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Context of the talk

* Exobrain project (2013-2022)

* Industry-Academia-Research Institute Consortium

+ Korean language-based Question Answering
* 15t phase (2013.5 - 2017.2)

» wiseQA and wiseKB
— E.g., IBM Watson

 wiseKB

* Ontology-based structuring of knowledge from
unstructured text

» DBPedia and Multilingualism

* To enhance the Korean knowledge structuring
* http://xb.saltlux.com/
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CONTENTS

1. QA and NLQ400

2. Type T

* Questions whose answers “can” be found in Korean DBpedia and
Wikipedia in the form of “complete sentence(s)”

*  And, OUR APPROACH to construct KB from Wikipedia

3. Type?2

* Questions whose answers “can” be found in Korean DBpedia and
Wikipedia in the form of "a word” or “a series of words”

*  And, OUR APPROACH to construct KB from Wikipedia
4. AND, our other efforts for Multilinguality KB

* Ontology Alignment between
Korean properties and English DBO properties

5. What's next?
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Introduction:
Question Answering?

* Question Answering (QA)

* The oldest task in natural language processing (1961)
 Related work

« IBM Watson won the Jeopardy in 2011
 Apple Siri, Samsung S-voice, LG Quick Voice, ...

Who was the person that dropped out of Reed College, founded
Apple Inc., and fought against pancreatic cancer?

Steve Jobs
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Introduction:
Paradigms for QA

 IR-based approaches

 TREC, Naver, Daum

Question
Processing

Document / Passage
Retrieval

* Knowledge-based approaches

A

I}
/
Docs |U’

Wolfram Alpha;

Question | R Knowledge
Processing Retrieval
f
//
KB i‘
6

Answer
Processing

Answer
Processing

KAIST

2% Wolfram

how many calories are in two slices of banana cream pie? =]

702 Cal
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Introduction: KB for QA?

« Knowledge is traditionally written in natural language:

* Only 15-20% of information in structured data
(R Blumberg et al., 2003)

. So, in REAL QA,

How about Wikipedia or DBpedia?
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Introduction to NLQ400

. “NLQ400”

- a set of 384 pairs of Korean natural language questions
and answers (NLQ&A) collected from various quiz shows.

« guestions were selected from many different fields of study.

* e.g., Art, Biography, History, Geography, Science,
Technology, etc.

- all answers are in one of the following formats.
« multiple-choice
 short-response
* Write-out
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Purpose of NLQ400

« NLQ400 Set is to be used as the criteria for evaluating :

- the state-of-the-art of knowledge bases (KB) such as Korean
DBpedia and Wikipedia in particular.

- the accuracy and performance of Question-Answering (QA)

systems especially designed to process the Korean natural
language.
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NLQ400 Type Categorization

 These 384 Korean NLQ&A pairs in NLQ400 Set can be categorized into 3
main-types and 5 sub-types, depending on whether or not the answer to the
question can be found in Korean DBpedia and Wikipedia.

Subtype 1-1

Type 1 Subtype 1-2

Subtype 1-3

NLQ400 Type 2

Subtype 3-1
Type 3 <ﬁ
Subtype 3-2

10 L ﬁ:‘g
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343 out of 384 (89.32%)

= Questions whose answers “can” be found in Korean DBpedia and Wikipedia
In the form of “complete sentence(s)”.

24 out of 384 (6.25%)

= Questions whose answers “can” be found in Korean DBpedia and Wikipedia
in the form of “a word” or “a series of words”.

17 out of 384 (4.42%)

= Questions whose answers “cannot” be found in Korean DBpedia and Wikipedia.

»” SWC



2. TYPE 1:

QUESTIONS WHOSE ANSWERS “CAN” BE FOUND IN KOREAN DBPEDIA
AND WIKIPEDIA IN THE FORM OF “COMPLETE SENTENCE(S)".

2015-08-25 Semantic Web Research Center @ KAIST
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Subtype1-1  : 95 out of 384 (24.73%)

= Questions whose answers “can” be found in Korean DBpedia and Wikipedia
“directly” from “one single sentence”.

e.g.,

Ko.NLQ#81 :
CHSHRI= 0] R|16TH CHE &2 = 0I7p
Who was the 16" President of the Republic of Korea?

Answer in Ko.DBpedia & Wikipedia:
CEREH(ERE, 19463 o9& 1Y ~ 20093 5& 23@2H) &2
CHet2l=2f M16CH CH& F O| Ct.
Roh Moo-hyun (E K #, 1 September 1946 - 23 May 2009) was
the 16 President of the Republic of Korea.



KAIST

Subtype1-2  : 223 out of 384 (58.07%)

= Questions whose answers “can” be found in Korean DBpedia and Wikipedia
“directly” from “two or more sentences’.

e.g.,

Ko.NLQ#230:
Who was the person that dropped out of Reed College, founded Apple Inc., and fought against
pancreatic cancer?
c|E Cietu E SE|OL, OS5 S YUSIASH, AT 22 FEHo A EH 2 +127R

)

Answer in Ko.DBpedia & Wikipedia :

Steven Paul "Steve" Jobs (February 24, 1955 - October 5, 2011) was an American pioneer of
the personal computer revolution of the 1970s. Jobs briefly attended Reed College in 1972
before dropping out, ---. He co-founded Apple in 1976 ---. In mid-2004, he announced to his

employees that he had a cancerous tumor in his pancreas.
AE|E Z AE|E" FHA(1955 z% 24 ~ 20114 109 5Y)= O|Z2| 7|QQI0|QiCt. 1972 2= Chstmof

CHLICH13E7|BF £ 23 3 SE|SHA O, . 19761 AE|H XL}, 2HE YOITH 87 h2S 35 FASHD,
SE 1 2004 SERE ATYOT £HUHS 0l0SICh
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Subtype1-3 . 25 out of 384 (6.51%)

= Questions whose answers “can” be found in Korean DBpedia and Wikipedia
“Indirectly” where “some processes of reasoning are required around

several sentences”.

Ko.NLQ#12 :

Who was the last princess of Joseon?
Mo OpX| 8} gl = =721 717

Answer in Ko.DBpedia & Wikipedia :

Princess Deokhye (2% E, 25 May 1912 - 21 April 1989) was the daughter of Emperor
Gojong and the noblewoman Yang. Gojong was the 26" and the last king of Joseon.
Gojong used to have 9 sons and 4 daughters, but only 3 sons and 1 daughter survived, so
that Princess Deokhye was actually the only daughter of Gojong.

HelsF(RAEASE, 1912F 53 25 ~ 19894d 4F 21Y)= XMl X260 &O|A+ CHSHA =2 ZCH
ZHAE nFar 2 M ALO[O A EfO{ H HO[C nF2 =2 M26CHO[ X} OX|2f YZO[Ct DE2 F 9

AN =

44 of At 7F AKX 3 1L 20| JEHO| 2 W7t SESH Ho|SF71 A2 7 & 20| =R

AN AN
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What is “Learning by Reading”?

Web Knowledge
1 Base
From Web text P[ To RDF dbo:
J OfficeHolder
Ban Ki-moon is the — ’

Secretary-General of the
United Nations.
He was born in South
Korea in 13 June 1944.

dbpedia:

\ /—/ United_Nations

dbpedia:
=c South_Korea

1944-06-13
(integer)

 related work:
 NELL, Watson
* BOA (Bootstrapping LOD)
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Introduction:
Information Retrieval vs Knowledge Retrieval

KAIST

IR KR

Model Statistical & probabilistic Semantic model, inference
model model

Query Natural language Knowledge structure

(sQL, SPARQL,,,)

Organization

Table, Index

Knowledge unit, Knowledge
Structure (schema, ontology,,,)

Representation

Natural language, Markup
language

Graph, Predicate logic,
production rule, semantic
network, ontology,,,

Storage

Document collections

Knowledge base

Retrieved Result

Sections or documents

A set of knowledge unit

Knowledge?

- Structured information?

18
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Introduction:

Knowledge Extraction?

« Knowledge is traditionally written in natural language:

* Only 15-20% of information in structured data
(R Blumberg et al., 2003)

« Knowledge extraction (KE)?

 KE system Automatically produce machine-readable information
from Web contents (structured/semi-structured/unstructured)

« KE from text?
- ~= Constructing (or, bootstrapping or Populating,,,) KB from text

« 2 major approaches in KE from text
* 1) OpenlE
« 2) Ontology population (producing A-Box)

19 > SWC



Introduction:
Knowledge Extraction from text — Open IE

17 1
&, &= A)

 Lexicalized predicate (relation)
* No supervision

* No pre-defined schema
* Scalability

e Related work
- openlE, NELL, Watson,,,

20
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Introduction:
Knowledge Extraction from text — Ontology population

a7 M2 =AY | S 2 & IHO[L

<res: 4 EAls <rdf:type> <class: 2 71>
<res: 4 EAl> <property:write> <res: 2F == AL7|>

* Ontological predicate (relation)
+ Supervision
* Pre-defined schema (property)
*  Well-defined meaning

« Related work

* BOA, Ontology Lexicalization, and other ontology population
researches,,,

21 ” SW3C
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L2K Architecture

Triplization

| * Chunking
TEXT NLP Tool |« Rule based Pattern

*  Permutation

A

v \ 4 Y

L{  Entity Linking Pseudo Entity Linking Predicate Linking
* Boundary Detection * Predicate Linking (Extended)
* Data Type Entity * Predicate Linking (Basic)

* Lexical Property
* Noun Form Property

A 4

Validation

Y

RDF
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Learning by Reading:
Entity Linking



Entity Linking

» The task of determining the
identity of entities mentioned in
text.

1. Named Entity Detection(NED):
Detecting entity ‘'mentions’.

2. Entity Disambiguation: Linking each
mention with an appropriate entity.

Youngsik Kim, Key-sun Choi, 2015,

KAIST

Nokia E72

Nokia E75

United States

Nokia E72/and E75 smartp ave many|features in

That dogsn't the U.S., though. In
fact, b will operate on
u.S. r's SIM card and
pur r. While the
E72 was produced specifically fg# T-Mobile, the E75 Js not

T-Mobile Subscriber_identity_module

Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL

24
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Motivation #1: Handling NED

* Current approaches (such as AGDISTIS, 2014) use existing NED systems,
such as FOX.

*  FOX reports a best-case performance of over 95% f-score.
* An ensemble learning approach utilizing multiple classifiers.
» Using English datasets. What about Korean?

« NED for certain languages like Korean is hard!

+ Lack of capitalization and strict whitespace separation. [ a surface form |
o 9| 542 or2fd|of 2he O O] C.
*  Domain mismatches His goal is to tour the Arabian Peninsula.

| not a surface form J

- We need to handle NED as well! HIZ 0| 5z LEX| QFQFC}.

Not even half of the supplies remain.

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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Motivation #2: Problems of Past Research

*  Youngsik Kim, Younggyun Hahm, Dosam Hwang, Key-Sun Choi, A Non-morphological
Entity Boundary Detection Approach for Korean Text, NLIWoD, 2014.

e ™
1. This research used a specific Wikipedia dump 2. The training data used by this system:
to construct the entity dictionary and train the *  Manually annotated golden standard
system, meaning that the domain was fixed to data.
the Korean Wikipedia. * Link data within the Wikipedia dump.
copsraEs [ZLFRH 2], (L2 STt AT * Training data is hard to obtain because it
<1695 aae =Ms> O{IHSH[[ACTH EHIO|LH[HE | H B = requires manual intervention.

Wikipedia links

]
« B> T Stal
- HE >R
- J

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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OUR APPROACH (especially, for Multilingual)

* Develop an entity linking system that:

1. Can be trained to detect entities within any given
domain.

2. Only requires easy-to-obtain resources for training.
* No resources that require human intervention.
3. Performs at least as well as the state-of-art system for
Korean.
4. Can be easily configured for other resource-scarce
languages.

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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Semantic Relations

« Semantic relations: 2 entity URIs which have a relationship in the KB.

Prop-ko: father | cjstx=2 o= ]
SolsT L
prop-ko:OFE %] dbpedia-ko:izrH=_1F ‘
prop-ko:C{H L : dbpedia-ko: 7| 21_2 M

Prop-ko: mother 2101 o J

« Given any text & a list of entity candidates,
we can build a graph of semantic relations.

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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Graph of Semantic Relations

HollsF= =42 d26ch Zo[xt Cietr=2] =£Cf &H| nFat Q1 AN 2| o &iqo|LCt.

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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* Observation: High semantic relation degree - Actual entity?

Entity Candidate [ #_
(@E oHE_2E) 7
==y s
(Al e ) s

Youngsik Kim, Key-sun Choi, 2015,

(sample threshold 0 = 3)

Semantic relation degree > 0.
Most are actual entities. (Except (S}, St=}))

Are actual entities.

Semantic relation degree < 0.

If we only use ‘Semantic Relation Degree’ to detect
entities, we miss these!

(Or pick incorrect (K|, 2 X|), (1
well)

ORX

=
, & 103F)as

Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL

30
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Training Process

0g/0®
T<:> <:><:>

ol

Youngsik, Key-sun Choi,

1. Part-of-speech tagging
* Perform morphological analysis on the given text.

2. Entity candidate detection
e Parse a list of all possible entity candidates from the given text.

3. Semantic relation search
* Build a graph of all semantic relations.

F

4. Entity candidate classification
e Classify each candidate based on the amount of semantic relations.

5. Feature training
* Train features based on the entity candidate classification.

2015,

Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL

31
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Entity Linking Process

N\
1. Part-of-speech tagging
* Perform morphological analysis on the given text.
D%@ 2. Entity candidate detection
@ ()  Parsea list of all possible entity candidates from the given text.

3. Semantic relation search
e Build a graph of all semantic relations between.

4. NED & disambiguation

* Score all entity candidates, and select only candidates with a score higher
than a given threshold 0<y<1.

* For overlapping candidates, only select the candidate with the highest
score.

Youngsik, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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System Evaluation

KAIST

« Training data: 4,000 Korean Wikipedia documents.

« Test data: 60 Korean Wikipedia abstract documents
manually annotated with entity data.

3 annotators, 2-person agreement

0.9
* F-score for our system: 0.630
0.7 %*\\L Better than the f-score of (Kim, 2014) (0.598)
= 0.6 [ ]
3 %
g 0.5 o.
0.4 ° o °
0.3 1 °
0.2
0.2 0.3 0.4 0.5 0.6 0.7
Precision

0.8

Youngsik Kim, Key-sun Choi, 2015,
33

Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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Entity Linking Example

13923 O A7l Ef == S0l 2t O 2 &2 HotS (L 22)0f| &3l R L
e < The correct URI “Z=XM Ef =" is selected due to
! / semantic relations.
139244 =M B E | =M _EfE
\:392'—1 oA Z} =2 & o

TEN Ol d.—": '?S‘OJ—E—{E% 2) o S3HF

A

AL

P
/

BT

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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Entity Linking Example

139244 o|-dA 7t ER= 2 =g o
@ @ 25880
whah o) ehel 2 HTE (kA ) of =2ajFCcH
o
SCEY

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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Entity Linking Example 2

ol ;S o W o e wesl WIMA= o ugs A

?ﬂl a=

YIIXXIL
£ 2 3IEH EfO| A= OffAF EOPFE'F-N

® =

* Dependence on the KB leads to errors when few relations can be found.

o I n
[ Ry |
* Answer: Of¢t_ Z
e Selected: =

o “Z|Cd
O o 1
* Answer: 4 FE_(OF7Ql)
e Selected: ¥ H

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL ,
SWaC
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Application on Japanese (Training Process)

N
E (with a Japanese tagger)

Dg@ (JP DBpedia)

il

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL
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Application on Other Languages: Japanese

RAFEE

RAFEE (O LADLE S, RAlL 1S
FEEE REFEEESS. =5 Eastern
Bloc) &l A#EOH., VEI FEHH LU
FR3I—-0Owv/§ - FI-—0v/OFEER (7
IWAUT, IL—RZF7, N>HU—, Fz3
20T7FF7. EEAY, R—-S5>F, 1960
FREIEETETILICFPEED) ®ELT
FEONEEETES. N7 SEZIEME
E.

577
* Training data: 4,000 Wikipedia om oo meol s
documents. ETHEEE) SHAGER, T 2H[0E 2
S(Soviet bloc)2 ItH SREL YR S4
) e o ) Fo| 27t58 LTE L2, 2 Apet Zofo Th
* Test data: Links within Wikipedia 33 EEo gnsaoket gurjoill g oj2
=0, f1=2tH[0h= 194830, 2utL|Ot= 1960
documents. Ho| AH|0E e st o P93 1156
* Only recall is reliable. o
0.7
H H 0.6
* Qur system was easily configurable
0.5
to Japanese. o
0.3
H H 0.2
* Performance is relatively lower for
0.1
Japanese. .
0 0.2 0.4 0.6
confidence

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL

38
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Japanese Entity Linking Example

NS -FNTBEIETOTRIVEDFYANETHY
(Barack Obama is the Christians in the Protestant himself)

Barack Obama

Protestant

52 - AN 85

Christians

JOFRAE> bk @

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using Semantic Relations, CoNLL

39
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Learning by Reading:
Pseudo Entity Linking



Pseudo Entity Linking

» To support Entity Linking Module
* Entity Linking Moudle is not perfect
» Missing entity to possible resource
* Supplement of Data Type Entity
» String, Integer, Double, Date ...

41
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Pseudo Entity Linking

* To support Entity Linking Module
 Pseudo-Entity Linking
* Entity Boundary Detecting
— Using NER, POS tag
— Example
» "CstRI =2 AZSEHA|0| A" (in Seoul, Korea)
* Remove postpostion using POS tag(“ 0| A1”, in)
« Detected boundary: Cl{SHEI=2 A S EEHA|
— Using both NP Chunk and Indivisual NP
> CieHE 2 M2 EYA
o Cj5t0l=2 A S EH A| (Seoul, Korea)
» CiotEl= (Korea)
« NSEHA| (Seoul)

42 ” SWC



Pseudo Entity Linking

» To support Entity Linking Module
« Example: Data Type Entity

« Example
— Time Representation

» “15455 42 284" (in text)
* Convert to “1545-4-28"
¢ “1545-4-

28" Ahttp://www.w3.org/2001/XMLSchemattdate

» 43 (in text, April)
e Convert to “4”
o “4"ANhttp://www.w3.0rg/2001/XMLSchemattinteger

43
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TRIPLIZATION

2015-08-25 Semantic Web Research Center @ KAIST
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Triplization - example

* 1)S/0O/P
© [2E[E HAE]S) [B=0MIO) [EHO BEH(P).

CIETRI:NP
QETFF -SB.J /OEHIH
ﬂlﬁl‘k[llzmmp

o J\ 0

eTRI:AF=

| |[ETRI:NP
ETRIILCP_COUNTRY

KAIST



KAIST

Triplization - example

. 2)

ETRI:EV_WAR_REVOLUTION

> SWIC
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Triplization - example

3) O/S/P
[HF&=](0) [CHSHRI=Z9[1(S) [M|18CH CHE 23 0|CH(P)

|_|[ETRI:PS_NAME

> SWIC



Triplization - example

« 4)S/P/0O

o BFX| A 9|(S) X|M2(P) O] =T 0|CHO).

_|[ETRI:CV_POSITION

KAIST
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Triplization - example

» 5)ISA (is a)

© SIX|42(5) O EWE 2 S8 CfBiFe| FRM4

O|CHO).
K}mﬂ

ETRILCP_COUNTRY - Swac



KAIST

Learning by Reading:
Predicate Linking



Yousung Won, Jongsung Woo, Jisung Kim, Younggyun Hahm, Key-sun Choi, m,‘-’vT
Predicate Linking to Knowledge Base Property, KCC 2015

Predicate Linking
- ~= Ontology Lexicalization (for Knowledge Base Property)

Matching

KB (ontological) Property< > Predicate in text

*  Prerequisite
« Distant Supervision Assumption

— Any sentence that contains a pair of entities that participate in a
known DBpedia property is likely to express that relation

In some way.
» (Distant Supervision for Relation Extraction, ACL 2009, Mike
Mintz)

- Existence of Wikipedia sentecne corresponding to
DBpedia RDF Semantically

— Sentences including both S and O of RDFs has high
possiblitiy to get the related predicate with P.

— Predicate mapping to Property

51 »” SWC



Yousung Won, Jongsung Woo, Jisung Kim, Younggyun Hahm, Key-sun Choi, m,ST
Predicate Linking to Knowledge Base Property, KCC 2015

Input Data

« Korean Wikipedia
* Dump as of 11 Sep 2014
* About 0.29 million documents
* About 2.8 million sentences

« Korean DBpedia
* Dump 2014
+ 2.2 milion triples using prop-ko property
* prop-ko property
— Korean local property
— About 10000 properties

52
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Approach

Yousung Won, Jongsung Woo, Jisung Kim, Younggyun Hahm, Key-sun Choi, ﬁ&l,‘-’bT
Predicate Linking to Knowledge Base Property, KCC 2015

* (1) Collect S, O pair for a seed property

Seed property

frequently used 1300 properties
Covering 95% of DBPedia Triples Related Trip|e : = = .:
DBpedia Property {# of triple| |7 ITUTTTTTTOoTT H i £E= & EH " i
T Toropko:0[ 2 55361 || s <2~ E|2_Amp L estole |
> Torondo:T o li=aE 1P1:<prop-ko:%’é'§7(|>\i AE[S AL |
PR A == || 0;:<2310[Q_F> (W Q0|2 F |
3 |propn-ko: "1 E=| 37,882 3113773313 33133333333333333333111 | A El =N H_I !
4 |prop-ko:=AH K| 30,851& - a|= 252: < X Ad> i i:_L = == ost0|0 = i
5 [prop-ko: & = 23,511 1i— '= Pz ;p)rjp- DN E|E ATl — |
6 |prop-ko:&! ¢ 23,084| | ko: = X|> ] Y A |
Sassssssse o= uas \| 2 2O
7 prOp'kO:%Eél ﬂE 19,644 2° di=_— =2 -x:_L-I-El_-l-:-L --------- é :CI):I'_O_I_E“ ------ 'i
prop-ko: =2 () i S - N~z osloje = |
E I I — :
8 | 18,868 :_EI = Np, ;. | (=25 oatolo= |
9 |prop-ko: = & 18,391 || Oy 1 1 [ !
S v N i
10 | prop-ko: @IA}O| E 17,107 =T ST
For a certain property — About 30,000 triples exist T A M %M
(prop-ko: =4 X|) (prop-ko: =4 X|) A A M
DBpedia-owl:birthPlace
53 > SWC
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(include Redirection pages)




Yousung Won, Jongsung Woo, Jisung Kim, Younggyun Hahm, Key-sun Choi, ﬁ&l,‘-’bT
Predicate Linking to Knowledge Base Property, KCC 2015

Approach
* (2) Search all sentences having both S, O label

All possible S, O Labels collected Search all sentences containing both S, O label
(include Redirection pages) among 2.8 million Wikipedia sentences

FAA2 1972 8- 14, M =04
ER O %t Tt

oS <l A o E=A About 10,000 sentences retrieved
T A A 12 S8A| . : :
o T A YN containing both a certain S and O pair
1; X ; A‘|§ D (Filtering process required for the
| — — retrived sentence)

54
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Yousung Won, Jongsung Woo, Jisung Kim, Younggyun Hahm, Key-sun Choi, ﬁ&l,‘-’vT

Predicate Linking to Knowledge Base Property, KCC 2015
Conclusion: Use in Case
« MZ2 X[SHE 122 A FY S 2ot

* (Line #1 of Seoul Metro runs to City Hall station.)
- http://ko.dbpedia.org[property[h:*.

© =42 T === ZO|L,.

* (Geum River flows through Gunsan.)
— <http://ko.dbpedia.org/property/T A|>
— (<http://dbpedia.org/ontology/city>)

. Bl ed| s 19850 YR SATEM F OjEUM ZAME AE|IHE[E E
co|c}.

* (Radiohead are an English rock band from Abingdon,
Oxfordshire, formed in 1985))

— http://ko.dbpedia.org/property/Zt-= A| 7|
— (<http://dbpedia.org/ontology/activeYearsStartYear>)

55 > SW3C


http://ko.dbpedia.org/property/%EB%85%B8%EC%84%A0
http://ko.dbpedia.org/property/%ED%99%9C%EB%8F%99%EC%8B%9C%EA%B8%B0
http://dbpedia.org/ontology/activeYearsStartYear

Yousung Won, Jongsung Woo, Jisung Kim, Younggyun Hahm, Key-sun Choi, ﬁ&l,‘-’bT

Conclusion: Use in Case

» HAs 19724 2| E Cfetuo 2istold] dot S8 5 ARSI

* (Jobs briefly attended Reed College in 1972)
— http://ko.dbpedia.org/property/= Astit

.+ FAA2 197214 82 142, M-S0 A EHO{ 'Lt
* (Yoo Jae-suk was born on August 14, 1972 in Seoul,
South Korea.)

— <http://ko.dbpedia.org/property/= M >
— (<http://dbpedia.org/ontology/birthDate>)

56 > SWC


http://ko.dbpedia.org/property/%EC%B6%9C%EC%8B%A0%ED%95%99%EA%B5%90

2. TYPE 2:

QUESTIONS WHOSE ANSWERS “CAN” BE FOUND IN KOREAN DBPEDIA
AND WIKIPEDIA IN THE FORM OF “A WORD” OR “A SERIES OF WORDS”

2015-08-25 Semantic Web Research Center @ KAIST
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. 24 out of 384 (6.25%)

= Questions whose answers “can” be found in Korean DBpedia and Wikipedia
In the form of “a word” or “a series of words”.

e.g.,

Ko.NLQ#168:

CHotEl= 7|2 8 22| Lot 7| 352 AR
What are the affiliated organizations of the Ministry of Strategy and

Finance of South Korea?

Answer in Ko.DBpedia & Wikipedia :



JIE T
Ministry of Strategy and Finance of South Korea
it

HABGER

H
e 19484 7

=ME

National Tax Service

SME
Korea Customs Service

A
“KOREA ™
CUSTOMS
SERVICE

2l 4208

2L, 03 11242 YRR YRR &
E}
« 19704 82 272 RHIZE &7
I EE R
AR HEZHA AT HAIR 18915
N 4 45832

(25 331 +4.2573)

R Y

A3 o EHWES
Higher Authority : Ministry of Strategy and Finance
Ehilp /IWWW_CUSIOmS.go Ki7 &

TREHE
Public Procurement Service

d
22 zere ol

.
©
2
[
S
e

€e< g 172 HEsz 4y
e 20084 22 292! J[EHMHIAF2HT
ad « WEZHZ
o 7|EHILH
AWK HIESSERRIAl 22 47701 E)
A+ 977H(2F 9508 + 4 50|2t27F) AU 1966 32 3L
JIE F A& 34 @8
A EEHT = Y ME
tl,_a_l_ 7';);} i E)dlg Natiollal T'&X Sel'\'ice -I—IHKI HI:—\EKI'IU\' '_'Easg 8 14([—":»:; 457)
At e 2H)|& Korea Customs Service ¥ AEels
Organizations ~ ="' < (22 817E + ££2|2H19,164)
o ZEZ'H Public Procurement Service IR QUL
o SHIE Korea National Statistical Office A2 J12E D|EIHEE
o ‘ (|Higher Authority : Ministry of Strategy and Finance
B AOIE  http://www.mosf.go kr/ & | ERIOIS TR 7www s go KT

= =

ke 2R

AWK CHEHZSAl AP HAIR 189 ZRUTEAL3

=

NP 4 968 (B 442 + A27|2H6263)

AT Au[M

AZ oIV EHER

Higher Authority : Ministry of Strategy and Finance
= hitp.//WWW.pps.go.Kr/ &

% X
Korea National Statistical Office

EAHX] 1.0 |
s%lsnjc:lslxog\ .||l'.

szl T

282, 10481 11262 Z2H EXRCR &
S
o 1990 122 272 SXHE &R
HH ZHPIEE ZAEAIZ
AMX CHEBSEA AP AR 189 WRUTHEALS |

=

633 (25 603 + A 27| 2H30%)

"
Y
JEE  ErEal

0%
w
{LEN]

1222 E 2

igher Authority : Ministry of Strategy and Finance

ST

C

B P TWWW KOSTat.go Kil & [er



KAIST

e.g.,

Ko.NLQ#200 :
HE S ESYHEIL HIARHCIOYHEZ HES, MASSAY A,
CHHH S 10 ZHISh AFEREL Ol TSI ST S GRS 2 R W R 2t2t QIR Q7P

When was the year that the Korea Underwater Association changed its
name to "Korea Scuba Diving Association®, joined the Confédération
Mondiale des Activités Subaquatiques (CMAS), joined the Korean
Olympic Committee, and changed its name to "Korea Underwater

Association” respectively?

Answer in Ko.DBpedia & Wikipedia :



KAIST

ot 5 U593 3] Korea Underwater Association

77141 22| DF U

(13t 5E49185/orea Undeniater Assouaton, KUAYS 45 252 428 81 Z00E 8443 24 44 0102 20348 S OIIE 2HOZ 10974342 72 £ (15012 2aSR A3 ACK

“Tow

QI0ICk AFEE HZSEN 21T QFF 88-2 SZEHEE HalZDIS LN ok

=k (&2
8
B
320 2|
412 22)

Y History

o 19685 32 62 B A7IATHCIOLEY 22

o 196951 72 202 - 13 H=233)I0HE00E B 0HE B8 23 ED| 23T #3548 30| #4

o 19731 38 2% - SI2AZHCIORIEE A 2 March 1973 : changed its name to "Korea Scuba Diving Association”

o 19815 112202 M= ZH(CMAS) JIRE 7lol B2 5852 W

o 196253 62 52 HAIZHB(CMAS) JH 5 June 1982 :joined the CMAS

o 19881 128 272 : ORAIOI+ZAM(AUF) I R et =3 Z3E MY 2 (HekeZatE Ha

o 199241 28 242 - (H5H=3] BA DI 24 February 1992 :joined the Korean Olympic Committee

o 19975 42 78 MERIOI (Hetr 83 £ 6t

o 201041 52 3L - MCHHOI (Bt 20| A5 2 HABA 3 May 2010:: changed its name to "Korea Underwater Association”




e.g.,

Ko.NLQ#218:

28 e ZH'O =52 FA7?

What are the subtitles of the novel ‘Harry Potter’

Answer in Ko.DBpedia & Wikipedia :

KAIST



32 ZH T

271t S| RS2 WAL,

(HEIZEH A S0E)
o Ol A FIZIZE] 2 AIRIZH 2ot ZRULICH STOISH HIAS 512] ZE (STOIS) SNE BTERING. S22
S5 AIRIZH (HSRAE $2) ZE (3 ARIZ) SHE BTSN
{allel ZE) (Harry Potter)= Z0H K. Z2/0| £ TIEFT| AZ0|CH 0] B2 HIZ2 F21B21 62| ZE{S| 01Z0ICk ¢6H2l ZEfy AlRIZ2 S 2=F21 {aHol ZEI2LOPHALR] ) 2 1997'A0| ZTTIRICE 0] 2F0| 2 822 HFHA B AAELZ Loir
T, BRI HICI2 Y L CI2kst AES0| JIZEIZICE 200730 {5H2l ZEI2L ES2 A2) S IRz 25 =BT e[
23 (2717
1521 EE NEE OIZT 28HAM HS ABE (5h2 ZE 2D
248 Aei= el ZES O1ZAY 5
21 518 ZE (A4 NBIX) 2 B9 HYY &
22752 ZEH AT A HE| BES 0/ZHE9 H
3sT0IE 3z ZEg 2o &
4ENE Y 2 B BAE 7/'/1/9
41 SIRIEE I DA S 2 ZE9 22 2
425021 ZE 22| B #2 BEY 529 &=
4 3HRIEEQ OFE e 74 =} ZHK 22
4 42| ZEQ B T A Harry Potter
45 FIRIZEQ BAE JIME o
46 HIRIEEY TR =% 2=
74 og an
6 HiZ D2l z2 TEHT A4
STA 2242 HER
(Bloomsberry pubilicing)
A2l ZE JEE @z
B . ang 1087628
SH2IZESS] 20 200 K. S22 12| ZEE 40| Hill= 20MHId RIRE Y HASE AMECZ JIERSTH HEE 510 USICH 5112 Z20| 2 24 I Hii2 | ZEI2} DEHAIR] £2 2tMstn, ETANH M2 ETEE 0| M2 TSN 42 2 01A0] 27 120 ame 200514 118 282
O 2= Tek| A4H A sl Zel= BRI HIZE Lok 22 |2 SSEHIRIHN HSA SIRICH I‘]_IEIDI G;E . = =
4| 0/ 20| L2z 013, RS0 £2 SALIHE 24 OICHER 23 4201 2 0 2ICR{Id HE AFD, sh2lZ6 30| ZHH AR 2012 S LE0|0MITID, AZE AN 22 A0t 2] 26 A22 28 HI0IE A2 3 HEC2 A His

RIRIZE Al 2E HECHH 24 SAtES BE6tn 2o, 1 2HZ HEST 33 TAMH Hel2Z 30l 22+ 2le% ZM B2 BAZ & T0| (12 221 vt 20k

AHE YIECZ A el ANM DEZ HIZEHH 20019 H DEPDIZTIRICMH, 201190 HE B2 SSPHISTIZCH Z0FEEH (=22 4= WHIABHA FH22 I8z 2IRE 2HIA HS 01010012 (22, HIZH2IH = 212 FHINA 02 LS HEH A
THO| M A2 MCE 0 0| 01y L T} 2 AEO| 2TE|S Sifl T2 20044 (ZEAY I LESANC 2AF 2P 55280 23rem [ B2 (ERClE o 2 $APHEISIcH?

MK EE2 20074 ZRARDE ZAEHZDIHIA A A 22 663210 S2t2)Ct

A8 A2 my
ofiel 26 (AN Al2|X) mz)
29[ nE B zI0E N a

19974 6% 262 | (2l ZEHADIYAL S) Harry potter and the Philosopher's Stone
1998 72 22 | (G2l ZEQAHIZY ) Harry Potter and the Chamber of Secrets
1999 72 82 | GGH2l EEIQ OIZ14 El=) | Harry Potter and the Prisoner of Azkaban
2000 72 82 | GGH2l ZEQ2Y T Harry Potter and the Goblet of Fire
20033 6% 12 | (a2l ZEQF BALE JIMEH) | Harry Potter and the Order of Phoenix
2005 72 162 | (G2l ZEQ TH YR Harry Potter and the Half-Blood Prince
20074 72 212 | G2l ZEHQU F2Y 48) Harry Potter and the Deathly Hallows
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C2K
for TYPE 2

Category to Knowledge

* Jiseong Kim, Eun-Kyung Kim, Yousung Won, San
gha Nam and Key-Sun Choi
* The Association Rule Mining System

for Acquiring Knowledge of DBpedia
from Wikipedia Categories

* NLP&DBpedia 2015, ISWC2015

64 »” SWC
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Wikipedia: The Rich Source of Knowledge

« Wikipedia describes such information with various ways:

Articles:
Alan Turing

From Wikipedia, the free encyclopedia

“Turing” rediirects here. For other uses, see Turing (disambiguation).

Alan Mathison Turing, 08z, FRS (/'tjuarin/; 23 June 1912 - 7 June 1954)
was a British pioneering computer scientist, mathematician, logician,
cryptanalyst, philosopher, mathematical biclogist, and marathon and
ultra distance runner. He was highly influential in the development of

computer science, providing a formalisation of the concepts of

algorithm and computation with the Turing machine, which can be

considered a model of a general purpose computer. 2B Turing is
widely considered to be the father of theoretical computer science and

artificial intelligence.[®

During the Second World War, Turing worked for the Government
Code and Cypher School (GC&LCS) at Bletchley Park, Britain's
codebreaking centre. For a time he led Hut &, the section responsible
for German naval cryptanalysis. He devised a number of techniques for
breaking German ciphers, including improvements to the pre-war
Polish bombe methed, an electromechanical machine that could find
settings for the Enigma machine. Turing played a pivotal role in
cracking intercepted coded messages that enabled the Allies to defeat
the Mazis in many crucial engagements, including the Battle of the
Atlantic; it has been estimated that this work shortened the war in
Europe by as many as two to four years.[]

- Related researches:
Learning by Reading

Infoboxes:

Born

Died

Residence

Alan Turing

Turing aged 16

Alan Mathison Turing

23 June 1912

Maida Vale, London, England
7 June 1954 (aged 41)

Wilmslow, Cheshire, England

Wilmslow, Cheshire, England

Nationality British

Jiseong Kg’g, Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi,
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, s w¢ /= =

Categories: Cfg Our target

Categories: Alan Turing | 1912 births | 1954 deaths
20th-century mathematicians | 20th-century philesophers

Academics of the University of Manchester Institute of
Science and Technology

Alumm of King's College, Cambridge

Artificial intelligence researchers | Atheist philosophers
Bayesian statisticians | British cryptographers

British long-distance runners | British male athletes

British people of World War I | Computability theornists
Computer designers | Deaths in Cheshire | English atheists

- Related researches: Yago, Catriple

- Related researches:
DBpedia, Yago
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The Goal of C2K

« To extract DBpedia triples from Wikipedia categories
* (S, Wikipedia category) = (S, P, O)

e.g., (Albert Einstein, Category: Swiss emigrants to the United States)
- <Albert Einstein, nationality, the United States>

> <Albert Einstein, naturalization, the United States>

> ..

Jiseong Kg’@ Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi, »SVRC
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC
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Characteristics of Wikipedia Categories

« Categories have plentiful lexical patterns of each
relation

e.g., (Albert Einstein, Category: Swiss emigrants to the United States)
- <Albert Einstein, nationality, the United States>

- <Albert Einstein, naturalization, the United States>
> ...

* They are organized in the category network and
have siblings with similar lexical patterns.

e.g., Swiss emigrants to the United States
Swiss emigrants to Brazil
Swiss emigrants to Canada

Jiseong Kg‘?, Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi,

>
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC SVRC
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Our Approach: Step 1

* Lexical pattern learning:

- An entity: Paul de Castella

- Categories: Swiss emigrants to Australia, ...

wcmng on a basis of a word

- DBpedia infobox triples: <Paul de Castella, nationality, Australia>, ...

- Lexical patterns of the relation “nationality”: Swiss emigrants to x, ...

Jiseong Kg@ Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi, ’SVRC
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC
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Our Approach: Step 2

* Propagating learned lexical patterns:

The learned lexical pattern: Swiss emigrants to x, ...

Siblings of the category “Swiss emigrants to Australia”:
e Swiss emigrants to the United States

e Swiss emigrants to Brazil

e Swiss emigrants to Canada

Propagating the learned pattern and mining association rules:
* <e, belongsTo, Swiss emigrants to the United States>

— <e, nationality, the United States>
e <e, belongsTo, Swiss emigrants to Brazil>

- <e, nationality, Brazil >

Jiseong Kim, Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi, ’SVRC
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC
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Normalization for Korean Words

* Qur approach run on a basis of a word
for a few reasons.
* To lower the overall error rates
* To enhance time efficiency of the learning procedure

« Korean words have plentiful postfixes like
« "ui”(genitive), "eseo”(locative), “nyeon”(unit of year).

» To enhance the quality of results, we should
separate the postfixes from each word.
year born-being
e.g., Category:1989_E{ O = (1989 _births)
- The normalized one: Category:1989_t_E{O{ &

i)

separated

Jiseong % Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi,

>
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC SVRC
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Categories vs. Infobox Triples

* Liu et al (2008) said that

 The article-coverage of infobox triples = 44.2%
 The article-coverage of categories = 80.6%

« There would be many entities
* categorized in Wikipedia categories
 without DBpedia infobox triples

* The fact encouraged us to bootstrap our results
iteratively!

Jiseong K'ﬂh Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi,

>
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC SVRC
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Our Approach: Bootstrapping

* We bootstrap mined rules by the next flow:

The first The second The last
Initial KB Bootstrapped Bootstrapped > ‘- Bootstrapped
l KB KB I KB
+ Predictions If the ratio of increase in
of learned rules learned rules < threshold,
with high confidence then we stop bootstrapping

U

Output: the last bootstrapped
rules

Jiseong %' Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi, VSVRC
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC S
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Experiments and Analysis

« Korean DBpedia 2014:
+ Category pair # = 728,433
- DBpedia seed triple # = 2,527,466

¢ Re S U |tS: Seg. # | Precision Min conf. Max conf.
1 0.75 553.0 3352.0

- Mined rule # = 71,035 s 01 1o o0

4 0.65 2.0 9.0

* Predicted triple # = 1,530,590 S| 08 0 20

. 7 0.3 0.0 0.0

* Iteration # = 3 8 | o5 00 00

10 0.25 0.0 0.0

* 0.72M category pairs = 1.5M triples predicted

Jiseong K'yg, Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi, 'SVRC
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC e
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Experiments on English Datasets

« Sampled English DBpedia 2.0
- 1,027,213 category pairs = 1,530,253 triples predicted

120000

C2K ——
100000 - AMIE —& !
80000 F
c
3
8 60000 -
=
T 40000
20000
oS 7 L L L
0 0.2 04 0.6 0.8
Used proportion of I, in Sample(Ke,)
0.09 T T
A
c 1
D oosf /
€ /
g 005 /o C2K —H— 1
=] ! |
O oo / FaN AMIE —S—
= 003} \\\
vl [/ N 1
=1/ 6 —-o— {4
001t/ 4
L 1 1 1 '
0 02 04 06 0.8

Jiseong K.'ya, Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi,
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC

Used proportion of Iynay in Sample(Kepn)

<QOur approach vs. AMIE>

Prop. lknow C2K AMIE
1.0 103 177!1.5231253 ﬁg 819j4_708,_153
0.8 99, 945 /721 611 18,7491 164,978
0.6 49, 813 /678,008 17,308 /1,047,007
0.4 —13. 526’{574_491 11, 317!714_909
0.2 3-—1. 185]{415_{-;7.3 6, ﬁ{]:i'{lgjn.gjgg
Seg. # | Precision Min conf. Max conf.

1 0.85 227.0 41185.0

2 0.7 56.0 222.0

3 0.45 10.0 38.0

4 0.55 1.0 10.0

5 0.55 1.0 1.0

6 0.6 1.0 1.0

7 0.8 1.0 1.0

8 0.45 0.0 1.0

0 0.25 0.0 0.0

10 0.35 0.0 0.0

> SW3C
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Conclusion and Future Work

« We successfully extracted new triples from the
Wikipedia categories using the DBpedia triples.

* Our approach and the results can be used
* in enriching DBpedia automatically.
* to enhance the performance of QA systems.

Jiseong K'y’g, Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun Choi, 'SVRC
The Association Rule Mining System for Acquiring Knowledge of DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC e
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14 out of 384 (3.64%)
Subtype 3-1

= Questions whose answers “cannot” be found in Korean DBpedia and Wikipedia
“partially”, because “some portions of information are lacked in the KBS”.

e.g.,

Ko.NLQ#114 :
=O|&a, A2t ALK 7ot #E e 2 F AT

What is the island related to General Nami, Winter Sonata and Yeongajiga?

Answer in Ko.DBpedia & Wikipedia :
Namisum is a tiny half-moon shaped island located in Chuncheon, South Korea,

.-+, Its name originated from General Nami, ---. The island, especially the
Metasequoia path, was one of the main filming locations of the Korean
Broadcasting System 2002 television drama series Winter Sonata, starring Bae

Yong-joon and Choi Ji-woo.
Korean DBpedia and Wikipedia are not inclusive of any information about

“Yeongajiga”.
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Triple-based Similarity Propagation
for Linked Data Matching

2015-0825  Semant ic Web Research Center @ KAIST
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Problem Scope

* Property Alignment between Linked Data using Similarity Flooding
* Scope in Ontology Alignment

* matching elements of two ontologies
— Schema matching
» matching concepts of two ontologies
» matching properties of two ontologies
— Instance matching
» matching instances of two ontologies

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,

>
Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC SW3C



Introduction: Problem Definition 1

« Property Alignment between Datasets

« OWL defines the concept of property equivalence
(owl.equivalentProperty) as two properties
having the same property extension

Align(0,, O,) =
{ (eip ei2) Ci, I'i) |

S = 01 ’

S = 02 ’

¢ € [o,1],

r; € [ equivalence(=),
generic/broader(32)],
specific/narrower(E)],
overlap(n)] }

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,
Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC

KAIST

> SW3C
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Introduction: Problem Definition 2

» The objective of property alignments
* identify pairs (P,, P,), which may be in the different

datasets
* determine related properties P, and P, by findin
g similar triple patterns across datasets by matchin
g subject S and object O values in triples of the for
m <S, P,,0>and <s,P,, 0>
— the given two matching subject and object pairs that are
exactly same or connected by owl:sameAs link
— the associated property names have the potential
to be equivalent
« propagate similarity of equivalent properties
— current similarity can propagate to siblings in the graph t
o get more similarity results

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,

>
Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC SW3C



Example of different properties

Samsung
AP aE[:samsung-group]

Samsung C&T

Corporation
AM S A :samsung-mulsan]

dbp:FF[:juju]**

dbp: 27| [ :mokiup]*

Samsung Electronics
AP XH :samsungjeonjal

dbo:keyPerson

Lee Kun-hee
0|Z43|[:igunhi]

dbp:&'%[:innr{ \ }p:éﬁl[:changnipl

dbo:formationYear

dbo:location

KAIST

1969

dbp:’é*ﬁ‘_[\jangso]

Gyeonggi Province
A7|E[:geongkido]

* means a parent company in English
** means a stockholder in English

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,

Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC

> SWC
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Scenario Example

TargetData
¢ <q1=, formationYear, 1998>
.+ <2 ZE}0|0], parentCompany, 23 OfA|O}LI 1 E >

SourceData
- <=, &g, 1998>
] <_|_E|AI'_|_A’ il‘EJ 1968>

—

o <=g| A== HS|AF 22 0FA|OLI OS>

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,

>
Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC SW3C
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Instance-based Alignment

TargetData
« <q1=, formationYear, 1998>
.+ <2 ZE}0|0], parentCompany, 23 OfA|O}LI 1 E >

SourceData
<=, &2l 1998>
o <&2| A2 A2l 1968>
o <—_-,—E|),\_f_|_—_',—, R 3|Al, 22 O0LA|OILI OS>

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,

>
Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC SW3C
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Instance-Concept Translation

TargetData
» <=2 Company, formationYear, 1998 >

* <3 ZE}O|0{> Company, parentCompany, =2 OFA|
OfLIA&E>

SourceData

o <ft=>Company, & &, 1998>

. <At 2 k2] 1968>

o« <& ATES 2 OB|AL 2SOMA|OILLIE >

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,

>
Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC SW3C
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Type Propagation

* TargetData
« <=, formationYear, 1998>

 SourceData

o <H= JCt)I-EIZ.I, 1998> formationYear {EgIF
o domain 16

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,

>
Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC SW3C
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Instance-Concept Translation

* TargetData
» <=2 Company, formationYear, 1998 >
« <D E}O|0> Company, parentCompany, =2 OfA|

OtLt1E>
formationYear | A&t
* SourceData fokan "B
Qropagdte domain
. <12 Company, £+21, 1998 > Company 3
. <A TES 2 K2l 1968>
c <EZ2|MIOES2 DAL F20HA|0LI OS>
Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015, »SVRC

Triple-based Similarity Propagation for Linked Data Matching, The 10th International Workshop on Ontology Matching ISWC
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Instance-Concept Translation

* TargetData
» <=2 Company, formationYear, 1998 >

« <3S E}O|0{> Company, parentCompany, =2 OfA|
OfLIA&E>

formationYear

e SourceData fotain

I o2t

+ <P Company, 1, 1998>Ceomen 7
o <&E2|MDED>Company, T El, 1968>
c <EZ2|MIOES2 DAL F20HA|0LI OS>
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Instance-Concept Translation

* TargetData
» <=2 Company, formationYear, 1998 >
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e SourceData fotain

I o2t
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Instance-Concept Translation

* TargetData
» <=2 Company, formationYear, 1998 >

« <3S E}O|0{> Company, parentCompany, =2 OfA|
OfLIA&E>

formationYear | A&t

e SourceData foain T

o <2 Company, 2!, 1998 > Company 37"
o <=2 AMZ=D>Company, T E!, 1968>
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Concept-based Alighment
with type propagation

* TargetData
» <Company, formationYear, 1998>
« <Company, parentCompany, =< OfA|OfLt1&>

e SourceData
+ <Company, 'S8, 1998> vappingTable |
X2l

e <(Co pany, ‘s = 1968> formationYear | &El
« <Co pany, EQlM‘, E,L§O|'A| O|‘ :I.—E— DarentCompany | 2 3|
Al
Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015, ’SVRC
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Proposed Approach: Similarity Propagation

INPUT
source dataset target dataset
=" ---—-—- === — - - - - -—-———————- 1 f- T T~ T T TT T TTTToooo oo 1
| | | | |
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The intuition here is that we regard i D i P2a20) [ (o1 g1

. . . | | ) )

the.allg'nments having hlgh - @ v i — (p2,92,1)
similarity score as the right : \ i \ !

|
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System: MAKARON

| \
| I
| I
| I
| I
— | : -
I
Dataset1 | Edge Mappmg TP !
- Similarit 0 I :
Data2Graph ™ equivalent subject and Floodi 4 Filtering Mapplng
Dataset2 I !
! ry I
| I
| |
| update !
! iterative process ,'

— e e e e e e = = e = = = = = - = e - = = = = = - = = = = = = -

* Requirements of credible property pairs (as seeds) to propagate
similarity
+ some initial correct alignment can not be changed during propagation

 avoiding some unnecessary similarity propagation computing
 reduce the propagation cost
 decrease the negative affection in propagation

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,
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System: MAKARON

__________________________________________

| \
! :
! |
I \/ |
f~——o ] | :
|
Dataset1 | Edge Mapp|ng T ! .
\ Data2Graph > equivalent subject and i:gg;:.l]ty Filtering I Mapplng
—— /" i object g ! Pairs
Dataset2 I :
~—— : |
| |
I |
! |
! )

— e e e e e - - e = e = o = - - = E— = = = = - e E— - = - = —— = —— = = = — —

« Data2Graph: Given two sets of RDF triples
as the input, MAKARON converts these
to the RDF graphs G1 and G2.

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,
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System: MAKARON

__________________________________________

TTTTT T TN

\
|
|
A |
|
|
|
|

Data2Graph | equivalent subject and —*| |S:||mllj_r|ty Filtering | Mapping
object 0oding Pairs

e ———————
—

iterative process ,

* Filtering
« Pick out the properties to be fine alignments by examining

whether their similarity is higher than a predetermined threshold
0.
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Evaluation Result

« Manual validation of the mapping result
between DBOP (DBpedia Ontology property in English) a
nd DBKP (DBpedia Korean property)

3 separate blinded human annotators aligned 1,000 DBKP
to DBO

« if the meaning of two properties was similar
» We used the majority vote to determine the correct mapping results

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015,
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Conclusion

« Aligning the properties of different RDF datasets
using a mapping similarity propagation which can be adapted
to find new connectives
between corresponding properties of interest

* English and the Korean DBpedia has shown that the propagated
connectives improve the recall and F1-score measures required
to find mapping pairs of properties
by taking into account instance types
in order to discover new mapping candidates

* We see this as the initial step towards enhancing multilingualism
in Linked Open Data

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun Choi, 2015, ’SVRC
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« Our previous research
» KB construction from text
» Wikipedia and DBpedia
* General Domain QA (NLQ400)

* Our next step?
* REAL QA system (not only KB, but also Open QA)
» Domain-specific QA (e.g. Bio medical)

100 >S\I\?\C



OKBQA Hackathon, http://2015.0kbqga.org 2015.8.24 - 28 in Jeju

« 3" Open Knowledge Base and Question-Answering
* Goal:
e Knowledge Base Construction
* Real QA system

 Special Track: Biomedical domain
— infectious disease, brain tumor(optional)

* Members
Axel Ngonga ULeipzig BioASQ
Christina Unger UBielefeld QALD
Jin-Dong Kim DBCLS LODQA

André Freitas UPassau
Kousaku Okubo NIG

- .
3 . - . . ‘
' e Y ] ’
By P I B 1 't - N v LV
\ : s R s Y
“ = 1 : i 4
A t Quf B \' W) - L =9 )

pen Knowledge Base and Quest Answering
24 - 28 August 20'15,'Seogwipo, Jeju, Korea : :
S e S e e

KAIST


http://2015.okbqa.org/
http://2015.okbqa.org/organization/korean
http://2015.okbqa.org/organization/korean
http://bioasq.org/
http://greententacle.techfak.uni-bielefeld.de/~cunger/qald/
http://lodqa.dbcls.jp/

OKBQA - BioMedical QA

NLQ

Template-based
SPARQL

1

\ 4

LODQA

A 4

IR approach

—
S

KAIST

Medical LOD
v

—
S

PubMed K-Box

\__/

A

PubMed L2K

A

PubMed Articles H
(abstract)

A

Subgraph matching

Relevant

A

snippet

Se
@swer :/‘
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OKBQA - REAL QA system

CONTROLLER

- T ===
‘——‘ ~~-~
- S=-a
- -
- -
- -

: string| _Template json | Disambiguation | json Query SPARQ
input Generation > module » Generation KB
module module
Best Answer Answe_r Answer list
output Answer < Generation
module

A

* NL query understanding
« SPARQL query generation
» Federated search & Answer rendering

Shared task setting
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MEMBERS internal

Professor

Key-sun Choi
(kschoi@kaist.ac.kr)

SWRC Leader

Ph.d student
Eun-kyung Kim
(kekeeo@kaist.ac.kr)
Wikipedia analysis for

common ontology, multilinguality

Masters student

Youngsik Kim
(twilight@kaist.ac.kr)

Entity Linking, URI disambiguation

Masters student

Jongsung Woo
(woo88@kaist.ac.kr)

Ontology alignment,

KAIST

Ph.d student

Younggyun Hahm
(hahmyg@kaist.ac.kr)

Language to Knowledge,
Korean FrameNet

Ph.d student
Khiati Abdel llah Zakaria

(zakria.ai@gmail.com)

Multilingual Entity Linking

Masters student

Yousung Won
(styner0305@kaist.ac.kr)

NLP2RDF, Sentence simplification

Masters student
Jiseong Kim
(jiseong@kaist.ac.kr)

Enriching KB (C2K), >
Korean WordNet /7 SWic



MEMBER internal

105

Masters student

Jiwoo Seo
(jiwoo35@kaist.ac.kr)

Ontology linking, NLP2RDF
Researcher

Sanha Nam
(nam.sangha@kaist.ac.kr)

Open IE

Researcher

Hejing Jeong
(hjjeong@world.kaist.ac.kr)

Principal Administrator

KAIST

Masters student

Jung-wook Kim
(prismriver@kaist.ac.kr)

Korean FrameNet parser

Researcher

Sejin Nam
(namsejin@world.kaist.ac.kr)

Language Resource Management

> SWIC



KAIST

REFERENCE

Youngsik Kim, Key-sun Choi, 2015,
Entity Linking Korean Text: An Unsupervised Learning Approach using
Semantic Relations, CONLL 2015

Yousung Won, Jongsung Woo, Jisung Kim, Younggyun Hahm, Key-sun
Choi, 2015, pt=0f A{ = 0/Sf A/ 4/H 0]~ Z 2 L{Efof HZ0f 2t A7,
KCC 2015

Jiseong Kim, Eun-Kyung Kim, Yousung Won, Sangha Nam and Key-Sun
Choi, The Association Rule Mining System for Acquiring Knowledge of
DBpedia from Wikipedia Categories, NLP&DBpedia 2015, ISWC

Eun-Kyung Kim, Sangha Nam, Jongsung Woo, Senjin Nam and Key-sun
Choi, 2015, Triple-based Similarity Propagation for Linked Data Matching,
The 10th International Workshop on Ontology Matching, ISWC

106 > SW3C



2 A} S L| CF

Presenter;: St
Contact: ahmyg@kaist.ac.kr

2015-08-25 Semantic Web Research Center @ KAIST 107



