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INTEGRAL, IMPLICITY INTELLIGENT

SYSTEMS

Keywords: intelligent system, knowledge, brittleness,
" inflexibility, frame problem

ABSTRACT Artificial intelligence systems today suffer from problems that are widely ac-
knowledged within the discipline: brittleness, inflexibility, the frame problem and others,
These problems are largely due to insufficient methodological foresight in system design.
In particular, reduction of a system into components and-the explicit representation of
knowledge (frames, rules etc.) are misused. Research has begun at OZIR to investigate a
different class of systems: integral and implicitly intelligent. This paper explains the hypo-
theses involved and the direction of research.

INTEGRALNI, IMPLICITNO INTELIGENTNI SUSTAVI Sustavi umjetne inteligencije
kakve danas poznamo opterecuju problemi kao §to su nefleksibilnost, problem okvira i
drugi. Nedovoljna metodolodka analiza u pristupu velikim dijelom je uzrok ovakvom stan-

ju. Konkretno, rastavljanje sustava na dijelove i eksplicitno predstavljanje znanja pogresno.

se ili nepotrebno primjenjuju. U OZIR-~u je zapodeto istraZivanje nove klase sustava: in-
tegralnih, implicitno inteligentnih. U ovom radu iznesene su hipoteze na kojima se
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istrazivanje zasniva te osnovni koraci istrazivanja.

L

Artificial intelligence systems as we know them today suffer from
various widely recognized problems and limitations. Some of these
problems are due to lack of methodological insight on the part of re-
searchers uncritically rooted in the rationalistic tradition. This paper
is the announcement of a research project which has begun at OZIR.
The aim of this project is the introduction of a new class of machines
which should overcome some of the problems limiting current im-
plementations. These systems, of course, will suffer from problems
of their own. Hopefully, a shift in problem focus will mean a little
progress for the field.

Within the paper, [ will focus on some fundamental problems of ar-
tificial intelligence that are:

a) omnipresent throughout the discipline
b) important enough to be stiffling scientific progress

Solutions to these problems will be proposed in the paper and ex-
plored in implementations.

The structure of the paper is as follows. In the first part, the prob-
lems are identified. An explanation of their origin and importance
is provided. In the central part of the paper, a new approach is ad-
vocated. Finally, research mouvatxons and some inevitable social is-
sues are considered.

Before we continue, a brief summary of the problems and the pro-
posed solutions:

a) Altodaystudies and designs separate parts of intelligent sys-
tems. As these parts are in fact inseparable, this decompo-
sition leads to inherent limitations. The solution is to study
and design integrated systems.

" b) Knowledge is represented explicitly. What needs to be rep-
resented is not knowledge, but the world of an intelligent
subject, and this representation should be implicit.

A brlet remark. In this discussion, I consider intelligence to be ex-
_hibited by animal life in general. I also consider human intelligence

to be essentially of a higher order than that of other animals. I'will
usually refer to general intelligence as »intelligence«, and explicitly
denote »human intelligence«, except where the context makes the
difference clear.

1

The Reductionist Eastern Sin

Al is a young discipline. Not many people within the field have en-
gaged in an analyisis of the methodological structure at hand, Wino-
grad & Flores being anotable exception { WF}. The views expressed
here are strongly influenced by theirs, as well as by those of Doug
Hofstadter {DH}.

The basic approach taken in Al research faithfully follows the rules
of Western rationalistic tradition, above all the principle of divide et
empera. »Let us model our devices after man, and since this is a very
complicated model, let us look at some of the parts before assem-
bling the whole.« Some of the parts, however, when assembled, give
only a sum of the parts, and this is not what an intelligent system is
about.

We have today a variety and richness of subfields and techniques.
Computer vision, speech recognition and others study perception.
Robot manipulators and legged robots study the limbs and motion
— the motoric system. Expert systems, cognitive science and many
more study the cognitive domain. It has become obvious by now that
none of these domains have integration with other domains as their
long-term goal. This is not surprising.

An intelligent system must be conceived as an integrated system:

* What exactly does this mean? Well, it amounts to a statement, that

reductionism and holism must be well balanced in the methodologi-
cal structure of our discipline. Let me explain further.

In the present situation, reductionism is misused. The model is re-
duced instructure, while retaining scale. We need to reduce thescale, -
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while holistically retaining the structure.

Look at the way children do things, There is always a lot to be learned
from them. When a child models a man or a woman, it does not prac-
tice on an arm, or a head, or a leg for years, before moving on to the
next part, The child »constructs« the whole person, although in a
simplified, rudimentary way. The same holds for toy automobiles,
or castles in the sand. Children do it that way because it is the natu-
ral thing to do.

Letus suppose we still wanted to model part by part, function by func-
tion. Let's start with the motoric system. How do we watk? We walk
with legs. Or dowe? Can you imagine one leg walking by itself? Or
does it take two legs to walk? Two legs — and no body? Our whole
body walks. Our hands walk, Our shoulders, ears and nose walk.
And especially our eyes — they do a lot of the walking.

So it isn't at all easy to seperate the bodily functions into picture—
book parts. The way to proceed is to study intelligent systems as in-
tegrated, and design them as such.

Time & Space

Steps In Time

The development of intelligence was, and still is, a process — nota
sudden event. This is reflected in the structure of intelligence.
Given that, we can accelerate this process, but we cannot skip it al-
together, if machines are to be more intelligent than they are today.
Let us now consider time on two scales of magnitude: the scale of the
species/society and the scale of the individual.

Regarding time and intelligence, I consider some facts to be com-
pletely obvious and beyond interesting discussion. There was atime
when there was no animal life, and thus no intelligence. At some
point later in time, animal life had appeared, and with it intelligence.
At this point, there were no people, and no human intelligence.
Today, there are people, and they embody human intelligence,

On the scale of the individual, there was a time for each of us when
we did not exist. At some later point, we exist, exhibiting intelligent
behavior.

These are constant points in time where the relationship between
time and intelligence is obvious and simple. The periods of time of
interest to Al researchers lie between these points. They are the
transient periods:

1) Theperiod of emerging intelligence. During this period, the
process of formation of general intelligence took place.

2) The period of the formation of man, relating to the process
of the formation of human intelligence.

3) The prenatal/postnatal period in the life of a baby, during
which each of us goes from splitting cells to saying »mamac,
This period extends from roughly 2 months after conception
to roughly 24 months after the birth of the child.

If machines are to be intelligent, they must go through the processes -

bounded by these transient periods.

The analogies are obvious. Intelligent machines correspond to ani-
mal life. The best intelligent machines might correspond to people.
Each individual machine must go through a process of intelligence
formation,

Let’s look more closely at what this implies. We shall not begin by
modelling man. Study and design shall begin from the simplest forms
of intelligent life ~ maybe worms or insects’. If and when we suc-
ceed in building a true artificial simple animal, we might move onto
higher forms. In this way, scientific research can naturally reflect
evolutionary processes in nature.

On the other hand, the machines we design must go through individ-
ual processes of intelligence formation. This meaans that we must
find out as much as we can about the structure of an intelligent sys-
tem at the beginning of the third transient period, i.e. what's hard-
wired into an animal at the moment it starts learning by itself, We
must then reproduce this structure appropriately in the machine and
let it develop, if you will, through self-organization (a favorite buzz-
word lately).

A Spatio~Temporal Qutlook on Life

Time and space are forms of perception. There may be others, but
we certainly don't know about them and cannot imagine them, In-
telligence as we know it exists in a spatio-temporal framework. Try
imagining a world without time, or aworld without space {IK}. Thus,
time and space are essential to intelligent systems in an even more
important way than as a crucial factor in their development.

An intelligent system, must therefore have the ability to perceive
both time and space. This »mechanism« cannot, of course, be sim-
plistic, in the form of, say, predicate logic: before(X,Y), after(X,Y)
etc. The system must be organized in such a way that temporal per-
ception is a consequence of the organization, meaning that every ac-
tivity of the system and every entity within the system is in some way
spatio-temporally situated.

m

Integral, Implicitly Intelligent Systems

Some of the reasons for the belief that intelligent systems must be
integral to a degree, and their intelligence implicitly defined, have
been laid down. I would now like to go into this in some more de-
tail.

Structure of the System

Integral system design does not mean unstructured design. Integral
as it is, the system must have a fundamental structure. This structure
is defined by three basic functions:

Cognitive

/l\

Perceptive Motoric

These basic functions are realized by basic subsystems of an intelli-
gent system. It is essential that they be tightly coupled. Analysis of
the internal structure of each subsystem and the organisation of the
complete system, defined by the relationship between the subsys-
tems, as well as design based on this analysis, is to be a key aspect of
the research being proposed in this paper.

It is necessary for intelligent systems to have at least two sources of
perception, in order for them to be able to provide feedback for each
other”. This coincides nicely with the structure given above, even if
the basic perceptive function contains only one source of perception
itself. Namely, for the motoric function to be intelligent, i.e. to be
part of an intelligent system, it must be able to provide feedback in-
formation to the two other functions. Given a system with only one
»explicit« perceptive subsystem, feedback from the motoric system
can be used as another source of perception.

The Body

If anybody needs to be convinced that locomotion is an essential
characteristic of intelligent systems, let us consider an intuitive argu-
ment: All animals move. No plants move. As has already been said,
it is animal life that we consider to be intelligent. If that is not con-
vincing, we can say that for present purposes the necessity of motoric
abilities for intelligence is a conjecture, or hypothesis.

Man, as we see, does not walk by legs alone. In fact, no animal does.
Birds fly with their whole bodies, and fish and sea mammals swim
with theirs. The whole body of an animal, then, is it’s locomotion
system. The mechanical finesses of live bodies seem too complex to
be modelled at the present moment. However, we need not copy na-
ture in every detail. Locomotion can be achieved through the simple
machinery available to us, as long as one condition is met.

There is more intelligence in the movement of the humblest worm
than in the nicest robots of today. This seems quite obvious to me,
considering the complexity of motion of either system, The question
is:how come? Thereasonis that the worm, in it's wormlike rudimen-
tary way, learned to move, This fact is represented in it’s nervous sys-
tem by flexibility. A'worm will have no trouble at all climbing up any
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number of different branches during it's life — it just doesn’t appear
to care whether they are the same or not,

An intelligent system, then, cannot be preprogrammed to move. Tt
must be preprogrammed to learn to move, and then it must have a
necessity to move, forcing it to learn what it has been programmed to
learn — to move. Only in this way can truly intelligent motion be de-
signed, making the motoric system an intelligent subsystem of the
whole. :

The Senses

If the intuitive argument for the necessity of motoric ability for an
intelligent system doesn't seem quite convincing, [ hope nobody will
have to be convinced that perception is a necessary prerequisite for
intelligence. Nevertheless, ideas of a »brain in a bottle«, meaning a
completely isolated »intelligence« might sound intriguing to some.
[ should refer those interested to Kant {IK} and Dreyfus {HD},
where the impossibility of such a concept is explained. Dreyfus, of
course, takes his argument too far, deducing that Al is impossible in
principle, which does not follow from his discussion. For present
purposes, we shall assume that perception is essential for intel-
ligence.

Intelligence, on it’s part, is essential to perception. Artifical intel-
ligence researchers have learned this the hard way, especially in vi-
sion research. It has long been realised that brute-force perception
is impossible and »knowledge-based« systems are the only answer.
Interestingly enough, none of the researchers have concluded what
seems rather obvious. You cannot simply »add« intelligence to a
perception system. [ntelligence is not pepper or paprika. Percep-
tion systems can truly function only as subfunctions of an integrated
intelligent system.

To give a vivid example, let’s focus on vision for a while. How is it
that we see so well? Many factors are vital to our ability, and I shall
mention only a few.

Prediction. When we open a book, we don’t expect a computer to
fall out of it. We expect to see letters, numbers, pictures. Two-
dimensional symbols on a piece of paper. These symbols exist as such
for us, they are a part of our world. Our perceptive system s, there-
fore, guided and aided by the cognitive system in the process of vi-
sion. Automatically, the area of interest within our vision field is
determined by this expectance. We don’t scan the whole scene stu-
pidly like the vision systems of today, since we know what to look for
and where to find it.

Concentration. Do we see everything we see, and do we hear every-
thing we hear? How many times have you been caught reading co-
mics in class, having completely forgotten about the teacher and what
she had been saying? »Humberto, repeat what I just said!« »Sorry,
teacher, I didn’t hear you.« The perceptive and cognitive system
work together to focus only on the issue of importance to the whole
system, ignoring others and eliminating or reducing unnecessary pro-
cessing.

An analysis of the »tricks« intelligent systems use to be able to cope
with the truckloads of information perceptive subsystems are con-
stantly receiving has not been conducted within this research effort
yet, but will obviously be necessary to guide us in design, Once again:
there is no intelligence without perception, and no perception with-
outintelligence. The two cannot be separated. Tightly coupled with
the motoric system, they constitute an integrated intelligent system.

Cognition

I'would have liked to call this section »The Mind«in accordance with
previous headings. It would have been misleading, however, streng-
thening further the old belief that we walk by legs alone, see by eyes
alone, and use our brain only when doing mathematics (excuse the
exaggeration).

- Within the context of this discussion, I prefer using the term »cogni-
tive subsystem« for the subsystem that does what we usually call »rea-
soning«. In analogy with considering animals intelligent in a general
sense of the word, [ consider them to be able to »reason, or, if you
will, reason, in a very, very general sense. I am convinced, however,
that the reasoning of a frog is far superior to the »reasoning« of any
existing expert system, including MYCIN, XCON, Urologist etc. etc.

Far superibr’, in fact, to any expert system that will ever be built and
still deserve the name.

An expert system doesn’t know what it's talking about. This is such
anotorious fact and has been so nicely illustrated by Doug Lenat that
I call it »the GENSYM problemc after his example {DL}. The fact
that Lenat is not capable of deriving the consequences of his own in-
sight is sad, but not a central matter at the moment.

Imagine having MYCIN talk to you and use, instead of those nice
English words, unique variables generated by the LISP »gensyme«
function. »The patient should be treated with neocarboanimalis«
turns out to be »lkhj likhj 1&kkhje kj 1jkéthjk uiooz mnnmbqwert-
zuiopd«, and you get a certainty factor of 0.8. You wouldn’t be too
happy.  The machine, however, couldn’t care less. Putting it more
precisely, the symbols generated would have the same meaning as
the English wording — none whatsoever.

This is the result of formulating knowledge explicitly. Conceptual de-
pendency, frames, scripts, etc. etc. — nothing solves this problem.
Just how unaware Al researchers are of this problem can be seen
when proffesors claim that the essence of Al is developing better,
more precise formalisms. Neural networks appear to b.e avery sounfi
step in the right direction, but back to those later. Right now, let’s
look at the basic functions of the cognitive subsystem: -

Learning

-‘Memory Communication

Control

Learning

A fascinating characteristic of natural learning systems is their non-
linearity. A child will need many months to speak her first word. The
next one will soon follow, and the speed will increase with the size
of the vocabulary. This holds for other domains: motion (walking)
for instance. The seeming difficulty, however, of grasping elemen-
tary concepts is not a drawback of the system, but a reflection of it’s
strength. The same structural complexity that makes it hard to enter
a knowledge domain endows the system with power and flexibility
later on. :

There is a well known word in many parts of Yugoslavia for uncrea-
tive hard-working pupils. They are called »shtreberi« and not very
much respected by their bright, lazy colleaguesin this country or else-
where. The fundamental flaw in the knowledge of these kids is a lack
of real understanding of the subject matter. In extreme cases, they
learn it by heart without having any idea of what they are saying,

No matter how sophisticated machine learning schemes may be
today, they are truly ideal »shtreberi«. They have absolutely no
understanding of the subject matter and do not relate their »knowl-
edge« to reality,

One of the key reasons for this situation is that Al systems have no
real contact with the real world, i.e. they are completely isolated from
experience. In a metaphorical way, authors of expert systems talk of
their »experience« in the domain and the way they learn from it, but
this is of course quite far from truly experiencing the world of an in-
telligent subject, . -

The only road to knowledge is through learning from experience, and
so these three key issues are inextricably interwoven, This does not
mean we are lost in a vicious circle. We must carefully analyse the
rudiments of knowledge and the mechanism for learning that are
present in existing intelligent systems in the period in which they
grow from bunches of splitting cells to animate organisms (albeit pre-
natal) capable of learning from their experience. Itis only this much,
or rather an analogy to it, that we shall explicitly program into the
system we are designing.



The fact that systems learn through contact and experience in the
real world means that we cannot build two identical systems, since
they cannot share worlds. »The objective world«, namely, does not
exist as such. The world that matters to an intelligent system is it’s
own, unique world, so through learning from this world each system
develops unique knowledge.

As the system develops and ages, it loses flexibility. Is this only be-
cause the intelligent systems we know are biological? Ishould think
the reason lies in the structure that provides it with learning capa-
bilities in the first place.

Memory

The concept of artificial memory is as old as computers are. One
could speak of earlier data storage systems, such as libraries, as
memories, but this would be stretching the concept a bit.

The ability of computers to store and retrieve data can be quite con-
fusing when discussing intelligent systems. Apparently, we don’t
have to worry about enabling the system to remember the way we
have to worry about enabling it to learn. This, of course, is a miscon-
ception, much in a way electric motors and wheels do not automati-
cally guarantee intelligent motion. We have to purposely make
systems remember the hard way, in an intelligent manner. RAM and
ROM can only give us the technological foundations.

In biological intelligent systems, a bunch of neurons do not memory
make. There are intricate and complex memory mechanisms at
hand, and even neurophysiologists do not completely understand
them. Since we are mere éngineers, it is not our job to analyse mem-
ory from a neuroscientist’s point of view, but we must at least be in
touch with what is known. If we model this well enough, they might
benefit from the insight gained in empirical experiments,

Among other aspects, the structure of our memory provides us with
the notion of time. The way short-term and long-term memory
function and communicate, the way earlier events are »buried de-
eper« in memory, these and other mechanisms are essential to intel-
ligent behaviour. We shall therefore provide our designs with at
least rudimentary analogies of what we know, in hopes of being able

to introduce more complex structuring with the passing of time and
the growth of our own experience.

Control, Communication

Some views on control have already been explained in the section on
motion. Let it suffice for the present to say that there is a certain dis-
tinction between control and communication from the position of
the intelligent subject that may not be acceptable to all. Namely,
communication can be seen as an act of controling one’s communi-
cation mechanisms, or subsystems. I consider communication to be
important enough to be considered separately,

Apparently, communication is as widespread in the world of intelli-
gent systems as motion. That is, all intelligent systems communicate
in some way, and no unintelligent ones do.

We are only beginning to understand the structure of animal com-
munication, and we are constantly pushing the limits of what we see
as the potential for animals to communicate in a way more familiar
1o us.

Whatever forms communication takes, however, it is always intelli-
gent in the sense that the communicating agent is. Bees do not talk.
Al however, has been trying to make completely unintelligent sys-
tems communicate in spite of this, The GENSYM problem in com-
municating with expert systems has already been explained. Another
nice example are speech generation systems, neural network based
or not. These systems do not communicate in any substantial sense
of the word — theysimply transform text from one forminto another.
This is not what is needed. Anintelligent system must communicate
for a reason, and in a way that corresponds closely to it's structure
and complexity. We shall start by building simple systems with ru-
dimentary communication abilities in order to gain a deeper under-
standing of the processes involved and, more importantly, because
the gradual evolution of one system from another is crucial to the
structure of higher order intelligent systems.

Iv

Where Do We Begin?

What, then, are the implications of what has been said to design and
research? The reason for research is an inquest into the nature of
intelligence. A set of design principles should follow from insights
thus gained, enabling experimental validation of various hypotheses.

The first stage of research involves building a working model of an
animal of rudimentary intelligence. This stage breaks up into four
steps:

1. Selection of an animal to model. We need to decide upon a
specific animal. Our selection criteria are that the animal
be as simple as possible, while still displaying rudimentary
intelligence. The earthworm is a potential candidate at the
moment.

2. Analysis of the structural and functional organization of the
animal in terms of the motoric, perceptive and cognitive sub-
systems described above.

3. Mapping of this organization onto a system lending itself to
practical realization based on the computer technology ava-
ilable to us. This, of course, is the crucial step, and amounts
to building the core of the model.

4. Specification of a system based on this mapping and physi-
cal implementation. The result should basically be a mov-
ing robot, which need not necessarily be a physical analogy
of the animal (e.g. in terms of a similar locomotion system),
but the functional and structural mapping should preserve
the basic organization of the original.

Various basic functions and subsystems of our design represent dif-
ferent design problems. One of the fundamental differences is that
in some areas - sensing, learning — the problem is development of
the function, while in others — motion, memory — there is double
trouble because of the need to refrain from the tantalizing possi-
bilities offered by technology. In a Baconian way, we must hang
weights on the wings of technology, providing the system perhaps

with wheels and motors, but depriving it of the luxury of ready-made
control software. The system, like a child, must be forced to learn to
do things by itself. Otherwise, it will be the perfect spoiled child —
completely unable to cope to a degree that will make it unintelligent.

This fairly short specification implies quite a few design problems,
relating to issues already mentioned as unclear in the text, If we can
solve these problems even in a rudimentary way, the step from an ar-
tificial bug to an artificial frog might be much easier to take, much
as the child has the most trouble grasping elementary concepts.

v

Related Issues

Knowledge Representafion

The fundamental problem with knowledge representation has al-
ready been mentioned in the text, but since this is such an important
and favorite child of Al researchers, I would like to say a few more
words about it.

Widely accepted concepts usually have an implicit justification that
is not necessarily true. The justification for parliamentary govern-
ment, for instance, is the technological inability of society to enable
everybody to directly influence decisions of general importance.
This was O.K. until yesterday, but information and telecommunica-
tions systems are rapidly challenging the justification.

Asimilarly implicit, only completely false justification for knowledge
representation schemes is that we must represent knowledge in some
way, since we shurely don’t carry people, houses and elephants
around in our heads. The only problem with this is that knowledge is
not what is represented in the cognitive system — it is the world, our
world, the unique world of the subject itself. Various knowledge rep-
resentation schemes are actually representations of their author’s
understanding of how people’s mind’s work. This understanding is



not necessarily complete in each particular case.

Storing knowledge explicitly, in the form of frames, rules, logic etc.
amounts to creating an illusion that the system understands. Joseph
Weizenbaum realised the implications fully a long time ago, and
Margaret Boden has extensively commented on the matter {JW,
MB}. The systems and schemes, however, proved quite useful and
have remained with us to this day.

I don’t claim to have any deep insight intovthe workings of the mind
or of the brain. However, I am painfully aware of this, as well as of
the fact that [ cannot devote the rest of my life to any of the numer-
ous scientific disciplines covering the domain. My colleagues and I
must learn enough to be able t0 communicate creatively with psy-
chologists, neurophysiologists and many others. A collective, inter-
disciplinary effort is required to solve these difficult problems, and
no ad hoc, simplistic solutions will do.

Knowledge must be implicit, and intelligence is an epiphenomenon of
the organization of the system.

The Frame Problem

The frame problem is notorious in Al.. One of the most frustrating
aspects of this problem is the apparent ease with wich people handle
it. Now, where did this enfent ternible originate in the first place?

The roots of the frame problem lie in Eden, in the days before Al
commited it's eastern sin. When knowledge is represented explicit-
ly through clever ad hoc schemes, the problem can be solved only by
devising still cleverer and clevererer and ... counterschemes to tackle
it. .

When the organization of the system embodies knowledge, every-
thing that is known is distributed within the system as far as is natu-
ral to the context. The<onsequences of any action are then limited
by the distribution of the entities involved in the system and natu-
rally affect only the appropriate environment.

The frame problem is a non—problem if the system is intelligent in
an integrated, implicit way.

Neural Networks

The architectural concept of neural networks has begun to answer
one of the fundamental problems mentioned in this text — the prob-
lem of implicit representation of knowledge. Immediately, results
have shown them to be superior to standard techniques in many ap-
plication areas. :

This concept, however, does not address the other fundamental issue
— integration. The idea of an integrated system built around a neu-
ral network seems promising. Interestingly enough, even the staun-
chest critics of AI {HD} seem to be sympathetic, or reserved in the
waorst case, when discussing NN’s.

Motivation & Social Aspécts

In my experience, it has not usually been the case that scientists ana-
lyse their personal and social motivations for doing what they are
doing. Again, there is an implicit justification for research, rooted in
the Western Judeo—Christian tradition, stating basically that scien-
tific advances automatically benefit all humanity, This has, of course,
been questioned strongly in this century, and many people believe
today that the major contribution of the space program to society has
been the teflon pan.- I would almost agree with this view, even if it is
a bit extreme.

I believe that a strong personal motivation is present in doing Al re-
search. There is a starnge feeling of playing God about this disci-
pline: create something inyour own image, something which behaves
remarkably like yourself. This motivation has been furthered by ad
hoc concepts such as the Turing test, which even define artificial in-
telligence as the ability of a machine 10 imitate a human being,

Al is among the few sciences which have the potential of rapidly
breeding enormously powerful technology, thus potentially thre-
atening many people, either through weapons or social unrest result-
ing from industry transformation. This does not mean it shouldn't
be investigated. We who are doing it, however, must be intensely
aware of the implications and possible consequences of our work. It
is qur social responsibility to guide and control the results of our re-
search whenever we can, and avoid involvement with projects where

they might be misused.

" 1agree largely with Weizenbaum {JW?} that application domains of

Al systems should be carefully selected. Where exactly to draw the
line can be a matter of discussion, but it won’t do to just blindly
stumble into any domain that one considers interesting without giv-
ing some thought to the consequences of developments within that
domain.

An Al School

Al research as it has been described here requires a different sort of
education than any of us get today, in Yugoslavia, in the States or
elsewhere. Specialization, so dominant a trend in the decades past,
will not suffice any more.

An institution is needed that will provide Al students with a wide
knowledge of domains central to the discipline; mathematics, phil-
osophy, computer science, biology, neurophysiology, linguistics, psy-
chology and others. Students would, of course, specialize in one
aspect and research subject, but the depth of insight into one particu-
lar domain must be partially sacrificed to make way for a breadth of
knowledge that is a necessary prerequisite for studying and designing
integral, implicitly intelligent systems,

Prologue

There can be no strictly formal theory of artificial intelligence. -
Human intelligence is creative, thereby having the potential of al-

ways going one step beyond any formal definition. This means that

we cannot define intelligence in general, because we cannot define.
it’s most interesting form: creative intelligence. Since we cannot

define one of the central concepts, we cannot ever hope to construct

a full, complete system deserving to be called a »theory of artificial

intelligence«.

Given this, we at OZIR have stopped worrying about definitive sol-
utions and are trying to do the best we can with what we have, This
is all we are attempting by embarking on the study and design of in-
tegral, implicitly intelligent systems.
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Notes
1. I owe this idea to Ivan Mar$ié.

2. Vukaiin P. Masnikosa, Ivan Mar3i¢. I would certainly like
to see stronger biological support for this view, which I
nevertheless consider intuitive enough to be convincing.
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INFORMATIONAL LOGIC IV ‘

Keywords: logic of information, transformation rules,

informational modus

" In this part of the essay the following topics of the informational

logic (IL) are discussed: transformational rules of IL and a surveying
conclusion concerning the formal IL. Various informational modi of
informational transformation are presented. This part of the essay
includes also the concluding remarks which concern IL in its entirety
(references [15], [16], [17], and this essay).

Within transformational rules of IL, the following rules and modi
are determined and examined: uniform and non-uniform informational
substitution, informational replacement, and modus informationis with
the topics as informational implication, informational modus ponens,
modus tollens, modus rectus, modus obliquus, modus procedendi, modus
operandi, modus possibilitatis, modus necessitatis, and further rules
of Informing and the openness of introducing new transformational
rules.

INFORMACIJSKA LOGIKA 1IV.
naslovni poglavji informacijske logike (IL):
IL in pregled sklepov, ki zadevajo IL.
informacijskih modusov informacijske transformacije.
vkljuZuje tudi sklepne opombe, ki se nanaajo na celoten spis
(na navedbe [15], [16], [17] in na ta spis).

V okviru transformacijskih pravil IL se opredeljujejo in
raziskujejo tale pravila: uniformna in neuniformna informacijska
substitucija, informacijska zamena in modus informationis z naslovi kot
so informacijski modus ponens, modus tollens, modus rectus, modus
obliquus, modus procedendi, modus operandi, modus possibilitatis, modus
necessitatis in dalje pravila informiranja in odprtest uvajanja novih

V tem delu spisa se obravnavata 3e dve
transformacijska pravila

Prikazanih je nekaj
Ta del spisa
o IL
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transformacijskih pravil.

IT.4. TRANSFORMATION RULES OF INFORMATIONAL

LOGIC

Information is the fuel of cognition. At its
most basic level, information is a matter of
structure interacting under laws. The notion
of information thus reflects the
(relational) fact that a structure is
created by the impact of another structure.

The impacted structure is an encoding, in

some concrete form, of the interaction with
the impacting structure. Information is,

essentially, the structural trace in some
system of an interaction with another
system; it is also, as a consequence, the

structural fuel which drives the impacted
system's subsequent processes and behavior. '

Radu J. Bogdan [13] 81

I1.4.0. Introduction

By transformation rules, informational formulae
can be transformed into different ones, which
might have simpler, more complex, and also
essentially different form and meaning in
regard to the previous formulae. It is not
always quite clear if formatting, axiomatizing,
and transforming approaches can be separated
from each other in a strictly evident or clear
way. For instance, operations of informational
particularization and universalization can have
formatting as well as axiomatizing and
transforming nature. Within IL, transformation
rules transform axioms and already transformed
formulae (iwffs) in a uniform, non-uniform, and
modal (conditional, dependent, ontological,
possible, necessary, true, false, random, etc.)
way.



In regard to the uniform and non-uniform
substitution there is nothing essentially new
to saying. A uniform substitution of variables
in a formula is the most common mood of
substitution in mathematical formulae., With
uniform substitution all variables of the same
type will at a time be replaced by a determined
formula. In the case of a non-uniform
substitution this principle can be violated,
thus, in some occurrences a variable will be
replaced by a given formula and some not. In
this way, non-uniform substitution offers more
freedom as compared with uniform substitution.

The next possibility of substitution is the so-
called informational replacement. In this case,
a formula in a given formula can be replaced by
another formula. Such a replacement can Dbe
uniform as well as non-uniform which depends on
particular occurrences of a formula. As we
shall see, the approach of informational
replacement can lead to ambiguities when
occurrences of distinct formulae overlap each
other. In such cases strict rules of
substitution must be determined to enable, for
instance, substitutions in a parallel or
simultaneous manner.

The most diverse transformation of formulae is
possible by the use of the so-called
informational modi. These various kinds .of
transformation, of information in general and
of iwffs in particular, can be marked simply by
modus informationis (MI). MI belongs to the
central notions which concern informational
‘transformation rules. MI. is in fact a
metainformational transformation rule, which by
itself as an informational formula (iwff) can
be, for instance, non-uniformly particularized,
universalized, or  informationally modified (by
formatting, axiomatizing, and transforming).
When particularizing or universalizing the so-
called modus informationis, the following modi
can be observed: modus ponens, modus tollens,
modus rectus, modus obliquus, modus vivendi,
modus procedendi, modus operandi, modus
possibilitatis, modus necessitatis, etc.
Various kinds of informational transformation
arise within Informing of information with its
arising, and various transforming principles
are simply adopted with the embedded (incoming)
information. Thus, transformational modi can be
understood as essential, existential, and
arising phenomena of the entlre informational
realm.

The main characteristics of any informational
modus is the so-called- informational
extraction (coming into existence) of an
arising informational part, which follows as an
informational consequence from the current
state of a relevant informational phenomencon.
This process of extraction of information may
ceoencern very different notions, such as
implication in traditional logic, detachment in
modal logic, modus vivendi under circumstances
of survival, modus operandi under circumstances
of a possible success, etc. Particular
informational modi appear to be only
" intentional, believing, teleological, etc.
mechanisms of informational arising from an
antecedent, conditioning, basic, causal, etc.
into a consequent, resultant, non-basic,
sequential, etc. informational relevance.

To shortly summarize the possibilities of iwffs
transformation we can state the following: A
set of informational transformation rules (ITR)
licenses various informational operations on
informational axioms and also on iwffs obtained
by previous application of the ITRs. The iwffs
obtained by applying of ITRs will be called
informational theorems. An iwff is either an
informational axiom or informational theorem of
a given informational system. Within this
system, an iwff is often called informational
thesis.

IT.4.1. Rules of Uniform and non-Uniform
Informational Substitution

I1.4.1.0. Introduction

Substitution belongs to the most general
procedures of replacement of variables by
formulae within symbolic formulae. A variable,
or generally a symbol, is simply replaced by
another sequence of symbols (formula)
throughout a given formula or only some of
variable occurrences are replaced while others
are left unchanged. In fact, the process of
substitution can be strictly determined or can
be free in regard to the replacements of
occurrences of a variable. In the first case we
have to do with the so-called uniform, and in
the second case with the so-called non-uniform
substitution.

II.4.1.1. Rules of Uniform Substitutiocn
-within an IWFF

For uniform substiéution (without
particularization and universalization) it is
possible to state the following rule:

[Transformation Rule]DFl:

We can adopt the following ITR of the uniform
informational substitution: the result of a
uniform replacing of any informational variable
(the operand as well as the operator one) in an
informational thesis by any iwff and sub-iwff,
respectively, is itself an inférmational
thesis. This rule can be formalized in the
following way: let uG be the operator of
uniform substitution and ¢ an iwff in which

‘operand and operator variables &, 7, ... 4

occur, so that it 1is possible to write the
functional form (¥, n, ... , ¥). Let arbitrary
iwffs o«, B, ... , Y be given and let token "|"
be the delimiter, which marks the end of G-
operation. Then the result of the operation of
uniform substitution is as follows:

usal 2, ce ey ,f,CP(E, ‘7); cee CJ'
(P(al 6; cee Y)

Instead of this symbolism of substitution we
can use the informational one, for instance,

o By, ., YFG £, n, cee Clu
P&, n, ... ) ‘==<P(al By v 4 Y)



The meaning of this formula is the following:

@, B, ... , Y substitute (kG) E,n, o0 T
uniformly in (lu) the formula (€, n, ... , ¥)
resulting in (Fz) the formula @&, 8, ... , Y).

Uniformly means that informational sets of
entities «, B8, , Yyand &, n, ¢ are in
the one-to-one correspondence. . n

I1.4.1.2. Rules of Non-Uniform Substitution
within an IWFF

If the uniform substitution within a formula
@(€, n, , %) always gives a single result,
denoted as a formula ¢{x, B, , Y), then the
non-uniform substitution c¢an give many
different results, which can be denoted by a
set of formulae {¢(¥, «, n, B, ... , &, Y)}.
Thus, we can adopt the following rule:

[Transformation Rule]DFZ:

We take nG as the operator of a non-uniform
substitution and (¢, 7n, ... , ¥) as an iwff,
in which &, n, .. , § are occurrences of

informational operand and operator variables.

Now, let «, 8, , Y mark arbitrary iwffs and
sub-iwffs, respectively. Then we have a set {¢}
of results of the non-uniform substitution,
i.e.,

g Mmoo i 8
G g ;E 0=
{¢(€, «, n, B, v G )}
where the appearance of informational variables
£, n, ... , ¥ in particular elements of {¢} is

not necessarily certain. Informationally, we
can symbolize this formula also by

al Bl AR ! Yhs El nl A [ C-Ln
G(E, n, .. . %) Eo
{9(E, o, m/ By oo 4 T, Y ]

II.4.2. Rules of Informational Replacement

The rule of replacement is a generalization of
the rule of substitution, which concerns only
particular variables 1like operands and
operators. Replacement does not search only for
variables but for symbolic sequences within an
iwff, which may be particular iwffs or sub-
iwffs occurring within a source iwff. In
general, by a replacement operation, the
occurring iwffs can be replaced by other iwffs.
This kind of operation is generally not uniform
and cannot be always unique because of the
occurring formulae overlapping within an iwff.
But, it is more or less obvious that through an
informational replacement very complex changes
or essential transformations of existing iwffs
can be achieved, Informational replacement will
belong to the legal rules of informational
formula transformation.

From the philosophical point of view,
informational replacement is an operation,
by which given informational associations are
replaced by other associations. Here, an
association can be understood as a complex,

actualized informational entity, which calls
for an adequate informational completion,
change, or reduction. In this respect,
informational replacement is also a very
habitual process of living information.

Let us determine the rule of informational
replacement! The question is what to do in case
of overlapping of the occurring iwffs within a
given iwff. It is of course possible to
prescribe particular strategies or rules of
formula replacements., However, we shall not
deal with such particular "algorithms" yet. We
can simply state that it will not be prescribed
in advance how the replacement process is to
happen precisely. So, let us have the following
rule:

{Transformation Rule]DF3:
Let xﬁ be an x-ized informational operator of

replacement, where X 1s a replacement operator
particularization. Let ¢ be a given iwff upon
which the operator xm will act. 1In general,

this formula may or may not include some
particular iwffs, relevant to the replacement,
which could be replaced by formulae o, , ... .
v. Let it be

¢ =¢(¥% B, ..., €)

where ¥, B, , € mark the occurring or non-
occurring iwffs within ¢. Then,

gl B @, s, &) =
xalﬁ/---chp B -

{(P(Q‘[l al EB, BI ] G:I Y)]

As it is seen from the last expression, the
operation of replacement results in a set of
possible iwffs. |

We can understand how the operator '=' in the
last formula could be replaced also by a
particularized operator 'k', when the meaning
would be that the operation of replacement on
the left side of '=' informs the set of
possible iwffs on the right side of '='.

IX.4.3. Rules of Modus Informationis
I1.4.3.0. Introduction

Modus informationis will embrace the broadest
réalm of informational inferring or of
informational syllogism. In this respect, modus
informationis will be a kind of observational,
investigational, and comprehensional
development of information, by means of which a
part of arising information will be extracted
(recognized, comprehended, and separated) from
an existing informational entity (unity). Modus
informationis has to be understood also as
special, additional (special) mechanism for the
development of informational formulae (iwffs),
of their arising. In real cases, under modus
informationis it will be possible to comprehend
any informational arising from an already
existing arising of information.

In this section we shall introduce the notion
of a suitable class of informational moods or
modi of information and its Informing. The goal
of this determination will be to get a general,



powerful, and indefinitely arising set of
transformation rules in the form of iwffs, by
which other and also informational modi-
concerned iwffs will be transformed from one
form to another. The so-called modus of
information in our case will be regular
information (a concrete iwff) for transforming
iwffs. For such a modus we shall introduce the
general name modus informationis (MI).

As informaticn (a given iwff for transformation
purposes) an informational modus describes the
arising of information, which can concern, for
instance, Being, existence, state, form,
process, structure, organization, etc. of
information. Modus is informational property,
essence, eXistence of informational extraction
through changing, arising, and vanishing of
information, is information of extracting
phenomenology and is as such the immanent and
regular property of information. A steady,
unchangeable modus is similar to an attribute
or informationally to a datum. In general
sense, modus is information of changing of
attributes, which c¢an be understood as
informational constants or informationally
unchangeable types. Modus 1is a regular
informational process with intention how to
extract and by its application to change,
generate, develop, or dismiss certain
information on which it is applied, how to
modify information and. enable its arising into
new, contrary, richer, poorer, or essentially
different information. Informational modus is a
general characteristics of information and we
use this term to explicate it as a principle,
which is relevant to the development,
deduction, induction, inference, reasoning, or,

generally, to the arising of informational
formulae.
II.4.3.1. The Rough Structure of
Modus Informationis

What is modus informationis? Modus
informationis (MI) means any informationally
arising transformation of information. MI is
information by itself, is. an arising

transformational Informing. Let us list some of
necessary and possible conclusions:

(1) It is evident that MI as a generalization
of the known modi has to preserve the sc-called
informational transformation by detachment or
possibilities of informational extraction of
_subinformation from a broader informational
realm. Thus, MI includes the informational
operator of detachment, the most general one,
which can be marked by hﬁ or'he or shortly by =
or ¢, respectively. It is to understand that
there exists a semantic difference between
- informational implication (3 and ¢) and
informational extraction, i.e. detachment (=
and ¢).

(2) What do we have on the antecedent (or
"numerator") side of a detachment formula?
There are usually several informational
components, denoted by variables «, B, ... , Y
and connected by an informational operator of
the type Hhcomall ) HAH , OI.' " , n .

(3) On the consequent - (or "denominator") side

of a detachment formula let it be an
informationally simple or complex component
marked by 3.

(4) According to paragraphs (1), (2), and (3),
the rough structure of MI has the form

by B Ey e By V) E, B

(5) How is the consequence § structurally

dependent on the variable (arising) antecedent
components o, @, e , Y? What are
informational differences among antecedent
components? Components «, f, .. , Y are
mutually dependent and thus informational
differences among them can constitute the
nature of the consequence 3.

(6) The general case of MI exposed in
paragraphs (1) through (5) can now be
particularized and universalized to obtain, for
instance, the cases of modus ponens, modus
tollens, modus rectus, modus vivendi, etc.

IT.4.3.2. Informational Implication

Informational implication, marked Dby
informational operator 3 and used in several
previous definitions, might -be viewed as the
most primitive form of MI. If information «
implies information B8, then this fact within IL
may sound as a rule, that the occurrence of «
within an iwff can be replaced by 8. Of course,
the notion of informational implication
embraces also several forms of the so-called
mathematical implications, for .instance, the
so-called substantial (material), primitive,
traditionally logical, effectively 1logical,

effectively true, critical, basic implication,
ete. ’
Further, informational implication as an iwff

of the form « 3 # has to be understood as a
particularization of the most general formula

of Informing « k 3. However, formula o » § has’

to be understood as universalization of, for
instance, known mathematical (logical) forms of
implication.

I1.4.3.3. The Case of Informational

Modus Ponens

Common sense had almost no inkling that
physical reality is mathematical. Why would
it be better off when it comes to the formal
character of cognition?
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Modus ponens concerns, for instance, cne of the
very elaborated and practiced rule of formula
transformation in mathematics.
known modus in mathematical theories. In fact,
it is a modus of limited reasoning or strict
inference which uses the so-called disjunctive
syllogism, where affirming one of given
possibilities excludes other possibilities and
vice versa. In this section we shall determine
various informational possibilities of the so-
called informational modus ponens.

It is the most’



[Transformation Rules]DF4:

Let us determine the traditional and most
common rule of modus ponens! Let « and B be
informational entities and let 2 be the
operator of informational implication. The rule
is the following:

o, o« 3B
B8

To be more precise, this rule can be rewritten
as

(¢ A (x>B)) >8

which comes closer to the iwff of IL. But it
must be kept in mind that the traditional logic
deals with truth and falsity, and so the
traditional interpretation of modus ponens
within IL would be

() A (3 8) Ep)Eg) (8 Fg)) By

This formula enables the understanding of the
so-called detachment of f$ (or extraction of §
from the antecedent of modus ponens) as a true
informational entity within the informational
realm of o 3 B. |

The meaning of the last formula is that modus
ponens, in its entirety, informs true or that
it is by itself a true proposition. The
detachment of f means, that B informs true and
that on account of this truth it can be
recognized as a valid proposition. However, two
presumptions must be true, namely, that «
informs true and that the formula o 3 8 in this
particular case informs true (this yields that
the conjunction of « and o 3 8 informs true
too).

Let us now show further possible informational
universalization of modus ponens in the last
definition! This could be a regular way how
from a particular case (traditional modus
ponens) a more universal case can be obtained.
[Transformation Rules]DFS:

Let us rewrite the basic formula of medus
ponens in the following manner:

(@ Eplo by B)) Fy B

This formula has up to now not been essentially
different from the traditional formula. The
next step can be its radical universalization
by replacing all explicit operators in the
formula by the most universal operator f:

(cF (xEB))EB

This formula says that o« in some way informs
the process o F B and that the entire process
ok (x E B) finally informs . It means simply
that the entire process « £ (x F f) informs one

(1)

(1la)

of its components, namely f. This result is a
pure consequence of the radical
universalization of modus ponens.

Simultaneously, this universalization shows the
essential point of modus ponens, namely, that
no other component than B is informed by the
process o F (¢« B) so far. It means that, for
instance, o« must remain as it is or at least
must not be informed by « E {(« E B). This
universalization shows evidently the problem

10

which could appear in case of a real, living
information where the Informing to « has to be
blocked (inhibited) against the Informing of «
E (¢ F B). This request can be expressed
explicitly by the attributed formula (modus)

(@ F («FB)) B« .

{Transformation Rules]DFS:
As a rule, modus ponens informs true in
details and in its entirety, as

[Transformation Rules]DF4. Let us rewrite this
rule in the following (postfix) manner:

(o Ey) By (e by B) E)) Ep)
Ey (8 Fp)) Eg
The symmetric (prefix) version of (2) would be

(3)  Ep ((Bp (B @) Ey (Fp (x By 80)))
Fy (Ep 8))

The next step can be a radical universalization

(1b)

its
shown in

(2)

‘of formulae (2) and (3) in the following way:

(2a) (e E) B ((a E B) F)) B)
F@®F)E

(3a) F(E ((Fo) E(F (kB8
F(FB))

These formulae tell that Informings of «, where
o informs (¢ ) and is informed (F «), inform
the Informing of the process « £ B and that
entire Informings of processes (« E) E ((« £ B)
F) and (F «) F (F (¢ E B)), respectively,
finally inform Informings of B (§ F and E B,
respectively). Similarly to (1b) in the
previous definition, the following two formulae

can be attributed to (2a) and (3a),
respectively:

(2b) (e ) E ({a | B) E)) B) B (o )

(3b) (FE(Fa)E (E(xkBI)))E (Fa) n

In some cases it could be useful to introduce
the so-called extraction (separation,
detachment) line to improve the visibility of
an informational modus. In modus ponens it

would be, for instance,
a A (o> B) o A (o0 > B)
) or =
B B

instead of the traditional expression.

We see how formulae of informational modi are
becoming iwffs and can be understood as such.
We have to keep in mind that modi are
informational xules for transforming other
informational formulae. In this respect the
meaning of the extraction operation (line of
detachment) is, for instance, 'affirms',
'asserts', 'maintains', 'puts_out_to_interest',
'considers', etc. Thus, operation of
informational extraction can be understood as
an informational particularization.

[Transformation Rules]EXlz

Within informational logic it is possible to
construct an infinite set of informational modi
ponens. Let us list some characteristic
examples! ' The first example is, for dinstance,



the modus ponens of belief, where FB is the

informational operator of believing. There is:

FB &, i‘:B (a3 B)
kg 8

This rule says: if o is believed and if o 3 f8
is believed, then 8 is believed. To be
consequent to resulting from our believing, we
have to attribute to this formal believing
implicitly the following:

F (kg o kg (3 8))

and

Fg (Fg (Fg o kg (x 3 8)) / -(Fg B))

We certainly have to believe the entire
antecedent as it is composed and we have to
believe in modus ponens (of believing).
Informational operator '/' was introduced to
replace the usual detachment operation.

A similar example’ can be constructed for the

case of knowledge, where
Fg o Fg (a2 B8)
Fx B

etc.  However, we can still put the guestion
what would the so-called modus ponens of
Informing be. |

I1.4.3.4, The Case of Informational

Modus Tollens

Without a clear teleological hold on distal
targets, and a clarification of what this
means, we might only get proximal semantics,
and we do not want that. For if proximal
semantics makes sense, then my entire
approach to semantic information doesn't.
Hence the urgent need for modus tollens.
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In general, the modus tollens invalidates,
negates, or informationally abolishes a piece
of complex information and, in this respect,
represents an informational transformation
which can be understood as, in some sense,
opposite to informational transformation by
modus ponens. Of course, modus tollens can be
used in traditional theories as a rule of
negation. In fact it is a modus of limited
reasoning or strict. inference which uses the
so-called hypothetical syllogism: negating the
‘consequent causes negation of the antecedent.
[Transformation Rules]DF7:

First, let us define the traditional modus
tollens! Let o and § be informational entities,
2> the operator of informational implication,
and - the symbol of logical negation. By these
terms, the rule of traditional modus tollens is
the following: ’ )

«>8, 18

oo
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‘be true,

This rule can be logically rewritten into
(> B) A (2B)) 3> (7w

and represents an iwff of IL. However, there is
a slight difference when comparing modus ponens
and modus tollens, due the appearance of
operator -. Thus, instead of the first
interpretation of modus tollens by the formula
of detachment, it could be also

o>pB, B -

a4

This is due to 8 = .«, where the meaning of -1 is
the following:

'negate' V
'are_negated_(by)')

T =pe ('negates' v
'is_negated_(by)' %

By modus tollens the consequent negates the
antecedent.

In terms of traditional logic, modus tollens
has to be understood through categories of
truth and falsity (at least of some parts of
the formula). Thus, a traditional
interpretation of modus tollens becomes

(((((or 3 B) Fp) A ((8 ) Fp)) Fp) ®
((~ @) k) B

This formula gives the detachment (~ o) FT out

of the premise of modus tollens. But, in a
certain case, it is possible to explicate the
non-informing nature of components which bear
the operation of negation =, for instance

(2 8) Eg) A (B Fp)) Bg) 3 (Bp @) by

We have only combined -.and hT into a universal
operator #T which can again be
for a certain case. L

particulérized

The meaning of the last formula is that modus
tollens, in 4its entirety, informs true. The
detachment of « #T means that o does not inform

true. Prior to this, two presumptions have to
namely that « 3 8 informs true and
that B does not inform true.
Now, . it 1is possible to show <further
informational universalization of modus

tollens. Similar. to the {Transformation
Rules]DFS we can construct the following rule:

[Transformation Rules]DFe:

Let us rewrite the basic formula of modus
tollens in the following manner:

(1) (o Fy B) Fy (B ) Fy (0 )

This formula of modus tollens has up to now not
been essentially different from the traditional
formula. The next step of its modification can
be its radical universalization by the
replacement of all particularized explicit
operators in the formula by the most universal
operators E and R:

(1a) ((«EB)E (B lvf))‘i= (B «)



This formula tells that the process o« E B
informs, in some way, the process B } and that
the entire process (¢ F 8) E (8 B) informs the
process F o which concerns one of the
compenents of the process o f 8, namely, «.
This result is a pure consequence of the
radical universalization of traditional modus
tollens. Simultaneously, this universalization
shows the essential point of modus tollens,
namely, that no other component than the
process | « is informed by the process (« E B8)
E (B F). This universalization shows the
problem which arises in case of a real, living
information, where the Informing to § F has to
be blocked (inhibited) against the Informing of
the process (o E B) E (B ). This request can
be expressed explicitly by the attributed
formula (modus)

(la EB)E (BB K (BR) u
[Transformation Rules]ngz

As a rule, modus tollens informs true in its
details and in its entirety, as shown in
DF7

(1b)

{Transformation Rules] . This is a fact which
roots in the usual true-false categorization of
the traditional logic. Let us rewrite this rule
in the following (postfix) manner:

(e by 8) Eg) By (B EL) Ep)) Ep)
Fy (B @) Ep)) Ep

The symmetric (prefix) version of (2) is

Er (Ep ((5p (x by 8)) B, (Bp (8 E)D)
Ey (g (B, @)))

(2)

(3)

The next step can be a radical universalization
of formulae (2) and (3) in the following way:

(2a) (e EB) F) E ((B B E)) F)
E (R o) ED) E
(3a) EE(F («ER)E(EGE)

E(F (B o))

These formulae tell that Informings of the
process « k B, where oo F B informs ((x k B) k)
and is informed (F («¢ E B)), inform the
Informing of the process B B and that the
entire Informings of processes (((x E B) E) E
(B R E)) Fand E ((F (« FB))F (F (B K,
respectively, finally inform Informings (F «) E
and k (¥ «), respectively. The first of these
integral informational entities informs and
the second is informed. Similarly to (1b) in
the previous definition, the following two
formulae can be attributed to (2a) and (3a),
respectively:

(20) (e BB R E (BB BN R R

({« EB8) F)

(F ((E (kB E(FBE)E
(F (a E8)) N

We have to mention again that operators k and f
can be non-uniformly replaced by particularized
operators and that operators of the type ¥ can
Pe understood as any informational operators of
particular non-Informing. Thus, k and B are in
general not operators which exclude exactly
each other, but have to be understood as

(3b)
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operational variables belonging to various
particular classes.

Instead of the traditional expression of modus
tollens we can use also expressions

(¢ 2>8), B (¢ 2 B8), B
.. or l===
- % a4

Expressions of these kind explicate clearly the

extraction or detachment operation, which in
the context of modus tollens can be
particularized (in the second case) or

universalized (in the first case).
[Transformation Rules]Exz:

Within IL we can construct an infinite set of
informational modi tollens. Firstly, this
infiniteness follows from the unforeseeable
possibilities of particularization and
universalization of appearing informational
operators in a formula (iwff) representing
modus tollens. Secondly, as we have learned
from several previous cases, a distinct formula
of modus tollens can be developed through
consideration (introducing) of various forms of
Informings of operand variables and processes.
This procedure of formula development can lead
to a more and more complex expression and the
stopping of complexness can be impacted by
distinct circumstances (semantics, modus
vivendi) in the phase of formula development.
Let us look at some of these possibilities.

The
modi

first two examples are, for instance, the
tollens of belief, where FB and W, are

informational operators of believing and non-
believing. There is:

Fg (« 2 B8), By (0 B) kg (¢ 3 B), kg (B )

and
Fg (0 «) Fg (0 «)
or also
(¢ 3 B) Fgr (WB) Fg g (*38)Fg (B ) Fp
(= o) kg (7 o)k

The first rule says: if it is believed that «
implies B and 1f it is believed that B is
negated, then it is believed that « is negated.
The second rule says: if it is believed that «
implies B and if it is believed that f negates,
then it is believed that « is negated
(informationally in an implicit manner by B).
The third rule says: if information 'o implies
B' believes (or is believable) and 1if
information '@ is negated' believes (is
believable), then information 'a« is negated'
believes (is believable). The fourth rule says:
if information '« implies B' believes (or is
believable) and if information 'B negates'
believes (is believable), then information '«
is negated' (informationally in an implicit
manner by ) believes (is believable).
Similarly to [Transformation Rules]EXl it is
possible to express the belief into modus
tollens for the upper four cases in the
following way:

kg (kg ((Bg (3 8)) A (kg (1 8)))) /
(kg (7 )))



Ep ((Bg ((Bg (x5 8)) A (B (B ) /
(Bg (7))

(e 3 8) ) A ((28) Bg)) k) /
(7o) Eg)) kg

(LU 3 ) Eg) A (B ) Ep)) Eg) /
((~ o) FB)) FB

We certainly have to believe the entire
antecedents as they are composed (by the
operators A) and we have to believe the upper
rules of modus tollens. Informational operator
'/' replaces the usual operation of detachment.
n
[Transformation Rules]EX3:
The next two examples of modus tollens we. are
going to examine concern Xknowledge and
awareness. The traditional form of modus
tollens of knowledge is, for instance,

e (7 8)

(7 o)

Fg (a > 8),
Fx

This formula has the following meaning: if. it
is known that o implies 8 and if it is known
that 3 is negated, then it is known that o is
negated. However, we can interpret the operator
By as 'it_is_not_known' or 'it_does_not know'.
Thus, the basic formula of modus tollens of
knowledge can be rewritten into the form

. By 8

Fg (x> 8)

Ry

The meaning .of this formula is the following:
if it is known that o« implies B and if B is not
known, then « is also not known. As #K and #K
the
meaning of the operator variable can cover a
broad informational realm, which might not have

‘any relation to the opposition of a particular
operator belonging to the type #K"

can be particularized in a non-uniform way,

A similar reasoning is possible in case of the
so-called awareness (bA) and unawareness (#A)

The traditional form of modus tollens of
awareness is
Eay (03 B), By (0
By (0a)

Let us interpret the meaning of this formula:
if 'it is aware' (= 'it is consciously
evident') that « implies B and if 'it is aware'
that B is negated, then ‘it is aware' that o is
negated, The awareness of = B and = « can in a
particular case be interpreted as unawareness
of § and «, respectively. In this case,
the awareness that « implies B and that B is

unaware follows that « is unaware. Thus,
formula

B
sounds quite reasonably. s

from-
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. belief,

In the following examples we shall examine the
informational connectedness of truth, belief,
knowledge, awareness, and their counterparts
(for instance: falsity, doubt, illiteracy,
unconsciousness). '

[Transformation Rules]EX4

In the previous example we could recognize some
semantic similarity existing among
informational processes concerning truth,
knowledge, and awareness., For instance,
in the case of the definition of information «,

('ee is_information') Zpf

(e B) V (Fa) V(4 a)V (=)

it is possible, in a concrete case, to
particularize this definition in a non-uniform
manner into

(a FT) A\ (#B q) v (#K a) v (cx #A)

or, for instance, expressing it in the form of
a parallel metaphysical system

Wk g wr dle w0 vy

This could be a natural parallel metaphysical
process in which informational cooperation of
truth, belief, knowledge, and awareness is
coming into existence. Certainly, this can
occur not only in the cases 1in which
transformations of modus tollens are taking
part.

Within the domain of modus tollens it was
possible to observe operational combinations
(concatenations) concerning operators of
Informing and non-Informing. We can explain the
following examples:

'it is informed true'

FT (FB a) that o is
believed;

Fe (Bg ) 'it is informed true' that « is
not believed;

B (FB o) ‘it is not informed true' that
o is believed;

#T (#B o) 'it is not informed true' that
« is not believed;

kg (Fp o) it is believed that o [is
informed true';

kB (#T o) it is believed that ¢ Jis not
informed true';

#B (FT o) it is not believed that « Jis
informed true';

Bg (Bp «) it is not believed that « lis

not informed true'

Some operationally split cases can be of
particular interest. For instance,

(Fp ®) Fg o 'is informed true' informs
believable;

(hT o) #B « 'is informed true' does not
inform believable;.

(#T o) FB o 'is not informed true' informs_
believable;

(#T o) #B o« 'is not informed true' does
not inform believable;

(o FB) hT o informs believable informs
true; '

(o FB) #T o informs believable does not
inform true;

(& #B) kT o informs unbellevable informs

true;


http://if.it

(o #B) #T o informs unbelievable does

not inform true

Etc. We can see how particular cases can be
operationally reduced. If information informs
believable and true, then it can be reduced to
inform simply true or simply believable. For
instance,

Fp (Fg @), By (Bp o), (Fp @) Fy, (xFg) By
could be reduced either into
F& « and Fp « or into « kq and « FB

As soon as we have an operator which informs in
an untrue or unbelievable manner, a combination
of '"concatenated" or split operators can be
reduced to inform simply untrue or simply
unbelievable. For instance, formulae of the
above cases

Fp (Bg @), By (Bg @), Fg (Bp )y B (Fp @),
(}':T G) #B' (#T o<) FBI (d FB) #Tl (a #B) #T

could be reduced either into
#T « and Rgeo or into o Rn and o [N

In cases, where operators inform simultaneously
untrue and unbelievable, i.e.,

Bp (Bg @), Bg (Bp o), (Bp o) B, (o Bg) B

it is not possible to get a senseful
operational reduction. As we can understand, in
some particular cases, rules for operational
reduction can be constructed. a

[Transformation Rules]Exs:

We can show how sequences of informational
operators can be reduced into a single
operator. For instance, if information o is
informed aware, known, believable, and true, it
can be reduced in the following way:

(kp (B¢ (B (Fp @))))
(((Fy @) vV (g @) V (B @) V (Fp «))

The antecedent part of this formula is to be
read as follows: it is informed aware that it
is informed known that it is informed
believable that « is informed true. The shorter
meaning would be: o is informed aware, known,
believable, and true. Within this example it is
possible to recognize the common informational
circularity of awareness, knowledge, belief,
and truth.

A similar informational phenomenon appears also
when such an operator sequence is split. For
instance:

Fy (Fp (o Eg))
Fp (e Fy) Fg)

it is known that it is informed
true that o informs believable;
it is informed true that «
informs known informs
believable;

etc. Truth, belief, and Xnowledge are
informational entities (processes) which in the
realm of living belong to the awareness within
a being's metaphysics. ]

[Transformation Rules]EXG:
Now let us examine some contrary operations to
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truth, belief, knowledge, and awareness.
informational entities which inform and are
informed in this sense are

(« Fq) Vv (Fp @)  for truth,

(e Fg) V (Fg ) ror belief,

(« k) V (Fg ®)  for knowledge, and
(@ F) V (Fy @)  for awareness

In a similar way it is possible to introduce
the contraries of these informational entities,
denoting them as

(o Bq) V (Ep o) for untruth,

(o Bg) Vv (Bg o)  for unbelief,

(o By) V (g )  for ignorance, and
(o ) V (B «)  for unawareness

How 1s it possible to determine subclasses to
these informational entities? Let us introduce
falsity, doubt, illiteracy, and unconsciousness
as particular contraries to truth, belief,
knowledge, and awareness:

(B Fp) v (Fp B)  for falsity,

(B kp) vV (R B)  for doubt,

(B Fy) Vv (kp B)  for illiteracy, and
(8 Fy) vV (ky B)  for unconsciousness

It is probably possible to construct relation
of the so-called subinformation (operator C)
between falsity and untruth, doubt and
unbelief, illiteracy and ignorance, and
unconsciousness and unawareness. Thus,

(B Fp) C (x Bp), (kg B) C (By
(B Fp) < (e g), (B 8) C (Fg o),
(B Fp) € (xBy), (Fp B) € (By «),
(B Fy) € (x Bp)y (Ry B) C (By )

This example shows the informational power of

operator [, which can embrace gquite a
substantial realm of contrary information. [ ]

o),

ITI.4.3.5. The Case of Informational

Modus Rectus

I wish to examine the concept of a system
whose behavior can be - at least sometimes -
explained and predicted by relying on
ascriptions to the system of beliefs and
desires (and hopes, fears, intentions,
hunches, ...). I will call such systems
intentional systems, and such explanations
and predictions intentional explanations and
predictions, in virtue of the intentionality
of the idioms of belief and desire (and
hope, fear, intention, hunch, ...).

Daniel C. Dennett [14] 220

In Latin, rectus means something erect, right,
proper, appropriate, suitable, intelligent,
natural, etc. Informational modus rectus (IMR)

will concern direct adjustment (setting,
ruling, intentionality) of some experienced
(occurred) informational subjectiveness and/or
objectiveness. Informationally, IMR concerns
informational forms and processes in the realm



of belief, desire, intention, etc. being
embedded into a living being's metaphysics and
within it informationally impacting a living
being's behavioral information., In short, IMR
concerns belief, desire, intention, etc. and
their informational transformation within
metaphysical and especially behavioral
information. Within these informational
circumstances it seems to be worth to examine
the nature of the so-called intentional
information or intentionality which would be
the central notion in connection with the
nature of IMR.

Intention is a determination to act in a
certain way. Intention is oriented information
(i.e. acts in a certain direction). In this
sense, information as phenomenology of the
living is intentional in general and has its
intentionality being impacted by the previocus

arising of information as information
concerning information. Further, intention of
information means that certain informational

entities within information intend to be more
important or significant for the arising of
information than others and that they intend to
have various impact on their own informational
arising. : '
Informational intentionality -means that some
information about certain information is
arising, thus, that this intentionality
concerns the so-called aboutness of certain
informaticn. Such an informational aboutness
can be a kind of observation, investigation,
and’ comprehension as information of a certain
information.” Informational intentionality is a
particular form or process of counter-
information and counter-Informing, which arise
within information.

Particular cases of informational
intentionality can be clearly informationally
distinguished. What are, for instance, beliefs,
hopes, cares, hunches, plans, goals,
suspicions, knowledge, truth, etc.
intentional forms of information? Do they
impact a being's metaphysics and its behavior?
The answer to such questions is by itself a
form of intentional information. This means
simply that intention of information is its
arising, changing, and vanishing during the
life cycle of information. The informational
modus rectus takes intention as an essential
rule or- ruling information, which concerns
informational transformation not only on the
-level of living information, but in the case of
informational logic also on the level of
transformation of iwffs. , '
[Operands]DFS: i

Let us have the following definition:

('a is_intentional information') =

((at Fg) v (Fg o))

Df

v

where § is intentional Informing of « (hidden
in o), so that § C . As o« is information, for
which | - : :

("o is_information') =, ((a F) V (F «))

there 1is,
information,

in the <case of intentional

(la Bg) € (2 B)) V ((kg %) € (k )

other than
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In these'formulae g is the informing (or
informationally active) component of
information «. n

[Transformation Rules]P¥iC;

What could be the transformation formulae of
modus rectus? One of the possible ways is to
proceed from the notion of intention or
intentionality. On this way we have to develop
an initial philosophy.

Let « be intentional information which hides
some intention § as an informing part of
infeormation «. Intention § is a part of «'s
Informing. Let intentional information o act
(inform) wupon information f, so, « hs 8. Now,

modus rectus is the rule which separates
(detaches, reveals) the intention ¢ as
particular information which informs
intentionally within o« or is a form of
Informing of intentionality «. Thus, the
traditional modus rectus can be expressed. as

o, o hs 8
3
where « is intentional information and g its

intention (as information)}. This formula can be
rewritten in a logical manner as

Fp ((a g) V (kg @), Ry (o kg 8)
Fr (3C o 8)

or in a logically more complete form

Ep ((Ep ((5p ((aBg) V (Bg @) A
(Fp (o g B))))
/ By (8 Ca, B))) 2

where '/' is the detachment operation. There
are traces of the intention 9§ in «, as well as
in B. Information § arises as a consequence of
intention ¥ within «, which intentionally
informs 8. The last two formulae enable
understanding of the so-called detachment of §
(or extraction of § from the antecedent of
modus rectus) as a true informational entity
within the informational realm of « #s B. n

II.4.3.6. The Case of Informational
Modus Obliguus

In Latin, obliquus means slanting, sideways,
oblique, indirect, covert, and also envious.
Informational modus obligquus (IMO) will concern
indirect adjustment (a peculiar or personal

point of view, attitude, or opinion) of an
absurdly (and individually) experienced
informational subjectiveness and/or

objectiveness. In this respect, within IMO also
a line with a special (obligue) interest will
be interpreted or presented. We can say that
IMO as an informational transformation is
applied from one (specific) side, also with
disapproval or distrust. Informationally, IMO
concerns informational forms and processes in
the realm of unawareness, illiteracy, doubt,
and falsity. If modus rectus was a
transformation rule in the sense of directness
or intentionality, then modus obliquus will be
a transformation rule in the sense of
indirectness or absurdity.



As a form of indirect rule, modus obliquus
deviates from a direct or intentional line of
discourse, performing roundabout or not going
straight to the point. As an indirect proof, it
involves proof of informational entities that
negation leads to an absurdity or
contradiction. In this manner IMO reveals
information which is not openly shown or is to
some degree secret.

[Transformation Rules]DFllz
Let o be an absurd or contradictory information
defined as

("o is_absurd_information') =q.
((o o) V (g @)

where U is absurdity as information or
Informing of information as absurdity. Let 1 be
information for which it is believed that it
informs true (hB (T #T)). Then, the rough or

traditional form of modus obligquus could be

T, (01) P a

T
or, more precisely,

Fg (T Ep)r (0 7) 2«
T Fp

We see how in this case it is meaningful to
explicate the belief of the true Informing of «
at the beginning of the process of IMO. The
last formula of IMO is read in the following
way: if it is believed that information =
informs true and if the negation of information
T implies an absurd informational entity «,
then 1 does not inform true. In this case, the
implication of absurdity by negation of =
causes an untrue Informing of <. The last
formula can be rewritten in a logically
complete iwff:

kr (Bp ((Bp (g ((CTE) V (B 1)) Eg)))) A
(Bp ((7 1) 3 ((a k) V (g €)))))
/ (Bg (T ) V (B T

where '/'is the operator of detachment. ]

11.4.3.7., The Case of Informational

Modus Procedendi

Informational modus procedendi is a mood of
informational detachment by which a goal
information is coming into the process of
Informing. The Latin procedo has the meaning of
to go forth or before, advance, make progress;
to continue, remain; and to go on. When
informationally proceeding, the process has to
go forward by showing the goal in advance. As
an informational process, modus procedendi runs
on according to a gecal information, where this
goal information informs, for instance, a
motor, behavioral, or simply an acting
information and, finally, when the goal 1is
exhausted, elapses.

There exist an infinite number of possibilities
how to structure and organize goal-directed
informational systems. The task of a modus

16

procedendil could be, for instance, how to
extract a goal structure and organization from
a complex living or artificial informational
system, to bring this goal informational
structure and organization to the surface, for
instance to the logical or conscious level,
This could be a senseful informational process
of hidden informational goals identification
and their use in various life and technological
strategies.

[Transformation Rules]DFlz:
Let Y be a goal information, where h@ is

goal Informing. Now, let us have the following
definition of a goal operand variable:

its

('v is_goal-expressing_ information') =

(v Bg) v (B¢ YN

Let « be information (for instance, motor or
behavioral operand variable) which must
approach or at 1least consider the goal
information, or, as we usually say, must Dbe
informed by y. We can conclude that in some

DE

informational elements o has to become
informationally similar to y, thus, « v T
This expression is read as follows: « becomes

goal~similar to y. Under this circumstances o
is information approaching to the goal and y is
information which informs «. We can now express
informational modus procedendi (IMPr) in the
following, traditional form:

€ v kg &
(x-.-c.r
Let us analyze this informational modus! The
essential informational entity of the
consequent is the operator *@' This operator

has to answer the question, how much has o
already approached y. In this way, modus
procedendi has extracted the relation of
informational similarity between « and y. In
the antecedent, v does not arbitrarily inform
o, but it has to inform « particularly by the
structure and organization of €. In this
respect modus procedendi seems to be much more
complex than the previous modi have been. It
evidently concerns some parts of Informing of ¥y
(the antecedent of IMPr) as well as of « (the
consequent of IMPr),

I1.4.3.8. The Case of Informational
Modus Operandi

The reason such an internal selectivity is a
major condition on semantic information is
that a tokened information structure counts
as semantic only if its shape and function
in a system can be explained, under
appropriate types of regularities, relative
to some distal properties. The information
structure must therefore be shaped inside
the system, by its architecture and modus
operandi, in ways which can be explained
only by appeal to semantic considerations.

Radu J. Bogdan [13] 98

In Latin, modus operandi means a method of
operating or proceeding. This meaning comes



il

infeormational tool for the

near to the concept of algorithm, which is a
method of ©procedure. Evidently, the
informational modus operandi (IMOp) has to
answer the question what is the aim or essence
of informational operation within an
informational complex or what is the subject of
operation. Thus, IMOp has to extract the
operational information, and in regard to this
it has to explicate the 1Informing of
information which, in general, informs ‘and is
informed. Informational modus operandi reveals
the nature of Informing of information. By this
explication it becomes informationally known
how a certain information informs and is
informed. IMOp discovers the informing of
information and, in this respect, it is an

identification of
Informing.

How does an information function? How does it
produce informational effects on itself and on
informationally involved information? How does
it arise and how does it cause arising of other
information? How are this informational effects
particularized? Informational modus operandi
delivers answers to this questions in the form
of its consequent. The task of IMOp is, for
instance, to discover the algorithm of data
processing. However, information cannot be
reduced to data, which are static informational
entities, which are a collection of operative
and informative data. The question is what puts
and keeps information in its operation. What
are operational operators as concerned their
informational structure and organization?
{Transformation Rules]DF13:

What is Informing 9 (or %a) of information «?

Informing g is nothing else but an
informational functionality § of «, thus,

I = Flo)

In this sense, Informing 9 is an implicit
informational operator of « which is a product
of « and which as an active part of information
produces «. In this respect, the basic
definition of information « can be expressed
also as ’

] : : : 1 -_—
("o is_information') =,

((« hﬁ(a)) v (Fg(u) «))

This would have the meaning that « informs and
is informed in virtue of its own functionality.

Informing J of information o means that
information o counter-informs itself and that
it embeds the produced counter-information.
This 1is the known principle of informational
cyclicity. Within this philosophy, counter-
Informing of «, denoted as € = €(«), and
informational embedding & = E(«x) of the
counter-informed counter-information y are sub-
Informings of &, thus,

€ ECg

When discovering g, informational modus
operandi has to reveal components € and € of
Informing § to answer the gquestion- about the
nature of «'s Informing. In this procedure IMOp
asks for the cyclic structure and organization
of information «. The most simple form of IMOp
in the case of «'s self-Informing is
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o, o hg o
€, ECS

The cyclic complexity of «'s cyclic parallel
Informing g, considering its counter-Informing
€ and informational embedding €, can be chosen °
as follows:

«lky S
« kg Yo

«, 3 W% g, o,
&%, 31 Y Wa @l
IMOp has to explore this cyclic informational

domain since g can be identified considering
also its instantaneous components € and €. B

«, 3 Wg €,
Y g

[Transformation Rules]DF14:

The next cases, which are much more complex
than the previous one, concern the guestion how
does information « inform other information @8,
i.e., x B and, in general, « F &€, 0, ... , §.
If the previous rules concerned self-Informing,
the subsequent ones will concern one-way inter-
Informing of information. Let us introduce the
following tokens:

Sa or §(«) will mark the Informing of
information ¢; .
€ or (o) will mark the counter-Informing of
o
information «; and
Ga or €(x) will mark the informational
embedding of information «

In the case of the one-way Informing of
information « to information B, the following
rule of informational modus operandi can be
constructed:

o B « Fﬁ(a) g -
Ga, @a c Sa; CB, @@ C 36

This form of IMOp has to consider the following
complexities: the cyclic complexity of «'s
cyclic parallel Informing %a (coming into

existence in virtue of « F «), considering the
counter-Informing &a and informational

the one-way complexity of «'s

(linear) parallel Informing of § (coming into
existence in virtue of o k B); and the cyclic
complexity of B's cyclic parallel Informing 33

(coming into existence in virtue of 8 k£ B8),
considering the counter-Informing €, and

informational embedding &,. This complexity can
be expressed by the following parallel system:

embedding Ga7

@ g Sla)i oy F(et) rggy ), &
o, 3o frgro) o)
od W@(a) Toi & (), T Wa G(x); T W@(a) o;

[ IF& 3(6); o, g(a) |)'=3(a) S(B)I B;
o, J{x) kg(a) €B);
« #@(a) YB; a, Y(x), To #a E(B); Yo #@(a) B;

8 Wﬁ 3(B); B, 3(B) Ws(ﬁ) 3(B), B;
g WG(B)'YB; B, 3(B), YB WB ER); YB w@(ﬁ) 8

In this system, two essentially different
parallel informational operators appear,
namely, |- for cyclic and [ for general parallel



Informing. It is certainly possible that also
inter-informational parallel Informing can
become cyclic, when a circular Informing
between two informational entities 1is
introduced. In this case we can say that
simultaneously « F B and 8 k « are taking
place. This can be our next case of IMOp. [ ]

[Transformation Rules]DFlS:

In the case of the two-way or intercyclic
Informing between informational entities o and
8, the following rule of IMOp can be
constructed:

(e, B): (o Fs(a) B, o 43(6) B)

Ga, €, C ﬂa; @B, GB C9g

8

This form of IMOp has to consider the following

complexities: the cyclic complexity of «'s
cyclic parallel Informing %a (coming into
existence in virtue of « k «), considering the

counter-Informing Ga and informational
embedding @a; the one-way complexity of «'s
(apparently linear, but in fact inter-

informationally circular) parallel Informing of
g (coming into existence in virtue of o E B);
the one-way complexity of B's (apparently
linear, but. in fact circular) parallel
Informing of o (coming into existence in virtue
of B k£ o); and the cyclic complexity of

B's cyclic parallel Informing §, (coming into
existence in virtue of 8 k B), considering the

counter-Informing € and informational
embedding €,. This complexity can be expressed

by the following parallel system:

o lb, Sle)i o, S(a) wS(a) (a), o
X, i’f(oc) l}'s(a) (s(a)l.
% gy Toi %0 S(@) vy ly Ela)i vy gy &

x ”—d s(f’)v o, J(x) ”"g(a) S(B)l B/'
o, S(a) "—S(a) G(B)I
o W@(a) YB; a«, S({a«), Yo wa E(B); A WG(Q) B

(o) #B B; o), o #5(5) B, I(B);
Cla) #3(3) B, I(B);

T #@(ﬁ) B €lu) #B B, (B, YBL & #G(B) YBP

8 WB S(B); B, T(B) Wﬁ(ﬁ) J(B), B;
B,S(ﬁ)wgm) €(B);
e l|.-(SZ(B) YBi B, (B, YB'WB'@(B); Yﬁ W@(B) 8

In this system parallel cyclic operators |- and
4 can Dbe introduced since « and B are
cyclically interwoven in an informational
manner. Maybe the last example seems clumsy,
but it shows a rich complexity in the case of
inter-informational activity. This kind of
complexity must certainly be considered in a
case of informational reality. |

It is evident that informational complexity for
a general case «, B, ... , YEE, 70 ... + %
and o, B, ... , vy 4 & m, ... , ¥ can
enormously grow. Identification of appearing
inter-informational forms of Informing calls
for particular rules of informational modus
operandi.
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I1.4.3.9, The Case of Informational
Modus Vivendi

How could the vital goal of staying alive or
that of enjoying oneself shape any sort of
information? Vital goals are satisfied only
when active, specific goals are.

Radu J. Bogdan [13] 92

Infofmational

modus vivendi concerns
information of 1life in environmental,
individual, populational, and social

circumstances. Several levels and sorts of life
information can certainly be distinguished. The
basic living information present everywhere
where the living arises may be marked as
autopoietic information «. This information may
be compared to basic informational fuel of
which any higher living informational forms and
processes are composed and aggregated. This
informational fuel includes the most elementary
and primitive informational lumps, living
informationally related and unrelated in their
biclogical environment and out of which, during
a life cycle, higher and more complex
informational forms and processes would come
into existence.

We can imagine, for instance, how in a living
being its total information called metaphysics
¢ is permanently arising out of informational
lumps within its autopoietic system, wnere o is
coming into existence, changing, and vanishing,
This metaphysics | represents a life related
informational form and process of autopoietic
information «. In these circumstances, «
together with stimulus or sensory information ¢
enables the coming of metaphysics p into
existence. Through life processes, « and ¢
structure and organize i, thus, as we say,

inform w. In general,
o, T F W
At first, this process could be seen as an

initial process of metaphysical development of
a living unit. As soon as @ begins to develop,
it begins to impact a being's autopoietic
system, i.e., its autopoietic information e,
and it begins to filter and modulate
metaphysically the sensory information ¢. 5o,
to the initial process, the process

wE« @
can be attributed.

Further, an essential part of metaphysics . is
the so-called behavioral or motor information
B, by which a being performs its acting
(intelligent deciding) within its autopoietic
system and in its environment, In processes of
life all informational occurrences of a living
being interact, so, a general living system can
be demonstrated informationally in the form

%, T, W, B Eo, o, b, B

This informational system can be decomposed
into basic interacting parallel processes, for
instance,



«Fo, alw,
clFo, olFu,
plF o, plFw,
BlFo, B W,

o koo,
ok,
wlE «,

B F o,

W W W
W W W

®E Q8

This system says that not only informational
entities «, o, w, and B interact, but that also
their Informings Sa, 3&, g, and § interact
within the informational parallelism of the
basic processes « |F «, a | o, B Ew, BIF

8.

The basic system being described can be
broadened into the form

wlr o, Syi ok o, 3 alk w3, alk 8, Ipi
TlFa 30 0lFa, 3 o Fw 35 0 kB, i
Wik e, S wlko S vl 35 wikB, i
Bh': &, sai B Ik o, 30.:' B Ik w, sui 8 kB, gs
where SE' £ € {«, o, w, B} is Informing of
information in guestion. This parallel

informational system can further be decomposed
(particularized) into more and .more details.

It has to be stressed again that autopoietic
information « is a kind of basic architectural,
molecularly structured and by molecular
processing organized information of a 1living
being - also of a living cell. Information « is
a matter of molecular processes within complex
melecules of life, microtubules, cell lumps and
generally subunits of the cell as entirety,
etc.

In constructing various kinds of informational
modi vivendi, 1living informational components
«, ¢, ¢, and B can be considered as basic
elements or a background of specialized and

dedicated living informational entities. On
higher 1levels of 1living structure and
organization, e.g., on the level of higher

cortical processes, modus vivendi embraces all
of the imaginable modi informationis where each
special modus can be a part or a function of
modus vivendi. The information, which 1living
beings are capable to produce, is in principle
only autopoietic, thus its arising is under the
impact of such or another modus vivendi in a
particular time slice (step of development) and
Wwithin a particular environment. What a living
being thinks, hypothesizes, does, performs,
informationally adopts, etc., can arise only

within the realm of its autopoietically
informational.

In this section we shall not discuss other

specific modi informationis (ponens, tollens,

rectus, etc.), but will concentrate to

revealing some specific and elementary life

processes, wWwhich originate, preserve, and
destruct life, i.e., the real and essential

forms of modus vivendi.

As a modus informationis we have determined an
iwff which uses the so-called fractional
(detachment) or extractive line operation. Now,
cases of modus vivendi have to be constructed
in this standard way.

[Transformation Rules]DFle:

Let w, o, @, and B be autopoietic, sensory
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(stimulus), metaphysical, and behavioral
(motor) information, respectively. It is to
understand that after its conception
metaphysics W is certainly  being
informationally embedded in autopoietic
information «.In the very beginning of a
being's conception, when only its autopoietic
information arises, its beginning metaphysics
is coming into existence. This fact can be
expressed by the modus

(1) o, % F W

73

The meaning of this modus is the following: if
there exists autopoietic information o and if «
informs metaphysics @, then there exists .
This modus has to be conjoined with the axiom
(1la). (e B) vV (F o)) 3 (« L)

which governs the conception of metaphysics @
and says the following: if « is autopoietic
information (if it informs and is informed),
then « causes the appearance of p or, cuases
tc come into existence by Informing of «. This
property of autopoietic information, to
conceive its metaphysics, exists as its own
intention and is a way of its Informing and
informational development. )

At the conception of a being's metaphysics u
also Informing of autopoietic information « and
Informing of arising metaphysics @ can be
considered in the operationally explicit way,
by the following modus:

ok,

(x F u) F
®E

The meaning of this formula is as follows: if «
informs (arises) and if the process « kE @
informs (arises), then y informs (arises) as
well. This conclusion is important because @ E
does not follow explicitly from the antecedent
of the last modus. In fact, to this modus the
following axiom can be conjoined:

(((a« B) B) V(E (xF)) V
((Fa) F) V(E (F«)))
P (((aR) V (Fa)) L ((wF) Vv (F®))

(2)

(2a)

Although the conseguence of the last
implication is not essentially different from
the consequence of (la), it can be read
differently, namely, that complex Informing of
o causes the appearance of complex Informing of
.. However, complex Informing of information is
nothing else but information itself.

As in an environment autopoietic information «
and metaphysics W conceived by it are always
arising, the impact of sensory information on
metaphysics is taking place:

(3) (¢, ¢), (o, 0 F @)
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If autopoietic information & and sensory
information ¢ exist and if they inform
metaphysics @, then metaphysics p exists or
performs as information impacted by « and o.
This modus can be conjoined by the axiom



(3a) (e By V{IEa) V(e k) V (Eo))

2 (0, o L)

This axiom seems to be informationally more
accurate than axiom (la), however, we have to
consider that axiom (la) was the very beginning
of the conception of metaphysics. In fact,
axiom (3a) is an iwff describing the
continuation of conceptional formation of
metaphysics and has the following meaning: if «
is autopoietic information which has already
conceived its metaphysics @, then in further
process of conception, o together with sensory
information ¢ informationally impacts
metaphysics . In this respect (3a) is a sequel
of (la). On the other hand, (3a) can be seen as
a particularization of (1) where o was
substituted by «, o. Thus, modus (3) has the
semantic value because it shows the impact of «
as well as o on extraction of u.

(2)

Similarly to modus it is possible to

broaden modus (3) to the Informings of
impacting and impacted informational
components. Thus, the following modus 1is
obtained:
(4) (¢, o F), (¢, o F W E

wE

This formula is a particularization of modus
(2), where « k was substituted by « k&, ¢ F and
« by «, ¢. This modus has the semantic value in
showing the impact of antecedent Informings on
conseguent Informing of w. As in previous
cases, this modus can be conjoined with the
axiom :

(4a) (((a F) BY V(E (e« E)) V
() B) VIE (o) V
(e ) B)Y V(E (e F)) V
((Eo)EYV (E (ko))
3 (e EY VFa)V (ck)V (Foa))
L (k) V (Ew))

As the conception of W is progressing it
becomes more and more clear that particular
modi vivendi must satisfy the basic expression
of the living, namely,

% ¢, b, BE o, 4, B u

[Transformation Rules]DFl7:

Let us list several other modi vivendi
explicating Informings of vital informational
components. For autopoietic information « there
is the basic modus

o
o« E 3y

It means that autopoietic information « informs
(generates, observes, also autopoietically
limits) its own Informing §_ . This modus is

informationally regular, for Informing Su is an
implicit component of living information. This

is the known principle of Informing of
information {4, 11]. The last modus is
informationally regular, for Informing ﬂu is

only an implicit operational component of ¢,
hidden in o (in the antecedent of the last
formula). Thus, this modus means explication or
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extraction of the component hidden in «. This
concealment could be considered, for instance,
by the formula

o= a(Sa)
Similarly as in previous transformation rule,
now it is possible to reveal modi concerning

Informings of autopoietic and metaphysical
information. Thus,

ok Dot Eu
I Fw
In course of conception of metaphysics, by
metaphysics, its Informing is coming into

existence, and the following modus can be
observed:

(e, o), («, ¢ F w)
T ﬂu

Finally, within autopoietic information «, and
metaphysics p embedded in it, as well as a
consequence of appearing sensory information o,
information of a being's behavior B is coming
inteo existence as a reaction to all of these
informational circumstances. We suppose that
the conception of B begins by p and we can
adopt the following axiom:

(a0, 0, wE W > (uLB)

Afterwards, we can introduce the following
modus:
(¢, 0, W), (&, 0, 4 FB)
g

This modus assures the existence of behavioral
information B. It becomes evident that after
this discussion different informational axioms
arise concerning information of the living. For
instance,

(x ) 3 (L @)
(W E)  (LB)
((x k) V (0 E)) 2 ((Lw) V(LB

etc. [

Examples of different modi vivendi have shown
that modus vivendi above all presents a case
being semantically bound to living being. The
exposed cases of modus vivendl retain their
meaning also in a more general informational
sense, for arising of information is a 1living
as well as cosmic and artificial phenomenon.

In this section we have discussed only very
general forms of modus vivendi. We did not
examine concrete modi, concerning higher
intellectual functions and higher forms of
life. Modus vivendi concerns any realm of
living activity and can certainly be
concretized for any field, form, or process
referring to a living being.



11.4.3.10. The Case of Informational
Modus Possibilitatis

Possibility is a modal determination which
opposes reality (essential, existential) and
necessity. Modality by itself is a mood of
revealing of Being, occurrence, or thinking; it
is a mood of conditionality. In logic, modality
of Dpropositions  means the degree of
trustability of propositions in regard to
possibility (e.g., a problematic proposition is
o hn B or o« = f with the meaning o can be ),
existence (e.g., an asserting proposition is «
= B with the meaning « is §), and to necessity
(e.g., an apodictic proposition is « qust be B

with the meaning « must_be B). According to
Kant, categories of modality are
possibility/impossibility, exXistence/non-
existence, and necessity/chance. In psychology,
modality is a common domain of quantitatively
related sensations, conditioned by functions of
certain organs, for instance, sensations of
sight, hearing, etc.

In formal-informational sense,
means that something, which is informational,
can always be informed or can come into
existence as a new informational subject and
object, irrespective to its particular nature
of counter-Informing and informational
embedding. A cognitive-theoretical or material-
objective possibility is only a particular
information which can arise irrespectively to a
concrete metaphysical experience which might be
or might not be a reference versus arising
possibility. Metaphysics as a total information
of a being certainly conditions the possibility
of informational arising according to the
autopoietic informational nature of a being. As
information possibility is a potential dynamics
of information to arise into a new,
unforeseeable and foreseeable informational
phenomenon.

poessibility

[Transformation rules]DFls:

The basic question of informaticnal possibility
is the following: if « is information, how can
it arise. In fact, informational possibility
and informational arising concern a common and
essential question of information. Information
can arise in various ways. The possibility of
this arising is impacted by Informing of « by
itself and by Informing of other information 8
which can possibly impact «. If «, 8 F «, then
® can arise into any particular informatiocn,
information y, for instance; thus

« BEaF Y

The possibility of Informing of « is hidden
within the informational process « E Yt where
Y is the possible information. Informational

modus possibilitatis has to detach possible
information. If ¥y unites possible information,

then it marks an informational set of possible
informational entities, for instance, Y1 Yo
A which are samples of possible

entities. These entities can be informationally
conjoined or interwoven. Thus, possibility Y
hides possibilities Yy Ygr w0 Y-
An example of informational modus
possibilitatis can be the following:
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“, Bioo, BRE R, Y
Y Eg Yy Yoo coo 0 Yq

Informational modus possibilitatis answers the
question what is informationally possible.
According to philosophy of informational logic,
any (also unforeseeable) informational arising

~is possible, it means, any arising, which.leads

to the appearance of counter-informational,
contrary, absurd information, etc. Further,
possible information is probable as well as
improbable information, whose informational
framework can be sensed or felt or can stand

outside of a metaphysical imagination, which
may happen and which is wunforeseeable,
informationally not yet revealed. | |

I1.4.3.11. The Case of Informational
Modus Necessitatis

The 'must' is compelled by necessity. Necessity
as information is a pressure of informational
circumstances, is informational impossibility
(also incapability) of a contrary information.
It is an urgent informational need and desire,
in such a way, that it cannot be otherwise.
Necessity can be comprehended as an inevitable
informational consequence.

Informationally, necessity is a mood of
revealing and functioning of reality, Being,
essentialness, etc. It is a mood of principles
and informationally constructed legality of
various informational systems imagined as they
function orderly in reality. Necessity can be,
for instance, a form of fatalism, a
deterministic conception, by which existence
and arising of information are understood as a
necessary (predetermined) phenomenology which
informs as such in the past, present and
future. These concepts of necessity can reject
chance and also possibility as categories of
objectiveness. Dialectically, necessity 1is
comprehended to relate chance and possibility
according to reality of life where a living
being can estimate various possibilities and
can make determined decisions. Further,
necessity can also be conceived as a form of
informational repression.

[Transformation Rules]DFlQ:
Let us introduce the following definition:

('v is_information_of necessity') =p¢

(v Ey) V(g v)

where N is the Informing of necessity as
information within v. Now, let information « be
informed by v, thus, v FN o. We say that in

this case « is N-deterministic (necessity-
deterministic). Certainly, it is possible to
construct various rules of modus necessitatis.
Let us take the following example:

Vi vy

% Sy ¥
If v is information of necessity (necessary
information) and if this information informs,

by necessity N, another information «, then
information « is informationally compatible in



regard to information v. In this case, it is
said that v and « support informationally the
so-called informational kernel of necessity. W

Within a formal theory, it is necessary to
follow its axioms and rules of transformation,
otherwise the theory can expose inadmissible
contradictions. Within an ideology, it is
necessary to develop only ideologically
permissible information which is informed by
virtue of ideological kernel.

I1.4.3.12. Cases of Informational
Modus Informationis
Cases of different elementary modi
informationis have been presented, from the

informational modus ponens to the informational
modus necessitatis. From these elementary modi
it is possible to construct mixed modi
informationis (for instance, modus ponendo
ponens, modus pecnendo tollens, modus tollendo
tollens, modus tollendo ponens, modus ponendo
rectus, etc.) and compose them to more and more
sophisticated informational rules for iwff
transformation.

On the other side, we have to keep in mind that
information by itself is a transformational
entity which, besides of the previously
explicated cases of modus informationis,
develops itself and is developing other and
developed by other informational entities.
Modus informationis is just another
constructive look at the same problem, namely,
at informational arising. However, in a
concrete case, modus informationis is a
transforming system in Informing of iwffs in
the framework of the concrete case. Certainly,
there exist an indefinite number of cases of
modus informationis where their antecedent and
consequent parts are thrown into spontaneous
and circular Informing with an instantaneous
intentionality of living or artificial
information. Besides of transformational
arising of informational parts within a certain
information, the general and particular
informational =entities can always be
additionally particularized and universalized
in a new way. This principle of
particularization and universalization may come
close to the intention of designing living and
particularly artificial information.

1I1.4.3.13. Conclusion Concerning

Modus Informationis

Through the transformation principle of modus
informationis we have opened the real abyss of
developmentally extracting possibilities, where
information is extracted from information by
the way of informational arising. In this
regard modus informationis is another essential
principle of informational arising for it
seizes into the elementary philosophy of
informational phenomenology. In fact, it helps
to reveal concepts of a discrete Informing of
informational entities which informationally
develop in themselves. In “this manner, modus
informationis contributes also to explanation
of the concept of informational arising. It is
possible to say that modus informationis is a
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part of explanation which concerns the most
general informational metaoperator .

II.4.4. Rules of Informing

Rules of Informing as introduced in the form of
informational axioms and transformation rules
of IL concern a specific, theoretically and
symbolically logical nature of Informing of
information. These rules remain open to the
processes of their further informational
development (arising) and, certainly, of their
particularization and universalization. 1In
fact, any process of Informing is performed as
an informational rule upon informational units
within an informational domain. Thus, Informing
by itself can be understood as an instantaneous
rule applied spontaneously and circularly upon
instantaneous informational entities.

IT.4.4.1. Openness of Introducing New
Transformation Rules

The transformation rules determined in the
previous paragraphs show the possibilities of
their indefinite continuation of development.
Beside of the existing cases of
transformational detachability new and much
more complex informational transformations are
possible. It is, of course, also possible to
add new transformational types to the detaching
ones. Modus informationis as a general
principle of Informing can embrace variously
imaginable rules for transformational arising
of information. The consegquence of these
possibilities is that a transformational system
remains open for new transformational
determinations. On this basis it is possible to
conclude that informational transformation, as
presented in the previous cases, irrespective
of the informational system (theory, mind,
behavior, etc.) involved, remains open in the
informational sense. This informational
phenomenon enables to open new principled
questions concerning the nature of possible
informational transformation.

The basis of informational transformation of IL
remains developmentally open. Principles of
informational particularization and
universalization concern informational
transformation rules in the same sense as they
concern information and its Informing in
general. They are a constructively senseful
component of keeping the transformation basis
open. Thus, the exposed informational
transformation rules perform as regular
information. They are informational.

II.4.4.2. Transformation Rules and
Metaphysical Beliefs
Certainly, the listed transformational cases
arise from a particular metaphysical
disposition from which they are thrown as cases
of modus informationis into a broader
scientific, professional, and philosophical
discourse. Where are the limits of
informational arising of discussed



transformation rules? The answer is that only
in the metaphysics which dwells and develops on
its autopoietic foundation. Beliefs,
intentions, and desires cause their creation.
Scme principles of their creation seem to be
evident, at least some very primitive ones. In
this sense, informational transformation rules
can preserve their developmental and arising
power, of course, being impacted by their
cultural environment. ’

We have recognized how informational modi can
be developed from some ancient and alsc modern,
for instance, mathematical principles of
inference, proof theory, and common sense. In
each case, these modi have been informationally
(conceptually) broadened, and did not stay only
on their traditionally philosophical and
mathematical foundations. The traditional
meaning of these modi was preserved in their
most primitive forms, but they could be
céeveloped in a more general way and preserving
not only traditional logical relations. It is
relevant to stress that modi informationis
became a regular arising of information.

II.5. A SURVEYING CONCLUSION CONCERNING

THE FORMAL INFORMATIONAL LOGIC

The informational logic presented in this essay
has not always been placed inside of the strict
traditional rationalism and has not built any
protective ditch against the possibilities of
its further development, arising, and
theoretical improvement. In this respect it was
in no way closed as a sulky routine of logical
positivism being characteristic for some
Western posts of the angry common sense. This
means that IL stands on a broadened theoretical
ground of a sound reasoning. The most relevant
theoretical origin of IL was the construction
of 1its axiomatizational and transformational
possibilities of informational entities which
root -in the phenomenolecgy of the entire
information of a being, in the so-called
being's metaphysics. By such a way of
formalization, to IL was given the semantic
nature of informational arising on the level of
informational operands as well as on the level
of informational operators. The most general
operational variable of informational arising
was the operator k which became also an inward
property of operand information « as an arising
entity. To stress clearly, .this was the most
relevant innovation. to the formalistic
conception of information and Informing of
information, where k as operational variable
obtained the possibility to be particularized
and universalized. '
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INTERCONNECTION NETWORK
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This paper shows the development efforts in designing a
interconnection network for 64 processor tightly coupled PARSYS
parallel machine. In the first two chapters a network analysis is
described based on the discrete statistical simulation model. From the
results of the discrete statistical simulation model a high performance
asynchronous Routing Node logic design is defined and implemented for
the n-cube based interconnection network. ’

1. INTRODUCTION

We are entering the era of fundamental changes
in the field of computer architecture. In
particular, a large part of these changes have
been represented by a transition from serial to
parallel processing. This transition is
stimulated by at least four reasons: ’

- the cost of digital hardware has dropped to
the point that processors need not be
considered the scared resources,

- improvement of performance of monoprocessors
is technologically limited,

- the scope of problems whose algorithmic
complexity exceeds the capability of todays
most powerful computers is very large,

- the formulation of the problems naturally
suggest parallel realization.

Market Research Group, a consulting company
that follows the trends on computer market,
foretells that by the year 1990, 48% of all
large scale computers will have one of the
forms of parallel processing. Most of the
developed countries support parallel system
projects (Japan, German Federative Republic,
USA, etc.). These projects differ from
technological to philosophical concepts.
However, one is common to all of them: the
proposed computers are order of magnitude
faster than conventional computers, they are
successful, and there is a fully new open
market for the application software.

1.1. RATIONALE A ND
CONCEPTS

PARSYS([12,13] is a tightly-coupled MIMD
(multiple instruction, multiple data) research
and development project on parallel processing
at Iskra Delta Computers. Specifically, the
project is involved with:

- development of the first prototype hardware
and system  software,

- development of specific program development
environments,

- development of application software.

The rationale for the decision to build a MIMD
tightly-coupled parallel system rather than a
super fast SIMD (single instruction, multiple
data) vector machine is multifold:

- the market for MIMD multiprocessors is just
beginning to evolve, whereas for vector
machines it is highly competitive,

- the higher flexibility of MIMD machines
allows for a broader application spectrum,

- the development cost of the MIMD based
multiprocessor system is lower than of the
vector machine, since it is possible to use
of-the~shelf standard components,

- the whole spectrum of new software products
could benefit from general purpose MIMD
machines (vector processors are too much
specialized).

The PARSYS project is product-oriented. This
means that in contrast to pure research and
prototype development, an additional market-
oriented reguirements must be satisfied such
as:

- the desired absolute performance must be
obtained at the competitive cost-
effectiveness,

- the machine must be manufacturable, testable
and maintainable,

- there must exist a time schedule during which
the research and development must lead to a
production model.



In order to meet the time schedule, the
architectural design of the PARSYS machine has
been based not only on the innovative concepts
but also on the solutions that have
incorporated already proven technologies,
methodologies, standards and products,

The recent research and development'work on the
PARSYS system has been focused on:

1. top level architectural specification and
implementation a 64 processor machine
based on multistage interconnection
topology,

2. implementation of minimal kernel for fast
process communication,

3. development of software tools for automatic
parallelization and debugging.

In this paper we show only the hardware
realization of the PARSYS n-cube
interconnection netwecrk. The work was done at
Iskra Delta Computers as partial fulfillment
for Bs.EE. degree{11] from June 1987 to
September 1988,

2.INTERCONNECTION NETWORK
ANALYSIS

Interconnection networks for
computers have been studied intensively, and
many different topologies have Dbeen proposed:
from non-blocking, but impractical crossbar
switches, Benes and Batcher networks to more
practical blocking networks such as omega,
flip, delta, indirect binary n-cube.

PARSYS original network topology used flip
multistage interconnection network([1l], directly
transformed into the binary n-cube. The benefit
of the transformation was the simplicity of the
n-cube implementation and the versatility of
the multistage interconnection network.

PARSYS machine can be functionally represented
as in figure 2.1. Programs and data can be
either stored in processor's local (LM) or
global memory (GM). CPU-s can access global
memory.- only through the interconnection
network. The problem is that the time delay
required to access global memory is much larger
than the time to access local memory. In order
" to decrease ‘traffic in the network and to
increase overall program execution it is

O
HO[E

]
®
T

INTERCONNECTION NETWORK

GM GM . . . GN

Figure 2.1. The parallel computer with
distributed global and local

memory

concurrent
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required that both program code segments and
parts of data segments (local stack) are placed
in the local memory.

The interconnection network analysis must take
advantage of the fact that the traffic flow is
greatly reduced by introducing the local
memories in the system and that a simple
network design can sufficiently absorb traffic
flow and bring global memory regquest in the
fastest possible way.

2.1. THE PURPOSE OF
INTERCONNECTION
NETWORK

The interconnection network statistical

analysis and the interconnection network
simulation introduced in this paper are Vvalid
for any multiprocessor interconnection network
topology which is based on global/local
architecture. The goal of these two chapter is
to show transport characteristics in the
network and to make a ground for the optimal
multiprocessor network ogic design based on
the results of the analysis

CPU access global memory by creating a read or
write packet. Packets travel through the
network using self- routlng mechanism described
in [1].

The read packet contains an address and a
routing tag when it travels from the processor
to the destination global memory module (route:

_ P -> GM) and it consists of data and the same

routing tag when it returns back to the same
processor (route: GM -> P).

The write packet consists of an memory address,
a routing tag and data. It travels only in one

direction: £from the processor to the

destination global memory module (route: P ->

GM).

2.2 INTERCONNECTION
NETWORK STATISTICAL
ANALYSTIS

It is very hard to determine statistically
the percentage of global read and global write
memory accesses., However, an average and a
maximum number of packets in the network are
very valuable information for the optimization
process of the overall network design.

When statistical features and relative time
delays have been included in the model, the
basic network's features can be restored.

Fortunately, we can use some statistics
gathered from the uniprocessor systems and tune
them for the analysis of the parallel
interconnection design. The results of
statistical analysis of computer programs for
IBM mainframe machines([6] have shown the
following characteristics:

1. a typical program may be represented by
the finite automata,

2. instructions may be divided in three
characteristic groups, each group
representing a node in the automata,

- in the first group are instructions
like INA, ASLA and CLRA. These instructions
are register only instructions do not
require memory access, PC := PC+l,



- memory jump
PC :=

instructions (JMP, JSR,..),
<new address>

- read and write instructions (LDA, STA,..),
Reg := Memory[Address]; PC := PC+l;

3. there exists a state transition among the
groups: (figure 2.2.1)

- probability, that an instruction from the
first group is followed by an instruction
in the same group is 11/20,

- probability that an instruction from the
first group is followed by an instruction
from the second group is 1/4,

- probability that an instruction from the
first group is followed by an instruction
from the third group is 1/5.

- the similar relations are for the second
and for the third group, as well,

Figure 2.2.1.

Probability scheme of the
instruction cycle

4., when the memory space is divided to the
local and the global address space, then

only every tenth instruction will require

global memory request for its execution,

Since we are interested only at the memory
requests that require glcbal memory, we can
compress state 1 and state 3 into only one
state, called local state, and state 2 called
global state.

A probability that machine will turn from the
local state to the global state is 1/10.

The following assumptions are necessary to
construct a statistical model of the
multiprocessor network based on previously
defined probabilities: .

- programs are all loaded into local memories,

- there is an equal number of read and write
instructions,

- a probability scheme of the CPU machine
cycle is equal to the probability scheme of
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- the processor has finished a write cycle when
the write packet had been sent in the

network,

- PreRouting and PostRouting delays are
treated as a part of the network delay,

- the processors are treated as a two

state machines,
- the processors are statistically independent,

- network is deadlock free,

- there is no combining in the network
necessary[7].
From the statistical analysis and the

assumptions previously stated, it can be
concluded that the processor in 20 machine
cycles generates one read and one write packet.

The following symbols should be defined:

- N is a number of processors,

- Tcpu is the CPU'S machine cycle,

- Tn 1s an average packet delay in the
network,

- Tm is a global memory module's access
time,

- Tw is time which 1is needed to write
data in the destination global
memory module,

- Tr 1is time which is required to read
data from the global memory module
and

- Np is a number of packets in the
network.

Therefore:
Tr = Tn + Tm + Tn. 2.2.1.
Tw = Tn + Tm. 2.2.2.
2.3, INTERCONNECTION
NETWOREK SIMULATION

A discrete simulation model (figure 2.3.1.) is
constructed for the three functional parts:

- (cPU(Td)) delay units represent the

processors,
- (WPGM(Ta), RPGM{Tb) and RPCPU(Tc) )
delay units represent the

packets in the
multiprocessor network and
delay units represent the
global memory.

‘ fFGH(T:vTv',t b

- (GM(Te))

(TrofEesy

PGM(TalTve! )
v \_/ .

CPEC(TeperTveld MCED

FETprTue1)
RPCPECL)
' o

the instruction cycle, PECT)
| RPCPENTa-Tved [, .
- the CPU's machine cycle is equal to the y Y “%E:}_
processor's machine cycle,
- the processor which has just sent a
read packet to the network has to wait
until this packet returns, Figure 2.3.1.



The numper of packets which are sent to the
network at the moment T, is depended on the
number of processors which finished their last
machine cycle in the moment (T-Tcpu). The read
packets (RPGM(Tb) delay units) and the write
packets (WPGM(Ta) delay units) travel through
the network to the global memory modules
(route: P ~> GM). When the write packets come
to the global memory modules, write data in the
memory and their route is finished there. On
the other side, the read packets read data from
the global memory modules (GM(Te) delay units)
and after that, they return to the processors
with required data (RPCPU(Tc) delay units,
route: GM -> P).

Exact definitions are:

N * WPGM(Ta) - a number of write packets
o which are Ta time units in the
. network,

N * RPGM(Tb) - a number of read packets

which are .-Tb time units in the

network (route: P -> GM),
N * RPCPU(Tc) - a number of read  packets
which are Tc¢ time. units in
the network (route: GM -> P),
N * CcrPU(Td) - a, number of processors which

are going to start new machine
cycle for (Tcpu/Ts + 1 - Td)
time units,
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-maximum number of CPU(Ti)

The sampling time is bounded by the upper and
the lower limit. The upper limit is determined
by:

Tcpu = a * Ts, )
Tn = b * Ts in -
Tm = ¢ * Ts, 2.3.4.

where a, b and c are integer. If the condition
is not accomplish, the extended Z-
transformation must be used and the model can
not be simulated on digital computers,

The lower limit is defined by the number of the
delay units which represent the processors. The
delay units is N.
This is the highest asynchronization which can

be hardly achieved with N processors.

The sampling time is determined by the
requested precision and the observing range.
y(k) 1is defined by the inversive 2-
transformation:
-1
y(k) = 2 (.¥(z2) ). 2.3.5.

The number of all packets in the network (Np)
is:

k k k=b-c

Np(K) = N * ( 1/20 *3  y(i).+ 1/20 *3  y(i) + 1/20 * ¥ y(i) ) 2.3.6.
i=k-b i=k-b i=k-b-c-b

N * GM(Te) - a number of global memory for T = k * Ts,
: modules which are going to

return read packets in The analytic analysis is very complicated so

the network for the discrete simulation is used.

(Tm/Ts + 1 =~ Te) time units .

and The number of all packets in the network (Np)

Ts - is a sampling time.

The number of all packets in the network (Np!}
is a sum of the read and the write packets
which are in the network at the particular
moment: :

Tn/Ts+1
Np = N * 3
i=1

(WPGM(1i) + RPGM(1i) + RPCPU(i)).

2.3.1.

The ‘initial condition is a delta impulse on one
of the processors' delay units CPU(Ti). The
simulation will start after
(Tcpu/Ts + 1 - Ti) time units.

The probability scheme 1is valid for the first
machine cycle too.

All processors could send packets to the
network simultaneously. -However, this
possibility is one of the initial conditions
toco. If this condition could happen, the

after the transitional phenomenon is found out
by the simulation algorithm given in appendix
I.

The simulation results are shown in the figure

"2.3.2..
”»
PACKETS
2H 7
N A .
g 4
0 Tepe 2¢¥Tcpe 3I¥Tcpe Tn

Figure 2.3.2. The number of all packets in

network would congest mostly. The maximum the network (Np) after the
number of packets in the network is: transitional phenomenon
(Tcpu = 125 ns, Tn = 25
- N, if 0 < Tn < Tcpu and - 300 ns, Tm = 100 ns,
Ts = 5 ns)
=k * N, if (k - 1) * Tcpu < Tn < k * Tcpu.
2.3.2.
System functicn is:
~ Tcpu/Ts
Y(z) Z
- Tcpu/Ts - (Tcpu+Tn+Tm+Tn)/Ts
u(z) 1 -19/20 * 2 - 1/20 * Z 2.3.3.



The number of packets increases with Tn.
However, the non-regularity shows up at the
condition:

Tn =k * Tcpu ; k = 1,2,.. 2.3.7.

This non-regularity must be bypassed. This can
be assured by enforcing asynchronous processor
cperations.

The maximum number of all packets in the
network (Npm) is found out by the simulation
algorithm given in appendix II.

The simulation results are shown in the figure
2.3.3..

~
PACKETS
FALR
2l
v >
0 Tcpe 2¢Tcpe 3%Tcpe Tn

Figure 2.3.3. The maximum number of all
packets in the network (Tcpu
= 125 ns, Tn = 25 - 300 ns,

T™Tm = 100 ns, Ts = 5 ns)

A comparison between the eguation 2.3.2. and
the figure 2.3.3. shows that the maximum number
of all packets in the network depends on the
initial condition o©of the simulation.
Furthermore, the maximum number of packets is
in the network when processors work
synchroniously.

Therefore, the simulations show that hardware
asynchronization of the whole system
(processors among each other and network
itself) must be assured.

An efficient network can be built if only Tm is
slightly lesser than k * Tcpu.

The results of the interconnection network
statistical analysis based on the discrete
simulation model get together with the results
of other analysis which is built on a
interconnection network as an arbitration
system. The advantage of the described analysis
is also that it is independent from the system
architecture.

The main disadvantages of this analysis is that
Tm must be presumed to find out the exact
number of packets in the network. However, the
exact value of Tm parameter has no essential
influence on the network optimization and logic
design.

2.4. MULTISTAGE N-CUBE
OPTIMIZATION

Multistage networks 1like OMEGA, DELTA,
BUTTERFLY, FLIP and BINARY N-CUBE are well
known interconnection networks[14]. The main
advantage of these networks is that a processor

can access every memory module in Logy steps.
The main disadvantages of these networks is the
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number of crossing links which increase with
every new level and the processor inability to
access local memories in less than Logy steps.

The FLIP network (figure 2.4.1.) has an
isomorphic characteristic which enables a
transformation from FLIP's multistage structure
into Logy dimensional n-cube structureli].

PROCESSORS

OOOOOOEOEOOO®WBW®

] 0] (2] (3] (W) (33 (&) (71 (&] (o] G (1] (x2) s} 1) o]
MEMORIES
Figure 2.4.1.
A n-cube vertex consists of a processor, the

arbiters under that processor and a global
memory module under that arbiters.

A packet, which arrives to the arbiter, is
stored in 1lts memory block. After that a
packet's route is determined by its routing
tag. If the route is ready for the transfer,
the packet is. copied in the neighboring
arbiter, processor or global memory module.
Only one packet can be carried from the source
(arbiter's memory block) to the sink
(neighboring memory block) in the one
arbitration cycle. The arbitration cycle's
length is named an arbitration time (Ta) which
is proportional with the average packet delay
in the network (Tn). The relation between these
characteristic parameters follows from a
complex statistical analysis of arbitration
systems. But only the fact that the arbitration
time has to be as short as possible is
important for the network logic design.

Some calculations are given in this chapter to
be used as the direction for the final
optimization. All calculations are made for 64
multiprocessor system.

A physical and logical ampleness, which is an
optimization subject, is mostly depended on:

- one or bidirectional packets buses,

- packet buses width,

- the number of the arbiters and memory
blocks,

- the kind of memory blocks.

Every vertex 1is connected with Log,N
neighboring vertices. The number of all one-
directional packet buses is:

N * LogpN = 384 (buses) 2.4.1.

The bidirectional bus needs the arbiter to

apportion the bus to one of the sources. The
number of all arbiters can increase by:
N * LogyN / 2 = 192 (arbiters)
2.4.2.



The one-directional bus requires more links 1n
the bus, but the logic ampleness will decrease
because the additional arbiters are not
required.

Therefore, the read packet should include:

- 32-bit address or data,

- routing tag (Log,N = & bits),

- direction 1nd1ca%or (1 bit) and
- read or write mark (1 bit).

The write packet consists of:

- 32-bit address,

- data (32 bits)

- routing tag Log = 6 bits),

- direction 1nd1ca%or {1 bit) and
- read or write mark (1 bit).

The maximum packet's width is 72 bits and it
has to be equal the packet buses width. But the
buses width is halved to achive. a propitious
rate between the network efficiency, 1logic
ampleness and number of links. Therefore, the
write packet is divided into two words:

The first word contains:

- routing tag,

~ direction indicator and
- read or write mark,

- address.

After that, the second word is sent to the
nemory block and it consists only:

- data part.
The number of arbiters in the vertex is very

high, so the reduction is required, too.
next architectures has been analyzed:

- LogyN stage n-cube
(figure 2.4.2.),
- Log,N / 3 stage n-cube

(figure 2.4.3.) and

- singlestage n-cube (figure 2.4.4.).
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Figqure 2.4.2.
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Figure 2.4.3.
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Figure 2.4.4.
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The number of arbiters is:
- N * Log,N (arbiters)

for Log,N stage n-cube,

7

- N * Log,N / 3 (arbiters)

for LogzN /3 stage n-cube and

- N . * 1 (arbiters)

for singlestage n-cube,

The number of memory blocks is equal to the
number of all arbiter sources or sinks and it
is: .

- 3 * LogyN * N = 1152 (memory blocks)

for Log,N stage n-cube,
- 5 %

Log,N / 3 * N = 640 (memory blocks)

for LogiN /3 stage n-cube and

- 8 * N = 512 (memory blocks)

for singlestage n-cube.

A following estimation could be given between
the average packet delay, the arbitration time
and the architecture:

- Tn = LogpN * Ta

for Log,N stage'n—cube and

- Tn = Ta * Q

for singlestége n-cube.

where is Q > 1. 2.4.5.

r

The estimation is based on the multistage
networks without dead locks and races. If
almost all interested data for processcr i are
placed in the memory module i the Q is Xkept
low., =

The number of memory blocks is much higher than
the average or maximum number of packets. in the
network (figure 2.3.2., figure 2.3.3. and
equation 2.4.4.). Also the physical and logical
ampleness decreases with the architection
reduction (equation 2.4.3, and equation
2.4.4.). The third indicator is equation 2.4.5.
which shows that Ta could be higher in the
singlestage n-cube.

n-cube is the
and its

It is evident that singlestage
most appropriate architecture
efficiency is depended on:

- data disposition in the global memory
modules, -

- packets' conflict in the network.

Programs' adaptations to the architecture could
mostly sooth this problems, so the single-stage
n-cube is used for the network logic design
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Registers are used as memory blocks, because
the number of all memory blocks is much higher
then the maximum or average number of packets
(figure 2.3.2., figure 2.3.3. and equation
2.4.4.). The register is formed of two blocks,
because it has to store all packet and not only
one word. If other way had been used, the logic
ampleness would enormously increase. A solution
is given in the figure 2.4.5..

VERTEX

hi]

001

40

VERTEX 101

Figure 2.4.5.

At the beginning of the arbitration cycle the
first word is carried in the block R1. After
then the words are changed on the packet bus
and after all the second word is transferred in
the block R2.

Let's resume the optimization process and
define the routing node' features:

- the network burden is lower if the
asynchronous mode is used (equation
2.3.2. and figure 2.3.3.),

- Tn is proportional with Ta (follows from
the arbitration theory)

- one-directional buses should be used,

- the buses width is 40 bits, therefore
the write packets are divided into two
words,

- singlestage n-cube is applied and

A ]
- registers are used as memory blocks.

3. ROUTING NODE LOGIC
DESIGN

The routing node contains one arbiter which has
eight sources and sinks. It is formed of:

- eight memory blocks,
- a synchronization logic,
an arbitration logic and
a termination logic.

A packet which comes to the routing node is
stored in the register. After then the packet
route is determined by the routing tag. If the
next memory block on the packet route is empty,
the bus request is generated. All bus requests
from the sources are indicated in the
synchronization logic. The arbitration logic
chooses one of the bus requests and enables the
packet transfer. The termination logic ends the
arbitration cycle.

The routing node is built by 74F and 74AS logic
families which are often used in application to
achive high system performance. But. on the
other hand they are easy for designing because
many equipment and software tools have been
developed for these integrated circuits.

3.1. MEMORY MODULE
INPUT STROBE SIGNAL { s oACKE
INPUT STROBE SIGNAL 2 ¢ CKET BUS
Dr———————d
MEMORY SINK BUS i
MODWL —_tj
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Figure 3.1.1.
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Figure 3.1. Routing node



The functions of the memory block are:

- to store packet in the registers,

- to determine the packet's length and
directions,

- to define the sink,

- Lo generate a bus request.

A packet is written in the register by the
input strobe signals. The sink is defined by
the routing tag and a code of that memory block
(P, &, B,..).

The arbiter on the level i is shown in the
figure 3.1.2..

ARBLTER

Figure 3.1.2.

When the packets travel from processors to
memory blocks, the ‘source can be .the arbiter on
the level i-1 or the neighboring arbiter on the
level 1. :

For the source i-1 the sink is defined by the
r; bit (rs r4y 3 ry r; rg is the routing tag):

ry = 0; the sink is the arbiter on the level
i+l and :

[
"

i 1; the sink is the arbiter on the level
i.

For the source i-packeté are transferred to the
level i+1l.

When the read packets return to processors,
they reach the arbiter on the level i through
the source i-1 and i.

For the source i+l the sink is.determined by

the Ty bit:
r; = 0; the sink is the arbiter on the leve
i-1 and : :
r; = 1; the sink is the arbiter on the level

1.

For the source i packets are carrxied to the
level i-1. )

The routing tag is defined in the processor and
it is: : : -

routing tag =
= processor num. XOR global memory module num.
But the singlestage n-cube requires an
extensive analysis of the routing tag.
Let's look the following example for the LogN

stage n-cube:

A packet from the processor eleven travels to
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the global memory module three. The routing tag
is :

1011 XOR 0011 = 1000,

A packet route is shown on the figure 3.1.3..

PROCESSORS

0J010J01010101010I0IDIDIOXOIDXD

Ve

HeBubuRuns

e e e ey
|
oS S e

M RG] M EE 0] E] B G () fe) [3) (4] fs)

MEMORIES

Figure 3.1.3.

The packet travels straight down  through the
arbiters, and it turns on the last level
arbiter. However, in the singlestage n-cube,
with only one arbiter between a processor and
memory module, the packet 1is directly
transferred to the last level - on the sink D,
where it is received by the neighboring routing
node (Figure 2.4.4. for 16 P - there 1is no
sinks E in F). : : :

Therefore, for the source P, the pattern of
successive zeros from the ry inclusively in the:
routing tag has meaning for further route

inside the node (. the route P -> GM). The
source A can send packets in the both
directions. For the route P -> GM is important

the pattern of successive 2z2eros ahead the rj
and for the route GM =-> P all packets are
carried to the sink P. For the source B is
important the pattern of successive zeros ahead
the ry for the route P -> GM and the content of
the r, for the route GM -> P. Let's explain the
routing tag in the source D for the complete
notion. The source can also send the packet in
two directions. For the direction P -> GM is
important the pattern of successive.zeros ahead
r, and the same pattern from r, backwards (the
route GM -> P).

The function:
.SINK = f(SOURCE, DIRECTION, ROUTING.TAG)

3.1.1.
is given in the [113].

Functions like that are usually calculated by
the state machine and the algorithm for it is
shown in the figure 3.1.4..

Because state machines are very slow,
function is calculated by the decoder.

the
The

- decoder has also to code the sink and to define

the packet length. The sink code is separated
from the sink bus by three-state gates. The
sink has to be calculated very fast, because
the bus request needs this information for- its
activation. The 'bus request is generated by the
MUX. The MUX is addressed by the sink code and
its inputs are signals which define if the sink
is empty or not.



begin
1:=f(level);
case direction of
"F":begin
sink:=source+l;
:=0;
while r(i+a)=0 do
begin
sink:=sink+1;
a:=a+l
end
end;

"B" :begin
sink;:=source-1;
a:=1;
while r(i-aj)=0 do

begin
sink:=sink-1;
a:=a+l
end
end
end
end.

Figure 3.1.4.

To
is

achive high activation speed the bus request
generated on two different ways:

M1

u

input strobe signal *
* £(SQURCE, DIRECTION, ROUTING TAG) *
* empty sink and
M2 = full memory block *
* £(SQURCE, DIRECTION, ROUTING TAG) *
* empty sink.
Therefore:
bus request = M1 V Ml.
Ml is active when the packet is being writing

in the memory block while M2 conforms and keeps
the bus request active.

3.2 SYNCHRONIZATION
LOGIC
———s
STROB
BUS
STORE CELLS ggisjs
| Sy 3
ey
! ™~
l N
[ \
"BUS REQUESTS 4}:>§7§5§E—§IGNAL
/
S

Figure 3.2.1. Synchrgnization logic

The synchronizaticn logic is used to assure one
decision in one arbitration cycle. To achive
this purpose the logic has locked after the
first bus request had come.

New request may come between locking but it is
not important if they go through the logic or
not. All bus requests which come later are
waiting for the next arbitration cycle. If the
lock does not exist, more than one decision can
be possible in one arbitration period. This is
undesirable in any case.
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There are two possibilities how to make the
lock:

- synchronous lock
periodical) and

- asynchronous lock (the sampling is
caused by the becaming signals).

{the sampling is

The asynchronous lock is much faster and {ts
application in the synchronization logic is
shown on the figure 3.2.2.).

BUS REQUEST,

[=
[=]

STROBED BUS REQUEST

bLLK

PHE M

STROUBE SIGNAL

e
WA

Figure 3.2.2.

A sampling signal is a disjunction of all bus
requests. The next sampling is prohibited until
only one bus request helds up in the active
state. Because of that all bus reguests can
only be deleted by the termination logic.

The OR-gate has also a task to make a delay
between the sampling signal and the bus
requests, so this way the T-set is assured.

All sampling bus requests are conformed by the
control signal, which is delayed for T1
seconds. The control signal delay has to
prevent only the oscillations of sampling bus
requests, Because packets which are late can
wait for the next decision cycle or can be
considered in this arbitration. Because of this
reason the delay is only a bit longer than the
maximum propagation delay through the cell.

3.3, ARBITRATION LOGIC
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Figure 3.3.1.

An arbitration logic chooses one of the
sampling bus requests and allows the packet
transfer. A full source which has been
processed in the last arbitration cycle has no
priority ahead the other full sources.
Information about the last processed source is
stored until the next arbitration cycle. If
more then one bus reguests have occurred, the
nearest right neighbor of the 1last processed
source in a chain will be chosen. The chain is
shown in the figure 3.3,2..

SQURCE P

Figure 3.3.2.




If the source
the source A.

B is empty, the source C follows

The fast arbitration is achieved by three
parallel decision logic. This is necessary
because the logics are activated in different
time.

They are:

- Rl enables the first word transfer with
opening the three-state gates on the
packet bus,

- R2 enables the second word transfer with
opening the three-state gates on the
packet bus and

- R3 1s active across all arbitration cycle
and it enables the sink code to
occupate the sink bus.

3.4 TERMINATION

LOGIC

CONTROL SIGNALS

i

CONTROL S}GNALS
—
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Figure 3.4.1.

A termination logic generates output strobe
signals and end signals.

The first part is made of decoders which
transform the sink code in output strobe
signals:

- D1 generates output strobe signals for
the first word and

- D2 generates output strobe signals for
the second word.

The output strobe signal returns to the
termination logic after it write the packet
into the sink. This signal starts an output
strobe signal-for the second word or ends the
cycle with termination signals.  This part is
made of three MUXes:

- MUX1 generates <control signals for

- activation cutput strobe signals or
for termination the cycle,

- MUX2 terminates the ‘arbitration cycle
and

- MUX3 defines how long the packet is.

If the output ‘strobe 'signal does not return,
the node alarms the processor.

The termination signals are used to:

reset the synchronization logic,

- reset the arbiter, )
- deactivate output strobe signals and
- delete a treated bus request.

3.5. TIMING

The exact logic and electrical design and the
detail timing description is given in [11]. For
the further experties and understanding the
following is only important:

- the arbitration cycle is composed of the

following sequences:

- a packet defination,

- a synchronization sequence,

- an arbitration;

‘a. first word transfer,

~a .changing the words on the packet
“ bus, -

- a second word transfer and

- a .termination.

- each sequence is executed in approx. 20
. ns, so one worded packets are
- transmitted in approx. 80 ns and two
worded packets are copied in approx.
140 ns.

FACKET

DEFINITION © ARBITRATION

C XX D

TRANSFER :

SYNCHRONIZATION
SEGUENCE

Figure 3.5.1. The first word transfer

CHANGING
THE_ WORDS

C f,x X

SECOND WORD
TANGFEFR

TERMINATION

)

Figure -3.5.2. The second word transfer

4, CONCLUSION

This artlcle explalns that network's features
mostly depend on the choosen architecture, used
technology, internal functional organization
and packet bus constructions.

The way to more efficient multiprocessor
network leads to high parallel structure like
cross-bar switch and fully connected networks.
On the internal functional organization and
bus construction field new principles must be
developed to achive pipelining and interleaving
in the arbiter. Faster technology brings many
electronic problems which can be solved by
twisted-pair cables, coaxial cables,
termination circuits, on-chip connectors and a
precise design. Semi or full-custom design
integrited circuits will be applied to increase
rellablllty,to protect invested knowledge and
money.

Further experties on the project will give the
answer how to unite this suggestions to achive
high performance interconnection network.
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APPENDIX I

Simulation program for determining the number of
all packets in the network (Np) after the
transitional phenomenon.

DEFINE THE INITIAL CONDITION
CHOOSE A,B,C
DO 10 I=1,10*(A+B+C+B)
CALL SIMULATION
10 CONTINUE
EQUATION 2.3.1.
WRITE Np
END
core of the simulation

The program:

SIMULATION SUBROUTINE

Qa0

SUBROUTINE SIMULATION

INTEGER A,B,C

COMMON A,B,C,WPGM(121),RPGM(121),
*RPCPU(121),CPU(121),GM(121)

SUMMATION AND SPLITTING POINTS

aQaan

GM(1)=RPGM(B+1)

RPCPU(1)=GM(C+1)
CPU(1)=RPCPU(B+1)+(19./20,)*CPU(A+1)
RPGM(1)=(1./20.)*CPU(A+1)
WPGM(1)=(1./20.)*CPU(A+1)

DELAYS

[eXeXe]

DO 10 K=B,1,~1
WPGM(K+1)=WPGM(K)
RPGM(K+1)=RPGM(K)
RPCPU(K+1)=RPCPU(K)

10  CONTINUE
DO 20 K=C,1,-~1
GM(K+1)=GM(K)

20  CONTINUE
DO 30 K=A,1,-~1
CPU(K+1)=CPU(K)

30  CONTINUE
RETURN
END

APPENDTIXKX I1

Program for calculating the maximum number of
all packets in the network (Npm):

DEFINE INITIAL CONDITION
CHOOSE A,B,C
Npm=0.
DO 10 I=1,10*(A+B+C+B)
CALL SIMULATION
EQUATION 2.3.1.
IF (Np.LT.Npm) GOTO 10
Npm=Np

10 CONTINUE
WRITE Npm
END

Analiza in sinteza multiprocesorske mreZe

Clanek obsega pregled razvoja multiprocesorske mreZe paralelnega
rafunalnika PARSYS. Analiza mreZe je podana v prvih dveh poglavjih. Kot
osnova sluZi statistiZno-diskretni simulacijski model, ki se pokaZe kot

zelo dober pokazatelj razmer v mreZi.
krmilna enota.

poglavju zasnovana

Na teh temeljih je v tretjem
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AN ADAPTABLE PARALLEL SEARCH
OF KNOWLEDGE BASES WITH BEAM
SEARCH* -

Keywords: expert system, knowledge base,
beam search, parallel search

INFORMATICA 2/89

S. Predern, P. Brajak, L. Vogel and
: A. P. Zeleznikar
Iskra Delta, Ljubljana

This paper describes an on-line computer supported expert system, which
is designed for searching complex knowledge bases. Searching is
performed in parallel with beam search, so that only a limited number
of specific features are examined on each level. Parameters for beam
search are modified during application of the software package, so that
self adapting capability of the beam search through an expert system is
incorporated in the design of a package. The proposed approach is
especially effective for image processing and speech recognition. The
difference between making a sequential program parallel and using
natural parallelism is shown. The proposed method on a mesh network of
Transputers or on a MIMD parallel computer PARSYS has properties of a

neural network.

1. INTRODUCTION

The need for more powerful computers is growing
faster than technology. Parallel processing is
a very powerful solution to many processing-
intensive applications as for example image
processing, numerical problems, artificial
intelligence, speech recognition and others.
Even though many parallel computers are already
on the market, most software approaches are
based on von Neuman logic. Many sequential
algorithms are simply parallelised for a
parallel environment, which means not using all
the capabilities and approaches of parallelism.
Other different solutions have also been
proposed, as for example a neural network for
visual pattern recognition (3), which has also
a self-organizating capability of the network,
the neural network processor for speech
recognition (5), and others.

Instead of rewriting sequential programs to a
parallel form, we suggest approaching the
problem in a different way. The natural
parallelism of the problem has to be explored
and used directly in a parallel computer
system. In natural parallelism, a‘ problem is-
specified by a set of objects and relations
between those objects. The pool of processing
elements performs the task in a self organized
fashion so that available processors perform
the task. Using an expert system in the
background and enabling adaptability of the
system to the environment, we propose a new
approach to complex application software
approach.

An expert system is assumed as a support in our
parallel computer system applications for a
parallel search of a knowledge base. Most
complex applications should interact with the
changing environment, which means a need or
capability to react and adapt to those changes.
The role of an expert system is to enable easy

(*) This paper was originally presented at the
22-nd Annual Hawaii International Conference on
System Sciences, Hawaii, Jan. 1989

man-machine . interfacing and to enable
adaptability to the changing environment. Such
adaptability is called genetic adaptability.

2. KNOWLEDGE BASE

The knowledge base is the fundamental framework
for the description of the domain of the
problem. It represents the core of the system
and contains all relevant domain-specific
information, permitting the system to behave as
an intelligent specialist. A domain might be a
set of industrial parts or objects (8)
(typically for automatic recognition of
industrial objects in robotics), analysis of
different properties by testing (printed board
testing, chemical testing) or socio-economic
properties of interacting subjects {(in behavior
simulation, macroeconomic model simulation)
etc. The knowledge base changes its content and
connectivity as new information is added to the
system, Therefore we have a dynamic system for
performing cognitive tasks. Information
processing in dynamic systems is studied by
Harmony theory (11).

2.1, Elements of a Knowledge Base

In order to represent a knowledge base we nust
have a symbolic description of the properties
of the objects which are connected by
relations.

A domain oriented network consists of n
objects. Each object o(i) forms a knowledge
atom in a knowledge network and is represented
by a vector of m properties P(i,3)

0(i) == P(i,3J) 1 >= 141 >=n,
1> 3 >=m, m =< n
All objects form a P matrix of properties
P(1,1) P(1,2) e P(1,m)

P(2,1) P(2,2) ... P(2,m)

P(n,1)  B(n,2) ... P(n,m)



Recognition includes performing a set of
measurements and feature extractions on an
unknown object in order to analyze some
properties of the object. The identification
process consists of a set of feature
extractions F. A set of feature extractions F
consists of h feature extractions:

F = LRI E(3+0) .

(£(1), £(2),.. -£(h))
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The distinction between levels of description
must be clear: a microlevel involving knowledge
atoms, and a macrolevel involving individual
features by themselves. The relationship
between those two levels is very important. The
knowledge atoms are determined by the nature of
the objects and form the problem domain. On the
other hand, the automatic cognition process
always detects only a single representational
feature.

atoms

knowledge -

P(1,1)P(1,2)...P(1,m)

P(n,1)P(n,2)...P(n,m)

PROBLEM DOMAIN

features

representational V(1,1)v(1,2)...

v(ilj)l . -V(k:n—l)v(kln)

COGNITION PROCESS

The result we get after performing a single

feature extraction £(j), is one of the
previously stored values. This 1is the
representational feature V(j,i) of the
knowledge atom. We say that a feature

extraction f(j) consists of k elements V(j,i)
f(]) = (V(jll)rv(jlz)l"'V(j/i)l-"V(j‘ik))

The probability of obtaining the value V(j,i)
by feature extraction f(j) equals p{j,i)
probabilities p(j,i) (1=<i=<n) for realization
of an event A(i) by feature extraction f(j)
form a set P(j)

P(3) = (p(3,1),p(3,2),...p03,4),...p{3,%))

with a property

Zp(j,i) =1 1

A different feature extraction f(j+1) consists
of g different elements V(j+1,1)

f(3+l) = (V(J+lll)l "'V(j+lli)l" -V(J+lrg))

with probabilities p(j+1,i) for realization of
a representational feature V{(j+1,1i)
P(3+1) = (p(j+1,1),...p{3+1,1),...p(J+1,q9))
All objects o(i) (1=<i=<n) which are treated by
a computer supported sensing system form a set
N

N =

(o(1),0(2}),...,0(n))

The representational features of all objects
o(i) are represented in a matrix form

£(1)... £(h)
o(1) V(1i,1)...v{(h,1)
o(2) v(i,2)...V(h,2)
o(n)  V(1,n)...v(h,n)
where each row represents a symbolic

description of an object o{i) and each column
represents possible outcomes of each feature
extraction £(i).

The problem of object recognition is solved
when an unknown object o(i) is identified as
one element of the set N,

All-

Fig.l. Knowledge atoms form a problem domain
and representational features are detected in
cognition process

All representational features V(i,1),
v(i,2),... represent the cognitive system's
representation of possible states of the
environment with which it deals. In the
environment of object recognition, these
features are for example individual pixels,
edges, syntactic description of an image, holes
and identification of objects. In medical
diagnoses features are symptoms, outcomes of
tests, diseases, prognosis and treatments. In
circuit analysis the features are high current
through some resistor, high voltage on certain
pin, or low voltage at a transistor.

A knowledge network also requires connections
between knowledge atoms and representational

features. These connections can form a single a
or multilevel network.

(1,1)P(1,2)...P(1,m)
| )

i

v(i,1)v(1,2)... v(i,3),...v(k,n-1)Vv(k,n)

P(T'l)P(?'Z) ...P(n,m)

Fig.2. Configuration of a single level network

Symbolic representation of each knowledge atom
is simply a value vector V of 1 and 0 values
which denote on and off connection between the
corresponding nodes.

v(0(1)) => (0 0 1 10 0 0)
v(o(2)) => (0 1 © i 0 0o 0)

v(O(n)) => (0 0 © 10 1 0)
The first index in a representational feature
means the type of feature extraction and the
second index 1s a value of a particular feature
extraction.

2.2. Construction of the Knowledge Network

The upper level of a knowledge base is a set of
production rules determining connections
between atoms and representational features
together with atom definitions. Each rule
consists of a precondition and an action. The



precondition contains Boolean combinations of
clauses, each of which applies a predicate to
an object in the system and tests its value.
The action of a rule gives a new description of
a representational state that can be drawn if
the precondition is satisfied.

Knowledge source:

precondition n
production n
set of actions

precondition 1
production 1
set of actions

Fig.3. Khowledge source consisting of
preconditions, productions and actions

A representational feature has the role of a
pattern, which is a precondition to the
production (Fig.3). Each production is a
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PRODUCTION RULE
- update the set of possible objects
- update the set of possible productions
- choose the next cheapest action
- perform the choosen action.

Let us form a network for Kknowledge
representation. On the highest level there is
the whole set of possible representational
features V. After the first feature extraction
is performed, the possible representational
features are:

1st feature extraction:
v(1,1), v(2,1),...Vv(s,1)

some of those representational features have
the same value and most knowledge atoms can not
be distinguished one form another. Therefore a
seguence of feature extraction has to be
performed in order to find a knowledge atom and
identify an object.

data from the sensor
any object O

}

L

feature-extraction £(1)
(V(lll) V(ll4) V(lli) V(l'ls’l))

'

(v(2,1) v(2,2) v(2,4)

feature extraction £(2)
v(2,i-1))

|
}

feature extraction £(h)
(...v(h,2) v(h,3)...V(h,i+1))

Fig.4: A sequence of feature extractions in a sequential

program

selection of appropriate routing, based on
present and past representational states. The
set of actions includes pruning cf a search
tree and update of the representational state.

The use of pattern based knowledge lends itself

to production rules. Whenever a pattern is
matched, a corresponding action is taken which
enables the sensing-based recognition system to
act on the information obtained by matching
the pattern. Each pattern becomes the condition
of a production rule and is associated with a
certain action. These patterns have to be
matched in parallel. A pattern is data which
are obtained by feature extraction. Therefore,
a set of patterns for each object is actually a
symbolic description of the object's features.

The general structure of the knowledge source
which is used by the planner to identify an
object, is that sensor data are obtained and
that the pattern is used to choose the
production rule. Therefore a planner consists
of a pattern and a production rule:

PRODUCTION
- get a pattern

The parentheses below each measurement state
the possible representational features. In a
sequential activation of a particular feature
extractor this sequence of feature extracticns
forms a knowledge representation which is the
basis for a search tree.

The ‘spanning of the knowledge tree on this
level is equivalent to the number of different
values of representational features (Fig.5).

The knowledge atoms are placed on the lowes
level of the knowledge network. -

This organization 1is appropriate for a
nonparallel approach. The recognition is
performed by comparison between the vector of
properties P(i) defining the knowledge atom and
the representational feature vector V(0(i)). In
our task of cognition we perform pruning in
stages. The goal is reached when a particular
representational feature has an active
connection to only one knowledge atom. This is
a part of the decision-making process in
Harmony theory.

The knowleage network is organized as a
collection of hierarchical descriptions where
each level in the hierarchy represents a



data from the sensor
any object O
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]

(v(1,1) v(1,4) v(1,1) v(1l,s-1))
(0(1),..0(3)) (0(4)..0(i-1)) (0(i)..0(s-1)) (0(s))
v(2,1) v(z2,2) V(2,4) v(2,i-1)
(0(1)) (0(2),0(3)) (0{4)...)N) (...0(i-1))
f | 1
V(h-1,2) v(h-1,3) ' V(h-1,i+1)
(o(2)) (0(3)) (0(i+1))
4 i l l v
0(1) 0(2) 0(3) ... 0f{i) O(i+1) o(s)

Fig.5. Knowledge representation for object recognition

different conceptual abstraction of the object
symbolic representation. Spanning of the
knowledge network is not a problem if parallel
processing on a parallel computer with shared
memory is proposed. If a mesh architecture with
message passing is used, then a mapping of the
knowledge network to the mesh architecture has
to be done.

Analysis of different properties and relations
in the knowledge network requires a different
complexity and therefore a different amount of
computer time. The strategy or sequence of
operations is very important. The strategy is
determined by the knowledge network
organization. Therefore, the final step in
knowledge network construction is optimizatiocn,
so that the shortest average time is required
for object recognition.

3. NATURAL PARTITIONING AND MAPPING TO THE
PARALLEL COMPUTER

The process of object recognition requires an
adaptable algorithm which has to be mapped to a
mesh network of Transputers. The mapping is
required when the communication graph of a
parallel algorithm differs from the
interconnection architecture of the physical
parallel machine. Several solutions have been
proposed for mapping algorithms to CHiP machine
(2) array processors (6), Star computers (7)
and others.

For a given harmony model, every node in the
network is mapped to one processor, and every
link in the network becomes a communication
link between two processors. The processors
each have two possible messages with values for
the representaticnal feature processors; 1 =
active and 0 = inactive. The completion is
denoted by the code identity number at any
processor.

The knowledge network consists of features
which are describing objects. Each feature

extractor is, in terms of parallel search, a
software process. A knowledge network is
designed as an interconnected set of processes.
Each process is an independent software unit
and a feature, forming the world
representation. Depending on the result of the
present state, a new set of actions is
performed. This means that the result on each
level guides the search and therefore a self
routing is performed in real time. This means
that each process communicates with other
processes along four channels, limited by the
physical design. A logical design is hidden and
is specified by the messages between
processors. '

3.1. Parallelization

In general a knowledge network permits any
number of links between different objects which
is acceptable for a shared memory parallel
computer system. But the Transputer system is a
typical message passing parallel computer
system limited to four neighboring links and
forming a mesh architecture. Therefore a
mapping has to be performed in order to:

~ limit the number of links to four
- avoid backward links
- reduce the unnecessary links.

In the case of object recognition, processes
running in parallel on different Transputers
represent feature extraction. Communication is
achieved by message passing to communication
channels. Massages have to be sent to only
those processors with the correct identity
number. The code in each Transputer has four
sections:

- a feature extractor

- the pruning of a search tree

- a decision which feature to extract next

- the sending of a message to the neighbor
to perform the next feature extraction.



In our model a general knowledge is stored in a
long term memory. Each level of long term
memory contains symbolic descriptions of the
physical properties of objects in a
representational feature vector. Primitive
object elements are organized as levels of
different classes. Each feature extractor £(i)
is a process on one processor. Depending on a
result of feature extraction, the correct
branch in a network is selected (Fig.6).

any object O

data from the sensor ]

i

£(2) £(3) £(4)
{-J l L
1 ‘*1 . 4
£5) | | ) | £(7) £(8)
Fig.6. The original tree. of feature

extractors or processors

The symbolic representation, formed in the
knowledge network, is therefore mapped onto the
physical network of Transputers. All network
interconnections are limited to four physical
connecting links. A grammer-based  description
for generating embeddings of large binary trees

in square processor array was suggested by
Bailey (1).
In our mapping procedure some feature

extractors have to be multiplicated for two
reascns (fig.7):

(1) in order to
connections, and
{2) in order to enable connections to

dislocated feature extractors.

enable enough

This transformation process can be done
automatically in stages. Fig. 7 shows mapping
of the original tree of processes from fig. 6
to the mesh architecture.

data from the sensor

any object O

}
£(8) |=—— f(3)J-——— £(1) |——1 £(4)
| B |
£(5) =1 £(2) |=——1 £(7)
l l l
f(s)J———— £(2) £(8)

Fig.7. Mapping to ﬁhe‘mesh architecture
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The algorithms for computing tree functions for
systems where a search tree is represented by a
list of edges, so that each undirected edge is
represented by two directed edges in this list,
have been proposed by Gopalakrishnan (4).

The programming approach on Transputers. is
based on OCCAM language and the problem has to
be divided into large grain parallelism. Within
a process running on one Transputer even more
fine grain parallelism can be achieved by using
the opportunity for fast context switch
provided by the hardware.

after every stage of feature extraction, the
unknown object is better defined than on the
previous stage. The process of identification
is considered as a multistage recognition,
where each feature is processed on a separate
Transputer. The object recognition is in that
sense similar to a bubble movement in a bubble
sort. Some proposals for a. bubble sort on an
array of Transputers have been already proposed
(8).

We have seen a parallelization approach where
each processor is dedicated to one process.
This approach is not very effective because
Transputers are not loaded in balance and
because a network can not have genetic

properties. Therefore a pool of waiting
processes has to be available in each
Transputer. An internal processor utilization

has to be measured for a large number of runs
in order to get an average load balance. This
is done with monitor processes or simulation

processes to represent parts of the application
program.
3.2. Natural Parallelism

Using the natural structure of a problem and

-the natural parallelization we partition the

knowledge network, the feature extraction and

search algorithm,

Natural partitioning simplifies the task of
system design and programming. The Xknowledge
network is transformed to a hierarchical
logical structure, realized on a variable
number of processors, depending on the size of
a problem. By using natural partitioning, there
is no contention for the communication
mechanism, regardless of the number of
Transputers in the system. The mapping of the
problem to the computer hardware is not limited
to the number of Transputers, because arbitrary
size and topology can be constructed.

Using natural parallelism in a Transputer
system, the input data, as for example the
image, are broadcasted to the first column of
Transputers. The whole first row is performing
feature extraction in parallel and pruning is
not necessary after each feature extraction.
The required condition is that we have as many
Transputers as we have processes for feature
extraction (Fig.8).

data from the sensor
any object O

S K

£(1)

£(2)

£(h)

Fig.8. Parallel feature extraction



‘Each processor performs the feature extraction
procedure and gets a vector describing which
knowledge atoms have the same representational
feature value as in the input. This
representational vector is for example on
processor 1 (0,1,1,0,0,0,0) which means that
knowledge atoms 2 and 3 have corresponding
value for the feature 1. The same procedure is
performed on other processors (Fig.9).

knowledge atoms: 1 2 3 4 56 7

processor 1: (0,1,1,0,0,0,0) F.E.1

processor 2: (0,1,1,1,1,0,1) F.E.2

processor 3: (1,0,1,0,1,0,0) F.E.3

processor 4: (0,0,1,0,0,0,0) F.E. 4
AND (¢,0,1,0,0,0,0)

F.E.# is the feature extraction #

Fig.9.: The representational vectors on 4
processors performing 4 feature
extractions. -

The unknown object is identified simply by
making an AND operation on all representational

vectors. A corresponding knowledge atom where
an AND operation' gives "1" is the identified
object.

If the number of processors is smaller than the
number of required feature extractors, then
each processor has two or more feature
extractors. One is in the running state, others
are waiting. Comparison is performed after each
cycle of feature extraction. Let us look at an
example with 2 processors and four feature
extractors (Fig. 10).

knowledge atoms: 1 2 3 4 5 6 7

processor 1: (0,1,1,0,0,0,0) F.E.1
processor 2: (0,1,1,1,1,0,1) F.E.2
AND (0,1,1,0,0,0,0)
PRUNE THE KNOWLEDGE ATOMS
knowledge atoms: 2,3
processor 1: (1,0,1,0,1,0,0) F.E.3
processor 2: (0,0,1,0,0,0,0) F.E.4
(0,1,1,0,0,0,0) AND P.S.
AND (0,0,1,0,0,0,0)
P.S5. denotes previous step
Fig.10.: The representational vector on 2
processors performing 4 feature
extractions.

The representational state of the cognitive
system is determined by an AND logical
operation of values for all the
representational variables (V(i)), a so called
representation vector.

I1f the number of processors is smaller than the
number of processes, then a combination of tree
pruning and parallel feature extraction has to
be performed.

We see that in the case when the number of
processes 1is bigger than the number of
processors, the sequence of activating
processors is important. If the segquence is
different we might identify the object socner.
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The upper example gives the answer already
after the first run if features 3 and 4 are
executed before the feature extractors 1 and 2.
The arrival of particular type of objects is
the criteria for determining the optimal
sequence of processes execution. The criteria
is to require minimal average time for object
recognition. Therefore the history of
identified objects has to be collected and
ocasionaly the sequence of feature extractors
has to be adapted if the changing environment
requires so. This is a task for the expert
system,

The proposed approach is very convenient also
because most speed is gained simply by parallel
execution of the whole feature extractor
procedures and no recoding of algorithms is
required.

3.3. Neural Network

Let us sum up the computer environment. We have
a parallel machine with distributed processing
capability, distributed memory and distributed
knowledge. Our problem is a problem of fuzzy
reasoning on a symbolic world structure. The
system has properties of neural network as for
example:

- Patterns (representational features) are not
locally memorized but are memorized over the
whole system in a sense that properties of an
object are stored in different memory modules.

- Object recognition is performed through
feature extraction, that means symbolic
representation rather than memorizing the whole
image. That is exactly the way that living
systems work.

-~ The network is fault tolerant. In that sense,
tite system behaves like a neural network
because if a part of the system is damaged or
fails, the system still works, although the
probability for wrong identification is higher.

- Recognition and learning are performed by
local adaptation in the sense that a set of
knowledge atoms is updated, a set of
representational features is updated, and a set
of distribution probabilities is locally
updated. A new strategy is selected in real
time.

- The dynamic of the system is parallel and
asynchronous, :

- The knowledge network contains elements which
have a high percentage of fuzziness.

The nature of our expert system is parallelism.
The system is composed of a number of modules,
executed on different processors. The calling
of the module depends on the data environment.
The knowledge network including all steps of
symbolic representation, normalization and
optimization gives the framework for
parallelism.

Future applications of parallel processing will
not be based on static expert systems but
rather on knowledge engineering. This is a
shift from mere data processing to an
intelligent processing of knowledge.

4. GENETIC PARALLEL SEARCH

The interesting activity in sixth generation
computer projects is development of genetic
algorithms which adapt to the changing
environment.



In the. second paragraph we have seen that
.strategy depends on knowledge network
organization. Knowledge network organization
depends on the optimization process which is
described before. But the optimization process
~and therefore strategy strongly depends on the
test pattern.

Let us see an example:
object recognition of 100 industrial objects.
Some objects do require very complex analysis.
But in the recognition process only a subset of

5 objects appear and they are easily recognized

by one typical feature. A conventional static
object recognition system would perform always
the same search designed for 100 types of
knowledge atoms. But more flexible systems for
future generation parallel computers will have
the capability to learn and adapt the search
algorithm according- to the environment.
Therefore the system has to keep track of the
recent history of objects and accordingly adapt
the search strategy.

In order to perform algorithm adaptability,
each data has to have a weighting function
describing its importance for problem solving,
as for example object recognition. A method is
proposed to acquire this global information by
calculating probability factors that any
unkriown object is recognized fast.

A set of n objects has the distribution a(i)

where a(i) is the percentage of objects a(i) in
a set of n objects.

The number of objects i in a set of expected

domain equals N, so that
N(i)
a(i) =
2 N(1)

where N(i) is the number of objects i in the
whole set of objects. At the same time this
means that probability for an unknown object to
be object i equals a(i).

For the whole set of n objects we get a
probability vector

A= (a(1l) a(2), a(n))

An adaptable parallel search means a capability
cof the system to change the search strategy
dynamicaly according to the present state and
history of the search. strategy for further
search depends on conditions which ‘allow

specifications of different plans for
different data from the environment. The
advantage is that the adaptable search can

immediately try the correct plan instead of
searching an appropriate plan and backtracking
to correct itself.

A genetic computer must have the capability to
modify itself by learning. The learning phase
is denoted by three steps:

- assign values to representational
features of a knowledge atom,

- activate connections to knowledge atoms
that are «consistent with the
representation and

- confirm unique representation of a new
knowledge atom

we have a domain for-
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else

- suggest a new feature extraction and
enlarge a dimension of representational
state.

Present technology gives us an opportunity to
perform an adaptable parallel search of
knowledge bases on an array of Transputers.

The Transputer is programmed to perform a
specialized function and is regarded as a black
box thereafter. This specialized function is
feature extraction and search information,
depending on the present result of the feature
extraction. The adaptable parallel search is
performed by a network of programmable
components which have the mesh topology,
limited to four 1links to each Transputer.

5. CONCLUSION

We have discussed an adaptable parallel search
supported by an expert system. This subject is
a goal of the sixth generation computers which
are based on a man-behavior intelligence or
neural intelligence (12). Present research
projects in parallel processing -design have
shown very good results in hardware design
using a massively parallel structure with a
high interconnectivity between large number of
processors.

By speculation and having in mind living
organisms we can predict future trends in
genetic computing. The parallel system would
perform a self balancing statistics so that
processor utility is measured, bottlenecks are
identified and rescheduling of strategy 1is
performed.

Nowadays pattern directed systems are proposed
as future software organization on parallel
machines. We feel that e€ven on parallel machine
we need a deterministic fixed calling system
but upgraded by a genetic capability to adapt,
reformulate, reorganize according to
performance measurements and to changing
environment.

Not many new concepts in problem approach have
been proposed with parallel processing. We feel
that parallelization of sequential programs is
only the first step and the bridge between
sequential problem approach and parallel
machines, But real parallelism on parallel
machines has different problem formulation,
partitioning and adaptability. The principles
which were proposed in this paper show how to
combine the sixth-generation computer project
and artificial intelligence and are under
development on a PARSYS parallel computer
system (10). The approach is general enough
even to be performed on any MIMD computer or on
a Transputer based parallel machine which was
demonstrated by examples.

Having this in mind we have designed a
massively parallel computer system PARSYS with
up to 64 powerful 32 bit proceSSLng units and
up to 64 memory modules.
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This paper is intended to give a brief introduction to thg MAP and s
description of its major functions to the readers that are not familiar with it
and the estimation of the state of the projecl to those readers who already Kknow
it. Layer functions are described and commented. Special emphasis is given to
the real-time extensions and to the integrated architactura. At the end some
comments on MAP 3.0 specification are enumerated.

1. INTRODUCTION

Information is becoming the most important
factor in manufactoring industry. It is the
fact that the information controls all the
levels of production. Following the information
flow in the factory, we pass all the crucial
points, from the management, planning, finance
to the process control management. Optimization
of all these points helps us to economize the
production which 1is the final goal of the
effort. The technologies enabling this are
computer science and microelectronics.

To make the information useful it has to
be brought to the places where it is needed. In
other words, the providers and the users of
information have to be integrated in a system.
Studying these problems a new discipline named
CIM (Computer Integrated Manufacturing) arose
and with right it became very fashionable. CIM
became a must in the modern industry.

That is where the problem appears - mies-
ing a means for the communication. Computer
companies have developed their own methods of
transferring data between their products. As a
resgult, different makes of computers are more
and more difficult to integrate into the =same
system and devices need different interfaces to
match different types of the data flow. Inte-
gration <can thus &easily mean <changing and
adopting 1interfaces to every system, which
again means studying all the different systems
in the network.

The only way to change this praxis seems
to be the making of universaly accepted commu-
nication systems to fit the computers and to
become a standard.

Persuading computer firms to redesign
their products could never succeed. The only
thing to do is to make the communication sys-
tems to fit the computers, in other words, to
work towards an universally accepted communica-
tion system to which any make of programmable
device could be easily standardized.

2. HISTORY OF THE MAP

The MAP resulted from the operating diffi-
culties of a very large company - General
Motors. By the end of 19708, in the GM, they
had . 20.000 programmable controllers, 2000
robots and over 4000 intelligent devices in use
and only good. 10% of them were capable to
communicate with each other beyond the 1limits
of their own "island of automation”. Making
their plans for 1980s they realised that soon
the sum of different inteligent stations to be
interconnected would reach the number of
300.000.

To solve the problem, in 1980 a group of
scientists led by Mike Kaminsky was organised
and by 1983 they defined a communication proto-
col concept named MAP (Manufacturing Automation
Protocol). In the beginning, some independed
equipment manufacturers, later on a 1lot of
mighty potential wusers, 1like Allen-Bradley,
Gould, Motorola, IBM, Hewlett-Packard Jolined
them, finding thelr future problems very much
alike to them of GM. The first great success
and public appreciation was achieved in 1984 at
the National Computing Conference (NCC).

After that the project was supported by
some new big companies (Ford, General Electric
etc..), and the concept found interest outside
USA, in Europe, Canada and Japan. In connection
to the MAP, several other protocols were de-
veloped, like TOP (Technical Office Protocols)
under the leadership of Boeing, real time
extensions etc..

The next great event in the history of MAP
was the AUTOFACT fair in 1985 in Detroit, where
a 10mbit model 'network connecting . several
different stations was presented under the
standard MAP protocol version 2.1.

The current version 3.0 was published in
April 1987, including internetwork communica-
tion, TOP, real-time ~extension, carrier-band
version etc.,., The version 3.0 is to be left
unchanged for the next six years. This should
give users the oportunity to get used to it and
to show its good and bad sides.



The final proof of the functionality of
the MAP was ENE (Enterprise Networking Event),
in June '88 in Baltimore, where a network of

over 100 different active statlions was success-
fully presented. We could see a little subset
of this at the MAP-Sonderschau at SYSTEC'88 in
Munich.

3. LAYERS QF THE IS0O-0S1 MODEL

In 1978, International Standard Organiza-
tion (ISO) issued its famous seven-layer Refer-
ence Model for Open Systems Interconnection
(OSI). It suggests a phylosophy of peer-to-peer
communication between partners. It is not in-
tended to be a standard, it only offers a way
to solve communication problems. It alse duas
not have to be used in its entirety, the layers
that are considered not to be necessary in a
particular application can be omitted and their
function <can be distributed among other lay-
ers.

There are two good reasonsg why tao use
layering: first, because of the complexity
the functions required in a comfortable
mission of data and second, it gives a
bility to make functions transparent and inde-
pendent so it could be modified without dis-
turbing others as long as interfaces are in-
tact. .

the

of
trans-
possi-

The 1dea of the model is to define
tions of particular layers and interfaces
between them. Portions of data (layer headers)
are being added to the information to be trans-
ferred from one system in the network to anoth-

func-

er while travelling from the upper layer of
the sender to the lowest - physical layer. The
same headers are being unpacked and used while

traveling the other way around in the
(see Fig.l).
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Fig.l. Data transmission between the
processes in different nodes
Each node on the network is equipped with
this layer mechanism, and each layer plays its
part in data transfer, communicating with its
alter ego in the partner node. The only direct
link between nodes is the network cable, con-

necting all the nodes on the level 1.

The 0SI architecture offers a possibility
of connecting non-compatible nodes or networks,
providing they support O0SI reference model. It
uses special nodes to adopt data up to the
layer that is still common. Depending on this
layer, the nodes are named repeaters (connect-
ing distant egquivalent networks or nodes),
bridges, routers or gateways (universal cou-
pling node). The principle is shown {n the
Fig.2.
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4. CHARACTERISTICS OF THE MAP

In the following chapter we shall describe
major characteristics of the MAP protocol
going through all the layers of the reference
0SI model which is in its entirety implemented
in the MAP.

The Physical Layer

provides the physical medium for +transmitting
data between two nodes. It provides the commu-
nication hardware, connects and disconnects,
modulates and demodulates and drives data on
the network.

MAP specifies two alternatives for
transmission medium, both conforming the
802.4, according to the application:

the
IEEE

- for backbone networks and other multi-channel
applications it recommends 10 Mbit/s broadbang
technology on co-axial cable,

- to sult less sophisticated applications it
allows the use of carrierband 5 Mbit/s technol-
ogy on co-axlal cable.

The broadband means multi-channel, unidi-
rectionsal, high-rate transmission. It allows
nmultiplexing with other communication &signals
in the factory, data, voice and video transmis-
sion simultaneously on the same carrier. The
carrierband means single-channel, bidirection-
al, low-cost, potentially more reliable trans-
migsion. It avoids the problems of broadband
(head~end remodulators, precise tunning to the
channels, no delay {n remodulating between
transmission and reception frequencies etc.),
but 1t is slower in transmission rate and
restricted to the cable length of 700m and a
maximum of 30 nodes per segment.

The next version of MAP will probably add
the third option - fibre optics in the near
future. It has some very convenient properties:
light~weight, &suitable for long distance con-
nections, very low attenuation, very high data
rates, immune to electrical noise, safe In
hazardous environments, unaffected by light-
ning, secure from unautorised tapping, electri-
cally totally insulated connection - no ground-
ing problems. But, in the field of fibre optics
technology there is still not enough experience
and no stable standards to lean on. The MAP
mentions fibre optics in an addendum and will
include it into the standard, as soon as condi-
tiong will be met,



The Data-Link Layer

The data-link layer means a communication
link between the nodes, being responsible for
assembling data to the frames, giving them
adresses, gaining access to the network, check-
ing the data and the medium for errors
IEEE802 divides the layer 2 into two independ-
ent sub-layers: the Logical Link Control (LLC)
sub-layer and the Media Access Control (MAC)
sub~layer., LLC does transfer, segquencing, error
checking, and addressing and thus enabling the
error free path between nodes. MAC manages the
access to the physical medium,

MAC . in MAP supports IEEE
configuration. It guarantees
network within a definite time

802.4 token-bus
access to the
(as opposite to

e.g. the CSMA/CD).

LLC, using ISO 8802.2, offers three op-
tions to control the traffic: connectionless
(type 1), connection oariented (type 2} or
acknowledged connectionless (type 3). The
connection oriented option organizes a virtual
connection between communicating nodes. The
connectionless one means sending data without

any feedback information, and acknowledging one
means no connection, but a possibility to

confirm a succesfull receipt of a message. The
connectionless transfer 1& very rapid, but
without <confirmation, error recovery and flow

control. When using connection oriented coption,

one first has to establish a connection. After
that any data can he sent with options of flow
control, error recovery etc.. Finally, the

cannection has to be broken. The connectionless
acknowledged type of LLC i{s used in real time
extension of MAP (the MiniMAP), where connec-
tions can not be built up because of tha time,
but data have to be confirmed or an immediate
answver 1is needed.

The Network Layer

Sometimes, for different reasons we have
to connect two or more sub-networks -into one
system. The network layer has a task of routing
messages between two nodes in the network,
regardless whether they are in the same or an
interconnected sub-network. This task includes
finding the best communication route between
the two nodes, and determining the physical
address {n the new environmant.

The MAP uses CLNS {(Connectionless
Service). The internal
network layer 1is devided
Sub-Network~Independent
(SNICP),
Protocol
Protocol

Network
organisation of +the
into three parts, the

Convergence Protocol

the Sub-Network-Dependent Convergencs
(SNDCP), and the Sub-Network Access
{SNAcP)., The SNICP encounters the

regquired standard and service to +the =service
above and to the user, the SNAcP is an inter-
face to the Data-Link Layer, and _the SNDCP
converts the SNAcP services to and from tha
form (if) required for the SNICP.

The task of this layer is also naming.
That 1is one of the crucial points in the net-
work design. Variables and other names in the
network that are local to a node should not be
transparent to the others, and vice versa. This
layer also defines a routing model and standard
address formats which is one of the greatest
contributions of the MAP.

The Transport Layer

Using the services given by lower layers,
the transport layer enables to higher layers a
reliable end-to-end data transfer. It controls

etc..
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~transfer syntax.

.sentation

data exdhange, organlzes access to the network,
segments messages to a restricted length, and
reconstructs coming segmented data and corrects
errors occuring during transmission, if possi-
ble and necessary.

The MAP uses a very wide option of the
suggested layer ¢ specification to compensate
rather limited choice (connsctionless service)
in network layer. It includes the basic func-
tions ~ connection, segmentation, reassembling
and disconnection - and adds some more sophys~-

ticated service - for example multiplexing of
the connections (sharing one link to different
connections in multi-network use), flow con-
treol, error detection etc..

The Session Layer

The session layer is the first of the
three more sophisticated layers, which ars

application oriented. Its function is to set up
and manage a dialogue Dbetween application
processess. It ensures that exchange of data on
Transport layer is structured and synchronised.
It allows establishing and releasing session
connections and transfers synchronisation

signals.

In the MAP, the layer is broken into three
parts; the Kernel Functional Unit, supporting
the mandatory session "services required to
establish a session connection, transfering
normal data and releasing the connection, the
Duplex Functiconal Unit, supporting a two-way
gimultaneous transfer service, and the Resyn-
chronise Functional Unit, allowing the =session
users to synchronise the transmission of data
between asynchronuous nodes.

The Presentation Layer

The Presentation Layer is responsible for
the presentation of the data among the nodes
taking pért in the session. There are two types
of the notation in the O0OSI model. Abstract
syntax is a notation for the formal description
of data types and values associated with the
representational formats used by computer
systems. This form is then ready to be encoded
into a bit level +transmission format wusing
On the receiver side, the data
must be translated from the transfer format to
the abstract format.

The presentation layer makes , transparent
the existance of +the +transfer syntax, and

provides for the conversion to and from it.

In previous versions of the MAP, the Prej
Layer was null, MAP 3,0 defines
translation services  and protocols and thus

supports services of the application layer.

The Application Layer

The layers below the Application Layer
were designed to be as much transparent to the
network users as possible. The Application
Layer prowides an interface between the  user
and . the network. Because of the diversity of
applications to support, the Application Layer
can not be a universally wvalid standard. It |is
a set of procedures for sach significant type
of application. Information, the application
layer 1is dealing with, concerns data, text,
graphics etc.. Other layers deal with anonimous
frames of data.

Standards provided by the Applicatien
layer are divided into two groups. The first,
ACSE (Association Control Service Elements,
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ciations.
nication,

provides services for the estab-
and termination of Application Asso-
It is a common service for the commu-

specifying service primitives 1like
Associate request/indication/response/confirm;
Release request/indication/response/confirm;
Abort request/indication etc.

The second, called ASE (Application Serv-
ice Elements) is there to provide the type of
gervice required by the particular application.
It includes four elements, Directory Services,
File Transfer, Access and Management (FTAM),
Network Management and Manufacturing Message
Standard (MMS).

Directory Services:

To gain the access to data in remote
nodes, all the nodes in network need informa-
tion about all directories. This is enabled by
the Directory Service. It has +three major
participants: the Directory User Agent (DURA),
the Directory Service Agent (DSA) and the
Directory Information Base (DIB). In +the DIB
the information about the directories is
stored. The user gets this information from his
Directory Service Agent that communicates with
Directory Service Agent. Only the DSA has the
access to data in DIB. The Directory Informa~
tion Base can be stand-alone or distributed.

File Trasfer, Access and Management:

The FTAM includes services for information
transfer between processes and fille stores. It
supports binary and text files. The main serv-
ices available are creating and deleting files,
transfering entire files, reading and modifying

file attributes, erasing and searcing for the
file contents etc.. It enables every node the
use of all the files in the network as {f they
were its own.

Network Management

The network Management has three main
roles: gathering information on the wusage of
the network medi{a by the network devices,
ensuring the correct operation of the network
and providing reports. It manages configura-
tion, name, performance and faults

Manufacturing Message Format

The Manufacturing Message Format standar-
dises the format and semantics of a 1list of

mnemonic instructions and messages covering all
the operating information required by manufac-
turing devices. It is a simple, limited vocabu-
lary designed to control the widest range of
all Kkinds of the intelligent machines like NC
devices, robot controllers, programmable con-
trollers, PC systems etc. Messaging services
for factory floor devices regquiring devica-
specific 1Information are defined in four com-
panion specifications covering numerical con-
trol devices (EIA specification), programmable
controllers (NEMA specification), robot con-
trollers (RIM specification) and process-~-
control specification (ISA specification).

4. MAP AND THE HARD REAL TIME

The MAP with its seven layer topology can
not assure data transfer guick enocugh for
time-critical applications like hard real time,
On the other hand, this kind of communications
does not need time-costly comfortable services.
that reason there are two

For extensions
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in MAP to cope with time-critical data trans-

fer, one is MAP-EPA, the other Mini-MAP,.

The MAP-EPA (Enhanced Performance Archi-
tecture) is a dual-architecture node, incorpo-
rating a full seven-layers MAP node at the one
side, and a reduced version, consisting only of
the layers 1,2 and 7, on the other (see fig.3).
The node can use a full architecture to commu-
nicate with other full-MAP nodes or a reduced
side architecture for rapld access to the same
nodes, provided they are on the same network
segment.

MAP ST s MiriHMRP
aeplic, ) applic,
T Paiy

Layer 7
Lager &
Ladsr 5
Lager 4
Lager 3 N
L ..... Ll glass. 3 . ...,
Type L Tupe 3
Normszl MAC | 1M.TesP:
Lagerl Layerl

I |

Fig.3: MAP~EPA architecture

The MiniMAP has the same architecture as
the reduced side of MAP EPA architecture. It
enables a rapid data transfer, but it is not an
0SI- compatible device and hence can not commu-
nicate with full 7 layer nodes, only with nodes
with the same architecture. That comprises 1its
use in so called production cell networks. They
have access to the backbone network over a MAP-

EPA node, being in both networks and serving as
a bridge.

The real-time communication needs
very quick, but also very reliable. But,
ability takes time, so the two demands exclude
each other. Reliabllity in communication is
improved by acknowledging a successfull receipt
of a message, but it takes time to gain control
over the media. Reduced architecture resolves
this problem introducing immpediate responding.
The transmitting node, possessing the token,
passes 1t to the receiving one. If the message
was received uncorrupted, receiver acknowledges
it or provides the answer immediately iIf re-
quired. After that, the token is returned to
the original transmitter.

to be
reli-

5. INTEGRATED COMMUNICATION SYSTEM

for
For

broad-
gubnet-
serving
factory
transmies~

In Fig.4d the communication system
Computer Integrated Manufacturing is shown.
the backbone, the full MAP factory-wide
band network is proposed, connecting
works and bigger systems and possibly
for other communication needs in the
(e.g. video and voice and other data
sion).

Subnetworks are tied to the backbone with
some coupling devices, routers, bridges or
gateways, depending on similarity of design.
These are office, business and technical design
dedicated subsystems, liks TOP or other CSMA/CD
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networks on the one side, and production
in real-time networks on the other. Thease
works can be proprietary, existing
control distributed systems or
systems. ' ’

6. PRESENT STATE OF DEVELOPMENT

This chapter is meant to present the state

of the MAP project as it was at the time
SYSTEC'88 at the end of October 1988 in Munich.

DEC-Stand ‘\\X\\\

cel

cells

net-
process
MiniMAP-like

of

]

T

MiniMAP production cell

MAP integrated communication system

There were about 20 MAP vendors and users
taking part in MAP Sonderschau. Information
about Enterprise Networking Event in Baltimore

in June '88 was also given where more-than 100
different participants were connected to a MAP
backbone network.

The MAP Sonderschau was initiated by the
European MAP Users Group (EMUG). Its aim was to
prove that MAP is operable and ready to inte-

grate a lot of different products and even net-
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On.the MAP
different
includ-

works into an interoperable system.
Broadband 802.4 10 MB/s backbone
nodes and sub-networks were connected,
ing TOP, MAP Carrierband 802.4, fiber optic
carrierband of Telematlion, DECnet 802.3, multi-
vendor production cells and robots, CAD systems
and even a separate video camera and a monitor
system on its own channel. On the same broad-
band cable different versions of MAP, the 3.0
and the 2.1 are possible to show the upgrade
possibility in the future. (see Fig.5)

ENE
'88 only a few ven-

Looking over the MAP products on
must state that by Summer
dors could present them. The fairs in - spring
'89 will show if the promise that the number of
MAP producers is increasing will be fulfilled.
MAP board-level products were shown by Concord
(PC-bus and Multibus products) and Motorola
(VME-bus products). Some other announced new
products. MMS software producers are also very
rare: Motorols for its VME boards and SISCO for
DOS versions. Support for other operating
gsystems is announced. Knowing this, the fact
that more than 100 nodes from different vendors
at the ENE in Baltimore were interoperable is
nat so astonishing, as most of the vendors used
the same Concord boards and Sisco software.

we

Another fact shown at ENE are the

prices.

They felt to the range of 2000 USD for one
node, what is very near to the proposed price.

One of the less encouraging facts is that

the biggest computer manufacturers, like DEC

and 1IBM, still stand aside of the business as

observers or producing their own OSI-compatible
networks with an option to connect to MAP. It

1s certainly not that, what other dedicated MAP
members would like to see. The developmant in
early 1889 will wshow their 4intentions, which
will Dbe crucial for further progress of MAP.

The latest news from DEC is not very encourag-
ing.

7. CONCLUSION

Devotees are delighted:
of MAP.

ENE was a triumph
It showed that numerous vendors were
capable to communicate with each other. It |is
no doubt that MAP represents efforts of the
largest group of computer manufacturers working
together on one goal - to be able to transmit
data over a network. The result of this collab-
oration is the widest all-embracing communica-
tion standard and everybody is waiting how it
will prove.

Looking at the MAP «critically, we can
state some facts. First of all, some crucial
topics are still not standardised, like network
management. There exist several versions of
some topics or they are not accepted by whole
group. On the other hand, there are some parts
of standards, that proved inconsistent or less
suitable in the first applications, like imme-
diate response option in real-time version.

To give the vendors and users enough time
to implement theilr solutions they have frozen
MAP 3,0 specification for the next 6 years.
This period 1is very long in such a dinamie
field like distributed computing, especially if
the standard 1is not wvalidated 1long enough.

Deficiencies will have to wait too long to be
included into a standard that would have to be
a living structure.

The major disadvantage of MAP architecture
are its real-time extensions. Introducing
immediate response solves problems on the
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_Industry,

lowest level, it acknowledges the integrity of
received data, not that of the message. There
are troubles with error management since there
is no higher-level mechanism. It allows no
broadcasting and there is no clock synchronisa-
tion provided.

One of the greatest problems of the real-
time MAP extensions is that it has no fault
tolerant concept, what is crucial {in modern
process-control networks. Malicious node can
not be located and excluded by the protocol.

In &spite of all there are some very good
universally applicable standards in MAP
will survive regardless of long-term
destiny of the whole project. One of the most
important is doubtless Manufacturing Message
Standard in the Application layer that defines
semantics of communication language.

and
that

Some most inportant fairs in the near
future will show the success of the proposed
standard. The greatest computer manufacturers
that are not convinced of the effectiveness of
it are still standing by, leaving their door to

the MAP open, but using mostly their own net-
works.
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RELIABILITY PREDICTION OF PARSYS INFORMATICA 2/89
HYPERCUBE ARCHITECTURE
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tours, hypercube Iskra Delta, Ljubljana
Abstract Modeling

. The paper presents the combinatorial Hypercube, The hypercube architecture of the
reliability model of a parallel computer PARSYS. The parallel processor PARSYS is the essential actor of
architectural design is based on 64 processor system " accounting the global memory to the processors. All
with 64 memory modules, that are connected via netwark communications between processors and the memory are
of routing nodes. The network is called 6-cube because passing at least one routing-node, If a routing-node
2 is the number of processors. At first there is fails, then the packet passing it, will not reach the
derived the combinatorial reliability model of 6-cube destination.
architecture for 64 processors and memories connected
in the hypercube. Then the reliability of the rerouting To estimate the probability of that random event,
procedure is evaluated as the probability of the there 1is necessary to have a probability model of the
successful packet transfer from a processor to a architecture, to make mathematical expression and: to
memory. Further research showed that torus architecture find out the relation between architecture and
is the enhancement of the packet transfer reliability reliability. The probability that the packet
because of redundant routing capabilities, transferes predefined number of routing-nodes, is

combinatorial expressed and depends on the

Introduction architecture., The architecture enables the rercuting in

. a case of failure in a routing-node., In that case the

PARSYS is MIMD parallel processor research project packet 1is sent via another path again. The model is

of Iskra Delta Computers Company. The architectural expressing that possibility, but it was never realized
design is based upon 64 processor system with 64 memory because of great changements of the routing hardware.

modules, that are connected via network of routing
units, Each memory module has the capacity from 2 Mbyte
to 8 Mbyte and is divided to the local memory and Y
global memory. Each routing unit supports fast routing ?
and incorporates functions and logic that avoid or i
minimize © degradations mostly encountered in the
multiprocessor environments [1].

The routing network architecture design has passed
several mayor development stages, the most important of
them being hypercube and torus architecture,
Theoretical studies of network topology had raised some
doubts regarding high dimensional networks which
require . more and longer wires than medium dimensional
networks, For that reason, binary N-cube was chosen

with 2" nodes in hypercube architecture with N=6, This T X
is a special case of the family of m-arry N-cubes with WTZYX

N dimensions and m nodes in each dimension [2]., Latter ﬁ; 01107

on the transformation was done on torus architecture MX) 11110
preserving hypercube functional <characteristics and 10011
obtaining constant wire density., Torus is 8-arry 2-cube

in comparision to hypercube 2-arry 6-cube with the same .

number of nodes, n=64 {3]. Separately to routing Fig.l.

performance analysis the reliability analysis was done The principle of hypercube architecture,
bringing some interesting cognitions . ' : the example of 6~-cube,

. The reliability analysis started first with From -Fig.1. there are seen two addresses which
hypercube architecture, As the evolution of the project differ in three bits, s0 that destination is three
proceeded, latter on torus reliability analysis showed edges distant from the origin.

even better reliability performances.



Let be in the system n = 2N processors and memories
connected in N-cube, where N is the number of system
levels. Let be the probability, that a processor want
to get data from a memory, or to send changed data to
the memory, uniformly distributed. Let this operation
be called the packet transfer. Suppose, that
connecting units fail with a failure rate 7 due to the
Poisscn law,

In the system N-cube each processor is connected
to n memories of the appropriate level, The number of
levels is N, so that the number of processors and
memories is n = 2V

From each node there are N possible connections,
in our case six. The addresses of possible connections
are different in Hamming distance 1, Each node is
containing the processor, the memory and the routing-
node. We are interested in the probability, that the
processor and the memory are distant in Hamming
distance H. Suppose that the address consists of N bits
and that k pairs of bits is different, Then H = N - k.
In fact we are looking for the probability, that the
addresses are distant for distance H or, that their
addresses have k different pairs of bits. ’

This probability is:

(n

The combinatorial probability of the successful
packet transfer from the processor to the memory in
other words the reliability of packet transfer is:

1 N-1
R() = —== 2 [ 1-p(K)q(K)] (2)
N k=0

‘ .
where p(k) is the probability of k different pairs of
bits in the processor and the memory addresses, q(k) is
the unreliability of k routing nodes:

q(k) = 1 - Exp[-krt] for hypercube without, (3)

a(k) = {1 - Exp(-krt)]? (4)

for hypercube with rerouting, where « is the failure
rate of single routing-node.

Equ.(3) 1is straight forward solution of the

probability, that k routing nodes does not function

correctly for time t. Equ.(4) envolves some redundancy
of packet transfer: routs, Let us suppose the
possibility of the rerouting in a case of a fault in
the packet transfer because of a physical failure in a
unit, where the packet is transferred over, The packet
is unable to reach the destination because of the

failure in a routing-node. The rerouting is realized by

the selection of another path,

Torus. The evolution of the parallel system
proceeded to another architecture with better
characteristics (less and shorter wires per board).

This is 2~dimensional 8-arry torus with the same number
of processors 64. The communication between processors
and memories located at each node start from a node in
four possible directions; north,south,west and east, In
a case of a failure in one of nodes the alternative
path is established. 1In the communication protocol two
directions are provided, each time the one with more
available routs to avoid the saturation.

50

Torus archytecture of 64 routing-nodes connecting 64

processors and memories,.

There is a relation between N-dimensional m-arries
of torus and hypercube, In 6-dimensional 2-arry
hypercube there is 6 different possibilities of
combining the number of nodes in one packet transaction
and 64 in total. 1In 2-dimensional 8-arry torus there
exist B8 different possibilities and 256 in total., The
sum of probabilities of an established route with its
reliability leads to greater reliability of torus than
hypercube architecture. The reliability of randomly
chosen single communication route for a packet transfer
equals to Equ,(2) using (3) and of redundant route
which is normal 1in torus architecture, equals to
Equ.(2) using (4).

Reliability evaluation results

From the evolution point of view the analysis of
different dimensions of hypercube and torus

architecture is obvious. There must be the evidence of

reliability versus dimension N and the number of
processors n=2", Upon the combinatorial model the
comparision of the reliability showed the following
results that are summarized on the table 1.

Table 1,

The unreliabilities of packet transfer for hypercube
and torus architecture for constant product of node
failure rate and time wt=0,1

TORUS HYPERCUBE
Dimension 2~dim, 4-arry 4-dim, 2-arry
No. of processors 16 16
Max. no, of nodes 4 4
Single unreliability 0.031 0.031
Redundant unreliability ¢.0010 0.0010

Dimension 2-dim, 8-arry 6-~dim, 2-arry
No. of processors 64 64

Max. no. of nodes 8 6
Single unreliability 0.041 0.043
Redundant unreliability 0.0017 0.0018
Dimension 2-dim, lé-arry 8~dim, 2-arry
No. of processors 265 265

Max. no. of nodes 16 8
Single unreliability 0.034 0,041
Redundant unreliability 0.0011 0.0017
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Unreliability of hypercube and torus architecture for
constant product of failure rate and time wt=0.1,

The differences ‘between hypercube and torus
architecture are not essential, if we look only single
routing path., At ¥N=6 there is not more than 5%
difference in the unreliability of hypercube and torus.
More significant is the difference between single
hypercube and redundant torus. Hypercube is 36 times
more unreliable than torus, It is true that the
redundant hypércube is only 6% less reliable than
torus, but to achieve the redundant routing algorithm
in hypercube it is demanded to make huge changements in
hardware. At the. contrary, torus architecture contains
the alternative algorithm to decide -which direction may
be taken. The rerouting is accomplished, when the route
fails because of a failure in a routing 'node.
Pragmatical meaning of better torus reliability in
failures per thousant hours is_that instead of 401070
failures there occure only 1077 failures per randomly
chosen packet transfer operation, -

System availability
Another aspect of system performance is the
availability as the function of failure and repair
rate of routing-nodes. The failures of nodes are
consequences of mutually independant random events,
The natural result of this fact is, the architecture
has no influence to the avajilability.

The technique used to evaluate system
is the method of multidimensional Markov system,
decribed in Ref.{4]. Briefly explained, the method
consists of the allocation of system failure states in
a multidimensional space 1in such a way, that the
relation between the number of states S and the
dimension d is $=29, Vice versa relation is d=log,5.

availability

From that relation with  S=64 and d=6
the system named d-cube represents a failure state in
each cube vertex., The numerical availability evaluation
of the system was done by VMS program tool written in
Fortran language. The inputs are failure and  repair
rates of nodes and dimension parameters. The outputs
are sSystem availability and MTBF, With 44.5 failures
per milion hours and 2 repairs per hour the
availability is 0,9989 and MTBF is 468 hours.
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Final facts of the parallel system

Communication cost.
64 processor/memory

The system PARSYS  consists of
boards folded into torus
configuration. Communication cost is the function of
the - ratlo between processor speed and the speed of
routing-node as well as the function of dimension. It
was found [3], that torus communication cost is quickly
encreasing over dimension N=6.

Hardware design. The processor board is VME/386
processor with communication node and dinamic 2M to 8M
Byt RAM. The packet transfer logic is the most
important part of the node. Each packet routine logic
consists of mechanism for independent selection of a
packet in the direction of more paths to desired node,

Software design. Software task partitioning is
based on explicite parallel constructs for two level
paralellism; macro or user specified and micro with
iterative structures embeded into macro paralellism. A

very fast micro task has been developed based on
the fact that a processor can interrupt any processor.
The synchronization is a -simple get-and-link swap
mechanism [3], -
Conclusion

The reliability evaluation showed some advahtages
of hypercube architecture, One of them is relatively
low average number of routing-nodes in randomly chosen

packet transfer operation. There is also a low level of
the unreliability of packet transfer., The reliability
of the hypercube architecture can be even encreased
with possible rerouting, but with essential changement
of deterministic routing algorithm. Better solution due
to general better characteristics of torus architecture

is to implement redundant capabilities of torus
architecture. The combinatorial model can be used in
further reliability analysis of parallel systems to
find out the optimum number of processors to trade-off
the communication cost versus the reliability.
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V REGULACIJSKI TEHNIKI
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Zaradl vedno vedJjega razvoja stroJne opreme, programske opreme, se
vedno bolj uvelJjavlja podroé¢je komunikacije ¢&lovek - racunalnik. Razvo]
sistema <&lovek - stroj se Je razvil 1z treh podro¢lj, ergonomié¢nega
na¢rtovanja, sistemskega naértovanja in programskega nadértovanja. Regulaci jska
tehnika ter komunikaclija ¢&lovek - ratunalnik so del tega sistema. Za
u¢inkovito 1in uspesno komunikacijo moramo poznatl primarne in sekundarne
kriterije za kvaliteto ter pogoje za dobro komunikacijo. Pri regulacijskih
slstemih moramo poznatl model c¢loveka ter model radunalniskega procesa. Pri
naértovanju programov se moramo oziratl na funkclje procesa in funkeije
uporabnika. Posebej Je pomembno vprasanje, kaj Je potrebno poznatl pri lzvedbi
vnosa. Delo pri tem podaja dolodene resitve in nekatera ergonomi¢na navodila.

Computer - human interaction has become important due to the incessant
development of hardware and software. The system man-machine has developed
from the following three fields: ergonomic design, system design and software
design. Control engineering and computer-human interactlon are a part of this
system. In order to enable an efficlent and a succesful communication, primary
and secondary quallty criteria should be known, as well as the conditions that
assure a reliable communicatlion. In control systems the model of man and the
model of the computer process should be known. Process functions and user
functions should be taken Into account in software design. Special attention
should be pald to the requirements of data entry. Certain solutions are glven
together with some ergonomic instructlons.

1, UYOD uporabniskega vmesnlka. Regulacljske sisteme delimo na
vodenje procesa In na regulacije (za odpravo motenJ).

Na podroéju racunalnistva in informatike Je viden Glede na ta dva podro¢ja ustrezne nad¢rtujemo strukturo

nezadrzen razvo] strojne opreme. Zaradl vedno veljih za lzdelavo komunikacije. Prl snovanju programa se

hitrosti in zmoglJivostl pridemo do situacij, ko lahko drzimo ergonomi¢nih navedil za pisanje programa.

omogo¢imo ¢im  bol) naravno komunikacijo ¢lovek -

ragdunalnik. Ker pa Je razvoJ strojne opreme hitrejsi 2. SISTEM CLOVEK - STROJ

kakor razvo) programske opreme se dogaja, da so programi Sistem clovek - stroj se Je razvil 1z treh

narejen! povrsno in nepopolno. To Je posledica ciljev podro¢i J: ‘ergonomi&nega nadrtovanja, sistemskega

proizvajalcev, da naredijo program, &e preden Jih na¢rtovanja in programskega na¢rtovanja.

prehiti konkurenca ali zaradi slabe povezanostl tima.

ergonomiéno sistemsko
Najve¢ <¢asa In veliko vloZenega napora Je naértovanje naértovanje
otrebno za nacrtov $ d + analiza nalog + postopkl naértovanja
potrebn ovanje in programiranje tistih delov » obvestila s simulaclje in modeliran.
programa, ki se ukvarjajo s komunikacijo. T! obicajno + elementl uporabe » regulacl jska tehnika
zavzame jo tudl najve¢ pomnilniskega prostora in * govorni vhodi/izhodi * organizaclja in komuntk.
programske kode (od 60% do BO% celotnega programa), SISTEM CLOVEK - STROJ
Pri snovanju ucinkovitega uporabniskega vmesnlka
programsko
se poraja vprasanje, kaksna Jje optimalna komunikaclja naértovanje
¢lovek - racdunalnik, Poznat! moramo razvoj sistema + obdelava podatkov
+ ekspertnl sisteml
¢lovek - stroj in opisat! model ¢&loveka v povezavi s « grafiéni prikaz
tehni¢nimi sistemi. V tem primeru z regulacijskimi +_pripomo¢ki dela

sisteml. Ta model Je osnova za razvo) ucllinkovitega Slika 1: Povezanost s sistemom &lovek-stroj



Skupne toc¢ke, stic¢isée posameznega podroéja so v
sistemu ¢lovek - stroj. Ta sistem vsebuje eden all vel
delov iz vsakega posameznega podroéja in Jih zdruzuje v
skladno celotol Del slstemskega naértovanja Je tudi

regulaci jska tehnika, ki nam Jje osnova v tem ¢lanku.

3. KRITERIJI USPESNE KOMUNIKACIJE
KRITERIJI ZA KVALITETO

Kadar ocenjujemo kvaliteto se ravnamo po
kriterijih =zaradi lazje primerljivosti 1in pravilne
izbire tehnike za razvo] .komunikacl je. Krlterlje delimo
na primarne in sekundarne. ,
PRIMARNI:

+ ¢as, ki ga uporabnik potrebuje, da opravi neko delo,
+ natant¢nost, s katero upcrabnik opravi delo,
+ zadovol jstvo pri delu.

V zelo kreativnih okoljih Je potrebno ¢im bol
optimizirati zadnji kriterij, medtem ko Je v normalnih
razmerah potrebno optimizirati c¢as, hitrost dela. Ti
kriterijt so predvsem odvisni od sestave projekta, od
znanja in sposobnosti uborabnlkai in od fizi¢nih

karakteristik naprave.

SEKUNDARNI

* ¢as spoznavanja,

+ ¢as ucenja

¢+ ¢as obnavljanja naucenega,

+ pomnenje,

+ ob¢utl jivost na napake in utrujenost,

* omeJitve motoricnega glbanja. )
' Vsi ¢asi! naj bodo ¢é&im krajsi, kajti obsezne

knjige ali navodila ne vodijo k uélinkovitosti. in

produktivnosti.

0 pomnenju govorimo, kadar si mora uporabnik
zapomniti za kratek all daljsi ¢as simbole in tehnike,
ki jih, uporablja pr! svojem delu.

Utrujenost nastane obicajno zaradl slabega
naértovanja potez, ki Jih mora uporabnik napraviti pri
svojem delu (predolga wuporaba svetlobnega peresa).
Utrujenost vpiva na stevilo napak in s tem tudi na
zadovol jstvo pri delu.

Omejitve se lzrazajo v velikost! delovnega
prostora (doseg upcrabnikove roke). Poleg delovnega
prosﬁora so tudl omejltve v vidnem polju (opazovanje

ve¢ oken hkratl, opazovanje manj)sih slik v ve¢jih ...).

POGOJI ZA DOBRO KOMUNIKACIJO

+ ENOSTAVNOST - glavni del sistema n! obSiren all pa Je
organiziran hierarhi¢no )

+ JASNOST - vsak del sistema Je jasno viden in razumljiv

SPOZNAVNOSTF- dell sistema épomnijo uporabnika na

stvar{, ki jih pozna

+ POPOLNCST - sistem je urejena vsota njegovih delov

+ UREJENOST - kar uporabnik pozna v enem delu, mu
poﬁagé tudi v ostalih delih .

+ ZANESLJIVOST -~ sistem odgovar ja uporabniku v

zanesl jivem dialogu
DOVZETNOST - interaktivni odgovori so hitri, vijudni

in informirajodi.

4. KOMUNIKACIJA V REGULACIJSKIH SISTEMIH

Ce Zzelimo narediti uspesno komunikacijo &lovek -
rac¢unalnik v povezavi 2z regulacljskimi slstemi, se v
prvl vrstl sre¢amo z modelom ¢&loveka, na katerega se

oziramo pri .na¢rtovanju in plsanju programa. -

| I !

ety W interprotaciio redovane i [ |
podotkov problemo omembs ananjo 1

Izhodne
velidine

{ehnicni
sistoni

motine veliting

Slika 2: Model ¢loveka v povezavi s tehni¢niml sisteml

Naloga operaterja pri opazovanju in vodenju
tehni¢nega procesa Je sestavl jena iz opazovanja trenutne
situacl je, primerjanje z zastavljeniml cllji, Iskanje
resitev problema (na osnovi osvojenega znénja), priprava
podatkov in posegan)e v proces (menjanje stanje
sistema). 2a olajsanje dela 1in =za dosego vedje
natanénosti in u¢inkovitostl se uporabljajo ratunalniske
podprti vizualni sistemi. V glavnem s0 to zmogljlive
grafi¢ne naprave z vellkimi hitrosti prikazovanja,
izvajanja operaclJ in z vellko kapaciteto pomnilnika.
Operater sedaj samo vstavi podatke in opazuje proces in
ukrepa samo v dologenih situacijah. Namesto z ro¢nim
poseganjem Vv proces lahko to sedaJ opravimo =z

ra¢unalniskim algoritmom,
uporobo
(vhod)
Ziovek slikowni oviematiziren] tehniznl
. sistem proces . sistemi
prikaz baza )
{izhod} podatkov

Slika 3: Model racunalniskega procesa

RAZDELITEV FUNKCIJ Z2A PROCES

RegulaciJsko tehniko razdelimo na podroé¢je
vodenja procesa in regulaclje (za odpravo motenJL
NaJprej se ustvari slika procesne sheme iz katere nato
dobimo model procesne zanke, v Kkatero vpliemo na
dolocena mesta ustrezne procesne parametre, Te slike

kreiramo s pomo¢Jjo simbolov, ¢rt in z risanjem teksta.

Slika 4: Model procesa



’ Zunanjo
temperatura

Definirajmo si podro¢ja, kjer bo prikaz podatkov

} Kondenz
v

Slika 5: Procesna shema

(digltalnlh vrednosti, tabele, dlagrami, krivulje in

sporocila),

f A

AN
\ .

Slika 6: Prikaz

Nato imamo moznost analize all sinteze
regulact jske zanke.

Pri analiz! Je sistem podan in mu dolodimo
stabilnost, vodlJjivost in spoznavnost. Vsi rezultati se

prikazejo v ustrezni obliki na zaslonu.

Sinteza pa pomenl nac¢rtovanje regulatorja v

regulaci jski zanke (izbira  parametrov . izbira
strukture). S pomo¢jo ukaznih menujev direktno v shemi
regulaci jske proge dolo¢amo parametre ali Dbloke In
simuliramo progo. odzivi se zopet prikazejo v utrezni
oblikl na zaslonu. Nag¢rtujemo lahko klasi¢ne kot tudi
samonastavljive regulatorje.

Po naértovanju ponovno pokli¢emo procesno shemo
in dinamiéno opazujemo potek simulacije vodenja procesa.
Po simulaciji lahkq priklju¢imo racéunalniski sistem na
ustrezen dejanski proces. Pri vodenju procesa se nam na
ekranu dinami¢no prikazujejo trenutni odzivi in

parametri procesne sheme.
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Slika 7: Dinami¢no opazovanje elementov v procesu

RAZDELITEV GLAVNIH FUNKCIJ UPORABNIKA

Za celotno simulacijo 1in vodenje procesa Je
znadilno, da vedno nastopajo naslednJe funkcije
uporabnika:
+ razpoznavanje situaclje
+ primerjava situacije z dolo¢enimi cilji
+ iskanje resitve problema
« priprava vhodnih podatkov
» lzvedba vnosa

Prve stiri funkcije smo na kratko Ze oplsall, ena
pomembnih toék‘pri komunikaciji ¢loveka z raéunalnikom

pa Je lzvedba vnosa.

VNOS
Pri naértovanju vnosa se morame oziratl na tri
pomembna vprasanja:
- katere interaktivne naprave bomo uporablli?
~ kako kreirati dialog?
- kaksne naj bodo slstemske funkctje? -

INTERAKTIVNE NAPRAVE

Izhodne Vhodne
« alfanumeri¢n! zaslon « kontrolne tlpke
+ grafi¢nl zaslon + miska
+ tiskalnik + grafi¢na plosca
+ svetlobna plos¢a + svetlobno pero
* risalnik + plos¢a na dotlk
+ zvoénlk » igralna palica
+ faksimile + sledilna Zoga

« programabilne tipke

+ razpoznavalnik glasu

DIALOG

Pri plsanju programov za dialog se omejime na
ukaze in vnos podatkov. Izbira ukazov naJj bo sestavljena
iz ukaznih menujev, Iimenovanih "okna" (windows). Za
manipulacijo in 1izbiro ukazov pa najbol] pogost
uporabimo misko. Ce pa miske nimame na voljo pa
uporabimo funkcljske tipke za premik kurzorJja.

Obidajno za selekcljo ukazov izberemo naslednje
naprave:
- direktne, kot so svetlobno pero in plos¢a na dotik,
- indirektne, kot so miska all grafi¢na plosca,

Te naprave so naJbolJ priljubljene in razsirjene,

- simulaclske, kot &o alfanumeri¢na tipkovnica all

fizieni lokator.

KREIRANJE VIDNEGA PROSTORA ZA UKAZE IN VNOS PODATKOV
Vidni prostor v zadnjem &asu krelramo prav z

okni. Pri tem moramo vedet! nasledn]e:

- okna naj ne bodo prevelika ali premajhna,

- informacije v nJih morajo biti kratke, Jedrnate in

Jasne,
- pravilno izbirajmo barvo za ozadje in barvo ¢&rk,
- okna naj se pojavljajo hierarht&no. Ce Je informacij,

ukazov malo, naJ bodo okna enonivojska,

t

obvestila naj bodo v spodnjem delu ekrana, vendar



dovolJ dobro.vidna in opreml jena i zvoe¢nim signalom,
- {zogibajmo se ﬁtripajoéim ukazom, - ki so &kodljiva za
o¢l, bolJe Je, da jih poudarimo.
Ukaze lahko izbiramo s padajoc¢im! menujl all pa v 3D
tehniki.

.
|
vk3:3 l‘_._.]lL‘_--

ukuz‘o‘
oD vEsIND

Slika 8: Padajo¢i menu in 3D tehnika

Slika 9: Valjna tehnika

Kadar imamo vnos vec¢Jega 3stevila podatkov, naj

bodo vnos! enakomerno razporejen! po ekranu.

obvestilo o procesu

vnos?: : vnos2:

vnos3: vnos4: Qnos5
vnosb

vnos7:

obvestilo o tipkah

Slika 10: Alfanumeriéni vnos podatkov

‘ padejodi menuji ‘ SN

menu

delovni prostor

\ obvestilo, ukazna vriico,

Slika 11: Grafiéni vnos podatkov

SISTEMSKE REAKCIJE

Sistemske réakciJe ﬁaJ bodo v procesu takoJ vidne
(utripanje obJekta, funkcljske tipke na zaslonu, zvoéni
signal). ZazelJeno Je, da prikaZemo direktno ali
indirektno tudl odzive na vhode, ki smo Jjih dobill pri

simulacijl zaradil primerjave.
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Slika 12: Prikaz sistemskih reakci])

5. ZAKLJUCEK

Vedno hitrejst, zmogljivejsi, prostorsko skorajda
neome Jen! radunalnlkl danes omogota)o vedno boljso in
lazjo komunikacijo ¢loveka z radunalnikom. Cily
programerja ne sme bitil, da naredi program po meri
st;ojne opreme, ampak po meri ¢loveka.- Clovekovo delo z
ra¢dunalnikom mora biti ¢im bolJ naravno in blizu ckolja,
v katerem dela. Za na¢rtovanje takinih programov pa Je
potrebno veliko napora in dodatnega dela, ki se pozneje
zelo obrestuje prl uspesnosti programa. Uporabnisko
prijazni programi povetajo produktivnost, natanénost ter
veselJe &loveka do dela z radunalnikom.

Pr{ naértovanju programov se moramo dr2atl
ergonomi¢nih navodil za delo racunalnika s ¢&lovekom. Ne
nazadnJe, ¢e imamo moZnost, izberimo ustrezne barve za
dodatno 1nformacl jo.

Vedno moramo imeti pred o¢ml uporabnika programa
in njegovo delo, sa) bomo le tako naredili uspesen

program.
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Y zédnjem Gasu se vse veft raziskovalcsv ukvarja z nat¢rtovanjem
in uporabo nevronskih mrez. Nevronska mreza je sestavljena iz
velikega stevila preprostih elementov ’nevronov’, ki delujejo
paralelno in asinhrono in komunicirajo preko vezi, ki Jjim
pravimo sinapse. Vsaka sinapsa ima pridruzZeno realno vrednost
(utez), kar predstavlja porazdel jen pomnilnik nevronske mreZs.
Vsak nevron generire svoj izhod iz obtezenega vhoda, ki je
lokalno dosegljiv. Lepe lastnosti nevronskih mres so (za vsako
lastnost lahko najdemo izjemo in kélikor je avtorju znano ni
nobene nevronske mreZe, ki bi imela vse te lastnosti): podobnost
bioloskim sistemom, visok paralelizem in asinhrono izvajanje,
vetsmerno izvajanje, prilagodljivost v realnem ¢asu, robustnost
glede na okvare in glede na manjkajote podatke, sposcbnost ucenja
in avtomatska generalizacija, mreza ns potrebuje programske
opreme in eksplicitne konfiguracije, ni razlike med podatki in
adreso, podro¢je ima dobro matemati¢no podlago. Glavna i
poma@kljivost nevronskih mre2z js nezmoZnost razloziti svojo
odloeitev.

NEURAL NETWORKS

In resent years a lot of researches pay attention to the design
and application of neural networks. A neural network is
constructed from a large number of simple elements, ’‘neurons’,
which operate independently and communicate to each other via

)

connections called ’synapses’. A certain weight is associated to
each synapse representing the network’s distributed memory. Each
neurcn combines its weighted inputs into its output. All
information that a neuron needs for operation is locally
available. A good introduction into the field of neural nstworks
are (Rumelhart & McClelland 88), (McClelland et al. 86) and
(Kohonen 84). The following are attractive featurss of neural
networks (for each feature there can be found exceptions and as
far as the author knows there is no neural network with all these
features): biological similarity, high scale parallelism with
asynchronous update, real time adaptiveness, multidirectionality,
roboustness with respect to damage of a part of a network and to
missing data, learning capabilitiss and automatic generalization,
network needs no software, no algorithms, no explicit
configuration, there is no distinction between an address and
data, good theoretical background. The main weakness of neural

networks is the lack of the ability to explain their decisions.



Intelligence emerges from the interaction of

large numbers of

simple processing units.

(Rumelhart & McClelland 1986, Predgovor)

1. UvOD
Oglejmo si zgled matritnega rac¢una, ki ga Jje

zmozna opraviti nevronska mreza na sliki 1.

Vsak nevron ima dve razli¢ni stanji. Za nag
primer Jjs stanje vsakege nevrona lahke 1 ali
-1. Naloga nevronske mreze Jje nauciti se
razpoznavatl naslednja dva vzorea:

T . T

X1 = (1,1,1) in X2 = (1,-1,-1)

Oglejwo si najprej, kako to zmore matritni
racun. Sestavimo matriko kot vsoto matrik, ki
Jjin dobimo kot produkt vektorja s

transponiranim vektorjem samim:

2 0 0

T T
Moo= XixXl o+ X2%XZ = 0 2 2
0 2 2

Définirajmo se odloeitveno funkeijo (pragovni

element):
. 1, X >0
£(X) = 90, X=0
-1, X <O

Ce posplosimo odlo¢itveno funkéijo tudi na
vektorje, lahko zapifemo naslednje:

T
(1,1,1) =X1

f£(M*X1) f((2,4,4§r) =

T T
f(MxX2) = f((2,-4,-4).) = (1,-1,-1) = X2
Vidimo, da produkt matrike z danim vektorjem
obdrzi priblizno smer daneda vektorja, ki jo gz
odlo¢itveno funkcijo %e popravimo in dobimo

“isti vektor.

Poskusimo uporabiti isti postopek, ko prvotne
vektorje poznamo le delno. Z 0O ozna&imo neznano

vrednost komponente:

T ' T
X1 o= (1,1,0) in X2’ = (1,0,-1)
FOMRX1T) = £((2,2,2) ) = (1,1,1) = X1
T T
f(MxX2') = £((2,-2,-2) ) = (1,-1,~1) = X2
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Produkt matrike z delno.poznenim vektor jem
nadomesti manjkajo®o vrednost. Poskusimo sedaj
te z napa¢nimi vrednostmi:

X1t o= (1,1,—1;r = X2"

T T
fIM¥X1") = £((2,0,0) ) =(1,0,0)

V tem primeru je odgovor neodloten. Dejansko je
v nasem primeru nemogoce ugotoviti, ali je
napatna druga ali tretja komponenta.

Dosedan je raémisljanje ne velja vedno oziroma
velja pod dolo#enimi pogoji (npr. zahteva se
ortogonalnost vektorjev), vendar to preseda
okvir tega ¢lanka. Zanimivo je, da ima vsak

shranjeni vzorec shranjen tudi komplemsnt (npr.
¢e shranimo vektor (1,-1,-1), se avtomatsko

shrani tudi vektor (-1,1,1)).

A Xy
W21:W1§//”

Ng e
~ W23=H32

\_%‘ .
-

wz2 W33

/

Slika 1: Primer nevronske mreZe

Cglejmo si, kako lahko gornji ralun realiziramo

z nevronsko wmrezo. Na sliki 1 je prikazana
nevronska mreZa, sestavljena iz treh nevrcnov,
tako da je vsak povezan z vsakim, Vezi med
nevroni ustrezajo elementom matrike. Vezi so
dvosmerne, zato Jjeo matrika simetriéna.
Diagonalni elementi matrike ustrezajo vezem
nevronov samih s seboj. Vsaka vez ima
pridruzenoc realno vrednost (pozitivno ali
negativno), ki ustreza povezavi med nevronoma,
ki ju vez povezuje. Tem vrednostim pravimo tudi

utezi.

Pred utenjem so vse utezi enake 0. U&enje
poteka tako, da se vsakemu nevronu vsili
vrednost (stanje) ustrezne komponente iz
vhodnega vektorja. Ce imata nevrona, ki ju vez
povezuje, enake vrednosti, se uteZ vezi poveca
za 1,

sicer se zmanjsa za 1 (to je posplosenc

Hebbovo pravilo utenja, opisano v razdelku

4.3.1). Prej opisan postopek ponovimo za vsak



vhodni vzorec. Ko je mreZa naucdena, se utezi

ved ne spreminjajo.
Prever janje novega primera poteka tako, da se
vrednosti ustreznih komponent (delnega) vzorca
vsilijo nevronom in vsak ﬁevron paralelno
izractuna svoje stenje, ki Jje hkrati tudi njegov
novi izhod, po pravilu:

Y3y = £( ZWiJ’ Xi )

1

kjer je XJj stanje j-tega nevrona, Wij utez
sinapse med i-tim in j-tim nevronom in Yi novo
stanje i-tega nevrona. Vsak nevron Jje procsesni
element, ki zna izradunati obtezeno vsoto
vhodov in =z odlocitveno‘funkoijo preslikati
dobl jeno vsoto v eno od dveh izhodnih vrednosti
(slika 2).
aktivacije in odloditveni funkciji f pravimo
izhodna funkcija. .V razdelku 4.4 bomo videli,

da lahko izhodna funkcija vrne tudi ve& kot 2

Obtezeni vsoti pravimo funkcija

razli¢ni izhodni vrednosti.

£(3 Wij Xi)

L
Teoxy
l.
3 X
Wlj WQJ{.‘WJ' 0
—ed
Xy X2 Xk
Slika 2: Funkecija, ki jo izrasdunava posamszni

nevron

V nagsem primeru so vsi nevroni paralelno in

Ponovitev iste operacije nebi ved spremenila

nobenega stanja nevronov. Pravimo, da je

(ekvilibrium). V splosnem nevronska mreZa
iteracije ponavlja toliko ¢asa, dokler se
stanja nevronov ne ustalijo, Ce se to zgodi v
koneénem ¢asu, pravimo da mre2a konvergira.
Izvajanje nevronske mreze je lahko tudi

tako da samo en nevron spremeni

svoje stanje naenkrat.

Ce je utez na sinapsi pozitivna, pravimo,. da je

sinapsa vzbujevalna. Ce Jjs ute2 negativna, Je

sinapsa zaviralna.

Man jkajo¢i sinapsi ustreza
utez 0. Ponavadi so utezi na sinapsah

predstavl jene z matriko.
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~vrne vaedno eksaktnega podatka,

Dokazano je, da ¢e Jje matrika simetritna, potem
asinhroni model vedno konvergira (Kosko 1988),
1987).

da samo en

sinhroni pa ne vedno (McElisce in scd.
Za asinhroni model se zahteva,
nevron naenkrat spremeni svoje stanje.
Obstajajo tudi modeli, ki uporabljaje
asimetridne matrike, za katerse je empiri¢no

pokazana konvergenca (Wong 1988).

Ce uporabl jamo nevronsko mrezo kot asociativni
pomnilnik, poﬁem ponavadi mreza konvergira k
fiksni to¢ki, ki ustreza najblizjemu (najbolj
podobnemu) shranjensmu vzorcu danega vhodnega
vzorca. Fiksna to¢ka pa ni nujno eden od
shranjenih vektorjev in ni nujno shranjeni
vektor, ki je najbolj podoben vhodnemd vektor ju
1987). Fiksne totke so

linearno neodvisni vektorji,

(McEliece in sod.
katerih podmnozica
so tudi lastni vektorji matriks,

2. PORAZDELJEN POMNILNIK

Osnovni princip nevronske mre2e je porazdel jen
(distribuiran) pomnilnik. Pomnilnitke celice so
v povezavah med nevroni. Vsak nevron ima dostop
do pomnilnika na povezavah z drugimi nevroni
(ni nujno, da je vsak nevron povezan 2z vsakim).
To lahko interpretiramo kot veliko &tevilo
omejitev, ki se hkrapi upostevajo pri
generiranju obnasanja, Porazdel jen pomnilnik ne
ker je podatek

shranjen v mnoZici povezav z drugimi podatki.

Lastnosti porazdel jene reprezentacije so:

- avtomatska generalizacija: vsaka pomnilnigka
celica predstavlja povezanost med aktivnostima
dveh nevronov (povpre&tno glede na vse
situacije, v katerih se je mrezZa do sedaj
nahajala oziroma glede na vse do sedaj

To znanjs se lahko

prikazane u&ne primere).

uporabl ja za aproksimacijo manjkajo&ih
vrednosti ali za popravljanje napadnih
vradnosti.

znanje. Mreza ne pozna globokedga znanja, ki
vsebuje znane relacije in zakone, ki veljajo v
dani problemski domeni. '

- prilagodljivost na spreminjajote se okolje: s
spreminjanjem okolja se mre2a inkrementalno uci
in s tem prilagaja na okolje; pozabljanje Ze
naucenega lahko kontroliramo 2z dolotenimi
parametri

- ¢im vetja je distribuiranost, tem bolj
natan&dno lahko shrenimo iste podatke z enakim

stevilom nevronov {Hinton in sod. 1888).
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Distribuiranost pove¢amo z drugaénim

kodiranjem, npr. namesto da en nevron
predstavl ja eno komponento lahko ved¢ nevronov
zakodira vrednosti ved komponent vhodnih
vektorjev. Na ta nacin je ena kompohenta
shranjena v povezavah z ve¢ ostalimi
komponentami, kar omogoc¢a bolj natanéno
rekonstrukei jo komponente.

- konstruktivni karakter: vsak procesni slehent
(nevron) predstavlja mikro-atribut, ki hkrati
kombinira ved osnovnih atributov; vsak mikro-
atribut opisuje dano domeno iz svojega zornega
kota,

- ker je vsak podatek v nevronski mrezi

ki pa ga je tezko interpretirati

predstavl jen z mnogo elsmenti in vsak nevron
vkljuc¢en v reprezentacijo vet podatkov,
odstranitev enega nevrona povzro¢i delni padec
v natancnosti za ve¢ podatkov in ne popeclino
izgubo enega podatka (Hinton in sod. 19886}

- spontano spominjanje pozabl jenih podatkov
brez ponovnega utenJja istih podatkov med
ronovnim ucenjem drugih podaﬁkov {Hinton in
sod. 1986, Hinton & Sejnowski 1986).

Ko je mreza naucena (utezi na vezeh fiksirane),
deluje tako, da nevroni dobijo zadetne
vrednosti (vhodni vzorec) in zatem neodvisno
drug od drugega sprehinjajo svoja stanja glede
na vhodne obtezene signale. Delovanje je

paralelno in asinhrono. Delovanje mreze se

ustavi, ko ni ve¢ nobene spremembe v stanjih
nevronov. Pravimo, da Jje nevronska mreza prisla

v stabilno (fiksno) tocko.

Za razliko od lokalne reprezentacije v
racunalnikih, kjer podatek lokalno adresiramo,
pri porazdeljeni reprezentaciji v nevronski
mrezi podatek adresiramo s podatkom samim (to
velja za auto-asociativni pomnilnik, glej
razdelek 4.2.1). Ce Jje adresa to&na, dobimo
identicen podatek, sicer dobimo podatek, ki je
po dolocenih kriterijih pedoben adresi oziroma
vhodnemu podatku. Temu pravimo tudi vsebinsko
naslavl janje. V nevronski mrezi torej ni

razlike med podatkom in njegovo adreso.

Za reprezentacijo popolnoma razli¢nih podatkov
ali podatkov na. razli¢nih nivojih abstrakcije
zahteva porazdel jena reprezentacija razlidne
module (podatek je lokalno>shrénjen 2
globalnega gledista, vendar globalno shranjen =z

lokalnega gledisca).

3. LASTNOSTI NEVRONSKIH MREZ

Lepe lastnosti nevronskih mre2 so bioloska
podobnost, visok paralelizem in asinhrono

izvajanje, vetsmerno izvajanje, prilagodljivost
v realnem ¢asu, robustnost glede na okvare in .
glede na manjkajote podatke, sposobnost uenja
in avtomatska generalizacija, mrezZa ne
potrebuje programske opreme in sksplicitne
konfiguracije, ni razlike med podatki in
adreso, podro¢je ima dobro matematidno podlago.
Glavna pomankl jivost nevronskih mrez je
nezmoznost razloziti svojo odlotitev. Za vsako
lastnost lahko najdemo izjemo, in kolikor Jje
avtorju znano, ne obstaja nevronska mreZa,.ki

bi imela vse nastete lastnosti.
3.1 Bioloska pocdobnost

Pristop do resevanja problemov z nevronskimi
mrezami skusa oponasati delovanje &loveskih
mozganov in hkrati dose¢i ve&jo ueinkovitost '
pri resevanju kompleksnih problemov. Nevronske
mreze so abstrakcija in posnostavitev
mozganskih celic. Nevroni v razliénih delih
mozganov se med seboj modno razlikujejo po
obliki,

enaka.

vendar je njihova osnovana struktura

Primer mozganskega nevrona je shematiéno
prikazan na sliki 3. Akson prenasa drazljajs iz
celitnega telesa, dendriti pa vodijo vhodne
drazljaje v celico. Akson se na koncu razveji
in se preko povezav, imenovanih sinapse,
povezuje z dendriti ostalih nevronoQ (Russell

1979).

Aproksimacija z modeli nevronskih mrez k1 jub
poenostavitvam zadostuje za utinkovito
modeliranje in analiéo. Te raziskave vodijo
tudi do bol jsega razumevanja procesov v

mozganih., Ve¢ o tem je napisano v razdelku 8.

sinapse
|

Slika 3: nevrona

Shematiéni prikaz moZganskega
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3.2 Paralelizem

Visok paralelizem v nevronskih mrezah je
posledica dejstva, da vsak nevron deluje
neodvisno od ostalih. To omogosa izredno hitro
izvajanje v celoti. Zato so prav nevronske
mreze zmozne prilagajanja v realnem &asu.
Vecina danasnjih aplikacij je simuliranih s
klasic¢nimi racunalniki. Deluje pa 2e nekaj
prototipov bolj ali manj specializirane strojns
opreme. Implementacijo olajsuje dejstvo, da

lahko nevroni delujejo asinhrono.

Primer manj specializirane strojne opreme, ki
Je primerna za implementacijo nevronskih mrez
je t.i. povezovalni radunalnik (connection
Blelloch in Rosenberg (1987) sta
primerjala hitrosti izvajanja posplosenega

delta pravila (glej razdelek 4.3.2) na

machine).

razli¢nih racunalnikih vklju¢no s povezovalnim
65536

Zaradi paralelnega

ratunalnikom, ki je sestavljen iz
enobitnih procesorjev.
izvajanja je bilo izvajanje na povezovalnem

racunalniku dvakrat hitrejse kot na racunalniku
Cray-2, ki Jje nevronsko mrezo simuliral

zaporedno. »

Graf je s sodelavei (1988) razvil &ip za
implementacijo algoritmov nevronskih mrez.
Uporabl ja se lahko kot asociativni pomnilnik
ali za klasifikacijo vzorcev. Cas izvajanja v
¢ipu (zaporedje iteracij do fiksne tocke) Jje
zanemarljiv {(cca 1 urin cikel) glede na
potreben ¢as za vhod/izhod (25-50 urinih

ciklov).

3.3 Vedsmerno izvajanje
Pri nevronski mrezi, kjer Jje vsak nevron
povezan z vsakim, je vsak nevron hkrati vhoden
in izhoden. Nevronska mreza v tem primeru ne
dela razlike med vhodom in izhodom. Poljubna
podmnozica nevronov je lahko vhodna. Delovanjs
mreze bo pri danem vhodu aproksimiralo neznane
vrednosti, ki bodo v tem primeru izhod. Primer

take mreze Je na sliki 1.

3.4 Robustnost

Nevronska mreZa je robustna glede na okvaro
posameznih nevronov in sinaps. Robustnost je
posledica porazdel jene reprezentacije. Ker je

vsak nevron vkljucen v reprezentacijo vecl

podatkovnih elementov in ker je vesak podatkovni
element predstavljen 2z mnoZico nevronov in
sinapg, 2z odstranitvijo enega nevrona ali ene
sinapse ne izgubimo nobenega podatka v celoti.
Taka okvara povzro¢i manjso napako pri veéjem
stevilu shranjenih podatkov. Natan&énost
nevronske mreZe pada sorazmerno & stevilom
unicenih nevronov (kar ustreza delovanju

mozgdanov - glej razdelek 8).

Nevronska mreza je robustna tudi glede na
pomankl jive vhodne podatke. To izvira iz nadina
delovanja nevronske mreze.

V mrezi, kjer Jje

vsak nevron povezan 2z vsakim, se bodo

man jkajo¢i vhodni podatki aproksimirali %Ze v
prvi iteraciji iz razpolozljivih vhodnih
podatkov in nautenega znanja. Primer take
aproksimacije Jje pédan v razdelku 1. Seveda bo
aproksimacija tem slabsa, ¢im pomankljivejsi so

vhodni podatki.

3.5 Ueenje

Utenje v nevronskih mrezah poteka s spontanim
spreminjanjem utezi na sinapsah. Ena
pomnilniska celica (sinapsa) predstavlja
povezeanost med aktivnostima dveh nevronov, ki
ju sinapsa povezuje. Ker se utez spreminja
glede na spreminjanje vhodnih podatkov (okolja,
uénih primerov), uteZ predstavlja povezanost
glede na vse situacije, v katerih se je mreza
do sedaj nahajala oziroma glede na vse do sedaj
prezentirane u¢ne primere. Ko je mreZa nautena,
je vsak nevron sposoben napovedati svoje stanje
v odvisnosti od danih stanj z njim povezanih

nevronov.

3.6 Relacija med strojno in programsko opremo

V nevronski mrezi ni programske oprems v
klagi¢nem pomenu te besede. Edini algoritem je
algoritem, po katerem deluje individualni

ngvron,

Vse ostalo delovanje je spontano. Mrega

tezi k stabilni to¢ki tako, da vsi nevroni
paralelno in asinhrono delujejo. Besedi
rac¢unalnik ali izpeljevalnik (inference
machine) nista ve¢ primerni za opis delovanja
takega stroja. Bolj primerno ime bi bilo npr.

relaksator.

Strojna oprema je v nevronski mre2i lahko
fiksna, lahko pa se tudi spreminja (sinapse

lahko propadajo ali se pojavijo novs). Za



doloceno izvajanje konfiguracija ni enolisno
dolocena. Za dolotens statistitne lastnosti ni
nujno, da je vsak nevron povezan z vsakim.
Zadeostuje, da je &tevilo povezav med nevroni
mnogo vedje od &tevila nevronov (Kohonen 1884).
Konfiguracija sama pa je lahko naklju¢na, kar

Je analogno 2z mozgani (glej razdelek 6).
3.7 Matemati¢na podlaga
Podroa je ima dobre teoreti¢ne temelje v

(Jordan 1986, Kohonen 1984).

kot so linearna transformacija,

linearni algebri
Pojmi, inverzna
transformacija, linearnost, ortbgonalnost
vektorjev, lastna vrednost, lastni vektor,
fiksna tocka in konvergenca, so formalno
definirani in dobro obdelani. Vse vet je

: vezanih na nevronske
1988, Kosko 1988, McEliece
in sed. 1987, Smolensky 19868, Williams 19886,

Wong 1988).

teoreti¢nih prispevkov,

mregze (Guez in sod.

3.8 Razlaga odloc¢itve

Najvet¢ja slabost nevronskih mre2z Jje tezavnost
Z gledissa

raziskovalcev umetne inteligencs sistem, ki

razloziti svojo odlocitev.

svoje odlo¢itve ne more razloziti, ni boljsi od
katerega koli statisticnega sistema za
ki lahko dobro deluje;

vendar interpretacija njegovih rezultatov ni

razpoznavanje vzorcev,

mozna brez veliko znanja in izkusenj iz

matematike in statistike (glej razdelek 7).

4. VRSTE NEVRONSKIH MREZ

Nevronsks mreze delimo po naslednjih
kriterijih:
- topnlogija nevronske mreze
© - namen nevronske mreze
- pravilo ucenja )

~ funkecija kombiniranja vhodov nevrona v izhod
4.1 Topologija nevronske mreze

4.1.1 Brez nivojev

Najbolj splosna oblika nevronske mreze je teaka,
da je vsak nevron hkrati vhoden in izhoden in

de je vsek nevron povezan z vsakim nevronom v

obeh smereh. Primer je podan na sliki 1.

61

Nevronska mreza deluje tako, da se na zaletku

nevronom vsili vrednosti komponent vhodnega
véorca, zatem pa nevroni paralelno sinhrono ali
asinhrono spreminjajo svoja stanja in izhod
glede na vhod toliko &asa,

celotne mreze ne ustali.

dokler se izhod

4.1.2 Dvonivojske nevronske mreZe

Dvonivojska nevronska mreza je sestavljena iz
skupine vhodnih in skupine izhodnih nevronov.
Vsak vhodni nevron je z enosmerno vezjo povezan
z vsakim izhodnim nevronom (glej sliko 4).
Izratun take nevronske mresze poteka tako, daAse
vhodnim nevronom vsilijd vrednosti komponent
vhodnega vzorca in zatem v enem koraku vsi
izhodni nevroni paralelno izracunajo izhodne
vrednosti. V¢asih pravijo tekim mreZam tudi
enonivojske, ker so vhodni nevroni samo
senzorji. Primer take mre2e je perceptron
(Minsky & Papert 1969). Dvonivojske nevronske
mreze lahko re#%ijo samo linearns probleme (npr.

‘ekskluzivni ali’ ni resljiv z dvonivojsko

mrezo).
Y= (Y1, Yz, , Ym = izhod
X = ( Xi, %2, ... , Xn) = vhod
Slika 4: Dvonivojska nevronska mreZa

4.1.3 Ve¢nivojske nevronske mreZe

Ce v dvonivojski nevronski mrezi med vhodni in
izhodni nivo dodamo 5e enega ali ve¢ skritih
nivojev, dobimo ve¢nivojsko nevronsko mrezo.
Veénivojské nevronske mreze delujejo podobno

kot dvonivojske, le da je stevilo korakov enako

‘$tevilu skritih nivojev plus ena. Z

vetnivojskimi mrezami lahko resimo tudi
nelinearne probleme {glej 4.3.2).

Primer tronivojske mreze, ki izratunava
’ekskluzivni ali’, Jje na sliki 5. Dva nevrona
Skrita

nevrona in izhodni nevron imajo tudi poseben

sta vhodna, dva skrita in en izhodni.

konstanten vhod z utezjo 1. Mreza je simetriéna



glede na vhod. Ce sta oba vhodna nevrona v
enakem stanju (oba 1 ali oba -1), potem sta oba
skrita nevrona aktivna (imata izhod 1) in
izhodni nevron postane pasiveh (izhodna
vrednost je -1). Ce sta vhoda razlit¢na (eden 1
in drugi -1}, potem sta tudi stanJji skritih
nevronov razli¢ni in je izhodni nevron aktiven
(izhodna vrednost je 1).

Slika 5: Tronivojska nevronska mreza, ki

izracunava ekskluzivni ali.

4.1.4 Dvosmerni asociativni pomnilnik

Dvosmerni asociativni pomnilnik (Kosko
1987,1988) Jje sestavlijen iz dveh nivojev
nevronov, ki sta povezani med seboj 2z
dvosmernimi vezmi. Izradunavanje poteka tako,
da nevronom ustreznega nivoja vsilimo vrednosti
kompeonent vhodnega vektorja. Zatem nevroni iz
drugega niveoja izracunajo svoje izhode, zatem
nevroni iz prvega nivoja izracunajo svoje
izhode in tako iterativno naprej, dokler se
izhodi obeh nivojev ne ustalijo. Delovanje
nevronov je lahko sihrono ali asihrono. 2e samo
ime pove, da se taka mreza uporablja kot
asociativni pomnilnik, ki na osnovi vhodnega
vzorca igzracuna ustrezen vzorec, ki je bil
shranjen kot par danemu vhodnemu vzorcu.
Dokazano je, da pri asinhronemu izvajanju
dvosmerni asociativni pomnilnik konvergira pri
pol jubno izbranih utezeh na vezeh med nevroni
(Kosko 1988).

4.2 Namsn nevronske mreze
4.2.1 Avto-asociativni pomnilnik

Avto-asociativni pomnilnik ponavadi deluje
tako,.da so vei nevroni hkrati vhodni in
izhodni. Na vhodu damo vzorec ali del vzorca
(pomankl jiv vzorec). Mreza nato iterativno
generira (aproksimira) manjkajo&i del vzorca in
popravl ja napa¢ne dele (sum) v vhodnem vzorcu.
Ko se izvajanje ustali (nadaljnje iteracije ne
spremeni jo ve& vzorca), dobimo na izhodu
cegloten, dopolnjen in popravljen vzorec. (e je
vhodni vzorec prevet pomankljiv ali napaden, se
seveda lahko zgodi, da je dobljeni vzorec
napacten. McEliece s sod. (1987) je dokazal, da
z N nevroni lahko eksaktno shranimo N/{(4*log N)
vektorjev (N dimenzionalnih). Wong (1988) je
empiridno pokazal, da mreza z N nevroni lahko
shrani N vektorjev.

4.2.2 Hetero-asociativni pomnilnik

Hetero-asociativni pomnilnik je varianta avto-~
asociativnega pomnilnika, pri kateri je vzorec
sestavl] jen iz ve& padvzorcev. Na vhodu damo
enega ali ve® podvzorcev, na izhodu pa dobimo

preostali del vzorca.
4,2.3 Casovni asociativni pomnilnik

Casovni asociativni pomnilnik deluje kot
hetero-asociativni pomnilnik, le da je na vhodu
vedno vzorec iz nekega &asovnega intervala,
izhodni vzorec pa Jje napoved vzorca za
naslednji ¢asovni interval (Kosko 1988). ToreJg
¢asovni asociativni pomnilnik deluje kot naivni
kvalitativni simulator, ki na osnovi dane

situacije generira naslednjo situacijo.

Utenje &asovnega asociativnega pomnilnika
poteka na osnovi primerov. Torsj simulator
upo&teva samo povrsinskq znanje brez poznavanja
zakonov in relacij, ki veljajo v dani
problemski domeni. Zato js napovedovanje
aproksimacija z upostevanjem primerov, ki so
bili mrezi prej prezentirani, in ne izpel java

iz znanih zakonov iz domens.

~Casovni asociativni pomnilnik lehko realiziramo

tudi tako, da upofteva kontekst in dolotteno
predznanje, kjer opis dane situaci je dopuséa
ves alternativnih nadaljevanj. V tem primeru je
vhod razdel jen na podvzorec trenutne situacije

in podvzorec konteksta.



4.2.4 Klasifikacija

Klasifikacija je poseben primer.hetero-
asocliativnega pomnilnika,‘ki ima fiksno
doloc¢ene vhodne nevrone in fiksno &tevilo
izhodnih nevronov, ki doloc¢ajo razred. Ucenje
poteka na osnovi primerov z znanimi vhodnimi
podatki in znanimi razredi. Primer, za katersga
so znani samo vhodni podatki ali samo del
vhodnih podatkov, se klasificira v enega od

razredov.
4,.2.5 Grupiranje

Tu je problem podan tako, da mora sistem sam
znatil grupirati vhodne primere v fiksno &tevilo
razredov. Stevilo primerov Jje lahko v naprej
podano ali pa tudi ne. Spoedaj js opisan primer
nevronske mre2e iz (Rumelhart in Zipser 1986),
ki zna grupirati primere v vnaprej dologeno ’

stevilo razredov.

Mreza je sestavljena iz vhodnih in izhodnih
nevronov. Vsak nevron je lahko aktiven ali pa
neaktiven. Vsak vhodni nevron je povezan z -
vzbujevalnimi vezwi z vsakim izhodnim nesvronom.
Stevilo izhodnih nevronov dolota stevilo
konenih razredov. Vsak izhodni nevron js
povezean z zaviralnimi vezmi z vsemi ostalimi
izhodnimi nevroni, tako da Jje lahko naenkrat

aktiven samo en izhodni nevron.

Fred u¢enjem ima vsak izhodni nevron na vezi z
vsemi vhodnimi nevroni enako ute? in sicer
tako, da Jje vsota vseh utezi enaka 1. Med
uc¢njem izhodni nevron premika utezi od
neaktivnih vhodov k aktivnim tako, da vzdrzuje
vsoto utezi enako 1. Najbolj spreminja svoje
utezi tisti izhodni nevron, ki postane aktiven
(zmaga). Zato pravimo takemu ugenju tudi
tekmovalno uc¢enje (competitive learning).
Scasome se mreza nauci, da doloden izhodni
nevron zmaga vedno pri vhodnih vzorcih, ki so

si po dolocenih lastnostih podobni.

Ce povezeno ved& izhodnih ékupin nevronov
vzporedno brez medsebojnih povezav, lahko
hkrati dobimo ve¢ razlicénih grupiranj. Vsaka
izhodna skupina nevronov se nauci gfupirati
vhodre primere glede na dolocene lastnosti.
Lahko recemo, da se vsak nevron nausi
detektirati dolo®en nov atribut vhodnega
vzorca. Zato takemu ucenju pravimo tudi
odkrivanje atributév (feature discovery). En

nivo detektorjev atributov lahko serijsko

detektorjev

vzbujevalne

povesemo Vv ved nivojev (glej sliko 6).\Vsakl
naslednji nivo bo dobil vhodne primsere, opisans

z nekimi novimi atributi.

izhodne
skupine
nevronov

nivoji

vezi

¢ neaktivni nevron
T T » aktivni nevron

vhodni nivo

Slika B: Nevronska mreza za grupiranje

4.2.6 Samoorgenizacija in sortiranje

Veéasih je za uéinkovito predstavitev
informacije potrebno nevrone urediti tgko, da
vsak odgovarja na dolo¢eno vrednost vhodnedga .
parametra (npr. frekvenca zvdka): Z ustrezno
topologi jo nevronov dosezemo, da se nevroni
sami uredijo tako, da ustrezno lezedi nevroni
odgovarjajo na ustrezne vhodne signale.

Primer take mreze Jje dvonivojska mreZa, kjer Jje
veak izhodni nevron povezan &e z blizZnjimi
izhodnimi nsvroni s povratnimi vezmi. 2
najblizjimi nevroni je povezan z vzbujevalnimi
vezni in z manj blizjiml z zaviralnimi vezmi
(Kohonen 1984). VYsak nevron sprejema na vhodu
isti signal, ki ustreza realni vrednosti danega
vhodnega parametra. Vsak nevron ima

spremenl jivo utez za vhodni signal, ki jo
primerja z vhodnim signalom. Cim manjsa Jje
razlika utezi in vhodnega signala, tem mocnejsi

bo nevronov odgovor.

Jeenje poteka tako, da ss spreminjajo samo
vhodrnie utez?i zmagovalnih nevronov, to Js

nevronov, ki pri danem vhodu postanejo aktivni.

_ Vhodne uteZi se spreminjajo v smeri vhodnega

signala. S¢asoma bodo v nevronski mrezi vhodne
utezi urejense, torej bo lega nevrona, ki
reagira na signal dane velikosti, odgovarajala
velikosti vhodnega signala. Kohonen (1984) Jje
pokazal konvergenco tega procesa pod dolodenimi

pogoji.



V gornjem utenju Kohonen navaja dva procesa.
Eden je ta, da utezi skusajo aproksimirati
da lokalne

interakcije med nevroni skusajo ohranjati

trenutni signal. Drugi pa je ta,

kontinuiteto. Analogijo lahko najdemo v
algoritmu sortiranja po metodi mehurékov. Dva
sosedqja elementa se podpirata, e sta v
pravilnem vrétnem redu. To ustreza drugemu
priﬁcipu. Ce pa nista Vv pravilnem vrstnem redu,
prvi princip prevlada in vrednosti sosednjih

elementov se zamenjata.

4.3 Pravilo ucenja
4.3.1 Hebbovo pravilo

Osnovno pravilo, ki ga v razliénih variantah
uporabl jajo nevronske mreze pri ucenju, Jje
definiral ze Hebb (1949).

vez med dvema aktivnima nevronoma ojaca (utez

Pravilo pravi, da se

se poveta). To pravilo zadostuje, da si mreza
zapomni frekvenco (in s tem verjetnost), s
katero sta dva sosednja nevrona hkrati aktivna.
Bioloska verjetnost tega pravila (verjetnost,
da se po takem ali podobnem pravilu ue¢ijo
mozgani) je v uporabi informacigje, ki Jje.

lokalno dosegl jiva vsakemu nevronu.

Posploseno Hebbovo pravilo (Rumelhart in sod.
1986) pravi, da se vez med dvem nevronoma
ojata, ¢e sta oba hkrati aktivna ali &¢e sta oba
hkrati pasivna. Na ta ne¢in si wreza zapomni
povezanost med aktivnostima dveh povezanih

nevronov,

4.3.2 Pravilo delta
Preprosto pravilo, ki omogoc¢a ucenje v
dvonivojski mrezi, sta definirala 2zes Minsky in
Papert (1969). V dvonivojski mrezi je prvi nivo
Vsak vhodni

nevron Jje povezan z vsakom izhodnim nevronom.

nevronov vhoden in drugi izhoden.

Pred zacCetkom ucenja so utezi izbrane
nakljueno. Ucenje poteka z znanimi pari vhodnih
in izhodnih vzorcev. Vhodni nevroni dobijo
vhodni vzorec. Zatem se v enem koraku izraluna
izhod pri danem vhodu. Izrafuna se razlika med
dejanskim izhodom in zel jenim izhodom. Zatem se
utezi povezav med vhodnimi in izhodnimi nevroni
zmanjsajo all povecajo sorazmerno razliki med

dejanskim in zel jenim izhodom.

Z iterativnim prikazovanjem znanih parov

vhodnih in izhodnih vzorcev dosezemo, da se
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mreza nauti pravilno odgovarjati na vse vhode.
Minsky in Papert (1969) sta dokazala, da ta

elgoritem konvergira k fiksni tocki, ¢te je
funkcija, ki se jo mora mreza nauc¢iti,
linearna. Dejansko dvonivojska mreza ne zmore
re&iti nelinearnih problemov (npr. ekskluzivni

ali).

Rumelhart je s sodelavei (1888) razvil
posploseno pravilo delta. Le ta omogo&a udenje
mreze, sestavljene iz poljubnega stevila

' Veenivo jska mreza lahko resi tudi
nelinearne probleme (npr. ekskluzivni ali, glej
sliko §5).

nivojev.

Osnovni princip posplosenega pravila delta je
isti, kot pri navadnem pravilu delta. Na

zacetku so utezi

nakl ju¢ne. Na vhodu mreza dobi

vhodni vzorec in s propagiranéem po nivojih do
izhodnega nivoja izraduna izhod. Zatem se
izratuna razlika med dejanskim in zeljenim
izhodom. Najprej se spremenijo utezi med
zadnjim in predzadnjim nivojem kot pri
osnovnemu pravilu delta. Zatem se izracunajo
2elene vrednosti nevronov na predzadnjem nivogju
(to je kljueni korak algoritma). Izratuna se
razlike med zelenim in dejenskimi vrednostmi
nevronov na predzadnjem nivoju in rekurzivno se
nadal juje spreminjanje utezi vse do vhodnega

nivoja nevronov,

Za posploseno pravilo delta velja, da ne
konverdira vedno (labhko obti¢i v lokalnem
minimumu). Razen tega zahteva zelo veliko

stevilo prehodov preko uénih primerov, t.J.
mﬁezi moramo velikokrat pokazati iste utne
pfimere (tipi¢no nekaj sto do nekaj tisot

krat).

potrebovala okoli 500 prehodov preko stirih

Tako bi nevronska mreza na sliki §

ut¢nih primerov za resitev problema XOR
1986).
delta in posploseno pravilo delta nimata

(Rumelhart in sod. Prav tako pravilo

bioloske analogije z mozgani (Wassermann &
Schwartz 1988).

4,3.3 Tekmovalno pravilo

Pri tekmovalnem pravilu se zahteva, da je v
doloteni skupini nevronov aktiven vedno natanko
eden. To se doseze z ustrezno topologijo, kjer
Je v skupini vsak nevron povezan 2z vsakim z
zaviralnimi vezmi. Ko en nevron postane

aktiven, z zaviralnimi vezmi ’zatre’ ostale

nevrone, da ne morejo postati aktivni. Pri tem

pravilu se uei samo zmagovalni nevron in sicer
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ﬁéko, da poveca utezi vezem; ki so mu pomagale,
da Jje ’zmagal’, in zmanjsa utezi ostalim vezem.
Primer tekmovalnega pravila Jje metoda .
grupiranja Rumelharta in Zipserja (1988)
4.2.5).
tudi vkljucuje tekmovalno pravilo,
razdelku 4.2.6.

(glej
Kohonenov primer samoorganizacije, ki

Je opisan v

4.3.4 Pozabl janje

Nekatere metode uc¢enja vkljucujejo tudi

pozabljanje. To dosezejo tako, da prej

nauc¢enega ne uposevajo enakovredno z novo
nauc¢enim. Na ta nac¢in je novo nau¢eno vedno
"najbolj sveze".

tako,

Veasih pozabljanje realiéirajo
da vse utezi med nevroni s ¢asom zvezno
znizujejo v sorazmerju z njihovimi velikostmi.
Ta metoda prepreduje, da bi se utezi prevéé

povecale (Kohonen 1984).

4.4 Funkecija kombiniranja vhodov nevrona v
izhod

Funkei ja kombiniranqa Je sestavljena iz dveh
delov (glej sliko 2): funkcija aktivacije (A)
in izh&dna funkcija (£). Funkcija aktivaéije
Izhodna

ki je tipi¢no pragovni logiéni

kombinira vhode v vmesno vrednost.
funkei ja,
element, preslika rezultat aktivacije v izhod
nevrona.

4.4.1 Funkcija aktivacije

Najbolj pogosta funkecija aktivacije js obtezena

vsota:
A(X3) = Wij * Xi + C§
¢

kjer Jje Wij utez vezi med i-tim in J-tim
nevronom, Xi stanje )

i-tega nevrona in Cj konstantna aktivacija j-
tega nevrona (prag). Ce opifemo stanja n
nevronov 2 vektorjem

K= (X1,X2, ... %))

in utezi vezi Wij med nevronoma i in j z

matriko
Wil W12 Win
¥ = W21 W22 WZn
. Wnl Wn2 Wnn

dobimo stanje Y nsvronske mreZe po eni

iteraciji z

Ker matrika M predstavlja linearno
transformacijo, Jje funkcija aktivacije Y = A(X)
linearna.

katere

Bolj splosna je t.i. funkcija sigma-pi,

splosna oblika je

> Wik T 1 Xk,
S.eP ke St

kjer je P poten¢na mnozica mnozice indeksov

sp(Xl, ..., %n) =

vseh nevronov. Si je mnozica indeksov nevronov,
katerih stanja se med seboj zmnozijo in nato se
'obtezi’

zmnoiek z utez jo Wi.

Williams (1988)

sigma~pi in s pragovnimi elementi lahko

je pokazal, da s funkcijo
realiziramo pol jubno monotono boolovo funkcijo.
Pri tej funkeiji Jje pomembno tg, da Jje ‘en sam
nevron ne more realizirati, ker &tevilo
podmnozic Si nare&ta s stevilom vhodnih
nevronov. Vsak nevron ima na razpolago toliko
spominskih enot za utezi Wi, kolikor Jje vhodnih
nevronov. Zato pa lahko s kombiniranjem ved
nevronov realiziramo poljubno monotono

funkei jo.
4.4.2 Izhodna funkeija

Izhodna funkcija, ki preslika aktivacijo v
izhod nevrona, Jje lahko deterministi¢na
binarna, deterministiéna zvezna ali

stohastic¢na, ki je ponavadi binarna. Pri

deterministi¢ni funkciji je izhod nevrona

enoli¢no dolo¢en z vhodom. Pri stohasti¢ni

'funkciji pa Jjo izhod dolo¢en samo z dolo&eno

ver jetnostjo.

Binarna deterministi¢na funkecija je ponavadi
pragovni logi¢ni element. Izhodne vrednosti so
ponavadi 0 in 1 ali pa -1 in 1. Prag je lahko

fiksen ali pa se ob usenju spreminja.

Zvezna deterministi¢na funkeija js ponavadi
sigmoidna funkecija, ki preslika poljubno realno
vrednost na interval od O do 1. Izhod nevrona
je torej poljubno realno stevilo med O in 3.
Zvezna funkcija obt¢utno poveda pomnilnisko
kapaciteto nevronske mreze. Guez s sod. (1988)
je pokazal, da ima mreza z N nevroni 3 na N

fiksnih toek. Primer take funkecije je



-X
f(X) = 1/(1 + & )

Da se izognejo lokalnim resitvam, uporabljajo v
nevronskih mrezah tudi stchastid¢ne funkeije
kombiniranja.

To so funkcije, ki ne dajo ene

ali druge vrednosti, vrnejo verjethost za npr.
prvo vrednost. Nevron nato izbere eno od
vrednosti 2z dano verjetnostjo. Proces
konvergence je zato potasnejsi. Na ta nacdin se
lahko izognemc vec¢ini manjsih lokalnih
_ekstremov in sistem z veliko verjetnostjo

poisce globalni optimum.

V zvezi s stohastie¢nimi funkecijami je povezana
vpel java temperature sistema po analogiji iz
termodinamike.

Cim visja je temperatura, tem

ve¢ja je entropija sistema. Z znizZevanjem
temperature sistem postaja bolj in bolj
deterministic¢en. Pri temperaturi O so vse
odlo¢itve deterministi¢ne. Proces v sistemu
zacnemo pri visoki temperaturi, ki jo pocasi
znizujemo. Cim podasneje se temperatura
znizuje, tem vet¢ja Jje verjetnost, da bo sistem
pristal v globalnem optimumu.

Primer stohésticne funkci je je Smolensky-jeva
teorija harmonije (1986). Harmonija je obratno
sorazmerna Hopfieldovi energiji sistema. Cinm

vetja Jje harmonija, tem nizja je energija, tem

blizje je sistem resitvi. V globalnem optimumu
je harmonija najve¢ja. Stohasticno funkeijo
uporabl jata tudi Hinton in Sejnowski (19886) v
Boltzmannovih strojih (funkcija sledi

Boltzmannovi distribuciji).

5. PRIMERI UPORABE

V zadnjem ¢asu je vse ve¢ komercialno
dosegljivih paketov za razvoj nevronskih mrez
(Nestor Development System, Cognitron,
NetsSet, Axon itd.), prodajajo pa
tudi 2e kartico (ANZA) za IBM-PC kompatibilne

racunalnike in SUN delovne postaje,

NeuralWorks,

ki omogota
Paketi
omogontajo hitro definicijo nevronske mreze in

nekaj 100 krat hitrejse izvajanje.

uporabo nekaterih standardnih modelov
nevronskih mrez kot so Hopfieldov, Boltzmannov,
itd. Za Nestor
Development system navajajo naslednje

1988):

Grossbergov, ’back-propagation’,

aplikacije (Nestor Inc.

~ Kontrola kvalitete izdelave trdih diskov, ki
v naprej napove mozna odstopanja od zahtevane
natan¢nosti, tako da jih pravo&asno z ustrezno

obdelavo lahko odpravimo, Navajajo 100 %
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natantnost klasifikacije delnih izdelkov v eno
od stirih kategorij.

- Diagnostika na osnovi signala EKG. Navajajo
100 % natandnost lodevanja med normalnim EKG in
dolo¢eno aritmijo.

- Razpoznavanje roé¢no zapisanih znakov.
Navajajo 97.7 % natan¢nost, pri tem da lahko
sistem izlozi znake, ki jih ne more zanesljivo
klasificirati.

- Preverjanje podpisov na &ekih. Navajajo 4 %
podpisov narcobe klasificiranih kot napaten
podpis, kar dale¢ presega ljudi strokovnjake.
- Identifikacija objektov z radarjem. Navajajo
100 % natan¢nost pri dolodenem problemu v
primerjavi z 93% natan¢nostjo Bayesovega

klasifikeatorja.

Veliko je aplikacij v rac¢unalniskenm
razpoznavanju govora in racunalniskem vidu.
Kohonen (1988) navaja od 92 do 97 ¥ natanénost
razpoznavanja govora (pisanja po nareku, ns da
kaj pise) in 96 do 98 %
natan¢nost razpoznavanja izgovorjenih

bi sistem razumel,

izoliranih besed iz slovarja 1000 besed.

Uporabl jena metoda u®enja Jje samoorganiziranje
{glej razdelek 4.2.6),
specializira za dolo&en vhodni signal.

kjer se vsak nevron

Radunalniski vid bi moral biti invarianten
translacijo in velikost
Hinton (1981) Jje pokazal,

glede na rotacijo,
opazovanih objektov.
kako lahko sistem razpozna vhodni vzorec,
Cepfav ne ve vnaprej, za kak¥en vzorec gre in
katera transformacija Jje potrsbna. Ideja je v
tem, da sistem poskusa paralelno vse
transformacije naenkrat in jih primerja z vsemi
shranjenimi vzoreci naenkrat (kar je naravni
princip v nevronskih mrezah). Z iterativnim
ponavl janjem se bosta ojatala tista
transformacija in tisti vzorsc, k% najbolj

ustrezata vhodnemu vzorcu.

Fukushima (1988) Jje s posebno topologijo
nevronske mreze dosegel razpoznavanje cifer
invariantno glede na velikost in translacijo in
delno invariantno glede na deformacijo. Widrow
in Winter (1988) predlagata razpoznavanje v
dveh korakih z dvema nevronskima mrezama. Prva
mreza bi se nauc¢ila spreminjati vhodne vzorce v
vzorce invariantne glede rotacije, translacije
in velikosti. Druga mreza bi se lahko naugila
iz vmesnih vzorcev generirati originalne v
sfandardni poziciji, orientaciji in velikosti.
Grabec in Sachse (1988) sta uporabila nevronsko

mrezo za analizo in procesiranje signalov



akustiténe emisije. Pokazala sta, da se 2z
nevronsko mrezo lahko u¢inkovito resi inverzni
t.J.

izvora zvoka na netrivialnsem problemu,

problem akustic¢ne emisije, odkrivanje

ki je
eksaktno prakti¢no neresljiv. Nevronska mreZa
se brez uporabe énacb iz elastodinami¢ne
teorije iz primerov nauc¢i odkrivati
karakteristike izvora akusticnih signalov. Ta
aplikacija napoveduje novo generacijo merilnih
instrumentov, ki naj bi temeljila na principu

nevronskih mrez.

Nevronske mreze lahko hitro najdejo priblizne
resitve NP-polnih problemov (v linearnem ali
celo konstantnem ¢asu). Pri tem mora stevilc
nevronov ustrezati velikostnemu parametru
Hopfiled in Tank (1985)

demonstrirala hitro ressevanje problena

problema. sta
trgovskega potnika (pri N danih mestih poiskati
najkrajso pot skozi vsa mesta, tako da nobenega

mesta ne obiscemo vec kot enkrat),

Barto in sod.. (1983)

kompleksne modele nevronov.

zagovarjajo bholj

Samo dva (razlic¢na)
ustrezno povezana nevrona sta ss naucila
balanéirati palico na premiénem vozic¢ku mnogo
bolje kot originalni sistem BOXES, ki sta ga
razvila Michie in Chambers (1968).

i -
je na napakah ueil kontrolirati vozieek iz

En nevron se
danega opisa stanja sistema. Drugi nevron pa se
j& na napakah nau¢il iz danega stanja sistema
napovedovati napake (odkrival je kriticna
stanja sistema).

Popolnoma drugo podro¢je uporabe nevronskih
mrez je kognitivno modeliranje. Nevronske nreze
so dovol]j moéne za simulacijo d&loCenih
koghitivnih procesov, po drugi strani pa dovolj
preproste in formalno definirane, da Jjih je
razmeroma preprosto modelirati in analizirati.
Hood (1988) uporabl ja nevronske mreze za
raziskovanje ucenja nizjih organizmov. Pazzani
in Dyer (1987) primerjata ¢lovekovo ucenje

kenceptov in udenje nevronskih mrez.

8. ANALOGIJA 7 MOZGANI

Mozgani so vsebinsko naslovljivi. Mentalni
procesi uporabljajo mozgane v celoti. Ni moZno
lokalno loe¢iti funkcije pomnilnika od
procesorjev, kot je to mozno v klasi¢nih
digitalnih racunalnikih. Pomnilnik v mozganski
skorji je distribuiranega tipa in ne lokalnega.

tNajbolj pomemben delez zapomnjenja v mozganih
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prispevajo sinaptidne povezave (Kohonen 1984).

Hitrost nevronov v mozganih je velikostnega
reda milisekund. Percepcija, procesiranje

Jezika, intuitivno razmisljanje, dostop do
spomina zahteva v mozganih priblizZno desetinko
sekunde, torej kakih 100 korakov. Tako je
Feldman definiral "100 kora¢ni prodram"” kot
omejiﬁev za izvajanje elementarnih operacij
programa, ki bi obrazlozil mentalne procese.
Realizirati tak program je mozno seveda samo 2

uporabo izredno visoke stopnje paralelizma.

Tako v mozganih kot v nevronski mrezi

u¢inkovitost potasi (zvezno) pada s &tevilom
unic¢enih nevronov (Russell 1979). Ni nobenega
klju&nega nevrona, katerega okvara bi ’sesula’
celoten sistem. .

V mozganski skorji ni nobenega

dela, od katerega bi bili odvisni vsi ostali
deli (Rumelhart in McClelland 1986a).

noben del mozdanov ni nenadomestljiv.

Prav tako
Dokazano
Jje npr.,

da pri otrocih, rojenih samo z eno

mozgansko poloblo, le ta prevzame funkeije
man jkajote poloble in otroci odrastejo brez

okvar jenih funkecij (Russell 1979).

Cloveska percepcija je do dolotene mere
invariantna glede na velikost, translacijo in
rotacijo (Kohonen 1984). Fizidni sistem je
sposcben avtomati¢no generirati reducirano
reprezentacijo. Razlitna podro¢ja v mozganski
'skorji so se specializirala_za razlic¢ne
senzorske signale in sicer tako, da ohranjajo
topologijo prostorskih senzorjev. Ta princip
Tahko siwmuliramo z nevronsko mrezo (glej
4.2.8). Kohonen (1984) navaja,

anatomske in psihologke evidence,

da je precej
da obstojajo
v mozganski skorJji povezave po istem érincipu,

kot je.opisano v razdelku 4.2.86.

Za . uc¢inkovito delovanje nevronske mreze ni
potrebno povezati vsak par nevronov hed saboj.
Za doloteno statistitno hatancnost zadosca, da
je stevilo povezav, &8 so le-te statistiéno
porazdel jene po mrezi, wmnogo vedje od gtevila

. . 1 . s
nevronov, Ce bi moZgani z 102 nevroni in s

. povpreéno 103 povezavami na nevron delovali po

principu preprostega pragovnega elementa, imajo

zadostno kapaciteto, da z zadostno natanénostjo
kar ®lovek dozivi v 100 letih
1984). Tudi psihologi navajajo, da Jje
da si lahko ¢lovek
zapomni prav vse,.kar se mu pripeti v zivljenju

(Russell 1979).

shranijo vse,
(Kohonen

precej empiridne evidence,



Geni ne dolotajo vseh povezav v mozganih,
dolotene povezave so omejene zaradi prostorske
lege, in otitno je del povezav nakl juten
(Rumelhart in McClelland 1986a).

niti hardware-a v strogem pomenu besede niti

V mozganih ni

software-a v obi¢ajnem pomenu besede (glej
razdelek 3.6).

Rekurzija ni doma¢a ¢lovekovemu natinu
Rumelhart in McClelland (1986a)
navajata stavek "The man the boy the girl hit

razmisl jan ja.

kissed moved" kot preprost primer rekurzivnega
stavka, ki pa je o¢itno tezko razumljiv.

Modeli nevronskih mreZ ne sledijo popolnoma
analogiji z mo2gani. Vec¢ine nevronov v

mozganski skorji ima ali vzbujevalne ali

zaviralne vezi, kar je v nasprotju z nevronsko

mrezo, ki dopusta obe vrste vezi pri ensn

nevronu. Velikost signalov v moZganih je podana
s frekvenco impulzov in ne z JjakostJjo signala
samega kot v modeiih nevronskih mrez (Kohonen
1984).

upostevajo. globalne komunikaci je,

Dana&snji modeli nevronskih mrez ne

ki v mozZganih
poteka s pomo¢jo dolo&enih kemidnih snovi, ki
se pretakajo po krvi med razli¢énimi predeli v
mozganih.

7. RELACIJA Z UMETNO INTELIGENCO

Zastarel oc¢itek nevronskim mrezam je ta, da
"niso zmozZne vsega izracunati.
Papert (1869) sta pokazala,

univerzalni racunski

2e Minsky in
da lahko

stroj simuliramo 2z
nevronsko mrezo. Seveda pa ta rezultat nima

prakti®dne uporabnosti.

Bolj pefec problem pri nevronskih mrezah Jje
Kot ze
z gledisca raziskovalcev

tezavnost razloz2iti svojo odloditev.
reteno v razdelku 3.8,
umetne inteligence tak sistem ni boljsi od
katerega koli statisticnega sistema za

ki lahko dobro deluje,
vendar interpretacija njegovih rezultatov ni

razpoznavanje vzorcev,

mozna brez veliko znanja in izkusenj na

podrocju matematike in statistike,

Danagnje raziskave umetne inteligence so
ki bi
omogoc¢ile ratunalnikom bolj inteligentno

usmerjene v razvoj metod in orodi],

obnasanje. Pri tem je temeljna zahteva, da zna

sistem svojo odloditev obrazloziti in
argumentirati. Inspiracije za razvoj metod

pogosto pridejo iz analogije s ¢lovekovim
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- Lahko bi rekli,

vendar samo na visokem,
Tako se
kaj so moz2gani

na¢inom razmigl janje,
simboli¢nem in logitnem nivoju.
raziskovalci ozirajo na to,
kako to dejansko

zmozni napraviti, ne pa tudi,

napravi jo.

Pristop 2 nevronskimi mreZami prav tako iscte
analogijo s ¢loveskimi mozgani, vendar na

nizkem, ’subsimbolitnem’ nivoju. Pri tem

raziskovalcev ne zanima samo, kaj mozgani

zmorejo, ampak tudi, kako mozZgani delujejo.

Standardni opis ¢lovekovega u¢enja, ki ga
navajajo raziskovalci umstne inteligencs, je
naslednji (Smolensky 1988).

strokovnjaki pri svojem delu uporabljajo

Neizkuseni

splosna pravila, velJjavna v dani domeni. Ker so

pravila splosna, Jje delo z njimi poéasno.
Sledenje pravilom je zavestno. SGasoma pa si
strokovnjak ob reZfevanju problemov ustvarja
ki jih lahko
uporabi brez poglabljanja v samo teorijo,

Sledenje

svoja bolj specialna pravila,
zato
postane njegovo delo hitrejse.
specialnim pravilom je podzavestno.

Vedina prevladujodih ratunalniskih modelov v
umetni inteligenci je dale& od bioloske
podobnosti in analogije. Induktivno ucéenje
(Kononenko'1985), ki temelji na metodah umetne
inteligence, generira eksplicitna specialna
pravila na osnovi Ze resenih problemov, kar

zahteva velike radunalniske zmogljivosti.

le da

specialna pravila niso eksplicitno shranjena,

Podobno velja pri nevronski mrezi,

ampak se dinami¢no kreirajo po potrebi.
Shranjeni vzorci, pridobljeni skozi izkusnje,
se lahko kombinirajo dinami¢no na popolnoma nov
natin, kar omogota generiranje pravila, ki ga
strokovnjak sam ni nikoli videl, oziroma hitro
s katerim se je strokovnjak
ki deluje kot

kot da pozna

resitev problema,
prvig srecal. MreZa,
klasifikator,

Za izvajanje zado%¢ajo preproste

se obnasa tako,
pravila.
procesne enote, ki delujejo asinhrono in
potrebujejo samo lokalno dosegljivo

informaci jo.

da nevronske mreze simulirajo
funkeci jo desne moZganske poloble, ki deluje
bolj paralelno in podzavestno (intuitivno),
medtem ko metodes umetne inteligence simulirajo
funkcije leve mozganske poloble, katere
delovanje je bolj zavestno, logi¢no in

zaporedno (&eprav Jje seveda osnovni princip



obeh polobel snak).

metod lahko pric¢akujemo velik skok v zmoZnosti

Z ustrezno zdruzitvijo obeh
in ueinkovitosti racunalniske obdelave.

Rumelhart in McClelland (1986a) poudarjata, da
ko bomo dovolj razumeli mikro nivo, bomo mogoce
hoteli formulirati popolnoma drugacne makro
nivojske modele. Navajata namisl jeni
racunalnik, ki bi imel primitivne ukaze kot so:
"sprosti se v stanje, ki optimalno interprstira
trenutni vhod", "dobi iz pomnilnika.
reprezentacijo, ki maksimalno ustreza
trenutnemu vhodu in dodaj manjkajoce
podrobnosti k shranjeni reprezentaciji” ter
"konstrﬁiraj dinami¢no konfiguracijo struktur
znanja, ki ustreza dani situaciji z ustrezno
opredel jenimi spremenl jivkami”. Takemu sistemu
bi bolje ustrezalo ime ’relaksator’ kot

racunalnik.
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DODATEK: SLOVAR¢EK NEKATERIH ANGLESKIR
STROKOVNIH IZRAZOV

activation function - funkcija aktivacije, ki

kombinira vhode nevrona v stanje nevrona

autoassociative memory - avto asociativni
pomnilnik:delni vzorec priklice celotni vzorsc
back propagation rule - glej ’'generalized delta

rule’

competitive learning - tekmovalno utenje;
utenje poteka tako, da se uc¢i samo nevron,

ki zmaga v tekmovanju - postane aktiven,

medtem kKo so vsi ostali nevroni iz istega

nivoja neaktivni

content addressiple-memory - vsebinsko
naslovl jiv pomnilnik (asiciativni
pomnilnik); te Jje podan

del podatka

podatek se priklice,

delta rule - pravilo ucenja, ki spreminja utezi
vezi med nevroni sorazmerno razliki med

dejanskim in 2zeljenim izhodom
eigen value - lastna vrednost matrike

eigen vector -~ lastni vektor msatrike
energy function - energijska funkcija opisuje
stanje v nevronski mrezi; lokalni minimum te

funkeije ustreza fiksni tocki

excitatory connection - vzbujevalna vez med
dvema nevronoma: povetanje aktivnosti prvega

nevrona pove&a aktivnost drugega nevrona

fixed point - stabilna totka {stanje nevronsks
mreze opisanc zvrednostmi za posamezen
nevron), ki se z nadaljnimi iteracijami ne

spremeni

generalized delta rule - posplofeno pravilo
delta (glej 'delta rule’),

veenivojskih nevronskih mrez

ki omogota ucenje

Hamming distance - %tevilo komponent, v katerih

se dva vektorja razlikujeta
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Hebbian learning rule - pravilo utenja v
nevronski mre2i, ki ojata povezavo med dvema

nevronoma, &e sta oba nevrona aktivna

heteroassociative memory - hetero ascciativni
pomnilnik; vzorec prikli¢e ustrezno.n-terico

vzorcev

inhibitory connection - zaviralna vez med dvema

nevronoma; povesanje aktivnosti prvega
nevrona zmanJjsa aktivnost drugegsa nevrona
inner product - skalarni produkt dveh vektorjev

neural network - nevronska mreza

outer product - produkt dveh vektrojev
interpretiranih kot matrike, tako da je prvi
stolpéni in drugi vrstiéni vektor; rezultat

Jje korelaci jska matrika

output function - izhodna funkecija (tipi¢no
pragovni element), ki preslika aktivacijo
nevrona (glej activation function) v

njegov izhod

radius of attraction - maksimalna razdalja od
fiksne totke v asociativnem pomniln, ki se

omogoda konvergenco v dano fiksno toéko

temporal associative memory - &asovni -
asociativni pomnilnik; na vhodu damo vzorec

iz danega Casovnega intervala, na izhodu pa

dobimo vzorec iz naslednjega Caéovnega

intervala
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REKURZIVNI POSTOPEK TESTIRANJA INFORMATICA 2/89
VECNIVOJSKEGA KOMUNIKACIJSKEGA
SISTEMA

Tone Vidmar, Jernej Virant

Keywo_rds: multilevel communication system, testing, Fakulteta za elektrotehniko
recursive procedure in ratunalnitvo, Ljubljana
POV ZETEK: Struktura, arhitektura in se v klasidnem MealyjJevem avtomatu interpretira
sintaksa testnega modela je povzeta po [1] in

{13). Za privzet univerzalni testni model je kot, da Je vhodna ¢rka e_/fu generirala
podan rekurzivni postopek testiranja izhodno <&rko ey in povzro&ila prehod v stanje
veenivojskega komunikacijskega sistema (*npr.

0s1 referendni model%) v njegovem fu' Sprejemno oddajna sekvenca bi Mealyevi
implementacijskem okolju [13}. Postopek omogoda notacijl ima naslednjo obliko fu,ex/ey.fu-
testiranje sistema od najni2jega

komunikacijskega nivoja proti visjim. Predlagan Podobna interpretacija je sprejemljiva 28
rekurzivni algotitem zagotavlja  uporabnost poljubne kombinaclje dogodkov v komunikacijskem
testne metode (*Perturbacija Globhalnega Stanja % k {8) lahk isl
Sistema PGSS*) (21, (31, (4), (5  pri avtomatu. Tipe dogodkov se lahko v smislu
testiranju poljubno kompleksnih komunikacijskih klasi¢nega Mealyjevega avtomata razdell na

sistemov (*redukcija drevesa globalnih stanj ob
ve¢pasovnem testiranjux). Celoten postopek Je
formaliziran in programabilen kar omogoda, da izhodnih ¢rk T..transmit. Lokalni dogodek
se predlagana metoda vrazvije v razred t.i.
implementacijskih generatorjev.

mno%ico vhodnih &rk R..receive~- in mnozico

ustreza t.i., "g" preﬁodu (71, (8],

Vsak komunikacijskl avtomat Jje torej mogole
v interpretirari kot klasiden Mealyjev avtomat.

1. 1ZHODISCA

Ta ugotovitev olajsuje nadalnjo formallzacijo

Glede na [1) je model komunikaciskega sistema rekurzivnega postopka, ker se lahko privzame
opisan z mrezo koneénih t.i. komunikacijskih klasiéna avtomatna teorija (91, (101.
avtomatov ECL) E*(1), m(1). Termin Y sploXnem se mnozici vhodno/izhodnih ¢&rk (%
"komunikacijski avtomat" predstavlja oblidajen R..vhodna abeceda T..izhodna  abeceda *)
Mealyjev avtomat s specifiéna sintakso, ki bo posameznih komunikacijskih avtomatov delita v
opisana v nadal jevanju. E(D in Ex(1) podmnoZico protokolarnih sporo¢il P,
predstavl jata model  komunicirajodega  para, podmno2ico servisnih sporo¢il S, podmnozico
medtem, ké m(1i) predstavl ja model implementacijskih pogojev | in podmnosico
komunikaci jskega medija v &ir%em smislu [8], aplikacijskih sporo&il A. Po definiciji [SO -
(7). Dogodki komunikacijskega avtomata SO modela opravlja ni2jil nivo storitev =za vigji
posiljanije in sprejemanje komunikaci jskih nivo, ki jo ta zahteva z po#iljanjem servisnih
sporoc¢il (*protokolarnih, servisnih, sporo&il. Protokolarna sporo&ila predstavljajo
implementacijsko odvisnih in aplikacijskih tok virtualnega komunikacljskega kanala za
(8) %), S stalisca avtomatne -teorije dogodki protokolarni par PCL)/P¥(i) na istem nivoju. |
predstavljajo vhodno/izhodne abecede in A predstavljata realno okolje
komunikaci jskega avtomata. Dogodek v modelu se komunikacijskega nivoja. Za E(1) in Ex(1)
oznaduje z $=C +, -, # >, Komunikacijska velja, da morata vsebovati funkcionalnost
sporodila, ki jih komunikaci jski avtomat protokola in obsh protokolarnih vmesnikov S(i)
posilia se oznadujejo z “-", tista pa, kijih in QC(i) 81, [(12). Odnose omenjenih velidin
sprejema s¢ oznadujejo z "+". Lokalni dogodki, vidimo na sliki 1.

ni¢ dogodki, se oznadujejo =z "H#" (% Trojka ECLL.E¥(1),m(i) predstavlja mrezo med
Predstavljajo interno funkcionalnost seboj povezanih komunikacijskih avtomatov:

komunikaci jskega avtomata, %),

Sekvenco dveh dogodkov [68), [81: ECL) = { Fa Ru TQ w, ta - Ea
EX(1) = {F R T.w. t }=E
(£, +e (P £.) 1 = b, b, b, b, b ) b

Vi X' p Vi m { Fc Rc Tc Wc tc H mc

€t 0me (B 1)
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ki jih nahajamo na sliki 2. Pri tem veljajo za polJjuben komunikacijski nivo, razen za prvi
opredelitve: nivo.. Za ta nivo  obstaja kot model
. . prenosnega medija samo m(1), preko katerega

F - mnoZica notranjih stanj komunikaci jskega komunicirata EC1) 1n EX(1). Ce se uspe
avtomata _ trojko E(1), E*(1).m(1) nadomestiti z nekim

R - mnozica vhodnih ¢rk komunikacijskega novim avtomatom m(2), Jje postopek ponovl jiv
avtomata, vhodna abeceda na nivoju E(2)/Ex(2) itd. Tako ponavljanje

T - mnozica izhodnih ¢&rk  Komunikacijskega testriranja troJke Je osnova rekurzivnega
avtomata. izhodna abeceda ' algoritma. Ob tem jJe topologija testnega

w - logi¢na ¢asovna funkeclija prehajanja stan) ' modela vedno identiéna s topologijo, ki ~Je
t - logi¢na funkeija izhédne ¢rke ‘ podana na Sliki 2.. Potrebno pa Je polskatl

na&in nadomesdanja trojke E(L),E*(1i).m(i) z
ekvivalentnim komunikacijskim avtomatom m{i+1).

St + 1 'A’Ii.vl
£C1) LS Ke..
r-=-—-j-==-- T L e e e e e e
| {
S(id ] ] = | m e e e - = o - - - -
! - | E E |l E ’ E |
a b b
l I,,-A | I 2 |
R P x| N -7
PCL ]+ ——————— + *(i
S il T T
! l a ]
' P¢A¢I pq I mc
| QL | R mC1+1) R
R N
F’,S,‘.A,I.L : Aa Ab
Slika 2. Avtomatna mreZa modela
Slika 1. Rezina komunikacijskega nivoJjaISO IL1 PARALELNO SERIJSKA KOMPOZICIJA
MODELA
modela )
Na Sliki 2. vidimo, da se wm(i+1) lahko dobi s
paralelno kompozicijo ECL) in E¥(1) v avtomat
I1. REKURZIVNI POSTOPEK TESTIRANJA QP, ki ji sledi serijska kompozicija
' : dobl jenega komunikacijskega avtomata QP z m(i).
v {2}, [3), 14), 15) in 1B) Jje opisana osnovna Ob ugotovitvi, da Je komunikacijski avtomat
ideja testiranja protokolov z metodo PGSS. izrazljiv z Mealyjevim avitomatom gre torej za
Opredel jene so modifikacije metode, ki so problem paralelno serijske kompozicije takih
pogojene 2z uvajanjem robnih pogojev v postopek avtomatov. Formalna osnova paralelno/serijske
testiranja (7] (8. Vendar s tem in kompozicije je privzeta po (81 in [10). Na
uvajanjem dodatnih sintakti¢nih konstruktov Sliki 2 nahajamo naslednje relaci je med
v testni .model problem ekspanzije stevila abecedami posameznih komunikacijskih avtomatov:
globalnih stanj v drevesu globalnih stanj T &e
vedno ni zadovoljivo reden. To je od&itno na -
P . . Ta-PbUSaUIacUAb
Sliki 3., podaja testni model sestavljen iz T =P Us U] UA
11 ’ b o b be a .
2N+l  komunikacijskih avtomatov. Testna Tc - (PQ U Ica U Ao) X ¢ Pb u ch U Ab )
metoda nac¢elno sicer omogoda testiranje R'=(P Ul UA D
poljubnih mrez med sebo povezanih R ._“( P U9 I cc'U AQ )
C s s , \ b b cb b
komunikaci jskih avtomatov in tako tudi te, R =R 'YX X
. +1
vendar pa sta vprasljiva lzvedljivost in < _ e, by
. oy ‘L Rb = Rb X Kbu
tasovne performanse testiranja. Rc =T X T,
Gledano 2z dolodenega nivoja proti nizjim K =S UaA
-+ + b
komunikacijskim nivojem, zajema prenosni medi) Kq‘ a Sa‘ UA
’ i by bt a

.v sirgem smislu m(i) fizidni prenosni medi]
in vse nizje komunikacijske nivoje. To velja
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A,/A, - moZica aplikacijskih sporodil L2: - Sporo¢ila iz podmnoéic Pa in Pb, se

PQ/Pb‘ - mnozica protockolarnih sporoe¢il, ki Jih "skozi" pProces -c- prenadajo
po&ilja avtomat -a/b- in sprejme transparentno od procea -a- Kk procesu
avtomat -b/a-. -b- in obratno.

S,7/S, - mnozica servisnih sporo¢il avtomatov L3: - Sporogila in podmnozic A in A se
ECL/E*(L) transparentno prenasajo skozl sistem.

S..,/S,.,,- mnozica servisnih sporo&il vi&jih

ast Iz teh ugotovitev oziroma trditrv sledi, da
komunikacijskih nivojev

imajo za testiranje vidjega komunikacijskega

nivoja ECL+1D/E®(i+1) relevantno vlogo le
dogodki povezanl z komunikacijskimi sporocili

IQC/I“— mnozica implementacijsko odvisnih
sporodil avtomatov ECi)/E%(1).

IN/ICb - mnozica implementacljsko odvisnih L 4 e S s A A
z podmno , ) . ira
sporo&il avtomata m(i) P € Sau b+s o 10 Ay Mininizirana
logidna struktura komunikaci jskega avtomata
, m(i+D, ki redstavl ja Z& vigii
Struktura posameznih komunikacijskih (14D ® 3 3
. . komunikacijski nive komunikacijski medi j v
avtomatov -a/b/c- je na osnovi zgornih
L Sirsem smislu, se formalno dobi tako, da se
definicij sledeca: )
vse &rke iz abeced P_.P_S S.I I .1, i»
B, = FLPUT VAN X (S, UVADPUSUI UADw, t) I.,, nedomesti 2 pogoji D.C. -Dont’'t Care
£, - ((:_-b((((:b;) ;c%U:ﬁ X EJSMU AP S .U I,V Adow b)) Condltion~- (10 str. 55, 1193, Dokaz o
m = (F. APUI U AD X (PU W
: et TN aT fea” Ta o LY A Wt formalni upravi&enostl takega postopka Jje

s s i t k v
Paralelna kompozicija -komunikacijskih avtomatov privae onceptualno, njegove formalna osnova

-a/b- ima slededo strukturo (9),0101: pa Je podana v [9) na straneh 34, 88, 91
in 146. Postopek uvajanja pogojev D.C. ne
QP = (F_ X F.R, X RIAT, X Tb),wp.tp> zagotavlja optimalne kompresije notranjih stanf
b, = (wa(fc,ra),wb(fb,rb)) komunikaciskega avtomata m(i+1) (103, Na
t; = (tQ(fo,rc),wb(fb,rb)) nekatere stranske efekte postopka redukcije
notranjih stanj Jje opozoril J. Hartmanis v
f eF (141 Za konkreten primer, ko gre za strukture

a a
fb . Fb elementa m(i+1), se Je lzkazalo, da Je pomembna
r e Ro -zgol) korespondenca med stanjl strukture m(i+D
r, R\, po postopku paralelno serijske kompozicije, z
reduciranimi stanji, po uvedbi D.C. pozojev.
Po serijski kompoziclji avtomata QP z m{i+1) predstavlja servisni vmesnik
komunikaci jskim avtomatom -c- se dobl strukturo komunikacl jskega nivoja napram visjemu nivoju
komunikacijskega medija v Eirsrm smislu in model prenosnega medi ja, ki zagotovi
m{ i) transparentni prenos komunikacljskih sporodil

visjega komunikaci jskege nivoja. Ob upoitevanju
m(i+D = QP <=> m(id predstavl jenega koncepta Je struktura

m(_i+1) = F, X Fy, XFOR, X R ToWi 8,00 komunikaci jskega avtomata wm(i+1) slededa:
W, = (wu(fa,rc).wb(fb,rb).wc(fc.(tq,tb)))
- tc(fc'(tu' tb)) i+ = ((Fq X Fb X Fc).(soqu A\,) X (Shuu Ab) '(Ao X Ab)—wiu t‘.;x)
v, T, Wi, = WL (s L8, w (L, (o a0
t. € T
b b Yo, = (0 0 Ca 8,00
Dobl jena algebrajska struktura Je
komunikacijski avtomat. Mreza treh II.2. GENERACIJA VMESNIKA S(1)
komunikaci jskih avtomatov EC1),E¥CL).m(1) Jje .
ekvivalentno nadome3cena avtomatom m{i+1). Med Iz strukture mree avtomatov ki Jjih nadomeica
posameznimi  podmnozicami komunikaci jskih avtomat m(i+1 Je razvidno, da med posameznimi
sporodil tega komunikaci jskega avtomata podmnoZicami vhodno/izhodnih &rk veljajo
veljajo relacije in lastnosti, ki se morajo sledece relacije:
Ay
upostevati J ab dah komunikaci jskega = =
p va v abeceda MUN1X&cljsKeg iy (SG“U Ab) X (SbﬁU Aa) = (SQ"X Sbﬂ) U (AQX Ab)
avtomata m(i+1:
o = (Aa X AD
Ll: -~ Sporoc¢ila iz podmnozic \'i_‘.(:L,S‘,b,Im,Ibc,lch R.AT. . =S ‘X Sb
in chse interno zakljué¢ijo v m( i+ in vre tri art *1

ne generirajo izhodne érke. Ricey Tivs = Riyy



8e pred izpeljavo gornjih formalnih izrazov, se
je pokazalo, da so intuitivno
trditve L1, L2 in L3 na mestu.

postavljene

1z gornje razprave izhaja, da Je funkcionalno

gledano komunikacijski avtomat m(i+1) hibridni
model servisnega vmesnika S(i)- in prenosnega
medija v ozjem smislu m(1).

trditev Je
dekompozicije

Formalen dokaz za zgornjo mogodse

postopku serijske
avtomata m{i+1) na

S in D,

dekompozicije ni trivialen in

zasnovati na
91, ([10)

avtomata

komunikaci jska
Postopek serijeske

moZen Ssamo pod
definiran

(10

posebnimo pogoji. Formalno je

spolsen primer serijske dekompozicije
87, 1371.
“m(1+1) je mozna samo &e obstoja particija n,
abecede an tako, da
(*SP*) za F

substitucijsko lastnost

str. Serijska dekompozicija avtomata

nortanje ima M
., SP.
predstavlja izraz (91:

W'nl(f'ux ’ ru1)=w'u1(f= ’ rLu)

Za avtomata dobljena s tem postopkom velja:
S = (ns,Rs,wa)
m(D = (,.R,.w)>

v X R, T = ALK A
Shematska prezentacija take dekompozicije Jje
slededa: )

R:

s

(S,. X S,.0 (AX AD

r_S(i)

(Ao Ab)
Slika 4.
Pogoj, ki zado3ca za izpeljavo seorijske

dekompozicije je tore] slesded {9):
v 3 e FL, LS Fo v q.n=P,) v

v (L, = wnd) v W (L m) = W (7))

P0 = particija nida
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S
lahko

kompozicije in
kot

zadetno

Vprasanje pa Jje, all ima substitucijsko

lastnost. Dokaz tega Jje zasnovan na
reverzibilnosti postopka
dekompozicije [8).
formalen dokaz vsebine m(i+{) potrjule

trditev, da Je

Koncept dekompozicije

rekurzivni postopek testiranja

tudi aplikativni generator strukture
servisnega vmesnika S(i). katerega prikazuje
slika 5.
Sc.+1U Ab Sbog U Ao.
A A
SC)
m( 1)
=

Slika 5.
O opisanem postopku lahko govoromo kot o
aplikacijskem generatorju, ker le ta na osnovi
dolodenih vhodnih podatkov aviomatsko generira
strukturo vmesnika, ki predstavlja
implementaci jsko odvisen del rezine
komunikacijskega modela.
11.3. Minmizaciua apeced F. R, S AVTOMATA

m(i+1)

Iz definiclje globalnega stanja sisﬁema, r1,

[2), [3), [(4) (matrika globalnega stanja) in
drevesa globalnih stanj, kot rezultata
perturbaci jskega postopka, sledi, da Je
notranjé abeceda avtomata m{i+1)
definirana z glavno dlagonalo . globalnih stanj
drevesa globalnih stanj. Samo drevo globalnih

stanj Je reprezentacija avtomata, zato Je na
¢akalnih vrst,

elementov

osnovi
stranskih stanj,
avtomatid&no generirati tudi abecedi R in T
(13 9171 . lahko sledi postopek
minimizacije opisan v poglavju II.1, Tudi

strukture

stan} oziroma

matrike moZno

str. Temu
generacija abeced in posredno same
avtomata
kot

m(i+1) Je lastnost rekurzivne metode

aplikativnega generatorja.

114, VPELUAVA VMESNIKA QCi+1)
Vpeljava vmesnika Q(i+f) Je vezana na strukturo
komunikaci jskega nivoja prikazanaga na sliki 1.

Vpeljava Jje ekvivalentna problemu

PUL+DA\P*C(i+D) na

modeliranja

protokola osnovi



neformalne specifikacije s tem, da Jje za
vmesnik QCLi+1) znan vmesnik 8S(i). Isto
tudi za implementaci jskih

avtomatov E° in Eb bodisi na

velja
uvajanje pogojev
bodisi na nivoju

na
£gl,

testiranja

nivoju m_. Opirati se treba predvsem

strukturo in sintakso testnega modela

vse ob upostevanju robnih pogojev

[8), [(13).

I11. ZAKLJUCEK

Clanek podaja formalno osnovoe rekurzivnemu
algoritmu -RECALG- vednivojskih
komunikacijskih sistemov. Za N - nivojski
komunikacijski sistem Je struktura

rekurzivnega algoritma slededa:

RECALG
i=1
MODELIRANJE m(1).8(1)
DOKLER L <= N
MODELIRANJE EC1).E%C1).QC1)
DOKLER TEST NIVOJA NI POZITIVEN
GENERACIJA DREVESA GLOBALNIH STANJ
KONEC
GENERACIJA ABECED F .R. .5  .m
MINIMIZACIJSK] POSTOPKI PROCESA m{i+1)
GENERACIJA S(1)
1= 1 + 1
KONEC
RECALGEND

Prakti¢en primer izvajanja
[13). Opis uporabljene
{61, Metoda

strukture

algoritma Jje
podan v programske
"drzati"

podatkov, ki se

opreme pa Vv omogoda
dinamiéne

tvorijo v procesu perturbiranja, v
implementacijsko obvladljivem obsegu, tudi pri
velikih Metoda

preverjena in polavtomatsko

testiranju realnih sistemom.
Jje bila
simulirana na vealikem
telekomunikacijskem sistemu. V
dela 2zelimo uporabnost metode

poljubne topologije

realnemm

nadal Jevanju
razsiriti za
med

sebo povezanih

procesov, ohstojedo pa avtomatizirati.
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UPRAVLJANJE Z IMENI INFORMATICA 2/89

V PORAZDELJENIH SISTEMIH

Keywords: management by naming, distributed
systems '

Joze Rugel;
Institut Jozef Stefan, Ljubljana

POVZETEK Clanek podaja pregled in definicije osnovnih pojmov, ki so povezani z imenovanjem objektov v raunalnidkih sistemih.
Imenske strukture pomagajo premagovati razlike med potrebami rafunalnika in Zeljami njegovega uporabnika. Pomen imenskih struktur

se veta s kompleksnostjo sistemov in njihov procesno moéjo.

ABSTRACT This article gives an overview and definitions of the basic terms concerning naming of the objects in computer systems.
Naming structures can reduce the differences between computer and its user. The importance of naming structures {s growing with

the complexity of systems and with their process power.

Imena imajo v raunalnidkih sistemih zelo pomembno vlo-
g0, sa) ¢ njihovo pomotjo identificiramo izbrane objekte na vseh
nivojih abstrakcije. Imena uporabljamo na razli¥nih podro&jih
pri upravljanju, npr. pri eafiti, nadzoru napak-in pri uprav-
ljanju objektov ter pri njihovem lociranju in delitvi med ve

_uporabnikov. V porazdeljenih tesno sklopljenih ralunalnizkih

. sistemih je ta vloga e pomembnej3a in bolj kompleksna zaradi
dovoljene raznolikosti posameznih elementov sistema in njihove
porazdeljenosti ter Zelje, da bi uporabnik videl sistem kot eno-
vito celoto [Ruge88).

1 DEFINICIJE OSNOVNIH POIJMOYV
Najbolj splo¥na definicija za ime bi bila:
Ime je niz znakov 12 neke abcccde, ki omaduje neko mnoXco objektov.

Vsa imena, ki jih na osnovih pravil lahko tvorimo nad dano
abcedo, sestavljajo imenski prostor . Pravila za tvorbo imen pa so
lahko gelo razlitna in so odvisna od kompleksnosti in strukture
sistema, v katerem oznaujemo objekte s tako dobljenimi imeni.

Najbolj enostavna oblika imenskega prostoraje plodéat imen-
ski prostor. Vsak imenski strefnik mora poznati vea imena v
sistemu. Imena sama ne izraZajo nobene strukture. Pri kom-
pleksnejiih sistemih mora biti imenskemu sistemu pridruZena
neka dodatna moZnost strukturiranja, ki naveven ni vidna,

Bolj kompleksne strukture imen pa imenujemo hierarhidne.
V tem primeru je ime sestavljeno iz zaporedja enostavnih imen.
Enostavna imena so med seboj povezana z lo¥ilnimi simboli.
Posamezne komponente sestavljenega hierarhi¢negaimena lahko
vsebujejo informacije o fizi¥ni lokaciji imenovanega objekta ali
o njegovi organizacijski pripadnosti, Taki podatki sicer poma-
gajo pri iskanju objektov, hkrati pa gmanj3ujejo prilagodljivost
sistema kot celote: onemogoZajo premikanje objektov v sistemu,
nadome3¥Zanje objektov & drugimi objekti in podvajanje objék-
tov. Vse te zahteve pa so aktualne v sodobnih porazdelenih
sistemih.

Tudi same oznake imen so v razli®nih virih razlitne. Med
prvimi je poskudal probleme ¢ imenskimi strukturami v po-
razdeljenih sistemih. formalizirati J.F. Shoch [Shoc78], ki rag-
likuje tri vidike identifikacije objektov: ime, naslov in pot. Rag-

.ki jih identificira & imeni.

lika med identifikatorji je v tem primeru semantiZna.

Ime pove kaj i3¢emo,
naslov kaze kje to je in
pot pokaZe kako pridemo tja.

Sintaktina raglika med imeni je v izboru abecede in v
pravilih za tvorbo imen, predvsem pri doloZanju doliine in
pri njeni spremenljivosti. Zna¥ilna povezanost semanti¢nih in
sintakti¥nih lastnosti identifikatorjev je v tem, da so naslovi
obi¥ajno Aksne dolZine in sestavljeni iz niza 3tevilk, imena pa
so spremenljive dolZine in sestavijena iz alfanumeriZnih znakov
z nekaterimi omejitvami.

J.H.Saltzer v svojemn delu [Salt78] obravnava problem
imen v centraliziranih operacijskih sistemih, ki se je pojavil
zaradi poveZevanja rafunalnizkih sistemov in zdruZevanja ter
prenalanja velikih programskih paketov, vendar v zakljuzku
dela ugotavlja, da so dobljene ideje in ugotovitve uporabne tudi
v porazdeljenih sistemih, saj gre pri njih za podobne okclis¢ine.
Za preufevanje imenske problematike uporablja objektni model
ra¥unalnifkega sistema. RaZunalni¥ki sistem upravlja objekte,
ki izvajajo procesiranje. Objekt lahko vsebuje druge objekte,
Povezava med imeni in objekti je
preslikovalna funkeija, ki je pridruZena objektu in jo Saltzer
imenuje kontekst.
< tme, naslov >, Tak pristop v razlignih oblikah in ¢ razli¥nimi
izboljlavami so kasneje privzeli skoraj vsi snovalci imenskih sis-

Realizirana je kot tabela, ki vsebuje pare

temov v poraedeljenih sistemih. Na tak na&in je dosefena velika
fleksibilnost imenske strukture,

Problemi, ki se pojavljajo pri uporabi opisanega imenskega
sisterna, so imenski konflikti, ki se pojavljajo pri dodajanju neod-
visno snovanih objektov in posledice napa¥no izbranih zaZetnih
kontekstov. Pri bolj kompleksnih sistemih se konteksti po-
javljajo na ve? nivojih zaradi vetkratne vsebovanosti objektov,
Zaradi fleksibilnosti imenskega sistema in dinami¥nega spre-
minjanja mora uporabnik tudi paziti na konsistentnost danih
poveeav imen in naslovov. Tudi povezanost imenskega sistema
8 funkcijami za¥Zite, upravljanja virov ali upo¥tevanje faktorjev
ekonomiZnisti prina¥a omejitve in ¢ njimi povezane probleme.



Watson za imena v naj¥irfem smislu pomena uporablja ter-
min ide‘ntifikator,.,-,,,,, da bi se s tem poenotil imensko hierar-
hijo in se izognil dvoumnostim (slika 1). Imena so definirana
na ve® logi¥nih nivojih, ki se loZijo po stopnji abstrakcije pri
predstavitvi sistema [Wats81].

Kontekst Kontekst
n—n-—1 1—-0

Identif, Identifp -1

Identif,

Preslikava
1—-0

Preslikava
n—-n-1

Slika 1: Watsonova imenska hierarhija

Kontekst
Vsako ime je element

Ime se interpretira v okviru nekega konteksta.
je mnokica povezav imen in objektov.
vsaj enega konteksta. Postopek iskanja objekta, ki pripada
imenu v dolotenem kontekstu, imenuje razredevanje imena (resolv-
ing). Razrefevanje imena lahko poteka v veZ stopnjah. Rezul-
tat razreditve imena gnotraj konteksta lahko namre® da nov
kontekst (ni%ji logi¥ni nivo abstrakcije) in %ele na najnifjem
nivoju dose¥femo objekt. Vsak nivo ima svojo imensko struk-
turo in pravila za dodeljevanje in razrelevanje imen. Rezultat

razrelevanja je obiZajno identifikator na nitjem logi¥nem nivoju.

Potreba po vel nivojih imen ighaja predvsem iz dveh verokov:

o razliZnosti potreb &loveka in rafunalnika in

s razliZnosti med lokalnimi in globalnimi potrebami po-

razdeljenega rafunalnilkega sistema,
Pri izbiri imen se &lovek odloZa za imena, ki so mnemoni&no
uporabna in zato sestavljena iz &rk, dolfine imen so razli¥ne in
zaradi tega, ker jih izbira &lovek, so-lahko tudi dvoumna. Taka
imena so za ratunalnik slabo uporabna, saj zahteva nedvoumna,
kratka imena stalne dolZine, nad abecedo ¢ dvema &rkama.

Globalna imena so v velikih sistemih lahko zelo dolga in
nerodna za uporabo. Zato v lokalnih okoljih lahko uporabimo
skrajiana imena ali tako imenovana domada imena.

Na izbiro imen pa poleg prej omenjenih faktorjev vpli-
vajo ¥e drugi, predvsem ekonomski, in Zelja, da imenski sistem
neposredno podpira §e druge upravijalske funkcije, predvsem
za¥lito.

Ekonomski faktor obiXajno vpliva na velikost imenskega
prostora, ki je odvisna od velikosti pomnilnika, namenjenega
za shranjevanje imenske podatkovne baze in proceso'x‘skih
zmoZnosti, ki morajo biti pri velikem imenskem prostoru in dol-
gih imenih precej veZje. Velik imenski prostor pa ima seveda
vrsto prednosti. V njem je prakti¥no neskon&no mnogo imen
in zato jih po uporabi ni treba ponovno uporabljati, ampak jih
enostavno zavriemo. Stevilo imen lahko povedamo tudi tako,
da dovolimo razli¢no dolga imena, saj se na ta nain zelo poveda
3tevilo moZnih kombinacij znakov iz abecede.

2 STRUKTURA IMENSKEGA PROSTORA

V obstojeih porazdeljenih sistemih je upravljanje 2z imeni v
glavnem odvisno od imenske strukture.

Vetina sistemov ima drevesno strukturo imenskega pros-
tora. Veje drevesa imajo oznake, informacija o objektih pa je v
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Objekt

listih dreves. Ime objekta predstavlja niz oznak z vej, ki 80 med
korenom drevesa in listi.

Imena v najiirfem pomenu besede vsebujejo poleg oznake
objekta #e dodatne informacije o specifitnih atributih objekta.
Primeri takih atributov na uporabni¥kem nivoju so informacije
o upravno-administrativni, geografski ali mreZno topoloki pri-
padnosti objekta [Su83]. Po Shochovi definiciji je ime edini iden-
tifikator, ki ne vsebuje nobenih karakteristi¥nih atributov.

Ce ime ne vsebuje karakteristiZnih atributov, ima to svoje
prednosti in slabosti. Glavnaslabost je v tem, da je razredevanje
imena razmeroma kompleksno. Ime ne vsebuje nobenih namigov
o lokaciji objekta oziroma o njegovem naslovu. Ravno ta trans-
parentnost lokacije pa je zaZeljena pri rekonfiguraciji porazdel-
jenega sistema, pri zdruZevanju ali cepitvi porazdelejnih siste-
mov in pri spremembah lokacije objekta. Vse te spremembe vpli-
vajo samo na preslikovalne mehanizme, uporabljene v postopku
razrelevanja imena.

Kot smo %e omenili, imenujemo iskanje povezave imena
objekta in njegovega naslova ( in s tem lokacije objekta )
razredevanje imena. Pravila ga imenovanje objektov doloXajo,
v katerem trenutku se izvede razrefevanje. Kolikor kasneje se
imena preslikajo v naslove, toliko veXja je fleksibilnost sistema.

Obravnavo problemov, povezanih s poimenovanjem, lahko
Vse ak-
tivnosti, ki so potrebne v postopku razrefevanje, izvaja imen-

poenctimo g vkijufitvijo v model stranka-streZnik.

ski stregnik in jih v obliki servisov nudi uporabniku. Imenski
strefnik je tesno povezan s pojmom konteksta [Come86]. Kon-
tekst predstavlja tisto particijo imenskega prostora, ki ga up-
ravlja imenski strefnik. StreZniku je tako pridrufena presliko-
valna funkeija, ki sluZi za razrefevanje imen znotraj particije.
Seveda pa je znotraj imenskega prostora lahko ved strenikov in
s temn tudi kontekstov.

3 PORAZDELJENO UPRAVLJIANJE Z IMENI

Porazdeljeno upravljanje g imeni sestavljajo tri glavne ak-
tivnosti, ki so tesno povezane in sodelujejo med seboj in z
uporabniki servisov, ki jih nudijo:

» Dodeljevenje imen

o Porazdeljevanje imenskega prostora

e Razrefevanje imen

Dodeljevanje imen

Dodeljevanje imen novim objektom je prepudeno tistim, ki nov
objekt kreirajo. Vsako novo ime pa je treba registrirati pri
imenskem streZniku. Le-ta preveri, Ze tako ime ¥e ne obstaja,
da ne bi pridlo do dvoumnosti. V primerih, ko imena, ki ga Zeli
uporabnik registrirati, e ni v sistemu, imenski streZnik tako
ime sprejme. Ce pa tako ime sluZajno Ze obstaja, streinik ime
zavrne in uporabnik poskuXa znova. V porazdeljenih sistemih,
kjer je veZ streinikov, morajo le-ti komunicirati med seboj pri
vsaki registraciji novega imena.

Porazdeljevanje imenskega prostora

Porazdeljevanje imenskega prostora je dodeljevanje odgovornos-
ti za posamezne dele imenskega prostora imenskim strefnikom.
Kot smo %e prej omenili, je v porazdeljenih sistemih veZ
streinikov, saj se s tem povela zanesljivost, hitrost delovanja
in prilagodljivost sistema. Zaradi zanesljivosti se lahko imenski
prostori posameznih stre¥nikov tudi prekrivajo, vendar to lahko
povzroli telave predvsem pri upravljanju in delitvi odgovornosti



Poobla3¥enega imenskega streZnika oziroma ve¥ strefnikov
doleki stranka, ki je objekt kreirala, takoj ko eden od stregnikov
potrdi uporabo predlaganega imena. Med delovanjem na
podoben natin lahko prenesemo pooblastilo drugim strefnikem.

. Izbira streZnika je popolnoma neodvisna od imena oziroma
oblike imena. Strankam po iebiri stre¥nika ni treba ohranjati
informacije o izbranem poobla¥¥enem strefniku, saj jo'v vaakem
trenutku lahko dobi od kateregakoli imenskega strefnika. Vsak
strefnik hrani podatke o pooblastilih v 'konﬁguract:fakl' podatkouns
baz . V velikih sistemih je taka podatkovna baza prevelika, da
bi jo vedrieval vsak stre¥nik v celoti, in je porazdeljena. Iskanje
dolotenega podatka tako zahteva sodelovanje med streZniki.

Prostor, ki ga konfiguracijska baza gavzema in 2as, ki ga
streznik porabi za njeno vzdrZevanje in uporabo, predstavljata
ceno za strukturno neodvisno upravljanje ¢ imeni. Pri obi¢ajnih
imenskih strukturah so namre& vse te informacije vsebovane v
samem imenu objekta in v njegovi strukturi.

Skupaj s sporolilom o.pooblastilu mora stranka pooblas-
Zenemu streZniku podati tudi atribute imenovanega objekta,
ki potem omogo&ajo streZniku vzdrfevanje podatkovne baze z
atributi objekta za upravljanje z imeni. Kot smo Ze poudarili,
ime sdmo v sploinem ne vsebuje dodatnih informacij o objektu.

Pri izbiri poobla3fenega strefnika oziroma stre’inikov je
glavno vodilo izpolnitev &imveZjega 3tevila ciljev, ki jih izpol-
njujemo v porazdeljenem sistemu. Poudarili bi predvsem
zanesljivost delovanja in ¢im ve&jo hitrost ter izkori¥Zenost virov
v sistemu. Z izbiro imenskega streznika, ki je blizu uporabniku
ali imenovanim objektom, vplivamo na izpolnitev vseh na3tetih
ciljev.

Razredevanje imen

Ime lahko razredimo z zahtevkom poljubnemu imenskemu
strefniku v sistemu. Ce streZnik ni pooblas®en za delo s po-
danim imenom, uporabniku vrne ime najbliZjega poobla¥¥enega
strefnika ali pa sam posreduje zahtevek le-temu. Sele
poobla¥¥eni streZnik poi¥&e iz podatkovne bage atributov gahte-

_ vane podatke. KoliZina informacije oziréma Stevilo atributov v
podatkovni bazi je zelo razlitno, odvisno od potreb in gahtev
uporabnikov imenskega servisa.

V primeru, ko so take podatkovne baze replicirane, je treba
uporabljati poznane mehanizme za ohranjanje konsistentnosti.
Pri tem so zaradi prevladovanja operacije branja in zelo redke
uporabe pisanja mehanizmi enostavni.

4 KONTEKSTI - PORAZDELITEV IMENSKEGA
PROSTORA :

\

Pri razreSevanju imen se se je kot koristna izkazala uporaba
kontekstov .-Ta pojem sta uvedla ¥e Saltzer in- Watson [Salt78],
{Wats81], dobro pa je obdelana uporaba kontekstov v doktorski
tezi [Pete85] in &lanku [Come86).

Kontekst v sploinem predstavlja razdelitev imenskega pros-
tora na osnovi geografskih, organizacijskih ali funkcionalnih pri-
padnosti objektov. Bolj doloZno opredélitev konteksta podaja
[Terr86), ki definira kontekst kot zbirko seznamov, ki vsebujejo
imena pooblad€enih imenskih streznikov.

Uporabnik imenujejo objekte v sistemu g imeni, ki so lahko
sestavljena iz niza enostavnejiih imen; lo¥enih s posebnimi
lotilnimi znaki. Glavna naloga razrefevalnega mehanizma je
preslikava uporabnikih imen v primitivna imena, ki imajo zelo
enostavno sintakso, so enoliZna in so fiksne dolzine. To pomeni,
da so fizi¥ni naslovi objektov ena od oblik primitivnih imen.

Imenski streZniki v porazdeljenih sistemih so po Petersonu
tesno povezani s konteksti. Tvorijo j{h'podatkovne strukture,
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ki vsebujejo mnoZico povegav in program, ki vrne povezave
pridrufene danemu imenu. Ze Peterson omenja moZnost, da
interna reprezentacija imenskega streZnika ni nujno identiZna
zunanji predstavitvi imenskega sistema. Tako lahko npr. imen-
ski strefnik hierarhi®na imena ’stisne’ v plo¥&ato strukturo, Ze
mu to olajia delo z imeni. Koncept strukturno neodvisnega u-

pravljanja g imeni je razvijal Terry.

5 STRUKTURNO-NEODVISNO UPRAVLJANJE Z
IMENI

D.B. Terry v [Terr86] uvaja pojem strukturno neodvnisnega
upravljanja ¢z imeni. Ta je konkretizacija ideje o imenih brez
karakteristi®nih atributov. Pri velikih sistemih, ki se dinami¥no
spreminjajo, je zelo tezko ali celo nemogote vnaprej predvideti |
vsa stanja sistema in njegove konfiguracije. Dodajanje elemen-
tov strojne in programske opreme in prikljuZevanje in odhajanje
uporabnikov so’ aktivnosti, ki se pogosto dogajajo v sistemu,
vsako spreminjanje imen pa je drago zaradi moZne povezanosti
velikega Btevila objektov. Zato mora biti imenska struktura in
delo imenskih streZnikov &imbolj neodvisno od stanja sistema.

’

5.1 Konteksti v strukturno-neodvisnem upravljanju

Po Terryevi definiciji kontekst predstavlja nedeljivo enoto za
shranjevanje podatkov o poobla3d€enih streZnikih. Z njim lahko
dela ve¥ stre¥nikov. Hkrati ima lahko en streZnik veZ kontek-
stov. Imena kontekstov niso pomembna za uporabnika, saj so
konteksti skriti v imenskih streZnikih in jih stranke ne vidijo.
Konteksti tudi ne vsebujejo nobenih informacij o objektih, ka-
terih imena so povezana g njimi. To pomeni, da sta si drevesna
struktura kontekstov ter ragreSevanje imen in drevo, ki pred-
stavlja poljubno urejencst imenskega prostora, vidno uporab-
niku, tuja. Tako lahko uporabnik prilagodi imensko strukturo
svojim potrebam, s tem pa ne prizadene prilagodljivosti sistema
in prednosti strukturno neodvisnega upravljanja 2 imeni.

Zaradi velike neddvisnosti kontekstov od znaZilnosti sis-
tema lahko konfiguracijsko podatkovno bazo razstavimo na kon-
tekste ¢ enostavnimi algoritmi, brez posredovanja uporabnikov.
Uporabnik lahko vpliva na porazdelitev in dodeljevanje kontek-
stov streZnikov samo v primeru, Ze to eksplicitno zahteva, Taki
posegi so koristni predvsem pri optimizaciji, izvedemo pa jih 2z
ukazi v t.i. ortogonalnih jezikih [Pope85).

Enostaven mehanizem za razdelitev imenskega prostora v
kontekste je uporaba pogoja 2a razvridanje v skupine . Pogoj za
ragvri®anje imen je enostavna funkcija, ki kot odgovor vrne
logi&no vrednost PRAVILNO ali NEPRAVILNO, Ze ji kot ar-
gument podamo ime. Imena, pri katerih je odgovor pozi-
tiven, pripadajo kontekstu, katerega last je pogoj za razvri¢anje.
Razpriilne funkcije so primer takih pogojev za razvri¢anje. Pri
imenih pa je za razdelitev v kontekste Ze bolj tipi€en na&in sin-
taktiZnega analiziranja imen in primerjava s podanim vzorcem
- nizom gnakov iz neke abecede.

Razvri¥evalni pogoji so uporabljeni za dodelitev imen
kontekstom in gza razdelitev kontekstov v manj¥e kontekste.
Postopek zafnemo nad celotnim imenskim prostorom in z za-
poredno uporabo razvri€evalnih pogojev dobimo Zeljeno velikost
kontekstov.

Da bi preverili pripadnost imena nekemu kontekatu je treba
nad tem imenom uporabiti vse razvriZevalne pogoje, ki ustrezajo
StreZnik ob zahtevi za
rezreditev imena najprej pregleda svoj prostor_. Ce v svojem
prostoru ne najde iskanega imena, mora uporabiti dodatne in-
formacije, ki so v imenskem strezniku shranjene v obliki kon-

kontekstom, znotraj katerih je ime,

tekstnih povezav . Kontekstne povezave zdruZujejo ragvrifevalne



pogoje ¢ imeni kontekstov in lokacijami imenskih stretnikov, ki
80 poobla¥¢eni za kontekst. StreZnik tako poi3¥e poobla¥¥enega
strefnika za dani kontekst in mu preda eahtevek. Postopek
se nadaljuje, dokler ne dobi gahtevka streZnik, ki ga lahko
dokon&no ragredi, torej vrne iskane atribute imenovanega ob-
jekta.

Ob zaXetku razreSevanja je treba podati zadeini kontekst.
Za¥etni kontekst mora vsebovati vsaj kontekstne povezave za
vse objekte v sistemu. V primeru, Ze zaZetni kontekst vsebuje
kar vse atribute vseh objektov, torej se vsa imena razrefijo v

enem koraku, je tak kontekst globalen. Globalna so torej tudi

vsa imena. V nasprotnem primeru pa imenujemo imena rela-
tivna glede na zaletni kontekst.

Globalna imena so prakti¢no uporabna samo za manjie
sisteme s centraliziranim upravljanjem imen. Tipi¢no zaZetni
konteksti vsebujejo samo kontekstne povezave. Kontekstne
povezave tvorijo drevo. Samo listi tega drevesa, imenovanega
drevo za razrefevanje, vsebujejo atribute o objektih.

Upravljanje ¢ imeni pomeni vedrievanje informacij o imen-
ovanih objektih. Te informacije imenujemo atributi, ki niso in
ne smejo biti vklju¥ene v imenu.

Kot smo ¥e omenili, drevo za razrelevanje ni nujno podobno
drevesu imenskega prostora. Ravno ta relativna nepovezanost
.omogoXa veliko prilagodljiost imenskih strefnikov spremin-
jajo¥im se zahtevam v porazdeljenih sistemih, ne da bi pri
tem uporabniki Zutili spremembe ali bi celo morali spremin-
jati imena objektov. Dodajanje novih objektov, ki bi lahko
pokvarilo uravnoteZenost drevesa, refimo enostavno tako, da
v kriti¥no vozli¥¥e dodamo nove pogoje za razvrianje. Zelo
tetko je namre¥ predvideti, kako velik imenski prostor bo razvi-
jajoZ porazdeljen sistemn potreboval v prihodnosti. Tudi tako
imenovana plof¥ata imena, ki nimajo posebne strukture, lahko
razdelimo na kontekste. Pri tem je odprto vpra¥anje ustreznih
funkeij za razvri€evalne pogoje, ki bi iz na videe nestrukturi-
rane mnoZice poljubno igbranih imen poiskale neko strukturo za
razdelitev imenskega prostora v kontekste.

6 UCINKOVITOST SISTEMA ZA UPRAVLIJANE Z
IMENI IN KVALITETA NJEGOVEGA SERVISA

Utinkovitost sistema za upravljane ¢ imeni lahko merimo s ceno
procesiranja in porabo pomnilnikega prostora, ki jo sistem
povpredno porabi za razrefevanje. Seveda je jasno, da je najbolj
udinkovit imenski sistem, kjer bi uporabljali neposredne naslove
objektov. Take so bile refitve v prvih rafunalnikih, Cimvegji
je sistem in ¥imbolj je kompleksen, vetjo ceno so pripravljeni
uporabniki plaZati za storitve, ki jim pomagajo pri delu. To
velja tudi za imenski sistem.

Pomemben faktor kvalitete servisa je §tevilo nivojev v imen-
ski strukturi. Zahteve za obliko in vsebino imen za raunalnik
in ¥loveka so ravno nasprotne. Ker so zahteve raZunalnika ne-
spremenljive, se mora prilagoditi &lovek. Cimvegje je tevilo
nivojev, tem bolj se lahko imena prilagodijo ¥lovekovim zahte-
vam. MoZno je tudi doseganje tranparentnosti imen. Tudi pri-
lagodljivost sistema se na tak nalin povela.

Prilagodljivost sistema za dinamiZne in dolgoro¥ne spre-
membe pa povefuje tudi strukturna neodvisnost razredevalnega
mehanizma od imenske stukture, Pri razre¥evanju se povefa
u¥inkovitost, ¥e minimiziramo potrebo po prenafanju informa-
cij med procesnimi mesti. Sheltzer v [Shel86] predlaga uporabo
predpomnilnikov (cache) za zmanj3evanje prometa po komunikacij-
skih kanalih. :
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WHY INFORMATICA CANNOT BE
COVERED BY THE SCI?

Keywords: science citation index, Informatica

For all of those who may not be familiar with
Science Citation Index (SCI) let us present
it by giving its definition:

SCI is a large scale index to the
international scientific and technical
literature. The SCI indexes over 600,000
items per year in over 3,300 scientific and
-technical journals (and nearly 1,400
multiauthored books). One of the unique
indexing techniqueé used is citation
indexing, i.e. alphabetical listing by author
of all the references found in footnotes and
-bibliographies of Jjournals covered by the
SCI. The SCI is made up of four separate but
related ,ihdexes which cover the same newly
published articles, but afford access to each
article in different ways. These indexes are
the Citation index, the Source Index, the
Corporate Index and the Permuterm Subject
Index. The SCI Journal Citation Reports
(JCR), an additional section, provides
bibliometric analysis of science journals in
‘the ISI data base (Institute for Scientific
Information, Philadelphia, USA) and 1is
designed as a tool for evaluating these
journals, The JCR extends the use of citation
analysis to examine the relationship among
journals rather than among.articles and their
authors. Like any other tool, the SCI JCR
cannot be used indiscriminately. However,
the ambition of the SCI was to create and
cover a list of high impact science journals
established through their citation records.
Besides their citation records science
journals-found-on this list must satisfy
certain criteria regarding the contents, the
format, the geographic origin, the language,
the present coverage in the discipline and
the accessability to the international

scientific community.

INFORMATICA 2/89

Ivan Rozman, Maja Drev
Faculty of Engineering, Maribor

If we look up the list of SCI source journals
we find out that Informatica is not included.
Why? In order to get an answer we submitted a
sample issue of Informatica, vol, 12,
no.2,1988, for evaluation and possible
coverage by the SCI to a coverage specialist
at the ISI. Here are the results, their
interpretation and our reflections in
abridged form:

Informatica has not been accepted for
coverage by the SCI because the field it
covers 1s already strongly represented with
journals which have very high citation
records. The coverage specialist at the ISI
was kind enough to include some unofficial
suggestions to increase the citation record
of Informatica and to point out some of its

deficiencies.

If we wish to have some sort of presence in
the citation indexes it is important to have
as unigue a name as possible for a journal.
There are four journals already in
publication with the title Informatica in

Ulrich s International Periodicals Directory.

‘This may cause confusion when a journal is

cited. It would be appropriate to change its
name and call it e.g. Informatica Slovenica.

As regards the format, Intormatica does not
include a clearly stated journal frequency or
author adresses which indicate .both the
author s institutional affiliation and
country of origin, which faciliates faster
within  the
community. The journal's adherence to its

communication scientific

prescribed publication schedule is also very

important. References for an article should
be grouped at the end of an article. The use
of a standard form for complete references is
encouraged. The IS0 690 or ANSI 239:29



The ISI Checklist
for Journal Editors and Publishers recommends

standards are suggested.

the following contents page design: columnar
a list of titles first, followed by
the authors names, and a list of page numbers
at the right.

format,

In Informatica it's Jjust the

opposite. Detailed recommendations for
journal format are included.
As regrads the accessability in the

scientific community, there is no listing for
Informatica in any library acquisition tool,

Ulrich's
Directory! It is

not even in International

Periodicals also
disappointing to find no citations to it from
the joufnals of the ISI databse, although
Informatica is in volume- 13. This can be
explained in two ways: either the authors who
publish in Informatica are not reknown enough
to publish in science journals covered by the
SCI or they

Informatica

avoid citing articles from
they publish. in

international science journals because they

when

underestimate it.

the
and

The increase

international

how to
Informatica

guestion |is
impact of
enable inclusion in the SCI source journals.

Firstly, Informatica should be recommended to
various indexing and abstracting services.
Secondly, Informatica should gain some

citation records. This depends mostly on the
professional community that surrounds it. It
would be advisable. - to recommend Informatica
and some articles in it to colleagues within
the country and elsewhere. This may help
Informatica to be cited in journals of wider
reknown. Additional attention should be paid

to the format.

Sustained efforts in accordance with the
should
it accessible in the

suggested guidelines upgrade
Informatica and make

international scientific community.
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Attention to the Readers of Informatica

Readers of Informatica are kindly requested to send
information on their papers recently published in foreign
professional (scientific, also philosophical) journals
(periodicals). Such information will be regularly published
within this column,

Some Recently Published
Papers in Foreign
Professional Periodicals

Borka Jerman— Bagi¢, Will the Multi- octet Standard Character
Set Code Solve the World Coding Problems for Information
Interchange? Computer Standards & Interfaces* 8§ (1988/489)
127-136.

P. Kokol, B. Vukelié, M. Mernik, I. Rozman and V. Zumer,
IMCL Language and Its Implementation on the Personal
Computer. SIGSMALL/PC Notes 14 (1988) 4, 8-18 (ACM
Press, New York).

L. Sluga, P. Butala, Nada Lavra¢ and M. Gams, An Attempt
to Implement Expert Systems Technigues in CAPP. Robotics &
Computer Integrated Manufacturing 4 (1988) 1/2, 77~ 82
(Pergamon Press).

A. P. Zeleznikar, Pﬁncz’ples‘ of Information. Cybernetica** 31
(1988) 99~ 122,

A. P. Zeleznikar, Informatioﬁ Determinations I. Cybernetica
31 (1988) 181-213.

* Computer Standards & Interfaces is published by Elsevier

- Science Publishers B.V. (North ~ Holland).

¥ Cybernetica is published by the International Association
for Cybernetics, Palais des Expositions, Place Andre
Rijckmans, B.S000 Namur, Belgium.
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