of question search queries is growing™

Search Web

A Trending  Angela Raiola il prices AnkaraTurkey Volvo XC90 Mortgage rates ~ Big Lots  Hotmail inbox  Gavin Rossdale

wowers T ||

Answers Home

Special Feature 1of5 < I >
== 7 oS Do you truly believe that your date want to meet you for dinner but is just innocently running late? Do you trust
AT&T = 12:50 PM 90% .> Arts & Humanities that
your sister honestly has no idea where your favorite sweater could be?

Beauty & Style How can you tell if a friend is lying in a text message?
" . " Business & Finance asked by Yahoo Answers Team
When is WSDM 20167? WA

tap to edit Computers & Intenet

Consumer Electronics Discover Answer

Dining Out
Here's what | found on the Education & Reference Is Angelina Jolie really Bisexual?
Entertainment & Music Is it true she’s a bisexual. Man | bet all the lesbians are going crazy over her.

web for ‘'WSDM 2016? Eannad 110 answers - Colertes 3

Family & Relationships
Food & Drink Is it safe to buy Freedom 251, World's cheapest smartphone ?
20 answers - Cell Phones & Plans - 1 day ago

Go gle who is the father of the current US president?

Games & Recreation

Health
. What is your opinion about Ronda Rousey being suicidal after her loss?
WSDM 201 F . A. F All Videos Shopping More v Search tools GRS nswers - Celebrities - 1 day ago
S 016. San Francisco, USA. Fel el Busnesses
22-25, 2016. News & Events P -
! About 175,000,000 results (0.83 seconds) How wil Leftists twist this for their straw man arguments?
9 A D RS ! Pes Best answer: Well one thing for sure is the political tide is tuming especially in race related incidents which is absolutely
Politics & Government great. Democrats can't really make false rhetoric of how republicans are racist. Just look with his newest endorsement. A
Pragrancy & Pareiiiy young Indian American female governor joins young black senator in endorsing... show more
Barack Obama / Father g N 21 answers - Politics ag

Science & Mathematics

Social Science
What other holidays apart from India and France should the Cambridges go on this year?

Society & Culture
27 answers - Royalty - 2 da

Sports
Travel

Web Search and Data Mining: The ACM Barack Obama, Sr.
WSDM Conference Series

Does it count as domestic violence if the female tries to cause harm?

I've heard it said that when women hit men, men should not hit women back because "men are stronger than women”. So
does that mean that if a woman is stronger than a man she shouldn't hit HIM? | don't have all the details, but 'm guessing
International > that former olympian Picabo Street is probably... show more

(Aboutly 128 answers - Gender Studies - 2 days ago

Yahoo Products

SDM Conference Series Web
ining. WSDM 2016. The 9th

on Web Search and
Bay Area, USA Barack Hussein Obama, Sr., was a Kenyan senior governmental economist and the

father of U.S. President Barack Obama. He is a central figure of his son's memoir,
Dreams from My Father. Wikipedia

More about Barack Obama, Sr.

Barack Obama, Sr. - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Barack_Obama,_Sr. ¥ Wikipedia

Barack Obama, Sr. Barack Hussein Obama, Sr., (/'baerak hu:'sein ou'ba:ma/; 18 June
1936 - 24 November 1982) was a Kenyan senior governmental economist and the father
of U.S. President Barack Obama.

[1] “Questions vs. Queries in Informational Search Tasks”, Ryen W. White et al, WwWWw 2015



Automatic Question Answering works relatively
well for simple factoid questions

Google

how to play go?

Al More ~

Videos  News

Shopping

Images

Search tools
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The rules

1. A game of Go starts with an empty board. ...

2. Players take turns, placing one of their stones o
vacant point at each turn, with Black playing firs|

3. Diagram 1 shows the position at the end of a ga|
on a9 by 9 board, during which Black captured
white stone at a.

More items.

How to Play | British Go Association
www.britgo.org/introfintro2.html

How to Play | British Go Association
www.britgo.org > An Introduction to Go ~

The rules. A game of Go starts with an empty board. Players tak
their stones on a vacant point at each turn, with Black playing fi
position at the end of a game on a 9 by 9 board, during which Bl
stone at a.

How To Play Go - Introduction
www.pandanet.co. ) _go_1.ht
How to play Go - Introduction to the basic rules of Go.

b who was the second person to walk an

Buzz Aldrin

Engineer

Buzz Aldrin is an American engineer and former
second person to walk on the Moon. He was the
Apollo 11, the first manned lunar landing in histo)
Moon at 03:15:16 on July 21, 1969, following mi:
Armstrong. He is a former U.S. Air Force officer

w 8 0 @

Wikipedia Twitter Facebook Linke
Born: Jan 20, 1930 (age 86) - Glen Ridge, NJ
Height: 5" 10" (1.78 m)

Net worth: $10 million USD (2016)

Spouse: Lois Aldrin (1988 - 2012) - Beverly Van|
Jean Ann Archer (1954 - 1972)

Space missions: Apolio 11 - Gemini 12

Space agency: NASA
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Is it going to rain tomorrow?

=Eesy
Today Tomorrow
dll> overcast bbd
wind: E at 7mph 557 77
G4°F  humidity: 64%
64°F 51°F  58°F 47°F
precipitation forecast tomorrow
rain
(Thursday, April 14, 2016)
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rainfcooo | e ————————————
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1in: 38.3%
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(AP Photo/Jeopardy Productions, Inc.)



For many questions we still have to dig into "10 blue links”

what ship did darwin s

All News Images

About 678,000 resuits (0.79

AboutDarwin.com -
www.aboutdarwin.com/v
The weather was now quite|
believe, did a vessel leave
squall prevented the ship f
ability to change colors.

AboutDarwin.com -
www.aboutdarwin.com/tir|
Beagle sails around Cape
been postponed until 10 Og
changing over a great periof
buy the ship, however.

DARWIN'S VOYAG
www.pathlights.com/ce_e
Let us, for a few minutes, jo
surveyed the South Americ:
the limiting wall imposed by

Voyage of Charles L
history1800s.about.com »
Darwin didn't actually form
Royal Navy ship. But the e

A Trip Around the W
www.amnh.org/.../darwin
A Five-Year Journey. The c{
their trip around the world. |
1836.

Which members of the WuI

All News Images

About 241,000 results (1.06 secq

Wu-Tang Clan - Wikipec
https://fen.wikipedia.org/wiki/Wy
The Wu-Tang Clan /'wu:taenkizy
Enter the Wu-Tang (36 Chamber:
group after the film Shaolin and
excerpts from the movie ...

Wu-Tang Clan: The Kun
rudomania.com/wu-tang-clan
Wu-Tang Clan: The Kung Fu Mo
to pinpoint the kung fu flicks that
villain Ghost Faced Killer (Mark |

Wu-Tang Clan Members
www.feelnumb.com/2011/02/0
Feb 2, 2011 - OI' Dirty Bastard N
derived from the1979 martial arts

15 Things You Didn't K
www.ranthollywood.com/2015/|
Aug 11, 2015 - Not only does the|
There's 9 Or 10 Actual Member.
members have been on stage a
Wu-Tang Clan as a whole.

WU-TANG CLAN: The K
https:/fwww.reddit.com/r/movig
Jan 21, 2015 - All thanks to the W
famous, it's really the only stage

Know your Wu-Tang Clg
www.telegraph.co.uk > Culture
Jun 3, 2015 - Ahead of their UK
Cappadonna is the most periphe
his name from a ruthless fighter i
biography, he took a limousine ..

Where is the highes

Web

9,190,000 RESULTS Any

What is the highest p

> Counj
What is the highest point of

www.answers.com»> ...

would be Mount Fuji ... Mount

Highest and Lowest
www.worldatlas.com/aatlas/ir
Highest and lowest points in
Lowest Points. ... lowest point

JAPAN GEOGRAPHY
www.gojapango.com/japan/jay
Japan Geography - Covers lo
extremes. Japan Geography 3

Lowest point in Japal
> Categ
Lowest point in Japan? SAVH

www.answers.com» ...

question into it? MERGE CAN

List of tallest structu
https://en.wikipedia.org/wiki/L|
List of tallest structures in Tqg
regarded as Japan's first modg

Tallest buildings - Tallest structy

Japan - Encyclopedia
www.nationsencyclopedia.cq
Highest point on mainland: M
point in the country lies more t

Images Vig

who did draco malfoy end up marrying?

0]

Web Images Videos Maps News Explore

367,000 RESULTS Any time ~

Draco Malfoy - Harry Potter Wiki - Wikia
harrypotter.wikia.com/wiki/Draco_Malfoy v

... scaring Draco Malfoy by ... who was unable to discover exactly what Draco was up to
despite ... Sometime after the end of the war, Draco married ...

Scorpius Malfoy - Astoria Greengrass

Who did Draco Malfoy end up marrying? | Yahoo Answers
https://answers.yahoo.com/question/index?qid=20080211191322AAzyeUY v

RESOLVED 8 POSTS 7 TOTAL ANSWERS

Feb 11, 2008 - Who did Draco Malfoy end up marrying? And if we never find out (i'm
not ... Who did Draco Malfoy marry at the end of Deathly Hallows?

Who does Draco Malfoy end up marrying - Answers.com
www.answers.com > ... > Fantasy Books > Harry Potter v

Who does Draco Malfoy end up marrying? ... he is just trying to live up to his father's
standards. Draco did not kill Dumbledore, instead Professor Snape did.

harry potter - What kind of man did Draco Malfoy become ...
scifi.stackexchange.com/.../what-kind-of-man-did-draco-malfoy-become ~

What kind of man did Draco Malfoy become? ... a Malfoy would not end up in Slytherin.
... The one thing | never got was why Draco didn't marry Pansy, ...

Do did Draco end up marrying? - The Draco Malfoy Trivia ...
www.fanpop.com/clubs/draco-malfoy/quiz/show/123087/did-draco-end... v

Fanpop quiz: Do did Draco end up marrying? ... Draco Malfoy. home; wall; images;
videos; articles; links; forum; polls; quiz; answers; search; join fanpop; signin ...

*the questions are taken from different QA datasets (WebQuestions, QALD-5, Yahoo! Answers Webscope)




Different data sources are used

Text documents

San Francisco, California

Consolidated city-county

City and County of San Francisco

Nickname(s): The Ciy by the Bay: Fog City: San
Fran;!! Frisco (locally disparaged);ZFI4I5] The
City that Knows How (past);®l Baghdad by g'e

tto: Oro en Paz, Fierro en Guerra
(English: "Gold in Peace, Iron in War")
Coordinates: (g 37°47'N 122°25W.

Country United States

Stats Calfornia

csA San Jose-San
Francisco-Oakland

Metro San Francisco—
Oakland-Hayward

Mission June 29, 1776

Incorporated April 15, 1850(101

Founded by José Joaquin Moraga
Francisco Palou

Named for St. Francis of Assisi

‘Government

«Type Mayor-council

+Body Board of Supervisors

« Mayor Edwin M. Lee (D)1

« Supervisors!®3 List [show]

+ Assembly David Chiu (D)

members!14I15] Phil Ting (D)

« State senator Mark Leno (D)2

« United States Nancy Pelosi (D)

Representatives!'®I17]  Jackie Speier (D)

for question answerin

~ Freebase

2014 rank ¢ | city +|  stae® s 2014estimate + 2010 Census ¢ | Change ¢ 2014land area + 2010 population density + | Location  + WIKIDATA
T s i e SwE [ Moz \ PO
| . | 4687 sqmi 8,092 per sq mi ) .
2 Los Angeles California 3,928,864 TR 35| gt B @ 340194'N 118 4108W
] if 7.6 5q Mi 842 per sq mi
s o s smame|  somsm omm TOMNW | WM g
i ‘
o oo Jroms amme) oo ome ToME | WEAN | Qe
i
setsam | iismspersym
s | e sz asmovs| oaase i TorTAm | Geomenrsisw select knowledge
Il s "
- | 516.7sqmi 2,798 per sqmi
6 Phoenix Arizona. 1,537,058 1445632  +6.32% = 33.5722'N 112 0880W
| 1338.3 km? 1,080 km2 hd

Web tables &

infoboxes

Knowledge bases

Unstructured data

Semi-structured data

Structured data




Data Sources have different advantages and problems

Text documents

+ easy to match against
question text

+ cover a variety of different
information types

- each text phrase encodes a
limited amount of information
about mentioned entities

Knowledge bases

r~ Frecbase

—
e
-. '.... @
DBpedia
WIKIDATA

+ aggregate the information
around entities

+ allow complex queries over this
data using special languages
(e.g. SPARQL)

- hard to translate natural
language questions into special
query languages

- incomplete (missing entities,
facts and properties)



Advantages of one Data Source can compensate
disadvantages of the other Knowledge bases

Text documents

r~ Frecbase

—
e
-. '.... @
DBpedia
WIKIDATA

+ easy to match against D hard to translate natural

question text language questions into

special query languages

+ cover a variety of different

information types > > - incomplete (missing
entities, facts and

- each text phrase encodes properties)
a limited amount of
information about Q - aggregate the information

mentioned entities around entities



Knowledge Base Question Answering (KBQA)

o Godal: translate natural language question into
structured KB query (e.g. SPARQL) to retrieve

correct entity or attribute value

When did Tom Hanks win his first Oscar?

PREFIX fb: <http://rdf.freebase.com/ns/>
SELECT ?year WHERE {
fo:/m/Obxtg fb:/award/award_winner/awards_won ?award .

?award fb:/award/award _honor/award fo:/m/0f4x7/ .

?nomination fb:/award/award _honor/year ?year .
+ ORDER BY ?year LIMIT 1



http://www.freebase.com/award/award_nominee/award_nominations?schema=

Knowledge Base Question Answering Challenges

1.

Query analysis

o How to identify question topic entity to anchor KB search?

Candidate generation

o What predicates might correspond to words and phrases in
the question?
o What entities to include as candidate answers?

FEvidence extraction

o How to score correspondence between a certain candidate
answer (e.g. involved predicates) and the question?

Answer selection

o How to rank candidate answers to select the final response?



Existing Text-KB hybrid approaches

v

Open QA [A.Fader et al. 2014]

— Use Open Information Extraction to build semi-structured KB from text
— Joint QA over extracted and curated KB

Extended Knowledge Graphs [ S. Elbassuoni et al 2009, M.Yahya et
al 2016]

— Extend triples in knowledge base with keywords
—  SPARQL query relaxation techniques to use keyword matches

“Open Domain Question Answering via Semantic Enrichment” [H.Sun
et al 2015]

— Annotate text with entity mentions
— Use entity types and textual KB descriptions to imrove text-based QA

“Question Answering on Freebase via Relation Extraction and
Textual Evidence” [K. Xu et al. 2016]
— Using text documents to refine answers, generated by KBQA system

Memory Networks [A. Bordes et al 2015]

— encode curated and OpenlE triples into NN memory


http://www.cs.ucsb.edu/~huansun/docs/QA_paper.pdf
https://research.facebook.com/antoine-bordes

Text2KB: main idea

v Improve different stages in Knowledge Base
Question Answering using various textual data

O

query analysis
v question topic entity identification using web search results
candidate generation

v Mine associations patterns between question terms and
predicates from CQA data

evidence exiraction

v/ build language model for candidate question-answer entity
pairs based on annotated corpus of text documents

answer selection

v Score answer candidates using a combination of KB and
text-based features



Text2KB: Incorporating Text in Answering Process

~ from search results

documents
answer entities KB
from knowledge graph context
___ question topical frqm passages retngved passages containing rank answers using KB and
{ entities identification ::g% 3:;?;'2?3““65 Zﬁﬁf:éin angd:answer ’  text-based features
h A N y > ( B
Who composed the music for Question Candidate ’ Evidence ‘ Answer i
: : - ! - { . X rian Johnson
the film that depicts the early Analysis generation | retrieval - selection
life of Jane Austen? \‘ |
4 9 9 Y \ ) @

T P T

Search Results e ==

- Wikipedia, the free encyclopedia
tips://en.wikipedia.org/wiki/Becoming_Jane ~ Wikipedia ~

s a 2007 British-Irish historical biographical film directed by Julian g

It depicts the early life of the English aulnorand her lasting love g3

..... Patsy Morita] a music critic for Allmusic, wrote that the second half of .. i

[Jane Austen|- Wikipedia, the free encyclopedia 2

https://en.wikipedia.org/wiki/Jane_Austen v Wikipedia ~

dbr:Northanger_Abbey " ! ¢ Persuasion is[Jane Ausien'sjlast completed novel, published
i posthumously. She began it soon after she had finished Emma and
completed it in August 1816. Persuasion was published in December

dbr:Persuasion(novel) < 1817, but is dated 1818."*! The author died earlier in 1817.

Irved her entire life as part of a close-knit family located on the lower fringes ..
She wrote two additional novels, Northanger Abbey and Persuasion, both .... Steventon
rectory, as deplcted in A Memoir of Jane Austen] was in a valley and ... some French,

slflmscolemlom\elmmomasﬂudymmuonm He
spelling, needlework, dancing and music and, perhaps, drama. ' 0 dbr:Adrian_Johnston )

50 cunposedmndsnoveshazowmnabomlane
[Austen}l and the 2008 adaptation of Evelyn Waugh's Brideshead Revisited. In

K el
[Jane Austenlin popular culture - Wikipedia, the free ... sz 0 FoomEes
https://en.wikipedia.org/wiki/Jane_Austen_in_popular_culture ~ Wikipedia ~ :
8.1 Film. 8.1.1 Looser adaptations. 9 Other references; 10 Bibliography; 11 References g dbo:Film For the 2007 movie ahnmh
. the film centred on[Jane Austen'slearly life, her development as an author, ... and 3 C dbr:Julian_Jarrold ) life, [Becoming Jane}- starring Anne Hathaway -
the game alien antagonist Zinyak are depicted as fans of Austen's work. ..... who P : composer (Adrian Johnswonjreviewed the Austen
describes her as an "amazing writer, astonishing comic observer and, ... ] i family’s music bobks o inspire his own

soundtrack. It also features 'Deh vieni, non

[Becoming 3] v sy nspre by the young e of o i)
opens across Ireland this weekend. Surprisingly the film depicting English society of
1795 was shot entirely on location in Ireland. IFTN discusses the shoot with director




Baseline system architecture’

{ who is the woman thatfjohn edwards|had an(affair jwith? 1.
I ]

Detecting question topic entity:

R
e

e

‘. John Edwards (/m/01651q) |

. John Edwards (/m/06w61n8)
'« Affair (/m/016nxz)

Rielle Hunter

/celebrities/romantic_relationship/celebrity

i« Woman (/m/03bt1vf)

r—>®J Ellzaoetn AW, rd

/celebrities/celebrity/sexual_relationships

1651 /people/marriage/spouse
John tdwards /pecple/person/spouse_s —jp,
/people/pers: on/profe sion
/people/mamagc union_type

\ [l”OlI[ICIan ] Marnage <

i« [Politician]

i « [Elizabeth Edwards]

i « [Rielle Hunter]

i « [Marriagel

!« [Cate Edwards, Wade Edwards, Emma Claire
Edwards, Jack Edwards, Frances Quinn Hunter] |

multiple candidates are detected
using dictionary of names and
aliases

Answer candidate generation:

instantiate candidate SPARQL
queries from the neighborhood of
question entities using a set of
template queries

Evidence generation: each
candidate is represented with a
set of features, describing the
detected topic entity, predicates
on KB path connecting topic and
answer entities, etc.

Answer selection: candidate

answers are ranked using a
trained ranking model and top
scoring one is returned as the
answer

*“More Accurate Question Answering on Freebase” by Hannah Bast et al, 2015



Text2KB System Architecture

N
( [ who is the Wwoman thatfjohn edwards)had anith?
’5 t Z I
------------------------------- I K Images Videos Maps News Explore

-4 Candidate question entities -
ﬁ;’—h « John Edwards (/m/01651q) 41.300,000 RESULTS Any fme ~
‘ re e a se : i?nrs/dw?g%f_‘/ rr;/06w61n8) ohn Edwards|extramarital affair - Wikipedia, the free ...
x—”// b2 W;‘l’\anT/m/O?,ftin) hitps //en.wikipedia.org/wikiJohn Edwllﬂl extramarital aﬂur v

... thadEdwards had engaged in an/affairvtn|Rielle Hunter] .. my mistake
m/04gsviv -1 SPARQL query templates :--,
Rielle Hunter —_—

admits to extramarital affair - CNN.com

www.cnn.com/2008/POLITIC mmi v

Aug 08, 2008 - Former U.S. senator and D nopetui[John |

admitted ... an extramarital affair; The woman, ... Sen. John McCain .

and | told my wife that | had a liaison with another woman,

Rielle Hunter and ... - Initial National ... - Hotel encounter with .
romantic_relationship, ity L_,.]‘ Q

3= John Edwards Admits Havmg An Aﬂmr CBS News
Ehzabeth l:d ards - www.cbsnews g-an-affair ~
o ( < Former U.S. presidential cam-am . admitted in shame Friday he had !
y/sex Ly had an extramaritaf affairjwith a woman who ... He was John Kerry's running 3
/m/01651q /people/marriage/spouse . |/
John Edwards 7people/person/spouse_s B A B B e e e =4

/people/person/profession

/people/marriage_union_type ; & Music » C Next > \“.
Mariage | : ' Who was it that| John Edwards had an
- - [Politician]
« [Elizabeth Edwards] .
- [Rielle Hunter] ¥ Follow [*] 6 answers
- IMarriagel
- [Cate Edwards, Wade Edwards, Emma Claire

Edwards, Jack Edwards, Frances Quinn Hunter] Answers Relevance v

Best Answer: Today[John Edwardd admitted to having an affair with
filmmaker!Rielle Hunter, He told ABC that he repeatedly lied about his affair
with Hunter, and also mentioned that the love child we've heard so much about
isn't his. John Edwardd says the aftair was a “serious error in judgement.”

features

features

Rlelle Hunterlsays she's sorry for_ i
affair in memoir

Mary Elizabeth Anania Edwards] (July 3, 1949 — December |
7, 2010) was an American attorney, a best-selling author and

a health care activist. She was married to[John Edwards) the
former U.S. Senator from North Carolina who was the 2004
United States Democratic vice-presidential nominee.

Rielle Hunter

N\ _ Existing KBQA system | — — — —

Cate E , eldest daug of i i ial candidate and former |
senator John Edwards] joined “Extra’s” Renee Bargh at Universal Studios
I \, Hollywood. ] &

|
|
|
|
|
|
|
|
|
|
|
|
|
affair with? |
|
|
|
|
|
|
|
|
|
|
|
|
|

I\ )

Text-based resources to improve KBQA [




Question Analysis: Entity Linking

b what year did tut became king?

King Tut - King - Biography.com
www.biography.com/people/king-tut-9512446 v

Video embedded - Synopsis. Born circa 1341 B.C.E., King Tut was the 12th king of the
18th Egyptian dynasty, in power from approximately 1332 to 1323 B.C.E. During his ...

Tutankhamun - Ancient Egypt for Kids
resources.woodlands-junior.kent.sch.uk/homework/tut.html v

At what age did Tutankhamun become a Pharaoh? ... but also the king's regal year
when each wine was laid down. The highest recorded date is Year 9, ...

In which year did Tutankhamun become king? - ask.com
www.ask.com > History > Ancient History > Ancient Egypt v

Tutankhamun became King of Egypt in 1332 BC, ... In which year did Tutankhamun
become king? A: ... What did King Tut do during his reign? A:

Tutankhamun - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/King_Tut v

He is colloquially referred to as King Tut. ... "King Tut" became the name of products,
businesses, and even the pet dog of U.S. President Herbert Hoover.

Life - Significance - Tomb - Reuse of ... - Legacy - In popular culture

v Web Search Results can help entity linking and provide
textual evidence to answer candidates

v Contains multiple mentions of the question topic entity, often
in variations, which might help entity linking

v Search results often contain the answer to the question itself,
which is exploited by text-based question answering systems



Text2KB System Architecture: web search results

. [Politician]

| I b who is the woman that john edwards had an affair with . \
C - % ; :
. "'c'éh'dn’ciét'é‘dh%éﬁ‘dﬁ'éh'titié’s‘":-. ' z W g OmBT  WEe e B !
K':’-\ E . John Edwards (/m/01651q) é E 41,300,000 RESULTS Any time ~ E
P’ I ' !« John Edwards (/m/06w6In8) ; ' 2 - PRI :
w ! . Affair (/m/016nxz) i ' ohn Edwards|extramarital affair - Wikipedia, the free ... !
! E ! https/ien ,. org/wiki/John ital_affair v E
re Woman (/m/03bt1vf) ! ! . tha{Edwards had engaged in an affair|with[Rielle Hurﬂ .. | recognized my mistake !
i & | H and 1 told my wvfe that | had a liaison with another woman., ... E
w Yo Some Sona o S __________________: ¥ Rielle Hunter and ... - Initial National Hotel encounter with . '
SEozmsimaznsd ; _______________ : : admits to extramarital affair - CNN.com :
1 SPARQL query templates :-- H WWW.cnn.com/2008/POLITICS/08/08/edwards. affalr/index. html ¥ [
Rlelle Hunter “ e A R : : Aug 08, 2008 - Former U.S. senator and Democratic presidential hopetul[John Edwards) :
'\ R L l f 1 admitted ... an extramarital affair; The woman, ... Sen. John McCain ... H
/celebrities/romantic_relationship/celebrity E E E E
4 i _}4 @ [ ] : i John Edwards Admits Having An Affair - CBS News :
®J Ellzaoem tdwards : L_, E E WWW. /news/joh admits nawnq ftair v E
: T ' < i Former U.S. presidential candidatd John Edwards), ... admitted in shame Friday he had !
#celebrilios/ celebiity/sextialysiabonships | L \ A\ had an extramarital affair/with a woman who ... He was John Kerry's running ... 4
916514 /people/marriage/spouse 5 Q H %
Jonn tdwards /people/person/spouse_s — E ’ E _______________________________________________________________________________
/people/person/professnon R SRSTSRSTERTTSRTRsRTAERS AT L I L I
o el e - o Top 10 results using Bing
olitician : ﬁ - A smaiizaiies 1 ........... ; :
\L‘J Mamage itan e e et I Candidate answers ------------- ] . We b S earc h A P | &
S T .

Elzabeth Edrds) Wikipedia Search
[Rielle Hunter] 5 : ‘ .
{g;giaEgdaards.WadeEdwards.EmmaClaire . ® |dent|f9 mentloned KB
Edwards, Jack Edwards, Frances Quinn Hunter] ; . . . b
.- g entities using QA system’s
entity linking module
features —7 - v Extend the set of
question topic entity

v  Use mention counts as

- features

;RieueHunter : features for candidate
' ' : ranking




Community Question Answering data can help map
question phrases to predicates

Society & Culture > Other - Society & Culture Next >
n Where martin luther king was born?
-

i think he wasborn in south afriaca because that is one place wher there are black peoplebut i think it is somewhere in
africa

97 Follow | *] 5 answers

Answers Relevance Vv

Best Answer: Martin Luther King (Sr) was born in Stockbridge, Georgia in the U. S. A. on December 19, 1899. In
the early 1930's he changed his name from Michael King to Martin Luther King (after Martin Luther, the German
= theologian who started the Protestant Reformation).

His son Martin Luther King Jr., whose birthday was celebrated this month in the United States, was born on January
15, 1929 in Atlanta, Georgia.

So which ever one you meant, he wasn't born in Africa.

v Huge number of question-answer pairs, but noisy (most of the
questions aren’t factoid, answers are verbose and contain redundant
information)

v Can be helpful to learn associations between the language of @
question and KB predicates using distant supervision assumption



Examples of term-predicate associations computed
using CQA data

Term Predicate PMI
score
born people.person.date_of_birth 3.67
people.person.date_of_death 2.73
location.location.people_born_here 1.60
kill people.deceased_person.cause_of_death | 1.70
book.book.characters 1.55
currency| location.country.currency_formerly_used| 5.55
location.country.currency_used 3.54
school | education.school.school _district 4.14
people.education.institution 1.70
sports.school_sports_team.school 1.69
win sports.sports_team.championships 4.11
sports.sports_league.championship 3.79

v Despite the noisy distant supervision labeling, top scoring predicates
are indeed related to the corresponding word



Text2KB System Architecture: CQA data

Distant supervision to label

P o
¥_’/

Rlelle HU nter

/celebrities/romantic_relationship/celebrity

question-answer pairs from Yahoo!
Answers WebScope collection with
| - John Edwards (/m/06w6Ing) | : KB predicates

i« Affair (/m/016nxz) : . . .

. Woman(/m/ozbtavh) | - e Learn associations between
question terms and predicates

‘. John Edwards (/m/01651q) |

using PMI scores
o Use these PMI scores as
features to score candidate

(—>®-J Ellzaoem tawards

/celebrities/celebrity/sexual_relationships
/people/marriage/spouse

m/01651q
Jonhn kdwards /people/person/spouse_s —-p,
/people/person/professmn

/people/marnage union_type

answer predicates

features

D S I ——
} /‘( Entertainment & Music > Celebrities Next > |
I - = § @ Who was it thad John Edwardsl had an
{ . [Politician] § § affair with?
i « [Elizabeth Edwards] ' : o
i « [Rielle Hunter] ] : iﬁ?FolIow _*| 6 answers
!« [Marriagel : {
. [Cate Edwards, Wade Edwards, Emma Claire
! Answers Relevance Vv

Edwards, Jack Edwards, Frances Quinn Hunter] |

Best Answer: Today admitted to having an affair with

9 filmmaker|Rielle Hunter. He told ABC that he repeatedly lied about his affair
- with Hunter, and also mentioned that the love child we've heard so much about

isn't his. says the affair was a “serious error in judgement.”

features




Text around mentions of pairs of entities in documents
help explain relationships between the entities

Rielle Hunter!says she's sorry for[John Edwards
affair in memoir

Mary Elizabeth Anania Edwards| (July 3, 1949 — December
7, 2010) was an American attorney, a best-selling author and
a health care activist. She was married to John Edwards| the
former U.S. Senator from North Carolina who was the 2004
United States Democratic vice-presidential nominee.

Cate Edwards, eldest daughter of onetime presidential candidate and former

senator John Edwards| joined “Extra’s” Renee Bargh at Universal Studios

Hollywood.

v Sentences and passages that mention multiple entities often
express some facts about them

v Terms used in these passages can explain the relationships
between the entities



Examples of entity pair language models

Entity 1 | Entity 2 | Term counts

John Rielle campaign, affair, mistress,
Edwards | Hunter child, former ...

John Cate daughter, former, senator,
Edwards | Edwards | courthouse, greensboro, eldest
John Elizabeth| wife, hunter, campaign, affair,
Edwards | Edwards | cancer, rielle, husband ...

John Frances | daughter, john, rielle, father,
Edwards | Quinn child, former, paternity...

v Terms most frequently used around mention of a pair of entities
indeed shed some light on the relationship between the entities




Text2KB System Architecture: document collection

{ who is the woman thatfjohn edwards]had an|affair Jwith?
| [

Jl-_-_-c_-éh_@@é_f_e:-g_@%_é_f_,@ﬁ-é-n_-t_,@-,_éﬁ ----- .+ e [Extract text around mentions
@/se/ - Jom Ecaras Um/obwond)| of entity pairs in ClueWeb12
- Affair (/m/016nxz) :
[ r-1 SPARQL query femplates -

vemnumozid 1 @ Learn entity pair language
wote e ‘ g - : v Use language model

model p(term| ent ity,, entity,)
/celebnties/romantic. relahonshlp/ce(ebr(ly ' |

| scores as features for

Elnzaoem tawards |

/celebnl:es/ce&ebnly/sexual relationships \ ‘
p1651q /J /people/marriage/spouse
Peo;

‘ . candidate answer
John kdwards ple/person/spouse_s j : .
/people/person/professmn E rO n k | n g

/people/marnage union_type

olltlaan < ) } ........... ,
\ varmage s Lol dohigy s :
7 '

i « [Politician]
. [Elizabeth Edwards]

= IRible Honien ‘ OO - ==t L
. [Cate Edwards, Wade Edwards, Emma Claire !

Edwards, Jack Edwards, Frances Quinn Hunter] } Rl—”e Hunter! says she's sorry for[John Edwardg

. [Marriagel : SRR SRR GRSy JoCUMENL-Ofleclion.
1 : affair in memoir

Mary Elizabeth Anania Edwards|(July 3, 1949 — December
7, 2010) was an American attorney, a best-selling author and
a health care activist. She was married to John Edwards] the
former U.S. Senator from North Carolina who was the 2004
United States Democratic vice-presidential nominee.

- features

features =————

Cate Edwards, eldest daughter of onetime presidential candidate and former
E 5 senator John Edwards| joined “Extra’s” Renee Bargh at Universal Studios
i Rielle Hunter ", Hollywood.




Evaluation

v WebQuestions dataset

o 3,/78 training and 2,032 test questions
v Metrics:
o Average F1: avg F1 = 5 3 o fl(a3, aq)

precision(a,, aq)recall(ag, a
Flla: )= 2 P (ag; aq) (ag,aq)

precision(a},aq) + recall(a}, aq)

v Methods compared:

O

O
O
O

Agqu (Bast et al, 2015) - our KB-only baseline

STAGG (Yih et al, 2015) - sOTA at the moment of publication
our Text2KB (Web search)

our Text2KB (Wikipedia search)



Results

Recall | Precision FT
OpenQA [A.Fader et al 2014] - - 0.35
STAGG [H.Sun et al 2015] 0.607 . 0528 | 0.525
(Aqqu (baseline) [H.Bast et al 20151 | 0.604 | | 7% 0494
Text2KB (wikipedia search) 0.632 0.498 0. |4
Qext2KB (web search) 0.635 0.506 O.522j
vV Text2KB significantly improves upon the baseline
Agqu system (0.494 -> 0.522 avg F1score)
vV Text2KB reaches the performance of STAGG, best

result at the moment of publication
o but this work is orthogonal to improvements in
STAGG and therefore can be combined



Component ablation

System avg F1
Agqu 0.494
+ Entity linking from search 0.508
results
+ Search results, CQA and 0.514
Clueweb features for ranking
Text2KB 0.522

System avg F1

Agqu 0.494
Text2KB (Web search) 0.522
- Web search data 0.513

- CQA data 0.519

-  ClueWeb data 0.523
+ Web search data only 0.522
+ CQA data only 0.508
+ ClueWeb data only 0.514

Both entity linking using web search results and features for
answer ranking contribute to improvements

Search results have the largest contribution to the overall

performance, but CQA and ClueWeb are also useful




Combining Text2KB & STAGG

v Combining results of Text2KB and STAGG suggests

System avg F1
STAGG (Yih et al, 2015) 0.525
Text2KB + STAGG (takes STAGG answers if it has less entities) 0.532
Text2KB + STAGG (Oracle: chooses answer with higher F1score) 0.606

that our ideas could benefit it as well

O

Heuristic combination: take Text2KB or STAGG

answer, which contains less entities

Oracle combination always choose the answer

with higher F1




Error analysis

System: ranking problem

Incorrect answer label

Ambiguous question

Correct answer predicate isn't related to the question
System: need more sophisticated templates

Correct answer is incomplete

Incorrect question

Correct answer is not present .

System: entity identification

|

Correct answer contains extra entities

o

5 10 15 20 25 30 35

v Majority of errors (F1< 1) are ranking errors
v But there are also many problems in questions and labels
v Check out the new WebQuestionsSP dataset:
https://goo.gl/eQFOtM



Current & Future work

o Overall, our system is most helpful:
> Question topic entity is hard to identify (uncommon alias, misspelling)

> Form of the question or ground truth predicate is less frequent in the
training set

o Our system has the following problems:
> Less effective for tail and abstract entities, whose mentions are harder
to find in text. For example entity "Associated Press Male Athlete of
the Year” isn't linked correctly (unless mentioned exactly by name)

> QOur use of text doesn't help much to solve KB incompleteness (e.g.
missing facts or predicates)

o Future work:
> |nstead of improving KBQA, move to more open scenario

m  new hybrid model that will use all the information available in
different data sources

m new dataset of entity-centric factoid questions

28



Conclusions

o Textual data sources provide additional information, that can
compensate disadvantages of structured knowledge bases

o Our Text2KB system uses a combination of structured and
unstructured data to improve Knowledge Base Question
Answering

> |mprove avg F1 on WebQuestions dataset: 0.494 -> 0.522
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What is Knowledge based Question Answering

Question:
Who is the president of the United States?

Answer:
Donald Trump

48



What is Knowledge based Question Answering

Question:
Who is the president of the United States? Country

Mary Anne

Answer:
Donald Trump

Maryanne
Trump

president

Belongs to

Melania Marriage
Trump

49



Knowledge Graph

e Each node e is an entity.

Birth
e Each edge r represents a relation Country
between two connected entities. Me;rrmr;)ne
1 . e H i Elizabeth
o Atriplet(e, . r e, ) iscalleda fact. . Trame

Birth City Maryanne
Trump

Belongs to

United
States

president

Belongs to

Melania Marriage
Trump
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Knowledge Graph

e Each node e is an entity.

Birth
e Each edge r represents a relation Country
between two connected entities. MaTrrigrrl)ne
1 . e H i Elizabeth
o Atriplet(e, . r e, ) iscalleda fact. . Trame

Birth City Maryanne
Trump

Belongs to

- H t
Fact: United presiden
States

Belongs to

(United States, President, Donald Trump)

Melania Marriage
Trump
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What is Knowledge based Question Answering

Question:
Who is the sister of the president of the Country
United StateS? Mary Anne

Who is the president of the United States?

Maryanne
Who is the mother of Donald Trump? Trump

president

Who are the daughters of Mary MacLeod?

Belongs to

oWer: | Melania Marriage
ry m ' T
Maryanne Trump / Elizabeth Trump rump
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What is Knowledge based Question Answering

Question:
Who is the sister of the president of the Country
United StateS? Mary Anne

(United States, President, Donald Trump)

Maryanne

(Donald Trump, Mother, Mary Anne Trump) Trump

president

(Mary Anne Trump, Daughter, Maryanne/Elizabeth)

Belongs to

oWer: | Melania Marriage
ry m ' T
Maryanne Trump / Elizabeth Trump rump
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What is Knowledge based Question Answering

Question: -
Who is the sister of the president of the Country
United StateS? Mary Anne

i Elizabeth
. . i Trump
(United States, President, Donald Trump)
Birth City Maryanne
Trump

president

(Donald Trump, Mother, Mary Anne Trump)

(Mary Anne Trump, Daughter, Maryanne/Elizabeth)

Belongs to

oWer: | Melania Marriage
ry m ' T
Maryanne Trump / Elizabeth Trump rump
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What is Knowledge based Question Answering

Question:
Who is the sister of the president of the Country
United StateS? Mary Anne

i Elizabeth
. . i Trump
(United States, President, Donald Trump)
Birth City Maryanne
Trump

president

(Mary Anne Trump, Daughter, Maryanne/Elizabeth)
Belongs to .
Answer: Melania Marriage

Maryanne Trump / Elizabeth Trump Trump

(Donald Trump, Mother, Mary Anne Trump)

Latent info = reasoning path
(Highlight in red) 55



Reasoning Path as Latent Variable

p(ylz) = Zpylz (z]z)

x: question
Who is the sister of the president of the United States?

z: reasoning path
United States—President—Donald Trump—Mother—Mary Anne Trump—Daughter—

y: answer
Maryanne Trump / Elizabeth Trump

56



Notations

For a given question x, a reasoning path z is a sequence in the form:

= e —r —e — — —
Z =e, o1, e, ..., e, D,

that points to the answer:

z—(e;=y)
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Notations

plylz) = Zp ylz)p

pl2)=plele,r e, r,...

p(zlx)=p(e,r e,r,..

Crpl P)

e rx)=p(e,|x)p(r |x.e)ple,|xe,r )..p(rlx.e,r,.

oy
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Notations

plylz) = Zp ylz)p

pl2)=plele,r e, r,...

p(zlx)=p(e,r e,r,..

Crpl P)

e rx)=p(e,|x)p(r |x.e)ple,|xe,r )..p(rlx.e,r,.

oy
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Notations

plylz) = Zp ylz)p

p(y|z)=p(e |60,7'] €ply... T_]’rP):p(eT|eT-1’rP)

p(zlx)=p(e,r e,r,...e. .r|x)=ple |x)p(r,|x.e p(e,|x.e,r ). .prlxe,r,.

We just need to model two terms p(e|*) and p(7| *).

oy
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Entity Probability p(e|*)

1/M if e; is one of the M matched entities Birth

D\€t|€t—1,Tt) = " ; . Country
(e ) {0 if e; is not a matched entity

Mary Anne

p(Elizabeth_Trump)|...,Daughter,Mary Anne)="

Maryanne
Trump

p(Maryanne_Trump)|...,Daughter,Mary Anne)=":

Belongs to
president

p(Donald Trump|...,Daughter,Mary Anne)=0 States

Belongs to

p(Donald Trump|...,Son,Mary Anne)=1

Melania Marriage
Trump
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Relation Probability p(r|*)

At each timestep ¢, given r_,and e _,, we estimate
p(r/...) using a recurrent structure:

p(rle,r,...e_)=softmax( [f(e,....e _); f(r,...r ); [(xX)])

ddress.
city_town
A

/ ______________________ N v N
Organiza[iun. ] Mailing_a i

<sop> headquarters |

Where f(*) is a mapping function from random variable
to its vector representation.

Therefore ffe, ), f(r, ), and f{x) are vector ety (o
representations of the previous entity, previous
relation, and the input query.
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Latent Reasoning Path Prediction p(z|x)

p(zlx)
=p(e,r ,e,¥,....e. ,T]X)
=p(e,)p(r, |eO,r1) p(rile,r e,r,

1. e, is identified by entity linking tool.

2. At each timestep ¢, we estimate p(r |*) and .
ple|*) as discussed. -
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Estimate Values of 7 in Preprocessing

plylz) = p(ylz)p(z|z)

z

To train the model without using labeled z, we use graph algorithm to select reasoning paths
from the graph.



Preliminary Experimental Results

Properties:

Model multiple reasoning paths:
consider multiple reasoning paths for each
question answer pair make the model
more stable than using a single path in
most existing work.

Reasoning path as latent variable:
our model can be trained without using
labeled reasoning paths.

Easy to implement:

fit with any base models (we use RNN
structure).

Extra Model Different
Supervision | p(e) Setup WESE | EWQ

STAGG_SP Y Semantic nr | -
Parsing

HR-BiLSTM Y 62.3 31.2

KBQA-GST Y Y 67.9 36.5

NSM v Neural Prqgram 69.0 )

Generation

KV-MemNN 38.6 -

STAGG_Answer Sema‘ntlc 66.8 -
Parsing

GRAFT-Net Y 62.8 26.0

Our Method Y 67.9 41.9
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Proposed Work: Advanced Path Selection

plylz) = p(ylz)p(z|z)

z

The summation makes training process intractable.

We need to consider all valid paths between eoand e

answer’

A real-world knowledge graph contains billions of entity-relation facts. Between two nodes,
there are a very large number of valid paths!

More importantly, not all the valid paths are good enough to serve as a reasoning path.



Path Selection - Rule #1

Question:

What city is home to the University
that is known for Purdue Boilermakers
men’s basketball?

Answer:

West Lafayette

p'.p%p":
sports.
School_
sports_team.
school

Purdue

> University

p®: location.location.containedby

2,

Purdue

Boilermakers
men’s basketball

rganization.

United States of
. America,
p:
location. Indiana
location.

street_address

p', p*: location.
Mailing_address.
citytown

p*: sports.sports_team.location

p*: sports.sports_team.

arena_stadium

p*: location.location.containedby

13 entities in total)

| Mackey Providence,
Arena Houston,
p’: ncaa_tourna p%: tim Lincoln
ourmament [I9BONCAA ] verd
Men's Division T | °¢21018
Basketball (260542 entities in total)
Tournament
p’: common. p’: common. Bellevue,
Webpage.category _| Official webpage.topic [ Tacoma,
*| Website | Liz Phair
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Path Selection - Rule #1 Fare | e

. America,
p':
location. Indiana
L 2, location.
. Pp.p izati treet_address
. rganization. S -
QueStlon ) sports. rganization.
School
- eadquarters L .
sports_team. p’, p°: location.
. . . . school Maili ddress.
What city is home to the University . aing_address
Purdue citytown
that is known for Purdue Boilermakers Mall
men’s basketba"r) F— p*: sports.sports_team.location
. urdue
Boilermakers
men’s basketball p*: location.location.containedby
An sSwer: 13 entities in total)
p*: sports.sports_team.
arena_stadium Mook
| Viackey Providence,
West Lafayette Arena Houston,
p’: ncaa_tourna p°: timef Lincoln
et [Boncan e
Men's Division T | °¢21018
Basketball (260542 entities in total)
Tournament
7.
gv. g"mm"“; : p’: common. | Bellevue,
ebpage.category | Official webpage.topic .| Tacoma,
Website Liz Phair




Path Selection - Rule #1

Question:

What city is home to the University
that is known for Purdue Boilermakers
men’s basketball?

Answer:

West Lafayette

p'.p%p":
sports.
School_
sports_team.
school

Purdue

University

p®: location.location.containedby

Purdue

Boilermakers
men’s basketball

»| United States of
. America,
p:
location. Indiana
location.

street_address

p', p*: location.
Mailing_address.
citytown

p*: sports.sports_team.location

p*: sports.sports_team.

arena_stadium

p*: location.location.containedby

13 entities in total)

| Mackey Providence,
Arena Houston,
p’: ncaa_tourna p%: tim Lincoln
ourmament [I9BONCAA ] verd
Men's Division T | °¢2101§
Basketball (260542 entities in total)
Tournament
p’: common. p’: common. Bellevue,
Webpage.category _| Official webpage.topic [ Tacoma,
*| Website | Liz Phair
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Path Selection - Rule #1 T e e

. America,
p:
location. Indiana
L location.
. . ppp: street_address
QueStlon . sports. -
School_
sports_team. p', p*: location.
. . ' H school Maili ddress.
What city is home to the University . Faring_address
Purdue citytown
that is known for Purdue Boilermakers
’ 3: sports.sports_team.location
men’s basketball? Purduc proporRb
Boilermakers
men’s basketball p*: location.location.containedby
An sSwer: 13 entities in total)
p*: sports.sports_team.
arena_stadium Mook
| Mackey Providence
West Lafayette Arena Houston,
p’: ncaa_tourna p°: timef Lincoln
movaet [oanen o
Men's Division I | 0¢2tons
Basketball (260542 entities in total)
Tournament
p’: common. p’: common. Bellevue,
Webpage.category | Official webpage.topic | Tacoma,
Website Liz Phair




Path Selection - Rule #1 T e e

. America,
p':
location. Indiana
location.
. T p'.p%p% street_address
Rule 1: We want to filter out paths pointing sports. -
v School_
to too many entities. sports_team. p', p’: location.
school y Mailing_address.
Purdue citytown
p*: sports.sports_team.location
Purdue
Boilermakers . . . .
men’s basketball p“: location.location.containedby

13 entities in total)

p*: sports.sports_team.

arena_stadium
| Mackey Providence,
Arena Houston,
p’: ncaa_tourna p%: time; Lincoln
ourmament [IBONCAA T en
Men's Division T | °¢2101§
Basketball (260542 entities in total)
Tournament
p’: common. p’: common. Bellevue,
Webpage.category | Official webpage.topic [ Tacoma,
Website Liz Phair




Path Selection - Rule #2

Question: Who was the owner of kfc?
Answer: Colonel Sanders
Path 1: kfc—organization.organization.founders—Colonel Sanders

Path 2: kfc—advertising_characters.product.advertising_characters—Colonel Sanders
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Path Selection - Rule #2

Question: Who was the owner of kfc?

Answer: Colonel Sanders

Path 1: kfc—organization.organization.founders—Colonel Sanders

Rule 2: We want to filter out paths that are not relevant to the question.
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Reasoning Path as Latent Variable

Step 1: Use graph algorithm to collect all valid paths between topic entity ¢,and answer e

Step 2: Select paths based on rule #1 and rule #2.

Step 3: Update model parameters by maximizing likelihood p(y|x) based on selected paths.

Repeat step 2 and step 3 until the model converges.

wer”
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Timeline

Timeline

Task

by June 2020

Designing evaluation experiments for QA task
- Human identification

- Major claim extraction

- Discourse relation classification

by Winter 2020

Improving path selection

- Use current trained model to select good paths

- Use advanced bootstrapping methods to select good paths
- Explore other directions to solve the problem

- Evaluate performance of the proposed method

by Winter 2020

Refining model architecture

- Neural Transformer

- Memory Network

- Propose novel model structures

- Evaluate performance of the proposed model

by Summer 2021

Handling noisy tags in multi-label classification
- Propose novel ideas to handle noisy tags

- Propose novel model structures

- Evaluate performance of the proposed model

by Fall 2021

Thesis writing and defense.
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Thank you!



Questions?
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Other Work

Use latent topic to predict a winner in a debate:

Winning on the Merits: The Joint Effects of Content and Style on Debate Outcomes (TACL), 2017.

Use latent conversation structure information to generate meeting minutes:
Joint Modeling of Content and Discourse Relations in Dialogues (ACL), 2017.
Capture label dependencies in multi-label prediction task:
Learning to Calibrate and Rerank Multi-label Predictions (ECML PKDD), 2019.

Ranking-Based AutoEncoder for Extreme Multi-label Classification (NAACL-HLT), 2019.
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Supervised Learning

y=f(x)

#Car=1

Output y
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Supervised Learning

Input x

y=f(x)

#Car=3

Output y
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Supervised Learning

Input x

y=f(x)

#Car=3

Output y
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Supervised Learning with Latent Information

#Car=3

Input x z=possible locations Output y
z=/(x) y=/(z)
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Model Structure

Mailing_a
ddress.
city_town

Organization.

<sop> headquarters <eop>

h’ y
{ 1
=) (=
A
fc_scha
lke_04 0 1

Knowledge
Base

iz Ji 1 \ ]
Embedding fc_schalke_04 + structure| Veltins-Arena
e e | fe, v fe, o fe, e, | | ek 04 # srucure) Vetins Arna
ayer: sw(w) I | fe_schalke_04 + type Sport team
[RAPEEEE e SR eyl
1 | fc_schalke_04 + manager| David Wagner|
o s ——— i ——— g ——

what  city is fc_scha in
lke_04 e e g o ee
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Supervised Learning

P,

Who is the president of the United States?

Who is the president of the United States? X § Q

Q Al B News [ Vvideos [ Images M Books  More Settings  Tools

About 3,400,000,000 results (0.80 seconds)

United States / President

Donald Trump

A
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Supervised Learning

P,

_—
. &

Who is the president of the United States? —)> Feature x

Who is the president of the United States? X § Q

Q Al B News [ Vvideos [ Images M Books  More Settings  Tools

About 3,400,000,000 results (0.80 seconds)

United States / President I:‘> Ta rg et y

Donald Trump

"
S
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Supervised Learning

4 f) ) Who is the president of the United States? —)> Feature x

Who is the president of the United States? X § Q

ﬂ y=1{x)

Q Al B News [ Vvideos [ Images [ Books i More Settings  Tools

About 3,400,000,000 results (0.80 seconds)

United States / President I:‘> Ta rg et y

{t Donald Trump
oD
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Supervised Learning

4 f> ) Who is the sister of Donald Trump?

ﬂ y=1(x)

Who is the sister of Donald Trump
Q Al B News [ Images [ Videos < Shopping i More

Donald Trump > Sisters

Maryanne Trump Barry g Elizabeth Trump Grau
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Supervised Learning

ﬂ y=1{x)

who is the sister of the president of the united states
Q Al @ News [Eimages ¢ Shopping @ Maps i More

Donald Trump > Sisters

Maryanne Trump Barry B Elizabeth Trump Grau

4 f) ) Who is the sister of the president of the United States?
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Latent Information

Who is the sister of the president of the United States?

Who is the president of the United States? — Donald Trump

Who is the sister of Donald Trump? |:‘> Latent information z
y=/(z)
, who is the sister of the president of the united states X y Q
Q Al @ News [ images < Shopping @ Maps i More Settings  Tools
Donald Trump > Sisters y

Maryanne Trump Barry g Elizabeth Trump Grau
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Latent Information

Who is the sister of the president of the United States?

X
Who is the president of the United States?— Donald Trump
z=f(x)
Who are the parents of Donald Trump?— XXX
Who are the daughtel’s Of XXX? |::> Latent informationz
P who is the sister of the president of the united states X !/ Q ﬂ y_f(Z)
Q Al @ News [ images < Shopping @ Maps i More Settings  Tools
Donald Trump > Sisters y

. =3
Maryanne Trump Barry 5 Elizabeth Trump Grau
("
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Supervised Learning

Feature x

y=f(x)

Car

Target y
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Supervised Learning with Latent Information

Car

Feature x Latent information z Target y
z=f(x) y=1(z)
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Label Dependencies

l

V.S. coach coach

oo N

Sportblog, Champions league, Champions league 2009-10, Bayern munich, Internazionale, José mourinho, Real madrid

T T | | |

attend
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Label Dependencies

l

V.S. coach coach

Voo o

Sportblog, Champions league, Champions league 2009-10, Bayern munich, Internazionale, José mourinho, Real madrid

T T | | |

attend
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Label Dependencies

—GChampionsteague 2040-14-
—Werld-Cup-2640-
in
)
V.S. coach coach

Voo o

Sportblog, Champions league, Champions league 2009-10, Bayern munich, Internazionale, José mourinho, Real madrid

T T | | |

attend
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Different Ways to Sort Labels (classifiers)

Frequency:
Sportblog—Champions league—Real_madrid—José mourinho—Internazionale—Champions league 2009-10—Bayern munich

Hierarchy:
Sportblog—Champions league—Champions league 2009-10—Bayern munich—Internazionale—Real _madrid—José mourinho

Alphabeta:
Bayern munich—Champions league—Champions league 2009-10—Internazionale—José mourinho—Real_madrid—Sportblog
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What is latent information?



Answer

(eo,r],e],r feens@

p(6t|€t—1>7°t> = {

Prediction p(y|z)

~prr)—e, =y, Our final goal is to estimate answer y.

1/M if e, is one of the M matched entities
0 if e; 1s not a matched entity
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Probabilistic Classifier Chain (PCC)

José Mourinho's treble - now for the
Real story

Champions League glory completes the set for Inter but José y:
Mourinho looks certain to quit for Real Madrid

b Champions league—Sportblog—
1% . ; .
b Joseé mourinho—Internazionale—
%) . .
b Real _madrid—Bayern munich—
sy Ly, :
Champions league 2009-10

bIxy,..y )

| >

José Mourinho's only problem is that he will run out of targets. A first league
title for Chelsea in 50 years, Inter's first European Cup crown since 1965 and
now the chance to manage Cristiano Ronaldo and Kaka at Real Madrid.

"I want to become the only coach to win the Champions League with three
different clubs. I'm not leaving Inter, I'm leaving Italy," Mourinho said after
Inter's 2-0 victory over Bayern Munich on a melodramatic night, thus

confirming an open secret. A European champion with Porto six years ago,
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Teach Machines to Think like Humans
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Entity Probability p(e|*)

1/M if e, is one of the M matched entities
0 if e; 1s not a matched entity

p(6t|€t—1>7°t) = {

p(Bl... AT )=1/2
p(Cl A )=1/2
p(Bl...AF)=0

p(Dl...Ar)=1
p(E|....A¥,)=0

101



Different Ways to Sort Labels (classifiers)

Alphabeta:
Bayern munich—Champions league—Champions league 2009-10—Internazionale—José mourinho—Real_madrid—Sportblog

Frequency:
Sportblog—Champions league—Real_madrid—José mourinho—Internazionale—Champions league 2009-10—Bayern munich

Hierarchy:
Sportblog—Champions league—Champions league 2009-10—Bayern munich—Internazionale—Real _madrid—José mourinho

Manually:
Sportblog—Champions league—Champions league 2009-10—Bayern munich—Internazionale—José mourinho—Real _madrid
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Case Study

RNN trained with fixed label order:

RNN trained with latent label order:

journalistic exhibition tate tate
curators curators curators curators
doctor literature exhibition art tate
newsiaper philosophers art + exhillition av$nt
Culture Art and Design [—| At [ Exhibition [— | Tate Modern
h0 h1 h2 h3 h4 h5
E—
SOS
tate curators curators curators philosophers
curators art philosophers tate tate
newspaper exhibition colonialism 20th curators
exhib;ition climats art+ philosophers 20th*
Culture |— | ArtandDesign — | Art | | Tate Britain [— Exhibition |-
hO h1 h2 h3 h4 h5
SOS 103



More examples of Latent Variable Models

Gaussian Mixture Models (GMMs)

Latent Dirichlet Allocation (LDA)

Probabilistic Latent Semantic Analysis (pLSA)
Hidden Markov Models (HMMs)

Principal Component Analysis (PCA)
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Problem of Using a Predefined Label Order

José Mourinho's treble - now for the
Real story

VsV

Champions League glory completes the set for Inter but José
Mourinho looks certain to quit for Real Madrid

Sportblog—Champions league—Real _madrid—
José mourinho—y =Cristiano Ronaldo

Sportblog—Champions league—
Champions league 2009-10—Bayern munich—
¥ =Internazionale (—Real_madrid—José mourinho)

ction Images

José Mourinho's only problem is that he will run out of targets. A first league
title for Chelsea in 50 years, Inter's first European Cup crown since 1965 and

now the chance to manageand Kaka at Real Madrid. ORDER MA TTERS!

"I want to become the only coach to win the Champions League with three

different clubs. I'm not leaving I'm leaving Italy," Mourinho said after That iS our la ten t infO rma tion ./

Inter's 2-0 victory over Bayern Munich on a melodramatic night, thus
confirming an open secret. A European champion with Porto six years ago,
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Rule 1: filter out paths leading to too many entities

plylz) = Zp yl2)p

1/M if e; is one of the M matched entities
(etle—1,7¢) = ; ; ;
0 if e; 1s not a matched entity
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Rule 2: filter out irrelevant paths

Question: Who was the owner of kfc?

p(kfc—organization.organization.founders— Colonel Sanders|x) = 0.8

p(kfc—advertising characters.product.advertising characters— Colonel Sanders) = (.2
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Rule 2: filter out irrelevant paths

Question: Who was the owner of kfc?
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