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What is a Conceptual Schema

>

>

A semantic layer gives an abstract perspective to a system,
different from its original representation.

Its purpose is to introduce a vocabulary understandable by the
agents that need to interact with the system.

A semantic layer is a formal conceptualisation of the agents’
perspective: a conceptual schema (ontology, logical theory).

A conceptual schema includes a set of constraints (the
semantics) over the given vocabulary, which specifies what
should hold in any possible configuration of the system.

Any possible configuration of the system (an instance)
conforms to the constraints expressed by the conceptual
schema.

Given a conceptual schema, a legal instance is a finite possible
configuration of the system satisfying the constraints.

We focus on database systems, their conceptual schemas, and
their legal database instances.



The role of a Conceptual Schema in Databases

Conceptual
Schema

A

Data Store
N~




The role of a Conceptual Schema in Databases

Constraints

Conceptual
Schema

A

Data Store
N~




The role of a Conceptual Schema in Databases

Constraints

Conceptual
Schema

A
Logical -
Schema < > Query

~—

Data Store
N~




The role of a Conceptual Schema in Databases

Reasoning

Constraints

Conceptual
Schema

A
Logical -
Schema < > Query

~—

Data Store
N~




The role of a Conceptual Schema in Databases

Reasoning

Constraints

Conceptual
Schema

A
Logical -
Schema < > Query

~—

Data Store
N~




The role of a Conceptual Schema in Databases

Reasoning

Constraints

Conceptual
Schema

A
Logical -
Schema < > Query

~—

Data Store
N~




The role of a Conceptual Schema in Databases

Reasoning
Constraints Q
Conceptual
Schema < Query Result
A N~
(_V_\ —
Logical Q N~
Schema [< > uery Result
~—
A N~
YN
e
Data Store

N~



The role of a Conceptual Schema in Databases

Reasoning

Constraints P
Conceptual -~ ~——
Schema | Result
Logical Quer ~——
Schema € > Y Result
A N~
YN
e
Data Store

N~



The role of a Conceptual Schema in Databases

Reasoning

Constraints

Conceptual
Schema

A

Data Store

N~




The role of a Conceptual Schema in Databases

Reasoning

Constraints

Conceptual
Schema

Logical
Schema

Data Store



The role of a Conceptual Schema in Databases

Reasoning

Constraints

Conceptual

Schema +— Knowledge Level

Logical

Schema <— Information Level

<— Data Level

Data Store



Conceptual Schemas with different vocabularies

Employee Project

1% Works-for 1.%
name name

Employee = { John, Mary}

EmployeeName = { (John,"John"), (Mary,"Mary") }

Project = { Prj-A, Prj-B }

ProjectName = { (Prj-A,"Prj-A"), (Prj-B,"Prj-B") }
Works-for = { (John,Prj-A), (John,Prj-B), (Mary,Prj-A) }

Employee-table:(EmpOID, Ename, ProjOID, Pname)
FD: ProjOID — Pname

Employee-table = {(John,"John", Prj-A,"Prj-A"),
(John,"John", Prj-B,"Prj-B"),
(mary,"Mary", Prj-A,"Prj-A")}



Lossless Transformations (aka Equivalence)

» Two (conceptual) schemas with different vocabularies are
lossless transformations of one another (i.e., they are
equivalent) if there exist two total injective mappings from
legal database instances in one schema to legal database
instances in the other schema such that their composition is
the identity.

» Query answering across equivalent schemas involves
expanding those mappings as views.

» This notion is the formal foundation of Database Design, of
Database Normalisation, and of Database Reverse
Engineering.



Lossless Transformations

Employee Project

1% Works-for 1%
name name

Employee = Tl Employee-table
EmployeeName = Tlg o1 prane EMployee-table
Project = Tl;,50p Employee-table
ProjectName = Ty, o0m,pname EMPlOyee-table
Works—for = Ty m projory EMployee-table

Employee-table =
>} (EmployeeName, ProjectName, Works-for)

Employee-table:(Emp0ID, Ename, Proj0ID, Pname)
FD: ProjID — Pname



Object Identifiers

» A special lossless transformation: elimination of the Object
Identifiers using Primary Keys or (better) Reference Scheme

Modelling.
Employee Project
SSN (PK) 1.« Works-for 1..x | ProjCode (PK)
name name
el el

Employee-table:(SSN, Ename, ProjCode, Pname)
FD: ProjCode — Pname
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= Q’(x) :- Manager(x) V Jy. Works-for(x,y)
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— { Prj-A, Prj-B }

— Q> (y) :- Project(y) V dx. Works-for(x,y)
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An ABox changes the DB semantics

Employee Works-for Project Bad-Project *

q—

Bad-Project defined with a rule/view:
* Bad-Project(x) <« Project(x)A —dJy. Works-for(y,x)
» DBox:
Works-for = { (John,Prj-A), (Mary,Prj-A) }
Project = { Prj-A, Prj-B }
» Q(X) :- Bad-Project(X)
— { Prj-B }

> ABox:
Works-for O { (John,Prj-A), (Mary,Prj-A) }
Project O { Prj-A, Prj-B }
» Q(X) :- Bad-Project(X)
—{}
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Pay attention!



