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F'TP, Gopher and Archie

% File Edit Window

= WSGopher 1.1 - Academic View BE

fArchie

server: [archie sura.net =
Fing:  [archie
© Sub-string (dehqx) [ case sensitive

@ Pattern (dehgu*.hgu)
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Fin

File Edit Bookmark Configure Window Help

Gopher main menu

Yale Related Gophers
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Regional Information
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RDB to RDF

SPARQL
\ O G D

RD RDF Graphs
n

SELECT =
= = = | [ roBzrDF -----mot MHEERES
] Ll |
| o - 72S?7P ?0.

StudentiD StudentlD  TeacherlD TeacheriD  Name Classification
1 Michael Math
2 Eri¢ Physics

exstudent_teacher

T (F o
oxTeacher_Classific xsd:string

ex:Student_Name

xsd:string ex:Student exTeacher

o Teacher_Name

exinverse_student teache
xsd:string

“Physics”

ex:Student_Name
ex:Studentl ex:Teacher2

exhas_teather



Virtua

| RDF Graphs

» 22| A|F0| 21t GO M= RDF 282 = K|
A|HE! 912 9/510) ZE RDB H0|EE 22|H 22 RDF
2 Bigtols U2 HEAE

» “RDF-

16
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RDF2| otA|

» RDF= Jdej=CH!
directed, labeled graph

» SPARQL
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SPARQL Of A|

foafname

rdf.type

foaf:weblog

hittp:iffoobar xx/blog

foaf:maker

de:title

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

SELECT url

FROM <bloggers.rdf>

WHERE {
?contributor foaf:name "Jon Foobar" .
“contributor foaf:weblog url .

18 }



ABHE 2 Of SE2[AH O] el L+ At

r ZEMHE|S| &4
transitive, inverse or symmetric

» M2 CH2 URIQ| R ENMEO| AlY
sameAs or differentFrom

r SEf A EHA
disjointness or equivalence

o S22 Yo

intersection, union and complement
» Hg A ASEE

inferred class hierarchy
y =2 AL

M= = =

“if «<Person» resources «A» and «B» have the same
«foaf:email» property, then «A» and «B» are identical”
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RDB to OWL

RD (Virtual) OWL Ontology

Conjunctive
ml 101"1‘DC

TYDe(a, Cl) ,
SubClassOf(C,,
Cy)
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Native Reasoner \
(Pellet, HermiT, RacerPro,
FaCT++) Query ] quieries
OWL Engine
Ontology y

interaction through the interface to the
reasoner
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» 80|22 C E2T|E (12 AboxE H2|E 4 UL
on—disk reasoning

» 2L}, Abox AM&LE= N7/ AF|OHE 7HA|D /S

» [2kM, H0|Ef Ofo]120|Mo| R 2

Hybrid Reasoner ] ) ( Query ] @
(KAONZ2) J L Engine J queries

@

R s

ABox Repository (RDB)
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RD (Virtual) OWL Ontology
Conjunctive
/gx (Vioriec
Type(a, Cy),
iﬁm !IW —rmm. ! RDB2OWL glzl)bCIaSSOf(Cp
u

» RDBO| HZS 7t31X] &0 Zo| A|H0| 225 OWL 2E2X| 28

H s + A= HOIH HE s = A= A= 71
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» RDBO| G|O|E{Q} A 7|07} LU 8= o|O|0f CHL 8}
= OWL 2E2X| dd= /e 0jg &
RDB A Z|0O¢
A EIE|: OWL S2jAQt T2 I E|Z OfE
DZAM HOXA: OWL 22| 2 jm
RDB O 0| E
OWL 74H 2 2|E|Z 2 of=

x=2
SQL Z01 G0 OfsiA ROIT 4 9l TO[EfZt BE
S x22 50 TS 4 Y=E 17|
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TBox (terminological box) ABox (assertional box)

Father(Peter)
Mother = Women N 3 hasChild.Person Grandmother(Mary)
Parent = Mother UFather hasChild(Mary, Peter)

Grandmother = Mother N 3 hasChild.Mother hasChild(Mary, Paul)
hasChild(Peter, Harry)

class axioms instance assertions

classification instance checking

» RDB A7|0t= TBoxZ O™
» RDB 0|0|E|= ABoxZ Ojx
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» OWL 222X & %
NI
SPARQL-DL Alo| Al Xl
ABox ZHO| HZ|E ¢l QIAEA HO|HE F=E7|0| 2EES}1X|
o] == X‘|E'_| I:II-AI

LS —
At ol ME A7| 2ot SQL EHo|2(5) MM

Of

I 20| A10{(SPARQL-DL)9|

.
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» SPARQL-DL &9o| =3

S2t0[AE(QIZHO| GUI A0 A Z A S 2 SPARQL-
DL Ho|-S& MHS +8Y + Y& #AS M3

» REST ¢l E1u1|O|A API
S 2tO|AHE(OfZ2|AH 0| M)0] REST QIHL|O|AF S}
2212 C $lA4 o] RDBE OWL REZX|ZAM ZtFstn
MH[A 8 # oIz 2 3= APl =

o
T
A F
— =

(=) W%
|_
o
=
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SPARQL-DL Query

Data
Query Engine Mapping
Reasoner

TBo RBo ABox
X X

QG Q&

Qe Schema

Mapping

Mapping
Cached

SQL query—-answering
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Metadata
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7|Z& RDB20OWL oj & H =&l
» RDF 2= of Cjst OWL ®@Alo| A7|0F H|-20 &

ot
=

RDF 12§ Z2 9[3t 0 EHG|0|E|
= O

RDF 2 & X|&& 0l OWL s}
OWL
Schema
RD S
B = = SPARQL
> e :
SELECT *
=) =) — . WHERE {
s DR e ——— @> """ 2S9P 0.
= e |
G )
w
RDF Graphs
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» OWL 2 7§ X|(blank node)Q| AtE

» MZ2 L& URI LEMEQO| AlHZ 2ot Z2| £
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7|2 RDB20OWL o &

PERSON.ID
PERSON.I
DEPARTMENT.
D
xsd:strin
xsd:strin D xsd:strin
g NAM g
E
G E
xsd:strin D
——
DEPTI
D
GRADE
Y : N
"""""""""""""""""""""" xsdistrin =~~~ xsdistrin = xsdistrin =~~~ o

» 36 g g g




Al RDB

= <kable>=
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PERSON ‘{sﬁ'ﬁgl? NT DIPLOMAID T
DIPLOMA
?HSTUDENTID | - <PK>>+STUDENTID | =<Fk=>
e w < <PK = >+DIPLOMAID
+FIR +3TUD BER. +DIPLOMAMNAME
FLASTHNAME +DIPLOMAID
E
STUDENTID
LECTURERID | < <Fk == < <table>>= < <FE ==
PRESENCE
= =kable== DIPLOMAID
LECTURER = <PK = MID = <Fk ==
+LECTUR QoM LECTURERID SESSIOMID
< <kable == = <FK =
<<FK>> SESSION
= <table=>=
= <PK >>=+SESSIONID MODULE
HALL +MODULEID e———
= =PK > =+HALLID < <PK > >=+MODULEID
+HALLMNAME __ HALLID MODULEID | 4 mMODULENAME
=
+BUILDIMNG . ~Fr - | +DIPLOMEID




ORDER.I PRODUCT.ID
D

xsd:strin

PRODUCTID

xsd:strin



PRODUCT.ID

ORDER.I
D

CUSTOMER.I
D
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MZ CH2 URI LEA Eo| AlH
E

) HE CrE URIC| LENMEJI 0 EC|E A2 7HX| 2
QUL otEet: OWLE2 FF QENME S ZUSICI2L o}
K| %=L

» A2 CHE Rootl| 2 A AT +20| &3t &= S2HAE
ME A (disjoint) 2 THCEFSHX| QY =C

OWLZ Open-World Assumption 7| HEO| 7| [ &

41



= Z}A|of| A 2] of &

PERSON LECTURER g
holdsPERSON.NAME  FuldsPERSON.GENDER RERID  holdsLECTURERROOM
ID < ID (FK)
PERSON.ID
Mo RS xsdstring xsdstring xsd:string
APEP\SON.ID <Ha Key>
STUDENT DEPARTMENT holdsLECTURERID
DEPARTMENTID
ID (FK) > D
xsd:string xsd:string
DEPTID (FK) NAME
GRADE
SRR DEPARTMENT
v @ Thing ST hasSTUDENT.DEFTID <Haskey>
""" DEPARTMENT ‘ hasDEPARTMENT.ID holdsDEPARTMENT NAME
Y- “ DEPARTMENT.ID
....... STUDENT.DEPTID DEPARTMENTID M
v @ PERSON xsd:string

...... LECTURER <HaKey>
@ STUDENT holdsSTUDENTID h°'dSSTUDENT'GRADEholdsST(UHS i

Y- » PERSON.ID

<HasKey>
NTDEFTD  y sDEPARTMENTID

; ------ LECTURER.ID \
= STUDENT.ID xsdistring xsd:integer xsdstring Xsdistring
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il
o
i
I=
i
01
1A
|0
H
|'O
1IN

“ T GENDER

PS7369 Rooney male
& DEPTID GRADE
PST369 D505 2

holdsSTUDENT/GRADE

holdsSTUDENTID holdsSTUDENT.DEPTID

NAME

D505 Department of Physics 'PS7369 Mysdistring | | 2 xsclinteger || 'D505'A*xsdstring ‘D505" M xsdstring | | “Department of Physics' A Axsclstring

[ STUDENT disjointClasses w

<Hasley>
hasDEPARTMENTID

hasSTUDE

hasDEPARTMENTID DEPARTMENT_ID_D505

w7 hasDEPARTMENTID

S~

holdsDEPARTMENT NAME

STUDENTDEPTID ) subClssOf DEPARTMENTID
. . holdsSTUDENT/GRADE
holdsSTUDENTDEPTID  SU6PropeOf  holdsDEpARTENTID holdssTUDENTID holdsSTUDENTDEPTID
Xsd string xsdstring 'PS7369 Axsdistring | | 24 Axsclinteger || "D505' A xsdstring 'D505" AAxsdistring || “Department of Physics* A Axsdistring
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FEE 2EEX = OBlTE Moz A

“ NAME GENDER

PERSON_ID_PS7369

PS7369 Rooney male
hasPERSONID  holdsPERSON NAME  holchRERSON. GENDER hasSTUDRHTID DEPTID
DEPTID GRADE STUDENTID_PS7363 STUDENT DEPTID_DS05
P7360 D505 PERSON.ID_PS7369 ‘Rooney"Axsdstring || “male’Mysdstring

holclsSTUDENT GRADE
holdsSTUDENT DEPTID

holdsPERSON.ID holdsSTUDENT.ID

NAME

D505 Department of Physics

‘PST369"Msclstring 'PS7369"Myxsdistring || 27 Axsdlinteger || "D505"xsdstring

subClassOf _hasSTUDENT DEPTID
I
" HoldsPERSON NAME  holhRERSON GENDER !
subPropertyOf :
"PS7369" A Mxsdistring el bl "Rooney'Axsdstring || "male” A Axsdistring |
I
\ ! I
subClassOf \ D505 AAxsdstring | |
v sting |
VS '
hasPERSON 1D aSQ\ 27 myscinteger holdsSTUDENT.DEPTID |

{Key> <HagKey> hasSTUDENTID
holdsSTUDENTID ~ SubPropertyOf  Lo|dsPERSONID

\

STUDENT.DEPTID_D505

holdsSTUDENT.ID
"PS7369" A xsdistring

xsdlstring xsd:string
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ORDERITEM PRODUCT
ORDERID (FK) R
PRUDUCTID (FK) TR
NAME
QUANTITY INVENTORY
ORDERID
v
ORDER CUSTOMER
ID > 1D
CUSTOMER.ID
) NAME
CUSTOMERID (FK) T

45

S 7= Z
= X L- O
ORDERITEM

<HasKey> <HasKey >

hasORDERITEM.ORBERID

holdsORDERITEM.QUANTITY

<HasKey>
holdsORDERITEM.ORDERID
xsd:string xsd:unsignedint xsd:string
<HasKey >
hasORPER ID hasORDER. CUSTOMERID

<HagKey >

holdsO holdsORDER DEPTID

DER.ID

xsd:string xsd:string

DERITEM.PRODUCTID

xsd:string

<HagKey >
holdsCUSTOMER.ID

xsd:string

PRODUCT

<HasKe{ >
has PRODUCT.ID

3 E|o|=<| ol &

xsd:string

CUSTOMER

holdsCUSTOIMER. ZIPCODE

4
xsd:string

ORUCT.INVENTORY
xsdl: unsignedint

holdsPRODUCT.NAME

xsd:string



ol 22| 82 HuE OWL HA 2 of I

OD111 PD111 10

ORDERITEM_ORDERID_OD111_PRODUCTID_PD111

hasORDERITEM ORDERID hasORDERITEM.PRORUCTID holdsORDERITEM. QUANTITY

ORDERITEM.ORDERID_OD111 ORDERITEM.PRODUCTID_PD111

holdsORDERITEM.ORDERID holdsORDERITEM.PRQEBUCTID 10" M xsd:unsignedInt

"OD111“ MM xsd:string “PD111"MAxsd:string

ex)
http://cosmos.ssu.ac.kr/ontologies/rdb.owl#ORDERITEM.ORDERID_

ODI11
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PERSON.ID

PERSON.ID

DEPARTMENT.ID

7 DEPARTMENT.ID
- O STUDENT.DEPTID
V= PERSON
- ®LECTURER
@ STUDENT
) PERSON.ID
-~ LECTURER.ID
- STUDENT.ID

NID

holdsPERSON.ID

xsd:string

holdsSTUDENT.ID

xsdstring

holdsPERSON.NAME

xsd:string xsd:string

holdsSTUDENT.GRADE

holdsSTUDENT. DEPTID

Y

xsdinteger xsd:string

hasLECFURERID  holdsLECTURER.ROOM

xsd:string

holdsLECTURERID

xsd:string

holdsDEPARTMENT. NAME

xsd:string

holdsDEPARTMENT.ID

xsdstring
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OWL %ot &2 A0
» OWLE 3t 2ol o0jo] EEL2 OFE! Q= AN
» SPARQL=2 RDF& ?[¢t 22| 0]
OWL2 RDFZ &g} £|7| [ 20 SPARQL E8t OWLE 9|3t Zo
A2 ot

o2 AP = %1
J2{L} SPARQLO| OWLe| o|O|Z O|8|st= 7

H —t
r W3Ce| =2| &eh
SPARQLO| 7| & &Z&2 Ed OWLE X| st Xt ot
ry9| % Mo| =712 o|O|
Conjunctive Query(first—order query)& 3% 4= U7| 12

Conjunctive Quer
o OWLe FOL 7|Hto|o g

SPARQL-DL
[Sirin et al., 2007 ] “SPARQL Query for OWL-DL”

49



SPARQL-DL Of |

» Type(?x, Student), Type(?x, ?2C), SubClassOf(?C,
Employee)

AH

P21 SAO] HEQ 2= o

1%

1 stMES oftd =20| AIQI0|7}? (0]. ResearchAssistant)
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SPARQL-DL

SubClassOf (C;, Cy) SubPropertyOf(p,, py)  Type(a, C)
EquivalentClass(C;, C,) EquivalentProperty(p,, PropertyValue(a, p, d)
DisjointWith(C,, C,) Dy) SameAs(ay, a,)
ComplementOf(C,, C,) InverseOf(p;, py) DifferentFrom(a,, a,)

ObjectProperty(p)

DataProperty(p)

Functional(p)

InverseFunctional(p)

Symmetric(p)

Transitive(p)

g a(i)ev UV, U Vbnode

} dE V 1 U Vvar U Vbnode U Vlit
g C(i)E VVarU SC

uri
g p(i)E Vuri U Vvar

ol



SPARQL-DL2| 2|
» M 2| THA
» Al EHA

» =5 CHA
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HE|, 7HA, 2[HE

)

zo| 7ta2}
SubClassOf (C,, C,), EquivalentClass(C,, C,) — EquivalentClass(C,,

)
2
SameAs(a, ?x), Type(a, C) — Type(?x, C)

B 2~ finalizing
SameAs(?x, a,), DifferentFrom(?x, a,)
ObjectProperty(?p), DataProperty(?p)

H JH=7F M2 20 2 atomS reordering

Type(?x,GraduateStudent),PropertyValue(?x,?y,?z), Type(?z,Course)
—)>Type(?X,GraduateStudent),Type(‘?z,Course) ,PropertyValue(?x,?y,?
z

53



4 Sef A

class Var {
Var_Type type.

boolean 1sFinished;

Set<URI> uri_s;

Set<IndividualSet> indi_s;

Set<LiteralSet> 1lit_s;

boolean intersect(Set<URI> o) {}

boolean intersect(Set<IndividualSet> o) {}

boolean intersect(Set<LiteralSet> o) {}

void printResultSet(Writer w) {}
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» TBox/RBox atom®| X 2|
FE7|7F M2

Aot Al URIT Al

» ABox atom@| X2
22| AT M HE|
FE7|, 01 AZo 2 &, RDB 27|09 HEE 0|8
Z

dut M2 SQL 28 (S)
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H4 S7|2E 2 et Atom Al Al 2h

» Type(?w, University), PropertyValue(?r,
subOrganizationOf, ?w), PropertyValue(?x, memberOf, ?r),
PropertyValue(?a, memberOf, ?r), PropertyValue(?x,
takesCourse, ?z), PropertyValue(?a, teacherOf, ?z),
PropertyValue(?a, teacherOf, ?p), PropertyValue(?x,
advisor, ?b), PropertyValue(?x, teachingAssistentOf, ?d),

PropertyValue(?q, publicationAuthor,?x),
PropertyValue(?q, publicationAuthor, ?a)
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