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it is imaginary animal among the twelve animals in the Chinese zodiac.

imaginary animal

includedin

twelve animals comprisedOf Chinese zodiac

12-year cycle o : :
Dragon oneOf yammgls appearsin Chinese zodiac

arge

imaginary animal breathesOut

long tail

The Dragon is one of the 12-year cycle of animals which appear in the Chinese zodiac

dragon a large imaginary animal that has wings and a long tail and can breathe out fire
from Longman dictiona
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Motivation

Knowledge Base

g Open Information Extraction

Read the Web

Research Project at Carnegie Mellon University

Knowledge Base
DB.p.?fd"la

YSGD*

elect knowledge
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WIKIDATA
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Bl Motivation

Augmenting Knowledge Base

Augmenting Knowledge Base

=

7|& Entity2t

Relation2 7%

Knowledge Base

MZ & Entity2}
Relation2 F7}

‘| have only
0.0013% of knowledge’
(possible relation links)

7|& Entity AtO|2] %
MZ 2 Relation2 F7} ﬁ
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Motivation

Open Information Extraction and Implicit Relationship

g Open Information Extraction (OIE)

I~y KOREA
i' BASEBALL
ORGANIZATION A

Is the governing
body for baseball in

0]]=
Knowledge Base
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Problem Statement

Open Knowledge Acquisition

Infer all possible implicit relationships between two entities
for which no relationship exist in OIE knowledge base

A set of Triples
> An Entity Pair <Asiana airlines, Korea>

Output Implicit Relationships of input  <Asiana airlines, major_airline, Korea>

Infer Implicit Relationship =& = HM 2 HE 28 += U= HEst 2HE ==

All Possible Relationships S Ol ALOIO0l Dtstt 2= 2HB=S 7F
No Textual Context Il’%‘UﬂO|£Trlp|e tal o= 8=



Related Work

Knowledge Acquisition

2010
SHERLOCK

Schoenmackers & Etzioni
University of Washington

Open IEQ| 2 HH=S &=26t0d
Inference RuleS XAISO =2 ==&

Output

2011

Saeger & Torisawa
NICT

Class Dependent Patternt
Partial Pattern= &=o6t(4
Target Relation2] F=JI&Q! InstanceE ==

OQutput
Cause(Hypertension, intracranial bleeding)

2014

ProbKB
Yang et al.
University of Florida

SHERLOCK Rule2l &&= Eoll
MZ2 Inference Rule ==

Output
{A, Bornin, B}+{A, Bornin, C}- {B, Located in, C}

{A, Cause By, C}+{C, Short For, B} — {A, Cause By, a

2014

Knowledge Vault: Link Prediction
Dong et al.
Google

Random WalkE &&a6t04
Target Relation& MZ& InstanceE ==

Output
Profession(Charles Dickens,?} - Writer

10







(@ Preprocessing
Triples Entity Merging

Building

(diabetes, Treated With, insulin)

Entity Categorization
(insulin, Needed To Create, energy)

Entity Graph

® Augment

Treated With

. Subgraph Matchin
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Preprocessing

Entity and Relational phrase normalization

=25t o012 KIH Entity 2t Relation= otLIZ =
Ol= Bs0HIN2 HE 234 aFaf

2

Relation

Original Original

Unique Unique 100%

Entities Relations

. « ‘a’, ‘the’ MIAH .
Entity . Frequencyd} Relational « 29 stopwords XIH
Merging Lo oz AX Phrase 64 % POS ‘MD’,'DT" MIAH
Normalization * Lemmatization
Entity 13| S& Entity
Filtering XIA
(For Efficiency)
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28 Preprocessing

Entity Categorization

08.3% Goal Entity 2| ClassE £0{ol0] & &t sFAt

el O X tH = =
WordNet Based 2R Synset 2 2 Bl Direct Hypernym = Class= F0d

: - IME ==:{A, [be SAt+noun], B}
Triple Based —>AOI 22HA= noun

0. {Asiana Airlines, is an airline based in, Seoul}
— ‘Asiana Airlines’ 2| 2eiA = ‘airline’

« Meronym : {A, [part of | member of], B}
—AQ| SeA=
0l. {Astronomy, is a part of, physics}
— ‘Astronomy’ 2| 2eiA = ‘physics’
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Directed Graph G = (V, E)

V(G) = a set of Entities in the triple set T
E(G) = a set of relational phrases in T
Direction of Edge(e,, e,) =(e;—¢,)Int

Edge Weight(e,, e,) = PMI(e,, ¢,)

(e1,
PMI(e,.e,) = log (#522))

|rbks wih eq,ep;in T|

p(ey, e;) = IT|
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Finding Implicit Entity Pairs

ol A

O Entity Pairel == & 242

U0

Goal Implicit Relationship

The “Link Prediction on Social Network” Algorithm (Dong et al. 2013)

Algorithm

5 node A, B2 Common Neighbors 28t O|F0{Z&l SubGraph7t

Intuition _
ool Jel=Zot Hixe =58, F = E A Be Hd&tE 7tsdol =Lt

S d
Formula SlmllarltyCNGF (el' eZ) - Zz €r'(ey)NI'(ez) | Gt}iez -

Output 308t 749 Triple set -~ 2F 7878t 7H2| Implicit Entity Pair F&

0. (the us., united states : 61.88), (Europe, European union : 43.41)
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Z%8 Discovering Implicit Relationships

Connected Components (CC) Matching

: o Airline base in Largest city in

Storing the relationships i

Searching the matched
structure 1

Gathering relation candidates [ISASIARGAIFINES

Airline base in y Largest city in

o Bulgaria

]

—

national airline ofI
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Evaluation Dataset

Characteristics of Dataset

g Open Information Extraction

-+

Y3aGO

elect knowledge

A0 20|
HA=001e 37|
Unique Entity
Unique Relation

Example

Source

Characteristic

300,000 Triples
3,000,000 Triples (Lin et

853% 10
540,620

{Ben Kingsley, was born in,
Yorkshire}

ClueWeb 09

e Entity 2| Disambiguation 2
o C}2FStRelation

300,000 Triples

5,652,463 Triples (2015.06)
2,824,974
36

{Bruce Murray,
plays_for, FC Luzern?

Wikipedia, WordNet

e Entityl EE0| 2H 2=
Disambiguation0| 0|2 &
o St&El Relation
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Evaluation Method

Correctness Judgment by Search Engine

Evaluation Process
2ol triple (e, 1, e,) E A& GIOIEAIOIAM KA
(eq, e.) Equery= A0, |
MEN ==& (e, 1, 6,) 2 &

Al HIOIRHAIC] B=triple=S =82 = |

Judgment by Search Engine Validation Test Google blng

Query triple —phrase e
e.g. ‘seoulisa city of Korea’ 0.821

Search StMUX|ZIAH

Correct Z1t 2A1JF204 0|&Y AL

1564 & &
4400 Q& BHEt
. ZMOIRIO| BEOZ BIISH E2I2 MAlS AIRIE HEOZ B

- M0N0 LEC= Bllet ELIZ 5 EF= AME0| L= HE

- AIE0| 282z BIIE! ECIE &Nl MU L=z THE

— l:l_ll_
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Comparison with Other Methods

SHERLOCK 19,785 results from 7,368 patterns

Basic Transitive Inference Rule

Rule : Entity A C Entity B C Entity C — Entity A C Entity C
Relation : ‘in'S Z&lst= 2= Relation (ZZ3H2HA|)

« O] Relation 2L} F2| RelationO| I LAY [TF A&

0l. {A, isacity of, B} +{B, islocated in, C} —{A, islocated in, C}

Baseline #1

Baseline #2 Rank by Cosine Similarity Value

Baseline #3 Rank by Connected Components Similarity Value

Baseline #4 Rank by Relation Commonality Value

Baseline #5

Rank by Cohesion Value
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Mean Average Precision

Comparison with Other Methods

Evaluation Result (OIE — Reverb Data Set)

0.5

Proposed

i itive RV Gehesion
07 Similarity

Cosine Sim

0.4

Sherlock

0.8

0.4

o3 Commonality

« H|2HHO| 71y =2 MAPE 7| &

« SHERLOCKZ =55t Entity Class ZH & Qlsf &= ot
a 7|-1|' c>_||-7|-—"l=o Factor= Cohesion

T R | L R

1000 2000 3000 000 $000 000 ok

# triples extracted
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Evaluation with Individual Relations

Evaluation on OIE ReVerb Dataset
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Conclusion and Future Work

Conclusion

M=z A Z2| : Open Knowledge Acquisition

Knowledge Acquisition= ?loll Graph Structure
Cr&kat HIOIEHAI0 B = s

Crfet A2 Z2EE 0 AlHAl 4 s

Entity Resolution, Entity Linking, Relation clustering:---

Future Work
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