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CHAPTER 3.                     SOME CONCEPTS AND PRINCIPLES FOR IMPLEMENTATION.

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




     "Don't you see, when the imitator is perfect, so




     must be the imitation, and the semblance becomes




     the truth, the pretense a reality."




     'The Seventh Sally` from 'The Cyberiad`.








      by Stanislaw Lem.

  3.1. PRINCIPLES FOR THE CONTENTS AND SCOPE OF A CONCEPTUAL SCHEMA.

To design a conceptual schema, that is, to establish and describe the necessary

propositions of the universe of discourse, the information system designer

starts by observing the selected portion of the world constituting the universe

of discourse and constructing in his mind an abstraction of it, much in the

same way as a scientist, by experiment and analysis, constructs a theory of the

observed phenomena.

As in science, we would normally expect that such an abstraction would be

general enough to encompass many different (preferably all) occurrences of the

same kind of phenomena. This abstraction constitutes propositions that necess-

arily hold in all possible entity worlds, just as the theory must hold for the

observed or expected phenomena.

The process of observation, abstraction, and conceptual schema formulation is

usually iterative. This is similar to the scientist's attitude during the

formulation of a theory: further experimentation - that is, observation of the

universe of discourse - is generally required to clarify some aspects of the

theory.

Although selection of what is considered to be necessary propositions about the

universe of discourse to be described in the conceptual schema is to a certain

extent arbitrary, as already is mentioned in chapter 1, the systems designer

might consider various factors in deciding the boundary of the the conceptual

schema.

An example of a widely accepted and also basic distinction has already been

mentioned in chapter 1. It is the distinction between sentences which represent

general laws and rules to which possible entities in the universe of discourse

have to adhere, and sentences which describe facts about particular entities in

the universe of discourse, following the laws and rules described in the concep-tual schema. The main reasons for this distinction are practical arguments with

respect to the design, implementation and maintenance of the information sys-

tem, because some sentences are generalizations (conceptual schema) and others

are specifics (information base). These generalizations have already been

listed in chapter 1, section 1.8, as:

       - describing classes (types, variables) in the universe of dis-


 course rather than individuals (instances),

       - describing concepts that are less subject to change rather


 than concepts that are changing more frequently,

       - inclusion of rules or constraints having wide influence on


 the behaviour of the universe of discourse (and therefore on

Š
 the behaviour of the conceptual schema and information base)


 rather than narrow influence.

The guiding principle in selecting the necessary propositions is that they,

although stating something about the universe of discourse, are convenient in

controlling the consistency of the collection of sentences in the information

base and the permissibility of their manipulation. As already stated in section

1.8 of chapter 1, the following general principles for the conceptual schema

should be observed at all times:

       * 100 Percent principle:


 All relevant general static and dynamic aspects, i.e. all


 rules, laws, etc., of the universe of discourse should be


 described in the conceptual schema. The information system


 cannot be held responsible for not meeting those described


 elsewhere, including in particular those in application


 programs.

       * Conceptualization principle:


 A conceptual schema should only include conceptually


 relevant aspects, both static and dynamic, of the universe


 of discourse, thus excluding all aspects of (external or


 internal) data representation, physical data organization


 and access as well as all aspects of particular external


 user representation such as message formats, data struc-


 tures, etc.

Some justifications and remarks may amplify the two principles:

Most of the general rules of the universe of discourse are currently described

in application programs, if they are described at all. Sometimes such rules are

referred to by the term "validation rules" in the current EDP jargon. In many

situations, more than one update program operates on the same data base. In

this case a single rule has to be described in each application program which

may affect a concrete physical representation of that part of the information

base covered by the rule. This results in a redundant representation of the

rule, which is source for inconsistency among the various "copies" of the

rule. It is obvious that due to such redundancy it is difficult to control, ver-ify, and maintain a set of interrelated rules. It is even more difficult to

detect contradictions in such a set of dispersed rules.

User update and query languages are becoming available which provide the (end)

user tools to express his requests directly to the machine as opposed to a

professional application programmer who writes the program on behalf of the

employing user. One does not need too much imagination to think of situations

where a user "has no time" to program the rules in his direct instruction of

the machine. This may result in a stream of messages entering the information

base that should not enter. The result is information base pollution. If all

rules are expressed in the conceptual schema, and therefore are controllable by

system functions independent of users or application programs, then there is no

basis for such pollution.

If all general rules of the universe of discourse are expressed in the concep-

tual schema, then it is (much) easier to extend or modify these rules in a

controlled way as compared to the situation where the rules are scattered over

several application programs. The need for such extension and modification is a

normal thing to expect in practice.

It is easier to understand and to teach information systems design where all

rules are in the conceptual schema, because of the absence of the previously

mentioned kind of redundancy.

Š

A conclusion of the 100 Percent Principle is that a conceptual schema language

must be able to describe any set of general rules, etc. of the universe of dis-

course in a conceptual schema. In order to achieve this, some of these rules

may be described in a procedural way while others may be described in a declar-

ative way. This depends on the present state of the art of formal languages.

The Conceptualization Principle says that the conceptual schema must only and

exclusively include conceptually relevant aspects of the universe of dis-

course. Aspects, constructs, or distinctions, which refer to other components

or factors of the information system are not allowed to be part of the concep-

tual schema. Such aspects are, for example:

       - Representation aspects of data in the user views;

       - Aspects of machine efficiency and physical data organization;

       - Organizational aspects of the information system.

By focussing on the conceptually relevant aspects, the conceptual schema design

process is relieved of the burden of computer implementation aspects. The

design process is in this way significantly simplified. More precise and accu-

rate conceptual schemata will be the result of the conceptual schema design

process. Moreover the design processes of the (external) application programs

and the (internal) data storage routines will also be simplified as these can

be limited to the external and internal representation aspects respectively.

Furthermore, by avoiding aspects of machine efficiency and physical data organ-

ization in the conceptual schema, operations at the user interfaces can be made

completely independent of those "internal" aspects. Thus, reprogramming of

applications in case of physical data reorganizations can be avoided, due to

the "isolating" effect of the conceptual schema.

Finally, the observation of this principle also results in better evolution,

simply because there is no burden of conceptually irrelevant aspects which

could increase the reprogramming effort in cases of conceptual schema changes.

  3.2. PRINCIPLES FOR THE DESCRIPTION OF A UNIVERSE OF DISCOURSE.

The theoretical foundation for describing a universe of discourse is, as al-

ready mentioned chapter 1, section 1.7, the use of an interpreted formal system

of logic. The establishment of such a formal system of logic to describe the

universe of discourse requires:

      1. The determination of an alphabet for which it is unambi-


 guously and mechanically recognizable whether a given


 character is in the alphabet, conditions naturally satisfied


 by conventional character input to a digital data processing


 system;

      2. The provision of a finite set of effective rules (algo-


 rithms) that determine which strings of characters are to be


 taken as well-formed and, in particular, which well-formed


 strings are to be taken as sentences;

      3. The provision of a finite set of effective rules that deter-


 mine whether a given sentence is an axiom;

      4. The provision of a finite set of effective rules that deter-


 mine whether a given sentence can be immediately deduced


 from a given set of sentences;

Š

      5. The provision of a finite set of rules of interpretation


 that assign to each sentence a meaning such that the sen-


 tence is interpreted as an assertion unambiguously true or


 false about the universe of discourse.

In this context an axiom is defined as:


   AXIOM


 Any closed sentence that is asserted to be considered as


 such by an authorized source.

The axioms and deduction rules are chosen in such a way as to result in:

       - each axiom being interpreted as a true assertion about the


 universe of discourse,

       - each sentence immediately deducible from a set of sentences


 interpreted as true assertions about the universe of dis-


 course being itself interpreted as a true assertion about


 the universe of discourse.

There is, of course, nothing unusual in these principles. They are simply a

precise explication of the ordinary process of deductive inference couched in

terms of a formal system so that they may be applied in the context of digital

information systems.

Points 1 - 4 above relate to the syntax or grammar of a conceptual schema and

information base. Principles of an abstract syntax are discussed in section

3.3, so that any formal language adhering to this abstract syntax can be used

to carry out the purposes described in this chapter. Point 5 above relates to

the semantics of the conceptual schema and information base. The principles for

the semantics are discussed in section 3.4 with a similar objective.

A suitable formal system of logic to describe a universe of discourse may place

minimal demands, in principle, on the part of the conceptual schema built in

the information processor [1]. That is, the built-in minimal conceptual

schema can be limited to bare essentials. In practice, however, many linguistic

constructs, that in theory might be unnecessary, may very well be included in

an actual information processor for reasons of efficiency, convenience and

costs. Moreover, it is recognized that human perceptions of the universe of dis-course, as well as communication of those perceptions to others, may differ con-siderably from individual to individual.

The information system designer must be free to express the conceptual schema

in terms appropriate to the specific universe of discourse of concern and to

the user's perception of it. Specifically, no constraints are to be imposed on

the entities assumed to exist in the universe of discourse or on the properties

they may be asserted to possess. The information system designer is constrained

only by the requirement to adhere to the basic principles of logic built into

the information processor and to the fundamental need for maintaining consist-

ency.

Considering also that conceptual schemata must be easy to use and to under-

stand by a variety of users, a mechanism for adding linguistic constructs of

arbitrary complexity ("macro constructs") to the formal system is necessary so

that users of the system may interact with it at any desired level of aggre-

gation of constructs [2, 3, 4]. In order for this principle to be observed

without violating the first principle, the formal system must have within

itself a mechanism for incorporating the definitions of new constructs in terms

of those already present.

ŠTaking into account the 100 Percent and Conceptualization principles, we can

already deduce some general guidelines for a system of linguistic constructs

for describing universes of discourse. Even then we have the choice among a

variety of linguistic constructs. Each of those, however, has ultimately to be

based on the fundamentals of formal logic.

In order to illustrate the choices, we list a few examples:

One choice is, to set up a system of concepts without defining dedicated con-

structs, i.e. elementary constructs that express the fundamentals of formal

logic are applied only for the description of a universe of discourse. The

major advantage of such a "fundamentalistic approach" is that one can rely upon

the long tradition of formal logic. However, it is questionable whether this

choice does not overstrain the capabilities of the average information system

designer. To overcome this problem the introduction of suitable macro-con-

structs may be useful.

For example, a well-known possibility might be to distinguish propositions

stating the type or class membership of entities and to design constructs to

easily express such propositions. Many persons who are involved in practical

conceptual schema design appreciate the merits of having a distinct notion of

entity-type.

In many existing systems of constructs for conceptual schemata, there is also

the distinction of sentences describing all classes of additional propositions

possible for all entity worlds of the universe of discourse, and other sen-

tences describing all relevant restrictions with respect to the allowed popula-

tions of the former type of propositions. Again, the reason to make this dis-

tinction has to do with practical considerations: In conceptual schema design,

the determination of types (classes) usually and naturally comes before the

determination of restrictions of their populations.

Furthermore, the required language must reflect the concepts established in sec-tion 2.2 of chapter 2: command-statement and action-description for insertion,

deletion, retrieval, modification, etc. and suitable constructs for expressing

the dynamic rules and command-conditions, as outlined in chapter 2, section 2.7

and 2.8.

  3.3. ABSTRACT SYNTAX FOR A CONCEPTUAL SCHEMA AND INFORMATION BASE.

Precise definition of a universe of discourse, or, indeed, any precise dialogue

about a universe of discourse, whether to a human or a computer, requires a lan-guage. In the present context, since communication with a computerised informa-

tion system is essential, the language is necessarily formal. For a language to

be formal it is not enough that its grammar and meaning be precisely specified.

It is also essential that there be a decision procedure (an algorithm) which

can, by examination of the individual alphabetic characters in an expression,

determine whether the expression is grammatically correct in the language, and

furthermore what kind of language constructs are involved in the expression.

For example, it must be possible to determine which expressions are names,

which are sentences, what sequences establish deducibility of a sentence, etc.

In such a case a computer process can parse the language completely.

There are many ways of defining the syntax of a formal language, such as Backus-Naur form, production rules, the method chosen in appendix C, and so on. In

order not to prejudge the grammatical form of any conceptual schema language,

this Report specifies the syntax by defining the grammatical notions without

specifying any rules about how these notions might be expressed in any

particular language. These notions are: terms and sentences as defined in

chapter 2, section 2.1, and grammatical functions called functors  5 :


   FUNCTOR


 A linguistic object that refers to a function on other lin-

Š
 guistic objects taking as arguments (input) a list of lin-


 guistic objects (terms, sentences, functors) and yielding as


 a value (output) a single, uniquely determined linguistic


 object (term, sentence, functor).

Terms and sentences may involve variables:


   VARIABLE


 A term which refers to unspecified, indeterminate entities


 in the universe of discourse.

Sentences may be either open or closed. For example, the sentence




    "x is a manufacturer."

which cannot be said to be true or false unless it is known to what x refers.

Such sentences are said to be open sentences.

The sentences




   "Ford is a manufacturer."

and


   "for all x, if x is a manufacturer, then x is a company."

are, however, either true or false, depending on the universe of discourse.

Such sentences are called closed sentences. Only closed sentences are unambi-

guously true or false and for that reason will be the only kind of sentences

appearing in a conceptual schema and information base.

  3.4. SEMANTICS OF A CONCEPTUAL SCHEMA AND INFORMATION BASE.

To attribute meaning (semantics) to various expressions in a language as

mentioned above, it is necessary to start with a (hopefully small) set of

undefined concepts known as primitives. Other concepts then have meanings which

are derivable from the informally understood primitive concepts through the

introduction of formal definitions. The relevant essentials of the meaning of

each primitive concept is formally captured through the assertion of axioms

assumed to be true.

The informal definition of truth we have adopted is:


 A sentence asserts a true proposition if it asserts that the


 state of affairs (of the universe of discourse) is so-and-so,


 and the state of affairs (of the universe of discourse) is


 so-and-so.

It is well beyond the scope of this chapter to elaborate this informal charac-

terization - it took Tarski [6] some 80 pages - but its essence should be

clear.

The interpretation of sentences depends on the meaning of the terms and predi-

cates constituting the sentences. The interpretation of terms follow from the

definition: they refer to particular entities in the universe of discourse. The

interpretation of variables, the only primitive terms, has to be understood as

"any entity".

The key to the semantics is the interpretation of the predicates in the sen-

tences. To understand (be able to interpret) a predicate in a sentence is to be

able to determine for any list of entities (keeping in mind that entities are

part of the universe of discourse, not the terms in the sentences referring to

Šthem) whether or not the proposition expressed by the sentence is true of

that list of entities.

In principle, of course, this is quite straightforward; it is not always so in

practice. One of the design tricks in the development of a conceptual schema

and information base will be to choose predicates asserting propositions where

this task of interpretation is relatively easy.

Having chosen predicates appropriate to the universe of discourse, thus per-

mitting the assertion of anything one wishes to say about it, there remains the

task of choosing the axioms and the rules of deduction. As noted above, the

axioms must all assert true propositions and the deduction rules must preserve

truth.

For most real situations this is not as difficult as it might seem. Most of the

problems relating to the generation of contradiction occur when infinite

collections are contemplated and the axioms dealing with them, as such, are

part of mathematical logic. While it is known that one cannot prove consistency

(Go "del [7]), long use of standard axioms suggests that in practical cases

there will be no problem.

  3.5. PRINCIPLES FOR THE COMPOSITION OF CONCEPTUAL SCHEMATA.

Three main issues arise in discussing principles for the composition of a con-

ceptual schema and information base:

      1. What goes into the conceptual schema;

      2. What are the abilities of the information processor;

      3. How does the information processor react with the conceptual schema.

These three issues are evidently closely interconnected, as discussed at some

length in sections 2.3 and 2.4 of chapter 2.

The information processor has a built-in minimal conceptual schema that cannot

be changed without changing the information processor itself. Any suitable

collection of sentences consistent with this minimal conceptual schema may be

inserted using the mechanisms of the information processor in order to extend

this minimal conceptual schema to form an actual conceptual schema. This

process can be applied recursively.

Therefore, the conceptual schema for an information system in practice can be

perceived as being built up like some sort of onion, the centre of the onion

being formed by the minimal conceptual schema, the extensions representing the

coats of the onion. The centre and inner coats symbolize the conceptual schema

for the outer coats.

In the sense of this onion view - see figure 3.1 - any conceptual schema can be

built up in a systematic fashion using the capabilities of the information

processor as they are defined in the minimal conceptual schema. In the same

fashion the information processor will "know" at each instant in time which

part of the actual collection of sentences, constituting the conceptual schema

and information base, it must consult as "conceptual schema" to control the

manipulation of other sentences. Important decisions in the modelling and

design process are what sentences will be in the minimal conceptual schema,

what sentences will be in inner coats, etc.
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 Figure 3.1. The onion-view for conceptual schema composition.

ŠIn section 3.2 it is already mentioned that this minimal conceptual schema

really may be an absolute bare minimum. In practice, however, many more axioms

and derived constructs will be built-in. These certainly will include the basic

axioms of mathematics and logic as provided by the hardware and basic software

of the computers to be used. They also will include the axioms and derived con-

structs as expressed in the language constructs of the chosen basic language

for the conceptual schema and information base. This collection of axioms and

derived constructs expresses a collection of necessary proposition basic for

almost any universe of discourse.

For many similar applications universes of discourse will certainly be relevant

for which the same necessary propositions will hold. Therefore, the collection

of necessary propositions common for such applications, and not already ex-

pressed in the minimal conceptual schema, might be expressed in axioms and

derived sentences in an inner "coat" of the conceptual schema. Examples are

common axioms for e.g. banking applications, personnel applications, goods

movement applications, etc. It is imaginable that such conceptual schema exten-

sions might be provided by your friendly software vendor.

The axioms and derived sentences expressing the necessary propositions specific

for a particular universe of discourse might form the outer "coats" of a concep-tual schema. As such they will be formulated in the design process of the con-

ceptual schema for a particular information system. Probably also, these will

be most likely subject to change in cases where a conceptual schema has to be

changed.

As already discussed in chapter 2, section 2.1, the information base is the one

consistent collection of sentences, that is, consistent with itself and the con-ceptual schema, that expresses the additional propositions of interest for the

relevant entity world described in the information system.

Within the information base the concept of onion coats can be continued, as

e.g. in the case that some set of sentences is required to be in the infor-

mation base. This is a different concept from the axioms or the sentences deduc-ible therefrom that express necessary propositions. For example, a necessary

proposition about our example universe of discourse (see appendix B) requires

that for each year of interest a maximum rate of fuel consumption is estab-

lished. This will be expressed by a sentence in the conceptual schema. Sen-

tences expressing the rates for specific years may be in the information base,

provided the year is involved in the entity world of interest. Such sentences

may be considered to be in an inner coat of the information base.

Given the conceptual schema and possibly a collection of essential or required

sentences, the rest of the information base is optional, providing only that

the totality forms a consistent collection. At any given time, of course, the

instantaneous state of the conceptual schema and information base is a pre-

cisely defined collection of sentences.

  3.6. THE THREE LEVEL ARCHITECTURE.

As a direct consequence of the conceptualization principle it is necessary to

provide any implementation of an information system with at least two types of

interface. The first type of interface, towards the users of the information

system, deals with the external representation forms convenient in a particular

user view.

These external interfaces are described in external schemata:


   EXTERNAL SCHEMA


 The definition of the external representation forms for the


 possible collections of sentences within the scope of a


 particular user's view including the manipulation aspects of

Š
 these forms.

An external interface is the actual interface between a user in the environ-

ment and the implemented information system.

The second type of interface, to the storage facilities of the computer on

which the information system is implemented, deals with such matters as:

      *  the internal (physical) representation forms of the informa-


 tion within the computer and on the storage media, etc.;

      *  computer process efficiency and efficient access mechanisms


 to the stored data;

      *  control of concurrent use, recovery, etc.

These interfaces are defined in internal schemata:


   INTERNAL SCHEMA


 The definition of the internal representation forms within


 the computer for the possible collections of sentences that


 are in the conceptual schema and information base including


 the manipulation aspects of these forms.

An internal interface is the interface between the implemented information sys-

tem and the actual physical data storage facilities.

A general architecture, as outlined in the ANSI/SPARC Reports [8, 9], may be

perceived as follows:
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   Figure 3.2. Inserting new information (conceptual view).

As described in section 2.3 of chapter 2, a message is presented to the infor-

mation system containing e.g. new information to be inserted in the information

base. The information processor, controlled by the rules as described in the

conceptual schema and possibly by other sentences already present in the infor-

mation base, will either insert the information or reject the message gener-

ating an appropriate message to report the result. Other actions will be dealt

with in a similar way. This conceptual view on the information system has been

depicted in figure 3.2.
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      Figure 3.3. Inserting new information (external + conceptual view).

In practice the user is only interested in his external view of the informa-

tion. That is, he is only interested in a subset of the information base in a

representation form that he has defined as convenient for him. This implies

that his application process dealing with the message has a particular external

view of data (strings of characters) constituting his external data base re-

presenting the relevant information. This particular external view is described

in the external schema relevant for the application process. However such an

external data base is a virtual one mapped into the (relevant part of the) in-

formation base. This implies that the information system must handle:

      *  the "integration" of the actions of the various users;

      *  the transformation of their particular external views to the


 common (conceptual) view known to the information system.

It remains the task of the information processor to enforce the rules defined

in the conceptual schema and to take care of the insertion. The additional

tasks are performed by the external processor. Therefore the external schemata

also contain the transformation rules. This has been depicted in figure 3.3.
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 Figure 3.4. Inserting new information (external, conceptual, internal view).

The information base is also in practice a virtual one. The information is ac-

tually represented within the computer system by internally stored physical

data forms (records, segments, fields, etc.) in the internal data base. These

forms are declared in the internal schema. This implies an additional transfor-

mation process that is performed by an internal processor. The transformation

rules for this are also described in the internal schema. This has been

depicted in figure 3.4.

The internal data base itself is dealt with by the data storage facilities of

the computer system.

According to the three schemata principle both the external and internal

schemata and processors allow multiple layers. Also the internal data base may

be implemented as a family of internal data bases, each of them "storing" a

Špart of the information base. Such data bases may overlap (cf. distributed data

bases).

As a slight variant to this ANSI/SPARC approach one may, at the conceptual

level, describe a particular user's view - his particular universe of discourse

- in a conceptual subschema (cf. the cover plate "The Metaphor of the Search-

lights"). Several user views may be unified in a conceptual subschema with

wider scope. For example, the views of several departments can be combined in

an integrated view at group level within the enterprise. The conceptual schema

in the information system describes the "union" of these various conceptual sub-schemata. At the conceptual level representation forms are not relevant.

At the external level, representation forms that are convenient for the user

are defined and described in external schemata. Each user view (conceptual sub-

schema) is mapped into one or more external schemata defining the appropriate

representation forms and each describing an external data base that is assumed

to exist within the scope of that user view, although in a virtual form.

In the case where an external view is a union of several views (e.g. the

external data bases of individual departments are clustered into one common

data base at group level), the resulting external schema will encompass several

individual external schemata and describe a common data base in an "external

but unified" form. The subsetting function of the external schemata is main-

tained and controlled by the external processor.

The external data bases are mapped into physical data bases. Although often

this mapping may be to one physical data base, this need not necessarily be

so. Several external data bases may be mapped into one physical data base; one

external data base may be mapped into several physical data bases, or any other

combination. Distributed networks may be involved.

A physical data base is defined in an internal schema. The transformation from

external to internal form is in principle done by the internal processor. In

the case of distributed data bases, the interconnection between external and in-ternal data bases may be described in a distribution schema which might be part

of the (unified) external schema(ta) interfacing with the internal schemata.

The rule enforcement task of the information processor may be implemented in a

set of procedures. These need not necessarily be executed by one dedicated (in-

formation) processor in between the external processor(s) and internal pro-

cessor(s). Especially in case of distributed data base systems the procedures

may be distributed over the relevant external and internal processors involved.

This results in a three level architecture, which may be perceived as given in

figure 3.5:
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Figure 3.5. Three Level Architecture of an information system.

The main issue is that the conceptual schema is considered at all times to be a

description of the necessary propositions for the universe of discourse and

therefore controls what is described in the information base, not how it is

described. The conceptual schema controls the semantic meaning of all represen-

tations, that is, defines the set of checking, generating, and deducing pro-

cedures of the information at the conceptual level in the information system.

However, it does not describe an intermediate state in the transformation

process from external to internal forms.

The external schemata describe how the users wish to have the information

represented. The external processor interfaces directly with the users and co-

ordinates their information exchanges.

ŠThe internal schemata describe the internal physical representation of the in-

formation. The transformation between external forms and internal forms is

done, in principle, by the internal processor(s). Therefore the external pro-

cessor(s) interface with the internal processor(s). The mapping between the

external schemata and the internal schemata must preserve meaning as defined by

the conceptual schema.

  3.7. INFORMATION RESOURCE DICTIONARY SYSTEM (IRDS) MODEL.

Information about the information system itself is most important for the users

of such a system, for the designers, and for those responsible for its proper

functioning. Hence there is great interest in data dictionary systems.

Such a dictionary system for an information system is actually an information

system in itself. It describes a universe of discourse consisting of the first

mentioned target information system, including all implementation aspects and

(parts of) its environment.

The ANSI X3H4 (IRDS Technical Committee) is in the process of defining a

standard proposal for such systems, which they call: "Information Resource 

Dictionary Systems (IRDS)". We will gladly adopt this term.

The conceptual IRDS architecture can be perceived as in figure 3.6.

       Figure 3.6. Information Resource Dictionary System Architecture.

In this architecture the conceptual schema for an IRDS describes the universe

of discourse containing all possible target information systems that may be

documented using the IRDS. Accordingly, the IRDS conceptual schema provides a

description of what can be described in the IRDS information base and the per-

missible actions on the IRDS information base.

The IRDS information base describes all target information systems for which

the IRDS is used, including the conceptual, external, and internal schemata,

the various processors, programs, users, etc.

The above indicates that an IRDS and the target information system(s) it de-

scribes need not be disjoint - at least the schemata in the IRDS information

base already overlap with the target information system(s). It is also quite

possible that the same processor mechanisms may be used.

Points of further investigation in the very near future are in our opinion:

    *    The applicability of the conceptual schema and information


 base concepts to IRDS models;

    *    The requirement for future information system implementa-


 tions to encompass an integrated IRDS.

  3.8. THE CONCEPTUAL SCHEMA IN THE CONTEXT OF CURRENT DBMS IMPLEMENTATIONS.

As already mentioned the conceptual schema may be considered to have two prin-

cipal purposes:

      *  describing the universe of discourse ("enterprise model");

      *  controlling the descriptions in the information base


 ("information/data base model").

The first purpose implies that the ways in which the conceptual schema is for-

mulated are, in principle, independent of computer implementations. The second

Špurpose, according to some authors, requires the conceptual schema formulation

be directed towards the computer oriented data structures and constructs. Other

authors and current implementations [e.g. 10, 11, 12, 13] apply a fourth kind

of schema in order to "interface" with constructs of a current DBMS:

The conceptual schema is dedicated to the first purpose mentioned and hence

defines the semantics of the information base and, therefore, the interpre-

tation of all representation forms thereof. This conceptual view is (manually)

converted to a "common data base view" expressed in convenient computer ori-

ented data structures and constructs. The model of this data base is formulated

in a fourth schema, the data base schema, that fulfils the second purpose

mentioned in this section. It is supported by a data base processor.
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  Figure 3.7. Inserting new information (applying a fourth schema concept).

Such a data base schema may be needed if the DBMS used does not implement all

features needed at the conceptual level or if they are implemented in computer

technology oriented constructs. This architecture is depicted in figure 3.7.

Some examples of a translation into constructs of the current CODASYL proposals

and into some relational implementations may be found in [11].

In most cases the conceptual schema is partly covered by the (logical) data

base schema and a set of rule enforcing procedures (data base procedures) that

are called by the data base processor. In these cases this data base schema has

a more or less "internal" oriented character.

  3.9. CORRESPONDENCE OF THE THREE LEVEL ARCHITECTURE FOR INFORMATION SYSTEMS

     AND THE REFERENCE MODEL FOR OPEN SYSTEMS INTERCONNECTION.

The Reference Model for Open Systems Interconnection (OSI), advocated by ISO

TC97/SC16, describes how communication occurs between information systems

(application processes) using the open systems interconnection mechanism [14]

 . The model is divided into seven functional partitions, called layers, whose

names are the application, presentation, session, transport, network, data 

link, and physical layers.

The purpose of the application layer is to serve as the window between communi-

cating users of the OSI environment through which all exchange of information

meaningful to the users occur.

The purpose of the presentation layer is to represent information [in external

Šrepresentation forms] to communicating users in a way that preserves meaning

while resolving syntax differences.

The purpose of the session layer is to provide the means necessary for co-

operating units of the presentation layer to organize and synchronize their dia-logue and manage their [external] data exchange. To do this the session layer

provides services to establish session-connection between two presentation

layer units, and to support their orderly data exchange interaction.

The transport layer, and the underlying network, data link and physical layers

provide the computer, data network, and data communication technical facilities

to be used by the presentation layer.

The Three Level Architecture for information systems, discussed in section 3.6,

relates to the OSI Reference Model in the following way (see figure 3.8):

The conceptual and external levels of the Three Level Architecture for informa-

tion systems are related to the functions of the application and presentation

layers respectively. It is possible that some of the concepts developed for con-ceptual schemata and information bases could be applied to specification of the

semantics of information traffic in those layers. However, the exact nature of

the relationship of the conceptual and external levels to the specific func-

tions of the application and presentation layers remains to be specified.

The internal level deals with the internal storage representation, including

the internal data manipulation and actual physical storage on the storage

media. In this its realm of operations  is comparable to the character of the

realm of the session, transport, network, data and physical layers. Their

functions, however, being storage and communication respectively, are different.

 Figure 3.8. Layer architecture of OSI compared with three level architecture.

Points of (joint) investigation might be in our opinion:

    *    The degree of coincidence, correspondence, or applicability


 of concepts of OSI in the information system as outlined in


 this Report and vice versa;

    *    The applicability of (selected) OSI concepts for information


 systems applying internally to communication facilities (dis-


 tributed information systems).
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