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Outline: QA over knowledge graphs

Representative methods

A Background: Setup, benchmarks, metrics from each task

Families of algorithms to

A Simple QA: Templates and embeddings build up repertoire for
approaching KG-QA

Focus on methods (and not
evaluation)

A Complex QA: Multiple entities and predicates

Understand how to go from

A Heterogeneous sources: Handling KGs and text question to answer

Prerequisites:

A Conversational QA: Implicit context in multi-turn setup
Basic IR, NLP, ML, DB

A  Take-home: Summary and insights Understanding of core

neural techniques

Interactivity J
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Methodology

A Templates

A  Graph embeddings

A Subgraph computations
A  Belief propagation

A  Graph traversal

A  Sequence-to-sequence models
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Focus on a few instantiations
for each method
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QA over knowledge graphs

Representative methods

A Background: Setup, benchmarks, metrics from each task

Families of algorithms to
A  Simple QA: Templates and embeddings build up repertoire for
approaching KG-QA

Focus on methods (and not
evaluation)

A Complex QA: Multiple entities and predicates
e . Understand how to go from
A Heterogeneous sources: Handling KGs and text question to answer

A Conversational QA: Implicit context in multi-turn setup

A  Take-home: Summary and insights
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What is question answering over

knowledge graphs all about?
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Question Answering: Vital for Search

What are some films directed

by Nolan?
O Hey Siri
@
Google Assistant i - | l

- amazon alexa
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Question Answering: Vital for Search

What are some films directed Christopher Nolan / Films directed
by Nolan?

THE DARK
KNIGHT

‘ Hey Siri
O
Google Assistant
- amazon alexa .
The Dark Knight Interstellar
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Question Answering: Vital for Search

What are some films directed Christopher Nolan / Films directed

by Nolan?

THE DARK
KNIGHT

A Direct answers to questions

> -
<‘\'ws
| .

-

A Enabled by knowledge graphs o
. A

A  Saves time and effort

A Natural in voice Ul fe

—

The Dark Knight Interstellar
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what is the currency

QA over KGs * sl

@ what is the capital of @
Germany

INDIA / CURRENCY

where was Albert g
Einstein born

Indian rupee

GERMANY / CAPITAL

ALBERT EINSTEIN /PLACE'OF BIRTH

Ulm

Berlin

santhosh_varghese

TomasSereda

i ' ; hat is the population
®. which club does Messi @. w
: play for 6 of USA @

Simple questions involving one

LIONEL MESSI / CURRENT TEAM entity and relation

FC Barce
lona
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1328.2 million (2019)




which films star tom hanks and are directed by spielberg X | & Q < Complex questions involving
multiple entities and relations

Q Al B News [ Images [) Videos < Shopping : More Settings  Tools ) )
who played Batman in Dark Knight

Steven Spielberg/Films directed/ Tom Hanks/Movies

INZE LD R INA)

THE DARKKNIGHT/ BATMAN / PLAYED BY

Christian

Conversational
questions with
implicit context

Bridge of The Terminal Catch Me If The Post Saving
Spies You Can Private Ryan
what was spielberg's father's profession X $ Q and what about Alfred
/7 Edit
Q Al [=) Images (&) News [ Videos <P Shopping i More Settings  Tools THE DARK KNIGHT / ALFRED PENNYWORTH /

About 3.690.000 results (0,75 seconds)

Arnold Spielberg / Profession

Electrical engineer et Spicer, Ge@images
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where was the father of messi born

Q Al Q Maps [ Images @B News

About 4.850.000 results (0,88 seconds)

Jorge Messi / Born

1958

age 62 years

what was Nolan's first film

Ue with Christian Bale @
/s Edit

Christian Bale first movie

Born in Haverfordwest, Wales, to English
parents, Bale had his first starring role at
age 13 in Steven Spielberg's war film
Empire of the Sun (1987).

Question Answering over Knowledge Graphs

which Spielberg films won more
than three Oscars

https://en.m.wikipedia.org » wiki

List of awards and nominations
received by Steven Spielberg -
Wikipedia

Play with QA: Try out
different formulations,
entities, domains,
complexities, assistants,
sources, languages.... to
expose brittleness of
SoTA and take
community forward!

Rishiraj Saha Roy

Saarland University

movies with Tom Hanks

Tom Hanks
Actor &

VERVIEW  QUOTES MOVIES PEOPLE ALSO ASK Ft

co-starring Julia Roberts

Here are some pictures

Julia Roberts, Sissy...

wivg.com
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Significant progress has been made on knowledge
base contruction over the last fifteen years or so;
but for question answering, which is one of the
most valuable applications of KBs, we are still at the

tip of iceberg!
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QA over knowledge graphs (KG-QA)

What are the Oscar nominations of Nolan?
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QA over knowledge graphs (KG-QA)

Male
What are the Oscar nominations of Nolan? |

" Director |

Inception

"gender | | type | | directed |

ChristopherNolan

[ nominatedFor ]

birthDate — 30 July 1970

BestDirector

AcademyAward |
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QA over knowledge graphs (KG-QA)

Male
4L

What are the Oscar nominations of Nolan?

" Director |

Inception

W

"gender | | type | | directed |

birthDate — 30 July 1970

A YAGO] ]
A DBpedia]| ]
ChristopherNolan
A Freebase | ]
A Wikidata | [ nominatedFor ]
BestDirector AcademyAward ]
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https://dl.acm.org/doi/abs/10.1145/1242572.1242667?casa_token=Yj47GiicWOMAAAAA:codTh8KPdeJ3sR1nlCZcJqiIcERRm65F2bu-Nvwb5w7H9-Dq4jlLRzJrNSZTEdi8xXT2iXA0y-G6bA
https://link.springer.com/chapter/10.1007/978-3-540-76298-0_52
https://dl.acm.org/doi/10.1145/1376616.1376746
https://dl.acm.org/doi/10.1145/2629489

QA over knowledge graphs (KG-QA)

' Director | Inception

A A

Male
4L

What are the Oscar nominations of Nolan?

A YAGO [Suchanek et al. 2007] _gender | | type | directed

A DBpedia [Auer et al. 2007]

ChristopherNolan

A Freebase [Bollacker et al. 2008]

A Wikidata [Vrandedi¢ and Krotzsch 2014 [ nominatedFor ] T
[ ] [ birthDate ]——*

30 July 1970

Terminology varies across KGs

y

Here: Entities, predicates, types, literals BestDirector AcademyAward ]
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QA over knowledge graphs (KG-QA)

' Director | Inception
y 3 wk

Male
4L

What are the Oscar nominations of Nolan?

A YAGO [Suchanek et al. 2007] _gender | | type | directed

A DBpedia [Auer et al. 2007]

ChristopherNolan

A Freebase [Bollacker et al. 2008]

A Wikidata [Vrandeci¢ and Krétzsch 2014 [ nominatedFor ] o
| | birthDate —/ 30 July 1970
Wikidata: 12B facts, 84M entities,

7k predicates, 69k types “ ‘I I ,

BestDirector AcademyAward ]
WIKIDATA
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KGs and KBs are equivalent

Male ' Director | Inception

S S

Which Oscar nominations did Nolan receive? |

gender |  type | | directed
<ChristopherNolan, gender, Male> 4
<ChristopherNolan, type, Director>
<ChristopherNolan, directed, Inception>
<ChristopherNolan, nominatedFor, BestDirector>
<BestDirector, type, AcademyAward>
<ChristopherNolan, birthDate, 30 July 1970>

ChristopherNolan

[ nominatedFor ]

birthDate — 30 July 1970

y

BestDirector AcademyAward ]
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KG-QA Challenge 1: Bridge vocabulary gap

Which Oscar nominations did Nolan receive?

<ChristopherNolan
<ChristopherNolan

<ChristopherNolan, directed, Inception>
<ChristopherNolan, nominatedFor, BestDirector>

<BestDirector, type

<ChristopherNolan, birthDate, 30 July 1970>

Question Answering over Knowledge Graphs

, gender, >
, type, Director>

, AcademyAward>

Male

" Director | Inception

S S

{k

"gender | | type | | directed |
¥

ChristopherNolan

nominatedFor v
[ J\[ birthDate ]——»

y

30 July 1970

T~

BestD

irector

AcademyAward |
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KG-QA Challenge 2: Query formulation

Which Oscar nominations did Nolan receive?

<ChristopherNolan
<ChristopherNolan, type, Director>
<ChristopherNolan, directed, Inception>
<ChristopherNolan, nominatedFor, BestDirector>
<BestDirector, type, AcademyAward>
<ChristopherNolan, birthDate, 30 July 1970>

SELECT ?ANS 2 SPARQL ' nominatedFor
WHERE {
ChristopherNolan nominatedFor ?ANS .

?ANS type AcademyAward }

ChristopherNolan

? AcademyAward |
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KG-QA Challenge 2: Query formulation

Named Entity Recognition and Disambiguation (NERD)
systems (aka Entity Detection and Linking):

TagME, AIDA, Dandelion, Google NL API, MS Text Analytics,

Which Oscar nominations did Nolan receive? &7 ML)

Named Entity Recognition (NER): Stanford NER, spaCy
<ChristopherNolan, gender,

<ChristopherNolan, type, Director>
<ChristopherNolan, directed, Inception>
<ChristopherNolan, nominatedFor, BestDirector>
<BestDirector, type, AcademyAward>
<ChristopherNolan, birthDate, 30 July 1970>

SELECT ?ANS 2 SPARQL ' nominatedFor
WHERE {

ChristopherNolan nominatedFor ?ANS .
?ANS type AcademyAward }

ChristopherNolan

? AcademyAward |
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https://bit.ly/2OLiAMb
https://bit.ly/2ONRS5D
https://bit.ly/2BqcE8o
https://cloud.google.com/natural-language#natural-language-api-demo
https://azure.microsoft.com/en-us/services/cognitive-services/text-analytics/
https://cloud.ibm.com/docs/natural-language-understanding?topic=natural-language-understanding-getting-started
https://stanfordnlp.github.io/CoreNLP/ner.html
https://spacy.io/api/entityrecognizer

Answering with query

Which Oscar nominations did Nolan receive?

<ChristopherNolan, gender,
<ChristopherNolan, type, Director>
<ChristopherNolan, directed, Inception>
<ChristopherNolan, nominatedFor, BestDirector>
<BestDirector, type, AcademyAward>
<ChristopherNolan, birthDate, 30 July 1970>

SELECT ?ANS 2 SPARQL ' nominatedFor
WHERE {

ChristopherNolan nominatedFor ?ANS .
?ANS type AcademyAward } |

BestDirector BestDirector AcademyAward ]
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Structured queries and logical forms

Which Oscar nominations did Nolan receive?

Lambda-calculus _ & ¢ & Q¢ @O O(®QIORI 0 ¢ 1) BIN "VuEnufd & HGQ'Qd WO

Neodj CYPHER Graph QL ~
Lambda-DCS € €00 0od8RQICRIH 01N B WEBdMOdRQA WO L O Q

MATCH
(subj {name: 'ChristopherNolan' })-[:nominatedFor]- .
>(obj:AcademyAward) RETURN obj.name ChflStOpherNOIGn
SPARQL BGP [ nominatedFor ]
SELECT ?ANS
WHERE {

ChristopherNolan nominatedFor 7ANS .
?ANS type AcademyAward } \

2 —tpe —
BestDirector AcademyAward |
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Reification: n-ary information in KGs

For which films was Nolan nominated for Oscars? ‘ Director ] Inception
When did Nolan get his Oscar nominations? 1 1

[ type } [ directed }
<ChristopherNolan, gender, Male> 4
<ChristopherNolan, type, Director>
<ChristopherNolan, directed, Inception>
<ChristopherNolan, nominatedFor, BestDirector>
<BestDirector, type, AcademyAward>
<ChristopherNolan, birthDate, 30 July 1970>

ChristopherNolan

[ nominatedFor ]

birthDate — 30 July 1970

y

BestDirector AcademyAward ]
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Reification: n-ary information in KGs

For which films was Nolan nominated for Oscars?
When did Nolan get his Oscar nominations?

<ChristopherNolan, gender, Male>

<ChristopherNolan, type, Director>
<ChristopherNolan, directed, Inception>
<ChristopherNolan, nominatedFor, BestDirector>
<BestDirector, type, AcademyAward>
<ChristopherNolan, birthDate, 30 July 1970>

Question Answering over Knowledge Graphs

\ Director Inception
|
2018
Dunkirk | [ type } {directed]
+
| [ time ]
forWork | ChristopherNolan

[ nominatedFor ]

y

birthDate — 30 July 1970

BestD

irector

AcademyAward |

Rishiraj Saha Roy
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Reification: n-ary information in KGs

For which films was Nolan nominated for Oscars? ‘ Director ] Inception
When did Nolan get his Oscar nominations? 1 1

2018
t [ type } [ directed }
<ChristopherNolan, gender, Male> Dunkirk Y
<ChristopherNolan, type, Director> ' [ time ]
<ChristopherNolan, directed, Inception>

<ChristopherNolan, nhominatedFor, BestDirector> forWork
<BestDirector, type, AcademyAward> [ orvwor ]
<ChristopherNolan, birthDate, 30 July 1970>

ChristopherNolan

30 July 1970

<123, nominatedFor, BestDirector>

<ChristopherNolan, nominatedFor, 123> [ nominatedFor ] [ b h‘b
irthDate }-—>

<123, forWork, Dunkirk>
<123, year, 2018>

y

BestDirector AcademyAward ]
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Qualifiers are a huge part of Wikidata

For which films was Nolan nominated for Oscars?
When did Nolan get his Oscar nominations?

' Director | Inception

S S

[ type } {directed]
3

2018
<ChristopherNolan, gender, Male> Dunkirk
<ChristopherNolan, type, Director> ' [ time
<ChristopherNolan, directed, Inception>

]

<ChristopherNolan, nhominatedFor, BestDirector> forWork
<BestDirector, type, AcademyAward> [ orvwor ]

ChristopherNolan

<ChristopherNolan, birthDate, 30 July 1970>

<ChristopherNolan, nominatedFor, 123> [ nominatedFor ]
<123, nominatedFor, BestDirector>
<123, forWork, Dunkirk>

<123, time, 2018>

v

birthDate — 30 July 1970

Wikidata: Qualifiers, Statement-Ids. BestDirector AcademyAward |

6B triples part of reified facts!!
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Questions that need reified triples

Who played Cobb in Inception? \ Director ] Inception
Who did Leo play in Inception? | 1
When did Neymar join PSG? 2018 o | directed |
e £ : 1 ype irecte
Who wa§ Trump s first wife? Bk '
US president in 20167 5 [ T ]
[ forWork ] ChristopherNolan

[ nominatedFor ]

birthDate — 30 July 1970

Wikidata: Qualifiers, Statement-Ids BestDirector AcademyAward |
6B triples part of reified facts!!
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Explore Wikidata

[ Entity name / Subject } Entity id

The Dark Krlight (Q163872) [ part of the series The Dark Knight Trilogy

Entity desc ] follows Batman Begins

qep

2008 British-American superhero film directed by Christopher Nolan followed by The Dark Knight Rises

TDK | Dark Kn|ght ﬁ Entity aliases } series ordinal 2
cast member Christian Bale
film

[ Type predicate } instance of character role Bruce Wayne

oD

0

Qualifier
: 11 references
i 2 redicate ' :
[ Predicate } genre ® action film P Qualifier
@ Michael Caine ObJeCt
director & Christopher Nolan character role Alfred Pennyworth
» 4 references
a
nominated for ® Academy Award for Best Supporting Actor

v Y PPoring @ Heath Ledger

statement is subject of 81st Academy Awards
character role Joker

nominee Heath Ledger
point in time 22 February 2009 » 9 references
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Explore Wikidata like a pro

Wikidata: https.//www.wikidata.org/wiki/Wikidata:Main_Page

Wikidata data model: https://www.mediawiki.org/wiki/Wikibase/DataModel/Primer
Wikidata dumps: hitps://www.wikidata.org/wiki/Wikidata:Database download
Download latest n-triples dump: hitps://dumps.wikimedia.org/wikidatawiki/entities/
Wikidata SPARQL Endpoint: https://query.wikidata.org/

Wikidata statistics: hitps://stats.wikimedia.org/#/wikidata.org

> > > > > > >

More stats: https://www.wikidata.org/wiki/Wikidata:Statistics
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https://www.wikidata.org/wiki/Q8877
https://www.mediawiki.org/wiki/Wikibase/DataModel/Primer
https://www.wikidata.org/wiki/Wikidata:Database_download
https://dumps.wikimedia.org/wikidatawiki/entities/
https://query.wikidata.org/
https://stats.wikimedia.org/#/wikidata.org
https://www.wikidata.org/wiki/Wikidata:Statistics

Play with QA (over Wikidata

O QAnswer about FAQ WM S iR R

QANswer

Enter your question... Go

What is the music genre of Bob Marley? In which countries are the alps?

,—.f Ay s

What is the surface of Liechtenstein?  Who is Tom Cruise?

Who is Bach?  Who are the Beatles's member

e is the inventor 1amite born? - Give me songs of Pink Floyd.

When was D-Day? post boxes in munich

“tors starring in the Lord of the Rings.  Sherlock Holmes

Give me act

Who is the prime minister of France? atomic number of polonium  bars in borgomasino

Who are the members of Green Day? museums in berlin  brands of soft drinks  What are the borders of Mexico?

Diefenbach et al.,, QAnswer: A Question answering prototype bridging the gap between a considerable part of the LOD cloud and end-users,
WWW 2019. Available at https://ganswer-frontend.univ-st-etienne.fr/
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https://qanswer-frontend.univ-st-etienne.fr/

Benchmarks

A  Simple questions

A WebQuestions (Berant et al. 2013) over Freebase

A SimpleQuestions (Bordes et al. 2015) over Freebase

A Complex questions

A LC-QUuAD 2.0 (Dubey et al 2018) over Wikidata + DBpedia

A MetaQA (Zhang et al. 2018) over Freebase

A Conversational questions

A ConvQuestions (Christmann et al. 2019) over Wikidata

A CSQA (Saha et al. 2018) over Wikidata

Question Answering over Knowledge Graphs Rishiraj Saha Roy Saarland University
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https://nlp.stanford.edu/software/sempre/
https://www.aclweb.org/anthology/D13-1160.pdf
https://www.dropbox.com/s/tohrsllcfy7rch4/SimpleQuestions_v2.tgz
https://arxiv.org/pdf/1506.02075.pdf
http://lc-quad.sda.tech/
https://link.springer.com/chapter/10.1007/978-3-030-30796-7_5
https://github.com/yuyuz/MetaQA
https://www.aaai.org/ocs/index.php/AAAI/AAAI18/paper/view/16983/16176
https://convex.mpi-inf.mpg.de/
https://dl.acm.org/doi/10.1145/3357384.3358016
https://amritasaha1812.github.io/CSQA/
https://arxiv.org/pdf/1801.10314.pdf

Benchmarks

A  Simple questions

@ WebQuestions* (Berant et al. 2013) over Freebase

A SimpleQuestions (Bordes et al. 2015) over Freebase

A Complex questions

LC-QuAD 2.0* (Dubey et al 2018) over Wikidata + DBpedia

A MetaQA (Zhang et al. 2018) over Freebase

A Conversational questions

@ ConvQuestions* (Christmann et al. 2019) over Wikidata
A CSQOA (Saha et al. 2018) over Wikidata

Question Answering over Knowledge Graphs Rishiraj Saha Roy Saarland University

Recent benchmarks
over Wikidata

More realistic
benchmarks are smaller

but harder

Much higher numbers
on semi-synthetic
benchmarks

“Vulnerable” to neural

methods

* Need reified triples for

answering
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https://nlp.stanford.edu/software/sempre/
https://www.dropbox.com/s/tohrsllcfy7rch4/SimpleQuestions_v2.tgz
http://lc-quad.sda.tech/
https://github.com/yuyuz/MetaQA
https://convex.mpi-inf.mpg.de/
https://amritasaha1812.github.io/CSQA/

Many, many more:

LC-QuAD

Benchmarks

A  Simple questions S
(Abujabal et al. 2019)

@ WebQuestions* (Berant et al. 2013) over Freebase

GraphQuestions
A SimpleQuestions (Bordes et al. 2015) over Freebase (Su et al. 2016)
) QALD
A Complex questions (Usbeck et al. 2018)
LC-QuAD 2.0* (Dubey et al 2018) over Wikidata + DBpedia TempQuestions
(Jia et al. 2018)

A MetaQA (Zhang et al. 2018) over Freebase

ComplexWebQuestions
(Talmor and Berant 2018)

A Conversational questions

WikiMovies
@ ConvQuestions* (Christmann et al. 2019) over Wikidata et et gl 20 18)
; ComplexQuesti
A CSQA (Saha et al. 2018) over Wikidata (BZrSZte;(I, ;gjg)ons
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https://nlp.stanford.edu/software/sempre/
https://www.dropbox.com/s/tohrsllcfy7rch4/SimpleQuestions_v2.tgz
http://lc-quad.sda.tech/
https://github.com/yuyuz/MetaQA
https://convex.mpi-inf.mpg.de/
https://amritasaha1812.github.io/CSQA/
https://link.springer.com/chapter/10.1007%2F978-3-319-68204-4_22
https://www.aclweb.org/anthology/N19-1027.pdf
https://www.aclweb.org/anthology/D16-1054.pdf
http://ceur-ws.org/Vol-2241/paper-05.pdf
https://dl.acm.org/doi/10.1145/3184558.3191536
https://www.aclweb.org/anthology/N18-1059.pdf
https://arxiv.org/pdf/1606.03126.pdf
https://www.aclweb.org/anthology/C16-1236.pdf

Benchmarks: WebQuestions

A Real questions: Collected using the Google Suggest API
A Mostly simple questions using one fact or reified triple
A 3778 train, 2032 test questions

A Available at;

who was richard nixon married to0?

what high school did harper lee go to0?

what was the capital city of the east roman empire?
who plays ken barlow in coronation street?

where is the fukushima daiichi nuclear plant located?

Question Answering over Knowledge Graphs Rishiraj Saha Roy Saarland University
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https://nlp.stanford.edu/software/sempre/

Benchmarks: LC-QUuAD 2.0

A Sampled SPARQL queries via templates, verbalized by crowdworkers
A Complex (and simple) questions involving multiple entities and relations
A 23954 train, 6046 test questions

A Available at:;

What city is the twin city of Oslo and also the setting for “A Tree Grows in Brooklyn”?
What Empire used to have Istanbul as its capital?
How long was Shirley Temple the United States Ambassador to Ghana?
Were Dutch and Hungarian the official languages of the Holy Roman Empire?

Who replaced Albus Dumbledore as headmaster of Hogwarts?

Question Answering over Knowledge Graphs Rishiraj Saha Roy Saarland University
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http://lc-quad.sda.tech/

Benchmarks: ConvQuestions

Books Movies Soccer Music TV series
A Natu ra| CO nversations by When was the first book of 'Who played the joker in The 'Which European team did Led Zeppelin had how many |Who is the actor of
the book series The Dwarves Dark Knight? Diego Costa represent in the |band members? James Gordon in
published ? year 20187? Gotham?
crowdworkers after
2003 Heath Ledger Atlético Madrid 4 Ben McKenzie
ChOOSI ng t0p|C What is the name of the When did he die? Did they win the Super Cup Which was released first: What about Bullock?
second book? the previous year? Houses of the Holy or

Physical Graffiti?
A Both simple and complex

The War of the Dwarves 22 January 2008 No Houses of the Holy Donal Logue
) Who is the author ? Batman actor? Which club was the winner? Is the rain song and Creator?
A Five domains immigrant song there?
Markus Heitz Christian Bale Real Madrid C.F. No Bruno Heller
A H In which city was he born ?  Director? Which English club did Costa|Who wrote those songs? Married to in 2017?
A 6720 train, 2240 dev, 2240 y g g

play for before returning to
Atlético Madrid?

test conversations

B . Homburg Christopher Nolan Chelsea F.C. Jimmy Page Miranda Phillips Cowley
A Available at:
When was he born ? Sequel name? Which stadium is this club's |Name of his previous band? Wedding date first wife?
.. ?
https://convex.mpi-infmpg.de/ LN
10 October 1971 The Dark Knight Rises Stamford Bridge Stadium The Yardbirds 19 June 1993
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Metrics

A Answers as sets (for systems using explicit structured queries)

A Precision, Recall, F1-Score

A Answers as ranked lists (systems w/o explicit queries: approx. graph search)
A Precision@1, MRR, MAP

A Hit@5

A Single answer

break duration ?x .

A Accuracy .
?x measuredln minutes .

Question Answering over Knowledge Graphs Rishiraj Saha Roy Saarland University 03 Nov 2020 @



Outline: QA over knowledge graphs

A Background: Setup, benchmarks, metrics

A Simple QA: Templates and embeddings

A Complex QA: Multiple entities and predicates

A  Heterogeneous sources: Handling KGs and text

A Conversational QA: Implicit context in multi-turn setup

A  Take-home: Summary and insights
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Getting started: Templates and embeddings
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A Templates over RDF (Unger et al. 2012)
A DEANNA (Yahya et al. 2012, 2013)
A SEMPRE (Berant et al. 2013)
A PARALEX + OQA (Fader et al. 2013, 2014)
A Subgraph embeddings (Bordes et al. 2014)
A STAGG (Yih et al. 2015)
A AQQU (Bast and Haussman 2015)
Question Answering over Knowledge Graphs Rishiraj Saha Roy

Foundational work in KG-QA

Saarland University

03 Nov 2020 @


https://www2012.universite-lyon.fr/proceedings/proceedings/p639.pdf
https://www.aclweb.org/anthology/D12-1035.pdf
https://dl.acm.org/citation.cfm?id=2505677
https://www.aclweb.org/anthology/D13-1160.pdf
https://www.aclweb.org/anthology/P13-1158.pdf
https://dl.acm.org/doi/10.1145/2623330.2623677
https://www.aclweb.org/anthology/D14-1067.pdf
https://www.aclweb.org/anthology/P15-1128.pdf
https://ad-publications.cs.uni-freiburg.de/freebase-qa.pdf

Templates for KG-QA

Alnterpretable

=

Question Question template

Who is Inception’s director?| Who is <NOUN1>'s <NOUN2>7

- L

Query Query template 1 SPARQL
triple pattern

?ANS director Inception ?ANS <PRED1> <ENT1>
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Templates for KG-QA

Who is Libya’s president?

A Generalizes to new domains
Who is Messi’'s manager?

——

Question Question template

Who is Inception’s director?| Who is <NOUN1>'s <NOUN2>7

- 3

Query Query template 1 SPARQL
triple pattern

?ANS director Inception ?ANS <PRED1> <ENT1>

Question Answering over Knowledge Graphs Rishiraj Saha Roy Saarland University 03 Nov 2020 @



Templates for KG-QA

Question

Who plays the role of Cobb in

=
Question template

Who <VERB> <DT> <NOUN1> <PREP1>

Inception? <NOUN2> <PREP2> <NOUN3>"

= ‘
Query Query template Multiple SPARGL
Inception castMember ?VAR <ENT1> <PRED1> ?VAR triple patterns
?VAR castMember 2ANS ?VAR <PRED1>?ANS —
?VAR characterRole Cobb ?VAR <PRED2> <ENT2>

Question Answering over Knowledge Graphs
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Limitations of templates

A Hand-crafted by experts ( : ; )
A Restricted coverage

A  Solution: Learn templates
A Question templates
A Query templates

A Slot alignments

A Proposed in the QUINT+NEQA framework ( : )

Question Answering over Knowledge Graphs Rishiraj Saha Roy Saarland University 03 Nov 2020 @


https://www.aclweb.org/anthology/P13-1158/
https://dl.acm.org/doi/10.1145/2623330.2623677
https://dl.acm.org/doi/10.1145/2187836.2187923
https://dl.acm.org/doi/10.1145/3038912.3052583
https://dl.acm.org/doi/10.1145/3178876.3186004

Distant supervision from QA pairs

Question: Which Oscar award nomination did Nolan get for the film Dunkirk?
Answer: Best Director

NERD system

NERD system Answer

ChristopherNolan BestDirector @



Distant supervision from QA pairs

Question: Which Oscar award nomination did Nolan get for the film Dunkirk?
Answer: Best Director

NERD system

A Retain shortest paths between

question and answer entities ‘ AcademyAward |
A Retain type information
[ forWork } [ type }
NERD system Answer

ChristopherNolan { nominatedFor } s BestDirector




Distant supervision from QA pairs

Question: Which Oscar award nomination did Nolan get for the film Dunkirk?
Answer: Best Director
Query: SELECT ?x WHERE{ ChristopherNolan nominatedFor ?VAR .

?VAR nominatedFor ?7ANS .
?VAR forWork Dunkirk .
?VAR type AcademyAward . }

NERD system

" AcademyAward |

[ forWork } [ type }

NERD system Answer

ChristopherNolan { nominatedFor }




Extract question phrases

obl

punct
/ det p / obj cagiw \]
compoun aux . / e
WDT comp% VBD 'W‘Arnsubj vB! (N lﬁr/'m]kcompound NP
—— —— —— —— oy

Which Oscar award nomination did Nolan get for the film Dunkirk ?
which nomination || oscar nomination || get nomination || for film oscar get
which | | did get | | did oscar award nomination award award nomination

Dependency parsing:
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https://web.stanford.edu/~jurafsky/slp3/15.pdf

Extract query items

obl

punct
/ det p / obj cagﬁw \]
compoun aux . / e
WDT comp% VBD 'W‘Arnsubj vB! (N lﬁr/'mrcompound NP
—— —— —— — ”~

f’-_-A__-'Hr"-_-‘A-_—-"\ _— {'_"’"'_‘\

Which Oscar award nomination did Nolan get for the film Dunkirk ?

which nomination || oscar nomination || get nomination || for film oscar get
which | | did get | | did oscar award nomination award award nomination
[ nominatedFor } [ forWork } " AcademyAward |

=)




Create candidate alignments

A  Bipartite graph with edge weights (Yahya et al. 2012)

A Weights from lexicons L, and L; (Abujabal et al. 2017, Berant and Liang 2013)

which nomination

oscarnomination get nomination || for film oscar

N\

which dia\get

/scar W

[nominaedFor} [ forWork }

 AcademyAward |



https://www.aclweb.org/anthology/D12-1035.pdf
http://papers.www2017.com.au.s3-website-ap-southeast-2.amazonaws.com/proceedings/p1191.pdf
https://www.aclweb.org/anthology/D13-1160.pdf

Optimal mapping via Integer Linear Program (ILP}

> > > D>

Best alignment of items with Integer Linear Program (ILP)
Constraint 1: Each KG item obtained from at most one phrase
Constraint 2: Token contributing to entity cannot contribute to any other phrase

Constraint 3: One phrase can map to at most one type

which nomination

oscar nomination

get nomination | for film

oSscar get

N\

T~

JZN /05%

which dia\get

did

[ nominatdFor }

oscar a TAQ matlo \ .vv. ard nomination
' '
[ forWork } ‘ AcademyAward

(=)




Optimal mapping via Integer Linear Program (ILP}

> > > D>

Best alignment of items with Integer Linear Program (ILP)

Constraint 1: Each KG item obtained from at most one phrase

Constraint 2: Token contributing to entity cannot contribute to any other phrase

Constraint 3: One phrase can map to at most one type

get nomination for film

OScCar a

/

[ nominatedFor }

[ forWork } " AcademyAward |

@



Apply alignment to question-query

punct
obl
det obj case
/ /—compound / aux—::é F det
WDT @ Compound NN [VBD' INNP]‘FnSUbJ VB [IN DT l NN]‘FC’DmpOUﬂd
q ~

—A— —— —— —— —— —— ——
Which Oscar award nomination did Nolan get for the film Dunkirk ?
_______ \ /7 / / /// ””’,—
7 ”f
‘< _ -
’/’
--,.,_-__....s}
" AcademyAward |

[ type }

ChristopherNolan { nominatedFor }




Replace concrete items by roles

punct
obl
det obj case
/—Gompound / aux det
d bj d N}
WDT| [NNP] NNy ©MPPU“\NN vBD] WNNPJ ™" NvBl (N 0T NN PN NNNP)
S~ a . T ~a< \ /7 I / 7 _ -
TN~ L T~ \ 7 I / 7 - -
~~~‘:::‘~_ // / / // ”f—
\ /r~~_::::~L// —’;/
\ s ST 4
\ - s - —*_5_._-
Ve 4~ /7 o
// \ , . -
\
// \ ENT2 ,//I, ‘ TYPE |
7’ \ 7 V
/’ \ 4
7 \ Al
e N Vil
’ \
e [ PREDIZ } [ type }
// \\ /
R NN
R W/
ENT1 ~ PRED1 | ?ANS

(2}




Drop unnecessary question words

Question template g " Dbr.!,a-se
compound r/ ‘ f i
(NNP NN compuund\CNN @rnsum ve! (1N NN compound ﬂﬂﬁ
7 /
/7

TN~ e o T~ \ 7 s =T
~~~‘:::‘~- 2 // ///—”’
\ ~‘~; ~~~~ / /”’
° \ /7 ~~‘—~_‘~~_~/ ’—’
Slot alignments / \ s SI5esl
)\ - / 7 T ——
// \ 2 / // -
7 N\ ENT2 7 . | TYPE |
Query template y v ;7 5
’ \ 7
’ \ [/tl
e \ -
7/ \
> ~ 'PRED2 | . type |
7 )
7/ \
g |
7 \
L ( 1
ENT1 d PRED1 ] > ?ANS




A continuous learning framework

A
\/

(Ques, Ans)
history

[
\

Abujabal et al., Automated template generation for question answering over knowledge graphs, WWW 2017.
Abujabal et al., Never-ending learning for open-domain question answering over knowledge bases, WWW 2018.
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Train system using (Q, A) PAIrS  ouumspemion oo or

(Ques, Ans) to (Ques, query)

Align ques tokens to query
tokens via lexicons and ILP

Generalize to create template

Train

-
<

Template-based W
answering |

A
\/

(Ques, Ans)
history

[
\

Abujabal et al., Automated template generation for question answering over knowledge -
- domain question over WWW

136!
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