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The Adventures of Tom Sawyer, Author

Books and overview

Feedback

The Adventures of Tom Sawyer - Wikipedia, the free ...
https://en.wikipedia.org/wiki/The_Adventures_of _Tom_Sawyer v Wikipedia ~
The Adventures of Tom Sawyer by Mark Twain is an 1876 novel about a young boy
growing up along the Mississippi River. The story is set in the fictional town of St.
Petersburg, inspired by Hannibal, Missouri, where Twain lived.

List of Tom Sawyer characters - Tom Sawyer Abroad - Hannibal, Missouri - 2000 film
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Mark Twain

The Adventures of Tom Sawyer, Author

Samuel Langhorne Clemens, better known by his pen name Mark Twain, was an
American author and humorist. He wrote The Adventures of Tom Sawyer and its sequel,
Adventures of Huckleberry Finn, the latter often called "The Great American Novel".
Wikipedia

Born: November 30, 1835, Florida, MO

Died: April 21, 1910, Redding, CT

Full name: Samuel Langhorne Clemens

Spouse: Olivia Langdon Clemens (m. 1870-1904)

Buried: April 24, 1910, Woodlawn Cemetery, Elmira, NY

B2 Get updates about Mark Twain



Things, not Strings @

Companies moving from information retrieval to
questions answering

* Need some NLP (e.g. named entity recognition) and
good knowledge bases

* Google is a good example
— 2014: Freebase: 1.2B facts about 43M entities
— 2015: Google knowledge graph, updated by text IE

e Others have big KBs: Microsoft (Satori), IBM (Watson),
Apple, Wolfram (Alpha), Facebook (Open Graph)

DBpedia is an open source KB in RDF that’s based
on Wikipedia
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Linked Open Data Cloud 2015
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DBpedia as Wikipedia LOD DBpedia

 DBpediais an important LOD example
— Structured data from Infoboxes in Wikipedia + raw
Wikipedia data
— RDF in custom ontologies & others, e.g., Yago terms
* Major integration point for LOD cloud
e Datasets for 22 languages

* English DBPedia has:
— ~400M triples

— 65M facts (e.g., Alan_Turing born 2012-06-23)
about 3.8M entities (person, place, organization...)



LOD is Hard for People to Query

* Querying LOD requires a lot of a user
— Understand RDF model
— Master SPARQL, a formal query language

— Explore large number of ontology terms, hundred classes and thousand
properties

— Deal with term heterogeneity (Place vs. PopulatedPlace)
— Know relevant URIs (~3M entities !)
X

Which author wrote The
Adventures of Tom Sawyer
and where was he bom?

® Queryi n g a Ia rge LOD Who dd President Nixor's
is overwhelming

* Natural language ' SPRRqQLCiien;
« Familiar with ontology terms
1 Natural Langu - SPARQL syntax and URIs
query systems still 4 S

a researCh gOaI «  Best NLP techniques have £ "

difficulty to understand complex "
questions




Goal @

* Develop a system allowing a user with a basic
understanding of RDF to query DBpedia and
ultimately distributed LOD collections
— To explore what data is in the system
— To get answers to questions
— To create SPARQL queries for reuse or adaptation

e Desiderata

— Easy to learn and to use
— Good accuracy, e.g., precision and recall
— Fast



\

/
Key Idea *-\9’_
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Reduce problem complexity by
having user:

— Enter a simple graph, and

— Annotate the nodes and arcs with
words and phrases



Schema-Agnostic Query Interface

bornin author

? * The adventures of Tom Sawyer
Person Book

Where was the author of the Adventures of Tom Sawyer born?

* Nodes denote entities and links binary relations
between them

* Entities described by two freely chosen phrases: its
name or value and its concept in the query context

* A ? marks output entities, a *marks ones to ignore

e Compromise between NLI and SPARQL
— Users provide compositional structure of question
—Freedom to use any phrases in annotating structure



Instance data vs. Schema data

* We don’t exploit schema axioms (ActorcPerson)
* Two key datasets

— Relation dataset: all relations between instances
— Type dataset: all type definitions for instances

* Integrate RDF literal data types into five that are
familiar to users

— "Number, "Date, “Year, "Text and ’Literal
— “Literal is the super type of the other four



Automatically enrich set of types

Automatically deduce types from relations

— Infer attribute types from data type properties
<Beijing>, population, “20693000” => “Population

— Infer classes from object properties
< Zelig>, director, <Woody Allen> => "Director

15



Counting Co-occurrence

One Relation

Types:

@ 1. dbo:Thing
of Tom_Sawyer 2. dbo:Work

3. dbo:Book

dbo:author
v Types:

:Mark_Twain 1. dbo:Thing
2. dbo:Person

3. dbo:Artist
4. dbo:Writer

Two Terms

(Co-)occurrences

Three Terms

One Term
Thing=>  +1
Work—=> +1
Book—> +1
>Thing +1
= Person +1
2Artist  +1
= Writer +1
author +7
Thing +7
Work +4
Book +4
Person +3
Artist +3
Writer +3

Thing = author
Work = author
Book = author
author = Thing
author = Person
author = Artist
author = Writer
Thing—Thing
Thing—Person
Thing—Artist
Thing—Writer
Work—Thing
Work—Person
Work— Artist
Work—Writer
Book—Thing
Book—Person
Book—Artist
Book—Writer

Thing—Thing—author
Thing—Person—author
Thing—Artist—author
Thing—Writer—author
Work—Thing—author
Work—Person—author
Work—Artist —author
Work—Writer—author
Book—Thing—author
Book—Person—author
Book—Artist—author
Book—Writer—author




Concept Association Knowledge
Measured by directed PMI value

1) Writer—: @pseudonym 6.0, notableWork 6.0, influencedBy 5.7,
skos:subject 5.7, influenced 5.5, movement 5.1, ethnicity 4.3, @birthName
4.3, @deathDate 4.2, relative 4.1, occupation 4.0, @birthDate 3.8, na-
tionality 3.4, education 3.4, child 3.3, award 3.2, deathPlace 3.2, @ac-
tiveYearsStartYear 3.2, partner 3.2, @activeYearsEndYear 3.1, genre 3.1,
spouse 3.0, birthPlace 3.0, citizenship 2.9, foaf:homepage 2.8

2) —Writer: author 6.8, influencedBy 6.4, influenced 6.1, basedOn 5.3,
illustrator 5.1, writer 5.1, creator 5.1, coverArtist 4.4, executiveProducer
4.4, relative 4.2, translator 4.1, lyrics 4.0, previousEditor 3.9, editor 3.6,
spouse 3.5, child 3.4, nobelLaureates 3.3, designer 3.2, partner 3.2, associ-
ateEditor 3.2, director 3.0, narrator 3.0, chiefEditor 2.9, storyEditor 2.8,
person 2.7

3) Book—: @isbn 5.8, @numberOfPages 5.8, @oclc 5.6, mediaType 5.6,
@lce 5.6, literaryGenre 5.6, @dcc 5.5, author 5.4, coverArtist 5.2, @publi-
cationDate 5.1, nonFictionSubject 5.1, illustrator 5.1, translator 4.9, pub-
lisher 4.9, series 4.5, language 4.0, subsequentWork 3.3, previousWork 3.2,
country 1.7, designer -1.9, @meaning -1.9, @formerCallsign -2.1, @review
-2.4, @callsignMeaning -2.5, programmeFormat -2.6

4) —Book: notableWork 6.8, firstAppearance 6.4, basedOn 6.1, lastAp-
pearance 5.9, previousWork 5.8, subsequentWork 5.8, series 4.8, knownFor
3.8, notableldea 3.1, portraver 2.6, currentProduction 2.3, related 1.9, au-
thor 1.7, nonFictionSubject 1.7, writer 1.4, translator 1.1, influencedBy
1.1, significantProject 1.1, award 0.9, coverArtist 0.8, relative 0.5, move-
ment 0.5, associatedMusicalArtist 0.5, associatedBand 0.4, illustrator 0.3

5) author: —Writer 6.8, Musical— 6.1, Play— 5.4, Book— 5.4, Website—
5.4, WrittenWork— 5.1, — Journalist 5.0, —Philosopher 4.9, —Waebsite
4.8, —Artist 4.5, —Comedian 4.1, —Person 3.9, —ComicsCreator
3.8, —Scientist 3.6, TelevisionShow— 3.4, Work— 3.3, —Senator 3.2,
—FictionalCharacter 2.8, —PeriodicalLiterature 2.7, —Governor 2.4,
—Wrestler 2.3, —MemberOfParliament 2.3, —OfficeHolder 2.3, —Cleric
2.2, —MilitaryPerson 2.2



Translation — Step One

finding semantically similar ontology terms

0:Place 1.00
1:PopulatedPlace 0.81
2:MaturalPlace 0.81
J:HistoricPlace 0.80

d:# ocation 0.46

5:City 0.37

b:FAddress 0.31

T:Event 0.30

8:#City 0.27

9:#Foint 026
10:ProtectedArea 0.25
11:WorldHeritageSite 0.24
12:0fficeHolder 0.24
13:WrestlingEvent 0.23
14:SportsEvent 0.23
15:5SkiArea 0.23

16:Town 0.22

17:#Area 0.22
18:MixedMartialansEvent 0.2
19:Thing 0.16

bornin

D:@cylinderBore 0.81
T:producer 0.34
2:@production 0.34
Jicustodian 0.32
4:i@birthMame 0.31
S:itorchBearer 029
b:@birthDate 0.29
T:currentProduction 028
8:flagBearer 0.28
:hirthPlace 0.28
10:executiveProducer 0 27
11:@birthyear 0.27
12:wineProduced 0.27
13:@productionStanDate 0.26
14:@productionEndDate 0.26
15:@motto 0.26
16:@productionStarfyear 0.25
17:@productionEndyear 0.25
18:@bridgeCarries 0.24
19:child 0.23

wrote

?

0:Writer 1.00 *

1:#Wrnter 0.75
2:Book0.54
JWrittenWork 0.44
4:Journalist 0.37
S:#Publisher 33
B:Work 0.30

T:Artist 0.29
8:Philosopher0.28
9:Person 0.24
10:Politician 0.24
11:MusicalWork 0.24
12:Actor 0.24
13:Martial&rtist 0.23
14:5cientist 0.23
15:Musical Artist 0.23
16:#Editor0.23
17:Broadcaster 0.23
18:ComicsCreator 0.22
19:#Artist 0.22

0:author 1.00 *

Tawriter 0.63

2:editor 0.50
J:publisher 0.45
4:storyEditor 044
S:managingEditor 0.43
b:@editorTitle 0.43
Trartist 0.43
8:producer 0.40
9:associateEditor 0.40
10:chiefEditor 0.32
11:previousEditor 0.39
12:composer 0.38

13:@frequencyOfPublication 0.37

14:i@publicationDate 0.36
15:musicalArist 036
16:executiveProducer 0.36
17:designer 0.33
18:i@firstPublicationear 0.34
19:gameArtist 0.34

For each concept or relation in semantic graph, generate k most
semantically similar candidate ontology classes or properties

The adventures of

Tom Sawyer

0:Book 1.[][]*

1:Work 0.57
2\WnttenWaork 0.55
J:Writer 0.49
4:MusicalWork 0.44
S#Publisher (.44
B:#Work 0.43

T:#Author 0.40

8:#Writer 037

9:Film 0.36

10:Magazine 0.28
11:#3eres 0.24
12:Mewspaper 0.23
13:TelevisionEpisode 022
14:PeriodicalLiterature 0.2
15:4Title 0.16
16:ComicsCharacter 0.16
17:TelevisionShow 0.16
18:FictionalCharacter 015
19%:AcademicJournal 0,14



Semantic similarity of words

Words occurring in the same context are similar

doctor/physician > doctor/nurse > doctor/lawyer >
doctor/sandwich

3B word corpus http://ebig.org/r/351

Stanford WebBase crawl, cleaned, POS tagged,
lemmatized

Vocabulary: 29K terms

— Content words (noun, verb, adjective, adverb)
occurring frequently + some phrases

+ 4 widow

is program_VB in both java_NN and python_NN and run_VB


http://ebiq.org/r/351

SVD to Reduce dimensionality

e LSA Similarity
— 29k x 29k POS tagged term co-occurrence matrix

— Replace frequency counts by logs
— Perform SVD, retaining retain 300 largest singular values

— Semantic similarity = vector cosine similarity

* Add knowledge from WordNet

— Address polysemy issue of LSA similarity

— Boost LSA score using synset, hypernym, derivation and
other relations



TOEFL Synonym Evaluation

* Our LSA model is better on some provision

V4
tasks than Google’s word2vec stfoulsitan

 TOEFL synonym task: pick best *interrelation

synonym from a list of four for 80 “Jurisdiction
*interpretation

words

| tlmodel | #4model | word2vec
Correctly 73 76 67
answered

OOV words halfheartedly halfheartedly tranquility

Accuracy 92.4% 96.2% 84.8%



From word to text similarity

* Basic align and penalize approach
@align words to maximize word similarity
2)compute average word similarity for pairs
) penalize unaligned terms, known antonyms

* Preprocessing: POS tag, lemmatization, REs to
identify number and dates, stopword removal

* Word similarity wrapper for numbers, time
expressions, pronouns and OOV words

* Penatly component for antonyms, etc.



A&P align and penalize example

Cheddar cheese was eaten by a rat
The little mouse ate some cheese

align1=>2 ! @ align2 =>1

Cheddar cheese| eaten rat little |mouse ate cheese
7
082\/ 10$ 0623 0.04&/062 10$ 10$
cheese little ate mouse rat [Cheddar eaten cheese

\Bad allgnment penalty
Good alignment scores

STS score =

Allow multiple words to align with one



Translation — Step Two

disambiguation algorithm

Interpretation goodness metric is degree to which its
ontology terms associate like corresponding user terms

connect in SAQ

— PMI(h(s:), h(r:)) + PMI(h(r;), h(o0:))
PMI(h(0:), h(ri)) + PMI(h(r:), h(s:))
= argmazy " (h, L.) o0 s, 4 A>a

(i, 0;) = LD )

h™ = argmazx ®(h, G,) A
held
A’

hoH

=1

(si, 0i), ifA'— A<«

Joint disambiguation Resolve direction

@(h, L,) =PMI(h(5,), h(r,)) - sim($,, h(§,)) - sim(r,, h(r,))

o= = o

+PMI(h(r,), h(6;)) - sim(é,, h(6,)) - sim(r,, h(r;))
+2-PMI(h(s,), h(6,)) - sim(4,;, h(&,)) - sim(d,, h(d;))

Compute reasonableness for a single link



SPARQL Generation

Translation of semantic graph query to
SPARQL is straightforward given mappings

PREFIX dbo:<http://dbpedia.org/ontology/>

X, ?
e Place => Place SELECT DISTINCT ?x, ?y WHERE {
?0 a dbo:Book;

e Author => Writer ?
e Book => Book ‘ rdfs:label ?labelO .
?label0 bif:contains ""Tom Sawyer™ .

Concepts

Relations ?x a dbo:Writer .
* born in => birthPlace ?y a dbo:Place..
e wrote => author {?0 dbo:author ?x} .

{?x dbo:birthPlace ?y} .}




Evaluation g{ﬁ

* 30 test questions from 2011 Workshop on Question
Answering over Linked Data answerable using DBpedia

* Three human subjects unfamiliar with DBpedia translated
the test questions into SAQ queries

 Compare system to FREyA and PowerAqua systems that
both require human-crafted domain knowledge. FREyA
also requires user to resolve ambiguity.

30 questions 6 two-relations

Prec. Recall Prec. Recall

FREvA 0.829 0.849 0.855 0.789
PowerAqua 0.698 0.757 0.167 0.167
Our system  COM- w/ step 3 | 0.668 0.742 0.780 0.809
- non-empty 0.746 0.8516 0.780 0.809




Other Evaluations

 DBLP Database Evaluation
— Generate SQL to answer questions on DBLP data,
— Which UCSD authors from have papers in CIKM?

e 2013 and 2014 SemEval tasks

— Algorithms to measure semantic similarity of short
text sequences => top scorer overall

e 2015 SAQ Challenge Evaluation

— Top system in Schema-Agnostic Query Evaluation
Challenge at 2015 Extended Semantic Web Conf.



Conclusion and Future Work |/|

* Baseline system works well for DBpedia and
DBLP KBs

* Ongoing and future work
— Better Web interface
— Allow user feedback and advice
— Add entity matching (which George Bush?)
— Extend and scale to a distributed LOD collection

* For more information, see http://ebiq.org/93
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