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Part |: Introduction (Why Description logics)
Part II: Introduction to Description logics
Part lll: Mapping ORM into Description logic
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An Information System

Information System

Conceptual
Schema

DBMS

Logical Schema

> Apps

Query processor

» Each Information System is made for one organization.

» Why do we need conceptual schemes? for designing Information

systems at the conceptual level.
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(Web) Information Systems

Ontologies/ Semantics
(OWL)
Agreed data schemes
(XML, RDF)
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New needs:
Open data exchange, inter-organizational transactions, global
queries. .. Jarrar © 2018 6



Bookstore
Ontology

Jarrar © 2018



(Web) Information Systems

Written in
OWL

<owl:Class rdf:ID="Product" />
<owl:Class rdf:ID="Book">

<rdfs:subClassOf rdf:resource="#Product" />
</owl:Class>

<owl:Class rdf:ID="Author" />

<owl:ObjectProperty rdf:|
<rdfs:domain rdf.resourcs

<rdfs:range rdf:resource="#Price" />
ookstore
<owl:DataProperty rdf:ID=" Amounted-To .Value">
<rdfs:domain rdf:resource="#Price" />
<rdfs:range rdf:resource="http:/A 0rg/2001/XMLSct i
()ntology
<owl:DataProperty rdf:ID="Measured-In.Currency">
<rdfs:domain rdf:resource="#Price" />
<rdfs:range rdf:resource="http:/A 0rg/2001/XMLSct

Jarrar © 2018



OWL

~
| = The Web Ontology Language (W3C Standard)

= Based on Description logic

<owl:Class rdf:ID="Product" />
<owl:Class rdf:ID="Book">
<rdfs:subClassOf rdf:resource="#Product" />

</owl:Class>

<owl:Class rdf:ID="Price" />

<owl:Class rdf:ID="Value" />

<owl:Class rdf:ID="Currency" />

<owl:Class rdf:ID="Title" />

<owl:Class rdf:ID="ISBN" />

<owl:Class rdf:ID="Author" />

<owl:ObjectProperty rdf:ID="Valuated-By">
<rdfs:domain rdf:resource="#Product" />
<rdfs:range rdf:resource="#Price" />

</owl:ObjectProperty>

<owl:DataProperty rdf:ID=" Amounted-To .Value">
<rdfs:domain rdf:resource="#Price" />
<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>

</owl:ObjectProperty>

= Can we use ORM to Model OWL ontologies?
Jarrar © 2018



First Order Logic (FOL)

« FOL allows us to represent knowledge precisely (Syntax and
Semantics).

Vx Employee(x) = Person (x)
Vvx Student(x) - Person (x)
vx PhDStudent(x) - Student (x)

Vx PhDStudent(x) = Employee (x)

PhD Student

* However, representation alone is not enough.

 We also need to process this knowledge and make use of it, i.e.
Logical inference = (Reasoning).

Jarrar © 2018 10



First Order Logic (FOL)

Reasoning:

Vx Employee(x) = Person (x)
Vvx Student(x) - Person (x)
vx PhDStudent(x) - Student (x)

Vx PhDStudent(x) = Employee (x)
vx PhDStudent(x) - Person (x)

PhD Student

= How to process the above axioms to know that an axiom can
be derived from (=implied by) another axiom.

Jarrar © 2018
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First Order Logic (FOL)

Reasoning:

Vx Employee(x) = Person (x)
Vvx Student(x) - Person (x)
vx PhDStudent(x) - Student (x)

Vx PhDStudent(x) = Employee (x)
vx Student(x) N Employee (x) = &

= How to process the above axioms to know that an axiom can
be derived from (=implied by) another axiom.

=>»Find contradictions (satisfiability)

= ...efc.

Jarrar © 2018
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First Order Logic (FOL)

Reasoning on FOL is far too complex (i.e. not decidable)

- Here comes description logics.

Jarrar © 2018
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Introduction to
Description Logics
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Description Logics

Description logics are a family of logics concerned with knowledge
representation.

A description logic is a decidable fragment of first-order logic,
associated with a set of automatic reasoning procedures.

The basic constructs for a description logic are the notion of a
concept and the notion of a relationship.

Complex concept and relationship expressions can be constructed
from atomic concepts and relationships with suitable constructs
between them.

Example:
P Mother = Female [ 1 ElHaSChild

HumanMother = Female [ ElHaSChild.Person

Jarrar © 2018 15



Description Logics

r~

Most known description logics are :

FL- The simplest and less expressive description logic.

CD->A|CnD|VYRC|3IR

A L A more practical and expressive description logic.
CCD — A|T|L1LI-A| CnD|VRC|IART

SROIQ Very popular description logic.

The logic underlying OWL.

Very expressive description logic,
DLR,,

Capable of representing most database constructs.

Jarrar © 2018
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Syntax Semantics

A AT C A, Als a concept name

T 1= A

1 1'"=0Q

A AT\A?

CnD cItnpD?

YR.C (XEA'| V. (xy)ER'=>yEC(C'}
JR.T {(xEA"|IEA:(xy)ERY

R RTC A’x A’ Ris arole name

« Example constructs:
1 person rfemale I personn ~female
% person 1 3has_child.T I personr Yhas_child. L

Jarrar © 2018 1174



* CLD C'U D!
istential quantification ()
RC KEA|FEA: (xy)ER A yECT
«  Number restrictions (A}
3R {xEA[[{y[(xy) ER}{| = n}
* Full negation (() 3$nR X EAT lty | (xy) ER] <n;
-C AT\ C?

 Example:

person 1 (3,,has_child L (3,,nas_child 11 2has_child.female))

Jarrar © 2018 18



Any concept D as unary predicate with 1 free vanable
Any role R as primitive binary predicate

“R.C corresponds to

3y, RiIxy ) A Cly)

YR C comresponds to

Yy, Rix.y) == Coy)

3. R corresponds to

¥ ek e ROGY ) A8 ROGY ) A Vi< 3oy,

3_.R comresponds to

Uy ¥ e ROY D AA REXY ) == i)y oy,

Last two examples demonstrate advantage of variable-
free syntax

Jarrar © 2018
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DL Knowledge Base

DL Knowledge Base (KB) normally separated
Into 2 parts:

— TBox is a set of axioms describing structure of
domain (i.e., a conceptual schema), e.g.:

» HappyFather = Man r 3hasChild.Female 1 ...
» Elephant = Animal n Large n Grey

* transitive(ancestor)

— ABox is a set of axioms describing a concrete
situation (data), e.g.:

« John:HappyFather
« <John,Mary>:hasChild

Jarrar © 2018 20



Statements about how concepts and roles are related 10 each other
1 Terminology or T8ox 7'is & sed of axioms
I omerpretaton Jsatshes T 4 1 savstes Al avorms n )

¢ Teminological axioms
f CCDIRES) CLDYR' L SY
I Coawauned by D or D staumes C
P CoDIR= S C'zD'"R'=8§9
I CsoduvdlentioD
¢ Deftnitons

I fihe lef hand sioe of an axom S 3 name
£ pannt » porson 1 Nas_chid person
§ fary © porson

Jarrar © 2018 21



1 What type of inferences are interesting?
I satishabilty of (named) concepls
I subsumpton of (named) concepts
I equivalence of (named) concepls
! diggoniness of (named) concepls
! Description of concept parent
§ parent = person ™ Chas _chid person
¢ We add two concepts
§ woman = lamake M person
£ mother = famale M parent

Jarrar © 2018 %2



1 Al concept inference services can be reduced to concept
satisfiability
! We assume service sat(C, 1), C a concept, T a TBox
§ subsumes(C.D, T) = ~sal(~C D, T)
I C 2 Dhoids « ~(C _ ~D) unsatistable < ~C ~ D unsatisfable
¥ equivalence(C, D, 1) = subsumes(C, D, 7) a
subsumes(D, C, 7)

I disjoint(C. D, 7) = »sat(C n D, T)

Jarrar © 2018 23



Inference service: concept subsumption

parent = person nas_child.person
woman = person rn femaie

Mmother parent M remaie

Is a Mother always a Woman?

Yes, Mother Subsumes Woman

Description logic reasoners offer the computation of a
Subsumption (taxonomy) of all named concepts

Jarrar © 2018



Description Logic Reasoners

For example:

FaCT++ s

They offer reasoning services for multiple TBoxes and
ABoxes.
They run as background reasoning engines.

They understand DIG, which is a simple protocol (based on
HTTP) along with an XML Schema.

<impliesc>
<catom name=*“Student"/>
<catom name=“Person"/>
</impliesc>

Example:  Sudent &= Person

Jarrar © 2018 25



The SHOIN Description Logic

DL Syntax Example FOL Syntax
CiN...NCp, |HumanmnMale Ci(z) A...ACn(z)
Ci1U...UChn Doctor U Lawyer | Ci(z) V...V Cp(x)
-C -Male -C'(x)
{z1}U...U{zn} | {flOohn}U{mary} |z=z1V...Vx =2y

VP.C vhasChild.Doctor | Vy.P(z.y) — C(y)
JP.C JhasChild.Lawyer | 3y.P(z.y) A C(y)
<nP <1lhasChild ISy P(x, y)

* The logic underpinning OWL, the standard (W3C
recommendation) Ontology Web Language.

A compromise between expressive power and computational
complexity.

* Does not support: n-ary relations, identification, functional

dependencies.
Jarrar © 2018 26



Mapping ORM to SHOIN

Jarrar © 2018 27



(Web) Information Systems

Semantic Mediator

Bookstore
Ontology

Written-By /\rites

Jarrar © 2018
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y

Mapping ORM to Description Logic

Why do we need this mapping for?

« Use ORM as a graphical notation for Ontology/description
logic languages.

(The DL benefit from ORM)

* Reasoning on ORM schemes automatically.

(The ORM benefit from DL)

Jarrar © 2018
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Reasoning Services

Examples of reasoning services:
- Satisfiability

To know whether a concept can be populated or not (e.g. because of
some axioms contradicting each other)

SAT(C,T ) iff there is a model I of T with CT = &

- Subsumption

To know whether a concept is subsuming another concept (e.g. to find
unwanted or missing subsumptions)

SUBS(C, D, T ) iff CT € DI forallmodel I of T

- Redundancies

To know whether two concepts are equal (e.g. to find out redundancies)
EQUIV(C, D, T) iff &L B¥fsforallmodel I of T 30



Reasoning on ORM Schemes

35 \
A

Math1, Prog1
’“ A g |

Studies

= Schema satisfiability: A schema is satisfiable if and only if there is at
least one concept in the schema that can be populated. < Weak satisfiability

= Concept satisfiability: A schema is satisfiable if and only if all
concepts in the schema can be populated.

= Role satisfiability: A schema is satisfiable if and only if all roles in the
schema can be populated. = Strong satisfiability

=>» Concept satisfiability implies schema satiability.

=>» Role satisfiability implies concept satiability.
Jarrar © 2018 31



Mapping ORM to DLR and SHOIN

n-ary relations:

Achieves

SHOIN

-- No Support --

Jarrar © 2018 32



Mapping ORM to DLR and SHOIN

" 4

Binary relations:

WorksFor Employs

SHOIN
Ferson

University
Employs

WworksFor. University
W Employs. Personm
WorksFor

Jarrar © 2018
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Mapping ORM to DLR and SHOIN

’ Unary roles:

SHOIN

Jarrar © 2018
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Mapping ORM to DLR and SHOIN

’ Role Mandatory:

SHOIN

Aﬂ; ah.,Az

Jarrar © 2018



Mapping ORM to DLR and SHOIN

’ Disjunctive Mandatory:

G @(

SHOIN

Account T JOwnedByj Person L 4 OwnedBy2. Company

Jarrar © 2018
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Mapping ORM to DLR and SHOIN

’ Role Uniqueness:

o

SHOIN
Frofessor C <1 WorksFor University

Jarrar © 2018
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Mapping ORM to DLR and SHOIN

.5_’ Predicate Mandatory:

P ——(——

Achieves _h

SHOIN

-- No Support --

Jarrar © 2018 38



Mapping ORM to DLR and SHOIN

! External Mandatory:
NrittenBy / Writes

%

Has .’IsOf """"""" )

~
o
L

Has ! |sOf

SHOIN

-- No Support --

Jarrar © 2018 39



Mapping ORM to DLR and SHOIN

’ Role Frequency:
3-4
'
HazPart / PartOf
SHOIN 1<n<m
N-m

Car C 3252 HasParfliheel L L C A (A

Ay E32nsmrn Ay 1)1

Jarrar © 2018



Mapping ORM to DLR and SHOIN

! Multiple-Role Frequency:

>

3-b

e ————

SHOIN

-- No Support --

Jarrar © 2018



Mapping ORM to DLR and SHOIN

y Subtypes:

SHOIN

Man C Person
Ferson & Man o BC A
AZB

Jarrar © 2018 42



Mapping ORM to DLR and SHOIN

y Total Subtypes:

i

Quany Qo

SHOIN
Ferson T Man U Waoman

AC A uUuAdau.. . ud,

Jarrar © 2018 43



Mapping ORM to DLR and SHOIN
" 4

- Exclusive Subtypes:

SHOIN Man 1l Woman = L

(A;n Ay = 1) for each i€{1,....,n-1}, FE{i+l,....n}

Jarrar © 2018 44



Mapping ORM to DLR and SHOIN

! Value Constraint:

STRING:

SHOIN

Number:

SHOIN

{'Male’, 'Female'}
'y . - “y
'&Gende[*;

Gender C STRING
Gender = {Male, Female}

{1 040, 1160}

—_ -
------

5555 ,._-'

ZipCode © NUMEER
ZipCode = {1040 1160}

Jarrar © 2018
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A C NUMBER
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Mapping ORM to DLR and SHOIN
N

Role Subset Constraint:

Buthorizedllith

/T Griving Licens?

Drives

OIN
SH T

Drvives. Car C _AufhorizedWifth Dhvinglicense 2 s (o

sc Cre

Jarrar © 2018 46



Mapping ORM to DLR and SHOIN

" 4 Predicate Subset Constraint:

WorksAt

hlanges

SHOIN
hlanges C INlorksAt

Jarrar © 2018




Mapping ORM to DLR and SHOIN

! Role-sequence Subset Constraint:

R

SHOIN

-- No Support --

Jarrar © 2018



Mapping ORM to DLR and SHOIN

’ Role Equality Constraint:

Norks For
acultvhlember I
Teaches

SHOIN

e
S| Hco

sC=Tre

WorksHor. University = Teachs. Course

Jarrar © 2018 49



Mapping ORM to DLR and SHOIN

’ Predicate Equality Constraint:

Nlorks For

Oy

Affiliatediith

SHOIN

WorksFor = Affiliated With

Jarrar © 2018
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Mapping ORM to DLR and SHOIN

! Role-sequence Equality Constraint:

SHOIN

-- No Support --

Jarrar © 2018
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Mapping ORM to DLR and SHOIN

-‘l Role exclusion Constraint:

OuwnBy

ooty &

SHOIN

Chvened By, Ferson C - OwanedBy. Aceount

Jarrar © 2018



Mapping ORM to DLR and SHOIN

’ Predicate Exclusion Constraint:

Wlrites
GOSN
Feviens

SHOIN
Writes C - Reviews

Jarrar © 2018




Mapping ORM to DLR and SHOIN

! Role- sequence Exclusion Constraint:

SHOIN

-- No Support --

Jarrar © 2018
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Mapping ORM to DLR and SHOIN

! Objectification:

"Enrollment”

Enrolls EnrolledBr,r
Rating

\

acores

SHOIN

-- No Support --

Jarrar © 2018



DogmaModeler

g ——— — o - -
i . A ) -
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1o ette
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> DogmaModeler is an ontology engineering tool
> ltuses ORM as a graphical notation
> ltuses Racer as a background reasoning engine

Other functionalities of DogmaModeler:

» Verbalization of ORM into 11 human languages.
» Modularization of auto composition of ORM schemes

) Y Jarrar © 2018 56



Home Work

 Map your ORM model (project 3) into description logic.
« Reason about your ORM model using Racer.

=>MS Word file containing:

You ORM model

Map ORM into DL

Map ORM into DIG and load it to Racer

Screen shorts of Racer results, that (a)your model is satisfiable, (b)
your model is unsatisfiable (make something wrong)

B O N

The next Lecture assumes that you know XML, if not
please read about it.

Jarrar © 2018
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Conclusions and Discussion
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©) Mapped to DLR @ Mapped to SHON\OWL (D Cannot m

n-ary Relations

oo ©

Unary Relations
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H
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Lesson 1: whatis mapped to what

n-ary Relation

Binary Relations

Seq-Role Subset
) . Unary Relations Rgle Unlquenes

Role Mandatory
0> b !

Sybtype Disjunctive Mandatory ......

Role subset Predicate Subset
|: " Role Frequenc
E [: (A n 10
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Total
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Lesson 2: Decidable fragments

-ary Relations

Binary Relations

N
S‘\&ox, {ZEI.
Role Mandato:ry ]
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Description Logic Reasoners
a short tutorial on DIG
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Description Logic Reasoners

For example:

FaCT++ s

They offer reasoning services for multiple TBoxes and
ABoxes.
They run as background reasoning engines.

They understand DIG, which is a simple protocol (based on
HTTP) along with an XML Schema.

<impliesc>
<catom name="Student"/>
<catom name="Person"/>
</impliesc>

Example:  Sudent &= Person

Jarrar © 2018 03



O - Cc X a0 G- lF -8 kl-weQ
o
DIG Interface |

The O6G Interface is a standardsed XML interface to Dascnption Loqics systems developed by the DL
huemeuaboneroupw This pecgect provides '
1. X

2 mmmm Creanng. and manipJdanng instances of the schemas,
3 Java Reasoners AP yzing the above to actually communicate with DIG reasonars such as FaCT+» and Racer

Contents

XM Schemas

XM Beans
R APt

Reasonars APt
Dovnioads
Mapling List
Examples
Reference

XML Schemas
Theee are currortly two XML schornas for DIG

o DIG 10 -namespace nup://cn kr.ora/dig/ lang

a0l Lt _somocnacc PG R

S. Bechhofer: The DIG Description Logic Interface: DIG/1.1

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.104.3837&rep=rep1 &type=pdf
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http://dig.sourceforge.net/
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.104.3837&rep=rep1&type=pdf

O - Cc X a0 G- lF -8 kl-weQ
o
DIG Interface |

The O6G Interface is a standardsed XML interface to Dascnption Loqics systems developed by the DL
huemeuaboneroupw This pecgect provides '
1. X

2 mmmm Creanng. and manipJdanng instances of the schemas,
3 Java Reasoners AP yzing the above to actually communicate with DIG reasonars such as FaCT+» and Racer

Contents

XM Schemas

XM Beans
R APt

Reasonars APt
Dovnioads
Mapling List
Examples
Reference

XML Schemas
Theee are currortly two XML schornas for DIG

o DIG 10 -namespace nup://cn kr.ora/dig/ lang

a0l Lt _somocnacc PG R

S. Bechhofer: The DIG Description Logic Interface: DIG/1.1

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.104.3837&rep=rep1 &type=pdf
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http://dig.sourceforge.net/
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.104.3837&rep=rep1&type=pdf

DIG Protocol

DIG is only an XML schema for a description logic along with ask/tell
functionality

You write a new Knowledge base (using the DIG XML syntax), and
send it to Racer using the TELL functionality.

You can then write you Query/Question (using the DIG, XML syntax),
and send it to Racer using the ASK functionality.

You may communicate with the Racer through HTTP or SOAP.

Jarrar © 2018 66



Create e a new Knowledge Base

‘"The newKB Message
<?xml version="1.0" encoding="UTF-8"?>
<newKB
xmlns="http://dl.kr.org/dig/2003/02/lang"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemal.ocation="http://dl.kr.org/dig/2003/02/lang
http://dl-web.man.ac.uk/dig/2003/02/dig.xsd"/>

The Response Message

<?xml version="1.0" encoding="UTF-8"?7>

<response

xmins="http://dl.kr.org/dig/2003/02/lang"
xmins:xsi="http://lwww.w3.0rg/2001/XMLSchema-
instance™
xsi:schemalLocation="http://dl.kr.org/dig/2003/02/lang

http://dl-web.man.ac.uk/dig/2003/02/dig.xsd">
<kb uri="urn:uuid:abcdefarn-. " 714224_12345689ah" />
This URI should then be used during TELL and

ASK requests made against the knowledge base
Jarrar © 2018 67




Tell Syntax

Ay
" A TELL request must contain in its body a tells element, which
itself consists of a number of tell statements.

Example: Driver = Person n 3Drives.Vehicle

<?xml version="1.0" encoding="1S0O-8859-1"7>
<tells
xmins="http://dl.kr.org/dig/2003/02/lang"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://dl.kr.org/dig/2003/02/lang
http://dl-web.man.ac.uk/dig/2003/02/dig.xsd"
uri="urn:uuid:abcdefgh-1234-1234-12345689ab">
<defconcept name="driver"/>
<equalc>
<catom name="driver"/>
<and>
<catom name="person"/>
<some>
<ratom name="drives"/>
<catom name="vehicle"/>
</some>
</and>
</equalc>
<defconcept name="person"/>
<defconcept name="vehicle"/>
<defrole name="drives"/>
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Tell Syntax

Tell Language

Primitive <defconcept name="CN"/>
Concept <defrole name="CN"/>
' Introdupction <deffeature name="CN"/>
<defattribute name="CN"/>
<defindividual name="CN"/>
Concept <impliesc>C1 C2</impliesc>
Axioms <equalc>C1 C2</equalc>
<disjoint>C1... Cn</disjoint>
Role <impliesr>R1 R2</impliesc>
Axioms <equalr>R1 R2</equalr>
<domain>R E</domain>
<range>R E</range>
<rangeint>R</rangeint>
<rangestring>R</rangestring>
<transitive>R</transitive>
<functional>R</functional>
Individual <instanceof>| C</instanceof>
Axioms <related>11 R 12</related>

<value>| A V</value>

Concept Language

Expressions

Primitive <Loq{> /
N <potiom/>
Concepts <catom name="CN"/>
Boolean <and>E1... En</and>
Operators <or>E1... En</or>
<not>E</not>
Property <some>R E</some>
Restriction <all>R E</all>
estrictions <atmost num="n">R E</atmost>
<atleast num="n">R E</atleast>
<iset>l1... In</iset>
Concrete <defined>A</defined>
Domain <stringmin val="s">A</stringmin>

<stringmax val="s
<stringequals val="s
<str|ngrange min="g"
max="t">A</stringrange>
<intmin val="i{">A</intmin>
<intmax val="i{">A</intmax>
<intequals val="i">A</intequals>
<intrange min="{" max=

s">A</stringmax>

s">A</stringequals>

"I">A</intrange>

Role
Expressions

<ratom name="CN"/>

<feature name="CN"/>
<inverse>R</inverse>

<attribute name="CN"/>
<chain>F1... FN A</chain>
Individuals <individual name="CN"/>
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Ask Syntax

Y. An ASK request must contain in its body an asks element.

» Multiple queries in one request is possible.

<?xml version="1.0"7>

<asks
xmins="http://dl.kr.org/dig/2003/02/lang">
xmins:xsi="http://Iwww.w3.0rg/2001/XMLSchema-

instance™
xsi:schemalocation="http://dl.kr.org/dig/2003/02/lang"
http://dl-web.man.ac.uk/dig/2003/02/dig.xsd"
uri="urn:uuid:abcdefgh-1234-1234-12345689ab">

KB |= Vehicle < <satisfiable id="q1">
asks about satisfiability of <catom name="Vehicle"/>

the Vehicle concept s/satisfigele .
<descendants id="qg2">

<and>
<catom name="person"/>

a | X |= Peron(a) MdDrives.Vehicle <some> -
<ratom name="drives"/>

asks for all those concepts subsumed by <catom name="vehicle"/>
the description given, i.e. all the drivers </some>
</and>
</descendants>

C |2 |= C(JohnSmith)~ <types id="g3"> , . -
<individual name="JohnSmith"></individual>
asks for the known types of the </types>

given individual </asks¥arrar © 2018
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Ask Language

Primitive Concept
Retrieval

<allConceptNames/>
<allRoleNames/>
<allindividuals/>

Satisfiability

<satisfiable>C</satisfiable>
<subsumes>C1 C2</subsumes>
<disjoint>C1 C2</disjoint>

Concept Hierarchy

<parents>C</parents>
<children>C</children>
<ancestors>C</ancestors>
<descendants>C<descendants/>
<equivalents>C</equivalents>

Role Hierarchy

<rparents>R</rparents>
<rchildren>R</rchildren>
<rancestors>R</rancestors>
<rdescendants>R<rdescendants/>

Individual Queries

<instances>C</instances>
<types>I</types>

<instance>| C</instance>

<roleFillers>| R</roleFillers>
<relatedIndividuals>R</relatedIndividuals>
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