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F ek TF ik

— #1814 2 #& (First-Order Logic)
7 4 X, 4% (Production Rule)

12 22 (Framework)

1% LM % (Semantic Network)
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o AT AFHHLn % maIB
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T 4 %o 2 & T 4 A
HorniZ 4. — R 2 GF 4

O AR GE, FLEM £5¢Prologiz st 2 £ F
HorniZ 48 44 ++ £ 264 -




F M %042 K T AN

HorniZ 4 : — MR 28 G T 4

O & F Atom
p(ty, t; ...y 1)
®pARARFHE, nAa, (A (EETHAFT)
® | F: has_child(Helen, Jack)
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HornZ 4f: — AR ZHGT &
O o Rules & & F # &
H-B,B,, .. B
® H5B, B, ...B & &F
® HE k%A%
® B, B, .. B,R#&3Ff AT
has_child(X, Y) :- has_son(X, Y)
O£ R SAAIFLEATZTHAN:
F(Vy, Vo oy V) i
has_child(Helen, Jack) :-

ml
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F M %o 8 K T WA

1% 32 2 4 4
*ﬂ}u{%\ﬁO%ffz
O 4 BEAH—~ NG+ &

5-“4}1[ S '% i ) aﬁg‘% 8
{x| Student(x) }, {x| Married(x) }

O £4——— MBABABRLG=AE L (% F 4 EA)

'5:4}1[ N Hﬂ/i) '/%/\:
{<x,y> | friend(x,y) } , {<x,y>|loves(x,y) }

O AMh——— A4 A 6 52 61

ﬁ?gl[ N /J\ﬂﬂ 5 IJ‘ él:
{Ming, Hong}
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# £ Z 4 G 4ot £O:=<T, A>, TeépTbox, AfrAbox
0 Thox

Thox @, 4 A ik 4e<s, HEMAG—HBHRR. §TF s
A BEAAES %%, Thoxke o R E B G &, M
BEPHEMR GG L4 ARG, HEARKRRAL £,

TBox+#& &
O 20 3| NMMAURAE 4 5 FH
Mother, Person, has_child
W Fe A, % 4 Aol A 2 i@ T KA A A
O&4: FUas%4ean SELAGRE
Mother = 3 has_child.Person




F 4 %o 2 K T WA

# 8 1% 48 6 402 £0O:=<T, A>, T@prThox, A#fpAbox
CAbox

ADOX 1, 4 9 & %o 12 (R AR &7 & 4012), HERDIKFP O =

Omé&érs AT—NHERTGET E NS
Mother(Helen), Person(Jack)
O %45 —%kFANHERTBR— 20 %%
has_child(Helen, Jack)
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O % —AE 3 ELGNN 4%, Foi88 B BH £,
R 3

OFHEERL4ILRETFA4EKE 4
Feigenbaum#f 4| ¢9 /.3 2~ F 44 %+ £ 4 4. DENDRAL
Shortliffest 4| & 9%~ B L 1 % 7% 60 + R 4 % MYCIN
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AEXNEH
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IFP THENQ CF =[O0, 1]

O#fF, P4+ XG4/, QR —Aa 4 N4#%& 4%k, CF (Certainty Factor)# #
2R AT, LA EAEE

OgEAZHPaHANE Z24AXGEAN KNtfam, F2L, BiaA 224X
tg— At . ELh4 T
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RRALT oL A Fook i do1s, & LAETIh A TR A4

O A4 XE&F40440F, “F27 H242X4¢ “4T8R AL
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THEN Z#4 + #7445, £1544CF=0.6

CFA T4oi2 6938 A&, 1844 348 P 64 M0 R T 54 X # 4o
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O #ph, 24X45FPEa0MA Xia/, § FRBMLEE,
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O ok, AARAABRGHBA, BRETFAMEH, XJFatan i
P g hoin BT~ B, R E WAL
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X R X ¥
O %473

AEX4AKRIMGIRRA-NRLHIT “Ci—F RAR—H
17 A, dFANE BB AL, AERIXE—~4+ 5%
ey TR, R, ATHZELRZ. s, A XBRILFNHAHRS

7| A2 4a 4R E

O & fit &k A AT 44t 6] %o

PEARLGABENLENESL QIR TKEAD, DRI LR &4 £
4GRS bR L AT L L, A, A4 FRcH L s
wWEkTFE (B kTk. EXMEGETE) fadso
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12 & (Framework)

Off2 AR, AAAMNANEHERPEMN TG
AR R IA—A £y FAEL G MGk A niuFo

Osab—N#HnEHa, stARILPE E—~NEE G125,
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— AR AR T4

A5 22 % . t intent result-&
REEA intent

R gE. result

A A y

%o th A {z]iel}
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A4t — HEANZ B4t
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5 . JA
A1 — A A Ca5 42 1A
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1% 3L M % (Semantic Network)

O 1968 #J.R.Quillianfe £ L X PR AR ELEBEBLRNEL, e EAHAA
LHERRIG—NEIXNCEZFZEY, ALARTOTHAEZTEH
#TLC (Teachable Language Comprehenden) ¥ & 4£ 4o <2 & & % % o

O ZXRME&HEABRAR: ARLF, A “FL&7 Kb, AT LA
@ “EHI (BRAFEARKEAMAZ G LS, B, ELA%
AHBERARL cABM A LA~ ANPhHCOAGR. & T HAHGM
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User Interface & Applications
Trust '
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—r_‘ representation

URI/IRI

reasoning
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SPARQL
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LINKED DA"‘
On the web, 099"
Machine-re

Non-propneta!ym‘ j 3
r‘nC| es RDF standards A
| Linked ROF S~ ©) -

YOUR DATA 5 ¢

Use RDF as data format
= Use URIs as names for things
= Use HTTP URIs so that people can look up those names

= When someone looks up a URI, provide useful information
(RDF, HTML, etc.) using content negotiation

* |nclude links to other URIs so that related things can be
discovered
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KG)

A +# (Knowledge Graph
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2

Legend
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I
"Linking Open Data cloud diagram

2017, by Andrejs Abele, John P.
McCrae, Paul Buitelaar, Anja
Jentzsch and Richard Cyganiak.

http://lod-cloud.net/"
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RDF % 4

RDF 4« «

esource Description Framework (4 /& 4% £ 42 42)

DL Programming of OWL/Rules

SPARQI

RDF Schemas

RDF Model & Syntax
IRI/Unicode




RDF & 4~

RDF # 4

esource: W& . B 4. A% 4247 LA URlz <2 4

escription: B4 . #iEfe Rk = Q¥ % %
Framework: # 4! . % 5 foix % %K 6§15 0%




RDF # &

O ARDF®, 4ot &A= 247 X 0

OO0 RDFZ -~z (triple) 44!, Bpf— #4042 T 3R 34
PR A 4o T 75 X

O ( , , Object (%))




RDF z #]

[0 CCFADL&# £ X 5 A#%, &4 2HMA 42 B

O ( , , Haofen)
( , , KG)




R DF Is also a graph model

to link the descriptions of resources




RDF triples can be seen as arcs
of a graph ( , , Vertex)




Haofen >

speaker

CCF ADL

theme

s




In F resources and properties are
Identified by URIs “

http://mydomain.org/mypath/myresource




http://ex.org/haofen >

http://ex.org/schema#speaker

http://ex.org/ccf_adl

http://ex.org/schema#theme

<l http://ex.org/KG




ex:haofen >

ex-schema:speaker

ex:ccf adl

ex-schema:theme

< ex:KG




In Fvalues of properties can also be
literals 1.e. strings of characters




(CCF ADL, speaker, Haofen)
(CCF ADL, theme, “KG”)




ex:haofen

ex-schema:speaker

ex:.ccf adl

ex-schema:theme

66KG99




I F literal values of properties can
also be typed with XML datatypes




CCF ADL has one speaker Haofen
and last 3 hours




ex:haofen >

ex-schema:speaker

ex:.ccf adl

ex-schema:nbHours

“37Anxsd:integer




RDF % 4 ¥ &, (Blank Nodes)

[0 RDFA# 24 % 4

O —ANRFBRTHUAESL G

O epAR#URI4z47%, #4542 4 XyZ

O #l4e: Haofen £ £ — kKGi# & 9 # &




ex:haofen >

ex-schema:speaker

ex-schema:theme

ex: KG>




RDFR # ## %, KRRA 7 KN

Supports Multiple Graphs

4 ™
B RDF/XML e JSONLD
<rdf:RDF N
xmlns:ex-schema=http://ex.org/schema#> — @6" WM
<rdf:Description rdf:about="http://ex.org/ccf_adl”> — ) .
<ex-schema:speaker rdf:resource="http://ex.org/haofen”/> y e
<ex-schema:theme rdf:resource="http://ex.org/KG”/>
</rdf:Description> .
</rdf:RDF> N-Quads
.—
~ Turtie :httl\l';/-el;rcl)f)l/i:f adl>
@prefix ex: <http://ex.org/> . <phttp://e>?.org/_schema#speaker>
@prefix ex-schema: <http://ex.org/schema#> <http://ex.org/haofen>.
ex:ccf_adl

ex-schema:speaker ex:haofen;

ex-schema:theme ex:KG. < hutp://ex.org/ect_adl>

<http://ex.org/schema#theme>
<http://ex.org/KG>.
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( | , Haofen)
# K %% ACCF ADLi# & = # — 45 4 &




( | , Haofen)
Z 4 ACCFADL# & 2 A —42# %




RDF % 2~ X # 2 3 4o 1%

Cexhaoten_D Cextaoten D
@:cf_adD ex:guilin>

4 7 4 CCF ADL#Z R . LR2LEGETR PHARA




oo X 2 LG 4019 T 1L f 50 A #

Cometen
@ccf_acD gguilin)




P 4z (2 RDF

O 4474 ZRDF A £ &% & % £z &.

B ostia. Rz, 2. F4%

B = 44z iz RDF(S)

B ZA%42RDFAF 642 4&: YAGO2
YAGO2: # Aannotated RDF & F 4 4012 £
EEA X (s,p,0):1

B AR -4z dE

B ol F (HedE, stilz, &4) : 2017%1A




RDFFRDFS

RDF Schema ( RDFS)

RDFSARDF A st L4324 T —ANKE. MAF G2 TN, WMAT LS
MTIh g Aozt d b, £4E%, RDFSHRDF# A 424 7T -4 K
Aty £ A 4 %o

#4]. <http://mymetadata.vocab.org/Author>
<rdfs: subClassOf >
<http://purlorg/dc/elements/1.0/Creator>.

LK = kT A A A E L6 7 g Author £ Dublin Core ¢ 7 2« 42 Creator
#F £. RDF Schema it & @ St X H#¢4F X KL LR CHE @G THEZ
Al 4%, AOAMSG LG —BAGLHERBITT R




RDF Schema gRDFSZ

ARDFZ L T 4 T 44 iC:
Class, subClassOf, type, Property, subPropertyOf,
Domain, Range

schema

data
speaker




RDFS 4 22 7 #1

a3k rdfitype AL £ 45 4\ 3]

.=||]=.

AL A 45 3] rdfsisubclass & # 44 2\ 4]

l

g rdfitype 3 # #4484

#& rdfs:domain #&A
#_ & rdfs:range 2 4]

=ﬂ=

X I A5 adk

l

X E-4p 8 rdfitype #£RA




OWL#OWL?2

RDF(S) kit 2 L4 %

@ dRDFS) Tk F+— %ML @EsL, A& L2645 ET, RDF(S)
B AR ZRARF, L dk S FAGKE S

st F A4S &4z L. RDF(S) ¥ & drdfsirangez L T & + ¢ 14 5%
, ARADAHANRG, RE AN ZEBEATELAAGEAH ARG
A% 24 (A 3% PR A o

£. B, NMeaFHH: ROFO)FPAEZHANKNINELE., BHF
ANEREH L RRFH o

FlaxLkgeL: ARDFO)P Rz MF L £ 4, 4o FAFoHAFHR
AT £, Lt E R RANELER R ARG o




OWL#OWL?2

RDF(S) & 4 f4

AE49K: WAL EBATRIXNCTAAORMALBAHAITHAE, 4ol —
NAKHBE (AEANA) , —11REIH L HBF,

FFEBAHGHE: GENEHGOL EHUE, obild, SHH. o
fH, UAEA-NEHRI-NEHGEEMNF

W3C# & TOWLE 4 ZRDF(S), # A A BELR LAFARGHKEF RS




OWL#OWL?2

OWL 4~

W3CF20024%47A31a 44 7TOWL Web A4+ 5 (OWL Web Ontology
Language) L £ s t9ta¥, LA GRAT L4 LELRA

OWL@G =ANF&F

® OWL Lite
® OWLDL
® OWL Full




OWL #OWL2

OWL & =4 F % ¥

Fi&F # 1= 1% PR -4

OWL Lite BT RABLA LR EE— /o £ E kA | I 45 K& (cardinality), 4=
MEGEHRAXGAFP otk A& A0 KDL,

OWL DL #aOWL Lite izt £ @,4 TOWLE T4 | 53— NETURASINEG
AR AR %5 LB HBBRRTH | —ANF £, vH4AEFR
o A DI —~NE LB

OWL Full et AT LG (RDF. OWL)#E L | —~NETHRERAHALA
A L Aol i, ATEMLZRANT | F 3 NRG—DNEESUA
#% $ # OWL FULL ¢4 57 A feature. OWL | x N4 A F ¢4 — NANKRo
Fullz s L9 S B BB FRAATH 2 | AA=MERHE L

o




OWL $#=OWL?2

HHFOWLT#TGH A
O £ #O0WL Litex BOWL DL 2RAFAZ EEENETA S A
A LSEHRGTRAH,

O £#0WL DLZ AOWL Full2 &RAF AP A S XBRELE R
RDF& it A An#| (e 2 L LR G AR LB ALV KT B 44);

O 44 AOWL Fullm A& 2OWL DL, #3126 3 45 T4 K 4 T 4%,
B A 84 LA 24ea I HOWLFulleg 4 4 2 Ao




OWL $#=OWL?2

OWL 5RDF & £ 4

O OWL Full<T sx & & ARDF ¢ 4 £ ;

O OWL LitefeOWL FUll<T s% & %, & — 4 R AL 69RDF ¢4 47 £ ;
O s 4 «¢gOWL x 4% (Lite, DL, Full)#t & — ARDF x 4% ;

O 1A ¢9RDF 45 48 & — AOWL Full s 45 5

O =24 — $RDF x 4% & — A4~k ¢§OWL LitefeOWL DL X 4% o




OWL#OWL?2

OWL+4 iC
O %44 %M

exp:i& # { owl:equivalentClass exp:4& g i F
exp: # 7§ owl:equivalentProperty exp: 7 1%

exp:i& # i A owl:samelndividual As exp: J- #]

® expA 44 % http://www.example.org & %] %% ;
@ ULEINZAARNINENT ANELE, AaNEHR, UAANMBAREMHG




OWL#OWL?2

OWL+4 iC

O zmM&HetEu

exp:ancestor rdf:type owl:TransitiveProperty

® exp:ancestor &£ — /Nt i £ 4 ;
® bdo: exp:ds# exp:ancestor exp:J-#k; exp: stk exp:ancestor exp: J- &
A 848 L & 8], A exp:d- 8] exp:ancestor exp: J- & .

O z9aNEgHIA

exp:ancestor owl:inverseOf exp:descendant

® exp:ancestorfeexp:descendant & & & % % ;
® b4o: exp: .8 exp:ancestor exp: J-
ARz LR EH, A exp:ds+k exp:descendant exp: J- #




OWL#OWL?2

OWL-4 iC

O 295 Hed it

exp:hasMother rdf:type owl:FunctionalProperty

® exp:hasMother & ~NAH ARG EHR; BAZGNALA-NEF

O = 9 &4t eg 2t 4

exp:friend rdf.type owl:SymmetricProperty

® exp:friend & —NE A st M 69 & 14
® b4o: exp:.J-# exp:friend exp: d-
ARz Agdg L 8, A exp:d#k exp:friend exp:d- 4 .




OWL #OWL2

OWL 44 ¢C
O 2MEHGEHAE: 2B

exp:Person owl:allValuesFrom exp:\Women
exp:Person owl:onProperty exp:hasMother

® exp:hasMother /& # 1% & Fexp:Person £ ¢4 st /2, REGRMA 24 LA
exp:Women iz M~ £

O ANEHGAHFAR: HARE

exp:SemanticWebPaper owl:someValuesFrom exp:AAAI
exp:SemanticWebPaper owl:onProperty exp:publishedIn

® exp:publishedInf # <& & F exp:SemanticWebPaper £ ¢ #t 42, R 5 ¢4 IR 44 3F o~
kA exp:AAALX AN £,
t@ma = amtad T £FELAGR 2L AAAAALL,




OWL #OWL2

OWL+4 iC

O z2mBHeaia R L&z

exp:Person owl:cardinality “1”"xsd:integer
exp:Person owl:onProperty exp:hasMother

® exp:hasMother /& £ & & Fexp:Person £ ¢ st 4%, R 4% 69 IR4A 2 4 H — 5
® “17¢ # 48 £ A ik & 9 Axsd:integer;
® X AKHKNHE, AR LETEMBGAINYA X




OWL#OWL?2

OWL-4 iC

O 29dax g%

exp:Mother owl:intersectionOf _tmp
_tmp rdf:type rdfs:Collection

_tmp rdfs:member exp:Person

_tmp rdfs:member exp:HasChildren

® tmpRisat Ak, ©ArdfsiCollection£®, 2—AREH,
v @ 7@ A 7 Aexp:Person, exp:HasChildren;
® b if = 7 449 exp:Mother £ exp:Person, exp:HasChildrenix /N4 6 X %o




OWL #OWL2

OWL44 iC 3 &

OWL ¥ ¢ # %44 iC %2

owl:oneOf 7 AM A LA
owl:disjointWith EFRANERAR
owl:unionOf EMEGAEH

owl:minCardinality

owl:maxCardinality R R A KK

owl:InverseFunctionalProperty | # #1 Z & £ L A & # & 14

BRI/ RM, FHRARLELA—NR

owl:hasValue &




OWL #OWL?2

OWL?2

O OWL# & 4t A ; # 6gOWLA A ik #2 A OWLL;

O OWL22 L T—4%OWLE F#E 35, B ER4EEEH, 5% %FE
THRBIEFEMEIN, UABRLTFARAGE A;

O OWL2¢ = X F & 5

OWL2RL, OWL2QL, OWL2EL




OWL e OWL2

OWL21& & R #t

ARE

OWL 2 Full Undecidable

2NExpTime-
Complete

NExpTime-
Complete

PTime-
Complete




OWL#OWL?2

OWL 2 QL

O QLA &query languagetg & &, + A & F A4k tg 5481,
O OWL2QL#® A 24 2ACO, 3 % &4 kM4 432,
O OWL2¢ =% F#&%5 P, QLKA H £,

O OWL 2 QLA K& T 44 £ 2 4542 S DL-Lite sz sL 49,




OWL#OWL2

OWL2QL k& 4 2

Sk 4 4% w44 iC 2} & 6 36 R 12 A% O 38 B o
rdfs:subClassOf Mother T Person
rdfs:subProperty Of hasSon E hasChild
rdfs:domain JhasSon.TC Person
rdfs:range TC VYhasSon.Person

owl:inverseOf

hasChild=hasParent™

owl:disjointWith

Women n ManE |




OWL#$OWL2

OWL 2 QL 4 %

%8

{/}/
r:: ij %0 A\xt fatia AR

R ] ko8 B

QL Ak

@ FOWL2 QL% 5 k4], K FOQL&AREWGTuit/L 50 Xxfatia 54K




OWL#OWL?2

OWLZ2EL

O OWL2EL# A #.4 K& 448, 432 &84,
O A4+HEFTAKRS,ZE A, 4l FE T KiEAARSNOMED CT;
O 7 2 & &PTime-Complete;

O OWL2ELR A FH# L3455 EL++2 L 6.




OWL#OWL?2

OWLZ2EL &4 % 2

£ % €4 A% &4 iC 2t 5 4 36 K 4% A 18 B o
rdfs:subClassOf Mother = Person
rdfs:subProperty Of hasSon E hasChild

JhasSon.Children = Person

owl:someValuesOf Parent = 3hasSon.Children

owl:intersectionOf Star M Women C Scandal

owl: TransitiveProperty Tran( hasAncestor )

OWL2EL £ & ik4e T £ 2 t9 04

Female 1 3likes.Movie n 3hasSon.(Student n Jattends.CSCourse )

HEROLE, LFRSE4 ALt ARt




OWL #OWL2

OWL 2 EL # 22 ¢ #] F
Apple = JbelnvestedBy.(Fidelity MBlackStone)

$2dEithd L oHE Ko
dbeFundedBy.Fidelity = InnovativeCompanies

550 G LR R ) N3] AL R 4] A Ak
dbeFundedBYy.BlackStone E InnovativeCompanies
49 B G &R 23] A R 4] dr ko

belnvestedBy = beFundedBy

PR A B o




OWL #OWL2

OWL 2 EL 4 22 &9 #] T
Apple E 3belnvestedBy.(Fidelity nBlackStone)
dbeFundedBy.Fidelity = InnovativeCompanies

dbeFundedBYy.BlackStone E InnovativeCompanies
belnvestedBy = beFundedBy




OWL#OWL2

OWL 2 EL # 22 ¢4 4 F
Apple E FbelnvestedBy.(Fidelity nBlackStone)
dbeFundedBY.Fidelity = InnovativeCompanies

dbeFundedBy.BlackStone E InnovativeCompanies
belnvestedBy = beFundedBy

Apple = JbelnvestedBy.Fidelity




OWL#OWL?2

OWL 2 EL # 22 ¢4 £ F
Apple = JbelnvestedBy.(Fidelity MBlackStone)
dbeFundedBY.Fidelity = InnovativeCompanies

dbeFundedBYy.BlackStone E InnovativeCompanies
belnvestedBy C beFundedBy

Apple E IbelnvestedBy.Fidelity
Apple E 3beFundedBYy.Fidelity




OWL #OWL2

OWL 2 EL 4 22 ¢4 4| F

Apple = JbelnvestedBy.(Fidelity MBlackStone)
dbeFundedBy.Fidelity E InnovativeCompanies

dbeFundedBYy.BlackStone E InnovativeCompanies
belnvestedBy C beFundedBy

Apple E 3belnvestedBy.Fidelity

Apple E IbeFundedBy.Fidelity
Apple E InnovativeCompanies




OWL#OWL2

OWL2RL

O OWL2RLA 4 ZRDFS kA 4 64 R af, 445 T ARG Z R A

O OWL2 RLARDFS# Rsg L3 NBH ezt (R&H, ZAH,
#HH); LA FEHFHAMN; A FEHGEHIFAE;

O 7 2 & &PTime-Complete;




OWL#OWL?2

OWL2RL &%

O OWL 2 RLter Horsteg 1. /& Lak[1] L 4d & k. % T /e ¢ A 9 R 4%
OWL+4 ic 3| ~RDFS, {##8RDFSA it 2 L*x 4 %, B MH4EH
H A E AR APTIMeZ 3 ;

O OWL2RLY#A BB EHAHB L%

O LR3e¢g—A05 82, OWL2RLAE £ 4 3 # #3258 ++ 64 A4RiE 5

[1] ter Horst, H. J. Completeness, decidability and complexity of entailment for RDF Schema and a
semantic extension involving the OWL vocabulary. J. Web Sem., 2005, 3, 79-115.




OWL #OWL2

OWL2RL k& % 2

ik 6 A% &4 iC

rdfs:subClassOf

rdfs:subPropertyOf

rdfs:domain

rdfs:range

owl: TransitiveProperty

owl:FunctionalProperty

owl:sameAs

owl:equivalentClass

owl:equivalentProperty

owl:someValuesFrom

owl:allValuesFrom




OWL#$OWL2

OWL 2 RL # 22 % A~

O OWL2RL#2 A4t FRolsizea#hiz;, PTimei LAl 4t
Bl EHRIZIFP GLEFE;

O 4 2t 2 UK A 9% 6 4 32

p rdfs:domainx, spo = srdf:itype x
p rdfsirangex, spo = o rdfitype x

® S, D0, XAET;
® #|F: d& exp:hasChild rdfs:domain exp:Person,
exp:Helen exp:hasChild exp:Jack,
A exp:Helen rdf:type exp:Person,




OWL #OWL2

OWL 2 RL # 22 & 4>

O subClassOf#esubPropertyOf « 4% % 4+

p rdfs:subPropertyOf g, q rdfs:subPropertyOf r =
p rdfs:subPropertyOf r

v rdfs:subClassOf w, w rdfs:subClassOf x =
v rdfs:subClassOf x

® p,qLV,WXAEE;
® #|F . & exp:hasSon rdfs:subPropertyOf exp:hasChildren,
exp:hasChildren rdfs:subPropertyOf exp:hasOffspring ,

A exp:hasSon rdfs:subPropertyOf exp:hasOffspring -




OWL e OWL2

OWL 2 RL # 32 % A~

O 4=t 2l AEWEHHE

p rdf:type owl:TransitiveProperty, upw, wpv = upyVv

O 42t Z 5 & H 432

p owl:inverseOf g, vpw=wqV
p owl:inverseOf g, vqw=wpVv




OWL #OWL2

OWL 2 RL # 22 & A~

O 4=t 4 A4 422

v owl:sameAs w, w owl:sameAs u = v owl:sameAs u
v owl:equivalentClass w = v rdfs:subClassOf w
v owl:equivalentProperty w = v rdfs:subPropertyOf w

v rdfs:subPropertyOf w, w rdfs:subPropertyOf v =
v rdfs:equivalentProperty w

v rdfs:subClassOf w, w rdfs:subClassOf v =
v rdfs:equivalentClass w




OWL #OWL2

OWL 2 RL 4 52 % 4

O 454 a34 L2

v owl:allValuesFrom u, v owl.onProperty p,
w rdf:type v, w p X = x rdf:type u

® & F: & exp:SWPaper owl:all\ValuesFrom exp:AAAl,
exp:SWPaper owl:onProperty exp:publishedin ,
exp:paperl rdf:type exp:SWPaper,
exp:paperl exp:publishedin exp:conferencel,
# exp:conferencel rdf:type exp:AAAI,




OWL #OWL2

OWL2A. 4T €9 4 22 4 %

O OWL 2 DL reasoners
FaCT++ (Manchester), HermiT (Oxford), Pellet (Clarkparsia)

0 OWL 2 EL reasoners
CEL (Dresden), ELK (Oxford)

O OWL 2 RL reasoners
Jena (HP Labs Bristol, Aberdeen), Oracle 11g OWL Reasoner (Oracle)

O OWL 2 QL reasoners
QuOnto (Rome), Quill (Aberdeen)




SPARQL % A~

[1 RDF# &+4+% 5
B X FRDF# iz 4 A
O Tk AR ¢#EL£ES T L L4 (joins)
O &MAzAA%ELELH
[1 SPARQL Protocol and RDF Query Language

FEID @ http://mww.w3.ora/TR/rdf-spargl-query/




SPARQL &9 £ 4

A SPARQL query comprises, in order:

®  Prefix declarations, for abbreviating URls

m  Dataset definition, stating what RDF graph(s) are being queried

m A result clause, identifying what information to return from the query

®m  The query pattern, specifying what to query for in the underlying dataset

®  Query modifiers, slicing, ordering, and otherwise rearranging query results

# prefix declarations
PREFIX foo: <http://example.com/resources/>

# dataset definition
FROM ...
# result
clause
SELECT
# query pattern
WHERE {

}

# query modifiers
ORDEE BY




SPARQL %14 A& A4 A,

Dj{%, RDF?@{]%&&, }X «?n 53{‘% «$n é%?i:;

O = zm44s  (triple pattern) , AWHEREF & ¥ 7]
TEHGE MBI, ZMUKRZIAHARAR, AAH
zaafhLEtEEE;

OSELECTF g+ &bA9atzT T




SPARQL 418 &

— A 4 ¢4 SPARQL 414

PREFIX exp: http://www.example.org/
SELECT ?student
WHERE {

?student exp:studies exp:CS328.

}

® 345t £ 48-CS328iR 42 49 % 4
® ok 2 & 4SQLE 5 H# /T2 &
® PREFIX3 o #tiT4 L2 s8, B8 THLAGHBEI AN E,




SPARQL &+ & &

SPARQL &1 # & £ 6t % % A

O OPTIONAL

SELECT ?student ?email
WHERE {

?student exp:studies exp:CS328 .
OPTIONAL {

?student foaf:mbox ?email .

}

}
® 5 rr A & CS328 R F A4, UAAM G4 ; OPTIONAL £ 4 %
W{BTA R EANH, 2R BEQFEHE, PHATEHE




SPARQL 4 & &

SPARQL & & ¢ £ 4k 2 M i

O FILTER

SELECT ?module ?name ?age
WHERE {

?student exp:studies ?module .

?student foaf:name ?name .
OPTIONAL {

?student exp:age ?age .
FILTER (?age > 25) }

}

® L AuE, AMBRIE, UAMLNGFH, 4oRFHAFH, L 2FH00
X F25%,




SPARQL &+ & &

SPARQL & & © % ¢k F &/

O UNION

SELECT ?student ?email
WHERE {
?student foaf:mbox ?email .
{ ?student exp:studies exp:CS328 }
UNION { ?student exp:studies exp:CS909 }

}

® 544t 141%42CS328 KX, CS909 47 5 4 44 .4 s4 & 4 44
® :&, XPLHYMBRLALRGDY, 4o FEAPME, 2t R BRGiX LaE;
(z. & #«OPTIONAL £ 3]




SPARQL &4 & &

SPARQL & & & % ¢k F &/

O FROM

SELECT ?student ?email ?home

FROM <nhttp://www?2.warwick.ac.uk/rdf/student>

WHERE {

?student exp:studies exp:CS909 .

OPTIONAL { ?student foaf:mbox?email .
?student foaf:homepage ?home. }

}

® 3 ik /8242 CSO09 64 % 4 44 8 14 B 4 44 Fo {2 4t
® FROM£4¢ 3 2| ~NT 0 AR K& T 15 19 ) 4012 & o




SPARQL 44118 &

SPARQL &4 & 1 :

finance:g 4| ¥ & rdf:type finance: . # % i
finance: 4} z 3&, finance:control finance: 3 4| ¥ &
finance: & % = finance:control finance: & 44 &

finance: 4 i #, finance:hold_share finance: & #. ™
finance: £4 4k finance:control finance: » i# £ &
finance: 7 i+ £ & finance:main_income finance: #. # % 4k
finance: g 4| & finance:acquire finance: & 44 ™
finance:g. 4| ¥ & finance:acquire finance: 7 % % &

SELECT ?P ?X
WHERE {
2P finance:control 2¢ . 2 RA A £ 4o

?¢ finance:acquire ?X ..




SPARQL 4 & &

SPARQL &4 % 1

finance:g. 4| ¥ & rdf:type finance: #. = ¥ 4.
finance: 4} z 3&, finance:control finance: 3 4| ¥ &
finance: & % = finance:control finance: & 44 &

finance: 4 i #, finance:hold_share finance: & 42 ™
finance: £4 4k finance:control finance: » i# £ &
finance: 7 i+ £ & finance:main_income finance: #. # % 4k
finance: g 4| & finance:acquire finance: & 44 ™
finance: g 4| & finance:acquire finance: 7 i %4 &

SELECT ?P?X
WHERE { Eackh
?P finance:control 7c.  9p X
?¢ finance:acquire ?X . . .
} iz 55\) A AL M

I £ A 7 ik & &




SPARQL 4 &

acquire
RDF # # & A
.= control T
v . A
L?t\lh_ﬂm
ol siwi
holdShare acquire m@/,; 7=
control -
@ main| income
control > FikEH
| WANDA GROUP
[ \
TRF
SELECT ?P?X
el WHERE {

acquire
a ?P finance:control ?c .
control 2¢ finance:acquire ?X .




& % SPARQL & F #1

PREFIX foaf: <http://xmins.com/foaf/0.1/> PREFIX foaf: <http://xmlns.com/foaf/0.1 />

PREFIX org: <http://example.com/ns#> ASK  { 2x foaf:name "Alice" }
CONSTRUCT { 2x foaf:name 2name }
WHERE { 2x org:employeeName 2name }

“Find the people who live in “Palo Alte ~ and have founded or are board members of companies in the
software industry. For each such company, find the products that were developed by it, its revenue, and
optionally its number of employees. “

SELECT* WHERE
{ 2x home “Palo Alto™ .

{ ?x founder ?y } UNION { ?x member ?y }

{

2y industry “Software” .

zz devalupe; ?y. SPARQL 1.1:
,':fpﬁ:,::: {:'r employees 2m }. Everything you loved about SPARQL
} plus Aggregates, Sub-queries,

Property paths, Negation and more!




RDF# T4t 9 R iEH, RE A THAXABY

A very simple query to express at the conceptual level ...

“Find people who are members of an organization founded by a relative. “

but tedious to formulate precisely against RDF data

SELECT* WHERE

{{ ?x member 2y } UNION
{ 2x board_member 2y } UNION
{ 2x ceo 2y } UNION
{ 2x works_for 2y } UNION
{ 2x employee 2y } UNION
{ 2y employer 2x } UNION
{ 2x intern 2y } UNION ....
{ ?z founder ?y }
{ ?z brother ?x } UNION
{ ?x brother ?z } UNION
{ ?z father ?x } UNION
{ ?x father ?z } UNION

{ 2z mother ?x } UNION
{ ?x mother 2z } UNION ... RDF provides the flexibility to use any predicate

} and any type in any statement but no mechanism to
define the meaning of those predicates and types

Every possible way membership
in an organization can be expressed
in the RDF data

Every possible way family relationship
can be expressed in the RDF data




A4k (ontology) T 34 L % 402 B &4 2 9] € 15 3L 9] &

Let’ s revisit our simple conceptual query

“Find people who are members of an organization founded by a relative. “

Assume some mechanism to specify relationships between predicates as follows:

relative
(symmetric property)

member

parent

= Inverse(child)

works for

e
Inverse(employer

SELECT* WHERE {

Simpler precise query against the RDF 2x member 2y .

data enriched with the above 2z founder %y .

semantic knowledge (ontology) 27 relative ?x

}




SPARQL 414 4% &

SPARQL 44 # 1

finance:g. 4| ¥ & rdf:type finance: #. = ¥ 4.
finance: 4} z 3&, finance:control finance: 3 4| ¥ &
finance: & % = finance:control finance: & 44 &

finance: 4 i #, finance:hold_share finance: & #. ™
finance: £4 4k finance:control finance: » i# £ &
finance: 7 i+ £ & finance:main_income finance: #. # % 4k
finance: g 4| & finance:acquire finance: & 44 ™
finance:g. 4| ¥ & finance:acquire finance: 7 % % &

SELECT ?X?Y
WHERE { LW £ MR G 3]
?X finance:conn_trans ?Y .

}




SPARQL & i& &

SPARQL -4 & 4] .

B AL 6 A A

hold_share(X, Y) : - control(X, Y)

conn_trans(Y,Z) : - hold_share(X, Y), hold_share(X, Z)

SELECT ?X?Y
WHERE {
{?Z finance:control ?X.
?Z finance:control ?Y. }
UNION {?Z finance:hold_share ?X. #H & A &4 £z X?
?Z finance:hold_share ?Y. }
UNION{?Z finance:control ?X .
?Z finance:hold_share ?Y.}
UNION{?Z finance:hold_share ?X.
?Z finance:control ?Y.}




SPARQL 4% &

SPARQL 414 24

B AL 6 A A
hold_share(X, Y) : - control(X, Y)
conn_trans(Y,Z) : - hold_share(X, Y), hold_share(X, Z)

SELECT DISTINCT ?X?Y

WHERE {
{SELECT ?U ?X WHERE{?U finance:hold_share ?X .}}

{SELECT ?U ?Y WHERE{?U finance:control ?Y .}}
¥

® SPARQL %% 4 & 44, BeWHEREF 4 ¢ €,4-SELECT# 4,




SPARQL A T # 3§ A A 6 & 4!
LHTR 2 GHA Gl

O 4% % # % @ % (Signal transduction
pathways) 4 % # $e. 4z ¥ &% &
FFETER ARG EG

o CAl4 4+ 4 % (CA1 Pyramidal
Neurons) & fTR k%A P E# T
R 1%

O KANTUKIAHLEFTHFFE R
hh gL P hRA
(candidate genes )<%?




% 4o 42 &£ SPARQL 44 5 #1
A SPARQL Query Spanning 4 Sources

prefix go: <http:Vpurl.crglcbolowl/GO#=

prefix rdfs: ﬂhnp""wmv.wS org/2000/0 Vrdf-schemas>
prefix owi: <h WW wl.org/ 2002707 owsE>

prefix rmash: < ur urg'wnmcns.'re..crdh'nesh-‘b
prefix sc: <httped) u -c:rg. 'scencelowl/scencecommaons/>

Brec o < s cBcrouRCry rgar - ___—Mesh: Pyramidal Neurons

5elect|7genenams- ?processname | e *

where -
{ graph <h :purl.o ucwmons-hcls.bubmeshb
%’-‘pa er 7p mesh:D017965 . 4~
"ar'nde scidentified_by_pmid paper.

}7ge-ne scidescnbes gene or_gens_product_mentioned by Zarticle. PmeEd Journal Art|C|es

<h url.org'commonsihclsigos=
pmheﬁ'npr:lgs su?zglass"‘f Tres.,
'?res owl:onProperty rochas_funciion.
?res owl:someValuesFrom Pres2.
"res.. owi:onProperty rocrealized_as.

Pres2 al Fi H -
1 < e ves S8 708 cssseltons> Entrez Gene: Genes
{{ process <http:purl.orgd lobo#part_of> go:GO_0007166}

{7process rdfe-subClassOf go:GO_0007166 \ *
?protein rdfs subClassOf 7parent. L_

:pel.rf:-n3 tcm':l e?‘ru'raie:rl'nc a3ss Tresl e

res3 ow'hasValue 7gene. . H H
R GO: Signal Transduction

dabel Yigenenams }

grii“gwe<hnp Ipuri crg.cor'mmslhcﬁr&ﬂ"llﬂfb

. | "process rafs:label Zprocessname}

Inference required

DRD1, 1812 adenylate cyclase activation

ADREZ, 154 adenylate cyclase activation

ADREZ, 154 amestin mediated desensitization of G-protein coupled receptor protein signaling pathway
DRD1IP, 50632 dopamine receptor signaling pathway

e i ey
SPARQL makes ad hoc queries over [ e

multiple data sources (in RDF) easy [zrams

signaling pathway




JSON-LD

COJSON-LD & JavaScript Object Notation for Linked Data#y 4 &, & —
M & FISON A& 7 Fo 42 # 5. 3% # 42 (Linked Data) ¢ = £ . JSON-LD #%
AT 4/ TH FISONEAFTAH G EH, UAATa— NI FPRALAT L
I # 38 B JE L0 # 48 . JSON-LD ¢4 4% & #JSON £ &

C0JSON-LD 4 72 4 o 4o APl (JSON-LD Processing Algorithms and API)
#2724 32)SON-LD# 2 rE kA pfitho, B o TiL
f JavaScript, Python & Ruby % % #2 71 3% ¥ A 4 »$ JSON-LD x 1% it 47 4%
d Fo 4L 32




JSON-LD

—~ A4 £ 69 ISON x A

{

"name": "Manu Sporny",
"homepage": "http://manu.sporny.org/",
"Image": "http://manu.sporny.org/images/manu.png"

}

® & NSONX At & F—MNA. AMBERGHh & X L6e3L “name’ RAH L
%, “homepage” # # 2 W, “image’ R A ENBHr. ZAHNBZERER
“name”4e “image”ix # 65 K%




JSON-LD

JSON-LD 4 # 4+ 2. ?

{

"http://schema.org/name”: "Manu Sporny",

"http://schema.org/url”: { "@id":"http://manu.sporny.org/" }, "http://schema.org/image":
{ "@id":"http://manu.sporny.org/images/manu.png" }

¥

® JSON-LDi# it 3| ~#L 3 9 K3 & T, th4et— 4k F “name”, “homepage”Fe
“image” 9 URI, {& 4§ 8 48 R #fodu B3 B X A Kado




JSON-LD

JSON-LD #e & s( ™

OJSON-LDEZ A L E X MM Keg 4B, v AA LAz BLEE L %2
REEFT G RE, Blde, BANLBELEREZ AL ‘name” T F 4 WA WA

O JSON-LD ¢ 2 o i% A ok % & 3 9% LA # K4 (Turtle/SPARQL/Quad
Stores), mAMUME. RALURABEO—BRFELEARGF XNt




RDFa

CORDFa (Resource Description Framework in attributes) & | T 4z t2 & &

EIRDFaﬁEWC%C*&i‘m #o v A TXHTMLG UANE W, W T 4| /£ %
TILF| X B HANA Pt T4 B2 Re KB

O5RDF# st & £ % ¢ 18 RDFa<T 34 44 RDF ¢4 = 7. 48 %2 ~1a XHTML x
1% F, c’&a{iﬁﬁ-/\’f«r # 6 1 H 5% T A AARDFa 4 ¢ 4 Ik & % & RDF
.:..YQf}lZi




RDFax & & 2

O @i Ng2eRthskn L G175 P4 ~RDFata & ¢4 & £ % 1%
FEHRDFak Koyl R B RAE ML 27 ETABAF, AFH AL
8 6.

<div xmlns:dc="http://purl.org/dc/elements/1.1/"
about="http://www.example.com/books/wikinomics">
<span property="dc:title">Wikinomics</span>
<span property="dc:creator">Mr right</span>
<span property="dc:date">2006-09-02</span>
</div>

Ot &@«K 556l ¥ AP TRDFaE ¥ F tgabout g 4 Fo property &
ZEBRGFHANT 4 XE, M AT IEXETMLEGHEL
, e tfi ARz R, Al A AeblEal], MK BTG I
RDFa 9 At #.4% %] o

BTG Z ML R, R HEUAR T B G £ KM




HTML5 Microdata

COMicrodatai # 42, &7 M T 45412451015 5 % AU B T8 64 B 1 £ 4B
Ol #4¢& ATiL ka4 23048 0CAk. P& ARG Azt 4 DOMA 47 12
ORAATIAA 2 A MEHEENCLE, AATHOMR P3G 265 %

O##EREALEErATN LT LGEE - RS G5EL. sHTMLY
@ LR % A At 4% B MBI TR AT BT G R




HTML5 Microdata

L — N £ A

/ & ititemtypeds &

Z
<section itemscope iemtype="http://data-vocabulary.org/Person™
<hl itemprop="name">Andyg/h1>

<p><img itemprop:'[B’rlc‘)
er=

ttp://www.example.com/photo.jpg"></p>

<a itemprop3”url” pr ample.com/blog">My Blog</a>
</section> \
L ~
L ANdy 69 @ AN B VA S A

i# ititempropiz £ 48 T T ¢ 52 4 Andy

B W B TIABFTAWARN T LRI IE LA, BHIABAEMHAA




RDF+SPARQL
#1 b
ER+SQL




RDF& s 2 & — £ 4 B X2 3L

Information Given

Tencent llocated In|  Shengzhen
Shengzhen China

Information Inferred

Where are the

relationships? Tencent located_in China

Relationship Model

. N Question
located_in type transitiveProperty , :
In which country is

Tencent located?
Relationships are explicit in the Answer

model and directly available to In China
applications!




L4 HA - L4BRNXFH

Company Table

ID | Company Name Relationships are in

IDC‘ Tencent documents, SQL code and

collective memories - not
City Table available to applications!
City | Country

Shengzhen ‘ China

Company_City
Table

City_ID

| CO_ID

Shengzhen ‘ IDC

Where are the
relationships?

=

Data Definition Statements? Applications
do not use them, they are not descriptive
and their scope is a single database

Data Dictionary? Data Registry
They are for human, not
computer use

Pous Medulla

P 4

Question

In which country is Tencent
located?

Develop a Query

Select Country

From Company Table, City Table,
Company_City Table

Where Company Name = “Tencent”
and ID = CO_ID and City = City_ID

Answer

In China




SHELETER - &L 4T

u‘ 31'7

Information Given She cated_in China

Tencent  located in Shengzhen
Shengzhen loacted_in Guangdong
uangdong Iocated in China

-t N Tencent located_in China
new data
Changes are Easy to Make

Relationship Model v i

Information Inferred

Shengzhen located_in China

Question

In which country is Tencent
located?

Located in type transitiveProperty

Answer
In China




SHBAAETER - £ 4 BEdiT S

Company Table Question
:Bc i CTompart\y Name In which country is Tencent
encen
located?
State Table :
Using the same query
State Name | ID | Country

Guangdong ‘GD‘ China Select Country

=

Company_City Table

ciyldD | coIp
Shengzhen | IDC _ _
City = City_ID
Doesn’t work 1
City State Table any more! 2
City_ID State_ID Get No Answer!
Shengzhen GD

Changes should be avoided at ALL costs
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F@.@\\ O An open, multilingual knowledge graph
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i
DBpediafh I 4042 F #1 DBpedia

About: E[E http://dbpedia.org/page/United States

An Entity of Type : bebouwde omgeving, from Named Graph : http://dbpedia.org, within Data Space : dbpedia.org

EFRERE (15 United States of America, f9#8: United States. America. The States, #%&: US.A.. US.) , EiEA
XE, ZHE50MEMN. ERBEMMIEENE. A TBRAWTI/INSHEEMMNEFHENE, EEAT48MFIEFB IS XAURILE
MEPER, RERAME, AEATE, tEENEKR, PENERTREMSHERE, ATAURNERT. BIBFE, R
MAIRIEERETRIE S, REBANEXR, ARKSSBBRIAEENREE, ERRMNAIZ A =PEHNEES. EETMENEE

dbo:anthem » dbr:The_Star-Spangled_Banner dbp:areaLabel = Total area
= Total land area
dbo:areaTotal = 9833516638013.326172 (xsd:double)
= 9833517000000.000000 (xsd:double) dbp:amaMagn“ude n 1[xsd:in‘[eger]
dbo:capital L} dbr:WaShington,_D.C. dbp:areaﬁank_ . S[xsd:ir-neger]
dbo:demonym = American (en) dbp:callingCode = dbr:North_American_Numbering_Plan
dbo:ethnicGroup » dbr:White_American

dbp:caption = --09-11

= dbr:Native_American = One World Trade Center, built in its place

« dbriAfrican-American

» dbr:Asian_American dbp:cctld = dbr:.mil

= dbr:Multiracial_American = dbr:.edu

= dbr.gov

dbo:flag = Flag of the United States.svg « dbr.us




YAGO?2 Knowledge Base 3 M entities, 220 M core facts

— |00 relations, 200k classes
Iy

subClassOf >| M temporal facts
[Hoffart,Suchanek,Berberich,Weikum:Al' | 3]

L}
I Organization i Person I subClassOf Location

subClassOf
r subClassOf -
subClassOf subClass ~
Politician 95 A‘
subClassOf |

. e type
Physicist type op City I
\ . type | Germany |

accuracy

subClassOf

Biologist

type - type
locatedln
Oct 23, 1944 . Erwin_Planck p= t
diedOn Kiel locatedIn Schleswig-
ype Holstein
Nobel Prize hasVWon
citizenOf

I_I diedOn .
Max_Planck Oct 4, 1947 Max_Planck Angela Merkel

Society

Apr 23, 1858 bornOn

means means means means

means “Max “Max Karl Ernst I I “Angela I I “Angela l




Freebase r~ Frecbase

F" Fre(—)base Find... Browse Query Help English =

46,295,148 o

A community-curated database of well-known people, places, and things

Schema Queries Apps Loads Review Tasks Users

Explore Freebase Data How can you get started?

Domain ID Topics Facts Learn how it works

Discover what kind of information
Freebase contains, how it's organized,
Books Ibook sM  15M and how Freebase allows you to unigquely
identify identities anywhere on the web

Music /music 30M | 205M

Media /media_common 5M  16M
Keep reading »
People Ipeople 3M  20M
Use Freebase data
i /i M 21M
Fim /fim Freebase data is free to use under an
™ v 2M 18M open license. You can:
Location Mlocation 1M 13M » Query Freebase using our Search,
: Topic, or MQL APIs
Business /business LU « Download our weekly data dumps
Fictional Universes [Mictional_universe m - 1M
Join the Community
Organization /organization 927K  4M
+ Follow Freebase on G+
Biology /biology 670K = 4M « Subscribe to the mailing list for
COF‘I"II'TILII'Iily discussion
Sports Isports 484K  4M

Terms of Service How to Aftribute to Freebase Feedback © 2014 (10&816 View Source  Clear Cache




% 7 % 4 -Freebase

[0 Freebase4¢ A 2 444 £ 4! (CVT: Compound Value Types) k432 % 7 £ %
o Blide THRHENHF FPHCVTH AL T £ FObamaty(£ R MR 6 % T £ %
“government_position _ held”. # N3 L £ 4 L4 3NF =A% %
“office_holder”, “office_position”, “from”, “to”%. —ACVTz# & —
™A —MID ¢ Object, & TixA % NTypes. # T34+ E 5|, Freebasede
i A ECVT ¢gObjectuth A “Topic”s

politician/ government_position_held/
government_positions office_position_or_title
held - - President of the
United States
CVT 5
{ Barack Obama government_office_or_title/

office_holders

government_position_held/

| 2009-01-20
office_holder government_position_held/

from
government_

position_held/
to

no value




Wikidatafe+g £ . E A TH] Woms

% # £ A
: WA %, %4 FOWL: Thing
value Entity | &4 ItemAeProperty
Item £ 4]t %, %42 -Finstance
London ST Bttt %k, %4 FRDFF ¢
Property
POPUIation freiiia?yoitimate ! SOLIFCELH"‘H % iﬁ./a\’ /3\11- - /I\&j lfé- y }
,,""H as of June ?012 \\H\\ Statement /I\{é. Zd‘ %’X K{%\ f*jé‘ ¢{P f*jé‘ ﬁo g' E]
/ L \\ reference iy
(collapsed) o Bt — AN A 3 = /5
property / \ Qualifier S = At xi—% /Zt SRS
claim e statement —
qualifiers

ke A Ak g4, £mTF
Snak RDF = 7.4

Reference 1% <8 A 6 kR




O

% 7. % 4 -Wikidata

Wikidata4¢ A 44-146-Qualifiers |l F 432 5 2 ¢ % LA FTo 4o—/NiE & “spouse: Ivana
Trump”# & T —MN= A% %o £41T144& AQualifierséix Nig ik 45 40 3 Nt o453 A %
2 & % E 4%, 4. “start date: 7 April 1977” and “end date: 22 March 1992, % .

5| A-References Al T Az 2 N A G R BR RN EL, R B TENELTHA @AM E
3 £.% . 3] A oA —#Qualifiers, i@ % ifs4e #|Statements ¢ bt 4o 42 8. F o

Donald Trump (q22686)

spouse | vana Trump
start time
end time

7 April 1977
22 March 1992

]

1 reference

reference URL

quote

http://hollywoodlife.com/celeb/iv
ana-trump/&

Ivana married Donald Trump on
April 7, 1977. (English)

a

= | Melania Trump
start time
place of marriage

22 January 2005

Mar-a-Lago

eference

reference URL

quote

http://www.hollywoodreporter.co
m/features/trumps-wedding-
melania-bill-hill-880088&

on Jan. 22, 2005, it was a
different story. Trump married
model Melania Knauss (English)

® | Marla Maples
end time
start time

8 June 1999
19 December 1993

0 references




ConceptNet £ A & & & & / Cneeptet

[ ConceptNet

semantic network

has common sense
knowledge

&4 s, fFNode R g #ETHAL, £ 2R —-1ANG — o

is used for

knowledge graph ——

part of artificial
: = PR
understanding intelligence

T part of

word embeddings

F, 124 £ dazst A 2. AA T BAK4o2 IR G
B, §mEAHATHAHETAEAEAES, 4o AR

crowdsourced
A e A
ﬁ% , ";] //é\ %_ o knowledge
lexicography
games with a
Relation Sentence pattern Relation Sentence pattern PLIPOSE
IsA NP is a kind of NP. LocatedNear You are likely to find NP near NP. linked data similar to the Semantic
UsedFor NP is used for VP. DefinedAs NP is defined as NP. L, Web
HasA NP has NP. SymbolOf NP represents NP. 4
Cap‘abICOf NP can VP. RcceivesAc_tifm NP can be YP. hasa Web API = JSON-LD
Desires NP wants to VP. HasPrerequisite NP|VP requires NP|VP. Is used for
CreatedBy You make NP by VP. MotivatedByGoal  You would VP because you want VP.
PartOf NP is part of NP. CausesDesire NP would make you want to VP. has property
Causes The effect of VP is NP|VP. MadeOf NP is made of NP. opencontent ony™ multilingue
HasFirstSubevent  The first thing you do when you VP | HasSubevent One of the things you do when you /
is NP|VP. NP|VP. multilingual isynonym
AtLocation Somewhere NP can be is NP. HasLastSubevent  The last thing you do when you VP is ! ‘%‘ Suim
HasProperty NP is AP. domain-general els

Table 1: The interlingual relations in ConceptNet, with example sentence frames in English.
motivated by goal

let computers understand what people already know

4 -Concepts. +8-Words. 4z+%-Phrases. #t 5 -Assertions. # % -Relation. & -Edges




% 7 # 4 -ConceptNet5

O

O

gt X \reobe
- \/
&

” T, Cred Y s
Ish translation
o /?&;r‘t — - & 5 3 money
o e, > $s
w7 22 - \-\% W%
o2 - \ K
SN sweet -
Desiﬂﬂ;s__———'l survive " \_ e
\J__— — CﬂPﬂbJeof \

ConceptNet5 ¢ 4o42 & T2 22 # 244 T &% #4A-Concepts. +4-Words. 4z+%-
Phrases. # & -Assertions. # % -Relations. 4 -Edges.

Assertions 14 £ 7 Concepts = ia ¢4 £ 4, %4« -FRDF % ¢ Statements. Edges £ 4z F
RDF ¢ ¢ Property. —/~Concepts&.4 % 44, —5ATRAINAL KRR #ld
, = Uik Cause 2 %7 #H T THEART XA#HK, LTHRRXBTAAHF
THr~. RBRH S, AHTHMTE

s 4632 & 5 “xis the first argument of y ”ix £ % 7 % 4 69 9] 48 £, ConceptNet54e 5t
HETHEA L GW Az 8.5 406G EM,

C\,,;\\ /r’r:dl_m:\ [ Open Mind J [ pattern ] [en.wikipedia.org] [ ReVerb' parser ]

contributors matchlng ~~~~~~~

Used.r:m.

e
% ““-—h—»./fatlst
Aror hunger
i
restaurant
P

[ en.wiktionary.org ] [ ja.wiktionary.org ]

'-9“ translation

_________ > €
nadya.jp

. o8 \
translation
8R1T € > bank
———-Keat

Des;res I—




NELL # I & # &

Recently-Learned Facts Switter

nl 3 problems is a song

research programmes is a research project

monetary damage is an event outcome

metal coffee table is a household item

n7 8 minutes is a term used by physicists

groupis part of wheel
ben gordon is an athlete coached by scott stiles

beds is often found in story

NELL knowledge fragment

football
e

uses g
equipment — climbin
skates helmet < imaing

Canada Sunnybrook LN t
Miller t yal uses )
= country hospital Wilson equlpT’ent cor?\l;%ny
politician CFRB hockey Detroit GM
radio / T |
Paarsoq_Toronto/ hired play hometown
airport B competes
/ \ home town i | with
city ™~ Maple Leafs Stanley Red l
company, city y, won > CuP on Wings
stadium team N Toyota
Connaught cit stadium league league
) . ye'r £ . e acquired
city Pap AirCanada | omber NHL created
stadium Centre 7 Hino
v \ plays in econttJmic
Globe and Mail / sector
Sundin .
Wer Toskala automobile  Prius
Skydome Corrola

Milson

Iteration

Read the Web

Refresh

date learned confidence
1075  04-sep-2017 985 & %
1075  04-sep-2017 100.0 & -
1075  04-sep-2017 92.6 & %
1075  04-sep-2017 100.0 25 F
1075  04-sep-2017 100.0 =& %f
1075  04-sep-2017 93.8 8 %
1079  28-sep-2017 100.0 & -
1078  23-sep-2017 93.8 & %

NELL Knowie&ge Basé :
Browser

book
(category)

categories relations

111

everypromotedthing

View list | map | metadata
abstractthing ‘ l

6,750 instances, 2 pages: 1 2 next

creativework

book instance iteration date learned
poem about a boy 599 22-jun-2012
Iyrir._s across the river and into the trees 839 22-may-2014
TS DT airframe 551 19-apr-2012

musicsong "
TR airman 649 21-oct-2012
movie alice_in wonderland 602 27-jun-2012
visualartform alice s adventures in_wonderland 670 17-dec-2012
celitype all_around the world 839 22-may-2014
pieica o all_quiet on the western front 670 17-dec-2012
T all the king s men 22 21-mar-2011
vertobrate all through the night 838 19-may-2014
bird all together dead 551 19-apr-2012
fish all you need is love 844 06-jun-2014
reptile along came a spider 551 19-apr-2012
ma“":‘,‘;" already dead 551 19-apr-2012
nenatrete, altered_carbon 533 18-mar-2012
arthropod amelia 670 17-dec-2012
[E american_gods 218 13-mar-2011
crustacean american pastoral 348 14-jul-2011
arachnid american_psycho 599 22-jun-2012
mollusk amarican fahlnid R 18 _mar_2N172

log in | preferences | help/instructions | feedback

A book is a written work or a collection of written works in book form.
\Book!\ represents the abstract notion of a particular book, rather than
a particular edition.

confidence

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
10nn
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L AGLtET

O #AAGA%ET: HOKRER M A B Ak it
O AeAikfe % A4, Fod I8 58

O3 F4 2. S kFFTRGE L. kIt 4

RDF/IOWL 2 & &R % 402 & T 42 22 = —, ?F;I"',Rj;lk,{béﬁ%av A %
# 4 % ARDFIOWL, #hi ik At % A £ 4 Kz A2, 4
2K A % & 44T 24 RDFIOWL ¥ # ] 2 & .




¥ 3o LT Prot@éeg 4o & 1 £ 3%,




Prot&g&# A %012 B & T #)

disjointWith

ta <2,
~y — f) i %
7% & 2
) % 4&\
subclass / \Boiq\ SUbCIaSSOfTWf

F




Prot&&is A

Prot& & 4~

O Protgés 4t R #3845 X F E F A iz & 2 F oK Flavad s
REGARGBFARAFLLEL, LRAETF4nmER, 5T
7T 34 & AX, 55 3R A%

O ANtz 2ATELRPAARGHE, RELMPARHASG

ZaefFELE, NAGRHFBAAS20m8A[L] (#.£2017%9A29
q)

[1] https://protege.stanford.edu/products.php




Prot&&is A

Prot& & &,

O Protge} —a o s AR T L4, ATHERBLAE D KT 4012
0 AR E R AL 5o

O Protgeir £ T A E 942 A EH HahiE, ATF4 £, T,
B U B RIS X 6 AR

O Tl it Al 2 24 82 IR A AF (A skdn £) 60 X4, AT 4l & 4oqn

O Protg&T s st A 5 Kt 174 & 4614 4o K Fjavategs APl

O fask b g Akt 2 L A AT, ProtgSr x (9544 F 3 F
X, AdEM4 L, AOnoGrafT LA P X £ 44 2 To




Prot&@&s A

Prot&ea &
O %4 (Class modeling): Prot&@éig# 7 —-ANAM A~ R@ £
A# LA (NEME) For IO EBAL 4%

O 2414 4 (Instance editing): Aix % £ 9, Protégéf % # 4 x &
RGH N, A7 AMKERATHAAEHRBE AT 8o

O # A& s 22 (Model processing): Protég&f — &4+ &, T h 7 3L
EL., BMAQGEUAZLIEITA

O # 4 x4 (Model exchange): & &t A (£ Fo £ #]) 46 34 B A &
H 46 Xk % K A te s, @AEXML., UMLAe k0% #% £ 42 22RDF

(o]




Prot&@&s A

<4 untitled-ontology-16 (http:/f I

CC S Wl SEMantowe D .OrG

%]

- . A A ST . -
fEQSONTOIOQIeEs <UL £ S UnTIthed -ontolo

ey

File Edit

ttp:/ fwww.semanticweb.org/
View FReasoner Tools Refactor Window Help

@ untitled-ontology-16 (http://www.semanticweb.org/kg/ontologies/2017/9/untitled-ontology-16)
Active Ontology  * | Entities x| Individuals by class =

Ontology header:

oDy} LT\ TR Wt/ fwww.semantioweb.org/k
Ontology Version IRI

g/ontologies/2017/%/untitled-ontology-16)

Annotations

S 331 & 2 3 6 KR

® it FProt@é%# 5 (R E T4 Lt B), RAHKEZAAKGRG;
® X4, TIhh %% 2&tEFiled> New... #r# —/NAAK




Prot& & A

File Edit View Reasoner Tools Refactor Window Help

| ¢ untitled-ontology-16 (http://www.semanticweb.org/kg/ontologies/2017/9/untitled-ontology-16)

Active Ontology = | Entities = | Individuals by class = |

Annotation properties | Datatypes | Individuals ® owl:Thing — http:/fwww.w3.0rg/2002/07 fowl#Thing
Classes | Object properties | Data properties |C|555 Annotations | Class Usage |

Clce Herace o Ting
.I_: Asserted -

Annotations

Add Subclass... Cirl-E

Add a subclass of the selected cla ssi

Add Subclasses... Description: owl:Thing

Change IRl (Rename)... Ctrl-U Equivalent Ta

B2k £

O Protgéw 2 M & ¥, & FEntitiesT &, #ANAKRG%HE T,

® 7 Entities® @, #h#Classestz & (KARATAAHAGRAGZAEGN &), #N£
BRELGOHEN G ;

® 7 Classes® &@, £4& 4 +owl:Thing, & #Add Subclasses..., & # I 21 % 42 £ Name
rBEGIMNLEGL R, KELEHE;

@ ClassesT & & & —N4£%, fiProt&gés mlDescription3f o4 ek sE 1% £ 40 £ ¢4 5 14 14




File Edit View Reasoner Tools Refactor

Window Help

| & untitled-ontology-16 (http://www.semanticweb.org/kg/ontologies/2017/9/untitled-ontology-16)

Active Ontology | Entities x | Individuals by class = |

Annotation properties | Datatypes

| Individuals ® owl:Thing — http:/fwww.w3.org/2002/07 /owl#Thing

Classes | Object properties

| Data properties |C|ass Annotations | Class Usage |

lass hierarchy: owl:Thing

D owl:Thing

SO A

Annotations: owl:Thing

Annotations

Asserted

e e —
>

4 Create a new OWLClass

MName: H=

IRL: p:/ fwww.semanticweb.org/kg/ontologies/2017/9/untitled-ontology-16#HE2

| Mew entity options...

we | wn

$ B2 #E £

tlde: #HEE Wb




Prot&&is A

¥ owl:Thing

Add Subclass...

$ %3225 £,

Add Sibling Class... |Add a subclass of the selec
Add Subclasses...

®n “AH” LEabsE, H#HAA

Change IRI (Rename]... Ctrl-U

subclass... ;
Copy sub-hierarchy as tab indented text Chrl+A1+-C .E‘“gf & f? Xﬂ' & *E' ? % ~F ﬁ“ % ﬁ'f: ’
Duplicate class... Cirl+Shift-C %o “HI", & &Hx, #ClassesF
Convert to primitive class Ctrl-P & & & i" ol ;k (jr]UE‘ T % @) ;
Convert to defined class Ctrl-D ® o F ‘% ’2‘ ﬁ!l P % /I\é‘ ’ 4§‘ * ii ;E; ’
Make primitive siblings disjoint Ctrl-J ?’L‘ b & T & 4 1z 2 & & ’ﬁ% o

Remaove disjoint classes axioms for subclasses...

Classes | Object properties | Data properties | Class hier=r<h--~ #4If
Class hierarchy: #IF 1[0 = ] (=] °:| ®
L

oo+
% | & E Asserted - v ® owlTFr=
7. owl:Thing _____ O i |De|ete selected classesi
V-9

...... L] ?E!] i




Prot&&is A

Asserted ~ € A4 x|
¥ 00 owl:Thing ~ Class hierarchy | Expression editor
..... ﬂﬂ!-l_j
‘r SubClass Of (Anonymous Ancestor Asserted =
o U ¥ owl:Thing
Instances .' A4
Target for Key
"= Hlies

SRAM AL ANGE Lo

RAA T &R R G E4, B w41 LA LA M4 (owldisjointWith), T & =2 L% £ 4%
O atP “AH” wwiKKAT, #AENtities K &@ % | Descriptiondf o & & DisjointWith s ¢ 4= 5 (A
L&A A);

et Rat (LLtasad), £FowlThing, & “ws” , #KE4H 2,
FHAA S LA BZHRT o




Prot&g&i# A

Active Ontology | Entities | Individuals by class x= |

Annotation properties | Datatypes | Individuals | W8 owltopObjectProperty — httpi/fwwwow3.org/2002/07 fowl#topObjectF
Classes | Object properties | Data properties |Annotaticn5 IObject Property Usage |
Object property hierarchy: owktopObj«2) 115 M/ l - otations: owltopObjectPro

perty

T [> < Asserted - -

Annotations

Add Sub-properties... -
* SIS CEEE SV Y

Enter hierarchy
it 12

------ owl:topObjectPropel

Please enter one name per line. You can use tabs to

indent names to create a hierarchy. ® 'f;- Entltles /% @ i#ObJeCt propertles #5‘ /:bf\
, UANHEEHRHGOHBERG (LA);
=¥ @ 7 owl:topObjectProperty L. #4¢ & &, &

#”Add Sub-properties...”;

Prefix | 0L Rat (L8) HhNEHLH
Suff ", sl4e “$47 , L& “Continue” , &

& “Finish” , {@ 435 4 ;
2 W r— - — el

Continue Cancel




Prot&g&i¢ A

Annotation properties | Datatypes | Individuals | W B+ — hitp:/fwww.semanticweb.org/kg/fontologies/2017/9/untitled-or

Classes | Object properties | Data properties |Annutatiﬂn5 | Object Property Usage |

Object property hicrarchy: 2t Annotations: EHE DIEEX
+

T- ='|' M Asserted ~ Annotations

V--Hl owl:topObjectProperty
= -

i @] [ = W ] § Description: E4E

Functio| = -~
Domains (intesection)
Invers
Transiti Ranges (intersection)
Symim
Disjoint With
Asymm
-
e -
P E Y SuperProperty Of (Chain) =

SRS 2R BHo

# & iAo domainferange & 4 44

® 7 Object properties &, &&—~NEGH, #lde “$ 42”7

® 7 Entities % & # & ] Description £ #: ¢ £ £Domain/z ¢ 4 % ;

O nRLRAOFPrE A" , Lz, IHM@A “§{2” s Tdomaing 4 X,
® £ 4u3k, % &Descriptiond yRangess 9%, % ‘Wb’ o




Prot&g&i¢ A

4 EE
Built in datatypes | Data range expression

® :sd:nonPositivelnteger
® :sd:normalizedString
® :sd:positivelnteger

® :sd:short

P -
) xsd:string

® «sd:token
® :sd:unsignedByte
® :sd:unsignedint

-

F 936 % 2 4B B o

® 7 Entities X & i #-Data propertiestz &, @

NBEEBRGRERG;

® 7 owl:topDatatProperty . £ 42 & &, & #

”Add Sub-properties...”;

e nRtyRaft (A8) B EHEIH,

#lde “x 57 , & & “Continue” , & &
“Finish” , {& s 4 5 #;

® 4 Data propertiesf @, & #H—NE#H, #]

o “kT7

® 7 Entities R & ¢ & 4] Description 4 # ¢ &

*+Range/s # 4= 5 ;

®on # @ Xa ¥, & #H “Built in

dataypes” , A F #uikxsd:string, A & & # =

, BpiRAl R BHGORAEARFH E,

oS BEMEMTAIAEEMN, 2£R
fiserange#y X R Ao




Prot&g&i# A

. Vo v = ==
Active Ontology = | Entities x| Individuals by class < Bap X
7 7 o Class expression editor Class hierarchy
Annctation e Dﬂtﬂt}prE Individuals Data restriction creator Object restriction creator
Classes  Object properties | Data properties
Asserted -

Individuals: [ = [w] [x] v ® owl-Thing

- . iR
- ﬂﬂﬁ

Add individual

. B B
4 BT £ 2 L6,

Description: @A FIIHMN X

it RO AR EH

Types QP ® /i Entities X @ &k & Individualsz &, #2661 HE R A
(Armiad);

Same Individual As () fﬁ * |ndiVidua|S/Y|7\&1'] 0] ,%ifﬁ A 4%, ,ﬁ_ ﬁ R %7\2— 151
B R, 4o “WhepiI , LHE

Different Individuals ® /ﬁ. Entities ] 361,” /Yli‘ & DeSCription %F é}“; $‘ %TypeS/é‘ &@

g (LAaAA), ALAGR&GFk#HClass Hierarchyz &,
INEERFEF “BIF7 o IHZEMAAT LAY R




ProtégéfsE

Active Ontology = | Entities x | Individuals by class x |

Annotation properties | Datatypes | Individuals | € BEEDESE — hitp://www.semanticweb.org/kg/ontologies/2017/9/untitle

Classes

Object properties | Data properties |Individua| Annotations Ilndiwidual Usage

Individuals: EEE1ESIM (I = ™ (] | otations: R EEIm
.+ ﬁ Annotations -

& SHWELE -

: giﬁm# Description: 8f1#I7 ][0 =M = § Property assertions: 8H1: [ = Mm ]

Types Object property assertions .
O i
Drata property assertions

Same Individual As

S BT & 2 £6.

HreBol2 QG EL, X DR AHal

® AlIndividuals R @it #2461 “#heps 95~ , jiEntitiesf &@ £ 1] 9 Property assertions
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