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Act One

Hyper-Connection



~100 Billion #

~ # of
Web Pages

Synapse

~100 Trillion #

~ # of
Web Links
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World Wide Web
Network



Xl - Internet
Sy e o Network



Mobile
Network
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Work Network
(Musical work)



| WordNet
A i Network



Linked Data

Network



LOD project (Linking Open Data)
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LOD project statistics

Datasets
12
45
95
203

Triples
500.000.000
2.000.000.000
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26.930.509.703

Growth

300%
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Domain

Data Sets

Triples

Percent

RDF Links

Percent

Cross-domain

20

1,999,085,950

7.42

29,105,638

7.36

Geographic

16

5,904,980,833

21.93

16,589,086

4.19

Government
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11,613,525,437
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Media
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9.11

50,374,304

12.74

Libraries

67

2,237,435,732

8.31

77,951,898

19.71

Life sciences

42

2,664,119,184

9.89

200,417,873

50.67

User Content
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Intellectual Activity of Human

Decision

Information Learning =3 ( Knowledge Making

Pre-Historic Era
(22,000BC~3,000B()

Historic Era
(~1,900AD)



http://images.google.com/url?sa=i&rct=j&q=books&source=images&cd=&cad=rja&docid=qXU7Mgn_5S1_lM&tbnid=UPCd4PVqQ_V6jM:&ved=0CAUQjRw&url=http://www.360solutions.com/blog/blog/best-business-books-for-vacation&ei=q7WVUcvLCsrlkAWlyYCABw&bvm=bv.46471029,d.dGI&psig=AFQjCNHKuTmJNoYyGeaymJu23Pw9SltNug&ust=1368852255864907
http://images.google.com/url?sa=i&rct=j&q=books&source=images&cd=&cad=rja&docid=qXU7Mgn_5S1_lM&tbnid=UPCd4PVqQ_V6jM:&ved=0CAUQjRw&url=http://www.360solutions.com/blog/blog/best-business-books-for-vacation&ei=q7WVUcvLCsrlkAWlyYCABw&bvm=bv.46471029,d.dGI&psig=AFQjCNHKuTmJNoYyGeaymJu23Pw9SltNug&ust=1368852255864907
http://images.google.com/url?sa=i&rct=j&q=chat+bubble&source=images&cd=&cad=rja&docid=8t04gV0tPeGrkM&tbnid=pXDCBPFSLXS6UM:&ved=0CAUQjRw&url=http://www.weezerpedia.com/wiki/index.php?title=Image:Chat_bubble.png&ei=jTyXUajUIsPOkwXzm4GIDg&bvm=bv.46751780,d.dGI&psig=AFQjCNF_fQ_9LyHpdKj1y12Cw-OBwxCsKw&ust=1368952330589159
http://images.google.com/url?sa=i&rct=j&q=chat+bubble&source=images&cd=&cad=rja&docid=8t04gV0tPeGrkM&tbnid=pXDCBPFSLXS6UM:&ved=0CAUQjRw&url=http://www.weezerpedia.com/wiki/index.php?title=Image:Chat_bubble.png&ei=jTyXUajUIsPOkwXzm4GIDg&bvm=bv.46751780,d.dGI&psig=AFQjCNF_fQ_9LyHpdKj1y12Cw-OBwxCsKw&ust=1368952330589159

Big Data Era (2000-~)

| * Intuition
_* Insight

Augmented Brain?
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New Collective Intelligence Era (2020-)




Hyper Connected People
Hyper Connected Devices
Hyper Connected Machines
Hyper Connected Services
Hyper Connected Data
Hyper Connected Knowledge



Act Two

Artificial Intelligence



God created 'Human being' based on their characteristics.
Human have a anxiety to create a ‘Machine’ like us?

A Space Odyssey (1968/2001) Matrix (1999/2199) I-Robot (2004/2035) EX Machina (2015/20207)

T T

B e
e m — -
S

ASTANLEY KUBRICK rrooscron

2001:

. . 4
u sp«e q In the Year of Darkness, 2029,

DOMHNALL SLeeson  aLicia VIKanber a» 0SCar 1ISaac
o v D

/

/
of this planet devised the ultim)’ [N / A
They would reshape the Past. T. |y / |

required something that felt n¢ EX mEIEHII'IEI

R 2

eu-enatisthenat]
ON APRIL 2% THE FIGHT FOI

ARTIFICIAL INTELLIGENCE
They created... T 1= /=

TEEIN) NN

JOAQUIN AMY ROONEY  OLIVIA SCARLETT
PHOENIX ADAMS MARA WILDE JOHANSSON

Terminator (1984/2029) Al (2001/2090) HER (2013/2025)



Don'’t let Al take our jobs (or kill us):
Stephen Hawking and Elon ML_lsk sign open

letter warning ofElon MUSk WOPPieS AI

Letter says there is a 'broa
Areas benefiting from Al re
But in the short term, it wa
In the long term, robots co
Elon Musk has previously |
machines to 'summoning t

By ELLIE

PUBLISHED: GMT, 12 January 20
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The letter warn: t without safegui
dark future.

could delete I Microsoft's Bill Gates insists Al is a threat

along with s

| CEO of ) and T

icht one
humans.

by S

Elon Musk has made no secret
of his worries about the
possible destructive power of
artificial intelligence.

The bhillionaire chief executive
of SpaceX and Tesla Motors
may be a techno-optimist

1 it comes to solar power,
space exploration and electric
cars, but he continues to
express his concerns that
superintelligent machines

might one day pose a threat to Tesla

By Kevin Rawlinson
BBC s

Bill Gates said he could not understand why re not concerne

Humans should be worried about the threat posed by artificial
Intelligence, Bill Gates has said.

The Mic founder said he didn't understand people who were
troubled e possibility that Al could grow too strong for people to
control

Mr Gates contradicted one of Microsoft Research's chiefs, Eric
Horvitz, who has said he "fundamentally” did not see Al as a threat
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Related Stories

Al won't run amok,
says Microsoft

Does Al really threaten
the future of the
human race?

Hawking: Al could end



Artificial Intelligence Hypes?

VCinvestment in Al
company

(10K USD) 30.920

Deep Learning
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Big Data and Al Market

Application Markets
Big Data and Al Market Trends
[M USD]

40,000
[IDC, EU, Market Reports, 2013]
30,000

20,000

10,000

o-Illl

2010 2011 2012 2013 2014 2015

m BigData Al

» Big Data market will grow at a 27%
compound annual growth rate (CAGR)
to $32.4 billion through 2017

 Global Industry Analysts forecast the
big data based Artificial Intelligence
market to exceed €27 billion by 2015

Self-driving Car / Smart Factory
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Al Market Expectation?

« Growing exponentially over the coming years
« Apple, Google, Microsoft and Facebook invest in the Al

1980s 1990s 2000s

[ﬁ/) Q@ Sun > Microsoft Google

= c —
i P oracie | e P &P

H/W, System oS, S/W Service Platform Artificial
Intelligence?

Personal Assistant and QA Services

MS Cortana Apple Siri ~ Amazon echo Google Now MIT Jibo

© 4 amazonecho
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3 \ ' Jvyr
Hi there. I'm Cortana. ;
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Virtual Agent Market

« BusinessWire (2015)
* Global Market size is growing 30% per year: 0.35 (2012) to 3.1 billion dollars (2020)
= Communication service to 020(Online 2 Offline) service with Q&A

* Korean market will grow up to 0.24 billion dollars (2020)

« GrandViewResearch (2015), TechNavio (2014)

= North America centric — Europe and Asia market is growing rapidly, up to 20% in 2018

Virtual Agent Market Size

* TechNavio, 2014
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Big Value from Big Data?
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The FActs of Big Data?

Big Data Technology :
"Complex and large data sets that it becomes
difficult to process using traditional technologies”

Why is it so difficult to process?

3v x FA.C.T !

(Fragment x Ambiguity x Context x Trustability)



What is Artificial Intelligence?

* The science and engineering of making intelligent machines.
(John McCarthy)

* The study and design of intelligent agent system that
perceives its environment and takes actions that maximize
its chances of success. (Stuart Russell)

* The study how to create computers and computer software
that are capable of intelligent behavior. (Wikipedia)
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What is Artificial Intelligence?

Strong Al

Artificial general intelligence. Computers can be made to
think on a level at least equal to humans, that they can be
conscious and experience emotions.

Weak Al

Non-sentient computer intelligence or Al that is focused
on one narrow task. All real-world systems labeled
"artificial intelligence" of any sort are weak Al at most.

Systems that think like

Systems that think rationally

Systems that act like

Systems that act rationally




Human

Machine

Knowledge Representations?

Natural Language

Human language written in letters: “The Earth orbits the
sun in an ellipse”

Visual Language

Visual expression of knowledge in picture, structure
diagram, flow chart, and blueprint etc

Tagging

Knowledge expressed in keywords, symbols and images
related with objects

Symbolic Language

Knowledge expressed in symbols : x?/a2 +y?/b2=1

Decision Tree

Tree-shaped graph structure for complex decision making

Rules Language

Combined expression in condition with various rules of
human knowledge

Database System

Knowledge expression system composed of objects and
relations in a table format

Logical Language

Knowledge expression of logical symbols and arithmetic
operations: Woman = Person N Female

Semantic Network

Knowledge expression of semantic relation between
concepts in a graph structure

Frame Language

Knowledge expression of values or pointers for other
frames saved in slots

Statistical Knowledge

Allows knowledge expression, machine learning

technology combination based on probability and statistics
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Knowledge Representations

Natural Language

"Employees working for a company are humans; the company and the employees
are legal entities. The company is able to make a reservation for an employee’s trip.
The trip is available by plane or train that travels in cities within Korea or the U.S..
The companies and destinations for business trip are located in the cities. Saltlux

reserved OZ510 with a round trip of Seoul and New York for Hong, Kildong."

Rule Language

(Rule) If someone is flying, he must be on trip.

(Rule) If someone’s trip is reserved in a company, he is an employee of the company.
(+ Rule) For short trip in the same country, an employee should take a train.
(Deduction) Hong kil-dong whose flight is in reservation is an employee of Saltlux.
(Deduction) OZ510 is a flight for the U.S. and Korea.



Building Explicit Knowledge Base

Legal Entity Legal Entity

Name Name (*)
ID ID (%)
[ &
Legal Entity & 3 IS %
,{;(? % (}’0‘7 %
& 2, S %, X DISJOINT %
& S, N O, S )
NG s < -
o &
3 o
Gender Industry Industry
Person Company Age Address Age > 25 AddrcSeoul
X
X
% Q\O*e — 2
o & 2 o
S| & & 3
%) > (9]
3 o
Q
Employee

instanceOf

Seoul

37

(b) (a) + Frame (Slots)

37

(c) (b) + Logical Restrictions

(@) Semantic Network



Building Polymorphic Knowledge Base

Precision

(Soundness) Logical World

(KBQA)

NL, IR World
(IRQA)

Statistical Recall
World (Completeness)



Act Three

Exobrain and WiseKB



Exobrain is a future Al that can learn,
think and make decision like human

= |

Understanding Understanding Search & Infer Selecting —p WiseQA (95,
Problems User’s Intention Candidates Solutions Service

Prediction Collaborative

and Making > Agent amy
___________ Decision Service \ B

. Context §

—

| Self-Evolving

Structured/Unstructured |
Big Data

' Language

Understanding

& Knowledge

Lear
y

Hybrid WiseKB
System

Reasoning

Knowledge

Human-like
Learning
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Knowledge Learning and Reasoning for QA

Who is this person? He/she was
born in Gyungsang-do between
remarried father, a soldier and

mother, a teacher. He/she has an
elder sister and lost his/her
mother on independence day.

WiseQA

Middle
Whols(?x) :-

Schoo
hasMother(?x, ?mother), Ara Ko, (graph-

. matching)
. Jeaho Kim,
job(?mother, teacher), Jun Han...

becomes(?x, 60), Soldier Yookyoung
home(?x, Gyungsang-do), Reasoning

hasFPosition(?x, 2nd),
hasFather(?x, ?father),

k
-
job(?father, soldier),

Geunhae 8.15

Park
o Car
o dang

G.H. Park©o%)
Ara Ko(10%)

remarriage(?father, ?mother) Jaeho Kimiss)




R&D Milestones and Goals

QA Level Knowledge Base KR KB K Store Reasoning Learning Platform

KR - Real-time Optimizing Knowledge

international Augr;;nted index hybrid learning

Platform
optimization

standard and query reasoner on context

—

Year

High-speed Building Spatio- Framework
distributed Hybrid Temporal Language
query system Reasoner Learning and tools

KR for
context

Learning &
Reasoning

Knowledge
Curation

M

POC




WiseKB - Distinguished Features

Polymorphic Knowledge

Self-Evolving

Hybrid Reasoning

Feature Comparison

« CyCorp Cyc Integration of logical, linguistic and

Snglledge Represeiaion | IBM Watson statistic knowledge

» Google Graph Dual Spiral methodology for
« Wolfram Alpha knowledge acquisition

* IBM Watson
» Google Graph

« CMU NELL Big data based confidence
« Google Graph prediction

High Quality and Volume

Knowledge Learning Hybrid Learning (ML+Rules)

Self-Verify and Proof

* EU LarKC Semantic, geospatial, temporal and
« CyCorp Cyc uncertainty reasoning

* VU WebPie
* Franz AllegroG

Diversity of Reasoning

Economic efficiency Parallelism in memory, GPGPU




Dual-Spiral methodology for building KB

Knowledge Curation
® High quality KB
® Semantic annotation

® KB integration

'

® Acquisition of big data and knowledge resources
® Automatic resource discovering for lack-knowledge

® Semantic data integration

Domain Experts . ‘\‘s\o‘
<\
® QA tests . (,e“‘ age((\e '@(\o‘\
® Verifying learned KB R 2 e
w W o

Crowd Sourcing

® Gamification (Quiz game)

® Acquisition and proving

® Hybrid logic reasoning
.\ ® Spatio-temporal reasoning

® Statistic and uncertainty
® Learning by reading
® Learning by taking advice




Polymorphic Knowledge Base

WiseKB Open APIs

Logical KB
(Ontology / Rules)

Linguistic KB
(Frames / Triplet / Brochette)

Statistic KB
(ML / DNN Models)

Deductive
Reasoning

Linguistic
Reasoning

Inductive
Reasoning




Exobrain KB for Polymorphic Knowledge and Hybrid Reasoning

[ XB Core Schema Korean Language
ictal ' ~300 cl Resources
WordNet/, ( £ asses)oR

Ontology Schema XB Ext-Schema® ® XB Schema
v / (~6000 classes) Vocaburary Layer

—~ - ‘

Global Wiki/ 4 XB Core Linked\®pen Instance
Generadl’Knowledge led Data Layer
(DBpegdia, YAGO,/CYC, . Know edge . (Ge@=names, WA DB,

WikiData) (Wikipedia Human Curation) Seol\Open Data... )

/ 4 ——— s A §

Rlle XB Knowledge XB Knowledge Bi ta
Set from Human = from Learning %ersm)
Curation By Reading

= = -

Linguistic Frames Triplet Indices Topic / Brochette

nteracts

Scored nuggets
vesewatmn) . - Merged document

Tourette Syndrome
13 =t o Rare newnologic fillbease tha
ve [l and

subj Ei

< )

— e ends (ot curently alBlgbis);, "

type PERSON / SCIENTIST 'm P i

& obj Nobel prize subj 66

mod_vpreg in ! _
objprep| 1921 _ -
= mpe | Year

= mod vprep  for

* objprep  Frame(2

Frame02

noun wor
| mod.ndet  his / Einstein
| mod-nobj  on

| obiprep _effect
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Logical Knowledge Representation

= Labeled graph/Triple(s p o) based KR

= Using reification for temporal, spatial and probabilistic knowledge
= Expressivity of OWL horst level

= SPARQL query language for KB accessing

Finstein2 1933 £E{ 1955 ALO|0f 0|0 A &QfCt

Ty
Complexity S
pro?

dateTime
Interval

dateTime

Einstein2 1879301 EfO{ LT}

einstein  wasBernOn pointl "1879"

Rules, LP

Double

Logical expressivity for KR Reification for KR



Constructed XB - Core KB

* High quality and huge-scale knowledge base development based
on dual spiral methodology

« Manual knowledge curation, semi-automatic knowledge importing
and validation from Wikipedia and Linked Open Data.

 Current volume: 186M triples (Biggest KB in Asia)

Type 2nd year 3rd year Difference

Classe 6,132 6,315 A183
Property 504 991 A 487
Instance 1,554,489 23,399,338 A 20M

Triple 10,639,996 186,000,000 A80M

+ General(news, blogs),
GeoSpatial, Art work, Science,
Events, and etc.

General(wiki), History,

Domain o
Person, Organization




Knowledge Resource Acquisition

Collecting Requests € Lake of Knowledge

& 2ig sHrE

Big Data Passage Extract Brochette D A
D Web Knowledge Knowledge eep Q
eep Ve Collect & Index  (Brochette Chef) DB Learning Base

Do

Fetcher
XB

ContentProvider Ontology

News/Blogs

MLF Analysis
Batch Down

Documents Index Brochette
[]:] DB

/

API Handler

* Encyclopedia: 2M articles
- ~Searcn A * News/Blogs: 72M articles
Brochette FRE) .

» Total Amount: 370K Books
Platform



Knowledge Learning from Big Data

‘ «f

NLP Learning by V,B,T-Box

Reading —
- seuao -
l / L-Box Time/Space :
NLP2RDF P K-Box

Recognition

= Development of knowledge learning and automatic validation from
unstructured big data

= Learning by Reading based on NLP and Machine Learning

= 1B triples in L-Box, 40M triples in K-Box with 79% accuracy of entity
learning and 60% accuracy of relationship learning



L-Box construction for Knowledge Learning

Integrate all NLP tools (morph, parser, NE ...) and convert results into
unified RDF based NIF

PS_NAME DT_DURATION LCP Cv_0C

OISED S A7(, 18928 38 12 ~ 19275 78 238)= Y=o 204 A&IH01C, NLP2RDF

"OFREFTIQL B A ( 1892
39 19 ~ 19274 79 23e)=
rdf:type A=0o| 2L &~H7H0|CH”

raftype nif:Phrase
hif:anchorOf

| "OFFEFIIRt R 27"
ETRI:NNP ‘ Strin90511 0_10 }_J-‘if:phraseTag

S
“om nif:anchorOf 3
= | S
?

ETRI:NP

rdf:type
ETRI:NMOD

NG

] if:oosTag b/ ctri .29 23 ; : || nif:anchorOf] "18924 3E 1
ETRI:NNG nit;posTag = StringURL: 32_35 | StringURL: 12_22 ~ - 192713 79 230"

[=]]
=




ML based Learning by Reading

P— — Candidate
Sentence
Extractor

l Pattern Generator

Entity Tree Path
Extractor Extractor "
En_tlty Tree Path
Attribute
Extractor

Extractor

- Pattern —
Triple Generator Repository

Tree structured Pattern

l Generator

Triple Scofing Module Pattern Scoring
Candidates

Triple
Candidates

Entities
Seed Triple Dependency Parse Tree

Tree Path Extractor

Triple Candidates

Tree Path Zelstof

1. Pattern Learning

 Learning knowledge patterns
form seed triple and L-Box
(70.8 % accuracy)

 Learning new knowledge (triples)
from learned patterns and L-Box

« Knowledge learning from the
body text of Korean Wikipedia
(57.1% accuracy, 76% w/ p-error)
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2. Knowledge Learning



Knowledge Embedding and Link Prediction

Applying deep learning and knowledge embedding technology for
missing link prediction (80% accuracy)
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* Huge scale and fast DL-
horst reasoner working
on in-memory and map-
reduced architecture

- World fastest reasoner

Developing spatial and
temporal reasoner based
on CSD-9, RCC-8 and
Allen’s algebra

2.6M inferred triples from
3.4M XB ontology

460 k triples/s
throughput on Spark
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Semantic Reasoning and Knowledge Enrichment

World fastest reasoning performance based on OWL Horst expressivity
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Spark based Parallel Reasoner

= World fastest OWL Reasoner working on Spark architecture — implementing
DL rules on key-value data abstraction (Pair RDD)

= Optimization of reasoning sequence and recursive algorithm for improving
the performance of OWL horst reasoning working on smaller memory

OWL Reasoner
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Act Four

The Future of Al?
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Intuitionand Insight Cost and Productivity

t  Enemy or Friend?

* Logics * Emotion * Big data proc.

e Rational

How they could
“~Collaborate?

* Creativity * Routine tasks




Conclusion

“"Computers are incredibly fast, accurate, and stupid.
Human beings are incredibly slow, inaccurate, and brilliant.
Together they are powerful beyond imagination.”

- Albert Einstein -

= The era of human and machine collaboration.

= Healthy goose rather than big golden eqgg.



