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PREFACE.
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0.1. PURPOSE OF THE REPORT.

It 1s expected that future data base management systems will include a com-
ponent for handling conceptual schemata. This Report explains the roles and

not hagpen in an information system and a data base. Therefore this  Report|is
not limiting its attention to the conceptual schema alone, but also ‘considprs
basic doncepts for the mechanisms involved in manipulating a conceptual achtna
and a djata base.

This Report is aimed at designers of information systems and data bases as well
as suppliers of conceptual schema facilities. The provided framework will pfre-
pare tHe way for eventual standardization in the area of data base management.
It doeg not, however, describe any particular method for using such facfil-
ities. |In the meantime, the general principles in <{this Report can be used| to
evaluatie emerging DBMS facilities.

The approaches and associated languages described in appendices to the Report
are infended to be explanatory only and are(‘not 1ipso facto candidates for a
standard conceptual schema language.

0.2. STRUCTURE OF THE REPORT.

The majn body of the Report (chapters one through four) contains the fundamEn-
tal comcepts and terminology for the conceptual schema, the information ba
and th¢ mechanisms involved in manipulating them.

Chapterf one givesd’ an introduction to the subject, mentions the origins of spme
ideas ¢ :

Chapte - p . ; d :
and terms, and develops some of the consequences of those concepts and defini—
tions. 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 aspects of implementation. In particular, prin-
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 veviews 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.
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Several appendices have been added to the Report 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 grammars of example
conceptual schema languages.

Appendix D outlines Entity—-Attribute-Relationship approaches.
Appendix E demonstrates Binary and Elementary N-ary Relationship approaches.
Append F discusses Interpreted Predicate Logic approaches.

Append{x G elaborates on expressing dynamic rules and constrafnts in conceptual
schemata.

Appendix H presents some thought on interacting with information systems |and
exampleés of permissible action descriptions.

0.3. STATUS OF THE REPORT.

This port is an ISO Technical Report of type 3. It is the Working Groyp“s
first response to item 1 of its Program of, Work. As such it i{s a statement of
the Working Group”s current view on concepts for conceptual schemata and inflor-
mation| bases. Considering the rapid development in data base technology |and
applicgtions possible, also taking “{nto account the requirements for distri-
buted ta base systems and related data communication facilities, perigdic
revisions of the Report are to be expected.

0.4 . REFERENCES.

[Y] MURRAY, J.A.H. et al.
“The Oxford English Dictionary™ with supplements,
Clarendon Press, 1933 - 1977.
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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 ut-
terances, if it is to mean the same as that which was meant by the
utterer.

(IS0 TC97/SC5/WG3 — Helsinki 197

"THE  METAPHOR OF THE SEARCHLIGHTS" on universes of discourse.
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CHAPTER 1. INTRODUCTION TO THE CONCEPTUAL SCHEMA AND THE INFORMATION BASE.

1.1. THE ANSI/SPARC FRAMEWORK.

The reports of the ANSI/X3/SPARC DBSG [1, 2] identified the need for\a concep-

tual sdhema in the context of a three-schema framework for data base ~management
systemg.

Subseqyent papers [3, 4, 5, 6, 7] have emphasized the importance of a concep-
tual sthema to users and designers of data base systems<-In this context|, a
conceptiual schema comprises a unique central description of"the various informa-
tion cdntents that may be in a data base. This includes ‘the description of what
actiong, such as changes and retrievals, are permissible on the informatiion
content. The data base itself may be implemented in{any one of a number of pdss-
ible wpys. Users and application programs may view the data in a variety| of
ways, pach described by an external schema. Each external schema is thereflore
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 glso
derived from the conceptual schema.

The copceptual view, as meant by ANSI/)'SPARC, concentrates on the meaning of |the
informption. It is the conceptual schema that describes this view. The extennal
views |concentrate on the forms = the data - that represent the information to
the ouEside. These are described in the external schemata. The internal view

concentrates on the internal ‘physical representation of the data inside the ¢om-
puter bystem and is descriped in the internal schema.

is asdumed in this .report. Furthermore, it may be noted that the concepfual

Such 3 three-schema framework is widely, but not yet universally, accepted; It
schemal concept is valuable in other enviromments than a three—-schema framework.

It 1is|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 bidsed .to one or the other. Should the conceptual schema be primarily an|en-
terprise“model, resulting from the systems analysis, or should it serve FS a

focal |point between user views and the physical data base design? We beljeve
that it should play both roles in the next generation ol 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. Besides, the
term "conceptual schema” 1is 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 st, data processing systems were often designed so as to provide “alll
users with the same set of capabilities or functions. However, this uniform
functiondl view is not adequate to construct today’s data base systems. |A
single data base may support quite different functional requirements \concur-
rently, dr at different times, during its existence.

The primé¢ characteristic of the data base environment is that <common data is
shared tween many users of a single system. By sharing common data, these
users establish a dialogue with each other through the system«, Clearly, if thils
communicdtion is to be useful and reliable there must bée ‘some common under
standing [of the information represented by the data. Since it may happen that
two user$s never meet, this common understanding must &efer to something exter
nal to béth 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 o
the reprpsented information refers the universe of discourse. Universes of di
course mpy be concrete like an inventory, ©or abstract like the organizationj

structure of an enterprise. They even may\be hypothetical like Wonderland whigd
was visited by Alice.

In this |Report we will take an (informal) naive realism approach to universgs
of discoprse.

The typilcal universe of discourse 1is perceived as containing real and abstraqt
objects,| which we will call entities. It can be perceived as also containing
classes |of entities, e.g.)persons, departments, and dates. This classificatiqn
is based on similarity 7@and takes into account characteristics common to severzl

entities. The seleetion of characteristics for grouping the entities in
classes |is arbitrary; the choices will be made pragmatically, based on t
purpose [of the universe of discourse.

Some general. properties to which entities adhere, that classify entities, that
associate “entities, etc., in the universe of discourse are also perceived
(e.g. pirsgns 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.

o
e

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 inter2cet: 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.

Withou

base. We will use the term data base system for a data processing system ddal-
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 gpnerally assume that the data base system is disjoint “from the univdrse
of dis¢ourse, although this is not necessarily the case.

It is [the classifications, rules, etc., that are of primary interest to a gys-
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 unfiverse of discourse, the conceptual schema. In this way the conceptual
schema| describes which entities can possibly_ exist in the universe of dis-
course| that 1is, 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 aldo want to record all other  relevant information which describes the |en-
tities| that are considered to be ‘of interest and their actual state of affgirs

at a dpecified instant or period of time (usually "now"). We call this further
informption the information .base.

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

verse ithin the context of
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 seen by a user of the system (the strings of
data) we consider to be at the exte:nal level giving an external view on the in-
formation about the universe of discourse. The internal storage forms within a
computer we consider to be at the internal level being the internal view of the
information about the universe of discourse. For the external and internal
views the representation forms are of primary interest. The interpretation of
those forms 1s, of course, the interpretation meant in the conceptual view.

11
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Summarizing we have now identified:

o 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.

o Conceptual schema:

verse of discourse including the classifications, rules,
laws, etc., of the universe of discourse.

o |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 inichapter 2.

conceptual
schema

information
base

universe of
discourse

Figure 1.1. Describing the universe of discourse.

The des¢ription process is illustrated in figure 1.1; the two numbered pr

cesses

12
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The—deseription—of the possible states—of affairseof theuni-———

-

.

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.

Recording facts and happenings about the universe of dis-
course including what entities actually are of interest.
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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

atn~

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 conan-
trated [on the static aspects, that is, on defining the concepts to behlhused| to

es of a conceptual schema and information base.
However|, the set of concepts for the conceptual schema should_also cover fthe
dynamic| aspects. Firstly, the conceptual schema may change to cofrectly reflpct
changes| in the selected portion of a real or postulated world. Secondly, fy-
namic d4spects are involved in describing those manipulations” which are neefled
to makel known part or all of the conceptual schema and information base.

In some cases, the time scales of changes within the-dniverse of discourse pnd
the cofresponding changes in the conceptual schem® “and information base nged
not be|tied closely together: changes in the universe of discourse may be fre-
corded |in the conceptual schema and informatiodn-/base retrospectively and even
in a di/fferent sequence. In other cases, the time scales are so closely relafted
to each other that the conceptual schema‘and information base necessarfily
become |part of the universe of discourse; especially in these cases the descrjip-
tion of this interaction must also be part” of the dynamic aspects.

No cledr boundary has been defined . between static and dynamic aspects, and [the
boundatry may well be found to vary between different approaches or even tof 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 dypamic aspects, or—whether, at least for some approaches, the same set| of
concepfs may fulfil both purposes.

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

A condeptudl~schema and information base is totally static unless something
operateson it to cause change. That something we will call an information Iro-
cessor[.“We will define an information system as consisting of a conceptual
schema, an Information base, and an informationm 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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] O e information system

environment

Figure 1.2. Information system and.environment.

The infofmation system is distinguished from)\the environment in the followin
way:

o| The information system is a *formal system, the environmment
as a whole is not so.

ol The behaviour of the “information system is completely
defined by behaviour™ rules and constraints which are
established, directly or indirectly, by the enviromment. The
information system—/on its own initiative never establishes
rules for the enviromment.

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

Although we Umay consider the information system together with the environmej

to be pdrts“ of an encompassing system, this latter system may not be formal
fully predietable fherefore e

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 1is 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 enviromment 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. ach
other. [If each has a set of rules which is independent of the others, then \dach
plays the role of user of the other information systems. We therefore conclyde,
that the role determines whether something must be regarded as a user-or as an
information processor.

The ablove formulation of users and information processors in/)teérms of rdles
implieg that the environment and the information system need not necessarilyl be
disjoimt. Similarly, if the information base contains information about [the
users ¢f the information system, the environment and the universe of discoyrse

will t be disjoint. However, even if they are not disjoint they will alyays
be distinguishable from each other.

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

Somett£fs in the literature on various modelling methods for information gys-
tems d conceptual schemata, no clear distinction is made between the things
and the description of the things, nor between the information meaning and |the
data rppresentation.

This dtems partly from the originsiof some approaches which are in effect |the
data modelling techniques of theé jearly seventies. Partly, however, the reIson
for tHis is a debate on fundamentals, which is still going on. The difference
is foupd in whether the coneceptual schema must be defined in terms of entities
in tgiluniverse of discourse itself and states of affairs about them, ox in
terms |of descriptive constructs found in the information base describing [the
entitiles of interest, In’ the universe of discourse. Either view is possible|and
can be| presented systematically.

It is|most impoztdnt to note though that the two alternative views above capnot
be indiscriminately mixed in the same discussion without leading to confusjon,
paraddx, and.érror. It is unfortunate but true that many variants of modelling
approdchesyy~both in practice and as described in the literature, suffer from
preciﬁely 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 constructs™), 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 alre

tities and their descriptions. In these descriptions entities are

usualfly

identifiled by names that refer to those entities. This includes synohyms |-
different names refering to the same entity - and homonyms - identigal" names
refering| to different entities. The relevance of this distinction, ndt)only fpr
informatlion systems in particular, but for human communication in (general, has
been well-known in language philosophy and linguistics for a long time. Therp-
fore the| constructs should provide for synonyms and possibly cope, with homonymg.

The congeptual schema not only describes the static aspectsand dependencies pf
the univyerse of discourse, but also the dynamic aspects.-\This determines what
manipulgtions of the descriptions are allowable as well as what descriptiops
may be gresent in the conceptual schema and information base. Therefore it mhy
be clear that constructs have to be available both for the descriptions and fpr

their mgnipulation 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 classificationls,
rules, etc. of the universe of discourse is to a certain extent arbitrary, f{t
follows| that the choice of which should be described in the conceptual sch:ra

In prac-

and whith in the information«<base is arbitrary to a similar extent.

tice, hpwever, the systems-'designer might consider various factors in deciding

the boundary of the conceptual schema. These might include:

+ describing elasses (types, variables) in the universe of dis-
course rather than individuals (instances),

- describing concepts that are less subject to change rather
than'¢oncepts that are changing more frequently,

--inclusion of rules or constraints having wide influence on

the behaviour of the conceptual schema and information base)
rather than narrow influence.

-t he—behaviour—ofthe—universe—ofdisecourse—{(and—therefore—on— —

At all times the following general principles for the conceptual schema should

be observed:

* 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

16
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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

e 3

user representation such as message formats, data struc-
tures, etc.

A fund

- and

concepts will influence the methods and results of analysing organizations

their

A concpptual schema is intended to properly describe the behaviour of a u

verse

possible evolutions and manipulations of the description of the universe
discourse, i.e. of the conceptual schema itself as well as of the informaf

base.

Mainly| for reasons of human convenience and efficiency, different users wit
the enyironment of a common<information system will use different forms of
ternal| data representing-‘the information. At the same time, for reasons
machinp and storage handling efficiency, internal data organizations will
designpd and used that.may or may not differ from those external forms. In {
contexft, the conceptual schema enforces preservation of meaning in transfor

tions

of thelse representations.

Therefore, .aud considering what 1is outlined in the previous sections,
following fundamental roles for a conceptual schema have been identified:

mental impact of a conceptual schema 1is that the concepts used harmorize

o a certain level make possible - human communication. Moreover, tHese

nformation needs. In a way, a conceptual sc¢hema constitutes a gengral
agreeme¢nt concerning how to perceive a universe. of discourse. This agreej

may alter over time, but supports the evolution (of* applications over their 1
cycles|as well as changes of this agreement itgelf (cf. The Helsinki Principl

of discourse. Therefore the rulés given therein, naturally, restn

between the\various data representations and defines the interpretat

and

ent
ife
e).

ni-
ict

of
ion

hin
ex-

of

be
his
Fma—
tion

the

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

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

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

17
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1.10. REQUIREMENTS FOR A CONCEPTUAL SCHEMA FACILITY.

It is anticipated that the data base management systems developed in the future
will include a component for handling a conceptual schema definition which will
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:

1. [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.|It must provide a language for precisely communicating a con-

ceptual schema to a computer.

4.|1t 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 schéma. 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-

The two |languages mentioned in 2 and 3 may be the same but are not necessari]
so. For |the former purpose an additional graphic notation may be helpful.
These s

ity with respect to'changes in the internal (physical) repre-
sentation of the.data within a computer.

schema flacilitys

18

ix requirements as a minimum must be met by any candidate conceptual
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CHAPTER 2. FUNDAMENTALS FOR A CONCEPTUAL SCHEMA AND AN INFORMATION BASE.

2.1. GENERAL CONCEPTS AND DEFINITIONS.

We proppse in this Report concepts and terms to be generally used ‘in designing,
describing, and using conceptual schemata and information bages. Some of the
terms dpfined in this Report are already found throughout the-data base litexga-
ture, ogcasionally 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 "rgal world” is to be interpreted in ordinary{language sense. The defini-
tions e embedded in explanatory prose to Iinform the reader of the basic cqn-
cepts apd intent of our view of the conceptual sc¢hema and information base. The

definitlions themselves will be summarized in..a0glossary of terms in appendix A
to this| Report.

We start by assuming that it is possibleé,‘to select a portion of a real or hypo-
theticall world that is describable in.(some chosen precise and formally defiIed
language. All things we perceive orlassume 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 exdmple, if we select a portion of a world as described in appendix B and
in whi¢h a certain‘Registration Authority is assumed to be interested, then
entitids are the~car Ford Mustang PCXX999, the person Mr. Johnson, the date| 29
January 1975, ete: A particular example of an abstract entity is an associatfon
among g¢ther eatities, e.g. the "ownership” of the car PCXX999 by Mr. Johnson.

In perqei¥ing 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 entitfies
therein. Examples are:

-  The car PCXX999 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:
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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 proposition can concern one entity, several individual entities, groups of
entities, etc.

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 ‘enablle
us to dibcuss entities and their states of affairs at all - that dsy to ex-

change ipnformation about entities by describing propositions which hold for
them:

SENTENCE
A linguistic object which expresses a proposition.

LINGUISTIC OBJECT
A grammatically allowable construct in a language.

Note, that linguistic objects may be considered ertities.
Sentence$ consist of terms and predicates:

TERM
A linguistic object that refersto 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 instpnce the sentence:

"The car PCXX999 is of model Mustang.”

expresijf the first example proposition above. In this sentence the verb "is

of" forgulates{ 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 entity. 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"
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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 1linguistic 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 tenms "Ford” and "the manufacturer that produced the carAPCXX999” are Ewo
terms that refer to the same entity. In this example the first term is oply
referring to the Ford company. The second term also refers )in a certain way| to
a propolsition about the production of a car.

Some linguistic objects play no other role in the déscriptions than to be uped
as names for something else. We will call them lexieal objects or names:

LEXICAL OBJECT or NAME

A (simple) 1linguistic object that is“used only to refer to
an entity.

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

The spe¢cial kind of association between the "basic” entities and the lexigal
objectd that refer to them we~could call a naming convention. When such a
naming |convention between an entity and a lexical object 1is correctly estab-
lished [it is always possible,\ at least in principle, to identify a causal chain
to the| use of that lexicdl)'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 agserted, 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
entiti¢s of interest can be referred to in some way. For this reason, the inflor-
mation|system designer will generally wish to additionally describe, in the don-
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.

facturerg, garages and persons involved with those cars, as described in appen-

For examile, all cars, registered by the Registration Authority, and\all manu
dix B, m3y be considered to form an entity world.

Many diffferent 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 agiven entity world {is
called a|proposition world:

PROPOSITION WORLD

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

A collecjtion of sentences that express the propositions of a proposition world
informs ps about the relevant entity world.

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

UNIVERSE OF DISCOURSE

All those entities j6f interest that have been, are, or ever
might be.

The uniyerse of diséourse might alternatively be called the universe of poss-
ible entjities. Note, that the universe of discourse 1s limited to the possible
entitied we are dnterested in and therefore want to discuss or describe. Taking
the exapple of . appendix B the universe of discourse of the Registration Auth-
ority cénsists of all cars, manufacturers, car models, garages, persons, etcp,
that hape“existed, exist, or ever might exist and in which the Registratipn
AuthorityZwill 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.
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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
mention}? In chapter I, constitute the necessary propositions. Ihe section I.Z
le

of appepdix B describes informally the necessary propositions of our exam
univers

of discourse.

Some nefessary propositions that hold for each and every registered\car in 3ll
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 1limit the necessary .propositions to only general
states jof affairs. States of affairs involving one or a few particular entities
can necpssarily hold for all entity worlds. E.ge:

"Only 5 manufacturers can have permission to operate in the
same period of time.”

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

As alr¢ady stated, necessary_propositions tend to have a more general charac-
ter, 2}at is, they hold for ' collections of similar entities - classes |of
entities:

CLASS (of entities)

All possible\entities in the universe of discourse for which
a given proposition holds.

Fach class of-entities is determined exactly by its possible members. Clearly
any pafticular/ entity may be a member of many classes, so that classes | in
general aresmot disjoint.

The pr on at d
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 ¢an 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 {s
an arbitlrary choice of the information system designer, often inspired by wht
u

is consjdered practical or usual in the userls enviromment of the concept
schema.

t
1

The notion "instance” or "occurrence” is 'usually associated with the notion pf
type:

INSTANCE or OCCURRENCE (0f\an entity-type)

An individual entity, ‘for which a particular type proposi-
tion holds, that isj.which belongs to a particular class of
entities.

In desilgning information’ systems the notions of class and type are used [in
particular to establish’collections of necessary propositions: With a speciffic
class or type, a <€ollection of relevant necessary propositions may be ident-
ified, that hold <{for all possible entities which are members of that speciffic
class. [E.g. in-the example of the Registration Authority the following neces-
sary propositions hold for all possible entities that are cars:

- a car is produced by a car manufacturer
- L car has s seriasl 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 description of the necessary propositions is called the conceptual
schema: :
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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
informgtion 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) necesgary
ones fprmulated in the conceptual schema. The description of those additignal
propositions constitutes an information base:

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.

Note, fhowever, that the collection of sentences.constituting the one conceptual

schema| and a specific information base together describe all propositions ¢on-—

siderefl relevant for a specific entity world.'and therefore describe a specific

proposfition world for that entity world..\These propositions are conceived to
| hold flor the entity world, the latter . being perceived as "reality"”. For that
| reason|, this collection of sentences constituting the conceptual schema and |in-
} formatlfion base must necessarily be consistent, if it purports to be a truthful
‘ descrifption of those propositions,

| Actuallly it is the information base together with the conceptual schema that in
| essencle establishes a particular entity world. In other words the entity world
| considts exactly of those'concrete or abstract objects - entities - that |are
} referred to by the terms—in the sentences contained in the information base|and
i concepgtual schema together.
|
|

Note, [ that it may\very well be possible to describe one universe of discoprse
or onq particular-entity world in more than one conceptual schema and infofma-
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 1is meant to info us
about -the—entities—that occur in the instant or period of time, nsuall;rre—
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 info

to refledt changes in the selected portion of a world constituting the /univers

of disco
course sH

Changes 1
*

*

All such

ceptual
changes

The basi
tual sch
defined:

schema. Although the firstitwo kinds of changes might limit resulting
to the information base only,

tainly cause changes to the conceptual schema as well.

I~
~

ema 1s an eleméntary action.

ation base and the conceptual schema will change with time inNorde

[ BLe ]

rse, since only sentences asserted to be true of the universe’ of dis
ould be in the information base or conceptual schema.

n 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.

changes may require changes\(to both the information base and the con

the latter two kinds mentioned will cer]

notion of information manipulation in an information base or concep

Three kinds of elementary actions ay
insertion, deletion, and retrieval.

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.

Note, 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 GMF11l7 is distributed to Smith”s garage”.

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

28

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

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.

Note, that a deducible sentence may have been actually inserted. In that case,
the delletion of another sentence, on which the deducibility of the senteice
essentially depends, will not automatically delete that actually inserted)-sen-

tence. e deletion of that other sentence only makes impossible the deduction
of the actually inserted sentence.

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

"Smith”s garage owns car GMFl1l7"
has been actually inserted, then the deletion of the sentence
'On 29 January 1975 car GMFll7 is distributednHto Smith”s garage"”

will noft result in the deletion of the sentencecstating who owns the car, bhut
we can pho longer deduce that sentence.

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, tlhat the retrieval of-(a' deducible sentence from the information base [or
conceptiual schema 1is posgible only if the information system knows how to de-
duce tHis sentence from—other available or deducible sentences in the concep-
tual scdhema and information base.

Combindtions of elementary actions intended to achieve a specific result may|be
allowed. Such combinations are defined as:

ACTION

Onée or more elementary actions that, as a unit, change a col-

lection of sentences into another collection of sentences in
e 1in

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 necessary to
impose rules or constraints on actions. Therefore the following definition is
added to define actions that are considered to be atomic "execution units”:

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.

We shoulld point out here that only the final collection-of sentences as|a
result ¢f a permissible action need be a consistent collection of sentencef.
Intermediate collections, if recognizable, need not be_tonsistent.

Note, that certain permissible actions may change:a" presumably consistent, bput
actually not "truthful” collection of sentences ¢into a consistent and truthfpl
one. Su¢h permissible actions will be needed to correct corrupted informatipn
bases conceptual schemata, whatever the xreason of the corruption may
These ;I;cific permissible actions may be allowed to ignore certain rules aboput
permissible or required sequences of state’of the involved collections of sep-
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-dction (cf. the examples in section 2.7).

An elempntary 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 syptem:

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 poisible syntactic and semantic complexity of command statements and cactiion
descrigtions (e.g. structure of description and expressive power in terms| of
what cdmmands and actions are describable) depends on the language chosen.

2.3. THE BEHAVIOUR OF AN INFORMATION PROCESSOR.

As alrgady 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.

Messag¢s are dealt with by the informatiom<processor part of the informatiion
system

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

The infformation processor recognizes whether or not messages received from |the
envirohment 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
prese in the conceptual schema, or in the information base, or deducible from
sentences present in ‘them.

A message expréssing a change in the universe of discourse must contain ox be
accompanied by,a command statement identifying the action description - or the
actior description itself - for a permissible action to effect the approprjate
changd im ‘the conceptual schema and information base. The information procegsor
intergréts the command and changes the information base or conceptual schema
rules not only d
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 will be as 1if the
command had never been issued (i.e. completely unchanged).
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If a mes
sent in t
informati
appropria

sage expresses a command to make known a collection of sentences pre-
he conceptual schema and information base or deducible from them, the
on processor interprets the command. It issues a message reporting the
te 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.

rules inc

The
lude 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 {
oured or
ment a me

In other

ling" sentences stating rules and constraints, the sentence(s) to/“be changed o
made knoW
tional se

Usually ¢4

sentenceg in the information base' as well can have a controlling role. The sen

tences tg
informati
in cases
Note, th
in the i

ssues a command, the environment needs to know if the command is,  hon
refused. Therefore the information processor must issue the environ
ssage to that effect.

words,

the result of a permissible action is a function_of "control;

™

m, and the incoming message including the command statement and addi:
ntences if relevant.

outgoing
message

_ controlling
information | sentences
processor | changing
P >\ sentences
message

Figure 2.1. The informatiom processor in action.

he controlling sentences ‘are largely in the conceptual schema althoug

=

be changed or made known, are in normal application cases, all in t:E
on base. However, (the involved sentences are in the conceptual sche

where the conceptual schema itself is subject to change or reporting|.
t in this latter case some of the controlling sentences may be found
formation base)'also.

A sente
principl

e expressing a proposition as such has a truth value. The following
is axiomatic:

The (truth value of a sentence 1is considered true if it is

explicitly stated true by a message accepted from the en-

viromment according to the rules known to the information
processor. It 1is 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 permissible 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. INYERTING A CONCEPTUAL SCHEMA - THE MINIMAL CONCEPTUAL SCHEMA.

Initially, the only rules known to the information processor are thoseUbuilt
into the information processor itself. This basic set of rules providés-the in-
formatign processor with an interpreter mechanism that enables thecinformation
processg¢r to at least recognize and interpret a minimal language. ‘This langudge
allows the environment:

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

¥ to specify commands,
k to specify authorizationms,

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

k 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 omes.

These Huilt-in behaviour rules constitute the minimal conceptual schema of the
informaftion system.

Given this built-in mimimal conceptual schema and an initially empty informa-
tion bqse it is possible for the environment to use this minimal language [to

build ¢p the required conceptual schema as well as the information base if a
systemgtic fashion®

There must be a fundamental rule concerning the proposed insertion of a pew
rule oy constraint in order to decide what to do in the event that this inser-
tion wduld make certain collections of sentences, already present in the concep-
tual sdHema and information base, no longer consistent. Such a fundamental rple
can reject the existing sentences Or the proposed new rule. It must mot 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. BEHAVIOUR 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 enviromment 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 thqg information system controls the environment. Firstly these messagps
are gendrated according to rules or constraints established by the environment.
Secondl the information system cannot force the environment to obey “rulps
express by such messages.

The additional rules consist not only of permissive and prescriptive rules fpr
the inf¢rmation processor, but also of permissive and prescriptive rules f
the environment. The permissive rules for the environment establish the cr
teria neéeded for the information processor to test the actual’ information,
information system can generate warning messages. The prescripti
rules for the environment form the base for the information processor to ge
erate appropriate requests to the environment.

a}

1 o ©

These lptter behaviour rules for the enviromment) will never dictate what [is
permissible in the information base or conceptual’ schema including consistenky
rules for collections of sentences. As far as(the information system 1is cop-
cerned, | they formulate only what is desirable. As such they form a separafte
class of rules or constraints in the information system. Note, that a undesifr-
able collection of sentences will nevertheless be consistent.

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

ment.
Summariging we may say:

- What is cénsidered to be 1impossible in the universe of
discourse’ or environment, establishes what 1is not per-
missible’ in the information system including whether a
collection of sentences 1s consistent (behaviour of the
information system).

-CWhat 1is considered to be not permissible in the universe of
discourse or enviromment, 1is undesirable for the Information
system, although it 1s 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 caulsal structure of interdependencies is an important aspect of dynamies|in
the general sense. A typical example of such dependency concerns co-ordinatjon
of pe ssible actions: There may be rules requiring certain conditions-to hold
before [specific actions can take place (see section 2.8). Another typical isgue
is to describe what messages cause the information processor to (perform whfch
changesl to the information base or conceptual schema and ,to- return which

answers, say, results of retrievals or reporting on actions (¢f. sections P.2
and 2.3).

A third important example is the subject of authorization. In general, there
must beé authorization rules that control whether a usér is entitled at allj to
give a| command for a particular permissible action changing or retrieving a
particylar collection of sentences, or is entitled to receive a particullar
messagd from the information system. This implies that identification of fthe
source |and destination of messages and commands are involved in the enforcement
of autBorization rules. The subject is not yét discussed further in this Repoft.

Although a comprehensive information system design must be aware of all abpve
mentiogped relevant aspects, the focal~points of interest traditionally are fthe
rules hnd constraints for the sentences administered by the information pro-
cessor| Therefore, and because of.(the complexity of the general treatment,| we
shall tonsider in this section (the rules or constraints in the special sense| of
permis$ibility of information base states - that is, collections of sentenceg -
and seEuences of information‘base states.

Static|rules and constraints under this restricted view are then concerned with
the copsistency and permissibility of collections of sentences. The effect qf a
static| rule may beclocally restricted to single sentences or it may globally
involve several sentences within the same collection of sentences in one state
of the| informaticn base. An example of a locally effective rule is the require-
ment that the“$erial number of a car must be, say, a natural number less than
10 000| 000.<A rule that requires the serial numbers of cars to be unique h
very Hroad\global effect. To be enforced or checked, it needs a complete su
of all| dnstances of serial numbers of cars registered in the information bz
Static e 1102 ' 0 be o vervy—d ere omple ; Examp S RO comy
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 in-
spection of states. In fact, static rules can be regarded as special cases of
transition rules. Although static rules define which states are permitted, a
static rule can be re-interpreted as stating that certain states are permitted
or forbidden, no matter what the previous state was. This can, however, also be
expressed as a transition rule. The "no matter what the previous state was” can

be taken care of by admitting all information base states as possible most
recent infformation base states.

It may be argued that permissibility of an information base state may depen
on any off the former states, rather than just on the most recent one. However
as an addfitional postulate, it is assumed that the history of states can affec
permissibility only in as much as the history is reflected in the ‘most recen
state. Il is therefore sufficient to take into account the most<(recent stat
only (cf. "actual information base” in section 2.1).

Some speclial attention must be given to the kinds of rules that are involved 1
derivatidns of deducible sentences. For example, the fuel (consumption rate of

car may be given as the fuel consumption per 100 kilometres. That is, given

sentence [stating the kilometrage of a particular car<{and a sentence stating th
amount of fuel consumed, the fuel consumption rate’can be derived, provided
sentence [stating the definition - rule - for the “fuel consumption rate is als
availabld.

U W W

Actually| such rules are static rules as they deal with sentences in one inforr
mation base state. Some people, however,.\may consider them dynamic rules, iE

they "cdntrol"” possible derivation processes. Several authors use the te
"derivation rule” for such rules.

Note, that deducible sentences need not only be derived by derivation processe
within the information system.\ It is quite possible that such sentences ar
explicit]y inserted. In such cases these "derivation rules” control the consist

ency of |the resulting collection of sentences including the inserted “"deriv
able"” sentence.

® @

The abovle mentioned ‘rules not only include those needed for what is commonl
considerpd as derivable information. The decision rules needed in automati
process [control systems and decision support systems are also in this category
Thereforp, they.belong to the necessary propositions in most cases and are thys
an essential.part of the rules described in a conceptual schema.

0 <

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 "-"
(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 X 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 1its positive or its
negative extension.

With tHe action-oriented descriptions, the permissible changes are giwén |by
admissiBhle action sequences. The permissibility of an action or action .sequerce
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 gequence component.

With the action-oriented descriptions, a rule specifies that|\a transition |is
permissible 1if, starting from a permissible state OLD,(-the transition [is
effected by an action sequence Q such that the pair <OLD, Q> 1is in the get
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 gble to make finite descriptions of virtually infinite sets of action
sequence¢s — there 1is no restriction on the length of action sequences - it |is
necessaty to define classes of actions. An action-oriented rule then refers [to
classes| of action sequences. Conceivably, an action sequence may consist |of
only onfe elementary action (for "elementary action”™ and "action"” see sectjon
2.2). Cpmplex rules are formed by composing actions to constitute a permissihle
action [for given departure states).

A permijssible action succeeds or-fails as a whole. The actions of which a pgr-
missiblg action is composed might’ not be permissible individually. Thus, given
the rulp that an employee mustihave a salary and must work for a department,

(INSERT. YJohn 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 1is dependent on both elemé¢n-—
tary actions happening together.

tal state”of persons might be defined as one of the following states: "singl
“married™; "widowed", or "divorced”.

ALY

To demanstrate examples of static and dynamic rules let us assume that the mari-

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 1in the
resulting collection of sentences as a function of a sentence in the initial
collection of sentences:
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from/to SINGLE MARRIED | WIDOWED DIVORCED | UNKNOWN
SINGLE - yes no no yes
MARRIED no - yes yes yes
WIDOWED no yes - no yes
DIVORCED no yes no - yes
UNKNOWN yes yes yes yes -
Figure 2.2. Transition matrix for marital state.
An examplle for an action-oriented rule is the following:

These basic description possibilities are discussed in more detail,

examples

A suitab

The tot
prehens

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

with some

, in appendix G; appendices E and F also give some examples.

le language is required for the specification of rules and constraint
lity of established rules and constraints cam\be regarded as one c

e rule that controls the entire informatiom “base. Of course, in a

reasonablle language such an overall rule will not be given in one piece. Ther
fore, it| is a requirement for the language to allow for composing complex rul

and con
end with
structur
informat

At pres
straints
permissi
that is

traints from simpler ones. The decompgsition into simpler rules mu
predefined primitive rules. A primitive rule would have to be a simp
ed, easily surveyable set of pairs of information base states or of

ion base state and an action sequence.

bnt, no specific proposal 1s. made for composition of rules and co
, but a general aspect is‘considered. The rules may be expressed in
ve or restrictive style.‘-Composition may be additive or subtractive
one rule may work in‘the same sense as, or counter to, another. T

result may be a permissive ©Or  a restrictive rule. This gives a number of co

position
tion larg

2‘80 CO-

options, not all of which may be desirable for a practical specific
guage.

ORDINATION+OF PERMISSIBLE ACTIONS.

It shou
rather
Therefot

|d be -noted,
recently become a topic of research and discussion (e.g.

that the subject of this section in particular has on
(2, 3, 4, 5]

e “this section suggests more the directions in which development mig

go, rather’ than demonstrating and summarizing results.
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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”
command

of permissible actions. That is,
for other permissible actions.

a permissible action may issue

a
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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)
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;

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

The information system only reacts because, of an event. The dependency bety

the evént and the reaction could be perceived as in figure 2.3.

happening ————— perception ————— reporting

that something that something has
has happened : happened
event : 1

reaction of
information processor

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

Figure 2.3. Dependency between event and reaction.

een

As far as the information system is concerned it 1s not relevant whether the

event 1is 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 enviromment or universe of dis-

course.
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e 3

he reporting of such an event is a message to the information system express-
ng at least a command.

INTERNAL EVENT

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, internal events are re-
levant only if the reporting of the termination must be followed by a succeed-
ing reaction of the information system, or by a message sent to the environment.

Events hdve certain characteristics, which are important for the 1nformatioL
system. In the first place, events may belong to certain types (classes) o

event. Cllosely associated with the notion of event type is the notion ©f-even
occurrencg.

T

An importlant characteristic of the event type, or rather its reporting, is th
type(s) of command, associated with the event type, which determine the permis:;
sible actiion or permissible actions that are expected as a reaction of the in;
formation| system.

v

Other important characteristics of the event types are:

the number of event occurrences to be expected;

the frequency of event occurrences.

Most evernts also need an associated reporting' of certain "parameters” in orde
to direct the permissible action as to what precisely must be done. In thos
cases thd message reporting the event also contains, or must be accompanied by
one or mdre sentences, called input sentences for the permissible action.

T

The permissible actions accomplished by the information processor may insert)
retrieve| delete, or modify sentences in the conceptual schema and informatiop
base. It|is not necessary, however, that input sentences for the permissible acf
tion be |[inserted themselves #n the conceptual schema or information base, iff
the input sentence only provides parameters to the permissible action. Some
times input sentences will be inserted, at other times they cause the insertioL
of other| derived senténces. An input sentence which is not actually inserted|,

will gererally not{ be reproducible after the termination of the permissible
action.

A permisjsiblevaction 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 ppecified in terms of (elementary) commands for (elementary) actions.
Such spJ;tfICatTUn§—tUncEntratE—Un—thE—typE—Uf—permtsstbte—acttont—fhe—type—jf

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 will 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-
tem. These permissible actions may belong to the same or different types of
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 infprmation processor”s reaction. Therefore, it 1is possible that theA ge-
quence fin 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
discourge. If this sequence in time of events is relevant, for ingstance, be-
cause off necessarily preceding states of affairs that must have beéen recorded
first ip the conceptual schema and information base, the resulting) permissible
actions| must be co-ordinated, including, 1if necessary, synchronization of the
permissible actions.

and intgernal) events which must have occurred before triggering the permissible
action,| and a rule or set of rules which establish~in what manner the events
determihe the necessary condition for the permissible “‘action to be triggered. A
command| condition can be extended and made more\precise by rules about sen-
tences fpeporting the events or already present inthe conceptual schema and in-
formatipn base.

The command condition of a certain permissible action consists of the (exterial

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 the command condition(and the permissible action is triggered.
The "ayrival" of the other events ‘@xcept the last one brings the command con-—
dition [to a "wait-state”.

A commind condition may haveta‘ limited wait-state, that is, the wait-state|is
only alllowed to have a limited duration in time. If within this period the last
event needed does not occlr), then the permissible action will no longer be trig-
gered hecause of the events that have already occurred. A new series of events,
howevey, may prepare“d 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 hction< When a command condition is met and the permissible action| is
triggered, .then the "arrival” of new events can only prepare the command clon—
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. Therefore, 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 in a number of dif-

11
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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 1itself -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;

54 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 possibilitips
of co-otrdinating permissible actlons. This formalism is derived from those uspd
in Petr] 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 theé sources of the events involved in the fulfillmepnt
of the ¢ommand condition.

Co-ordination of permlissible actions can involve all kinds of "chains"” of pefr—
missible actions./Several possibilities exist, e.g.:

A
incoming outgoing
message message

@—> PAl —>@-—> PA2

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 this permissible action. The result
of this permissible action (internal event) is the sufficient and only
command condition to be fulfilled for a second permissible actionm.
This is shown in figure 2.4.

incoming incoming T outgoing

environment message 1 message 2 message

information system

@.—> PAI _.@_> PA2

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
fig]:re 2.5 the second permissible action will take place 1if both the
first permissible action has taken place (internal {event) and a second
incpming message has arrived (external event).{ The one that occurs
latest in time completes the command condition ‘and therefore triggers
the| second permissible action.

incoming incoming outgoing
environment message 1 message 2 message
information system
pal p>(c2)—~| a2 —» PA4

PAS

condition factors v

issyed by preceding
permissible actions @———> PA3 . O
condition factor

for succeeding
permissible actions

_.@J

Figure' 2.6. Co-ordinated sequences of permissible actions.

3. Moneélcomplex situations are possible as for instance is depicted in
figure 2.6. Note, that in this example permissible actiom 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.

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

propositlions of the universe of discourse, the information system designer
starts Hy observing the selected portion of the world constituting the univergse
of discpurse and constructing in his mind an abstraction of AAt, much in the

same way as a scientist, by experiment and analysis, constructs)\a theory of the
observed phenomena.

To design a conceptual schema, that is, to establish and describe the necess:Fy

As in s$cience, we would normally expect that such ,.an-abstraction would [be
general [enough to encompass many different (preferably all) occurrences of the
same kipd of phenomena. This abstraction constitutés propositions that necesgs—

arily h¢ld in all possible entity worlds, just as the theory must hold for the
observed or expected phenomena.

The profcess of observation, abstraction, and” conceptual schema formulation |is
usually| iterative. This 1s similar to .the scientist”s attitude during the
formulation of a theory: further experimentation - that is, observation of the
univers¢ of discourse - is generallyxrequired to clarify some aspects of the
theory.

Although selection of what is comsidered to be necessary propositions about the
universk of discourse to be déscribed in the conceptual schema is to a certiin

extent |arbitrary, as already" is mentioned in chapter 1, the systems desig
might consider various factors in deciding the boundary of the the concept
schema.

er
al

An exapple of a widely accepted and also basic distinction has already been
mentioned in chapter 1. It is the distinction between sentences which represent
generall laws and~rules to which possible entities in the universe of discoutse
have td adhere),’ and sentences which describe facts about particular entities|in

respec to the design, i
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 systém
cannot be held responsible for not meeting those described

elsewhere, including in particular those in application
programs.

*| Conceptualization principle:

A conceptual schema should only 1include/, ‘donceptually
relevant aspects, both static and dynamic, ¢<6f 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 jugqtifications and remarks may amplify the two principles:

Most of |the general rules of the universe of discourse are currently described
in appljcation programs, if they,-are described at all. Sometimes such rules are
referred to by the term "validation rules” in the current EDP jargon. In ma
situatiqns, more than one update program operates on the same data base. [n
this case a single rule has to be described in each application program whith
may affect a concrete physical representation of that part of the informatipn
base coypered by the rule.’ This results in a redundant representation of the
rule, which is source.for inconsistency among the various "copies” of the rulp.
It is opvious that due to such redundancy it is difficult to control, verify,
and maiptain a set\of interrelated rules. It is even more difficult to deteft
contradjctions im~such a set of dispersed rules.

User updlatecand query languages are becoming available which provide the (enfd)
user topls\ to express his requests directly to the machine as opposed to| a
professional application programmer who writes the program on behal e

employing user. One does not need too much imagination to think of situations
where a user "has no time" to program the rules in his direct instruction of
the machine. This may result in a stream of messages entering the information
base that should not enter. The result is information base pollution. If all
rules are expressed in the conceptual schema, and therefore are controllable by

system functions independent of users or application programs, then there is no
basis for such pollution.

If all general rules of the universe of discourse are expressed in the concep—
tual schema, then it is (much) easier to extend or modify these rules in a
controlled way as compared to the situation where the rules are scattered over
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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 1s 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 decllar-
ative way. This depends on the present state of the art of formal languages,

exclusilvely include conceptually relevant aspects of the universe of d
course. Aspects, constructs, or distinctions, which refer to other components
or factors of the information system are not allowed to be part of the conclep—-
tual sdhema. Such aspects are, for example:

The Comnceptualization Principle says that the conceptual schema must only [and
Es-

- Representation aspects of data in the user viewsg
- Aspects of machine efficiency and physical data organization;

- Organizational aspects of the information\system.

By focyssing on the conceptually relevant aspects, the conceptual schema dedign
procesgs 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 deslign
procesg. 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-
izatiof in the conceptual schema, operations at the user interfaces can be ﬂade
completely independent of;“those "internal"™ aspects. Thus, reprogramming| of
applications in case of" physical data reorganizations can be avoided, due| to
the "ipolating” effect-of the conceptual schema.

Finally, the obsérvation of this principle also results in better evolution,
simply| becauser.there 1is no burden of conceptually irrelevant aspects which
could [increase)the reprogramming effort in cases of conceptual schema changeg.

3.2. PRENCIPLES 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;
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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-

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 clontext an axiom is defined as:

AXTOM

Any closed sentence that is asserted to be tonsidered 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 assertioms-’about the universe of dis-
course being itself interpreted as a true assertion about
the universe of discourses

There 1is, of course, nothing. unusual in these principles. They are simply
precise gxplication of the ordinary process of deductive inference couched 1

terms of| a formal system so ) that they may be applied in the context of digita
informatjon systems.

HAa Bk

Points 1| - 4 above ,reYate to the syntax or grammar of a conceptual schema azd
informatfion 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|l out the purposes described in this chapter. Point 5 above relates to
the semapntics~of the conceptual schema and information base. The principles far
the semahtic¢s are discussed in section 3.4 with a similar objective.

A suitable formal system of logic to describe a universe of discourse may place
minimal demands, in principle, on the part of the conceptual schema built in
the information processor [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 1s 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
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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 comgplexity ("macro constructs”) to the formal system is necessary so that
users off the system may interact with it at any desired level of aggregatiom'|of
construdts [2, 3, 4]. In order for this principle to be observed without-viogl-
ating the first principle, the formal system must have within itself a“mechanifsm

for incprporating the definitions of new constructs in terms of those already
present

Taking [nto account the 100 Percent and Conceptualization principles, we gan
already| deduce some general guidelines for a system of linguistic construdts
for dedcribing universes of discourse. Even then we have\.the choice among| a
variety|of linguistic constructs. Each of those, however() has ultimately to [be
based opm the fundamentals of formal logic.

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

One cholice is, to set up a system of concepts/without defining dedicated cqn-
structs) i.e. elementary constructs that express the fundamentals of fornpal
logic 4re applied only for the description of a universe of discourse. e
major afivantage of such a "fundamentalistic approach” is that one can rely upon
the lorg tradition of formal logic. However, it is questionable whether this
choice ldoes not overstrain the capabilities of the average information system
designef. To overcome this problem the introduction of suitable macro-con—-
structs| may be useful.

For expmple, a well-known-possibility might be to distinguish propositigns
stating| the type or class membership of entities and to design constructs |to
easily |express such propositions. Many persons who are involved in practi¢al
conceptlual 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 distinctidn)'of sentences describing all classes of additional propositipns
possible for—all entity worlds of the universe of discourse, and other sen-
tences |deéctibing all relevant restrictions with respect to the allowed popula-
tions bf-the former type of propositions. Again, the reason to make this dfis-
tinction has to do with practical consideratiomst Im 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 insertionm,
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,

@ hethe he—exXxpression S—Eramma 3 O e 0 ne aRgUage;—=8 d
re what kind of language constructs are involved in the expressioj
ple, it must be possible to determine which expressions are named
b sentences, what sequences establish deducibility of a sentence; etd

case a computer process can parse the language completely.

There are many ways of defining the syntax of a formal language, such’as Backug-
Naur form, production rules, the method chosen in appendix Cg\ and so on. In
order not to prejudge the grammatical form of any conceptual( schema language
this Report specifies the syntax by defining the grammatiéal notions withoyt
specifyihg any rules about how these notions might be expressed in any particy-
lar language. These notions are: terms and sentences as defined in chapter ?
section P.1, and grammatical functions called functors{[)5]:

FUNCTOR

A linguistic object that refers to a function on other 1lin-
guistic objects taking as arguments (input) a 1list of 1lin-
guistic objects (terms, sentences, functors) and yielding as
a value (output) a single, uniquely determined 1linguistic
object (term, sentence, functor)-s

Terms and sentences may involve variables:

VARIABLE
A term which refers.'to unspecified, indeterminate entities
in the universe of dilscourse.

Sentencegs may be either bpen 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 referp.
Such sentences.are said to be open sentences.

The sentences

"Ford is a manufacturer.”
and
“for all x, if x is a manufacturer, then x is a company.”

are, however, either true or false, depending on the universe of discourse.
Such sentences are called closed sentences. Only closed sentences are unambi-
guously true or false and for that reason will be the only kind of sentences
appearing in a conceptual schema and information base.
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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 chanac-
terization - it took Tarski [6] some 80 pages — but its essence should be clear.

The infterpretation of sentences depends on the meaning of"'the terms and prgdi-
cates fonstituting 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 teérms, has to be understood as
"any entity”.

The kely to the semantics 1is the interpretation of the predicates in the gen-
tencesp} To understand (be able to interpret) ‘a predicate in a sentence is tg be
able tlo determine for any list of entities (keeping in mind that entities |are
part off the universe of discourse, not-\the terms in the sentences referring to

them) whether or not the propositionxexpressed by the sentence is true of that
list of entities.

In pripnciple, of course, this.is quite straightforward; it is not always sq in
practice. One of the design ‘tricks in the development of a conceptual szlema

ere

Havingl chosen predicdtes appropriate to the universe of discourse, thus per-
mitti the assertion of anything one wishes to say about it, there remains|the
task ¢f choosing ‘the axioms and the rules of deduction. As noted above, |the

pTrvVe

lections are contemplated and the axioms dealing with them, as such, are part
of mathematical logic. While it 1is known that one cannot prove consistency

(Gédel [7]), long use of standard axioms suggests that in practical cases
there will be no problem.

3.5. PRINCIPLES FOR THE COMPOSITION OF CONCEPTUAL SCHEMATA.

Three main issues arise in discussing principles for the composition of a con-
ceptual schema and information base:
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l. 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 exten
this minihal conceptual schema to form an actual conceptual schema. This pno
cess can pe applied recursively.

Therefore|, the conceptual schema for an information system in practice can b
perceived| as being built up like some sort of onion, the centre of/)the onio
being fOJExed by the minimal conceptual schema, the extensions representing th

coats of [the onion. The centre and inner coats symbolize the conceptual schem
for the ter coats.

In the sénse of this onion view - see figure 3.1 - any conceptual schema can b
built up|in a systematic fashion using. the capabilities of the informatio
processor as they are defined in the minimal conceptual schema. In the sam
fashion the information processor will “"know" at each instant in time whic
part of the actual collection of sentences, constituting the conceptual schem
and information base, it must consult as "concéptual schema” to control th
manipulatiion of other sentences. Important ‘decisions in the modelling an
design process are what sentences will be in the minimal conceptual schema
what sentiences will be in inner coats, etc;

1= 314

optional contents of
information base

required contents of
information base

conceptual schema for
specific application

minimal
conceptual
schema

fundamentals ,
of logic

conceptual schema for
application class

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

In section 3.2 it 1is 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 in an inner "coat" of the conceptual schema. Examples) are
common |axioms for e.g. banking applications, personnel applications} ~goqds
movement applications, etc. It is imaginable that such conceptual schema exten-—
sions might be provided by your friendly software vendor.

The axipms and derived sentences expressing the necessary propositions specifiic
for a particular universe of discourse might form the outer "goats” of a concep-
tual schema. As such they will be formulated in the design_ process of the cgn-
ceptual| schema for a particular information system. Probably also, these will

be most| 1ikely subject to change in cases where a concéptual schema has to |be
changed

As alrepdy discussed in chapter 2, section 2.1, the information base is the qne
consistent collection of sentences, that is, consistent with itself and the cqn-
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 dedyc-
ible tELrefrom that express necessary propositions. For example, a necessjry
proposiltion about our example universe of discourse (see appendix B) requires
that fqr each year of interést' a maximum rate of fuel consumption is estab-
lished.| This will be expresged by a sentence in the conceptual schema. Sentences
expresding the rates for §pecific years may be in the information base, provided
the y;jr is involved in)the entity world of interest. Such sentences may |be
considdred to be in an“inner coat of the information base.

Given the conceptual schema and possibly a collection of essential or required
sentendes, the (rest of the information base is optional, providing only that
the totality-forms a consistent collection. At any given time, of course, fthe
instantfaneous 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 definition of the external representation forms for the
possible collections of sentences within the scope of a

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

An external interface 1is the actual interface between a user in the environment
and the implemented infcrmation system.

The secqnd 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 injterfaces 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 infermation base including
the manipulation aspects of these forms.

An intexnal interface 1s the interface bétween the implemented information syp-

tem and [the actual physical data storage)facilities.

A general architecture, as outlined’ in the ANSI/SPARC Reports [8, 9], may bpe
perceivgd as follows:

: conceptual

schema

information
processor

|

hﬁbnnaﬁon(
base

Figure 3.2. Inserting new information (conceptual view).

As described in section 2.3 of chapter 2, a message 1is presented to the infor-
mation system containing e.g. new information to be inserted in the information
base. The information processor, controlled by the rules as described in the
conceptual schema and possibly by other sentences already present in the infor-
mation base, will either insert the information or reject the message gener-
ating an appropriate message to report the result. Other actions will be dealt

with in a similar way. This conceptual view on the information system has been
depicted in figure 3.2.
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conceptual i
- schema
-~

(mapping). ~
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-~
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message

external
schema
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appt: ——external—]— information
proc. processor | ~| processor
] 1
] ]
] I
4 .
r—o-=-= TR
| external ,r. information y
! database 1 1 base A
| VR | W A

Figure 3.3. Inserting new information (external + conceptual view).

In pracjtice the user is only interested in his external view of the info
tion. That is, he is only interested in a subset of -the information base 1
represeptation form that he has defined as convenient for him. This impl
that hit application process dealing with the message has a particular exter
view off data (strings of characters) constitutdng his external data base
presentfing the relevant information. This particular external view is descri
in the |external schema relevant for the application process. However such
externall data base is a virtual one mapped:iinto the (relevant part of the)

a-—

es
al

ed
an
in-

formatipn 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.

in the| conceptual schema .and to take care of the insertion. The additiompal
tasks 4re performed by the external processor. Therefore the external schemata
also contain the transformation rules. This has been depicted in figure 3.3.

It remdins the task of the—information processor to enforce the rules defifed

conceptual
- schema ~a
~ (mapping)

Figure 3.4. Inserting new information

(mapping/) P
~ ~
s -
message : - )
N l external internal
schema \ schema
‘ . . l
appl. external information internal
proc. processor ™| processor |~ processor
i i
I 1
—_—— - S 7 )
{- external  __ _ _ _ _| | information ¢ __ _ _ __ internal
lL data base \ ‘\_ base \ data base

(external, conceptual, internal view).
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A 2 £
n J.u.Luu.uaL"“"‘ base is also 1in practice a virtual

o
o
[
f
.

"
L

Q-rfo-]

ually represented within the computer system by internally stored physical
ata

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 1is 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 interna
schemata |and processors allow multiple layers. Also the internal data base’ may

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

BRASE- DALt ¥Y LaLa VROST S cacn

part of the information base. Such data bases may overlap (cf. distributed datE
bases).

1=

As a slight variant to this ANSI/SPARC approach one may, at\ the conceptu
level, dgscribe a particular user”s view - his particular universe of discours
- in a ¢onceptual subschema (cf. the cover plate "The Metaphor of the Searc
lights")] Several user views may be unified in a conceptual subschema wit
wider scppe. For example, the views of several departments can be combined
an integfated view at group level within the enterprise. The conceptual sche
in the information system describes the "union” of these various conceptual sub
schemata| At the conceptual level representation forms are not relevant.

At the é¢xternal level, representation forms ‘that are convenient for the user
are defimed and described in external schemata. Each user view (conceptual sub
schema) [s mapped into one or more external schemata defining the appropriage
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 ¢ase where an external view is a union of several views (e.g. tHe
external| data bases of individual departments are clustered into one commgn
data base at group level), the'resulting external schema will encompass severgl
individuhl externmal schemata—and describe a common data base in an "externdl
but uniflfied” form. The subsSetting function of the external schemata is maip—
tained ahd controlled by the external processor.

this mapping may_bé to one physical data base, this need not necessarily be
so. Sevelral exteérnal data bases may be mapped into one physical data base; one
externall data—base may be mapped into several physical data bases, or any other
combination.Distributed networks may be involved.

The exiiznal data _‘bases are mapped into physical data bases. Although often

A physic
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:

[ CONCEPTUAL LEVEL |
/concepual concep-/
—————— sub- tual
message U information__ _ _ / ___J \schema(tal schemal
meaning) Lf’fciss_‘”_ | ‘\ information l\\
\ base \
e e e e — — Y
external internal
schema(ta) schema
message external internal
(form) processor ) processor
|
|
!
- 1__ T
| external M physical
\ data base \ data base
| S Y 2
[ EXTERNAL LEVEL | [ INTERNAL LEVEL |
Dotted lines indicate.virtual elements
Figure 3.5. Three Level Architecture of an information system.
The in issue is that, the conceptual schema is considered at all times to he a
description of the decessary propositions for the universe of discourse |and
thereflore controlsCwhat is described in the information base, not how iff is
descrilbed. The conceptual schema controls the semantic meaning of all repregen—
tations, that is, defines the set of checking, generating, and deducing pro-
cedurds of the'information at the conceptual level in the information sysfem.
Howevdr, it—~does not describe an intermediate state in the transformafkion
proceds from external to internal forms.
The e ion

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 1is
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.

57
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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 1is 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 stal:—
dard proposal for such systems, which they call: "Information Resource Diction-
ary Systpms (IRDS)". We will gladly adopt this term.

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

IRDS
conceptual
schema

/

information
message(s) — processor

IRDS
information base

(cs1 (s1] (Es]
(CSn] (SnlESal

Figure 3.6. Information Resource Dictionary System Architecture.

In this| archifecture the conceptual schema for an IRDS describes the univerfse
of discpurse“~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:

k¥ describing the universe of discourse ("enterprise model™);

k  controlling the descriptions in the information ,base
("information/data base model”).

The fifrst purpose implies that the ways in which the copnteptual schema is for-
mulated are, in principle, independent of computer implementations. The se¢ond
purpose, according to some authors, requires the conceptual schema formulagion
be directed towards the computer oriented data struectures and constructs. Other
autho and current implementations [e.g. 10, 11, 12, 13] apply a fourth kind
of schema in order to "interface" with constructs)of a current DBMS:

The cqnceptual schema is dedicated to thexfirst purpose mentioned and hence
definegs the semantics of the information: base and, therefore, the interpre-
tation of all representation forms thereof. This conceptual view is (manually)
converlted 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
mentidned in this section. It is supported by a data base processor.

conceptual
schema >~

] ~
\ =

external - data base internal [
(sub)schema schema schema
)\ Y ‘

appl. | | external |_ ,| database |_ | internal
proc. processor processor processor

T T
] i
] |
i u
_—t 'f"‘— —_

;’— external _:_ ______ (logical) Z_ — physical
! data base |\ ! database \ data base
| U, 3 | S 3

Figure 3.7. Inserting new information (applying a fourth schema concept).

message

i

L

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 [11].

In most cases the conceptual schema is partly covered by the (logical) data
base schema and a set of rule enforcing procedures (data base procedures) that
are called by the data base processor. In these cases this data base schema has
a more or less "internal” oriented character.

3.9. CORRESPONDENCE OF THE THREE LEVEL ARCHITECTURE FOR INFORMATION SYSTEMS
AND ['HE REFERENCE MODEL FOR OPEN SYSTEMS INTERCONNECTION.

The Reference Model for Open Systems Interconnection (O0SI), advocated’\by IS
TC97/5C1l6|, describes how communication occurs between information systems
(applicatfion processes) using the open systems interconnection mechHanism [14]
The mode]l is divided into seven functional partitions, called.‘layers, WhOSI

names arp the application, presentation, session, transport,. network, dat
link, and| physical layers.

The purpgse of the application layer is to serve as the window between communit
cating ugers of the OSI environment through which all __exchange of information
meaningfyl to the users occur.

The purpgse of the presentation layer is to représent information [in external

representjation forms] to communicating users in’)a way that preserves meaning
while redolving syntax differences.

The purpgse of the session layer is to provide the means necessary for co-opert
ating units of the presentation layer to organize and synchronize their dia
logue and manage their [external] data “-exchange. To do this the session laye:
provides | services to establish session-connection between two presentation
layer uniits, and to support their Orderly data exchange interaction.

The trangport layer, and the tinderlying network, data link and physical layerE
provide the computer, data network, and data communication technical facilitie
to be usgd by the presentation layer.

The Thre
relates

Level Architecture for information systems, discussed in section 3.6
o the 0SI Reference Model in the following way (see figure 3.8):

The conceptual and external levels of the Three Level Architecture for informaf
tion systems are’ related to the functions of the application and presentatio
layers respectively. It is possible that some of the concepts developed for con
ceptual $chemata and information bases could be applied to specification of t
semantic 0 >

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 1s comparable to the character of the
realm of the session, transport, network, data and physical 1layers. Their
functions, however, being storage and communication respectively, are different.
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Conceptual Level Application Layer
User _ User
Message |~~~ T T T T T Message
External Level Presentation Layer
Pres./Ext Pres./Ext.
Proc. |-~~~ ————777 Proc.
Internal Level Session Layer
Int. Sess. Sess. Int.
Proc. Proc. |——~————~— Proc. Proc,
Transport Layer
Trans. ' Trans.
Fac. ——7= 7777} Fac.
Network Layer
Comp. Netw. Netw. Comp.
Store Fac. | 77—~ —77< Fac. Store
Fac. Fac.
Data Link Layer
Data ' . Data
Link << ——m - — —— Link
Fac. Fac.
Physical Layer
Phys. Phys.
Store Phys Phys. Store
Dev. Comm. —————“Z____,.__ Comm. Dev.
Fac. Fac.
Figurp 3.8. Layer architecture of OSI compared with three level architecturg.
Points ¢f (joint) investigation might be in our opinion:
* The degree of coincidence, correspondence, or applicability
of concepts of OSIL In the information system as outlined in

this Report and vice versa;

* The applicability of (selected) OSI concepts for information
systems applying internally to communication facilities (dis-
tributed information systems).
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CHAPTER 4. OVERVIEW OF SOME MODELLING APPROACHES.

4.1. INTRODUCTION.

Resear¢h work in the past decade in the field of modelling. for data bases |has
producéd a number of papers, each expounding the merits of a specific metlhod
for copceptual 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 invegti-

gation| is not exhaustive. The sole purpose is to provide some convenient qri-
teria with the objective of:

¢ 1identifying various techniques for describing ‘a universe of
discourse in a conceptual schema and information base;

b identifying fundamental concepts necessary for conceptual
schema languages;

b 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:

l. Forp versus meaning:

Earlier methods concentrated on the forms of the data that was modelled. That
is, structural forms fdr), data were defined, which would be convenient |for
storage and/or manipul@tion 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
methodis.

More pgecent .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 repregen-
tation and storage forms of the information. In other words, these semantic
models support the conceptual view as identified in the ANST/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. Exprerive power:
By this wWe mean the degree of completeness with which a given method can formal
ly expreds all applicable aspects and constraints of the universe of discours

in the nceptual schema. The expressive power may differ significantly amon
the methqds.

W 1

uQ

5. Information granularity:
Some of [the methods deal with constructs which refer to single, semanticall
independi?t propositions of the universe of discourse - “thus stating ever

proposition explicitly as a separate granule. On the other hand, some method
allow alfo for constructs expressing propositions of arbitrary complexity tha
group seyeral simple propositions in one granule.

6. Distipction of various kinds of propositions:
Some of the modelling methods handle all propositions in the same manner, whi
others distinguish various kinds of propositions, thus handling (and desi
nating) |them differently. For example, some modelling methods distingui
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 notign
c

of types|, considering them as basic propositions to be treated in a specifi
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
alphabetiically):

* | Abstract({ data types,

* | Binary relationships models,

* L Coneeptual—graphs
hss

* 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 shoulld 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 informatjon
bases. [[t remains as a research question whether these methods are different|in

essentipl ways, or are in some real sense equivalent. An answer to . that ques-
tion 1s|not essential for the present purpose.

However|), as a first attempt, we have tried to identify groups<{of more or 1lg¢ss
similar| methods based on basic concepts and characteristies. The following

three groups of approaches have been selected for discussion” and illustratjon
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 approachess (section 4.2.3)

We have| not tried to classify any of the Jisted 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

possiblle that other groups of approaches may be perceived. It remains as futyre

work tI determine whether any ofi\these above mentioned approaches are st{nd
P

alone proaches, or contain any-/of the others, and whether still other groyps
should |be discerned.

We alsp wish to emphasize) that none of these approaches is sufficiently de-
scribed in enough detail)‘to be considered as a candidate for standardizatipn,
although this observation should not be taken as a prejudgement on the pospi-
bility|that one or.‘more of the approaches might lead to the presentation of a
candidgte for a conceptual schema language.

A single example universe of discourse 1is used for demonstration purposes|in
each off the\ approaches described in the appendices. This example universe| of
discoursetogether with a possible entity world is described in appendix B.

In the discussions of the various approaches some sort of formal languages are
used to demonstrate the essential aspects. Although even the "grammars” of
these demonstration languages are given, this should not be construed as a
proposal for such a language to be candidate for a conceptual schema language.

They also do not suggest any form that the Working Group feels is suitable or
convenient for such languages.

The "syntaxes"” of these demonstration languages have been uniformely described
in a specific syntax notation. This must not be considered as a suggestion for
this syntax notation to be superior to any other. For the reader”s convenience,
however, a short summary of this syntax notation is given in appendix C.
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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:

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

each of

The origins of these approaches are the data modelling praectices of the earl]
seventiefg. Originally only binary (dyadic) relationships were allowed and attri

butes o

entities,

relationships among entities.

values and relationships.

values,

fts primitive concepts.

f relationships were not recognized. However, mofe recent developmenf

attributes, associations between values and entities, or betwedn

o

Ly

[S

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

allow rellationships to have attributes.

The EAR

tion of

partiallly the various rules of the universe of discourse. The EAR approache
often imply special kinds of propositions that are grouped together and e

pressed

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

4.,2.2. THE BINARY AND ELEMENTARY N-ARY RELATIONSHIP APPROACHES.

approaches can be characterized as being-oriented towards the definj
static aspects. Therefore, generally  &peaking they can describe on}

Histori¢ally, the binary relationship approaches have their roots in certajin
approacIes in artificfal intelligence and linguisitics, dealing with "semantfi

network
communi
veloped

The BR

guish 1

that ar

concepts:

and otherCsimilar notions. They were introduced to the data ba
'y in the ~early seventies by authors such as Abrial, and further dE
by several other authors in the mid-seventies (e.g. Senko, Bracchi).

et@eén attributes and relationships. Furthermore, only relationshifp

e“bBinary are recognized. The BR approaches are based on three primitiv

entities,

entity-names,

binary relationships.

y
s

{-
in single macro constructs. They“do not provide for explicit disting¢-
tion betlween lexical and non-lexical entities.

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

s
e

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

each of

its primitive concepts.


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

ISO/TR 9007 : 1987 (E)

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 bgsic idea of all these binary and n-ary relationship approaches) igl to
model the universe of discourse explicitly and separately using sentences that
expresy simple elementary propositions, thus not introducing a specific grqup-
ing of|those elements. Grouping is not considered to be at the cdnceptual 1lgvel
of the|conceptual schema.

For the purpose of illustration we restrict ourselves in ,thi's Report to Binary
Relatipnship approaches, thus following the work of  ‘Abrial, Bracchi, |and

Senko.| However, much of what 1is discussed 1s equally well applicable| to
elementary n—ary relationship approaches.

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

4.2.3.| INTERPRETED PREDICATE LOGIC APPROACHES.

The IPL apprcoaches, as proposed by authors such as Steel, perceive the univérse
of diﬂsourse 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 endoded in some formal language based on formal
logic.| Such sentences are composed of:

~ terms and variables

predicates

logical conpectives

quantifiers

The tdrms _and variables refer to the entities in the universe of discourse| and
the sgdnténces express the propositions about those entities.

The essence of the approaches 1s the establishment of an iInterpreted, 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 1ts 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 1in their basic set to iIncrease 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 1is possible to find translation rules foér— translating
approach¢s into other approaches, although in some cases such-translations may
be only partial. However, we consider it even more importamt./for obvious ard
practical reasons to translate (implement) conceptual schema,” information base
and infoymation system requirements in today”s existing data base technology.

how the fonceptual schema framework fits into their own data base world, 1i.e
how the | conceptual schema can be transformed “in their existing data bas
management facilities 1like CODASYL Systems, Relational Systems, File Systems
Hierarchjcal Systems, etc. (cf. also chapter 3 section 3.8).

For example, practitioners of data base technology ape/interested in exploring
e

This trapsformation from conceptual schema” to existing Data Base Managemert
Systems flepends on the ability or facilkities that are available in those DBMYs
to enforce the rules and constraints ‘as declared in the conceptual schemg
i.e. the| "schema” facilities. Curreént’ practice and most available DBMS software
limits us to enforcing a major ‘portion of the conceptual schema rules vila
applicatjon programs (cf. chapters 1 and 3 on the 100% principle).

Taking into account the sgftware technology already known today, we foresde
future wprk on software ssystems that will be able to almost completely enforde
the condeptual schema @ules automatically - thus avoiding the enforcement qf
these copceptual schema‘rules by the application programs.

Given, hpwever, the situation today where the application program has the rg-
sponsibility of ‘enforcing a major part of the conceptual schema rules and cofg-
straints| if_énforced at all, the data base designer should first properly anpd
formally| define the conceptual schema (in either one of the described or othdr
suitable| @pproaches). 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.

conceptual schema

\ Z \
some parts of the
/ conceptual schema
S O |
\
DB Schema 1 DB Schema 2 ' DB Schema n
(e.g. CODASYL) (e.g- Relational Model) (e.g. Hierarchical Model)

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

Other pprts of the conceptual schema, especially\ many of the (more complex)
static And dynamic constraints, cannot be mappeéd) (expressed) in today”s ddta
base schema languages. Therefore they can only)be enforced by defining prode-

dures that are called either by the DBMS (data base procedures) or by applli-
cation programs.

The eas¢ of translating or mapping theconceptual schema to a data base implle-
mentatign, which may be called schema mapping flexibility, may differ considdr-
ably am¢gng different approaches and'wvarious DBMSs.

In ordefr to show, how this mapping can be performed in principle, we give the
following examples of mapping aspects.

1. Mapping of conceptual—schema constructs.

Starfing with a conceptual schema, where the elementary granules are alregdy
grouped in a certain way, as in the case with an EAR approach, a fairly qb-
vioup and straight—forward kind of mapping is always possible. For example,
the |collection of single-valued attributes of an entity becomes a record|in
a copventional data base approach; a functional relationship between two 1n—

titips Abécomes a "link" between the corresponding two records, while a n¢n-
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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3. Mapping of static constraints.

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

Various rules and algorithms are known which assist in this transformation
enabling the data base designer e.g. to easily isolate the applicable "keys"
or "identifiers”, "candidate keys"” in the "record types"” and "n-ary rela-

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

4.

Some |[of these can be implemented by using capabilities such as validatipn
definfitions of the target "schema” system. For example, some uniquenefs
constiraints may be directly transformed as "keys"” 1in the target” "schemhp”
system. For enforcing more complex constraints application dependent check-
ing procedures might be 1linked to the DBMS system software|, if the DBMS

provildes for such possibilities (e.g. data base procedures for which the
call |[is defined in the data base schema).

Mapping of dynamic constraints.

4.4. REHERENCES.

This |can be implemented partially by current "schema” systems. For examplp
the {ODASYL DDL AUTOMATIC membership clause, \"subset”, "structural coh-
straint”, or "application-written—-facilities=<to-perform—-the—automatic-funf-
tion] in other systems, can be used to enforce some of the dynamic rules apd
constilraints of the conceptual schema. Many-of the others can be implementpd
by d4ta base procedure options as indicated above.

Appropriate references are listed.dt the end of appendices D, E, and F.
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APPENDIX A. GLOSSARY OF TERMINOLOGY AND DEFINITIONS.

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 1linguistic object describing an action or permissible
action.

ACTUAL ENTITY WORLD

A collection of entities of interest thatis’/described in an
actual information base and its conceptual ‘schema.

ACTUAL INFORMATION BASE
That information base which existsxin a specified instant or
a period of time, usually referredi\\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 entities 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
——Gst be metbefore—a permissible—aetion—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.

7


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

ISO/TR 9007 : 1987 (E)

72

CONCEPTUAL SCHEMA
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 1linguistic 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 user”s view and as such is part
of a conceptual schema relevant for the (shared) information
system.

CONCEPTUALIZATION PRINCIPLE

A conceptual schema should only 1include ¢conceptually
relevant aspects, both static and dynamic, of‘Jthe universe
of discourse, thus excluding all aspects ~of (external or
internal) data representation, physical{/ddta 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_‘4n the counceptual 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-
ations among things.

ENTITY WORLD

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

EVENT
The fact that something has happened in either the universe

of discourse, or the enviromment, 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 enviromment of, universe of dis-
course.

EXTERNAL LEVEL
All aspects 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”s vi@w 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 robjects (terms, sentences, functors) and yielding as
a value “(output) a single, uniquely determined linguistic
objeét-(term, sentence, functor).

HELSINKI PRINCIPLE

These utterances are to be interpreted (recursively) as
international English utterances:

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.

: 1987 (E)
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INFORMATION

Any kind of knowledge about things, facts, concepts, etc. of
a universe of discourse that is exchangable among users.
Although exchangable 1information 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, 1its environment as far as ,rélevant, and its
implementation in a data base system. It) 15 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 individaal entity, for which a particular type proposi-

tion holds) that 1is, 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) 1linguistic object that 1is 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) 1linguistic object that is used only to refer to
an entity.

NECESSARY PROPOSITION
A proposition asserted to hold for allY 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 thet.conceptual schema. The information system
cannot be held( responsible for not meeting those described

elsewhere, 1including 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.
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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 these 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 systemand 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 expressly for the purpose of having
a single universe of discourse of at least moderate plausibility which can be
described by each of the various approaches. It is sufficiently small so that a
large dpscription is not required, but sufficiently complex to exhibit the ts—
sential| differences among the various approaches. In addition, there is_ enough
dynamic| specification to permit the same universe of discourse to be used “to ex-
emplify| the dynamic aspects.

In sectiion B.2 we present a prose description of the classifications and rules
for our] example universe of discourse in natural English language. This could
be consfidered as an informal conceptual schema.

We alsq give - in section B.3 - some example entities (and happenings in our

universr of discourse. This could be regarded as an informal (and incomplete)
informaltion 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 afjd is limited to the scope of interest of the Registration Authority. [he
Registration Authority exists for the purpose of:

¥ Knowing who 1s or was the  régistered owner of a car at any time

from construction to destruction of the car.

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

Manufag¢turers of cars:

There lare a numberCof manufacturers, each with one unique name. Manufacturlers
may stprt operatiop, with the permission of the Registration Authority (which
permis$ion cannof 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, iIn 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 -also 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.
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Car modeles:

oL AL LSs

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
registerpd cars produced by a particular manufacturer in a particular year {s
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 s sent by the Registration Authority to each manufacturer which s
failed tp meet this requirement.

Garages:

There arde 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 ori
inated from no more than three manufacturers (which.thrée' is unimportant, and
may vary| with time). A garage cannot cease to trade as _long as it owns cars.

09—
|

Persons:
There ate a number of persons who can own one or, more cars. Each person has ope
unique fame. Only those persons are of interest who own, or have at some time
owned, 4 car still known to the RegistrationiAuthority.

Car owndrship:

At any time a car may be owned by e€ither its manufacturer, or a trading garagp,
or a petson or group of persons. If a car is owned by a group of persons, earch
is regarded as an owner.

Transfef of ownership:

Ownersh]ip of a car is_transferred by registration of the actual transfer, in-
cludiﬁg 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 dar
it cannpt be transfered anymore. Earlier transfer though still can be recorded

There afe nosspecifications except as above.

In the pkample, it is inevitable that a number of simplifying assumptions hgve
been ma%ET—ETgT—rEasUns7—prtces—an&—tirtumstances—of—transfer—of—ownership—jre

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

Mustang and the Granada. General Motors constructs, among others, the Impala
model.

The hilstory of a Ford Mustang, serial number PCXX999 is as follows. It was fon-
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. Smifth”s
garage|, which sold it on 15 March 1975 to Mr. Johnson. Mr. Baker bought the|car
from . Johnson on 24 May 1978. The car was destroyed on 13 January -1980.

A Genefral Motors Impala car, serial number QGTM783F, was registered under phum—

ber AHC 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 197f.

Gener Motors made an Impala car with serial number QAVP864B in 1977. It|was
registfered on 21 January 1978 and given registation .mumber PQR 456. On 14 Fepru-—
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
manufgcture, and was refused. Following cthe failure of Jowett in 1979, the|re-
quest [was resubmitted, and this time PSC (Pretty Small Cars) got permissiop to
operatle on the market on 1 January 1980.

The first model produced was thelGasmiser. The first series of this model With
seriall numbers GAM1001, GAM1002y and GAM1003 were all registered on 4 Janpary
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 Janpary
1980, |but was destroyed by an accident on the same day. The latter two [ars
were distributed to)) the North Station Garage on 20 January 1980. Both cars [were
sold ko Messrsys)G8del, Escher, and Bach on 26 January 1980. Mr. Bach diefl in
an actident 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. Gddel 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
PCXX0105;/ which was registered first on 5 January 1980, built in 1979. The [reg-
istration number of this latter car was XYZ 109. 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.

We have adopted the PASCAL syntax notation, as proposed by ISO TC97/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 syptax notation can be used quite well to describe itself, that s, |to
define tthe syntax notation. Note that the sequence in which the metastatemenlts
are wriften is immaterial. The only requirement for the description(to be cjm

plete ip that there must be a defining metastatement for every-metavariable
appearingg in a metaexpression.

syntax = metastatement {metastatement}-

metastatement = gap metavariable gap "="/metaexpression gap ".'].

metavariable = letter {letter | digit | "-"}.

metaexpression = sequence {or sequence}.

sequence = gap element {comma element}.

element = metavariable | iteration | option | nest |
terminal-symbol.

iteration = "{*“metaexpression gap "}".

option =\"[" metaexpression gap "]".

nest = "(" metaexpression gap ")".

terminal-symbol
string-description
string~delimiter

stripg

string-description | terminal-character.

string—delimiter string string-delimiter.

.
.

{terminal-character | any-character}.

terminal—-character

space

gap

or

comma

““(any-character |

-y,

{space}.

gap uI .

"o

gap ["," gap].
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letter

digit

any-character

The qen:EnlLLs_m_ggmal
followi remarks, however, might be useful:

metasymbol

denotes any letter of the alphabet, not further
specified here.

denotes any digit O through 9, not further
specified here.

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

should be clear from the above description. The

meaning

option: [x]
iteration: {x}
nest: (x | y | 2)

terminal-symbol:

Xyz

terminal-character:

g

X

P

string—-delimiter:

s n

The quote (”) is to bednterpreted as:

The spefial terminal-character is needed to define:

Do not copy) ‘this character, but the next character as it stands.”

- the character

shall be defined to be
alternatively

end of definition

0 or 1 instances of x

0 or more instances of\x

any one of x or y,or z

the string xyz

the character x
the ‘eharacter ~

the character "

in a string (7"),

- the character

-

in a string (77),

because the empty string is defined as "".

Observe, "priorities of operation”:

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

2. Sequence.

3. Selection.
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APPENDIX D. ‘ THE ENTITY - ATTRIBUTE -~ RELATIONSHIP APPROACHES.

D.1. EMPHASIS OF THE APPROACHES.

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

Entity-Relationship approaches) have evolved from the work of Bachman [1] and
Engles [2] on data modelling.

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.

Since fthe appearance of Chen”s paper [3], and the work of Tardieu and-others
[4, 5]] there have been a number of papers exploring certain aspects. of fhe
approadhes: for example, the possibility of modelling propositions ‘about mpre
than t$o entities by allowing n-ary relationship-types, and the pgssibility|of
relatiqnships having attributes.
There pxist many variants of the EAR approaches. While some.of these variapts
are su ported by available commercial software products, others form the basis
for teiching courses (for example, [6, 7]). These variants-have many aspects| in
common| for instance, the use of graphic formalisms (to aid communications
‘ betwee systems designers and information wuser. Also, several alphabetical
‘ langua}es have been proposed, but there is no consénsus on their syntax, anfl a
consid¢rable diversity exists in the detailed semantics.
The chjef purpose of this chapter is to present) the concepts, supported in st
variants, in a way that explains the broad- characteristics of these EARmEp—
proaches.
Considering the objectives for a coficeptual schema, cited in section 1.9 of
chaptet 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 - deems 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 .g9f) discourse. Emphasis 1is 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-
|
|
|

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-
proaches.
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4. "To provide a basis of mappings between and among external and
internal schemata.”
In EAR approaches the role of a conceptual schema most fre-
quently emphasized is to serve as a result of a stage in the
interactive design process. In a later stage this conceptual

schema 1s mapped manually into external and internal data
models.

D.2. PRIMITIVE CONCEPTS OF THE APPROACHES.

D.2.1. THE BASIC CONCEPTS.

approaches the universe of discourse 1s considered to consist of th
basic concepts of entities which are said to have attributes, and relationship

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

12

[£J

An entity, as defined in section 2.1 of chapter 2, is any cOncrete or abstrac
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 wit
serial nymber 13750645W.

[nd

=2

An attripute is a perceived property of an entitylor a perceived property of
an assocfiation among entities in the universe of-“discourse. The age of Johpn
Smith (3/4 years) may be considered an attributé’of John Smith. Attributes arje
specific|to the entity. For example, the age, of John Smith and the age of t
ship Cutty Sark are two different attributes;,

An attripute is said to have a value..If in the above example the age of Jo
Smith is|an attribute, then 34 years is the value of that attribute.

A relatilonship is a perceived association between entities in the universe
discoursp. For example, if John is an entity and Amsterdam is an entity, then
the fact|, that John lives im\Amsterdam, is considered to be a relationship beg-
tween thp entity John and the entity Amsterdam.

In other] words, both attributes and relationships are propositions about ent
ties. Aftributes in.-géneral are monadic or dyadic propositions about a sing
entity 9¢r relationship, often associating a particular value with that enti
or relationship.(>Relationships in general are propositions about two or mo
entities (n-adi¢ propositions). For example, John 1is married to Mary
Amsterdqz. In. some variants the relationship 1s restricted to propositio

n gim< 0

about two éntities (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 1e 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'
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 FAR approaches one distinguishes an entity by means of one or more atitri-
butes, falled an identifier.

An attrfibute—-type is a classification of similar attributes of all entity occur-
rences pelonging to an entity-type or of all relationship-occurrences-’ belonging
to a relationship-type. An individual occurrence of an attribute-type, asso¢i-
ated wilth 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 "alttribute-value”. The <attribute-type, attribute-value>“pair "identifies"
the attribute for the entity. It is also said that the attribute-value(s) of|an
identififier identify the entity.

A relatlionship-type, in the EAR approaches, is a reldtionship defined over ¢one
or more entity-types. For example, an occurrence of. the relationship-type LIVES-
IN deffned over the entity-types PERSON and TOWN may be expressed as "John
lives [n Amsterdam"”; three occurrences of . ‘the relationship-type WORKS-FOR
defined over the entity-types PERSON and DEPARTMENT may be expressed as “{fom
works flor Sales", "Dick works for Sales", _.and "Harry works for Sales”. "John|is
married to Mary" expresses a relationship-occurrence of the relationship-type
MARRIE}-TO defined over the single entity-type PERSON involving two entity-pc-
currendes. "John married Mary in Amsterdam” expresses a relationship-occurrepce
of the| relationship-type MARRIED=IN defined over two entity-types PERSON @and
TOWN involving three entity-occurrences.

The copcept of relationships among entities 1is fundamental to the EAR pp-
proachI;. However it shodld” not be assumed that an entity-type may particippte
in only one relationship—type. Any number of relationship-types may be defiEed
in whifh the entity-type participates. Neither should it be assumed that opnly
one rellationship-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
definefl over.the same collection of entity-types it is necessary to distinguish
the relationship-types by assigning one or more names to it.

(Note:[ A9 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 considered to belong to only one éntity-type. In other
cases entity-types need not be disjoint so that a particular entity may belong

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

D.2.3. CHARACTERISTICS OF RELATIONSHIPS.

Differences exist among variants of EAR approaches especially with respect to

characteristics of relationships. Therefore, we will discuss in the followi
each of [the most important characteristics first for the general case,

thereaftpr point out what differences can occur in some variants.

In the H
teria:

o Dimension of the relationship-type,
o The functionality of the relationship-type,

o Total and partial relationships.

The dim¢nsion of a relationship-type is the number <gf” entity-occurrences in

g

and

AR approaches relationships may be classified according to three cri-

a

single occurrence of the relationship-type. The number of entity-occurrences 1s
independent of the number of entity-types over which the relationship-type has
been defined. For example, the relationship-types

WORKS-FOR defined over PERSON and (DEPARTMENT

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

both ar¢ relationship-types)of dimension 2 (binary or dyadic relationship-typ

MANAGES defined over PERSON
(e.g. "Tom manages Harry")

defined [over two entityftypes 1in the first example, and defiend over a sing
entity-type in the lattéer case.

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

type.

relatiopship-type (dimension 4) are respectively

and

MARRIED-IN defined over two PERSONs and one TOWN:

Ekamples 6f-'a ternary relationship-type (dimension 3) and a quarternafy

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

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

a

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 1is illustrated with respect to two
distinct entity-types. The possible kinds of functionality for a binary rela-
tionship-type defined over entity-types A and B, are:

* one-to-one (l-1), in which one occurrence of A may bear
only one relationship to one occurrence of B, and each
occurrence of B may bear only one relationship to one
occurrence of Aj;

* one~to-many (1-n), In which one occurrence of A may bear
one or more relationships each to one occurrence of B, but

each occurrence of B may bear only one relationship to one
occurrence of A;

¥ many-to-many (m-n), in which one occurrence of A may bear
one or more relationships each to one occurrence of B, “-and
each occurrence of B may bear more than one relationship

each to one occurrence of A.

The corresponding kinds of functionality also extend <0 n-ary relationship-
types.

In pragtice this characteristic is considered together with the characteristic
of total or partial relationship:

A totall relationship defined over entity-type§’A and B requires that every |oc—
currenfe of A and every occurrence of B must participate in a relationship| of
the relationship-type.

A partlial relationship defined over éntity-types A and B requires that sdqme,
but not all occurrences of A and some, but not all occurrences of B may panti-
cipate| in a relationship of the relationship-type.

The fohr possible cases which are entirely independent of the functionalityl of
the reflationship are:

A B

all all (total)
all some )

some all ) (partial)
some some )

dinalfty<of the relationship, and is expressed in terms of min-cardinality|and
max-cdrdinality. A graphic notation for this is illustrated in figure D.l1. A
description of this graphic notation form iIs given 1n -

. . % .
A minc,maxc ( ) minc,maxc B

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

The cimbination of functionality and totality/partiality establishes the ¢ar-
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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.
v be involved in at most one relationship of

value 1

the relationship-type.

volved 1
strated

A classi
WORKS-FO
EMPLOYEE

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

The value n means that an entity-occurrence can be “Ant+
n relationships of the relationship-type.
n figures D.2, D.3, D.4, and D.5.

1,1

On

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.

5“working for it,

O,n

O,n

cal _éxample of the case

R

1,1

Some examples are (#llu

"one—-to-many”

1,1

0,1

0O,m

(figure D.6) is a relationshi
R between a DEPARTMENT and a EMPLOYEE: A DEPARTMENT may have 0 to
a EMPLOYEE must be related to 1 and not more than

The

DEPARTME

Department

O,n

Works-For

1,1

Employee

Figure D.6. A binary (n=2) relationship.
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Product Warehouse

elvere
N

1,n

Customer

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

A PRODUCT may or may not be involved in the relationship DELIVERED; if it i
it may pe related to n DELIVERED relationships. A WAREHOUSE may or may not
involved in the relationship DELIVERED; if it is, it{ may be related to n
LIVERED | relationships. An CUSTOMER is necessarily{involved in at 1least e
DELIVERED relationship, but may be involved in  m DELIVERED relationships.| A
typical | DELIVERED relationship relates one occurrence of CUSTOMER with ome
OCCurrelce of PRODUCT and one occurrence of WAREHOUSE.

’
e

The fun¢tional dependency concept is appliéd only to the set of relationship-dc-
currence¢s. It is possible though to define a functional dependency between

subset ¢f the collection of entity-types and another entity-type.

Product Customer Warehouse

0,n 1,n 0O,n

{ Delivered }4,

p (PRODUCT x CUSTOMER + WAREHOUSE )

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

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

figure D.8 expresses the constraint that for a given product and a given cus-
tomer only one warehouse can deliver this product ' to this customer.

Some FEAR approaches that only allow binary relationship-types restrict them-
selves to one-to-many (including one-to-one) and zero or one-to-many relation-

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


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

ISO/TR 9007 : 1987 (E)

In the EAR approaches, referred to in the previous paragraph, such one-to-many
and zero or one-to—many relationship—types u‘sually are depicted using diagram-
matic techniques based on the Bachman diagrams. In these diagrams an entity-
type 1is represented by a rectangular box, in wich the entity-type-name 1is
written. A one-to-many relationship-type is i‘epresénted by a complete arrow,
the arrowhead pointing to the entity-type ("member” entity-type) that may play
a part in "many” relationship-occurrences with a single entity (“"owner” entity-
type). A zero or one-to-many relationship type is represented by a dotted
arrow. The relationship-type-names may be written next to the arrow, but they
are often omitted. Some of the examples are given in figure D.9 as an illustra-
tion of fthe technique. ’

Department project Person
] i A
Works-For : ! : Married-To
j i X
Employee Employee

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

Figure D.9. Graphic representation of relationship types.

approaches, that are restricted to)binary relationship-types, by "objectifying”
the relationship-type DELIVERED into the entity-type DELIVERY and using thrpe
binary |[relationship-types DELIVERED-BY, DELIVERED-FROM, and DELIVERED-TO, ps
shown in figure D.10:

The exa{ple demonstrated in figure D.7 above may also be solved in the EAR

product Warehouse

Delivered-By Delivered-From

Yy v

Pelivery
T EHVETY

A
Delivered-To

Customer

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

4 Attributes of relationships are allowed.

D.3. GRAMMAR AND SEMANTICS.

Until pow we have considered the entities, attributes, etc., themselves in |the
univerge of discourse. This, however, is a mental exercise. Incchapter 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
entiti¢s, attributes, entity-types, etc. All EAR approaches have such con-
structg, sometimes explicitly defined, sometimes implicitly assumed. We intlend
to identify such constructs explicitly in this chapter:

The bagic linguistic constructs are:

¥ Entity-type-names, which are lexicaldobjects that refer to
entity-types;

* Attribute-type-names, which are lexical objects that refer
to attribute—-types.

+ Relationship-type—names,:-which are 1lexical objects that
refer to relationship-types.

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

k  Value—-type—namés: or domain—names, which are lexical ob-
jects that refer to value-types or domains.

We will adopt imn‘\ 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-
tinctﬂ;n between "type" and "type-name". Some even go so far to use the word
"entitly<type"”, or still worse the word "entity", ‘for the entity—type-nIme,
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

ional characteristics,

wn . 0O

In the v4ariants which recognize value—types or domains, these also-have to be

decribed [using:

*

ver which the relationship-type has been defined,

such as the category of the relation-
hip-type, the cardinalities, and attribute-types, if any.

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

and addi-

Examples

The syntlax of the language used in this chapter \to describe the conceptudl
schema flor the example universe of discourse of” appendix B 1is given below

However,
standard

as already stated,

conceptual-schema

entity-type~description

[

relationship-type—-description

characteristics of the value-types.

will be discussed in section D.5 and following-

this should not -be” interpreted as a proposal o
[ ze this language for EAR approaches.

.

"CONCEPTUAL SCHEMA"
conceptual-schema—-name

entity-type—-description
{entity-type—description}

relationship-type—description
{relationship-type~description}.

"ENTITY-TYPE" entity-type—name

"IDENTIFIER" identifier

"DESCRIPTION" attribute-type—description
{attribute-type-description}.

"RELATIONSHIP-TYPE"
relationship-type—name

"DIMENSION" unsigned-integer

"COLLECTION" entity-type—name

92

{entity-type—name}
"CARDINALITY"
entity-type—name minc "," maxc
{entity-type-name minc "," maxc}
{"FUNCTIONAL DEPENDENCY"
entity-type-name {entity-type-name}
"ON" entity—-type—name}
["IDENTIFIER" identifier]
["DESCRIPTION"
attribute-type-description
{attribute-type—-description}].
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attribute-type-description = attribute-type—name.

minc = unsigned-integer | letter.
maxc = unsigned-integer | letter.
conceptual-schema—-name = identifying-name.
entity-type—name = jdentifying—name.
identifier = attribute-type—name

{",” attribute-type-name}.
attribute—-type—name = identifying-name.

relationship-type—name = identifying-name.

identifying-name letter {letter | digit | hyphen}.

The letfker, digit, hyphen, and unsigned-integer are not further defined here.
The idgntifying-names must be unique within the conéeptual schema. The other
semantiks should be clear from descriptions in section/D.2 and D.3.

D.4. GRAPHIC FORMALISM.

Structure diagrams of entity-types and relationship-types may be drawn in fhe
EAR approaches, using the following symbaqls:

entity-type-name

{identifier-name] lower half of symbol
attribute-type-name is optional

Higure D.ll. Symbol for an entity-type in an EAR structure diagram.

(number of links = dimension)

MUNC,MAXC .« - e eevvneveeeoennnnnnnnnnnnnns minc,maxc
ﬂ;lationship-type-name
—\ [identifier-name] Tower half of symbol
attribute-type-name 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 modelling techniques have been proposed in accordance with EAR ap-
proaches. These techniques can be classified into two categories:

In modelling directly the universe of discourse entities and relationships are
identified in the propositions of the universe of discourse. Chen [3] proposes

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

Modelling in two steps consists of:

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

- constructing entity-types and relationship-types by ana=
lysing attribute-types.

The second step may itself be considered in two ways: Some authors [8, 9] gilve
algorithms allowing automatic construction of entity-types.-and relationshilp-
types with an exhaustive 1list of attribute-types and functional dependencies.
Other afithors [5] propose interactive automata allowing designers to propose| a

structure, formally checking by reformulating the structure and being asked |if
it is cgrrect.

D.5.1. $OME PRAGMATIC MODELLING RULES.

In the EAR approaches relationships are defined among entities, not among attyi-
butes; hence, the choice of entities is\“important. Some pragmatic rules hdve
been used to decide how to handle such (problems:

1l If an entity-type has butone relevant attribute-type, it

probably should be classified as an attribute-type of some
other entity-type.

2l If attributes of( several entities refer to the same entity,
that entity should be classified in an entity-type in its
own right.

Explanation of these pragmatic rules illustrates that the choices must be m3de
by conslfidering thé universe of discourse and not only its description.

The dedision<as to what is an attribute-type and what is an entity—type cannot
usuallﬂlbe 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 1s 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. [9].

Verification:

Verification allows us to insure that in every occurrence of an entity-type or
relationship-type only one value of any given attribute-type 1s included.

Normaljization:

Normalfization in the EAR approaches insures that every attribute of a relatjon-
ship chnnot be verified upon a subset of the identifier of the relationship.

Person Car Building

0,n 1,n 1,n
‘, Parking f‘

(CAR ~ PERSON)

Figure D.13. Ternary relationship with functional dependency.

Decomposition:

Decompfosition in the EAR approaches 'allows splitting a relationship-type of| di-
mension n into several relationship—-type with smaller dimensions without [oss
of sé%antics, provided functional dependencies defined over the relationship-
type are used. It is necessdry to verify that the occurrences used in| the
commor] 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 functipnal
dependency (CAR -> PERSON) - a car must belong to at most one person - maly be
defindd. This situation‘may be decomposed into the situation of figure D.l4:

Person Car Building

O,n 1,1 In 1,n

— —

Figure D.l4. 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.

Conslil‘rl:lpﬁon Manufac-
Rate turer
O,n
( Made-By )
0,n 1,1
Manuf.-By
1,1
Car Model Garage Person
0,n On
Prod.YezD ‘ ;15&2;
1,1 1,1
Car
e
0,n
O,n
O.,n
0,n (VK 0,n O,n 0O,n O,n 0O,n 0,n
Transfer Trahsfer Transfer Transfer
MG GP PG PP
bt Hit Hsa La
Transfer

Figure D.15. Example conceptual schema.
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CONCEPTUAL SCHEMA

car-registration

ENTITY-TYPE manufacturer
IDENTIFIER manuf-1id
DESCRIPTION manuf-id

ISO/TR 9007 : 1987 (E)

A description of the conceptual schema in the language of the grammar defined
in section D.3, is as follows:

ENTITY-TYPE
IDENTIFIER
DESCRIPTION

ENTITY-TYPE
IDENTIFIER
DESCRIPTION

ENTITY-TYPE
IDENTIFIER
DESCRIPTION

ENTITY-TYPE
IDENTIFIER
DESCRIPTION

ENTITY-TYPE
IDENTIFLER
DESCRIPTION

ENTETY-TYPE

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

gdarage
garage—id
garage—id
is—-trading

person
person—id

person—id

transfer

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

DESCRIPION transfer-car
transfer—-date
seq-no

RELATIONSHIP-TYPE manuf-by

DIMENSION 2

COLLECTION manufacturer
car-model

CARDINALITY manufacturer O,n
car-model 1,1

RELATIONSHIP-TYPE made-by

DIMENSION 2

COLLECTION manufacturer
car

CARDINALITY manufacturer O,n
car 1,1
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RELATIONSHIP-TYPE

is-of-model

DIMENSION 2

COLLECTION car-model
car

CARDINALITY car-model O,n
car 1,1

RELATIONSHIP-TYPE prod-year

DIMENSION 2

COLLECTION fuel-consumption-rate
car

CARDINALITY fuel-consumption-rate O,n
car 1,1

RELATIONSHIP-TYPE transfer-mg

DIMENSION 4

COLLECTION car
transfer
manufacturer
garage

CARDINALITY car O,n
transfer 1,4
manufacturer G4n
garage O,n

RELATIONSHIP-TYPE

DIMENSION
COLLECTION

CARDINALITY

RELATIONSHIP-TYPE
DIMENSION
COLDECTION

CARDINALITY

transfer~gp
4

car
transfer
garage
person
car 0
transfer 1,
garage 0,
person 0,

S5 35230

transfer-pg
4

car
transfer
person
garage
car
transfer 1,

]

RELATIONSHIP-TYPE
DIMENSION
COLLECTION

CARDINALITY

SR 33

0
1
person 0,
garage 0

b

transfer-pp
4

car

transfer
person

car O,n
transfer 1,n
person O,n
person O,n



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

ISO/TR 9007 : 1987 (E)

D.7. CHECK LIST FOR THE CONCEPTUAL SCHEMA.

The following analysis illustrates whether or not the necessary propositions
about the universe of discourse are captured in the conceptual schema. An E

implies that the assertion is described in the model. An * refers to remarks at
the end of this section.

CHECK NECESSARY PROPOSITIONS

E___ 1. The universe of discourse to he degscribed has to do with the

registration of cars and is limited to the scope of interest
of the Registration Authority.

B 2. Each car manufacturer has a unique name.

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

b 4. The Registration Authority cannot withdraw the)permission.

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

¥ 6. Manufacturers may cease to operatey.'provided they do not own
cars anymore.

3 7. Each car manufacturer constructs cars in several models.
5 8. A car 1s of a particular model.
fe 9. A manufacturer gives a-serial number to each car he produces.

x 10. This serial number’ is unique for all cars of one manufac-
turer.

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

(E) 12. At this time the car is registered as belonging to the manu-
facturer which produced it. Therefore the first owner will
be- the manufacturer who produced the car.

* 13.  Only the Registration Authority will assign a registration
number to each registered car.

(E) 14. This registration number is unique for all cars for all time.
E 15. A car has a year of production.

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

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


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

ISO/TR 9007 : 1987 (E)

100

(E)

(E)

18.

1-9.

20.

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.

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

Any specific car model 1is constructed by only one manufac-
turer.

21I

22¢

23}

24.

25.

26.

27.

3P

33.

34.

35.

From time to time new models will be introduced.

All cars of the same car model have the same fuel consump~
tion.

This fuel consumption must be known to the Registration
Authority.

The fuel consumption of a car will be betweeny%4 and 25
litres per 100 km.

The fuel consumption averaged over all indiyidual 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.

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

At the end of January a message 1s sent to a manufacturer
who has failed to meet this requirement in the previous year.

Each garage has a unique name.
New garages may Be)established.

Garages may_Own carse.

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 wary with time).

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

|~ have any cars registered to it.

A particular person may have one or more cars registered as
belonging to him or her.

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.
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36. People are only known to the Registration Authority if they
own or have owned (one or dpre) cars, which still are known
to the Registration Authority.

37. At any time a car is owned by either

- its manufacturer,
- a garage,
- a person,
- a group of persons,
but not jointly by two or more of these categories.

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

39. Transfer of ownership cannot take place anymore—after a
car”s destruction.

40. However, transfer of ownership may be recorded after the
car’s destruction, provided the transfer of" ownership took
place before the car”s destruction.

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

42. Therefore a garage always willi‘be a car”s second owner.

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

44, Each garage may sell - 1i.e., cause transfer of registered
ownership of - inew or used cars to people, and may buy -
i.e., cause transfer of registrered ownership of - cars from
people.

45. Garages _@re not allowed to sell cars to other garages.

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

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

people.

Remarkq ‘for the EAR approaches:

*

A check between parenthesis means,

: 1987 (E)

that the conceptual schema provides

a description of the assertion in the information base, but that the
assertion cannot be enforced as a rule. For example, check 12, 23, and

42.

Note, that the uniqueness constraints in checks 14 and 19

supported, but not for all time.

are

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.

* jrescriptive rules for interactions are not part of the conceptuall
chema. 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 dafa

base schpma [10] and then to a relational data base schema' [11] can roughly be
outlined| as follows:

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

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

3) Promote the many-to-many, the n-ary (n>2) relationship-types and
the relationship-types, that havée 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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Fuel Manufac-
Consumption
Rate turer
Prod-Year
Manuf- { By Made-By
Car Model Garage Person
Is0f-—{Model E Buyer
rVriL r--—J
| Buyer Seller
Car : Seller
|
L
|
l—
|
-
————d
Yy VYV v_l / \L \ Yy VvV VY
Share Share Share Share
Transfer Transfer Transfer Transfer
MG GP PG PP
A f } A

] [

Transfer

Figure D.16. Example Data Base schema.

To get| a relational data base schema we map the record-types into relatignal
data typles representing the sets by "owner-keys"” referring to "owner-tuples”
(e.g. manuf-by in <CAR-MODEL):

MANUFAQTURER (manuf-id, is-operating)
CAR-MODEL (modeél-id, manuf-by, fuel-cons-spec)
CAR (rgg-noy, made-by, serial-no, is-of-model, prod-year, destroyed-date)
FUEL-CQNSUMPTION-RATE (year-id, max-cons)
GARAGE (garage—1id, ts—trading)
PERSON (person—id)
TRANSFER (transfer-car, transfer-date, seq-no)
SHARE-TRANSFER-MG (transfer-car, transfer-date, seq-no,
T selling-manuf, buying-garage)

SHARE-TRANSFER-GP (transfer-car, transfer-date, seq-no,

N selling-garage, buyer)
SHARE-TRANSFER-PG (transfer—car, transfer-date, seq-no,

T selller, buying-garage)
SHARE-TRANSFER-PP (transfer—car, transfer-date, seq—no, seller, buyer)
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APPENDIX E. THE BINARY RELATIONSHIP APPROACHES.

E.l. EMPHASIS OF THE APPROACHES.

The Binary Relationship approaches to conceptual schema definition have their
origin in the work of authors such as Abrial in the early seventies, and

binary relationship systems were also attempted. More recently fresh
implementations of binary relationship systems have sought to demonstratelt
application programming and end user interfaces to data base management ‘systeéms
can be realized at a level close to the conceptual schema.

In this| chapter, we present a synthesis of the Binary Relationship’ approaches,
which ifs not the product of any single author in particular.<Other approacx

to the pinary model exist in the literature. What all these approaches have|in
common,| is a representation of information "elements” by means of instances|of
binary hssociations, i.e. sentences in which only two terms ‘play a role.

A commdn feature of Binary Relationship approaches, is the use of graphic po-
tation [to illustrate parts of the conceptual schema<dand the information base.

An infdrmation base is an attempt to describe “a’ part of the universe of dis-
course [[1]. From a modelling viewpoint, this“universe of discourse presepts
itself [at each moment of time as a set of ventity and binary association pc-
currences [2]. The population and semanti¢s of the universe of discourse mtst

be mode¢lled in a way that agrees withl\the existing propositions about th
occurrences.

se

Remark: The notions of population,”’ occurrence and type above and be-
low are here applied to-/concepts of object and binary asso-
ciation, as done commonly by proponents of this method such
as Abrial [3], Bracchi [4], Senko [5], as well as Durchholz
[6] and several others.

The modelling process“dccurs in two phases: On one side one has the universe| of
discouse, on the ofther 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 1in the universe
of diskourse, he classifies it (which 1is also a naming action of a kind) |and
prepargs ‘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 Relationship approaches, it is taken as a starting point that the
conceptual schema”s 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 level. 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 concept.
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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 exiﬁ:ence_and_necessiL¥*_lL_is_implicitly_assumed_as_a_postulate_that_there
is semanftical 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).

Considerjing the objectives for a conceptual schema, cited~In section 1.9 pf
chapter I, 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 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 cand 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 betweenthings and their names is a great
help in the ease of understanding and teaching [5, 7]. The
challenging part in\the teaching and understanding is in the
area of constraints.

2.|"To define the-@llowed 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 1is 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. "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
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. "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.

E.2. PRIMITIVE CONCEPTS OF THE APPROACHES.

When rpcognizing the distinction between lexical and non-lexical objects |and
their fdisparate functions, the concept of type is needed. Indeed, one or dev-
eral 1lg¢xical objects will specify one or several non-lexical objects correspdnd-
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 certaimentity in the universe| of
discourse corresponding to the string “Rita~. To/denote entities such as| in
this chse a girl-entity, we use the notation <girl>. So “Rita™ refers ij a
<girl>| entity. Suppose this <girl> is referred ‘to in our language by the wWord
“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-tlype

of <gifl>. This lexical object “girl™ is therefore a lexical object at the don-
ceptual schema level.

a<girl Rita>

Miverse of discourse

Figure E.l. Classifying and naming the <{girl Rita).

The non-lexical object named by “girl™ 1s 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™ 1is an occurrence of “girlname".
Note that again “girlname™ is a lexical object at the conceptual schema level.

z 1
\ 7

universe of discourse

Figure E.2. Typing and naming in the universe of ‘discourse.

step wil]l precisely model the "naming"”-arrow in figure E.2. We see that “girl
name~ demotes another kind of type of lexical objects. A link between the twpo
types abpve, one lexical and one non-lexical,~¥s already visible in the word

"called"! In the Binary Relationship approaches discussed here this type of
1ink is named a bridge (Nijssen [8]).

Observe 1150 that, when described and entered in the “conceptual schema, this

It must pe mentioned already here that.(these Binary Relationship approaches do
not prohfibit synonyms or homonyms tobe used as names or references. However|,
for the |sake of determinism, it isirequired that every entity-image or objedt
occurren¢e in the conceptual schema and information base possesses, at all
times, at least one way of unambiguously referring to it.

Summarizing, we talk of
“girlname”

as specilfying a type/ of lexical objects of which “Rita™ is an individual og¢-
currence|, and of

“girl™

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

“girl™ called “Rita”
i{s an individual occurrence.
Formally, we shall hLave thus:

1. - Linguistic objects:

1.1. lexical objects, corresponding to individual "ut-
terable" entities. Example: “Jones™, “Rita™, “girl~.
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p—
N

X 1 esponding to "non-utter-
able” entities. Non-1 xical objects specify entities
by using lexical objects (in a manner elaborated
below). Example: the “person™ called “Jones™, the
“girl® called “Rita~. Note, that “person™ and “girl®
are used here as references to types rather than to
instances, as in 1l.1.

2. - 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.

3L - Linguistic'object types:

3.1. Lexical object types (LOTs).
3.2. Non—lexical object types (NOLOTs).

This cllassification into types is an essential partvof the modelling process
(Falkenberg [7]). It depends usually and mostly om the syntax and semantics|of
the trjnslation of the propositions in the universe of discourse into the lan-
guage qf the information system. It also deperids on the modeller”s awareness|of
the shdrtcomings, abstractions, interpretations, and naming conventions intfo-
duced while making this translation.

Furthen corresponding to these types of linguistic objects there are types|of
ideas, |[bridges and phrases:

4. - Binary relationship types:

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

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, dlsol having types of linguistic objects, we shall want to "subclassify”

them ihto subtypes, depending on the distinction between shared and non-shared
binary relationship types on linguistic object typE3—Uﬁ—une—hand——aud—pure—“;on—
ceptual” subclassification of the (future) populations of those linguistic 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 1ntroduced because of
the existence of particular distinguishing ideas on the supertype . In this
example, “man~ 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

109


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

ISO/TR 9007 : 1987 (E)

for obvious reasons.

joint.

It is

So we have:

5.

Finally,
cisely,
therefor
tionship
(at the
influenc
influenc

So we end here with:

6

All operjators,

"occurre

A very important axiom, which is introduced to make these operators generall

meaningf

The opegators definedfor this example of the Binary Relationship approachds

are:

7'

= Subtypes:

5.1. Non-lexical
non—-lexical

subtypes, 1i.e.
object types.

which induce subsets of

important to note that subtypes need not be dis-

5.2. Lexical subtypes, 1i.e.
lexical object types.

which 1induce subsets of

realizing some propositions of the universe of discourse, or-more pr
some necessary propositions, are about propositions themselves a
l translated into predicates about linguistic objects and binary rel
instances, we need to express these in static and dynamic constrain
type level). Since the existence of those propositions has probab

d the shape of the universe of discourse the conStraints will al
the modelling process.

= Constraints, both static and dynamic.

from the vantage point of the,.Conceptual schema,

work on th
nce” or "instance” level. There are actually few of them.

11, 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 1is 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.

110

- Operators:
7.1. 1list (... a binary relationship instance),
— 7.2+ add (.. a pinary relationship instance),

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

7.4. qualify (...
a subtype),

an linguistic object as belonging to

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
(7 1) - refrieya'l, (7 7) = 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-
proachés. The operators "qualify” and "unqualify” derive from the- notion| of
subtypés:

qualify takes a reference to a linguistic object and  trans-
forms it to a reference to a linguistic ©bject in
one of the subtypes of the linguistic Oobject 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, "unqualifythe manufacturer “PSC" as
operating-manufacturer{,
\
|
\
|

The operator "equate"” 1s particular'’since it 1is a consequence of how tWese
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-
coursel, ) thus needing "non-lexical” identification
while) ‘retaining all existing naming conventions
forlit.
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
are:

TERM
A linguistic object that refers to an entity;

SENTENCE
A linguistic object which expresses a proposition;

M
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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 1lin-
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 usual ones of
predicate, operator, quantifier, etc, and will be made explicit along the way.

It is pogdsible to give an interpretation for these concepts in the 1langudge
used for |conceptual schema definition in these Binary Relationship approacheg

as follo:l:
TERMS :

a) ELEMENTARY TERMS: Linguistic Object Type Namésj

Binary Relationship Type( Names,
Role Names,
Individual Names.

Example: “Rita”~, “girl~;
b) DPESCRIPTIVE TERMS: References 1linking one or more
lexical objects (elementary

terms) to~& 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 wused for con-
straint definition.

Examples follow in section E.6.

Elementafy . sentences (declarations) are built up mainly with the primitive
pred1cate—ﬁis—al—%ﬁ—seme—equ4¥aleat—iO:m—4namel¥_£he_13dd:_4ﬂi_a_ﬂhxidge" 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 “LEXICAL-OBJECT-TYPE-NAME™ or
“LOTNAME® with the meta-schema NOLOT “LEXICAL-OBJECT-TYPE:
or “LOT .

Example:
add NOLOT called “GARAGE~
declares a NOLOT with NOLOTNAME “GARAGE”, by ,iaserting 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 givyen
below, psing the syntax notation of appendix C:

(R1) cpnceptual-schema = "begin”

"CONCEPTUAL-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".
(R2) 1nolot—-déclaration = "NOLOT called"” (nolot-name | nolot-name-list).
(R3) lot~declaration = "LOT called” (lotname | lotname-list).

(R4) subtype declaration = nolot-subtype | lot-subtype.

(R5) nolot-subtype = "NOLOT called”

(nolot-name-1 | nolot-name-1-list)
"is subtype-of NOLOT called” nolot-name-2 ";".

(R6) lot-subtype = "LOT called” (lot-name-1 | lotname-l-list)
"is subtype—of LOT called” lot-name-2 ";".
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(R7) 1dea-declaration = "IDEA (with-first ROLE (called” role-name-1
"and on NOLOT called” nolot-name-1 ")"
"and with-second ROLE (called” role-name-2
- “"and on NOLOT called” nolot-name-2 "))"
"is called” idea-name "s"

(R8) bridge-declaration = "BRIDGE (with-first ROLE (called” role-name-1
"and on NOLOT called” nolot-name ")"
"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-1

"and on LOT called” lot-name-1 )"
"and with-second ROLE (called” role-name-2
"and on LOT called” lot-pame-2 "))"

w "

"is called” phrase-name ";".

(R10) copstraint—declaration = "CONSTRAINT called” constraint-name

"is declared as™ sentence "i .

(R11) noflot-name-list = "{" nolot-name {nolot-name} "}" ";"

(R].Z) loltname-list = "{" lot—name {1ot_name} lv}u o, on

Remark: | nolot-name-1-1list and lot-name-l-list.follow the same syntax.

(R13) schema—-name = identifying-mame.
(R14) nollot—-name = identifying-name.
(R15) lot-name = identifying-name.
(R16) role—name =\didentifying-name.

Remark: | nolot—-name-1, etcj follow the same syntax.

(R17) idea—-name

identifying-name.

(R18) byidge—name identifying-name.

(R19) pHrase—name identifying-name.

(R20) identifying-name = "7“" letter {letter | digit | hyphen} "~°".

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 [9]).

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 {“CAR” “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 1is perfectly capable
of desecribing 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 Description

(R2) (Ssl) NOLOT 1instances with the wuniquely. identifying
names “nolot-name™ are added to, the conceptual
schema;

(RB) (82) same as (S1) for LOT instances with the names

“lot-name";

(s3) 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";
(RbB) (S4) the two NOLOTs mentioned must exist already;
(S5) since( subtyping is a transitive property, there
must_'not be any closed "loop” in the subtype
links;
(R6) (S6) same as (S4), mutatis mutandis;
(sh same as (S5);
(}7) (S8) ROLE instances with “role-name™ are added; two

“role-name™~s must be different when they are
"on"” the same NOLOT;

(s9) same as (S4);

(S10) the IDEA instance 1is then added with the
uniquely identifying name “idea-name~;

(R8) (s11) same as (S8);
(s12) the LOT and NOLOT mentioned must exist already;

(s13) same as (S10), mutatis mutandis;
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(R9)

(R10

(R20

General

116

*

(S14) the LOT mentioned must not appear 1in another
BRIDGE declaration;

(S15) same as (S8), mutatis mutandis;
(S16) same as (S6);

(S17) same as (S10), mutatis mutandis;

J—€518)——a GONSTRAINT instance—is—added—withtheuniquely

identifying name “cunstraint-name";

(S19) "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);

(s20) no two CONSTRAINTs may be in contradictiodn)'(this
results in the 1impossibility to populate the
information base);

(s21) the set of all CONSTRAINTs 1is 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 1is entered
in the information base if and only if no CON-
STRAINT is violated;

(s22) the set of all constraints implies that all
changes in the information base, which do not
violate the declared CONSTRAINTs, are allowed;

) (S23) The identifying-names must be unique within the
conceptual\\schema, except the role-names, which
have a_more limited scope of uniqueness (cf. S8,
S11, Si5).

Remarks on these /semantics:

People familiar with Knuth”s attribute mechanism [10] 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 [10] 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 “nolot-name>
or “role-name~, for instance:
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“name™: a term referring to an individual entity
in the universe of discourse used for de-
noting a single entity. It 1is lexical in
nature, that 1s there 1is a 1-1 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 langudge
these names do not appear in quotes.

*| To make things complete, observe how the description)\of the
semantics (S1 - S23) can themselves easily be viewéd—“as con-
straints (both static and dynamic) in effect on ‘this meta-
conceptual level !

Importapt note:

As seenl above, nothing prevents of course to “view conceptual schemata them—
selves,| or any other "abstract” language, as 4”universe of discourse in these
approaches. It is possible this way to introduce several 1levels of descrip-
tion. wever, at each level of descriptiom“and in each state of the conceptpal
schema [and information base, the conceptual schema and the part of the univetrse
discourlse formulation, it describes,.(@re distinguishable by the environment.
The regson 1Is obvious, since the clonceptual schema must be known to serve|as
the on¢ and unique “contract” under which the information base may be ap-
proached and manipulated.

E.4. GRAPHIC FORMALISM.

Most igvestigators of‘-the Binary Relationship approaches have adopted a graphic
formalism to represént a part of the conceptual schema and information base,|or
more dommonly, 0. represent a subset of the conceptual schema. As alreEdy

explaijed in section E.l, a very clear distinction between non-lexical objekts
| and 1ldxical ‘objects is made. This distinction is reflected in the graphic
| language. In-this section we declare the graphic symbols used to represent fthe
information' structuring part of the conceptual schema in these approaches.

E.4.1. LINGUISTIC OBJECT TYPES.

Figure E.3. Non-lexical object type symbol.
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("natural™) one-to-one bridge to a corresponding
lexical object type. (This symbol isi\a "graphic
macro construct” for the diagram {fonstruct shown
in figure E.15).

E.4.2. BINARY RELATIONSHIP TYPES.

i
Figure E.5. Non-lexical object type symbol with a preferred

Figure E.6. Subtype link.

Rl R2 |—

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

R1 R2

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

E.4.3. CONSTRAINTS HAVING A DIAGRAMMATIC REPRESENTATION.

-~ -

Figure E.9. Exclusion (between subtype links).

118


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

ISO/TR 9007 : 1987 (E)

-
T —— e —

Of cour
neral)
conveni
relatiq

E.a'al

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

— — . —

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

se, not all constraints will or can be pictoridlly represented in a (

ge—

conceptual schema diagram. However, all are’declared separately in
ent language which refers to the linguistic¢c object type names, bi
nship type names, etc, of the conceptual ‘schema.

SOME EXAMPLES OF THE GRAPHIC FORMALISM SYMBOLS.

Turning to the diagram for the example of appendix B,
‘ graphi¢
|

let us 1illustrate

ome
ary

the

formalism on a few simple excerpts from this diagram (cf. figure E.1§).

Garage Group

Figure E.13. A subtype; OWNER has, among others, a division
between two exclusive sub-ownerships, GARAGE
and GROUP.
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Figure E.l4. An idea type; their occurrences are the real in-
formation carrying elements in these approaches.

e o ol o o

/ 3
[ Manufac- \

— turer- )

\ Name /

Manufac-
k atlﬁ}]e:c }——— called of

1

shorthand construct, for
example in figure-E.1l5.

I 2
N '
~ ~

Figure E.15. Describes a 1-1 bridge: a manufacturer and “his
manufacturer-name identify each other.

(Manufactdrer-Name)

Figure E.16. This linguistic object _type has an implicit,
usually obvious and preferred unique name for
each of 1its occurrences; it is the standard

constructs like the

Figure E.17. 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)
referrifig to classes 1in € universe a eplaced | by

particular (name-)instances 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 —-T

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

Identifly the proposition sentences which talk about other proposition s¢n-
tences.| Some of these will result in additional linguistic object types and bi-
nary re¢lationship types, while others result.in constraints (sentences). For
some té%re might be an option for either. Thé former are typically encountered
where 3dditional information is given about a particular sentence type (which
can be |"add"-ed), while the latter will réstrict the population of existing sen—
tence instances.

Thereafiter, use the sentence occurrences expressing additional propositipns
about 4n entity world to check(against instances derived from the conceptpal
schemad If one arrives at contradictions, then the conceptual schema will| be
modifidd to eliminate the contradictions (supposing, as always, that the pro-
positiqns all hold in the universe of discourse).

Possibly extend the ,sen'tence occurrences referring to the universe of dfs-
coursed This extension”’is to be generated by the user together with the infpr-
mation [system designer. This step is needed when the conceptual schema and {n-
formation base is-found to be an insufficiently complete view of the univelrse
of disgourse.

Repeat| thé ~above described steps until an acceptable degree of quality| is
reacheT.
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E.6. EXAMPLE CONCEPTUAL SCHEMA.

E.6.1. GRAPHIC REPRESENTATION.

R 7 \\\
MODEL , OPER. Non-Trad
‘\ NAME MANUF. '\ MANUF. )i ARAG
e <\\ =
%
N\
%\ 5
N —|-
. / \\
REG. 2.0 \ 7 N
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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:

add NOLOT called {“MANUFACTURER” ~OPERATING-MANUFACTURER~ “REG-CAR”
“CAR“—REG=HODEL““CAR=MODEL-—“FUEL=CONSUMPTION"—
“DATE” “YEAR® “MONTH”~ “DAY~ “TRANSFER~ “DAY-SEQ~
“OWNER~ “GARAGE” “NON-TRADING-GARAGE”~ “~GROUP’
“PERSON"};

add LQT called {“MANUFACTURER-NAME” “REG-NO”~ “SERIAL-NQ%-"MODEL~-NAME~
“FUEL-CONSUMPTION-AMOUNT” “YEAR-NO~ 7ZMONTH-NO”
“DAY-NO~ “SEQ-NO~ “GARAGE-NAME~ “PERSON-NAME~};
add NOLOT called “OPERATING-MANUFACTURER”
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 ;6on NOLOT called “CAR-MODEL”")
and with-second ROLE “(called “of”
- and on NOLOT called “MANUFACTURER”))
1is called “builds”;

Note: thirteen other idea declarations omitted here.

add BRIDGE (with=first ROLE (called “called”
and on NOLOT called “REG-CAR")
and with-second ROLE (called “of”
and on LOT called “REG-NO"))
1s called “registration”;

Note: two other explicit bridge declarations omitted here.

add BRIDGE (with-first ROLE (called “called”

and on NOLOT called “MANUFACTURER")
and with-second ROLE (called “of”

and on LOT called “MANUFACTURER-NAME”))
is called “naming—-of-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 1list 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 “MANUFACTURER” contains only manufacturers with permis-
sion. Thys we take “having permission” as the defining property of manufdct
turer, atl least for the scope of interest of the Registration Authority. (The
linguistilc object type “CAR” contains all cars known.

1. |[CONSTRAINT manuf-id

is declared as

begin

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

end;

2. |CONSTRAINT number-of-operating—-manufacturers
is declared as

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

3. |CONSTRAINT non-op-manufacturer
is declared as

begin
for each M : MANUFACTURER
condition
M {s not OPERATING-MANUFACTURER)
- T excludes (M is current-owner—of CAR)
holds
end for
end;

4 .| CONSTRAINT car-id

is declared as

begin 'y

REG-NO..of REG-CAR is unique;
REGSCAR called REG-NO is unique
end;

5.| CONSTRAINT eternal-reg-no

1s declared as
delete of (REG-NO of, REG-CAR called)
is not permitted;

6. CONSTRAINT mandatory-car-model
1s declared as
begin
CAR always is—-of CAR-MODEL;
CAR is-of CAR-MODEL is unique
end;
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CONSTRAINT mandatory-serial-no
is declared as
begin

end;

CAR always has SERIAL-NO;
CAR has SERIAL-NO is unique

CONSTRAINT serial—no—manuf
is declared as

(SERIAL-NO of CAR and MANUFACTURER of CAR-MODEL of CAR)

1is unique;

CONSTRAINT mandatory—car—owner
is dgclared as

CAR always in TRANSFER
and
OWNER always in TRANSFER;

L]

CONSTRAINT mandatory-production-year

begi

end;

is dIclared as

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

CONSTRAINT registration—-production—dates
is declared as

begin

end;

[for each ¢ : CAR
condition
YEAR-NO of reg—date—of (¢) “is in

holds;
if YEAR-NO of reg—date—~of (c)

then condition
MONTH-NO, of reg-date—of (c) is equal to “O1°
holds
end if
end for

CONSTRAINT “single-destruction—date
is declared as

€CAR destruction—-on DATE is unique;

{YEAR-NO of-production=6f ¢, (YEAR-NO of-production-of c) + 1}

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

CONSTRAINT destruction
is declared as

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

CONSTRAINT car-model-id
1is declared as
begin

MODEL-NAME of REG-MODEL is unique;
REG-MODEL called MODEL-NAME is unique

end;
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16.

17.

18.

19.

20.

21.
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CONSTRAINT eternal-model—-name
1s declared as

delete of (MODEL-NAME of, REG-MODEL called)
1s not permitted;

CONSTRAINT mandatory-car-model-manufacturer
is declared as

begin
CAR-MODEL always manuf-by MANUFACTURER;

CAR-MODEL manuf-by MANUFACTURER is unique

end;

CONYTRAINT no-other-model-manuf
1s declared as

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

CONYTRAINT must—know—fuel-cons
is declared as
begin

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

end §

CONSTRAINT fuel-consumption-id
is declared as

begin
FUEL-CONSUMPTION-AMOUNT of FUEL-CONSUMPTION is unique;

FUEL-CONSUMPTION has FUEL-CONSUMPTION-AMOUNT is unique
end

CON$TRAINT min-max—-fuel-cons

1§_dec1ared as
FUEL-CONSUMPTION—-AMOUNT is

(not greater than 25 and not less than 4);

CONSTRAINT average—-fuel<consumption
is declared as
begin

if MONTH-NOyof today is equal to “0l1°
‘then for/each M : MANUFACTURER

condition

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

is notgreater than

(FUEL-CONSUMPTION max-in (YEAR-NO of today) - 1)
holds;
on violation do
‘—_send—messaggrto (M)
end for
end 1f
end;
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Note: Average 1s standard function which causes the para-
meter expression to be evaluated as a multiset (rather
than a set). A multiset 1is 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—1id
declared as
in

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

gl

end;

24. CONSTRAINT garage—suppliers
is|declared as
begin
for each G : GARAGE
T 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 1s NON-TRADING-GARAGE) implies
current-stock-of (G) is empty
holds __
end for
engd;

26. CONSTRAINT smandatory-person—in-group
declared’ as
PERSON always in GROUP;

[y

27. CONSTRAINT person—-id

1is declared as
begin
PERSON-NAME of PERSON is unique;
PERSON called PERSON-NAME is unique
end;

28. CONSTRAINT owner-id
is declared as
TRANSFER to OWNER is unique;
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29.

30.

31.

32.

33.

34.

35,

36,

CONSTRAINT owner—subtypes
is declared as

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

CONSTRAINT owner-exclusive-subtypes

is declared as
(GROUP intersection GARAGE is empty)
and

(GROUP intersection MANUFACTURER is empty)
and

(GARAGE intersection MANUFACTURER is empty);

CONSTRAINT transfer—-id;
is declared as

(CAR in TRANSFER and DATE of TRANSFER and SEQ-NO of TRANSFER)
1s unique;

CONSTRAINT transfer-single-car
is declared as
Ezgin
TRANSFER always of CAR;
TRANSFER of CAR is unique
end;
CONSTRAINT transfer-single-date
is declared as
begin
TRANSFER always on DATE;
TRANSFER on DATE is unique
end;

CONSTRAINT transfer-single=day-seq
is declared as
begin

TRANSFER always-with DAY-SEQ;

TRANSFER with DAY-SEQ is unique
end;

CONSTRAINT date—-id
is declared /as

T (YEAR of DATE and MONTH of DATE and DAY of DATE) is unique;

CONSTRAINT single—date—descr
is declared as
begin

37.

DATE with YEAR is unique;
DATE with MONTH is unique;
DATE with DAY is unique

end; o

CONSTRAINT year-id

is declared as

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

end;
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38. CONSTRAINT month-—-id
is declared as
begin
MONTH-NO of MONTH is unique;
MONTH called MONTH-NO is unique
end;

39. CONSTRAINT day-id
is declared as
begin

DAY-NO of DAY is unique;

DAY called DAY-NO 1s unique
end;

40f CONSTRAINT day-seq-id
is declared as
begin
SEQ-NO of DAY-SEQ is unique;
DAY-SEQ called SEQ-NO is unique
end;

41l CONSTRAINT no—-transfer—after—destruction
is declared as

begin
for each ¢ : CAR do
condition
YEAR-NO.MONTH-NO.DAY-NO of, DATE of TRANSFER of ¢ is less than
YEAR-NO.MONTH-NO.DAY-NO of DATE of destruction—of ¢
holds
end for
end;

42|, CONSTRAINT possible-transfers
1is declared as
begin
for each T ¢ TRANSFER
T P := prévious-owner-in (T);
condition
(T7is TRANSFER to MANUFACTURER implies P is empty)
and
?Tﬁig TRANSFER to GARAGE implies P is not GARAGE)
and
(T is TRANSFER to GROUP implies P is not MANUFACTURER)
holds
end for
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.

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

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

The keyword “today” is a standard predefined non-lexical

object of type DATE which always contains the current
(system) date.

Thére 1is supposed to exist a collating sequence (natural
order) for the occurrences of the LOT “MONTH-NO“. Further-
mo¥e 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 or not the necessary propositions
about the universe of discourse are captured in the conceptual schema. A D
implies that the assertion 1is described in the construct descriptions in the

conceptual schema. A numbered C refers to a defined constraint. An * refers to
remarks at the end of this section.

CHECK NECESSARY PROPOSITIONS

D 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.

CL 2. Each car manufacturer has a unique name.

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

* 4. The Registration Authority cannot withdraw the permission.

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

(0K} 6. Manufacturers may cease to operate; provided they do not own
cars anymore.

) 7. Each car manufacturer constructs cars in several models.
a6 8. A car is of a particular model.
by 9. A manufacturer givegs a serial number to each car he produces.

¢8 10. This serial number 1is unique for all cars of one manufac-
turer.

¥ 11. A newly produced car is registered by the Registration Auth-
ority as soon as practicable.

ch/ 12. At this time the car is registered as belonging to the manu-
CcR9 faicturer which produced it. Therefore the first owner will
be the manufacturer who produced the car.

o 13. Only the Registration Authority will assign a registration
number to 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.

Cll 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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C13

Ccl4/
Cl5

Cl6/
Cc17

C18

C19

C20

c21/
c22

c22

c21

Cc23

c29

C24

C25

C29

C26

c27

18. The car”s history has to be kept until the end of the second
subsequent calendar year after 1its destruction. Thereafter,
it is removed from the registered information.

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

20. Any specific car model 1is constructed by only one manufac-
turer.

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

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

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

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

25. The fuel consumption averaged over all individual cars pro-
duced by a particular manufacturer in ,a‘/particular year is
required not to exceed a maximum value which is the same for
each manufacturer.

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

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

28. Each garage has a urnique name.

29. New garages may be' established.

30. Garages may-own cars.

31. A garage must not have, at any time, cars registered as
belonging to the garage, from more than three manufacturers
(which three does not matter, and for a particular garage
may' vary with time).

3%.\"An existing garage may be closed down, provided it does not
have any cars registered to it.

33. A particular person may have one or more cars registered as
belonging to him or her.

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

35. People have unique names.
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ca/

~ 7

C26

c29/
c30

37.

ISO/TR 9007 :

People are only known to the Registration Authority if they
own or have owned (one or more) cars, which still are known
to the Registration Authority.

At any time a car 1is owned by either

- 1its manufacturer,
- a garage,

- a person,

- a group of persons,

C42

C42

C42

C42

C42

C42

C42

Remarkq

w0
(o]
o

39.

40.

41.

42.

43.

44,

AS.

46.

47.

but not jointly by two or more of these categories.

ansfer of ownership 1is registered including the date -of
transf r, the previous owner(s) and the new owner(s).

Transfer of ownership cannot take place anymore—after a
car’s destruction.

However, transfer of ownership may be recorded after the
car’s destruction, provided the transfer ©of ownership took
place before the car”s destruction.

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

Therefore a garage always will'be a car”s second owner.

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

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.

Garages (aré not allowed to sell cars to other garages.

Garages are not allowed to sell cars to manufacturers.

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

for the Binary Relationship approaches:

*

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

1987 (E)

Prescriptive rules for interactions are not part of the conceptual
schema. For example, checks 21, 29, and 40.
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APPENDIX F. THE INTERPRETED PREDICATE LOGIC APPROACHES.

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
info tion base 1s a collection of abstract things called “sentences™
are inl practice represented by strings of characters that are themselves
coded In a suitable set of physically real states in the storage media oflan
formatjon system.

The gufiding principle in the design of these approaches is the use,of an in
preted|, axiomatized, deductive, formal system of logic that{’places min
demandp, in principle, on the information processor external)to the concep
schemal| and information base itself. In practice, of course} _many theoretic
unneceEsary constructs may well be built into an actual“information proce
for repsons of efficiency and costs.

The ptinciple enunciated in the preceding paragraph can be satisfied i
of ways and a second guiding principle .is' necessary to permit ch
these various possibilities. The relevant principle derives from

sers of the system may interact\with it at any desired level of ag
of concepts [1, 2, 3]. In order for this principle to be observed
olating the first principle, the formal system must have within itse
ism for incorporating the definitions of new constructs in terms of t
y present.

e purpose of this exposition the information system in use is a comb
f the printed pages in this Report and the mind of the reader. The cha
sed to express sentences are here chosen from IS 646 ("7-bit input/ou
character set for information interchange™) in order to conform to ex
0 practices,calthough it will be evident to the reader that a larger,
hensive character set would enhance readibility.

ore

ering (the objectives for a conceptual schema, cited in section 1.9 of
r 1, «thé following remarks could be made about the IPL approaches:

{'To provide a common basis for understanding the general be-

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 mani-
pulation of the conceptual schema and information base.

As, fundamentally, there 1is 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 1in changing the conceptual schema to reflect
changes in the abstraction system.

3. "[fo 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 1is 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, 1is sufficient to completely describe the “universe
of discourse, such a language may be extended’ with, or
(partly) replaced by, the more complex constricts 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 with users in.'discussing aspects
of the conceptual schema and informatiom“base [1, 2, 3].

4. '|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:cConstraints. 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 t
fundamental concepts-for the universe of discourse, entities and propositiong?
as defined in chapter’ 2, section 2.1l. As far as the universe of discourse to
modelled| is concerned, the only things that exist are entities, and the on

situations that can be affirmed or denied about entities in the universe of di
course are propositions.

The estabplishment of a formal system of logic to de
course 1incorporates 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 1s 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 to_carry 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) [5], Jevons (1864) [6], Frege
(1879) (7], Peirce (1885) [8], Peano (1908) [9], Zermelo (1908) [10}, and
Whitehedd and Russell (1910-1913) [11]. The contemporary exposition closest| |to
the spipit of these approaches is that of Quine (1951) [12]. Its metaphysical
presuppgsitions are those of the modern logistic school, closely related “to the
modern ¢ounterpart 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 formdl,~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 attrjbute meaning (semantics) to various expressions in the language, it [is
necessary to start with a (hopefully small) set of undefined concepts known [as
primitiyes. Other concepts then have meaniags which are derivable from the in-
formallf_ﬁhderstood primitive concepts through~the introduction of formal defji-
nitions} The relevant essentials of the meaning of each primitive concept |is
formally captured through the assertion of “axioms assumed to be valid. This [is
exactly| the situation that obtains in elementary synthetic geometry where the
concepti of points, lines and planes.(are taken as primitive (undefined) con-
cepts, more complicated constructs such as triangles and circles are defined [in
terms off these primitives and axioms (Euclid”s postulates) are stated to assefrt
the properties of points, lines and planes.

F.3.1. ABSTRACT SYNTAX.

As defilned in section“2.l of chapter 2 and section 3.3 of chapter 3 (repeatfed
here for the conveniefnice of the reader), certain general concepts are primitive
notions| that characterize the abstract syntax (grammar) of any language. They
are:

TERM
A\ Tinguistic object that refers to an entity;

SENTENCE
A linguistic object which expresses a proposition;

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 1is 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, not a mixture. In addition, functors are substitution functors if
there exists a pattern into which the elements of the argument list can be sup-
stituted. Examples are: "If ... Then -—-" and "... + -——". Finally, functofs

may be fixed or not depending on whether the argument list is fixed in’\length
or not.

Elementdry functors are fixed, first level, substitution functors: There afe
four kirnds of pure elementary functors. They are:

Arguments Value Name Examples
Terns Term Operator ces + ——%
ees”s-mother
Terns Sentence Predicate S S
.ss 1s red
Sentences Sentence Connective . and =——
not ...
Sentences Term Subnector Teeo"

the probability that ...

d be apparent that each of the cabove described pure elementary functors
ication to conceptual schemata. Two other kinds of functors that are
ry but not pure have important application to conceptual schemata: quan-

and abstractors. Noting ‘that variables are a kind of term (cf. chaptler
on 3.3):

ents Value Name Examples

able + Sentence Quantifier For all ... —-

able + Term Abstractor The ... such that --—-

Variabl
cified,

s ZLare the analogues of natural language pronouns and refer to uns
indeterminate entities in the universe of discourse, exactly in

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 1it, it is red"” It is a trivial step to "For
all «ee oo. 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, "..." is free in "... is red" but not in
"For all ... ... 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 1is sufficient to note
that any sentence can have all its free variables eliminated by prefixing suf-
ficieﬁz—huantifiers.

For a [purely extensional system that avoids modalities (e.g., "it is necesdary
that”,["it is known that”, "it is obligatory that”, etc.), the only concepts |re-
quired| as primitives are variables (a kind of term, as noted), the connectives
"Not..}” and "If ... Then ---", the universal quantifier "For all ..J\=--", |the
abstragtor "The ... such that ~---", and a suitable supply of appropriate predi-
cates.| Other choices for primitives are quite possible and nothing fundamental
in whdt follows precludes alteration of the primitives. For“(example, prgper
names fan be introduced as primitive terms, but to simplify the’ discussion Here
they wWill be avoided. It has been shown by Russell [13] that proper names |can
always| be eliminated in favor of predicates through the ‘particular abstraqtor
known |as a "descriptor"” (the exemplar abstractor above), and defining [the
proper| name itself in context.

The eslsentials of this abstract syntax are as formulated by Curry and Feys [|14]
and t explicit details are derived from Andexrson and Belnap [15]. It shquld

be apparent that considerable detail is required to establish a particular don-
crete [syntax.

F.3.2.]| CONCRETE SYNTAX.

In coftrast to the other examplés.in this report, the concrete syntax for |any
versiop of the IPL approaches cannot be fully explicated in the syntax nqta-
tion, |presented in appendix\C; as essential aspects of the language are |not

conte free. What follows~in this section is a sketch of a concrete syltax

sufficlient for understanding of the example exposed in section F.6. Some of it
is necessarily discursive here in view of the context sensitivity, but it nmust
be understood that .®he complete syntax can be made fully formal and can[ be
expregsed fully ifn-any language that is suitable for expressing conceptual
schemgta using an“IPL approach.

The l3nguage{described below will be given the unimaginative name of "L". It is
not ljkely “to exhibit the precise form that will be useful in practice as |the
choicd of ‘syntactical detail here has been made on the basis of a desire to
1imit |the character set to emphasize the exposition.

Thus:

upper—case—letter =" An I an l uCn | an ‘ "Eu ‘ "F" | "Gn ' “H" I "I,: I
" Jn ‘ nKn ‘ " L" ‘ uMn ‘ " Nn ‘ ”» On | " P" I " Qu l " R' l
" S" l nTn I “U" I nvn | nwu l an I “Y" ‘ nZn .

lower-case-letter = "a" | "b" | "c¢" | "d" | "e" | £ | :g: | :h: | :i: |
" j" | nkn | ulu ‘ umn ‘ unn | uo- l p l 'q ‘ r l
" sn | . t" l "un l " vn ‘ "wu | " X" | "y" l [ Z" .
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digit

prime

point

other-mark

- uou I n-ln | "2" l "3-' | "4 " I "5-' ! "6 " I "7 " I "8" I ngn .
= "7, Note that this means a single prime
character ~. —
=" & " I n( " l "wy " | Wt I "+" ' w ' n/ " | " : [ | " ; " |
" ,u | n<n l " l ">n l u[u I n\n | n]u l n{n I u}u.

In the o

00010001 followed by the graphic character "1111101", yielding "backspace),
underling”, and so form:
upper_cas e"italic = IIACI l "2” I ngn ' "P_" | "E" l "E" ‘ "gn I "E" l nln |

n-:-]-n I "_IS" I nl-..n l "Mn | "H" I " gn ' "2" I L I n&u |

"_S_" l "I" I an l "Y" | "E“ l uzn | “X" | "Z" '
10W€r”ca$e'italic = ”2" | u}—)" | "S" | "_d_" I "—e-u ‘ "£n | ugu ! "E" I " .j-:n |

"i“ l "l_(" l "l" | "E" l an I "9" | "R" I "g" | "E" |

" §n | " E" | " 9_" | " !n | n!n l " )_E" l nzn | " -Z-u .

Collecting, one has:

ontext of an IS 646 representation, one may use the control characte

9]

= 1 ©

d

mark = upper-case-letter | lower~-case-letter | digit | prime |
point | upper-case-italic.|Qower-case-italic | other mark]
A number| of possible characters from the 183646 graphics are not marks of L a
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 1lik
FORTRAN where blanks may appear anywhere throughout the text to provide reada
bility hut have no significance,~0f course, even this is not an essentia
property| of L. Nothing in any concréte syntax is fundamental.
Proceedipg:
string = mark {mark}.
variable = (upper-case-italic {prime}) | (lower-case-italic {prime}).
compound/~symbol = upper-case~letter {lower-case-letter} {prime}.
number-gymbol = {digit} [point] {digit}.
Note, provided the entire string is neither precede
nor followed by a digit or a point.
symbol = variable | compound-symbol | number-symbol | other-mark.
expression = symbol {symbol}.

A little reflection will

convince the reader that any

expression can be decomposed into symbols in exactly one way.

primitive-predicate
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prime-variable-match (prime variable) | (prime prime-variable-match variable).

atomic-sentence Pr" {lower-case-letter} prime-variable-match.

primitive-sentence atomic-sentence |

("For all” variable primitive-sentence) |
("Not" primitive-sentence)
("If" primitive-sentence "Then" primitive-sentence).

An occurrence of a variable in a primitive-sentence 1is exactly what it infor-
mally spunds like but is a fundamentally context sensitive aspect of L. There
is no gccurrence of "x" in "x”". With that caveat, an occurrence of a variable
is bound in a primitive—sentence if there is some primitive-—sentence contdining
the occirrence of the variable that is part or all of the primitive-séntence |[in
questiop 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 primi-

tive-septence if it is not bound in the primitive-sentence. A{variable 1is| a

free variable of a primitive-sentence if it has a free occurrence in the primi-
tive-septence.

A brimjtive—sentence is open if it has at least one free variable, otherwige,
it is cllosed.

tences.| However, even the simplest assertions ‘become lengthy, cumbersome 4nd
impossijple to read when expressed as primitive-sentences. Therefore, defi
tions are introduced:

Everything that can be asserted in L can be asserted by closed primitive-siz-

definition Any expression is"a definition 1if it 1is as-
serted to be so)by an authorized source.

Exceptilng only a small number ofi.special cases necessary to the initial boot-
strap, |cases that need not obtrudé on this exposition, all definitions will |be
closed |sentences in one of the following two forms:

expression "Iff" expression.

expression "=" expression.

As wil]l be seen Jlater, the symbol "Iff" will be interpreted as the connectfve
of the| biconditional, and its incorporation between two sentences asserts Lhe
logical equivalence of the sentences. A sequence of definitions in this fifst
form 14s constructed so that the right hand expression (definiens) of epch
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-sentence.

A quite similar process occurs for definitions of the second form as the symbol
"=" 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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more to

following concepts,

sequence of definitions (the subject of section F.5.2)

-t
=
®
[a]
1]
=
n
|*
(a3
(4
|
(1]

say about the concrete syntax of L. For the sake of completeness the

in order to demonstrate that they are, in fact, syntactical concepts. Thus:

While there 1is, in general, no algorithm for finding a proof that contains
given sentence and therefore no decision procedure for determining whether
candidat

tic and

axiom Any closed sentence 1is 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;

given import in section F.5, are useful to introduce here

proof Any sequence of closed sentences 1s 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.

there is a mechanism for determining whether<a given sequence 1is

a
a

e sentence is a theorem or not, the definition of "theorem™ is syntac-

a

proof apd contains a candidate. Having defined "theorem™, the discussion must

now tury to "truth”, a different matter entirely.

F.3.3. $EMANTICS.

Assumin
mantics
as outl
notions
derived

The int

given (
the prj
convent
Then --

while "—-" asserts a false proposition.
The deduction>Yfules must preserve truth. The latter is simple; use the rule
detachnent:

of L is established by assigning meaning to its primitive construc

constructs.

.f. chapter 3). The ‘interpretation of the two primitive connectives
mitive quantifier .dare obvious and are the usual ones intended by ¢
Honal first order” logic with the caution that the conditional "If .

> an explicit concrete syntax yielding a formal language, L, the ze-
S’

ined in chapter 3, section 3.4y From that assignment all other semant
are derived from interpretation of the formal definitions of ¢t

erpretation of variables, the only primitive terms, has already bjen

-" is the stfict truth-functional conditional which asserts a true pr
position so long ds)it is not the case that "..." asserts a true proposit]

ic
he

nd
he

o-

Lon

of

TTOom o0 T eo ]

F.4. GRAPHIC FORMALISM.

Some IPL approaches (e.g. [1, 2, 3]) 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 1mportant propositions - those
that are referred to by the atomic-sentences - and the “"entity pattern” they
constitute.
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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 F.1l:

Pra”

]
=<

Figure F.l. Graphic representation of a proposition about two entities.
A proposition about three entities as described by

Prb” " “xyz

is shown in figure F.2:

Pr a2

Figyre F.2. Graphic representation of a proposition about three entities.

F.5. MODELLING.

F.5.1.| CLASSIFICATION OF AXIOMS.

From among the senténces of L certain designated closed sentences are seledted
as axioms. One ‘particular set, Al, constitutes the axioms of logic and mathe-
matics|. Application of the rules of deduction produces an additional set of s

tences| that—are the theorems deducible solely on the basis of the axioms |Al.
While as
Al, tHeCtotality of theorems will be the same in each case as a general rule.
It is = able QP at—every g 18 sehema—and—in ma n—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 1is 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 ... Then ...) Then ...,
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where "..." is replaced throughout by an arbitrary sentence, is an axiom of Al.

Axioms of logic & mathematics Al

Sentences deducible from- Al

Axioms of cosmography A2
Sentences deducible from Al - A2
< Axioms of enterprise type A3
Sentences deducible from Al -A3
Axioms of specific enterprise A4
Sentences deducible from Al - A4
Sentences required in the information base
Sentences deducible from all the above
IB

Sentences optional in the information base

Sentences deducible from all the above

Sets of sentences consistent ' with CS & IB

Sets of sentences inconsistent with CS & IB

Sets of sentences inconsistent with A1 - A2

Sets of sentences inconsistent with A1 - A3

Sets of sentences inconsistent with A1 - A2

Sets of sentences inconsistent with Al

Figure F.3. Classification of L-sentences.

A second “set of sentences, A2, somewhat gradiloquently called the axioms ¢f
cosmography, will be almost as ubiquitous as Al. 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, permitting the incorporation of metalanguages into L. 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 A2, together with a useful set of their con-
sequent theorems, will be supplied by your friendly vendor.

It 1is not unreasonable to suppose that there will be a set of constructs
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broadly applicable to all enterprises of a given type; e.g., all insurance
commpanies, all banks, all universities, etc. Thus there will be a set of sen-
tences, A3, that constitutes the axioms of enterprise type. 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 A2.

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 1is the set of sentences that
tor. The rnraliry of th

eptual schema does not exhaust the sentences. Among other (things, |if
ible sentences were in the conceptual schema it would be, {inconsistdnt
ition. Further, it would leave nothing for the information’ base itsdlf
in. There will, in general, be many different permissible collectidns

of sent

nces, sets of sentences not inconsistent with themselves or the cjn—
schema. Different permissible collections of sentences, of course, may
sistent with each other. The information base will consist of one [of
rmissible collections of sentences together with-the theorems now de-
from them in conjunction with the conceptual schema.

on
his is a different concept from the.axioms or the theorems deducible

therefrpm. The conceptual schema may require that some parametric value |be
availablle, for example. (An instance of this is the need for a sentence asseft-
value of fuel consumption in-\the example universe of discourse |of
A). Here the conceptual schema does not specify the precise valge,
merely |that there 1is one. A sentence asserting what that value is must be (in
the inflormation base but not in-“the conceptual schema. There may be several
possibiflities and any of them will do, but one of them must be present.

frequently be the case for a particular, conceptual schema and inforia-
t

Given the conceptual schema(and the required sentences, the rest of the conce¢p-
tual schema and information base 1is optional, providing only that the totality
forms a| permissible collection. At any given time, of course, the instantanegus
state df the conceptual schema and information base 1s a precisely defined set
of sentlences.

There will be other sets of sentences consistent with the instantaneous state

of the|conceptual schema and information base and, therefore, permissible copl-
lections ofi.sentences to insert.

There
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 Al. 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, any 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 illustrate: in figure F.3.

F.5.2. CONSTRUCTS.

The discussion in section F.3.2 was rather sparse. The purpose of this section
is to eiﬁénxa1g_;hg_p:imigixg_ggnggpgg into usable forms. First considered are
those comstructs essential to the basal logic. In this beginning discussion-ithe
letters ['P" and "Q" will stand in place of arbitrary sentences and the lettets

"X" and |"Y" in place of arbitrary terms. What follows 1is 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) & (If Q Then P))".

One addiltional quantifier is useful:

"For some X P" equivalent to "Not For all X Not P.

The abovye four definitions (actually definitional schemata) together with sfix
axiom sdhemata establishing the properties of:

"Not P"
"(If P«Then Q)"
"For,all X P"

are sufficient for all~Togic necessary that is independent of specific predfi-
cates.

Five priimitive-prédicates are required for the present formulation of mathema-

tics, three are)'singulary and two are binary. Primitive-predicates were intro-
duced syntactically in section F.3.2 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 sentence. Using definitions, more memorable notation can
be introduced:

(Null X Iff Pra"X).

(Individual X Iff Prb“X).

(Class X Iff Prc”X).
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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 class. In every universe of discourse in the IPL approaches the totality
of entities is factored 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 x", 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 bigary predicates are crucial:
((X = 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 dendted
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"(.i¢ meaningful no matter what Y
denotet. This kind of situation is characteristic of the TIPL approaches |and
forces| the use of explicit constraints. There.must be an axiom such as:

"For all X For all Y (If (X I¢ among Y) Then Class Y).

The ugusual form of the predicate ‘of class member-ship, "Is among”, derives
from the absence of the Greek lettér epsilon in the IS 646 alphabet.

The sufficiency of these primitive-predicates for logic and mathematics |has
been lpng since demonstrated (for details see Frege [7], Whitehead and Russgell
(11], | Quine [12], and,~ for the present context, Steel ([17]). Five axiom
schemalta and seventeen, explicit axioms are sufficient in the usual formulatigns.

The npmber of definitions that need to be incorporated will depend on|the
amount of mathemati¢s required for the description of the particular universe
of discourse under consideration. In what follows only those concepts releyant
to thd 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:

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
{n the context of all possible positions in atomic-sentences. 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
"{X \ P}" as follows:

({X \ P} = 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 1s 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:
({a,b,c,e0e,2} = (X \X=a0r X=b0r X=¢Or ... Or X = z}).

Ordered pairs can be defined by:

([x,y] = {{x},{x,y}}).
Relations| are then classes of ordered pairs:
({xy \ P} = {z \ For some x For some y (z = [x,y] & P)D).

That 1is,| the relation of x to y such that P is the class (of ordered pairg

[ x, y] such that P is true. To assert that A bears_the relationship
"member gf" to B is to assert:

([A,B] Is among {xy \ x Is among y}).

Functiong, used in the strict mathematical sense inan IPL approach, are givep
by:

(Fx Y = {yx \ y = Y}).

Thus, the function of x whose value (for-‘the argument x) is Y is the relatio
of y to such that y = Y. Functionsxare simply special relations where ther
is a unifjue value for each argument. The need to reverse x and y in the defini
tion will not be discussed here. The'mutual refusal of nineteenth century mathe
maticiang and logicians to agree on’a standard would generate bad language.

[ =]

For a vafriety of reasons it (1s convenient to use a slightly special notatiopn
for the result of applying ‘a function. Instead of F(x), L uses:

(F:x = The y ([¥,x] Is among F)).

If Double = Fx 2x then Double:3 = 6.

A somewhhat 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:

(R;x = {y \ For some z
(z Is among x & [y,z] Is among R)}).

Certain elementary notions of set theory are useful. These are the usual no-
tions of:

Union:
(xUy-= {_z_ \ 2z Is among x Or z Is among _}1}).
Intersection:

(x Ny =1{z \ z Is among x & z Is among y}).

148


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

