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From Linked Data to Linked Everything
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Description Logic : sz

) HAIBRAGFTALIFRALZEZSRAAGRARRZ—o

» DLRAOWL# ¥ @2 hat, KA—#%HATHRGLREATEL

» # & 24 (Description Logic) % i1#t R AR & 4 2t 2 L4 Fit 1T 4%
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m Subsumption

Inconsistence
Checking

Knowledge

'TIIAI .
Coompletion
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(C'U D)I = CT U DF (union means disjunction)
«(C'nN D)Z = CI n DI (intersection means conjunction)
. —.C)I =AZ \ CT (complement means negation) — Rule_based
« (YR.C)! = {z € A|for every y, (z,y) € R implies y € C}
+(AR.C)T = {x € AT|there exists y, (z,y) € RT and y € C7}
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Graphical Logic : EFERBERA

Existential Graph

Concept Graph

Elsie the cat is sitting on a mat

@I

PQ

a) Conjunction P A Q b) Negation ~P

c1) Conditional P - Q d) Disjunction Pv Q @

¢2) Conditional P - Q, . oy % " . .

ahemam; notation [Cat Elsie] [Sitting *x] [Mat *y] (agent ?x Elsie) (location ?x ?y)
18824 1% §5 2% 7 Peirce 19844 John F. Sowa



The Semantic Web : #iEGEK

» "This 1s a pity, as in fact documents on the web describe real
objects and imaginary concepts, and give particular relationships

between them but we could not process them at all...

Tim Berners-Lee, Inventor of the Web, @WWW Geneva, 1994




The Semantic Web : #iEGEL

AR R BB HERLLICE K IE T

www.w3.orgimtg

_—mnm/omepage p3p:policy
Web of Data Objects by Semantic Link

q. focation
: J Privacy
JaneDoe m attend‘ng Rules

Cambridge

. MA, USA
p:phoneNum g:-postaiCode

premaif ]
g:-fongitude
g-fatitude
jane@w3.org *

42.4 deg




RDF : ZiEiganEzRiAtas

RDF Triple : % # ¢4 2k 42 4 A! RDF # & # B

78 +& -Subject
# 1% -Subject resource »| Value or Object % 1% -Object
property

“Yangtze has-a-length-of 6300 kilometers™

http://www.china.org/geography/rivers#Yangtze

http://www.geodesy.org/ river#leng%

"6300 kilometers"”




W3C- RDF/OWL : i&aE AR Tl iniE

.
~ B Rules Trust

()

Data LElc =)

(Ve

Ontology vocabulary | &

| o

a

Unicode



HERIEEE : Freebase

» Freebase# & 4= F &1 4 L 6§ Metaweb 2\ 3] A 2005 & 44 #t £ ¢4 kAl 4042 & %
%o 320103 & ¥gFreebasele 4 B 4o12 B 450 0 ¢ £ 42 st = —,

» Freebase# ARDFE #£ A, @44 £ 4L BEKA E ML HIE, &5
THEMBRKGIE N RN Ao AT LS L5 1904 = 7,40/250G & 44 # 42 .

l r~ L . i Conneohons between things

f_china tower /enven 1 mmv:mpm uliding /envcentral pﬂumgm WMMWW"H"N'WWWMW 1; contains

contained-by




» 20158 %, &»gkit x| &% AWikiData 44X Freebase.

» WikiData d # 3k 3% A4 46 AAllen, # R K4S Fondh T20I3F £ 4/ %
2, & A AWIKiF sk 48 Xt 2R R A4 % 4042 &

» WikiDatatg 4% & 32 & & 4012 o 23 L 3 (Interlinking Data) o

WIKIDATA
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History : The big fight between two Gurus

AAAI2006: Google and the Semantic, Satanic, Romantic Web

Tim Berners-Lee Peter Norvig

Director of W3C Director of Google Research
Professor of MIT CSAIL

Why the Semantic Web will be a failure :
People are stupid, People are
competitive, People cheat and lie
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MRt ER: NEBRAPaHEEELE, LiktH5EW

< FRANZINC 3 . ;/‘{ 7
0/(6;0 . ® MarkLogic bla eg:\ggh
SELECT ?
. . . WHERE { SPARQL
o 5 E p/ R ?m <bornln> ?city. ?m <hasN > 7 .
FEBBAETETAEL L, o e L T e e s 1718
FILTER(regex(str(?bd), 1976 "))
[ ] 1 p / Y }
BIgTableﬁﬁa 55 4b T % ’{: ah;ﬂ ) FILTER(regex(str(?bd),1976"))

- BBMUABBEERA T,
# it % %54 % (Index-free
Adjacenc)l)% 7 ik A MG ﬁﬂ‘ START user=node:users(name=‘User 3’)

2 . MATCH (user) — [*1..5] — (asset)
A Ju R
A+ % # é“a o) f AG o WHERE asset.status != ‘down’

RETURN asset

hasName bornOnDate oundingYear

bornln
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NaturallyOccurringWaterSource

1B ER IR A

Stream BodyOfWater
Brook | | River || Tributary || Lake Ocean Sea
Properties:
i length: Literal
Rivulet entitiesInto: BodyOfWater

<?xml version="1.0"7>
<River rdf:ID="Yangtze"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns="http://www.geodesy.org/water/naturally-occurring#">
<length>6300 kilometers</length>
<emptiesInto rdf:resource="http://www.china.org/geography#EastChinaSea"/>

</River>

Inference
Engine

Yangtze.rdf

Inferences:

d
<

- Yangtze is a Stream
- Yangtze is an NaturallyOcurringWaterSource
- http://www.china.org/geography#EastChinaSea is a BodyOfWater
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» Mk B HESOWLAM T A M AL #HM, Bmhih
¥yt R A Soin B G HILAR A o
» Property Restriction, Cardinality, Property Chain, SWRL......
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Rule-based Relation
Generation

Graph Embedding

Graph Mining
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» 44 % 4% : Yale Center for Medical Informatics ( #f i : 2006-2007)
» A Atz 2GRN FL0E, HuEHEHAR

y AR MK AP & 4R AR K 64 & A% # 4 ASenselab, e fs S R B2
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Ontology-based query, search, navigation, programming,
User Layer

data mining and knowledge discovery
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Neuron Ontology

27 5 MAh R Fo B AL, SAILEY. Mo, KAFfEaRF

t ik oF. BEAREBEE

neuron_ontology (http://purl.org/ycmi/senselab/neuron_ontology.owl) : [/Users/boboss/Desktop/neuron.owl]

@ neuron_ontology (http://purl.org/ycmi/senselab/neuron_ontology.owl) Q
Active Ontology Entities Classes Object Properties Data Properties Annotation Properties Individuals OWLViz DL Query .IEE' SPARQL Query »
Class hierarchy: Thing mE=E |l OntoCraf: =
[t 8 |3 . —
~= L-E 14 B Brain Region contains ] Search Clear 1 result(s) found.
©5-HT1

©5-HT2 [t]4] [s[&[AlL[E[H][E] (R[] [@[@] [R]E] [wa]

»  'Brain region’'
» © Compartment
) DbXref
@ Definition
¢/ ECO_0000033 * @ 'Posterior ‘Posterior ventral cochlear nucleus’
» ( Gene [+ @ Reti ventral cochlea... URI: http://purl, o _Ventral_CN
‘'gene_record 3 / ‘Posterior ventral cochlear nucleus' SubClassOf ‘Brain region'
@ journal_article / 'Pclalsmnoy ventral cochlear nucleus’ SubClassOf has_part some 'CN octopus
. D ' / cell'
> ® or ion @ 'Antennal Lobe' [y
v @ Neuron T Mstring

» @ Interneuron * ¢ Thalamus
= 'Neuron with apical and basal dendrites’ < \
< 'Neuron with no axon' )
= 'Neuron with single dendrite or multipola - N

» ©'Principal neuron’

» @ 'Neuron current’

) ObsoleteClass

@ broin et o comes ]

' pubmed_record

@ Subset '+ Cerebellum
@ Synonym

label "Posterior ventral cochlear nucleus"

To use the click R ->Start Show Inferences



SFFHEERNREREII ST

prefix go: <http//purl.org/coc/owl/ GO
orafix rafe: htto W 3 org/2000/01/raf
prefix owl: <http://www.w2.0rg/2002/07 /owl
orefix mesh: <htto://purl. crg/commons —c.c'c mesh'>
prefixs o <http: "ulorg sciencs/owlsciencscommons =
prefixro: <http://www.obcfoundry.org/ro/ro.owke>

:J"-’T§=>

sph <htip:/purl.org/commons/hcls/pubmesh>
>papar 7o mesh: DO17366 .
rticle scidentified_by_pmid “paper

Mesh: Pyramidal Neurons
;-«:_.sr descrioss_gens_or_ga®E oroduct_mentionsd_oy Tarticls. l

1

J -

grsph <httpJ/purl.org/commons/hcls/goa> -

e ol ke Pubmed: Journal Articles
“res owl:onProperty rothas_function.

res owlsomeVslussFrom Tras2.

res2 owl:onProperty roreslized_ss. l

l

l

l

ras2 owlsomeVslussFrom Toroosss.
graph <http/purl.org/commeons hcls /20070418 classrelstions =
{{7proocess <nhttp/lpurl.org/obo/owlioboFpart_of> go:GO_0007166}
“Lnien

s gt go:00_ovoT 166 1} Entrez Gene: Genes
“parent owl: equrvslents.lsss Tras
775_. owlhas Vslus "gens.

gsph <http//purl. org/ '‘commons/ hcls /gene> 1
{ Po=n=rofsilaosl "genenams ] »
graph <http//purl.org corr'rcr*;'?'ds 2007041¢E>
{ Torocsss rofsilsosl Toroosssnams]

1

J

GO: Signal Transduction

Inference required
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% Semantic Browser for DartGrid

N R_esource
19 (© pancClass
1 @ xm

( 2003%F )

Literal

Literal

Literal

Literal

status




BT AR M KR &R Z [BHIREX

I Dart User Toolkits

File Edit Semreg Search ¥indow Help 3. User drags tables and
classes into this panel,
- 1. Display and establishs their
@ DbRes Tree View relational 24 1yy. seareg 3 mappjngs_one table is ‘ ol Dutline X
: likely to be mapped to BN Toble | ZT_VIEY _ZHENJIULF
- : | C3JMZ_L more than one classes. = 9% Ontelogy : http://dart.
i i ;:::p:;::: o = . Property | http.//d«
5% J':z < .0 + Property | http://d«
= - = Table : ZT_VIEY_AWWOLF
= e o — = 95 Ontology © http://dart.
;’ prsics % pilidart.zju.edu.crvtor e/dartH R 57 & o ¢ Property : http://du
et ¥ Prop httpziidart.zju. L3 cnidartcore/dart#4t BER j.u. - JWZ_LCYY
&S # Columi : ZCCS
¢ 1L () Property : idart.zju.edu.cnidartcore dart/4 MF i o
4 X¥_ID ;
4 XWLX 6. Outline of the
4 Xwmc 0 B3 7T VIEW ANMOLF \ mapping definitions.
¢ y , , S ZT_VIEW . .
145 : http:/idart.zju.edu.cnidartcore/dart a3 B IT 74 gser coul((ilggx g?;
” : http:iidart.zju.edu.cnidartcore/dort #4357k beaf%e-?gs !
Column : AMSF '
—seet.
b (5. Meta-
i information
i about the
%ﬁ?ﬂ‘“o [ Properties 3 \selected table.
&
& RIEEH Property | Value —
&3 TE1D - Db Localpart TomBasic o
(:: gg;g 2 Dlsplay Db Namespce http: ffdart. z)u Qd\Q/tc-/dtubtu
+ wrmng | Ontolostes. Table Name 2T_VIEY_ZMENJTULF ©
2 %R Table Schema
v v
+ < &!Mﬁ v < >




BN KEEZRSKEAES

)""b‘,"l.‘ma Biceswnlt Indetmet Feplotet ;
' . o " . &

Om-0 @0 jon Jrem meanmnEsEn
L) B0 1s M sem b cimton /T onSe tr oAt v he sl 1o Exmy Dse v .' s -
BY MRAS ANAAMANAR  BANS  emams .
: wIasa [ eas nr Mee -
: ESER [ M3« Renwx 47 Kk ¥
1 s O ez v WIT a8 = -
« [ TR ar W -
. O Ba - Rr s -
. BETL 0 ns - aF =
) Emass [ L AF >
+ ERrte LD | -
u -
=
~
ed on the semantic
relations defned at the r
ontological level, user can Semantic
oy keep searching and navigating association
9« 0 des. =i eoun w| over the mtegrated databases o
wLow s oo, | Without the awareness of the
much results, clicking the classes P& g g A database bourdaris
leads to a dynamic form-based el L. oo e e o < TR,
query interface by which user cewe S AR RN LS R e REE S
could specify semantic query, I N T T T R m——
thereby gettng more accurate DA NNBN I o 2
and appropriate results. SRR TS SRS e pem, |
o e . '_:......:‘:
.'x'i.\;\;: R R N A S e BRI B — o \Ju
— s e e M, = st '8 x
.g L — O Dtne




1B\ HEEMISWC20065{ER FiE 3L

» B R & L EIE M K AISWC2006:
International Semantic Web Conference.

» Huajun Chen,Yimin Wang, Heng Wang,
Yuxin Mao, Jinmin Tang, Chunying Zhou,
AiningYin, Zhaohui Wu: Towards a
Semantic Web of Relational Databases: A
Practical Semantic Toolkit and an In-Use
Case from Traditional Chinese Medicine.
International Semantic Web Conference
2006: 750-763.
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[ NN ] X/ Gruff 5.9.0 on AllegroGraph 5.1 the read-only 602,953 triples  server 192.168.56.101
File View Text Search Display Link Remove Layout Select Edit Global Options Visual Graph Options Help
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OneM2MeRgIEN BN

1. Application-level command
e.g. “lower the living room temperature”

translation
into

Semantic support
helps understanding the original data,

and the relationships between things, data,...

A 4

_ 2. Abstract device-level command
Abstract Information | g g. "switch off the radiator with ID=00007"

Mod
ode || Abstraction of the specific technologies

mz,pping (syntactic support)

3. Techno-specific device-level command
e.g. "send the command <ZigBee Specific
Command> to endpoint ID=<ZigBee specific ID>"

\&




HEREIRIA | YELRSAUMSR SIE Wik

_ Data Device Description
meanmg-A

fulness Room: bed- WEEHIEELG AT Device Type:

Thing Type roomaA, indoor- temperature Temperature
temperature of bedroomA Sensor

Temperature Measures a Manufacturer
Physical Type 20,5 °C temperature Energy
in Celsius Management

Float: 20,5 Returns a

ata Tvpe
Data Type float value

Raw Data
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» THERLBREE (IR, F£%5) +E454448 £web

# # (Linked Life

data®% )

1 litter: milk

1 kilo: orange

110°C

;\na. <+—milk—
Application 1: o
Smart Kitchen ~OraNpE—™
RFiD
T“Q‘ﬂ—llo—h
Application 2: @& <«—ai0—
Health Q

40°C

5g/L: cholesterol

Application 3:

Weather q.Q «—22—»| 22°C

Forecasting

- Milk contains lactose?
- Allergic to lactose?
- Orange: Color, Fruit?

- Cholesterol-free food

- If it is a fruit it contains vitamin C

Body’s temperature?
External temperature?
Oven's temperature?

Suggest a recipe according to
the external temperature and

the health? *3 e

5
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Smog Factor Consistent Smog Smog Data
Analysis Prediction Model Exploration

t ! ?

Semantic-level
Autocorrelation

Semantic Rules Semantic Query

Background

Reasoner
Knowledge

Evolving Knowledge Base for Smog Disaster

FTRAIE
weibo.com

& g2

Social Sensors
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Hl2&2%2>]: NN/DL/LR/GBDT......

.‘ ! - B - Value
- l : ‘ . SRS —

Vector Matrix Tensor ...

EEXTRE E 20 A it REEAT R RS
ORI e e

Variety
EHEERG—

HDFS / Hbase / MapReduce / Spark......
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