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0.1. PURPOSE OF THE REPORT. 

It is expected that future data base management systems will include a com- 
ponent for handling conceptual schemata. This Report explains the roles and 
concepts for a conceptual schema with the intention of providing a framework 
for discussion and for the design of conceptual schema languages. The rules 
described in the conceptual schema control to a large extent what may or may 
not happen in an information system and a data base. Therefore this Report is 
not limiting its attention to the conceptual schema alone, but also considers 
basic concepts for the aechanl sum Involved in manipulatiw a conceptual schema 
and a data base. 

This Report is aimed at designer8 of information systems and data bases as well 
as suppliers of conceptual schema facilities. The provided framework will pre- 
pare the way for eventual standardization in the area of data base management. 
It does not, however, describe any particular method for using such facll- 
ities. In the meantime, the general principles in this Report can be used to 
evaluate emerging DBMS facilltleso 

The approaches and associated languages described in appendices to the Report 
are intended to be explanatory only and are not ipso facto candidates for a 
standard conceptual schema language. 

0.2. STRUCTURE OF THEi REPORT. 

The main body of the Report (chapters one through four) contains the fundamen- 
tal concepts and terminology for the conceptual schema, the information base, 
and the mechanisms involved in manipulating them. 

Chapter one gives an introduction to the subject, mentions the origins of some 
ideas developed in the Report, and discusses some major topics. In particular, 
it explains what a conceptual scheam is used for, its roles, aad requirements 
for a conceptual schema facility. 

Chapter two explain8 fundamental concepts, provides definitions- of the concepts 
and tenas and develops some of the consequences of those concepts and deflni- 
tlons. Both static and dynamic aspects of the information system are considered 
and explained. Some readers may wish to skip this chapter on the first reading. 

Chapter three discusses some aspect8 of implementation. In particular, prln- 
ciples are formulated for the contents and scope of a conceptual schema, and an 
information system architecture based on three levels is outlined. 

Chapter four reviews some approaches to information modelling and manipulation 
for data bases. The approaches selected for illustration are outlined in more 
detail in appendices to the Report. 

, 2 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 90

07
:19

87

https://standardsiso.com/api/?name=4a3ebad6b86db4bd040f62df267a73d5


ISO/TR 9007 : 1987 (E) 

Severs1 appendices have been added to the Repmt as follows: 

Appendix A gives a glossary of the terms and definitions. 

Appendix B provides an example situation to be described in information model- 
ling approaches. 

Appendix C gives a syntax notation to be used for defining grammar8 of example 
conceptual schema languages e 

Appendix D outlines Entity-Attribute-Relatianship approaches. 

Appendix E demonstrates Binary and Elementary H-ary Relationship approaches. 

Appendix F discusses Interpreted Predicate Logic approachem. 

Appendix G elaborates on expressing dynamic 
schemata. 

Appendix H presents 
exaaplea of pemissi 

rules and constraint8 

thought Od interacting with information systems 
ble action descriptions. 

0.3. STATUS OF THE REPORT. 

in conceptual 

This Report is an IS0 Technical Report of tppe 3. It fs the Working Group’cr 
first response to ita 1 of its Program of Work. As such it is a statement of 
the Uorklng Group’s current view on concepts for conceptual schemata and infor- 
mation bases. Considering the rapid development in data base technology and 
application8 pomible, also takingi into account the requirments for diatri- 
buted data base systems and related data camwnication facilities, periodic 
revisions of the Report are to be expected. 

0.4,. REFERENCES. A 

[l) MURRAY, 3.A.H. et al. 
‘The Oxford English Dictionary’ with supplements, 

Clarendon Press, 1933 - 1977. 
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THE HELSINKI PRINCIPLE. 

These utterances are’ to be interpreted (recursively) as international English 
utterances [l]: 

hy meaningful exchange of utterances depends upon the prior existence 
of an agreed set of semantic and syntactic rules. The recipients of 
the utterances must use only these rules to interpret the received ut- 
terances, if it is to mean the same as that which was meant by the 
utterer. 

(IS0 TC97/SCS/WG3 - Helsinki 1978) 

"THE METAPHOR OF THE SEARCHLI(XTS" on universes of discourse. 
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CHAPTER he INTRODUCTION TO THE CONCEPTUAL SCHEMA AND THE INFORMATION BASE. 
----------------------------------------------------------------------------.-o ----------------------------------------1---1---------------------------------- 

1.1. THE ANSI/SPARC FRAMEWORK. 

The reports of the ANSI/XB/SPARC DBSG [l, 21 identified the need for a concep- 
tual schema in the context of a three-schema framework for data base management 
SyStelllSe 

Subsequent papers [3, 4, 5, 6, 71 have emphasized the importance of a concep- 
tual schema to users and designers of data base systems. In this context, a 
conceptual schema comprises a unique central description of the various informa- 
tion contents that may be in a data base. This includes the description of what 
actions, such as changes and retrievals, are permissible on the information 
content. The data base itself may be implemented in any one of a number of poss- 
ible ways. Users and application programs may view the data in a variety of 
ways 9 each described by an external schema. Each external schema is therefore 
derived from the common conceptual schema. The physical storage structure that 
may be in use at any given time is described by an internal schema that is also 
derived from the conceptual schema. 

The conceptual view, as meant by ANSI/SPARC, concentrates on the meaning of the 
informatioL It is the conceptual schema that describes this view. The external 
views concentrate on the forms - the data - that represent the information to 
the outside. These are described in the external schemata. The internal view 
concentrates on the internal physical representation of the data inside the com- 
puter system and is described in the internal schema. 

Such a three-schema framework is widely, but not yet universally, accepted. It 
is assumed in this report. Furthermore, it may be noted that the conceptual 
schema concept is valuable in other environments than a three-schema framework. 

It is widely acknowledged that the conceptual schema also plays a key role in 
systems analysis and data base design. One may therefore ask whether it should 
be biased to one or the other. Should the conceptual schema be primarily an en- 
terprise model, resulting from the systems analysis, or should it serve as a 
focal point between user views and the physical data base design? We believe 
that it should play both roles in the next generation of DBMS. 

We believe the data base user will benefit from the clear separation of the in- 
formation meaning from the external data representation and the internal physi- 
cal data storage layout. A clear methodology for producing a conceptual schema 
would help the implementor of an information system to improve his systems 
analysis, even if a manual step of translating it into data base design in 
terms of an existing DBMS were then required. 
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The ANSI reports introduced the conceptual schema in broad terms. Resides, the 
term "conceptual schema" is sometimes used for data base aspects which are not 
at all ConceptuaL Therefore, elaboration of the conceptual schema's objec- 
tives, roles, form, and content is needed. What a conceptual schema must in- 
clude, which appropriate modelling concepts are to be used in it, and the exact 
role it plays in data bases, are the major subjects of this Report. 

1.2. THE UNIVERSE OF DISCOURSE. 

In the past, data processing systems were often designed so as to provide all 
users with the same set of capabilities or functions. However, this uniform 
functional view is not adequate to construct today's data base systems. A 
single data base may support quite different functional requirements concur- 
rently, or at different times, during its existence. 

The prime characteristic of the data base environment is that common data is 
shared between many users of a single system. By sharing common data, these 
users establish a dialogue with each other through the system. Clearly, if this 
communication is to be useful and reliable there must be some common under- 
standing of the information represented by the data. Since it may happen that 
two users never meet, this common understanding must refer to something exter- 
nal to both of them. This common understanding must be recorded and in order to 
establish a dialogue a common predefined established grammar is needed. 

We will call those things and happenings to which the common understanding of 
the represented information refers the universe of discourse. Universes of dis- 
course may be concrete like an inventory, or abstract like the organizational 
structure of an enterprise. They even may be hypothetical like Wonderland which 
was visited by Alice. 

In this Report we will take an (informal) naive realism approach to universes 
of discourse. 

The typical universe of discourse is perceived as containing real and abstract 
objects, which we will call entities. It can be perceived as also containing 
classes of entities, e.g. persons, departments, and dates. This classification 
is based on similarity and takes into account characteristics common to several 
entities. The selection of characteristics for grouping the entities into 
classes is arbitrary; the choices will be made pragmatically, based on the 
purpose of the universe of discourse. 

Some general properties to which entities adhere, that classify entitfes, that 
associate entities, etc., in the universe of discourse are also perceived 
(e.g. persons are not departments, a person may be assigned to no more than one 
department). These may be informally described as "classifications", "rules", 
"laws" or "constraints" about the state of affairs and behaviour of entities in 
the universe of discourse. 

In general, what is considered to be part of the universe of discourse will be 
time-dependent, that is, the selected things and happenings may change with 
time. This will be equally true for the classifications, rules, laws, etc; how- 
ever, it is likely that the rate of change of these will be relatively slow 
compared with that of the former. 

10 
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1.3. DESCRIBING THE UNIVERSE OF DISCOURSE. 

There are in fact two systems of interzc+: the universe of discourse and a data-’ 
processing system which contains a linguistic representation of that universe 
of discourse. Following common usage we say that information about the universe 
of discourse "describes" or "models" that universe of discourse. We want, how- 
ever, to emphasize that the description process may be in fact a very complex 
task calling for creative analysis and iterative refinement. 

Without prejudging its physical representation we consider that the information 
contained in the data processing system describes the universe of discourse. A 
concrete physical representation of this information will be called a data 
base. We will use the term data base system for a data processing system deal- 
ing with a data base. It is possible for the data base system itself to be one 
of the subjects being described, in which case the data base system would be in- 
cluded in the universe of discourse. However, to simplify the discussion, we 
will generally assume that the data base system is disjoint from the universe 
of discourse, although this is not necessarily the case. 

It is the classifications, rules, etc., that are of primary interest to a sys- 
tems designer designing a data base system. In analysing the universe of dis- 
course, it is these things he will want to identify, discuss with users and 
describe. In recording them he will actually create a "skeleton" description of 
the universe of discourse, the conceptual schema. In this way the conceptual 
schema describes which entities can possibly exist in the universe of dis- 
course, that is, which entities exist, have existed, or might ever exist. In 
the same sense it describes what facts and happenings are possible for those 
entities or, if relevant, are required for them. We assume it will be held in a 
formal representation within the data base system. 

We also want to record all other relevant information which describes the en- 
tities that are considered to be of interest and their actual state of affairs h 
at a specified instant or period of time (usually "now"). We call this further 
information the information base. 

Although each description necessarily will have a representation form to make 
the description communicable, it is the interpretation of this representation 
(the meaning of the description) which interests us in the first place. The 
representation 
importance. We 
interest in this interpretation. 

form, 
will 

although not irrelevant, 
use the term "information" when we want to emphasize our 

is considered to be of secondary 

We will use the term "data" when we want to 
concentrate on the representation forms of the information. 

At this point it may be useful to consider the information describing a uni- 
verse of discourse within the context of an ANSI/SPARC framework: We consider 
both the conceptual schema and the information base to be at the conceptual 
level, providing a conceptual view of the information about the universe of dis- 
course. 

The data base or parts thereof as %een bY a user of the system (the strings of 
data) we consider to be at the exte-.tl;al level giving an external view on the in- 
form&ion about the universe of disc:>urse. The internal storage forms within a 
computer we consider to be at the internal level being the internal view of the 
information about the unfverse of discourse. For the external and internal 
views the representation forms are of primary interest. The interpretation of 
those forms is, of course, the interpretation meant in the conceptual view. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 90

07
:19

87

https://standardsiso.com/api/?name=4a3ebad6b86db4bd040f62df267a73d5


ISO/TR 9007 : 1987 E) 

Summarizing we have now identified: 

Universe of discourse: 
The collection of all objects (entities) that ever have 
been, are, or ever will be in a selected portion of a real 
world or postulated world of interest that is being de- 
scribed. 

Conceptual schema: 
The description of the possible states of affairs of the uni- 
verse of discourse including the classifications, rules, 
laws, etc., of the universe of discourse. 

Information base: 
The description of the specific objects (entities) that in a 
specific instant or period in time are perceived to exist in 
the universe of discourse and their actual states of affairs 
that are of interest. 

Precise definitions for the above concepts will be given in chapter 2e 

conceptual R schema 

information 

Figure 1.1. Describing the universe of discourse. 

The description process is illustrated in figure lel; the two numbered pro- 
cesses are: 

1: Classification, abstraction, generalization, establishing 
rules, etc, about the universe of discourse and recording 
them. This is a human process, describing a (shared) mental 
model of the universe of discourse. 

2: Recording facts 
course including 

and happening 
entities 

S about the universe of dis- 
ac tually are of interest, 

12 
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The conceptual schema describes the general rules, etc, of the universe of dis- 
course, which, to a great extent, may govern its behaviour. These rules de- 
scribed in the conceptual schema therefore also control what may or may not 
occur in the information base. It is for this reason that we do not limit our 
attention to the conceptual schema and information base; we will also consider 
the mechanisms involved in manipulating the contents of the information base 
and the conceptual schema. 

1.4. STATIC AND DYNAMIC ASPECTS OF A CONCEPTUAL SCHEMA AND INFORMATION BASE. 

Much of the past work on concepts for the conceptual schema has been concen- 
trated on the static aspects, that is, on defining the concepts to be used to 
describe valid states of a conceptual schema and information base. 

However, the set of concepts for the conceptual schema should also cover the 
dynamic aspects. Firstly, the conceptual schema may change to correctly reflect 
changes in the selected portion of a real or postulated world. Secondly, dy- 
namic aspects are involved in describing those manipulations which are needed 
to make known part or all of the conceptual schema and information base. 

In some cases, the time scales of changes within the universe of discourse. and 
the corresponding changes in the conceptual schema and information base need 
not be tied closely together: changes in the universe of discourse may be re- 
corded in the conceptual schema and information base retrospectively and even 
in a different sequence. In other cases, the time scales are so closely related 
to each other that the conceptual schema and information base necessarily 
become part of the universe of discourse; especially in these cases the descrip- 
tion of this interaction must also be part of the dynamic aspects. 

No clear boundary has been defined between static and dynamic aspects, and the 
boundary may well be found to vary between different approaches or even to be 
non-existent in some cases. Some of the ideas introduced on this subject in the 
present Report have not yet been the subject of wide debate, but may at least 
serve to indicate areas deserving further study. In particular it is not clear 
whether different sets of concepts should be used to describe static aspects 
and dynamic aspects, or whether, at least for some approaches, the same set of 
concepts may fulfil both purposes. 

1.5. INTERACTION BETWEEN THE REAL WORLD AND AN INFORMATION SYSTEM. 

A conceptual schema and information base is totally static unless something 
operates on it to cause change. That something we will call an information pro- 
cessor. We will define an information system as consisting of a conceptual 
schema, an information base, and an information processor. 

An information processor operates to produce change in the information base or 
conceptual schema only on receipt of a message. A message contains information 
and/or expresses commands. Messages originate from a part of the real world re- 
ferred to as the environment, which may be disjoint from, or overlap with, the 
universe of discourse. On receipt of an appropriate message containing a com- 
mand an information processor may also operate to make known, by means of a 
message, information present in the conceptual schema and information base. For 
further details see chapter 2. 

13 
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environment 

Figure 1.2. Information system and environment. 

The information system is distinguished from the environment in the following 
way: 

0 The information system is a formal system, the environment 
as a whole is not SO. 

o The behaviour of the information system is completely 
defined by behaviour rules and constraints which are 
established, directly or indirectly, by the environment. The 
information system on its own initiative never establishes 
rules for the environment. 

o An information system, being fully predictable, is unable to 
deviate from the rules or constraints. The environment can 
deviate from its rules. 

Although we may consider the information system together with the environment 
to be parts of an encompassing system, this latter system may not be formal or 
fully predictable. Therefore we use the term information system as above, 
excluding the environment - the users of an information system. 

1.6. THE ROLE OF USERS AND INFORMATION PROCESSORS. 

The users of an information system can be machines or other systems as well as 
human beings. A user is anybody or anything that issues commands and messages 
to the information system and receives messages from the information system. As 
such they are part of the environment. Some users also have the authority to 
establish behaviour rules or constraints for the information system. 

14 
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An information processor transfers messages between the environment and the in- 
formation base or conceptual schema, as explained above. In doing this it has 
no initiative of its own; it can only behave exactly as specified by the rules, 
the whole rules, and nothing but the rules. 

Normally an information processor will be a computer system or some parts there- 
of, but human beings can also play the role of an information processor, pro- 
vided they do not deviate from prescribed rules or act on their own initiative. 
Computer systems, on the other hand, can act as users of an information sys- 
tem. An example is a network of information systems communicating with each 
other. If each has a set of rules which is independent of the others, then each 
plays the role of user of the other information systems. We therefore conclude, 
that the role determines whether something must be regarded as a user or as an 
information processor. 

The above formulation of users and information processors in terms of roles 
implies that the environment and the information system need not necessarily be 
disjoint, Similarly, if the information base contains information about the 
users of the information system, the environment and the universe of discourse 
will not be disjoint. However, even if they are not disjoint they will always 
be distinguishable from each other. 

1.7. GUIDELINES FOR THE DESCRIPTION OF A UNIVERSE OF DISCOURSE. 

Sometimes in the literature on various modelling methods for information sys- 
tems and conceptual schemata, no clear distinction is made between the things 
and the description of the things, nor between the information meaning and the 
data representation. 

This stems partly from the origins of some approaches which are in effect the 
data modelling techniques of the early seventies. Partly, however, the reason 
for this is a debate on fundamentals, which is still going on. The difference 
is found in whether the conceptual schema must be defined in terms of entities 
in the universe of discourse itself and states of affairs about them, or in 
terms of descriptive constructs found in the information base describing the 
entities of interest in the universe of discourse. Either view is possible and 
can be presented systematically. 

It is most important to note though that the two alternative views above cannot 
be indiscriminately mixed in the same discussion without leading to confusion, 
paradox, and error. It is unfortunate but true that many variants of modelling 
approaches, both in practice and as described in the literature, suffer from 
precisely these problems. 

The current work of WG3 is based on the assumption that the conceptual schema 
and the information base should describe the conceptual view. This implies that 
the conceptual schema is defined in terms and constructs referring to things in 
the universe of discourse itself and expressing states of affairs about those 
things. 

The constructs used in a conceptual schema and information base should be 
based on the fundamentals of formal logic as theoretical foundation, However, 
how closely they must follow the spirit and notation forms of these fundamen- 
tals is a subject of further investigation. It is quite possible to limit them 
to elementary constructs expressing these fundamentals. However, it will be 
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always possible to define, upon these fundamentals, a variety of more complex 
constructs (-macro constructsn), that may be more convenient or efficient for 
describing various aspects of a universe of discourse. 

The choice of specific macro constructs is based on practical arguments such as 
ease of understanding and use. That choice is considered to be dependent on the 
application area of the information system for which a conceptual schema and 
information base has to be provided. 

As already stated, it is important to distinguish carefully between the en- 
tities and their descriptionse In these descriptions entities are usually 
identified by names that refer to those entities. This includes synonyms - 
different names refering to the same entity - and homonyms - identical names 
refering to different entities. The relevance of this distinction, not only for 
information systems in particular, but for human communication in general, has 
been well-known in language philosophy and linguistics for a long time. There- 
fore the constructs should provide for synonyms and possibly cope with homonyms. 

The conceptual schema not only describes the static aspects and dependencies of 
the universe of discourse, but also the dynamic aspects. This determines what 
manipulations of the descriptions are allowable as well as what descriptions 
may be present in the conceptual schema and information base. Therefore it may 
be clear that constructs have to be available both for the descriptions and for 
their manipulation in the information system. 

The subject is elaborated further in chapter 3. 

1.8. GUIDELINES FOR THE CONTENTS OF A CONCEPTUAL SCHEMA. 

Since the selection of what are considered to be general classifications, 
rules, etc. of the universe of discourse is to a certain extent arbitrary, it 
follows that the choice of which should be described in the conceptual schema 
and which in the information base is arbitrary to a similar extent. In prac- 
tice, however, the systems designer might consider various factors in deciding 
the boundary of the conceptual schema. These might include: 

- describing classes ( 
course rather than i 

- describing co ncept s that are less subject to 
than concepts that are cha nging more freque ntly 9 

type s, variables) in the universe of dis- 
ndiv iduals (instances), 

chang e rather 

- inclusion of rules or constraints having wide influence on 
the behaviour of the universe of discourse (and therefore on 
the behaviour of the conceptual schema and information base) 
rather than narrow influence. 

At all times 
be observed: 

the following general principles for the conceptual schema should 

* 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 
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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. 

A more detailed discussion may be found in chapter 3. 

leg. ROLES FOR A CONCEPTUAL SCHEMA. 

A fundamental impact of a conceptual schema is that the concepts used harmonize 
- and to a certain level make possible - human communication. Moreover, these 
concepts will influence the methods and results of analysing organizations and 
their information needs. In a way, a conceptual schema constitutes a general 
agreement concerning how to perceive a universe of discourse. This agreement 
may alter over time, but supports the evolution of applications over their life 
cycles as well as changes of this agreement itself (cf. The Helsinki Principle), 

A conceptual schema is intended to properly describe the behaviour of a uni- 
verse of discourse. Therefore the rules given therein, naturally, restrict 
possible evolutions and manipulations of the description of the universe of 
discourse, i.e. of the conceptual schema itself as well as of the information 
base. 

Mainly for reasons of human convenfence and efficiency, different users within 
the environment of a common information system will use different forms of ex- 
ternal data representing the information. At the same time, for reasons of 
machine and storage handling efficiency, Internal data organizations will be 
designed and used that may or may not differ from those external forms. In this 
context, the conceptual schema enforces preservation of meaning in transforma- 
tions between the various data representations and defines the interpretation 
of these representations. 

Therefore, and considering what is outlined in the previous sections, the 
following fundamental roles for a conceptual schema have been identified: 

1. To provide a common basis for understanding the general be- 
haviour of the universe of discourse; 

2 l To define the allowed evolution and manipulation of the in- 
formation about the universe of discourse; 

3 l TO provide a basis for interpretation of external and inter- 
nal syntactical forms which represent the information about 
the universe of discourse; 

4 l To provide a basis of mappings between and among external 
and internal schemata. 

17 
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1.10, REOUIREMENTS FOR A CONCEPTUAL SCHEMA FACILITY. 

It is anticipated that the data base management systems developed 1n the future 
will include a component for handling a conceptual schema definition which till 
fulfil the roles mentioned in the previous section. In the course of time, pro- 
vision of such a component should become a standard requirement. 

To fulfil the roles indicated above, a conceptual schema facility must satisfy 
the following requirements: 

le It must provide basic concepts which are suitable for ad- 
equately describing both the static and dynamic aspects of a 
universe of discourse and ipso facto its description in 
terms of a conceptual schema and information base. 

2. It must provide a language in which a conceptual schema can 
be expressed so as to be readily understandable to a user of 
the facility. 

3 l It must Pr ovid ea 
ceptual SC .hema to 

language for precisely communicating a con- 
a COUlpUteL 

4. It should provide for easily modifying the conceptual schema 
to reflect changes in the general classifications, rules, 
laws, etc. of the universe of discourse, and for predicting 
the direct consequences of such changes. 

5. The views of the information that different users wish to 
see are limited to those which do not contradict the asser- 
tions in the conceptual schema. If such external schemata 
are subject to change, the facility should be such that this 
should not affect the conceptual schema. 

6. The conceptual schema should be kept invariant by the facil- 
ity with respect to changes in the internal (physical) repre- 
sentation of the data within a computer. 

The two languages mentioned in 2 and 3 may be the same but are not necessarily 
so. For the former purpose an additional graphic notation may be helpful, 

These six requirements as a minimum must be met by any candidate conceptual 
schema facility. 

18 
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CHAPTER 2. FUNDAMENTALS FOR A CONCEPTUAL SCHEMA AND AN INFORMATION BASE, 
------11----------------------------------------------------------- we-- - ---------------------------------------------------------------,----.- 

2.1. GENERAL CONCEPTS AND DEFINITIONS. 

We propose in this Report concepts and terms to be generally used in designing, 
describing, and using conceptual schemata and information bases. Some of the 
terms defined in this Report are already found throughout the data base litera- 
ture, occasionally with conflicting meaning. The purpose of this chapter is to 
describe the fundamentals and to give short, precise, although intentionally 
informal, definitions of the concepts and terms, wherever possible conforming 
with the meaning most closely associated with natural language [l]; e.g. the 
term "real world" is to be interpreted in ordinary language sense. The defini- 
tions are embedded in explanatory prose to inform the reader of the basic con- 
cepts and intent of our view of the conceptual schema and information base. The 
definitions themselves will be summarized in a glossary of terms in appendix A 
to this Report. 

We start by assuming that it is possible to select a portion of a real or hypo- 
thetical world that is describable in some chosen precise and formally defined 
language. All thdngs we perceive or assume to exist in this selected portion of 
a world are called entities: 

ENTITY 
Any concrete or abstract thing of interest, including associ- 
ations among things. 

\ For example, if we select a portion of a world as described in appendix B and 
in which a certain Registration Authority is assumed to be interested, then 
entities are the car Ford Mustang PCXX999, the person Mr. Johnson, the date 29 
January 1975, etc. A particular example of an abstract entity is an association 
among other entities, e.g. the "ownership" of the car PCXX999 by Mr. Johnson. 

In perceiving or imagining the selected portion of a world we are interested in 
we may conceive all kinds of states of affairs concerning one or more entities 
therein. Examples are: 

II The car XXX999 is of model Mustang 
- The car PCXX999 has got registrationnumber GMF 117 
- The car pCXX999 is distributed by Ford to Smith's garage on 

29 January 1975 
- Garages sell cars to persons 
- Ford is a car manufacturer 

We call such states of affairs propositions: 

21 
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PROPOSITION 
A conceivable state of affairs concerning entities about 
which it is possible to assert or deny that such a state of 
affairs holds for those entities. 

A 
en 

proposi 
tities, 

tion 
etc. 

can concern one entity, several individual entities, groups of 

In practice the distinction is often made between propositions about the actual 
state of individual entities, and propositions about which behaviour of en- 
tities may or may not be permissible or possible. The words "rule" and "con- 
straint" refer in particular to propositions of this latter kind. 

Actually It will be descriptions of the propositions - sentences - that enable 
us to discuss entities and their states of affairs at all - that is, to ex- 
change information about entities by describing propositions which hold for 
them: 

SENTENCE 

Note, that linguistic objects may be considered entities. 

A linguistic object which expresses a proposition. 

LINGUISTIC OBJECT 
A grammatically allowable construct in a language. 

Sentences consist of terms and predicates: 

TERM 
A linguistic object that refers to an entity. 

PREDICATE 
A linguistic object, analogous to a verb, which says some- 
thing about an entity or entities to which term(s) in the 
sentence refer. 

For instance the sentence: 

"The car PCXX999 is of model Mustang." 

expresses the first example proposition above. In this sentence the verb "is 
of" formulates the predicate. The terms "the car PCXX999 and "model Mustang" 
refer to the involved entities. 

Often various sentences convey the same information, and, in particular, dif- 
ferent terms may refer to the same entity6 For example, the term "Mary Jones" 
is evidently different from the term "Mary Smith". Nevertheless, after Mary 
Jones has married John Smith, both terms will be associated with the very same 
girl. Thus, the sentences 

"Mary Jones was born in 1955" 

and 

"Mary Smith was born in 1955" 

22 
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have the same meaning, and it is evidently the girl who was born in 1955, not 
the term! The notion of similar information conveyed by different sentences, in 
many cases resulting from alternate ways to refer to entities, has tremendous 
importance for flexible and unambiguous communication. 

Some terms are simple linguistic objects, as for instance the terms in the 
above examples. In other cases, however, more complex linguistic objects may be 
used as terms. In the sentences 

"Ford produces the car PCXX999." 

and 

"The manufacturer that produced the car PCXX999 
distributes the car PCXX999 to Smith's garage." 

the terms "Ford" and "the manufacturer that produced the car PCXX999" are two 
terms that refer to the same entity. In this example the first term is only 
referring to the Ford company. The second term also refers in a certain way to 
a proposition about the production of a car. 

Some linguistic object s Play no other role in the descriptions than to be 
as names for something else. We will call them lexical objects or names: 

used 

LEXICAL OBJECT or NAME 
A (simple) linguistic object that is used only to refer to 
an entity. 

In normal cases a lexical object consists solely of one or more nouns. 

The special kind of association between the "basic" entities and the lexical 
objects that refer to them we could call a naming convention. When such a 
naming convention between an entity and a lexical object is correctly estab- 
lished it is always possible, at least in principle, to identify a causal chain 
to the use of that lexical object from an instance of "name giving" in the 
world, i.e. a point in space and time where an appropriate action was taken 
that asserted, in effect: "Henceforth this entity will be called by the name 
(i .e. lexical object) so-and-so !". 

It is part of the information system designer's job to make sure that all 
entities of interest can be referred to in some way. For this reason, the infor- 
mation system designer will generally wish to additionally describe, in the con- 
ceptual schema and information base, the commonly agreed ways to refer to 
entities. 

It should be carefully noted, that there is no barrier and, indeed, often 
considerable utility in the same entity having more than one lexical object 
associated with it. These lexical objects then are synonyms: 

SYNONYMS 
Different terms that refer to the same entity. 

Fundamentally there also is no barrier in several identical lexical objects 
being associated with different entities. These lexical objects then are 
homonyms: 
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HOMONYMS 
Identical terms that refer to different entities. 

In practice, they may cause some ambiguity. Therefore in some information sys- 
tems homonyms are excluded. However, this exclusion is certainly not a fundamen- 
tal or necessary requirement, provided some mechanism exists to resolve ambi- 
guity. 

Often we will be interested in entities that are considered to occur together: 

ENTITY WORLD 
A possible collection of entities that are perceived to- 
gether. 

For example, all cars, registered by the Registration Authority, and all manu- 
facturers , garages and persons involved with those cars, as described in appen- 
dix B, may be considered to form an entity world. 

Many different entity worlds can be discerned at the same or at different 
times. Also, an entity can belong to many entity worlds. 

A collection of propositions asserted to hold for a given entity world is 
called a proposition world: 

PROPOSITION WORLD 
A collection of propositions each of which holds for a given 
entity world. 

A collection of sentences that express the propositions of a proposition world 
informs US about the relevant entity world. 

Our selected portion of a real or hypothetical world involves all possible en- 
tities we are interested in. These are the ones we may want to discuss: 

UNIVERSE OF DISCOURSE 
All those entities of interest that have been, are, or ever 
might be. 

The universe of discourse might alternatively be called the universe of poss- 
ible entities. Note, that the universe of discourse is limited to the possible 
entities we are interested in and therefore want to discuss or describe. Taking 
the example of appendix B the universe of discourse of the Registration Auth- 
ority consists of all cars, manufacturers, car models, garages, persons, etc., 
that have existed, exist, or ever might exist and in which the Registration 
Authority will be interested. 

All propositions that may hold in any one or more entity worlds that together 
constitute the universe of discourse, form the universe of possible proposi- 
tion. However, for an information system designer not all of those propositions 
are of prime interest. What he is looking for in the first place are those pro- 
positions that hold for all possible entity worlds: 

NECESSARY PROPOSITION 
A proposition asserted to hold for all entity worlds and 
therefore must be part of all possible proposition worlds. 

24 
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Since necessary propositions are states of affairs that necessarily hold for 
the involved entities in all entity worlds, they often have a more "general" 
character. These necessary propositions form an abstraction of all entity 
worlds, generalizing what they have in common. 

Necessary propositions define which entities may occur in any entity world - 
possible entities, and in relevant cases, which entities must occur in each 
entity world - necessary entities. 

The classifications, rules, laws, etc., of the universe of discourse, which are 
mentioned in chapter 1, constitute the necessary propositions. The section B.2 
of appendix B describes informally the necessary propositions of our example 
universe of discourse. 

Some necessary propositions that hold for each and every registered car in all 
entity worlds containing registered cars in our example universe of discourse 
are: 

**A car is of a particular model." 

"Each car has a registration number given by the Regis- 
tration Authority at the time the car is registered." 

However, we do not wish to limit the necessary propositions to only general 
states of affairs. States of affairs involving one or a few particular entities 
can necessarily hold for all entity worlds. E.g.: 

"Only 5 
same per 

manufacturers 
iod of time." 

can have permission to operate in the 

"Fuel consumption is between 4 and 25 litres per 100 kilo- 
metres." 

As already stated, necessary propositions tend to have a more general charac- 
ter, that is, they hold for collections of similar entities - classes of 
entities: 

CLASS (of entities) 
Allpossible entities in the universe of discourse for which 
a given proposition holds. 

Each class of entities is determined exactly by its possible members. Clearly 
any particular entity may be a member of many classes, SO that classes in 
general are not disjoint. ( 

The proposition that determines the class might be a state of affairs of arbi- 
trary complexity. E.g.: 

- The class of Car Manufacturers consists of all possible 
entities that produce a car. 

- The class of Car Owners consists of all possible entities 
that either belong to the class of Car Manufacturers, 
Garages, or Persons, and that own a car. 

Classes themselves are entities, and, as the examples already show, can be 
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given names. 

The general notion expressed in information processing literature as "type" is 
that of "class" or more precisely "class-membership": 

TYPE (of an entity) 
The proposition establishing that an entity is a member of a 
particular class of entities, implying as well that there is 
such a class of entities. 

In other words the sentences 

"The entity x is a Car Manufacturer (type)" 

and 

"The entity x belongs to the Car Manufacturers (class)" 

convey exactly the same information. 

A type can be referred to by means of a type-name. Quite often a singular form 
of a name (noun) in such cases is used as type-name, while the plural form is 
used as class-name. 

Whether a type notion will be associated with a particular class of entities is 
an arbitrary choice of the information system designer, often inspired by what 
is considered practical or usual in the user's environment of the conceptual 
schema. 

The notion "instance" or "occurrence" is usually associated with the notion of 
type: 

INSTANCE or OCCURRENCE (of an entity-type) 
An individual entity, for which a particular type proposi- 
tion holds, that is, which belongs to a particular class of 
entities. 

In designing information systems the notions of class and type are used in 
particular to establish collections of necessary propositions: With a specific 
class or type, a collection of relevant necessary propositions may be ident- 
ified, that hold for all possible entities which are members of that specific 
class. E.g. in the example of the Registration Authority the followfng neces- 
sary propositions hold for all possible entities that are cars: 

- a car is produced by a car manufacturer 
0 a car has a serial number 
- a car is of a car model 
- a. car is given a registration number by the Registration 

Authority 
etc. 

The propositions that determine such classes or types belong themselves, of 
course, to the necessary propositions in these cases. 

The formal 
schema: 

description of the necessary propositions iS called the conceptual 
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CONCEPTUAL SCHEMA 
A consistent collection of sentences expressing the necess- 
ary propositions that hold for a universe of discourse. 

It follows from the above that all possible entity worlds constituting the rel- 
evant universe of discourse share a conceptual schema. This conceptual schema 
in fact establishes the universe of discourse as it informs us what exactly the 
collection of all possible entities may be. 

What propositions are necessary propositions, and therefore what the boundaries 
of the conceptual schema will be, is arbitrary, and depends on how detailed the 
information system designer wishes to be. Moreover, this may change over time 
requiring additional changes to an already formulated conceptual schema. 

Propositions may hold in a specific entity world in addition to the necessary 
ones formulated in the conceptual schema. The description of those additional 
propositions constitutes an information base: 

INFORMATION BASE 

Note, however, that the 

~ 
A collection 
with the 

of sentences, consistent with each other and 
conceptual schema, expressing the propositions 

other than the necessary propositions that hold for a speci- 
fic entity world. 

collection of sentences constituting the one conceptual 
schema and a specific information base together describe all propositions con- 
sidered relevant for a specific entity world and therefore describe a specific 
proposition world for that entity world. These propositions are conceived to 
hold for the entity world, the latter being perceived as "reality". For that 
reason, this collection of sentences constituting the conceptual schema and in- 
formation base must necessarily be consistent, if it purports to be a truthful 
description of those propositions. 

Actually it iS the information base together with the conceptual schema that in 
essence establishes a particular entity world. In other words the entity world 
consists exactly of those concrete or abstract objects - entities - that are 
referred to the terms in the sentences contained in the information base and 
conceptual schema together. 

Note, that it may very well be possible to describe one universe of discourse 
or one particular entity world in more than one conceptual schema and informa- 
tion base. We assume, however, that usually only one conceptual schema and one 
information base will be part of one information system at a time. 

Often, but not necessarily always, an information base is meant to inform us 
about the entities that occur in the instant or period of time, usually re- 
ferred to as "now". A "current" state of an information base - an actual infor- 
mation base - however, may refer to a "past" or "future" entity world: 

ACTUAL INFORMATION BASE 
That information base which exists in a specified instant or . . 
a period of time, usually referred to as "now", and which ex- 
presses the additional propositions other than the necessary 
ones, that hold for an entity world. 
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ACTUAL ENTITY WORLD 
A collection of entities of interest that is described in an 
actual information base and its conceptual schema. 

The entity world described in sections B.2 and B.3 of appendix B could be con- 
sidered as the actual entity world of interest to the Registration Authority, 
covering at least the period of time from 1975 until today. 

2.2. BASIC CONCEPTS AND DEFINITIONS FOR ACTIONS ON THE CONCEPTUAL SCHEMA AND 
INFORMATION BASE. 

The information base and the conceptual schema will change with time in order 
to reflect changes in the selected portion of a world constituting the universe 
of discourse, since only sentences asserted to be true of the universe of dis- 
course should be in the information base or conceptual schema. 

Changes in the selected portion of a world are for example: 

* Entities appearing or disappearing in the selected portion, 

* An entity changing its state of affairs or associations with 
other entities, 

* The classification of entities or some rules or constraints 
about entities changing, 

* The scope of interest changing, so that the selected portion 
itself expands or shrinks. 

All such changes may require changes to both the information base and the con- 
ceptual schema. Although the first two kinds of changes might limit resulting 
changes to the information base only, the latter two kinds mentioned will cer- 
tainly cause changes to the conceptual schema as well. . -m 

The basic notion of information manipulation in an information base or concep- 
tual schema is an elementary action. Three kinds of elementary actions are 
defined: insertion, deletion, and retrieval. 

INSERTION 

Note, 

The addition of a sentence to the information base or concep- 
tual schema. Other sentences, not deducible before insertion 
may become deducible and therefore become a deducible part 
of the information base or conceptual schema. 

that a deducible sentence will not automatically be actually inserted. 

A typical example may be the insertion of the sentence: 

"On 29 January 1975, the car CMF117 is distributed to Smith's garage". 

From this it might be assumed deducible that from 29 January 1975 onward: 

"Smith's garage owns car GMF117." 
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The next elementary action is defined as: 

DELETION 
The removal of a previously inserte 
mation base or conceptual schema. 
which cannot be deduced without t 
no longer be ded ucible and therefo 
ible part of the information base o 

d sentence from the 
Any deducible sen 

he deleted sentence 
re no longer be a 
r conceptual schema. 

infor- 
tence, 

will 
deduc- 

Note, that a deducible sentence may have been actually inserted. In that case, 
the deletion of another sentence, on which the deducibility of the sentence 
essentially depends, will not automatically delete that actually inserted sen- 
tence. The deletion of that other sentence only makes impossible the deduction 
of the actually inserted sentencee 

If we consider the example of an insertion mentioned above, and assume that the 
deducible sentence 

"Smith's garage owns car CMF117" 

has been actually inserted, then the deletion of the sentence 

"On 29 January 1975 car CMF117 is distributed to Smith's garage” 

wPl1 not 
we can no 

result 
longer 

in the deletion of the 
deduce that sentence. 

sentence stating who owns the car, but 

The last elementary action is defined as: 

RETRIEVAL 
To make known a sentence which has been inserted in the 
information base or conceptual schema, or is deducible from 
other sentences in the information base or conceptual schema. 

Note, that the retrieval of a deducible sentence from the information base or 
conceptual schema is possible only if the information system knows how to de- 
duce this sentence from other available or deducible sentences in the concep- 
tual schema and information base. 

Combinations of elementary actions intended 
allowed. Such combinations are defined as: 

to achieve a specific result may be 

ACTION 
One or more elementary actions that, as a unit, change a col- 
lection of sentences into another collection of sentences in 
the information base or conceptual schema and/or make known 
a collection of sentences present in the information base or 
conceptual schema. 

A typical example of an action is the replacement of a particular sentence by 
another one, i.e. a deletion followed by an insertion. Due to the many cases 
where this particular class of actions is applicable, it seems to be convenient 
to formulate this special kind of action as: 
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MODIFICATION 
The replacement of a sentence in the information base or con- 
ceptual schema by another one, thereby possibly changing the 
collection of sentences which are deducible. 

To control actions and rule out impermissible ones, it will be 
impose rules or constraints on actions. Therefore the following 
added to deffne actions that are considered to be atomic "execution units": 

necessary 
definition 

PERMISSIBLE ACTION 
An action, conforming to specified rules or constraints, 
which 

- changes a presumably consistent collection of sen- 
tences in the information base or conceptual schema 
into a consistent collection of sentences 

and/or 
- makes known a consistent collection of sentences pre- 

sent in the information base or conceptual schema. 

to 
iS 

We should point out here that only the final collection of sentences as a 
result of a permissible action need be a consistent collection of sentences. 
Intermediate collections, if recognizable, need not be consistent. 

Note, that certain permissible actions may change a presumably consistent, but 
actually not "truthful" collection of sentences into a consistent and truthful 
one. Such permissible actions will be needed to correct corrupted information 
bases or conceptual schemata, whatever the reason of the corruption may be. 
These specific permissible actions may be allowed to ignore certain rules about 
permissible or required sequences of state of the involved collections of sen- 
tences. For example, if it is erroneously stated that a person is married then 
changing this information to the statement that that person still is single may 
involve such a special permissible action (cf. the examples in section 2.7). 

An elementary action is caused by an elementary command to the information sys- 
tem: 

ELEMENTARY COMMAND 
The order or trigger for an elementary action to take place. 

Both an action and a permissible action are caused by a command to the informa- 
tion system: 

COMMAND 
The order or trigger for an action or permissible action to 
take place. 

However, as response to the command, the action may be refused if the permissi- 
bility would be violated. 

Commands and actions must be described in a suitable language: 

COMMAND STATEMENT 
A linguistic object expressing a command or elementary com- 
mand. 
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In other words, presenting a command-statement to the information system con- 
stitutes the command. 

It will also be necessary to have facilities designed to express the combination 
of elementary actions and the identification of them as one unit defining a 
single action or permissible action: 

ACTION DESCRIPTION 
A linguistic object describing an action or permissible 
action. 

The possible syntactic and semantic complexity of command statements and action 
descriptions (e.g. structure of description and expressive power in terms of 
what commands and actions are describable) depends on the language chosen. 

2.3. THE BEHAVIOUR OF AN INFORMATION PROCESSOR. 

As already mentioned in chapter 1, the interaction between environment and in- 
formation system takes place by means of messages: 

MESSAGE 
A collection of one or more sentences and/or command state- 
ments to be used as an information exchange between the en- 
vironment and the information system. 

Messages 
system: 

are dealt with bY the 

INFORMATION PROCESSOR 
The mechanism that in 
tion on the conceptual 

information 

response to 
schema and i 

processor 

a command executes 
.nformation base. 

part of the information 

ac- 

The information processor recognizes whether or not messages received from the 
environment belong to a given language. Messages which do not belong to this 
language are discarded as irrelevant. Valid messages may express a change in 
the universe of discourse, or require to make known one or more sentences 
present in the conceptual schema, or in the information base, or deducible from 
sentences present in them. 

A message expressing a change in the universe of discourse must contain or be 
accompanied by a command statement identifying the action description - or the 
action description itself - for a permissible action to effect the appropriate 
change in the conceptual schema and information base. The information processor 
interprets the command and changes the information base or conceptual schema 
according to behaviour rules or constraints. These rules not only determine 
whether the resulting collection of sentences in the conceptual schema and in- 
formation base will be consistent, but also decide whether the conceptual 
schema and information base may be changed at all depending on what is already 
present in the conceptual schema and information base. 

The information processor will refuse the command if the change cannot be 
effected according to the behaviour rules or constraints. As a result of a 
refusal, the information base and the conceptual schema till be as if the 
command had never been issued (i.e. completely unchanged). 
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If a message expresses a command to make known a collection of sentences pre- 
sent in the conceptual schema and information base or deducible from them, the 
information processor interprets the command. It issues a message reporting the 
appropriate collection of sentences according to behaviour rules or constraints 
which specify when and which collection of sentences present in the conceptual 
schema and information base shall be reported as a result of the command. The 
rules include the inference rules in case deducible sentences are involved. 

The information processor will refuse the command if any behaviour rules or 
constraints would be violated in reporting the required sentences. 

When it issues a command, the environment needs to know if the command is hon- 
oured or refused. Therefore the information processor must issue the environ- 
ment a message to that effect. 

In other words, the result of a permissible action is a function of "control- 
ling" sentences stating rules and constraints, the sentence(s) to be changed or 
made known, and the incoming message including the command statement and addi- 
tional sentences if relevant. 

;zaz 
message 

Figure 2.1. The information processor in action. 

Usually the controlling sentences are largely in the conceptual schema although 
sentences in the information base as well can have a controlling role. The sen- 
tences to be changed or made known, are in normal application cases, all in the 
information base. However, the involved sentences are in the conceptual schema 
in cases where the conceptual schema itself is subject to change or reporting. 
Note, that in this latter case some of the controlling sentences may be found 
in the information base also. 

A sentence expressing a proposition as such has a truth value. The following 
principle is axiomatic: 

The truth value of a sentence is considered true if it is 
explicitly stated true by a message accepted from the en- 
vironment according to the rules known to the information 
processor. It is also considered true if it is deducible 
from such explicitly stated sentences in accordance with the 
inference rules known to the information processor. 

The truth value of any sentence, whose denial can be deduced 
similarly from explicitly stated sentences, is considered to 
be false. 

The truth value of all other sentences is considered to be 
undecidable. 
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The task of the information processor is twofold. SometImes the emphasis lies 
on deciding whether changing a collection of sentences is permissdble or not; 
at other times the deduction of "new" sentences or the generation of outgoing 
messages seems to be more important. Therefore the rules or constraints con- 
trolling the first role sometimes are called permissive rules or constraints; 
the rules prescribing the sequence of actions, to be performed including the 
generation of deducible sentences and messages, are referred to by the term 
prescriptive rules or constraints. 

2.4. INSERTING A CONCEPTUAL SCHEMA - THE MINIMAL CONCEPTUAL SCHEMA. 

Initially, the only rules known to the information processor are those built 
into the information processor itself. This basic set of rules provides the in- 
formation processor with an interpreter mechanism that enables the information 
processor to at least recognize and interpret a minimal language. This language 
allows the environment: 

* to extend the language to include constructs appropriate for 
the description of the universe of discourse, 

* to specify commands, 

* to specify authorizations, 

* to specify new behaviour and inference (deduction) rules 
relevant to the conceptual schema and information base, 

* to introduce action descriptions for permissible actions. 

Further, the information processor will be equipped with a set of algorithms 
allowing it to derive new sentences from the already available ones. 

These built-in behaviour rules constitute the minimal conceptual schema of the 
information system. 

Given this built-in minimal conceptual schema and an initially empty informa- 
tion base it is possible for the environment to use this minimal language to 
build up the required conceptual schema as well as the information base in a 
systematic fashion. 

There must be a fundamental rule concerning the proposed insertion of a new 
rule or constraint in order to decide what to do in the event that this inser- 
tion would make certain collections of sentences, already present in the concep- 
tual schema and information base, no longer consistent. Such a fundamental rule 
can reject the existing sentences or the proposed new rule. It must not accept 
both. 

At the beginning any sentence accepted by the initial built-in behaviour rules 
probably becomes an additional rule or constraint by being Included in the con- 
ceptual schema or possibly in the information base. As sentences are added, the 
number of rules or constraints specified in the conceptual schema and informa- 
tion base increases and so further constrain and control the permissible ac- 
tions to the conceptual schema and information base. 
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2.5. BEHAVLOUR RULES FOR THE ENVIRONMENT. 

The behaviour rules mentioned so far establish the behaviour of the information 
processor and what iS permissible in the information base or conceptual 
schema. A distinction has been made between permissive rules and prescriptive 
rules. 

Information systems may issue messages to the environment which are intended to 
cause change in the environment. The behaviour rules within such information 
systems must be extended accordingly. This situation, however, does not imply 
that the information system controls the environment. Firstly these messages 
are generated according to rules or constraints established by the environment. 
Secondly, the information system cannot force the environment to obey rules 
expressed by such messages. 

The additional rules consist not only of permissive and prescriptive rules for 
the information processor, but also of permissive and prescriptive rules for 
the environment. The permissive rules for the environment establish the cri- 
teria needed for the information processor to test the actual information, so 
that the information system can generate warning messages. The prescriptive 
rules for the environment form the base for the information processor to gen- 
erate appropriate requests to the environment. 

These latter behaviour rules for the environment will never dictate what fs 
permissible in the information base or conceptual schema including consistency 
rules for collections of sentences. As far as the information system is con- 
cerned, they formulate only what is desirable. As such they form a separate 
class of rules or constraints in the information system. Note, that a undesir- 
able collection of sentences will nevertheless be consistent. 

For example, if a behaviour rule of the universe of discourse prescribes that 
only black Ford cars should be produced, then the reporting of a red Ford car 
being produced must not be rejected by the information processor; instead a 
warning message should be issued to the appropriate authorities in the environ- 

Summarizing we may say: 

- What is considered to be impossible in the universe of 
discourse or environment, establishes what is not per- 
missible in the information system including whether a 
collection of sentences is consistent (behaviour of the 
information system). 

- What iS considered to be not permissible in the universe of 
discourse or environment, is undesirable for the information 
system, although it is perfectly permissible (behaviour of 
the environment). 

2.6. STATIC AND DYNAMIC RULES AND CONSTRAINTS. 

Static aspects of a system are those which apply to each of its individual 
states. Static rules or constraints establish dependencies between parts of the 
system at any one instant of time. Dynamic aspects are those which govern the 
evolution of the system. TO discuss dynamic aspects of a system means to dis- 
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cuss its laws of change. Dynamic rules establish dependencies between parts of 
the system through several instants of time. 

The system we are considering here is the information system together with its 
environment and the universe of discourse. Rules and constraints deal with 
dependencies within and between all of these. In this generality, they touch on 
some subtle problems, in particular when dynamic aspects are involved. For a 
thorough treatment they require more elaboration of concepts. Therefore, we 
will here outline a few aspects of dynamic rules in the general sense, and then 
restrict ourselves to static and dynamic rules in a more special sense. 

The causal structure of interdependencies is an important aspect of dynamics in 
the general sense. A typical example of such dependency concerns co-ordination 
of permissible actions: There may be rules requiring certain conditions to hold 
before specific actions can take place (see section 2.8). Another typical issue 
is to describe what messages cause the information processor to perform which 
changes to the information base or conceptual schema and to return which 
answers, say, results of retrievals or reporting on actions (cf. sections 2.2 
and 2.3). 

A third important example is the subject of authorization. In general, there 
must be authorization rules that control whether a user is entitled at all to 
give a command for a particular permissible action changing or retrieving a 
particular collection of sentences, or is entitled to receive a particular 
message from the information system. This implies that identification of the 
source and destination of messages and commands are involved in the enforcement 
of authorization rules. The subject is not yet discussed further in this Report. 

Although a comprehensive information system design must be aware of all above 
mentioned relevant aspects, the focal points of interest traditionally are the 
rules and constraints for the sentences administered by the information pro- 
cessor. Therefore, and because of the complexity of the general treatment, we 
shall consider in this section the rules or constraints in the special sense of 
permissibility of information base states - that is, collections of sentences - 
and sequences of information base states. 

Static rules and constraints under this restricted view are then concerned with 
the consistency and permissibility of collections of sentences. The effect of a 
static rule may be locally restricted to single sentences or it may globally 
involve several sentences within the same collection of sentences in one state 
of the information base. An example of a locally effective rule is the require- 
ment that the serial number of a car must be, say, a natural number less than 
10 000 000. A rule that requires the serfal numbers of cars to be unique has a 
very broad global effect. To be enforced or checked, it needs a complete survey 
of all instances of serial numbers of cars registered in the information base. 
Static rules may also be of very different complexity. Examples of more complex 
conditions are functional dependency or set inclusion. Detailed examples of 
static rules may be found in the appendices D, E, and F of this Report. 

Dynamic rules under the restricted view in this section are concerned with the 
permissible transitions from one collection of sentences to a next one and thus 
specify the possible sequences of information base states. Therefore they will 
be called transition rules to distinguish them from the dynamic rules in the 
general sense. Transition rules abstract from causes for changes as well as 
from effects the changes may have on the environment (e.g. reactions to retrie- 
val results or to triggered messages from the information processor to the en- 

. 
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vironment). They simply describe which information base states may occur subse- 
quent to other given information base states. 

Satisfaction or violation of transition rules can sometimes be checked by i 
spection of states. In fact, static rules can be regarded as special cases 
transition rules. Although static rules define which states are permitted, 
static rule can be re-interpreted as stating that certain states are permitt 
or forbidden, no matter what the previous state was. This can, however, also 
expressed as a transition rule. The "no matter what the previous state was" c 
be taken care of by admitting all information base states as possible mo 
recent information base states. 

n- 
of 

a 
ed 
be 
an 
st 

It may be argued that permissibility of an information base state may depend 
on any of the former states, rather than just on the most recent one. However, 
as an additional postulate, it is assumed that the history of states can affect 
permissibility only in as much as the history is reflected in the most recent 
state. It is therefore sufficient to take into account the most recent state 
only (cf. "actual information base" in section 2.1). 

Some special attention must be given to the kinds of rules that are fnvolved in 
derivations of deducible sentences. For example, the fuel consumption rate of a 
car may be given as the fuel consumption per 100 kilometres. That is, given a 
sentence stating the kilometrage of a particular car and a sentence stating the 
amount of fuel consumed, the fuel consumption rate can be derived, provided a 
sentence stating the definition - rule - for the fuel consumption rate is also 
available. 

Actually, such rules are static rules as they deal with sentences in one infor- 
mation base state. Some people, however, may consider them dynamic rules, as 
they "control" possible derivation processes. Several authors use the term 
*'derivation rule" for such rules. 

Note, that deducible sentences need not only be derived by derivation processes 
within the information system. It is quite possible that such sentences are 
explicitly inserted. In such cases these "derivation rules" control the consist- 
ency of the resulting collection of sentences including the inserted "deriv- 
able" sentence. 

The above mentioned rules not only include those needed for what is commonly 
considered as derivable information. The decision rules needed in automatic 
process control systems and decision support systems are also in this category. 
Therefore, they belong to the necessary propositions in most cases and are thus 
an essential part of the rules described in a conceptual schema. 

2.7. EXPRESSING RULES AND CONSTRAINTS. 

We will consider two different ways of specifying transition rules, the state- 
oriented and the action-oriented descriptions. 

With the state-oriented descriptions, the rules and constraints are given as 
requirements on subsequent information base states. A rule or constraint is 
then basically a description of a set of pairs of information base states (OLD, 
NEW>. A change from a state OLD to a state NEW is permissible - regardless of 
how it is effected - if and only if the pair <OLD, NEW> is in the set. 
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Any transition rule distinguishes permitted pairs of information base states 
from forbidden ones. Thus, it can be viewed as a binary-valued function which 
tags each pair of information base states with either "+" (permitted) or '8-w 
(forbidden). This defines a dichotomy on the Cartesian product S X S of the 
set S of all information base states with itself. Such a dichotomy is a decompo- 
sition of S )( S into two sets, T+ of permitted and T- of forbidden changes. 
T+ could be called the positive, and T- the negative extension of the rule. 
Either of the two sets can be used to describe the dichotomy. The effect of a 
transition rule is therefore completely captured by either its positive or its 
negative extension. 

With the action-oriented descriptions, the permissible changes are given by 
admissible actfon sequenceso The permissibility of an action or action sequence 
may depend on the present state. A rule or constraint is therefore basically a 
set of pairs which each consist of an information base state component and an 
action sequence component. 

With the action-oriented descriptions, a rule specifies that a transition is 
permissible if, starting from a permissible state OLD, the transition is 
effected by an action sequence Q such that the pair <OLD, Q> is in the set 
described by the rule. Ultimately, permissibility may be traced back to an 
initial state and all actions performed on it until the present. 

To be able to make finite descriptions of virtually infinite sets of action 
sequences - there is no restriction on the length of action sequences - it is 
necessary to define classes of actions. An action-oriented rule then refers to 
classes of action sequences. Conceivably, an action sequence may consist of 
only one elementary action (for "elementary action and "action" see section 
2.2). Complex rules are formed by composing actions to constitute a permissible 
action (for given departure states). 

A permissible action succeeds or fails as a whole. The actions of which a per- 
missible action is composed might not be permissible individually. Thus, given 
the rule that an employee must have a salary and must work for a department, 

(INSERT "John works for Department Sales", 
INSERT "John earns a salary of 20000") 

may be permissible, while each individual INSERT action alone would violate the 
above mentioned rule. Permissibility in this case is dependent on both elemen- 
tary actions happening together. 

To demonstrate examples of static and dynamic rules let us assume that the mari- 
tal state of persons might be defined as one of the following states: "single', 
"married", "widowed“, or "divorced". 

A static rule applicable on sentences within one collection of sentences may be: 

If a person is married to another person, then both persons must have 
a marital state of married. 

The following table expresses an example set of state-oriented rules for per- 
missible changes of marital state, defining a permissible sentence in the 
resulting collection of sentences as a function of a sentence in the initial 
collection of sentences: 
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\ \ . 9 

from/to from/to 1 SINGLE 1 MAR SINGLE MARRIED WIDOWED -I DIVORCED IRCED UNKNOWN L I 1 
SINGLE SINGLE 
MARRIED rio 

Yes no no I d Yes I 1 
MARRIED no m m Yes Yes Yes Yes Yes ;es 1 1 1 1 
WIDOWED no WIDOWED no Yes Yes m m no no Yes Yes , , I 
DIVORCEL’ = DIVORCED no 

. m 
Yes no e 

b 
Yes I 

UNKNOWN 
1 Yes Yes Yes Yes I m 

. 

Figure 2.2. Transition matrix for marital state. 

An example for an action-oriented rule is the following: 

INSERT "x is married to y" 
only if both x and y are not married. 

These basic description possibilities are discussed in more detail, with some 
examples, in appendix G; appendices E and F also give some examples. 

A suitable language is required for the specification of rules and constraints. 
The totality of established rules and constraints can be regarded as one com- 
prehensive rule that controls the entire information base. Of course, in any 
reasonable language such an overall rule will not be given in one piece. There- 
fore, it is a requirement for the language to allow for composing complex rules 
and constraints from simpler ones. The decomposition into simpler rules must 
end with predefined primitive rules. A primitive rule would have to be a simply 
structured, easily surveyable set of pairs of information base states or of an 
information base state and an action sequence. 

At present, no specific proposal is made for composition of rules and con- 
straints, but a general aspect is considered. The rules may be expressed in a 
permissive or restrictive style. Composition may be additive or subtractive - 
that is, one rule may work in the same sense as, or counter to, another. The 
result may be a permissive or a restrictive rule. This gives a number of com- 
position options, not all of which may be desirable for a practical specifica- 
tion language. 

2.8. CO-ORDINATION OF PERMISSIBLE ACTIONS. 

It should be noted, that the subject of this section in particular has only 
rather recently become a topic of research and discussion (e.g. [2, 3, 4, 51). 
Therefore this section suggests more the directions in which development might 
go9 rather than demonstrating and summarizing results. 

All actions taken by the information processor on the information base and con- 
ceptual schema should occur in terms of permissible actions as defined in sec- 
tion 2.2. Because of this, any process performed by the information processor 
will consist of one or more permissible actions. 

A permissible action is considered to be atomic and therefore uninterruptable. 
It is triggered by an appropriate command. The effect of a command might be a 
"chain" of permissible actions. That is, a permissible action may issue a 
command for other permissible actions. 
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The conceptual framework for co-ordinating permissible actions is based on the 
following concepts: 

EVENT 
The fact that something has happened in either the universe 
of discourse, or the environment, or in the information sys- 
tem; 

COMMAND (as in section 2.2) 
The order or trigger for an action or permissible action to 
take place; 

PERMISSIBLE ACTION (as in section 2.2) 
AXI action, conforming to specified rules or constraints, 
which 

- changes a presumably consistent collection of sen- 
tences in the information base or conceptual schema 
into a consistent collection of sentences 

and/or 
- makes known a consistent collection of sentences pre- 

sent in the information base or conceptual schema; 

COMMAND CONDITION 
The precondition, including synchronization aspects, that 
must be met before a permissible action may take place. 

The information system only reacts because of an event. The dependency between 
the event and the reaction could be perceived as in figure 2.3. 

happening - perception - reporting 
that something that something has 
has happened 4 happened \ 8 

V 

event 
.I 

reaction of 
information processor - 

(the arrows imply that a delay in time is possible) 

Figure 2.3. Dependency between event and reaction. 

As far as the information system is concerned it is not relevant whether the 
event is the happening or the perception of the happening. However, the event 
(the stimulus) must cause a report of the event to the information processor, 
upon which the information processor has to react. 

We define two kinds of events: external events and internal events. 

EXTERNAL EVENT 
An event that occurs in the environment or universe of dis- 
course. 
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The re porting 
ing at least a 

of such an event is a message 
command. 

INTERNAL EVENT 

to the information system express- 

An event that occurs because of the termination of some 
permissible action in the information sysem. 

Depending on the result of such a permissible action, 
levant only if the reporting of the termination must be 

internal 
followed 

events are re- 
bY a succeed- 

ing reaction of the information system, or by a message sent to the environment. 

Events have certain characteristics, which are important for the information 
system. In the first place, events may belong to certain types (classes) of 
event. Closely associated with the notion of event type is the notion of event 
occurrence. 

An important characteristic of the event type, or rather its reporting, is the 
type(s) of command, associated with the event type, which determine the permis- 
sible action or permissible actions that are expected as a reaction of the in- 
formation system. 

Other important characteristics of the event types are: 

- the number of event occurrences to be expected; 

- the frequency of event occurrences. 

Most events also need an associated reporting of certain "parameters" in order 
to direct the permissible action as to what precisely must be done. In those 
cases the message reporting the event also contains, or must be accompanied by, 
one or more sentences, called input sentences for the permissible action. 

The permissible actions accomplished by the information processor may insert, 
retrieve, delete, or modify sentences in the conceptual schema and information 
base. It is not necessary, however, that input sentences for the permissible ac- 
tion be inserted themselves in the conceptual schema or information base, if 
the input sentence only provides parameters to the permissible action. Some- 
times input sentences will be inserted, at other times they cause the insertion 
of other derived sentences. An input sentence which is not actually inserted, 
will generally not be reproducible after the termination of the permissible 
action. 

A permissible action is considered as a "black box", that is, we are interested 
only in what the permissible action does - what its result is. This, however, 
may be specified in terms of (elementary) commands for (elementary) actions. 
Such specifications concentrate on the type of permissible action: The type of 
permissible action determines what the permissible action will do. This is de- 
scribed by the action description. The sentences involved in the permissible 
action establish the actual result. Together they establish the actual permis- 
sible action, that is, an instance of the permissible action type. 

A permissible action is triggered by an event, or more precisely by the command 
expressed in the message reporting the event. The type of event determines what 
type of permissible action will be triggered. At that moment the permissible 
action becomes active. An active permissible action wil,l be uninterruptable 
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until it is finished. This termination may raise an (internal) event, depending 
on the result of the permissible action. 

At any time several permissible actions can be active in the information sys- 
may belong to the same or different types of tern. These permissible actions 

permissible actions. Two permissible actions which are active at the same time 
are considered to operate completely independently of each other. 

As already indicated a certain delay of time may occur between the event itself 
and its reporting to the information processor, or between its reporting and 
the information processors reaction. Therefore, it is possible that the se- 
quence in which the events are reported to the information system may differ 
from the sequence in time of the events themselves occurring in the universe of 
discourse. If this sequence in time of events is relevant, for instance, be- 
cause of necessarily preceding states of affairs that must have been recorded 
first in the conceptual schema and information base, the resulting permissible 
actions must be co-ordinated, including, if necessary, synchronization of the 
permissible actions. 

The command condition of a certain permissible action consists of the (external 
and internal) events which must have occurred before triggering the permissible 
action, and a rule or set of rules which establish in what manner the events 
determine the necessary condition for the permissible action to be triggered. A 

be extended and made more precise rules about sen- command condition can 
tences reporting the events or already present in the conceptual 
formation base. 

schema and in- 

If more than one event iS involved in the command condition of a permissible 
action, then the last event occurring in time, independent of what event this 
may be, fulfils th=mmand condition and the permissible action is triggered. 
The "arrival" of the other events except the last one brings the command con- 
dition to a "wait-state". 

A command condition may have a limited wait-state, that is, the wait-state is 
only allowed to have a limited duration in time. If within this period the last 
event needed does not occur, then the permissible action will no longer be trig- 
gered because of the events that have already occurred. A new series of events, 
however, may prepare a new wait-state for a possible permissible action. When 
no limited wait-state has been defined, the wait-state may last eternally. 

One event occurrence can only once take part in the triggering of one permis- 
sible action. When a command condition is met and the permissible action is 
triggered, then the "arrival" of new events can only prepare the command con- 
dition for a new triggering of the permissible action. 

A special note within the context of command conditions is needed about the 
events. An event (occurrence) itself is information bearing, as it establishes 
that something has happened. This is not established in general terms, but in a 
most specific way. Thesefore, an event does not establish that a happening of a 
certain type has occurred, but that that particular happening (occurrence) 
with that particular result took place. For example, a certain car PCXX999 has 
been produced by FORD Motor Company. 

As a consequence, internal events are controlled by prescriptive rules for the 
event. A type of permissible action may possibly terminate fn a number of dif- 
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ferent internal events depending on the result of the permissible action. Such 
various events may be mutually exclusive, but this is not necessary. 

During the permissible action (and actually before the execution of the permis- 
sible action itself) the information processor deals with a number of rules and 
constraints: 

1. It recognizes the reporting of the event and the reception 
of the input sentence according to recognition rules; 

2. It evaluates the command condition and triggers the actual 
permissible action or keeps the command condition in a wait- 
state; 

3. After triggering the permissible action it performs the 
permissible action itself .according to prescriptive rules 
expressed in the action description of the permissible 
action manipulating the conceptual schema and information 
base; 

4. It checks the manipulation of the conceptual schema and in- 
formation base according to the appropriate static and 
dynamic rules and constraints for the conceptual schema and 
information base, and the appropriate authorization rules; 

5. It possibly reports one or more appropriate internal events 
according to the prescriptive rules for the internal events; 

6. It possibly generates an outgoing message according to 
prescriptive rules for the outgoing message. 

In the following a graphic formalism will be used to discuss some possibilities 
of co-ordinating permissible actions. This formalism is derived from those used 
in Petri Network approaches [6]. In the diagrams the command condition mecha- 
nism (C) is depicted by a circle. The boxes depict permissible actions (PA). 
The incoming arrows show the sources of the events involved in the fulfillment 
of the command condition. 

Co-ordination of permissible actions can involve all kinds of "chains" of per- 
missible actions. Several possibilities exist, e.g.: 

I 

4 
incoming outgoing 

environment message message 
-~------~~~~-~ ~~~~--~~-~~ 
information system 

o-Tp;;;7-0- PA2 r 
c 

Figure 2.4. Simple sequence of permissible actions. 

1. The result of an incoming message is an ordinary sequence of permis- 
sible actions. That is, a first permissible action takes place because 
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of the message from the environment. The arrival (external event) 
fulfils the command condition for thjts permissible action. The result 
of this permissible action (internal event) is the sufficient and only 
command condition to be fulfilled for a second permissible action. 
This is shown in figure 2.4. 

environment 

information system 

message 

Figure 2.5. Conditional sequence of permissible actions. 

2. The ultimate result of an incoming message is a sequence of permis- 
sible actions, provided additional incoming messages are received. In 
figure 2.5 the second permissible action will take place if both the 
first permissible action has taken place (internal event) and a second 
incoming message has arrived (external event). The one that occurs 
latest in time completes the command condition and therefore triggers 
the second permissible action. 

environment 

information system 

incoming 
message 2 

outgoing 
message 

condition factors + a 
issued by preceding 
permissible actions @- PA3 r 

t \ 
u 

condition factor 
for succeeding 
permissible actions 

Figure 2.6. Co-ordinated sequences of permissible actions. 

3. More complex situations are possible as for instance is depicted in 
figure 2.6. Note, that in this example permissible action 3 may be 
concurrent with the sequence of permissible action 2 and permissible 
action 4. Permissible action 3 and permissible action 4 both are pre- 
decessors to permissible action 5. Also note, that the arrival of in- 
coming message 1 is part of the command conditions of both permissible 
actions 2 and 3. 

Appendix H discusses some aspects of co-ordinating permissible actions in more 
detail and gives some demonstration examples. 
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CHAPTER 3. SOME CONCEPTS AND PRINCIPLES FOR IMPLEMENTATION. 
-.---------.-------------------a----.-----a---QaI-a-----------a-a------aaa--a--a~-- --.-----.----------------------------------------aa--a-------a--aa--a----.------,-- 

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 
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the behaviour of the universe of discourse (and therefore on 
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, verify, 
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 functfons 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 modffy these rules in a 
controlled way as compared to the situation where the rules are scattered over 
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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. 

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 "interna1" 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 unambiguous- 
ly and mechanically recognizable whether a given character 
is in the alphabet, conditions naturally satisfied by conven- 
tional character input to a digital data processing system; 

47 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 90

07
:19

87

https://standardsiso.com/api/?name=4a3ebad6b86db4bd040f62df267a73d5


ISO/TR 9007 : 1987 E) 

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; 

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 
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. 

to the syntax or grammar of a conceptual schema and 

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 [l]. That is, the built-in minimal conceptual schema 
can be limited to bare essentials. In practice, however, many linguistic con- 
structs, 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 discourse, 
as well as communication of those perceptions to others, may differ consider- 
ably from individual to individual. 

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

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 90

07
:19

87

https://standardsiso.com/api/?name=4a3ebad6b86db4bd040f62df267a73d5


ISO/TR 9007 : 1987 (E) 

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 understand 
by a variety of users, a mechanism for adding linguistic constructs of arbit- 
rary complexity ("macro constructs") to the formal system is necessary so that 
users of the system may interact with it at any destred level of aggregation of 
constructs [Z, 3, 41. In order for this principle to be observed without viol- 
ating 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. 

Taking 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. 
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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 Backu 
Naur form, production rules, the method chosen in appendix C, and so on. 
order not to prejudge the grammatical form of any conceptual schema languag 
this Report specifies the syntax by defining the grammatical notions witho 
specifying any rules about how these notions might be expressed in any partic 
lar language. These notions are: terms and sentences as defined in chapter 
section 2.1, and grammatical functions called functors [S]: 

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

objects taking as arguments (input) 
objects (terms, sentences, functors) and yielding as 

a list of lin- 

S- 

In 
e, 
ut 
U- 
2 9 

a value (output) a single, uniquely determined linguistic 
object (term, sentence, functor). 

Terms and sentences may involve variables: 

VARIABLE 
A term which refers to unspcified, 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 

and 
"Ford is a manufacturer." 

"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. 
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3.4. SEMANTICS OF A CONCEPTUAL SCHEMA AND INFORMATION BASE. 

To attribute meaning (semantics) to various expressions in a language as men- 
tioned above, it is necessary to start with a (hopefully small) set of undefined 
concepts known as primitives. Other concepts then have meanings which are deriv- 
able 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 
them) 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 col- 
lections are contemplated and the axioms dealing with them, as such, are part 
of mathematical logic. While it is known that one cannot prove consistency 
(GBdel [7]), long use of standard axioms suggests that in-ctical 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: 
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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 pro- 
cess 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 capabilitfes of the informatfon 
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. 

optional contents 
information base 

required contents 
information base 

of 

of 

conceptual schema 
specific application 

'conceptual 
application 

for schema 
class 

for 

Figure 3.1. The onion-view for conceptual schema composition. 

In 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 
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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 
constructs 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 fn 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 frkendly 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 informa- 
tion 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. Sentences 
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: 
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EXTERNAL SCHEMA 
The 
Pas S 

defi ni tion of the ex ternal repr 'esentat ion forms for the 
ible C .ollec tions of senten ces within the scope of a 

particular user's view including the manipulation aspects of 
these forms. 

An external interface is the actual interface between a user in the environment 
and the implemented infcrmation 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 [B, 91, may be 
perceived as follows: 

(+L=) 

l * 

information 
processor 1 

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- 
sting 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. 

A 

internal 
schema 

1 

\, ----r , ,~ 1 ~ , 

external1 
~I-~~~ - 

/information 1 1 internal 1 
- ; proc;ssor ; -; proc;ssor lq 

I I 

hwping) R ’ /+xfr /p.N,(Fappinp) 

i 
1 

r "L-:7 -m 
i external L 
’ data base \ L -w-w- 3 

----- ; information 
-1 base 

Figure 3.4. Inserting new information (external, conceptual, internal view). 
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The information base is also in practice a virtual one. The fnformation 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 
part 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 proces- 
sor(s). Especially in case of distributed data base systems the procedures may 
be distributed over the relevant external and internal processors involved. 
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This results in a three level architecture, which may be perceived as given in 
figure 3.5: 

c!3 message 
(form) 

[ CONCEPTUALLEVEL 1 

information 1 
I processor I 
l- --s-- -I 

/ fl schema(ta) \ 1 

\ i I 
j pE.EZZ$ 14-) 

1 + r ----- 7 I a 
i external ; 
\ data base \ \ . 

t . , 
EXTERNALLEVEL . ‘ INTERNALLEVEL 

Figure 3.5 . Three Level Architecture of an information system. 

Dotted lines indicate virtual elements 

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. 

The 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. 
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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 stan- 
dard proposal for such systems, which they call: "Information Resource Diction- 
ary Systems (IRDS)". We will gladly adopt this term. 

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

IRDS 
conceptual conceptual 

. t 
information base 

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. 
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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 
purpose, 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, 131 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. 

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 
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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 [ll]. 

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 IS0 
TCW/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 OS1 environment through which all exchange of information 
meaningful to the users occur. 

The purpose of the presentation layer is to represent information [in external 
representation forms] to communicating 
while resolving syntax differences. 

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

users in a way that preserves meaning 

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 OS1 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. 
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Figure 3.8. Layer architecture of OS1 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) OS1 concepts for information 
systems applying internally to communication facilities (dis- 
tributed information systems). 
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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; 

0 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. 
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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 formal- 
ly express all applicable aspects and constraints of the universe of discourse 
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) 
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* 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 gfven, th,is 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 Co 
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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 AkD 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 de- 
veloped 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. 
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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. INTERP RETED PREDI CAT 'E LOGIC APP ROACHES. 

The IPL appioachtis, 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 
the sentences 

variabl es refer to the entiti es in the universe of discourse and 
express the proposit ions 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. 
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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 "gen- 
erate@' and construct the full conceptual schema and information base relevant 
for the chosen universe of discourse. Others include more complex constructs 
and capabilities in their basic set to increase the ease and convenience 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 in- 
formation 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 possible problem areas or changes in the future and even to plan for 
the changes. 

Some parts - usually small parts - of a particular conceptual schema, defined 
according 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 
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base designer has the possibility of selecting - starting from one conceptual 
schema - that data base schema which best fits other requirements, e.g. effi- 
ciency of data manipulation. 

conceptualschema 

DB Schema1 DB Schema2 
(e.g. CODASYL) (e.g. Relational Model) 

DB Scheman 
(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 DBMS. C% 

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 collectjton 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 
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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 "wary 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-perfo~-the-automatic-f~c- 
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. - 3 

4040 REFERENCES. 

Appropriate references are listed at the end of appendices D, E, and F. 
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ACTION 
One or more elementary actions that, as a unit, change a col- 
lection of sentences into another collection of sentences in 
the information base or conceptual schema and/or make known 
a collection of sentences present in the information base or 
conceptual schema, 

ACTION DESCRIPTION 
A linguistic object describing an action or permissible 
action. 

ACTUAL ENTITY WORLD 
A collection of entities of interest that is described in an 
actual information base and its conceptual schema. 

ACTUAL INFORMATION BASE 
That information base which exists in a specified instant or 
a period of time, usually referred to as "now", and which ex- 
presses the additional propositions other than the necessary 
ones, that hold for an entity world. 

AXIOM 
Any closed sentence that is asserted to be considered as 
such by an authorized source. 

CLASS (of entities) 
All possible entitles in the universe of discourse for which 
a given proposition holds. 

COMMAND 
The order or trigger for an action or permissible action to 
take place. 

COMMAND CONDITION 
The precondition, including synchronization aspects, that 
must be met before a permissible action may take place. 

COMMAND STATEMENT 
A linguistic object expressing a command or elementary com- 
mand. 

CONCEPTUAL LEVEL 
All aspects which deal with the interpretation (meaning) and 
manipulation of information describing a universe of dis- 
course or entity world in an information system. 
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CONCEPTUAL SCHEMA 

72 

A consistent collection of sentences expressing the necess- 
ary propositions that hold for a universe of discourse, 

CONCEPTUAL SCHEMA LANGUAGE 
A formal language, parsable by a computer as well as a human 
being, containing all linguistic constructs necessary to 
formulate the sentences in a conceptual schema and an infor- 
mation base and their manipulation in terms of action- 
descriptions, command-conditions, etc. 

CONCEPTUAL SUBSCHEMA 
A consistent collection of sentences expressing the necess- 
ary propositions that hold for a universe of discourse that 
is limited to a particular users view and as such is part 
of a conceptual schema relevant for the (shared) information 
system. 

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. 

DATA 
The representation forms of information dealt with by infor- 
mation systems and users thereof. 

DATA BASE 
The representation of all information that is dealt with in 
an information system, taken together. 

DATA BASE SCHEMA 
The definition of the representation forms and structure of 
a data base for the possible collections of all sentences 
that are in the conceptual schema and information base in- 
cluding manipulation aspects of these forms. 

DATA BASE SYSTEM 
The computer implementation of an information system. 

DELETION 
The removal of a previously inserted sentence from the infor- 
mation base or conceptual schema. Any deducible sentence, 
which cannot be deduced without the deleted sentence, will 
no longer be deducible and therefore no longer be a deduc- 
ible part of the information base or conceptual schema. 

ELEMENTARY ACTION 
The insertion, deletion, or retrieval of a sentence. 
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ELEMENTARY COMMAND 
The order or trigger for an elementary action to take place. 

ENTITY 
Any concrete or abstract thing of interest, including associ- 
a tions among things. 

ENTITY WORLD 
A possible collection of entities that are perceived to- 
gether, 

EVENT 
Thefact that something has happened in either the universe 
of discourse, or the environment, or in the information sys- 
tem. 

ENVIRONMENT 
That part of the real world containing the users which ex- 
change messages with the information system. 

EXTERNAL EVENT 
An event that occurs in the environment or universe of dis- 
course. 

EXTERNAL LEVEL 
All asp= dealing with the user-oriented representation of 
information visible at the outer interfaces of an informa- 
tion system. 

EXTERNAL SCHEMA 
The definition of the external representation forms for the 
possible collections of sentences within the scope of a 
particular user? view including the manipulation aspects of 
these forms. 

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

HELSINKI PRINCIPLE 
These utterances are to be interpreted (recursively) as 
international English utterances: 
Any meaningful exchange of utterances depends upon the prior 
existence of an agreed set of semantic and syntactic rules. 
The recipients of the utterances must use only these rules 
to interpret the received utterances, if it is to mean the 
same as that which was meant by the utterer. 

HOMONYMS 
Identical terms that refer to different entities. 
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INFORMATION 
Any kind of knowledge about things, facts, concepts, etc. of 
a universe of discourse that is exchangable among users. 
Al though exchangable information necessarily will have a 
representation form to make it communicable, it is the inter- 
pretation of this representation (the meaning ) that is 
relevant in the first place. 

INFORMATION BASE 
A collection of sentences, consistent with each other and 
with the conceptual schema, expressing the propositions 
other than the necessary propositions that hold for a speci- 
fic entity world. 

INFORMATION PROCESSOR 
The mechanism that in response to a command executes an ac- 
tion on the conceptual schema and/or information base. 

INFORMATION RESOURCE DICTIONARY SYSTEM 
An information system dealing with the information about a 
universe of discourse consisting of another (target) informa- 
tion system, its environment as far as relevant, and its 
implementation in a data base system. It is not necessarily 
disjoint from the target information system. 

INFORMATION SYSTEM 
The conceptual schema, information base and information pro- 
cessor, forming together a formal, fully predictable system 
for keeping and manipulating information. 

INSERTION 
The addition of a sentence to the information base or concep- 
tual schema. Other sentences, not deducible before insertion 
may become deducible and therefore become a deducible part 
of the information base or conceptual schema. 

INSTANCE (of an entity-type) 
An individual entity, for which a particular type proposi- 
tion holds, that is, which belongs to a particular class of 
entities. 

INTERNAL EVENT 
An event that occurs because of the termination of some 
permissible action in the information sysem. 

INTERNAL LEVEL 
All aspects dealing with the user-transparent representation 
of information within the computer physical implementation 
of an information system. 

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. 
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LEXICAL OBJECT 
A (simple) linguistic object that is used only to refer to 
an entity. 

LINGUISTIC OBJECT 
A grammatically allowable construct in a language. 

MESSAGE 
A collection of one or more sentences and/or command state- 
ments to be used as an information exchange between the en- 
vironment and the information system. 

MODIFICATION 
The replacement of a sentence in the information base or con- 
ceptual schema by another one, thereby possibly changing the 
collection of sentences which are deducible. 

NAME 
A (simple) linguistic object that is used only to refer to 
an entity. 

NECESSARY PROPOSITION 
A proposition asserted to hold for all entity worlds and 
therefore must be part of all possible proposition worlds. 

OCCURRENCE (of an entity-type) 
An individual entity, for which a particular type proposi- 
tion holds, that is, which belongs to a particular class of 
entities. 

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. 

PERMISSIBLE ACTION 
An action, conforming to specified rules or constraints, 
which 

- changes a presumably consistent collection of sen- 
tences in the information base or conceptual schema 
into a consistent collection of sentences 

and/or 
- makes known a consistent collection of sentences 

present in the information base or conceptual schema. 

PREDICATE 
A linguistic object, analogous to a verb, which says 
something about an entity or entities to which term(s) in 
the sentence refer. 

75 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 90

07
:19

87

https://standardsiso.com/api/?name=4a3ebad6b86db4bd040f62df267a73d5


ISO/TR 9007 : 1987 (E) 

PROPOSITION 
A conceivable state of affairs concerning entities about 
which it is possible to assert or deny that such a state of 
affairs holds for tbse entities. 

PROPOSITION WORLD 
A collection of propositions each of which holds for a given 
entity world. 

RETRIEVAL 
To make known a sentence which has been inserted in the 
information base or conceptual schema, or is deducible from 
other sentences in the information base or conceptual schema. 

SENTENCE 
A linguistic object which expresses a proposition. 

SYNONYMS 
Different terms that refer to the same entity. 

TERM 
A linguistic object that refers to an entity. 

TYPE (of an entity) 
The proposition establishing that an entity is a member of a 
particular class of entities, implying as well that there is 
such a class of entities. 

UNIVERSE OF DISCOURSE 
All those entities of interest that have been, are, or ever 
might be. 

USER 
Anybody or anything that issues commands and messages to the 
information system and receives messages from the informa- 
tion system. 

VARIABLE 
A term which refers to unspecified, indeterminate entities 
in the universe of discourse. 
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EXAMPLE UNIVERSE OF DISCOURSE. 

B.1. INTRODUCTION. 

The example which follows has been created 
a single universe of discourse of at least 
described by each of the various approaches 
large description is not required, but suff 
sential differences among the various appro 
dynamic specification to permit the same uni 
emplify the dynamic aspects. 

expressly for the purpose of having 
moderate plausibility which can be 

It is sufficfently small so that a 
iciently complex to exhibit the es- 
aches. In addition, there is enough 
verse of discourse to be used to ex- 

In section B.2 we present a prose description of the classifizations and rules 
for *our example universe of discourse in natural English language. This could 
be considered as an informal conceptual schema. 

We also give - in section B.3 - some example entities and happenings in our 
universe of discourse. This could be regarded as an informal (and incomplete) 
information base describing an entity world of interest. 

B.2. RULES, ETC. FOR THE UNIVERSE OF DISCOURSE. 

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. The 
Registration Authority exists for the purpose of: 

Knowing who is or was the regis tered owner 
from con struction t o de struction of the car. 

of car any time 

* To monitor certain laws, for example regarding fuel consumption 
of cars and their transfer of ownership. 

Manufacturers of cars: 

There are a number of manufacturers, each with one unique name@ Manufacturers 
may start operation, with the permission of the Registration Authority (which 
permission cannot be withdrawn). No more than five manufacturers may be in oper- 
ation at any time. A manufacturer may cease to operate provided he owns no 
cars, in which case permission to operate lapses. 

Cars: 

A car is of a particular model and is given a serial number by its manufacturer 
that is unique among the cars made by that manufacturer. The manufacturer is 
registered as the owner of the car as soon as practicable. At this time it is 
given one registration number, unique for all cars and for all time. The year 
of production is &so recorded. During the month of January only, a car may be 
declared to have been produced in the previous year. Eventually a car is de- 
stroyed and the date of destruction is registered. The history of a car must be 
kept until the end of the second calendar year following its destruction. 

77 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 90

07
:19

87

https://standardsiso.com/api/?name=4a3ebad6b86db4bd040f62df267a73d5


ISO/TR 9007 : 1987 (El 

Car models: 

A model of car has one universally unique name. Cars of each model are made by 
only one manufacturer. New models may be introduced without limit. All cars of 
one model are recorded as having the same fuel consumption. 

Fuel consumption: 

Fuel consumption is a number of litres of hydrocarbon fuel per 100 kilometres, 
which will be between 4 and 25 litres. The fuel consumption averaged over all 
registered cars produced by a particular manufacturer in a particular year is 
required not to exceed a maximum value, which is the same for each manufacturer 
and may change from year to year. At the end of each January an appropriate 
message is sent by the Registration Authority to each manufacturer which has 
failed to meet this requirement. 

Garages: 

There are a number of garages, each with one unique name. New garages may start 
trading* Garages may own cars, but at any time the cars they own must have orig- 
inated from no more than three manufacturers (whichthree is unimportant, and 
may vary with time). A garage cannot cease to trade as long as it owns cars. 

Persons: 

There are a number of persons who can own one or more cars. Each person has one 
unique name. Only those persons are of interest who own, or have at some time 
owned, a car still known to the Registration Authority. 

Car ownership: 

At any time a car may be owned by either its manufacturer, or a trading garage, 
or a person or group of persons. If a car is owned by a group of persons, each 
is regarded as an owner. 

Transfer of ownership: 

Ownership of a car is transferred by registration of the actual transfer, in- . 
eluding the date. A manufacturer can transfer only to garages, and cannot be a 
transferee. A garage can transfer only to people. After destruction of the car 
it cannot be transfered anymore. Earlier transfer though still can be recorded. 

There are no specifications except as above. 

In the example, it is inevitable that a number of simplifying assumptions have 
been made, e.g. reasons, prices and circumstances of transfer of ownership are 
not considered. 
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B.3. SOME THINGS AND HAPPENINGS IN THE RELEVANT ENTITY WORLD. 

The following describes some of the things and happenings of the assumed entity 
world: 

Some of the car manufacturers with permission to operate are Ford, General Mo- 
tors, Renault, Jowett, and Volkswagen. A couple of Ford's models are the 
Nustang and the Granada. General Motors constructs, among others, the Impala 
model. 

The history of a Ford Mustang, serial number XXX999 is as follows. It was con- 
structed in 1975 and presented for registration on 21 January 1975. It got the 
registration number GMF 117. On 29 January 1975 it was distributed to Smith's 
!iPrage 9 which sold it on 15 March 1975 to Mr. Johnson. Mr. Baker bought the car 
from Mr. Johnson on 24 May 1978. The car was destroyed on 13 January 1980. 

A General Motors Impala car, serial number QGTM783F, was registered under num- 
ber ABC 653 on 9 April 1978 and distributed to Jones Brothers Ltd. This car was 
bought by Mr. Johnson on 26 May 1978. The car was destroyed on 14 August 1979. 

General Motors made an Impala car with serial number QAVP864B in 1977. It was 
registered on 21 January 1978 and given registation number PQR 456. On 14 Febru- 
ary 1978 it was sold to RN Cars who already owned other cars made by General Mo- 
tors, Renault and Volkswagen. Mr. and Mrs. J. Soap bought this car on 31 March 
1978, but were unable to trade in their Datsun as part of the deal. 

In 1978, a new manufacturer PSC (Pretty Small Cars) requested permission to 
manufacture, and was refused. Following the failure of Jowett in 1979, the re- 
quest was resubmitted, and this time PSC (Pretty Small Cars) got permission to 
operate on the market on 1 January 1980. 

The first model produced was the Gasmiser. The first series of this model with 
serial numbers GAMlOOl, GAM1002, and GAM1003 were all registered on 4 January 
1980. They got the registration numbers XYZ 101, XYZ 102, and XYZ 103 respec- 
tively. 

The car XYZ 101 was distributed to the garage named South Station on 25 January 
1980, but was destroyed by an accident on the same day. The latter two cars 
were distributed to the North Station Garage on 20 January 1980. Both cars were 
sold to Messrs. Gbdel, Escher, and Bach on 26 January 1980. Mr. Bach died in 
an accident with car XYZ 103 on 2 March 1980. The car was registered as de- 
stroyed on 5 March 1980. On 5 March 1980 the Messrs. Gadel and Escher were 
registered as sole owners of the remaining car XYZ 102. They sold this car to 
Smith's garage on 15 march 1980 and bought from it a Mustang, serial number 
PCXXOlO, which was registered first on 5 January 1980, built in 1979. The reg- 
istration number of this latter car was XYZ 10% XYZ 102 was destroyed by dis- 
mantling, because Smith's garage had a shortage of spare parts. Therefore at 
the end of 1982 the Registration Authority can forget all about the cars 
XYZ 101 - XYZ 103. 

On 1 December 1980 PSC gave notice of withdrawal from the car business. 

For 1979 the average fuel consumption was established as a maximum of 12 litres 
per 100 kilometres, for 1980 it was established as a maximum of 10 litres per 
100 kilomitres, which will be the rate for 1981. 
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APPENDIX C. THE PASCAL SYNTAX NOTATION. 
~--o--------------------------------------------------------------I)----III-~--1-- ,-~--------------------------------I-----------------------------------------m-. 

We have adopted the PASCAL syntax notation, as proposed by IS0 TCW/SC5, for 
the languages used to demonstrate the example conceptual schemata in the 
various approaches. (See document ISO/TC97/SC5 N 678 Programming languages - 
PASCAL). 

This syntax notation can be used quite well to describe itself, that is, to 
define the syntax notation, Note that the sequence in which the metastatements 
are written is immaterial. The only requirement for the description to be com- 
plete is that there must be a deffning metastatement for every metavariable 
appearing in a metaexpression. 

syntax 

metastatement 

= metastatement {metastatement). 

= gap metavariable gap rr=,r metaexpression gap '7'. 

metavariable = letter {letter f digit ] *'-"1. 

metaexpression 

sequence 

= sequence {or sequence). 

= gap element {comma element}. 

element = metavariable I iteration I option 1 nest I 
terminal-symbol. 

iteration VW 0 3: 1 metaexpression gap W),I. 

option Wl 1* = 
I metaexpression gap *'I-. 

nest we 89 = ( metaexpression gap ,,)ll. 

terminal-symbol = string-description I terminal-character. 

string-description = string-delimiter string string-delimiter. 

string-delimiter / *v = 
l 

string = {terminal-character I any-character}. I e 

terminal-character = "(any-character 1 ."). 

space 

gap = is pace 

or = gap "l". 

comma = gap [,r,*r gap]. 
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letter 

digit 

denotes any letter 
specified here. . 

denotes any digit 
specified here. 

of 

0 

the alphabet, not further 

through 9, not further 

any-character denotes any character except '* in the character- 
set, not further defined here. 

The semantics in general 
foll&ng remarks, 

should be clear 
however, might be useful: 

metasymbol 
-----~-------m-nmw--.- w-w-0 -L-----III 

meaning 

from 

= 

I 

0 

option: [x] 

shall be defined to be 

alternatively 

end of definition 

0 or 1 instances of x 

iteration: {x} 

nest: ( I X Y 1 2) 

0 or more instances of x 

any one of x or y or 2 

description. 

terminal-symbol: 
" xyz" the string xyz 

terminal-character: 
.X the character x 
0) the character ) 

string-delimiter: 
R I8 the character ,, 

The quote (') is to be interpreted as: 

"Do not copy this character, but the next character as it stands.'@ 

The special terminal-character is needed to define: . . 

- the character *' in a string (."), 

- the character ) in a string (./), 

because the empty string is defined as '7 

Observe, "priorities of operation": 

1. Any kind of brackets (option, iteration, nest). 

2 . Sequence. 

The 

3. Selection. 
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APPENDIX De THE ENTITY - ATTRIBUTE - RELATIONSHIP APPROACHES. 

Del. EMPHASIS OF THE APPROACHES. 

The Entity-Attribute-Relationship (EAR) approaches (sometimes also called 
Entity-Relationship approaches) have evolved from the work of Bachman [l] and 
Engles [2] on data modelling. 

Since the appearance of Chen's paper [3], and the-work of Tardieu and others 
[4, .5j, 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, 71). 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, 
although the right choice is often difficult to make when 
analysing 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 ap- m . 
proaches. 
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4 8 "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 
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used in correspondence with the type notion. An occurrence of a particular type l 

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- L . 
Fences 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 col- 
lection 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 
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particular entity may be 
cases entity-types need 

considered 
not be disjoint 

to 

to more than one entity-type. The same 
relationship-types, and value-types. 

belong to only one entity-type. In other 
so that a particular entity may belong 
observation applies to attribute-types, 

. 

m 

0.2.3. CHAWKTERISTICS OF RELATIONSHIPS. 

Differences exist among variants of EAR approaches especially with respect to 
characteristics of relationships. Therefore, we will discuss in the folh,7tng 

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 

and 

WORKS-FOR defined over PERSON and DEPARTMENT 
c-g* "Tom works for Sales") 

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 

and 

MARRIED-IN defined over two PERSONS and one TOWN: 
e.g. '*John married Mary in Amsterdam". 

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. 
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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 8, are: 

* one-to-one (1-l) s 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 (l-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 parttcipate 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 
ail id3 (total) 
all some 1 
some all ) (partial) 
some some 1 

The combination of functionality and totality/partiality establishes the car- 
dinalfty of the relationship, and is expressed in terms of min-cardinalityx 
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. 

\ 4 

A 
InincJnaxc mincJnaxc 

B , 
. \ / 

Figure D.1. General picture for a relationship-type. 
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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 in- 
volved in n relationships of the relationship-type. Some examples are illu- 
strated in figures D.2, D.3, D.4, and D.5. 

\ 

. L 

A 
11 9 k1 - B 1 

4 a 

Figure D.2. A "one-to-one" relationship. 

Figure D.3. A "one-to-many" relationship. 

Figure D.4. A "zero or one-to-many" relationship. 

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: 

. 4 l 

Department b 0s 191 g Employee 

Figure D.6. A binary (n=2) relationship. 
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Another example may help to understand the cardinality on n-ary (n>2) rela- 
tionship-types (figure D.7): 

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 DE- 
LIVERED 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 functfonal dependency between a 
subset of the collection of entity-types and another entity-type. 

I 1 4 I 

OJ 1,n O,n 
e 

(PRODUCT x 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- 
tamer only one warehouse can deliver this product'to this customer. 

Some EAR approaches that only allow binary relationship-types restrict them- 
selvks 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- , . . rs* * 
tionship-types. 
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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* the'se diagrams an entity- 
type is represented by a rectangular box, in with the entity-type-name is 
written. A one-to-many relationship-type i's represkted 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 kitten next to the arrow, but they 
are often omitted. Some of the examples are given in figure Do9 as an illustra- 
tion of the technique. 

Department 

/ 

one-to-many 

I project 

t 
zero or one-to-many 

Person 1 A 
1 i 
I 1 

, Married-To 

’ / \ -4 

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: 

DeliveF , , ~red45om 

I Delivered-To 

I Customer 

Figure D.10. r Three binary relationships for the example of figure DA 
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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 
unive&e 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". 
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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 entity- 
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 mint '*/ maxc 
{entity-type-name mint ti,W maxc) 

{"FUNCTIONAL DEPENDENCY" 
entity-type-name {entity-type-name) 
@'ON" entity-type-name) 

["IDENTIFIER" identifier] 
["DESCRIPTION*' 

attribute-type-description 
{attribute-type-description}]. 
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attribute-type-description = attribute-type-name. 

mint = unsigned-integer 1 letter. 

maxc = unsigned-integer 1 letter. 

conceptual-schema-name = identifying-name. 

entity-type-name = identifying-name. 

identifier = attrtbute-ttype-name 
i em em 

9 attribute-type-name). 

attribute-type-name = identifying-name. 

relationship-type-name = identifying-name. 

identifying-name = letter {letter 1 digit 1 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. GRAPHZC FORMALISM. 

Structure diagrams of entity-types and relationship-types may be drawn in the 
EAR gpproaches, using the following symbols: 

Figure D.11. Symbol for an entity-type in an EAR structure diagram. 

(number of links = dimension) 
m.inc~axc.. . . . . . . . . . . . . . . . . . . . . . . . ...*.. IlliIlC$lXiXC 

. 

lower half of symbol 
is optional 

[(functional dependency)] 

Figure D.12. Symbol for a relationship-type in an EAR structure diagram. 
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D.5. MODELLING. 

Many mo 
proaches 

lling tech niques have been proposed in accordance 
The,se t echn .iques can be classified into two categories: 

with EAR ap- 

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, 91 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 
by considering 

these pragmatic 
the universe of 

rules illustrates that the choices must 
discourse and not only its description. 

be made 

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. 
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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. [g]. 

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. 

. t . + 

Person Car Building 
l I 

On 9 la la 

(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: 

t b . -P 
- 4 

Person Car Buildhg 
w \ 4 b 4 

On 9 191 19 la 

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. 
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D.6. EXAMPLE CONCEPTUAL SCHEMA. 

D.6.1. GRAPHIC REPRESENTATION. 

Manufac- LJ turer 

191 

c 9 

Car Model 
c 

04 

9 

Garage 

m r c L- 1 
b * 

t 

1 CZU c 

J c , 

On Y 

08 I t . - 

osl . - . . - 1 
I osl . 1 - . 

I OJ‘ On I 9 On 3 On 9 0,n 0,n 
- - 1 

P 

On 9 

1,l 19 

l r 

I- Transfer 1 

Figure D. 15. Example conceptual schema. 
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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 

ENTITY-TYPE 
IDENTIFIER 
DESCRIPTION 

ENTITY-TYPE 
IDENTIFIER 
DESCRIPTION 

ENTITY-TYPE 
IDENTIFIER 
DESCRIPTION 

ENTITY-TYPE 
IDENTIFIER 
DESCRIPTION 

ENTITY-TYPE 
IDENTIFIER 
DESCRIPTION 

ENTITY-TYPE 
IDENTIFIER 
DESCRIPTION 

ENTITY-TYPE 
IDENTIFIER 
DESCRIPION 

RELATIONSHIP-TYPE 
DIMENSION 
COLLECTION 

CARDINALITY 

RELATIONSHIP-TYPE 
DIMENSION 
COLLECTION 

CARDINALITY 

car-registration 

manufacturer 
manuf-id 
manuf-id 
is-operating 

car-model 
model-id 
model-id 
fuel-cons-spec 

car 
reg-no 
reg-no 
serial-no 
destroyed-date 

fuel-consumption-rate 
year-id 
year-id 
max-cons 

garage 
garage-id 
garage-id 
is-trading 

person 
person-id 
person-id 

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

manuf-by 
2 
manufacturer 
car-model 
manufacturer O,n 
car-model 191 

made-by 
2 
manufacturer 
car 
manufacturer 0,n 
car 191 
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RELATIONSHIP-TYPE 
DIMENSION 
COLLECTION 

CARDINALITY 

RELATIONSHIP-TYPE 
DIMENSION 
COLLECTION 

CARDINALITY 

RELATIONSHIP-TYPE 
DIMENSION 
COLLECTION 

CARDINALITY 

RELATIONSHIP-TYPE 
DIMENSION 
COLLECTION 

CARDIN.4LITY 

RELATIONSHIP-TYPE 
DIMENSION 
COLLECTION 

CARXNALITY 

RELATIOW-W'-TYPE 
DIMENS ION 
CC,LLUZTIC)N 

CAKI)INAI.r.TY 

is-of-model 
2 
car-model 
car 
car-model 0,n 
car 191 

prod-year 
2 
fuel-consumption-rate 
car 
fuel-consumption-rate 0,n 
car 131 

transfer-mg 
4 
car 
transfer 
manufacturer 
garage 
car 0 
transfer 191 
manufacturer 0,n 
garage 0 

transfer-gp 
4 
car 
transfer 
garage 
person 
car %n 
transfer l,n 
garage O,n 
person O,n 

transfer-pg 
4 
car 
transfer 
person 
garage 
car 0 
transfer 1,~ 
person O,n 
garage 0 

transfer-pp 
4 
car 
transfer 

car 9 , II 
transfer l,n 
pe r son %n 
person U 
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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 

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 

E 

* 

* 

* 

* 

E 

E 

* 

* 

* 

2 0 

3 a 

Each car manufacturer has a unique name. 

New car manufacturers can start operation provided they have 
the permission of the Regi stration Authority. 

4 l 

5 l 

The Registration Authority cannot withdraw the permission. 

At 
ape 

any 
rate 

not more than five autonomous manufacturers may 
l 

6 0 Manufacturers may cease to operate, provided they do not own 
cars anymore. 

7 0 Each car manufacturer constructs cars in several models. 

8 l A car is of a particular model. 

9 0 A manufacturer gives a serial number to each car he produces. 

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

10. 

A newly produced car is registered by the Registration Auth- 
ority as soon as practicable. 

11. 

(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 0 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 l 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. 
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* 18 l 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 0 Any specific car model is constructed by only one manufac- 
turer. 

* 21 0 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 l The fuel consumption of a car will be between 4 and 25 
litres per 100 km. 

* 25 0 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 0 

* 27 0 

E 28 l 

The maximum 
year. 

At the end of January a message is sent to a manufacturer 
who has failed to meet this requirement in the previous year. 

fuel consumption may change 

Each garage has a unique name. 

from year to 

* 29 0 New garages may be established. 

E 30 l Garages may own cars. 

* 31 0 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 a 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. 
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* 36 0 People are only known to the Registration Authority if they 
own or have owned (one or tire) cars, which still are known 
to the Registration Authority. 

37 l 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 0 Transfer of ownership cannot place anymore after 
car's destruction. 

* 40 l 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 

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

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

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 l 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. 
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* 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 [lo] and then to a relational data base schema [ll] 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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Prod-Year . 

r Share 1 r Share 1 1 Share 1 
I Transfer 1 

r 
Manuf- 4 By . 
Is-Of- 1 Model 

Made-By 

I I Garage 
I I 

Person 
I 

1 Triiiii’tir 1 1 Transfer 1 1 Transfer 

I Transfer 
I 

1 I 

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~&nsfer-car, transfer-date, seq-no) -4 
SHARE-TRANSFER-MG (transfer-car, transfer-date, seq-no, - .-_ _ .--.- I_ - -- ..-- -__ --.._ 

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, ---_--.-_. -..-- -- --em..-.- _- ---- 

selller, buying-garage) 
SHARE-TRANSFER-PP (transfer-car, transfer-date, seq-no, seller, buyer) 
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APPENDIX E. THE BINARY RELATIONSHIP APPROACHES. 
m~~~-m---1)-mmm~m~~mmm--mm--m-mm--m---------------m-mmmm-m~mmm~ -mmmm------mm-~m -mmmmmmmmImm-.mm-m---mm-Immmmm-m-II--mmmmLIIIII~-------~------~~ -0-0-00 ----mm 

E.l. EMPHASIS OF THE APPROACHES. 

The Binary Relationship approaches to conceptual schema definition have their 
origin fn the work of authors such as Abrial in the early seventies, and 
Bracchi and Senko in the mid seventies. During this period a few implementa- 
tions of binary relationship systems were also attempted. More recently fresh 
implementations of binary relationship systems have sought to demonstrate that 
application programming and end user interfaces to data base management systems 
can be realized at a level close to the conceptual schema. 

In this chapter, we present a synthesis of the Binary Relationship approaches, 
which is not the product of any single author in particular. Other approaches 
to the binary model exist in the literature. What all these approaches have in 
common, is a representation of information "elements" by means of instances of 
binary associations, i,e. sentences in which only two terms play a role. 

A common feature of Binary Relationship approaches is the use of graphic no- 
tation to illustrate parts of the conceptual schema and the information base. 

An information base is an attempt to describe a part of the universe of dis- 
course [l]. From a modelling viewpoint, this universe of discourse presents 
itself at each moment of time as a set of entity and binary association oc- 
currences [ 21. The population and semantics of the universe of discourse must 
be modelled in a way that agrees with the existing propositions about those 
occurrences. 

Remark: The notions of population, occurrence and type above and be- 
low are here applied to concepts of object and binary asso- I 
ciation, as done commonly by proponents of this method such 
as Abrial [ 31, Bracchi [4], Senko [5], as well as Durchholz 
[6] and several others, 

The modelling process occurs in two phases: On one side one has the universe of 
discourse, on the other the information base and conceptual schema. 

The modeller, or analyst, performs three tasks: he names (refers to) or es- 
tablishes naming conventions for the entity which he observes in the universe 
of discourse, he classifies it (which is also a naming action of a kind) and 
prepares a conceptual schema that will describe this classification as well as 
allows populating it with a name of or reference to the observed entity, 

In the Binary Relatfonship approaches, it is taken as a starting point that the 
conceptual schema3 function is mainly to introduce classification and order in 
the description of the universe of discourse, not just be a "flat" exhaustive 
description on the occurrence level0 The modelling of the universe of discourse 
on this occurrence level may be considered sufficient from a theoretical point 
of view by certain other approaches (since it can conceivably achieve any 
desired degree of completeness). That kind of modelling method, however, lacks 
many pragmatical and practically useful properties which, for instance, are a 
consequence of the type concept0 
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The Binary Relationship approaches, as presented here, fully implement the 
distinction between lexical and non-lexical objects as outlined in section 2.1 
of chapter 2 as a means to resolve some of the confusion between things and the 
names of things that occur in so many information descriptions and information 
exchanges. At the same time it provides a systematic treatment of such natural 
concepts like type. 

These Binary Relationship approaches do not themselves treat the language in 
which a universe of discourse is described in any other way than to emphasize 
its existence and necessity. It is implicitly assumed as a postulate that there 
is semantical equivalence in the sense of chapter 3, section 3.4, between: 

* the propositions about the universe of discourse, 

* the sentences describing them in the conceptual schema and 
information base (not necessarily in a one-to-one correspon- 
dence). 

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 0 "To provide a common basis for understanding the general be- 
.haviour of the universe of discourse." 
The Binary Relationship approaches usually provide a formal 
language to completely describe the conceptual schema, and a 
graphic formalism or notation covering major aspects of the 
conceptual schema. The use of the basic concepts - entity, 
entity-name, binary relationship and constraint - makes it 
possible to completely describe the dynamic rules and con- 
sstraints of the conceptual schema and information base, as 
well as the static rules and constraints (This characteris- 
tic is also available in the IPL approaches). The fundamen- 
tal distinction between things and their names is a great 
help in the ease of understanding and teaching [5, 71. The 
challenging part in the teaching and understanding is in the 
area of constraints. 

2 0 "To define the allowed evolution and manipulation of the in- 
formation about the universe of discourse." 
In the Binary Relationship approaches the basic concepts are 
atomic. As a consequence any given constraint is explicitly 
formulated. Therefore changes in the universe of discourse 
can be absorbed by just adding or deleting, but not changing, 
the types of binary relationships, entities or entity names, 
or by just changing constraints. This results in a more 
relative stability as opposed to approaches where some con- 
straints are "packed" into the "basic" concepts. 

3 0 "To provide a basis for interpretation of external and inter- 
nal syntactical forms which represent the information about 
the universe of discourseo" 
To serve this role it is needed that a conceptual schema 
contains the deepest structure of the problem description 
in semantically irreducible elements. The distinction between 
things and their names present in these Binary Relationship 
approaches provides a deep structural aspect while the bi- 
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nary relationships and the subtyping capability provide the 
semantical irreducibility. 

4 0 "TO provide a basis of mappings between and among external and 
internal schemata." 
The maximum degree of stability for the purpose meant here 
is reached with semantically irreducible constructs and con- 
structs free of additional constraints, This is the case in 
the Binary Relationship approaches. 

Eo20 PRIMITIVE CONCEPTS OF THE APPROACHES. 

When recognizing the distinction between lexical and non-lexical objects and 
their disparate functions, the concept of type is needed. Indeed, one or sev- 
eral lexical objects will specify one or sevx non-lexical objects correspond- 
ing to entities in the universe of discourse. Let us take a specification, for 
example: 

'Rita' (lexical object) 

We now want to express that we talk about a certain entity in the universe of 
discourse corresponding to the string 'Rita', To denote entities such as in 
this case a girl-entity, we use the notation <girl>, So 'Rita‘ refers to a 
<girl> entity. Suppose this <girl> is referred to in our language by the word 
'girl'. An obvious construct would be then to talk of: 

'girl' called 'Rita' 

whereby 'girl' is introduced as a lexical object (or name) for the entity-type 
of <girl>. This lexical object 'girl‘ is therefore a lexical object at the con- 
ceptual schema level. 

Figure Eolo Classifying and naming the <girl Rita>. 

The non-lexical object named by 'girl' is a class of entities <girl>s in the 
universe of discourse. 

The same example we can now elaborate a little further and establish also a lex- 
ical object or name 'girlname' for the class of all entities in the universe of 
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discourse that are names of <girl>s. So 'Rita' is an occurrence of 'girlname'. 
Note that again 'girlname‘ is a lexical object at the conceptual schema level, 

universe of discourse 

Figure Eo2. Typing and naming in the universe of discourse. 

Observe also that, when described and entered fn the conceptual schema, this 
step will precisely model the "naming"-arrow in figure E.2. We see that 'girl- 
name‘ denotes another kind of type of lexical objects. A link between the two 
types above, one lexical and one non-lexical, is already visible in the word 
"called". In the Binary Relationship approaches discussed here this type of 
link is named a bridge (Nijssen [8]). 

It must be mentioned already here that these Binary Relationship approaches do 
not prohibit synonyms or homonyms to be used as names or references. However, 
for the sake of determinism, it is required that every entity-image or object 
occurrence in the conceptual schema and information base possesses, at all 
times, at least one way of unambiguously referring to it0 

Summarizing, we talk of 

'girlname' 

as specifying a type of lexical objects of which 'Rita‘ is an individual oc- 
currence, and of 

'girl' 

as referring to a type of non-lexical objects of which 

'girl' called 'Rita' 

is an individual occurrence. 

Formally, we shall have thus: 

lo - Linguistic objects: 

lolo lexical objects, corresponding to individual "ut- 
terable" entities. Example: /Jones*, 'Rita', 'girl‘. 
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1.2. Non-lexical objects, corresponding to %on-utter- 
able" entities. Non-l xfcal objects specify entities 
by using lexical objects (in a manner elaborated 
below). Example: the 'person' called Vanes-, the 
'girl' called 'Rita'. Note, that 'person' and 'girl‘ 
are used here as references to types rather than to 
instances, as in 1.1. 

2 l - Binary relationship instances (between two linguistic objects): 

2.1. Idea, between two non-lexical objects. 

2.2. Bridge, between a lexical and a non-lexical object. 

2.3. Phrase, between two lexical objects. 

3 0 - Linguistic object types: 

3.1. Lexical object types (LOTS)* 

3.2. Non-lexical object types (NOLOTs). 

This classification into types is an essential part of the modelling process 
(Falkenberg [7]). It depends usually and mostly on the syntax and semantics of 
the translation of the propositions in the universe of discourse into the lan- 
guage of the information system. It also depends on the modeller's awareness of 
the shortcomings, abstractions, interpretations, and naming conventions intro- 
duced while making this translation. 

Further corresponding to these types of lingufstic objects there are types of 
ideas, bridges and phrases: 

4 0 - Binary relationshfp types: 

4.1. Idea types, conveying the "real" information be- 
tween non-lexical objects. 

4.2. Bridge types, linking the naming lexical-objects 
to the named non-lexical objects. 

4.3. Phrase types, carrying relations between lexical 
objects only. 

And, also having types of lfnguistic objects, we shall want to "subclassify" 
them into subtypes, depending on the distinction between shared and non-shared 
binary relationship types on linguistic object types on one hand, and pure "con- 
ceptual" subclassification of the (future) populations of those lingufstic ob- 
ject types on the other hand. 

For example, we might consider the subtypes 'man', 'woman', 'employee‘ of the 
type 'person' mentioned above. Almost always a subtype is introduced because of 
the existence of particular distinguishing ideas on the "supertype". In this 
example, ?nan- might be characterized by a military record, @woman‘ by natural 
children, 'employee' by a firm, and so on. Hierarchies of subtypes are of 
course perfectly possible and permitted in the Binary Relationship approaches. 
Only subtyping between a lexical and a non-lexical object type is not allowed 
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for obvious reasons. It is important to note that subtypes need not be dis- 
joint. 

So we have: 

5 0 - Subtypes: 

5.1. Non-lexical subtypes, i.e. which induce subsets of 
non-lexical object types. 

5.2. Lexical subtypes, i.e. which induce subsets of 
lexical object types. 

Finally, realizing some propositions of the universe of discourse, or more pre- 
cisely, some necessary propositions, are about propositions themselves and 
therefore translated into predicates about linguistic objects and binary rela- 
tionship instances, we need to express these in static and dynamic constraints 
(at the type level). Since the existence of those propositions has probably 
influenced the shape of the universe of discourse the constraints will also 
influence the modelling process. 

So we end here with: 

6 l - Constraints, both static and dynamic. 

All operators, from the vantage point of the conceptual schema, work on the 
"occurrence" or "instance" level, There are actually few of them. 

A very important axiom, which is introduced to make these operators generally 
meaningful, is the following: 

In every state of the information base, every linguistic 
object instance must be an occurrence of some linguistic ob- 
ject type; every binary relationship instance is an occur- 
rence of some binary relationship type; and most important, 
every linguistic object possesses a way of uniquely re- 
ferring to it by means of one or more lexical objects. 

The operators defined for this example of the Binary Relationship approaches 
are: 

7 l - Operators: 

7.1. list (... a binary relationship instance), 

7.2. add (... a binary relationship instance), 

7.3. delete (... a binary relationship instance), 

7.4. qualify (... an linguistic object as belonging to 
a subtype), 

7.5. unqualify (... an linguistic object from out of a 
subtype), 
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7.6. equate (... identify two different linguistic 
objects as meaning or referring to one and the same 
thing). 

7.7. together do (... perform a sequence of operators 
but decide on its permissibility on the basis of the 
sequence as a whole). 

The semantics of these elementary operators are directly interpretable in terms 
of chapter 2 in the cases (7.1) - retrieval, (7.2) - insertion, (7.3) - dele- 
tion, and (7.7) - permissible action. The same or similar operators exist in 
most approaches. The operators (7.4) - qualify, (7.5) - unqualify, and (7.6) - 
equate, however, are typical for this example of the Binary Relationship ap- 
proaches. The operators "qualify'* and "unqualify" derive from the notion of 
subtypes: 

qualify takes a reference to a linguistic object and trans- 
forms it to a reference to a linguistic object in 
one of the subtypes of the linguistic object type 
containing the linguistic object. 
For example, "qualify the manufacturer 'Ford‘ as 
operating-manufacturer". 

unqualify does the opposite; it removes the ability to use 
the reference for linguistic objects of the sub- 
type concerned. 
For example, "unqualify the manufacturer 'PSC' as 
operating-manufacturer? 

The operator "equate" is particular since it is a consequence of how these 
Binary Relationship approaches implement the distinction between names and 
things: 

equate establishes two different terms as being refer- 
ences to the same entity in the universe of dis- 
course, thus needing "non-lexical" identification 
while retaining all existing naming conventions 
for it. 
For example, "equate (the manufacturer called 
Ford,the manufacturer of the car-model Mustang)". 

E.3. GRAMMAR AND SEMANTICS. 

E.3.1. THE LANGUAGE AND ITS RELATION TO THE UNIVERSE OF DISCOURSE. 

Referring to chapter 3, section 3.3, we may repeat that certain general con- 
cepts are primitive notions that characterize the grammar of any language. They 

TERM 
A linguistic object that refers to an entity; 

SENTENCE 
A linguistic object which expresses a proposition; 
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FUNCTOR 
A linguistic object that refers to a function on other lin- 
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). 

The functors used for the Binary Relationship approaches are the 
predicate, operator, quantifier, etc, and will be made explici t al 

usual ones of 
ong the way. 

It is possible to give an interpretation for these concepts in the language 
used for conceptual schema definition in these Binary Relationship approaches 
as follows: 

TERMS: 

a) ELEMENTARY TERMS: Linguistic Object Type Names, 
Binary Relationship Type Names, 
Role Names, 
Individual Names. 

Example: 'Rita', 'girl'; 

b) DESCRIPTIVE TERMS: References linking one or more 
lexical objects (elementary 
terms) to a non-lexical object. 

Example: 'The company employing Rita'. 

SENTENCES: 

a) ELEMENTARY SENTENCES: Declarations of Linguistic Ob- 
ject Types, Binary Relation- 
ship Types. 

b) FUNCTORIAL SENTENCES: Obtained through application 
of functors (mainly predi- 
cates) to TERMS and ELEMENTARY 
SENTENCES and used for con- 
straint definition. 

Examples follow in section E.6. 

Elementary sentences (declarations) are built up mainly with the primitive 
predicate "is-a" in some equivalent form (namely the "add" of a "bridge" in- 
stance). Note that this predicate connects a term from the conceptual schema 
level with one from the meta-conceptual level, containing such names as 'OBJECT 
TYPE' and 'IDEA TYPE‘. Other primitive predicates in the model are "is-a-subset- 
Of-) with the obvious meaning, and "has-roles" and "connects-with'@ which are 
used in declaring roles for idea, bridge, and phrase types below. 

In a practical application, one would probably find also useful certain primi- 
tive or (semi-primitive) predefined predicates specifying a logical represen- 
tation for lexical object types, but we shall not consider those here to avoid 
cluttering up the real issues. 
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The example language of section E.6 is to be considered ad hoc for the purposes 
of this chapter. NO implied suggestion for any kind of standard is implied. 

The grammar of the language used for the example is based on the following 
principle: 

Since the grammar describes conceptual schemata, it can 
itself be considered as a language in which we model a par- 
ticular universe of discourse, namely the universe of dis- 
course of the conceptual schemata of the Binary Relationship 
approaches. Therefore a "declaration" of a lexical object 
type, for instance, is nothing but the "add" of a bridge 
connecting the meta-schema-LOT OLEXICAL-OBJECT-TYPE-NAME‘ or 
'LOTNAME‘ with the meta-schema NOLOT 'LEXICAL-OBJECT-TYPE‘ 
or 'LOT'. 

Example: 

add NOLOT called %ARAGE' 

declares a NOLOT with NOLOTNAME )GARAGE., by inserting this 
piece of information as a binary (bridge-) relationship 
instance in the conceptual schema. 

E.3.2. FORMAL SYNTAX. 

The formal syntax of the language used in the example (section E.6) is given 
below, using the syntax notation of appendix C: 

(W conceptual-schema 

uw nolot-declaration 

(R3) lot-declaration 

(W subtype declaration 

uw nolot-subtype 

(R6) lot-subtype 

= "begin" 
"=PTUAL-SCHEMA called" schema-name ";" 
nolot-declaration {nolot-declaration) 
lot-declaration {lot-declaration} 
{subtype-declaration) 
{idea-declaration} 
bridge-declaration {bridge-declaration} 
{phrase-declaration} 
{constraint-declaration} 
"end" . 

= "NOLOT called" (nolot-name 1 nolot-name-list). 

= "LOT called" (lotname 1 lotname-list). 

= nolot-subtype 1 lot-subtype. . 

= "NOLOT called" 
(nolot-name-l 1 nolot-name-l-list) 

"is subtype-of NOLOT called" nolot-name-2 ";". 

= "LOT called" (lot-name-l 1 lotname-l-list) 
"is subtype-of LOT called" lot-name-2 “;". 
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(R7) idea-declaration = "IDEA (with-first ROLE (called" role-name-l 
"and on NOLOT called" nolot-name-1 "e)ee 

"and with=cond ROLE (called" role-name-2 
"and on NOLOT called" nolot-name-2 l e))ee 

"is calleridea-name ee;"eo 

(R8) bridge-declaration = "BRIDGE (with-first ROLE (called" role-name-l 
"and on NOLOT called" nolot-name ee)ee 

"and with-second ROLE (called" role-name-2 
"and on LOT called" lot-name "))** 

"is called"bridge-name *';*'. 

(R9) phrase-declaration = "PHRASE (with-first ROLE (called" role-name-l 
"and on LOT called" lot-name-l *')*' 

"and with-s=nd ROLE (called"' role-name-2 
"and on LOT called" lot-name-2 e'))ee 

"is called" phrase-name **;*'. 

(RlO) constraint-declaration = "CONSTRAINT called" constraint-name 
"is declared as" sentence ";**. 

(Rll) nolot-name-list I et {" nolot-name (nolot-name) **)*' "';** 

(R12) lotname-list = **(*' lot-name {lot-name} *'),, '*;*' 

Remark: nolot-name-l-list and lot-name-l-list follow the same syntax. 

(R13) schema-name = identifying-name. 

(Rl4) nolot-name = identifying-name. 

(R15) lot-name = identifying-name. 

(R16) role-name = identifying-name, 

Remark: nolot-name-l, etc, follow the same syntax. 

(R17) idea-name = identifying-name. 

(R18) bridge-name = identifying-name. 

(R19) phrase-name = identifying-name. 

(R20) identifying-name 3 eeOO'e letter {letter 1 digit I hyphen} et 0 0 be 
l 

Remark: The syntax of the constraint sentences, as well as the syntax of 
letter, digit and hyphen are not further defined here. 

This particular syntax was taken, slightly rephrased and simplified, from the 
RIDL report (Meersman - Vermeir [g]). 

It should be clear that a conceptual schema definition such as above can be 
"stored" by considering each "declaration" as a sentence to be added. In gen- 
eral delete, list, etc, of course have also their usual meaning in this con- 
text. An example of such a "session" is to be found in section E.6. 
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Example: 

add CONCEPTUAL-SCHEMA called 'CAR-REGISTRATION'; 
add NOLOT called {XAR' 'CAR-MODEL' 'DATE' 'TRANSFER' 'OWNER'); 
add LOT called {'REG.NO' 'SERIAL-NO'); 
add NOLOT called 'MANUFACTURER' is subtype-of NOLOT called 'OWNER'; 

This property is not a coincidence. It follows directly from the fact that the 
conceptual schema in these Binary Relationship approaches is perfectly capable 
of describing itself in the sense of chapter 2, sections 2.2 and 2.4, and 
chapter 3, section 3.5. We elaborate this further on. 

(Note. A complete declaration of 'CAR-REGISTRATION' appears in section E.6). 

E.3.3. SEMANTICS. 

Rule Semantics 

uw 

(W 

uw 
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uw 
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(SW 
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(SW 

(SW 

(SW 

(SW 

Description 

NOLOT instances with the uniquely identifying 
names %olot-name‘ are added to the conceptual 
schema; 

same as (Sl) for LOT instances with the names 
'lot-name‘; 

LOT and NOLOT are disjoint subtypes of the meta- 
object type 'OBJECT-TYPE' (!) - in other words, 
'lot-name' must not already exist as a 'nolot- 
name‘; 

the two NOLOTs mentioned must exist already; 

since subtyping is a transitive property, there 
must not be any closed "1oop" in the subtype 
links; 

same as (S4), mutatis mutandis; 

same as (S5); 

ROLE instances with ?ole-name‘ are added; two 
?ole-name‘s must be different when they are 
"on" the same NOLOT; 

same as (S4); 

the IDEA instance is then added with the 
uniquely identifying name 'idea-name'; 

same as (S8); 

the LOT and NOLOT mentioned must exist already; 

same as (SlO), mutatis mutandis; 
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5 

the set of all CONSTRAINTS is considered to be 
an exhaustive list of all existing rules or con- 
straints on all states of the information base, 
i.e. a binary relationship instance is entered 
in the information base if and only if no CON- 
STRAINT is violated; . 

the set of all constraints implies that all 
changes in the information base, which do not 
violate the declared CONSTRAINTS, are allowed; 

The identifying-names must be unique within the 
conceptual schema, except the role-names, which 
have a more limited scope of uniqueness (cf. S8, 
sll, S15). 

General Remarks on these semantics: 

* People familiar with Knuth's attribute mechanism [lo] per- 
haps will recognize the similarity between the above way of 
describing semantical properties attached to syntactical 
tokens and Knuth's attributes. See the literature [lo] for 
more details. 

* Apart from these "attribute" semantics there are semantics 
inherent to the primitive constructs and the way they are 
used in the model. Some are already more or less informally 
discussed in previous sections and will be only mentioned in 
passing. 

* One of them is the concept of 'name-, such as %olot-name‘ 
or 'role-name‘, for instance: 

the LOT mentioned must not appear in another 
BRIDGE declaration; 

same as (S8), mutatis mutandis; 

same as (S6); 

same as (SlO), mutatis mutandis; 

a CONSTRAINT instance is added with the uniquely 
identifying name 'ctinstraint-name'; 

"sentence" must describe in a syntactically cor- 
rect way a predicate (functor) which is to hold 
true at all times (for all states of the informa- 
tion base); 

no two CONSTRAINTS may be in contradiction (this 
results in the impossibility to populate the 
information base); 
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%ame‘: a term referring to an individual entity 
in the universe of discourse used for de- 
noting a single entity. It is lexical in 
nature, that is there is a 1-l corre- 
spondence with some string over a given 
alphabet. Nevertheless, it should be em- 
phasized that the Binary Relationship ap- 
proaches fully support homonyms as well 
as synonyms. 

* At this point, a careful reader will have recognized that, 
strictly speaking, terminal grammar elements such as NOLOT 
or IDEA (commonly called "keywords") are also name instances 
(of primitive concepts), but on the meta-conceptual level. 
To avoid confusion in the syntax and resulting language 
these names do not appear in quotes. 

c l 

* To make things complete, observe how the description of the 
semantics (Sl - S23) can themselves easily be viewed as con- 
straints (both static and dynamic) in effect on this meta- 
conceptual level ! 

Important note: 

As seen above, nothing prevents of course to view conceptual schemata them- 
selves, or any other "abstract" language, as a universe of discourse in these 
approaches. It is possible this way to introduce several levels of descrip- 
tion. However, at each level of description and in each state of the conceptual 
schema and information base, the conceptual schema and the part of the universe 
discourse formulation, it describes, are distinguishable by the environment. 
The reason is obvious, since the conceptual schema must be known to serve as 
the one and unique "contract" under which the information base may be ap- 
proached and manipulated. 

E.4. GRAPHIC FORMALISM. 

Most investigators of the Binary Relationship approaches have adopted a graphic 
formalism to represent a part of the conceptual schema and information base, or 
more commonly, to represent a subset of the conceptual schema. As already 
explained in section E.1, a very clear distinction between non-lexical objects 
and lexical objects is made. This distinction is reflected in the graphic 
language. In this section we declare the graphic symbols used to represent the 
information structuring part of the conceptual schema in these approaches. 

E.4.1. LINGUISTIC OBJECT TYPES. 

:. 0 .- 
Figure E.3. Non-lexical object type symbol. 
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Figure E.4. Lexical object type symbol. 

-1 / \ / \ 
I 
0 

\ 
\ I 
L ’ -A 

Figure E.5. Non-lexical object type symbol with a preferred 
("natural") one-to-one bridge to a corresponding 
lexical object type. (This symbol is a "graphic 
macro construct" for the diagram construct shown 
in figure E.15). 

E.4.2. BINARY RELATIONSHIP TYPES. 

. Figure E.6. Subtype link. 

Figure E.7. Idea or bridge symbol; Rl and R2 are role names. 

*-w ---a* 

~--p-pq-- 

Figure E.8. Same, but Rl identifies R2. 

E.4.3. CONSTRAINTS HAVING A DIAGRAMMATIC REPRESENTATION. 

\ 0 / \ 0 
\ X 0 -1 

--- 
-) 

Figure E.9. Exclusion (between subtype links). 
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\ 0 
‘\ 0’ / . ‘A U 

--- //' 

Figure E.lO. Unique combination (of idea or bridge roles). 

\ \ 0 
‘. 0 

0 
.\ > .’ ------ HH 

Figure E.11. Subset (between two role populations). 

‘. 
‘\ 0 

// = --- /’ --se- -- 

Figure E.12. Equality of population (of idea and bridge roles). 

Of course, not all constraints will or can be pictorially represented in a (ge- 
neral) conceptual schema diagram. However, all are declared separately in some 
convenient language which refers to the linguistic object type names, binary 
relationship type names, etc, of the conceptual schema. 

Ee4.4. SOME EXAMPLES OF THE GRAPHIC FORMALISM SYMBOLS. 

Turning to the diagram for the example of appendix B, let us illustrate the 
graphic formalism on a few simple excerpts from this diagram (cf. figure E.18). 

Figure E.13, A subtype; OWNER has, among others, a division 
between two exclusive sub-ownerships, GARAGE 
and GROUP. 
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c 
7 

4 

in of ' 
, c----e* 

Figure E.14. An idea type; their occurrences are the real in- 
formation carrying elements in these approaches. 

~---we+ -u-B* 
4 

1 called of ’ 
t . 

--\ \ 
/’ \ 

/ Manufac- \ 
I turer- 1 
\ Name / 
\ / \ 0 zr) 

. 

Figure E.15. Describes a l-1 bridge: a manufacturer and his 
manufacturer-name identify each other. 0-y / \ 

I 
1 

Manufac- \ 0 \ 
turer 1 

/ \ \ / -A 

(Manufacturer-Name) 

Figure E.16. This linguistic object type has an implicit, 
usually obvious and preferred unique name for 
each of its occurrences; it is the standard 
shorthand construct for constructs like the 
example in figure E.15. 

rr-w / 4 / \ ; Year '1 
1 (Year-No) 0 I \ 
\ / \ \ 0 -M 

Figure Ee17e Knowing a particular DATE (occurrence), we can 
uniquely determine its YEAR, MONTH' or DAY, but 
also the combination of any YEAR, MONTH, DAY 
uniquely identifies any DATE. 
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E.5. MODELLING. 

It will be clear there is no single "algorithm" to arrive at a conceptual 
schema. We limit ourselves here to some heuristics of general value and appli- 
cability. 

One of the ways to design a conceptual schema in the Binary Relationship ap- 
proaches is to take as starting point an informal perception of the universe of 
discourse. Select the necessary propositions about the universe of discourse 
and identify the free variables. Intuitively, these are terms (type names) 
referring to classes in the universe of discourse which may be replaced by 
particular (name-)ins tances in a sentence. instance referring to entities that 
belong to the selected classes. For example: 

**A car is made by a manufacturer" 

t free variables f 

Use the strings, representing the free variables, as possible names for types 
in the conceptual schema. 

Identify the proposition sentences which talk about other proposition sen- 
tences. Some of these will result in additional linguistic object types and bi- 
nary relationship types, while others result in constraints (sentences). For 
some there might be an option for either. The former are typically encountered 
where additional information is given about a particular sentence type (which 
can be "add"-ed), while the latter will restrict the population of existing sen- 
tence instances. 

Thereafter, use the sentence occurrences expressing additional propositions 
about an entity world to check against instances derived from the conceptual 
schema. If one arrives at contradictions, then the conceptual schema will be 
modified to eliminate the contradictions (supposing, as always, that the pro- 
positions all hold in the universe of discourse). 

Possibly extend the sentence occurrences referring to the universe of dis- 
course. This extension is to be generated by the user together with the infor- 
mation system designer. This step is needed when the conceptual schema and in- 
formation base is found to be an insufficiently complete view of the universe 
of discourse. 

Repeat the above described steps until an acceptable degree of quality is 
reached. 
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Ee6e EXAMPLE CONCEPTUAL SCHEMA, 

Ee6.1. GRAPHIC REPEtESENTATIONe 

Q ILJ I- 1, f \- 

. ’ , 
E .LI 

0 
IL 

I 
A’ 

5 . 
s 

L / 

E .M 

I \ I nf U TWNS-\ 

Figure E.18. Example conceptual schema. 
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E.6.2. LANGUAGE EXAMPLE. 

A description of this schema (complete but for trivial repetitions) in the 
language of the grammar defined in section E.3 above, is as follows: 

begin 

add CONCEPTUAL-SCHEMA called /CAR-REGISTRATION' ; 

add NOLOT called ('MANUFACTURER' 'OPERATING-MANUFACTURER' )REG-CAR0 
'CAR' @REG.MODEL' 'CAR-MODEL' MFUEL-CONSUMPTION' 
'DATE' 'YEAR' 'MONTH' 'DAY' 'TRANSFER' 'DAY-SEQ' 
'OWNER' 'GARAGE' 'NON-TRADING-GARAGE' 'GROUP' 
'PERSON'); 

add LOT called {'MANUFACTURER-NAME' @REG-No) 'SERIAL-NO' 'MODEL-NAME~~ , ~FUEL-CONSUMPTION-AMOUNT' 'YEAR-NO' 'MONTH-NO' 
WAY-NO) 'SEQ-NO' )GARAGE-NAME) 'PERSON-NAME'); 

add NOLOT called OOPERATING+lANUFACTURER' 
is subtype-of NOLOT called 'MANUFACTURER'; 

add NOLOT called ('MANUFACTURER' 'GARAGE' 'GROUP') 
is subtype-of NOLOT called 'OWNER'; 

Note: three other subtype declarations omitted here. 

add IDEA (with-first ROLE (called 'manuf-by' 
and on NOLOT called 'CAR-MODEL') 

and with-second RE (called 'of' 
and on NOLOT called 'MANUFACTURER')) 

is called 'builds7 

Note: thirteen other idea declarations omitted here. 

add BRIDGE (with-first ROLE (called 'called' 
and on NOLOT called /REG.CAR') 

and with-second Rm (called 'of' 
and on LOT called 'REG-NO')) 

is called 'registzion'; 

Note: two other explicit bridge declarations omitted here. 

add BRIDGE (with-first ROLE (called 'called' 
and on NOLOT called 'MANUFACTURER') 

and with-second Rm (called 'of' 
and on LOT called 'MANUFACTURER-NAME')) 

is called 'naming=-model'; 

Note: seven other implicit bridge declarations omitted here. 

Note: the list of constraints is given on the next pages 

end. 
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The reader will have no difficulty supplying the omitted declarations from the 
diagram in Figure E.18. Note, that no phrases are present in this example, 

In addition, the following list of constraint declaration bodies is conjectured 
to be complete and exhaustive with respect to the example of appendix B. 

In the example in this section it is assumed that only the Registration Auth- 
ority is permitted to manipulate the information system. This implies that no 
additional authorization rules are included in the example. Furthermore, the 
linguistic object type WANUFACTURER' contains only manufacturers with permis- 
sion. Thus we take 'having permission' as the defining property of manufac- 
turer, at least for the scope of interest of the Registration Authority. The 
linguistic object type 'CAR' contains all cars known. 

1. 

2 0 

3 l 

4 l 

5 l 

6 l 

CONSTRAINT manuf-id . 
is declared as 
begin 

MANUFACTURER-NAME of MANUFACTURER is unique; 
MANUFACTURER called MANUFACTURER-N= is unique 

end; 

CONSTRAINT number-of-operating-manufacturers 
is declared as 

number-of (OPERATING-MANUFACTURER) is not greater than 5; -- 

CONSTRAINT non-op-manuf acturer 
is declared as 
begin 

for each M : MANUFACTURER 
condition 

(M'is not OPERATING-MANUFACTURER) -- 
excludes (M is current-owner-of CAR) 

holds 
en- 

end; -- 

CONSTRAINT car-id 
is declared as 
begin b, 

REG-NO df REG-CAR is unique; 
REG-CAR called REGqO is unique 

end: 

CONSTRAINT eternal-reg-no 
is declared as 

delete of (REG-NO of, REG-CAR called) 
is not permitted; -- 

CONSTRAINT mandatory-car-model 
is declared as 
begin 
CAR always is-of CAR-MODEL; 

CAR is-of CAR-MODEL is unique 
end; 
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7. CONSTRAINT mandatory--serial-no 
is declared as 
begin 
CAR always has SERIAL-NO; 

CAR has SERIAL-NO is unique 
end; 

8. CONSTRAINT serial-no-manuf 
is declared as 

(SERIAL-NO of CAR and MANUFACTURER of CAR-MODEL of CAR) 
is unique; 

9. CONSTRAINT mandatory-car-owner 
is declared as 

CAR always in TRANSFER 
and 
-R always in TRANSFER; 

10. CONSTRAINT mandatory-production-year 
is declared as 
begin 

CAR always produced-in YEAR; 
CAR produced-in YEAR is unique 

end: 

11. CONSTRAINT registration-production-dates 
is declared as 
KZgin 

for each c : CAR -- 
condition 

YEAR-NO of reg-date-of (c) is in 
{YEAR-NO of-production-of C, -(YEAR-NO of-production-of c) + 1) 

holds; 
ifAR.-NO of reg-date-of (c) 

is equal to (YEAR-NO of-production-of c) + 1 
then condition - 

MONTH-NO of reg-date-of (c) is equal to '01' - m 
holds 

end if -- 
end for -- 

end; 

12. CONSTRAINT single-destruction-date 
is declared as 

CAR destruction-on DATE is unique; 

13 CONSTRAINT destruction 
is declared as 

YEAR-NO of DATE of-destruction-of CAR 
is not less than (YEAR-NO of today) - 2; ---- 

14. CONSTRAINT car-model-id 
is declared as 
begin 
MODEL-NAME of REG-MODEL is unique; 

REG-MODEL called MODEL-Nm is unique 
end; 
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15. CONSTRAINT eternal-model-name 
is declared as 

delete of (MODEL-NAME of, REG-MODEL called) 
is not permitted; m- 

16. CONSTRAINT mandatory-car-model-manufacturer 
is declared as 
begin 

CAR-MODEL always manuf-by MANUFACTURER; 
CAR-MODEL manuf-by MANUFACTURER is unique 

end; 

17. CONSTRAINT no-other-model-manuf 
is declared as 

delete of (CAR-MODEL manuf-by, MANUFACTURER of) 
is not permitted; -- 

18. CONSTRAINT must-know-fuel-cons 
is declared as 
begin 

CAR-MODEL always has-specified FUEL-CONSUMPTION; 
CAR-MODEL has-specified FUEL-CONSUMPTION is unique 

end; 

19. CONSTRAINT fuel-consumption-id 
is declared as 
begin 

FUEL-CONSUMPTION-AMOUNT of FUEL-CONSUMPTION is unique; 
FUEL-CONSUMPTION has FUEL-CONSUMPTION-AMOUNTTs unique 

end; 

20. CONSTRAINT min-max-fuel-cons 
is declared as 

FUEL-CONSUMPTION-AMOUNT is 
(notTreater than 25 and not less than 4); --- 

21. CONSTRAINT average-fuel-consumption 
is declared as 
begin 

if MONTH-NO of today is equal to '01' - - 
then for each MmACTURER --P 

condition 
average (FUEL-CONSUMPTION of MODEL of CAR 

(with CAR-MODEL maunf-by M and produced-in 
((YEAR-NO of today) - 1))) 

is not greater than -- 
(FUEL-CONS-ION max-in (YEAR-NO of today) - 1) 

holds; 
on violation do 
-send-messagFto (M) 
end for 

ennf- -- 
end; 
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Note: Average is standard function which causes the para- 
meter expression to be evaluated as a multiset (rather 
than a set). A multiset is a mathemathical concept 
that describes a set in which the same element may 
occur more than once. 

22. CONSTRAINT fuel-consumption-year 
is declared as 

YEAR with FUEL-CONSUMPTION is unique; 

23. CONSTRAINT garage-id 
is declared as 
begin 

GARAGE-NAME of GARAGE is unique; 
GARAGE called GARAGE-NEE is unique 

end; 

24. CONSTRAINT garage-suppliers 
is declared as 
begin 

for each G : GARAGE 
cars-of-Gar := current-stock-of (G); 

condition 
number-of (MANUFACTURER of CAR-MODEL of cars-of-garage) 

is not greater than 3 -- 
holds 

end for -- 
end; 

25. CONSTRAINT garage-not-trading 
is declared as 
begin 

for each G : GARAGE 
condition 

(G is NON-TRADING-GARAGE) implies 
current-stock-of (G) is empty -- 

holds 
end for 

end; - 

26. CONSTRAINT mandatory-person-in-group 
is declared as 

PERSON always in GROUP; 

27. CONSTRAINT person-id 
is declared as 
begin 

PERSON-NAME of PERSON is unique; 
PERSON called PERSON-NmE is unique 

end; 

28. CONSTRAINT owner-id 
is declared as 

TRANSFER to OWNER is unique; 
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2% CONSTRAINT owner-subtypes 
is declared as 

OWNER is equal to (MANUFACTURER union GARAGE union GROUP); - - 

30. CONSTRAINT owner-exclusive-subtypes 
is declared as 

(GROUP intersection GARAGE is empty) -- 
and 
(GROUP intersection MANUFACTURER is empty) -- 
and 
(GARAGE intersection MANUFACTURER is empty); -- 

31. CONSTRAINT transfer-id; 
is declared as 

(CAR in TRANSFER and DATE of TRANSFER and SEQ-NO of TRANSFER) 
is unique; 

32. CONSTRAINT transfer-single-car 
is declared as 
begin 

TRANSFER always of CAR; 
TRANSFER of CAR is unique 

end; 

33. CONSTRAINT transfer-single-date 
is declared as 
begin 
TRANSFER always on DATE; 

TRANSFER on DATE is unique 
end; 

34. CONSTRAINT transfer-single-day-seq 
is declared as 
begin 
TRANSFER always with DAY-SEQ; 

TRANSFER with DAY-SEQ is unique 
end; 

35. CONSTRAINT date-id 
is declared as 
- (YEAR of DATE and MONTH of DATE and DAY of DATE) is unique; 

36. CONSTRAINT single-date-descr 
is declared as 
begin 

DATE with YEAR is unique; 
DATE with MONTHTs unique; 
DATE with DAY isynique 

end; 

37. CONSTRAINT year-id 
is declared as 
begin 

YEAR-NO of YEAR is unique; 
YEAR called YEAR-0 is unique 

end: 
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38 . 

39 0 

40 0 

41 . 

42 . 

CONSTRAINT month-id 
is declared as 
begin 

MONTH-NO of MONTH is unique; 
MONTH called MONTH%0 is unique 

end; 

CONSTRAINT day-id 
is declared as 
begin 

DAY-NO of DAY is unique; 
DAY called DAYqO is unique 

end; 

CONSTRAINT day-seq-id 
is declared as 
begin 

SEQ-NO of DAY-SEQ is unique; 
DAY-SEQ called SEQqO is unique 

end; 

CONSTRAINT no-transfer-after-destruction 
is declared as 
begin 

for each c : CAR do -- 
condition 

YEAR-NO.MONTH-NO.DAY-NO of DATE of TRANSFER of c is less than 
YEAR-NO.MONTH-NO.DAY-NO of DATE of destrztsof c 

holds 
en= -- 

end; 

CONSTRAINT possible-transfers 
is declared as 
begin 

for each T : TRANSFER -- 
P := previous-owner-in (T); 
condition 

(T is TRANSFER to MANUFACTURER implies P is empty) 
and- 

m- 

(Tis TRANSFER to GARAGE implies P is not GARAGE) 
and- 
'(Tis TRANSFER to GROUP implies P i.n~MANUFACTURER) 

holds- 
-- 

en- -- 
end; 

A few notes on the language example: 

1. Current-owner-of, current-stock-of, cars-of-garage, and pre- 
vious-owner-in are functions that can be defined in the same 
language. They are used here as '*macros". Note, that current- 
stock-of returns a set of cars which does not include de- 
stroyed cars. 

2. The super-types REG-MODEL and REG-CAR, with their associated 
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bridges and the "no delete" constraints 5 and 15 guarantee 
the uniquenees of MODEL-NAME and REG-NO for all times. 

3. The (deducible) registration-date is equal to the date of 
the first transfer of a car. 

4. The identification of TRANSFER also acts as identification 
of OWNER and of GROUP, if a GROUP is involved. 

5. The keyword "today" is a standard predefined non-lexical 
object of type DATE which always contains the current 
(system) date. 

6. There is supposed to exist a collating sequence (natural 
order) for the occurrences of the LOT flMONTH-NOOe Further- 
more YEAR-NO and DAY-NO are supposed to be populated with 
natural numbers. This needs to be done in such a way that 
the concatenation YEAR-NO.MONTH-NO.DAY-NO allows (a linear 
order) comparison between dates so described. 
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E.7. CHECK LIST FOR THE CONCEPTUAL SCHEMA. 

The following analysis illustrates whether 
about the universe of discourse are captu 
implies that the assertion is described in 
conceptual schema. A numbered C refers to a 

or not the 
red in the 

the constr 
defined co 

necessary proposit ions 
conceptual schema. AD 

uct descript lions in the 
lnstraint. An * refer 8 to 

remarks at the end of this section. 

CHECK NECESSARY PROPOSITIONS 

1 l 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. 

D 

Cl 

* 

* 

c2 

c3 

D 

c6 

* 

c8 

* 

w 
c29 

* 

Each car manufacturer has a unique name. 2 . 

3 . New car manufacturers can start operation provided they have 
the permission of the Registration Authority. 

The Registration Authority cannot withdraw the permission. 4 l 

At any time not more than five autonomous manufacturers 5 l 
operate. 

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

Each car manufacturer constructs cars in several models. 7 l 

A car is of a particular model. 8 . 

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

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

10 . 

A newly produced car is registered by the Registration Auth- 
ority as soon as practicable. 

11 . 

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. 

12. 

Registration Authority will assign registration Only the 
number to 

13 . 
each registered car. 

c4/5 14. This registration number is unique for all cars for all time. 

Cl0 15. A car has a year of production. 

cl1 16. Only in January may a car be registered as being produced in 
the previous year. 

Cl2 17. Cars can be destroyed whereupon the date of destruction is 
recorded. 
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Cl3 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. 

Cl41 19. 
Cl5 

The name of the car model is unique for all car models for 
all time. 

C16/ 20. 
Cl7 

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

* 21 0 From time to time new models will be introduced. 

Cl8 22. All cars of the same car model have the same fuel consump- 
tion. 

Cl9 23. This fuel consumption must be known to the Registration 
Authority. 

C20 24. The fuel consumption of a car will be between 4 and 25 
litres per 100 km. 

C21/ 25. 
c22 

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. 

c22 26. The maximum fuel consumption rate may change from year to 
year. 

c21 27. At the end of January a message is sent to a manufacturer 
who has failed to meet this requirement in the previous year. 

C23 28. 

* 29 0 

Each garage has a unique name. 

New garages may be established. 

c29 30. 

C24 31. 

Garages may own cars. 

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). 

C25 32. An existing garage may be closed down, provided it does not 
have any cars registered to it. 

c29 33. A particular person 
belonging to him or 

may have one or more cars registered 
her. 

C26 34. It is also possible for two or more people to have one or 
several cars registered as belonging to them jointly and 
simultaneously. 

People have unique names. C27 35. 
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C9/ 36. People are only known to the Registration 'Authority if they 
C26 own or have owned (one or more) cars, which still are known 

to the Registration Authority. 

C29/ 37. At any 
c30 

time a car is owned by either 

w 38 . Transfer of ownership is registered including the date of 
c33 transfer, the previous owner(s) and the new owner(s). 

c41 

c42 

c42 

c42 

C42 

C42 

c42 

c42 

Remarks for the Binary Relationship approaches: 

- its manufacturer, 
- a garage, 
- a person, 
- a group of persons, 

but not jointly by two or more of these categories. 

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

41 . Each manufacturer distributes new cars to several indepen- 
dent garages, each which may receive cars from more than one 
manufacturer. 

42 . Therefore a garage always will be a car% second owner. 

43 . Manufacturers do not distribute cars to other manufacturers 
or directly to people. 

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. 

45 0 

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

Garages are not allowed to sell cars to other garages. 

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

No authorization rules are included. For example, checks 3, 4, 9, 11, 
and 13. ' 

Prescriptive rules for interactions are not part of the conceptual 
schema. For example, checks 21, 29, and 40. 
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APPENDIX Fe THE INTERPRETED PREDICATE LOGIC APPROACHES. 
-,--.-111mm-m-m---mm--mm----m----------m--------------mmmm -m----mmI-I-m--mm--m--mm-mm--m-mmm--------------------- ~=====I==========~===~-==, 

F.l. EMPHASIS OF THE APPROACHES. 

The Interpreted Predicate Logic (IPL) approaches to conceptual schema descrip- 
tion are based on the fundamental principle that not only the conceptual schema 
but the information base as well and, thus, the entire conceptual schema and 
information base is a collection of abstract things called "sentences" which 
are in, practice represented by strings of characters that are themselves en- 
coded in a suitable set of physically real states in the storage media of an in- 
formation system. 

The guiding principle in the design of these approaches is the use of an inter- 
preted, axiomatized, deductive, formal system of logic that places minimal 
demands, in principle, on the information processor external to the conceptual 
schema and information base itself. In practice, of course, many theoretically 
unnecessary constructs may well be built into an actual information processor 
for reasons of efficiency and costs. 

The principle enunciated in the preceding paragraph can be satisfied in a 
variety of ways and a second guiding principle is necessary to permit choice 
amongst these various possibilities. The relevant principle derives from the 
requirement that conceptual schemata formulated according to these approaches 
be easy to use and to understand by a variety of users. Thus, a mechanism for 
adding constructs of arbitrary complexity to the formal system is necessary so 
that users of the system may interact with it at any desired level of aggre- 
gation of concepts [l, 2, 31. In order for this principle to be observed with- 
out 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. 

For the purpose of this exposition the information system in use is a combina- 
tion of the printed pages in this Report and the mind of the reader. The charac- 
ters used to express sentences are here chosen from IS 646 ("'l-bit input/output 
coded character set for information interchange") in order to conform to exist- 
ing IS0 practices, although it will be evident to the reader that a larger,more 
comprehensive character set would enhance readibility. 

Considering the objectives for a conceptual schema, cited in section 1.9 of 
chapter 1, the following remarks could be made about the IPL approaches: 

1 . "To provide a common basis for understanding the general be- 
haviour of the universe of discourse." 
A formal language of logic, as demonstrated in this chapter, 
is sufficient to completely describe the universe of dis- 
course including all classes, rules, and constraints of its 
behaviour. 

2 . "To define the allowed evolution and manipulation of the in- 
formation about the universe of discourse." 
The use of the concepts of a formal system of logic, as out- 
lined in the IPL approaches, makes it possible to completely 
describe the dynamic rules and constraints of the conceptual 
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schema and information base, as well as the static rules and 
constraints, and thus gives a complete control over the manf- 
pulation of the conceptual schema and information base. 
ASS fundamentally, there is no difference in the mechanisms 
needed for insertion, deletion, etc, of sentences, whether 
they are thought to be in the conceptual schema or in the in- 
formation base, there will be no extra difficulties or com- 
plexities in changing the conceptual schema to reflect 
changes in the abstraction system. 

3 0 "To provide a basis for interpretation of external and inter- 
nal syntactical forms which represent the information about 
the universe of discourse. 
To serve this role, it is needed that a conceptual schema 
contains the deepest structure of the problem description 
and formulates all rules and constraints applicable in the 
conceptual schema and information base. This requirement is 
fully met by the IPL approaches. 
Although a formal language of logic, as demonstrated in this 
chapter, is sufficient to completely describe the universe 
of discourse, such a language may be extended with, or 
(partly) replaced by, the more complex constructs mentionned 
above to ease users of the system (e.g.[4]). Often a graphic 
formalism covering major aspects of the conceptual schema is 
added to ease communication tith users in discussing aspects 
of the conceptual schema and information base [ 1, 2, 31. 

4 0 "To provide a basis of mappings between and among external and 
internal schemata." 
The maximum degree of stability for the purpose meant here 
is reached with semantically irreducible constructs and con- 
structs free of additional constraints. This requirement is 
fully met by the IPL approaches. 

F.2. PRIMITIVE CONCEPTS OF THE APPROACHES. 

In the IPL approaches to conceptual schema and information base, there are two 
fundamental concepts for the universe of discourse, entities and propositions, 
as defined in chapter 2, section 2.1. As far as the universe of discourse to be 
modelled is concerned, the only things that exist are entities, and the only 
situations that can be affirmxr denied about entities in the universe of dis- 
course are propositions. 

The establishment of a formal system of logic to describe the universe of dis- 
course incorporates the requirements of chapter 3, section 3.2. As stated 
there, 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 dis- 
course and each sentence immediately deducible from a set of sentences inter- 
preted as true assertions about the universe of discourse is itself interpreted 
as a true assertion about the universe of discourse. The only deduction rule re- 
quired is that given in section F.3.3 and it does preserve truth. The axioms, 
however, are to a large extent chosen by the designer of the conceptual schema 
for a particular universe of discourse and it is incumbent on that designer to 
insure that the interpretation is correct. 
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The outline of the formal language used is prescribed only to the extent necess- 
ary to establish the fundamental categories of grammatical constructs, and to 
insure interpretability by a universal Turing machine. No concrete syntax is 
exposed (except as necessary to detail the example), so that any formal lan- 
guage adhering to the abstract syntax discussed can be used toxrry out the 
program described. 

What is presented in this chapter follows from a long line of development of 
formal logic in the tradition of Boole (1847) [S], Jevons (1864) [6], Frege 
(1879) I71 9 Peirce (1885) [8], Peano (1908) [9], Zermelo (1908) [lo], and 
Whitehead and Russell (1910-1913) [ll]. The contemporary exposition closest to 
the spirit of these approaches is that of Quine (1951) [12]. Its metaphysical 
presuppositions are those of the modern logistic school, closely related to the 
modern counterpart of naive realism. Plato, where are you when we need you? 

F.3. GRAMMAR AND SEMANTICS. 

The fundamental notions of an abstract syntax for a formal language have al- 
ready been presented in chapter 3, section 3.3. Those notions are amplified in 
section F.3.1 below in a form suited to the IPL approaches. 

To attribute meaning (semantics) to various expressions in the language, it 
necessary to start with a (hopefully small) set of undefined concepts known 
primitives. Other concepts then have meanings which are derivable from the 
formally understood primitive concepts through the introduction of formal de 
nitions. The relevant essentials of the meaning of each primitive concept 
formally captured through the assertion of axioms assumed to be valid. This 
exactly the situation that obtains in elementary synthetic geometry where 
concepts of points, lines and planes are taken as primitive (undefined) c 
cepts, more complicated constructs such as triangles and circles are defined 
terms of these primitives and axioms (Euclid's postulates) are stated to ass 
the properties of points, lines and planes. 

F.3.1. ABSTRACT SYNTAX. 

As defined in section 2.1 of chapter 2 
here for the convenience of the reader), 
notions that characterize 
are: 

TERM 

abstract 

A linguistic object that refers to an entity; 

SENTENCE - - A linguistic object which expresses a proposition; 

iS 

as 
'in- 
!fi- 

iS 
iS 

the 
on- 

in 
ert 

and section 3.3 of chapter 3 (repeated 
certain general concepts are primitive 
syntax (grammar) of any language. They 

FUNCTOR 
A linguistic object that refers to a function on other 
linguistic objects taking as arguments (input) a list of 
linguistic objects (terms, sentences, functors) and yielding 
as a value (output) a single, uniquely determined linguistic 
object (term, sentence, functor). 

It is the functor that permits the construction of linguistic objects of arbit- 
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rary complexity. All that appears to be necessary for a conceptual schema and 
information base are first level functors, those functors where the arguments 
are all selected from among the terms and sentences (never functors) and the 
value is always a term or a sentence (never a functor). However, nothing in 
what is explicated below will prohibit the introduction of higher level functors 
in the event such constructs turn out to be useful for a conceptual schema and 
information base. 

Functors are pure if their argument lists are always either all sentences or 
all terms, no-mixture. In addition, functors are substitution functors if 
there exists a pattern into which the elements of the argument list can be sub- 
stituted. Examples are: "If . . . Then --z and "... + --0". Finally, functors 
may be fixed or not depending on whether the argument list is fixed in length 
or not. 

Elementary functors are fixed, first level, substitution functors. There are 
four kinds of pure elementary functors. They are: 

Arguments Value Name Examples 
=1==11~~~4a=~===~~~~=~==~=====~===~==a==~=====~====~=========~~aa~~~=~ 
Terms Term 

Terms Sentence 

Sentences Sentence 

Sentences Term 

Operator 

Predicate 

Connective 

Subnector 

+ w-w 
l . . 

l . . )s mother 
l .0 < w-w 
e.. is red 

and w-w 
l .0 

not . . . 
e* w 0.. 
the probability that l . . 

It should be apparent that each of the above described pure elementary functors 
has application to conceptual schemata. Wo other kinds of functors that are 
elementary but not pure have important application to conceptual schemata: quan- 
tifiers and abstracters. Noting that variables are a kind of term (cf. chapter 
3, section 3.3): 

Arguments Value Name Examples 
s==a=====a==s =~3'm"-mm-"~~~~j~~~=---------------~==~==~==~----m--~=--- m-mm---m --m-mm---m-m~m~ ---- 
Variable + Sentence Quantifier For all l . . --- 

sentence 

Variable + Term Abstractor The . . . such that --- 
sentence 

Variables are the analogues of natural language pronouns and refer to unspe- 
cified, indeterminate entities in the universe of discourse, exactly in the 
same fashion that pronouns in natural language refer to unspecified, indeter- 
minate things in sentences with anaphora (as in "It is red"). 

Just as in natural language one deals with dangling pronouns by providing some 
kind of referent, the same is done in formal languages. Quantifiers and abstrac- 
tors fill that role as the examples indicate. One can repair the anaphora shown 
above by asserting (falsely but now meaningfully) "Whatever it is, it is red" 
Paraphrasing, one has "For every it, it is red" It is a trivial step to "For 
all l o. . . . is red." 

Sentences and terms, however constructed, may be either open or closed depend- 
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ing on whether they have free variables or not, a free variable being the 
analogue of a dangling pronoun. Thus, " 0.0 " is free in "... is red" but not in 
"For all l ee l l l is red" Only closed sentences can give unambiguous interpre- 
tation and for that reason will be the only kind of sentences appearing in a 
conceptual schema and information base. It goes beyond the scope of this 
chapter to provide a detailed descripton of open and closed sentences and how 
variables are bound (see Quine [12] for details). It is sufficient to note 
that any senten=n have all its free variables eliminated by prefixing suf- 
ficientquantifierse 

For a purely extensional system that avoids modalities (e.g., "it is necessary 
that", "it is known that", "it is obligatory that", etce), the only concepts re- 
quired as primitives are variables (a kind of term, as noted), the connectives 
"Note*@" and "If l a. Then -=-", the universal quantifier "For all a' 

l oe 
aa- , the 

abstractor "The l ee such that ---", and a suitable supply of appropriate predi- 
cates. Other choices for primitives are quite possible and nothing fundamental 
in what follows precludes alteration of the primitives. For example, proper 
names can be introduced as primitive terms, but to simplify the discussion here 
they will be avoided, It has been shown by Russell [13] that proper names can 
always be eliminated in favor of predicates through the particular abstractor 
known as a "descriptor" (the exemplar abstractor above), and defining the 
proper name itself in context. 

The essentials of this abstract syntax are as formulated by Curry and Feys [14] 
and the explicit details are derived from Anderson and Belnap [15]e It should 
be apparent that considerable detail is required to establish a particular con- 
crete SyntaXe 

Fe3e2e CONCRETE SYNTAX. 

In contrast to the other examples in this report, the concrete syntax for any 
version of the IPL approaches cannot be fully explicated in the syntax nota- 
tion, presented in appendix C, as essential aspects of the language are not 
context free. What follows in this section is a sketch of a concrete syntax 
sufficient for understanding of the example exposed in section Fe6. Some of it 
is necessarily discursive here in view of the context sensitivity, but it must 
be understood that the complete syntax can be made fully formal and can be 
expressed fully in any language that is suitable for expressing conceptual 
schemata using an IPL approach, 

The language described below will be given the unimaginative name of "I,". It is 
not likely to exhibit the precise form that will be useful in practice as the 
choice of syntactical detail here has been made on the basis of a desire to 
limit the character set to emphasize the exposition, 

Thus: 

upper-case-letter = "A" 1 8.~88 1 t@C" 1 "D" 1 "E" 1 "F" 1 "G" 1 8.~88 1 "1.8 1 

I "J" 
" s" 

“K” I “L” 
"T" I "U" 

"M" 
"v" 

“ N" 
"W" 

“Q” 1 “R” 1 
“Z” l 

lower-case-letter = " a" 11 . ‘1 

J 
" s" 

"b" \ " c" 
"k" 1 '@1" 
” t” I ‘@u” 

1' 11 d 
"Tn" 
“ v" 

" e" 
"ri' 
“W” 

leo” I “P” 
“x” I “Y” 

” f” 1 “EC’ 
"0" I @'P" 
“X1’ I “Y” 

” h” 1 ” i” 1 
‘3” 1 ‘Y@ I 
” 2” 0 
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digit = “()” 1 “~” 1 9.2” 1 993” 1 9.4” 1 “5tt 1 1’6” 1 ‘1711 1 “8” 1 g’“‘ge 

11 0 R I’ = 
l Note that this means a single prime 

character )e 

point '1 '1 = 
l l 

other-mark = “&” 1 “( ‘1 1 “)” 1 *.*11 I l’+l’ I l’~l’ 1 l’/l’ 1 at : 1’ I 1,; ‘1 1 
1’ , 1’ \ “<ll I ‘l=‘l 1 1’ >a1 I ‘a [ at I a’ \ 1’ I 1’ ] 1’ 1 I1 { a’ I 1’ } ‘1 l 

In the context of an IS 646 representation, one may use the control character 
"backspace, "0001000" followed by the graphic character "1111101", yielding 

underline", and so form: 

upper-case-italic = ,'A" 1 t'B't 1 "C" 1 ",,'t 1 ~'E.8 1 "~'8 1 "~8' 1 88~" 
,‘yla 1 “Al’ \ ,a p 1 “Ml’ I ll~” I ‘a;” 1 .l~” I “$a 
11~11 1 1’~’ 1 ‘,,1’ 1 1’~” 1 “Al’ 1 ‘l~l. 1 l’y” 1 “z” l 

lower-case-italic = "a" I 
'1~'. J 1 
‘we” I 

18 we b 
1.p 
w-f at 

I “c” 1 “d” 

I _ a* ;,a I - a.;,. 

” he’ 1 
“6’ 1 - ee 
“2 l 

I "I" 1 
I ‘$” I 

Collecting, one has: 

mark = upper-case-letter 1 lower-case-letter I digit I prime I 
point 1 upper-case-italic I lower-case-italic I other mark, . 

A number of possible characters from the IS 646 graphics are not marks of L as 
defined here because they are unnecessary in the example. The blank character, 
"0000010", however, is never one of the marks of L. In this respect L is like 
FORTRAN where blanks may appear anywhere throughout the text to provide reada- 
bility but have no significance. Of course, even this is not an essential 
property of L. Nothing in any concrete syntax is fundamental. 

Proceeding: 

string 

variable 

compound-symbol 

number-symbol 

symbol 

expression 

= mark {mark). 

= (upper-case-italic {prime}) 1 (lower-case-italbc {prime)). 

= upper-case-letter (lower-case-letter) {pride 

= {digit} [point] {digit). 

Note, provided the entire string is neither preceded 
nor followed by a digit or a point. 

= variable 1 compound-symbol I number-symbol 1 other-mark, 

= symbol {symbol). 

A little reflection will convince the reader that any string that is an 
expression can be decomposed into symbols in exactly one way. 

primitive-predicate = "Pr" (lower-case-letter) {prime). 
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prime-variable-match = (prime variable) (prime prime-variable-match variable). 

atomic-sentence = "or" {lower-case-letter} prime-variable-match. 

primitive-sentence = atomic-sentence I 
("For all" variable primitive-sentence) 1 
("Not" primitive-sentence) ] 
(wwIf'l primitive-sentence "Then" primitive-sentence). 

An occurrence of a variable in a primitive-sentence is exactly what it infor- 
mally sounds like but is a fundamentally context sensitive aspect of L. There 
is no occurrence of "xl' in w'xOw'c With that caveat, an occurrence of a variable 
is bound in a primitive-sentence if there is some primitive-sentence containing 
the occurrence of the variable that is part or all of the primitive-sentence in 
question and begins with the expression "For all" followed by the variable. 
Then, an occurrence of a variable in a primitive-sentence is free in the prfmi- 
tive-sentence if it is not bound in the primitive-sentence. A variable is a 
free variable of a primitive-sentence if it has a free occurrence in the primi- 
tive-sentencee 

A primitive-sentence is open if it has at least one free variable, otherwise, 
it is closed. 

Everything that can be asserted in L can be asserted by closed primitive-sen- 
tences. However, even the simplest assertions become lengthy, cumbersome and 
impossible to read when expressed as primitive-sentences. Therefore, defini- 
tions are introduced: 

definition expression iS a definition 
serted to be so by an authorized 

if it is as- 
source. 

Excepting only a small number of special cases necessary to the initial boot- 
strap, cases that need not obtrude on this exposition, all definitions will be 
closed sentences in one of the following two forms: 

expression "Iff" expression. 

expression "=" expression. 

As will be seen later, the symbol "Iff" will be interpreted as the connective 
of the biconditional, and its incorporation between two sentences asserts the 
logical equivalence of the sentences. A sequence of definitions in this first 
form is constructed so that the right hand expression (definiens) of each 
definition in the sequence is either a primitive-sentence or the left hand ex- 
pression (definiendum) of some earlier definition in the sequence. In view of 
the intersubstitutability of logically equivalent expressions, very complex as- 
sertions can be made in compact form and shown to be logically equivalent to a 
primitive-sentencee 

A quite similar process occurs for definitions of the second form as the symbol 
11 at =3: will be interpreted as the predicate of identity and the same kind of in- 
tersubstitutability applies. Of course in this situation the expressions on 
both sides of the identity sign are terms rather than sentences. Using the 
device of contextual definition (Russell [13]), terms can be defined in every 
place that a variable (also a term) can appear in an atomic-sentence and so 
anything that can be asserted about the entity denoted by the term can be inter- 
preted. 
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Given a sequence of definitions (the subject of section Fe5.2), there is little 
more to say about the concrete syntax of Lo For the sake of completeness the 
following concepts, given import in section F.5, are useful to introduce here 
in order to demonstrate that they are, in fact, syntactical Concepts. Thus: 

axiom Any closed sentence is an axiom if it is as- 
serted to be so by an authorized source (as 
in chapter 3, section 3.3). All definitions 
are axioms; 

proof Any sequence of closed sentences is a proof 
if for each sentence Q, either Q is an axiom 
or there are sentences P and "If P Then Q” 
prior to Q in the sequence; 

theorem Any sentence for which there exists a proof 
containing that sentence is a theorem. 

While there is, in general, no algorithm for finding a proof that contains a 
given sentence and therefore no decision procedure for determining whether a 
candidate sentence is a theorem or not, the definition of "theorem" is syntac- 
tic and there is a mechanism for determining whether a given sequence is a 
proof and contains a candidate. Having defined "theorem", the discussion must 
now turn to "truth", a different matter entirely. 

Fe3.3. SEMANTICS. 

Assuming an explicit concrete syntax yielding a formal language, L, the se- 
mantics of L is established by assigning meaning to its primitive constructs, 
as outlined in chapter 3, section 3e4e From that assignment all other semantic 
notions are derived from interpretation of the formal definitions of the 

derived constructs. 

The interpretation of variables, the only primitive terms, has already been 
given (Cf. chapter 3). The interpretation of the two primitive connectives and 
the primitive quantifier are obvious and are the usual ones intended by the 
conventional first order logic with the caution that the conditional "If l ee 

men -a-” is the strict truth-functional conditional which asserts a true pro- 
position so long ‘as it is not the case that "a/ asserts a true proposition 
while @'a-0" asserts a false prOpOSitiOne 

The deduction rules must preserve truth, The latter is simple; use the rule of 
detachment: 

from "e.e" and "If ..e Then ---" deduce “---“e 

Feb. GRAPHIC FORMALISM. 

Some IPL approaches (e.g. [1, 2, 31) have adopted a graphic formalism to re- 
present parts of the universe of discourse or its description, In most cases 
the graphic formalism is used to show the most important propositions - those 
that are referred to by the atomic-sentences - and the @'entity pattern" they 
constitutes 
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The graphic formalism demonstrated in this chapter is taken from [3]. Here an 
entity is shown as a circle; the proposition is shown as a line connected to 
the entity or entities. The same formalism is adopted to show patterns of propo- 
sitions about entities. For example the proposition about two entities as de- 
scribed by 

Pra"xy 

is shown in figure Fel: 

Figure F.1. Graphic representation of a proposition about two entities. 

A proposition about three entities as described by 

Prb"'xyz 

is shown in figure Fez: 

Figure Fez. Graphic representation of a proposition about three entities. 

F.5. MODELLINGe 

Fe5.1. CLASSIFICATION OF AXIOMS. 

From among the sentences of L certain designated closed sentences are selected 
as aXiOlllS. One particular set, Al, constitutes the axioms of logic and mathe- 
matiCSe Application of the rules of deduction produces an additional set of= 
tences that are the theorems deducible solely on the basis of the axioms Al. 
While a wide variety of different sets of sentences can be chosen to serve as 
Al, the totality of theorems will be the same in each case as a general rule. 
It is a reasonable assumption that every conceptual schema and information base 
will include the same Al. 

It should be noted that most of the "axioms" of Al are actually axiom schemata, 
metalanguage assertions that every sentence of such and such a form is an 
axiom. Thus, while there are a finite number of such schemata, there are 
actually an infinite number of axioms in AL For example, every sentence of the 
form: 

If (If Not l eo Then l ee) Then l eo, 
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where "e. ." is replaced throughout by an arbitrary sentence, is an axiom of Ale 

Axioms of logic & mathematics 

Sentences deducible from . Al 

Al 

Axioms of cosmography A2 

Sentences deducible from Al -A2 

Axioms of enterprise type A3 

Sentences deducible from Al -A3 

Axiomsofspecific enterprise A4 
. 

Sentences deducible from Al -A4 

Sentences required in the information base 

Sentences deducible from all the above 

Sentences optional in the information base 

Sentences deducible from all the above 

I( -*- - r -- -I- - - -- - - --o-~- -* ---A*- no t3 wn 3ers or sentences consistern wlu1 L3 dc u5 

Sets of sentences inconsistent with CS & IB 

Sets of sentences inconsistent with Al - A2 

Sets of sentences inconsistent with AI - A3 

Sets of sentences inconsistent with Al - A2 

Sets of sentences inconsistent with AI 

Figure Fe3e Classification of L-sentences, 

A second set of sentences, A2, somewhat gradiloquently called the axioms of 
cosmography, will be almost as ubiquitous as Ale These axioms embrace the 
relevant physical laws pertinant to the universe of discourse under consider- 
ation. They will include those axioms invoking the properties of marks and 
strings, permittfng the incorporation of metalanguages into Le In conventional 
enterprises they will also include the fundamental sentences that deal with 
such matters as calendrical rules and geographical locations. Al and A2 taken 
together will result in the deducibility of an additional set of theorems, It 
can be expected that both Al and AZ, together with a useful set of their con- 
sequent theorems, will be supplied by your friendly vendor. 

It is not unreasonable to suppose that there will be a set of constructs 
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broadly applicable to 
commpanies, all banks, all 

all enterprises 
universities, 

of a 
et& 

given type; e*ge 9 all 
Thus there will bea set of 

insurance 
sen- 

tences, A.3, that constitutes the axioms of enterprise tYPee These axioms may be 
supplied by vendors.as well, or possibly by trade associations, As before, 
additional theorems are deducible in concert with Al and A2e 

Finally, there will be the set of sentences, A4, the axioms of the specific 
enterprise, providing the details of the particular enterprise, i.e., the 
universe of discourse, under consideration. A4 is the set of sentences that 
will be provided by the enterprise administrator. The totality of theorems 
deducible from Al/A4 is the conceptual schema for that universe of dPscourse in 
an IPL approach, 

The 
all 

conceptual schema does not 
possible sentences were in the conceptual schema 

exhaust the sentences. 
it 

Among 
would 

other things, if 
be inconsistent 

by definition. Further, it would leave nothing for the information base itself 
to contain. There will, in general, be many different permissible collections 
of sentences, sets of sentences not inconsistent with themselves or the con- 
ceptual schema. Different permissible collections of sentences, of course, may 
be inconsistent with each other, The information will consist of one of 
these permissible collections of 
ducible from them in conjunction 

sentences together 
with the conceptual 

with the 
schema. 

theorems now de- 

It will frequently be the case for a particular conceptual schema and informa- 
tion base that some set of sentences is required to be in the information 
base. This is a different concept from the axioms or the theorems deducible 
therefrom, The conceptual schema may require that some parametric value be 
available, for example. (An instance of this is the need for a sentence assert- 
ing the value of fuel consumption in the example universe of discourse of 
appendix A), Here the conceptual schema does not specify the precise value, 
merely that there is one. A sentence asserting what that value is must be in 
the information base but not in the conceptual schema. There may be several 
possibilities and any of them will do, but one of them must be present. 

Given the conceptual schema and the required sentences, the rest of the concep- 
tual schema and information base is optional, providing only that the totality 
forms a permissible collection, At any given time, of course, the instantaneous 
state of the conceptual schema and information base is a precisely defined set 
of sentences. 

There will be other sets of sentences consistent with the instantaneous state 
of the conceptual schema and information base and, therefore, permissible col- 
lections of sentences to insert. 

There will be other sets of sentences inconsistent with the instantaneous state 
of the information base, but not with the conceptual schema. Such sets of sen- 
tences are permissible collections of sentences with which to modify the con- 
ceptual schema and information base by replacing the existing information base. 

In addition, there are sets of sentences that are inconsistent with the axioms 
A4, with A3 and A4, with A2, A3 and A4, and, finally with the entire conceptual 
schema including Ale Every sentence of L falls into one of the categories con- 
sidered above, although there are some sentences for which it is impossible in 
principle to determine into which category they fall. 
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Given appropriate authorization rules, 2ny set of sentences not inconsistent in 
itself may replace the set of sentences -with which it is inconsistent. If this 
changes the conceptual schema in any way, a new universe of discourse is being 
described. This entire discussion is illustratec !.n figure Fo3e 

Fo5.2. CONSTRUCTSe 

The discussion in section F.3.2 was rather sparse. The purpose of this section 
is to elaborate the primitive concepts into usable forms* First considered are 
those constructs essential to the basal logic. In this beginning discussion the 
letters "P" and "Q" will stand in place of arbitrary sentences and the letters 
"X" and "Y" in place of arbitrary terms. What follows is precise but not fully 
formal. 

Certain connectives are useful and can be defined in terms of the primitive- 
connectives. These are the usual connectives found in elementary logic: 

"(P Or Q)" equivalent to "(If Not P Then Q)-• 

"(P & Q)" equivalent to "Not (Not P Or Not Q)". 

"(P Iff Q)" equivalent to "((If P Then Q) 6 (If Q Then P))". 

One additional quantifier is useful: 

"For some X P" equivalent to "Not For all X Not P. 

The above four definitions (actually definitional schemata) together with six 
axiom schemata establishing the properties of: 

"Not P" 

"(If P Then Q)" 

"For all X P" 

are sufficient for all logic necessary that is independent of specific predi- 
cates. 

Five primitive-predicates are required for the present formulation of mathema- 
tics, three are singulary and two are binary. Primitive-predicates were intro- 
duced syntactically in section Fe3.2 as having the form: 

"Pr" {lower-case-letter} {prime}. 

The "Pr" establishes that the symbol is a predicate, the string of lower case 
letters merely serve to distinguish one predicate from another and the number 
of primes determines how many variables must follow the predicate to construct 
a well formed atomic sentencee Using definitions, more memorable notation can 
be introduced: 

(Null X Iff Pra'X), 

(Individual X Iff Prb'X)e 

(Class X Iff PrC'X)e 
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Interpretation of these three predicates is simple. "Null X" asserts that the 
entity denoted by X is the null entity, "Individual X" asserts that the entity 
denoted by X is an individual and "Class X" asserts that the entity denoted by 
X iS a ClaSSe In every universe of discourse in the IPL approaches the totality 
of entities is faca into these mutually exclusive categories. The null enti- 
ty is the rough equivalent of nothing. The null entity exists, that is there 
will be a theorem, "For some x Null x0', but it is the sort of entity to which 
things that are impossible reduce, e.g. "Null The square circle"". 

Individuals and classes are the interesting entities and everything non-null is 
one or the other. Individuals are the kinds of entities that are things in them- 
selves and to which the concept of class membership does not apply. Classes, on 
the other hand, are the kinds of entities to which the concept of membership is 
central. A class is its members. 

Two binary predicates are crucial: 

ux = Y) Iff Pra"XY). 

((X Is among Y) Iff Prb"XY). 

“X = Y" asserts that the entity denoted by X is identical to the entity denoted 
by Y and "X Is among Y" asserts that the entity denoted by X is a member of the 
class denoted by Y. Obviously Y must denote a class for "X Is among Y" to 
assert a true proposition but "X Is among Y" is meaningful no matter what Y 
denotes. This kind of situation is characteristic of the IPL approaches and 
forces the use of explicit constraints. There must be an axiom such as: 

"For all X For all Y (If (X Is among Y) Then Class Y)e 

The unusual form of the predicate of class member-ship, "Is among", derives 
from the absence of the Greek letter epsilon in the IS 646 alphabet. 

The sufficiency of these primitive-predicates for logic and mathematics has 
been long since demonstrated (for details see Frege [T], Whitehead and Russell 
WI 9 Quine [12], and, for the present context, Steel [17])e Five axiom 
schemata and seventeen explicit axioms are sufficient in the usual formulations. 

The number of definitions that need to be incorporated will depend on the 
amount of mathematics required for the description of the particular universe 
of discourse under consideration. In what follows only those concepts relevant 
to the example of appendix B will be explicated at all and these rather infor- 
mally, principally to introduce the notation. First, the concept of definite de- 
scriptions is: 

“The X P" denotes the single entity X such that the proposi- 
tion asserted by P is true if such a single entity 
exists and otherwise denotes the null entity. 

Descriptions are terms and they are the specific form of term that is defined 
in the context of all possible positions in atomic-sentenceso All other complex 
terms are ultimately reducible to definite descriptions. Thus, the precise 
definition of the notion of "the class of all x such that P" or, notationally 
"(, \ P)" as follows: 

(ix \ PI = The Y (Class Y & For all X (If For some Z (X Is among Z) 
Then (X Is among Y) Iff P))). 
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This definition together with appropriate axioms (not included here) insures 
that L is extensional, that is that two classes are identical if and only if 
they have the same members, and that the well-known class paradoxes are ex- 
cluded, 

Classes can be given by exhibition: 

= {X \ X = a Or X = b Or X = c Or l eo Or X =: 

Ordered pairs can be defined by: 

( [xsyl - = {ix),h,YH~e 

Relations are then classes of ordered pairs: 

((xy \ PI = - {z \ For some x For some x (z = [x,y] & P)))e - - 

That is, the relation of x to y such that P is the class of ordered pairs 
[XSYI such that P is-true: To assert that A bears the relationship 
"m<mbe? of" to B 1s to assert: 

([A,B] Is among (xy \ x Is among y))e - 

Functions, used in the strict mathematical sense in an IPL approach, are given 
bY l 

0 

(Fx Y = {yx \ y = Y]). 

Thus, the function of x whose value (for the argument x) is Y is the relation 
of y to x such that y = Y. Functions are simply special relations where there 
is a unique value for<ach argument. The need to reverse x and y in the defini- 
tion will not be discussed here. The mutual refusal of ninzteen& century mathe- 
maticians and logicians to agree on a standard would generate bad language. 

For a variety of reasons it is convenient to use a slightly special notation 
for the result of applying a function. Instead of F(x), L uses: -- 

(F :x = -- The x ([y,x] Is among F)). - - 

If Double = Fx 2x then Double:3 = 6e - - 

A somewhat similar construct permits the identification of the class of all en- 
tities that bear the relation R to some member of a specified class. Thus: 

CR -;x = {y \ For some z 
(Z Is agong x & [z,z] Is among R)))e - - - 

Certain elementary notions of set theory are useful. These are the usual no- 
tions of: 

Union: 

(5 u Y - = {z \ 2 Is among x Or 2 Is among y)). - - - 

Intersection: 

(xNy={z\zI s - - - among x 6 2 Is among y))@ - - - 
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