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Recall
• In practice, it is often easier to start with a higher-level model and 

then convert the design to the relational model. 

• There are several options for the notation in which the design is 
expressed. 
• Entity-relationship diagram
• UML (class diagram)
• ODL(object description language)
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Classes

ClassName

attributes

operations

A class is a description of a set of objects that share the same 
attributes, operations, relationships, and semantics.

Person

name      : String
address   : String
birthdate : Date
ssn : integer

Attributes can be:
+ public
# protected
- private



Class Operations

student

newEntry (n : Name, a : Address, p : PhoneNumber, d : Description)

You can specify an operation by stating its signature: listing the name, type, and default 
value of all parameters, and, in the case of functions, a return type. 

Operations describe the class behavior 
and appear in the third compartment. 



Association Relationships
Associations can also be objects themselves, called link classes or an association classes.

WarrantyProduct

Registration

modelNumber
serialNumber
warrentyCode
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• Subclasses are presented by rectangles, like any class.

• We assume a sub-class inherits the properties(attributes and 
associations) from its superclass.

Subclasses in UML
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Super-class

Sub-class

Subclasses in UML

Sub-class may have its own attributes and additional, association

A horizontal line, feeding into the arrow
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• expresses a relationship among instances 
of related classes.  It is a specific kind of 
Container-Containee relationship. 

Aggregations

Class C

Class E1 Class E2

AGGREGATION

Container Class

Containee Classes

Bag

Apples Milk

Example

[From Dr.David A. Workman]



Composition
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• Stronger relationship
✓One can not exist without the other

✓ If the school folds, students live on

but the departments go away with the school

✓ Model aggregation or composition? When in doubt, use association (just a simple line)

However, it is also possible in UML, 
to use composition as we used supporting 

relationships for weak entity sets in the E/R 
model.
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• Class to relations
• For each class, create a relation whose name is the name of the class

• And whose attributes are the attributes of the class.

• Associations to Relations
• For each association, create a relation with the name of that association

• The attributes of the relation are the key attributes of the two connected 
classes (Rename if necessary).

• If there is an association class attached to the association, include the 
attributes of the association class among the attributes of the relation.
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From UML Diagram to Relations



Examples

• Box labeled “PK” indicates that this composition provides part of the key for crews.

• The relation for class crews includes not only its own attribute number, but the key 
for class at the end of the composition, which is studios(name).
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Converting sub-classes
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• Three approaches to convert entity sub-classes in relations
• Subclass relations contain superclass key + specialized attrs. (“UML” style)
• Subclass relations contain all attributes (“OO” Style)

• One relation containing all superclass + subclass attrs.

• Pros/cons depend on:
• the frequent queries…

• data characteristics

• sub-classes type (complete/partial; disjoint/overlapping)

S1

B

S

K{pk}
A

S2

C



Converting entity sub-classes: “UML” style
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• Create a relation for the “root” class (as usual)

• It’s key k is the identifier of the class

• For each sub-class  create a relation with the 
key attributes (k) + its own specific attributes

S(K,A)       S1(K,B)        S2(K,C)

S1

B

S

K{pk}
A

S2

C



Converting entity sub-types: “OO” style
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• Create a relation for each class and for each sub-
class with all its attributes (own+inherited)

• The key is based on the identifier of the “root” entity

S(K,A)      S1(K,A, B)     S2(K,A,C)

S1

B

S

K{pk}
A

S2

C



Converting sub-classes: attributes and null values
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• Create one single relation with all 
the attributes of the class hierarchy
S(K,A, B, C)

• Instances have null in attributes that 
don’t belong to them

• Specific attributes can be used to 
reflect sub-classes !

S1

B

S

K{pk}
A

S2

C



Object Definition Language

• ODL is as a text-based language for specifying the structure of 
databases in object-oriented terms. 

• Like UML, the class is the central concept in ODL.
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Attributes in ODL 

• In ODL, attributes need not be of simple types such as integers

• An attribute is represented in the declaration for its class by the 
keyword attribute, the type, and the name of attribute.
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Here genres is enumerated type (list of symbolic constants). 
The four values that genre is allowed to take are drama, comedy, …..



Attributes in ODL 

• Atribute Address has a type that is a record structure

• The name of this structure is Addr. It consists of two fields: street and 
city
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Relationships in ODL

• An ODL relationship is declared inside a class declaration by the 
keyword relationship, a type, and the name of the relationship.

• For example, the best way to represent the connection between the 
Movie and Star classes is with a relationship.

• We add this line in the declaration of class Movie. 
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Multiplicity of relationships

• If we have many-many relationships between classes C and D
• Set<D>, Set <C>

• If the relationship is many-one from C to D, 
• The type of the relationship in C is just D 
• while the type of the relationship in D is set<C>.

• If the relationship is one-one, 
• the type of the relationship in C is just D 
• and in D it is just C.
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Many-many relationships between Star and movie

Since the type of OwnedBy is Studio, while the type of owns 
is Set<Movie>, we see that this pair od inverse relationship 
is many-one from Movie to studio. 

movie

Star

stars
starredIn



Declaring Keys in ODL

• The declaration of a key or keys for a class is optional.
• ODL assumes that all objects have an object-identity
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Subclasses in ODL

• Class C to be a subclass of another class D
• Follow the name C in its declaration with the keyword extends and the name D

• Then class C inherits all the properties of D and may have additional properties 
of its own. 
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From ODL Design to relational Design 

• Page 193-196
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Algebric and Logical query 
Languages

Chapter 5
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Programming

• We now switch our attention from modeling to programming for 
relational databases. 

• We have two abstract programming language
• Relational algebra(chapter 2)

• Logic-based

• We extend the algebra so it can handle several more operations than 
were described previously.
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Relational Algebra Operations

• The usual set operations: union, intersection, difference

• Operations that remove parts of relations: 
• selection, projection

• Operations that combine tuples from two relations:
• Cartesian product, join

• Since each operation returns a relation, 
• operations can be composed! 

Chapter 2 presented the classical relational algebra.
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Projection

• The Projection operator applied to a relation R, produces a new relation with a 
subset of R’s columns. 
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Duplicate tuples are eliminated



Selection

• The selection operator applied to a relation R, produces a new 
relation with a subset of R’s tuples.

• The tuples in the resulting relation are those that satisfy some 
condition C that involves the attributes R. 
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Cartesian Product (cross-product)

• The Cartesian Product of two sets R and S is the set of pairs that can be formed by 
choosing the first element from R and the second from S.

• If R and S have some attributes in common, we need to invent a new name for 
the identical attributes.
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Bags

Chapter 5 introduced the 
modifications necessary 
to treat relations as bags
of tuples rather that sets. 
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Union, Intersection, and Difference 
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Example

R:
(1,2)  3times
(3,4) 1 time   
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Selection on Bags

• To apply a selection to a bag, we apply the selection condition to each 
tuple independently. As always with bags, we do not eliminate 
duplicate tuples in the result. 
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Products of Bags
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Extended Operators of Relational Algebra

SQL have several other operations that have proved quite important in applications.

1-The duplicate-elimination operators 

2-Aggregation operators such as SUM . They apply to attributes(columns) of a relation.

3-Grouping of tuples, can partition the tuples into group. Aggregation can then be applied to columns 

within each group.

4- Extended projection gives additional power to the operation projection. 

5-The sorting operator turns a relation into a list of tuples, sorted according to one or more attributes.

6-The outerjoin operator is a variant of the join that avoids dangling tuples.
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Duplicate Elimination

• Sometimes we need an operator that converts a bag to a set.
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Aggregation operators (summarize)

• Many operators we can apply to set or bags of numbers or strings.

• They are used to summarize or aggregate the values in one column of relation

• For example:

• SUM

• AVG

• MIN and MAX (numerical values and character-string values)

• COUNT
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Example
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