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Introduction

@ Expressive Description Logics: high computational complexity
problems

Need for tractable DLs
DL-Lite
... tailored for knoledge bases with a huge ABox

. nice computational complexity: ACp in the size of ABox

... preserves enough expressive power to represent almost completely
ER and UML class diagram.
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DL-Lite syntax

Given the concept symbol C, the role symbol P and the attribute symbol
U, we define the following concept expressions:

B:=A|3Q|46(U), C:=B|-B|3Q.C

Role expressions:

Q:=P|P, R:=Q|—Q

TBox Assertions:
BC C|QCR| (funct R) | (funct U)
ABox Assertions (a, b and c are constants):

A(a) | P(a,b) | U(a,c)
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QuOnto: Architecture of the system

TBox

Reasoner

UNFOLDER

Query

Reformulator

Ontology and Query Parser

4)| Data Source (Abox) Manager

Languages adopted by QuOnto

TBox: OWL2QL in Functional-style Syntax
@ http://www.w3.org/TR/owl2-syntax/
@ http://www.w3.org/TR/owl-profiles/

ABox: XML proprietary syntax
(an example will be shown)

Query: Conjunctive Queries in SPARQL
@ http://www.w3.org/TR/rdf-sparql-query/
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An example ontology: the TBox

Declaration(Class(Person)) (a class is a concept)
Declaration(Class(LivingBeing))
Declaration(Class(Pet))
Declaration(Class(Man))
Declaration(Class(Woman))
Declaration(Class(City))
Declaration(ObjectProperty(lives _in)) (...a role)
Declaration(ObjectProperty(has__mother))
Declaration(ObjectProperty(has father))
Declaration(ObjectProperty(has owner))
Declaration(DataProperty(name)) (... an attribute)
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An example ontology: the TBox (2)

SubClassOf(Person LivingBeing) (Person C LivingBeing)
SubClassOf(Pet LivingBeing)

SubClassOf(Man Person)

SubClassOf(Woman Person)

DisjointClasses(Man Woman) (Man C — Woman)
DisjointClasses(Pet Person)

SubClassOf(Person DataSomeValuesFrom(name rdfs:Literal))
SubClassOf(Pet DataSomeValuesFrom(name rdfs:Literal))
SubClassOf(City DataSomeValuesFrom(name rdfs:Literal))
ObjectPropertyDomain(lives_in Person) (3 lives in T Person)
ObjectPropertyRange(lives _in City) (3 lives _in~ T City)
ObjectPropertyDomain(has _mother Person)
ObjectPropertyRange(has mother Woman)
ObjectPropertyDomain(has father Person)
ObjectPropertyRange(has father Man)
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An example ontology: the ABox

Concept ABox specification

SELECT object FROM Person
— Person(pers($object))

Role ABox specification

SELECT domain, range FROM lives_in
— lives_in(pers($domain), city($range))

Attribute ABox specification

SELECT domain, range FROM name
— name(pers($domain), $range)
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An example ontology: the ABox

Person lives_in
Object [N Domain _|Range
homer ned springfield
barney manhattan shelbyville
Person" ~
' homer ned Iwes_ln
barney City
/.—' ] ] \\
" manhattan . springfield \
lives in shelbyville
\ ,/"
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Queries

Query: ask for all the LivingBeing represented in the ontlogy

FOL:
qg = {x | LivingBeing(x)}
SPARQL:

select $X where {$X rdf:type :LivingBeing}

Query: ask for all persons and the cities they live in

FOL:
q = {x,y | Person(x) A lives _in(x,y)}

SPARQL:

select $X $Y where {$X rdf:type :Person . $X :lives in $Y}
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Screenshots: the home page of the system

| | @ Pagina iniziale di Mozilla Firefox

€ | |[# localhost:8080/ mastroWEB/
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Ontology files

o Ontology TBox

() Ontology Constraints

€.) Mappings

START MASTRO
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The main page: ontology metrics

SAPIENZA AP ASTRO

Univers 3 imento di Informa a - DASILAB

Q Ontology Concept = DataSou r
Metrics Concepts ROk Attributes ConSiramts and Meppings Reasoning
Active Ontology: ONTOLOGY_NAME

Concepts Count:

Roles Count:

Concept Attributes Count:

Concept Inclusion Assertions Count:

Role Inclusion Assertions Count:

Concept Attribute Inclusion Assertions Count:
Identification Constraints Count:

EQL Constraints Count:

Denial Constraints Count:
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Mapping Assertions Count:
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Concepts hierarchy

[ ' ~ Google
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Ontology ) Concept = DataSource TBox Dntom ]
Metrics EITEL]LS Roles Attributes Constraints and Meppings Reasoning Queries eck
Concepts Hierarchy () super Concepts
& City Data SomeValuesFrom{name rdfs:Literal)
< W LivingBeing LivingBeing
= W& Person
& Man
& Woman
B Pet () Sub Concepts
Man =
ObjectSomeValuesFrom{lnverseObjectProperty(has_owner)
owl:Thing) £

ObjectSomeValuesFrom(has_father owl:Thing)
ObjectSomeValuesFrom(has_mother owl:Thing)
ObiectSomeValuesFromllives in owl:Thina)

Q Disjoint Concepts

Pet

http://localhost8080/ mastroWEB/pages/homepage.iface® @ Hentification Constraint=

m
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Roles hierarchy

™ Firefox v |

w Pagina iniziale di Mozilla Firefox

\ L4 localhost:8080/mastroWEB/pages/homepage.iface
€)= pag pag

Ontology Concepts Q Concept Constraints DataSource TBox Dnto::s] !

Metrics Roles Attributes and Meppings Reasoning Queries

Roles Hierarchy

<% has_owner Functional: [[] Inverse Functional: [
© < has_parent
% has_father
% has_mother
& lives_in

Q Domain

Q Super Roles
() subRoles

C) Disjoint Roles

ABox specification through data mappings

[Firefox ~ |
@ w Pagina iniziale di Mozilla Firefox a - . . ’

(- L4 |@ localhost:28080/mastroWEB/ pages/homepage.iface | l.'v Google

MAsTRO

Universit

Concepts Concept Constraints Q DataSource TBox Ontom

Attributes and Meppings Reasoning Queries eck

Ontology
Metrics

Mapping Assertions RDBMS Source Schema Inspector RDBMS Queries

Mapping Head Filter:

Mapping Names Head

1:Person
M2:lives_in
M3:has_mother
M4:has_father
M4:has_owner

Person(pers(object))

Body

SELECT object FROM Person
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Data source schema inspector

SAPIENZA

DT RoMa

Ontology
Metrics

Concepts Roles Eoncent Constraints € Dpatasource TBox Dnto':s] !

Attributes and Meppings Reasoning Queries

O

Mapping Assertions ~  RDBMS Source Schema Inspector RDBMS Queries

Database Name: jdbcisglserver:/ilocalhost:1433;DatabaseName=Person

User name: sa GET DB INFO

TABLE_CAT

TABLE_SCHEM TABLE_NAME TABLE_TYPE REMARKS

Person dbo has_father TABLE
Person dbo has_mather TABLE
Person dbo has_owner TABLE
Person dbo lives_in TABLE
Person dbo Person TABLE
Person INFORMATION_SCHEMA CHECK_CONSTRAINTS VIEW
Person INFORMATION_SCHEMA COLUMN_DOMAIN_USAGE VIEW
Person INFORMATION_SCHEMA COLUMMN_PRIVILEGES VIEW
Person INFORMATION_SCHEMA COLUMNE VIEW
Person INFORMATION_SCHEMA CONSTRAINT_COLUMN_USAGE VIEW
359 items found. Showing 10 elements, from 1 to 10. Page 1 of 36 N
2,3 /4 /5|67 8/ 9 10
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ERSITA DT RoMa

Ontology
Metrics

Concept Constraints © patasource TBox Onto ‘

Concepts RoleS Attributes and Meppings Reasoning Queries

(5]

Mapping Assertions RDBMS Source Schema Inspector RDBMS Queries

Q S0L Query

select * from person

EXECUTE QUERY

O Query Result

object
homer

1 items found. Showing 5 elements, from 1 to 5. Page 1 of 1

Export as Excel] [Export as CSV
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Tbox Reasoning

™ Firefox v |

w Pagina iniziale di Mozilla Firefox

\ L4 localhost:8080/mastroWEB/pages/homepage.iface
€)= pag pag

& SAPIENZA M TRO

Universit

Ontology (s Roles Concept Constraints DataSource &) TBox Dnto::‘ﬂ r

Metrics Attributes and Meppings Reasoning Queries

Concepts ) super Concepts

Person

Filter:

City

LivingBeing
Man Q Ancestor Concepts 3
Person
Pet DataSomeValuesFrom({name rdfs:Literal) e
Woman LivingBeing [
Man =

Q Sub Concepts

ObjectSomeValuesFrom(InverseObjectProperty(has_father) owl:Thing)

@ Descendant Concepis

Man
ObjectSomeValuesFrom({InverseObjectProperty(has_father) owl:Thing)

Q Equivalent Concepts

Q Disjoint Concepts

ObjectSomeValuesFrom({InverseObjectProperty(has_mother) owl:Thing)
ObjectSomeValuesFrom(has owner owl:Thing
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Ontology queries

T Firefox = |

\ L4 localhost:8080/mastroWEB/pages/homepage.iface
€2 |&H pag pag _

APIENZA
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Ontology Concept > DataSource TBox Q Dntom I
Metrics Concepts Roles Attributes Constraints and Meppings Reasoning Queries eck

o

Union of Conjunctive Queries

) Qquery

select $X where {$X rdf:type :LivingBeing}

Enable query expansion

[Add to the Liﬁt] [Query List

@ Query Results

»

X

pers(marge)

m

pet(little helper)

pet(snowball)

pers(homer)

pers(lisa)

pers(flanders)

narefahrahami
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Query reformulation 1: expansion

Ontology
Metrics

o

Union of Conjunctive Queries

Concepts Roles Eoncent Constraints DainSource, TBox @ Onto';:s] !

Attributes and Meppings Reasoning Queries

@ auery

select $X where {$X rdf:type :LivingBeing}

Enable query expansion

[Add to the List] [Query L\st]

O Expanded Query

SELECT $x0 WHERE {$x0 rdf:type :Woman} -~
SELECT $x0 WHERE {$X_UB_0 :has_mother $x0}
SELECT $x0 WHERE {$x0 :has_owner $X_UB_1}
SELECT $x0 WHERE {$x0 :has_father $X_UB_2}
SELECT $x0 WHERE {$x0 rdf:type :Man} =
SELECT $x0 WHERE {$x0 :lves_in $X_UB_3}
SELECT $x0 WHERE {$x0 rdf:type :Pet}
SELECT $x0 WHERE {$X_UB_4 :has_father $x0}
SELECT $x0 WHERE {$X_UB_5 :has_owner $x0} =2

http://localhost:8080/ mastroWEB/pages/homepage.iface®
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Query reformulation 2: unfolding

PIENZA

RSITA DI Roma

Ontology
Metrics

o

) Qquery

Query 1:
Query 2:
Query 3:
Query 4:
Query 5:
Query 6:
Query 7:

Query 8:

Union of Conjunctive Queries

O Unfolded Query

Concepts Roles Eoncent Constraints flataSource jiBoxy @ Dntol51 !

Attributes and Meppings Reasoning Queries eck

SELECT DISTINCT TABLEO.range FROM (SELECT domain, range FROM has_mother) AS TABLED
SELECT DISTINCT TABLEO.domain FROM (SELECT domain, range FROM has_owner) AS TABLEO
SELECT DISTINCT TABLEO.domain FROM (SELECT domain, range FROM has_father) AS TABLED
SELECT DISTINCT TABLEO.domain FROM (SELECT domain, range FROM lives_in) AS TABLEO
SELECT DISTINCT TABLED.range FROM (SELECT domain, range FROM has_father) AS TABLEQ
SELECT DISTINCT TABLEO.range FROM (SELECT domain, range FROM has_owner) AS TABLED

SELECT DISTINCT TABLEO.domain FROM (SELECT domain, range FROM has_mother) AS TABLEQ

SELECT DISTINCT TABLEO.object FROM (SELECT object FROM Person) AS TABLEO
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