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Vision of future Web
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reason as human do

The Semantic The Ubiquitous
Web Web
Web 3.0 Conriects
Connects Intelligence
Knowledge \Web of Agents

Web of Data

The Web 1.0
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information
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documents

Increasing Connectivity
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Philosophy of ontology

oConcept triangle

Concept
activates/ \?elates to
Form | - » | Referent
Stands
“Tank* for
[Ogden, Richards,
1923]

Ontology is the philosophical study of the nature of being, becoming,
existence, or reality, as well as the basic categories of being and
their relations. --- Wikipedia




Some knowledge graphs

S Smmie=  BabelNet
MB 350K CS A very large multilingual ontology
10M Is o0 50M Ss
) I 100 Ps BaiWSE 50+Ls
4M instances 120M Ts 262M Ts
0000 7 Freebase
properties
500 Triples 15K Cs
40M Is
WolframAlpha 4000 Ps
1BTs
NELL x&@@@ Google KB Core
WordNet
850K Cs
OpenlE 8M Is ® ‘o 15K Cs 7 Europe Ls
(Reverb, OLLlE) 20K P S e ‘S 600M Is Cross
S - lingual links
Google KG| 20BTs




Our Knowledge graph definition

m C — concepts
» A group of objects with same properties
* cars, students, professors

m/ - instances

* A object which belongs to a concept
* Peter is a student

= T—ISA -
i axonomy
« subConceptOf, instanceOf _ Knowledge
m P — properties
» charMAF AT HIASLANSRAIEMEN KR I Factual
» 41 : instance-attribute-value (AVP) ] knowledge




Knowledge graph technologies

oManually KG building: Wordnet, Cyc, Hownet

o Taxonomy knowledge learning

= Learning from Wikipedia
= Learning beyond Wikipedia

oFactual knowledge learning

= Learning from Wikipedia
= Learning beyond Wikipedia




Learning taxonomy knowledge from Wikipedi

oCategory system in Wikipedia

m Category system in Wikipedia as a conceptual network
PHILOSOPHY and BELIEF (deals-with?)
PHILOSOPHY and HUMANITIES (isa)
PHILOSOPHY and SCIENCE (isa)

Advantages:
= widely recognized — concepts in human minds

m Large scale - over millions of concepts and ten millions of
iInstances

m Large coverage
Problems:

m noise — categories for different purposes
= inconsistence - not well formally define




Learning taxonomy knowledge from Wikipédi:

o Using linguistic features of isa relationship

= syntactic parsing:

head matching/modifier matching/Singular/plural forms

= Lexico-patterns: 1.
o Using structure of wikipedia 5

Deriving a Large Scale Taxonc )
al. AAAI 07. 3.

o Using external high quality is A
wordnet, Hownet, Cilin
YAGO(WWW2007) .

o isa relation validation using ¢
Xlore (AAAI2014)

NP2,? (such as|like|, especially) NP* NP1
a stimulant such as caffeine

such NP2 as NP* NP1]
such stimulants as caffeine

NP1 NP* (and|or| like) other NP2
caffeine and other stimulants

NP1, one of det_pl NP2
caffeine, one of the stimulants

NP1, det_sg NP2 rel_pron
caffeine, a stimulant which

NP2 like NP* NP1
stimulants like caffeine




o Using Web sources

Root concepts, search engine J\\W\
= Hearst patterns
= Bootstrapping N N
= Taxonomy induction (structural learni < c
domain specific taxonomy building e 1 Tm o from Seratch
EMNLP2010, ACL 2014

o Large scale taxonomy building -

= Automatically generated from Web data

politicians P George W. Bush, 0.0117

= 1.6 billion web pages \ Bill Clinton, 0.0106

= Rich hierarchy of millions of conce™ pescens > o s D08
= Probabilistic knowledge base oG
SIGMOD201 2 \ George H. W. Bush, 0.021

George W. Bush,.0.019




Factual knowledge learning

Supervised Semi-supervised

From
Wikipedia

Beyond Sematic
Wikipedia annotation

Semantify Wikipdia-Kylin
Cross lingual IE-WikiCiKE

Distant
supervision(Stanford)

Coupled Semi-Supervised
Learning(NELL)

Unsupervised

KnowltAll;
TextRuner
WOE




Automatic semantic annotation

= Rule learning based approach
Automatically learn annotation rules from the training data

m Classification based approach

|ldentify the boundary of tags in instances using
classification models

m Sequential labeling based approach
Consider the dependencies between tags

m Constrained Hierarchical Conditional Random
Fields

m And Others ....




Learning factual knowledge beyond
Wikipedia-Knowledge Vault

oCurrent large scale knowledge graph is still not' '

enoug h Relation Y% unknown
in Freebase
Profession 68%
Place of birth 7 1%
Nationality 75%
Education 91%
Spouse 92%
Parents 94%
Name # Entity types # Entity instances | # Relation types # Confident facts (relation instances)
Knowledge Vault (KV) 1100 45M 4469 27IM
DeepDive [30] 4 2.TM 34 ™"
NELL [§] 271 5.19M 306 0.435M°
PROSPERA [2§] 11 N/A 14 0.1IM
YAGO2 [18] 350,000 0.8M 100 4M°
Freebase [4] 1,500 40M 35,000 637M°
Knowledge Graph (KG) 1,500 570M 35,000 18,000M"

Table 1: Comparison of knowledge bases. KV, DeepDive, NELL, and PROSPERA rely solely on extraction,
Freebase and KG rely on human curation and structured sources, and YAGO?2 uses both strategies. Confident
facts means with a probability of being true at or above 0.9.




Learning factual knowledge beyond
Wikipedia-Knowledge Vault

o0 Motivation

= the new approach should automatically leverage already-
cataloged knowledge to build prior models of fact

correctness TXT: Distant supervision
DOM: DOM tree structure features

A Framework TBL: Table information
Web ~ Freebase ANO: annotated tags in htmls
Extractors Priors
v |

Priors: Path ranking algorithm

VAULT Priors: Neural network method




Learning factual knowledge beyond
Wikipedia-Knowledge Vault

System + # > 07 # > 0.9 | Frac. >0.9 | AUC
TBL 9.4M 3.8M 0.59M 0.06 0.856
ANO 140M 2.4M 0.25M 0.002 0.920
TXT 330M 20M 7.1M 0.02 0.867
DOM 1200M  150M 94 M 0.08 0.928
FUSED-EX. | 1600M 160M 100M 0.06 0.927

Table 2: Performance of different extraction sys-

tems. ;

0o

o
=2

False negative rate
=]
tn

[=JE
s
T

Fused extracteors: 0.927

- Fused priors: 0.911

o1k —_— Fused extractors + priors: 0.947

1 1 1 L 1 L 1 1 1
0 01 02 03 0.4 Q.5 08 Q7 08 0.9 1
False positive rate




Summary

oVarious knowledge representation and learning
methods

oWhat are the effective methods used for domain
specific knowledge graph building?

oWhat are the proper representation for domain
specific knowledge graph?
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O Big scholar knowledge base - Aminer I

0 Knowledge graph building over enterprise
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3. Germany 8. Spain
4. India 9. France
5. UK 10. ltaly




Motivating Example
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IBM T.J. Watson Research Center
P.O. Box 704
Yorktown Heights, NY 10598 USA
IBM T.J. Watson Research Center
19 Skyline Drive
Hawthorne, NY 10532 USA
bolle@us.ibm.com

Ruud M. Bolle was born in Voorburg, The Nethe' Educational hIStOI’y

Degree in Analog Electronics in 1977 and the Master's Degree in Electrical
Engineering in 1980, both from Delft University of Technology, Delft, The
Netherlands. In 1983 he received the Master's Degree in Applied Mathematics and inj}
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IBM T.J. Watson
Research Center

Research Staff

video database indexing
video processing
visual human-computer interaction
biometrics applications

Research_Interest

Affiliation

IBM T.J. Watson Research
Center

19 Skyline Drive
Hawthorne, NY 10532 USA

http://researchweb.watson.ibm.com/|

ecvg/people/bolle.html

Address

1984 the Ph.D. in Electrical Engineering from Brown University, Providence, Rhode
Island. In 1984 he became a Research Staff Member at the IBM Thomas J. Watson
Research Center in the Atrtificial Intelligence Department of the Computer Science
Department. In 1988 he became manager of the newly formed Exploratory Computer|
Vision Group which is part of the Math Sciences Department.
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Currently, his research interests are focused on video database indexing_, video huud
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rocessing, visual human-computer interaction a . .
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Ruud M. Bolle is a Fellow of the IEEE and the AIPR. He is Area Editor of Computer
Vision and Image Understanding and Associate Editor of Pattern Recognition. Ruud
M. Bolle is a Member of the IBM Academy of Technology.

DBLP: Ruud Bolle
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Processing Flow for Profiling
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Profiling Results—5-fold cross validat

Profiling Task Unified Unified NT SVM Amilcare
Photo 89.11 88.64 88.86 31.62
Position 69.44 64.70 64.68 56.48
Affiliation 83.52 72.16 73.86 46.65
Phone 91.10 78.72 79.71 83.33
Fax 90.83 64.28 64.17 86.88
Email 80.35 75.47 79.37 78.70
Address 86.34 7515 77.04 66.24
Bsuniv 67.38 57.56 59.54 4747
Bsmajor 64.20 59.18 60.75 58.67
Bsdate 53.49 40.59 28.49 52.34
Msuniv 57.55 47.49 49.78 45.00
Msmajor 63.35 61.92 62.10 57.14
Msdate 48.96 41.27 30.07 56.00
Phduniv 63.73 53.11 57.01 59.42
Phdmajor 67.92 59.30 59.67 57.93
Phddate 57.75 42.49 41.44 61.19
Overall 83.37 72.09 73.57 62.30




Outline

0 Knowledge graph and technologies
0 Big scholar knowledge base - Aminer |l

0o Knowledge graph building over enterprise

data

O Conclusion




Knowledge Graph over Enterprise Data

0 Motivation
The current constructions of the knowledge graph are
mainly from two aspects: Web, Domains, Science
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There is huge demand on knowledge graph
building based on internal data of enterprise
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Knowledge Graph over Enterprise Data( =

O Building Knowledge Graph based on Mobile
Customer Care Documents

" e Document Parsing based Logical Structure Extraction
e Heuristic Table Extraction
e Hierarchical Concept Extraction

e |terative Instance ldentification & Property Extraction

e Evaluation Throughout Performance




Knowledge Graph over Enterprise Data

O Evaluations

* Document Parsing Evaluation

correct_section correct_section

section_recall =

section_precision = o 4

sum_ext_section sum_org_section
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St st O ock sum_org block

« Table Alignment Evaluation
— via manual evaluation

« Knowledge Graph Evaluation
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Summary

oDomain data characteristics

oProblem to be solved

oBuilding pipeline

olLinking with external knowledge graphs

o Visualization and Evaluation

= On each process

= Knowledge base evaluation

oHuman interaction




Conclusions

o There have a lot of available knowledge graphs and
large scale linked data

o There have various knowledge representation and
learning methods for different kinds of format
sources

oknowledge graph building pipeline and toolkits within
specific domains can facilitate the fast building of
specific domain knowledge graph

oMaking using existing knowledge graphs as possible
as we can
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