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Recap

• Why databases?

• 3 levels of data models

• E/R modeling

• Relational model



Why databases?

• Persistent data storage

• Integrated (Students, Courses, …)

• Shared

• Integrity

• Data standards can be enforced

• Eliminate reduncancy

• Eliminate inconsistency

Conceptual, Representation, and 
Physical Data Models

� Nomenclature varies in literature!
• Conceptual model
– Business objects
– Entity Relationship model

• Representation model
– Relational model
– SQL

• „Physical“ model
– Storage details

Customer cust = new Customer();

SELECT… FROM… WHERE…



Entity Relationship model

• Entities, weak entities, attributes, keys, 
relations

• Cardinality
– 1, n, m notation

– (min,max) notation

Let‘s move on

• We have seen a way to model our mini-world
conceptually, let‘s now think about how to
store the belonging data
– Hierarchic systems – outdated

– Network systems – outdated

– Relational model – state of the art
• Describes data structure (following slides)

• Data manipulation

• Data integrity











Relational model – data manipulation

• Two languages defined
– Relational Algebra

– Relational Calculus

• Neither is navigating nor record-based but 
both are set-based and descriptive

• Mathematical foundation

• Relational closure
– Lecture Diskrete Methoden (first semester)

Relational Algebra

• Collection of operators that take relations as
their operands and return a relation as their
result
– Nesting relational operators of arbitrary

complexity possible

– Relation type inference rules (esp. for „header“)



Relational operators

• Union
– Rel. of same type

– Remove dupes

– a UNION b

• Intersect
– a INTERSECT b

• Difference
– a MINUS b

Relational operators (cont‘d)

• Product
– Cartesian product
– Needs renaming of dupe attribute!
– a TIMES b

• Restrict
– Sometimes called Theta-Restrict
– a WHERE x θ y

• Project
– „vertical“ subset of relation
– a {x, y, z}
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Relational operators (cont‘d)

• (Natural) Join
– Theta-join
– ( a TIMES b )

WHERE x θ y
– a JOIN b ON ( x θ y )

• Divide
– Universal quantifier
– a DIVIDED BY b PER c

• Rename
– ( a RENAME City AS aCity )
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• (1) Get Name from Ausleihe

• (2) Get InvNr and
ISBN from Buch

• (3) Get all data from Buch except where Autor is „Wirth“

• (4) Combine Buch and Ausleihe

• …



Not (yet) covered

• Relational Algebra – integrity

• Relational Calculus

• SQL (tomorrow!)

• XML (in two weeks)

• Impedance mismatch

• Normalization


