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Context

@ |I'm mostly a logic user—LAC18 is alike 5-day window shopping
(shopping spree?) to see if there's something that satisfies some of

the needs in computing
o This talk: on those requirements, solutions, some ‘loose ends’, and
things that might possibly be done more elegantly (?)
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___________Motiation |
Context

@ Conceptual data modelling for complex system development and
information integration
@ Languages for conceptual modelling:
e UML Class Diagrams, for generating object-oriented code
e ER and EER, for generating relational databases
e ORM and ORM2, for generating OO code, relational databases, link to
business rules
@ Need formal basis for model linking and integration, tools, and
techniques
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Conceptual data models—UML Class Diagram, inferences

A BC A Wx(B(x) — A(x))
CCA Wx(C(x) = A(x))
é [disjoint} DCB Wx(D(x) =+ B(x))
DCC Vx(D(x) = C(x))
B c BncCl Wx(B(x)AC(x)— 1)

o5
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Conceptual data models—UML Class Diagram, inferences

A
2D (disjoint)
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Conceptual data models—EER diagram, inferences

> O

RLC [JAN[]C
SCclonle
AC=1[iR

cC=1[]rR

BC 3[R

W, y(R(x, ¥) = A(x) A Cly))
¥x, y(5(x,y) =+ D(x) n B(y))
Yx(A(x) — I p(R(x, ¥)))
Yy(Cly) = I71x(R(x, ¥)))
Yy (B(y) — 3x(5(x,¥)))
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Example scenario: isiZulu termbank (simplified)

EER diagram
@ Q Name

O d
Morphology Term 7 POS tag
-
/ Grammatical
. \
% ‘.

\ N\ SN\
> \ \ A
Affix 0.*\ Morphological 1 ,|_isiZuluTerm 0.+ 1 NounClass \,
name: String = Syntaxinfo name: String = == code: String \
(’é mstem: String contains  Pelongs | grammNr.: String
1 root: String to

prefix preprefix
suffix

UML class diagram )
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After logical and ontological analysis

EER diagram

~
POS tag
]
f} Grammatical
@ / Number
[}

' ( \ el
3 - N N

=<
Q
ke)
=
=X
o
«Q
<
000
O
E
3
N
\

] Y A
- AJ A A N\
Affix * ) | Morphological ) ,|_isiZuluTerm . NounClass ",
name: String 0.70\ Syntaxinfo 171, W code: String \
[P bstem: String contains  P€lONTS | grammNr.: String4
— root: String to
prefix preprefix
suffix UML class diagram )
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- Votton ]
Example: ICOM tool [Fillottrani et al.(2012)]

[ BankERL o [@ = =
[ BankUML2 o (@ (=

B C:\Windows\system32\emd.exe

<{true id="guery"/>
< /responses>

153868 [Thread-12]1 DEBUG org.kr.dl.dig.reasener.vli _1.impl.HTTPRe|
sksDocument) - end
Project status
] is consistent.
21 DEBUG org.kr.dl.dig.reasoner.vi_i.inpl.HTTPRe
Connection connection = sUn.met.www.protocol.http.Het|
50 ct

— star
DEBUG org.kr.dl.dig.reasoner.vi_1.impl.HTTPRe;
el

n
DEBUG org.kr.d. reasoner_vl_1_inpl. HITPRe|
end

1.dig.

eKBCURI http://dl ke org/dig/kh-203849
G resource

Cr

Nodes

Data | Metadata | DIG
Schema Name




Graphical queries for Ontology-Based Data Access
[Calvanese et al.(2010)]

Ontology Query Results
Browser Pane
Cick Here to change page Loa nmegiste

(" TexD “\KEGGCode )
. N J

(" NCBID )
N /,/

AltCode

Onganism Has Alicode

(Percentage )
N y

( NePred )
N _ - S

CINs

1 (Q ) (Next [ Previous ) (O Highlightall ) [] Match case
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Graphical queries for Ontology-Based Data Access
[Calvanese et al.(2010)]

Ontology Query Results
Browser Pane
Add a Constraint for GCValue
Log in/Register
Relational Constraint Type _ Attribute
Attribute GCvalue
Label GCValueFirmicutes (edit)
GCvalue 4 int not constrained Ledit)
true (edit)
. Delete  Delets
IN Constraint [ SELECT qL.tf, ql.cd, qL.cf, ql.dg
FROM sparqltable ( SELECT $bf $cd|
a $cf $dg WHERE { $cc rdf:type
GCValue = orR s oV 'GenelIDInfo' . $df rdf:type

Taxenomy' . $ca rdf:type

'GCstatsGene' . $ca rdf:type

. 'GCtotal_g' . $ci rdf:type 'Gene' .

Between Constraint $dl rdf:type ‘Organism’ . §ci

QUerY . enelsOnChromosomeOfOrganisn)
$dl . $ci :GeneHasGCstatsGene $ca
. §ci :GeneHasGenelIDInfo $cc . §di
OrganismHasTaxonomy $df . $ca
GCValue $bf . %ci :ID $cd . $cc
GeneName $cf . $df :Classification]
$dg }) q1 WHERE ( q1.dg LIKE

< "% Firmicute%' )

Manage Constraints

<= GCvalue <= v

Gene
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Typical computational usages for conceptual models

@ Reasoning over conceptual models to improve their quality

e With logic-based reconstructions in, and reasoners for, among others:
DL [Artale et al.(2007), Berardi et al.(2005), Keet(2009)]) and OWL
[Wagih et al.(2013)], OCL [Queralt et al.(2012)], CLIF
[Pan and Liu(2010)], Alloy [Braga et al.(2010)], Z
[Jahangard Rafsanjani and Mirian-Hosseinabadi(2011)] (and many more)

@ Use of conceptual models during runtime

o Verification and validation [Cabot et al.(2008), Nizol et al.(2014)] (e.g.,
scalable test data generation [Smaragdakis et al.(2009)])

e Designing [Bloesch and Halpin(1997)] and executing
[Calvanese et al.(2010)] queries with the model’'s vocabulary; VQF/QBD
[Soylu et al.(2017)]

e Querying databases during the stage of query compilation
[Toman and Weddell(2011)]

@ Ontology-based data access and integration (tries both)
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Some common questions/problems/assumptions

@ Diagrams are notational variants?
@ Design a unifying logic-based reconstruction for one/all CDMLs
@ Which CDML features are actually used?

@ Decidable, scalable, computationally well-behaved reasoning,
querying, ....

=- Suitable formalism, logic-based reconstruction
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Some common questions/problems/assumptions

@ Diagrams are notational variants?
e They're not
@ Design a unifying logic-based reconstruction for one/all CDMLs
e Achieved for fragments only
@ Which CDML features are actually used?
e Most, but few often
@ Decidable, scalable, computationally well-behaved reasoning,
querying, ....
e Many logics used, for the bits and pieces of the CDML that fits that
logic
=- Suitable formalism, logic-based reconstruction
e ‘Suitable’? For what?
o What does a ‘good’ (or at least not ‘bad’) formalisation (of CDMLs)
look like?
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© Language design
@ Principles
@ Toward logics for CDMLs
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Language design Principles

Guidance on language design

@ A logic/language can be seen as a ‘product’/solution that solves a
problem

@ In analogy of other products: is there a development process, with
requirements to meet etc.?

@ No methodology for design of a logic

@ There is one for design of Domain Specific languages (DSLs)
[Frank(2013)]

@ Adapt that for our purpose
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Language design Principles

1a. Determine scope, benefits
(1. Clarification of Scope and Purpose)'j 1b. Long-term perspective

1c. Economics, feasibility

2. Analysis of ic Requi t
LA( nalysis of Generic Requiremen s) 2/3a. Consult requirements catalogue
2/3b. Use scenarios

k‘(s. Analysis of Specific Requirements | _ 2/3c. Assign priorities
234.0ntological analysis of language features
k( 4. Language Specification

4a. Specify syntax and semantics
4b. Define glossary

5b. Evaluate notation

L‘( 6. Development of Modelling Tool )‘W

=

4c. Define metamodel
L‘( 5. Design of Graphical Notation )‘w Sa. Create sample diagrams

7a. Test cases
7. Evaluation and Refinement ) 7b. Analyse against requirements
7c. Analyse effect of use against
current practice
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Language design Principles

“234. Ontological analysis of language features”

@ Affordances and features of the logic concern:

o Ability to represent the conceptualisation/reality more or less precisely
with more or less constraints; e.g.

e Human C JhasPart.Eye or Human C = 2 hasPart (OWL DL)
e Human C = 2 hasPart.Eye (OWL 2 DL)

Good Less good

what you can represent with 2DL / DL
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Language design Principles

“234. Ontological analysis of language features”

@ Affordances and features of the logic concern:

o Ability to represent the conceptualisation/reality more or less precisely
with more or less constraints; e.g.

e Human C JhasPart.Eye or Human C = 2 hasPart (OWL DL)
e Human C = 2 hasPart.Eye (OWL 2 DL)

Good Less good

what you can represent with 2DL / DL

e whether the language contributes to support, or even shape, the
conceptualisation and one's data analysis for the conceptual data
model, or embeds certain philosophical assumptions and positions
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Language design Principles

Choices — ontology

@ Whether the roles that objects play are fundamental components of
relationships (positionalist) or not (standard view); i.e.: if roles should
be elements of the language; e.g.

o Jteaches T Course and Jteaches™ C Prof (most DLs, FOL)
o teach C [lect]Prof M [taught]Course (DLR family, DBs)
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Language design Principles

Choices — ontology

@ Whether the roles that objects play are fundamental components of
relationships (positionalist) or not (standard view); i.e.: if roles should
be elements of the language; e.g.

o Jteaches T Course and Jteaches™ C Prof (most DLs, FOL)
o teach C [lect]Prof M [taught]Course (DLR family, DBs)

@ 4D view on the world (space-time worms) or 3D objects with optional
temporal extension

@ Inherent vagueness (rough, fuzzy), or the world is crisp
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Language design Principles

Choices — (im)precision in elements

@ Whether refinements on the kinds of general elements—that then
have their own representation element—would result in a different
(better) conceptual model. e.g.:

e Add element for aggregation or parthood (in addition to not just
Relationship and subsumption)
e not just Object type but also, say, sortal with rigid property
(Vxé(x) — Op(x)) or class with anti-rigid property
(Vx¢(x) — —O¢(x)), with stereotypes or separate graphical elements
o If binary relationships only (cf. n-aries), would the modeller would
assume there are only binaries in the world?
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Language design Principles

Choices — (im)precision in elements

@ Whether refinements on the kinds of general elements—that then
have their own representation element—would result in a different
(better) conceptual model. e.g.:

e Add element for aggregation or parthood (in addition to not just
Relationship and subsumption)
e not just Object type but also, say, sortal with rigid property
(Vxp(x) — Oep(x)) or class with anti-rigid property
(Vx¢(x) — —O¢(x)), with stereotypes or separate graphical elements
o If binary relationships only (cf. n-aries), would the modeller would
assume there are only binaries in the world?

@ ‘truly conceptual’ or or also somewhat computational; i.e., to
represent only what vs. what & how

e data types of attributes (UML) or not (ER), with attribute being
A +— C x Datatype
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Toward logics for CDMLs
The choices in UML, ER, ORM

@ Ontology: positionalist, 3D, crisp world
o Features: n-aries, UML with aggregation, just object types, ER no
datatypes

@ Data showed that UML has disproportionally

o fewer n-aries (look across is ambiguous)
e more aggregation (if the construct is there, modellers see it
everywhere?)
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Language design Toward logics for CDMLs

Table: Popular logics for logic-based reconstructions of CDMLs assessed against a
set of requirements (1/2).

DL-Lite4 DLR; OWL 2 DL
ifd

Language features

| FOL |

— standard view

+ positionalist

— standard view

— standard view

— with datatypes

— with datatypes

— with datatypes

+ no datatypes

— no parthood | — no parthood | — no parthood | — no parthood
primitive primitive primitive primitive

— no n-aries + with n-aries — no n-aries + with n-aries

+ 3D + 3D + 3D + 3D

— very few fea- | + little feature | = some feature | + little feature
tures; large feature | mismatch mismatch,  with | mismatch

mismatch overlapping sets
— formalisation to | +  formalisation | — formalisation to | +  formalisation
complete exist complete exist
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Language design Toward logics for CDMLs

Table: Popular logics for logic-based reconstructions of CDMLs assessed against a

set of requirements (2/2).

’ DL-Lite4 \ DLR gy \ OWL 2 DL \ FOL
Computation and implementability
+ PTIME (TBox); | £ EXPTIME- | &+ N2EXPTIME- | — undecidable
AC® (ABox) complete complete
+ very scalable | + somewhat scal- | + somewhat scal- | — not scalable
(TBox and ABox) | able (TBox) able (TBox)

+ several reason-
ers

— no implementa-
tion

+ several reason-
ers

— few reasoners

+ linking with on-
tologies doable

— no interoperabil-
ity

+ linking with on-
tologies doable

— no interoperabil-
ity with existing

infrastructures
+ ‘integration’ | — no integration | + ‘integration’ | + ‘integration’
with OntolOP with OntolOP with OntolOP with OntolOP
+ modularity in- | — modularity in- | + modularity in- | — modularity in-
frastructure frastructure frastructure frastructure
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Logic-based profiles for CDMLs
Outline

© Logic-based profiles for CDMLs
@ Preliminaries
@ Logic-based profiles
@ Example
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Logic-based profiles for C Preliminaries

1a. Determine scope, benefits
1. Clarification of Scope and F'urpose) 1b. Long-term perspective
‘] 1c. Economics, feasibility

2/3a. Consult requirements catalogue
2/3b. Use scenarios
3. Analysis of Specific Requirements | _ 2/3c. Assign priorities
234.Ontological analysis of language features
L‘[ 4. Language Specification

2. Analysis of Generic Requlrements]‘)

4a. Specify syntax and semantics
4b. Define glossary

5b. Evaluate notation

L‘( 6. Development of Modelling Tool J‘j
7a. Test cases

L‘( 7. Evaluation and Refinement j 7b. Analyse against requirements
Tc. Analyse effect of use against
current practice

4c. Define metamode!
L‘( 5. Design of Graphical Motation J‘W 5a. Create sample diagrams
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Logic-based profiles for C Preliminaries

1a. Determine scope, benefits
1b. Long-term perspective
1c. Economics, feasibility

1. Clarification of Scope and Purpose

2 Analysis of Generic Requlrer;\ nsult requirements catalogue

Scope: main conceptual modelling languages language features
Goals: at least mode interoperability and at
least to some extent runtime use of
conceptual models for ‘intelligent systems’ or
ontology or conceptual model-driven
information systems

7a. Test cases

Th. Analyse against requirements

Tc. Analyse effect of use against
current practice

7. Evaluation and Refinement
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Logic-based profiles for C Preliminaries

1a. Determine scope, benefits
1. Clarification of Scope and F'urposej 1b. Long-term perspective
‘1 1c. Economics, feasibility

2. Analysis of Generic Requirement 3a. Consult requirements catalogue

scenarios

3. Analysis of Specific

Requirements & priorities: language feature
lists based on experimental evaluation of 101

publicly available conceptual models
Keat, C.M., Fillottrani, P.R. An analysls and charactarisatln-n
of puhlll:ly ilable concept dels. ER'15. 5
LNCS vol 9381, 585-593

(

a. Test cases
7. Evaluation and Refinement j 7h. Analyse against requirements

Tc. Analyse effect of use against
current practice
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Logic-based profiles for C Preliminaries

1a. Determine scope, benefits
1. Clarification of Scope and F'urpose) 1b. Long-term perspective
‘] 1c. Economics, feasibility

2/3a. Consult requirements catalogue
2/3b. Use scenarios
3. Analysis of Specific Requlrementaj 2/3c. Assign priorities
234.0ntolo, ﬁca.f analysis of language features
i

4a. Specify syntax and semantics
4b. Define glossary
dc, Define metamode!

ate sample diagrams
qlfe notation

2. Analysis of Generic Requlrements]‘)

Ontological analysis:
- positionalist, 3D, crisp

- ontology-driven metamodel

CM Keet, PR Fillotrani. An ontology-driven
unifying metamodel of UML Class Diagrams,
EER, and ORM2, DKE 98, 30-53, 2015.

a. Test cases

Th. Analyse against requirements
Tc. Analyse effect of use against
current practice
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Logic-based profiles for C Preliminaries

1a. Determine scope, benefits
1. Clarification of Scope and F'urpose) 1b. Long-term perspective
‘] 1c. Economics, feasibility

2/3a. Consult requirements catalogue
2/3b. Use scenarios
3. Analysis of Specific Requlrementaj 2/3c. Assign priorities
234.Ontological analysis of language features
L‘[ 4. Language Specification

2. Analysis of Generic Requlrements]‘)

4a. Specify syntax and semantics
fine glossary
¢. Define metamode!

reate sample diagrams
ation

Syntax & semantics:

- positionalist, core, and three language profiles
PR Fillottrani, CM Keet. Evidence-based Languages for Conceptual
Data Modelling Profiles. ADBIS'15. Springer LNCS vol. 9282, 215-229,

- tailor-made Dpﬂmﬂl DLs f use against
- glossary with ontology-driven metamodel
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Logic-based profiles for CDMLs Preliminaries

Logic foundation for profiles

@ How to formalise the diagrams in which logic?
= Which DL (or other logic) is most appropriate, and why?
= Analyse contents of publicly available conceptual data models?

@ Try as high a coverage of the most used features

2Fi|lottrani, P.R., Keet, C.M. Evidence-based Languages for Conceptual Data Modelling Profiles. ADBIS'15. Morzy et al.

(Eds.). Springer LNCS vol. 9282, 215-229.
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Logic-based profiles for CDMLs Preliminaries

Considerations in the formalisation

@ Positionalist relations and relationships complicates formalisation
(computationally more costly), and implementation (DLR has one
very much proof-of-concept implementation [Calvanese et al.(2011)])

@ Did both positionalist and standard core, with algorithm
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Logic-based profiles for CDMLs Logic-based profiles

Definition (Positionalist core profile)

Given a conceptual model in any of the analysed CDMLs, we construct a
knowledge base in DC,, by applying the rules:

@ we take the set all of object types A, binary relationships P, datatypes
T and attributes a in the model as the basic elements in the
knowledge base.

@ for each binary relationship P formed by object types A and B, we add
to the knowledge base the assertions > 1[1]P C A and > 1[2]P C B.

o for each attribute a of datatype T within an object type A, including
the transformation of ORM's Value Type following the rule given in
[Fillottrani and Keet(2014)], we add the assertion AC Ja. 7171 < la.

@ subsumption between two object types A and B is represented by the
assertion A C B.

Continues on next slide....
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Logic-based profiles for CDMLs Logic-based profiles

Definition (Positionalist core profile)

Given a conceptual model in any of the analysed CDMLs, we construct a
knowledge base in DC,, by applying the rules:

. continued from previous slide

o for each object type cardinality m..n in relationship P with respect to
its i-th component A, we add the assertions A C < n[i/]P 1 > m[i]P.

@ we add for each mandatory constraints of a concept A in a
relationship P the axiom A C > 1[1]P or A C > 1[2]P depending on
the position played by A in P. This is a special case of the previous
one, with n = 1.

o for each single identification in object type A with respect to an
attribute a of datatype T we add the axiom id A a.
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Logic-based profiles for CDMLs Logic-based profiles

Positionalist Core profile in DL syntax

DC, can be represented by the following DL syntax. Starting from atomic
elements, we can construct binary relations R, arbitrary concepts C and
axioms X according to the rules:

C— T|A| <k[i]R| > k[i]R|Va.T|3a.T| <1la|CND
R— T2|P|(i: C)
X— CLCD|idCa

where i = 1,2 and 0 < k. For convenience of presentation, we use the

numbers 1 and 2 to name the role places, but they can be any number or
string and do not impose an order.
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Logic-based profiles for CDMLs Logic-based profiles

Positionalist Core profile in DL, semantics (1/2)

Definition

An DC,, interpretation I = (C7 Ty 1) for a knowledge base in DC,
consists of a set of objects AL, a set of datatype values AZ, and a
function -Z satisfying the constraints shown in Table 3. It is said that Z
satisfies the assertion C C D iff CT C DZ; and it satisfies the assertion
id C a iff exists T such that CZ C (Ja.T1 < 1a)? (mandatory 1) and for
all v € TZ it holds that #{c|c € CT A (c,v) € a’} <1 (inverse
functional).
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Logic-based profiles for CDMLs Logic-based profiles

Positionalist Core profile in DL, semantics (2/2)

Table: Semantics of DC,.

TZ C AL (< K[IR)T = {c € AL \#{(dl,dg)e RT.d; = c} < k}

AfC T (> K[i]R)E = {c € AL|#{d1, dr) € RT.d; = c} > k}
T2 =TT xTT (Fa.T)r ={cc AI|3b € TL.(c,b) € a}

P CTZ (Va.T)? —{CEAWVGA (c,v)eat - veTE}

TEC AL (< 1.3) ={ce AL|#{(c,v) e a’} <1}
(CaIDQ)ITI EIAITDI (i: ) = {(dl,dg) € T3|d € C*}
M =CIn
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Logic-based profiles for CDMLs Logic-based profiles

Some observations

@ All the entities in the core profile sum up to 87.57% of the entities in
all the analysed models, covering 91,88% of UML models, 73.29% of
ORM models, and 94.64% of ER/EER models

@ Excluded due to their low incidence in the model set (despite
overlap): Role (DL role component) and Relationship (DL role)
Subsumption, and Completeness and Disjointness constraints
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Some observations

@ All the entities in the core profile sum up to 87.57% of the entities in
all the analysed models, covering 91,88% of UML models, 73.29% of
ORM models, and 94.64% of ER/EER models

@ Excluded due to their low incidence in the model set (despite
overlap): Role (DL role component) and Relationship (DL role)
Subsumption, and Completeness and Disjointness constraints

@ No completeness and disjointness, so reasoning is quite simple

@ Can code negation only with cardinality constraints [Baader et al.(2008),
chapter 3], but then we need to reify each negated concept as a new
idempotent role, which is not possible to get from the DC,, rules

e Can embed DC,, into DLR, but latter is more expressive than needed
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Logic-based profiles for CDMLs Logic-based profiles

Standard core profile

@ Convert DC,, into a standard core, DCs
Definition

Given a conceptual model in any of the analysed CDMLs, we construct a
knowledge based in DC; by applying Algorithm 1 to its DC,, knowledge
base.

@ With inverse relations to keep connected both relationships generated
by reifying roles
@ DL syntax approximation (noting construction rules from DC,):

C— T1|A|VRA|IRA| <kR| >kR|VaT|3a.T| <1aT|CMD
R—s To|P| P~
X — CCD|idCa
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Logic-based profiles for CDMLs Logic-based profiles

Positionalist to standard choices

Professor R . Course
staffNo: String 1. 0." I'code: String
name: String _|taughtBy  teacher| name: String

year: Date

teacher and taughtBy are named association ends, not a name of the
association (DL role). Options to formalise it:
@ make each association end a DL role, teacher and taughtBy, then
choose:
e declare them inverse of each other with teacher = taughtBy~
e do not declare them inverses
@ ‘bump up’ either teacher or taughtBy to DL role, and use the other
through a direct inverse and do not extend vocabulary with the other
(teacher and teacher™ cf. adding also taughtBy)
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Logic-based profiles for CDMLs Logic-based profiles

Algorithm 1 Positionalist Core to Standard Core
P an atomic binary relationship; Dp domain of P; Rp range of P
if DP 7& RP then
Rename P to two ‘directional’ readings, Pe; and Pe,
Make Pe; and Pey a DL relation (role)
Type the relations with T C VPe;.DpMVYPe] .Rp
Declare inverses with Pe; = Pe;
else
if DP = RP then
if + = 1,2 is named then
Pei — 1
else
Pe; + user-added label or auto generated label
end if
Make Pe; a DL relation (role)
Type one Pe;, i.e., T CVPe;.DpVPe; .Rp
Declare inverses with Pe; = Pe,
end if
end if
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Logic-based profiles for CDMLs Logic-based profiles

Some observations on DC

e Simple, too
@ Main reasoning problem still class subsumption and equivalence
@ At most the DL ALNT (called PL; in [Donini et al.(1991)])
@ PL; has polynomial subsumption; data complexity unknown
@ Tweaking with interaction between role inclusions and number
restrictions, and UNA: DL-Lite{J2") (NLOGSPACE)
(HN)

@ As aside: adding class disjointness, then reduction to DL-Lite; _,
(NP-hard) [Artale et al.(2009)]
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Logic-based profiles
Profile for UML Class diagrams (1/2)

@ Strictly extends DCs with:

e Shared & composite aggregate (no new semantics in UML v2.4.1)

e Association subsumption, as DL role inclusion RC S

o Attributive Property Cardinality (as for DL roles) and Attribute
Value Constraint (define new data types)

Definition
A knowledge base in DC ypy from a given conceptual model in UML is
obtained by adding to its DCs knowledge base the following formulas and
axioms:
@ for each attribute cardinality m..n in an attribute a of datatype T
within an object type A we add the assertion AC < na.TMn>ma.T.
o for each binary relationship subsumption between relationships R and
S we add the axiom RLC S.
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Logic-based profiles for CDMLs Logic-based profiles

The syntax is as in DCs, with the additions highlighted in bold face for
easy comparison:

C— T|A|VRA|SRA| <kR| > kR|Va.T|3a.T
C —<kaT|>kaT|CND

R— To|P| P~

X— CCD|RCS|idCa

Definition

A DCymyr interpretation for a DCyp knowledge base is a DCs
interpretation Z that also satisfies R C S if and only if RZ C S%, with
(< kaT)! ={ce AL|#{ae T*(c,a) € a’} < k} and

(> kaT): ={ce AL|#{aec T*|(c,a) € a’} > k}.
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o e
Profile for UML Class diagrams

@ 99.44% of all the elements in the analysed UML models are covered
by this profile.

e ALNT + role hierarchies — ALNHZ(D) that has not been studied
yet

o If with UNA and some restrictions on role inclusion and cardinalities,
then DL-Litel?? suffices (NLOGSPACE for subsumption and AC®
for data complexity [Artale et al.(2009)])
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Logic-based profiles
Profile for ER and EER

@ Core Profile plus:

e Composite and Multivalued attribute: multivalued with attribute
cardinality, composite with union datatype derivation operator

e Weak Object Type, Weak ldentification: use functionality
constraints on roles as in DLR g [Calvanese et al.(2001)] or in CFD
[Toman and Weddell(2009)]

e Ternary relationships

e Associative Object type: use reification

e Multiattribute identification: new composite attribute with single
identification

@ 99.06% of all the elements in the set of (E)ER models belong to this
profile
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Which DL language, complexity?

@ The only DL with arbitrary n-aries and the advanced id constraints is
DLRjtg, which is positionalist

@ DL role components are not strictly needed for (E)ER; n-ary DL
without DL role components but with id: the CFD family +
positionalist to standard view Algorithm 1

@ Giving in a little more

o (binaries and with UNA): DL-LiteX _ [Artale et al.(2009)] (NLOGSPACE
for the satisfiability problem), use Algo 2

e (no composite att, no weak entity types): similar result for ERr
[Artale et al.(2007)]
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Logic-based profiles for CDMLs Logic-based profiles

Algorithm 2 Equivalence-preserving n-ary into a binary conversion
Dpg: domain of R; Rg range of R; n set of R-components
Reify R into R'C T
for alli,3 >¢>n do
Re; + user-added label or auto generated label
Make Re; a DL role,
Type Re; as T C VRe;.R' MVRe; .Rp, where Rp is the player ((E)ER
entity type) in n
Add R"C3Re;. T and R C< 1 Re;. T
end for
Add external identifier T C < 1 (U;Re;)".R’
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Logic-based profiles
ORM and ORM2

@ Profile covers 98.69% of all the elements in the analysed ORM an
ORM2 models
@ Main required extras: n-aries, identification constraints, and the
argument positions
@ Some extra processing due to fact type readings cf naming roles
@ Then complexity of the ORM/2 Profile is still not clear:
o EXPTIME-complete DLR 4 is the easiest fit, but contains more than
is strictly needed (disj., compl., complex fd)
o PTIME CFDI. [Toman and Weddell(2014)] may be a better candidate

[Fillottrani et al.(2015)] provided positionalist to standard view
translation; but no arbitrary number restrictions, disjunctive mandatory

on ORM roles (so 96.5% coverage)
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Logic-based profiles for CDMLs Example

Sample diagrams using all DC; features

has Affiliation
Person 1.7 -* [ name: String {ID}
name: String {ID} | has member 0..3 | country: Code
Address [0..1]: String |
[ On affiliated with | 0..1
Reviewer Scientist Copy editor gaf member
reviewed| 2..* written by [ 1. 1..* | edited by
by writes |0..*
0. Popular |1-”
reviews | Science book | edits

% Publisher

Book * Qi
- : 0.. 1 [ name: Strin
title: String publishes published | VAT reg n0'gCode {ID}
ISBN: String {ID} by | HQ: String
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Logic-based profiles for CDMLs Example

Sample diagrams using all DC; features

Person Affiliation

A h 0..n
member
affiliation
<=3 <=1

Reviewer Scientist Copy editor

Country

1.n

editing

Popular Science
book
Title

Book Publisher VAT reg no
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Logic-based profiles for C Example

Sample diagrams using all DC; features

A e |
Person Affiliation |
(Name) (Name) i Country J|
... member of ... hosts... = = — =
<=3 —-_———-—
Address |
[rpa——

[ Reviewer ] [ Scientist ]

... reviews .../
... reviewed by ...

... edits .../
... edited by ...

i isof m ===

.. hap
Publisher
(VAT reg no)

wisof ... /... has ... ~.is published by ... / ... publishes ...
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Logic-based profiles for CDMLs Example

Or as business rules (fragment shown)

@ Each popular science book at least 2 reviewers.
@ Each reviewer may a popular science book.

@ Each book must be exactly one publisher.

@ Each publisher has one HQ.

45/76



el
Steps UML diagram to DCj

@ (Recall DCj is obtained from DC,+ Algorithm 1)
@ Obtain set of OTs ({Person, ...}) and DTs ({Name, ...})

46 /76



el
Steps UML diagram to DCj

@ (Recall DCj is obtained from DC,+ Algorithm 1)

@ Obtain set of OTs ({Person, ...}) and DTs ({Name, ...})
@ For Relationships, use Algorithm 1:

1 bump up the association end names to DL roles

2 type the relationships with:

T C Vhas_member.Affiliation N Vhas_member™ .Person

T C Vhas.PersonVhas™ .Affiliation
3 declare inverses, has_member = has™
Repeat for each association in UML diagram
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el
Steps UML diagram to DCj

(Recall DCj is obtained from DCp,+ Algorithm 1)
Obtain set of OTs ({Person, ...}) and DTs ({Name, ...})
For Relationships, use Algorithm 1:

1 bump up the association end names to DL roles

2 type the relationships with:

T C Vhas_member.Affiliation N Vhas_member™ .Person

T C Vhas.PersonVhas™ .Affiliation
3 declare inverses, has_member = has™
Repeat for each association in UML diagram
Step 3 of DC,, definition: attributes. e.g., for Person’s Name:

Person C JName.Stringll < 1 Name

46 /76



el
Steps UML diagram to DCj

@ (Recall DCj is obtained from DC,+ Algorithm 1)

@ Obtain set of OTs ({Person, ...}) and DTs ({Name, ...})
@ For Relationships, use Algorithm 1:

1 bump up the association end names to DL roles

2 type the relationships with:

T C Vhas_member.Affiliation N Vhas_member™ .Person

T C Vhas.PersonVhas™ .Affiliation
3 declare inverses, has_member = has™
Repeat for each association in UML diagram
@ Step 3 of DC,, definition: attributes. e.g., for Person’s Name:

Person C JName.Stringll < 1 Name

@ Step 4: subsumptions; e.g., Popular_science_book C Book
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el
Steps UML diagram to DCj

@ (Recall DCj is obtained from DC,+ Algorithm 1)

@ Obtain set of OTs ({Person, ...}) and DTs ({Name, ...})
@ For Relationships, use Algorithm 1:

1 bump up the association end names to DL roles

2 type the relationships with:

T C Vhas_member.Affiliation N Vhas_member™ .Person

T C Vhas.PersonVhas™ .Affiliation
3 declare inverses, has_member = has™
Repeat for each association in UML diagram
@ Step 3 of DC,, definition: attributes. e.g., for Person’s Name:

Person C JName.Stringll < 1 Name

@ Step 4: subsumptions; e.g., Popular_science_book C Book
@ Step 5 and 6: cardinalities. e.g. Affiliation C > 1 has member
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el
Steps UML diagram to DCj

@ (Recall DCj is obtained from DC,+ Algorithm 1)

@ Obtain set of OTs ({Person, ...}) and DTs ({Name, ...})
@ For Relationships, use Algorithm 1:

1 bump up the association end names to DL roles

2 type the relationships with:

T C Vhas_member.Affiliation N Vhas_member™ .Person

T C Vhas.PersonVhas™ .Affiliation
3 declare inverses, has_member = has™
Repeat for each association in UML diagram
@ Step 3 of DC,, definition: attributes. e.g., for Person’s Name:

Person C JName.Stringll < 1 Name

@ Step 4: subsumptions; e.g., Popular_science_book C Book

@ Step 5 and 6: cardinalities. e.g. Affiliation C > 1 has member

e Finally, identifiers; e.g. ISBN for Book, adding id Book ISBN to the
DCs knowledge base
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Outline

@ Discussion and Conclusions

47/76



Discussion and Conclusions

Profile comparison on language and complexity

Profile Main features Approx. DL | Subsumption
complexity

DCy, positionalist, binary relationships, identi- DLR EXPTIME
fiers, cardinality constraints, attribute typ-
ing, mandatory attribute and its function-
ality

DCs standard view, binary relationships, in- ALNT P
verses

DCume relationship subsumption, attribute cardi- | DL-Litelsy | NLOGSPACE
nality

DCeer ternary relationships, attribute cardinality, DL-Litel,. NLOGSPACE
external keys CFD P

DCorm entity type disjunction, relationships com- DLRt4 EXPTIME
plement, relationship subsumption,
complex identifiers (‘multi attribute keys’) CFDI,: P
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Discussion and Conclusions

Discussion

@ 'Uninteresting’ logics for automated reasoning over conceptual models
o But
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Discussion and Conclusions

Discussion

@ 'Uninteresting’ logics for automated reasoning over conceptual models
o But

@ assuming that also the reconstructions of DC, and DCorpm will be
lower than EXPTIME (tbd),

@ They're good/excellent for use of conceptual models during runtime;
e.g.
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Discussion and Conclusions

Discussion

@ 'Uninteresting’ logics for automated reasoning over conceptual models
o But

@ assuming that also the reconstructions of DC, and DCorpm will be
lower than EXPTIME (tbd),
@ They're good/excellent for use of conceptual models during runtime;
eg.
o Scalable test data generation [Smaragdakis et al.(2009)]
e Designing [Bloesch and Halpin(1997)] and executing
[Calvanese et al.(2010)] queries with the model's vocabulary
e Querying databases during the stage of query compilation
[Toman and Weddell(2011)]
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Language design

@ First attempt to scope and structure the the logic design process,
with ontological considerations

@ Can do with a broader systematic investigation on alternative design
choices and their consequences

o Identified alternate choices effectively addressed by multiple
compatible profiles with algorithms for conversions
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Language design

@ First attempt to scope and structure the the logic design process,
with ontological considerations

@ Can do with a broader systematic investigation on alternative design
choices and their consequences

o Identified alternate choices effectively addressed by multiple
compatible profiles with algorithms for conversions

@ ‘good’ logic

e matches the implicit ontological commitments

e that fits needs here is ‘less good’ in precision
e turns out to be a family of compatible logics + algorithms
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Toward applicability

@ Profiles may be applied as back-end of CASE tool, OBDA

o Will allow modeller to model in their graphical notation of choice, yet
be compatible with the rest

@ Transformations and inter-model assertions of approximate entities

and of modelling patterns
[Fillottrani and Keet(2014), Khan et al.(2016), Fillottrani and Keet(2017)]

-

~

N

d\(logic files for core profile\

uses

Transformation rules

graphics files for  |fgrmalig
EER, UML, ORM2 as
A

checks

A,

L for EER, UML, ORM2 )

A merged intol

L

metamodel frament files
for EER, UML, ORM2

Metamodel-driven
checker (syntax)

/

reasoner

linked
automated (—l_) theory

DL-based checker

(semantics) )

and mappings

consults

metamodel

Inter-model links checker

\ (patterns, rules with metamodel) )
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Discussion and Conclusions

Conclusions

@ Ontology-informed language design process

@ Used to define five optimal profiles

@ Profiles are exceedingly suitable for runtime usage of conceptual
models
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Discussion and Conclusions

Ongoing and future work

Integrate these results into design tools (commenced, in ICOM)
Module management, modularisation & rules (ongoing)
Complexity of the profiles

Suitable reasoner

‘Scalability’ of graphical representation and inferences
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Discussion and Conclusions

Thank you!

For more information, papers, data sets, presentations and
other files, please visit
http://wuw.meteck.org/SAAR.html
Bilateral project “ontology-driven unification of conceptual data modelling
languages” funded by SA Dept. of Sci & Tech and AR's MINCyT
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--:__5
7 -

and

61/76


http://fois2018.cs.uct.ac.za/

CSQUCT

Qe
62/76



Discussion and Conclus

CS@UCT

62/76



Discussion and Conclusions

CS@UCT




Discussion and Conclusions

Inter-model assertions [Fillottrani and Keet(2014)]

da . 1:1 mappings X
77 Book 0y - - UML class : ORM Entity Type
BNt £ input inter-model PR
I BN'Stan‘ rti Transformations
- assertions
Auther’string

UML attribute : ORM Value type
V(z,y)(Contains(z,y) — Relationshi.. : ..

V(I)HZQy(Contains(z, y)) i’_m:n?immo"
V(z)(Role(z) =1

input model M1
and M2 in language
X and, resp.

Contains(y,x g mappings
vocabulary +

list of entities to map,
transform, approximate,
or not

map entities of M1 and
M2 into MM

process inter-model assertion using the
transformation rules and compare
output with element in M2

Book —+
TSBNestrig Book
Authorsstdng writes BN)
Atjlg';)r name |
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Discussion and Conclusions

(still a small ‘toy’ example)
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Discussion and Conclusions

1:1 mapping rules and the metamodel (selection)

(R1) Association Lo MY, Relationship

in: Association(AssociationEnd : Class, AssociationEnd : Class)
out: AssociationEnd — Role // i.e., using (Rol)
out: Association — Relationship
out: Class — Object Type // i.e., using (O1)

out: Relationship(Role:Object type, Role:Object Type)

(1R) Relationship MMt WML, Association

in: Relationship(Role:Object type, Role:Object Type)

out: Role — AssociationEnd // i.e., using (1Ro)
out: Relationship — Association

out: Object Type — Class // i.e., using (10)
out:

Association(AssociationEnd : Class, AssociationEnd : Class)
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Formalised metamodel (section), highlighted for step 2

(x,y)(Contains(x,y) — Relationship(x) A Role(y))

(x)3>2y(Contains(X y))

(x)(Role(x) — 3(y)(Contains(y, x)))

(x,y,z)(Contains(x, y) A Contains(z,y) — (x = z))

(x,y,z)(RolePlaying(x, y,z) — Role(x) A CardinalityConstraint(y) A EntityType(z))

(x)(Role(x) — 3I(y, z)(RolePlaying(x, y, z)))

(x,y,z,v,w)(RolePlaying(x, y, z) A RolePlaying(x,v,w) — (y = v) A (z = w))

(x,y,z,v,w)(RolePlaying(x, y, z) A RolePlaying(v, y, w) — (x = v) A (z = w))

(x)(CardlnalltyConstralnt(x) — 3(y)(MinimumCardinality(x,y) A Integer(y)))

(x)(CardinalityConstraint(x) — 3(y)(MaximumCardinality(x, y) A Integer(y)))

(x,y)(Identifies(x, y) — (IdentificationConstraint(x) A ObjectType(y)))

(x)(IdentificationConstraint(x) — J(y)(Identifies(x,y)))

(x,y,z)((Identifies(x,y) A Identifies(x,z)) — (y = z))

(x)(ObjectType(x) — 3(y)(Identifies(y, x)))

(x,y,z)((DeclaredOn(x, y) A DeclaredOn(x, z) A IdentificationConstraint(x) A (—(y = z)))
(ValueProperty(y) <> —AttributiveProperty(z)))

V(x)(IdentificationConstraint(x) — J(y)(DeclaredOn(x,y)))

V(x, y)((DeclaredOn(x, y) A SingleIdentification(x)) — (Attribute(y) V ValueType(y)))

V(x)(SingleIdentification(x) — 3(y)(DeclaredOn(x,y))

V(x,y,z)((SingleIdentification(x) A DeclaredOn(x, y) A DeclaredOn(x, z)) — (y = z))

<(<E<(<E<E<E<(<(<E<(<E<(<E<(<(
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Highlighted section for step 3

V(x, y)(Contains(x, y) — Relationship(x) A Role(y))

(x)322y(Contains(x, y))

(x)(Role(x) — 3(y)(Contains(y, x)))

(x,y,z)(Contains(x, y) A Contains(z,y) — (x = z))

(x,y,z)(RolePlaying(x, y, z) — Role(x) A CardinalityConstraint(y) A EntityType(z))

(x)(Role(x) — (v, z)(RolePlaying(x, y, z)))

(x,y,z,v,w)(RolePlaying(x, y, z) A RolePlaying(x,v,w) — (y = v) A (z = w))

(x,y,z,v,w)(RolePlaying(x, y, z) A RolePlaying(v,y,w) — (x = v) A (z = w))

(x)(CardinalityConstraint(x) — 3(y)(MinimumCardinality(x,y) A Integer(y)))

(x)(CardinalityConstraint(x) — 3(y)(MaximumCardinality(x, y) A Integer(y)))

(x,y)(Identifies(x, y) — (IdentificationConstraint(x) A ObjectType(y)))

(x)(IdentificationConstraint(x) — J(y)(Identifies(x,y)))

(x,y,z)((Identifies(x,y) A Identifies(x,z)) — (y = z))

(x)(ObjectType(x) — 3(y)(Identifies(y, x)))

(x,y,z)((DeclaredOn(x, y) A DeclaredOn(x, z) A IdentificationConstraint(x) A (=(y = z)))
(ValueProperty(y) <> —AttributiveProperty(z)))

V(x)(IdentificationConstraint(x) — J(y)(DeclaredOn(x,y)))

V(x, y)((DeclaredOn(x, y) A SingleIdentification(x)) — (Attribute(y) V ValueType(y)))

V(x)(SingleIdentification(x) — 3(y)(DeclaredOn(x,y))

V(x,y,z)((SingleIdentification(x) A DeclaredOn(x, y) A DeclaredOn(x, z)) — (y = z))

L LT
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Discussion and Conclusions

Transformations approach [Khan et al.(2016)]

@ Assume the models, called Modell and Model?2, are syntactically
correct

@ Allow equivalence, disjointness, and subsumption axioms between
homogeneous metamodel entities

@ Introduce a third model, called Intermodel, that keeps all
intermediate metamodel entities that are necessary to implement the
transformation rule, adhering to constraints of metamodel

@ Note: the original link has no direction, i.e., without source and
target models
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Discussion and Conclusions

Transformations approach [Khan et al.(2016)]

@ Assume the models, called Modell and Model?2, are syntactically
correct

@ Allow equivalence, disjointness, and subsumption axioms between
homogeneous metamodel entities

@ Introduce a third model, called Intermodel, that keeps all
intermediate metamodel entities that are necessary to implement the
transformation rule, adhering to constraints of metamodel

@ Note: the original link has no direction, i.e., without source and
target models

@ ATL uses notion of ‘source’ and ‘target’

= Solution: Modell and Model?2 both serve as ‘source’, and Intermodel
as ‘target’
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Attribute +> Object type transformation

@ An attribute A+— C x D becomes an object type A" with a new stub
attribute a — A’ x D and has a relationship R to an object type C

InterModel
Modell | newO | Model2
I:l' S et 31 :attr _\V\
TN . e > L
Ea s e i
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In ATL

rule Att<-->0T {

from
a : Modell.MM!Attribute (a.range(dt)),
o : Model2.MM!ObjectType

to
new0 : InterModel.MM!ObjectType ( newO.hasAttribute <-- al ),
al : InterModel.MM!Attribute ( al.domain <-- newO,
al.range<--dt, al.of <-- co ),
e : InterModel.MM!EqualityConstraint( e.declaredOn(a),
e.declaredOn(al)),
co : InterModel.MM!Card0 ( co.cardinalityConstraint <-- cc,
co.attribute <-- al, co.objectType <-- new0 ),
sid : InterModel.MM!Singleldentification ( sid.declaredOn <-- al,
sid.identifies <-- new0O, sid.mandatory <-- mc),
m : InterModel.MM!Mandatory ( m.declaredOn <-- al.contains ),
cc : InterModel.MM!CardinalityConstraint (cc.maximumCardinality <-- 1,
cc.minimumCardinality <-- 1),
s : InterModel.MM!Subsumption ( si1.super <-- newO, sl.sub <-- o )
}
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Discussion and Conclusions

Bridging different modelling decisions [Fillottrani and Keet(2017)]

‘Case A': class or object property? (and Case B with perdurants)

d to 9 partlmpatlon

[ Book F—{ Person | vs. | Bookloan
borrowed by

/N

B. | Runner liru_nsw Marathon | vs.

[ Runner P—={ Running }— Marathon |

participation involvement

@ Main issue: to reify or not to reify?
@ And: are the more precise cardinality constraints needed?
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Discussion and Conclusions

Formalisation—preliminaries

e Language of pattern instantiation (OWL in this case)

e Language for patterns with vocabulary V, meta-level (second-order)
elements (or stereotypes)

@ Ontology pattern, with name, elements from V), pattern axiom
components, pattern’s full formalisations; e.g.:

e pattern name: basic all-some

e pattern elements: Cy, Ca, Ry

e pattern axiom components: C, 3

e pattern’s full formalisation C; C dR.C>

Example instantiation: Professor C Jteaches.Course

@ Homogeneous mapping: subsumption or equivalence relating two
homogeneous elements (e.g., Teacher in O and Instructor in O')
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Discussion and Conclusions

Definition (Ontology Pattern Alignment, OPA)

An ontology pattern alignment OPA consists of two ontology patterns, P
and P’, such that its signature X is a subset of the signature of the
respective ontologies O and O’, i.e., X(P) C X(0) and £(P’) C X(0O"),
and alignment axioms

@ alignment pattern name;

@ pattern elements;

@ alignment patterns’ context, consisting of:

e O's pattern P
e O''s pattern P’

alignment pattern axiom component(s) from VXx;

pattern alignment’s formalisation, composed of:

o a (possibly empty) set of mappings between homogeneous elements in
P and P’

e a set of axioms made from components in Vx connecting
heterogeneous elements in P and P’
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Class vs. Object Property (case A)

alignment pattern name: class-OP
pattern elements: C1,Cz, R1 from O, C§,Cy,CL, RS, R from O
alignment patterns’ contexts:

e pattern P in O: 3R1.C; C C; and IR7 .C1 C Cy;
o pattern P’ in O": IR,.C, T C4, IR, .C4 T Cy, IRL.CL T CY,
IR5.C4 T CE, C5 T (3RY), and C} C (IRS).
pattern’s full formalisation:

e homogeneous mappings. between C; and C; and between C, and Ci,
which may be subsumption or equivalence relations.

o heterogeneous alignments: IR, C C}, IR, C Cj,
CA,CIRIMIR N(SIR)MN(SIRY).

74/76



Example: mapping and searching (‘Case A’: Class<>OP)

Ecowser T Termiscimmst o o @
B - TennisPlayer
nl N
[ ohmpad - - ]

Schema Hame
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Discussion and Conclusions

Example: checking and accept/reject alignment

—Garticipated>
Y,
e

[rootoat IR wrchery I i)
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