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CHAPTER 4.                               OVERVIEW OF SOME MODELLING APPROACHES.

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




"There are more things in heaven and earth, Horatio,




 Than are dreamt of in your philosophy."




from 'Hamlet I,v`              by William Shakespeare.

  4.1._INTRODUCTION.

Research work in the past decade in the field of modelling for data bases has

produced a number of papers, each expounding the merits of a specific method

for conceptual schema models. In an attempt to bring a better understanding of

modelling approaches, we have tried to identify some general aspects in the

various methods, and to roughly characterize them in this chapter. Our investi-

gation is not exhaustive. The sole purpose is to provide some convenient cri-

teria with the objective of:

      o  identifying various techniques for describing a universe of


 discourse in a conceptual schema and information base;

      o  identifying fundamental concepts necessary for conceptual


 schema languages;

      o  establishing criteria for analysing and judging present and


 future candidates for conceptual schema language standardiz-


 ation.

For the purpose of this chapter as outlined above we have selected the fol-

lowing criteria:

  1._Form_versus_meaning:

Earlier methods concentrated on the forms of the data that was modelled. That

is, structural forms for data were defined, which would be convenient for

storage and/or manipulation in a computer. In particular, the update possibil-

ities were optimized, although the access path structures, important for

retrieval, were emphasized as well. The term data_modelling stems from these

methods.

More recent modelling techniques stress the importance of modelling the meaning

(semantics) of the information. The semantic rules for pieces of information

play important roles in these methods. Such semantic models are considered to

be independent of, but paramount to, the data models that describe the represen-tation and storage forms of the information. In other words, these semantic

models support the conceptual view as identified in the ANSI/SPARC reports. The

term information_modelling is often associated with these techniques.

Proponents of these semantic model methods in no way neglect the data forms and

their influence on practical performance problems. Their contention, however,

is that one can deal properly with the data storage and manipulation, and the

performance requirements in particular, only if there is a clear understanding -and formal definition - of exactly what the data represents, which semantic

rules and constraints exist, and what information manipulation actions are

needed by the user.

  2._Static_aspects_versus_dynamic_aspects:

Many of the modelling methods concentrate on the static aspects of the concep-

tual schema and information base. Others emphasize especially the dynamic as-

pects or sometimes are almost fully operation oriented. Some models include

all aspects.

  3._Capability_of_distinguishing_between_lexical_and_non-lexical_entities:

Many methods do not allow a clear distinction between lexical and non-lexical

entities, i.e. the names of things and the things themselves. Others permit the

distinction or even require explicit distinction between them.

  4._Expressive_power:

By this we mean the degree of completeness with which a given method can

formally express all applicable aspects and constraints of the universe of dis-

course in the conceptual schema. The expressive power may differ significantly

among the methods.

  5._Information_granularity:

Some of the methods deal with constructs which refer to single, semantically

independent propositions of the universe of discourse - thus stating every

proposition explicitly as a separate granule. On the other hand, some methods

allow also for constructs expressing propositions of arbitrary complexity that

group several simple propositions in one granule.

  6._Distinction_of_various_kinds_of_propositions:

Some of the modelling methods handle all propositions in the same manner, while

others distinguish various kinds of propositions, thus handling (and desig-

nating) them differently. For example, some modelling methods distinguish

between attributes of entities and relationships among entities, while others

consider this distinction to be irrelevant at the conceptual level. As another

example, some methods associate a distinct kind of propositions with the notion

of types, considering them as basic propositions to be treated in a specific

way.

  4.2._REVIEW_OF_SOME_APPROACHES.

Several modelling methods for information systems and data bases exist today. A

partial list includes, but is not limited to the following methods (listed

alphabetically):

      *  Abstract data types,

      *  Binary relationships models,

      *  Conceptual graphs,

      *  Deep structure sentence models,

      *  Entity - relationship models,

      *  Function-oriented or operations-oriented models

      *  N-ary relationships models,

      *  Network models (including CODASYL)

      *  Object - role models,

      *  Process-interaction models,

      *  Relational models

      *  Semantic nets

      *  Set theoretic models,

We should note that each of these methods has a number of advocates and each is

a distinct way of viewing the problem of conceptual schemata and information

bases. It remains as a research question whether these methods are different in

essential ways, or are in some real sense equivalent. An answer to that ques-

tion is not essential for the present purpose.

However, as a first attempt, we have tried to identify groups of more or less

similar methods based on basic concepts and characteristics. The following

three groups of approaches have been selected for discussion and illustration

in this Report:

      -  Entity-Attribute-Relationship approaches,            (section 4.2.1)

      -  Binary and Elementary N-ary Relationship approaches, (section 4.2.2)

      -  Interpreted Predicate Logic approaches.              (section 4.2.3)

We have not tried to classify any of the listed methods or any others into the

above mentioned groups of approaches. It is quite possible that some methods

can be considered as belonging to more than one group of approaches. It is also

possible that other groups of approaches may be perceived. It remains as future

work to determine whether any of these above mentioned approaches are stand

alone approaches, or contain any of the others, and whether still other groups

should be discerned.

We also wish to emphasize that none of these approaches is sufficiently de-

scribed in enough detail to be considered as a candidate for standardization,

although this observation should not be taken as a prejudgement on the possi-

bility that one or more of the approaches might lead to the presentation of a

candidate for a conceptual schema language.

A single example universe of discourse is used for demonstration purposes in

each of the approaches described in the appendices. This example universe of

discourse together with a possible entity world is described in appendix B.

In the discussions of the various approaches some sort of formal languages are

used to demonstrate the essential aspects. Although even the "grammars" of

these demonstration languages are given, this should not be construed as a

proposal for such a language to be candidate for a conceptual schema language.

They also do not suggest any form that the Working Group feels is suitable or

convenient for such languages.

The "syntaxes" of these demonstration languages have been uniformely described

in a specific syntax notation. This must not be considered as a suggestion for

this syntax notation to be superior to any other. For the reader's convenience,

however, a short summary of this syntax notation is given in appendix C.

  4.2.1._ENTITY_ATTRIBUTE_RELATIONSHIP_APPROACHES.

The EAR approaches were introduced to the data base community and further

developped by authors such as Bachman and Chen, and are based on the use of the

following concepts:

      -    entities,

      -    relationships among entities.

      -    attributes, associations between values and entities, or between


 values and relationships.

      -    values,

These approaches also make use of the notions of type and occurrence applied to

each of its primitive concepts.

The origins of these approaches are the data modelling practices of the early

seventies. Originally only binary (dyadic) relationships were allowed and attri-butes of relationships were not recognized. However, more recent developments

have resulted in variants that allow n-ary relationships between entities and

allow relationships to have attributes.

The EAR approaches can be characterized as being oriented towards the defini-

tion of static aspects. Therefore, generally speaking they can describe only

partially the various rules of the universe of discourse. The EAR approaches

often imply special kinds of propositions that are grouped together and ex-

pressed in single macro constructs. They do not provide for explicit distinc-

tion between lexical and non-lexical entities.

An outline of the EAR approaches is presented in appendix D.

  4.2.2._THE_BINARY_AND_ELEMENTARY_N-ARY_RELATIONSHIP_APPROACHES.

Historically, the binary relationship approaches have their roots in certain

approaches in artificial intelligence and linguisitics, dealing with "semantic

networks" and other similar notions. They were introduced to the data base

community in the early seventies by authors such as Abrial, and further

developed by several other authors in the mid-seventies (e.g. Senko, Bracchi).

The BR approaches distinguish entities from entity-names. They do not distin-

guish between attributes and relationships. Furthermore, only relationships

that are binary are recognized. The BR approaches are based on three primitive

concepts:

      -    entities,

      -    entity-names,

      -    binary_relationships.

Also these approaches make use of the notions of type and occurrence applied to

each of its primitive concepts.

The Binary Relationship approaches started out with the capability of defining

mainly static aspects, but in recent years they have been extended to handle

dynamic aspects as well. These approaches are now able to describe all rules

that are relevant for the universe of discourse. Variants of these approaches

distinguish explicitly between lexical and non-lexical entities.

Developments with the same roots and philosophy, also in the mid seventies,

resulted in the elementary n-ary relationship approaches (e.g. Falkenberg).

These approaches do not restrict an elementary proposition to be about exactly

two entities, but allow description of elementary propositions involving one,

two or more entities (elementary n-ary relationships).

The basic idea of all these binary and n-ary relationship approaches is to

model the universe of discourse explicitly and separately using sentences that

express simple elementary propositions, thus not introducing a specific group-

ing of those elements. Grouping is not considered to be at the conceptual level

of the conceptual schema.

For the purpose of illustration we restrict ourselves in this Report to Binary

Relationship approaches, thus following the work of Abrial, Bracchi, and

Senko. However, much of what is discussed is equally well applicable to

elementary n-ary relationship approaches.

An outline of the BR appraoches is presented in appendix E.

  4.2.3._INTERPRETED_PREDICATE_LOGIC_APPROACHES.

The IPL approaches, as proposed by authors such as Steel, perceive the universe

of discourse as solely consisting of entities, for which propositions hold. The

conceptual schema and information base constitute a description consisting

solely of a set of sentences encoded in some formal language based on formal

logic. Such sentences are composed of:

      -    terms and variables

      -    predicates

      -    logical_connectives

      -    quantifiers

The terms and variables refer to the entities in the universe of discourse and

the sentences express the propositions about those entities.

The essence of the approaches is the establishment of an interpreted, axio-

matized, deductive, formal system of logic describing the universe of discourse

without placing any modelling constraint on the universe of discourse itself.

The basic principles of these approaches are equally well applied to both

static and dynamic aspects of the universe of discourse and those of its de-

scription in the conceptual schema and information base. Therefore the ap-

proaches are able to describe all the rules as prescribed for the universe of

discourse and ipso facto its description. They also provide for explicit

distinctions between lexical and non-lexical entities.

Some variants of the approaches apply a very limited set of elementary con-

structs that are built into the information processor, and use these to

"generate" and construct the full conceptual schema and information base

relevant for the chosen universe of discourse. Others include more complex con-

structs and capabilities in their basic set to increase the ease and conveni-

ence of a user in expressing all kinds of propositions about the universe of

discourse. They all provide for dynamic change of the conceptual schema as well

as the information base. Several of them also provide for dynamically extending

the expressive power of the language used by adding possible constructs using

the capabilities that are already present.

An outline of the IPL approaches is presented in more detail in Appendix F.

  4.3._TRANSLATION_OF_APPROACHES_TO_CURRENT_DATA_BASE_TECHNOLOGY.

We believe that it is possible to find translation rules for translating

approaches into other approaches, although in some cases such translations may

be only partial. However, we consider it even more important for obvious and

practical reasons to translate (implement) conceptual schema, information base,

and information system requirements in today's existing data base technology.

For example, practitioners of data base technology are interested in exploring

how the conceptual schema framework fits into their own data base world, i.e.

how the conceptual schema can be transformed in their existing data base

management facilities like CODASYL Systems, Relational Systems, File Systems,

Hierarchical Systems, etc. (cf. also chapter 3, section 3.8).

This transformation from conceptual schema to existing Data Base Management

Systems depends on the ability or facilities that are available in those DBMSs

to enforce the rules and constraints as declared in the conceptual schema,

i.e. the "schema" facilities. Current practice and most available DBMS software

limits us to enforcing a major portion of the conceptual schema rules via

application programs (cf. chapters 1 and 3 on the 100% principle).

Taking into account the software technology already known today, we foresee

future work on software systems that will be able to almost completely enforce

the conceptual schema rules automatically - thus avoiding the enforcement of

these conceptual schema rules by the application programs.

Given, however, the situation today where the application program has the re-

sponsibility of enforcing a major part of the conceptual schema rules and con-

straints, if enforced at all, the data base designer should first properly and

formally define the conceptual schema (in either one of the described or other

suitable approaches). This would enable him to first define what the problem is

by means of the descriptions in the conceptual schema, then to define how the

problem is to be implemented by which software. By doing this he provides for

the proper definition of the problem, and he makes it relatively easier to

foresee possiblaccording to some suitable approach, can be mapped directly into the data

structures according to the "schema" facilities of various of today's DBMSs, at

least in principle (see figure 4.1). Even within one given DBMS "schema"

facility, there may be various ways of performing this mapping, thus the data

base designer has the possibility of selecting - starting from one conceptual

schema - that data base schema which best fits other requirements, e.g.

efficiency of data manipulation.
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DB Schema 1        DB Schema 2              DB Schema n

(e.g. CODASYL)     (e.g. Relational Model)  (e.g. Hierarchical Model)

     Figure 4.1. Translating a conceptual schema into a data base schema.

Other parts of the conceptual schema, especially many of the (more complex)

static and dynamic constraints, cannot be mapped (expressed) in today's data

base schema languages. Therefore they can only be enforced by defining proce-

dures that are called either by the DBMS (data base procedures) or by appli-

cation programs.

The ease of translating or mapping the conceptual schema to a data base imple-

mentation, which may be called schema_mapping_flexibility, may differ consider-

ably among different approaches and various DBMSs.

In order to show, how this mapping can be performed in principle, we give the

following examples of mapping aspects.

  1._Mapping_of_conceptual_schema_constructs.

   Starting with a conceptual schema, where the elementary granules are already

   grouped in a certain way, as in the case with an EAR approach, a fairly ob-

   vious and straight-forward kind of mapping is always possible. For example,

   the collection of single-valued attributes of an entity becomes a record in

   a conventional data base approach; a functional relationship between two en-

   tities becomes a "link" between the corresponding two records, while a non-

   functional relationship becomes a record.

  2._Grouping_of_elementary_propositions.

   Beginning with a conceptual schema where only elementary granules of informa-   tion are defined, as in the binary and elementary n-ary relationship ap-

   proaches and several variants of the IPL approaches, a large variety of dif-

   ferent possiblities of grouping those elements into larger constructs

   usually exists.

   For example, various kinds of record structures or relational data struc-

   tures can be defined upon that basis, and so achieve a high degree of schema

   mapping flexibility. The data base designer can select that particular struc-   ture which fits within the given schema facility, and which takes into

   account e.g. efficiency considerations.

   Various rules and algorithms are known which assist in this transformation

   enabling the data base designer e.g. to easily isolate the applicable "keys"

   or "identifiers", "candidate keys" in the "record types" and "n-ary rela-

   tions" as well as to obtain a normal form of update anomaly-free data struc-

   ture.

  3._Mapping_of_static_constraints.

   Some of these can be implemented by using capabilities such as validation

   definitions of the target "schema" system. For example, some uniqueness

   constraints may be directly transformed as "keys" in the target "schema"

   system. For enforcing more complex constraints application dependent check-

   ing procedures might be linked to the DBMS system software, if the DBMS

   provides for such possibilities (e.g. data base procedures for which the

   call is defined in the data base schema).

  4._Mapping_of_dynamic_constraints.

   This can be implemented partially by current "schema" systems. For example,

   the CODASYL DDL AUTOMATIC membership clause, "subset", "structural con-

   straint", or "application-written-facilities-to-perform-the-automatic-func-

   tion" in other systems, can be used to enforce some of the dynamic rules and

   constraints of the conceptual schema. Many of the others can be implemented

   by data base procedure options as indicated above.

  4.4._REFERENCES.

Appropriate references are listed at the end of appendices D, E, and F.

































































