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Act One
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LOD project (Linking Open Data)

• W3C project for publishing open 

data based on semantic web

• 270 data set accessing by using 

URI and SPARQL EndPoint

• Interlinking between geo-spatial, 

bio, dbpedia data and etc.

• data.gov, data.gov.uk, data.go.kr 

already introduced Linked Data



LOD project Statistics
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Pre-Historic Era
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Big Data (F.A.C.T)

• Intuition

• Insight

• Analytics

• Prediction

Augmented Brain?

Big Data Era ( 2000~ )
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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



A Space Odyssey (1968/2001)

Terminator (1984/2029)

Matrix (1999/2199)

AI (2001/2090)

I-Robot (2004/2035)

HER (2013/2025)

EX Machina (2015/2020?)





Big Data

Deep Learning

VC investment in AI 
company

(10K USD)

Artificial Intelligence Hypes?





• 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
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Big Data and AI Market

Big Data AI

Virtual Agent /  Decision Support

Self-driving Car /  Smart Factory

Application Markets

Smart Robot /  Wearable Services





AI Market Expectation?

• Growing exponentially over the coming years

• Apple, Google, Microsoft and Facebook invest in the AI

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

1980s 1990s 2000s 2010s

MS Cortana Apple Siri Amazon echo Google Now MIT Jibo Docomo SC

Personal Assistant and QA Services
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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 O2O(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

* TechNavio, 2014

Virtual Agent Market Size



Cloud Infrastructure AI  Algorithms Big Data

Going to be almost FREE!
(except data…)



Big Value from Big Data?

Size?

3V?
Volume

Velocity

Variety

2010 2011 2012 2015 2020

1.2ZB
1.8ZB

2.5ZB

7.9ZB

35ZB1,000,000,000 Tera
= 1,000,000 Peta
= 1,000 Exta
= 1 Zetta

120mins 750B
HD Movies

163M Years Watching
for One Person

3M/sec
e-mails

20hrs
Movies
/min

50M
Tweets
/day

DBMS Sensor Log Text e-Mail Office Image Audio Video

http://images.google.com/url?sa=i&rct=j&q=world+wide+web&source=images&cd=&cad=rja&docid=5CBVh6m74j_7IM&tbnid=JZPy-NHEaJBvPM:&ved=0CAUQjRw&url=http://blog.viralheat.com/2012/08/07/happy-birthday-world-wide-web/&ei=Eh4sUrjDJc6HiQenqIDAAg&bvm=bv.51773540,d.aGc&psig=AFQjCNEeOksKFm074HMwl4TPUV56ge8mdA&ust=1378709373993367
http://images.google.com/url?sa=i&rct=j&q=world+wide+web&source=images&cd=&cad=rja&docid=5CBVh6m74j_7IM&tbnid=JZPy-NHEaJBvPM:&ved=0CAUQjRw&url=http://blog.viralheat.com/2012/08/07/happy-birthday-world-wide-web/&ei=Eh4sUrjDJc6HiQenqIDAAg&bvm=bv.51773540,d.aGc&psig=AFQjCNEeOksKFm074HMwl4TPUV56ge8mdA&ust=1378709373993367


The Facts of Big Data?

Big Data Technology :

“Complex and large data sets that it becomes 

difficult to process using traditional technologies”

3V x F.A.C.T !!
(Fragment x Ambiguity x Context x Trustability)

Why is it so difficult to process?



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)

Knowledge Representation

Reasoning

Planning (decision making)

Learning

Learning

Reasoning

Planning

E
n

viro
n

m
en

t

Perception

Action

Voice / Images

NLP / Sensors

Actuators

Display / TTS



What is Artificial Intelligence?

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

Systems that think like humans Systems that think rationally

Systems that act like humans Systems that act rationally



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 :  x2/a2 + y2/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 ∩ 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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“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.”

Natural Language

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.

Knowledge Representations



Semantic Network

Legal Entity
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Kildong

37
Manager

P12345

Male

Saltlux

Seoul

C98765
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Person Company
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Legal Entity

Name (*)

ID (*)

Gender⊆{M,F}

Age > 25

Industry

Addr⊂Seoul

Pos ≠ Exec.

Kildong

37
Manager

P12345

Male

Saltlux

Seoul

C98765

Software

DISJOINT

(a) Semantic Network (b) (a) + Frame (Slots) (c) (b) + Logical Restrictions

Building Explicit Knowledge Base



Precision
(Soundness)

Recall
(Completeness)

NL, IR World
(IRQA)

Logical World
(KBQA)

Statistical
World

Building Polymorphic Knowledge Base



Act Three

Exobrain and WiseKB



Exobrain Project

WiseKB
System

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

Structured/Unstructured

Big Data

Self-Evolving

Human-like
Knowledge

Learning

Language 
Understanding
& Knowledge 

Learning

Exobrain KB

Hybrid 
Reasoning

Prediction 
and Making 

Decision

WiseQA
Service

Question
Understanding
User’s Intention

Context

Understanding
Problems

Question
Analysis

Context
Analysis

Search & Infer
Candidates

Selecting
Solutions

Collaborative 
Agent
Service
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Geunhae
Park

Youngsu
Yook

Junghee
Park

father mother

husband

wife

Soldier

Presi-
dent

job

job

1974.
8.15

Yookyoung

chairman

diedOn

job

Deagu

birthPlace

memberOf

Saenuri-
dang

Core Knowledge

Knowledge Learning and Reasoning for QA

type(X) = person,

job(X.father) = soldier,

job(X.mother) = teacher,

remarriage(X.father,

X.mother),

diedOn(X.mother) = ind-day,

birthplace(X) = Gyungsang-do,

isFirstChild(X) = No,

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

Korea

headOf

Honam
Kim

divorce

Okchon
School

teacher

1952.2.2

birthDay

Jaeok
Park

monk

job

Middle
SchooldaughterSearch

(graph-
matching)

Ara Ko,
Jeaho Kim,
Jun Han…

Reasoning

Semantic

Temporal

Geospatial

Uncertain

G.H. Park(90%)

Ara Ko(10%)

Jaeho Kim(5%)

…

Learning and

Augmentation

WhoIs(?x) :-

hasMother(?x, ?mother),

job(?mother, teacher),

becomes(?x, 60),

home(?x, Gyungsang-do),

hasFPosition(?x, 2nd),

hasFather(?x, ?father),

job(?father, soldier),

remarriage(?father, ?mother)

…..



R&D Milestones and Goals

QA Level

WiseQA
Contest

Learning &
Reasoning

Knowledge
Curation

POC

Knowledge Base KR KB K Store Reasoning Learning Platform

1st Year

2nd Year

3rd Year

4th Year

KR -
internal
standard

KB
human
curation

Distributed
knowledge
warehouse

Knowledge
Learning
From B.D.

Framework
Big data

Reasoning

KR for
context

KB
integration

High-speed
distributed

query system

Spatio-
Temporal
Learning

Framework
Language
and tools 

Building
Hybrid

Reasoner

KR -
international

standard

Augmented
KB

Real-time
index

and query

Knowledge
learning

on context

Platform
optimization

Optimizing
hybrid

reasoner

Knowledge
Representation

Methodology
for KB

construction

Modeling
distributed

query system

Core technology research
and fast prototyping



WiseKB - Distinguished Features

P H S

Polymorphic Knowledge

Hybrid Reasoning

Self-Evolving

Feature Feature Comparison WiseKB Uniqueness

P
Knowledge Representation

• CyCorp Cyc

• IBM Watson

• Integration of logical, linguistic and 
statistic knowledge

High Quality and Volume
• Google Graph

• Wolfram Alpha

• Dual Spiral methodology for 
knowledge acquisition

S
Knowledge Learning

• IBM Watson

• Google Graph
• Hybrid Learning (ML+Rules)

Self-Verify and Proof
• CMU NELL

• Google Graph

• Big data based confidence 
prediction

H
Diversity of Reasoning

• EU LarKC

• CyCorp Cyc

• Semantic, geospatial, temporal and 
uncertainty reasoning

Economic efficiency
• VU WebPie

• Franz AllegroG
• Parallelism in memory, GPGPU



Dual-Spiral methodology for building KB

Self-Learning

 Learning by reading

 Learning by taking advice

Reasoning

 Hybrid logic reasoning

 Spatio-temporal reasoning

 Statistic and uncertainty

Knowledge Curation

 High quality KB

 Semantic annotation

 KB integration

Crowd Sourcing

 Gamification (Quiz game)

 Acquisition and proving

Domain Experts

 QA tests

 Verifying learned KB

Data Governance

 Acquisition of big data and knowledge resources

 Automatic resource discovering for lack-knowledge

 Semantic data integration



Polymorphic Knowledge Base

Statistic KB
(ML / DNN Models)

Linguistic KB
(Frames / Triplet / Brochette)

Logical KB
(Ontology / Rules)

WiseKB Open APIs

Deductive
Reasoning

Linguistic
Reasoning

Inductive
Reasoning



Exobrain KB for Polymorphic Knowledge and Hybrid Reasoning

Statistic KB (ML-Models/Uncertainty)

Linguistic KB (Frame/Triplet)

Semantic KB (Ontology/Logics)

XB Core
Knowledge

(Wikipedia Human Curation)

Global
WordNet ,

Ontology Schema

Global Wiki/
General Knowledge
(DBpedia, YAGO, CYC, 

WikiData)

Linked Open 
Data

(Geo-names, NIA DB, 
Seoul Open Data… )

Big Data
(Web, Papers…)

Rule
Set

Schema
Layer

Instance
Layer

Upper Ontology

XB Knowledge
from Human 

Curation

XB Knowledge
from Learning
By Reading

XB 
Vocaburary

Korean Language
Resources

XB Core Schema
(~300 classes)

XB Ext-Schema
(~6000 classes)

Linguistic Frames Triplet Indices Topic / Brochette
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 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

Logical Knowledge Representation

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 ▲183

Property 504 991 ▲487

Instance 1,554,489 23,399,338 ▲ 20M

Triple 10,639,996 186,000,000 ▲80M

Domain
General(wiki), History,
Person, Organization

+ General(news, blogs), 
GeoSpatial, Art work, Science, 

Events, and etc.



Brochette
Platform

Knowledge Resource Acquisition

• Encyclopedia: 2M articles

• News/Blogs: 72M articles

• Total Amount: 370K Books

Big Data
Collect & Index

Passage Extract
(Brochette Chef)

Brochette
DB

Deep Web Knowledge
Learning

Knowledge
Base

Deep QA

Collecting Requests  Lake of Knowledge



Knowledge Learning from Big Data

 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

K-Box

Pseudo 
K-Box

Time/Space
Recognition

Learning by
Reading

V,B,T-Box
NLP

NLP2RDF

Brochette DB

L-Box

Knowledge Base



NLP2RDF L-Box

Integrate all NLP tools (morph, parser, NE …) and convert results into 

unified RDF based NIF

L-Box construction for Knowledge Learning



ML based Learning by Reading

• 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)

1. Pattern Learning 2. Knowledge Learning



Knowledge Embedding and Link Prediction

Missed Linking Discovery

조선

이순신 노량해전

1598년
1545년

birthPlace

birthYear

location

happenYear
조선

이순신 노량해전

1598년
1545년

birthPlace

birthYear

location

happenYear

commander

Knowledge

Embedding
Enriched 

Knowledge

Entity Linking 

Prediction

맥아더

한국전쟁
commander

귀주대첩
강감찬

commander

니미츠제독
태평양전쟁

commander

Applying deep learning and knowledge embedding technology for 

missing link prediction (80% accuracy)



Hybrid Reasoner

XB Knowledge Base

Data 
Pattern

Recognizer

Generic
Rule

Generator

Generic
Rules

Rete 
Builder

SWRL 
Reasoner

Unified Reasoner

RDF Axiom Ordered Rule

OWL(RDFS) Reasoner

Knowledge 
Parser

Pellet 
Reasoning 

Engine

Spatial 
Constraint 
Network

Spatial 
Reasoning 

Engine

Knowledge 
Translator

Conversion 
Axioms

Directional 
Axioms

Topological 
Axioms

Spatial Reasoner

Query 
Parser

Spatial 
query 

Processor

RDF/OWL 
query 

Processor

Query Processing Engine

Composition 
Tables

Spatial Axioms

Composition 
Tables

Probabilistic Plausible Reasoner

Temporal 
Constraint 
Network

Temporal 
Reasoning 

Engine

Query 
Processing 

Engine

Temporal
Rules

Knowledge 
Translator

Temporal Reasoner

Jena
Reasoning 

Engine

Distributed 
Metatable

RDFS Reasoner

Map Reduce
Algorithm

Hive
SWI-

Prolog
Spark

Query
Processing

Engine
Jena 

Reasoning 
Engine

pRDFS

Probabilistic
Reasoning 

Engine

Knowledge 
Translator

Generic
Rules

Hybrid Reasoning

• 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



Semantic Reasoning and Knowledge Enrichment

World fastest reasoning performance based on OWL Horst expressivity

<Before Reasoning> <After Reasoning>

XB-Core 0.04%



OWL Reasoner Spark Cluster Manager

Task Manager

Spark Cluster

worker
01

worker
02

worker
03

worker
04

worker
05

worker
06

worker
07

worker
n

HDF
S

Action Schedulerconnecter
connection

operation

Memory

RDD Set

Memory

RDD Set

Memory

RDD Set

Memory

RDD Set

Memory

RDD Set

Memory

RDD Set

Memory

RDD Set

Memory

RDD Set

Subclass Subproperty

TBox Reasoning

Property
equivalent 

Reasoned
Triples

Triples

Class
equivalent 

ABox Reasoning

Domain 
Property 

inheritance

Range
Class

inheritance
Transitive 
property

Symmetric 
property

Inverse
property

Functionality

sameAs

someValue allValue

hasValue

 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

Configuration of Spark Reasoner Optimization of reasoning sequence

Spark based Parallel Reasoner



Act Four

The Future of AI?





• Emotion

• Creativity

• Logics

• Rational

Intuition and Insight

• Big data proc.

• Routine tasks

Cost and Productivity

How they could
Collaborate?

Enemy or Friend?



 The era of human and machine collaboration.

 Healthy goose rather than big golden egg.

Conclusion

“Computers are incredibly fast, accurate, and stupid.

Human beings are incredibly slow, inaccurate, and brilliant. 

Together they are powerful beyond imagination.”

- Albert Einstein -


