Knowledge Fusion

Dr. Wang Haofen
Department of Computer Science & Engineering

East China University of Science and Technology (ECUST)
December 27, 2015

M .""t‘ ¥. —s o
~ :;-'ut‘:.-'- tk‘ b ad—
{ { -

RARENE

-9

:
T Rid- 3§
.~ l : ll
S e E -
o i e






The same entity in multiple sources

YouQULiL: e
Videos about the St. of \),V},K’,’,,’ : l)‘f}
Liberty \

Wiki pages about the
St. of Liberty

«~— flickr

| = - Images of the St. of
select knowledge leerty
General and
lexicographical
information about the
St. of Liberty \
i Thye New York Times
r~ Freebase Articles about the St. of
General information Liberty

about the St. of Liberty



A common way to publish (vertical) KGs
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Linked RDF Triples on the Web
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Beyond data-level integration
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Zhishi.me

® Zhishi.me (http://zhishi.me) is the first effort to publish
large scale Chinese semantic data and link them
together as a Chinese Linking Open Data (CLOD).

Linking Open Data

It has over 8 million distinct instances
and 200 million RDF triples.



Baidu Hudong C-Wikipedia
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Equivalent Instances

® Baidu Baike

baidu: 5% “KREJE”
baidu:Hi T F % “Ailuropoda melanoleuca”
baidu:4X baidu:FEZLZN

® Hudong Baike

hudong: X F®&  “KREWH"
hudong: — &% “Ailuropoda melanoleuca”
hudong:Zj hudong:M&EFL4X




Our Solution

Matching
Rules
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® Automatically discovering and refining dataset-

specific matching rules in iterations

— Deriving these rules by finding the most discriminative data
characteristics for a given data source pair.



Workflow
— Mining Properties Equivalences
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® For each pair of existing matched instances, their
property-value pairs are merged.

“KEEIR baidu:#r% hudong: X%
“Ailuropoda melanoleuca” baidu:Fi T =% hudong: — &%
=l baidu:frZ& hudong: X EF%
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Workflow
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® Matching rule (frequent set mining):

— Mining Matching Rules

baidu:x and hudong:x are matched, iff.

valueOf(baidu:#r%) = valueOf(hudong: I3 EF8)

and

valueOf(baidu: i T &%) = valueOf(hudong: — % 7%)

and
valueOf(baidu:ZX) = valueOf(hudong:ZX)

Combinator




Workflow
— Generating Matches
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® Applying the obtained rule(s) on the unlabeled
data to generate matches’ candidates.

® The combiner i1s used to combine confidence
values of a match’s candidate.



Workflow

—the Wrapper Algorithm
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Maximization
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® The wrapper is an implementation of Expectation-
Maximization iterations.
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Workflow — E-step
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Expectation

® The E-step estimates the missing data (matches)
using the observed data and the current
estimate for the parameters (matching rules).



Workflow — M-step
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Maximization

® The M-step computes parameters maximizing the
likelihood function as the data estimated in E-step

are used in line of the actual missing data.

— M: matches
— @: parameters

L(0: M) = Pr(M]|0).



The Likelihood Function

|Connected Component (/M )|
|[Edge(M )]

® Assuming that no equivalent instances exist in a single data source,
we can infer that an instance is equivalent to at most one another
from the other data source.

® [ncorrect matches in M may result in a node connecting to more
than one other node, which is contrary to the assumption.

L(6; M) ~

00000
00000

P=4/4=1 P=2/4=0.5



Evaluation — Precisions

1.00
0.99
= 098
=& 0.97
0.96
095
1 0.5 02 0.1 0.05 0.02 0.01 0,005  0.002
s hinese Wikipedia-BaiduBaike = hinese Wikipedia-Hudong Baike
==Baidu Baitke-Hudong Baike

® Sampling a certain number of output matches.

® The X-axis indicates the proportions of selected
seeds in complete reference matches.



Evaluation
— Newly Found Matches

Baidu Baike-Hudong Baike#0.99

Baidu Baike-Hudong Baike#0.99(+5im)

Baidu Baike-Hudong Baike#( 98

Baidu Baike-Hudong Baike#0.98(+5im)

e
\.-..hhh\.\.\.\.\.\.\.\.\tttttttth\.\.\. \.\.l..h.\.u.h.b,".\.\.\."..

R R R AR R R
R T T T TR R R T T

LA RN AN RS NNAY

Chinese Wikipedia-Hudong Baike#0_ 98

Chinese Wikipedia-Baidu Bai

0% 10% 20% 30% 40% 50% 60% 70% B0% 90% 100%

B New Matches ®Owverlaps 0OMissing Matches

® The match space constituted by reference
matches and newly found matches



Results

Baidu Baike Hudong Baike

1,150,425
1,850,061 1,421,244
168,481

65,983 25,683

299,255

Wikipedia Chinese Version

® Accuracy: ~97% (manual labeling)



Web Access to

owl:sameAs

hudong kST (this)
baidudks
zhwikik T

—

B zhwiki: b T
l hudong:dt 3¢
baidu: b5

Equivalent Instances

owl:sameAs

@ zhwiki AL (this)

¥ baiduLZ (this)

Index

« zhishi:abstract

+ infobox
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« zhishi:thumbnail
« zhishirrelatedPage
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Motivation

® Taxonomy refers to a hierarchy of categories which
entities are classified to.

The TaxonomicTree QUMAN SERlllc(,.s
of Philanthrophy
m w Geners Enhancomont Development
\ Service
Maintenance R‘m afety 0 Uity A)m R
" Disease £ 28 Jobs 3“990"\’ — ;:%
“ATU RE Education...—~ /Troatment - Gareer Crinveal cuL
Educaten 3 Resbarchic Heaith TURG
To : g
n,m Education X
Energ ; o ses  Homelessness helters
Soit U Ao Lnd  affordable
Water B ity
"/
Climate A
General
e
A Gticated Cullure

Human
Services

Phifanthropy
/NTERNATIONA-

OMMuDity”
Coundations



Motivation
Taxonomies are prevalent on the Web.

All Categories eb y BTBH =ETH AERY gsiE SE5ES

z)g =5 U sE=e JD COM

A B C D E E G H J K L I
BN )L EERE SErIsER MR S B
A Antiques NE MR IEFE BENEF BD A
Antiquities Linens & Textiles .\ il T T TR e
Architectural & Garden Maps, Atlases & (
Asian Antiques | Marltlme. G BE T B LSS S = OEE Tk
Books & Manuscripts Mercantile, Trade g
Decorative Arts Musical Instrumer B
cthnographic Perods & SWIES  mepe =7 cmsws =B BEsEn
Furniture Primitives
Home & Hearth Restoration & Ca HiE +F @ESRE SESD), S S B
Art E5h53 BiE T BR EY R¥Sss oENSEER &
Direct from the Artist BB
Art from Dealers & Resellers
Wholesale Lots HE IR HESSE SHNEFD FEHE 5T

Product Catalogue



Motivation

« Taxonomies are prevalent on the Web.

Top: World: Chinese Simplified (29,440)

R 13027 [dlmlo

- B 572) « HrE 444

- 8/ 253 « ik 591

. $EE 766) « #2 1608)

I ESEPER 48« BLE 946

« BE 2254 « 7.4 970)

« B 5,764 - 84 1,672
- ZEJE (120) - B s

xR

+ Regional: Asia: China (7, 7346)
+ World: Chinese Traditional /7, /34)

Web Site Directory

YAHOQ!

Accounts
Advertising
Answers

Autos
Beauty
Celebrity

Dating
Developer Netwark

Downloads

Fantasy Sports
Finance

Flickr

Food

Games

Groups

Health
Help

Homes

Local



Motivation

® As the advent of more and more multilingual
resources, the Web has become a global
information space.

® To facilitate schema knowledge sharing across
languages, we need to deal with the problem of
cross-lingual taxonomy alignment.

one Chinese taxonomy one English taxonomy




Problem and Challenge

® Problem 1: Previous work strongly relies on
domain-specific information (e.g. book instances in
book domain or calculation items in finance
domain).

® Problem 2: Previous work strongly relies on string
similarities to capture different kinds of features.

“FPIMEENBR” —> “Outdoor/Sportswear ” > “Athletic Apparel”

Google Translate Dissimilar in String Similarity

(Prytkova, Weikum, and Spaniol 2015) & (Spohr, Hollink, and Cimiano 2011)



Approach

® Our proposed approach consists of three components:
- Candidates identification
- Textual Context Extraction
- Exact Matching
Textual Context

ﬁ ' [ Textual Contexts
_ Extraction
A |Exacwatchmg|c> .

Taxonomies of Different Languages

\_

Aligned Taxonomies

Candidates
Identification

Category Pairs

E}[ Candidate Matched ]




Approach — Candidates Identification

® Given two taxonomies, we first aim to find all the
possible matched categories in the target taxonomy
for each category in the source taxonomy.

® To ensure the recall of the alignment results, we
utilize a Web-scale multilingual synonym thesaurus,
I.e. BabelNet to capture cross-lingual string
similarities between categories in word level.

1, if Wee N Wt # 0

CSS(c®,c") =
(<€) {U, otherwise



Approach — Candidates Identification

® The key idea is “two categories of different
languages may be relevant if they share the same

or synonymous words”.

category: F 4b/iE Ak
JD.E% segmentation
adding synonyms

P4 | 27 | Ik » J4h

KM | sport wear

o
pat
&
=
mh

category: Athletic Apparel

segmentation

adding synonyms

Athletic | Apparel p  Athletic Apparel #hE | KR | sport | clothes




Approach — Textual Contexts Extraction

® Before performing exact matching, we need to
extract textual contexts for each category.

® Here, we choose to acquire textual information by
guerying the Web with the search engine Google.

YAHOO! Shopping and Services Recreation

! f

Sports&) Ambiguous ¢mSports

\ J
I

can not simply submit the category label to Google

%

Jointly submit category “Sports” and its parents “Shopping and Services”
or “Recreation”to avoid ambiguity




Approach — Exact Matching

® The snippets (i.e. textual contexts) extracted from
the Web are:

- short documents
- various in wording styles (a tweet or a piece of news)

Sports & Recreation Center

wp.wpi.edu/reccenter/ « EhFIET

Hello Everyone!l Happy Winter! The Sports & Recreation Center is happy to announce
WP Family & Friends winter break time from Monday, January 4-Tuesday

Sports and Recreation — University of Leicester

waww? le ac uk » Offices + BHFIE

We have two fabulous Sports Centres both with a pool, sauna, steam room, spa pool
and extensive other indoor and outdoor facilities. To find out more about

Recreational Sports & Fitness | American University
wuw american edu/recfit ~ BHEIHE

Recreational Sports and Fitness MNews: Please note the following facility closures/
maodified hours in December: Finals/Holiday Hours begin on Monday.

® The Bag-of-Words model or BILDA (vuli'c et al. 2015) may
not work well in this scenario.



Approach — Exact Matching

® \We propose a new bilingual topic model, called

Bilingual Biterm Topic Model (BIBTM) to model
textual contexts.
O

Different from BTM (van et al. 2013; Cheng et al. 2014), &

piterm used in BIBTM denotes an unordered word-
pair co-occurring in a pair of bilingual documents
(ds, dY) .

o it B A

segmentation, removing stop words

Cﬁ biterms with words of language s:

(it%, M), GHE, &B), (tH, B3), (FE, B5),
HE Bl %W | BT | |genersting | 4%3 biterms, in each biterm,
biterms one word is of language s and
the other of languge t:
computer | program | langugage

(15, coumputer), (It &, program), (it &, language), ...

segmentation, stemming, removing stop words

d*: “is a computer programming language”

C§ biterms with words of language t:

(computer, program), (computer, language), (program, language)



Approach — Exact Matching

® The probability of generating the whole bilingual
paired document corpus B given hyperparameters
a and 3 can be expressed as:

B K
P(B|Oé? 6) B H / / Z kapz’wfgipgwf,zdgmps
i—=1 k=1

s < B % BT

| | (Z) | \Zi / ‘_zit.‘:
Lt S /\ /\i A
X H Z 91{; (Pijw'_s (;Dz wt dgd(psdcpt & s\ £ mD /'/‘5\ '/' t\‘\: AR '.f-/ £
=1 k=1 M LA JR A 4 W W
1= o — -4 o ,_\ 7 e S & : oy

BY|

K
X H//ZQk@fﬁ,w;@’ls@i,w;ﬁ}gdf?dﬁot
i=1 k=1




Approach — Exact Matching

o After a sufficient number of iterations, we can estimate
the parameters:

0, — o = T
Ko + |B|
s o /8 T Maws |k
RS T WSB F e
B+ Ntk

t —_—
()Ok,'wt — WtB + n.tlk

* We then utilize the following formula (van et al. 2013) t0
Infer the topic distribution of the context for category

¢ and it contains Nc biterms {b-}NC

sz—kw bjlc)



Approach — Exact Matching
* P(b;lc) IS estimated by empirical distribution:

P(b;|c) = )

> n(bj)

i=1

« P(z = k|bj) can be computed via Bayes’ formula
based on the parameters learned in BIBTM:

4

s s
gk'(‘ok,ws.' "Pr ws
4.1 C 4,

> ifh; € B

P(z = k|b;) = ¢ 2 if by € B

“i2 ifh, € B

* The final relevance score is computed as the cosine
similarity between topic vectors.



Experiments

* We evaluated our proposed approach on two

different kinds of real world datasets, which are
publicly available at

https://github.com/jxIs080511/080424.
» Task description:

- Cross-lingual Product Catalogue Alignment:
JD.com—eBay.com

- Cross-lingual Web Site Directory Alignment:
Chinese Dmoz.org—Yahoo Directory



Experiments

Overall results: MRR values

Approach JD.com— eBay.com Chinese Dmoz.org— Yahoo Directory
RSVM 0.195 0.261
BiBTM 0.199 0.246
CSS+RSVM 0.210 0.301
CSS+BOW 0.423 0.489
CSS+BiLLDA 0.553 0.679
CSS+BiBTM 0.597 0.719







Knowledge Graph

Go« gle fox animal 9 n

Web Images Videos Shopping News More ~ Search tools

About 140,000,000 results (0.36 seconds)

Fox - Wikipedia, the free encyclopedia

en.wikipedia.org/wiki/Fox v Wikipedia ~

This article is about the animal. For the American broadcast television network, see
Fox Broadcasting Company. For other uses, see Fox (disambiguation)

Canidae - Red fox - Fox Broadcasting Company - Vulpes

Fox (Vulpes vulpes) - Animals - A-Z Animals - Animal Facts ...
a-z-animals.com/animals/fox/ v

The fox is a scavenger camivours dog, generally found in urban city areas in the
northern Hemisphere. The fox is a nocturnal mammal, meaning that the fox only .

Red Fox - National Geographic Animal
animals.nationalgeographic.com/animals/.../... ¥ National Geographic Society ~
The red fox's resourcefulness has eamed it a legendary reputation for ... Find out what
National Geographic Society is doing to save animals all over the world

Foxes are small-to-medium-sized, omnivorous mammals belonging to

several genera of the Canidae family. Wikipedia

Scientific name: Vulpini

What to Do About Foxes : The Humane Society of the United ... Speed: 3.7 - 8.1 mph (Red fox. Trotting)
www.humanesociety.org/animal... ¥ The Humane Society of the United States ~ Rank: Tribe
Sep 18, 2014 - There's no need to worry if you see a fox outside during the day—he is

Daily sleep: 9.8 h (Red fox, In captivity)
fox? Immediately take any pet who is bitten by any wild animal to your

Mass: 4.9 — 31 Ibs (Red fox. Adult). 1.5— 3.5 Ibs (Fennec fox, Adult), 7.7
. . ; . Ibs (Arctic fox. Adult, Male)
Fox Animal Hospital - Veterinarian In Evanston, IL USA ... Gestation period: 49 — 58 d (Red fox), 50 — 52 d (Fennec fox, In Wild),
foxanimalhospital.com/ ~ 52 d (Arctic fox)
Fox Animal Hospital is a full service veterinary medical facility, located in Evanston,

lllinois. The professional and courteous staff at Fox Animal Hospital seeks to ... Helght- 9:6°; 12+ in: (Aclic.toxs Adull, A-Shouldes), Biin-(Fennectox;

Adult), 14 - 20 in. (Red fox, Adult, At Shoulder)

Foxes: Facts & Pictures - LiveScience
www_livescience.com/27168-foxes.html ~

Knowled
Card

ge



Knowledge Card

> bing = fox animal m

Web Images Videos Maps News Explore 2 '® Signin H x

14,800,000 RESULTS Any time ~

Fox - Wikipedia, the free encyclopedia

en.wikipedia.org/wiki/Fox v

In the wild, the typical lifespan of a fox is one to three years, although individuals may
live up to ten years. Unlike many canids, foxes are not always pack animals

NatGeo: Red Fox - Animals - Animal Pictures - Wild Animal ... .
animals.nationalgeographic.com/animals/mammals/red-fox v .\\ /

Learn all you wanted to know about red foxes with pictures, videos, photos, facts, and A

news from National Geographic Sy ,_ See all images
Facts - Video - Kids - Photos - Nutria - Red Panda =

Videos of fox animal
bing.com/videos

Foxes are small-to-medium-sized, omnivorous mammals belonging to
several genera of the Canidae family. Foxes are slightly smaller than a
medium-size domestic dog, with a flattened skull, upright triangular
ears, a pointed, slightly upturned snout, and a long bushy tail.

en.wikipedia.org

Scientific name: Canidae

Fox Gene Study Red Fox Fox plays with Fox
Could Make ANY terrier - funny Body length: 0.8 - 1.3 ft (Fennec fox) - 1.5 - 3 ft on average (Red fox.
YouTube VeriTahe Vorilibe YouTube Without tail) - 2.7 ft on average (Arctic fox, Female) - 2.8 ft on average

(+

See more videos of fox animal Daily sleep: 9.8 hours on average (Red fox, In captivity)

. . ¥ Gestation period: 49 - 58 days (Red fox) - 50 - 52 days (Fennec fox.
Fox (Vulpes vulpes) - Animals - A-Z Animals - Animal ... In wild) - 52pday5 (Arctic foX)y Y

a-z-animals.com/animals/fox v . -
The fox is a scavenger camivours dog, generally found in urban city areas in the northern tisight: 0.7t (Fengecda) sl Bt (Arctic ox)pl 4216 ft on
average (Red fox)

Hemisphere. The fox is a noctumnal mammal, meaning that the fox only goes ...

Lifespan: 5 years (Red fox. In wild)

Fox Animal Information, Information about Fox Animal
www.animalport. com/animal-information/fox-animal-information.html v People also search for See all (15+)
Fox animal information will help us know a few facts about the life of a fox. It also
briefs us about its life cycle.

What to Do About Foxes : The Humane Society of the ... L _ 2 - >
www.humanesociety.org/animals/foxes/tips/...problems_with_foxes.html| v Coyote Dog ; ﬁabbit
September 18, 2014. What to Do About Foxes. Foxes out during the day are no cause for
alarm—but if you need to send a fox family on their way or are worried about ...




Difference Between Knowledge Card
and Infobox in Wikipedia

Fox Broadcasting Company

@® values are usually much shorter

® provide missing data in Wikipedia = s i

network
Country Tnited States
il 1 ilabili ional
@ update more often than Wikipedia ™ Lim..
Founded October 1985; 30 vears

ago
by Rupert Murdoch and
Barry Diller

FOX

Slogan Fa dre FOX
Broadcasting television network - fox.com Headguarters Los Angeles, California

Owner Fox Television Group
The Fox Broadcasting Company, is an (Fox Entertainnent Group)
American commercial broadcast television Parent 2lst Century Fox

network that is owned by the Fox Entertainment Key people  Dana Walden

Group division of 21st Century Fox. Wikipedia Gary Newnan
{co—chairpersons/co-CEQs,
Founded: October 9. 1986, Los Angeles. CA Exttertaiment)
. Lawmch date October 9, 1986 (orcair
CEG: PE"[ET R“:E' operations)
Parent organization: [ CRee Qe Cie e, B ARET (G G
lannch)

Founders: Rupert Murdoch, Barry Diller



A Closer Look At Knowledge Card

Card Label

Foxes are small-to-medium-sized, omnivorous mammals belonging to
several genera of the Canidae family. Wikipedia

Properties

Scientific lame: Wulpini
Speed: 3. .1 Wph (Red fox, Trotting)
Rank: Tribj

BX. In captivity)
Mass: 4.9 #M(Red fox, Adult), 1.5 - 3.5 Ibs (Fennec fox. Adult). 7.7
Ibs (Arctic fbx. It. Male)

Gestation Beri 49 — 58 d (Red fox), 50 — 52 d (Fennec fox, In Wild),
52 d (Arctig

Height: 9.§ il (Arctic fox, Adult, At Shoulder), 8 in. (Fennec fox,
Adult), 14 in.@Red fox, Adult, At Shoulder)

Values (String,
Numeric and Object)

Feedback



A Closer Look At Knowledge Card

b bing | fox

Web Images Videos

Maps News Explore

68,600,000 RESULTS Any time ~

FOX - Official Site

www.fox.com ~

Full Episodes, Clips and the latest information about all of your favorite FOX shows

Full Episodes
Watch full episodes of your
favorite FOX shows.

Shows

Get the latest buzz and watch
full episodes and clips from
Schedule

Check out TV listings and the
full schedule of FOX ..
Empire

FOX Networks. Business
News; Fox Movie Channel
Bones

Check out the latest buzz on
Bones Skip to main

See results only from fox.com

Glee
Official site features an
overview of the show, .

Login

Watch
Fox Now

Watch Full Episodes of every
FOX show on all your
Gotham

FOX Networks. Business
News; Fox Movie Channel; ...

Family Guy

Check out the latest buzz on
Family Guy Skipto __ the
New Girl

Megan Fox is heading to New
Girl in Season 5 to

Fox News Channel - Official Site

www.foxnews.com ¥ Official site

Breaking News, Latest News and Current News from FOXNews.com. Breaking news
and video. Latest Current News™ U S . World, Entertainment, Health, Business

2% signin A &

See results for
FOX

TV Network Fox
The Fox Broadcasting Company, is an American

commercial broadcast television network thal o

Fox News Channel

Fox News Channel, also kg as Fox News_ is an
American basic cable, Watellite news television |
channel that is oya@@® the Fox Entertainment Grou... & NEws

Fox Sports

United States
Fox Sports is the programming division of the Fox
Broadcasting Company. owned by 21st Century Fox, t

Fox Sports Networks

2ol
Fox Sports Networks, formerly known as Fox Sports @%}
Net, is the collective name for a group of regional sports ~ \.&PORT
networks in the United States that are primarily owned -

lchanoall
Fox
Foxes are small-to-medium-sized, omnivorous mammals
belonging to several genera of the Canidae family. Foxes
are slightly smaller than a medium-size domestic dog

Fox

Animal

Foxes are small-to-medium-sized, omnivorous mammals belonging to

several genera of the Canidae family. Wikipedia

Scientific name: Vulpini

Speed: 3.7 — 8.1 mph (Red fox, Trotting)
Rank: Tribe

Daily sleep: 9.8 h (Red fox, In captivity)

Mass: 4.9 — 31 Ibs (Red fox, Adult), 1.5 - 3.5 Ibs (Fennec fox. Adult), 7.7

Ibs (Arctic fox, Adult, Male)

Gestation period: 49 — 58 d (Red fox), 50 — 52 d (Fennec fox, In Wild),

52 d (Arctic fox)

Height: 9.8 — 12 in. (Arctic fox, Adult, At Shoulder), 8 in. (Fennec fox.

Adult), 14 — 20 in. (Red fox, Adult, At Shoulder)

Feedback



Meta Search Engine

Tl o ——

y 82 B ©

[ §

web
images
video
news
shopping

white pages

Ads related to: Fox
Watch FOX Online - Access Now. Stream "FOX" Online Here.
tvshowinsider.com

Access Now. Stream "FOX" Online Here. Fast & Safe Install. Watch Now.
Watch LIVE TV Here - Stream Any Network

Robot Chicken- Adult Swim | AdultSwim.com

www_AdultSwim com/RobotChicken

Tune In Sunday @ 12am For The Robot Chicken DC Comics Special on [as]
[as] on Twitter - [as] on YouTube

Fox | when.com
when.com/Fox
Explore Fox Discover More on When.com!

Web Results

FOX - Official Site
www._fox.com
Full Episodes. Clips and the latest information about all of your favorite FOX shows.

Fox News Channel - Official Site

www.foxnews.com
Breaking News, Latest News and Current News from FOXNews.com. Breaking news and video. Latest Current News:
U.5.. World, Entertainment. Health, Business. Technology

Fox Sports - Official Site
www_foxsports.com
Find live scores, player & team news, videos, rumors, stats. standings, schedules & fantasy games on FOX Sports

Fox Racing - Official Site
www.foxhead.com

Fox Head Inc. aka Fox Racing, is the most recegnized and best-selling brand of mx apparel in the world today - Fox
has been a motocross icon since 1974.

FOX — Redefining Ride Dynamics

www_ridefox.com
FOX redefines ride dynamics for ATVs, mountain bikes. motocross, off-road vehicles, snowmobiles. trucks, and UTVs

NFL on FOX - Official Site

www._foxsports_com/nfl

Find live NFL scores, pro football player & team news. NFL videos. rumors, stats. standings, team schedules & fantasy
football games on FOX Sports.

Preferences

Are you looking for?

Fox Football

Fox Sports

Fox News Live
Fox NFL Sunday
Fox News

Fox News Channel
Jorja Fox

MSNBC




Why fusing knowledge cards Is
iImportant?

® get a more comprehensive summary of a given
entity

® get complementary information from different
resources

® (et up-to-date information from the fused cards



Chanllenges in Knowledge
Card Fusion

Fox ; Fox
. Conflicts N .
Animal gres are smallto-medium-sized, omniverous mammals belonging to

sevmggl genera of the Canidae family. Foxes are slightly smaller than a

Foxes are small-to-medium-sjzg® omnivorous mammals belonging to mediurggze domestic dog, with a flattened skull, upright triangular
several genera of the #fe family. Wikipedia ears, a poimgg. slightly upturned snout, and a long bushy tail.

Scientific name: Vulpini

Speed: 3.7 - 8.1 mph (Red fox. Trotting)d C oM p lementa

Rank: Tribe

Scientific name: Canidae

VWithout tail)
[+

Daily sleep: 9.8 hours on average (Red fox, In captivity)

Gestation period: 49 - 58 days (Red fox) - 50 - 52 days (Fennec fox,

Gestation period: 49 In wild) - 52 days (Arctic fox)

52 d (Arctic fox)

Height: 9.8 — 12 ifi_ (Arctic fox, Adult, At Shoulder). 8 in. (Fennec fox,
Adult), 14 - 20 in. (Red fox, Adult, At Shoulder) Alopex

[.8 - 1.3 ft (Fennec fox) - 1.5 - 3 ft on average (Red fox,
- 2.7 ft on average (Arctic fox, Female) - 2.8 ft on average



Challenges

® Ambiguous cards from a same query
® Same value but different expressions

® One to many mappings



The Relationship Between Ontology
Alignment and Knowledge Graph Fusion

@ New branch of Ontology Alignment

@ Knowledge cards are fused online only when a query is
submitted

@ Lack of schema-level information

Each card only contains a limited number of information

@ Instances may use different expressions



Workflow

Knowledge Card
Card Extractor | | Disambiguater

Aligner

Property

H

A List of Merged

Value
Deduplicator

Knowledge Cards

N

WIKIDATA

Query

(e.g.Fox) > bing

search engines or
search on KBs

{Fox Animal,
Fox Broadeasting Company,
Fox News Channel,
Fox Sports,

Fox Interacitve)

E Main Module
D Sub Module

Input and Output



Workflow - Card Disambiguation

FOX Broadcasting Wugﬁxﬁmg

GO Qle television network : The Free Encyclopedia
Card
Disambiguater .

FOX TV Network Fox Broadcasting Company

|

Query o S[E ‘II ‘II

{e.g.Fm) b bi ng ¥ WIKIDATA

Freebase

search engines or
search on KBs



Card Disambiguation
— commonness computing

|L7n,e‘
Ze" |Lm,e’|

commonness(m,e) =

Mention: Fox

Candidate Entity:

(1) FOX BroadcaStlng Company 0'7629 i?méngtelevisionnetwork-
(2) FOX 0.049 fox.com

The Fox Broadcasting Company, is
(3) N F L O n FOX O O 2 1 an American commercial broadcast
. television network that is owned by
the Fox Entertainment Group division
of 21st Century Fox. Wikipedia

Founded: October 9, 1986, Los Angeles, CA
CEO: Peter Rice
Parent organization: News Corporation

Founders: Rupert Murdoch, Barry Diller



Card Disambiguation
— relatedness computing

log(1 + max(|L.|, |Le,|)) —log(l + |Le N L, |)
log(|[WP|) —log(1 + min(|L.|, |Le,|))

relatedness(e,v) =

Card: Fox “ox
O bJ eCt Val u eS : Broadcasting television network -
(1) LOS An g e I eS O - 9 142 T::E: Broadcasting Company, is

(2) Peter Rice 0.8142 e qetuor it & e by
1 2:‘&25;):( CEenntury Fox. t(|3roup gsten
(3) Barry Diller 0.9774
\;ﬂdﬂ:jitp‘”gel% CA

r Rice

Parent organizatidme s Corporation

Founders: Rupert Murdoch, Barry Diller



Card Disambiguation - Combining

Card: Fox
Object Values:
(1) Los Angelas
(2) Peter Rice
(3) Barry Diller

relatedness(e,V,) =

¢ = arg max(commonness(m, e) x relatedness(e,V,))
=

Fox Broadeasting Company

1 — H (1 — relatedness(e, v))

veV,

FOX

Broadcasting television network -
fox.com

The Fox Broadcasting Company, is
an American commercial broadcast
television network that is owned by
the Fox Entertainment Group division
of 21st Century Fox. Wikipedia

Founded: October 9, 1986, Los Angeles, CA
CEO: Peter Rice

Parent organization: News Corporation
Founders: Rupert Murdoch, Barry Diller



Workflow - Property Alignment

e a learning-based method with a post-processing
to predict whether two properties can be aligned.

Knowledge Card Property Value A List of Merged
Card Extractor | | Disambiguater Aligner Deduplicator Knowledge
‘ radeasting Company,
Fox News Channel,

auery L2 [N

| (e.s.Fox) bbmg ‘f DATA
-base

[: Main Module

2 :] Sub Module

Input and Output

search engines or
search on KBs



Property Alignment

Founded: October 9,

4 D
GO gle 1986, Los An
: geles, Pr() ert
CA e P y . Founded (Place Founded)

Place Founded: Los 1
Angeles, CA \ Allgner )

T

\
. Card W;;PEDIA
_Disambiguator

The Free Encyclopedia

Fox Broadcasting Company



Property Alignment

@ Data Normalization
» object values (link completion)
 string/numeric values

Others
11%

Length
25%




Property Alignment

® Training Data

dbo:class « dbr:Mammal Kingdom: Animalia
dbo:family » dbr:Canidae Phylum: Chordata
dbo:kingdom = dbr:Animal Class: Mammalia
dbo:order » dbr:Carnivora Order: Carnivora
dbo:phylum = dbr:Chordate Family: Canidae

Dbpedia Ontology * » Wikipedia Infobox



Property Alignment

® Feature Extraction

® Property Similarity (PS) ----  Property-based
Similarity

® Value Overlap Ratio (VOR)

® Value Match Ratio (VMR) } Value-based Similarity

® Value Similarity Variance (VSV)



Post - Processing

@ Property mutual exclusion filtering
@ A property is disjoint with any other property in the same
card, and cannot be aligned with any of them.
@ Object value range validation

@ |f two properties can be aligned, their ranges should be

compatible.



Workflow - Value Deduplication

@® groups equivalent values of aligned properties

Into value clusters.

Value

r 4 —
. Prqperty e
_ Aligner I  Deduplicator I -

Founded (Place Founded):

October 9, 1986, Los
Angeles, CA; Oct
1985 - Los Angeles, CA

Founded: October 9, 1986
(Oct 1985), Los Angeles, CA



Experiment - Setup

@® select 154 queries which includes both ambiguous
and disambiguous queries.

® 464 knowledge cards have been collected

® we randomly selected 3,487 attribute value pairs
and manually label whether two properties in each
pair can be aligned. As a result, 480 pairs are positive
and 3,007 are negative.

http://kef. hiekn. com/download/experiment. tar. gz



Experiment - Card Disambiguation

0.98
0.96
0.94
0.92

0.9
0.88
0.86
0.84
0.82

Coverage Accuracy

B Commoness = Relatedness m Combined



Experiment - Property Alignment

@ All features have some positive impacts to boost the
performance of property alignment.

® The model learned by Random Forest achieves the best
F1-Measure, which is chosen as our learning model with
6000 training data only.

®The model especially with pre-processing can actually
predict aligned property pairs with a relatively high precision
(more than 0.8) and almost perfect recall.

@ After post-processing, the precision increases significantly
at the expense of a slight drop of recall.



Ontology Alignment Tools

® Selected Tools:
RiMoM , Logmap, Falcon-AQO, and PARIS

® The former two are among the top-3 tools of the
OAEI champaign8 in recent three years.

® The latter two also support both alignment tasks
and have been widely used in practical applications.



Experiment - Instance Alignment

1

09

0.8

07

0.6

0.5

04

0.3

0.2

0.1 I

0

Falcon-AQ  PARIS RiMoM  Logmap Ours Falcon-AO  PARIS RiMaM  Logmap Ours
W Precision Recall ™ F1l-Measure B Precision Recall m Fl-Measure

(a) Original ontology (b) + value and unit normalization

e OAtools fail to complete missing links of object values,
which can actually reduce the ambiguities, and thus have
positive impacts on instance alignments.

@ Unit conversion is still out of its ability scope.



Experiment - Property Alignment

1 1
0.9 0.9
0.8 0.8
Q.7 0.7
0.6 0.6
0.5 0.5
o4 0.4
0.3 0.3
0.2 . 0.2
Falcon-AQO PARIS RilIo M Logmap Qurs Falcon-AO PARIS Rillo M Logmap
® Precision Recall ™ Fl-Measure MW Precision Recall ™ Fl-Measure
(a) Original ontology (b) + subject link completion

1

0.9

0.8

.7

0.6

0.5

0.4

0.3 I
0.2
Falcon-AO PARIS RinioM Logmap Ours
M Precision Recall ™ Fl-Measure

(c¢) + value and unit normalization

e Dealing with one-to-many property alignments is the gap between OA tools with ours.
E.g. Born: July 18, 1918, Mvezo, South Africa; Die: December 5, 2013, Houghton

Estate, Johannesburg, South Africa” VS. Lived: Jul 18, 1918 - Dec 05, 2013 (age 95)
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Any questions?

Dr. Haofen Wang
East China University of Science and Technology (ECUST)




