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1
Introduction 

1.1 A World of Systems
We are living in a world of increasing complexity, in which

the effects of actions are no longer confined to local environments but may (at least in their accumulated result) 

have unexpected consequences in apparently distant environ-ments. This is partly due to conscious efforts to integrate 

a large number of components to work together in a goal- directed manner as a system, partly to the number and 

aggregated magnitude of our interferences with the nature surrounding us.

The word "system" appears more and more frequently in our 

speech and writing: terms as "economic system", "transpor-

tation system", "production system", "social system",

"ecological system" etc. will be found many times in almost

any issue of the daily newspapers.

As international air travellers we are parts of a large number

of systems:

- as passengers queueing before the check-in counters
and passport control counters, crowding in the lobby,
buying in the tax-free stores, being delayed for
obscure reasons (to us), shepherded to aircraft after
having been searched by policemen to guard against
hi-jacking (an interaction with the political systems
in the Middle East).

- as passengers in a strange social system during the
flight,

- as a part of a machine consisting of tens of thousands
interacting parts, carrying us at an altitude of 9000
meters with a speed close to Mach 1 and the outside
temperature of -45oC. At the same time we, as passengers,
are drinking French wines, watching a Western movie or
discussing with a seat neighbour from the other side
of the world. 

- as a part of a machine whose position and velocity is
recorded by radar beams from control centers hundreds
of kilometres away, guided through messages trans-
mitted by radio waves to avoid collisions with other
aircraft.

- as a part of a device consuming colossal amounts of
petrol every second, contributing to the rapid
depletion of one of the worlds important resources,
in the case of the new supersonic transports also
(in the opinion of many scientists) gradually changing
the properties of the upper layers of the atmosphere,
thus potentially influencing the conditions for all
life on the earth below.

1.2 Tools for System Description

In order to understand, design, implement or control complex

systems, it is necessary to have suitable tools for system

description. By writing a description, the inquirer forces

himself to consider relevant aspects of a system, and a

system description language should be so constructed that

it assists him in this process. By writing a description,

the inquirer makes it possible to convey his conception of

the system to other people. Thereby he may contribute

to their knowledge, and make it possible for them to correct

his views and to improve his understanding.

Computer simulation has become an important methodological

tool in the study of systems. Quite often, the actual simu-

lation model runs on the computer provide useful information.

What is nearly always useful, however, is the effort invested

in writing the simulation program. This work requires a

careful attention to both the main structure of a system

and to its details. The result is often an understanding

which makes the later computer analysis less important in

comparison.

Mathematics was for centuries the most important tool for

analyzing and handling complex systems. Today, mathematics is

unable to cope with most of the problems which are regarded

as essential in relations to the social and technical

systems which we have to deal with. Two reasons for this

situation may be mentioned. 

The first is that the systems are complex, consist of too 

many too different components:

It has become very difficult to create models which are both

realistic and at the same time lend themselves to any of

the formal deduction processes of mathematics.

The second reason is that mathematics lacks suitable

notation for describing certain situations which are rather

common in large systems: Each component (or a group of

components) may, at least partially, be usefully described

by mathematical relations valid in time intervals or at

specific points of time. But the set of these mathematical

"property descriptors" may be large and, even more important,

subject to frequent changes as a result of the interactions

taking place between components. Language tools are

needed for describing the structure and dynamics of these

changes in a way which conveys an understanding to the user.

The computer programming languages, particularly the

simulation languages, seem to be a promising tool for system

description, and are in fact used for this purpose. Their

advantages are that they have language facilities for the

description of complex data structures and for obtaining

at least some kinds of useful decomposition of systems,

capable of being tailored to the system at hand. They are

designed for the description of algorithms, and thus for

the description of stepwise modification of components.

They have facilities for describing complex interaction 

patterns between components.

Their disadvantages are that they force us to conceive a

system in terms of models which are capable of being gene-

rated by a computer. We cannot describe true physical

parallel actions in the general sense we would like to.

We cannot describe time-consuming actions with continuous

changes of state properly. We are forced to describe every

change of state by algorithms, even when a mathematical

(or natural language) "property descriptor" would have been

the natural mode of expression. We lack a suitable interrupt

concept.

The use of simulation language also tends to force us to

formalize when the use of natural language would be quite

sufficient.

System description may use natural language. But those who

state that they are using natural, every day language in

system description are fooling themselves. An important

part of a system description language is the conceptual

framework for understanding complex systems, and such a

framework must be the basis also for descriptions in natural

language. Also the use of natural language often results in

very long and cumbersome descriptions.

The purpose of this report is to develop a conceptual frame-

work for conceiving systems, and an associated system

description language. Our starting platform has been a

language which is designed as a tool for both system

description and the writing of computer programs: the SIMULA

language. We have, however, freed ourselves from the

restrictions imposed by the computer, described above. We

hope to have provided a tool which makes it possible to

conceive systems in ways natural to human beings, using and

extending the properties of programming languages, making it

possible to combine algorithmic, mathematical and natural

language modes of expression.
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2 
Systems, Models and
Communication

This report is concerned with the development of a set of

concepts and a language for descriptions of systems and

communication about systems. In this chapter we are intro-

ducing concepts pertaining to such description and commu-

nication in general.

2.1 The Definition of the Term "System"
A wide variety of definitions of the term "system" is found

in the literature. Some definitions are very vague, others

highly structured and specialized for some narrow field of

study.

Sometimes the question is asked, with reference to some col-

lection of living and (or) inanimate objects: "Is this a system?"

At other times examples are given on the difficulty of defining

obvious boundaries for systems, with the implication that the

system concept is obscure. Or it is asked whether or not a

certain property is a "system property".

The underlying misunderstanding is that these questions and

remarks imply that the quality of being a system is innate to

certain collections of objects (living or inanimate).

In our opinion, any system definition must point out that a

part of the world may be called a system when, and only when

we choose to regard it in a certain way. In accordance with

this point of view, we will use the following definition of

the term "system":

A system is a part of the world



which we choose to reqard as a whole, separated from the



rest of the world during some period of consideration,



a whole which we choose to consider as containing a collec-



tion of components, each characterized by a selected set



of associated data items and patterns, and by actions



which may involve itself and other components.

In this definition we have used the terms "data items", "pat-

terns" and "actions". Within the framework of the definition

there are many ways of giving "data item" and "pattern" a pre-cise meaning, and there are many ways of organizing our con-ception and description of actions within a system.

This report develops one specific way of understanding and

describing systems, by the introduction of DELTA-structured

systems and the associated DELTA concepts, DELTA model sys-

tems and the DELTA language. The following chapters describe

the specific meanings which the above terms are given within

this context.

It may be useful, however, already at this stage to bring some

definitions (in a rather compact form):

By a ”data item" we will always understand a named data item,

being either a quantity or a reference.

By a type-defined quantity we will understand the association
of:

- a name,

- a type indicating a way of measuring some amount or 
quality, the set of possible states which may be 
observed through such measurements and the set of
operations possible upon these states,

- a constant or variable value, giving the state ac-
tually observed at a given time.

As an example we may consider the quantity with the name

"number of cars" associated with a "train"-component of some

system. "number of cars" is measured by an integer. "number

of cars" is thus said to belong to the "type integer". If

its value at some given time is "17", this indicates that a

counting (measurement) of the actual number of cars gives the

result "17". 

As another example we may consider a quantity "hue" associated

to "car"-components, being of "type colour" with the possible

states "black","brown", "green" etc., the value at a given

time being measured (by e.g. our sense of sight) to "green".

By a (class-defined) reference we will understand the associ-

ation of:

- a name,

- a qualification indicating a class of components
sharing common characteristics,

- a constant or variable value being one specific
component within that class. 

As an example we may consider some "service counter" - com-

ponent to which we may associate a reference named "first" 

of the qualification "person". The value of "first" then 

is made the "person"-component which at any time is at the

front of the queue before the service counter.

By a pattern we understand the definition of some category,

e.g.:

- a type, giving the common properties of quantities 
belonging to that type,

- a class pattern, giving the quantity, reference,
pattern and action characteristics of components
sharing a common structure. (The set of all components
belonging to a category defined by a class pattern is
said to constitute a class.

- a procedure, giving a rule for the execution of
action units which have common properties.

- a function, giving a rule for the evaluation of a
value depending upon the values of other quantities
and (or) references.

A pattern does not in itself introduce any quantity, compon-

ent, value or action into the system, but it may be referred

to when this is to be done.

The quantities, references and patterns associated with a 

component are said to be "the component's attributes".

The actions of a component will be considered to consist of 

an action sequence, (possibly empty) being materialized as 

the joint result of actions subsequences, each associated

either with the component as its prime activity or with 

interrupting activities imposed upon it by other components.

The prime activity of a component is specified by a prime
task containing an action directive which defines a set

of possible action sequences and their possible subsequence

partitioning. The action sequences of the interrupting

activities are specified as action directives associated

with procedure attributes of other components. An action

sequence (or subsequence) may consist of action atoms and

action units. Action atoms are those actions which we do

not find useful to regard as consisting of a sequence of

partial actions. An action unit consists of a sequence of 

partial actions which together constitute a meaningful whole

in our understanding of the component's behaviour. The 

partial actions may be action atoms or action units.

We now return to the general frame of reference, and observe 

that according to our system definition no part of the world

is a system per se, and any part of the world may conceivably

for some reason, be regarded as a system. Also, a system is 

always a part of the physically existing world, subject to its 

characteristics and limitations. 

An important class of systems are those existing in our minds 

as a result of our thought processes. Systems existing in the 

human mind, physically materialized as states of the cells of

our brains, are called mental systems. Systems external to human

minds are called manifest systems. 

In some branches of science and in mathematics we encounter

concepts like "abstract systems", "idealized conditions" etc.

It should be observed that it is possible to describe situations

which cannot be realized in the physical world. We may e.g. say.

that we will consider "the class of all real functions whose

integral over the interval [0,1] is equal to 1", "the set of

all rational numbers" etc.

The precise manipulation of such concepts must always be kept

within the area of description, and our understanding of those 

manipulations will always have to be based upon our translation

of the "abstract" or "idealized" concept to some approximation 

or manifestation existing in the real world.

Because of this, mathematics is limited to the manipulation of descriptions, transforming one description into another descrip- 

tion which for some reason is regarded as more useful, according

to logically consistent rules. Numerical analysis is a field

which in certain areas bridges the gap between mathematics and

the real world by providing systems for actual computation of

values, usually by the introduction of approximations.

2.2 Models
We are going to discuss situations in which human beings are

considering some part of the world as a system in order to get

a better understanding of it. The part of the world being stu-

died will be referred to as the considered system. A human being 

considering this system will be called an inquirer.

Our understanding of a considered system, manifest or mental

(in some other person's mind) will always be based upon mental 

systems which we create and manipulate within our own minds, 

and which we try to make similar to the considered system in 

some sense.

When we get information about some considered system, we have

to select a subset of the properties of the system for incorpo-

ration in our mental system portraying the considered system.

The reason is that any considered system posesses too many pro-

perties. We do not know all these properties, and even if they

were known we would not be able to represent them all at the 

same time in our mental system. Because of this, and since we

in a given situation are interested only in some aspects of the 

considered system, we do as it is stated in our system defini-

tion: we choose to consider a selected set of properties.

The mental system created in this way, in order to portray a

selected set of the considered system's properties, is called

a mental model system, or briefly, a mental model.

The process may be illustrated by fig. 2.1.
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fig. 2.1

The inquirer generates the mental model system according to his

understanding and purposes and the information he gets about

the considered system. For this reason, we will say that the

inquirer in this situation acts as a system generator.

The human mind is not able to manipulate concurrently a large

number of mental system components with complex attributes and

action structures. For this reason the inquirer may decide to

enact his role as a system generator in a different way: by 

generating or selecting a manifest model system which the in-

quirer regards as portraying the properties of the considered 

system. This manifest model system is then examined and provides

information for the generation of his mental model.

Examples of uses of manifest models are: a toy railway laid out

to portray a railway marshalling yard, an aircraft model tested

in a wind tunnel, the performance of a servomechanism evaluated

by its simulation by an analog computer, the traffic at an air- 

port studied by the execution of a simulation program within an

electronic digital computer.

Other reasons for using manifest model systems may be e.g.:

- that the inquirer is unable to observe all data items
and actions in the considered system, or that he does
not understand the properties governing the behaviour of
the considered system.

- that the considered system is unavailable or too large and
costly for the experimentation necessary to gain insight
in its behaviour in a sufficiently wide range of situations.

In our use of the word, a model (mental or manifest) is always

itself a system. When we say that some system is a model, it is

being related to another system - the considered system.

2.3 Observation, Participation and Communication

So far we have not examined the methods by which an inquirer

gets information about the considered system.

We will now distinguish between two different ways of obtaining

information about a considered system:

- by direct exposure
- by communication

When an inquirer is directly exposed to a considered system or

a model of the considered system, he may choose to regard him-

self as a part of the system or he may choose to regard himself

as not being a part of the system. In the former case we will

say that he regards himself as participating in the system, in

the latter case that he regards himself as observing the system.

The second method, communication, is used when the inquirer

obtains his information about the considered system from another

inquirer of that system, without direct exposure to the consi-

dered system or a model system. The two inquirers involved will

be called communicators.

The distinction between these methods may sometimes be obscure.

The exposure to a social system will, except in extreme cases,

involve communication. The concepts of participation and ob-

servation are introduced because they reflect the inquirer's

attitude and sometimes provides a useful distinction.

In obtaining information, an inquirer will always be influenced 

by his earlier experiences. This is treated in Section 2.8 on

contexts.

Later on (in Section 2.5) we will also generalize the concepts 

of communication to include cases in which one or both of the 

human communicators are substituted by inanimate objects.

Confining ourselves at this point to communication between

human communicators, the transmission of information usually

is achieved by the use of a language.

In this report we will not discuss languages and their proper- 

ties in general. In our language concept we include ordinary 

written or spoken English, Norwegian etc., as well as special

purpose versions of such languages (the language used in writing

plays, the atom physicist's English etc.). We also include the

language of mathematics and computer programming languages.

We do not include descriptions using graphs, whereas the sym-

bols and rules used in writing a musical score may be regarded

as a borderline case.

When information about a system is communicated in a language,

the information passed on may be said to be a system description.

The communicator receiving a system description will use it when

he, acting as a system generator, generates his mental model of

the considered system to which the system description refers.

Communication may be achieved either through transient or perma-
nent system descriptions. In the first case, the description

elements constituting the system description exist only when

they are expressed by the communicator who communicates informa-

tion, and immediately received by the communicator to which

the information is transmitted. A spoken description is an

example of this type of communication.

In the second case the description elements are recorded in some

permanently existing form (or at least existing over some period

of time). A description written on a blackboard or printed in a

book are examples of permanent system descriptions. Permanent

descriptions may in some cases be used over and over again, in-

dependently of the communicator who originally produced the des-

cription.

2.4 System Description Concepts
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