CHAPTER FOUR – ENHANCED ENTITY RELATIONSHIP AND UML MODELING

The Enhanced Entity Relationship (EER) model attempts to include the concepts of semantic data models in the ER model. Many of these semantic data models were developed independently in some fields of computing, such as knowledge representation area of artificial intelligence and object modeling area of software engineering.. Such concepts include class/sub class relationship, attribute inheritance, specialization and generalization, category or union type. The resulting schema diagrams are called Enhanced ER or EER diagrams.

SUBCLASSES, SUPERCLASSES, AND INHERITANCE

Normally, an entity type is used to represent a type of entity and the entity set or collection of entities of that type that exist in the database. For example, the entity EMPLOYEE in the COMPANY database may have some sub groupings, such as SECRETARY, ENGINEER, MANAGER, TECHNICIAN, SALARIED_EMPLOYEE, and HOURLY_EMPLOYEE. The set of entities in each of these sub groups is a subset of the EMPLOYEE entity set. Every entity in any of these groupings belongs to the EMPLOYEE entity. Therefore, each of these subgroupings is called a subclass of the EMPLOYEE entity type, while the EMPLOYEE entity is called the superclass for each of these subclasses. The relationship is called superclass/ subclass relationship or class/ subclass relationship (eg. EMPLOYEE/SECRETARY, EMPLOYEE/TECHNICIAN).  The following should be noted about class/subclass relationships:

a.
An Entity can not exist by just being a member of the subclass. It must also be a member of the superclass, but not all entities of the superclass may belong to a subclass.

b.
 A member of the superclass can be optionally included as a member of any number of its subclasses. An entity can be a member of more than one subclass. For instance, there can be an engineer who is a salaried employee.

c.
An entity that is member of a subclass represents the same real-world entity as some member of the superclass 

d.
The Subclass member is the same entity in a distinct specific role 

Type inheritance: An entity that is member of a subclass inherits all attributes of the entity as a member of the superclass. It also inherits all the relationships in which the superclass participates. The subclass with its own (local) attributes and relationships, together with the attributes and relationships inherited from the superclass, can be considered an entity type in its own rights.

SPECIALIZATION
This is the process of defining a set of subclasses of a superclass. The set of subclasses is based upon some distinguishing characteristics of the entities in the superclass. Example: {SECRETARY, ENGINEER, TECHNICIAN} is a specialization of EMPLOYEE based upon job type. The following are noted about specializations:

a.
It is possible to have several specializations of the same entity type. Another specialization could be {SALARIED_EMPLOYEE, HOURLY_EMPLOYEE}, which is based on method of pay. 

b.
Superclass/subclass relationships and specialization can be diagrammatically represented in EER diagrams. The subclasses that define a specialization are attached by lines to a circle that represents the specialization, which is connected to the superclass. The subset symbol on each line connecting a subclass to the circle indicates the direction of the superclass/ subclass relationship.

c.
Attributes that apply only to entities of a particular subclass are called specific attributes or local attributes.  For example, TypingSpeed of SECRETARY

d.
The subclass can participate in specific relationship types. For example, HOURLY_EMPLOYEE subclass can participate in BELONGS_TO relationship.

The specialization process enables us to do the following:

a.
Define a set of subclasses for an entity type

b.
Establish additional specific attributes with each subclass

c.
Establish additional specific relationship types between each subclass and other entity types or other subclasses.

The figure below shows the instances of a specialization and the EER diagram notation to represent subclasses and specialization.
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If an specialization consists of only one subclass, then the circle notation is omitted

GENERALIZATION

Generalization is the process of defining a generalized entity type from given entity types. It is a reverse of the specialization process. In generalization, the differences among several entity types are suppressed, while identifying their common features, to generalize them into a single superclass of which the original entity types are special subclasses.  That is, several classes with common features are generalized into a superclass; original classes become its subclasses. Example: CAR, TRUCK generalized into VEHICLE; both CAR, TRUCK become subclasses of the superclass VEHICLE. We can view {CAR, TRUCK} as a specialization of VEHICLE. Alternatively, we can view VEHICLE as a generalization of CAR and TRUCK.  Also EMPLOYEE is a generalization of SECRETARY, TECHNICIAN, and ENGINEER. The figure below depicts the generalization principle.
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Diagrammatic notation sometimes used to distinguish between generalization and specialization

· Arrow pointing to the generalized superclass represents a generalization 

· Arrows pointing to the specialized subclasses represent a specialization 

· We do not use this notation because it is often subjective as to which process is more appropriate for a particular situation 

· We advocate not drawing any arrows in these situations 

Data Modeling with Specialization and Generalization

· A superclass or subclass represents a set of entities 

· Shown in rectangles in EER diagrams (as are entity types) 

· Sometimes, all entity sets are simply called classes, whether they are entity types, superclasses, or subclasses
Constraints on Specialization and Generalization

The following constraints may apply to specialization:

a.
Defining predicate constraint

b.
Disjointness constraint

c.
Completeness constraint

Defining Predicate Constraint

In some specializations, it is possible to determine the exact entities that will become members of each subclass by imposing a condition on the value of the attributes of the subclass. Such subclasses are called predicate-defined (or condition-defined) subclasses. The predicate condition is defined as a constraint on the subclass. For example, the condition (JobType=”Secretary” can be defined as a constraint on the SECRETARY subclass in the EMPLOYEE superclass. A predicate-defined subclass is defined by writing the predicate condition next to the line attaching the subclass to its superclass .

If all subclasses in a specialization have membership condition on same attribute of the superclass, specialization is called an attribute defined-specialization, and the attribute is called the defining attribute of the specialization. The attribute defined specialization is displayed by placing the defining attribute name next to the arc from the circle to the superclass, as shown in the figure below.  Example: JobType is the defining attribute of the specialization {SECRETARY, TECHNICIAN, ENGINEER} of EMPLOYEE
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When there is no condition for determining membership in a subclass, the membership is specified individually for each entity by the user, not by any condition that may be evaluated automatically. Such a subclass is said to be user defined
Distjointness Constraint
This constraint specifies that the subclasses of the specialization must be disjoint, which implies that an entity can be a member of at most one of the subclasses of the specialization. A specialization which is attribute defined implies disjointness if the attribute used to define the membership predicate is single valued. The notation d is used to specify that user defined subclass of a specialization must be disjoint. If the subclasses are not constrained to be disjoint, then their set of entities may overlap, that is, the same real world entity may be a member of more than one subclass in the same specialization. The letter o is placed in the circle to indicate that the subclasses can overlap; and this is the default.

Completeness Constraint
This constraint can either be total or partial. The total completeness constraint specifies that every entity in the superclass must be a member of at least, one specialization. For example, every EMPLOYEE must be HOURLY_EMPLOYEE or SALARIED_EMPLOYEE; then the specialization {HOURLY_EMPLOYEE, SALARIED_EMPLOYEE} is a total specialization of EMPLOYEE. Double line is used to connect the superclass to the circle. Partial completeness constraint allows an entity in the superclass not to belong to any subclass.  For example, if any of the EMPLOYEES does not belong to any of the subclasses {SECRETARY, TECHNICIAN, ENGINEER}, then that specialization is partial. For a partial specialization, a single line is used to connect the superclass to the circle in the EER diagram.
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Summary

We note that disjointness and completeness are independent. Therefore, the following are possible types of specialization/ generalization. However, the appropriate constraint is determined by the real world meaning that applies to each specialization.

a.
Disjoint, total 
b.
Disjoint, partial 
c.
Overlapping, total 
d.
Overlapping, partial
We equally note that generalization usually is total because the superclass is derived from the subclasses. 

As a result of these constraints, certain insertion and deletion rules apply to specialization and generalization. The rules are as follows:

a.
Deleting an entity from a superclass implies that it is automatically deleted from all the subclasses to which it belongs.

b.
Inserting an entity in the superclass implies that the entity is automatically inserted in all subclasses that are attribute defined (or predicate defined), for which the entity satisfies the defining predicate.

c.
Inserting an entity in a total specialization implies that the entity is automatically inserted in at least one of the subclasses in the specialization.

Specialization and Generalization Hierarchies and Lattices

A subclass may itself have further subclasses specified on it, thereby forming  a hierarchy or a lattice. For example, ENGINEER could be a subclass of EMPLOYEE, and a superclass of ENGINEERING_MANAGER. The real world constraint in this case, is that every engineering manager must be an engineer.
Specialization Hierarchy has a constraint that every subclass has only one superclass (called single inheritance), thereby forming a tree structure. On the other hand, in a lattice, a subclass can be subclass of more than one superclass (called multiple inheritance)
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In a lattice or hierarchy, a subclass inherits attributes not only of its direct superclass, but also of all its predecessor superclasses all the way to the root of the hierarchy or lattice. For example, an entity in ENGINEERING_MANAGER inherits all the attributes of that entity as an ENGINEER and as an EMPLOYEE. 

A subclass with more than one superclass is called a shared subclass, such as ENGINEERING_MANAGER in the figure above. Thus the ENGINEERING_MANAGER exhibits multiple inheritance, sharing the attributes ENGINEER and those of SALARIED_EMPLOYEE. The existence of at least one shared subclass leads to a lattice (also multiple inheritance). If no shared subclass exists, we have a hierarchy instead of a lattice.

There can be specialization hierarchies or lattices, or generalization hierarchies or lattices. In specialization, we start with an entity type and then define subclasses of the entity type by successive specialization (top down conceptual refinement process). In generalization, we start with many entity types and generalize those that have common properties (bottom up conceptual synthesis process). In practice, the combination of two processes is employed. Presented below, is a specialization lattice with multiple inheritance for a UNIVERSITY database.
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The following points are worthy of note:

a.
If an attribute (or relationship) originating in the same superclass (PERSON) is inherited more than once via different paths (EMPLOYEE and STUDENT) in the lattice, then it should be included only once in the shared subclass (STUDENT_ASSISTANT). Hence, the attribute of PERSON is inherited only once in the STUDENT_ASSISTANT subclass.

b.
Some models and languages do not allow for multiple inheritance. In that case, it is necessary to create additional subclasses to cater for possible combinations of classes that may have some entity belong to all these classes simultaneously. For example, the PERSON specialization can overlap into {EMPLOYEE, ALUMINUS, STUDENT} or {E, A, S} for short. It will be necessary to create seven different types of entities to cater for all the possible types of entities {E, A, S, E_A, E_S, A_S, E_A_S}, which can lead to extra complexities.

c.
Some inheritance mechanisms that allow for multiple inheritance may not allow an entity to be of multiple types, hence the entity must belong to only one class. In that case, additional leaf nodes will be created also (as in (b)) to cover all possible class combinations.

Utilizing Specialization and Generalization in Refining Conceptual Schemas

During conceptual schema design, generalization and specialization are approached from different angles. In specialization, we normally start with the entity type and then define the subclasses of the entity type by successive specialization. For example, we may first specify the entity type PERSON for a university database, and then define all the specializations that take direct inheritance from the PERSON entity. That is done progressively until all the leaf nodes are arrived at. The successive specialization corresponds to a top-down conceptual refinement process.  From the hierarchies that exist, we identify those classes that are shared subclasses and create the lattices.

Generalization on the other hand, involves a bottom – up conceptual synthesis, whereby the designer first discovers the entity types at the leaf nodes (E.g. STAFF, FACULTY, ALUMINUS, GRADUATE_STUDENT, UNDERGRADUATE_STUDENT, RESEARCH_ASSISTANT, TEACHING_ASSISTANT); then carry out the following generalizations:

· {GRADUATE_STUDENT, UNDERGRADUATE_STUDENT} into STUDENT

· {RESEARCH_ASSISTANT, TEACHING_ASSISTANT} into STUDENT_ASSISTANT

· {STAFF, FACULTY, STUDENT_ASSISTANT} into EMPLOYEE

· {EMPLOYEE, ALUMINUS, STUDENT} into PERSON

In practice, a combination of the two processes is followed since they result in the same structure, and new classes are added to the hierarchy or lattice as they become apparent to users and designers.  The concept of generalization and specialization apply to knowledge-based (expert) systems which combine database technology with artificial intelligence concepts and use frame based representation of knowledge.

MODELING UNION TYPES USING CATEGORIES

All of the superclass/subclass relationships we have seen thus far have a single superclass. A shared subclass is subclass (such as ENGINEERING_MANAGER) is the subclass in three distinct superclass/subclass relationships, where each of the three relationships (ENGINEER, MANAGER, SALARIED_EMPLOYEE) has a single superclass (in this case, EMPLOYEE). In some cases, need to model a single superclass/subclass relationship with more than one superclass, where the superclasses represent different entity types. In this case, the subclass will represent a collection of objects that is a subset of the UNION of different entity types. Such a subclass is called a category or UNION TYPE 

Example: Database for vehicle registration, vehicle owner can be a person, a bank (holding a lien on a vehicle) or a company.

· Category (subclass) OWNER is a subset of the union of the three superclasses COMPANY, BANK, and PERSON 

· A category member must exist in at least one of its superclasses
In the EER diagram, the superclasses COMPANY, BANK, and PERSON are connected to the circle with ‘U’ symbol (U stands for UNION operation). An arc, with the subset symbol connects the circle to the subclass (OWNER) category. We note the difference from shared subclass, which is subset of the intersection of its superclasses (shared subclass member must exist in all of its superclasses).
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A category can either be total or partial. A total category holds the union of all entities in its superclasses, whereas, a partial category can hold a subset of the union. A total category is represented by a double line connecting the category and the circle, whereas, a partial category is represented using single lines.

FORMAL DEFINITIONS FOR THE EER MODELING CONCEPTS

The EER concepts are summarized as follows:

a.
A class is a set or collection of entities, which could be entity type, subclass, superclass, or category
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b.
A subclass, S is a class whose entities must always be a subset of the entities in another class, called the superclass, C of the superclass/subclass  (or IS-A) relationship, denoted by C/S, where  S  C  C

c.
A specialization Z: Z = {S1, S2,…, Sn} a set of subclasses with same superclass G; hence, G/Si a subclass/superclass relationship for i = 1, …., n. G is called a generalization of the subclasses {S1, S2,…, Sn}.  Z is total if we always have:



S1 U S2 U … U Sn = G;
Otherwise, Z is partial.
Z is disjoint if we always have:



Si ∩ Sj = empty-set for i ≠ j;

Otherwise, Z is overlapping.
d.
Subclass S of C is predicate defined if predicate p on attributes of C is used to specify membership in S; that is, S = C[p], where C[p] is the set of entities in C that satisfy p

A subclass not defined by a predicate is called user-defined 

a. Attribute-defined specialization: if a predicate A = ci (where A is an attribute of G and ci is a constant value from the domain of A) is used to specify membership in each subclass Si in Z

Note: If ci ≠ cj for i ≠ j, and A is single-valued, then the attribute-defined specialization will be disjoint.

b. Category or UNION type T is a class that is a subset of the union of n defining superclasses 
D1, D2,…Dn,   n > 1:
It is formally specified as follows;
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T C (D1 U D2… U Dn)
A predicate pi on the attributes of Di can be used to specify the members of each Di. If a predicate is specified on every Di, we get

 T = (D1[P1] U D2[P2]…U Dn[Pn])
Note: The definition of relationship type should have 'entity type' replaced with 'class'.
REPRESENTING SPECIALIZATION/GENERALIZATION AND INHERITANCE IN UML CLASS DIAGRAMS

The UML (Universal or Unified Modeling Language) is proposed as a standard by the Object Management Group (OMG). It provides a mechanism in the form of diagrammatic notation and associated language syntax to cover the entire system life cycle. Presently, the UML is used by software developers, data modelers, data designers, database architects, etc. to define the detailed specification of an application.  The UML class diagrams are similar to the ER and EER diagrams. However, they give a structural specification of the database schemas in an object oriented sense by showing the name, attributes, and operations on each data class.


The basic notation for generalization is to connect the subclasses by vertical lines to a horizontal line, which has a triangle connecting the horizontal line through another vertical line, to the superclass. A blank triangle indicates a specialization/generalization with the disjoint constraint, while a filled triangle indicates an overlapping constraint. The root superclass is called the base class, and the leaf nodes are called the leaf classes. 

The following kinds of classes exist;

i. Abstract classes, which define attributes and operations, but do not have objects corresponding to those classes (Used mainly for inherited attributes and operations)

ii. Concrete classes, which can have objects (entities) belonging to the class
iii. Template classes specify a template that can further be used to define other classes.
In database design, the main concern is in specifying concrete classes, whose collections of objects are permanently (persistently) stored in the database. Presented below, is the UML diagram for the UNIVERSITY database, whose EER diagram had earlier been presented under ‘Specialization Lattice with multiple inheritance’.
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CHOOSING BETWEEN BINARY AND TERNARY RELATIONSHIPS

The degree of the relationship has been defined as the number of participating entities (binary-two, ternary-three). The figure below (a) displays the schema for the SUPPLY relationship type. Three binary relationship types can be identified as follows: CAN_SUPPLY (between SUPPLIER and PART), USES (between PROJECT and PART), and SUPPLIES (between SUPPLIER and PROJECT). If s,j,p are used to represent the instances- supplies, parts, and projects respectively, then the following relationship instances are identified- (s,p), (j,p), and (s,j). However, this does not necessarily imply that the relationship (s,j,p) exists in the ternary relationship SUPPLY because the meaning is different (shown in (b) of figure below).


Some database design tools are based on variations of the ER model that permit only binary relationships. In this case, ternary relationship such as SUPPLY must be represented as a weak entity type with no partial key, and with three identifying relationships. Hence the weak entity type SUPPLY (in (c) of the figure below), is identified by a combination of its three owner entities – SUPPLIER, PART, and PROJECT.
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CONSTRAINTS ON TERNARY (OR HIGHER DEGREE) RELATIONSHIPS

Two constraints are defined for the n-ary relationships, based on earlier defined notations.

a.
The first constraint is based on the cardinality ratio notation of binary relationships. Here, 1, N, or M is specified on each participating arc. 1 specifies that a particular relationship combination can only appear at most once in the relationship set (e.g. for a project-part combination, if only one supplier supplies part to a particular project). Both M and N stand for many and any number of appearances in the relationship set.

b.
The second constraint is based on the (min, max) notation for binary relationships, which specifies that each entity participates in at least min and at most max relationship instances in the relationship set. This places restrictions on how many relationship instances each entity can participate in.

DATA ABSTRACTION CONCEPTS

The following data abstraction concepts are used in both EER model and knowledge representation (KR) model.

a.
Classification and Instantiation

Classification involves assigning similar entities/objects to object classes/ entity types. Collections of objects share same types of attributes, relationships and constraints. It defines a relationship between a class and its members. For example, John Smith, Sheela Patel, and Peter Wang are all employees. They are all members of a class: EMPLOYEE class.

[image: image14.wmf]EMPLOYEE

Staff

Manager

Engineer


Instantiation is the reverse of classification. It involves the generation of distinct objects of a class. An object instance is related to its object class by the IS-AN-INSTANCE-OF or IS-A-MEMBER-OF relationship. An instance may itself, be another class, allowing multiple level classification schemes.
Certain class properties apply to the class as a whole and not to the individual objects. For example, EMPLOYEE class has class properties - e.g., average salary, total number of employees. Also, each member has values for own properties (e.g. name, address, salary): called member properties
b.
Identification

Identification is an abstract process that makes objects and classes uniquely identifiable, by means of an identifier. The identifier identifies one concept (an instance of it) from another concept. Identification is needed at two levels:

a
To distinguish among database objects and classes

b.
To identify database objects and to relate them to their real world counterparts

The values of key attributes are used to distinguish among entities of a particular entity type.
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c.
Specialization and Generalization


Specialization classifies a class of objects into more specialized sub-classes. Generalization on the other hand, is the inverse process of generalizing several classes into a higher level abstract class that includes all the objects in all the sub-classes. Generalization defines a set-subset relationship between a class and a set of member classes. Specialization establishes a mapping (or a relationship) from the generic class to the member class (or subclass, or subset class). 


Example,


GENERIC CLASS: EMPLOYEE

MEMBER CLASS: Engineer, Staff, Manager
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This implies that all properties associated with the Employee class are inherited by the three leaf classes.
Generalization establishes an IS-A relationship, or IS-A-SUBCLASS-OF relationship(e.g. An Engineer IS-A-SUBCLASS-OF  Employee)

d.
Aggregation and Association

Aggregation is the process of building composite objects from their component objects. It defines a new class from a set of classes which are identified as components of the root class.



There are three cases where the concept of aggregation is related to the ERR model:

i. The first case is a situation whereby attribute values of an object are aggregated to form the whole object. For example, tires, tubes, hub caps are aggregated to form the object ‘wheels’; or CAR is an aggregate (composition) of Chassis, Drive-train, Other Systems, Wheels.

ii. In the second case, the aggregation relationship is represented as an ordinary relationship. For instance, OWNERSHIP is an aggregate (relationship) of CAR and OWNER


iii. In the third case, objects that are related by a particular relationship instance are combined into a higher level aggregate object. This is useful when the higher level aggregate object is itself, to be related to another object. The relationship between the primitive objects and their aggregate object is called ‘IS-A-PART-OF’; the inverse is called ‘IS-A-COMPINENT-OF’

Association is used to associate objects from several independent classes. It is similar to the second usage of aggregation. This abstract relationship is called ‘IS-ASSOCIATED-WITH’ relationship
Abstraction (Summary)
Abstraction is a process of hiding (suppressing) unnecessary details so that the high level concept can be made more visible. This enables programmers, designers, etc., to communicate easily and to understand the application’s data and functional requirements easily.

TYPES OF ABSTRACTION



Classification:
IS-A-MEMBER-OF 

Aggregation:

IS-MADE-OF, IS-ASSOCIATED-WITH

Composition:

IS-MADE-OF (similar to aggregation)

                                 (A COMPRISES B,C,D)

Identification:
IS-IDENTIFIED-BY 

Generalization:
IS-A
IS-LIKE
IS-KIND-OF

Association:

IS-ASSOCIATED-WITH

ONTOLOGIES AND SEMANTIC WEB

Semantic web allows the exchange of information among computers on the web by attempting to create knowledge representation models that are quite general in order to allow meaningful information exchange and search among machines. Ontology is ‘a specification of a conceptualization’. Conceptualization is the set of concepts that are used to represent the part of reality or knowledge that is of interest to a community of users. Specification refers to the language and vocabulary terms that are used to specify the conceptualization. The difference between ontology and a database schema is that the schema is usually limited to describing a small set of the miniworld from reality in order to store and manage data. Ontology, on the other hand, is usually more general in that it attempts to describe a part of reality as completely as possible. 

The following techniques are used to describe ontology:

i. Thesaurus (or even a dictionary or glossary of terms) that describes the relationships between words that represent various concepts.

ii. Taxonomy, which describes how concepts of a particular area of knowledge are related

iii. Database schema, which describes the concepts (entities, and attributes) and relationships of the Universe of Discourse

iv. Logical Theory, which uses concepts from mathematical logic to define concepts and their relationships. 

Generalization Abstraction
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