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Navigator for OWL Ontologies Generated from Relational Databases

o Moy OWL 25242 AHgAE GUIE 54
= A AR, ofeld B4 eAel] Slad o] AARle T A BAE FHE
<~

— —

2
oh 3, ol A29e DBsk SE2A Aole] 843 jFS Aoleks Az WY FueFS ugsha
ek o] GmeHE 71Ee) AEH vlwsto] o B DB TREWE LEZAF AT 5 9k $,
o Azele DBRYE AAH LEEA ] ABoxE FE79] AAleA QA FE7 2N 2L 5 gk
dlolElsh BAF CloElZ ALEA A AFAT. Tableau G325 7ike] F2715E 2 5] ABox
FEL AT BEA] Rake EA7F Qe ol A DBYE Wed & 59 ABoxE 2t 2ERA
£ AR 2 8 S gleS olvldk % o] Al29e ABox 827} 97wt 3£/ 23
A2 & g delEst BUF dolHE I5T 4 9t SQL AFS Aoz Adw

B SA0 | ARHE! T OWL | #7& HIO|EHIO|A | RDF | 2EZX| | F2 |

Abstract

This paper proposes a system to translate an RDB into an OWL ontology which enables the
users to navigate the ontology in GUIL In order to accomplish the goals mentioned previously,
the system overcame two difficulties. First, our system defines a new mapping algorithm to map
between DB elements and ontology ones. Comparing with existing solutions, our algorithm is
able to generate ontologies from more DB structures. Second, our system provides the same data
generated by a reasoner to the users. Note that this operation does not load ABox ontology on
a reasoner. In addition, Tableau-based reasoners have the tractability problem on a large ABox
(e.g., large ABoxes translated from DBs practically cannot be served). To solve this, our system
internally runs SQL queries to retrieve the same data as the one from a reasoner every time
ABox elements are queried.
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Input: an RDB schema S
Output: a TBox ontology 7Box

Declare DC. //a set for disjoint classes
for each table schema 7" in the S
Generate a class cls ; from the table 7.
print Declaration(Class(:cls 7))
Declare KOP. /| a set for key object properties
if there is S UPER(T) then
Generate a class cls gypar(7) from the table S UPER(T).
print SubClassOf(cls 7 s syppr(7)
else
Add cls 7 to DC.
end if
for each column C'in the 7°
Generate a data property dp . from the column C.
print Declaration(DataProperty(dp )
Generate an XML Schema datatype dt . from the SQL data
type DOM(C).
print DataPropertyRange(dp . dt o)
it C& KEY(T) then
execute the algorithm in 12 6.
else
execute the algorithm in 28 7.
end if
end for // each column
if IKOPI ) 0 then
print HasKey(:cls 1 (all object properties in the KOP) ())
end if
end for // each table schema
it IDCI ) 0 then
print DisjointClasses(all classes in the DC)
end if

a2 5. TBox 282X YdS 2lgt €ualE

print DataPropertyDomain(dp - cls ;)

print SubClassOf(cls ; DataAllValuesFrom(dp . dt ()

it CE NONULL(T) then

print SubClassOf(cls  DataExactCardinality(1 dp . dt 0)
else

print SubClassOf(cls ; DataMaxCardinality(1 dp . dt )
end if

12 6. Non—-Key Columng ¢t 2na|E
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Generate a class cls . from the column C.
Generate an object property op . from the column C.
print Declaration(Class(cls )
print Declaration(ObjectProperty(op )
print ObjectPropertyDomain(op  cls 7))
print ObjectPropertyRange(op . cls o)
print DataPropertyDomain(dp .- cls ()
print HasKey(cls - 0 (dp )
print SubClassOf(cls .~ DataAllValuesFrom(dp - dt ())
print SubClassOf(cls . DataExactCardinality(1 dp . dt J))
print SubClassOf(cls  ObjectAllValuesFrom(op .~ cls )
it CE€ NONULL(T) then
print SubClassOf(cls ;- ObjectExactCardinality(1 op . cls )
else
print SubClassOf(cls ; ObjectMaxCardinality(1 op . cls )
end if
if C€ PK(T) then
Add op to KOP.
end if
it C€ SUK(T) then
print InverseFunctionalObjectProperty(op ()
end if
it CE€ FK(T) then
Generate a class cls gy from the column REF(C).
print SubClassOf(cls ¢ cls g )
it there is S UPER(T) and CE PK(T) then
Generate an object property oppgn from the column
REF(C).
print SubObjectPropertyOf(op o 0P ()
end if
Generate a data property dp gy from the column REF(C).
print SubObjectPropertyOi(dp ¢ dp prr(c)

else

Add cls ~ to DC.

end if
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Input: an RDB schema S
Output: a ABox ontology A Box

Declare DC. //a set for disjoint classes
for each table schema 7" in the §
Fetch a table instance under the 7.
for each record of the table instance
Generate an individual ind; from the primary key fields of
the record.
it there is not S UPER(T) then
print Declaration(Namedindividual(i nd )
end if
print ClassAssertion(cls ;- ind ;)
for each column C'in the 7'
Select a field corresponding to the C'in the record.
if the field is not null then
Generate a literal lit from the field.
it C€ KEY(T) then
Generate an individual ind . from the field.
if there is not REF(C) then
print Declaration(Namedindividual(ind )
end if
print ClassAssertion(cls - ind o)
print DataPropertyAssertion(dp .~ ind . lit)
print ObjectPropertyAssertion(op - ind ind o)
else
print DataPropertyAssertion(dp . ind ; lit)
end if
end if
end for
end for
end for

2X| 4S9t YnF

12! 8. ABox 2E



ZAIE HO[E{HIO]AZRE MYE OWL 2EZXIE gt BM7| 445

H 3. TBox 2EZX| 24 =HH 7&|

7|2 Ao gifE DB 24 of OWL 24 o

dsp| T HIOIZ: PERSON | PERSON

dsc| TAB(C).C loiS: PERSON- | peRsonD
=20

olg:

ope | op_7AB(C).cc | IOUE: PERSON | op_PERSON
22 D D

: El0lZ: PERSON | dp_PERSON

e | o TABLO)-C | ayp 1D

XML  Schema | SQL HIO|E| E}Y! e
e | Gatatype VARCHAR(10) | *Sdstiing

H 4. ABox 2EEX| 2A =i 7z

Iz ol ol
t=T" [8k=PK( T%, C™) 8v=VAL(T, C™) ] sty
indr , o7l CPe PK(T) olct.
% 72 PK(TF C™) ol Ug &M 22xk0lCt
inde|  t=TAB(C"&c=C"8v=VAL(T, C)
lit “VAL(T, C)” ™Mdt .

Hlole thest o] Heolal,

Al 20 SUPER(...SUPER(SUPER(T))) X4 <
o)9] glo|& 79 tslA 34 SUPERE A& oz
FA W AR FHolEo] EAHA] BE FHxo
glo]Eo] YelH 1 glo|Eo] Hloj& 79 FE H|o|
Eolt}

(& 414 A8 oFe 47 09 #E A& 9

[¢]
vty FE Age g3t 2ol Ao

A9 3. REF(..REF(REF(C))) ¥ <lo]o] A

Coll Hsix 3 REFE A4 o= %“é?% o 2}l
= o]

o] A= Ao AR F= Hx

"l Aol B8 09 FE Aol

[ 4l Abe8 PR(TF C™)& FE HolE
779 primary key HPES Fo)A HolE 79
primary key A9 % sl 0] sjuz] Y 9
mgict sje] Ao et ol At

R 4 9lele] A% Col A, A ¢l FE A
93 598 FE AWe 2t RE 4958 49 ¢
of sz Aol i,

[3F 4o A A3 3k VAL(T, ©) & HolE 79
AA2=E FolA indg, indg, litS B8] 9
sto] HHEek dA) HAEE UoR T Pase] =
5 % Y o dSste Bu g oulsith

E 5. ABox 2EZX| 24 =Y o

Hs | 7|3 o

@ indy | t=TAKES&k=CID&v=CO&K=SID&v=P1
@ indyp | t=PERSON&k=ID&v=P4
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H 6. college 2EEX| 24 FE 1
Sl AZTE REME Z2HE| ASTE
v [& owl:Thing
& course
v [ :course.id
& takes cid v [ owltopObjectProperty
[ :department op_course.id

v [ig :department.id
& 1ecturer.deptid
[& student deptid

& -op_department id
op_lecturer.deptid
op_person.id

v & :person op_lecturer.id
=] ecturer op_studentid
& :student op_student.deptid
v & person.id :0p_takes.cid
& rectureria op_takes sid
v [ studentid
& takes.sid

& takes

H 7. college 2E2X| 24 EE

Hlolef Z2uE| AEZTZE

S

v [ owttopDataProperty
¥ Bl :dp_course.id
[l dp_takes.cid
[ -dp_course.name
v [ :dp_departmentid
[ -dp_tecturer deptid
[ :dp_student deptid
[l :dp_deparimentname
[ :dp_tecturer.room
[ :0p_person.gender
v [ :dp_person.id
[ :ap_tecturer.ia
[l -dp_studentid
[l :0p_takes sid
& :dp_person.name
& :dp_student grade
[ :dp_takes repeated

[l t=course&k=idav=C0
il t=course&k=id&v=C1

t=course&k=idav=C2
t=department&k=id&v=D0
t=department&k=id&v=D1
t=department&k=id&v=D2
t=department&k=idé&v=D3
t=person&k=id&v=P1
t=person&k=id&v=P2
t=person&k=id&v=F3
t=person&k=id&v=P4
t=takes&k=cid&v=C0&k=sid&v=P1
t=takes&k=ciddv=C1&k=sid&v=P1
t=takes&k=cid&v=C28&k=sid&v=P3
t=takes&k=cid&v=C1&k=sid&v=P4
t=course&c=idav=C0
t=course&c=idév=C1
t=course&c=idav=C2
t=department&c=idév=D0
t=department&c=id&v=D1
t=department&c=id&v=D2

(i t=department&c=idév=D3
t=person&c=id&v=P1
t=person&c=id -F’2
t=person&c=id&y=
t=person&c=id&v= F’4
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‘ Hm ‘ ‘ M ‘ ‘ ! ‘
x ¥ %
\ dp_PERSON.GENDER

dp_PERSON.NAME
o

op_PERSON.ID
op_STUDENT.ID

.

dp_PERSON.ID
dp_STUDENT.ID

— T
€ t=PERSON&k=ID&v=P1

/
dp_STUDENT.GRADE
o

op_STUDENT.DEPTID

(t=PERSON&c=ID&v=P1 '] {t=DEPARTMENT&c=ID&v=D2 )

i

dp_DEPARTMENT.ID
dp_STUDENT.DEPTID
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SQL Generator7t A3t AowE2 [19 8]
ABox A4 daE|ge osl BAE 7] ABox &
EEZAE OdeR [X 89 Al 7k EYe %
(assertion)& TN 54 20& wEshs 455
A stk 54 2dol@ Al 7HA Bl 7%
T AN ke 7 B 2 7 B wiol

=ol e AEHE
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= A4HA e YA Q1AL
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¥ 8. ABox 2E2X| FZassertion) &4

F&(Assertion) A

ClassAssertion(cls ind)

ObjectPropertyAssertion(op srclnd targetInd)

DataPropertyAssertion(dp srcind targetLit)

(3 91 & =] Al=delA SQL Aol o3 Al
+8h= ABox 84 4 s|lo|t) i =] AlAElS
Hol&3% key Ao 2NH Fi2E Y57 wfiol
Folzl S0 BE NAE A Y] Ao
o] I S 49 Fiol et thErh & =7
Alzgle Hasst key 29 ZERTE JRAE A4
R ol A BE ES F SH2E A}
7] &k doF Eg 1 A FA o] T/l vt thE
o} a3 gEEoA A E A o BAE T2y
He] Ao AAomnt ALGET key A JERS
H AGE Vi LEAE ZTEHE Y A AR
7k ARR-E T

H 9. ABox 24 ZAM 1jH

Z2HAssertion) Al

ClassAssertion(cls 7 *), ClassAssertion(cls o *),
ClassAssertion(owl:Thing *)

ClassAssertion(* ind,), ClassAssertion(* ind)

ObjectPropertyAssertion(op * *)

ObjectPropertyAssertion(* ind, *)

*

ObjectPropertyAssertion(* * ind)

DataPropertyAssertion(dp * *)

DataPropertyAssertion(* ind, *),
DataPropertyAssertion(* ind *)

DataPropertyAssertion(* * lit)

10, 7HH ¥ 2BHE Y42 2IFt 22X 2

ruI
rok
Ho

concat( “t=7% [, ‘&k=PK(T" C")&=",
recind(P&(D)) | €75 e )

where C"f < PK(T)

fldnd(C)  |concat( “t=7A4B(C" &c=C%&v=", ©)

ittc) |concat( ““ , C, "', ™ tdt)
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[ 10-2112 [ 9l M ek A4 s 242+
A8 SQL A& At 7t £

ok ZoJ#e] SELECT #ell & F AT 84F dsy,
dse ope, dpe, indy, indg, lito]lth 1 FollA
ABox 845 %, indy, ind,, lit> SELECT oA
A A dAatel ofsf ST [ 101 ©)5 &
28] £AE A3 A Hhs ARtk 4 recinde

Age] d=5s %%%E‘r.

SELECT reclnd(PK (7)) FROM T

12l 10. ClassAssertion(cls , *) Zo|E

SELECT [DISTINCT] fldind(€) FROM TAB(C) [WHERE C IS
NOT NULL]

% CE PK(TAB(C) A|PK(TAB(C) =1 O DISTINCT Ajzf

% CE NONULL(TAB(C))0|H WHERE & Mzt

0=

12l 11, ClassAssertion(cls. *) Zo|&

S R E A9
Lii s Ol%% Ae] ,ﬁ:_ﬂ} Aol A oﬂ o)
59 RIE F718HA4 %71 Sisirelth A% 29
o A4 Ae s FE
key AHE 7|Hto 2 S Dot ES UNION A4t

rf

o

Declare Qs. //a set of queries.
for each root table 7% in the S
add “SELECT recind(PK(7%) FROM 7% to Qs.
end for
for each root column C% in the S
add “SELECT [DISTINCT] fldind( CR) FROM TAB( CR)
[WHERE C# IS NOT NULLT" to Qs.
end for
Combine Qs with UNION operator.
x Cf€ PK(TAB(CM)A|IPK(TAB(CP)I=1 o]
DISTINCT 4=t
% CE NONULL(T)0|H WHERE & A2t

12l 12, ClassAssertion(owl:Thing *) Zeo|2

(28 1312 ind, 7HA1S] 93 dlsE=r EAohd
ind, NAE 712422 owl'Thing Zefj2=] w7}
wv "HolE 7] e Hol&el U7 primary key
o2 s dmert EARGE ind, AAE 2

e wole2iE AdE Feise] Wnrt Ak

Declare Qs. //a set of queries.
add “SELECT ‘owl:Thing FROM 7 WHERE ,[C** =
‘FLD(indz C™)' with ‘AND'  conjunction]p(y’ to Qs.
for each family table 77" & FM(T)
add ‘SELECT  ‘cls,m/ FROM T WHERE [
PE(T™L 0™ = FLD(indgy C™%) with  'AND’
conjunction] ()" to Qs.
end for
Combine Qs with UNION operator.
x C™e PK(T)

12 13, ClassAssertion(* ind,) HoZ2

Declare Qs. //a set of queries.
add  “SELECT  ‘owl:Thing’
‘FLD(ind)" " to Gs.

for each family column ¢ e FM(C)

add “SELECT ‘cls e’ FROM TAB(C™) wHERE C* =
‘FLD(ind;)’ " to Qs.

end for

Combine Qs with UNION operator.

FROM 7 WHERE C =

12 14, ClassAssertion(* ind,) Ho2
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%] 13]01]}‘1 EﬂiE7}- key Zj_E—} _JEJ =

AFEAE W UG YR ind A FHAES
deth (27 13]91M AHEE g FLDE A ind,
o) RIZN-H A7 07 e wstsiy (27 14]0)
A AHEE F4 FLD= 70A] ind °) IRIZSE 2=
e Wsksieh

(29 15l TAB(C) HolEe Ad ¢ J=7}

nullo] obd BE Y= HE g3 A RIS 9
Ag,em 3k primary key ZHE9] 2= 39} key 2
WA e] RIE $d5t7] flstel A4 C9] = Fs

SELECT  recInd(PK(TAB(C))),
[WHERE €' IS NOT NULL]
% OE NONULL(TAB(C))0|H WHERE & A2t

fldind(C) FROM  TAB(C)

12 15, ObjectPropertyAssertion(op, * *) Z9|

HO

[18] 16]2 HolE 79 =& gjde] Hol&S U
o2 ind, MAY U dlF=e}t TUS primary key
oA nulle] obd =& key Z

e

=

il
N

T

Lo A=

FEL
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Declare Qs. //a set of queries.
for each family table T7 of the table T
for each key column C¥ in the 7
add “SELECT ‘op.« , fidind(C*) FROM T* WHERE [
PK(TF, ¢™) = FLD(indp C™)  with  AND’
conjunction] px(z) [AND C* 1S NOT NULLT" to Qs.
end for
end for
Combine Qs with UNION operator.
x C™e PK(T)
% C8e NONULL(T) ol WHERE & A2

12! 16. ObjectPropertyAssertion(* ind, *) Ho|2

(29 17]& A" 0] e gy A3l o=

ind. AAS 90 AEsE $AY AEES} 1 =S

Declare Qs. //a set of queries.

for each family column C* of the column C'

add “SELECT = ‘op.m’ , recind(PK(TAB(C™))) FROM
TAB(C™) WHERE C™ = ‘FLD(ind.)" " to Qs.

end for

Combine Qs with UNION operator.

12l 17, ObjectPropertyAssertion(* * ind,) 2|2

if Oz KEY(TAB(C)) then
SELECT recind(PK(TAB(C))), liC) FROM TAB(O)
[WHERE C' IS NOT NULL]
end if
it CEKFEY(TAB(C)) then
SELECT [DISTINCT] fidind(C), 1it(C) FROM TAB(C)
[WHERE C' IS NOT NULL]
end if
x C€ PK(TAB(O)ANPK(TAB(O))| =1 o#
DISTINCT A2t
% C€ NONULL(TAB(C))0|™ WHERE & A2f

* ) "o

12! 18. DataPropertyAssertion(dp.

Declare Qs. //a set of queries.
for each family table 77 of the table 7'
for each non—key column C** in the T
add “SELECT ‘dp.w , IittC™) FROM T WHERE [
PK(T™, ™) ‘FLD(indy C™' with  AND'
conjunction] px(z) [AND ™% 1S NOT NULLT® to Qs.
end for
end for
Combine Qs with UNION operator.
x CY& NONULL(T) 0| WHERE & M2t

12 19. DataPropertyAssertion(* ind, *) &2

[ 181& ¥ 9l key B o]l me A= o
2 AwE AT Ad Vb key ARolW AY O
o Fuvke F&s A% V) key Aol ofd
TAB(C) ®lo]E¢] primary key ZHES] =8 +

(28 1919 o2 [2¥ 16]¢] Bt U
A AEE Zteth Aol Hdy HolES tide
2 key ] o}d non-key AR =5 FE3}
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Declare Qs. //a set of queries.

for each family column C™ of the column C

add  ‘SELECT [distinct]l  ‘dpe' , 1t(C*™) FROM
TAB(C™) WHERE C*™ = 'FLD(ind.)’ " to Qs.

end for

Combine Qs with UNION operator.

% O™e PE(TAB(C™) A PK(TAB(C™)| =1 on
DISTINCT A=t

a8 20. DataPropertyAssertion(* ind. *) E2|2

Declare Qs. //a set of queries.
for each table 7" in the S
for each column C'in the 7'
if dt == XSD(lit) then
it CEKEY(T) then
add “SELECT I[distinct] ‘dpo , fldind(C) FROM T
WHERE C' = ‘VALUE(lit) " to Qs.
else
add “SELECT ‘dp. , recind(PK(T)) FROM 7T WHERE
C' = 'VALUE(it) " to Qs.
end if
end for
end for
Combine Qs with UNION operator.
% C€ PK(T)N|PK(T)|=1 0| DISTINCT A2t

38! 21. DataPropertyAssertion(* * uit) &I
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A3l key HRaztel| Hx FAA Akzzdo] EA)
g A$ ol E2HH AAE FY2ES SucClassOf F

55 x3)a)
- = = 1- =] )
= DB 27|vke] BE Q4E T%} fho] 23] Mghst
6O O 3Flo)dt 2= 9]
V==t :.’1} e T /\I\E]—
 db_customeraddress 4
dp_product price
i
CUS!U"‘DET - | —
: e
%_/ . olmgsmg] o produr )
P C 7\
" op_customer.id (_order ) “ao_product name 7
dp_ cusmmer name .y op_procut.id
op_order.cid/\| op_order.pid h
suhCIassof / ~— _ SubClassOf "#
===~ »{ productid )
muustomerld ¥ Y ordercid ) dp_order.date Order_pid> ~—
D

P
/ / dp_product.id
dn_customer.d dp_order.cid dp_order.cid [

12
[ xsdiint_] [ xsdint |  [xsd:datetime] [ xsdint | [ xsdint |

J% 23. [32 1128E YdE TBox 282X

2. LIEE ABox EHAol| CHSH 7t
o] Ho|AE Tableau d1eE 7)Hke] Z27])50]
DBZH-E AdE 8% ABox Aol ojA A3
& B FAl & =29 A~"S ABox &9
FaAsHA A 2= 7Hs 8-S AS B3l Holaxat itk
ARe [ 1119 F+2E 2= DB Q122 835
S7HAAZI o5 DBESH ¥ =79 v guEE
o ol MAHE LEZAS =]
M Java® 7Y F2719
}\F:ﬂoﬂ 7I—7L EC,\];"E] “H-/] A= tﬂ 27] FE2

product El 139] e —’F } 12, customer Hlo]E-2]
dIZ=g7t 11, 1A & 5L 37, FE T ofolgle

5702 o] o] gitk DB 2715 7H171E WS L
A Fed F2 G otolfle TAATIAL product Hl
olE9] #AEE= 5704 customer HOlEL 10714 &
7N ATE A2 2719 DBE DB(1)oleta WHsta &
S 9k 1Htk 2 & DB)E S7H 3lgelth

H 11. Shop DB A7|n}

category (id, name, parent_id) FK (parent_id) refs
category.id

product (ean_code, name, category_id, price,
manufacturer, notes, description, image) FK (category_id)
refs category.id

order_item(id, order_id, number_of_items,
product_ean_code, total_price) FK (order_id) refs order.id
FK (product_ean_code) refs (product.ean_code)

order(id, customer_id, total_price, created_at) FK
customer_id refs (customer.id)

customer(id, category, salutation, first_name, last_name,
birth_date) FK id refs (user.id)

user(id, name, email, password, role_id, active) FK role_id
refs (role.name)

role(name)
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T 12. Pellet AJAE! A& Znt

03

a2 8§

MO

o | OMEM| | #Ed | #E3 | =gute
KB) 3% | BaA% | AzHms)
DB(1) 395 2809 3482 5397
DB(3) 1046 7035 8508 10552
DB(5) 1695 11251 13524 19472
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