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APPENDIX D.                   THE ENTITY - ATTRIBUTE - RELATIONSHIP APPROACHES.

========================================================================

  D.1._EMPHASIS_OF_THE_APPROACHES.

The Entity-Attribute-Relationship (EAR) approaches (sometimes also called

Entity-Relationship approaches) have evolved from the work of Bachman  1  and

Engles  2  on data modelling.

Since the appearance of Chen's paper  3 , and the work of Tardieu and others

 4, 5 , there have been a number of papers exploring certain aspects of the

approaches: for example, the possibility of modelling propositions about more

than two entities by allowing n-ary relationship-types, and the possibility of

relationships having attributes.

There exist many variants of the EAR approaches. While some of these variants

are supported by available commercial software products, others form the basis

for teaching courses (for example,  6, 7 ). These variants have many aspects in

common, for instance, the use of graphic formalisms to aid communications

between systems designers and information user. Also, several alphabetical

languages have been proposed, but there is no consensus on their syntax, and a

considerable diversity exists in the detailed semantics.

The chief purpose of this chapter is to present the concepts, supported in most

variants, in a way that explains the broad characteristics of these EAR ap-

proaches.

Considering the objectives for a conceptual schema, cited in section 1.9 of

chapter 1, the following remarks could be made about these approaches:

     1. "To_provide_a_common_basis_for_understanding_the_general_be-

         haviour_of_the_universe_of_discourse."

         The use of the basic concepts - entity, attribute, and re-

         lationship - seems quite easy to understand and teach, al-

         though the right choice is often difficult to make when ana-

         lysing the selected portion of the world constituting the

         universe of discourse. Emphasis is placed in particular on

         the relationship structure between entities.

     2. "To_define_the_allowed_evolution_and_manipulation_of_the_in-

         formation_about_the_universe_of_discourse."

         In the EAR approaches the use of the basic concepts provokes

         some rigidity as compared to other classes of approaches.

         For example, the distinction between attribute and relation-

         ship has the consequence that some difficulties may arise

         when changing the conceptual schema. As no dynamic con-

         straints are formulated in most of the EAR approaches the

         control on allowed manipulation is rather limited.

     3. "To_provide_a_basis_for_interpretation_of_external_and_inter-

         nal_syntactical_forms_which_represent_the_information_about_

         the_universe_of_discourse."

         This role is not emphasized by most variants of the EAR

         approaches.

     4. "To_provide_a_basis_of_mappings_between_and_among_external_and

         internal_schemata."

         In EAR approaches the role of a conceptual schema most fre-

         quently emphasized is to serve as a result of a stage in the

         interactive design process. In a later stage this conceptual

         schema is mapped manually into external and internal data

         models.

  D.2._PRIMITIVE_CONCEPTS_OF_THE_APPROACHES.

  D.2.1._THE_BASIC_CONCEPTS.

In the EAR approaches the universe of discourse is considered to consist of the

basic concepts of entities which are said to have attributes, and relationships

among entities. In some approaches the relationships as well are said to have

attributes.

An entity, as defined in section 2.1 of chapter 2, is any concrete or abstract

thing in the universe of discourse. For example, in a particular enterprise en-

tities are a certain John Smith, a purchase order 75, and a Chevrolet auto with

serial number 13750645W.

An attribute is a perceived property of an entity or a perceived property of

an association among entities in the universe of discourse. The age of John

Smith (34 years) may be considered an attribute of John Smith. Attributes are

specific to the entity. For example, the age of John Smith and the age of the

ship Cutty Sark are two different attributes.

An attribute is said to have a value. If in the above example the age of John

Smith is an attribute, then 34 years is the value of that attribute.

A relationship is a perceived association between entities in the universe of

discourse. For example, if John is an entity and Amsterdam is an entity, then

the fact, that John lives in Amsterdam, is considered to be a relationship be-

tween the entity John and the entity Amsterdam.

In other words, both attributes and relationships are propositions about enti-

ties. Attributes in general are monadic or dyadic propositions about a single

entity or relationship, often associating a particular value with that entity

or relationship. Relationships in general are propositions about two_or_more

entities (n-adic propositions). For example, John is married to Mary in

Amsterdam. In some variants the relationship is restricted to propositions

about two entities (dyadic or binary propositions).

  D.2.2._ABSTRACTION_CONCEPTS.

So far we have spoken primarily of instances of things. Things which have cer-

tain properties in common are said to be of a certain type. As already ex-

plained in section 2.1 of chapter 2 a type is a classification of similar

things. The three basic abstractions of the EAR approaches are entity-type, at-

tribute-type, and relationship-type. Some authors use the word "attribute-type"

and "attribute" synonymously. We will use the word "attribute-type".

In the EAR approaches the notions of occurrence and population are frequently

used in correspondence with the type notion. An occurrence of a particular type

has been defined already in section 2.1 of chapter 2 as a unique individual

thing belonging to that type. The population of a type is a particular collec-

tion of occurrences of that type, and may vary from time to time. Usually it is

the collection of all entities of the type that occur in the relevant entity

world.

An entity-type is a classification of entities, each of which has similar at-

tributes associated with it. Each occurrence of an entity-type must be unique

and therefore distinguishable from all other occurrences of that entity-type.

In the EAR approaches one distinguishes an entity by means of one or more attri-

butes, called an identifier.

An attribute-type is a classification of similar attributes of all entity occur-

rences belonging to an entity-type or of all relationship-occurrences belonging

to a relationship-type. An individual occurrence of an attribute-type, associ-

ated with the individual occurrence of an entity-type or relationship-type, is

thought of as an (attribute) value. In this chapter from now on we will use the

word "attribute-value". The <attribute-type, attribute-value> pair "identifies"

the attribute for the entity. It is also said that the attribute-value(s) of an

identifier identify the entity.

A relationship-type, in the EAR approaches, is a relationship defined over one

or more entity-types. For example, an occurrence of the relationship-type LIVES-

IN defined over the entity-types PERSON and TOWN may be expressed as "John

lives in Amsterdam"; three occurrences of the relationship-type WORKS-FOR

defined over the entity-types PERSON and DEPARTMENT may be expressed as "Tom

works for Sales", "Dick works for Sales", and "Harry works for Sales". "John is

married to Mary" expresses a relationship-occurrence of the relationship-type

MARRIED-TO defined over the single entity-type PERSON involving two entity-oc-

currences. "John married Mary in Amsterdam" expresses a relationship-occurrence

of the relationship-type MARRIED-IN defined over two entity-types PERSON and

TOWN involving three entity-occurrences.

The concept of relationships among entities is fundamental to the EAR ap-

proaches. However it should not be assumed that an entity-type may participate

in only one relationship-type. Any number of relationship-types may be defined

in which the entity-type participates. Neither should it be assumed that only

one relationship-type can be defined over a particular collection of entity-

types. Any number of relationship-types may be defined involving the same

collection of entity-types. In the case where two or more relationship-types

are defined over the same collection of entity-types it is necessary to

distinguish the relationship-types by assigning one or more names to it.

(Note: As will be explained in section D.3, we will adopt the convention to use

       capitals for terms referring to types such as entity-types and relation-

       ship-types.)

Some EAR approaches also identify value-types. A value-type is the classifica-

tion of a collection of attribute-values, which may form pairs with a particu-

lar attribute-type so as to be attributes for entities of a specific entity-

type or for relationships of a specific relationship-type. A value-type is

always closely associated with one or more attribute-types. Another term for

value-type, used by some authors, is domain.

In some EAR approaches entity-types are considered to be disjoint. That is, a

particular entity may be considered to belong to only one entity-type. In other

cases entity-types need not be disjoint so that a particular entity may belong

to more than one entity-type. The same observation applies to attribute-types,

relationship-types, and value-types.

  D.2.3._CHARACTERISTICS_OF_RELATIONSHIPS.

Differences exist among variants of EAR approaches especially with respect to

characteristics of relationships. Therefore, we will discuss in the following

each of the most important characteristics first for the general case, and

thereafter point out what differences can occur in some variants.

In the EAR approaches relationships may be classified according to three cri-

teria:

         o Dimension of the relationship-type,

         o The functionality of the relationship-type,

         o Total and partial relationships.

The dimension_of_a_relationship-type is the number of entity-occurrences in a

single occurrence of the relationship-type. The number of entity-occurrences is

independent of the number of entity-types over which the relationship-type has

been  defined. For example, the relationship-types

         WORKS-FOR defined over PERSON and DEPARTMENT

         (e.g. "Tom works for Sales")

and

         MANAGES defined over PERSON

         (e.g. "Tom manages Harry")

both are relationship-types of dimension 2 (binary or dyadic relationship-type)

defined over two entity-types in the first example, and defiend over a single

entity-type in the latter case.

In general, a relationship-type of dimension n is called a n-ary relationship-

type. Examples of a ternary relationship-type (dimension 3) and a quarternary

relationship-type (dimension 4) are respectively

         MARRIED-IN defined over two PERSONs and one TOWN:

         e.g. "John married Mary in Amsterdam".

and

         TRANSFER-MG defined over a MANUFACTURER, a GARAGE, a CAR, and a

         TRANSFER:

         e.g. "Ford transfers to Smith's garage a car GMF 117 in the transfer

         of 29 January 1975".

Some EAR approaches are limited to binary relationship-types. Moreover, some of

these only allow binary relationship-type over two different entity-types.

The functionality of a relationship-type is illustrated with respect to two

distinct entity-types. The possible kinds of functionality for a binary rela-

tionship-type defined over entity-types A and B, are:

      *    one-to-one (1-1), in which one occurrence of A may bear

         only one relationship to one occurrence of B, and each

         occurrence of B may bear only one relationship to one

         occurrence of A;

      *    one-to-many (1-n), In which one occurrence of A may bear

         one or more relationships each to one occurrence of B, but

         each occurrence of B may bear only one relationship to one

         occurrence of A;

      *    many-to-many (m-n), in which one occurrence of A may bear

         one or more relationships each to one occurrence of B, and

         each occurrence of B may bear more than one relationship

         each to one occurrence of A.

The corresponding kinds of functionality also extend to n-ary relationship-

types.

In practice this characteristic is considered together with the characteristic

of total or partial relationship:

A total_relationship defined over entity-types A and B requires that every oc-

currence of A and every occurrence of B must participate in a relationship of

the relationship-type.

A partial_relationship defined over entity-types A and B requires that some,

but not all occurrences of A and some, but not all occurrences of B may parti-

cipate in a relationship of the relationship-type.

The four possible cases which are entirely independent of the functionality of

the relationship are:

                                A       B

                             all       all       (total)

                             all       some    )

                             some      all     ) (partial)

                             some      some    )

The combination of functionality and totality/partiality establishes the car-

dinality of the relationship, and is expressed in terms of min-cardinality and

max-cardinality. A graphic notation for this is illustrated in figure D.1. A

description of this graphic notation form is given in section D.4.
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              _______              _____              _______

                       minc,maxc           minc,maxc

             ]       ]___________         ___________]       ]

             ]   A   ]               R               ]   B   ]

             ]_______]             _____             ]_______]

  0H

 ps1

             Figure D.1. General picture for a relationship-type.

The min-cardinality is the minimum number of times that each occurrence of an

entity-type may be involved in a relationship of the relationship-type. The

value 0 means that an occurrence may exist without being involved in any rela-

tionship of the relationship-type. The value 1 (or n) means that an entity-oc-

currence cannot exist without being involved in 1 (or n) relationship(s) of the

relationship-type.

The max-cardinality is the maximum number of times that each occurrence of an

entity-type can be involved in a relationship of the relationship-type. The

value 1 means that an occurrence may be involved in at most one relationship

of the relationship-type. The value n means that an entity-occurrence can be

involved in n relationships of the relationship-type. Some examples are

illustrated in figures D.2, D.3, D.4, and D.5.
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              _______              _____              _______

                          1,1                 1,1

             ]       ]___________         ___________]       ]

             ]   A   ]               R               ]   B   ]

             ]_______]             _____             ]_______]
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                   Figure D.2. A "one-to-one" relationship.
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              _______              _____              _______

                          0,n                 1,1

             ]       ]___________         ___________]       ]

             ]   A   ]               R               ]   B   ]

             ]_______]             _____             ]_______]
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                   Figure D.3. A "one-to-many" relationship.
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              _______              _____              _______

                          0,n                 0,1

             ]       ]___________         ___________]       ]

             ]   A   ]               R               ]   B   ]

             ]_______]             _____             ]_______]

  0H
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               Figure D.4. A "zero or one-to-many" relationship.
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              _______              _____              _______

                          0,n                 0,m

             ]       ]___________         ___________]       ]

             ]   A   ]               R               ]   B   ]

             ]_______]             _____             ]_______]
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                  Figure D.5. A "many-to-many" relationship.

A classical example of the case "one-to-many" (figure D.6) is a relationship

WORKS-FOR between a DEPARTMENT and a EMPLOYEE: A DEPARTMENT may have 0 to n

EMPLOYEES working for it, a EMPLOYEE must be related to 1 and not more than 1

DEPARTMENT:
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        _____________                                   _____________

                                  _________

       ]             ]   0,n                    1,1    ]             ]

       ]             ]_________               _________]             ]

       ]  DEPARTMENT ]            WORKS-FOR            ]   EMPLOYEE  ]

       ]             ]            _________            ]             ]

       ]_____________]                                 ]_____________]

  0H
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                   Figure D.6. A binary (n=2) relationship.

Another example may help to understand the cardinality on n-ary (n>2) rela-

tionship-types (figure D.7):
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        _____________                                   _____________

       ]             ]                                 ]             ]

       ]             ]                                 ]             ]

       ]   PRODUCT   ]                                 ]  WAREHOUSE  ]

       ]             ]                                 ]             ]

       ]_____________]                                 ]_____________]

              ]                   _________                   ]

              ] 0,n                                       0,n ]

              ]________________               ________________]

                                  DELIVERED

                                  _________

                                      ]

                                      ] 1,n

                                ______]______

                               ]             ]

                               ]             ]

                               ]   CUSTOMER  ]

                               ]             ]

                               ]_____________]

  0H
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                   Figure D.7. A ternary (n=3) relationship.

A PRODUCT may or may not be involved in the relationship DELIVERED; if it is,

it may be related to n DELIVERED relationships. A WAREHOUSE may or may not be

involved in the relationship DELIVERED; if it is, it may be related to n

DELIVERED relationships. An CUSTOMER is necessarily involved in at least one

DELIVERED relationship, but may be involved in n DELIVERED relationships. A

typical DELIVERED relationship relates one occurrence of CUSTOMER with one

occurrence of PRODUCT and one occurrence of WAREHOUSE.

The functional_dependency concept is applied only to the set of relationship-oc-

currences. It is possible though to define a functional dependency between a

subset of the collection of entity-types and another entity-type.
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        _____________           _____________           _____________

       ]             ]         ]             ]         ]             ]

       ]             ]         ]             ]         ]             ]

       ]   PRODUCT   ]         ]   CUSTOMER  ]         ]  WAREHOUSE  ]

       ]             ]         ]             ]         ]             ]

       ]_____________]         ]_____________]         ]_____________]

              ]                       ]                       ]

              ] 0,n                   ] 1,n               0,n ]

              ]                   ____]____                   ]

              ]                                               ]

              ]________________               ________________]

                                  DELIVERED

                                  _________
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                       (PRODUCT /   CUSTOMER -> WAREHOUSE)

         Figure D.8. Functional Dependency within a relationship-type.

The functional dependency (PRODUCT /   CUSTOMER -> WAREHOUSE) in the example of

figure D.8 expresses the constraint that for a given product and a given cus-

tomer only one warehouse can deliver this product to this customer.

Some EAR approaches that only allow binary relationship-types restrict them-

selves to one-to-many (including one-to-one) and zero or one-to-many relation-

ship-types between entity-types. Others also allow for many-to-many binary rela-

tionship-types.

In the EAR approaches, referred to in the previous paragraph, such one-to-many

and zero or one-to-many relationship-types usually are depicted using diagram-

matic techniques based on the Bachman diagrams. In these diagrams an entity-

type is represented by a rectangular box, in wich the entity-type-name is

written. A one-to-many relationship-type is represented by a complete arrow,

the arrowhead pointing to the entity-type ("member" entity-type) that may play

a part in "many" relationship-occurrences with a single entity ("owner" entity-

type). A zero or one-to-many relationship type is represented by a dotted

arrow. The relationship-type-names may be written next to the arrow, but they

are often omitted. Some of the examples are given in figure D.9 as an illustra-

tion of the technique.
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         _____________          _____________          _____________

        ]             ]        ]             ]        ]             ]

        ]             ]        ]             ]        ]             ]

        ]  DEPARTMENT ]        ]   PROJECT   ]        ]   PERSON    ]

        ]             ]        ]             ]        ]             ]

        ]_____________]        ]_____________]        ]_____________]

               ]                      ]                    ]   A

               ]

               ]WORKS-FOR             ]                    ]   ]MARRIED-TO

               ]

               ]                      ]                    ]   ]

               ]

         ______V______          ______V______

        ]             ]        ]             ]

        ]             ]        ]             ]

        ]   EMPLOYEE  ]        ]   EMPLOYEE  ]

        ]             ]        ]             ]

        ]_____________]        ]_____________]

  0H
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                                                    zero or one-to-many

          one-to-many        zero or one-to-many  over single entity-type

           Figure D.9. Graphic representation of relationship types.

The example demonstrated in figure D.7 above may also be solved in the EAR

approaches, that are restricted to binary relationship-types, by "objectifying"

the relationship-type DELIVERED into the entity-type DELIVERY and using three

binary relationship-types DELIVERED-BY, DELIVERED-FROM, and DELIVERED-TO, as

shown in figure D.10:
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                    _____________           _____________

                   ]             ]         ]             ]

                   ]             ]         ]             ]

                   ]   PRODUCT   ]         ]  WAREHOUSE  ]

                   ]             ]         ]             ]

                   ]_____________]         ]_____________]

                          ]                       ]

                          ]                       ]

              DELIVERED-BY]_________     _________]DELIVERED-FROM

                                    ]   ]

                                    ]   ]

                                ____V___V____

                               ]             ]

                               ]             ]

                               ]   DELIVERY  ]

                               ]             ]

                               ]_____________]

                                      A

                                      ]

                                      ]DELIVERED-TO

                                      ]

                                ______]______

                               ]             ]

                               ]             ]

                               ]   CUSTOMER  ]

                               ]             ]

                               ]_____________]
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    Figure D.10. Three binary relationships for the example of figure D.7.

In the general case not only entities, but relationships as well are said to

have attributes. However, some EAR approaches, usually the ones that also

restrict to binary relationships, do not allow attributes of relationships.

For the remainder of the discussion of the EAR approaches, and in particular

for discussing the example in section D.6, we have chosen to demonstrate the

general case, implying the following characteristics of the relationships:

      *  N-ary relationship-types are allowed;

      *  Many-to-many relationship-types are allowed;

      *  Attributes of relationships are allowed.

  D.3._GRAMMAR_AND_SEMANTICS.

Until now we have considered the entities, attributes, etc., themselves in the

universe of discourse. This, however, is a mental exercise. In chapter 2 we al-

ready pointed out that we need a language to communicate about a universe of

discourse. That is, we need linguistic constructs to refer to and describe the

entities, attributes, entity-types, etc. All EAR approaches have such con-

structs, sometimes explicitly defined, sometimes implicitly assumed. We intend

to identify such constructs explicitly in this chapter.

The basic linguistic constructs are:

      *    Entity-type-names, which are lexical objects that refer to

         entity-types;

      *    Attribute-type-names, which are lexical objects that refer

         to attribute-types.

      *    Relationship-type-names, which are lexical objects that

         refer to relationship-types.

The approaches that also recognize value-types or domains additionally need:

      *    Value-type-names or domain-names, which are lexical ob-

         jects that refer to value-types or domains.

We will adopt in this chapter the convention of using capitals for the above

mentioned type-names.

In the literature, as already mentioned, many authors do not make clear dis-

tinction between "type" and "type-name". Some even go so far to use the word

"entity-type", or still worse the word "entity", for the entity-type-name,

causing much confusion. In this chapter though, PERSON is an entity-type-name -

a lexical object - which refers to the class (entity-type) of all entities

considered to be persons, etc.

In formal languages used in EAR approaches to describe a universe of discourse,

more complex constructs are needed to describe the various types. We will use

the general term description for these constructs: A description is a sort of

graph, picture, or language construct which describes a type, that is, lists

its characteristics. Note, that some authors use the word "type" for the notion

of "type-description".

In the EAR approaches discussed in this chapter, we identify the following de-

scriptions:

      *  entity-type-descriptions, listing the attribute-types and

         other characteristics, such as the identifier, for the enti-

         ty-types;

      *  attribute-type-descriptions, listing the characteristics of

         attribute-types;

      *  relationship-type-descriptions, listing the entity-types

         over which the relationship-type has been defined, and addi-

         tional characteristics, such as the category of the relation-

         ship-type, the cardinalities, and attribute-types, if any.

In the variants which recognize value-types or domains, these also have to be

decribed using:

      *  value-type-descriptions or domain-descriptions, listing the

         characteristics of the value-types.

Examples will be discussed in section D.5 and following.

The syntax of the language used in this chapter to describe the conceptual

schema for the example universe of discourse of appendix B is given below.

However, as already stated, this should not be interpreted as a proposal to

standardize this language for EAR approaches.

         conceptual-schema           = "CONCEPTUAL SCHEMA"

                                            conceptual-schema-name

                                       entity-type-description

                                            {entity-type-description}

                                       relationship-type-description

                                            {relationship-type-description}.

         entity-type-description     = "ENTITY-TYPE" entity-type-name

                                       "IDENTIFIER" identifier

                                       "DESCRIPTION" attribute-type-description

                                            {attribute-type-description}.

         relationship-type-description =

                                       "RELATIONSHIP-TYPE"

                                            relationship-type-name

                                       "DIMENSION" unsigned-integer

                                       "COLLECTION" entity-type-name

                                            {entity-type-name}

                                       "CARDINALITY"

                                            entity-type-name minc "," maxc

                                            {entity-type-name minc "," maxc}

                                       {"FUNCTIONAL DEPENDENCY"

                                            entity-type-name {entity-type-name}

                                            "ON" entity-type-name}

                                        "IDENTIFIER" identifier

                                        "DESCRIPTION"

                                            attribute-type-description

                                            {attribute-type-description} .

         attribute-type-description  = attribute-type-name.

         minc                        = unsigned-integer ] letter.

         maxc                        = unsigned-integer ] letter.

         conceptual-schema-name      = identifying-name.

         entity-type-name            = identifying-name.

         identifier                  = attribute-type-name

                                            {"," attribute-type-name}.

         attribute-type-name         = identifying-name.

         relationship-type-name      = identifying-name.

         identifying-name            = letter {letter ] digit ] hyphen}.

The letter, digit, hyphen, and unsigned-integer are not further defined here.

The identifying-names must be unique within the conceptual schema. The other

semantics should be clear from descriptions in section D.2 and D.3.

  D.4._GRAPHIC_FORMALISM.

Structure diagrams of entity-types and relationship-types may be drawn in the

EAR approaches, using the following symbols:
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               _______________________

              ]                       ]

              ]   entity-type-name    ]

              ]_______________________]

              ]                       ]

              ]                       ]

              ]    identifier-name    ]         lower half of symbol

              ]                       ]

              ] {attribute-type-name} ]              is optional

              ]_______________________]

  0H
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      Figure D.11. Symbol for an entity-type in an EAR structure diagram.
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                         (number of links = dimension)

              ]                                                 ]

              ] minc,maxc ........................... minc,maxc ]

              ]                                                 ]

              ]              _________________                  ]

              ]                                                 ]

              ]                                                 ]

              ]            relationship-type-name               ]

              ]           _______________________               ]

              ]________                            _____________]

                              identifier-name

                                                      lower half of symbol

                           {attribute-type-name}

                             _________________             is optional

  0H
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                           (functional dependency)

   Figure D.12. Symbol for a relationship-type in an EAR structure diagram.

  D.5._MODELLING.

Many modelling techniques have been proposed in accordance with EAR ap-

proaches. These techniques can be classified into two categories:

In modelling_directly the universe of discourse entities and relationships are

identified in the propositions of the universe of discourse. Chen  3  proposes

such a modelling technique by showing an analogy between: subject and entity;

verb and relationship.

  Modelling_in_two_steps consists of:

         - identifying attributes, i.e. any information taking values;

         - constructing entity-types and relationship-types by ana-

           lysing attribute-types.

The second step may itself be considered in two ways: Some authors  8, 9  give

algorithms allowing automatic construction of entity-types and relationship-

types with an exhaustive list of attribute-types and functional dependencies.

Other authors  5  propose interactive automata allowing designers to propose a

structure, formally checking by reformulating the structure and being asked if

it is correct.

  D.5.1._SOME_PRAGMATIC_MODELLING_RULES.

In the EAR approaches relationships are defined among entities, not among attri-

butes; hence, the choice of entities is important. Some pragmatic rules have

been used to decide how to handle such problems:

      1. If an entity-type has but one relevant attribute-type, it

         probably should be classified as an attribute-type of some

         other entity-type.

      2. If attributes of several entities refer to the same entity,

         that entity should be classified in an entity-type in its

         own right.

Explanation of these pragmatic rules illustrates that the choices must be made

by considering the universe of discourse and not only its description.

The decision as to what is an attribute-type and what is an entity-type cannot

usually be decided a priori. The EAR approach is iterative, and what appears to

be an attribute at an early stage of the modelling process may turn out to be

an entity and vice versa.

Relationships are not entities. However, it is possible to construct an entity

which is the transformation of a relationship, as in - for example - trans-

forming the association between a person and his boat via the relationship OWNS

over the entity-types PERSON and BOAT into a relationship OWNS over the entity-

types PERSON, BOAT, and OWNERSHIP. This may be decided for several reasons. One

reason is to give the concept, originally modelled as the relationship-type, an

identifier and not to use the identifiers of the collection of entities. An-

other is to provide what the designer feels is a more convenient view of the

universe of discourse.

  D.5.2._FORMAL_RULES_FOR_MODELLING.

Although we have discussed some pragmatic rules which are appropriate for

modelling, formal rules also exist. We give here only a short summary. Detailed

descriptions can be found in e.g.  9 .

  Verification:

Verification allows us to insure that in every occurrence of an entity-type or

relationship-type only one value of any given attribute-type is included.

  Normalization:

Normalization in the EAR approaches insures that every attribute of a relation-

ship cannot be verified upon a subset of the identifier of the relationship.
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                               (CAR -> PERSON)

         Figure D.13. Ternary relationship with functional dependency.

  Decomposition:

Decomposition in the EAR approaches allows splitting a relationship-type of di-

mension n into several relationship-type with smaller dimensions without loss

of semantics, provided functional dependencies defined over the relationship-

type are used. It is necessary to verify that the occurrences used in the

common part are the same. For example, in figure D.13, in the relationship-type

PARKING defined over the entity-types PERSON, CAR, and BUILDING the functional

dependency (CAR -> PERSON) - a car must belong to at most one person - may be

defined. This situation may be decomposed into the situation of figure D.14:
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           Figure D.14. Decomposition of the example of figure D.13.

Note, that this decomposition does not "objectify" the relationship-type as was

done in the example of figure D.10.

  D.6._EXAMPLE_CONCEPTUAL_SCHEMA.

  D.6.1._GRAPHIC_REPRESENTATION.
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                    Figure D.15. Example conceptual schema.

  D.6.2._LANGUAGE_EXAMPLE.

A description of the conceptual schema in the language of the grammar defined

in section D.3, is as follows:

                   CONCEPTUAL SCHEMA   car-registration

                   ENTITY-TYPE         manufacturer

                   IDENTIFIER          manuf-id

                   DESCRIPTION         manuf-id

                                       is-operating

                   ENTITY-TYPE         car-model

                   IDENTIFIER          model-id

                   DESCRIPTION         model-id

                                       fuel-cons-spec

                   ENTITY-TYPE         car

                   IDENTIFIER          reg-no

                   DESCRIPTION         reg-no

                                       serial-no

                                       destroyed-date

                   ENTITY-TYPE         fuel-consumption-rate

                   IDENTIFIER          year-id

                   DESCRIPTION         year-id

                                       max-cons

                   ENTITY-TYPE         garage

                   IDENTIFIER          garage-id

                   DESCRIPTION         garage-id

                                       is-trading

                   ENTITY-TYPE         person

                   IDENTIFIER          person-id

                   DESCRIPTION         person-id

                   ENTITY-TYPE         transfer

                   IDENTIFIER          transfer-car, transfer-date, seq-no

                   DESCRIPION          transfer-car

                                       transfer-date

                                       seq-no

                   RELATIONSHIP-TYPE   manuf-by

                   DIMENSION           2

                   COLLECTION          manufacturer

                                       car-model

                   CARDINALITY         manufacturer 0,n

                                       car-model    1,1

                   RELATIONSHIP-TYPE   made-by

                   DIMENSION           2

                   COLLECTION          manufacturer

                                       car

                   CARDINALITY         manufacturer 0,n

                                       car          1,1

                   RELATIONSHIP-TYPE   is-of-model

                   DIMENSION           2

                   COLLECTION          car-model

                                       car

                   CARDINALITY         car-model 0,n

                                       car       1,1

                   RELATIONSHIP-TYPE   prod-year

                   DIMENSION           2

                   COLLECTION          fuel-consumption-rate

                                       car

                   CARDINALITY         fuel-consumption-rate 0,n

                                       car                   1,1

                   RELATIONSHIP-TYPE   transfer-mg

                   DIMENSION           4

                   COLLECTION          car

                                       transfer

                                       manufacturer

                                       garage

                   CARDINALITY         car          0,n

                                       transfer     1,1

                                       manufacturer 0,n

                                       garage       0,n

                   RELATIONSHIP-TYPE   transfer-gp

                   DIMENSION           4

                   COLLECTION          car

                                       transfer

                                       garage

                                       person

                   CARDINALITY         car      0,n

                                       transfer 1,n

                                       garage   0,n

                                       person   0,n

                   RELATIONSHIP-TYPE   transfer-pg

                   DIMENSION           4

                   COLLECTION          car

                                       transfer

                                       person

                                       garage

                   CARDINALITY         car      0,n

                                       transfer 1,n

                                       person   0,n

                                       garage   0,n

                   RELATIONSHIP-TYPE   transfer-pp

                   DIMENSION           4

                   COLLECTION          car

                                       transfer

                                       person

                   CARDINALITY         car      0,n

                                       transfer 1,n

                                       person   0,n

                                       person   0,n

  D.7._CHECK_LIST_FOR_THE_CONCEPTUAL_SCHEMA.

The following analysis illustrates whether or not the necessary propositions

about the universe of discourse are captured in the conceptual schema. An E

implies that the assertion is described in the model. An * refers to remarks at

the end of this section.

      CHECK   NECESSARY_PROPOSITIONS

      E   1.  The universe of discourse to be described has to do with the

              registration of cars and is limited to the scope of interest

              of the Registration Authority.

      E   2.  Each car manufacturer has a unique name.

      *   3.  New car manufacturers can start operation provided they have

              the permission of the Registration Authority.

      *   4.  The Registration Authority cannot withdraw the permission.

      *   5.  At any time not more than five autonomous manufacturers may

              operate.

      *   6.  Manufacturers may cease to operate, provided they do not own

              cars anymore.

      E   7.  Each car manufacturer constructs cars in several models.

      E   8.  A car is of a particular model.

      *   9.  A manufacturer gives a serial number to each car he produces.

      *  10.  This serial number is unique for all cars of one manufac-

              turer.

      *  11.  A newly produced car is registered by the Registration Auth-

              ority as soon as practicable.

     (E) 12.  At this time the car is registered as belonging to the manu-

              facturer which produced it. Therefore the first owner will

              be the manufacturer who produced the car.

      *  13.  Only the Registration Authority will assign a registration

              number to each registered car.

     (E) 14.  This registration number is unique for all cars for all time.

      E  15.  A car has a year of production.

      *  16.  Only in January may a car be registered as being produced in

              the previous year.

      E  17.  Cars can be destroyed whereupon the date of destruction is

              recorded.

      *  18.  The car's history has to be kept until the end of the second

              subsequent calendar year after its destruction. Thereafter

              it is removed from the registered information.

     (E) 19.  The name of the car model is unique for all car models for

              all time.

      *  20.  Any specific car model is constructed by only one manufac-

              turer.

      *  21.  From time to time new models will be introduced.

      E  22.  All cars of the same car model have the same fuel consump-

              tion.

     (E) 23.  This fuel consumption must be known to the Registration

              Authority.

      *  24.  The fuel consumption of a car will be between 4 and 25

              litres per 100 km.

      *  25.  The fuel consumption averaged over all individual cars pro-

              duced by a particular manufacturer in a particular year is

              required not to exceed a maximum value which is the same for

              each manufacturer.

      E  26.  The maximum fuel consumption rate may change from year to

              year.

      *  27.  At the end of January a message is sent to a manufacturer

              who has failed to meet this requirement in the previous year.

      E  28.  Each garage has a unique name.

      *  29.  New garages may be established.

      E  30.  Garages may own cars.

      *  31.  A garage must not have, at any time, cars registered as

              belonging to the garage, from more than three manufacturers

              (which three does not matter, and for a particular garage

              may vary with time).

      *  32.  An existing garage may be closed down, provided it does not

              have any cars registered to it.

      E  33.  A particular person may have one or more cars registered as

              belonging to him or her.

      E  34.  It is also possible for two or more people to have one or

              several cars registered as belonging to them jointly and

              simultaneously.

      E  35.  People have unique names.

      *  36.  People are only known to the Registration Authority if they

              own or have owned (one or more) cars, which still are known

              to the Registration Authority.

      *  37.  At any time a car is owned by either

                             - its manufacturer,

                             - a garage,

                             - a person,

                             - a group of persons,

              but not jointly by two or more of these categories.

      E  38.  Transfer of ownership is registered including the date of

              transfer, the previous owner(s) and the new owner(s).

      *  39.  Transfer of ownership cannot take place anymore after a

              car's destruction.

      *  40.  However, transfer of ownership may be recorded after the

              car's destruction, provided the transfer of ownership took

              place before the car's destruction.

      E  41.  Each manufacturer distributes new cars to several indepen-

              dent garages, each which may receive cars from more than one

              manufacturer.

     (E) 42.  Therefore a garage always will be a car's second owner.

      E  43.  Manufacturers do not distribute cars to other manufacturers

              or directly to people.

      E  44.  Each garage may sell - i.e., cause transfer of registered

              ownership of - new or used cars to people, and may buy -

              i.e., cause transfer of registrered ownership of - cars from

              people.

      E  45.  Garages are not allowed to sell cars to other garages.

      E  46.  Garages are not allowed to sell cars to manufacturers.

      E  47.  People can sell cars to other people or buy cars from other

              people.

Remarks for the EAR approaches:

     *  A check between parenthesis means, that the conceptual schema provides

        a description of the assertion in the information base, but that the

        assertion cannot be enforced as a rule. For example, check 12, 23, and

        42. Note, that the uniqueness constraints in checks 14 and 19 are

        supported, but not for_all_time.

     *  No authorization rules are included, for example, checks 3, 4, 9, 11,

        and 13.

     *  Validation rules, although being static rules, are not included. For

        example, checks 5, 10, 24, 25, 31, 36, and 39.

     *  Exclusiveness of relationships is not included. For example, check 37.

     *  No dynamic rules or constraints are included, therefore checks 6, 20,

        and 32 are not applicable. Note, that the static constraint "any spe-

        cific car model is produced by one manufacturer at_a_time" is not meant

        in check 20.

     *  Prescriptive rules for interactions are not part of the conceptual

        schema. For example, checks 16, 18, 21, 27, 29, and 40.

  D.8._MAPPING_OF_AN_EAR_CONCEPTUAL_SCHEMA_TO_A_NETWORK_DATA_BASE_SCHEMA_AND_A

     RELATIONAL_DATA_BASE_SCHEMA.

A procedure for converting an EAR conceptual schema first to a network data

base schema  10  and then to a relational data base schema  11  can roughly be

outlined as follows:

    1)   Put the attribute-types of a single entity-type together into a

         record-type.

    2)   Take the one-to-many relationships-types and convert them into

         set-types.

    3)   Promote the many-to-many, the n-ary (n>2) relationship-types and

         the relationship-types, that have attribute-types, to record-

         types and promote the connecting lines into set-types.

This gives a data structure diagram with information-bearing sets. In our ex-

ample it yields the following diagram:
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                    Figure D.16. Example Data Base schema.

To get a relational data base schema we map the record-types into relational

data tuples representing the sets by "owner-keys" referring to "owner-tuples"

(e.g. manuf-by in CAR-MODEL):

MANUFACTURER (  manuf-id, is-operating)

CAR-MODEL (  model-id, manuf-by, fuel-cons-spec)

CAR (  reg-no, made-by, serial-no, is-of-model, prod-year, destroyed-date)

FUEL-CONSUMPTION-RATE (  year-id, max-cons)

GARAGE (  garage-id, is-trading)

PERSON (  person-id  )

TRANSFER (  transfer-car,_transfer-date,_seq-no  )

SHARE-TRANSFER-MG (  transfer-car,_transfer-date,_seq-no,

                                                  selling-manuf, buying-garage)

SHARE-TRANSFER-GP (  transfer-car,_transfer-date,_seq-no,

                                                  selling-garage, buyer  )

SHARE-TRANSFER-PG (  transfer-car,_transfer-date,_seq-no,

                                                  selller, buying-garage)

SHARE-TRANSFER-PP (  transfer-car,_transfer-date,_seq-no,_seller,_buyer  )
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