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INFORMATION DETERMINATIONS | ' . INFORMATICA 2/87

Anton P. Zeleznikar
UDK 519.724 ISKRA DELTA, Ljubljana

Abstraet. This essay is the continuation of the previously published
'‘On the Way to Information' (Zeleznikar, OWI), which represents a
framework for the program of informational investigation. Even though
defining determinations of information {s not a thankful task, it has
to be done in order to attain the necessary foundation upon which a
more- exhaustive investigation or even a soft formalization of
informational comprehension will become possible., This essay deals with
the following topies: a soft {ntroduection into the phenomenology of
information; a very basic question of information; the meaning of the
term 'information'; meanings of the direct derivatives of the term
"{information'; the meaning of the verb 'inform', of the adjective
'informative', of the noun 'informatics', of the verb 'informatize', of
the noun 'informatization!', and of their various derivatives;
informational forms and informational processes; information and
counter-information; informational recurrence; forms and processes of
life; -~ intelligence; cultural forms; a being's information; Being and
time; phenomenology; metaphysics and ontology; autopoiesis; neural
science and informatfon; and brain and behavior. This essay represents
the first part of basic information determinations or of baslie
information {investigations. In the second part of the essay various
cultural forms will be investigated from the {nformatical point of
view.

BEE., COLvt4id THEAOBI Zeleznikar, (WDELSBIOHREBTH 3. EHXTRFERY
 OMEABOMRTOTIANBUShE., HREVSESLEASILRASTRRVWE MO S
T, FHOBRISODIMAHNONELTELDOER (Fhld( 07+ —IARESLLEHS D)
DORHYE ROUBRBEOHNPETSS. £-T, TOLYLATREROL SR EY I RROES. 372
bb EEE RBRADA ST+ —IARAF  HEER S EAENREMNY  HBE VS AFOREN ; t§
W information’ &\ 5 M S MIRME S N S HAITBORE ; "informatics’ &5 %H, informatize’
EWLHBE, Tinformatization® EVWIBERUINSOHEDN SRMET LS 3HOOEMHK ; HIBKITER
CHRBATAR  HE R - 118 NS  ERORRRURBE ; Mk L H G 3HER; &
KO BFE e Sk HRR ) BEMLE¥ERUEER,; autopoiesis; neural-science &1 Ba&iT
8. YLyt A UNBRUTORIORELEEL T 3EROB—BTH 3. FZB TRV L >roXiL
WY IEEREBOHRINSAUSTE.

Keywords. Allopoietic, appropriation, arfising, artificial intelligence,
autonomous, autonomy, autopofesis, behavior, Being, being, belng-.
geberative, being-in-the-form, being-in-the-form-as-a-form, being-in-
the-form-as-a~-process, being-in-the-information, being-in-the-process,
being-in-the-process-as-a-form, being-in-the-process-as~-a-process,
being-in-the-world, being-parallel, belng-recurrent, - being's
information, biologic machine, blindness, breakdown, brain, central
nervous system, cerebral hemisphere, circular, circularity,. cognition,
cognitive psychology, cognitive science, coming into existence,
communication, computer science, cortex, cortical 1lobe, counter-
information, counter-Informing, <cultural form, culture, DNA, eidos,
enzyme, environment, evolution, filter, form, -form of life, forma,

formatio, formare, gene, gene mutation, generative, genetic
information, gila cell, heteropoietic, immune system, inform,
informable, informare, informatetsm, informatical, finformaticable,
informaticity, informaticness, informaties, Iinformation, (nformation
arising, Information investigation, (information machine, {nformation
organization, information  philosophy, information processing,
information science, information structure, information system,
information technology, information theory, informationable,
informational, informational form, informational function,
informational hierarchy, informational (magination, fnformational

noise, informational process, informational recurrence, informational
reflection, informationalism, informatlionality, fnformationally



parallel, informationness, informationism, informattsm, Informativable,

informative,
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informatizationable,
informatizationism,
informiec,
informness, intelligence,
intelligent stupidity,
being,
modulation, molecular receptor,
life, morfe, nerve cell,
ontology, organization,
perturbation, phenomenology,
population, process,
realm of informatian,
representation,
semantics, sensory

informativism,

information,

informativity,
fnformatizable,
informatizational,
informatize,
Informing, informingness,
intelligent,

informatizing,
informism, informistie, informity,

interrogated,
living cell, matter, meaning, .
molecular transmitter, molecule of

science,
parallel processing, parallelism, perception,
phenomenon,

neural

process of life,
recurrence,

selection, self, self-production,
sociology,

reproduction, RNA,

informativness,
informatization,
informatizationess,
fnformatizeness,

intelligent illusion,
language, learning, life, living
mentation, metaphysics, mind,
neural system, neuron,
philosophy, potesis,
protein, question, questioning,
recurrent, replication,

structure, subjective,

subjeetivity, sys:2x, cime, and understanding.

"... Science does not think in the sense
in which thinkers think. Still it does
not at all follow that thinking need pay
no attention to the sciences, ... And
since science does not think, thinking
must In its present situation give to
the sciences that sesrching attention
which they are incapable of giving to
themselves."

(Heidegger, WCT, 134, 135)

This essay can be read and comprehended by
anyone who is willing to make a philosophical
endeavour sin thinking through the proposed
views of information. Intuitively, the notion
of information is well~-known from the
colloquial grasping of information-relevant and
information-related subjects and objects. A
being is experiencing information and
informational processes in everyday life. This
experience is coming into existence as mind is
looking into itself, as mind is producing mind,
and as the produced mind 1is becoming the
producer. For this purpose of understanding, no
particularly advanced knowledge is needed ,
however, careful reflection, imaglination, and
recursive thinking 18 necessary. In the case of
information and of information-related
problems, being is beginning to think a new way
cognitively, constructively, and diversely.
Hence, one only has to follow the way, which
exhibits a new, varying, and motivating
orientation.

In this essay a series of determinations of the
essence of information will be elaborated upon
and conjoined: information as mastery over
itself; information as Information and counter-
information; Information as Being and belng;
information as substance and process;
information as form and matter; information as
space and time; information as intelligence and
machine; and information as philosophy and
language. In the first part notions and
concepts will be presented concerning some new
linguistie derivatives of the known
informational terms (etymological archetypes).
These notions will be arising concepts, always
coming into existence as partially developed

subjects, ‘modifying thelr nature and 1In this
respect, informational by themselves.
Information fnvestigations seem to become

relevant not only in the contemporary context
of neural science, artificial Intelligence, new
information philosophy, Information science,

and information technology, but also in
information psychology (processing of
information in human brain) or cognitive

science (as understanding of <cognition and
cognition of wunderstanding). There are some
traditional objections and methodological,
philosophical, and {deological doubts coming
from sociology, from its dogmatically grounded
component, arguing that information cannot be a
universal means for understanding the physical,
social, 1living, and non-living world. At the
same time, informatics as a new, arising,
scientific and technological discipline is
calling for a more elaborated notlon of Its
main subject - information. A new, sufficiently
diverse, heterogeneous, disparate, and
intelligibly enriched philosophy of information
is needed to enable human progress in
investigating and designing informationally
related subjects and machines.

Information concerns commonplace experience,
life processes, and behavior of living beings.
Information is the most general investigation
of everyday life, the most primitive,
rudimentary, or sophisticated philosophy which
delivers information for existential, 1life-
concernig, and being's orfentation in the
future. This essay is not & systematic
investigation of determinations in whieh
notions concerning Information are developed in
a hard, rigid or rigorous way. At the beginning
of & philosophy - and this holds true for the
philosophy of information - philosophical
determinations are soft, cireular, hermeneutic,
and clumsy. Systematic research of information
philosophy does not exist yet, and therefore,
must first come to the consclous surface on
the basis of several determinations being
formulated and understood in the new,
informationally cognitive context.

At this stage of investigation one can search
for constitutive pieces which are fundamental
and foundationally conjolned determinations.
The need of a solid arsenal of {information
determinations s the main motivation of this
essay. This new series of determinations will
include several new terms of information and
will «call - against conventional linguistie
legality - for the introduction of new
linguistic entities, {. e. terms and meaning of
terms.,

Philosophy 1is not a suitable, adequate, or
genuine way for analyzing, discovering, and
examining the essence of information because tt
represents only a particular, informationally
limited form or process of information itself.
Furthermore, philosophy 1is wusing linguistic



means, whereby language 1|8 another {orm or

process o!f information confinement. The power’

of information 3in the human cortex, when
information is used for information
investigation, is much more complex than
linguistie or philosophical expression,

representation, cognition, and understanding
could ever be. The most proper system for
information investigation is the totel being's
information, whieh 1{is coming {into existence
solely in & being itself, into his own
information system during his lite. This
information concerning information is a being's
information philosophy, which is a part of a
being's ontology and of a being's total
information. In this context, the culture of a
being's population is an external information,
not necessarily dwelling in the being, which is
incidentally rushed, externally archivated,
traditionally oral, and orthodoxly written,
general information. 8o, it is becoming clear,
that an arising information philosophy ean
speak about fits objects and subjects solely
from tts own, informationally narrowed view.

Iinformation {8 not only

the instantaneous-informational
in information itself;

it is also information

coming into existence
concerning this information.

In this section the archetype 'information' and
its derivatives will be examined in a
etymological, comprehensjve, and sequential
manner. Thus, the following derfvative sequence
of terms will be loosely determined:

information: informational, informationism,
informationalism, informationness,
informationality, informationable.

1.1. Question of Information
The question of Information 1is the most

fundamental and general one. Any question
produces information which comes into

existence as a result of questioning. This’

result s the interrogated. The question of
information, its questioning, and fts
.interrogated are all in the domain of
information. The question of information is a
part of information itself and, by this, |is
informationally transparent or informationally
recurrent. Even though the question of
information is Informationally general,
possibly the most general, it is still
senseful and particular in this %ontext.

Questioning about information is a cognitive
seeking of information by information alone; it
is an informational investigation of
Information. The question in this questioning
is information, however Information s also
questioning about the interrogated.
simultaneously, a question of information is an
informational resolution by questioning.
Question, questioning, and the interrogated (as
a result of questioning by question, 1. e. the
requested) are informationally joined and
informationally dependent: all these are
recurrent information about information. The
interrogated is only an instantaneous
information result, only the instantaneously,

informationally investigated. The goal of
Informational questioning about information is
the temporarily Iinformational 1investigations
about information.” At this point, developing
information s questioning about ({information
alone and thus, it is developing information
itself as its own object - the interrogated -
and as fts own questioning. This questioning

about information by information, where
questioning is coming into existence as
information, is transparent in information

itself or nmore precisely, recurrent and
generative in the realm of questioning about
information.

The essence of information is the arising of
information about Information. In this context,
it is also possible to investigate the

structure of questioning about {nformation.

As a seeking, questioning needs previous
guidance from what {t seeks (Heidegger, BW,
45).* Considering this formula, information
about information, whieh s sought and
represents the interrogated, does already exist
to some extent and is moving in the direction
of  understanding cognition of information and
in the direction of informational cognitive
understanding of information, which is already
coming into existence. From this understanding,
questioning about Information, informetion
about the essence of information, and the
tendency towards informational understanding of
information are all coming into existence. With
the question of information, the understanding
of information is coming into existence.
Certainly, the final request c¢an never be
expected, because the 1interrogated s a
continuous arfsing of cognitive grasping of
tnformation. From the informational point of
view, every concept is information coming into
existence, so that the grasping of a notion is
nothing else than an arising information or an
informing of information. This {information
arising is a faet coming into existence
independently from the realm of grasplng or
cognitive understanding.

Information is circular concerning information..
Information is the foundation which constitutes
the understanding of Being and time; in this
respect ' it is a being's tnformation.
Information is everything that can be imagined
in regard to an object or a subject, a form or
a process, a perturbation or an information,
etc. Iinformation is, for instance,
representation, understanding, cognition,
meaning, object, process, being, everything
imaginable, perceiving, existing, non-existing,
and coming into existence. If nothing exists,
this is also information. In a similar sense,
matter, energy, space and time are only
information., [f something 1s not information,
its representation of non-existence in the
realm of information is that it does not exist.

Information coming into existence through this
research of {nformation is contributing to the
understanding of information. 1If everything is

* To Heldegger's formula of questioning the so-
called continuing principle of Leibniz (AGB,
Rieppel, 37) can be compared: ... Alle diese
Formen sind {in unsrem Geiste enthalten und
bestaendig in {hm vorhanden, da der Gefst
stehts alle seine zukuenftigen Gedanken
ausdrueckt und In verworrener Welse schon an
alles denkt, -was er jemals auf distinkte Weise
denken wird., Nichts kann uns daher gelehrt
werden, dessen Jdee wir nicht schon zuvor im
Geiste truegen, glelchsam als Materie, aus der
der Gedanke sich gestaltet. ..."



information, then it 1{s understandable that
philosophy of information and philosophy In
general are only particular, e. g.
philosophical Iinformation. Thus, thinking,
language, literature, science, art, music,
ideology, apeaking, behaving etc. are only
particular forms or processes of information.
Form and process are again information. This
arising circularity of information is the basie
information principle.

Cosmic and biological perturbations are
{information concerning processes of cosmic and
biological changes, generations, and coming
fnto existence. Since everything can be
understood a8 a process, everything is
generating and receiving information in some

informational way ., This philosophy of
information can be expanded to living as well
as non-living processes. For instance, a

being's notion of Being is both partly cultural
and socially interactive, and partly belng-
originated information.

The interrogated in the question of information
s information. Information determines being in
its whole, determines its life forms and 1life
processes, and f{t also determines the entire
cosmos and cosmic perturbations. If, in the
context of Information, the question arises
what is being, the answer is the following: a
being s determined only to the extent |in
which arising of a being's life (biological)
information {s coming into existence, where
this information i{s meritory and decisive for a
being's survival in a being's environment, for
a being's reacting on external {nformation
processes, or for a being's behavior.

The extended notion of {nformation will be
developed throughout this essay. In
information, the meanings of its 1linguistie
derivatives as well as other informationally
connected linguistic derivatives (substantival,
verbal, adjectival, adverbial, pronominal,
composite) will eircularly come into existence
and will circularly be included, nested, and
opened for further extensions of their
meanings.

1.2. Grasping the Meaning
of the Term Information

As developed into a broader and more complex
meaning, Information needs an adequate and
powerful language, which will enable a
different orientation. From this new
perspective the so-called informational
tradition will come into existence.

The original meaning of the word iInformation
concerns form, form concerns vision, and vision
concerns idea. Already in the antique
philosophy the problem between matter and form
arose. The question of form has always
surpassed the question of matter. Being is not
a raw matter, it is formed {in some way,
structured, and organized. Directly at this
point it is possible to state the question: who
18 structuring and who 1{s organizing this
matter and in which way. The answer is:
information, the forming ftself, which 18 the
process of forming substantial and processing
patterns, being transferred f{rom one generation
to the next one, determining forms and
processes of life. In this case, the biological
is coming as close a8 possible to the
fnformational.

Form is the essential root in grasping
the meaning of information. The Greek ‘eldos!
has various meanings, e. g., face, (figure,
form, shape, appearance, aspect, beauty; ldea,
concept, thought, notion, property, Kkind;

manner, way, mode, nature; state. Similarly,
the Greek 'morfe' means form, shape, (figure,
body; grace, beauty. The Latin 'forma' (-ae,
f.) s figure, form, appearance (exterlor),
beauty; picture, sign, plan, base, econtour,
manner, way, kind, quality. The Latin
'formatio!' (-onis, f.) is creation, formatlion,
representation (mapping). The Latin verb

'formare' has the meanings to form, shape,
picture, represent; to educate, 1{instruct,
teach; to control, settle, adjust, regulate,
put {n order, make, do, create, produce,

execute. The Latin prefix 'in' has spatial,
temporal, and modal meanings. They are: about,
after, against, as, at, behind, beyond, during,
fn, into, on, till, to, towards, until, up to,
upon, within, ete.

In grasping the notion of information one has
to consider the Latin word *informatio' (-onis,
f.), which is the composite of 'in', Iforma’',
and 'tio'. Here, the meanings of 'int' and
‘forma', with all thelr diversities and
combinations, have to be taken 1{into account.
Meanings of the Latin i{nformatlio are forming,
putting finto form, presentation, notion,
description of notion, explanation,
interpretation, ete. In philosophy, information
has specific meanings. In scholasticism this
meaning {8 etymological and ontological: {t
represents shaping of matter by form, where
shaping is thought as a process i1tself and as a
result. It has the meaning of forming the mind
as & consequence of & co-natural object of
cognition. Later, Descartes Introduced the
meaning of forming the consciousness by the
physical structure of brain, which is becoming
evident as perception. In this respeect, the
meaning of information as form and process i{n
this essay does not reflect a very new or
unusual meaning.

Today's meaning of informatlion concerns
communication or reception of knowledge or
intelligence. But information {8 also knowledge
obtained from °~ tfnvestigation, study, or
instruction, as well as data and facts. At last
it 18 becoming clear in which direction the
contemporary meaning of information is
developing a8 form and process in the entire
phenomenology and how this meaning will still
arise and still come Into existence during new
investigations.

If information 18 an informational form or
an informational process, what is the meaning
of this form or this process? This question
concerns the relation between form and {ts
content (or meaning) or between process and its
content (or meaning). Generally, the meaning of
a form or a process is coded, hidden, and
dependent on the observer, . e., from the
information, which handles form or process as
information. This {8 the old and well-known
problem of form and its content, where content
of a form is the understanding attributed to
this form. Qenerally, form is a two-component
information, the first one belonging to the
form and the second one to |its content,
Different forms may deliver equal contents to
different observers. For example, different
information may result in the same information
through the different informing performed in
different observers. On the other hand, a
single form can deliver different information
to different observes, i. e., a given
information from an informational source can

inform different {information at different
places (or for different purposes).
Being, when considered as a form, represents

itself as information. However, a living being
represents {itself 1in an unlimited number of
ways. Namely, in a changing environment,
information in a being 1s unforeseeably arising



with a being's behavior. 8o, the form which is
called being has its own varlous, changing
contents. A very good example of form and
meaning (content) 1s a Dbeing's language.
Different living beings of a spectes understand
language, whieh 1is spoken by an individual
being, in different ways, getting different
semantics from each of these ways.

information 1literally has its historically
earlier and later meaning of being-in-the-form.
But, as grasping of form is being generalized,
this meaning becomes being-in-the-process too.
In the contemporary technological era this
meaning 1is narrowed into it-gives, it-takes
(message) and in philosophy into there-is, it-
is.

For a living being, information means being-in-
the-form and being-in-the-process. For
contemporary philosophy, the main philosophical
object remains information, which is Being-in-
the-form (or beings-in-the-form) and Being-in-
a~-time (or beings-in-a-time) and where being-
in-the-world (the GQGerman ‘das In-der-Welt-
sein') {s a part of belng-in-the-form and
being~-in-the-process.

Evidently, information means anything-being-in-
the~form and anything-being-in-the-process.
Furthermore, the meaning of information can be
automatically extended into circular,
recurrent, generative schemes like being-in-
the-information, being~-informed, being-~
informational, being-qua-information, etc. It
appears, that in this philosophical and
etymological context, the meaning of
information was diversely and sufficiently
enlightened by verious views of thinking about
the meaning of information.

Evidently, information has its informational
structure and organization. Within these
features it s a system, which produces
informational arising, generating, varying, and
coming into existence of this and other
information. Information is a subject whose
object is information. Simultaneously,
information 1Is its own arising produect and
arising producer, where the arising product
incorporates the arising producer. From the
processing and- producing point of view,
information {is a system by {tself. 1In this
concern, information is self-producing, self-
influencing, self-observing, self-referencing,
self-arfising, self-organizing, self~-
structuring, self-governing 1in the realm of
information. However, information .is also the
non-self. Information is ‘informationally
systemie. -

1.3. Informational

Here, several new terms, which are outside
English linguistic legalities, are introduced.
The meaning of the adjective 'informatlional!
and | the noun 'Informational!' have to be
determined. The terms informational and
-Informational and their derivatives will Dbe
used throughout the context of this essay.

The adjective 'informational' does not have the
same meaning as the adjective 'iIinformative'.
Informational fs the new adjectival derivation
of information. Its meaning lies closer to
‘information-like*, finformation-equal’',
tinformation-generative',
circular!', "information-peculiar!',
'information-characteristic', ete. In contrast,
*informative! has the usual and
characteristically communicative meaning, which
is similar to having, possessing, bringing, or
carrying ~information. The meaning of
*informational' is evidently ‘broader and

"information-

concerns Information more precisely than the
meaning of 'informative'. Hence, the meaning of
"informative' s included in the meaning of
'informational!',

The meaning of the noun 'Informational' |{s
constituted from the meaning of the adjective
‘informational' and vice versa. Informational
is everything concerning information and
represents the complete realm of information.'
Thus, the meaning of Informational can be
equated to the meanings of Information-
circular, Information-like, Information-equal,
Information-characteristic etec. However, ft
also Includes the meanings of information
processing, informatics, fnformation
philosophy, ete., Thus, instead of 'information
determinations! in the title of this essay,
philologically more flexible and meaningfully

appropriate would be 'informational
determinations!', which are determinations
concerning the complete  realm of

Informational.

1.4. Informationism (or Informationaiism)

If one attempts to understand everything as
information (or Informational), to be an
informational form or process, or to be a
cosmie  or a being's finformation, then this
realm of understanding 1s called informationism
{or informationalism). In this respect,
informationism (or informatlonalism) can be
viewed as a being's ontology or cultural
ontology, 4as a particularly, Iinformation-like
or informationally coloured metaphysics,
modulated metaphysics or filtered metaphysics.
Hence, informationism (or informationalism) in
itself 1{s nothing less than Iinformation (or
Informational). 1t informationism (or
informationalism) 1Is a chosen way of thinking,
it may develop and clarify a special and new
understanding in the realm of information and
Informational. The way of thinking {n an
information-like or informational manner |s
leading to a general philosophy of information.
This way is satisfying the aim to develop & new
philosophy circularly concerning information,

Informational, and informationism (or
informationalism) itself.

In this manner, informationism (or
informationalism) fs becoming =a dedicated

phiiosophical process for the development of
tnformation philosophy. Informationism is
attempting to understand arbitrary phenomena as
information-like.

1.5. Informaetionness and Informationality
Informationness denotes the broadest property,
quality, nature, characteristic¢, and attribute
of information concerning a context, phenomena,
information, etc¢c. In this manner, one can
understand the informationness of a molecule,
cell, organism, brain, being or machine stating
that all these objects have properties being
in some respect information-like.

Similarly, informationality is the property of
Informational. 80, informationality of a living
cell processes is the understanding of
metabolic, replication, and immune reactions as
information processes. At this point, a living
cell processes are understood as informational
processes.

1.6, Informationable
In accordance with the philosophy of

information, it 1is possible to wunderstand
everything as information or Informational. One



is able to perceive, recognize, and understand
everything as information. On the other hand,
every form or process {s able to inform or to
generate information in other forms and
processes. So, forms, processes, everything is
in the realm of the Informationable. The
meaning of the adjective informationable and
the noun Informationable is becoming senseful
in the domain of Informational.

Every phenomenon has the property
to inform itself and other phenomena
through {ts Informing.

In this paragraph the archetype will be !'to
fnform!' and the following seguence of
derivatives will be considered:

to inform: Informing, informism, informic or
informical, informistic or
informistical, informness,
fnformingness, informity,
informable.

2.1. To Intform

Information has the property of Informing.
Information has the capability to receive,
modify, change, alter, develop, grow, vanish,
bear, generate, transmit, form, process or
{inform fts - own and strange information.
Information informs in all possible and yet
impossible ways. The verb inform represents a
passive and active phenomenon of Information.
Also, information informs itself alone and
other information as an arising phenomenon, in
which {information within {nformation is coming
into existence. 8o, 'to inform' also has the
meaning of 'information to come into existence'
or transparently the meaning of any other
imaginable phenomenon.

If the coming of information into existence is
the main prerogative of {nforming, then one
must explain, what the broadened meaning of
coming into existence is. Stating that
information is coming into existence means that
new information is arising, that the existing
information is modified, altered, or changed,
as well as vanishing, that other, outside
information 18 influencing the {instantaneous
information, that information existing in this
time slice is (influencing other, outside,
future information and itself, that information
is coming into existence from the previous
information, from {tself, and from other
information-related or non-related sources, and
that Information is arising also in a free,
unexpected, unforeseeling, unpredictable, and
unusual way. 8o, the meaning of the verbd
Yinform' has to be understood In a way, where
{nformation c¢omes into exlistence and this
coming 1into existence 1s active and passive
fnforming {n all possible modes,

In this context of meaning, the Latin verb

tinformare! has had colloquially narrowed
meanings as to form, shape, Iinstruct, teach,
represent, show clearly, describe, reflect,

ete. Current meanings of these verbs can be,
for instance, to form complex thoughts, to
shape functions of the brain, to instruct a
living information system, to teach the most
complex philosophy, to represent everything of
the surrounding world as images of thought in
the cortex, to show ideas clearly in the form
of language, to deseribe everything by
information, to reflect in human mind, etc. In
this sense, the meaning of the verb !'inform' is

becoming semantically satisfactory for further
investigation of Information.

2.2. Informing

The verbal noun 'informing' represents the
action in which (information 1is informing.
Sometimes this noun will be written with the
capital inftial letter (Informing) to clearly
distingutsh it from the inflected verbal form.
1t becomes quite clear how Informing is
informing (= Informing informs), information is
fnforming, information ts Informing, ete.
Informing is again elther active, passive, or
both. Through Informing information is coming
into existence as described f{n the previous

paragraph. Similar to the noun ‘'information!'
and the verb ‘'inform!', Informing has the
highest 1imaglinable semantical power of 1{ts

predecessor. Therefore, Informing 1s expressing
all possible activity of information, when
Information is Informing on {ts way to
information and when new information is coming
into existence, arising from previously
existing information.

A broadened meaning of Informing may be
compared to the QOreek 'polesis'. The meaning of

'poiesis' is acting, composing, creating,
doing, elaborating, westablishing, executing,
finishing, forming, getting ready, making,
manufacturing, originating, poetry, preparing,

proceeding, producling, setting wup, working,
etec. As with the word information, the word
Informing now passes through a corresponding
change and enrichment of {ts meaning. Any
phenomenon, its arising, acting, behaving, and
processing can be understood as Informing.

Informing is not necessarily dependent on the
previous Information, Informing brings to the
surface also new, unexpected information. At
this point, it {8 necessary to stress how
Informing {8 not an indispensable, causal
activity, even though causality is squeezing
through in various forms the natural and social
phenomena. Because not all phenomena are
causally connected, they can occur
acclidentally, e. g., as an external information
entering through sensory ways to cortices or as
a circular, cortex internal information (e. g.
thrownness and breaking down in Winograd, UCC,
33-37). Examples of causal! and non-causal
Informing are also perturbing (communication
among beings) and autopoiesis (blologic self-
production) (Maturana, OL). Informing of
information and Information qua Informing are
generating a new regular form or process which
will be called counter-information.

2.3. Informism, Informness, and Informingness

Informism i8 nothing less than the thinking and
understanding of the entire phenomenology
through Informing or by means of Informing,
through the way on which information informs
everything - living and non-living. 1In the
context of {nformism the adjectives (informic
(informical) and finformistic (informistical)
can be used denoting some properties of this
reasoning. Informness and informingness are
consequences of this reasoning and represent
the properties, how all phenomena are
understood to be Iinforming or Informing.

2.4. Informity and Informable

Informity 1is the property which a phenomenon
has in regard to 1{ts information, to its
Informing, to {ts Informational, to its form or
process whieh s information-1lke or can be
explained or wunderstood as such. In the



framework of informism, the informity is the
most general property which is particular to
each phenomenon or phenomenon occurrence.,.

Bvery phenomenon {8 able to {inform to s
necessary and sufficient extent, complexity,
clarity, detail, and depth in -{itself and
outside itself. 8o, {n general, phenomena are
informable and there exists and arises the
Informable about a phenomenon. Evidently, the
Informable {s informattonally two-folded: it tis
simultaneously perceiving-sensitive and
behaving-active.

The i{nformative {s bringing information
somewhere to somebody. However, the
informative is also causing or
generating the informing in beings
and populations. Hence, the informing
of the informative 1{s coming into
existence,

In this section the archetype 'informative' and
{ts derivatives will be determined. So, the
chain

informative: informativism, informativeness,
informativity, informativable

will be considered.

3.1, Informative

Can the adjective 'informative' attain the
meaning of the adjective ‘'informational'? 1In
everyday language informative has the meaning
of the imparting knowledge and of the
instructive. By general agreement, the meaning
of informative could be broadened in the way to
attain the meaning of fnformational. In
paragraph 1.3 the difference of meaning between
fnformational and informative 18 pointed out.
So, one can use the adjectival form
‘informative' In the ordinary (narrowed) way.

3.2. Informativism

As derlvative of informative, the noun
informativism concerns the meaning closely
connected with the particularly narrowed

meaning of informative. Informativism is a non-
complete, particular thinking about
information. In thinking, the essence of
information (Being of Information) is excluded,
o, {informativism I8 thinking through giving,
processing, carrylng, possessing, bringing,
mechanically transforming, translating,

transmitting, recefving, assembling of
information, ete. In this context,
informativism is merely a part of

informationalism.

3.3. Informativeness and Informativity

Informativeness and informativity are close to.

the property of ‘'being Informative' and
‘{fnformativism'. If the first one sounds more
expressive, the second one is more sensitive in
respect to an informative subject or
informative object.

3.4. Informativable
The informa'tivable is a form or process, which

expresses the ability to be informative, to
carry, give or bring information. The emphasis

of information in an informativable case is in
propagation of information in an
informationally passaive waYy. Hence, the
informativable fs semantically fncluded in
the informationable.

In this section meanings of the following words
will be presented:

informatics: informatical, informatism,
informaticness, informatiecity,
informaticable.

4.1. Informatics

Informaties {8 a young, arising discipline
which concerns many particular fields, where
information is important for the development of
these fields. In this way, informatics has many
specializations and fleld orientations. The
term ‘'informatics' developed in the European
unjversity community as the counterpart to the
term 'computer science! used at universities in
the United States. Afterwards, the meaning of
the term was broadened. Today, informatics
concerns information and information
investigation in several fields and disciplines
as a general means, . as philosophy, as
education, as sclence, as technology, as
application in economies, engineering,
medicine, biology, soeiclogy, and 1in other
related disciplines. Informatics is becoming
the way of thinking, methodology, knowledge,

and processing, all of which concern
information, informational forms, and
fnformational processes 1in & general sense.
Informatics unites the different

informationally developing disciplines dealing
with theory, philosophy, technology,
methodology, terminology, and application 6f
information.

Described as such, informatics in the realm of
information may have similar role, for
instance, as mathematics has fn the realm of
mathematical and semi-mathematical objects in
different sciences and disciplines. 8o
{fnformatics, with its characteristically shaped
rmethodology, toocls and objects, may have a
general developmental value for several other
disciplines. Informatics is dealing with
information systems and how these systems in a
man-machine interaction exist as 1living and
technologically supported information systems.
An {nformation system is no longer a computer
system isolated from man and his lifte
processes. 8o far as computers of the future
will become information machines, computer
science will be replaced more and more by
information sclence.

4.2. Informatical

The term '"Informatical' s wused as the
adjectival form regarding informatics.
Informatical means are information objects,
methodologles, philosophies, theories,
technologies, tools, ete. The Informatical
includes the entire realm of {informatics, the
field of informatical means. There are
essential, meaningful differences among ‘the
usage of the adjectives informational,
informative, and informatical. These
differences are now already surfacing into
one's awareness. The same . is valid for the
corresponding substantival forms of the
Informational, of the Informative, and of the
Informatical.



4.3, Informstism

Informatism 1Is the way of understanding, how,
why, where, and when informatics, as a
discipline, methodology and tool, can be used
and has to be applied. Informatism concerns
thinking, questioning, problem solving, and
different Implementations in different fields
of everyday 1life by informatical means.
Informatism {8 becoming the main stream of
orientation in modern 1§fe, an orientation for
surviving in & man~-to-man's, biologic, and
cosmic hostile environment by informatical
means.

4.4, Informaticness and Informaticity

Informaticness and informaticity are closely

related terms and the usage of the first or of
the second one will depend on one's 1linguistic
taste. Both refer to fnformatics and
fnformatical, so, their meaning is
informatically transparent. Informaticness or
informaticity is becoming the imperative of
usage and of application of informatics ¢{n
everyday life,
4.5. Informaticable

To be fnformaticable means to have the

possibility (of possessing the property) to be
informatically expressed, perceived, or usged.
In general, every form or process, which |is
informaticable, can be governed or presented by
informatical means, by methods, tools and
approaches of Intormatiecs. This fundamental
property calls for usage of informatical means
in every fleld of human activity, {in every
technological discipline, 1in life, and in non-
life processes.

The chain with the archetype
will be the following:

'to Informatize'

informatize: informatizing, informatigism,
informatizeness,

informatizability, Informatizable.

5.1, To Informatize
The verb 'to informatize' has the typlcal
meaning of 'to inform actively', 'to influence
by informing', 'to change by means of

information', 'to act through informing', 'to
come into existence', 'to arise', 'to become',
‘to evolve'!, 'to generate through the influence
of fnformation’', etc. Information is
informatized by itself alone, i, e., 1t s
informing actively, being Influenced, beling
changed, coming into existence, arising,
becoming, evolving, generating, etc.
Information informatizes through changing,
arising, generating itself and other
information., [If sometimes 'to inform' sounds
unclear regarding the activity of Informatlon,
'to informatize' always has an active and clear
meaning. If 'to iInform' has the meaning of
sending information without an informational
consequence, 'to informatize' always means an
sctive influence onto the informational
receiver. In this respect, 'to Informatize' has
a sub-meaning regarding 'to inform'.

§.2. Informatizing
Informatizing {s the verba) substantive of
‘'informatize' concerning the meaning of its
verb. One says that information is
informatiging only in such cases when
information {8 (influencing itself and other

information in a generative or modifying way.
Informatieing has the meaning of informational
activity or of an active change of information
by information.

5.3, Informatizism

Informatizism represents the active position of
information through informing of Information.
In contrast to informativiam, which may be a
passive receiving of Information, Informatizism
understands informing in its compulsory
changing or informationally generating manner.
Informatigzism is a <changing or generating
understanding of information and informing by
ftself. In this respect, informatizism is, for
instance, characteristically non-dogmatic, non-
blinded, always on the way to ({ts OWR
breakdowns, whieh I(nfluence and change its
understanding. Informatizism 1is continuously
and actively changing itself,

S.4. Informatizeness and Informatizability
Informatizeness and informatizability are akin
notions with silghtly different meaning. They
carry the meaning of the verb ‘informatize! and
the meanings of its derivatives, and express
the possibility of information or of any
phenomenon to be informatized, etc.

5.5. Informatizable
It is to say that not =all
unconditionally informatizable. An informatfon
is informatizably resistant, 1if there does not
exist a way to change it by (nformation. On the
contrary, f{information which can be changed
through informing or informatizing, 1s
informatizable. Informatizable information has
the property to be changed, to come to
existence, and to be generated from other
information or from itself. Information, which
is informatizable, has the property of
sensibility to other information and to itself.

information s

This sensibility 18 the ground, cause, or
reason for alteratfon and generation of
informatizable information.

A phenomenon is informatizable, {f it can be

expressed informationally, 1. e. if its form or
its process can be represented informationally.
In fact, every perceived phenomenon is
informat{zable, otherwise {t could be not
represented on the sensory or cortical level.
Hence, non-i{nformatizable phenomena are not
perceived informatically and their
informational status {s as they do not exist.
The fundamental hypothesis of information s
that every phenomenon (s Informatizable and
that it can be treated as an informational form
or an informatlional process. To be
informatizable means to be in the realm of
information.




The last semantic which will

considered is

sequence be

informatization: informatizational,
informatizattontism,
informatizationess,

informatizationable,

6.1. Informetization and Informatizational

Informatization denotes a form or a process of
informatizing or an actlive form or process of

informing. This kind of forming or processing
ts denoted as informatizational. Similarly, as

mathematigation . or automatization econcerns
mathematical or automatie means,
informatization concerns some transformation

from phenomenological as well as
into informatical. Informatization is a process
of making things informative, .informational, or
informatical in an informatizational way.

r
6.2. Informatlzationism
Informatizationism 1is the understanding and

belie! that information can be obtained or used
in any governing of phenomena and that various

ways of informatization are senseful, rational,
economie¢, and necessary for survival. In this
way, fnformatizationism c¢an influence the

motivation of discovering new informationally
adequate substances and processes, for
Instance, tactilizing and other molecular and
biological processors,
future {nformational

(LMC) .

or intelligent machines

6.3. Informatizationess and Informatligzationable
Informatizationess expresses the possibllity
. that a form, process, or phenomenon can be
informatized, can accept some Informational
forms and processes, and can informatize in a
complex way. In a similar regard, forms,
processes, or phenomena are informatigationable
it it 1is possible, by (Informatization, to
enable them to function informatically or to

observe informationally evident events {n them. -

7.1, Intormational Forms and Informational

Processes

Informational form concerns a particular form
of Information. If information has the meaning
of being-in-the-form or being-in-the-process,
then informational form has the meaning of
being~in-the-form-as-a-form or being-in-the-
process-ss-a-form. Similarly, informational
process takes the meaning of being-in-the~
form-as-a-process or being-in-the-process~as-a-
process. This cross-meaning of form and process
presents how information can exist as form of a
form, as process of a process, as form of a
process, and as process of a form.

QGenerally, form of a form is not a trivial
situation, because information is investigating
ftself as a form, where investigating and form
are becoming counter-informational. The similar
holds true for process of a process, where an
informational process is investigating a
process as information, generating information
of advancing, developing, or arising of a

informatical.

which may be applied in
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process, etc. It

informational form and
are Iinformationally
the realm of

seems evident, that

informational process
regular and therefore {n
Information.

7.2, Information and Counter~Information

Information is on
information as form,

the continuous way to
as process, or as both. On
its way, Information s coming into existence
and arising through 1its counter-{information.
What does counter-information represent in an
informational context? Information.is coming
into existence anywhere in a substance as a
process within information. This process {tself
can be understood as information and i{n the
continuous  processing also as counter-
information. So, the following appears:
fnformation 1is gaining counter-information,
which 18 becoming information ete. This process
i{s also information galining counter-i{nformation
ete. Qenerally, information and its processing
s information.
On the conscious brain

the

level in a being's
counter-information can be understood as
consequence of questioning in a problem
phenomenon. In this case, the initial question
raises questioning whieh produces some kind of
interrogated. The interrogated is the
appearance of counter-information. But the
interrogated has its return-influence on
questioning, so that questioning is becoming
counter~informational. In this way, counter-
information, which sprouted first |in the
interrogated, is transferred backward to
questioning, and from questioning even backward
to the question {tself, gaining, amplifying, or
generating counter-information. In this way,
counter-information 1is arising in a mutually
forward and backward dependent process of
question, questioning, and interrogated.

Examples of arising of counter-information can
be found anywhere inm the living and non-living
world. But this does not mean that arising of
counter-information exists in contemporary

technological machines. Even though counter-
information is . a regular fnformational
phenomenon in a living being, it does not

appear in artificial mechanisms, methodologies,

algorithms, computer programs, and machines
made by man. This statement is extremely
important for a designer, who is trying to

overcome a particular |{nformational problem
called intelligence, where intelligence appears
as a kind of counter-information.

It seems that counter-information is arising as
a consequence of informational I{nvestigation
within information. This investigation
principle generates new Information and causes

the arising and coming of |nformation into
existence. Even this informational
investigation principle alone is {information,
which depends on blindness, ll1lusion, or
breakdowns which are embedded as informational
phenomena wlithin the arising information. In
this way, every counter-information, regardless
of where and on which {nformational level |t
arises, is characteristically blinded,
illusive, or broken-down and underlies a

characteristic form of a system's strategy or a
being's metaphysics.

7.3. Informational Recurrence

Informational recurrence is a term in which the
meaning of recurrence {8 much more powerful

than 1{ts usual meaning. Contrary to common
sense, in addition to the property of being
recurrent, Informational recurrence has the



property to be informationally generative and
informationally parallel. In this context, the
generative 1s concerned with arising or coming
of information into exfstence. Informational
arising can be understood as a particular form
of recurrence, where the arising of information
is recurrent. The Informationally parallel
concerns the arising of parallelism in form and

in process within informatlion. Hence,
informational recurrence is regular,
generative, and parallel recurrence 1In the
described sense.

If iInformation i{s being-in-the-form or being-
in-the-process, and |If recurrence is being-

recurrent, being-generative, or being-parallel,
then informational recurrence can be expressed
fn a number of ways, combining all possible
alternatives. A complex example would be the
following: being-in-the-form-and-in-the-
process~as-regular-generative~-and-parallel-
recurrant.

7.4. Forms and Processes of Life
Information {8 coming to its full expression as
a form or a process of life. Where does the
l1ife begin? 1If life is based on the appearance
of molecules of life, these molecules already
concern information which is present in the
form of genes. Gdenes seem to store static
information which governs the evolution of a
being during 1{its development in a hostile
environment as well as a being's main life
forms and main life processes. But information
which {8 represented in genes can suddenly
change in some of its details. This occurrence
of change 1s called gene mutation. so,
generally, genes are informatically
(chemically) not absolutely stable and
represent information, which can be altered
under unforeseeable circumstances. The
consequence of this faet {s the evolution of
species.

Molecules of 1ife (DNA, RNA, proteins, and
dedicated proteins called enzymes) demonstrate
different forms and processes of information.
It the deoxyribonucleic acid (DNA) proves an
outward form of a temporarily stable
information, the ribonucleic acid (RNA) 1is
carrying different and particular information.
In this molecular mechantism the enzyme
represents a real biologic information machine
reading information stored in an RNA and on
this basis synthesizing the corresponding
protein from lumps of the biologic environment.

The next
cell. The
organism
molecules

higher form of life 1is
cell {s a blologle
using molecules of life
for various
manfpulations. On the cellular basis, the
fmmune system is an extremely sophisticated
information system. The alm of this system |is
to recognize pathologic invaders by means of
molecular receptors and neutralize them by
means of a special biologic mechanism. In
neurons, which are nerve cells in the brain,
various receptor and transmitter substances are
used tor fnformation transmission and
information arising. A major function of the
neuron's cell body 1is the synthesis of
macromolecules. From modern cell biology, it
is known that information for the synthesis of
macromolecules is encoded in the DNA of the
chromosomes within the cell’s nucleus. In all
cell types, there are two basic ways in which
this information 1{s processed. The genetic
information 1is passed from parent to daughter
eell during cell division (heredity) or a
selected portion of the genetic information fs
transcribed Into RNA and translated into
proteins (gene translation).

the 1living
machine, an
and other
informational
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Like most cells, neurons contaln the complex
apparatus for synthesizing proteins and the
genetic information {n DNA to encode them. They
also have mitodrondria and enzymes for
biosynthesis and for metabolism. Nerve cells
are exclitable and specialized, 8o they contain
one or another transmitter substance, special
fon channel, membrane transport mechanism, or
type of receptor molecules. The understanding
of an tnformation process in & neuron
ultimately depends on the identification and
characterization of all these components. Thus,
the neuron is a complex Information machine
being informatically speclaliged.

7.5. Intelligence
Intelligence

is specifically
organized,

and oriented
Intelligence concerns different
processes of man's life, of man's
activity, and of man's culture.
an {nformationally complex
problematically connected with a
oriented information,
information In a particularly
and producing the so-called
solutions of the given problem.
a particular information concerning a
particular problem domain and giving
informational results in & form of particular
informational forms and particular
informational processes. In this respect, every
intelligence is concerned with its own
blindness and {ts own breskdowns.
Intelligence's blindness originates from its
particularity, peculiarity, and orientation in
regard to the entire, broader Iinformation
realm. Intelligence's breakdowns fnterrupt its
biindness and enables its development on the
basis of new, intelligence-relevant information
which arose during the intelligent
tnvestigation within intelligence itself.

structured,
information.
forms and

conscioua
Intelligence is

structure,
particularly
informing this
resulting way,

{nstantaneous
Intelligence is

Intelligence I8
appropriation
organization,

an informational process of
(or seizure) of §ts structure,
and orientation. Intelligence {s
informing appropriately, properly, and aptly
regarding the problem domain. This domain
occurs in intelligence as an object information

being informed by itself and by Intelligence.
8o, a problem information {is coming into
existence and depends solely on the depth of

the problem solving intelligence, which is the
information of the problem solving degree,
depth, structure, organigation, and
orientation. This appropriatfon of intelligence

s causing (intelligent blindness, but also
intelligent breakdowns. In this regard, every
intelligence is intelligently relative,
possessing {ts characteristic blindness

(intelligent fllusion or intelligent stupidity)
and informing 1its breakdowns (intelligently
essential facts coming to the surface only in
particular cases).

As Information, intelligence is always embedded
in an broader informational context.
Intelligence I8 coming into existence 1in an
information-related system, 8o the structure
and organigation of information in this system
influences its shaping and design. Intelligence
is eircularly concerning intelligence and other
information which i{s intelligence-related and
system-dependent. Intelligence 1Is developing
itself{ alone, rising itself to higher and
different informational levels. At this point,
it 1s obvious how information complexity,
arising, and developing on the one side, and
intelligence coming into existence on the other
side, are very closely related processes. Thus,
intelligence cannot be quite clearly
distinguished from the general and the



broadened informational background. I[t° seems
that intelligence is only one of the particular
forms of information, which arises out of the
fnformational background. Within this
baekground, intelligence has its own structure,
organigation, and developmental orientation,
which make it 'intelligent'.

Informationally, intelligence always concerns a
particular field, problem, or situation. 1In
this respect, it 1is possible to speak about
intelligence, which is more or less
specifically oriented, which concerns less
general and more specific matters, actjvities,
and forms. As in information, a similar general

principle of intelligence can be observed,
which is arising from investigation,
questioning, and-counter-Informing. Obviously,
it has to be said that {intelligence 18 an

informational form with characteristically
problem-oriented and powerful, counter-
informational investigation, where a particular
solution for a specific problem situation |is
being sought. Intelligence |{s similar to a
questioning system, where problematic
questioning 18 its main informational process
and the problem~interrogated 1s the main
instantaneous result. It is becoming clear how
intelligence is a circular informational
mechanism concerning the investigation circle
of question, questioning, and interrogated.
This circular process is a living, arising, and
developing form, which changes Ilts structure,
organigatlion, and orientation, performing
dynamically on the intelligence itself.

Intelligence 1s a
property and hitherto,

natural informational
a technological form of

intelligence has not been I{mplemented. in
primitive and complex 1living systems this
property does always exist. The purpose of
intelligence in the 1living world 1is the

surviving of species.
of consciousness can

Intelligence on the level
dwell outslide of the
surviving principles as a form of cultural
activity. From this viewpoint, artificial
intelligence, as of yet, does not exist.,

Intelligence
information.
the abyss

falls into the abyss of
A being's information falls into
of =a being's neurophysiology.
Intelligence does not really see the bottom of
its abyss and as it is thrown into depth, it
-falls upward to the top. Although the bottom of
intelligence's abyss Is informational, the way
from the top to the bottom is not seeable yet,
This route of coherence between the abyss' top
and abyss' bottom 1ls blinded and iIntelligently
(informatically) hidden.

7.6, Cultural Forms

In the realm of man's culture many various
forms exist, which can be investigated from the
informational point of view. For instance, some
of these forms can be grouped in the following
way: .

creativity, language, and speech;

philosophy, ideology, sclence, and
technology;

aestheties, rhythm, harmony, art, and
literature;

erisis, capability, and incapability; and

functions of the mind, information
systems, and artificial intelligence.

These cultural forms are essentially influenced
by the conscious way of man's thinking and
behaving. In the following sections some of
these forms will be informationally analyzed in
& more detailed way. .
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" ... man does not know himself as the one

- who 18 being brought Into relation to
Being; that is, he does not know himself
as man. Ruled 1in this way, man today,
despite what seems true to him, never
encounters himself, i. e., his essence.”

(W. Lovitt

in Heldegger, QCT,

xxxiil)

8.1. A Being's Information
Beings are informing as long as they live. How
is a being's information formed and processed,
how is it structured and organized? From the
informatical point of view, a being is its
total informatfon, which is highly composed and
connected. Limitations of & being's total
information appear on the level of a being's
informational autopoiesis, which represents an
autonomous, self-productive information system.
In 8 biologically, highly developed being
information 18 arising in forms and processes
from molecules of life toward the particularly

structured and organized cortices.
Informational structure and informational
organization are Iimpeded by an {informational
hierarchy, which is the consequence of
substantial structure and substantial
organization.- The {informational hierarchy s
characteristically structured and organized
autopoiesis of a given species on the (first

(genetic) level and of a concrete individual on
the second (metaphysical) level. The biologic

substance {8 autopoietically conditioning the
nature of the (information structure and
information organization up to the metaphysical
level, and of informational forms and
informational processes governing the 1life
behavior, and imagination of a being.

Por a being, only its own information is

relevant. As long as outward information is not
perceived by the being, this outward
information is not coming into the context of a

being's total information and therefore does
not receive any informational relevance. This
kind of outward ({nformation represents an

irrelevant informational noise. A population of
beings is characterized mainly by the
population~-relevant information. This
population is informing (generating and
accepting) Iits own and characteristic system
information, which governs the Information
system of a given population. Furthermore, from
the informatical polnt of understanding, a
population of beings can be comprehended as a
more composite and more complex being (the
Being of Population) than an Individual being
is. 6imilarly, a being or an {individual is a
complex of cell populations, a cell is a
complex of macromolecules, a macromolecule is a
complex of molecules, etec.

A belng's Informatlon const{tutes all possible
and arising understanding, cognition, behavior,
and relevance of a being's 1tfe. The
information hierarchy of a being produces the
arising of Intelligence and other higher
informational functions. The possible
information coming into exi{stence is a
consequence of informational, substantial
structure and organization and of
fnformational and substantlial processes,
Physiological structures of a being are
consequentially connected with the biologic
variation, selecttion, and reproduction
governing the life and the behavior. On the
behavioral level, a being Is always solving
life ‘problems, and within this solving,
information is arising as an evaluation



prineiple,
solved.

which recognizes how problems are
in this processing, the evolutionary

learning, variation, selection, and
reproduction are essential fnformation
processes.

Informationally, a 1living being constitutes a

eircle, tn which physiological structures are
preoccupied by evolutionary learning,
varlation, selection and reproduction,

delivering and developing information for a
being's life and behavior. Sensory Information
enters into a being in the form of various
signal patterns, which are accepted by adequate
physiologleal structures. These structures are
themselves wunder the structural Iinfluence of a
being's information. A being's information |38
circular concerning the blologic structure and

biologie organization. However, all these
processes can be understood as information
processes, where |Information about biologie

structures and organization always exist.

8.2. Being and Time

A being, beings (Being), metaphysics, ontology,
appropriation, activity, time, etc. are all
information in the realm of everyday
phenomenology and remain in the realm aof
information. The realm of information 1s also
information by itself. Both, Being and time,
are regular Information, which are regularly
ifnterwoven by information.

Being can be understood as all possible and
also as non-possible information concerning
beings as beings. In philosophical terminology,
Being never changes. This may be a consequence
of the particular philosophical doctrine called
ontology. This philosophical view generalizes
the grasping of Being, where Being is observed
as an absolute entity standing comprehensively
outside of beings themselves. In informational

terminology, Being as information is always
coming into existence by the informational
arising of Being. Thus, Being Is merely a

particular information concerning beings and
regularly changing information. 8imilarly, this
holds true for philosophy, which s an
informational process informing Being as an
tnformational object. From the philosophical
point of view, there is a contradiction between
time and Being, which was pointed out by
Hefdegger (OTB, 3-4): "Philosophy knows a way
out of such situations. One allows the
contradiction to stand, even sharpens them and
tries to bring together in comprehensive unity
what contradicts ltself and thus falls apart.

. This procedure is called dialectic.” From the

informatical point of view, contradiction,
dislectic, ete. is merely particular
information, if they are arising as information
or in the .informational realm at all. A
contradiction in the informational treatise of
Being and time does not appear informatically.

Evidently, Being has to Dbe
information which is
and surpasses

understood as
independent from beings
any being's ({information. The
Being s information concerning all beings and
being composed in this way from information
coming from individual beings. Thus, the Being

as information is nothing else than beings-in-
the-form and beings-in-the-process.
Information is circular concerning any

information as well as
ecircularity of information as information?
Information as & subject has its object -
information. Time is the relation between
information as subject and information as
object. The consequence of this relation is the
arising of information where subject is coming
into existence from object and from itself

time. What is
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alone, and also when object is becoming object
from the subject. This internal information
mechanism of circularity or of informational
subject and informational object, is time, the
informationally {nward understanding of time.
Time as fnformation is elrculartty of
fnformation as information.

Circularity of iInformation ts information
recurrence. This recurrence s circularly
generative and circularly parallel in a spatial
and temporary sense. Thus, information 1Is
coming into existence in a eircular,
generative, and parallel way. Time as
information Is always {nformationally recurrent
In the same way as arising |is coming {nto
existence, from past to present or from present
to future. Time is iInformation dealing with
circularity, fteration, recurrence, generation,
parallelism, and with other informationally
arlising and pecultar forms and processes.

Since a process of Informatlon is Information,
t;me concerns processing of {nformation and
thus,

is a regular informational phenomenon, a
regular Informing of information.

8.3. Phenomenology .

Information is informing and through ({informing

represents phenomena {in a general and 1in an
arbitrarily detailed way. Phenomenology is a
particular information regarding various

phenomena and investigations of phenomena. In
its broadest and most fundamental meaning,
phenomenology (from the Greek 'fainomenon' and
'logos') 18 the science concerning phenomena.
Its inftial preoccupation was to discover the
difference between {llusion and truth., However,
as phenomena appear on the conscious level of
the mind, it is also becoming a science which
describes , and explains phenomena of

consciousness. Phenomenology can also be

understood as a general theory of emplirical
phenomena, In contrast to a science, which
handles things by themselves alone. A

metaphysical meaning of phenomenology was
attributed by Hegel's analysis of . forms and
matter as phenomena of mind. "The term
'phenomenal! (the living individual, his
behavior) is subordinate to the term
'generative,' which eppears a8 an anonymous
program - produced, 80 it would seem, by the
most anonymous of cosmic actors: chance." (E.
Morin: S8elf and Autos, in AP, 128.)

Today's phenomenology (s a particular field of
philosophy, whose originator, E. Husserl],
refused subjectively abstract cognltive~
theoretical trials and has posted ecritical
foundations for scientifle thinking by his
'phenomenological method! in his thesis ‘'back
to things', As a universal philosophical and as
a' general scientific fundamental disciplline,
phenomenology has essentially i{nfluenced modern
philosophical thinking against the naive
realism, positivism, rationalism, psychologism,
constructiviam, and formalism. In this respect,
phenomenology can find its appropriation also
tn informatics, information theory, information
philosophy, and information technology.

8.4. Metaphysics and Ontology

Metaphysics will be the label for the
total information of a being.
the label for the entire,
a population. S8ince society can be understood
as a population of populations, the entire
social information can be labeled as sociology.

entire,
Ontology wlill be
total information of



A being's information s metaphysical. A
population's information is ontological.
Whereas metaphysies as information is
individual, subjective, and autopoietie,
ontology as information 1is intersubjective,
outside, and cultural (poietic) information.
Through culture, ontology is being more or less
accepted by a being, and in this way, this

acceptance
information
is

is becoming metaphysical.
becoming metaphysical
it becoming ontological?

How s
and how

To some extent, metaphysies, as a
information, autopoletically concerns a being.
H. R. Maturana (Autopolesis, AP, 21) gives the
following dictum: "A system 18 autonomous 1{f
the relations that charscterize it as a unity
involve only the system itself, and not other
systems. Thus defined, autonomy can be viewed
as a central characteristic of living systems.

Yet, since autonomy {8 not necessarily a
feature exclusive to 1living systems, any
attempt to explain the organization of 1living
systems must show how they are autonomous and

how all the phenomena proper to them arise as a
result of their autonomy. It is in this context:
that 1 maintain that the notion of autopoiesis
fully characterizes living systems as
autonomous entities in physical space." In this
respect, metaphysics is autonomous, where
autonomy is comparable to a being's
subjectivity. Although ontology can be viewed
as an autopolesis of the being's population, it
can also be viewed as autonomous in some
broader, population-characteristic aspect.
Hence, ontology is population-subjeective.

Philosophy
objective

is searching for an
grasping of ontology, which is not
dependent on metaphysical and culturally
ontological phenomenology. population is-
population-autopoietic, then the questioning
for an objective ontology remains open. Thus,
the interrogated always appears as a new form
or a new process of autopoiesis. Hence, Being
appears to be understood only as a form of
culturally asutopoietic grasping, where culture
is developing Being from one autopoietic form
into another. Informationally, it would be
possible to understand how cultural metaphysics
(or ontology) is proceeding from the present to
8  new form, which similarly holds true for a
being's metaphystcs.

absolute or

1f

In the ({Information hierarchy of
ontology and sociology, the mutual influence of

all these informational forms i8 coming 1into

existence., Pure autopoietic information does

not really exist; simultaneously, this
information 1is allopoietic and heteropoietic.

In this concern, metaphysiecs of different

beings influences population's ontology and

socjety's sociology to an informatfional extent

and vice versa. This is similarly true for

ontology and sociology.

metaphysics,

8.1. Autopoiesis

The Greek 'autopolesis', as

conceived by H. R. Maturana and F,
means literally 'self-production'. Autopolesis
is a label for a particular meaning of self-
production. Self-productlon phenomena are
observed informatically In living systems. The
llving cell 18 an extremely complex self-
production system, synthesiging DNA, RNA,
proteins, 1lipids, enzymes, etc. and consisting
of a hundred of thousands macromolecules.
Throughout this changing of life forms and life
processes, the cell demonstrates its

originally
J. Varela,

being's °

15

> an

.hot

" The

distinctiveness, c¢ohesiveness, and autonomy.
The living cell is producing itself. The living
cell {8 autopoietic or self-producing in a
particular way.

Autopoiesis can be determined by specific forms

and processes, such as unity, production,
organieatfon, structure, autonomy, system,
topology, etc. Processes In an autopoletic

system are organized circularly, as they depend
recursively on each other; they Ilorm a
recursive closure. Production processes are
syntheslzing, trangforming, or destroyling
various components which appear in an
autopoietic system. For Instance, destruction
of components ' produces substrate on which
processes of production can act., A unity
assembles {ts components. The autonomy of a
unity depends on {information whiech 1s the
funetion (the Informing) of a unity and the
cognitive ‘preference of the observer. GSome
parts of a system's structure allow the
observer to identify them as unities.

By its nature of coming ({nto existence, -
information, a8 & form and as & process, {8
also autopofetiec. The main characteristics of

autopoiesis also hold true for
However, information is not only
it can generate informsation which stands
outside any autopoietic system. By definition,

an autopofetic system has a closed organization

information.
autopojfetic;

of production processes, where this
organization of processes {8 generated through
fnteraction of their own produects and a

topological boundary emerges as a result of the
same constitutive processes (M. Zeleny, AP, 6).

Autopoliesis, as cognition of an autonomous
living being's behavior, 1is a charactertistic
informational form, which came into existence

as a specific result and construet of & being's
information. This informational discourse §s a
consequence of a self-referential understanding
of beings' behavior. Also within autopolesis
as informatfon, finformation-ts arising through
information - by other information and by
ftself - to keep the thread of * causality but
also to stay In the position of "non-causallty
or of the spontaneous coming of processes [nto
existence.

Autopplesis as a cognitive
the following, informationally
questioning to the surface:
is autopoletic, does its information arise In
an autopoletic way? Does this mean that a
being's information is particularly limited by
its own autopoiesis (structure and
organigzation) and that jt cannot be developed
or come {nto existence outside of 1{ts own
autopoietic 1imits? 1In the case of a being, it
also seems that the autonomy of an autopoifetic
system 1is8 {influenced by a being's outward
information (allopoietic heteropoietic
information), which might be consistent
with an autopojetic information. .Autonomy, as
informational form, (s also varying and
arising and therefore, 1|Is not a rigla or
constant informational form. In this regard,
autonomy as a constituent of an autopotetie
system 18 varying the system's autonomy and
also the system's closure. At this point, one
can understand that strictly closed systems do
exist: they are only temporarily,
eonditionally, or informatically closed Iin a
particular information realm.

discipline brings
essentlal

If a 1iving being

or
not

.

9.2. Neural Sclience and Information

relation between neural sclience and the
mentation occurring fin neural systems as
informational forms and informational processes



is the key point of modern information theory.

Mind is the integral information process of a

being's brain. Forms and processes of the brain
can be understood fnformatively,

informationally, or informatically 88

structurally and organizationally connected
btologic, physiologie, physical, chemical, ete.
Informational reflection and informational

imagination unite all these different,

informationally consistent and non-consistent

forms and processes of the neural system.

Neural
and

forms
in a general and detafled

science concerns specific neural
neursl processes

manner where these forms and processes can _be
ordinarily comprehend as informatfion,
Informing, Informational, etc. What in fact fs-

neural science and how does it deal with many
different forms and processes, which seem to be

information-concerned? According to the
peinciples of neural science (Kandel and
Schwartz, PNS), this science incorporates the

following key disciplines:

brain, nerve cells and behavior;

cell and molecular biology of the neuron;

elementary interactions between neurons:
synaptic transmission;

functional anatomy of the central nervous
system; )

sensory systems of the brain: sensation and
perception;

motor systems of the brain: rellex
voluntary control of movement;

the brain stem and reticular core:
integration of sensory and motor systems;

hypothalamus, limbic system, and cerebral
cortex: homeostasis and aruosal;

localization of higher functions and the

and

disorders of language, thought, and
affect;
development, critical perliods, and the

emergence of behavior;

genes, environmental experience, and the
mechanism of behavior;

brain flutds and their disorders;

neurophthalmology; and

the flow of lonic and capacitive current in
nerve cell.

In all these disciplines, neural sclence I8
"deeply and essentially concerned with various
information systems. It brings into the
foreground informational concepts, e. g+
btologiecal, physiological, chemical, physical,
ete., which are subsystems of the integrated
neural system.

S8ince 1life is a being's behavior and behavior
informationally governs a belng, the particular
question which arises 1is, how ecan the
Informational be comprehended in genes, in
environmental experience, and i{n the mechanisms
of behavior? Cognitive psychology and
psychoanalitie theory recognize that the

diversity and complexity of human experience is

based on genetic and learned factors in
determining the mental world representation,
and they postulate that behavior is based on

this representational information. According to
I. Kupferman and E. R. Kandel (PNS, xxi{ix-xxx)
the following key subjects can be treated:

genetic determinants of behavior;

learning; and

cellular mechanisms of learning and the
blological basis of individuality.
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9.3. Braln and Behavior

But all the time the brain is still,
a man can think properly.

(Hippocrates, Fifth Century, B. C.)

Brain 18 a living substance and behavior

ts a
living processing. Brain s the commanding
apparatus of a being's behavior. Brain Is a

sort of information machine, which enables and
handles information processes of behavior. The
brain also influences and In some way
structurally and organizationally limits
behavior, and behavior has similar
developmental and generative influence on the
brain. Behavior 1s a reflection of elaborate
brain functions and these functions
(informattonal processes) frame the so-called
mind. Brain and behavior are particular
examples of informatfon forms and Iinformatton
processes.

Brain consists of basic Informational wunits
which are the neurons and the glia cells.
These basic units govern the most elaborate

cognitive functions (behavioral processes). The
functioning of .neurons {n the brain is
influenced by the behavior, which comes as a
consequence of sensory information from other
beings as well as from other environmental
phenomena. However, groups of neurons are
structured (functionally connected) within the
nervous system into reglional subsystems
(regions, areas, nuclei), 80 that behavioral
processes can be localized in specific areas of
the brain. Regions of the brain are specialized
for many different processes, which constitute

particular behavioral information - mental and

motorial. The central nervous system is

bilateral and essentially symmetrical
information machinery, which consists of the
following main parts:

1. The spinal cord receives information from
the skin, jJoints, and muscles of the trunk
and 1limbs, and sends out motor information
for the reflex movement and voluntary
movement .

2. The medulla oblongeta s the supreme
extension of the spinal cord and
incorporates, {in addition to other nuclel,
reflex nucle! for breathing, functioning of
heart, coughing, vomiting, etc.

3. The pons and the cerebellum are supreme

to the medulla. The cerebellum is modulating
the force and range of movement.

The midbrain is supreme to the pons and lies
between hindbrain (the medulla, pons, and
cerebellum) and the forebrain (the
diencephalon and cerebral cortex).

5. The diencephalon contains two informational
relay structures. The thalamus processes
most of the information coming from the rest
of the. central nervous system to the
cerebral cortex. The hypothalamus controls
autonomiece, endocrine, and visceral
integration.

6. The cerebral hemispheres consist of the
basal ganglia and the overlaying cerebral
cortex. Both the cortex and the basal
ganglia are concerned with higher
perceptual, cognitive, and motor

information.

The medulla, pons, and midbrain constitute the
brain stem which contains the ecranial nerve
nuclel which in turn receive information from




the skin and muscles of the head and from the
special senses of hearing, balance, and taste.
Other nuclei regulate motor output Information
to the muscles of the face, neck, and eyes, The
brain stem incorporates another structure
called the reticular formation, which
determines levels of arousal and awareness.

Another structural and organizational principle
of the brain is parallel (information)
processing. Braln processes are served by more
than one pathway. Within the brain,the cortex
is divided into two hemispheres with four
anatomically distinct and functionally

specinlized lobes: the (frontal, pariental,

ocecipital, and temporal. In these lobes,
planing and movement, somatic sensation,
vision, 4and audition as well as learning,

memory and emotion are processed respectively.
Each hemisphere of the cerebral cortex |Is
concerned with sensory and motor processes of
the contralateral side of the body. The

hemispheres are not symmetrical in structure,
nor are they equivalent in function
(information processing). For example, the

cognitive aspects of language processing are
localized in Wernicke's area and in Broca's
area In the left hemisphere, however, affective
components of language as the musical
intonatton of speech, emotional gesturing,
prosodic comprehension, and comprehension of
emotional gesturing are processed in the right
hemisphere, where their anatomical organlization
mirrors that which (s for cognitive language in
the left hemisphere.

Even though, the brain is immensely complex and
the structure and ‘the function of many of its
parts are still poorly understood, it 1is

becoming more and more evident that the brain
is an informatically . structured and
informatically organized apparatus wlth
speclfic processes occurring {in 1ts parts.
These processes ~ the mind - is an
.informational function which is becoming more
and more understandable in modern neural
science and in informaties.
A
Every translation from one to another language

s faced with its own way left largely free to

the translator. This essay was written
originally in English and represents author's
insufficient " habits acquired in his f{irregular

experience with English. So,
arduously search for
vocabularles and for

let imagination

missing words in
language's non-dwelled
associations in the author's mind. [ have to
thank John D. Freyder again for his meticulous
reviewlng and correcting of my "translation"
and for hours of intense conversation In whilch
many secrets of the English idiom were revealed
to me. Anyhow, this collaboration was a
fruitful and pleasant interweaving of
philosophical quests and of language's adequacy
and language's requests.

References which are marked with brackets are
used In the text of this essay. Non-bracketed
references are recommended for further reading
in order to enable a better understanding of
the essay.

(LMC) M. Conrad: The Lure of Molecular
Computing. IEEE Spectrum. October 1886, 55-60.

J. Haugeland, Ed.: Mind Design: Philosophy,
Psychology, Artificial Intelligence. The MIT
Press. Cambridge, Mass, Third Printing, 19885.

(BW) M. Heldegger:

Basie Writings.
Row. New York, 1877.

Harper &

M. Helidegger: On the Way to Language. Harper &
Row,. New York, 1882.

(OTB) M. Heidegger: On Time and Being. Harper &
Row. New York, 1872,

(QCT) M. Heidegger: The Question Concerning
Technology and Other Essays. Harper & Row. New
York, 1877.

M. Heidegger: What 1is8 a Thing? Regnery/
Gateway. South Bend, Ind, 1967. .

(WCT) M. Helidegger: What is Called Thinking?
Harper & Row. New York, 1868.

(PNS) E. R. Kandel, J. H. Schwartz: Principles
of Neural Science. Elsevier. New York, 188§5.

(OL) H. R. Maturana: The Organization of the

Living: A Theory of the Living Organization.
int. J. Man-Machine Studies 7 (1975), 313-332.

(AGB) O. Rieppel: Auf Grenzpfaden der Biologie.
Birkhaeuser Verlag. Basel, 1984.

(UCC) T. Winograd, F. Flores: Understanding
Computers and Cognition: A New Foundation for
Design. Ablex Publ Corp. NJ, 1986.

(AP) M. Zeleny, Ed.: Autopoiesis: A Theory of
Living Organization. North Holland. New York,
1981.

(owl) A. P.
Information,
18,

Zeleznikar: On the Way 'to
Informatica 11 (1987), No. 1, 4-

(Will be continued)



A RELATIONAL DATABASE FOR REPRESENTATION INFORMATICA 2/87
OF MACHINING PARTS

Petar Kocovié¢

SOUR »21. maj«, RO Fabrika Turbo Motora i Transmisije

Grupa za CAD/CAM

Oslobodjenja 1

UDK 519.713 11090 Beograd

ABSTRACT

The paper describes a research effort to directly interface a CAD database with
some other systems (CAM , Expert systems , FEil), The research utilize a symbolic
representation of Geometry (combined with Topology) , with other data regarding a
typical machined component , The topological concept can support an rational data-
base model .

An integrated solid modeling system for representing and manipulating polyhed-
ral obiects bounded by bhicubic parametric surfaces is presented , Its bhasic capa-
milities include a representation of solids , and extended can introduce paramet-

ric surfaces and offset tecnique .

Xeywords :

Aoundaery representation , CAD , Constructive Solid Geometry (CSG) , Iuler operators
Offsetting , Solid Modeling , Surface modeling , Winged-edge data structure

1 TNTRODUCTION

Relational database system for representati-
on of s0lid ohjects is vital 1link in the integ-
ration of design and manufacturing ., Generality
of representation of solid objects using rela-
tions between geometrical entities and automa-
tion in man-machine level focused a research
and develop a database . This database is link
wit* Expert systems /MILAS2 , HMILASL, MILA3S,
FHILES5/ , because a 3D CAD database is used to
represent a 3D object in numerical form .

To input to the type technology sequence ,
with regard to the machine tool , is as fo-
llows /IMILAS4L/:

d = (dimension (dd) , kinematics (dk) ,
operating conditions/energy (dre) '
technology (de)) (1)

The input to the type technology sequence

from the branch of technology form is given in
this form :

a, = {elementary form , type of machining ,

relation between elementary form and
type of machining sequence) (2)

Lo define the type technology dequence , we

have the following basic operations as input :

a(g) = (decomposition , transformations ,cou-
pling , sequence ) (3}
Some fundamental characteristic are discu-
sed below . (For further discussion also see
MILABL and 11I1AB5),

2 TZCHDIOLOGITCAL ASPECTS OF DECONMPOSITION

A technological form is partly showm in vi-
sible elementary forms , while those which co-
uld appear or are omitted in the transforms ,
while those which conld appear or are omitted
in transformation process remain latent , The
decomposition process is performed on the vi-
sible entities of type forms and higher levels
of the workpiece structure , The latent enti-
ties do not show in the decomposition stage .

Fig 1 zives examples referring to milling
and drilling operations . It has show transfor
mation from initial to final form .,

As it showvm in Fig 1 all complex which is
defined technologically . In very large scale
cases all real bodies in mechanical enginee-
ring world are build of real geometrical bo-
dies such as cube , cone ,cylindar and sphere.
This bodies we call primitive , and these are
first class of parts in solid body modelling.
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FIG 1 Zxamples of real solid bodies (primi
tives are shovm in exploded model)
Second class are sculptured (free form) surfa
ces .

3 GEQOMETRIC SPECIFICATION OF PARTS AND

ASSEMBLIES

As it shown in VOEL?77 , REQU83 , REQUECDL ,
REQU80a, REQU82 one part is build of simple
bodies , called primitives and using Boolean
operators on them . As it is shown in Fig 2
elementary primitives are box , cylindar , co
ne and sphere , These are elementary primiti-
ves in So0lid modeling technique . Using Boo-
lean operators {union , difference and inter-
section) we can combined.bodies on few ways ,/
Fig 3.

AN

{a).
o
Y

FIG 2 Elementary primitives

3.1 Representational schemes

Mowadays exist few representational schenmes
like Spatial emumeration , Cell decomposition ,
Constructive Solid Geometry (CSG) , Boundary
representation (B-rep) , Sweep representations
/REQUS3 , REQUSOa , REQUAOb , MANT83a/ . We
C5G , B-rep

can introduce three most famous :
and Sweep . \
Zonstructive Solid Geometry (CSGC) connotes
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FIG 3 a) A non-physical "assembly" of two
blocks , b)regularised intersections
¢)regularized union , d)regularized
difference
difference

and e)other regularized

a family schemes for representing rigid solids
as Boolean constructions or combinations of solid
components via the regularised set of operators
defined in the REQU8BOb and REQUROa ., CSG and
B-rep are the best understood and currently most
important representation schemes for solids .

CSG representations are (ordered) binary
tree . Nonterminal nodes represent operators ,
which may be either rigid motions or regulari-
zed union , intersection or difference ; termi-
nal nodes represent primitive leaves which rep-
resent subsets of =2 , or transformation leaves
which contain the definning arguments or.rigid
motions , CSG trees may be defined by the follo-
wing :

{c3G tree) ::= <Primitive leaf) /{CSG treed

{Set operator node> <CSG tree
/<SG tree){Motion node)
{Motion arguments)

(&)
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The semantics of CSG-tree representations is

clear {Fig 4).
X
b | ]

\//‘a

U Translatc
/N / AN
P! F? P2 ax
\ - o
.ZZZZQ_ e

FIG 4 A CSG tree and the solids represented
by its subtrees (solids are shown in
ortographics projections)

Fig 4 and equation 4 shows that main compo-
nent of each solid are : set of primitives ,
set of Boolean operators and set of transfor-
mation operators (Scaling , Translation and'
Rotation) , see NEW“81 and FOLES2 ,

Most general way is halfspace model , Ele-
mentary halfspace 1s represented using real
function

F(x,y,z2) =ax + by + cz + d = O (5)
~whuch has positive values outside halfspace ,
zero on the boundary and negative value in
his inside . For example , solid cylindar has
been represented using halfspaces which it's
shown on Fig 5.

e
T

FIG 5 Representation cylindar using halfspaces.
Object 1s constructed from one (unbounded)
cylindar halfspace in form x2 + y2 = R
and two plane halfspaces form z=0 and
2=H ,

Second important schematic is B-rep . Boun-
dary representation of solids are familiar to
most computer sclentists because of their use
in computer graphics . A solid is represented
by segmenting its boundary into a finite num-
ber of subsets usually called "faces" or "pat-
ches" , and representing each face by (for
example ) its bounding edges and vertices ,
plus data defining the surface in which the

face lies , Fig 6 .

FIG 6 Boundary representation

B-rep is develope on {.e, Euler operators
wnich are explained in next section .

The third unambiguous and popular scheme is
called {simple) sweeping . The idea is that a
"s01id" set of points can be representad as
the Cartesian product of an "area set" and
"trajectory set" . (Intuitively , one percieves
the area set as moving along the trajectory
and "sweeping out" the represented solid).

Fig 7a shows an "extruded" object represented
via translatorial sweeping.; rotationally sy~
metric objects can be represented by rotational
sweeping . Fig 7b provided an example which
combine sweeping and restricted form of set
union called gluing .

=
A

s
@ ()

FIG 7 Pure (a) and hybrid (b) sweep represen-
tations

4 BASIC ELEMENTS OF TOPOLOGY AND EULER-POT!I-

CARE FORMULA

As we say , B-rep is build on topological
concept . We can introduce basic topological
definitions , shown in Fig 8 and in Appendix A,

Mathematically speaking models are descri-
bed by Topological boundary . The boundary is
represented by their bounding edges and verti-
ces , It uses conventlon that faces need not
simple connected but may include cavities ;
the component of a boundary of a face are re-
fered to as loops .



21

v ———— -== Surface
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Vertex  —-me=- ————e POint

FIG 8 Hierarchy of topological entities and
corresponding geometric equivalents

One of the loops represent the "outer" boun-
dary of tke face , while the others describe
it's cavities . We shall use the term ring to
denote an interior loop ; for instance , a fa-
ce with one cavity is said to have one ring .

A boundary model might be represented simp-
ly as a set of multiconnected polygons , Each
loop of each polygon would then be represented
as a list of vertices , Fo speed up various
operations on the model , boundary modelers
frequently store other explicit data on connec-
tions between faces , loops , edges and verti-
ces of solid . These data are commonly refered
ta as the Topology of the model , while data
such as face equotions or vertex coordinates
are refered to as the geometry model /MILA82 ,
1MANT82 , EAST79 , BRAIS2 ,BAER79 , WEILS5/.

Euler operators derive their name from the
well-known Fuler's law : In any simple polyhed-
ron , the numbers of faces (F) , edges (E) and
vertices (V) must satisfy the equation :

V-E+Fa?2 (6)

The formula may be generalized to arbitrary
solids by introducing three other parameters ,
namely (1) the total number of rings (cavities
in fédces , R) in the solid , (2) the total num-
ber of holes (H) through solids , and (3) the
number of disc’onnected components (S) in a
collection of solids , The general formula 1s

Ve E+Fa=2(S-H +R (7)

As noted in BRAIS2 just five operators (wi-
th their inverses) are sufficient for descri-
bing all objects satysfying the Euler formula ,
Let us consider the cube representad by six fa--
ces , twelve edges and eight vertices , as sho-
wn in Fig 9a, .

Consider for a moment the effect of removing
the edge marked by an arrow , In the resulting
object , Fig 9(b) , the faces which meet at
the edge are united and remaining collection of
five faces , eleven edges and eight vertices,
is generated a simpler model .

Performing the same operation on the edge
marked in Fig 9(b) creates the object in Fig
9(c) . It has an edge belonging twice to the
loop indicated by the dashes . Tbe lupper" ver-

FIG 9 A cube (a) , after removal of one edge

: (v) , a second edge (c¢) , and vertex and
third edge (d) . Note that each of the
operators restofes the validity of the
generalized Euler form

tex of the edge is adjacent to no other edges .
Another operation removes such a combination of
an edge and a vertex and creates the model in
Fig 9{d) . These two operators can remove all
edges and all vertices except one . Athird ope-
ration can remove the remaining stripped-down ,
one vertex model ,

The operdions are examples of Euler operators,
We call the three destructive operators "kef" ,
"kev" and "kvsf" for "kill edge , face® , "kill
edge and vertex" , "kill vertex , solid and fa-
ce" "mev" and
"mysf" where "m" stands for "make" .,
Collection of operators which describes all mo-
dels satisfy equation (7) is given in Table on

. ‘Their inverses are "mef" ,

Fig 10 .

TABLE I

Euler operators

Operator Explanation
MVSF Make vertex , solid , face
LVSF Kill vertex , solid , face
MEV lMake edge , vertex
KEV Kill edge , vertex
MEF liake edge , face

KEF Kill edge , face
XEMR Kill edge , make ring
MEKR iMake edge , kill ring
KFMRH K111 face , make ring , hole
MFKRH Make face , kill ring , hole
SEMV Split edge , make vertex
JEXV Join edges , kill vertex




FIG 10 Euler operators :plane models

An example of body with hole , Fig 11 , shows
manipulation with Euler operators .
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FIG 11 A sample definition (MANT82)

5 SURFACE MODELLING
Surface modeling emerged as a field of CAD in
the early 1960s as result of work done by S,A,
Coons at MIT , USA in representing mathematically
the shape of sculptured objects such as aircraft

exterior skins , ship hulls and car bodies ,

The mathematical methods are polynomial fun-
ctions , which allow through differentiation
easy determination of geometric properties of
the surface tangents , normals and curvature .
Polinomial of high degrees require a large num-
ber of coefficients ., Bernstein - Bezier or B-
spline methods requires only 16 control points .
The mapping from control points to actual surfa-
ce {8 dona through a 4x4 matrix which for Bezier
representation has following form :

P(u,v) = uscalv’ (8
where P(u,v) is the point in Cartesian space
which corresponds to the parametric surface
point (u,v) , and where :

1 000
-3 3 00

B = 3.6 3 0 (9)
-1 3-3 1

is the Bezier basis matrix for a bicubic pstch ,
where

°11 €12 13 1
C21 C22 ©23 C24

C = |esy S35 C33 O3y (10)
€41 42 43 Cuy
is the set of control points , which are arrnn-

ged on topologically rectlinear grid according
th their subscripts
U= [ 1u u? ujj (11)

val1lvv? vjl (12)
are the parametric basis vectors .
The modelling of a patch amounts , therefo-
re , to the manipulation of its 16 control po-
ints in thr 3D Cartesian space ,

6 THE REPRESENTATION OF POLYHEDRAL SOLIDS

Most of models developed so far mathematica-
1ly representing a solid object are based on
the general formal definition of its shape as a
set of contigous points in 3-space . The idea
that relations between elements of list is to-
pological is shown on Fig 8 and 12 , /KALAB3Db ,
WIED85/. Body is build of faces . The two-axis
{or more) curvature discontinuity points are
known as vertives ., The volume enclosed by this
set of elements is known as polyhedral shape ,

It is possible to implement a polyhedral
shape representation by means of a hierarchi-
cal data structure , such as the one shown in
Fig 12 , In this scheme the nodes represent one
shape element each , and the arcs represent the
relations between them ., As 1t shown in BAER79
and WZILS5 it is possible to get one node for
base . For example , a polyhedral shape bounded
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Using the "winged-edge" structure together
with its implications on the ring and face ele-
ments as the key for representing the shape ,
Baumgart obtained a structure which is extrem-
ly efficient for manipulation purposes a set of
operators , for mmipulating a structure . (For
further informations in data base for boundary
representation see BRAIS2).

7 A RELATIONAL MODEL FOR REPRESENTING POLYHED~

RAL SHAPES

The relational database model is one of the
three most common data definition languages ,
the other two being the network and the hierar-
chical models ., Its underlaying mathematical
foundation derives from the set-theoretic concept
of relation . The object called relations , are
commonly represented in a 2D tabular form . EFach
relation corresponds to a single class of data ,
which in the case of the polyhedral shape can

FIG 12 A hierarchical representation of the be faces , rings , edges and vertices , The rows
shape model (polyhedral representation of relation are called tuples ., Each tuple iden-
without sculptured surface including tifiable through a unique key , and its columns
is on the left side ) are called domains ; each domain identifiable

by planar surfaces can be represented by means through a unigue name . The number of domains in

of two types of nodes - faces and vertices , a relation determines its degree . For example ,
when the arcs between them are constructed such in the edge relation (Fig 14) , each tuple co-
that each string of successive vertices represe- rrespond to a single edge , and its domains co-
nts a ring of edges bounding face . Another rep- rrespond to one of the edge adjacent itens ,
resentation has been deviced by Baumgart /BAUM such as its predecessor edge on-each of the two
75/ . Other types of structures are described rings in which it is a member ,

in SRAI82 and WEIL85 , This example is get from
KALA83b and NEWM81 and demonstrate representa-
tion in "winged-edge" structure ., This scheme
is derived from a proof to Euler Law relating the
number of various elements in a polyhedral sha-
pe model (Eq 5 and 7).

Since an edge is adjacent to exactly two fa-

ces , it is component in two rings which bound 03,09, 0%
one face each ., Assuming these rings are ori-
ented , the edge has a predecessor and a succeer Face list Ring 1ist
ssor each , as well as two bounding vertices Face no Ring on F Ring No Next R/F Face
(Fig 13) . 1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
5 5 5 5 5
& 6 6 6 6

Vertex list
Vertex No Xeoord Ycoord Zcoord

1 ~0,5 ~-0.5 0.5

2 -0.5 -0.5 0.9

3 0.5 0.5 0.5

. 4 0.5 -0.5% 0.5

FIG 13 The "winged-edge' data structure 5 ~0.5 0.5 0.5



6 0.5 0.5 -0,5
7 0.5 0.5 -0.5
8 0.5 -0.5 ~-0.5
Hdge list
EdgNo Rngl Esucl Eprdl Vertl Rng2 Esuc2 Eprd2 vrt2
1 1 2 4 12 9 10 2
2 1 3 1 2 3 10 11 3
3 1 4 2 3 4 11 12 &4
4 1 1 3 4 5 12 9 1
5 6 8 6 6 2 10 9 5
6 6 5 7 7 3 11 10 6
7 6 6 8 8 4 12 n 7
8 5 7 5 5 5 9 12 8
9 5 [ 8 5 2 5 1 1
10 2 1 5 6 3 6 2 2
11 3 2 6 7 4 7 3 3
12 4 3 7 8 5 8 4 4
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FIG 14 A relational representation of the polyhed-
ral shape model

8 EXTENSION OF SOLID MODEL USING SOLID OFFSETING
Offset solids are expanded or contracted versi-
ona of an original objects , To solid offset (ab-
breviated s-offset ) a solid S by a positive dis-
tence r one adds to the solid all points exterior
to S that lie within a distance r of the boundary
of S . For a negative s-offset one subtracts from
the solid all the points of S within a distance
r from 1ts boundary ., Fositive and negative s-off-
sets for a simple L-shaped "2D solid" are shown in
Fig 15 /ROSS86/.

.
n
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FIG 15 A simple L-shapped object (a) a positi-
ve offset (b) , and a negative offset (¢
In NC and related applications one offsets
smooth surfaces by "moving along the normal” by a
distance r to generate other surfaces and offsets
planak surves similarly to generate other curves ,
(This operation is refered as normal offseting or

)

simply n-ofseting to distinguish it from solid off-

seting) . The current understanding of normal off-
seting is sumrized in TILLB84 and FARO85 , Brief-
ly , there is no accepted mathematical definition
of n-efIseting may led to cusps and self-intersec-
tions , Heuristic approaches proposed in TILLS84L

provide reasonable resnlts in many but not all
of the possible cases ,
It is interesting that offseting has many

potential applications in :
Tolerance analysis , Three-dimensional tole-
rance zones may be defined by offsets , and
used to determine whether mechanical parts sa-
tisfy specifled tolerances .
Approximate object equality , Two solids X
and Y are equal within some specified resolut-
ion £, The solids X and Y may be for example ,
a desired part and the part generated by a
sequence 0f machining operations .,
Physical process modelling ., Processes such

as coating and etching may be modelled , at
least to a first approximation , by expanding
and shrinking operations .
Cutter path generation . Computing cutter paths
for NC machining by s-offseting solids seems
much more usefull than current n-offseting
techniques , because it does not produce self-
intersecting paths ,

9 EXTENSIBILITY OF THE RELATIOMAL DATABASE MODEL

Aspects shown in section 8 and posibility to
have an information abuout surface finish , heat
treatment and material type of each face of mo-
del give us an idea how to extend this relatio-
nal model ., Looking from technological aspects {t
i1s possible to make a link between a faces in hi-
erarchical scheme and a state of machininig(sur-
face finish) of each face . This link is shown on
Fig 16 .,

: -

FIG 16 Extension of representation of polyhed-
ral shape model
Correspondence between face list of surface
finish 18 one to one . This introduce , very ea-
sy in Computer Intelligent Process Planning becau
ge we have informations about state of part sur-




face on one hand and on second other perimeters

like a necessary tools , machine tools and so

on /PHILLS5/.

10 CONCLUSION
The presentation of the characteristics of

an integrated modelling system in this papei

is the first step in attempting to bridge the

gap between some of the desired levels af e~

sign capabilities in a comprehensive manner

rather than local extensions , that will allow

the representation and menipulation of solid

objects ., As it is shown basic part of modul

is database concepted on relational schemes ,

Thig database is very flexible and has appli-

cation Lty other dreas . (Here 1s not shown but

solid model play a big role in immage processing

in robotics) . One of the interesting fields

is CAPP systems . Solid'database on relatio-

nal principles is main information about body

"{mmage” . This data in such a relation model

of the shape can be structured in many ways

and expanded into a suitable manipulative

structures when necessary .

-

APENDIX A
Vertex  Aunique point in a space , A vertex !
lies in one or more faces .

A finite nonself-intersecting , direc
ted space curve bounded by two not
necessarily distinctc vertices , An
edge lies in at least one and not mo-
re then two faces . ‘

A finite connected , nonself-intersec
ting , oriented piece of surface boun
ded by one and more loops . A face 1i
es in a single shell .

An oriented ordered alternating seqg--
ence of vertices and edges . A loops
are nonself-intersected , and lies in
single face , and form a bound of face
The collection of consistently oriented
races'rorming the bound of a single
connected , cloeed volume .

Edge

Face

Loop

Shell
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IMPLEMENTING PASCAL-LIKE CONSTRUCTS:
AN EXERCISE IN PROLONG PROGRAMMING

UDK 681.3.06:519.682 PROLOG

INTRODUCTION

Due to the declarative

meaning of progdrams, Some Prologd implementations support
Prolog is powerful programming language tional by default. Remember,
{1,3]. It especially well suited for P - Q@ ;R from
solving non-numerical problems. From the C-Prolog (5] or Quintus Prolog [6].
programmer’s point of view, programming in Prolog (7] even supports
Prolog 1is very efficient. On the other hand, ifthenelse/3 predicates. Here

Prolog implementations suffer from the lack of

ABSTRACT. Due to the deolarative meaning . of prodrams,
Prolog is a powerful programming language. However, in
practice it turns out that numerous tasks within a certain

kind of prodgrams are quite procedural. The paper describes
a simple implementation of some Pascal-like construots in
Prolog as a practical solution to this problem.

IMPLEMENTACIJA PASCALSKIH KONSTRUKTOV KOT VAJA 1IZ PROGRA-
MIRANJA vV PROLOGU. Prolog je zaradi deklarativnega pomena
programov mocan programski jezik, vendar se v praksi izkaze,
da so mnoga opravila znotraj dolodenih programov povsem
proceduralnega znacaja. V &lanku je kot praktiéna resitev
tegda problema prikazana implementacijea nekaterih pascalskih
konstruktov v Prologu.
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IF~THEN AND IF-THEW-ELSE PROCEDURES

supporting the procedural programming
approach. In practice it namely turns out if_then(P,Q) :— callc(P),
that numerous tasks within a certain kind of if_then(P,qQ).

programs are quite procedural. One

may, for

definitions of these procedures:

condi-

for example,
DECsystem~-10 Prolog (2],

Arity

ifthen/2 and

are common

/, callcq).

if_then_else(P,Q,R) :—- call(P), 4/, call(Q).

example, to perform an action
conditionally, repeat a procedure until a if_then_else(P,Q,R) :— call(R).
certain condition 1is satisfied or execute a

sequence of actions a given number of times.
To do this in Prolod, we usually use cuts and
repeat-fail loops. Unfortunatelly, improving
efficiency through these mechanisms often

_weakens the clarity and the conciseness of a

Prolog program,

The problem can be solved neater by using
explicit definitions for the control of
execution. Including Pascal-like constructs
into Prolog may be seen as a practical
solution to this problem.

Using operators, we may simply define an
_appropriate predicate if/! that is determined
as a principal functor. Its definition
includes both above alternatives (see
implementation in the appendix). We may now

code conditionals of both forms:

if P ther Q.
if P then Q else R.

where £, @ and R denote sindle Prolog goals or
sequences (i.e. conjunctions or disjunctions)
of goals. .



CASE PROCEDURE

Once the if predicate has been implemented, we
may define case as a sequence of if procedures
trying to match a certain conditicn value and
to satisfy related goal{s). We introduce the
Prolog case construct

case X of [ X1:Q1, X2:Q2, ..., Xn:Gn 7.

that is interpreted as

if X = X1 then Q1
else if X = X2 then Q2
else if - .

else if X = Xn then Gn.

and

case X of

£ X1:Ql, X2:Q2, Xn:Qn otherwise R 1.

cuey

that stands for

IT X = X1
else if X
else If .

then Q1
then Q2

else if X = Xn then Qn

else R.

Note that our implementation does not support
more than one value being assigned with each

alternative. This can be done by Joining
possible values into a list and substituting
condition X = Xi with testing the list

membership. The following is an example of

using the case construct:

menu_selection z-
write( ‘Selection? ° ),
read_line( Answer ),
case Answer of
£ a 2 optionlt ... ),

b 1 option2¢ ... ),
c ¢ option3( ... ),
h 2 ¢ help, menu_selection),
x : exit_menu
otherwise
( beep,
write( ‘Illegal answer’' J), nl,
menu_selection
2
1.

bl

read_line( Answer ) :—
get( ASCII ),
name( Answer, L[ASCI111 ).

beep s~ put(7).
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REPEAT-UNT1IL PROCEDURE

Here we introduce the repeat/1 predicate that

will have similar effect as the built-in

repeat/0, You must keep in mind that proposed
repeat Q until AF.

is Jjust a Pascal-like notation for the

procedure that will be executed in the Prolog

sense, i.e. failure of @ will result in

backtracking. The execution may be viewed as

Pascal-like when backtracking is not possible,
for example:
repeat ( write( 'Filename?
until exists(F).

‘), read(fF) )

Note that, when @ stands for a sequence of
goals, they must be put into brackets and the
left bracket must be separated from the

principal functor repeat by blank. Otherwise
the entire expression denotes a predicate of
an arity greater than 1 which will fail, of
course. Similarly, this syntax restriction
must be considered when using i7.

FOR PROCEDURE

In order to implement the for loop, let wus
first introduce a utility for managing global
counters {4]. Suppose we have certain values
in our program that can be passed to or
modified by any part of the program.
Modifying these values may be understood as
assigning values to dlobal variables in
procedural langueges. Such variables are
particularly suitable as counters. Eech
counter is specified by its name, a key, and
the related integer value. The counter
managing predicates below simply use retract
and assert to assure the current value of a
counter to be recorded in the database.

Based on previously defined repeat procedure
and the global counters, the for loop has the
following two forms:

for ?Count,l]
for (Count,l]

:= 11 to 12 do Q.

2= I1 domnto I2 do Q.
Count identifies
instantiated to a Prolog oconstant.

the procedure and should be
Further-~

more, the global counter with the key Count is
activated when executing the procedure. Its
current value is  instantiated to I, The
following example illustrates how to use the

loop:

for (i, 1] = 1 to 10 do
( write(l), nl ).



Again, the execution is Pascal-like only when
the goal{s) appearing in the loop can be
satisfied in no more than one way.

CORCLUSION

The paper presents the implementation of some
Pascal-like constructs in Prolog. We found
them useful for writing procedural segments of
programs, such as input and output procedures.
As already stated, our purpose is not to
reduce the importance of standard Prolog
concepts, but Jjust to add some convenient
procedural features. In our ‘opinion,
combination of both declarative ‘and procedural
approaches is the right solution *when
wondering about how to code a complex task
effectively.

And finally, the reader might have noticed

that we said nothing about the repeat
. procedure when discussing Pascal-like
features. The reader is invited to implement

" it himself as an exercise.

APPENDIX: THE PROGRAM

Z

% File PROCED :

Z Implementing Pascal-like constructs
Z

fx, if J.

:= opl{ 200,

:- op( 850, xfx, then ).

s— op( 800, xfx, else ).

s—- op( 900, fx, case ). '
¢~ op( 850, xfx, of ).

z— op(-800, xfx, otherwise ).

:~- op( 750, xfx, ‘'z’ ).

s— op(¢ 900, fx, repeat ). i
- op( 850, xfx, until 2.

2~ op( 900, fx, for ).

:— op( 850, xfx; to J.

:— op( 850, xfx, downto J.

:— op( 800, xfx, do 2.

1— op( 750, xfx, “z=° ).

3— Lcountsl?. Z Counter management.

if P then Q@ :-
if_then_else(
Q@ = (R else S), 4 If "else’ found
if_then_else(P,R,S), L then if_then_else
if_then(P,qQ) Z else if_then.
) . .
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if_then(P,Q)
if_then(_.,_J.

:— call(p), 7, call(@.

if_then_else(P,Q, ) =~ call(P), /, call(Q).
if_then_else(_,_,R) z— call(R).

case X of £ Xn:Q otherwise R 1 :-
if X=Xn then Q else R, 7.
case X of [ Xn:@ 1 s~
¥f X=Xn then Q, /.
case X of [ Xi:Q / Qthers 1 :-
if X=Xi then Q else case X of Others.

repeat Q@ until P :-
repeat, call( (@, /) ), call(P).

for [_,_1:=1I1 to 12 do _ :-
11512, /..

for [Count,17:=]1 to 12 do Q :~
ctr_set(Count,l1),
repeat ( ctr_inc(Count,l), @)
until 1=12,
ctr_remove(Count), /.

for (_,_1:=11 domnto 12 do _ :—
ricrz2, /.

for [Count,IX;=11 downto I2 do @ :-
ctr_set(Count,I1),
repeat ( ctr_dec(Count,l), @ )
until I=12,
ctr_remove(Count), /.



4

Z File COUNTS =

2 Hanaging global counters

¥4

2 ctr_set/2 sets a counter to the

~N

desired nunber.

ctr_set(Key,N) -~
integor (N),
ctr_renove(Key), -
assert( counter(Key,N) ), /.

Z ctr_inc/2 increaents a counter and
X returns its previous valuc.

ctr_sfnc(Kaey, N} 31—
retract( counter(Key,N) ),
Kl is N + I,
assert( countar (Key,N1) ), 7.
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Z ctr_dec/2 decrements a counter and
Z rgturns its previous value.

cter_dec(Key,H) 1~
retract( counter(Key, %) J,
Kl is N - 1,
assert( counter (Key,N1) ), /.

Z ctr_is/2 returns the current valug
Z of a counter.

cte_is(Key,N) 22—
counter (Key,H), /.

Z ctr_reaove/l removes a counter
Z frop the databdbase.

ctr_ropove(Key) z2-—

retract( counter(Key, ) ), fail.
ctr_reeove(_).
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ASTRACT - Full parallelism offered by the aulti-processar is not still fully
exploited. Much work that has been done in structured prograsaing to separate a
mono-processor program into well-defined modules, and attempts to systematize the
interactions between modules, have helped toc achieve a more disciplined approach to
software development with much benetit to multi-mikroprocessor software.

This paper presents various issues relevant to language aspects of parallel
processing systems. The objective is to present a discussion of issues and some of
the current approaches rather than a well-developed metodology of software, which
has yet to be developed. Nev approaches to parallel processing architecture are
briefly outlined too. ’

0 JEZIKIH SISTEMOV PARALELNEGA PROCESIRANJA, PRVI DEL: Konkuren&ni mikroprocesorski
sistemi. Popolna so#asnost, ki jo omogo8a materialna oprema vedprocesorskih siste-
mov, 8e ni dovolj izkori¥¥ena, Da bl se ta cilj dosegel, je bilc med drugim vloZano
Ye veliko napora tudi v strukturirano programiranje, ki deli enoprocesorski progqraa
v dobro definirane module, poskufa sistemizirati akcije med moduli, pomaga doseti
bolj urejen pristop k razvoju programske opreee in Jji daje-Stevilne prednosti.

Clanek podaja zakljulke, ki lzﬁajajo iz jezikovnega vidika na sistese paralelnega
procesiranja. Obravnavani so zgolj rezultati in novej#i poskusi redevanja problesov

programske opreme. 0 kaki bol} dovr¥eni metodologiji programsske opreee pa nf eod
govoriti, saj je le-ta 8e vedno v razvojnih fazah.

Na kratko so opisane tudi nekatere najvidnejde radunalnidke arhitakture, ki ¢&e
pasebej udinkovito podpirajo paralelno procesiranje. -

1., INTRODUCTION

High level languages and their translators have A further difficulty stems from the fact that
become essential for writing application pro- the language issues and runtime support aspacts
grams for mono-processor systems. The same, cannot be isolated totally. The attributes of
hovever, cannot be sald for multi-microproces- the kernel are important in deciding whether or
sor systems. The immense variety of applicati- not certain issues need to be dealt with at the
ons and hardware architectures, and the diver- language level, ..

sity aof philasophies about how systems shoud be

structured, makes it extremely difficult to Most of the language proposals in the ooncu-
design languages that are likely to be widely rrent programming area also have an underlying
accepted. It still remains a difficult chal- model of distributed computing. The wmany of
lenge to design a high level language which is these languages are in the research phase and
sufficiently general and modular to accommodate any have not been implemented, also there |is
a large number of architectural types of machi- little hard practical experience., Most of the
nes /17, In the absence of bold and fresh time the underlying médel is not explicitly
ideas to express concurrency, it is then natu- stated.

ral  that current thinking is along the lines

for extending or generalizing the sequential Event 1f one attempts to extract the underlying
programmlng languages /2/. At least it is model fram a proposal, it is not always an easy
known that using this approach one has comet- task. Sometimes the model and languages issues
ning that works for an isolated microprocessor become inseparable. The choice of the sodel
which farms a constitutent part of. the vhole would affect the programsing sethodology and
system. Thus a sequential language enables the proof techniques for a3 language based on
individual software modules to be written. that model. A model provides a conceptual
This 1is a rather primitive approcach, howaever, framework in which to discuss and understand
where concurrency (which requires a control and the benhaviour of concurrent ococeputations, and
communication structure), synchronization for is intended to capture the underlying philosop-
resource sharing, efficiecy and robustness a- hy of a programming language.

spects are outside the language conslderation.



A high level language is a aedium which not
only enables us to obtain a machine executable
code but, perhaps more importantly allows us to
farmulate an application precisely. In this
sense, there is a greate vacuuam for a vehicle
to describe concurrent applicatios formally.

Another difficulty in using languages applica-
ble to multi-microprocessor systems is the
. necessity for a translator. Translator vriting
immediately requires the specification of the
target amachine. It is desirable that the
translator alsoc runs on the target eachines.
Since there 1s no architectural uniforaeaity,
this requires a +translator design wvhich |is
capable of running on widely varying configura-
tions. 1ldeally, a translator also should take
advantage of the structure and hence be aodu-
lar., This requires significant departure fron
coapiler writing for mono-processor cystoes.

2. FEATURES OF CONCURRENT LANGUAGE

Some of the desired features of a concurrant
language can be listed as follows /3/:

- expressive power or richness - provablility -
gase and efficiency of implementation - casy of

use - readability of resulting prograss -
impact of changes - extent of concurrency
possible

Expressive pover or richnass This refers to the
ability of the model/language in being able to
express certain behaviours, i.e. the richness
to be able to model certain computations like
recursion, non-determiniss, and so on. This
praperty is also referred to as completeness or
adequancy. An increase ln expressive power is
likely to be accompanied by an increase in the
difficulty of proving praograms. While it is
desirable to. have siasplicity as ona of the
goals, {t is not advisable to have that as the
overriding criterion.

Pravability One aay be intecegted in proving
many properties, like partial correctness, fre-
edom {rom deadlocks, terminatlon, fairness,
etc. The presense of some construots would
make it extremely difficult, if not iaspossible,
ta prove certain properties. For example, at
the current state of the art of program pro-
ving, the presence of time-outs could cake the
achlevement of the ¢tractability af proofs
almost impossible. 0f course, an important
consideratlon is the power of the language
used for specifyng assertions about progras
properties. The assertion language or the
logic used should be rich enough to be ablae to
specify formally various desired properties
/41,

Formalization aof the semantics of constructs is
an important prerequisite for program proving.
While researches have been discussing all of
the above praperties for a long time, there are
very few well defined techniques or {foraal
methods to {llustrate the existence of the
necessary properties.

Ease and sfficiency of iaplesentatior The {a-
plementation of certain features may be quite
difficult to achieve. It is not sufficient
merely to define primitives vhose functionality
makes them worth implementing. It aust also be
passible to deliver that {functinality with
reasonable efficiency. In most aplications the
eff{iciency, or costliness, is likely to be an
important consideration. While some constructs
might be implemented easily, the efficiency of
such iaplementations may not necessarily be
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. Eagse of

.operation,

good. The practicality of mechanises would be
measured by the efficiency of their iaplementa-
tions.

use The presence of powerful features
does naot mean that they would be easy ta wuse.
Normally high level constructs and good ab-
stractions capabilities make thing easier. Ea-
se af use and expressive powver are cosplementa-
ry criteria. A model/language being rich eno-
ugh to express a certaln type of ocasputation
does not automatically mean that it could be
done in an easy wvay-certain ingenious, awkward
and obscure wvays have to be resorted to.
Constructs which reflect intuitive ways of
abstractions would be appealing to the usgar,

While writing programs, language primitives
should allow coherent combinations. Avoiding
subtle interactions among primitives would make
them easier to use and help reduce errors. The
flexibility of the constructs is also an impor-
tant factor in the ease of their use.

Readability of resulting prograss Any proposal
for nev language features should be sorutinized
closely to determine the effect of the propased
facility on program structure. The agchanisenms
should be such that they discourage coaplex and
confusing structures. The presense of high
level and very powerful constructs could lead
to easily comprehensible programs. 0f course,
this may not always be the case. The ability
to compose the process structure hierarchically
should be of great benefit. In general, con-
structs that ace easily verifled are likely to
be easily understood.

1spaot of ohanges If the constructe do not
include or force a high degree of modularity, &
change in the definition of one process may
necessitate many changes throughout the rest of
the system. This would be highly undesirable,
particularly if the nueber of the processes
involved 1is quite 1large. Peramitting a great
degree of autonomy in the definition of proces-
ses would help a good deal in reducing and
localizing the impact of ohanges.

Entent of conourrency possible The greater the
degree of concurrency the constructs permit to
be expressed, the better. But the overheads
involved in supporting such concurrenay should
not be such as to offset the advantages gqained
through the increase in parallellisa.

3. HIGH PARALLEL PROCESSING ARCHITECTURES

1t is agreed by all concerned that the key to
fifth generation computer acrchitecturss is a
much higher degree of parallelism than s
incorporated into computers at present. .1t is
likely that there will be a nuaber of layers of
parallelism: closely coupled processing ele-
ments reflecting the parallelise inhercent in
inference or knowledge base processing cperati-
ons, looser coupling between the various subsy-
stems in a fifth generaton computer, and di-
stributed processing across local and wide area
networks of computers /3/.

At present there are two types of close-coupled
parallelism implemented in cosputers: proces-
sing arrays and plpelines. Processing arrays
are vectors of identical processing eleaants
which act synchronously to perfora identical
opreations an arrays af data. Pipelines are
used for multi-stage operations /7/ such as
floating-point multiplications, whera esach ele-
ment of the pipeline carries out one step of
and passes its intermediate result




to the next element, Operations .on successive
sets of data can take place at intervals of one
step., Parallel processing of this type, known
as "regular" parallelism, will undoubtedly find
3 place in fifth generattion computers, but
mechanlsms to deal with irregular parallelism
are the main topic for research. Three appro-
aches are present today: parallel control flaw,
dataflow and graph reduction /9,10/.

Traditionally, by parallel contral flow each
step of a program s executed in sequence,
under the cantrol of a single progras counter
which determines the lowlevel aperation to be
carried 'out next. The {flow of control |is
implicit in the structure of the program. Each
statement in the module is a call to a aore
detailed processing procedure. Therefore, if a
parallel computer system and programming langu-
age were available, the processing procedure
are called at the same time., They executed in
parallel, and the control module walits until
all processing procedure are complete before
continuing. Programming languages such as con-
current Pascal and Ada have facilities far
operations of this sort coaputers, but it
cemains to be seen whether this approach, whiah
is only a slight variation on conventional
sequential processing, will be adequate for the
radical demands of {ifth generation architectu-
res. :

For @ number of reasons, one of the, K most
promising architectural models, certainly for
the inference processing subsystems of a fifth
‘generation computer, is dataflow architecture.
It can cope with irregular as well as regular
close-coupled parallelism, it is flexible and
extensible, it has the potencial tor very high
data throughputs, and it reflects, at hardware
level, the type of parallelisa Lnherant in
inference processing. - The central idea of
dataflow architecture is: a netwark af proces-
sing elements 1is set up, which reflects the
logical structure of the task to bhe oarried
out, and {tems of data flow between the ele-
ments. Each elements operates at its own pace,
and waits wuntil it has a camplete et of
intermediate inputs before it ‘“fires". There
are two techniques for the control of such a
network. In the totally data-driven approach,
each element walts passively for data to arri-
ve, whereas in the demand-driven regime each
element issues requests "upstrean” for data
whan it is ready for it. 1In general a dataflow
computer or computer subsystems has three requ-
irements:

- ta store representations of program graphs,

- to implement some form of data tokens to
flow through the graphs, and

- to provide suitable instruction processing
tacilities.

Each requirement poses certain probleas, soame
af which are quite severe. Program graphs in
practice will contain hundreds of thousands, if
not wmillions, of arcs and nodes, and may not
aluays reduce to the neat tree structure.
Furthemore, {f, as is almost certain, program
contains recursive definitions, portions of the
structures will be re-entrant. In this example

the graph (recursive program graph) of this
inference needs to replicate itself repeatedly
during processing. Further, mast of the data

processed in knowledge-based systems does not
consist of single items, but of large structu-
res which would cause unacceptable overheads if
they were passed through a dataflow network in
their entirety. This problem is being approac-
hed by using pointers to the data structures in
the dataflow netwarks, and accessing the struc-
tures from fixed memory only vhen they are
required. ’ o
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Three 1lines of research are being followed in
response to these difficulties. The (ficst {s
to regard a dataflow task as fiwed at coapile

time, and to prohibit re-entrat code /12,13/,
This static approach is ilustrated 1in Fig.1,
which uses a network of binary processors each
with two alternative output channels.
—pd
Processing Processing
etament element
— et
— -
Processing Processing
element element
e

Fig.1-A static dataflow network(delta network).

The dynamic approach gets round the problems of
re-entrat code by allowing replication of por-
tions of the network at cun time. This has the
virtue of simplicity, and may become increasin-
gly teasible as hardware constrains slacken.
Fig.2. illustrated one possible configuration
using this technique /14/.

;W

[ . Interprocessor rework

AM PE AM PE AM PE
AC AC AC
Inter-activity nework
[ Arbitration network
[ Disiribution network
SM SM SM SM SM
A M Activity memory
A C Actwvity controtlet
P E Processing element
S M Structure memory module

Fig.2-A dynamic dataflow architecture.

The line of development which holds out the
most promise in the short teca is the tagged
system, variations of which are under develop-
ment at MIT and Manchester University. Each



data iLteas flowing through the network carries
with it an identification tag, vhich specifies

its type ({for example it may be a pointer to a
large data structure held in {ixed store) and
its position in the program. The tags enable
data items to be paired and matched with
appropriate instructions for processing. The
tags also indicate the level of recursion it
re-entrant code is used. One node of a data-
flow systems using this approach 718/ is illu-
strated in Fig.3.

Communiation swazh

Unmatcred| Program
Qeaph g'rm
sy l wore
Token Insinicton
L‘ Toner matching Tolon Procossor -
Quers ( wne wnt ( r
Qats wem a4 e Oata cerr Cata nem
Hohn Jata e calacem ioken

toner Gpovaton

Fig.3~A tagged dataflow architecture.

The graph reduction architecture /416/ is the
next variation on the dataflow approach discus-
sed above. This variation is to evaluate
functions by vorking directly on their graphi-
cal cepresentations. As various portions of
the graph are evaluated, they are replesaced by
their intermediate results. Evaluation of each
af ' the lovest nodes (which becoaes a search to
see whether such a node is present in the given
relations), can proceed in parallel. The in-
termediate boolean results are then fed back
through the graph as it is reduced, until a
single result enmerges. ALICE /17/ is the
computer which incorporates graph reduction
directly into its basic architecture,. It is
designed to be programmed in the applicative
language HOPE, but can alsc support declarative
languages such as PROLOG. The architecture of
ALICE enables the parallel operations to be
performed without any explicit instructions
from the program. Each node in a progras graph
is represented as a packet within Alice. A
packet consists of an identifier fields, a
function or operator field, and one or aore
argument fields, which may be data values or
references to other packets. There are also
control fields used by the computer 1n {ts
operation.

The general layaut of an ALICE computer is
shown in Fig.4. 1t consists of a large segaen-
ted meaory serving as a packet pool, and a
number of processing agents. The processors
and the memory segments are connacted by a
high-speed switching network which enables any
processor to access any memory segmeent with
minimal delay due to other access path. The
configuration chosen 1is a delta network, coa-
peising a large nuaber of simple switching
elemente with four inputs and four outputs in a
regular array. (Fig.1 shows a delta network of
elements with two inputs and two outputs.) The
network operates asynohronously, so that each
request for a packet is propagated through the
switches as rapidly as possible, and the packet
is returned to the processor as soon as the
access path is open.

Distribution network 1
[
PA PA PA PA PA
y
Interconnection network ]
PPS PPS PPS PPS pPPS

PA Processing Agent
PPS Packet pool segment

Fig.4-Alice: overall structure.

Also linking each processing agent is a low
bandwidth distribution netwocrk, which contains
addresses of processable packets and eapty
packets, This network includes simple proces-
sing elements which transfer these addresses
from one processing agent to another, in order
to even out the queue of work waiting at each
processor. ALICE wuses the 1INMOS transputer
/12,13 / as its basic processing element: each
main processing agent cointains a nuaber of
transputers, and additional transputers provide
the intelligence in the distribution network.
The transputer is designed as & single-chip
processing element for pacallel computer archi-
tectures. It has an one-board wmemory, with
high-speed DMA (for input and output channels,

bypassing the processor) facllities and rcrecep-
tion and transmission registers for data trans-
fer between transputers. [Its single sequential
praocessor has a reduced Instruction set (RISC
pracessor) for maximum speed (instruction cycle
time of S0 nanosecond). Transputer is designed
for a very high throughput of data, even {f the
processing rate is not so high.

The transputer {s designed to be prograssadble
directly in Occam programming language /18/.
It is intended to be incorporated in & distri-
tuted acchitecture, with individual transputers
connected by a very high speed local area
network. As such it is an ideal building block
for many components af a multi-mi{croprocesor
fifth generation computer systenm.

4, CONCLUSION

With the increased interest in aulti-sicropro-
cessor and distributed coaputing systeas, there
is emerging a large number of proposals and
approach to handle them. 1n a multi-aicropro-
cessor design the architectural philosophy re-
quires the interrelated consideration of appli-
cation requirements, hardware oomaunications,
and software aspects. While weore detailed
treatment of softwvare issues 1is left until
second part which succeed of this paper, efach
ot the considerations, as are: types of cosau-
nications, priority, co-ordination of proces-
ses, process-procesor allocation, network visi-
bility, ocontrol Llssues, and synchronization
719/ shauld be seen as having implications as
to the structure, hardware, and softvare af a
system. ’



In multl-microprocessor systems the architectu-
ral structure, applications requirements,
varied software aspects like the operating
systems /20/, coamunications infrastructure,
and tools to ald application programaing such
as high level languages suitable for parallel
programming, all form a tightly knit situation
in which it 1is far more difficult to isolate
the constituent parts and arrive at universally
accepted solutians.

The requirements of the fifth generation for
layers af parallelism and an eaphasis on infe-
rence rather than numerical camputation look
like providing sufticient incentive. Even it
the objective of a computer with
intelligece {s not attained, the new

tures will provide engines of unprecendent
power for conventional computing. The aove
away from general-purpose processors to aggre-
gations of special-purpose chips is 1likely to
affect all branches of information technolagy.
The increase {n the scale of integration, and
the advanced CAD systems for microchip produc-
tion will find applications in every branch of
microelectronics. The industrial, econoaic and
political conseguences of having access ta, or
not having access to the new genecation of
silicon foundries are farreaching.
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ABSTRACT - The paper is devoted to outlines ot Ada and Occam, coamparison of

‘coamunication-oriented features of
the key features of various proposals
oriented 1lanquages that have been

both languages, and a brief description of

some remalning wsulti-siccoprocessor
in recent years and that the eajor

cesearch issues still remain to be addressed.

0 JEZIKIH SISTEMOV PARALELNEGA PROCESIRANJA, DRUGI DEL: Preqled in analiza

konkurendnih jezikav,

Clanek je posvelen opisu jezikov Ada in Occam ter

primer javi komunikacijsko orientiranih znatilnosti obeh jezikov. Podan je tudi
kratek opis bistvenih lastnosti razli¥nih predlogov naekaterih ostalih vedproce-
sorsko arientiranih jezikov, ki <ee pojavlijajo v =zadajih letih, in katarih

razvojnl uspehi se bodo morali fe izkazati.

1. INTRODUCTION

Conventional programming languages are procedu-
ral: they describe, in exhaustive detail, the
steps which a computer must carry out in order
to perform a particular data processing task.
These programming languages in their present
farm have no place In the {ifth generation of
computers, but some recent advances, notably
the incorporation of parallelism, and the eeer-
gence of the language OCCAM, may mean that the
thread of development which started with Algol
in 1957 is continued into the computers of the
future. A measure of "controlled" parallelism
can be incorporated into procedural prograeming
languages. This approach was ploneered in
Concurrent PASCAL /1/, Concurrent C /2/, Pa-
scal-Plus, Modula /3,4/ eto. and has been
incorporated into the real-time language ADA
/817,

The most fully developed inplementation of
parallelism into procedural languages is OCCAM,
vhere each module is regarded as a comaunjca-
ting sequential process, which may run on |its
own, possibly dedicated, processing eleaent.
Languages developed to support concurrent pro-
cessing, allow cooperation between processes
but reflect their inheritance both {rom the
“parent" 1language structure and architectural
restrictions. 1In these languages, called pro-
cedure-oriented languages /6/, process interao-
tion {is based on shared variables. These
langlages contain processes (active ob jects)
and modules, monitors (pasive objects) provi-
ding means f{or ensuring wmutual exlusion of
concurrent accesses. The primjitives of these
languages do not match the implesentation fea-
tures of the architecture of processor net-
works. Both message- and operation-oriented
languages /&6/ are based on message passing but
show difterent views of process interaction.
Nev programming languages like Ada or Occam try

to explore structuring concept in concurrent
programming. Both languages adapt the procaess
(called task in Ada) as the fundasental notasti-
on in program construction but differ signifi-
cantly in their mechanisms for process comsuni-
cation and synchronization. A message-aoriented
language as Occam provides channels and input-
/output processes as the primary wmeans for
processes interaction while an operation-orien-
ted language as Ada provides remote (extended)
procedure call for process intecaction. Priei-
tives based on these notations can be impleasn-
ted on different basses not anly by prograasing
languages but by operating systemes, special
programs, architectures (microprograms) or usar
programs.

In order to give some .details of language
development results, the following sections are
devoted to outlines of ADA and OCCAM, compaci-
son o0of comaunication~oriented Ada and Occam
features /7/, and a brief description of the
key features of various proposals of some
remaining multi-micraprocessor languages that
have been made in recent years.

2. ADA

Ada has been developed essentially as a general
purpose, high level language standard. Teo have
as wide an application scope as possible,
constructs have been introduced to help vith
concurrency.

For real-time aplications, Ada provides facili-
ties for multitasking, i.e. for logically
parallel threads of execution that can co-ovpe-
rate in carefully controlled ways.



Tasks A task is an independent thread of
execution, Like a package, a task is divided
into a specification part and a body. Similar-
ly, the modularity and abstraction concepts for
packages generally apply to tasks. The task
specification contains entry declarations that
define the procedure-like call that can be made
to communicate with the task. The task body
contains the code and variables (i.e. the
internal state) which define the behaviour of
the task.

Below is an example of a task to provide an
asynchronous buffer between a line-orieted pro-

ducer and a character-oriented consuaer. This
task declaration is assumed to be in the
context of declarations of the types LINE and

CHARACTER; the latter (s, in fact, a predefined

type.

task LINE-TO-CHAR is "
entry PUT-LINE (L : in LINE)}

entry GET~-CHAR (C : out CHARACTER)
end LINE-TO-CHAR;
task body LINE-TO-CHAR is . (1]
BUFFER : LINE; begin
loop .
accept PUT-LINE(L :
BUFFER : = L3
end PUT-LINE;
for I in BUFFER‘FIRST ..
accept GET-CHAR (C :
C ¢ = BUFFER(I)y
end GET-CHAR;
end loopy
end loap;
end;
+ the task specification
#% the task body
#4# the accept statements and its body

in LINE)do (T2

BUFFER'LAST loop
out CHARACTER) do

In this example, the task specifications deola-
res the entries PUT-LINE and GET-CHAR for use
by other tasks. The body declares a
variable BUFFER which is used to hold a comple-
te line until all of its characters have been
transmitted. :

The code for the task consists of an unbounded
loop with two basic parts. The first part is
an accept statements for entry PUT-LINE. The
accept statements looks quite similar to a
procedure declaration; it has formal parameters

and a body. The task waits at this paint until
some other task calls the entry PUT-LINE to
provide data for the buffer. The second pact

is another loop that transmits one character at
a time. :

declara-
Task types can
and any nuamber of tasks of
all with the same properties,
ob ject. Indeed, because

they can be camponents of
They can be pointed ta by
passed at parameters, created
and s0 on.

The above example illustrates the the
tion of a single task object.
also be declared,
that type, i.e.
can be declared as
tasks are abjects,
recards or arcays.
access objects,

dynamically,

Intertask cossuniocation When an entry has
called and the

been
called task reaches an accept
statement for that entry, a "randezvous" |{s
said to occur and only a single thread of
execution is active for the duration of the
accept statements. This single thread of exe-
cution can be thaught of as belanging to either
or both of ¢the two task. At the end of the

accept statement the rendezvous  is coepletes.
Both tasks then cantinue independently and
asynchronously.

In the last example given, when the task is

local -~
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waiting at PUT-LINE, a call on GET-CHAR is
gueued and the caller must wait. Conversely,
when the task is waiting at GET-CHAR, a call to
PUT-LINE is queued. Any nuaber of task can be
waiting for a given entry to be accepted., In
this way, coordination ig assured between tasks
that provide 1lines and those that consume
characters.

While the last example did
than one accept statement,
nueber of accept statements for each declared
entry. Other teatures allow accept statements
to be executed conditionally.

not require more
there can be eny

A select statement allows a task to wait until
a call 1is received on any one of a set of
entries. If more than one call is waiting wvhen
the sgelect starts, one of them will be chosen
arbitrarily for processing.

The set of possibilities need not be

the same

on every execution of the select statesent. An
optional "when clause" evaluates the "true"
conditlon for the entry to be "open", i.e.
eligible to be accepted. I1f none aof the

alternatives are open and
alternative appears in the select statements,
ft will be chosen. An exception is raised if
no altrnative is open and no "else" alternative
is provided.

the aptional else

Other variations of the select statements in-
clude a delay or terminate alternative which.
can appear imn place of an accept statements.

However, nelther a delay nor terminite alterna-
tive can be used in combination with the "else"
altarnative. 1f one of the alternatives of the
select is a delay and there are no calls
walting for any of the open alternatives, the
task will wait no 1longer than the. specified
amount of time before preceding. A delay value
ot zero means that if no entry call is immedia-
tely avallable, the task will not walt at all.

A terminate alternative is a pacrticularly in-
tersting construct that adresses the questions,
"How do you gracefully shut down a set of
cooperating tasks without running the risk of
error?" When a task is waiting at a terminate
alternative, it effectively declares to the
run-time environment that 1is prepared to be
terminated provided that all other task which
it can interact directly or indirectly are also
at terminate alternatives or have completed.
When all such tasks are in this state, none of
the tasks of the set will ever receive an entry

call (they are all waiting for some other task
to make. an entry call), so it 1is safe to
terminate them all. O0f course, if an entry

call 1is received by a task that is prepared to
terminate, the "okay-to-terminate- wme" status
is rescinded and normal processing resumes.

The language.also supports a conditional entry
call in which the calling task is not suspended
and the entry call {is not wmade unless the
called task 1s ready to accept it immediately.
There is also a timed entry call-a generalized
form of the conditional entry call-in which the
call 1is cancelled if Lt is not accepted within
a specified amount of tise. These two foras ot
entrcy call make 1t possible for a calling task
to assure that it will not be indefinitely
delayed by any task that it calls.

Priorities and scheduling A
have a priority or not. A priority is specifi-
ed by a pragma. If a priority is given, it
must be a compile-tise static value and cannot
be changed during execution. When no priority
is given, the compiler is free to choose when
scheduling decisions need to be made, when the

task can either

overhead of the scheduling decision ocan be



avoided, and at wvhat priority the task is run
whean it stacts executing. The overhead of
tasking in Ada is small, When implemented on a
single procesor, it is comparable to the over-
head of procedure calls,

Interrupts External devices are trested in Ada

as tasks, and interrupte are treated as antry
calls. The priarity of the external device is
dependent on its hardvare gpgriority and is
guaranteed to be higher than any gsoftuare
priority. In this wvay, Iinterrupts can be
directly "“connected" to accept statenentgs. A

consequence is that the tasking model ig pover-
ful enough to incorparate the conventional view
of interrupts and interrupt handlers.

ADA has been widely criticised for itg size and
the awkwardness of its constructions. Although
it is designed to be amenable to formal methads
of proving the correctness of program aodulas,

much work remains to be done before this {g
possihle on a wide scale. The unease about ADA
stems from the fact that an serror in an ADA

system could have catastrophic consequences.
Neverthaless the Department of Defense continu-~
es to insist on the use of ADA for all future
real-time applications. A small nuabec of Ada
pragram suppart envircnments sre under develop-
ment, and the experience gained on these will
undoubtedly be of benefit to fifth generation
software engineering work,

3. occan

OCCAM is a oprograsming lanquage designed to
support concurrent processing, in coaputer sy-
steas where many processing elements operate
independently btut interact (lnmas, 1984). It
is the low-level language of the lnecs transpu-
ter. Like ADA, it can be used for real-tise
embedded systeas, but it is wuch siepler - it
is named after the medlieval phllosopher who
pioneered the idea of Occam’s razaor, & sgharp
intellectual instrument used to cut asvay ail
.superfluous details in a systaem.

Occam is directly based on the iden of comauni-
cating segquential processes (CSP) /8/ and ito
definition and implementation were advigod by
C.A.R.Hoare, 1978, the designer of CSP. A unit
of concurrency is called a process in Occanm,
and a task {in Ada. A process perfores a
sequence of actions, and may ocosaunicate with
other processes via definad chiannels. Coaauni-
cation along a channel 4is synchronocusi: vhen

both an input and an ocutput process are ready
to communicate on the same channel, the data
item is transferred, and the processes {is

illustrated in Fig.S.
restricted
strings.

Data types in Occam are
to integers, characters, arrays and

Fig.5-Hardware configuration for
Occam prograa exaaple.

Occaa process definition

declarationi1:=PROC ident. ttorl.parnsjﬂprocess

VAR identifiec CC 1] ( ,identiffec CC 1]}
~-variable(vector of variables)
CHAN identifiec CC 1] ¢ ,identifiec CC 1] )}
~=-channel {(vector of chanels)
VALUE {identifier CL 1] ( ,identifier CC 3]}
-~valuel{veotor of values)

processts=declaration
process
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'

Interprocess coamunicatios As an exaasple, con-
sider twvo siaple hardware devices, one of which
merges signals fraa three incosing channels,
and the second of which buffers the output froms

the first, befocre passing it down an outgaing
channel. See Fig.5. An Occam program to
control this configuration is as followst
chan link:
par
while true
var K1
alt
et 7 x
link ' «
c2 7
link ! o
e3 7
link ! ¥
vhile true
var u:
seq
link ? u
ck ! x
In Occaa a channel declaration CHAN introduces
a nev identifier to be used as a channel. A

channel esay be a simple channel or a2 eleaent of

a vector of channels. Channele ara used to
coamrunicate between concurrent processes. Di~
rect (and static) channel naaing is wused and
message passing 15 synchronous. In the above
example the two "uwhile true" congiructions
operate in parallel as endlecs loops. Within

the tirst construction, the “alt"” keyvord choo-

ses whichever of the three channels is ready
for input. The input constructians (ol ? «x,
meaning input the value of u from chanel cl,

etc.) guard their corresponding outputs (link !
%, meaning output the value of u on the chennel
named 1ink)}. The second process repaeats inde-

finitely the sequence of input from the link
channel and output to o4, Hote that the
structure of the program 4is created aleost

entirely by indentation: the ascope of the par,
while, alt and seq constructors is the indented
lines below them.

The virtue of Occam is its sisplieity. 1% heas
fewer than thirty reserved words, and only o
seall nuaber of constructors. Although each
process uses destructlive assignments, the use
of channels {for inter-process coemunication
makes it entirely congistent with dataflow and
graph reduction computer architectures. Occam
was designed wuvith computer architectures of
this nature in aind, and with a view to {ifth

Channet 1 Channel 2 Channel 3

—d Process 1 -1 Process 2

Fig.5.a - Communicating sequential processes

¢l

Link

Process 2 cd

¢2 Process 1

c3

Fig.5.b - Hardware configuration for
Occam program example



generation applications. It is in tune with
the fifth generation philosophy of developing
the hardware and sofware of a computer systee
together. Together with the Inmos transputer,

it provides a modular hardware/softvare compo-

nent «of the type which {is essential in the
construction of highly parallel computer sy-
stems. The simplicity of Occam wmakes it .an

appealing prospect for proving the correctness
of processes. Its lack of data structuring
facilities, and closeness to the hardvare of
the computer system eean that Occam 1is likely
to be the low-level language of fifth generati-
on of systems, with applications written in a
more abstract language. This is the case with
the Alice computer.

4. COMPARISON OF ADA AND OCCAM FEATURES

Features of communication languages are: Unit
of concurrency, specification, means of coamu-
nications, correspondence, naming (identifica-
tions), service and library prograss, identity
checking, synchronization, and nondetecrminisa.

A unit of concurrency is called a
Occam, and a task in Ada.

process in

A specification unit of concurrency is called a
process in Occam, and a task in Ada.

Means of communication are channels and {nput-
/output processes in Occam solution and resote
procedure call (rendezvous) in Ada solution.

A correspondence between the calling and the
called programs (processes) determines a static
one-to-one correspondence in Ooccam solution

~while in Ada solution there are multiple calls
and queueling. '

‘ In Ada solution there is an asymetric naming
(identification) between calling and called
tasks. However, a naming is symetric in Occam
solution, . C
The asysetric solution of naming enables the

called module to be written as a library module

(server) without knowledge of the names of its
callers. So a service and liberary praograms
are facilitates in Ada solution and are not

available fn Occam sclution.
A identity checking is simple in Oocam and is
complicated in Ada.

Both Occam and Ada can perform synchronizatiaon
(without message passing). It is acoomplished
in Ada by parameterless entry calls. 1If the
ANY keyword is used instead of a variable in an
input or an output transfer in Occam, the input
value 1s discacded or an acbitrary value is the
output. The solutions of Ada and Occam are
mostly equivalent.

In Occam guarded alternative processes are used
to select one of the processesto be executed.
The expression evaluation of the guards speci-
fies the selections. An alternative process

waits until at least oane guarded process s

ready for executions. The selection is arbi-
trary and therefore this is a seans of expras-
sing nondeterminism. Ada’s statements, in both

forms: select (else) stateeents and conditional
entry calls, enables nondeterministic waiting
for communicatlion with other tasks.
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5. THE ANOTHER PROPOSALS OF
SOR LANGUAGES

MULTI-MICRPROCES-

csp
ODistributed program /8/ is defined as proces-
ses, with autually disjoint address spaces,

compunicating directly using typed sessages.
Arrays of processes can be defined.

Send and receive of messages are termed as

input and output operaticns, respectively. Re-
ceiver and sender are to be synchranized for
message transfer.

Non-determinism is permitted through guarded

coamands. Input statements can appear in gu-
ards., A parallel command permits the simulta-
neous initiation and execution of several pro-
cesses,

PARLANCE

A distributed program /9/ is obtained by pro-
cesses communicating wusing messages through
typed ports.

Hierarchies of processes can be defined, but
only the processes of the lowest levels can
have executable codes.

The minding of ports is done external to the
process definitions. Each port of a process is

connected to only one port or scse other
process. The bindings are static. Sender and
receiver are to be synchronized for message

transfer (input-output).

A parallel command which {involves anly input
and/or output statements is peraitted (i.e.AND-
WAIT on aultiple ports: all message transfers,
in any order, aust be completed before the:
coamand execution is deemed to be cosmpleted).

Non-determinism cannot be handled.

TASK

TASK 710/ is an extensian of BLISS and is based
on the "object model” supported by the Star0S
operating system for Cas,

Different object types - that
force, module, process,
device, mailbox.

exist are: task
basic, stack, deque,

A TASK specification affects only the creation

and initialization of objects.

One codes algorithms in
logical structures in TASK.

BLISS and specities

The language implements both procedure 1invoca-
tions and message-passing capabilities. A pro-
cedure invoked by a process could be executed
in parallel with the execution of the caller.
Communication is through mailboxes.

Dynamic definition and the
forces are possible.

creation of task

NSL

NSL 11/ 4{is a high level definition language
used for specifying the detailed requiresents
on any particular layers in the IS0 model of a
distributed system, i.e. a language for the
specification of protocols.

Processes cosmunicate through typed nessagaes.
The dynamic creation of processes at a desired



phisical site/note of the network {s possible.
The destruction of a process by its creator |is
permitted, which results in the destruction of
all its descendent processes.

Network data objects, like files, can be sha-
red.

Certa{n protection mechanisms are provided.

PCL

Distributed program /12/ components are proces-
ses, memory segments, ports, and links., Coapo-
nents can be in five states (uninstantiated,
bound, expanded, initialized, and enecuting),
and can be shared.

Ports are connected by links. Variocus types of
links can be defined (including some performan-
ce attributes). The presence of a message at a
port can be tested.

Highly dynamic process configurations can be
instantiated during executing, using a static
descriptiaon of the process structure. Hierarc-
hical structuring of processes <(ocalled clu-
sters) is also possible. Process structure
descriptions can be given in terms of static or
structural characteristics.

Distributed Processes /13,14,15/ Processes
contain local data, initialization statements,
common procedures, which can be called by other
processes. These calls are termed axternal
reguests.

Unsymmetric communication s implemented by
procedure call semantics for message transeis-
sion.

The initial statements and external requests of
a process are executed serially. They tersina-
te or wait for some condition to btecome true.
The execution of a process is imilar to that
of a monitor.

Guarded commands and gquarded regions provide
non-determinism. The latter can delay the
execution of an operation.

An array of processes is possible.

Synchronizing Resources /16,15/ A distributed
program consists of a set of resources, each of
which encapsulates a set of processas and
shared varliables.

Processes contain declarations of externally
callable operations (which are slaller to the
procedures of distributed processes and entires
ot Ada), which can have assaciated priorities.

Intra-resource process communication is done
through operations on shared variables.

Inter-resource process communication is iaple-~
mented through operations.

A sultiprocess is a multiple number of those
operatlons defined in a multiprocess which can
be executed simultaneously.

Extended CLU.

A distributed program /17/ is achieved by one
or more "guardians®.

A guardian is a number of processes plus
objects. Each guardian is expected to provide
synchranization, security, backup, and recovery

.for the resources it protects. Each guardian
exists entirely in a node of the underlying
physical network.

Object are passive; direct manipulation °by
processes s possible only through the invoca-
tion of predefined operations.

The d{nanlc creation of guardians is possible,
but hey are {mmovable {rom the nodes where
they are created.

Inter~guardian communication exist only through
messages. Time-outs are permitted in message
reception statements, so that some exeption
conditions can be handled,

Intra-guardian communication is achieved thro-
ugh shared objects.

Buffered massages are sent to typed ports.
Cospile time type checking can be quite coapre-
hensive.

MQO

MOD /48/ is drived from MODULA /14/.
coapilation is posible.

Separate

Processor modules contain processes and message
types used by those processes. Variables can
be shared by processes in a processor module,
similar to the guardians in Extended CLU.

The network module links processor modules, and
declares global types and constants.

The interface apdule 1is similar to eontitor:
mutual exclusion across all the contained pro-
cedures,

A process is initiated for every message.

Processes have dynamically variable priorities
associated with then,

Extended POP-2

Extended POP-2 /19/ is, as the name iamplies, an
extension of the artifical intelligece language
POP-2.

Parameterized process types with input and/or
output ports can be defined. Parallel proces~-
ses (with cannecting ports, either new and/or
old ones) can be created dynamically, thus
facilitating shrinking or expansion of process
hierarchies.

Recursion 1is permitted, but non-determiniss
cannot be handled.

Ports are connected by channels. Each channel
can have wmultiple readers (with only one wri-
ter) and all of them receive all the messages
sent along the channel.

Actors /20/ A distributed prograe consists of
dynamically creditable actars (which are sosew-
hat like processes), coamunicating through buf-
fered messages. Messages say transeit actor's
naaes.

Non-determinism, rcecursion,
be specified.

and time-outs can

Serfalizers are used to control access to
protected resources. The serializer mechanisa
ls a generalized and improved aonitor mecha-
nism. :




PLITS/IENO

N

A distributed program /21/ is obtained by
multiple modules (which are similar to proces-

ses) communicating solely through buffered mes-
sages.

Modules can be created dynamically, but can not
be destroyed by other processes.

All components/fields of a message may not be
visible to the recipient of that message,.
Module names, as well as transaction names,
could be used for controlling message recepti-
ons and dispatches. Transactions names could
be considered as dynaasically created mailboxes.

PLITS/ZENO parts'are intentionally not strongly
typed.

FLOWGRAPH

A flowgraph /22/ is nat . a

language.

only a wmodel,

Processes communicate through 'typed ports of
channels, with unbutferd messages.
Recursion and non-determinism can be expressed,

Praocesses and

cally.

channels can be created dynami-

LIMP

A distributed program /23/ consists of
ses communicating solely through
messages.

proces-
unbuf fered

Processes can be created dynamically.

Typed channels (possibly with multiple readers
and writers) link processes for message trans-
fers. The read capability for a channel (s
called a “source" and the write capability a
"sink",

Channels, sources and sinks can be created
dynamically and passed around in sessages.

cCs

CCS language /24/ is specialised for synthesis
tools. This report also outlines a synthessis
tools. CCS may define several pacrallel proces-
ses. They perfora action by transporting aes-
sages between each other. Because there are no
means to describe time delays CCS cannot fully
describe a behaviour. It may only be used to
describe event synchronization.

This language can describe structures of paral-
lel processes. A process is described by a
sequence of statements describing by effect the
actions of a process (imperative parallelism).

CCS can also describe parallel processes. Each
process 1s describe in a functional approach
Capplicative parallelisms). .

True hardware consists aof (hierarchical) struec-
tures of processes, each acting dependent on
values of other processes. Such parallelisme
can in a straight forward manner be modelled by
Ada and CCS (or Simulal.

On a high-level in a system cosponents general-
ly communicate by sending wesessagas. On this
"level (CS and Ada can model behavior. Both
languages synchronlise in this way.

4

ELLA

The ELLA language /25/ is an applicative langu-
age for RTL level behaviour. It can describe
structures of parallel processes (imperative
parallelism) and can alsoc dascribe parallel
processes (applicative parallelism)

4. A NON-PROCEDURAL LANGUAGES

Fifth generation programming languages will
have to cope with highly parallel architectu-
res, with different types of processing ele-
ments for knowledge base managesment, infarence
processing and intelligent intrface support,
and with applications based on intelligent
knowledge-based systems. They will need to be
in tune with the philosophy of software engine-

ering, with its requirements for cost-effecti-
ve, and software developaent on integrated
programaing support environments., Furtheramore,

{ifth generation programming languages require

a ficm base {n the concepts of artificial
intelligence, whioh underlie all aspects of
fifth generation computer systems. The general
line of development in prograaming languages
which takes account of these requirements is
the range of languages which may be teraed
non-proceduratl. Such languages are based on a

description of what is required of a processing
task, and the structure of the data required
for. the task, but leave to the language proces-
sor the details of how the task is to perfor-

med. Many non-procedural languages are based
on the principle of non-destructive assign-
ments: the value of a particular data item,
once set, is not altered during the running of
the program module in which it occurs. This
property is significant if the computer archi-
tecture is not based on static seaory, but on

data flowing from one store to another.

In maihly exists two types of non-procedural
languages: declarative languages and applicati-
ve languages.

LISP has been the mainstream artificial intel-
ligence programming languages for many years.
It has heen the starting point for a nuaber of
more recent declarative programsming language,
natable PROLOG., Recent work on language deve-
lopment includes PARLOG, a parallel iaplementa-
tion of PROLOG, and varlous attempts to synthe-
sise elements of PROLOE and LISP, or PROLOGE and
procedural language /24/. The lcot prograaming
language develaopment plan is for a sequential
logic~based language, KLO, followed by a paral-
lel version, KL1 and subsequent versions to
match the hardvare evolution of fifth generati-
an systems.

Although the “"upper" layers of software of a
fifth .generation computer are 1likely to be
declarative in nature, at lower levels there is

a need for a procedural language wvhich can
operate on large, complex data structures.
LISP 727/, or a derivative of it, is an ideal

candidate for this role. 0One possible evoluti-

on of LISP is into an applicative language,
with no destructive assignments, which will
bring it into . line with dataflow and graph

reduction architecture.

Applicative languages are a class prograaaming
languages which pre-date fifth generation caom-
puters, but which may be drawn into the aain-
stream of the nev generatlon. Thay arose in
the evolution of ideas of progras structuring,
and the need for formal procedures of progras
design and verification. Programs in this



language consist entirely of functlionsy there
are no procedures, Assignaents are non-de-
structive. The statements in an applicative

language are not to be interpreted in seguence.
One consequence of this is that thera are no
loop constructions in an applicative language,

These properties make applicative languages
suitable for fifth generation computer dovalop-
ment (data flow, graph reduction or other
parallel supporting hardvare architectures).
An example of an applicative programming 1angu-
age is HOPE, adaopted for the ALICE coaputor.

7. CONCLUSION

The increasing use of naicroelectronic compo-
nents for dedicating applications has raesulted
in the need for high-level design tools to
assist in the design process. Suitable langua-
ges must be chosen for both the behavioural and
structural descriptions whioh allow the concise
translation of one to anothery viz, compilation
in the programming sense. This appraach would
perait an "optimised” structure to be synthesi-
sed for a particular application.

The behavioral description high-level program-
aing languages are, for example, OCCAH and ADA.
In these cases there is, generally a onc-to-one
mapping of the language constructs into hardva-
re primitives or the language semantics have
been altered to alow simpler hardvare transla-
tions. The behavioural description language
OCCAM allows a level of process abstraction, a
description of concurrecy and the foraulation
of an implementation {ndependent daefinition.
Whilst not the 1ideal 1language, O0CCAM does
permit behaviour to be expraessed in an elegant,
cancise amanner and has the added advantage that
behaviour can be simulated at an early stage in
the design cycle. The structural desoription
language ELLA provides mechanisas for defining
a conpanent at bath the functianal and atruatu-
ral levels in a hierarchical aanner, together
with accompanying simulation facilities.

The maln characteristics of programming langua-
ges outlined in this chapter is that they are
very different from their immediate pradeces-
sor. They are non-procedural, non-sequentisal
and non-numeric in emphasis. They will require
different programming skills froe those praoti-

sed today, a point with profound conscquences
for a world-clase 1T industry 4in the next
decade.

At present it is not clear vhether language
will become the base language of fifth genera-
tion. This paper attempts to give survey over
characteristics of any sore known conscurcent
languages and to make the point that there is o
wide choice in the matter, and that a nuaber of
languages amight be used for the various layers
of software controlling the processing assea-
blies which make up a aulti-sicroprocessor
(fifth generation) computer systea.
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MODEL INFORMACIJSKEGA SISTEMA
ZA PODPORO KADROVSKI DEJAVNOSTI

UDK 658.3:681.3

INFORMATICA 2/87

lvo-S&avnidar
Zelezarna Jesenice

Prispevek podaja opis osnutka informacijskega sistema za podporo kadrovski dejavnosti,
oblikovanega v Z%elezarni Jesenice. Opis predstavi podatkovni model predlaganega sistema,
drevesno razgradnjo funkcij kadrovske dejavnosti, ki jih bo podprl predlagani sistem in
opredelitev vlioge elementov organizacijske strukture. Opu3&ena so ostala vprasanja, ki
sicer sodijo v osnutek informacijskega sistema: potrebna strojna in programska oprema,
predvideni stro3ki, podrobnej%a opredelitev postopkov, izgled in vsebina nosilcev

podatkov.

INFORMATION SYSTEM MODEL FOR PERSONNEL EVIDENCE ADMINISTRATION APPLICATION. The paper
describes conceptual design of information system intended as support for personnel evi-
dence administration, developed in Zelezarna Jesenice. Description presents data model of

suggested system,tree decomposition of functions involved in personnel administration which
are supported in designed system and defines the role which elements of organization scheme
do have in designed system. Other questions, which otherwise' take part in design of informa-

tion system such as: demanded HW and SW support, expected costs, description of processes,
content and appearance of individual informations, are not discussed.

0. UvoD

Ragunalnifko podprti informacijski sistemi s po-
dro&ja kadrovske dejavnosti so gotovo med tisti-
mi, ki jih sreamo najpogosteje. Zato v opisih
teh sistemov srefamo marsikaj znanega. Kljub
temu je tak opis lahko zanimiv, &e gre za sistem
oblikovan v zadnjem &asu, saj razvoj na podrolju
informatike prinaSa nove mo%nosti, iz dneva v
dan pomembnejSa vloga &loveka na vseh podro&jih
dejavnosti pa nove zahteve.

Kadrovska dejavnost spada med pomembnejfe v
Zelezarni Jeseriice, saj sodimo med ve&je kolek-
tive (nekaj nad 6000 zaposlenih), izobrazbena
struktura je raznolika, dokaj fivahno menjamo
in posodabljamo tehnologijo ob tem pa se
veZkrat otepamo s pomankanjem ustreznih kadrov.
Obstojele raunalnidke obdelave s tega podroé&ja
oblikovane pred mnogimi leti so namenjene pred-
vsem izradunavanju osebnih dohodkov, podpore
§ir¥i kadrovski dejavnosti pa nudijo le malo.
Zato smo se Ze v letu ‘81 odlo&ili, da uvedemo
nov informacijski sistem, ki bo v vedji meri
kot obstojedi ustrezal Zeljam in potrebam
uporabnikov.

Sistem, ki ga pri&akuje jo uporabniki naj bi
avtomatiziral $tevilna rutinska opravila, omo-
goal razliéne analize pomembne za odloZanje na
podro&ju kadrovkse politike, poenostavil obli-
kovanje poro&il, ki jih zahtevajo razli&ne
ustanove, predvsem pa omogo&al &im u&inkovitej-
e razporejanije delavcev na delavna mesta. Da
bi zagotovili kar najve&jo afurnost podatkov in
trenutno dosegljivost vsaj najpomembnej3ih
informacij Zelijo uporabniki sistem, v katerem
se bo &im ved postopkov izvajalo interaktivno.

Od %e izdelanih paketov, ki jih je mogoZe kupi-

ti smo si ogledali INTERPERS, izdelek podjetja
IBM, ki pa ni v celoti ustrezal nafim zahtevam.
Zato smo se odlo¥ili za samostojno izdelavo
ustreznih programov. Po zaletnih aktivnostih je
(zaradi nalog z vi5jo prednostjo in organizaci-
jskih sprememb na nivoju delavne organizacije)
delo zastalo in se nadaljevalo 3ele v letu '86.
Zakljufene so vse aktivnosti sistemske analize
razen podrobnih opisov za velji del programov,
dober del le-teh pa je Ze kodiran in na voljo
uporabniku.

Cilj &lanka je predstaviti nekatere rezultate
prve faze oblikovanja novega sistema: podatkov-
ni model, funkcionalni model ter vlogo posame-
znih organizacijskih enot v predlaganem modelu
informacijskega sistema.

Vsebina je razdeljena v Stiri poglavija. Prvo
poglavije je namenjeno opisu podatkovnega mode-
la. Jedro tega opisa predstavlja kanonska she-
ma (mehur&ni diagram) vseh relacij, ki v modelu
nastopajo. Drugo poglavje predstavi funkcional-
no plat predlaganega modela. Poleg sheme, ki
prikazuje drevesno razgradnjo funkcij zajetih

v sistem, so pomembnej¥e med njimi tudi kratko
opisane. Tretje poglavje prikazuje vlogo ele-
mentov organizacijske sheme v predlaganem mode-
lu. Poleg sheme drevesne organiziranosti sta v
poglavju podani tudi matriki, ki prikazujeta
vlogo vsakega od organizacijskih elementov pri
vpisovanju in uporabi podatkov (iz podatkovnega
modela) oziroma odgovornost za izvajanje posa-
meznih funkcij (iz funkcionalnega modela}.
zaklju&ek poskufa predlagani sistem primerjati
2z obstojedim in oceniti prednosti, ki jih pri-
na8a.

sSnov je podana le v osnovnih obrisih, v podrob-
nosti se ne spuffa. Slednje so v preveliki meri
odvisne od konkretnih pogojev in potreb v Zele-



zarni Jesenice in zato nezanimive za ostale.
Opis predlaganega modela in v njem nakazane
re$itve pa bodo kljub temu marsikomu, ki se
ukvarja z informatiko na podroCju kadrovske
dejavnosti, ponudile vsaj kakden koristen namig
%e %e ne primer vreden vsaj delnega posnemanja.

1. PODATKOVNI MODEL

Podatkovni model predlaganega sistema je rela-
cijski in vse relacije v njem so v tretji nor-
malni obliki v smislu definiecij iz (1), (2},

(3) ali (7). Jedro opisa predstavlja kanonska
shema, v drugem delu pa so kratko opisane rela-
cije. Kanonska shema je podana grafi&no v obli-
ki mehur&nega diagrama, kot je predlagano v (1)
le da je naSa shema nekoliko poenostavljena.
Mehur&ki predstavljajo relacije ne pa, kot je
to predvideno v (1), posameznih tipov podatkov-
nih elementov | atriputov ). Crte, ki povezuje-
jo mehur&ke, prikazujejo povezave med posa-
meznimi relacijami oziroma obstoj in "cilji"
tujih kljulev v posameznih relacijah. Podrobne-
je: &rta, ki povezuje relacijo A 2z relacijo B
in je na strani relacije A opremljena z enojno,
na strani relacije B pa z dvojno pui&ico pove,
da za vsak element relacije B (zapis, vrstico
v relaciji B} obstaja natanko en element rela-
cije A. Za poljuben element iz relacije A
obstaja eden, ve ali sploh nobeden element iz
relacije B. V primeru take odvisnosti med rela-
cijama A in B je eden od kljulev relacije A
(navadno primarni klju&) hkrati tudi eden od
atributov relacije B.

1.1 Kanonska shema

Bistvo podatkovnega modela je zajeto v treh
entitetah oziroma njim ustreznih relacijah in
odnosih, ki veljajo med njimi. Te entitete so:
delavec, delovna naloga ali opravilo in uspo-
sobljenost (opisi so podani v razdelku 1.2).
Odnos med njimi grafi&no podaja spodnji
mehur&ni diagram:

DELAVEC

Slika 1: Podshema mehur&nega diagrama

Poleg relacij, ki ustrezajo entitetam delavec,
DNO (delavne naloge in opravila) in usposoblje=~
nost, v diagramu nastopajo tudi relacije, ki
omenjene paroma povezujejo med seboj: zasedeno-
st DNO, ki vsebuje informacijo o razporeditvi
delavcev na DNO, zahtevnost DNO, ki pove kate-
re usposobljenosti zahteva posamezna DNO in
usposobljenost delavca, in za vsakega delavca
pove, katere sposobnosti ima. Tak model naj bi
omogo&al ulinkovito izvajanje osrednjih funkcij
kadrovske dejavnosti: analizo potreb, analizo
moZnosti (razpoloZljivih kadrov) in razpore-

45

janje delavcev na delavne naloge in opravila.
Informacije potrebne za izvajanje teh funkcij
so, nekoliko poenostavljeno, vsebovane prav v
"trikotniku" entitet delavec, DNO in usposo-

bljenost ter entitetah, ki jih povezujejo.

Gornja shema predstavlja le poenostavljen
izvle&ek iz celotne sheme, ki je prikazana

s sliko 2. V raz$irjenem modelu je relacija
usposobljenost zamenjana z vel manj splodnimi
relacijami: psiholodki testi, fizioloSki testi
in znanje. Temu ustrezno so dodane tudi rela-
cije, ki povezujejo posamezno vrsto usposoblje-
nosti z relacijami DNO in delavec.

Celoten model je seveda bistveno obseinejsi,
saj kadrovska dejavnost poleg osnovnih funkci]
(analiza m~Znosti in potreb ter razporejanje)
izvaja tudi mnogo drugih, ne dosti manj pomemb-
nih. Mehuré&ni diagram celotnega modela je pri-
kazan na sliki 2.

2Za laZje razumevanje diagrama in opisov

relacij 3e opomba:

Relacije v podatkovnem modelu predstavljajo
bodisi katerega od tipov entitet pomembnih za
kadrovsko dejavnost, bodisi povezavo, ki obsta-
ja med entitetami. Posebnost so povezave med
entitetami istega tipa. Znadilen primer take
povezave v modelih, v katerih nastopa entiteta
tipa izdelek, so "sestavnice"” (izdelki so eno-
stavni ali sestavljeni iz drugih izdelkov).
Tudi v primeru predstavljenega modela je vel
takih tipov entitet oziroma njim ustrezajo&ih
relacij: mentor (entiteta tipa delavec) spre-
mlja delo pripravnikov (tudi entitete tipa
delavec), delovna naloga je enostavna ali
sestavljena iz ve& opravil, ve& testov sposo-
bnosti se zdrufuje v baterije testov ipd.
Relacija v kateri obstajajo notranje povezave
o katerih bi radi shranjevali infromacijoc,
zahteva v podatkovnem modelu dodatno relacijo.
Klju& slednje. dobimo tako, da sestavimo (sklo-
pimo) kljué relacije, katere notranjo povezavo
podaja s samim sabo. Za relacije, ki podajajo
notranje povezave neke druge relacije, bomo v
opisih uporabljali izraz struktura, ki se je
udoma&il v naSem radunskem centru.

1.2 Opis relacij

Ceprav so Ze sama imena relacij dovolj zgovorna
in njihove medsebojne povezave razvidne iz she-
me, za bolj3e razumevanje modela dodajamo krat-
ke opise posameznih relacij. V opisih so v
oklepajih, ki slede imenom relacij, naSteti
najpomembnejsi podatkovni elementi. Pod&rtani
so tisti, ki sestavljajo identifikator (kljué).

DELAVEC (delavska Stevilka,
rojstni podatki, spol,
naslov, narodnost,...)

ime in priimek,
enotna mati&na Stevilka,
je relacija, ki vsebuje

‘podatke o osebah takc ali drugale pomembnih za

kadrovsko dejavnost v ZJ. Ne vsebuje le zapo-
slenih ampak tudi Stipendiste, upokojence, vse,
ki kandidirajo za sprejem v %J, vse ki so opra-
vili 'sprejemni postopek itd.

S.DELAVEC (del.3tevilka,del.3tevilka,vrsta od-
nosa, datum,...) je relacija, ki omogola shra-
njevanje informacij o razli&nih povezavah med
delavci, kot je naprimer povezava mentor - pri-
pravnik (pomembnc za spremljanje izvajanja
pripravnidtva) ali sodni3ki odnos (pomembno za
uveljavljane doloZenih pravic delavcev). Pred-
stavlja torej strukturo za entitete vrste
"delavec". Zapis v tej relaciji lahko predsta-
vlja tudi zaZasno nalogo {(projekt).

DNO (Zifra DNO, naziv, nadrejen org.element,
normativ Stevila zaposlenih,plad&ilna grupa,..)
je relacija, ki shranjuje podatke o delovnih
nalogah in opravilih. Tudi ta relacija je
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SLIKA 2: Mehur@ni diagram

strukturirana:delavna naloga je bodisi enosta-
vna (je opravilo) ali sestavljena iz vel opra-
vil. Delokrog, ki tudi spada v to vrsto enti-
tet, pa je sestavljen iz ve& nalog.

S.DNO (35ifra DNO, 3ifra DNO, deleZ opravila v
nalogi,...) je relacija, ki podaja strukturo
relacije DNO,

ODLOCBA (delavska 3tevilka,3ifra DNO,datum
odlodbe,Stevilka odlodbe predvideno Stevilo ur
na mesec, dejansko 3tevilo ur v obraunskem
mesecu, predviden datum zaklju&ka odlo&be, de-
janski datum zaklju&ka,...)
Ta relacija nosi podatke o razporeditvi delav-
cev na posamezne. DNO. Vsak (aktivni) delavec
ima vsaj en zapis v tej relaciji,lahko pa tudi
ve&. To pomeni,
da bomo shranjevali tudi podatke o preteklih
razporeditvah delavca
da je delavec lahko razporjen na vel nalog
hkrati, z razli&nim predvidenim Stevilom ur
za posamezno nalogo.

DELAVEC
17113
ODLOCBA

POS. S0OC.
SKUPINE

FUNKCIJA,
DELAVEC

OBOLELI

ORG.ENOTA (8ifra org.enote,tip,nivo,naziv
enote,...) vsebuje podatke o elementih organi-
zacijske sheme v ZJ.

S.ORG (3ifra org.enote,3ifra {nadrejenej}org.
enote,...) podaja organizacijsko shemo 2J.
Vkljuditev te relacije v podatkovni model med
drugim omogo&a izvajanje razli&énih obdelav ozi-
roma pridobivanje informacij za poljuben orga-~
nizacijski element (obrat, delavno skupino,TOZD,
DS itd) in zdrufevanje (agregiranje) podatkov
po razliZnih nivojih.

PTEST (Sifra testa,naziv,sred. vrednost, mejne
vrednosti,...) vsebuje podatke o psiholo3kih
testih, ki jih ob sprejemu in premeZZanijih
izvajamo v %J.

S.PTEST (3ifra testa,3ifra testa, vrsta pove-
zave,...) podaja strukturo relacije PTEST.
Poleg informacije o zdruZfevanju testov v ba-
terije vsebuje ta relacija tudi informacijo

o moZnosti zamenjave (ekvivalence) med testi.




FTEST
analogno kot PTEST za fiziolofke in zdravstvene
teste.

S.FTEST
podaja strukturo flzxoloékxh testov.

INANJE (Sifra znanja, naziv, tas S5olanja,stopnja
izobrazbe, usmeritev, poklie,...) je relacija,
ki zdruZuje vel vrst entitet:3olsko izobrazbo,
znanje {(npr. predmet dolofenega izobraZevalnega
programa ), te&aj, seminar ipd.

S.ZNANJE (3ifra znanja,8ifra znanja, vrsta po-
vezave, ...} podaja strukturo za relacijo ZNANJE:
za, 50le, telaje predmete iz njihovega programa,
vertikalno povezovanje 5ol razli¢nih stopenj
{moZnost nadaljnega S$olanja) ipd.

TECAJ (3ifra znanja,planiran datum izvedbe,...}
je relacija, ki omogofa nadrtovanje in sprem-
ljanje izvedbe raznih, predvsem internih izo-
braZevalnih oblik.

POKLIC (8ifra poklica, naziv,...) pojasnjuje
poklic pridobljen z dolodeno izobraZevalno obli-
ko in omogola razlikovanje med obema pojmoma.

PTEST DNO (%ifra p.testa,3ifra DNO, mejne vre-
dnosti,...) pove katere teste morajo opraviti
zaposleni na dololenem delavnemu mestu in v
katerih mejnih vrednostih mora biti rezultat.

PTEST DELAVEC (Zifra p.testa,delavska Ztevilka,
rezultat,...} podaja rezultate posameznih mer-
jenj s fizioloS3kimi testi.

ZNANJE DNO (Zifra znanja,3ifra DNO,...) ije
relacija, ki pove katera znanja so zahtevana za
opravljanje posameznih DNO.

ZNANJE DELAVEC (8ifra znanja,delavska 3tevilka,
datum zadetka Zolanja, datum zaklju&ka,doseZen
uspeh,...) vsebuje podatke o druZinskih &lanih
zaposlenih delavcev.

SOCIALNA SKUPINA (delavska Stevilka,Sifra skupi-
ne, datum vpisa, kategorija,...) vsebuje infor-
macijo, ki omogolajo nekatere analize s social~-
nega podrofja, kar je pomembno za dolofene zu-
nanje ustanove pa tudi za ustrezno obravnavanje
in varovanje pravic delavcev znotraj organiza-
cije. ZdruZitev teh podatkov v posebni relaciji
omogola tudi boljSo za3&ito (tajnost) podatkov

s tega podroéja. .

KRITERIJ STAN.TOCKOVANJA (3ifra, naziv,uteZ,...)
predtsvlja seznam kriterijev, ki jih upo$tevamo
pri stanovanjskem toékovan]u UteZ je podatek,

ki pove v kolik3ni meri se upo3teva kriterij pri
izra&unu skupnega 3tevila tolk.

STAN.TOCKE (delavska $tevilka,3tevilo todk,...)

MKB ($ifra MKB,naziv, grupa, $tevilo obolelih,
oznaka interaktivnosti, signalna vrednost,...)
predstavlja Sifrant bolezni po mednarodni klasi-
fikaciji bolezni. V to relacijo so vkljuZeni tu-
di podatki (naprimer trenutno 3tevilo obolelih),
ki jih sicer lahko izpeljemo iz relacije OBOLELI
To je redundanca za katero pa smo se odlolili,
da omogolimo interaktiven dostop do teh podatkow
To omogola delavcem v obratni ambulanti pravola-
sno reagiranje na razne pojave epidemij ali
zdraviju $kodljivih sprememb v delavnem okolju.

OBOLELI (delavska Stevilka,MKB,dat., dat zaklju-
&ka bolovanja, vzrok,...) vsebuje informacijo o

obolelih delavcih. Te informacije se po zaklju-

&ku bolovanja in obdelavi s podro&ja OD briejo,
razen-za tiste Sifre MKB, ki imajo to (v relaci=-
ji MKB) posebej oznafeno. S tem je mogole kvali-
tetnejSe obravnavanje bolnikov s kroniénimi bo-

leznimi.

2. FUNKCIONALNI MODEL

Poglavie o funkcionalnem modelu je razdeljeno v
dva razdelka. Prvi prlkazuje razgradnjo kadrov-
ske dejavnosti. Prikaz je enostaven - s pomog&jo
drevesne strukture, povezave, ki obstajajo med
posameznimi funkcijami niso prikazane. To po-
manjkljivost delno odpravlja drugi razdelek, ki
v matridni obliki podaja povezavo med podatko-
vnim in funkcionalnim modelom.

2.1 Drevesna shema in opis posameznih funkcij

Prvi nivo razgradnje kadrovske dejavnosti kot
smo ga ugotovili v ZJ predstavlja spodnja
shema:

A zagotavljanje kadrov
kadrovska dejavnost- B varovanje pravic delavcev

C oblikovanje poro¢il za
zunanje organizacije

A. Zagotavljanje kadrov zajema kadrovsko deja-
vnost v oijem pomenu: na&rtovanje potreb, razpo-
rejanje in razvoj oziroma usposabljanje delavcew
Podrobnej8o razdelitev kaZe shema:

1.

—- analiza
stanja in
potreb
2.
— analiza

1. moznosti
— nadrtovanje — 3.
l—- ugotavljanje
zahtevnosti
DNO

4.
L—— na&rtovanje
kadrovskih
potreb

1. .
—— urejanije
delavno prav-
nih razmerij
(sprejem,
odhod...)

A. 2. ]
zagotavljanje |~ zagotavljanje
kadrov delavcev za
opravljanje
dela 2.
L——-ugotavljanje
sposobnosti

1.

—— nal&rtovanje
in spremlja-
nje priprav.

— organizacija

internega

3. izobra%evanija
razvoj 3.

delavcev —— izdelava
{usposab.) predlogov za

napredovanje
4.

|— - usmerjanje in
spremljanje
Zolanja delav’

. 5.
Stipendiranje

Slika 3: Razgradnja funkcije "zagotavljanje

kadrov"



A.1.1 Analiza stanja in potreb sloni na podat-
kih o DNO in njihovi zasedenosti, njen rezultat
pa je pregled DNO, ki so neustrezno zasedene
bodisi glede na normativ ( predvideno Stevilo
delavcev ) bodisi glede na zahtevane sposobno-
sti. V relaciji DNO so vpisane tudi delavne
naloge in opravila, ki jih Zele nadrtujemo

( glede na organizacijske spremembe ali nove
investicije ). V tem primeru analiza daje po-
trebe po novih kadrih oziroma pregled delavcev,
ki bodo po ukinitvi doloZenih DNO ostali neraz-
porejeni. *

A.1.2 Analiza moZnosti ugotavlja sposobnosti
delavcev {znanje,psiholodke, fizioloZke sposo-
bnosti), kandidatov za sprejem in Stipendistov,
ugotovitve primerja z rezultati analize stanja
in potreb ter oblikuje predloge razporeditve,
premestitve in dodatnega usposabljanja delavcev.
Ena od nalog, ki spadajo v ta sklop funkecij je
izdelava "optimalnega" predloga razporeditve s
pomoljo metod linearnega programiranja.

A.1.3 Ugotavljanje zahtevnosti DNO je, kot pove
Ze ime ,namenjeno ugotavljanju sposobnosti, ki
jih mora imeti delavec razporejen na dolo&eno
delavno nalogo oziroma opravilo. Vlieoga informa-
cijskega sistema pri zagotavljanju te funkcije
je omejena predvsem na vnos in shranjevanje
podatkov o sposobnostih (znanja, testi), zahte-
vnost posameznih DNO ter izpis teh podatkov po
razliénih kriterijih, iskanje sorodnih DNO in
dolo&anje zahtevnosti sestavljenih DNO.

A.l.4 Nadrtovanje kadrovskih potreb .in analiza
kadrovskih gibanj je funkcija namenjena obliko-
vanju predvsem takih informacij, ki pomagajo
pri odloZanju na stratedkem nivoju: kakdna je
fiuktuacija, kateri so vzroki zanjo, kaksno bo
predvidoma gibanje kadrov v posameznih obdobjih
in kak&ne bodo potrebe (izdelava projekcij),
kako se spreminja izobrazbena struktura kadrov,
kak$na je fluktuacija po posameznih profilih.

A.2 Zagotavljanje delavcev za opravljanje dela
je sklop funkcij, ki podpirajo predvsem opera-
tivne naloge na ofjem podrolju kadrovske deja-
vnosti: vnos podatkov o novosprejetih delavcih,
popravljanje podatkov o delavcih, izpis odlolb
o razporeditvi oziroma premestitvi, vnos poda-
tkov o 3tipendistih in kandidatih za sprejem,
oblikvoanje razpisov za prosta delavna mesta.
VeZina teh nalog se bo izvajala interaktivno,
kar je za doloena opravila na operativnem
nivoju nujno.

A.3 Razvoj delavcev je funkcija, ki jo informa-
cijski sistem podpira predvsem 2: vodenjem evi-
denc o moZnostih nadaljnega izpopolnjevanja in
delavcih vkljulenih v razne oblike izobraZeva-
nja, analizo potreb po usposabljanju, s pomoljo
pri spremljanjem izvajanja pripravni¥tva ipd.
Sem spada tudi spremljanje inovativne dejavno-
sti delavcev in oblikovanje predlogov o moZnem
napredovanju glede na uspehe pri usposabljanju.

B. Informacijsko podpore zagotavljanju in
varstvu. pravic delavcev smo razdelili v
naslednje podfunkcije (glej sliko 4):

B.1 Prvi sklop funkcij s podro&ja varstva pra-
vic je namenjen ve&anju varnosti in zmanj3eva-
nju Zkodljivih vplivov pri opravljanju posame-
znih DNO. Tudi tu je vloga informacijskega si-
stema omejena predvsem na shranjevanju podat-
kov in oblikovanju poro&¢il: vodenje evidenc o
zas&itnih sredstvih potrebnih na posameznih
DNO, o oskrbljenosti delavcev s temi sredstvi,
o nezgodah in vzrokih zanje, o vrsti in teZi
poskodb pri nezgodah, o 3kodljivih vplivih v
posameznih okoljih in o delavnih mestih z be-
nificirano delavno dobo. Zahtevnej$a naloga pa
je analiza teh podatkov s ciljem odkrivanja
sredin z ve¥jo pogostostjo nezgod, njihovih

1

zagotovitev
zas&itnih
sredstev

1. 2.

— wvarstvo spremljanje

pri delu in analiza
poikodb in
nezgod
3.
analiza

vpliva dela
na okolje
(ekologija)

1.
zagotavljanie
socialnega
varstva

2.

vodenje
evidenc o
posebnih soc.
skupinah

2
t— socialne
varstvo

3. 1.
—- zdravst. preventivno
varstvo I 2.
kurativno

1.
r— stanovanjsko
gospodarstvo
4. 2.
—— dviganije — spremljanje
nivoja $portno
druZbenega rekreativne
standarda dejavnosti

3.

B.

varstvo in
zagotavljanje
pravic
delavcev

— spremljanje
in pomo& pri
na&rtovaniju
oddihov

4.

L~ urejanje
prevozov na
na delo

5.

— obdelava osebnih

dohodkov

6.

—- vodenje evidenc o
samoupravnih in dru2b.
polit. aktivnostih

Slika 4: Razgradnja funkcije "varstvo in
zagotavljanje pravic delavcev"

znalilnosti ter preverjanje hipotez o vzrokih
in pogojih, ki privedejo do nezgode.

B.2 je sklop nalog namenjen zagotavljanju soci-
alnega varstva delavcev ter hranjenju in obde-
lavi podatkov o posebnih socialnih skupinah,
informacijski sistem pa podpira operativne
naloge oddelka, ki se ukvarja s tem podro&jem
in oblikuje razne statisti&ne analize,

B.3 Ena pomembnejSih funkeij v sklopu kadrovske

dejavnosti je zagotavljanje zdravstvenega

varstva, tako kurativnega kot preventivnega.

Predvidoma naj bi obdelave s tega podro&ja omo-

gotale poleg obilajnega izraduna nadomestil za

osebni dohodek tudi:

. razli¢ne analize o obolelosti delavcev

. pravolasno detekcijo nara%fanja obolevnosti z
dolofeno diagnozo. Tovrstne informacije so se
izkazale kot pomembne za odpravljanje vzrokov
bolovanj. { V DO Sava-Kranj so s spremljanijem
informacij te vrste dosegli pomembne uspehe
pri zmanjSevanju obolevnosti (6))



ulinkovito spremljanje in obravnavo delavcev
s kroni&nimi obolenji
izdelavo predlogov premestitev za delavce 2
zmanj3ano delavno sposobnostjo in oblikovanie
programa rehabilitacije oziroma prekvalifika-
cije :
izdelavo programov preventivnih pregledov z
upodtevanjem zdravstvene zahtevnosti delavnih
.mest in ogrofenosti posameznih delavcev
. arnalizo vpliva posameznih delavnih okolij na
zdravije
interaktivni vpogled v .zdravstvene zgodovino
posameznega delavca

B.4 Podfunkcije zdruZfene v funkciji "dviganje
druZibenega standarda" so dovolj pojasnjene s sa-
mo shemo. Posebej omenimo le naloge informacij-
skega sistema na podrolju stanovanjskega gospo-
darstva. POleg vodenja evidenc o bivalnih pogo-
jih delavcev, spada v to podrolje tudi obliko-
vanje prednostnih list za dodelitev stanovanj-
skih pravic in izradun viSine kreditov za sta-
novanjsko gradnjo. Glede na veliko Ztevilo
prosilcev smatramo, da je ralunalniska podpora
upravi&ena.

B.5 Obdelava osebnih dohodkov je bolj ali manj
taka, kot jih poznamo v drugih delavnih organi-
zacijah. Vkljulenost v sistem za podporo kadov-
ski dejavnosti, uporaba sodobnej3e podatkovne
baze in interaktivni vnos podatkov tudi temu
podrodju prinada ve&jo pro%fnost in aZurnost,
moZnost kvalitetnej3ih analiz ter manj podva-
janja pri vnosu podatkov.

B.6 Samoupravno komuniciranje je podrod&je, ki
ga do sedaj nismo podpirali z ralunalnikom.
Predlagani model predvideva vsaj najnujnejie:
vodenje podatkov o samoupravnih organih in
organih druZbenc politi&nih organizacij, vode-
nju podatkov o vklju&itvi delavcev v te organe,
vodenju podatkov o delu delegacij in enostav-
nejSe obdelave teh podatkov.

C. V skupini "izdelava poro&il za zunanje orga-
nizacije" ‘smo zdru%¥ili, kot pove ime, oblikova-
nje zakonsko dololenih ali drugale dogovorjenih
porotil oziroma statisti&nih analiz za potrebe
raznih zunanjih organizacij, kot so zavod za
statistiko, skup3&ina ob&ine, sis za zaposlo-
vanje itd.

2.2 Povezava med funkcionalnim in podatkovnim
modelom :

Povezava med obema predlaganima modeloma je
prikazana v matridni obliki (tabela 1). Vrstice
v matriki predstavljajo funkcije iz funkcional-
nega modela, stolpci pa relacije iz podatkovne-
ga modela. Oznake na preselis¢ih vrstic in
stolpcev v matriki pa povedo, kak8en odnos vel-
ja med funkcijo (v vrstici) in relacijo ( v
stolpcu}. Pri tem je pomen posameznih oznak
naslednji:

V ... spradevanje-- funkcija le spra3uje po
vrednostih podatkovnih elementov
(atributov) v relaciji

K ... kreiranje -funkcija vpisuje nove n-terice
(vrstice) v relacijo

M ... spreminjanje - funkcija spreminja vredno-
sti podatkovnih elementov (atributov) v
relaciji.
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3. VLOGA ORGANIZACIJSKIH ELEMENTOV

Realizacija obeh predlaganih modelov bo bolj
ali manj vplivala na delo in naloge posameznih
organizacijskih enot. V tretjem poglaviju po-
skufamo vsaj grobo prikazati ta vpliv s pomo-
&jo dveh matrik: prva prikazuje odgovornost
organizacijskih enot do vpisovanja oziroma &i~
tanja podatkov v bazi podatkov, druga pa odgo-
vornost pri izvajanju funkcij.

Organizacijske enote, vkljuZene v kadrovsko
dejavnost so prikazane s spodnjo drevesno she-~

mo (glej sliko 5).
1.

—— oddelek za
kadre
2.

—— oddelek
industrijske

1. psihologije
—— kadrovski 3.
sektor oddelek
varstva pri
delu in
okolja

~—— oddelek
zdrav. in
sSOC. varstva
5.

— oddelek za
izobraZevanj.
6.

F~—— oddelek za
druZbeni
standard
7.

p—— center za .
preulevanije

) . samoupr. in
organizacijske inform.
enote - B.
vkljulene ~—— disciplinska
v kadrovsko komisija
dejavnost

1.
oddelek za
organizacijo
2. 2.
+— sektor za planski odd.
ekonomiko 3.
in organiz,. oddelek za
5tudij dela
in nagrajev,
3.
—~ finan&no radunovodski
sektor (oddelek za obra&un OD)
4.
—T02D-1 ’ 1.
referent za
kadre
2.
odbor za del.
razmerija
5. 1.
l-obratna kurativna
ambulanta ambulanta
2.
ambulanta za
medicino dela
in Sporta
6.
}—~—poslovodni odbor
7.
——zunanje organizacije
Slika S5: Organizacisjki elementi vkljuleni

v kadrovsko dejavnost
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relacije
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ENOTE
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ODLOCBA
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funkcije
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tabela 1: Povezava med podatkovnim

Poleg kadrovskega sektorja, ki je pri izvajanju
kadrovkse dejavnosti vsekakor najpomembnejii,
imajo pri izvajanju kadrovske dejavnosti nemaj-
hno vlogo tudi drugi organizacijski elementi,
8esar pri nadrtovanju ustreznega informacijske-
ga sistema nismo smeli zanemariti. Predlagani
sistem prina3a predvsem vel neposrednosti:
mnoge od informacij, ki jih posamezne enote
(sluZbe,oddelki) dobijo s pomo&jo oddelkov ka-
drovskega sektorja, naj bi s pomo&jo informa-
cijskega sistema oblikovali samostojno. Podobno
velja tudi za zbiranje podatkov: posamezni od-
delki jih bodo vnaZali s pomo&jo ra&unalnika
neposredno v informacijski sistem.

Primer takega povefanja neposrednosti je sprem-
ljanje in obdelava bolniZkega stale?a. V obsto-
jelem sistemu obratna ambulanta za vsakega obo-
lelega izpi¥e obrazec z osnovnimi podatki, ta
obrazec dopolnijo na oddelku za socialno in
zdravstveno varstvo {kadrovski sektor),na od-
delku za obradun OD (finan&no radunovodski
sektor) pa na podlagi podatkov na njem obliku-
jejo novega, primernega za obdelavo na raduna-
Iniku. Obratna ambulanta prejme od oddelkov
kadrovskega sektorja razli&ne analize obolev-
nosti. V novem sistemu bodo osnovne podatke
vnadali interaktivno, jih (tudi interaktivno)
dopolnjevali na ostalih oddelkih, informacij-

in funkcionalnim modelom ( matrika transakcij )

ski sistem pa bo poleg obdelav s podrofja OD
zagotovil tudi oblikovanje razli&nih informa-
cij o obolevnosti.

3.1 Odgovornost pri oblikovanju in uporabi
podatkov

je prikazana z matriko v tabeli 2. Vrstice pred-
stavljajo posamezne elemente organizacisjke she-
me, stolpci pa relacije podatkovnega modela.
Oznake na kriZi3¢u stolpcev in vrstic pomenijo:

V ... organizacijski element le spra3uje po
vrednostih atributov relacije

K organizacijski element je odgovoren za
vpis ali spreminjanje vrstic relacije

M ... organizacijski element spreminja vrednost

atributov
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1.3 oddelek varstva pri delu VMM VM vV M MM VvV M K v v v v
1.4 0dd. zdr. in soc. varstva M v v M K M V M
1.6 Oddelek za druZibeni stand. MV VYV V K K
1.5 Oddelek za izobraZievanje MV VV VMV K K K K K v
1.8 Disciplinska komisija MV VvV V v
1.7 CPSI, samoupr. org. DPO v v v v K K
2.1 oddelek za organizacijo K K V v v v M M v
2.2 Planski oddelek M.V
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4.2 Odbor za del. razmerja MV VvV V v
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5.2 Ambulanta za med. dela M MM VMMM v v M v
6 Poslovodni odbor v v v Vv
7 Zunanje organizacije v v v vV v v v v v

tabela 2: Matrika odgovornosti pri oblikovanju in uporabi podatkov

3.2 Odgovornost za izvajanje funkcij

Je prikazana 2z matriko, podobno matriki odnosa
do podatkov. Stolpci predstavljajo funkcije iz
funkclonalnega modela. Posamezne oznake
pomenijo:

organxzac1jska enota je odgovorna za
izvajanje funkcije

organlzac1]ska enota sodeluje pri
izvajanju funkcije

Matrika odgovornosti za izvajanje funkcx) je
prikazana s tabelo 3.

4. ZAKLJUCEK

Predlagani model prina%a v primerjavi z obsto-
jeZim nekaj bistvenih sprememb:
1. Podatkovni model je v primerjavi z obstojelo
bazo podatkov mnogo bogatej¥i. Poleg osnovnih
podatkov o delavcih vsebuje tudi podatke o de-
lavnih nalogah in opravilih, sposobnostih ozi-~
roma znanjih, podatke o zdravju delavcev, po-
datke s podroZja ekologije, socialnega varstva,
druZbenega standarda itd. Poleg tega ustrezna
podatkovna baza ne bo vsebovala le podatkov, ki
odrafajo trenutno stanje, ampak tudi podatke o
préeteklih stanjih in za nekatere entitete tudi
predvideno bodo¥e -stanje ( nadrtovanje DNO na
primer ).

2. Datoteke obstojele baze podatkov niso v
tretji normalni obliki ( posledica mnogih dopo-
lnjevanj ), kar povzrola znane teZave pri
vzdrZevanju sistema. Tudi to nev3elnost odprav-
lja nov model, ki smo ga oblikovali upoitevajol
postopke normalizacije.

3. Posebno proZnost predlaganega modela pred-
stavljajo tudi "strukturnice" za posamezne
entitete. Te nosijo informacijo o Ze odkritih
povezavah med posameznimi entitetami iste vrste
poleg tega omogo&ajo enostavno vpeljavo novih
povezav, razli&ne interpretacije entitet istega
tipa ali pa enotno obravnavo sicer sorodnih, ne
pa povsem istovrstnih entitet.

4. Predvideni sistem bo interaktiven v kar naj-
ve&ji mo¥ni meri. To iz dosedanjih opisov ni
posebej razvidno, zato dodajamo: interaktivni
so vsi postopki vnaZanja podatkov ( v okolju
kjer le-ti nastajajo.} in vpogledi, ki ne za-
htevajo ve& kot 20-30 pristopov do razli&nih
zapisov (vrstic) v bazi podatkov. Tak pristop
zagotavlja, kot je to pa& znalilno za interak-
tivne sisteme, vedjo aZurnost, neposrednej3o
uporabo informacijskega sistema, manj podvajanj
dolo&enih postopkov ( izpolnjevanja cbrazcev in
prepisovanja njihove vsebine na‘'pomnilne medi-
je }, predvsem pa hiter dostop do informacij.
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A.l.1 Analiza stanja in potreb 0 s
2 Analiza moZnosti 0 S S S S
3 Ugotavljanje zahtev. DNO s 8 S S S
4 Nalrtovanje potreb 0 s S
A.2.1 Urejanje del. razmerij 0 S S S S
2 Ugotavljanije sposobnosti 0 s S s S s
A.3.1 Pripravni$tvo 0 S
2 Interno izobraZevanije 0 S
3 Predlogi za napredovanije [¢] s S
4 3olanje delavcev S S
5 3tipendiranje
B.1l.1 Za3Zitna sredstva 0
2 pPo3kodbe, nezgode 0 s s
3 Ekologija s 0 S s
B.2.1 Socialno varstvo 0 S
.2 Posebne socialne skupine S
B.3.1 Preventivno zdravstvo o]
2 Kurativno zdravstvo S S 0
B.4.1 Stanovanjsko gospodarstvo s 0
2 Rekreacija, Sport 0
3 0ddihi 0
4 Prevozi 0
B.5 OD s 0 S
B.6 Samoupravne aktivnosti 0
C Poro¢ila za zunanje org. 0 8 5§ 8§ s s s s S S S § §
tabela 3: Matrika odgovornosti za izvajanje funkcij
Model kakr3en koli pal je, ne more dokazati . ) L
svojih kvalitet, dokler se ne izkafe kot slika (3) M. Krisper, F. Zerdin: Informacijsko
nekega konkretnega, uspe3no delujofega sistema. in%enirstvo ( FE, Ljubljana,
Kljub temu, da opisani model take potrditve 3e 1985 )
nima, menim, da so opisane re3itve lahko v po- o
mo& Gsem, ki se ukvarjajo z nalrtovanjem radu- (4) I. Svetlik in sodelavci: Naloge kadrovske
nalnidko podprtih informacijskih sistemov za dejavnosti v 0ZD ( dopisna
podporo kadrovski dejavnosti. Predvsem to velja delavska univerza Univerzum,
za skrbno nadrtovan podatkovni model, saj se Ljubljana, 1978 )
nabor podatkov s podro&ja kadrov od ene do dru- i Lo
ge { delavne ) organizacije ne razlikuje kaj (5) B. &eh, I. 8Cavnilar: Informacijski sistem
dosti. preventivnega zdravstvenega
varstva ( interno gradivo %J,
1985 ) ’
Uporabljena literatura in gradivo: (6) J. Vadnjal: Rafunalni3ki model spremljanja

(1) J. Martin: Principles of Data-Base
Management, ( Prentice -
Hall, Inc, 1976 )

(2} C. J. Date: A Guide to DB2

( Addison - Wesley, 1983 )

in analize obolevnosti in
bolniskega staleZa v tovarni
Sava Kranj ( Sava Kranj, Kranj
1983 )

(7) S. Alagié: Relacione baze podataka,
(Svijetlost Sarajevo, 1984)
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PRIKAZ: U ovom radu je prikazan jedan pristup obradi alfanumerikih veli¢ina na programskom jeziku
FORTRAN. Potprogrami za realizaciju ovog pristupa napisani su na programskom jeziku preprocesora
za FORTRAN, RATFOR-u, i testirani su prilikom izrade kros-asemblera za mikroprocesor 280, koji je

takodje pisan na RATFOR-u.

ABSTRACT: The paper describes an approach in processing alphanumerical values using FORTRAN, and a
realisation of this approach through subroutines written in RATFOR, the FORTRAN preprocessor. These
subroutimes are tested in a cross-assembier for 780, also written in RATFOR. .

Uvobo.

U ovom radu je izloZena jedna od primena
ideje d2 se efikasnost pisanja programa poveca-
va primenom gotovih i proverenih op3tih i funk-
cijskih potprograma /1/. Ovaj pristup implicira
da se, pri pisanju potprograma iz nekog vefeg
skupa programa, pojedini potprogrami pidu tako
da budu medjusobno nezavisni i 3$to opdtije na-
mene. :

Potprogrami pisani po ovom nafelu mogu se
vrio efikasno koristiti pri razvoju drugih pro-
grama 1 predstavljaju programski alat, koji vi-
§e korisnika moZe da primeni pri redavanju pro-
blema odredjenog tipa.

PoSto je RATFOR (racionalni.FORTRAN) pre-
procesor, koji je ugradjen na ralunaru E{1-KH6/S53
u Institutu za mernu tehniku i upravijanje, jz-
veden tako da moZe programe jz sistemske bibli-
oteke da ukljuluje putem INCLUDE naredbi /3/,

u razvijani skup programa, proSirenje bibliote-
ke RATFOR-a potprogramima opSte namene znalaj-
no olak8ava pisanje novih programa. Ovim se
vreme potrebno za razvoj 1 testiranje softwa-
re-a bitno skracuje, 3to smanjuje troSkove 1
povecava efikasnost primene digitalnog rafuna-
ra.

. Potprogrami koji su prikazani u ovom radu
su proistekli iz primene RATFOR-a {odnosno
FORTRAN-a) na nenumerilke obrade, prilikom iz-
rade kros-asemblera za mikroprocesor Z80, i
odnose se prvenstveno na rad sa alfanumerilkim
nizovima - string-ovima.

Osnovne postavke o upotrebi string-ova u
RATFOR-u date su u prvom pogltavlju, u kojem je
opisan i skup ranije postojecih potprograma iz
biblioteke RATFOR-a. Ovi potprogrami su poslu-
2i1i kao osnova za prosirenje opisano u drugom
poglavliju, gde je svaki op3ti i11 funkcijski
potprogram dodat u RATFOR bibiioteku detaljno
opisan. Algoritmi potprograma su dati u obliku
pseudokoda.

1. PREDSTAVLJANJE ALFANUMERICKIH VELICINA

1.1. UobiZajeni pristup obradi alfanumerilkih
velifina

Kod primene rafunara za nenumeritke obra-

*) Radjeno u okviru pastdiplomskih studija, na

de vaZtan je naéin komuniciranja programa sa
okolinom, to jest na&in unosa i ispisa podataka
u/iz datoteka ralunarskog sistema. Kod uobila-
jene upotrebe FORTRAN~a ulaz i izlaz podataka,
pa i alfanumerilkih velilina, vr3i se u pakova-
nom obliku /2/. Ovaj pristup nije najpogodniji
za pisanje programa kojima se obradjuje neki
tekst, jer su redovi u tekstu obi&no razlic&ite
duZine i sa razli&itim brojem redi.

Kod pisanja kros-asemblera ovakav nacin
unosa i ispisa vrednosti u programskom jeziku
FORTRAN {ne treba zaboraviti da je RATFOR pre-
procesor za FORTRAN) nije najpogodniji, posto
su obrade uglavnom na nivou jednog alfanumeri-
ka.

1.2. Predstavijanje alfanumeriZkih velid¢ina u
obliku string-ova

Da bi se prodirile mogucnosti primene FOR-
TRAN-a i na nenumeritke obrade u biblioteku
RATFOR-a Je ugradjeno nekoliko potprograma ko-
Jima je* omogu€en unos i ispis jednog alfanume-
rika na datoteku (file) sa odredjenim logickim
brojem (1fn). Osnovu ovog pristupa tine dva
potprograma /1/:

GETCH - koji iz datoteke, odredjene logié-
kim brojem, unesi jedan alfanume-
rik u ulazno/izlazni buffer i

PUTCH - koji u ulazno/izlazni buffer dato-
teke odredjene logilkim brojem,
upisuje jedan alfanumerik 111, ako
je taj alfanumerik NEWLINE, ispi-
suje sadrZaj buffer-a na datoteku.

O0¢igledno, ovakav pristup podrazumeva da
se unos 1 ispis podataka obavlja iskljulivo
preko alfanumerilkih veligina, %to treba imati
u vidu kod ulazno/izlaznih operacija.

Velifina polja v ulazno/izlaznom redu ovde
nije odredjena nekim formatom, pa je oznalava-
nje kraja string-a moralo biti re3eno drugali-

-je. Izabrano je relenje, preporuleno u /1/, da

se kraj string-a oznali nekom posebnom vrednod-
€u EOS (end of string) koja ne pripada skupu
znakova rafunara 1 na ralunaru Ei-H6/53 fznosi

- -2. Inakove veliline se u RATFOR-u pamte kao

celobrojne veli¢ine (INTEGER). Tako, string u

predmetu RACUNARI.



RATFOR-u ima oblik

[71nxeger niz J

Da bi se niz alfanumerika, koji &ini je-
dan red u datoteci, razlikovao od RATFOR
string-a, na njegov kraj se pre znaka EOS
stavlija znak NEWLINE iz skupa znakova ralunara.
Dakle, niz alfanumerika, koji &ine jedan red
ima oblik

E0S |

| integer niz | newLine | eos |

Ovako zami3ljeno komuniciranje programa
sa okolinom omogucava onome ko pide program
veliku slobodu u oblikovanju unosa 1 ispisa
podataka. Medjutim, ovo takodje podrazumeva i
pretvaranje svih veli¢ina, koje treba ispisati,
u nepakovani oblik, odnosno RATFOR string, kao
i pretvaranje unetih veliZina u nepakovanom
obliku u pakovani, ako je to potrebno. Za pre-
tvaranje velidina iz Jednog u drugi oblik po-
trebno je, dakle, obezbediti odredjen skup pot-
programa, koji bi svi korisnici RATFOR-a imali
na raspolaganju.

Odredjen broj potprograma sa ovom namenom
je postojao u biblioteci RATFOR-a. Ovi potpro-
grami, koji &ine osnovu prodirenja RATFOR bi-
blioteke opisanog u ovom radu, bice objadnjeni
u sledeéem odeljku.

1.3. Osnovni skup potprograma iz RATFOR bibli-

oteke za rad sa string-ovima

Potprogrami iz RATFOR biblioteke, koji ce
ovde biti opisani, se, prema nameni, mogu pode-
1iti u tri grupe. Prvoj pripadaju potprogrami
za unos i ispis podataka: getch, putch, getlin,
putlin, outnum. Drugu grupu &ine potprogrami za
rukovanje znakovnim nizovima: equal, length,
scopy, a tre€u potprogrami za pretvaranje veli-
¢ina iz jednog oblika u drugi: ftoc, cvtstr,
strcvt.

Prikaz namene i upotrebe ovih potprograma
dat je prema navedenoj podeli.

$.3.1. Potprograml za unos i ispis podataka

1.3.1.1. Integer function getch (c, 1fn)

Ovaj funkcijski potprogram kao svoju vred-
nost i vrednost argumenta c vraca sledeéi alfa-
numerik iz datoteke sa logic¢kim brojem 1fn.

Ime getch mora biti navedeno u opisnim naredba-
ma pozivnog programa kao INTEGER. Na&in poziva-
nja potprograma je

char = getch (c, 1fn).

1.3.1.2. Subroutine putch (¢, 1fn)

Ovaj potprogram upisuje alfanumerik c v
ulazno/fizlazni buffer. Po upisivanju znaka
NEWLINE slog upisan u buffer se upisuje u da-
toteku sa logifkim brojem 1fn. Nagin pozivanja
potprograma je

call putch (¢, 1fn).

1.3.1.3. Integer function getlin (line, 1fn)

Ovaj funkcijski potprogram celobrojnog
tipa upisuje red {z datoteke sa logifkim bro-
jem 1fn u string line. Kao svoju vrednost pot-
program vraca broj elemenata string-a ili vred-
nost E0S, ako je unet prazan red. Ime getlin
mora biti navedeno u opisnim naredbama poziv-
nog programa kao INTEGER. Nafin pozivanja pot-
programa je
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len = getlin (line, 1fn).

1.3.1.4. Subroutine putlin (line, 1fn)

Ovaj op§ti potprogram upisuje red, sadrian
u stringu line, na datoteku sa Jogilkim brojem
1fn. Nacin pozivanja potprograma je

call putlin (line, 1fn).

1.3.1.5. Subroutine outnum (n, len, 1fn)

Ovaj opSti potprogram pretvara broj u pa-
kovanom obliku u RATFOR string sa prikazom u
decimalinom brojnom sistemu i ispisuje ga u po-
1je du2ine len u ulazno/izlazni buffer datote-
ke sa logiZkim brojem 1fn. Ako je duZina pri-
jemnog polja pozitivan broj, broj n se pri is-
pisu poravnava desno, ako je len negativno po-
ravnava se levo, a ako je len=0 nema poravnava-

nja. Nalin pozivanja je

call outnum (n, len, 1fn).

1.3.2. Potprogrami za rukovanje string-ovima

1.3.2.1. Integer function equal (stri, str2)

Ovaj funkcijski potprogram uporedjuje dva
RATFOR string-a., U opisnim naredbama pozivnog
programa mora biti naveden kao INTEGER. Ako su
string-ovi jednaki, equal prima vrednost YES,
inage je NO. Vrednosti YES i NO korisnik moie
odrediti u DEFINE naredbi RATFOR-a /3/. Nain
pozivanja potprograma je

ind =

equal (stril, str2).

1.3.2.2. Integer function length (str)

Ovaj funkcijski potprogram vraca kao svoju
vrednost dulinu RATFOR string-a str, bez znaka
EOS. Na&in pozivanja potprograma je

len = lTength (str).

1.3.2.3. Subroutine scopy (start,from,target,
to)

Ovaj op3ti potprogram preslikava RATFOR
string start od znaka sa indeksom from u string
target od znaka sa indeksom to. Nalin pozivanja
potprograma je

call scopy (start,from,target,to).

1.3.3.
1.3.3.1,

Potprogrami za pretvaranje stringova

Integer function itoc (int,str,size)

Ovaj funkcijski potprogram pretvara celo-
brojnu veli&inu int u pakovanom prikazu v njen
nepakovani prikaz (RATFOR string) str u deci-
malnom brojnom sistemu. Parametar size je naj-
veca dimanzija string-a str. Kao svoju vrednost
ovaj potprogram vraca dulinu string-a. Nalin
pozivanja potprograma je

len = itoc (int,str,size).

1.3.3.2. Integer function cvtstr (holl,str)

Ovaj funkcijski potprogram pretvara tekst
u znacima navoda holl u RATFOR string. Kao svo-
ju vrednost potprogram vraca duZinu RATFOR
string-a. Na¢in pozivanja potprograma je

ind = cvtstr {holl,str).



1.3.3.3. Subroutine strcvt (str,delim,holl)
Ovaj opdti

string str u FORTRAN prikaz holl,

TER. Natin upotrebe potprograma je

potprogram pretvara RATFOR
tipa CHARAC-

call strcvt (str,delim,holl).

Prosirenje RATFOR biblioteke novim potpro-
gramima, opisano u narednom poglavlju, ima za
osnovu izloZene osnovne postavke i opisane ved
postojece potprograme.

2. PROSIRENJE BIBLIOTEKE RATFOR-a

Potprogrami, kojima je prodiren gpisani
osnovni skup potprograma RATFOR biblioteke, su
napisani prilikom izrade kros-asemblera za mi-
kroprocesor Z80. Ovo je nametnulo i neke poseb-
ne zahteve.

izradi kros-asem-

2.1. Nenumerifke obrade pri

blera

Obrada teksta koja je potrebna kod izrade
kros-asemblera ima odredjene specifinosti. To
su, pre svega, potreba za predstavljanjem bro-
jeva u raznim brojnim sistemima (binarno, ok-
talno, decimalno i heksadecimalno), za fzdvaja-
njem reli odredjene duline iz reda izvornog
asemblerskog programa, za umetanje jednog
string-a pre, u sredinu i iza drugog string-a
itd. Da bi se zahtevi za ovakvim obradama za-
dovoljili, bilo je potrebno razviti odgovaraju-
¢u programsku podrdku, Detaljan opis potprogra-
ma koji ispunjavaju i ovakve zahteve dat je u
daljem tekstu.

2.2. Skup potprograma kojima je prodirena
RATFOR biblioteka
Potprogrami za obradu alfanumerilkih veli-
¢ina, koji su dodati u biblioteku RATFOR-a se,

prema nameni, mogu podeliti sliéno ranije nave-
denoj podeli ve¢ postojeéih potprograma. Dakle,
dodati su potprogrami za unos 1 ispis podataka:
nextw, outi, douti, dfouti; potprogrami za ru-
kovanje RATFOR string-ovima: firstc, addstr,
fill, prefil, midstr, skipbl, cmphr i potpro-
grami za pretvaranje iz jednog oblika u drugi:
itos, stoi, ditos, dstoi. Navedeni potprogrami
su detaljno opisani po ovim grupama.

2.2.1. Potprogrami za unos i ispis

2.2.1.1. Integer function nextw (in,i,limit,
out)

Ovaj funkcijski potprogram uzima 2
string-a in, koji je unet pomo€u potprograma
getlin, narednu re¢ ograniCene duline. Ovde je

.red definisana kao niz alfanumerika ogranilen
znakovima TAB i1i BLANK. Rel koja je izdvojena
iz in se smedta u string out, a indeks string-a
in, promenljiva 1, se postavlja da pokazuje na
prvi alfanumerik iza unete re&i. Nextw dobija
vrednost duZine refi, ako je ona krac¢a od vred-
nosti 1imit, inale dobija vrednost ERR, koju
korisnik moze definisati RATFOR naredbom DEFINE
/3/. Tok algoritma je -

integer function nextw (in,{,limit,out)
’ call skipbl (in,i) preskakanje vodeéih
! TAB i BLANK
while (element in{i) nije EOS ni BLANK)
prenesi alfanumerik u out(i)
return
end.

2.2.1.2.

Ovaj opsti potprogram ispisuje veliinu n
u pakovanom obliku, u buffer datoteke sa logi&-

Subroutine outi (mn,1,0ut,base)
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kim brojem (1fn) out u obliku string-a sa pri-

kazom u brojnom sistemu sa osnovom base. Veli-
¢ina 1 odredjuje pode3avanje broja u izlaznom
~polju. Ako je t manje od 0, broj se podeSava u

levo a polje se dopunjava BLANK-ovima; ako je
1=0, nema pode3avanja ni dopune BLANK-ovima;
pri 1 vece od 0 se broj podedava u desno sa vo-
de¢im BLANK-ovima. Tok algoritma je

subroutine outi {(n,l,out,base)
| pretvaranje u RATFOR string
len=itos (n,str,MAXSTRING,base)
if (treba popuniti vodefim BLANK-ovima)
popuna BLANK-ovima
ispis nepakovanog prikaza broja
if (treba popuniti BLANK-ovima iza broja)
popuna BLANK-ovima
return
end.
2.2.1.3. Subroutine douti (n,1,out,base)

Ovaj potprogram je is'ti kao.i outi, osim
toga 3to je celobrojna veligina, koju treba is-
pisati, u dvostrukoj tatnosti: Ovo 'je potrebno
ako je, na racunaru Ei-H6/53, ceo broa veéi, po
apso]utnOI vrednosti, od 32767.

2.2.1.4. Subroutine dfouti (n,1,0ut,base)

Ovaj potprogram ispisuje ceo broj u dvos-
trukoj tacnosti u polje dutine 1 u buffer dato-
teke sa logiZkim brojem out. Ispis je sa osno-
vom brojnog sistema base., Polje se popunjava sa
leve strane vode¢im nulama. Tok algoritma:je

subroutine dfouti (n,),out,base)
! pretvaranje broja u RATFOR string
len = ditos(n,str,MAXSTRING,base)
if (treba ispisati vodece nule)
ispis vode¢ih nula
ispis nepakovanog prikaza broja

return
end.
2.2.2. Potprogrami za rukovanje string-ovima
2.2.2.1. Integer function firstc (str,c)

Ovaj funkcijski potprogram nalazi indeks
prvog elementa string-a str, koji je jednak c.
Firstc vraca indeks pronadjenog elementa kao
svoju vrednost i1, ako ¢ nije nadjeno vraca
vrednost ERR. Tok algoritma je jednostavan, po-
5to se indeks odredjuje pretraZivanjem string-a
str, pa nefe biti prikazan.

2.2.2.2. Integer function addstr (body,str)
Ovaj funkcijski potprogram dodaje string-
str na kraj string-a body, tj. spaja dva
string-a. Kao svoju vrednost addstr vraca ukup-
nu duZinu izlaznog string-a. Tok algoritma je

integer function addstr (body,str)
! pronalaZenje 1ndeksa elementa koji je
! jednak EOS
for (body(i) ~=E0S)
»
| dodavanje str na body
for (str(j) ~=EQS)
dodaj str na body
return
end.

2.2.2.3. Subroutine fil1 (i,hexcod,len,singlc)

Ovaj potprogram popunjava string hexcod,
od znaka i+1 do ukupne duZine len, alfanumeri-
cima singlc. Tok algoritma je



subroutine fi11 (1,hexcod,len,singlc)
for (nije dostignuto len)
dodavanje singlc na hexcod
return
end.

2.2.2.4. Subroutine prefil (str,len,singlic)

Ovaj potprogram popunjava string str sa
leve strane vodelim alfanumericima singlc, do
ukupne duZine len. Tok algoritma je

subroutine prefil (str,len,singlc)
if (string je kraci od len)
popuni sa singlc
return
end.

2.2.2.5. Subroutine midstr (mid,{,j,body)

Ovaj opdti potprogram je namenjen za upi-
sivanje string-a mid u string body, od njego-
vog i-tog do j-tog elementa. Ako je j vece od
ukupne duZine body, za j se uzima vrednost du-
Zine body. Tok alaqoritma je

subroutine midstr (mid,i,j,body)
if (j) duline string-a body)
j = dutina string-a body
for (nije dostignuto j)
preslikaj mid u body
return
end.

2.2.2.6. Subroutine skipbl (line,i)

Ovaj potproaram je namenjen za nalalenje
prvog elementa string-a 1ine razlifitog od
BLANK § TAB. Tokla1gor1tma Je

subroutine skipbl (line,i)
while (TAB 111 BLANK)
uveéati brojat i
return
end.

2.2.2.7. Integer function cmphr (txt,str,i,])

Ovaj funkcijski potprogram je namenjen za
uporedjivanje niza alfanumerika u znacima navo-
da txt sa RATFOR string-om str, od njegovog
i-tog do j-tog elementa. Ako su txt i string
jednaki, cmphr prima vrednost YES, inale je NO.
Tok algoritma je -

integer function cmphr (txt,str,i,j)
pretvori txt u RATFOR string
if (jednakost)
cmphr = YES
else
cmphr = NO
return
end.

2.2.3. Potprogrami za pretvaranje iz nepakova-
nog u pakovani prikaz i obrnuto
2.2.3.1. Integer function itos (int,str,isiz,

base)

Ovaj funkcijski program pretvara velilinu
int iz pakovanog prikaza u nepakovani prikaz
broja str(isiz) sa osnovom brojnog sistema ba-
se. Kao svoju vrednost itos vraca duZinu stri-
ng-a str, a ako je postojala greSka pri pretva-
ranju vraca vrednost ERR, Tok algoritma je

integer function itos (int,str,isiz,base)
if (base nije u dozvoljenim granicama)
jtos = ERR
return
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! izradunavanje string-a
repeat
int se deli osnovom brojnog sistema
i popunjava se str
until (int == 0 111 je dostignute isiz)
odredjivanje znaka broja
promena redosleda elemenata u str
return
end.
2.2.3.2. Integer function stoi (str,i,int,base}
Ovaj potprogram je namenjen 2a pretvaranje
nepakovanog prikaza broja str, sa osnovom broj-
nog sistema base, u pakovani oblik int, pocev
od i-tog elementa str. Kao svoju vrednost stoi
vraca NOERR ako je pretvaranje uspelo, inacle
prima vrednost ERR. Tok algoritma je

intecer function stoi (str,i,int,base)
if (tase izvan opsega)
stoi = ERR
return
call skipbl(str,i) ! preskakanje praznih mesta
minus0 = predznak ! odredjivanje predznaka
repeat :
izratunavanje int
until (str nije EOS, BLANK §1i NEWLINE)
return
end.

2.2.3.3. Integer function ditos (int,str,isiz,base)

Ovaj potprogram ima funkciju ekvivalentnu
sa itos, samo $to je velidina int u dvostrukaj
ta¢nosti. Ovo je potrebno, na Ei-H6/53, kod
pretvaranja velidina ve¢ih, po apsolutnoj vred-
nosti, od 32767 u nepakovani oblik. Tok algori-
tma je opisan kod potprograma itos.
2.2.3.4.Integer function dstoi (str,i,int,base)

Ovaj potprogram ima funkciju ekvivalentnu
sa stoi, samo $to je velifina int u dvostrukoj
talnosti. Ovo je potrebno, na ralunaru Ei-H6/53
kod pretvaranja nepakovanog prikaza brojeva ve-
éih po apsolutnoj vrednosti od 32767 u pakova-
ni. Tok algoritma je opisan kod potprograma
stoi.
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Potprogrami opisani u ovom radu predstav-
1jaju deo podrike, koja omogucava skracivanje
vremena razvoja programa uz smanjenje broja
gredaka, primenom FORTRAN preprocesora RATFOR.

Za otekivati je da razvijeni programi, kao
i ovaj rad, mogu da poslule korisnicima kao o0s-
nova za dalje prodfirenje RATFOR biblioteke.Pro-
grami opisani u ovom radu su sastavni deo RAT-
FOR biblioteke na ralunaru Ei-H6/53 u Institutu
za mernu tehniku i upravlijanje Fakulteta tehni-
¢kih nauka u Novom Sadu i mogu INCLUDE naredbom
RATFOR-a biti ukljuZeni u razvijani skup prog-
rama.

Autor se zahvaljuje prof. dr Danilu Obra-
doviéu sa Instituta za mernu tehniku i upravlja-
nje Fakulteta tehnilkih nauka u Novom Sadu na
korisnim sugestijama datim u toku pisanja rada.

LITERATURA

/1/ Xernighan, B.W., Plauger, P,J., A PROGRAMO-
ZAS MAGASISKOLAJA (Software tools, Hungari-
an translation), Muszaki Konyvkiado, 1982.

Parezanovi¢, N., RAZUNSKE MASINE I PROGRA-

MIRANJE, programski jezik FORTRAN IV, PFV,

Beograd, 1979.

Kemenci, Z., RATFOR priruénik za upotrebu,

Beograd, 1984.

/2/

/3/




RAZISKAVE RACUNALNIKOV IN INFORMACIJE . INFORMATICA 2/87
V NASLEDNJEM DESETLETJU ' ' ’

A ‘Anton P. Zeleznikar
UDK 681.3.001.5 : ISKRA DELTA, Ljubljana

Ta ¢lanek, ki je bolj esejisticen In manj strokovno usmerjevalen, je
bil napisan kot osnovni motlv za akademsko razpravo o raziskovalnih
moznostih na podro¢ju racdunalnikov in informacije v prihajajotem deset-
letju. V njem poudarja avtor na svoj na¢in posebno usmeritev, Katere
cilj je graditev in uporaba inteligentnega paralelnega stroja.

Research of Computers and Information for the Next Decade.
This paper was prepared for an academic conversation on the
possibilities of research In the field of computers and information |In
the coming decade. The paper reflects the autor's particular emphasis
in which direction 'to proceed In order to reach the goal of
construction and application of fintelligent, parallel Information
~ machines. '

2, Filozofija informacije

1. Uvod
. Inteligenca strojev In programov je uresni¢lji-
) va le na ustrezni temeljni informacijski pod-
Razumevanje racunalnikov in njihove uporabe (1) statl, ki jo oblikujeta
se razvlija tedalje bol} oéitno v smeri informa~-
cijskih strojev in njihovih procesov. Na neka- informacl jska nastajalnost iIn
terih novih izhodiseih se oblikujejo pojmi, spremenljivost informacijskih stanj in
zamisli in realizacija prihodnjth procesov (3).
paralelnih oziroma Informatienost, ki Je lastnost informacijskega
vecprocesorskih raCunalniskih sistemov in nastajanja, je podiaga oziroma  tehnoloski
njihovih inteligentnih lastnosti. fmperativ lntellgencPOStl, tj. sposobnosti
fnteligentnega delovanja. V razdobju do 1leta
Ta ciljna izhodisea so osnovni motivi domala 1880 in po njem bo brzkone mogote razviti novo
vseh danasnjih drzavnih in podjetniskih ) filozoffjo informacije (3) do te stopnje, da bo
projektov novogeneracijske racunalniske iz nje 2e mogocte postopno graditi fundamentalno
metodologije in tehnologije. Projekti s taksno tnformacijsko teorijo; Sele ta teorija bo lahko
usmeritvijo se izvajajo na Japonskem, v _ZDA, podlsga inteligenci In wvrsti drugih visjlh
velik|{ Britaniji, 2R Nemeiji, Francijl, 82, informacijskih funkeij, ki se bodo raziskovale
Indlji, Kitajskl itd., zatenjajo pa svojo tako v okviru tehnoloskih kot 2ivih
razvojno pot tudl pri nas (v okviru razvojnih informactjskih mehanizmov.

rojektov Iskre Delte).
proj . 2e v okviru danasnjih raziskovalnih in razvoij-

Razlskovalno, tehnoloSko tn razvojno osnovo nih razmiSljanj je inteligenca le poseben in-
oblikujejo formacijski pojav (informacijska kategorija),
kt na doloten nadin povezuje druge viSje in

paralelne masivne in nizjg tnformaci jske funkeclje, kot so npr. moti-
paralelne nemasivne veeéprocesorske (superra- vacija, asociacija, strategija, ontoloski model
cunalniske) racunalniske arhitekture, sveta, grganizscija in razliéni znaeilnl kor-
novonastajajoca metodologlja umetne oziroma teksni in . tehnoloski informacil jski procesi.
_strojne in programske inteligence in Intellgenca. ostaja tako prej ko slej smiselni
zlastl nova filozofija oblikovanja razumeva- kompleks osnovnejsih, toda tudi visjih informa-
nja, konceptov, arhitekture, metodologije ctjskih procesov. Tu se inteligenca razumeva

in tehnologije racunalniskih sistemov kot visoko strukturirana in povezana informacl-

(r, 3, ! ja, kot zapleteno in prepleteno Informactjsko

) procesno stanje ozlroma procesnost.
ki spoznava nezadostnost racionalistiene razi- .

skovalne in razvojne tradicije pri konclpiranju Fllozoflja" In teorlja Informactje In lz. njlju
inteligentnih strojev in inteligentnih progra- lzpeljivo razumevanje {informacljskih- - strojev
mov. in: programov bosta znadilno interdisciplinarni

raz{skovalni dejavnostl; obe se bosta skliceva-
11, zdruzevali in govorill v okviru veé¢ znan-
stvenih diseciplin, kot so :



nevralne gznanosti (2) (nevrofiziologlja,
nevrofarmakologi ja, nevropsihologlijsa,
nevrolingvistika, nevroanatomli ja,
genetika, biologija, blokemija, medicina
itd.),

razumevanje obna8anja In ucenja (eksperimen-
talna psihologija, psihiatrdlja,
nevrologtja),

informatika (razumevanje, spoznavanje {n
razumevanje spoenavanja 2ivih in tehnolo-
8kih strojev in programov) in

informaci iska tehnologija (nove arhitektu~
re, metodologi je, elementi).

3. Informacti jskl stroj

Tehnolo8ki stroj ni{ v nobenem primeru posnetek
2ivega stroja all organizma. Avtomobil nt konj,
letalo ni ptica, ragunalnik ne posnema mo2ganov

in robot ni bitje. K1 jub temu postaja
oblikovanje strojev vedno bolj povezano s
filozoflijo in znanjem o 2ivem, npr. s
filozofijo btti, ifzkustva in Informacije In
znanjem o mo2ganskem ustroju, o
nevrofieglolosklih procesih in 0 miselnih
funkcijah, YVeceini strokovno vkalupljenth
gnanstvenikov in tehnologov s8e 2zdf povsmem

neverjetno, da je lahko filozofsko razmisljanje
prakti¢no pomembno pri njihovem delu (1, 3).
Trdne znanosti 1in tehnlke, ki lzhajajo |le
evropske racionallstiéne tradiclije, postajajo
nemoéne In nezadostne pri resevanju sodobnih
informacijskih problemov. Ta pomanjkljivost se
najizraziteje pojavlja v miselnosti in
metodologt ji umetne Inteligence In pri
raziskavah in ragvoju novogeneracti jskih
strojev, 2a katere so projektni naértovalel
obl jubljali in napovedovall inteligentno
obnaBanje.

Znanje in fllozoflja misljenja o naravl
skega bilvanja, o jeziku in o naravl
obnasanja postajata bistvena pri obllikovanju,
gradnji in proizvodnji strojev in njihovih
programov. Cllj danasnjih oblikovalcev, naérto-
valcev, graditeljev in tehnologov so

biolo-
&lovekovega

inteligentni stroft in
inteligentni programi.

Pri tem postaja jasno, da inteligence kot teh-
noloske lastnosti ne bo mogote dose¢l brez
temel jnih raziskav njene i{nformacljske narave.

Informaci jski stroj postaja tako tudl sinonim
za inteligentni stroj. Na poti do inteligence
stroja morata metodologija in tehnologlja zago-
toviti

informacijsko nastajalnost v tehnoloski
substanci (materislni arhitekturi novega
ratunalnlika) in

v pripadajoéi informaeiji (spremenljivem,
metodolosko nestrukturiranem programu).

Nastajalnost v okviru racéunalniBke arhitekture
fe v bistvu dinami¢no, signalno, sporoéilno ali
vobée informaci jsko krmiljena osnovna arhitek-
tura: to je t. i.

dinamiéna strojna arhitektura.

Ueinek takega krmiljenjs je navidezna, virtual-
na arhitekturna spremenljivost @ dejanskimi in
potrebnimi dinamiénimi posledicami. Ta arhitek-
turna apremenljivost, ki je elementarna, Je
prav zaradli te elementarnosti modularna, podsi-
stemska in naposled tudi sistemska, je tedaj
spremenl jiva v podrobnostih (v drobni tehnolo-
ski strukturi), elementarnih modulih (v srednji
logiénf strukturi) . in podsistemih (v grobi
strojnojezikovni stpukturi).
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"tekturno realliziran,

Novl racunalniski sistemi bodo moralil v okviru
avojih paralelnih ali veéprocesorskih arhitek-
tur {zpolnjevati tudi zahteve po doloc¢eni stan-
darizaciji. T{ standardl se oblikujejo po dose-
danjih tzku8njah kot poeledice

tr2ne uspesSnosti (administrativni oziroma
poslovni racunalnis8ki sistemi) {n

procesnih tehnoloskih zahtev (procesni oz{-
roma industei jski racunalnigki sistemi).

4. Informaci jsko programiranje

Informaci jaki
omogoeil
mov,

stroj 2 dinamiéno arhitekturo bo
lzvajanje t. 1. informacljskih progra-
Informacijskl program je znaéilno

programirno nestrukturiran,
med svojim jzvajanjem spremenljiv in
nastajajo¢ program.

Teh lastnosti danasnji programi
jih imajo le v gnaé¢ilno trivialn! obliki. In-
formaci jski program, ki bi bll inteligenten, je
cilj danasnje programirne metodologiije. Ta
metodolog!l ja je vklenjena v programirnorazvojna
strukturna pravila, ki programsko funkeljo
omejujejo In onemogocajo programsko nastajal-
nost 2e na ravnl danasnjlh programirnih orodif,
kot so prevajalnikl in programsk! generatorji
za visoke programlrne jezike.

nimajo all pa

Razvoj masivnih paralelnih,
cesorskih, novogeneracl!jskih
stemov se sooca tudi{ s t. {.

nemasivnih veépro-
racunalnikih s{~-

programirno krizo,

Ko je nov oziroma novogeneraci jskl stroj arhi-
se pojavi najprej problem
njegovega operaci jskega sistemsa (sistema osnov-
nih sistemskih programov, ki omogodajo uporabo
stroja) in njegove funkcionaelne zdruzljivostl s
strojl prej8nje generacije. Raezvoj in izdelava
teh programov po kritertjih operativnosti In
zdru2l jivosti se lahko poka2eta kot praktienc
nezadovoljiva ali celo nemogota. Nekater!i veli-
ki ragvojni projekti tako ne dosegajo ciljev,
lastnosti, zmogljivosti in napovedi, ki so bile
postavljene v projektnih naeértih. Ciljt, ki se
vobeée ne morejo dosegati, so npr.

inteligentno obnasanje sistemov,
govorna komunikacija elovek-stroj,
ekspertne lastnosti racunalni8kih sistemov
(primerljive 2z 2iviml igvedenci),
komunikaci ja v pisnem naravnem jeziku {td.
Programirna kriza je hkrati{ kriza umetne inte-
ligence oziromsa njene racionalisti¢ne metodolo-
glije (matematizactje, algoritmizacije, formalne
Jezikovnosti, znanstvene trdnosti).

Bistven element programirne krize je programska
kompleksnoat operacijskih in aplikativnih pro-
gramov. Ta element kriznostl se praktiéno
reSuje ¢ razvojem programirnih orodij in seveda

g projektnim vodenjem velikih programirnth
skupin.
Pr{ novih projektih se pojavlja nekaj, kar je

mogoce imenovatl projektna kriza. Novi projekti
na podroéju informacijskega stroja, informactj-
skega programiranja pa tudi Informacijske teh-
nologije potrebujejo odb svojih zacetkih posebno
obravnavo € vidika

filozofilje tehnolosko in metodolosko mogoclega,




ne pa utemeljevan)e projektne upravidenosti =z
napovedmi, ki jlh kasneje ni mogoée uresnié¢liti.

5. Informaci jska tehnologi ja

Danasnja informacijska tehnologija temelji na
elektronsklh integriranih vezjih, optie¢nih po-
datkovnih prenosnikih, elektromagnetnih, optie-
nih {n elektromehaniénih pomnilnih in perifer-
nih napravah, telekomunikacijskl opremi {td. Vv
integriranih vezjth previsdujejo 8e vedno pol-
prevodniskl in prevodniski{ elementi pri normal-
nih in nizkih temperaturah (supraprevodnost).
Prihodnji ragvoj se bo brgkone gibal tudi v
smer| uporabe elektromagnetnih, antenskih,
valovodnih pa tudi drugih, npr. biolo8kih ele-
mentov (npr. 2ivenih vezij), ki bodo integrira-
ni v funkcionalna osnovna vezja.

Tehnoloska osnova informacijskega stroja bo v
marsitem lnovativna. Uporaba elementov in pro-
cesov fizike trdne snovi, biokemije, genetike,
bioloskih 1In drugih substanc bo omogocala po-
trebno funkcionalno raznovrstnost v fiziend,
logléend in uporabnostnojezikovni strukturi
satroja. 2 novo substanéno in procesno strukturo
se bo tako sestavljeni stroj pribliceval para-
leln! procesirni raznovrstnosti, ki je funkcio-
nalno primerljiva z 2ivo nevronsko substanco.

6. 2ivi In umetni sistemi

Osrednji 2ivéni s{stem ostaja tako od molekul
2ivlijenja do korteksov zgleden primer smiselne-
ga sistema, ki bi ga 2elell po mo2nost{ posne-
mati tudi 8 tehnoloSkimi stroji. Tu se 2e kaze
nova interdisciplinarnost med nevralno {n In-
formacijsko znanostjo In nekaterimi obrobnimi
podroé¢ji (filozofija, psihologija, tehnologi-
ja). Umetna inteligenca je trenutno 2e pa potl
rekonstrukc! je svojih osnov oziroma spoznavanje
novih temel jev (1), Raziskave 2ivih In umetnih
sistemov postajajo vedno bolj medsebojno odvi-
sne in pospesujote, Oblikovanje interdiscipli-
narnih raziskovalnih projektov in skupin na
akademskem in industrijskem podro¢ju je nujno,
ker brez tega ni mogoCe racunati z raziskoval-
nimi rezultati, ki bi zagotavljal{ napredek ns
podro¢ju inteligentnih strojev in programov,

7. Bklep

Raziskave in razvoj racunalnikov In informacije
na novih, informactjsklh in s tem na intelegen-
énih temeljih se bodo intenzivneje nadaljevale
v 80, letih., Danasnji paralelni, superratunal-
nigkl In vektorski sistemi, ki v povezavi ¢
danasnjo umetno inteligenco in s svojlmi funk-
eionalnimi znaé¢ilnosatmi napovedujejo t. i. peto
racunalnisko generacijo, 3e ne bodo inteligen-
tni. Vendar se bodo z njimi in 2 njihovo upora-
bo uveljavili nekateri standardi, kot so para-
lelne arhitekture, sistemska vodila, operaclj-~
ski slsteml, komunikacijskl In grafiént stan-
dardi In nova podro¢ja njihove uporabe, 8 tem
razvojem s8e bodo pojavili novi podjetniski in
akademsk! projekti.

59

Racunalniska industrija bo 8e nadalje glavni
nosilee tega razvoja. Akademske razlskave, ki
so prete2no zacasne, obrobne in predvsem zatet-
ne (iniecialne), bodo take ostale tudi v prihod-
nosti. Raéunalni8ka industrija mora tako prej
ko slej racunati z vec¢jim delom investicl] v
razvoj -

novih sistemskih koneceptov,

naértovalnith in programirnih metodologi},
paralelne arhitekture,

paraleinih operaclijskih sistemov,
sistemske inteligence,

komunlikaeij,

novih aplikacijskih podrodij itd.

Domad¢s rac¢unalni8ka {ndustrija realno v tem
novem razvojnem kontekstu ne more pricakovati
bistvenih ugodnosti na domac¢em trziscu in

bistvenega druzbenega usmerjanja. Predvsem
razvoj mednarodne razvojne in {zvozne tr2ne
strategije je 1lahko realni faktor njenega

napredovanja..
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U radu je predlozen jezik za opis infoloSkog modela dobijenog Langeforsovim

pristupom projektovanju informacionih sistema. Infoloski model opisan predlo-

Zzenim jezikom mogude je preslikati u Yao-ov model za analizu troSkova pristu-

pa u fiziékoj organizaciji podataka.

AN INFOLOGICAL DATA MODEL SPECIFICATION LANGUAGE. In the article the

language used for a specification of an infological data model acquired through

Langefors’s approach to information systems design is suggested. The

infological data model described with the help of the suggested language is

possible to map into Yao’s attribute based model for database cost analysis.

1.UVOD

Projektovanje informacionih sistema predstavlja veoma
komplekaan posao koji sadrii &itav niz razli&itih aktiv-
nosti. Postoje mnoge metode za projektovanje informa-
cionih sistema, ali ni jedna od njih ne pristupa sa jed-
nakom sistematiénoséu svim fazama projektovanja. Ta-
ko, uglavnom razlikujemo metode fije je teZidte na ra-
nijim fazama projektovanja, vezanim za analizu koris-
ni¢kih zahteva i izradu logi¢kog modela podataka, i me-~
tode koje viSe paZnje posveluju projektovanju fizicke
organizacije podataka na radunaru. U ovom radu pri-
kazan je jezik koji omoguéava povezivanje dva takva
pristupa: Langeforsovog pristupa projektovanju infor-

/Y/

macionih sistema koji veliku paZnju posveduje pr-
vim fazama projektovanja, tako da se dobija logiCki
model podataka (infoloSki model) koji verno odrazava
korisnicke zahteve, i Yao~-vog modela za analizu tros-
kova pristupa u fizi€koj organizaciji podataka/b/ koji
uvodi jedinstven postupak proraduna vremena pristupa

podacima u razliitim organizacijama podataka i time

omoguéava optimalan izbor fizi€ke organizacije po -

dataka. Infoloski model opisan predlofenim jezikom
predstavlja polaznu osnovu za primenu Yao-vog modela,
ito omoguéava zadovoljenje korisni¢kih potreba defini-
sanih u infoloSkom modelu, uz optimalno iskorigéenje

raspolozivih resursa.

U prvom delu rada prikazan je Langeforsov pristup pro-
jektovanju informacionih sistema, a udrugom delu dat

je prikaz jezika za opis infoloSkog modela.

2. LANGEFORSOV PRISTUP PROJEKTOVANJU
INFORMACIONIH SISTEMA

Oénovm‘ cilj informacionog sistema je da ispuni infor-
macione zahteve korisnika u skladu sa uslovima  koji
vladaju u objektnom sistemu. Medjutim, mnogi infor-
macioni sistemi ne postizu taj cilj, pre svega zbog us-

ko specijalistiékog pristupa projektovanju informacio-
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nih sistema. Cesto se u prvi p@an stavljaju tehnicke
moguénosti za izgradnju informacionog sistema §to go-
tovo redovno dovodi do realizacije informacionog siste-
ma koji ne zadoveljava u potpunosti potrebe korisnika.

Tada je.neophodno da se stvarne potrebe korisnika mo-
dificiraju da bi se uklopile u moguénosti tako projek-
tovanog informacionog sistema. Medjutim, kada se ja-
ve prevelike razlike izmedju moguénosti informacio
nog sistema i potreba korisnika 'neophodno je izvrsiti
reprojektovanje §to je, naravno, skoplano sa novim

troSkovima. Jasno i precizno definisani korisniCki za-

htevi u najranijim fazama projektovanja neophodan su

preduslova za efikasan rad informacionog sistema.

Langeforsov pristup projektovanju informacionih siste-
ma, poznat i kao infoloki pristup, kao polaznu tacku
upravo uzima potrebe krajnih korisnika planiranog in -
formacionog sistema. Krajni korisnik je lice koje tre -
ba da resi problem odredjene vrste, ili da donese od -
luku u procesu upravljanja. Prema infoloSkoj teoriji in-
formacioni sistem sluzi korisniku kao izvor informa -
cija koje e mu pomoéi da reSi aktuelni probl;m. Sa
tog aspekta sasvim je jasno da je od velikog znadaja
ukljuéivanje korisnika u proces projektovanja informa-~
cionog sistema, bez obzira u kojoj meri je upoznat sa
nadinom rada radunara i ostalih uredjaja koji {e kasni-

je biti koriSéeni.

Informacioni sistem koji se projektuje moze se posma-
trati kao model jednog dela realnog sveta (objektnog
sistema). Projektovanje informacionog sistema pred-
stavlja proces preslikavanja jednog dela‘objekt.nog sis-
tema u informacioni sistem. Infolo$ki pristup predlaze
da se to preslikavanje izvr$i sistematski, u Zetiri ko-

raka :/4/

1. Preslikavanje objektnog sistema u korisnicki model,
OS « KM(0S);

2. Preslikavanje korisni¢kog modela u infoloski model,
KM(OS) - IM(OS); )

3. Preslikavanje infolo§kog modela u datoloski model,

IM(0S) - DM(0S);

4. Preslikavanje datoloskog modela u fizi¢ki model,

DM(0S) « FM(0S).

Objektni sistem
Izrada
korisnickog
modela
KM(0S Korisni¢ki model
Projektovanje
infologkog
modela
IM(0S) Infolo3ki model
Projektovanje
datolodkog
modela
DatoloSki model
Projektovanje
fizickog
modela
FM(0S)/ Fiziki model

Slika 1. Faze projektovanja informacionog sistema

Prva dava koraka Cine infolo$ku fazu projektovanja in-
formacionog sistema. U ovoj fazi projektovanja potre-
bno je definisati tzv. spoljne karakteristike planiranog
informacionog sistema. "Informacioni sistem, prema
infolo$kom pristupu, treba da bude izgradjen tako da je
dovoljno da korisnik specificira informaciju koju Zeli ,
na nalin koji njemu odgovara; a sistem &e pronadi ili

proizvesti podatke koji predstavljaju trazenu informa-
ciju, bez obzira na to kako su podaci memorisani i st-

e

ruktuirani u bazi podataka. Za krajnjeg korisnika
dovoljno je da sistem posmatra kao "rezervoar" u koji
se smestaju i iz koga se dobijaju odredjene vrste infor-
macija. Spoljne karakteristike informacionog sistema
odredjene su upravo moguénostima prihvatanja i prezen-
ti;anja odredjenih vrsta informacija. Zadatak korisnika
buduéeg informacionog sistema je da u infolodkoj fazi
projektovanja utvrdi spoljne karakteristike informacio -
nog sistema i na taj nalin jasno iskaZe svoje informa ~

cione potrebe.

Tokom infoloSke faze projektovanja ne razmatraju se
karakteristike resursa koji ¢e se koristiti u fazi imple-

mentacije. To moze, u odredjenim slu¢ajevima da dove-



de do infolo§kog modela koga nije moguce realizovati
raspolozivim sredstvima, Medjutim, i to je manji pro-
masaj od onoga kada se, zbog preteranog prilagodjava-
nja karakteristikama uredjaja u ranim fazama projekto-
vanja izgradi informacioni sistem koji nije u stanju da
zadovolji potrebe korisnika. InfoloSki pristup predlaze
da se tokom infoloSke faze samo u grubim crtama sa-
gledaju karakteristike raspoloZivih resursa i da se u
tom svetlu projektuje infoloSki model.

Na osnovu precizno definisanog infoloSkog modela pro-
jektant je u moguénosti da sprovede sledeéu fazu pro -
jektovanja, datolo$ku fazu. Tokom ove faze projektuju se
datoloSke, odnosno unutrasnje karakteristike informa -
cionog sistema. One obuhvataju datoteke i programe ko-
ji ¢e realizovati informacione skupove i informacione
procese definisane u infoloSkom modelu. Kao rezultat
dobija se datoloski modeliinformacionog sistema. Tokom
faze projektovanja datolo$kog modela uticaj performansi
raunara je znatno veéi. U Langeforsovom pristupu na-
rolita paznja se posveéuje minimiziranju koli¢ine tran -
sporta podataka izmedju glavne i periferne memorije.
U tom c¢ilju se u datoloSkoj fazi vr$i grupisanje (konso-
lidacija) datoteka i grupisanje procesa, $to bitno utie
na kona¢nu strukturu datolofkog modela. Treba, medju-
tim,naglasiti da ova prilagod;avanja ne uti¢u na karak -

teristike utvrdjene korisnickim i infolo$kim modelom.

Tokom realizacije prva tri koraka u procesu projektova-
nja informacionih sistema Langeforsovim pristupom de-
finiSu se koncepti prikazani u Tabeli 1, &ime se utvrdju-

72/

je struktura infoloskog odela.

Elementarri koncept (e-koncept)
Elementarna por .ika {e-poruka)

Deo za identifikaciju objekta (Object term)
Deo za identifikaciju svojstva (Property term)
Deo za identifikaciju vremena (Time term)
Elementarni nroces

&£/ - upit

Elementarni zapis

Elementarna datoteka

Glavna datoteka

Katalog

Katalog-datoteka kompleks

Tabela 1. Koncepti infoloSkog modela
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Poslednji korak u procesu projektovanja informacionog
sistema Langeforsovim pristupom treba da obuhvati po-
stavljanje datoloSkog modela na raunar, odnosno pre -
slikavanje u fizicki model. Ovaj korak nije u istoj meri
precizan i sistematian kao prethodni. Sistematizacija
fiziCkog projektovanja moze se obezbediti samo preciz-
nim zapisom Zeljenih parametara (karakteristika)u for-
malnom jeziku. U tom cilju konstruisan je JEZIK ZA
OPIS INFOLOSKOG MODELA koji opisuje parametre info-
loSkog modela relevantne za primenu Yao-vog modela

N
2a optimalan izbor fizicke organizacije podataka.

3. JEZIK ZA OPIS INFOLOSKOG MODELA

Reli koje Ccine predloZeni jezik proistekle su iz termi-
nologije koja se koristi u infoloskom modelu. Tako

se katalog - datoteka kompleks u infoloS§kom modelu oz-
nalava sa DIRECTORY -FILE-COMPLEX, datoteka u kojoj

su smesteni zapisi uredjeni po primarnom  kljuéu sa
MAIN-FILE, a katalozi koji sluze za pristup podacima u
datoteci, sa DIRECTORY-FILE. Veza izmedju pojedinih
delova infoloskog modela koji se nalaze na razliditim
hijerarhijskim nivoima opisuje se terminom WITH .

Na primer, recenica

DIRECTORY -FILE-COMPLEX vozilo WITH
MAIN-FILE dat-voz

govori da je datoteka "dat-voz" glavna datoteka katalog
-datoteka kompleksa ‘'vozilo".
Veza izmedju elemenata na istom hijerarhijskom nivou

opisuje se terminom AND:

DIRECTORY -FILE-COMPLEX vozilo WITH
(MAIN-FILE dat-voz WITH

Iz prikazanog opisa moZe se uofiti da katalog datoteka
kompleks "vozilo" ima glavnu datoteku "dat-voz" i veéi

broj kataloga za pretraZivanje datoteke.




Za oznalavanje zapisa u glavnoj datoteci i katalozima
koristi se termin ENTRY. Termini za opis elemenata

iz kojih se sastoji zapis analogni su usvojenoj termino-
logiji u infoloSkom pristupu: OBJECT-TERM opisuje
objekat na koji se odnosi zapis u datoteci, PROPERTY-
TERM definiSe odgovarajuce svojstvo objekta, a TIME-

TERM " definiSe vreme u kome naznaceni objekat ima od-

redjeno svojstvo. Opis jedne datoteke infoloskog modela ]

moZe tako da ima sledeéi oblik:

MAIN-FILE dat-voz WITH
ENTRY zap-voz WITH
OBJECT-TERM reg-br
AND PROPERTY-TERMS
marka
AND boja
AND tip
AND TIME-TERM dat-reg

Prilikom opisivanja zapisa kataloga mora se voditi ra-
¢una da je katalog organizovan kao atributna datoteka,
odnosno da je objékat o kome zapis informise jedno od
svojstava iz zapisa glavne datoteke. Za sledece faze
projektovanja znacajno je da se u opisu infolo¥kog mo-
dela bar pribliZno odredi koliko objekat u zapisu katalo-
ga ima moguéih vrednosti. To se prikazuje na slededi

nadin:

DIRECTORY~FILE k-boja WITH
ENTRY z-boja WITH
OBJECT-TERM boja WITH
VALUE-SET v-boja(100) .
1z prikazanog opisa vidi se da objekat "boja® {(u stva-
ri atribut) ima 100 razliditih vrednosti. Za svaku kon-
kretnu vrednost objekta o kome informiSe zapis katalo-
ga, kao svojstvo vezuje se niz objekata iz glavne dato-
teke. vozila

Na primer, imaju’

BG238-345,

ako belu boju
BG32-33 i BG31-28, tada Ce zapis kata-

loga imati oblik:

/boja,bela/,
/reg-br,BG238-345/,
/reg-br,BG32-33/,
/reg-br, BGB}—ZB/,
/dat-reg, 120382/
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I ovde je vaino odrediti prosedan broj cbjekata iz glav-
ne datoteke koji su u vezi sa objektima kataloga. Opis

kataloga tako dobija sledeéi oblik:

DIRECTORY -FILE k-boja WITH
ENTRY z-boja WITH
OBJECT-TERM boja WITH
VALUE-SET v-boja(100)
AND PROPERTY-TERM SEQ reg-br(1000) .

Izraz SEQ reg-br(1000) pokazuje da svakoj vrednosti
OBJECT-TERM-a "beoja" odgovara niz (SEQ) PROPERTY

TERM-ova proselne duZine 1000.

Osim opisa strukture modela podataka vazno je opisati
i transakeije koje ée se nad bazom podataka realizovati.
U infolo$kom pristupu transakcije su prikazane u formi
& - upita tako da je i u jeziku za opis infoloskog mode-
la opotrebljena sli¢na terminologija. Svi upiti iste
vrste grupisani su u istu klasu upita. Opis svake klase
upita sastoji se iz dva dela. U prvom su definisane pro-
menljive,a u drugom delu su opisane aktivnosti koje su
neophodne da bi se realizovao upit. Te aktivnosti su pri-
kazane u obliku Bool-ovog izraza, gde definisane pro-

menljive uzimaju odredjene konkretne vrednosti. Opis

jedne moguée klase upita ima sledeéi oblik:

QUERY-CLASS upit-1 WITH
L~-PROPERTIES
boja
AND marka
AND /3-PROPERTIES
ime-vl

AND adr-vl

AND ACTIONS
FOR ALL zap-voz FROM dat-voz
SUCH THAT (boja=bela OR boja=zuta)
AND marka=2101
GET ime-vl AND adr-vl.

Kompletan opis infoloSkog modela ima oblik datu

Tabeli 2.



DIRECTORY -FILE-COMPLEX ime-kompleksa WITH

(MAIN-FILE ime-gl-dat WITH
ENTRY ime-zap WITH
OBJECT-TERM ime-obj
AND PROPERTY-TERM ime-sv-1
AND ime-sv-2

AND ime-sv-r

AND TIME-TERM ime-vrem)

AND (DIRECTORY-FILE ime-kat-1 WITH
ENTRY ime-k-zap WITH
OBJECT-TERM ime-obj-1 WITH
VALUE-SET skup-1(br-vred-1)
AND PROPERTY-TERM SEQ niz-l(bx"-obj-l)
AND TIME-TERM ime-vrem-1)

AND (DIRECTORY-FILE ime-kat-k WITH
ENTRY ime-k-zap WITH )
OBJECT-TERM ime-obj-k WITH
VALUE-SET skup-k{br-vred-k)
AND PROPERTY-TERM SEQ niz-k(br-obj-k)
AND TIME-TERM ime-vrem-k)

AND (QUERY-CLASS ime-upita-1 WITH
& -PROPERTIES ime-4{-sv-1
AND ime-&£-sv-2

AND ime-¢-sv-m
AND A-PROPERTIES ime-A-sv-1
AND ime-3-sv-2

AND ime-A-sv-j
AND ACTIONS
FOR ALL ime-zap FROM ime-gl-dat.
SUCH THAT Bool-izraz(ime-&-sv-i)
GET ime-f-sv-1 AND ime-f3-sv-2...)

AND (QGERY—CLASS ime-upita-f WITH

END.

Tabela 2. Opis infoloSkog modela

4. ZAKLJUCAK

Jezik koji se predlaZze u ovom radu omoguéava projek~
tantu da opise sve parametre infolofkog modela, dobi -
jenog infoloSkim pristupom projektovanju informacionih
sistema, koji su relevantni za izbor optimalne fizi¢ke

organizacije podataka pomoéu Yao-vog modela.

Pomolu pogodnog algoritma moguée je preslikati opis

infoloSkog modela u opis Yao-vog modela koji dalje
sluzi kao polazna osnova za izbor optimalne fiziéke or-
ganizacije podataka. Na taj nain preslikani su zahtevi
korisnika definisani u infolo§kom modelu u Yao-ov mo-
del. Izborom parametara karakteristi¢nih za odredjenu
fiziCku organizaciju podataka projektant moZe dalje vr-
Siti analizu troSkova pristupa podacima i odabrati naj-

pogodniju  organizaciju i sa aspekta korisni¢kih zahteva
i sa aspekta resursa koji se koriste za realizaciju in-

formacionog sistema, §to je predmet obradjen u /15/.

PredloZeni jezik pruZza moguénost automatizacije pos~

tupka opisivanja infoloSkog modela i preslikavanja tog

opisa u opis Yao-vog modela. Sobzirom na veé utvrdje-
ne moguénosti automatizacije pojedinih faza projektova-
nja infolo$kog modela, kaoc i na moguénost automatiza-
cije analize troSkova pristupa pomocu Yao-vog modela ,
predloZeni jezik treba da bude jo$ jedan korak ka potpu-

noj automatizaciji projektovanja informacionih sistema.
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POVZETEK - V Ljubljanski banki-2druzeni banki smo imeli
prilo2nost spoznati programski paket MICRO-OPTRANS, ki zdruiuje
funkci je preglednices dela s podatkovnimi tabelami ter vsebuje
ogrodje za razvoj ekspertnih sistemov. Preizkusili smo njegovo
delovanje. V &lanku podajamo opis delovanja'rin nade ugotovitve.
Smatramo da predstavlja zelo zmogljive orodje za razvoj sistemov
za pomo& pri odlozanju.

ABSTRACT =~ In Ljubljanska banka-2drufena banka we had the
opportunity to test MICRO-OPTRANS, which is an integrated
software package that includes a spreadsheet, a database, as well
as an expert system development tool ("shell"). In the paper we

describe the package and its functions, We think that is a very
powerful tool in development of decision support systems.

uvop

OPIS DELOVANIA
MICRO-0OPTRANS je integriran programski
proizvod, ki vsebuje preglednico, upravljanje s MICRO-OPTRANS sestoji iz nekaj segmentov oz.
podatkovnimi tabelami, grafiko ter arodje za funkcionalnih celot =z vedilnim segmentam na
razveoj ekspertnih sistemov ('"shell"). Omogoe&s vrhu hierarhiene strukture. 1z vodilnega
razvoj sitemov za pomo& pri odloeanju, zlasti segmenta - monitor ja lahko preide uporabnik v
na finan&nem podroeju. naslednje vsebinsko opredel jene segmente:
Deluje na mikroracunalnikih tipa IBM PC, XT in - podatkovne tabele,
AT ali 100% kompatibilnih, pod operacijskim - modeli,
sistemom MS/DOS in zahteva najmanj 2356kB - poroe&ila,
spomina ter vsaj en disketrni pogon. - ekspertni sistemi.

Programski paket MICRD-OPTRANS je izdelala

francoska instituci ja SIG (Systemes

informatiques de gestion) iz Jouy-en-Josas, ki

se od ustanovitve leta 1970 ukvarja z razvojem MONITOR
in trienjem programskih orodij za pomo& pri
odlo&anju. Najves njihbovih upaorabnikov je iz Ty A

finan&nega poslovnega podroeja. SIG sodeluje EKSPERT ,/’///’ FQ:ESLA’
tudi 2 Institutom Jolef Stefan iz Ljubl jane, A i

2a preizkus MICRO-OPTRANS-a smo imeli na voljo
demonstraci jsko disketo in priroenik z navodili

PODATKI

za uporabo. Kot vsaka demanstraci jska verzija
programja ’ je imela tudi nasa dologene
omejitve (izvajanje izkljueno na disketnem ]

: < od tak,
poganu ter omejitve obsega padatkov in [iaves
programov). Te so nas ovirale, da bi temelji-

teje preverili delovanje in ocenili hitrost
tzvajanja. Vendar, kljub temu, smo se lahko
seznanili s funkcionalnim delovanjem MICRO-
OPTRANS-a. Proizvajalec tudi trzi
demonstracijsko verzijo v izobraZevalne namene, Slika 1. Struktura MICRO-OPTRANS-a




tabele

Segment podatkovne omogoea delo -
podatki. Tabele vsebujejo izkljuzno numerié&ne
podatke, urejene po stoplcih in wvrsticah.
Velikost tabele je omejena na 32.7&66 vrstic in
S12 stolpcev. Obseq podatkov je v ‘mejah od
-1 'E+30 do 1 E+30 in je lahko podan z
rnatangnost jo 11 signifikantnih znakov.
Posamezen podatek je opredeljen je tudi s
statusom ¢ zanesljiv, ocenjena vrednost, ni na

razpolago, ni vnesden.

Dostop do podatkovnih tabel v
je moZen le preko modelov. Vee modelov lahko
uporablja isto podatkovno tabelo. S pomo&jo
modela - podatkovna tabela dobi koordinate,
podatkli v tabeli pa simbolie&na imena in tudi
smisel.

MICRO-DPTRANS-u

Model je osrednji del aplikativnega delovanja
MICRO-OPTRANS~a. Uporabnik kreira modele s
posebnim programskim jezikom, podobnim BASIC-u.
V modelu wuporabnik opredeli postopek dela s
podatki in aktivira izbrano podatkovno tabelo.
2 modelom aktivira prej definirana porozila ali
pa ekspertne sisteme in jih povezuje s
podatkovnimi tabelami.

Programski jezik pozna standarne algebarske in

logiene - operator je ter nekaj funkcij:
SUM, AVG,MIN,MAX, VAR, STD ter LOG,EXP,ABS,SQRT.
Interaktivno delovanje modela programiramo

lahko z ukazi QUESTION in ANSWER. Komunikaci jo
2z uporabnikom modelas, za ve&jo preglednost,
realziramo lahko z delitvijo zaslona po oknih.
Krmiljunje znotraj programa izvajamo 2
IF...THEN in GOTO ukazi.

Segment
oblikavanje

"poroe&ila"
in
kot

omogo&a raznoliko
predstavitev podatkov tako na
tiskalnik tudi na zaslon. Vnaprej
pripravljena poroegila uporabimao lahko 2
razlignimi podatkovnimi tabelami. Mo2na je tudi
grafizna predstavitev podatkov v obliki
krivulj, stolpcev ali nadstropnih stolpcev.’

Najbol'j zanimiv in zmogljiv del MICRO-OPTRANS-a
je vsekakor segment ekspert. Segment ekspert je

orodje za razvoj ekspertnih sistemov, take
imenovani “shell"”. -
Predstgyitev ekspertnega znanja je v obliki
produkci jskih pravil:
CE (pogoj) POTEM (sklep,akcija)
V pogojih se lahko sklicujemo na :
- podatke vsebovane v podatkovnih tabelah,
- vrednosti, ki jih je model izraeunal,
- dejstvay, katera so vsebovana v bazi 2nanja
in podana 2z zaZetno vrednost jo, ter;:
- dejstva, katerim uporabnik sistema v

interaktivnem dialogu opredeli' vrednost.

Sklepni del produkcijskega pravila prav tako
dopusea ve& moZnosti:

- izvedemo sklepanje (opredelimo dejstvo),

‘= zahtevamo aktiviranje drugege produkcijskega
pravila z izbrano prioriteto,

- zahtevamo izvajanje modela (povratek v
segment model, kjer dzvedemo lahko dodat-
ne izraeune podatkov iz podatkovne tabele),

- zakljuaimo delovanje ekspertnega sistema.

Dejstva so
procesa. v

de jansko parametri odlo&itvenega
bazi znanja jih podajamo kot
spremenl jivke, ki lahko zavzamejo eno od
vrednosti iz vnaprej doloeenega nabora
vrednosti ali pa vrednost "neznano". Tudi cilj
odloeitvenega procesa podamo kot dejstvo.
Njegova inicialna. vrednost je "neznano".
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baze znanja poganja mehanizem

(inference machine). Sklepanje poteka
naprej, v smeri nazaj in tudi me3ano.

mehanizma "sklepanja je dolozeno s

baze znanja. Mehanizem. sklepanja
normalno deluje v smeri naprej, dokler ne
pride do produkcijskega pravila v poga ju
katerega se sklicujemo na dejstve 2 vrednostjo
"neznano". Mehanizem za&ne delovati v smeri
nazaj in poskusa opredeliti vrednost temu
dejstvu. &e ne uspe, se ustavi in uporabniku
postavi zahtevo da sam poda vrednost dejstvu.
Potem mehanizem ponovno pri&ne: sklepanje v
smeri naprej. Proces sklepanja se ustavi, ko je
dolozena vrednost ciljnemu dejstvu.

Preiskovanje
sklepanja
v smeri

Delovanje
strukturo

Bazo znanja uporabnik kreira v preprostem
programskem jeziku, upostevati mora nezahtevno
sintakso. Pred izvajanjem je potrebno bazo
.znanja prevesti ‘(kompilacija’).Velikost baze
znanja je omejena z razpoloZljivim spominom
(200 produkci jskih pravil zavzame b4Kb
spomina).

MICRO-OPTRANS je celovit sistem. Pod nadzorom
monitor ja- opravl jamo lahko pomo2ne funkcije
(kreiranje in brisanje datotek, tiskanje,
pregledovanje).Vsebina MICRO-OPTRANS-ovih
datotek

pa je nedostopna MS-DDS-u. Vendar pa
vee vrste datotek (podatkovne tabele, modeli
oz. programi in tudi ekspert) je moino
konvertirati v tekstovno obliko. Prav tako
MICRO-OPTRANS sprejme tekstovne datoteke, ki
smo jih oblikovali 2z urejevalnikom besedila in
jih pretveori v sebi primerno obliko.
UGOTOVITVE
MICRD-OPTRANS je integriran programski paket,

ki vsebuje preglednico, upravljanje podatkovnih
tabel, grafiko, urejevanik besedil ter orodje
za razvoj ekspertnibh sistemov. Ekspertni sistem
tesno sodeluje s preglednico in podatkovnimi
tabelami.

Preglednica
32.766
omejitev
spomin.
preglednicah

MICRO-OPTRANS-~a je zelo zmogljiva,
vretic in 512 stolpcev, kar pomeni da

postavl ja razpolo?ljivi raeunalnidki

Medtem ko sta pri popularnih
tipa LOTUS 1-2~3 proceduralni in
podatkovni del preglednice tesno povezana,
tukaj sta lozena. Prav zato je spoznavanje
MICRO-OPTRANS-a precej bolj zahtevno kot pa
LOTUS~a 1-2~3. Lahko rezemo, da MICRO-OPTRANS
ni orodje s katerim bi kaonani uporabnik, brez
pomoai ra&unalnifkega strokovnjaka, kreiral
preglednice.

Lozitev proceduralnega dela od podatkovnega ima
vrsto prednosti:

procedure

- neodvisnost od padatkov,
oz.uporaba istega programa nad razli&nimi
podatkovnimi tabelami,

~ mo¥nost strukturiranja: klic subrutine
znotraj aktivnega modela, klic

drugih

modelov iz aktivnega modela: .

- dokumentiranje preglednice,

- moinost dograjevanja in dopolnjevanja,

- neobeautl jivost preglednice mna netel jene
nestrokovne posege.

Urejevanlik
Wordstar-—u.

besedil je celozaslonski, podoben
Primeren je za delo programer ja, ne

zajema pa funkcij avtomatizacije pisarnisikega
poslovanja.

Ekspertni del MICRO-OPTRANS-a je bil predmet
najveajega- zanimanja v teku spozrnavanja in
preizkusa programskega paketa. Glede na to, da
je bil to prvi produkt te vrste, ki smo ga
spoznali, ga ne moremo primerjati 2 drugimi.



Vendar pa nezahtevna sintaksa za tvorbo baze
2nanja in demonstracijski primer, ki semo ga
imeli na voljo, sta nas spodbudila, da smo
izdelall testni primer in tako preizkusali
delovanje sistema. Ugotovili smo:

~-Struktura baze znanja t. 5. zaporedje

produkci jskih pravil
kriterije, vpliva

in njihovo grupiranje v
na na&in delovanja
mehanizma sklepanja.  Ne vpliva pa na konenti
sklep. 2ato je moino enostavno dopolnjevanje
in dograjgvanje baze znanja.
- Sklepni mehanizem deluje tudi ko je baza
znanja nepopolna. &e produkci jska pravila ne
pokrivajo wves prostor mo2nih pojavov in
sistem ne more dolo&iti wvrednost ciljnemu
dejstvu, potem sistem postavi zahtevo
uporabniku naj jo sam doloe&i.

- Razlaga
komponenta
prisotna. v
pravilu dodati
sistem prikaie
aktivirano. Prav
ekspertni sistem
vprasanje "zakaj?"
sklepanja.

sklepanja, ki je
ekspertneqga sistema je tudi
bazi zmanja je moZ2no wvsakemu
sporo&ilo in komentar, ki ga
na zaslonu, ko je pravilo
tako, po konzanem delu
da lahke odgovaor na
oziroma razloii potek

pomembna

- Preden
potrebno
omogo&a
nezelenimi
izvajanje.

lavajajamo ekspertni sistem,
prevesti (kompilaci ja). To
varovanje baze zZnanja

posegi in tudi

ga je

nam
pred
hitrejie
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2AKLJUGEK

MICRO~-0OPTRANS je zasnovan kot programsko
orod je za razvaj sistemov 28 pomoe pri
odlo#anju. V sistemih 2za odloZanje, razvitih s

pomo&jo MICRO-OPTRANS-a
deterministiani modeli in
uporabl jajo egzaktne, vnaprej znane podatke ter
ekspertni sistemi, v katerih je shranjeno
2znanje strokavnjakov.

sodelujejo
algoritmi, ki

Razvoj uporabnih sistemov za odloganje ni prav
lahko delo. 2ahteva sodelovanje vsaj dveh vrst
ozko usmer jenih strokovnjakov : razunalnidkih
in stokovnjakov podroaja odloeanja. &e posebej
naporno in teZavno je uvajanje 2e izdelanih
programskih reSitev na podro&ju odlozanjas ki

je domena nenadomestl jivih strokovnjakov.
Orodje kot MICRO-OPTRANS bistveno pospesi
razvoj sistemov za odloeanje. Prototipni naein
razveja, ki je z njim mogoes pa 2z vesjo

gotovostjo pripel je do uporabnih reditev.
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PRODUKT ZA UPRAVLJANJE RELACIJSKE - INFORMATICA 2/87 -
BAZE PODATKOV - VAX Rdb/VMS

Marija lpavec
Zavod SR Slovenije za druzbeno planiranje
UDK 681.3.05 . Center za mformatnko

FOVIETEK: Clanek govor: o produktu za upravl janje relacijske baze
podatkov (VAX Rdb/VMS). V poglavju ena je opisana organizacija
podatkov., Foglavje dva opisuje, kako se logiéna podatkaova baza
prevede v +Fizidno =z uporabo DEFINE stavkov in kako se podatkovno
bazo rekonstruira, Foglavije tri govor-i o zasciti podatkov v
podatkovni bazi (uporabimo DEFINE PROTECTION stavek). To poglavje
vsebuje $e opis seznama za kontrolo dostopa do podatkovne bace.
tetrto poglavie opisuje nasfednje produkte =za upravljanje baze
podatkov: VAX CDD, VAX TDMS, VAX ACMS in VAX DATATRIEVE.

ABSTRACTS: The article is about relational database management
product VAX Rdb/VMS that uses the relational model of data base
organizatian. Chapter one describes data organization. Chapter two
describes how to translate the 1logical database into a physical
database using DEFINE statements and tells how to restructure an
existing database. Chapter three shows how to define protection for
your database using the DEFINE FROTECTION statament. This chapter
includes a discussion of access control lists (ACLs). Chapter four
describes information management products which includest VAX CDD,
VAX TDMS, VAX ACMS, VAX DATATRIEVE.

\

. uvoD

Ustrezna organizacija podatkov v informacijskih - ACMS za latjo in hiterejdo izdelavo raznih

sistemih je kjuénega pomena za njihovo uspesno enkratnih in stalnih aplikacij.

delovanje. la tekote vodenje, obdelovanie in ’

izkazovanje razli¢nih podatkov so se razvili ddlike tega paketa so naslednje:

sistemi za upravljanje z bazami podatkov-DEMS

(Data Hase Management System). Ti sistemi - hitrost dostopa do btaze podatkov (Rdb/VMS

danes omogodajo hiter in enostaven dostop do skrbi,da se Rdb /VMS stavki izvedejo v

podatkov. Ta programska oprema vkjuéuje optimalnem casu.},

sodobre pripomod¢ke za vNOos, abdel avo in ~ razuml jiva podatkovna struktura {Fodatki sa

izkazrovanje podatkav, Digitalav programski shranjeni v tabelah.),

paket VAX Rdb/VMS je namenjen za wupravljanije - interaktiven test (Interaktivni RDD pomoini

relaci jske baze podathkov, Ta model baze program mnam omogofa, da najdemo napako, dce

podatkov nam omogoda, da lahko postavljamo smo ukaz napaéno zapisali.),

vprasanja o objektih, o odnosih med abjekti, - popolna zastita podatkov (Ce pride do strojne

“ateri so atributi objekta itd.. ali programske napake, Rdb/VMS skrbi za
BACKUF, za zapis dogodkov in za restavriranje

“rogramski paket VAX/RDEB VMB vsebuje .naslednje baze podathov.),

funkci je: - vse definicije so shranjene centralno -(v

podatkovnem slovarju).
- osnovni RDE paket za kreiranje in 1logicdno
crpanje relacijskih zbirk podatkov,
’ rodatke shranjene v Rdb/VMS podatkovni bazi

- CDD podatkovmi slovar :za poenotenje, la2jo lahko obdelujemo tudi s programi, ki Jih
vontrolo in latje koridscéenje wvseh vrst napiéemo sami v visje programskih jezikinh,
podathkov, (RASIC, COBROL, FORTRAN, FASCAL). V te programe

‘ lahko vkl ju¢imo Rdb/VMS stavke =za ravnanje s

- TDME orodje za latje in ué¢inkovitejde delo =z podatki. Te stavke moramo v programu posebe]
ekranom, oznac¢iti z §RDES. Za dostop do baze podatkov

uporabl jamo stavek INVOKE, za shranjevanje

- DTR produkt za kreiranje in £rpanje pol jubnih padatkov uporablsjamo stabel: STORE, 2a

zbirk podatkov z vkjudenoc osnovno gratiko, spreminjanje - podathkov uporabl jamo stavek



MODIFY, za brisanje uporabl jamo ERASE itd..
S stavkom ’
SRDES INVOKE DATABASE FILENAME FERSONNEL
smo dobili dostop do baze podatkov 2z imenom
PERSONNEL. Stavek INVOKE postavimo kjerkoli v
programu, toda preden se zainemo sklicevati na
druge Rdb/VMS stavke za ravnanje s podatki
(vel ja za programske jezike BASIC, FORTRAN,
PASCAL ) . v programu, ki je napisan v
programskem jeziku COBOL, se stavek INVOKE
nahaja v WORKINGSTORAGE SECTION (znotraj DATA
DIVISION) .
Prednost moinosti uporabe programov napisanih v
vidje programskibh jezikih je predvsem vi
- hitrosti izvajanja (Fodatke
dopolnjujemo in spreminjamo v no¢nih urah,
racunalnik ni obremenjen z drugimi posli.),
- izbol jdanem vhodu in izhodu podatkov na
zaslon terminala (Za interaktivni vnos
podatkov itd. wuporabljamo program z VAX TDMS
aplikacijo.).

lahko
ko

1.  ORBANIZACIJA PODATKOV

VAX Rdb/VMS
upravl janje

je niz programskih orodij za
relaci jskega modela baze podatkov.
Pod modelom razumemo predstavitev dolodenibh
objektov in odnosov med temi objekti. Model
nastane v postopku abstrakcije realnega sveta.
1z realnega sveta izberemo objekte. Vsak
objekt ima lahko wve¢ atributov, s katerimi
predstavimo lastnosti objektov.

Primer objekta delavec:

delavec ( matidna é&tevilka, ime, priimek, OD)
Objekt delavec ima
stevilko delavca, ime delavca, priimek delavca
in osebni dohodek delavca. Dva razliéna
delavca tvorita dve razlitni &etvorki. Matiéne
4tevilke morajo biti tiste, ki enalié¢no
dolotajo delavce. Ta objekt predstavimog 2
n-torkam v tabelah. Kolane tabel odgovarjajo
atributom, vrstice pa n~torkam vrednosti
atributov.

4tiri  atribute: matic¢no

Objekt delavec prestavl jen v tabeli:

Matiéna
stevilka

ime osebni

dohodek

priimek

941
385
2432
764

175041,
155045,

98505,
305045,

Feterle
Kos
Vadnal
Drele

Peter
Marko
Ines

Draga

Mnotica aobjektav je lahko pavezana med sebaj.

Primer povezane mnotice objektov:

0zD (&ifra QZD, ime 0ZD, kraj QZD)

(maticna st.
delavca,

delavec delavca, ime in priimek

izobrazba delavca, $Sifra 0ZID)
projekt (difra projekta, ime projekta, sredstva

udele*enec {(matiéna &t. delavca,

naloga delavca)

Sifra projekta

V tem primeru je vsak abjekt predstavl jen z eno
tabelao. -
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2. KREIRANJE
REKONSTRUKCIJA

FODATKOVNE BAZE IN

‘Elemente baze podatkov definiramo H
interaktivnim VAX Rdb/VMS pomoinim programam
(utility) RDO (Relational Database Operator).
Definiramo naslednje elemente podatkovn baze:

~ ime podatkovne baze in enote, na kateri se bo
nahajala,

- relacije (z definicijo relacije je
zapis in v tem zapisu so
pal ja),

- polja
polj),

- agbjekte in atribute
seznam atributov),

- vpoglede (views),

- omejitve (constraints)

definiran
vse kamponente
(dolodimo imena, velikosti in tipe

(veak objekt mora imeti

in normaliziramo model. Froces normalizacije
model a vsebuje eliminaci jo dupliciranih
podatkov in ponavl jajoc¢ih se polj ter dolotitev

kjucev. Do vsakega atributa dostopamo preko
kjuta. Definicije atributov, aobjektov, relacij
itd. se nahajajo v podatkovnem slovar ju-CDD

tommon Data Dictionary).

S stavkom DEFINE DATABASE poimenuljemo bazo
podatkov, kreiramo datoteke baze podatkov,
kreiramo datoteko, v kateri se nahajajo zaéasni

zapisi podatkovne baze (snapshort file).

Stavek

DEFINE DATABASE ‘OVERNITE’ IN
definira sledede:

‘CDD$TOF . BOOKKEEP

- podatkovni slovar
CDD3$TOP. BOOKKEEP

- datoteko s podatkovnimi
#BOOKKEEPHOVERNITE.RDB

- snapshort datoteko (datoteka z zadasnimi
zapisi)
H#EOOKRKEEFHOVERNITE. SNE

elementi

Polja definiramo =2 DEFINE FIlELD stavkom.

Definicije polj se nahajajo v podatkovni bazi

in CDD. Vsebujejo vec atributov: glabalne in

lokalne.

Globalni atributi so:

- ime globalnega polja (imena polj se ne smejo
ponavl jati),

- kriteriji, katerim mora podatek ustrezati,
preden se vpide v polje,

- manjkajole vrednosti (vrednost podatka je
MISSING, te je vrednost polja neznana ali pa,
¢e se ne seme uporabljati pri doloéeni
aplikacijid.

tokalni atributi so definiram = DEFINE

RELATION stavkom.

Lokalni atributi so naslednji:

~- ime lokalnega pol)a,

- DATATRIEVE pomo2ni stavki (support clause),

- COMPUTED BY stavek (s COMPUTED BY stavkom

poimenujema
operacije).

pol je, ki je rezultat radunske

Za vsako polje je treba dolotiti
Preko seznama obstoje¢ih imen polj lahko
definiramo relacije. Relaci je definiramo =
uporabo RDO stavka DEFINE RELATION, s katerim
imenujemo relacijo in napidemo sgznam imen
polj, ki jih vsebuje.

tip podatka.

relacij
indeksi.
paosebni
podatkovni

da najde

Za ishkanje
uporabl jajo
shranjeni v
Rdb/VMS
indeks,

za 1izbrane
Indeksi zapisov
tabeli, ki je
bazi. Rdb/VMS
zapis v bazi

zapise se
S0
dodana
uporabi
direktno.




Indeksi nam
podatkov itd..

omogoc¢ajo spreminjanje, iskanje

Vpogled (view) definiramo z RDO staviom DEFINE
VIEW, s katerim poimenujemo vpogled in napidemo
seznam polj, ki Jih wvsebuje. Vpaogled je
virtualna relacija, ki kombinira polja iz ene
ali veé¢ relacij.

Omejitve (constraints) se nanasajo na vrednosti
poli v Rdb/VMS podatkavni bazi. Omejitev lahko
. definiramo 2z RDO stavkom DEFINE CONSTRAINT, v

katerem poimenujemo omejitev in napidemo ime
polja, na katerega se ta omejitev nanasa.
Omejitve za polja se lahko postavi tudi v

stavek DEFINE FIELD 2

IF.

V podatkovno bazo vstavljamo podatke na tri

natine:

- uporabimo Rdb/VMS interaktivni pomo2ni
program RDO (s STORE stavkom dodajamo
zapise),

- uporabimo DATATRIEVE za vpis 2e obstojecih
podatkov v RMS datotekah v bazo podatkov,

- napidemo program v vidje programskem jeziku,
ki zapisuje vnedene zapise v datoteko ali pa
prepisuje zapise iz RMS datotek v datoteko
RDEB podatkovne baze.

2e definirano podatkovng bazo lahko
rekonstruiramo. Rekonstrukci ja podatkovne baze
zahteva precej dela in truda, zato je
u¢inkovitejde, da zatdetnemu hadrtovanju
podatkovne baze posvetimo posebno pozornost.
la rekonstrukcijo se odlot¢imo le, ce je nuino
potrebno. MoZno je spreminjati relacije med
podatki,  brisati relacije, dodajati, brisati
ali spreminjati elemente podatkovne baze.
Brisanje relacij Jje enostavno le, ¢e podatki,
ki se nanasajo na relacijo, niso shranjeni v
podatkovni bazi. Relacijo bridemo z ukazom
DELETE ime relacilje. Relacijo e ne sme
brisati, ¢e so druge relacije odvisne od te, ki
jo %elimo brisati. Rdb/VMS javi napako v
primeru, ko 2elimo takeo relacijo brisati. Ce
*elimo polja dodajati, moramo napisati program,
ki spremeni zapis podatkov v nov daljséi zapis.

3. ZASCITA FODATKOV V PODATEOVNI EAZI

VAX Rdb/VMS poskrbi za zasé¢ita podatkov v bazi
pred uparabniki. Uporabniki, ki niso
pocblaséeni za spreminjanje, brisanje, <&itanje
podatkov itd., tega ne morejo poteti. VAX
Rdb/VMS zadéita je odvisna od seznama za
kontrolo dostopa—-ACL (Access Control Lists),

Ta seznam vsebuje naslednje podatke:

- indentifikacija uporabnika,
- katere oper-aci je ta
uporabl ja.

uporabnik lahko

2 ukazom SHOW FROTECTION pogledamo vsebino ACL.

Fri vikjudevanju uporabnika v Rdb/VMS podatkovno
bazo, Rdb/VMS bere ACL podatkovne baze in
pregleduje, ¢e je -dan UIC v seznamu. Ko
Rdb/VMS najde 1iskan UIC se iskanje konéa.
Rdb/VMS uporabl ja dva seznama za kontrolo
dostopa, enega za dostop do paodatkovne baze in
drugega za dostop do relacij. Vstop uporabniku
v padatkovno bazo omogodimo z DEFINE PROTECTION
FOR DATABASE stavkam. Za vsako relacijo do
katere ima dostop uporabnik ali grupa,

uporabo klavzule VALID.
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uporabimo DEFINE FROTECTION FOR RELATION
stavek.

4. FRIFOMOCKI ZA UFORABLJANJE FODATKOVNE BAZE
4,1. Podatkovni slovar

»

V podatkovnem slovarju se
veeh podatkov, ki jih
aplikacije (definicije poslov itd.), VAX
DATATRIEVE (opisi domen, zapisov, tabel, itd.),
VAX Rab/VYMS (definici je polj, indeksov,
omejitev, vpogledov itd.) in VAX TDMS (oblike,
vprasalniki, knji2njice z vprasalniki itd.).

nahajajo . definicije
upar-abl iaja VAX ACMS

Igradba podatkovnega slovarja je hierarhiéna.
Glavno vozlidée se imenuje CDD$TOP. Na to
vozlisde lahko obesimo ved naslednikov, ki so
lahko direktori ji ali podslavarii
(subdictionary) ali pa objekti. S pomoinim
programom DMy (Data Manipulation Utility)
kreiramo podslovarie, novo fizi¢no datoteko
(uporabimo ukaz CREATE), preimenujemo vozlidéa
(ukaz RENAME), gledamo po podatkovnem slovarju
(ukaz LIST), bridemo podatke iz podatkovnega
slovarja (uporabimo ukaz FPURGE ali DELETE),
kopirama podatke iz dololenega podredija v neko
drugo podroé¢je (ukaz COPY) in zasditimo podatke
pred uporabniki. Za doloctena skupino
uporabnikov ali pa =za dolotenega uporabnika

-dolo¢imo:

- ce uporabnik lahko bride podatike iz
podatkovnega slovarja,

~ ce uporabnik lahko dodaja podatke v
podatkovni slovar,

- ¢e uporabnik lahka prehaja k naslednikom,

- ¢&e uporabnik lahko bere objekt iz
paodatkovnega slovarja,

- ce uporabnik lahko dopolni zapis v
podatkovnem slavarju,

-~ ¢e  uporabnik lahko kreira naslednike in
podslovarje.

Fodatke iz podatkovnega slovarja ali

padslavarja lahko prepidemo v datoteko (ukaz

BACKUF) all pa restavriramo
datoteke z ukazam RESTAORE.

podatke iz te

Vsak element RDB baze opidemo in ga shranimo v
CDD. Za zzapis razliénih definicij v CDD
uporabimo pomo2ni program CDDL (Command Data
Dictionary Language). Definici ja tvorjena s
pomo2nim programom CDDL se ne zapide v
padatkovi slovar v primeru, ko je napaédna. Da
hitreje najdemo napako, upaorabimo pomoini
program CcDDV (Command Data Dictionary
Verification), ki popravi napako, ¢e jo  zna
popraviti ali pa pove, kje obstaja.

4.2,

TDMS (Terminal Data Manipulation System)

VAX TDMS aplikaci je
povpradevanje po

uporabl jamo za
podatkih in =za oblikovanje

menujev za vnos podatkov. Program z VAX TDMS
aplikacijo izvaja serije rutin in prenasa
podake v ali pa iz podatkovne baze. Te rutine

so necdvisne od programa.

naslednje

Vsaka TDMS aplikacija vsebuje

elemente:

- aplikacijski program,

- eno ali vet definicij zapisa,

- eno ali ve¢ definicij oblik (forms),

- ena ali vel definicij vprasalnitov
{(requests),



- eno ali ve¢ definicij knji2njic (library),
- eno ali ve¢ definicij datotek s knji2njicami
(file library).

Aplikacijski program

- bere ali pa izpisuje
baze,

~ klide TDMS rutine,

- 2a odpiranje in zapiranje datoteke s
knji¢njica =2 vprasalniki (request library
files) ter vhoda in izhoda na terminal,

. = za izvajanje vprasalnikov (requests),

- za citanje podatkov iz rezerviranih
podroctij na terminalu,

- za izpisovanje na terminal iz
podrodij,

- javlja napake o procesu.

podatke 12 podatkovne

rezerviranih

Aplikaci jski programi napisani v programskih
Jjezikih, ki komunicirajo s podatkovnim
slovarjem (COBOL, FORTRAN, FASCAL, RASIC, FL/1)
imajo mo2nmost, da klidejo TDMS definicije,
definici je zapisa itd. iz padatkovnega
slovarja.

Definicija oblike dolo¢a oblikeo, ki se bo

pojavila na terminal v casu izvajanja programa.
VAX TDMS obliko kreiramo direktno na zaslon
terminala.

Oblika je definirana z naslednjim:

- s sliko na ekranu (dolot¢ena so polja, v
kateras se vnasa ali pa izpisuje podatke in
tekst, ki se izpisuje na ekran),

- 2 lego in dol2ino polja,

= 2 nizom atributov za vsako pol je (ti atribut}
so zpatilnosti polj ali pa pogoji, katerim
mora ustrezati vnesen podatek),

~ z obliko pomoé¢i (HELP) pri vnosu.

VAX TDMS pomoini program za definici jo
ablike-FDU (Form Definition Utility) pregleda
sintakso definicije oblike in jo shrani v CDD,
te v njej ne najde napake.

TDMS vpradalnik (request) je kljuéni element v
TDMS aplikact ji. TDMS vprasalnik kontrolira
pretok podatkov med zapisom in terminalom in

med zapisom in podatkovno bazo. Kreira se =
VAX TDMS pomoinim pragramam RDU (Request
Definition Utility), ki shrani vprasalnik v
CDD.

Seznam vprasalnikov se nahaja v knji2njici =z

definici jami vprasalnikov ({Request Library
Definition). Kanjitnjica z definici jami
vprasalnikav sa tudi kreira 8 pomoinim

programom RDU (Request Definitian Utility) in
se shrani v CDD. Kreira se datoteka tipa RULB,
ki vsebuje naslednje:

- imena vprasalnikov v knifnjici z definicijam:
vorasalnikov,

- definicije aoblik v vprasgalnitku,

~ informaci je 0 zapisu, ki so v vprasalniku.

Ce telimo spremeniti vprasalnik, obliko ali
definicijo zapisa potem, ko je bila RLE
datoteka e tvorjena, je treba RLB datoteko

ponovno tvoriti.

%o se izvaja program za vnos s TDMS aplikacijo,
TDMS prikate obliko na zaslon. Na oznadena
polja vpisujemo podatke, ki se nato prenasajo v
zapis podatkovne baze. Program za izpis
podatkov v obliko pa prikaie na zaslon obliko
in podatke iz iskanega zapisa podatkovmne baze
vpise na oznadena pol ja.
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4.3. VAX DATATRIEVE

VAX DATATRIEVE je

programsko oarodse, ki nam
omogoca:

- izpis podatkov, ki so shranjeni v VAX RMS
datotekah in VAX Rdb/VMS podatkovni bazi
(podatke lahko predstavimo tudi grafiéno),

- iskanje dolodenih podatkaov (uporabimo ukaz
FIND),

- sortiranje podatkov na razlidne nadine,

- izp1s porocila o podatkih v 2eljeni obliki,

- shranjevanje podatkov (ukaz STORE),

- spreminjanje podatkov,

- brisanje podatkov,

- definiranje novih relacij med zapisi in
datotekami.

VAX DATATRIEVE izvaja tudi aritmetidne

oper-aci je in izpisuje rezultate na terminal ala
v datoteko.

5Podatki. ki jih VAX-11 DATATRIEVE uporablja
‘shranjeni v domenah (domain) .
povezujejo podatke v datotekah =z

s
Domene
definicijo

zapisa. Domena je definirana z imenom domene,
imenom datoteke s podatki in =z definicijo
‘zapisa. DATATRIEVE nam omogoda, da shranimo

razlicne definicije o zapisih, aobjektih itd. v
COb in da si lahko vsal posameznik definira
'domene. Domene definiramo z ADT (Application
Design Tool), ki vprasuje po infaormacijah, ki
so potrebne za kreiranje domene, zZapisa in
datoteke s podathki. ADT kreira datoteko s
podatki, tako kot je definirano =z czapisom.
Informacije, ki Jjih rabimo za shranjevanje
podatkov z ADT so sledede: ime domene,
dolocditev datoteke s podatki, imena polj v
zapisu, tip podatkov v vsakem polju, format
polja, dol%ina polja, organizacija podathov,
ime in atributi vsakega kjuta opri indeksni
datoteki in ime komandne procedure, ki vsebuje
definicije.

Ce imamo zapise e shranjene v VAX RMS ali pa v
VAX Rdb/VMS datotekah lahko iz teh datotel
izberemo le dolotene zapise. Uporabimg RSE
(Record Selection Expresion). I RSE definiramo
pogoje, ki jih doloten zapis mora imeti, da ga
lahko uvrstimo med izbrane zapise.

Frimer RSE:

PRINT

1 FIRST 3

brd FERSONNEL

3 WITH SUP_ID=¢0@SS

4 SORTED BY L_NAME

koliko izbranih zapisov hotemo
zapisov

1t- DTR povemo,

-

2— pove izvar

3- pove, katere zapise naj vkludi

4~ pove, kako naj bodc zapisi urejen:

4.4. ACMS (Application Control and Management
System)

‘Ce je bil program napisan v visje programskem

jeziku in ¢e je prisdlo do sprememb
poslov se je spremenil, spremenil se je =zapis
itd.) Jje bilo treba program ponavno napisati.
VAX ACMS pa nam omogoda, da definiramo
individualen posel, ki je loden od
aplikaci jskega programa in je shranjen v CDD.
VAX ACMS posli klidejo VAX TDMS vprasaln:ike
(requests) in programe.

(vrstni red




VAX ACMS aplikaci je so sestavl jene iz
naslednjih elementov:

- eno ali ved¢ grup poslov,

- enega ali vec menujev s seznami poslov, ki

jih je mogoce izbrati,
- definicije aplikacij, ki
aplikaci ji.

opisujejo posle v

Vsak posel {task) se deli na vet¢ korakov
(steps). Vsak posel je definiran na nasleden
nacin: .

- v editorju kreiramo datoteko =
- izvedemo kamandno procedurc, ki
¢e obstajajo.

ADU ukazi,
javi napake,

Ce napak ni, se definicija pasla shrani v CDD.
Uporabima ADU ukasz CREATE ali REFLACE. REFLACE
ukaz deluje enako kot CREATE, ¢e definicija
posla %$e ne obstaja v CDD. Ce defininicija
posla ni pravilna prvid, patem mor amo
uporabijati REFLACE ukaz. Fosli v ACMS
aplitacijah morajo biti kaombinirani v eno ali

ved grup paslov. ~. kKo defimiramao grupo poslov
moramo poimenovati posle, ki pripadajo grupi.
Ce upcrabljamo datoteko, v kateri je knjiinjica
2 vprasgalniki, je treba to ime navesti.

Tiprténe VAX ACMS aplikacije omogodajo dostop do
stupne podatkovne baze vedim uporabnikom =z malo

ali pa brexz 1zkusen; v ratunalnistvu,
Upaor-abnik vstopi v ACMS aplikacijo preko
menuija. V menuju abstaja se:znam poslaov, ki1 Jjih
vsebuje neka aplikacija. to wporabnik izbere
posel, ACMS uporabi definicijc posla za
dolod¢itev vrstnega reda, v katerem se bodo
klicali vpragalniki in programi.
Frimer ACMS menuja:
ACMS

MENU ZA UFRAVLJANJE AFLIKACIJE

1 Dodajanje

2 Spreminjanje

3 Izpis na terminal

4 Editor

S Fosta

L) DATATRIEVE

Izbira:
Posle, grupe poslov in menuje definiramo = VAX

ACMS pomodnim programom

ADU (Application
Definition Utility). .

'Za izpis oblike menuja
orodje TDMS.

uporabl jamo  programsko
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. ZAKLJUCEY

Clanek je opisal razli¢na programska orodja, ki
bodo omogocala tekod¢e vodenje podatkov ter
hitrejde obdelovanje in izkazovanje podatkov na
Zavodu SR Slovenije =za drulbeno planiranje.
Fosamezna

programska orodja’ se med sebo)
dapolnjujejo. Nekatere operacije nad
podatkovno bazo pa je mogode izvesti =z vedimi

programskimi orodji. Npr . zapise podatkovne

baze tetole vadimo . in spreminjamo z

interaktivnim programom RDD, = DATARIEVE ali pa

5 programom napisanim v vidjem programskem

jeziku, ki komunicira s CDD (FORTRAN, COBGL,

BASIC, FASCAL).
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Kaomunikaci jske povezave med transputerji predstavljajo zaradi ceneno-

., sti, enostavnosti in preproste

uporabe nov standard v povezovanju

ratunalnikov. V prispevku so na kratko opisani occamski konstrukti,
ki so0 osnova pri natrtovanju transputerskih sistemov. Na primeru smo
pokazali kako pomembno vlogo igrajo komunikacijski procesi pri nabrto-
vanju transputerskih sistemov, ter kako pomembna je njihova preuredi-
tev v programu, e ¥elimo varno in v polni meri izkoristiti sofasno

izvr$evanje opravil v sistemu,

Communicating processes in transputer systems - The transputer cosau-
nication link is a new standard for computer system interconnection,
since it is a cheap, simple and easy-to-use. This paper describes the
occam constructs that are fundamental for transputer systems design.
Their wuse is given by an example where some program transformations
are performed for the sake of achieving the advantages of concurrent

operating transpur system.

1. Uvod

Transputerji oziroma transputerski sistemi
temel jijo na krmilno vodenem ralunanju in jih
uvritamo v skupino arhitektur, katerih model
ralunanja je bodisi zaporedni ali sobasni kr-
milni tok C1J, 7Ti sistemi dovolj pogumno in
verjetno tudi uspe#no zadrtujejo novo smer v
razvoju raliunalnikov pete generacije. Organi~
zacija stroja je sicer centralizirana, toda
izrabljajod VLSI tehnologijo je mikro ratunal-
nik & pomnilnikom, procesorjem in komunikacij~
skim delom narejen kot ena komponenta (€ip). S
preprostim povezovanjem takdnih komponent pa je
mo¥no zgraditi visoko sposobne radunalnidke
sisteme.

Veporedno 1z razvojem materialne opreme, se
je pojavila potreba po visokea programskem
Jjeziku, ki pa ne bj bil namenjen samo programi-
ranju radunalnidkega sistema, temved bi bil
primeren tudi za njegaovo natrtovanje. Takéne
zahteve danes izpolnjuje samo Jjezik OCCAM.

Jezik je enostaven, sloni pa na dveh konceptih:
sottasnaosti in komunikaciji. Uporablja se enako
dobro za opisaovanje tako sistema medseboj pove-
zanih mikroratunalnikov, kot za programicanje
enega mikroratunalnika.

Semanti#no gledano, imamo na voljo anotico
pravil, ki nam slu%ijo pri ti. transformaciji,
oziroma optimizaciji programa. Pri slednji
nalrtovalec eksperimentalno izbira eed razlid
nimi implementacijami grograma, ki so enakovre-
dne. 5 tea dosefe najboljte lastnosti nateto-
vanega sistema v pogledu solasnosti, velikosti
sistema in podobno.

V OCCAM mpodelu je proces zaporedje akcij, ki
jih  imenujemo osnovni pracest. Latimo tri
osnovne procese, Vhodni in izhodni oproces
skrbita za prenos vrednosti spremenl jivk preko

occamskih kanalov (¢ ? x, ¢ ! x), 8 pomotjo
prireditvenega procesa pa spreainjaso vrednosti
spremenl jivk (v 1= e). Osnovne procese konbi-
niramoc tako, da se le-ti v konstruktih lahko
izvajajo sekvenfno, paralelno ali pa se v
mno¥ici procesov izvaja tisti proces, ki je
prvi pripravl jen.

2, Sekvenini konstrukt

Element
inp out
—_——] X e
opravlja dva sekvendna procesa - vhodni in

izhodni. Konstrukt
P = (pX.inp 7 x => out ! x => X )

zagotavl ja, da se bo vhadni proces kondal prej,
ko bo zafel izhodni proces. V occamu zapisan
program ima naslednjo oblikos

WHILE TRUE
VAR «x:
SEQ

inp 7 x

out ! x

Tu velja opozoritiy, da imamo v occamu na
vol jo WHILE stavek za opisovanje ponavlijajolih
procesov. To je povsem razumljivo, Ee vemo, da
GO T0 in padobni stavki ne sodije v drutine
stavkov 8 katerimi popisujemo paralelne proce-
se.




3. Paralelni konstrukt

Paralelni konstrukt

P = (pX.lnp 7 x => aid ! C(asx) => X)
Q@ = (pY.nid ? y -> out ! (bary) -> Y)
R =PIl @
/ponazocrjen z naslednjin elementoa
.inp mid out
e gl P Q ———

povezuje sekventne procese. Vsak proces upora-
blja svoje spremenljivke, med sebo} pa procesa
komunicirata preko koaunikacijskega kanala. V
occamu zapisan program isa naslednjo oblikos

CHAN aid:
PAR
NHILE TRUE
VAR x, a, r:
SEQ
inp 7 x
© 1z aex
nid ! ¢
WHILE TRUE
VAR v, b, _pt
-1 ]
mid ? y
p 1= by
out ! p

Vobte sta procesa P in @
nujnoc, da tedeta sodasno. Sodlasen proces upo-
rabl ja svoje spremenljivke, katerih ne wmore
dodel jevati drugeau sofasnesu procesu. 8Solasna
procesa lahko koaunicicrata samo preko kanalov.
Poc enem kanalu poteka samo ena enosaerna,
sinhronizirana komunikacija med dvema proceso-
ma. V kanalski komunikaciji ne poznasoc veesnih
pomnilnikov (bufferiranja).

paralelna, ni pa

4. SoBasni procesi

Bodita dana procesa P in @, ki imata obliko:s
P = (uX.dnp 7 x => outp ! x =-> X)
@ = (uY.inp 7 vy => outp ' y => Y).

Poglejmo te obstaja mo2nost soBasnega izva-
Janja teh dveh pracesav. Ta aclnost je dans,
saj lahko vhodni in 4{izhodnl komunikacijski
proces teleta soCasno: inp? x in outp! y, ter
outp! x in inp? y. Vendar po pravilih o soda-
snih procesih obstaja aed sofasnima procesosa
potencialno dead lock stanje, kar pomeni, da bi
tudi procesa P in & za¥la v to stanje. Da
preprelimo pojav dead lock stanja, moramo vsaj
v enem pacru soBlasnih procesov en notranji
proces zatteti lzvr8evati predno se zatne basov-
no prekrcivanje procesnega para <{(premaknitev
procesa po levi strani #asovne osi). lapi#imo
to e enkrat:

ta-> el -> @) = (dead-lack)
ta-> Prilte -> d > @ = c->a->P) Hca-dan,

Igornit izrazi nam povedo, da 1lahko nek
proces delimo (fe je to mogote) na podprocese,
ki (le so0 med seboj povezani s kanali) tefiejo
solasno 2z ostalimi podproocesi (tudi s tistiai,
ki pripadajo drugeau procesu). Teau praviao
tudi dekonmpozicija procesa. teliso, da je
dekompozicija hierarhiéna (varovanje pred dead
lock stanji), da omagoda wuporabo paralelinih
konstruktovy 1In da so pri delitvi tisti koné¢ni
procesi kar se da preprosti. Tako lahko ustva-
rimo programe, ki uporabljajo visoko stopnja
sotasnosti; vsak enostaven proces pa se lzvaja
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na lastnem procesorju, . ki je lahko enostaven
2ato pa izredno hiter (RISC).

V sekventnea procesu W
W= (u!.inp?x -> out!x -> inb?y -> out'y -> X)
poiStemo tiste podpracess, ki se lahko izvrSu-

Jejo sotasno (dekompozicija). Najdemo dva para
sotasnih pracesov

P=PillP2= (lnp 7 x => out !y -> P
e=e1gez=<out!y-> inp 7 x - @)
in dobimp

W=dnp 7y => (uX.P => @ ~> X)

inp ~ out

Gio

S.

Prieer

Oglejmo si iterativno polje (kvadratna arefa
transputerjev), ki je natrtano tako, da z njia

lahko izratunamo a skalarnih produktov vektor-
jev v in w, , 1£i£4m. Na priseru boso razlo?ili
nekatere posebnosti komunikacij amed procesi
oziroma transputerji v tak8nea 1in podobnih
sistemih. Na% priser zaplfemo 1z naslednjis
izrazom: n-
s, =L W, X v .
iz0
Primer torej re8iao 1z iterativnia poljes

transputer jev, ki Q3 ponazarja slika 1. Vidi-

mo, da gre v bistvu za izradun i skalarnih
praduktov med enim vhodnia vektorjem v in =
vektorji w,, katerih koaponente (matrika W) so

zapisane v pasameznih transputerjih. Zapigimo
sekvenca procesov, ki Jih izvajajo posasezni
transputerji v iterativnea polju:

MULT = (uX.Fy => X0

3 (UX.Py > Pa=> Py=> By => Pg—> )

HULT.(M)
HULTm(nﬁ)= ([IX.PG -> P, -» X
MULT
i0
mid L
1 right
e Tr, e e ]
B }
v » . .
b l
et » MULT —] 1
lett § (1)
lmld ‘
MULT
m (1
1 ‘ ILNgn: "
slika1



kjer so
Py = mido'. 1] P1= leftl? v
P, = mid” 7y Py= 2 3= (u” *v) +y
Py = mid”‘m !z Pg= right, ! v
Pg= mid_ 7 x Pp s Cight ! 8
Na sliki 2a je podan preprost grafni model

programa za eno transputerska celico. Posta-
vlja se vprasanje, kako v najbol j8i meri izko-
ristiti prednosti iterativnih polj, tj. wmoZno-
sti pohitritev pri redevanju takénih in podob-
nih problemov. Ali povedano drugadfe, zagotovi-
ti, da kar najved celic lahka deluje sodasno.

@A)

»

slika 2a

slika2b

V nadem primeru najdemo dve skupini proce-
sovy, ki se lahko Llzvrdujejo solasno. V prvi
skupini sta procesa P1 in P2, v drugi pa so
procesi P3, P4 in PE, Grafni model na sliki 2b
prikazuje takéno strukturoc sofasnih procesov.
Procesi Px zdrufujejo v sebi vse potrebne
nadzorne strukture paralelnih oziroma sobasnih
procesav (sinhronizacija). V occamu zapisan
program 23 n x e celic ima sedaj naslednjo
obliko:
PROC MULT (CHAM mid, left, right)
VAR y, v, 8, 2z
SE® i = C1 FOR al
SEQ
PAR

left 7 v
mid 7 vy

. PAR
z 1= W
aid t 2
right ! v

tv +y
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T resnejfim opremislekom ob sliki 2b in
zgocnjem programu ugotovimo, da lahko le v n
transputerjih tetejo procesi sotasno in da je
zakasnitev pri izvajanju procesa PS5 kriva za
to, da procesi v ostalih m-1 verigah transpu-
terjev ne tetejo sotasno (a skalacnih produk-
tov). Slednje bi bdillo motno ob pogoju, da
procesa P1 in PS teBeta soBasno, vendar na eneam
transputerju tak8na procesa ne aoreta teli
satasno. Retitev Jje v Ulasovnem zaalku aed
sekvenlnima procesoma vsaj za en obhod zanke.

Tak¥no transformacijo bi zapisall v naslednji
oblikiz:
8EQ® 1=C0 FOR a1 8€EQ@
SEQ@ P(D)
PCi) => SEQ i=[0 FOR a-11
QD SEQ@
ei)
P(i+1)
G(a)
Occaaski progras z zgornjo transforsacijo

dobi naslednjo oblikot

PROC MULT (CHAM mid, left, right)
VAR y, v, &, 2
SEQ
left 7 v
mid 7 y
SEQ@ { = C 1 FOR o -~ 12
SEQ@
PAR
2 3= M & v +y
aid ! 2
right ! v
PAR
left 7 v
mid 7 y
PAR
zZ 12 m % v 4y
mid ! 2z
cight ! v
Hkrati s transformacijo smo re8ili tudi
problem pojava dead-lock stanja pri soliasnem
izvajanju pracesav P& in PS. te pagledasa
zantni del z2gornjega programa ugotovimo, da
imamo zaporedje dveh izhodnih in dveh vhodnih

koeunikaci jskih pracesov. V takénea zaporedju
solasnih procesov kaj hitro pride do sinhroni-
zaci jskih teZav in s tem do dead-lock stanja.
Tefavam se izognemo takog, da spremenimc ime
spremenl jivke vhodnima komunikacijswims proce-
soma in dodamo prireditvena procesa.

PAR

——— SE@
PAR left ? a

left 72 v =) v = a

mid 7 y 8EQ
- mid 7 b

y := b
Prireditvena procesa %elimo lotiti od koau-

nikaci jskih procesov. To bomo storili 2z nasle-
dnjo transformaci jo. Oznatimo s C1 in (2
komunikacijska procesa, s P in @ pa prireditve-
na procesa. Glede na to, da procesa C1 in C2
ne zatneta istodasno lahko zapidemo:

(€1 -> P)g (€2 -> @) = ((Ct => P) Q €2) -> @ =
(CZQ €t =->P)) ->a = ((CZg Ct) > P) =>a =
(C2ﬁ C1) -> P =>4 = (C1g €2) ->P -> @

te upaltevama zqornjo
na% pragrae kontno obliko:

transforeacijo, dobi




PROC MULT (CHAM mid, left, right)
VAR v, v, m, 2, a2, b
BE®

left 7 v
mid 7 y
S8EQ i = C1 FOR a - 12
BEQ
PAR
2 1= m ® vV 4y
mid ! 2z
right ! v .
PAR

left ? a
mid 7 b
v iz @
y t= b
PAR .
212 mE YV Yy
mid ! 2z
right ! v

Procesiranje podatkov v zadnjih dveh progra-
mih je popolnoma enako, razlika pa je v ten, da
v zadnjem programu ne
rezultata (aid ' 2), 'predno se ne izvedeta
vhodna sotasna procesa (left ? a, aid ? b).

6. ZTakljubek

Nedvomno je jezik occam v prisecrjavi s
sarodniai jeziki najprimernejé€i tako 2a opiso-
vanje strukture, kot za programiranje ' transpu-
terskega sistema in njegovih komponent. Na
primeru smo pakazali pamen podrobnejfe  anaslize
programskega
sledica neustrezne tasovne razporeditve proce-
sov je lahko neultinkovitost celotnegs sisteasa,

sore priti do izpisov

dela transputerskega sistema; po- -
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Komunikaci jski procesi igrajo pomesbno vlogo
pri izbiri tistih procesov, ki jih lahko zdruz-
Imo v sisteme sobasnih procesov. Pokazali sso,
da lahko sotasnosti formiramo na dveh nivojih:

a) kjer vel transputerjev deluje solasno,
ter

b) kjer na enem transputerju sodasno poteka
vel procesov.
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PROGRAMIRANJE Z MODULO -2
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V ¢lanku opisujemo programski jezik modula-2,

INFORMATICA 2/87

A. Brodnik, M. Spegel, T. Lasbaher
Institut »Jozef Stefan«, Ljubljana

Opis je razdel jen na dva dela., V prvem obravnavamo

osnovne podatkovne, ukazne (stavki) {n programske (moduli, podprogrami) strukturea. Tako je
podrobno opisan pojem wudula in z njim povezansga modularnega programiranja. Poleg tega opisujewmo
tudi osnovna natela sistemskega oziroma nizkonivojskega programiranja v moduli-2. Nadaljevanje
€lanka je namenjeno primerfavi Module-2 s tremi drugimi sodobnimi jeziki, in sicer & pascalom, ado

in z jezikom c.

1

Programming With Modula-2 1In this paper is a description of the Modula-2 programming language.
The description is dividad into two 'parts. 1In the first part, we discuss the essential data,
control, and programming struoctures of the lanQuage which separate Modula-2 f{rom other modern
languages, concluding wise the notation of a module and modular prograsming, and some principles
of system or low-level programming., In the second part of this contribution, Modula-2 is compared
to other three modern programming languages: Pascal, Ada and C.

1. UVOD
vV &lanku 2elimo v dveh delih predstaviti nov,
moderen proqQramski jezik. la celovit opis

jezika pa je okvir tega &lanka in njegoveqga
nadal jevanja preozek, poleg tega pa je bralcu
na voljo vrsta dobrih knjig C3, 7, 8, 14, 181.
Paé pa je namen nafega prispevka z opisom
bistvenih novosti in programirnibh molnosti
vzpodbuditi bralca k poglobl jenemu spoznavanju
tega nedvomno zelo sposobnega in morda enega
tewel jnih jezikov naslednjih let [2].

Programski jezik modula-2 je neposredni nasle-
dnik wmodule-1, oba pa izvirata iz pascala,
Osnovnin pravilom so bili dodani predvsem neka-
teri elementi paralelnega pascala ("Concurrent
Pascal")(5] ter molnost modularnega programirca-

nja. Zato osnove jezika tvorijo &e dobro
poznani stavki iz pascala [6, 91, ki pa so v
moduli-2 &e bolj poenostavljeni. S tem je

Jjezik pastal preglednejsdi, programi pa bistveno
bol} z2gofieni. Modula-2 ni bol j5a od pascala
samo v pogledu strukturiranosti, ampak omogoda
2 dololenimi wukaznimi strukturami tudi zelo
usinkovito programiranje na sistemskem nivoju.

Izkudeni programerji, ki sicer uporabl jajo ka-
tero od bolj izpopalnjenih razlidic pascala
€15, 162, bodo dejali, da vse to, kar sicer
prinaga mwmodula-2, ani lahko te precej &asa
uporabl jajo. To je res, vendar se moramo
hkrati zavedati, da so to le dialekti pascala,
medten ko s0 vei deli jezika, ki jih bomo tu
opisali, 2@ v osnovni definiciji module-2.
Opis jezika je osnovna tema drugega poglavja.
V tretjem poglavju, bomo prikazali nekatera
nadela modularnega programiranja, ¢&etrto po-
glavje pa je namenjeno prikazu zmoinosti modu-
1e-2 za sistewsko ali nizkonivojsko pragramira-
nje.

Vv drugem delu tega &lanka bomo primerjali jezik
s pascalom, ado in jezikom c. Pri tem se bomo
s@znanili 2z nekaterimi prav zanimivimi spozna-
nji. Videli bowo na primer, da ima modula-2
pravzaprav skoraj vse bistvene prednosti, ki
jih programerji sicer pripisujejo adi in c-ju.

V drugem poglavju nadal jevanja so 2zbrani &e
primeri nekaterih prevajalnikov za razliéne
operacijske sisteme in zanimiv priwmer povezave
module-2 s prolagom.

V dodatku sta priloZena kratka primera, ki naj
predo8ita molncsti modularnega in sistemskega
programiranja v moduli-2.

2. _Oois fezike wodyle-2

Pri razwifljanju o uporabi kak$énega programske-
ga jezika, morawmo vzeti v pretres predvsem tri
gradnikes podatkovne strukture, ukazne struktu-
re (stavke) in programske strukture. Opis
jezika smo zato razdelili nekako na tri dele.

Zaradi smotrne zgradbe jezika &o programi napi-
sani v wmoduli-2 C18] 2elo pregledni. Jezik
dabra padpira strukturiranje programov, in si-
cer tako v pogledu podatkovnih kot ukaznih
struktur, Razen tega modula-2 loti med veliki-
mi in wmalimi &rkami v imenih spremenljivk.
Preglednost programov poveluje %e zahteva, da
#0 vse rezervirane besede napisane z velikimi
Sckami.

Pri opisu jezika predpostavl jamo dolo&eno sto-
pnjo znanja katerega od algolskih jezikov, a
najbol je je poznavanje pascala.

2.1 Podatkovne strukture

Vsak programski Jjezik opozna nekaj osnovnih
tipov. Najbolj obilajni osnovni tipi so inte-
ger (cela f#tevila), rceal {(realna $tevila) in
boolean (logiéne spremenljivke) in jih najdemo
v velini Jezikov od fortrana C12) pa do ade
€13, 171, V ve&ini jezrikov algolskega tipa,
kamor sodi tudi modula-2, poznamo &e tipe ohar
(¢rkovna spremen] jivka), set (mnolica) in poin-
ter (kazelec).

Y wodulo-2 soc vgrajeni vsi zgoraj navedeni
tipi, poleg njih pa pozna jezik 8e nekaj tipov,
ki so wuporabni predvsem pri programiranju na




To sa tipi CARDINAL (nenegativ-
MORD (beseda), ADORESS (naslgov),
BITBET (mnolica bitev) in PROC (podprogram).
Vliogo teh tipov i bomo ogledali v fetrtem
. poglaviju taga prispevka.

2:1:1 Sestaviteni tiod

Podobno kot pascal pozna tudi modula-2 sesta-
vl jene podatkovne tipa. To so zapisi (RECORD),
zapisi z razliticami, polja (ARRAY), naftevalni
tipi in delnt tipi. Oglejwo si oblike defini-
cij za omanjena podatkovne tipe na naslednjem
primerus

ni2jem nivoju.
na ftevilal,

TYPE
zapis =
tapisi =

RECORD parti,
RECOROD
CASE selekt: BOOLEAN OF
TRUE: oht CHAR |
FALBE: oca: CARDINAL
END
END} .
ARRAY [1..103, £1..10] OF INTEGER}
(da, ne, mogoce)}
C0..933

part2: CARDINAL END;

palje =
nastej =
delni =

1 P v
¥V moduli-2 je obravnavanje spremenl jivk wmodno
vezxano na njithov tip, Ne' moremo na primer,
sedtevati celega in realnega 4#tavila kot v
pascalu. Prepovedano je celo seitevanje celega
in nenegativnega 4&tevila. Za premostitev teh
problemov obstaja cela vrsta funkcij, ki samo
na “logilnem nivoju pretvorijo tip spremenl jiv-
ke, na velikost izhodne kode pa nimajo vpliva.
Imena teh funkcij so enaka imenom tipov. Tako
lahko naredimo naslednjo pretvorbot

MODULE Primeriy
VAR c1 CARDINAL;
{t INTEGERg
BEGIN
i t= INTEGER (ec); o
END Primeri.

1= CARDINAL (i)

Saveda fe pretvar janje cmejenc le wmed tipi 2
enako dol?inc. Kot primer pravilne pretvorbe,
si oglejmo naslednji podprogrami

PROCEDURE Prepisi (iz: IzTipy
VAR vi vTipy
' VAR prepisanoi BOOLEAN);
BEGIN .
prepisano 1= TSIZE(IzTip) = TSIZE(vTip)}y
IF prepisano THEN v 1= vTip (1:)'END
END Prepisij

Klicani podprogram TSIZE je edesn redkih, ki

kost tipa, ki Je
besedah.

parapeter podprograma, v

2.2 Ukazne strukturs

Modula-2 pozna naslesdnje stavke:
- prirejanje
~ klic podprograma
~ vrnitev iz podprograma (RETURN)
- pogojni stavek (1F, ELSIF, ELSE)
- izbiralni stavek (CABE)
- izhodni stavek (EXIT)
- strukturni izbirni stavek (WITH)
- zanke
- nedolo&na (LOOP)
- pogoj na zabebtku (WHILE)D
~ pogoj na koncu (REPEAT)
- naBtevalna zanka (FOR)

Modula-2
stavkov,
zapisana.

torej ne uvaja nobanih bistveno novih
pat pa je le njilhova oblika lapte
Na primer, modula-2 ne pozna sssta-

so
definirani v sistemu module-2 in izraduna veli-
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vl jenega stavka (BEGIN END), ampak sa vsi
njeni stavki rcazen prirejanja, venitvenega In
izhodnegs kondajo z cezervirano hesedo END. v
primerjavl s pascalom lahko opazimo odvelnast
besedice begin na naslednjem primeru:

- MOOULE Primery program Primec

BEGIN begin
IF pogoJj THEN 11 pogoj then begin
staveki) staveki)
stavek2 stavke2
END end
END Primer, end.

Nove je tudi lolevanje posameznih wmoinosti v
izbiralnem stavku. Ta ima sedaj abliko:

CASE izraz OF
moznostt 1 Stavkii |
noznost2 + Btavki2
ELSE Stavki3

ENDj

2.3 Nadull in podprogrami

v Jliiku ni ved pod-
lahko zdruluje ved

Osnovna programska enota
program, temved modul. Ta
podprogramov in wmodulov. Modul in podprogram
se razlikujeta tudi v svoji zasnovi, saj je
modul le logidna, programska enota, ki obstaja
takarekod sama na nivoju izvarne kade in je
njegova vloga samo povelanje preglednosti pro-
grama. Po drugi strani pa podprogram predsta-
vl}ja osnovno izvajalno enoto in obstaja' tako na
nivoju izvorne kot tudi{ fzvajane kode.

2.3.1 Moduli

Madula-2 poznam tri tipe modulaov:
- programski modul
- definicijski madul COEFINITION)
- delovni modul C(IMPLEMENTATION)

Prvi slu?l kot osnovni uporabnikov program ali
kot ga poznamo v pascalu program. Oruga dva
tips modulov gta dodans predvsem zaradi zackro-
titve sistema jezika, s O8imer se ocdpravijo
razliéne uporabnidke knjiinice. Maodula-2 ne
pozna ved zunanjih podprogramov (external) ali
vstavljanja celih kosov prograsa (inolude),
ampak wamo navedemo modul, {r katerega telimo
uporabiti dololenc spramenl jivko (ta je 1ahka
pol jubnega tipa, tudi PROC!),.

Uporabnost definicijskih in delovnih modulav je
najbol} ofitna pri snovanju velikih projektov,
pri katerih vedno sodeluje vel 1judi. Takéno
praogramiranje zahteva razdelitev dela in dolo-~
ditev nekaterih skupnih to&k - spremenl jivk, V
primeru razvoja z wodulo-2 so spremenljivke
opisane 1z definicijskimi moduli. V definicij-
skih modulih torej snovalci opidejo kaj bodo
podprogrami detali, kakdéne bodo posamezne spre-
menl jivke in podabdno. Nato se programerji
lotijo vsak svojega dela, kar pomeni, ‘da vsak
izdela svoj delovni madul, v kateram se dolodl
kako se bodo izvajali.

Opisani postopek izdelave projekta v osnovi
omogoZa zelo enostavno popravl janje programov,
saj ni potrebno prevestl ozirom popraviti nite-
sar drugega kot modul, ki je napaden, seveda ni
pa edini molen nalin uporabe loBeneqga pruVAJA-
n}a posameznih modulov. Sicer lo&eno prevaja-
nje omogolajo e obifajne sistemske knjilnice,
ki pri drugih jezikih obstajajo izven opisa
jezika, medtem ko je pri moduli-2 vse vgrajeno
v sistem jezika samega. Podrobne je &i bomo
ogledall nalela modularnegs programiranja v
tret jem poglavju.

Nasladnja posebnost modulov je vel javnost\spre-
menl fivk., Oglejmo s, kako v woduli-2 dostopa-
mo do spremenljivk. Osnovno programsko enoto -



nodul! si lahko predstav] jamo kot zaprt prostor,
v katerem nam je vse vidno, zato pa ne vidimo
nifesar zunaj tega prostora. Ce %felimo videti
kakéno stvar, ki je zunaj oprostora, si Jo
morawo posebej dodefinirati: sprejeti jo moramo

v modul. V wmoduli-2 to naredimo s stavkom
IMPORT. Ne morewmc pa sprejemati poljubnih
spremenl jivk, ampak samo tiste, ki so na voljo

v zunanjem svetu. Da lahko neka spremenl jivka
ohstaja v zunanjem svetu, jo mocramo iz wodula
oddati. Za to sluii stavek EXPORT. Torej si
lahko vse oddane spremanljivke predstavljamo
kot nekakdino prosto blago, ki ga lahko sprejme
katerikoll modul. ’

To naéelo modulov je tako mobdno, da tudi
vsebina vsebovanih modulov ni poznana osnovnamu
modulu, Da bo stvar Jjasnejdéa i poglejmo
naslednji priomer:t

MODULE Enayg
VAR x, y, 23
MODULE Dvailyg

EXPORT a, by
VAR a, b, c3
BEGIN
(# tu so dostopne
spremenl jivke a,
END Dvatg

CARDINAL
CARDINAL
b all c ®)

MOOULE Dva2y
IMPORT x, aj
VAR v, 8, t1
BEGIN
(¢ dostopne so spremenl jivke
x ali Ena.x, a ali Dvat.a,
C, 8, t &)
END Dva2y
BEGIN
(# tu pa spremen] jivke x, y, 2
in Dvat.a all a #)
END Ena.

2.3,2 Podpraqrami

Poleq modulov wmodula-2 4de vedno pozna tudi
podprograme. Njihova definicija je podobna kot
pri pascalu, adi ali drugih jezikih. Parawmetri
podpragramovy so lahko klicani po vrednosti ali
po naslovu (referenci). V podprogramu nekega
modula so vidne tudi vse zunanje spremen! jivke,
ki pa so definirene v tem modulu. Dostop do
ostalih spremenljivk je molen preko oddajno/v-

CARDINAL ¢

nosnih struktur. 1a laljo predstavitev naj
alu?i naslednji priwver:
MODULE 6lavnig
VAR ot CARDINAL;
MODULE Enaty
EXPORT ay
VAR at INTEGER;
END Enaty
MODULE Ena2y
IMPORT a, o}
EXPORT Prirediy
PROCEDURE Priredi
BEGIN
a1=INTEGER (@)
END Prirediy
END Ena2;
BEGIN
Prirediy
END 6lavni.
V podprogramu lshko nastopa tudi venitveni
stavek (RETURN), ki pomeni takojden zakl julek
izvajanjas podprograma. Ce tega stavka nl, se
venitev izvede, ko izvajanje podprogram pride

do konca (END).
grama sledi venitvenemu stavku lzraz,
vrednost funkcl je.

V primeru funkci jskega podpro-
ki dolcta

Definicija funkcijskih podprogramov je pri wmo-
duli-2 in pascalu cazliéna, saj Jih pri pasaalu
oznaduje rezervirana beseda funotion. V wsadu-
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11-2 funkecijo lo8imo od podprograma le po tem,
dg Je v glavi definicije naveden tip. Primer:

PROCEDURE PraviPodprograng
BEGIN
END PraviPodprogramnyg

PROCEOURE Funkoi jas
BEGIN
END Funkeci jag

tipg

Pri definicijt tipov podprogramskih
obstajaja nekatare molnosti

parametrov
sprodtania slicer

trdnega sovpadanja tipov. In sicer lahko upo-
rabimo splodne tipe:

- WORD: osnovna ralunalnidka beseda, sicer
posplodenje kateregakoli tipa, ki Je dolg
eno besedo

~ ADDRESS: kazalec na poljuben tip, sicer je

definiran kot
ADDRESS = POINTER TO WORD
- BITSET: poljubna mnolica, sicer mnolica 1&
bitov
~ ARRAY OF tipt odprto pol jte pol jubnega tipa,
katerega velikost lahko dolodimo s funkoijo
HIGH

Sistem jezika pozna zelo malo standardnih funk-
cij in podprogramav. 8 tenm se je jezik izagnil
odvisnosti od dolodenega operac! jskega sistema
all radunalnika. Vsl standardni podprogrami
izvirajo Lz definicije Jezika in omogolajo
predvsem bolj pacvametrirzirano pisanje progra-
nov. Seznam standardnih podprogramov si lahko
bralec ogleda v knjigi C181.

Na tem mestu naj posebej poudarimo, da podpro~
grami za branje z razli&nih enot oczicraoma dato-
tek ostajajo povsem uporabnikova skcbd, Vendar
proizvajalei prevajalnikov vednao dodajajo si-
stemu jezika nekak#éno standardno mnolico wmodu-
lov, ki omogofajo bralne in pisalne operaoije
na razline snote ter ostalo osnovno delo 2
operaci jskim sistemom. Hkratl se v svetu vedno
bolj Cfuti potcreba po standardizaoiji teh wodu-
lov. Oololan naj bi dil predvsem vmesnik nmed
modulo-2 in vhodno-fzhodnimi funkoijami, ki so

odvisne od posameznega sistema. Delovno inme
tega projekta je O0S8I in pomeni Operating
System Standard Intecface C1l, 1lzvaja se na

vatih mestih, njegovo sredite pa je v luriohu.

2.4 Proaesi

Kot nasledstvo concurrent pascala so prooesi.
Proces predstavl] ja zaporeadje ukazav, ki se
izvajajo neprekinjno. Proces je tudi nekako
osnavna fizidno fzvajana encta. Modula-2 owo-
gota uporabo sorutin (coroutines), kar pomeni,
da nima vgrajenega raiporejevalnika. Proces
tahko pofenemo s podprogramom TRANSFER, ki
preda nadzor od trenutnega procesa naslednjemu,
ki je naveden kot parameter. Podrobnejdi opis
tega mehanizma sledi v Setrtem poglaviu.

3. Hodulacno proacemiranis

Dandanes, ko cena strojne opreme vztrajno pada
in se cena programske opreme dviguje, postajajo
nalela ulinkovitega programiranja vsa balj pa-
mambna. Prav modularno programiranje se je
izkazalo za eno od temel jnih natel., V IDA so v
sedendesetih letih sestavili celo ekipo stro-~
kavnjakaov, ki naj predlolila nov jezik, ki bo

omogolfal hitro in ulinkovito, torej modularno
progeamiranje. Nastala je ada., Vendar se je
kmalu izkazalo, da je jezik prevelik, zaradi
desar nikakor ni mogel dobitf{ dicSega podcob ja
uporabe. Hkrati z njin se je pojavil manjéi,
vendar $e vedno elo uBinkovit jezik - modu-
la-2.
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3.1 Delitev na wodule

Sedaj, ko smo dobili molnast
modulav, Jih moramo £e nekako pametno uporabi-
ti. Vedina pgrogramerjevy si vedno postavlja
vpratanje: "Kaj sodi v. en modul?".

uparaba lodanih

Odgovor, ki
bi se naslonil na dejstvo,
kakrénegakali pro jekta padatki in njihove
strukturs navadno pomenbnejde kot nadzocne
strukture. Tare} velemo modul na pojem podat-
kovne strukture. Ponberger [11) sicer navaja
$e vel nalel pri delitvi programa na module,
vendar na konou veeeno ugotavlja, da so podat-
kavne strukture najpomemdbnejdi dejavnik, ki
dolo&a vsebino modula. Zmeraj pa to ni res.
Kot aprotiprlmor s0 moduli, ki upravljajo ra-
z1i&ne enote (driver, handlec).  V drugem delu
8lanka bomo v enem od primerov predstavili
takf@en modul,

da so pri 4dizdelavi

3.2 Kakn so wmoduli povazani

Seveda mora modul vseeno #e ohranjati stik z
okolico. "V ta namen nam slulijo nekatere
spremenl jivke, predvsem pa razli&nl podprogra-

mi. Ker so podprogrami del modula, je s tenm
zagotovl jena varnost podatkov pred napadno upo-
rabo. V moduli-2 dosefemo povezavo t oddajo in
vnosom dololenih spremenljivk (EXPORT in IMPORT
stavek). Naj zzopet poudarimo, da je spremen-
ljivka lahko pol jubnega tipa 4in torej lahko
tudi tipa PROC! Okolica seveda natandno pozna
tipe oddanih sprewmenl jivk in tudi parametrov v
oddanih podprogramih e v &asu prevajanja.
Prav mofna zahteva po sovpadanju tipov je aeno
od osnavnih naZel wodule-2. 8 tem so tudi

odpravl jene tako pogoste powote, ki sicer rade
nastopajo v drugih jezlikih (fortran, pl7/1 in
drugi).

Za priwmer, kaj bi poverovelo nek wmodul 1z

zunanjostjo, si oglejmo wodul, ki hrani podat-
kovno strukturo sklada. Snisalno je oddati le
podprograma Vstaviiin Vzemi ter tunkegji Prazen
in Poln. To v moduli-2 definiramo na naslednji
nafing

DEFINITION MOOULE NadzornikSkladag
EXPORT Vstavi, Vzemi, Prazen, Polnj
PROCEDURE Vstavi (el:r CARDINAL);

PROCEDURE Vzemi (VAR @lt CARDINAL)
PROCEDURE Prazen (): BOOLEAN{

PROCEDURE Poln ()1 BOOLEAN;
END NadzornikBklada,
To Jje za n‘koqn, ki* 2eli uporabljati sklad

povsem dovol §.
dom,

Kako programer deluje nad skla-
za njsga ni valna. .

3.3 LoGeno DQ’VDJIHJI

S tem, da smo razbili grogram na module, nismo
le zad#6itili posameznih podatkovnih struktur
ali daostopov do razli&nih enot, ampak smo
pridobili tudi molnost, da lahko vsak wmodul
prevajamo povsem neodvisno od ostalih. Kot
dokaj preprost & zelo pomemben primer uporabno-
sti lotenega prevajanja [4] Je vzdrievanje
programske opreme. Reoimo, da se v obdobju
izkori&8anja nekega programskega paketa izka-
le, da je sklad, ki ga uporabljamo preko modula
NadzornikSklada premajhen. Vse kar je traba
spreaeniti, }e delovni modul, ga prevesti in
ponovno vse skupajd pov-zatf, Ostali moduli se
pri tem prav ni& ne spremenijo!

Naj na kancu poglav)n navedemo 4# delovni wmodul

bi bil plod glab!l jega pramisleka,
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NadzornikSklada, kot bi ga napisal povpreden
programer. Ce pa boste imeli problema z  veli-
kostjo sklada, povefajte konstanto StacklLimit.
V primeru, da vam tudi to ni dovolj, lahka
napitete nov wmodul, ki bo sklad hranil na
datoteki, Vendar pozar! Ostall programi .ase
tudi v tem primeru ne bodo prav nit spremenili!

IMPLEMENTATION MODULE NadzornikSkladag

CONST VelikostSklada = 1000y
VAR sklad: ARRAY C41..VelikostSkladal
OF CARDINALg
n: CARDINAL}

PROCEDURE Vetavi (el:
BEGIN
IF n < VelikostSklada THEN
ni=n+1; skladlnl = el
END -
END Vstavig

CARDINAL)

PROCEDURE Vzemi (VAR el: CARDINAL)j
BEGIN

IF n > O THEN

el 1= skladlndy) ni=n-=1

END
END Vzewmly
PROCEDURE Prazen ()1 BOOLEAN;
BEGIN

RETURN n = O
END Prazeny
PROCEDURE Poln ()r BOOLEAN;
BEGIN

RETURN n = VelikostSklade
END Palng

"BEGIN (# Inicializaocija modula %)
n =0 i
END NadzornikSklada.

4, Sistemske programiranie

Mo2nost sistemskega ali nizkonivojskega progra-
miranja (low level programming) je sna bistve-
nih postavk, ki jih mora omogodati sodoben
programski jezik. Vsekakor mora biti wmolen
dostop do poljubnih naslovov v pomnilniku in
pisanje prekinitvenih podpragramov. Prav sle-
dnja zahteva je mo&no povezana s pojmom procesa
in 4e balj ¢ pojmom paralelnih procesov. Modu-
la-2 je v pagledu zmolnaosti opisovanja paralel-

nih procesov zelo molan jezik. 2e v osnovi
pozna pojem procesa. Procesi se izvajajo kot
sarutine (coroutines), vendar lahko wuporabnik

ob ustrezni zunanji prekinitvi napide razpore-

jevalnik (schedular), ki omogola navidezno so-
tasnc izvajanje vedih procesov. -V drugem delu
2lanka bamo mad primeri prikazali prav takden

razpore jevalnik.

4.1 Dostop do posnilnika

Modula-2 omogola dostop do po!l jubnega mesta v
poaniiniku na dinami8ni ali statidni nadin.
Stati&ni nasin (podobno kot 'pri OMSI pascalu

€10)) pomeni, da ob
navedemo tudi mesto,

detiniclji spremenljivke
k jer se nahaja.

VAR .NaNaslovui0 C10): CARDINAL;
Dinamilan dostop pa je molen preko iplolnlqn
tipa ADORESS, ki je definiran v madulu BYSTEN
in ima pobliko:

TYPE ADDRESS = POINTER TO WORD;g

Taka lahko uporabl jemo opisano mesto v bonnil-
niku tudi na sledel nadin:



MODULE Primer2;
FROM SYSTEM INMPORT ADDRESS;
CONST xxx = 0y
VAR a: ADDRESS;

BEGIN
a t= ADDRESS (10)
a2t t=m xxK} (# NaNaslovuiQ #)

END Primer2.

Sicer pa lahko definiramo tudi celoten, recimo
16-biten pomnilnik kot polje na naslednji na-~
eins

CONST MaxNaslov = 17777783
VAR Pomnilnik C0B31:
ARRAY [O0..MaxNaslovl OF WORD;

4.2 Prooesi in prekinitveni padprograsi

Za latje razumevanje moinosti pisanja prekini-
tvenih poadprogramav v moduli-2 si najprej o-
glefmo, kako jezik uporabl ja procese.

Proces je definiran kot osnovna izvajalna ano-
ta, ki se izvaja zaporedno (sekvenfnoc). Eeveda
lahka nek praces prali in ustvarja druge proce-
sa. V moduli-2 je proces poseben tip, ki ga
oddaja modul SYSTEM. V dodatku Kk definicijam

Jezika [18] je ta tip sicer opudlen, vendar ga
bomo v nadih primerih zaradi preglednosti &a
uporabl jali. Nawmasto ¢tipa PROCESE se sadaj
uporabl ja enostaven tip ADDRESS. Proces se
{izvaja zaporedno in neprekinjenao, dokler ne
polene nekaga drugega prooesa. To L{zvede s
podprogramom
PROCEDURE TRANSFER (VAR od, komus PROCESB)

ki ga oddaja zopet modul SYSTEM. Ta madul tudi

ocddaja podprogram

PROCEDURE NEWPROCESS (ps PROC; &3 ADDRESS;
nt CARDINAL}
VAR pr: PROCESSB) |

kjec je p podprogram, ki se bo izvajal kot
samostajen proces. Svoje spremenljivke (sklad)
bo imsl v prostoru, ki se pridne na mestu a in
Je velik n besed. Vse potrebne podatke o novem
ficocesu shrani podprogram v parameterc pr.

Naslednji korak je povsem razumljiv in sicer
definiramo podprogram, ki posluluje neko preki-
nitev kot nov proces. Praoblem je le de, ksr ga
je treba v pravem trenutku pognati s podprogra-
mom TRANSFER. V ta namen modul SYSTEM oddaja
de @n podpragram, katerega definicijo bowo
napisall sedaj za radunalnike, ki imajo preki-
nitve vektorirane.

PROCEDURE IOTRANSFER (VAR kowu, odi PROCESSj
vektar:s CARDINAL) Y

V bistvu sistem ob klicu tegs podprograma
povaia proces ad z vektorjem vaktor in polene
proces kowmu. Ta se izvaja, dokler se ne zgodi
prekinitev in takrat se zopet polene praces od.
Tako dobimo skelet prekinitvenega podprograma:

PROCEDURE Skelet)
BEGIN
Inicializaoi jay
LOOP
JOTRANSFER (program, posluzi, vector)y
PosluziPrekinitev
END
END Skalet)

Primer tak#nega podprograma bomo navedli v
nadih primerih, ki bodo navedeni v drugem delu
Slanka.
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2. Zak)lubek
Na tem mestu zakljuBujemo prvi del! nadega
prispevka. V njfem smo feleli padatl osncvne
tmolnosti programskega jezika modula-2. V sgko-

pih bemedah smo opisali osnovne podatkovne,
ukazne in programske strukture jezika.

V nadal jevanju smo opisali osnovna nabela mo-
dernega nalina pragramiranja, za katerega se js
v svetu udomalil izraz modularno programicanje.
ladnje poglavje prvega dela opisuje mofnosti
nizkonivojskaga in sistemskega programiranja v
moduli-2,

kahvala

1a veo pomod pri snovanju besedila in dragocene
nasvete pri iskanju primecnih slovenskih izra-
zov za angledke besede se najlepde zahvaljujenm
prof.dr.Bokt janu Vilfanu.
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'NOVICE IN ZANIMIVOSTI

= All bo fizika lzrinila matematiko =
= S prvega mesta med znanostmi? =

Razgovor Tony Durhamsa z dr. Davidom Deutschem

o moznosti, da matematiko pre2enemo z njenega

platoni¢nega oblaka in da fizlika zavzame njeno
mesto prve med znanostmi.

Matematika je kot prvse med znanostmi izzvana.
Ce bo prevrat uspel, tvega izgubo statusa tudi
racunalniske znanost, ki ta staus uziva kot
veja matematike, ¢Ceprav je prl tem tveganje
majhno. lzid je lahko povsem drugac¢en, ¢e bi se
pokazalo, da racunalnisk znanost (kot obitajno
imenujemo znanost o racunanju) sploh ni del
matematike.

lzzivalec je fizika. In ee fizika postane nova
kraljica znanosti, bi lahko, kar je
presenetljivo, ratunalni8ko znanost priznali za
prvega ministra. Poseben nami8ljen raéunalnik
namre¢ igra pomembno vlogo-v miselnih poskusih,
s katerimi poskuSajo fizlki wutemeljiti svoj
naskok.

Kdo je komu potrebnejsi? Fizika se je. zaupala
matematiki kot .Jeziku, v katerem je lIzrazlla
svoje najgloblje in najsplosnejse trditve. 1In
vendar 8o matematién! zakonl v nekem smislu
zelo 8ibki. S splo8Snimi {izrazi opisujejo, kako
se obnasajo vellki filzikalni sistemi, ne
reSujejo pa problemov podrobnega simullranja
pol jubnega fizikalnega sistema, ki je v bistvu
problem radunanja.

Na drugi strani se je matematika vedno videla
2ivedo v platonskem svetu, na nek nac¢in
presegajoco manjvredne posebnost!i in izjemnosti
fizlkalnega sveta. Toda ta pogled je v
nasprotju Z materialistiéno komponento v
znanosti, ki kot se =zdi, puSéa 'vse man]j
prostora za koncepte ¢istegsa, od matertije
neodvisnega umevanja. 2a materialiste je tudi
matematika le rezultat dela
racunalnika ali kakega drugega fizieénega
sistema. Potemtakem .ffzika postavlja meje
dosezkom matematike.

Lahko bi (in wverjetno tudi bodo) napisali
obse2ne knjlgek ki bi razlagale argumente ene

in druga strani{. Nobena stran pa si ne more-

privosc¢iti oSabnosti, saj je 20. stolet]e
pokazalo, da obstajajo stvari oziroma pojavi,
ki Jih ne more poznati niti matematika niti
fizika.

Teorija kvantne fizlke dokazuje, da nateloma ne
moremo ,poljubno nataneéno fizmeriti{ vrednosti
vseh spremenl!jivk nekega fizlénega sistema. Ce
fzmeris natanéno vrednost ené spremenljlvke, se
ti bo vrednost druge, po Heisenbergovem
principu nedologenosti, neizbezno lzmuznila.
Goedlov tzrek in Stevilni sorodni rezultati v
matematik! dokazujejo, da obstajajo trditve, ki
SO resniéne, ne moremo pa jlh dokazati.
Nekateri domnevajo, da med obema rezultatoma
obstaja globoka povezava, kil postavlja meje
tako matemati¢nemu kot figikalnemu znanju,

Kje ob vsem tem stoji racunalni8ka znanost?

mozganov, -

Alan Turing je prvi poskuSal doloefti, kaj je
mogoce lzracunatl 's strojem. V ta namen je
moral najprej ustrezno definirati strof.
Niegova definicija v dolocenem smisiu velja za
vse poznane racéunalnike. Logik Alonzo Churech fe
razmi8ljal v podobni smeri. Oba pa sta svoje
rezultate oblikovala znotraj okvirov, ki so v
bistvu matematieéni In, v nasprotju s splosnim
prepricanjem, jlma ni uspeio dokazati, da meje,
ki sta jih upoStevala, res veljajo za vsak
racunalnik. Domneva v obliki ti. Turingove-
Churchove hlpoteze je 8e vedno le domneva.

Ker je omenjena hipoteza oblikovana matematiéno
(se pravi s sredstvi matematike), upraviteno
pricakujemo, da bo tak tudi lzziv oziroma
ugovor proti njej. Ceprav je presenetljivo, se
dozdeva, da to hipoteto lahko ovr2ze (fizika.
Pri tem velja Se vedno nelzrecena pa vendar
upo8tevna domneva, da nas matematicéna
definicija ratunalnika osvobaja nepotrebnih
fizikalnih omejitev. A nekateri pomembnejsi
zagovorniki fizikalnega pogleda menijo, da je
matematika tista, kil trpi zaradi nepotrgbnlh
omejltev. Domnevajo, da imajo fizikalni silstemi
morda sposobnost racunanja, ki presegajo tiste,
ki- jih 1lahko dose2emo z golo matemstiéno
manipulaci jo simbolov.

Dr. David Deutsch iz Oxfordske univerze je eden
vodilnih med zagovorniki pogleda, v katerem ima
fizika prvo mesto. Ukvarja se s teoreticenimi
raziskavami racunalnikov, ki se pokoravajo

zakonom kvantne fizike.

Med vsemi teorijami, ki razlagajo fiziéni svet,
ponuja najbolfso razlago kvantna teorija skupa]
z relativnostno teorijo Alberta Einsteina. Za
vee¢ino 1judi so pojavi, ki jih napoveduje,
nenavadni in v nasprotju 2 intuijcijo, vendar so
napovedi potrjene s poskusi. Kvantni ueinki
obicajno ostajajo prikriti, razen kadar je
sistem, v katerem jlh opazujemo, zelo mrzel ali
zelo majhen. Zato se zdi, da v obicajno vellkih
topllh sistemi, veljajo zakoni klasiene fizike.

Eden najbolj nenavadnih vidikov kvantne fizike
je, da na potek dogajanja poleg dogodkov, ki se
dejansko zgodijo, vplivajo tudi dogodki, ki bi
se lahko zgodili (pa se niso). Elektroni,
usmer jen! eden za drugim proti ovirl =z dvema
rezama, oblikujejo na zaslonu za oviro vzorec,
ki je drugacéen, kot ¢e bl bila re2a le ena
(oziroma ¢e bt lzmeniéno zapirali po eno rezo).
Ce lahko gre elektron samo skozi eno re2o, kako
2e sama prisotnost druge reze, vpliva na
njegovo gibanje?

Deutseh je svo) ¢as menil, da nalaga 'kvantna
mehanika nove omejitve zmogljivostim
Turingovega stroja. K sre¢i pa je ugotovil, da
se moti. Stroj, ki bt ustrezal Turingovemu
stroju, vendar bi bil zgrajen iz abstraktnih
kvantno-mehansklh komponent, -bt’ imel
zmogl jivosti, ki jih navaden Turingov- nima.

Tak . stroj ne more lzracéunati funkeij, ki niso
izracéunljive s -Turingovim - strojem, niti ni
pokazano, da kaksno funkei{jo izrac¢una hitreje.
Kadar na vprasSanja obstaja le en odgovor, ga
vsaj kolikor nam je do danes znanega, kvantni
ra¢unalnik ne bo nasel hitreje kot ksk drug.

Vznemirl fiva razllka pa nastop{ kadar resujemo
probleme. Problem ima namreé¢ lahko vet
odgovorov, 'od katerih vsak wustreza en! od



resitev. Deutsch jJe dokazal, da lahko kvantni
racunalnik pospesi reSevanje problemov.
Probleme, ki imajo pri-reSevanju s Turingovim
strojem eksponentno ¢asovno zahtevnost (t].
¢as potreben za jzracun raste eksponentno 2
naras¢anjem velikost! problema), je s kvantnim
gracunalnikom mogode re8iti v Casu, ki fje
polinomsko odvisen od velikosti problema.

Na 2alost je Deutsch dokazal svoje rezultate le
za skonstruirane probleme, ki o¢itno nimajo
praktiéne uporabe. Kljub temu imajo njegova
dognanja vsaj simboliten pomen; Kk uporabnejsim
rezultatom nas bodo pripeljala pozneje.

Kvantni ratunalnik sam seveda obstaja le
teoreticeno., . Deutsch trdi, da je njegov model v
skladu s fizikalno teorijo, ceprav je
abstrakten in ne doloca, kaksni so v njem
sodelujoei sistemi: so to molekule,
superprevodne zanke, ali elektroni ujeti v
"kvantne vodnjake"? Tehnologlja bo morda tudi
temu problemu neko¢ kos.

Morda najbolj§ nenavaden pri tem teoretié¢nem
racunalniku jJe na¢in, s katerim dosega hitrost.
Deutsch ga Iimenuje "kvantni paralelizem".
Povedano enostavno: stroj obstajs hkratt v vee
vzporednih svetovih. V vsakem od nfih 1izvaja
rahlo drugaé¢no racdunanje. Na koncu se rezultati
zdruzi jo in uskladijo.

Deutsch verjame "Everettovi interpretaciji®

kvantne mehanike, ki so. jo popularizirale
knjige, kot je npr. Ostall svetovl (Paul
Davies, Other Worlds). Za obiecajne

interpretacije je obstoj vzporednih svetov le
moznost ali celo lizmislek flzikov, ki naj
pomaga pri dolocenih izraéunih. Everettova
interpretaci ja pa pravi, da so vzporedni sveto-
vi resnié¢nost.

Sprva so menili, da je razlika v interpretaciji
bolj filozofske kot fizlkalne narave. "Veljalo
je mnenje, da gre le zs razliéne interpretacije
istega formalizma, saj so vse interpretaci]je
predvidevale enske eksperimentalne rezultate",

pravi Deutsch, "toda menim, da je bila
Everettova interpretacija celo tedaj
neizogibna, sa] so po mo jem ostale

interpretaciije pomanjkljive s filozofskega
staliseéa. Seveda pa to ne more bitli argument za
fizika."

"Toda v zadnjih letih" nadaljuje Deutsch, "se
je pokazalo, da je ime interpretacl ja napaéno.
Everettova verzija kvantne teorije se rahlo
razlikuje od obicajne, njeno razllénost pa
lahko, wvsaj v nacelu, pokazemo s poskusi.
Domnevam, da sem prvi, ki je objavil mo2nost
takega poskusa',

Deutsch smatra, da njegov miselni poskus s

kvantnimi racunalniki zahteva odloenejsi
odgovor, kot znani poskus z dvema rezama. "Pri
ra¢unanju nastane nekaj novega", pravi. "V

vsaki vejl nastane novo znanje, nova, koristna
informaclija. 1In te2je kot v primeru poskusa 2
elektronom filozofsko reéemo, de gre z8a
razlieéne moznosti, k| so kombinirane ena 2
drugo, dale koné¢ni rezultat. V dolocenem smislu
gre res le za razliéne stopnje, v drugem pa se
teze izmikamo, saj nastane nova informacija. Od
kod je prisia? Kdo jo je oblikoval?"

Zares tezko bi =zanikali obstoj vzporednega
sveta, - ki bl 2a nas opravljal koristno
raéunanje.

Obstaja domneva, da vsebuje mnozica problemov,
ki jih obvliadamo s kvantnim racunalnikom
(Deutseh fih je {fmenoval qp-problemi), kot
svojo podmnozico enoc od posebnih skupin
problemov, neobvladljivih s Turingovim strojem.

To so np-kompleti oziroma npc-problemi. Pomem-
bni so zato, ker bi hiter algoritem za reSeva-
nje kateregakoli npc-problema avtomatiéno za-
gotovil reS8itev vrste druglh, domnevno nere-
§1jivih problemov.

"To je", kot pravl Deutsch, "zelo vznemirljlva
mo2nost, ki je ne smemo izkljuelti., Ne vemo.
Toda odkritje vsaj enega gp-problema, ki bi bil
hkratl tudi npe-problem, bi popolnoma
spremenilo racunalni8ko znanost in nas celoten
pogled na svet, saj bl pomenilo, da obstaja
naéin za reSevanje doslej neresSijfvih
problemov."

A zalostno dodaja: *"Imam zanesljiv ob¢utek, da
stvar ne bo delovala".

Na} bo kakor koli. Delo Deutscha je 2e
prispevalo svojo tezo ldeji, naj racunalniska
znanost stoni bolj na fiziki kot na matematiki.
In danes je racunalniska znanost pomemben del
fntelektualne sfere. Matematiki bodo morali
zbrat!{ svoje intelektualne sile, te 2elljo
ostati na vrhu drevesa znanosti.

Computing, December 11, 1986
Prevedel Ivo Séavnicar




HOTEL ACCOMMODATION

Accommodation for parficiponts will be providad in the
hotels of A and B categary. Participonts wishing accom-
modotion should send in their hotal reservation forms
by April 30, 1987, following which price lists for accom-
modation will be received and booking made.

Please note that the number of single rooms is very limi.
tod, therefors your indication with whom you would like
to share o double room will ke appreciated.

PRESIDENTSHIP OF THE ORGANIZING AND
PROGRAMMING COMMITTEE

President

Dr ~Zii(:vd Haznodar, Professor ot the Faculty of Electrical
Engineering, University of Zagreb

Vice-Prosident

Dr Vesna Jurtec, Adviser at the Hydrometeorological . -
InsiitAe, Zogreb

Secrotfories

Mr Seod Berberovi¢, Assistons Lecturer, Faculty of
Electrical Enginsering, University of Zagreb
Dubravks Pavlovié, ATLAS, Trovel Agency, Congress
Deparimeni Zagreb
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CAD hos become the initial madule of Compuler Inte-
grated Manufacturing — CIM, wide spread in a great
number of industries. '

The Symposium CAD/CAM 1987 once ogein provide all
engineers, doctors, resecrchers and scientists inferested
in theoretical and opplied work on CAD and CAM or
whose work involves application of computers in reseorch
and education, with good opportunity to exchonge ex-
parisnce and knowledge through talks, discussions and
meetings.

SUBJECT OF THE SYMPOSIUM

A, CAD/CAM systom componenty

Al System software, compuler architecture

A2 A lic, robotic, flexib! turing systems
A3. Analysis, synthesis and optimizction techniques
Ad. Informotion structures, business systems

8. CAD/CAM application areas

Bl. Architecture and civil engineering

B2 Shipbuilding and mechanical engineering

B3 Ecology, meteorology, oceanclogy

Bd. Electric.power and electro-mechanicol engineering
85. Elsctronics

B6. Medicine, medica! information systems

B7. Forestry, wood industry

SUBMISSION OF PAPERS AND DEADLINES

Registration forms, duly filled in, with summaries up to
500 words, which illusirate the content and purpose of
the poper, should be submitted by Febrwory 18, 1987, to
the oddress of lechnical organizer = ATLAS, .Congress
Depariment. The sslected papers, wrilten in accordance
with the instructians (which the authors will recsive with

v

nolification ‘on the provisionc! ccceptance of the paper
on the basis of the summary), should be sent in by April
24, 1987, Poper longer than six poges will not be cccep-
ted. The speckers will have of their disposal a slide-pro-
jector, overhead-projecior, video recorder ond videc
projector {(VMS system).

REGISTRATION FEE

Registration fee amounts 1o US dol! 100, ond covers
participation fo the Symposivm and o copy of the Pro-
ceedings. Poyment should be mode by a bonk cheque
addressed to ATLAS, ond sent to the oddress of technical
organizer.

LOCATION

The Symposium will be held in the Congress hally of the
Zagreb Internationa! Foir, Boris Kidri¢ Avenve No 2,
Zagreb.

EXHIBITION

The Symposium will be part of o specialized even)
INTERBIRO - INFORMATIKA, to be orgonized by the
Zogreb Internctional Foir from October 12-16, 1987, All
parkicipants will have free eniry to the exhibition, where
manufacturens from,Yugoslavia ond abroad will be exhi-

" biting the latest ochisvements in the field of computer

technology and CAD/CAM equipment.

LANGUAGES

guoges ot the Symp are English and
with simultaneous interpretation,

The official lar
Y 0 1 1,

ADDRESS OF THE TECHNICAL ORGANIZER

"ATLAS - Congress Department

Trg senjskih uskoka 7
41020 Zagreb, Yugoslavio
Phone: 41/525.333, 528-094
Telex: 22413 oticon yu
Telefox: 41/525-468
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SYMPOS!IA on New Generations of Computers - NG
Sponsor: SOZD ISKRA, DO "I1SKRA DELTA" LJUBLJANA

Rijeka, 18-22 May 1987
OPATI1JA, "Adriatie" Congress Centre

Topics: New architecture - experiments and results of measure-
ment, characterictics evaluation, parallel work problem, paral-
lel systems programming, programming languages, man-machine
communication, artificial intelligence, scientific applications,
and other applications where high computer processing power is
needed.

Co-ordinators:
Prof. dr. Anton 2eleznikar, mr. Petar Brajak, DO "ISKRA DELTA",
61 000 LJUBLJANA, Parmova 43, tel. (061) 312-988

A

Thursday, 2!. 05. 1987
08.00-14.00 NG-YU-MAGIC ( invited papers )

Prof. dr. Suad Alagi¢, ETF Sarajevo: CONCEPTUAL MODELLING-OBJECT
ORIENTED APPROACH;

Prof. dr. Jozo Dujmovie¢, ETF Beograd: COMPARISON AND PERFOR-
MANCE OF HIGH-LEVEL LANGUAGES FOR NEW GENERA-
TION OF COMPUTERS

Prof. dr. Veljko Milutinovi¢,Purdue University, West Lafaette,
Indiana, USA: MICROPROCESSOR DESIGN FOR GaAs TEC-
HNOLOGY ;

Prof. dr. Branko Soucek, University of Arizona, Tuscon, Arizona,
USA: 6-th GENERATION COMPUTERS;

Prof. dr. Dalibor Vrsalovlie,Carnegie-Mellon University,
Pittsburgh, USA: PARALLEL ARCHITECTURES AND PERFOR-
MANCE ANALYSIS;

Prof. dr. Anton P. 2Zeleznikar, ISKRA DELTA Ljubl jana: ARTIFICIAL
INTELLIGENCE EXPERIENCES ITS OWN BLINDNESS.

14.00~16.00 Lunch

16.00-17.30 Papers ~ group "architecture"

A. P. 2eleznikar: STRATEGY OF COMPUTER INFORMATION IN THE 1990's

8. PreSern: A SURVEY OF PARALLEL COMPUTER ARCHITECTURES

P. Brajak: PERFORMANCE ANALYSIS OF THE INTELLIGENT MEMORY MODULE
BASED PARALLEL MACHINE

J. Novak: PROCESS SCHEDULING AND SINHRONIZATION USING FETCH &
ADD INDIVIZIBLE OPERATION

L. Vogl: VLSI DESIGN COMPLEXITY OF THE INTELLIGENT MEMORY MODULE

S. Jeram: COMPUTATION MAY HINGEON THE BIOLOGICAL MATERIAL

17.30~17.45 Pause

17.45-19.45 NG-Round table
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Friday, 22. 05. 1987
09.00-10.15 Papers - group "architecture"

J. Sile, B. Robi¢: PARALELNO PODATKOVNO VODENJE RACUNALNISKE
ARHITEKTURE

R. Jankovi¢:PROCENA PERFORMANSE CROSSBAR-MATRICE SA PROGRAMSKIM
UPRAVLJANJEM

P. Kolbezen, B. Mihovilovi¢:RISC ARHITEKTURA I NJENA APLIKAClJA

P. Kolbezen, S. Mavric: PARALELNO VEKTORSKO PROCESIRANJE

S. Mavrie, ,A. Brodnik, R, Trobec, M. Spegel, P. Kolbezen: PS-11
VECPROCESORSK!I S1STEM NA VODILU @

10.15-10-30 Pause

10.30-11.,15 Papers - group "software 1tools & performance
analysis"”

M. M. Miletie: PROLOG PERFORMANCE ON DEC ARCHITECTURES

B. Mihovlilovie, P. Kolbezen, 1. Sile, B. Roble: MODELIRANJE
VECPROCESORSKEGA SISTEMA S POMOCJO GRAFNEGA MODELA
RACUNANJA

Z. Dolenc: JEDAN PRISTUP FPM METOD! U ANALIZ1 OPCE ZATVORENE
MREZE REPOVA

11.15-11.38 Pause
11.30-12.30 Papers - group "applications"
S. Presern, R. Murn, D. Pecek: ARCHITECTURE FOR COMPUTER-VISION
Z. Delie¢: POUZDANOST KOMUNIKACIJE PROGRAMER RACUNALO
2. Sijereie¢, M. Partalo: MOGUCNOSTI IZVEDBE ALGORITMA DINAMICKE
TRANSFORMACIJE VREMENA JEDNOG PARALELNOG SISTEMA U
OBRADI SLIKE

M. ©Novakovi¢:MOGUCNOSTI PRIMENE JEDNOG PARALELNOG SISTEMA U
OBRADI SLIKE

For more information: Mr., Jadranko -Novak Dseit - Mipro, Trg P.
Togliatti 41, 51 000 Rijeka, tel.: 051-30-491

DON'T MISS
THE STAR ATTRACTIONS
OF THE NG-YU-MAGIC
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AVTORJEM CASOPISA INFORMATICA

Zaradi mofnega plasmaja ¢asopisa Informatica v tujini naprosSamo
avtorje casopisa Informatica, da pisejo v prlhodnje svoje e&lanke,
referate, eseje , in novice po mo2nosti v anglescini. Povzetek v
domac¢em jeziku (2 naslovom prispevka naj bo dodan na posebnem
Itstu v formatu stolpca (47 znakov na vrstico).

AUTORIMA CASOPISA INFORMATICA

Zbog moguceg plasmana casopisa Informatica u inostanstvu, autori
éasopisa Informatica se umoljavaju da pisu u buduc¢e svoje &lanke,
referate, eseje t novosti po moguc¢nost! na engleskom. Abstrakt u
domac¢em jeziku sa naslovom ¢lanka neka bude dodat ns posebnom
1istu | izpisan u formatu stupca (47 znakova na redak).

TO AUTHORS OF INFORMATICA

To, achieve the possible exchange of Informatica with foreign
journals, the authors of articles for Informatica are kindly
requested to submit their articles, papers, essays, and news in
English, when possible. Abstracts in a domestic language
containing the title of an article should be submitted on a

separate sheet and printed in the obvious column format (47
characters per line).
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