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journals, the authors of artlcles for Informatlca are klndly 
requested to submlt thelr artlcles, papers, essays, and news in 
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charaeters per line). 



informatica 
:a podlagi mnenja Hepubl i Sl<ega komiteja za 
informiranje st. 23-85, z dne 29. 1. 1986, je 
časopis oproščen temeljnega davka od prometa 
proi zvodov. 

Tisk: Tiskarna Kresija, Ljubljana 

JOURNAL OF COMPUTING 
AND INFORMATICS 

Published by Informatika, Slovene Society for 
Informatics, Parmova 41, 61000 Ljubljana, 

Yugoslavia 
YU ISSN 0350-5596 

Editorial Board 

T. Aleksi«, Beograd; D. Bitrakov, Skopje; P. 
Dragojlovic, Rijeka; S. HodZar, Ljubljana; B. 
Horvat, Maribor; A. Mandzi«, Sarajevo; S. 

MlhaliC, VaraZdin; S. Turk, Zagreb 

VOLUME11,1987-No. 2 

Editor-in-Chief : 

Prof. Dr. Anton P. 2eleznikar C O N T E N T S 

Executive Editor : 

Dr. Rudolf Murn 

Publishing Council: 

T. Banovec, Zavod SR Slovenije za statistiko, 
VoZarski pot 12, 61000 Ljubljana; 

A. Jerman-BlaziC, DO Iskra Delta, Parmova 41, 
61000 Ljubljana; 

B. KlcmenCiC, Iskra Telematika, 64000 Kranj; 
S. Saksida, Institut za sociologijo 

Univerze Edvarda Kardelja, 61000 Ljubljana 

J. Virant, Fakulteta za elektrotehniko, TrZaSka 
25, 61000 Ljubljana. 

Headquarters; 

Informatica, Parmova 41, 61000 Ljubljana, Yugo-
slavia. Phone: 61 31 29 88. Telex: 31366 yu 

delta 

Annual Subscription Rate: US» 30 for 
companies, and US* 15 for indlviduals 

Opinions expressed in the contrIbutions are not 
necessarlly shared by the Editorial Board 

Printed by: Tiskarna Kresija, Ljubljana 

A.P.Železni kar 

P.KoCovi C 

3 Information Determinations I 

18 A Relational Database for 
Representati on of Machining 
Parts 

P.Filipi« 27 Implementing Pascal-Like Con-
struets: An Exercise in 
Prolog Prograraming 

P.Kolbezen 31 Language Considerations of 
Parallel Processing Systems 
I, II (page 36) 

I.SCavniCar 44 Information System Model for 
Personnel Evidence 

T.JanoS 53 An Extension of RATFOR -
Li brary 

A.P.Zeleznikar 57 Research of Computers and 
Information in the Next 
Deeade 

D.Vidojkovic 
V. Jovanovi C 

T.Barle 
E.DelidSakova 
Drenik 

M.Ipavec 

B.Mihovilovlc 

A.Brodnik 

60 An Infological Data IVIodel 
Specification Language 

66 ConsIderations on Program 
Package Micro-Optrans 

69 The Relational Data Base Ma
nagement Product VAX Rdb/VMS 

74 Comunicatlng Processes in 
Transputer Systems 

78 Progranming with Modula-2 

8 3 Nevvs 



informatica 
ČASOPIS ZA TEHNOLOGIJO RAČUNALNIŠTVA 
IN PROBLEME INFORMATIKE 
ČASOPIS ZA RAČUNARSKU TEHNOLOGIJU I 
PROBLEME INFORMATIKE 
SPISANIE ZA TEHNOLOGIJA NA SMETANJETO 
I PROBLEMI OD OBLASTA NA INFORMATIKATA 

Časopis Izdaja Slovensko društvo Informatika, 
61000 Ljubljana, Parmova 41, Jugoslavija 

Uredniški odbor; 

T. Aleksitf, Beograd! D. Bltrakov, Skopje; P. 
DragoJlovlo, Rijeka; S. Hodžar, Ljubljana; B. 
Horvat, Maribor; A. Mandžlfi, Sarajevo; S. 

Mihalic, VaraZdin; S. Turk, Zagreb 

Glavni in odgovorni urednik; 

prof. dr. Anton P. Zeleznlkar 

Telinlcnl urednik ; 
dr. Rudolf Murn 

ZaloZniSkl svet: 

T. Banovec, Zavod SR Slovenije za statistiko, 
Vožarski pot 12, 61000 LJubljana; 

A. Jerman-Blažie, DO Iskra Delta, Parmova 41, 
61000 LJubljana; 

B. KlemenfiiC, Iskra Telematika, 64000 Kranj; 

S. Saksida, Institut za sociologijo Univerze 
Edvarda Kardelja, 61000 Ljubljana; 

J. Virant, Fakulteta za elektrotehniko. Tržaška 
25, 61000 LJubljana. 

Uredništvo in uprava; 

Informatika, Parmova 41, 61000 Ljubljana, tele
fon (061) 312 988; teleks 31366 YU Delta. 

Letna naročnina za delovne organizacije znasa 
11990 din, za zasebne naročnike 2990 din, za 
študente 890 din; posamezna Številka 4000 din. 

Številka Žiro raCuna: 50101-678-51841 

Pri financiranju Časopisa sodeluje Raziskovalna 
skupnost Slovenije 

YU ISSN 0350-5596 

LETNIK 11, 1987-ŠT. 2 

A.P.Zeleznikar 

P.KocovlC 

V S E B I N A 

3 Informacijske opredelitve I 

18 Relaciona baza podataka za 
reprezentaci Ju maSinskili 
delova 

B.FilipiC 27 Implementacija pascalskiti 
konstruktov kot vaja iz pro
gramiranja v prologu 

P.Kolbezen 31 O Jezikih sistemov paralelne
ga procesiranja I, II (36) 

I.ScaVnlCar 44 IVIodel informacijskega siste
ma za podporo kadrovski deja
vnosti 

T.JanoS 53 Jedno prosirenje biblioteke 
RATFORA 

A.P.Zeleznikar 57 Raziskave računalnikov in in
formacija v naslednjem deset
letju 

D.Vidojkovi« 60 Jezik za speci tikaoiju Info-
V.Jovanovie loSkih modela 

T.Barle 66 Ugotovitve ob preizkusu de-
E.Delidzakova- monst raciJske verzije prog-
Drenlk ramskega paketa Mlcro-

Optrans 

M.Ipavec 69 Produkt za upravljanje rela
cijske baze podatkov - VAX 
Rdb/VMS 

B.Mihovi lovic 74 Komunikacijski procesi v 
... transputerskih sistemih 

A.Brodnik ... 78 Programiranje z modulo-2 

83 Novice in zanimivosti 



INFORMATION DETERMINATIONS i 1 INFORMATICA 2/87 

Anton P. Zeleznikar 
UDK 519.724 ISKRA DELTA, Ljubljana 

A b s t r a c t . T h l s e s say is the e o n t l n u a t l o n of the p r e v l o u 3 l y p u b l i s h e d 
'On the Way to I n f o r m a t i o n ' ( Z e l e z n i l t a r , OWI) , whieh r e p r e s e n t s a 
frameworl< for the program of informat iona l Inves t i g a t ion . Even though 
d e f i n i n g de t e r r a ina t ions of i n fo rma t ion Is not a thankful t a s i i , i t has 
to be done in o r d e r to a t t a i n the n e c e s s a r y founda t lon upon whlch a 
more e x h a u s t i v e i n v e s t i g a t i o n or even a s o f t f o r m a l i z a t i o n of 
i n f o r m a t i o n a l comprehension w i l l become p o s s i b l e . Thls essay d e a l s w i t h 
the follovvlng t o p i c s : a s o f t i n t r o d u c t i o n i n t o the phenomenology of 
i n f o r m a t i o n ; a very b a s i c q u e s t i o n of I n fo rma t ion ; the meaning of the 
term ' i n f o r m a t i o n ' ; meanings of the d l r e c t d e r i v a t i v e s of the term 
' i n f o r m a t i o n ' ; the meaning of the verb ' i n f o r m ' , of the a d j e c t i v e 
' i n f o r m a t I v e ' , of the noun ' i n f o r m a t l e s ' , of the verb ' i n f o r m a t i z e ' , of 
t he noun ' i n f o r m a t I z a t i o n ' , and of t h e i r v a r i o u s d e r i v a t i v e s ; 
i n f o r m a t i o n a l forms and i n f o r m a t i o n a l p r o c e s s e s ; In fo rma t ion and 
c o u n t e r - i n f o r m a t i o n ; i n fo rma t Iona l r e o u r r e n o e ; forms and p r o c e s s e s of 
l i f e ; I n t e l 1 igenceI c u l t u r a l forms; a b e i n g ' s I n fo rma t ion ; Belng and 
t irne; phenomenology; me taphys l c s and o n t o l o g y ; a u t o p o l e s i s ; n e u r a l 
Sc ience and i n f o r m a t i o n ; and b r a l n and b e h a v i o r . Thls e s say r e p r e s e n t s 
the f i r s t p a r t of b a s i c i n fo rma t ion d e t e r m l n a t i o n s or of b a s i c 
i n fo rma t ion i n v e s t i g a t I o n s . In the second p a r t of the e s s a y v a r i o u s 
c u l t u r a l forms w i l l be I n v e s t i g a t e d from the i n f o r m a t i c a l p o l n t of 
vlew. 

S t . CCDx-j-b^li rtSffi^vOilj (Zeleznikar, 0Wl)i:l^-5IS5C©KJgTž5. IBlSS^TtitfffiRt.' 

h*,: m®JI *i*A^a.uy7*-v)itiXf<i; tSffi«iS-SS*W <̂i:ltP»̂ a ; t«?8i:V^offlS©S« ; tf 
f8'information'i:V>offlS*^ic>ilfSiffi4?n5S*ffll§CDSl!* ; ' informat ics ' i : V̂  o « p ) , ' informat ize' 
tl^oJtbPI, 'inforniatization' irO^«PlS.i:/iin'c)©fflS*^e.iffi4*nd ^^j©©.-©« ; ffi«8W)i#BS 

tmffifijss; tisfiirs • m»; ̂ m^nm&: t̂ cftžssRLFiSfi: %m; icitiz^ifi^mm; 4* 
t*©tS« ; B ^ r a t i ^ f * ; mSIŠ ; Jiim±.^'&.V9&'A-y aulopoiesis; neural-science irtSfg ; JSirtJ 

Keywords. Allopoletic, appropriation, arlsing, artificial Intel 1igence, 
autonomous, autonomy, autopolesis, behavior, Belng, belng, being-
geierative, belng-In-the-form, belng-In-the-form-as-a-form, being-in-
the-form-as-a-process, being-in-the-information, belng-ln-the-proeess, 
being-in-the-process-as-a-form, bcing-ln-the-process-as-a-process, 
belng-ln-the-worId, being-para 1 lel, being-recurrent, belng's 
information, biologlc machine, bllndness, breakdown, brain, central 
nervous system, cerebral hemisphere, circular, circularIty,. cognition, 
cognltlve psychology, cognitive sclence, coming Into exlstence, 
conmunica t Ion, computer sclence, cortex, cortical lobe, counter-
Informatlon, counter-Informlng, cultural form, culture, DNA, eidos, 
enzyme, environment, evolution, filter, form, form of llfe, forma, 
formatlo, formare, gene, gene mutatlon, generatlve, genetic 
Information, glla celi, heteropo le t i c, irnnune system, inform, 
informable, Informare, Intormateism, Informatical, informatIcable, 
informaticity, informatIcness, Informatics, Information, Information 
arlsing, information investigatIon , Information machine, information 
organizat ion, information phllosophy, Information processing, 
Information sclence, information structure, Information system, 
information technology, information theory, informationable, 
InformatIonal, informational form, informational functlon, 
informatIonal hierarchy, informatIonal imaglnation, informational 
noise, Informational process, informational recurrence, InformatIonal 
reflection, informatIonalism, informatIonality, informatIonally 



parallel, Informatlonness, InformatIonism, informattsm, InformatIvable, 
Informatlve, tnformatI vism, InformatIvity, InformatIvness, 
InformatUabtlIty, InformatIzable, InformatIzatIon, 
informatIzatlonable, Informatizatlonal, InformatIzatloness, 
informatIzatlonism, Informatlze, InformatIzlng, InformatIzeness, 
Informic, Informing, informingness, Informlsm, Informistle, lnformity, 
Informness, IntelUgence, Intelligent, Intelllgent llluslon, 
Intelligent stupldlty, Interrogated, language, learnlng, llfe, llvlng 
belng, llving celi, matter, meaning, . mentatlon, metaphysics, mlnd, 
modulatlon, molecular receptor, molecular transmitter, molecule of 
life, morfe, nerve celi, neural solence, neural systera, neuron, 
ontology, organization, parallel proeessing, parallellsm, pereeption, 
perturbat Ion, phenamenology, phenomenon, phllosophy, polesis, 
population, proeess, process of life, proteln, question, questlonlng, 
realm ot Information, recurrenee, recurrent, repllcatlon, 
representati on, reproducti on, KNA, selection, self, self-product1 on, 
seraantics, sensorv Information, soeiology, structure, subjectlvc, 
sub jeet i v i ty , sy9;;.T., :ime, and unders tand 1 ng. 

"... Science does not thinic in the sense 
in wliich thinl<ers thlnl<. Stili it does 
not at ali follow that thinking need pay 
no attention to the sciences. ... And 
slnce solence does not thinic, thinking 
must in its present situation give to 
the sciences that searching attention 
whlch they are Incapable of givlng to 
themselves." 

(Heideggcr, WCT, 134, 135) 

Thls essay can be read and comprehended by 
anyone who is ivllling to make a phl losophical 
endeavour -In thinking through the proposed 
views of Information. Intultlvely, the notlon 
of Information ts well-known frora the 
colloqulal grasplng of Informatlon-relevant and 
Information-related subjects and objects. A 
belng Is experienclng Information and 
Informatlonal processes in everyday llfe. Thls 
experlence is coming Into exlstence as mlnd is 
looking into Itself, as mlnd Is producing mlnd, 
and as the produced mlnd is becoming the 
producer. For thls purpose of understanding, no 
partlcularly advanced knowledge is needed, 
hovvever, careful reflection, Imaginatlon, and 
recursive thinking Is necessary. In the čase of 
Information and of InformatIon-related 
problems, belng is beginning to think a nevv way 
cognitively, construct1vely, and diversely. 
Hence, one only has to follow the way, vvhlch 
exhiblts a nevv, varylng, and motivating 
or lentat i on. 

In thls essay a series of 
essence of Information wi 
and conjoined: informati 
itself; Information as inf 
Information! Information 
Information as substa 
Information as form and ma 
space and tirne; Informatio 
machine; and Information 
language. In the first 
concepts will be presente 
lingulstlc derlvatlves 
informatlonal terms (etymo 
These notlons will be ari 
coming Into exlstence as 
subjects, 'modlfylng thelr 
respect, Informatlonal by 

determinations of the 
11 be elaborated upon 
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ormatlon and counter-
as Belng and belng; 
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d concernlng some nevv 
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logical archetypes). 
sing concepts, always 
partially developed 
nature and in thls 
themselves. 

and Information technology, but 
Information psychology (proces 
information in human brain) or 
science (as understanding of cog 
cognition of understanding). There 
traditional objections and meth 
phllosophical , and ideologlcal dou 
from soclology, from Its dogmatical 
component, arguing that Information 
unlversal means for understanding th 
soclal, llving, and non-llvlng vvor 
same tlme, informatics as a nevv 
scientific and technological dis 
calllng for a more elaborated noti 
maln subject - Information. A nevv, s 
diverse, heterogeneous, dispar 
lntelllgibly enrlched phllosophy of 
Is needed to enable human pr 
InvestigatIng and deslgnlng info 
related subjects and machlnes. 

a 1 so in 
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are some 
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e phys1cal , 
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ar i s i ng, 
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Information InvestIgatIons seem to become 
relevant not only in the oontemporary context 
of neural science, artificlal Intel 1 Igence, nevv 
Information phlIosophy, Information science, 

Information concerns conmonplace experlence, 
llfe processes, and behavior of llving belngs. 
Information is the most general 1nvestIgat1 on 
of everyday llfe, the most priraitlve, 
rudlraentary, or sophl s 11 cated phllosophy vvhlch 
dellvers Information for exlstentlal, llfe-
concernlg, and belngis orlentatlon In the 
future. Thls essay is not a 9ystematic 
Invest igat Ion of determlnat Ions In vvhlch 
notlons concernlng information are developed in 
a hard, rigld or rlgorous way. At the beginning 
of a phllosophy - and thls holds true for the 
phllosophy of Information - philosophical 
determlnations are soft, clrcular, hermeneutic, 
and clurasy. Systematic rcsearch of information 
phllosophy does not exlst yet, and therefore, 
must first come to the conscious surface on 
the basls of several determinations belng 
formulated and understood in the 
Informatlonally cognitive context. 

At this.stage of investigation one can search 
for constltutive pleces vvhlch are fundamental 
and foundatlonally conjoined determlnatIons. 
The need of a solid arsenal of information 
determlnations is the maln motivatlon of this 
es3ay. Thls nevv series of determlnat i ons vvlll 
Inelude several nevv terms of information and 
vvlll call - against conventlonal lingulstlc 
legallty - for the Introductlon of nevv 
lingulstlc entities, i. e. terms and meaning of 
terms. 

Phllosophy is not a suitable, adequate, or 
genulne way for analyzlng, dlscoverlng, and 
examinlng the essence of Information beoause It 
represents only a particular, Informatlonally 
llmited form or process of information itself. 
Furthermore, phllosophy Is using lingulstlc 



mearis, whereby language Is another form or 
process of Information confInement. The power 
of Information In the human cortex, when 
Information Is used for Information 
investIgation, is much more complex than 
linguistic or philosophical expression, 
representatlon, cognitlon, and understandlng 
could ever be. The most proper system for 
Information investigatIon is the total belng's 
Information, vvhlch is comlng Into extstence 
solely In a belng itself, into hls own 
Information system during hls life. Thls 
Information concerning Information Is a being's 
Information philosophy, whlch is a part of a 
belng's onto]ogy and of a being's total 
Information. In thls context, the culture of a 
being's population Is an external Information, 
not necessarily dvvelling in the belng, vvhlch is 
lncldentally rushed, externally archivated, 
traditlonally oral, and orthodoxly written, 
general Information. So, it is becomlng clear, 
that an arising Information phllosophy can 
speak about its objects and subjects solely 
frora its own, Inforraationally narrowed vlew. 

Information Is not only 
the 1nstantaneous-informational 

in Information itself; 
it is also Information 
eoming into exlstence 

concerning thls Information. 

In thls section the archetype 'Information' and 
its derlvatives wl 11 be examined in a 
etymologlcal, comprehensive, and sequentlal 
manner. Thus, the follovvlng derivatlve sequence 
of terms will be loosely determined: 

Information: InformatIonal, Informatlonlsm, 
informatIonalIsm, Informat ionness, 
InformatIonal1ty, Informat ionable. 

1.1. Questlon of Information 

The question of Information is the most 
fundamental and general one. Any questlon 
produces Information vvhlch comes into 
existence as a result of questioning. Thls' 
result Is the Interrogated. The questlon of 
Information, Its questloning, and its 
Interrogated are a H in the domaln of 
Information. The questlon of Information Is a 
part of Information Itself and, by thls. Is 
1nformatIonally transparent or Informationally 
recurrent. Even though the questlon of 
Information Is InformatIonally general, 
posslbly the most general, It Is stili 
senseful and particular in thls context. 

QuestIon ing 
seeking of i 
Is an 1 
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Is informat 
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Informat ion 
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The essenee of Information Is the arising of 
Information about Information. In thls context, 
It Is also possible to Investlgate the 
structure of questlonlng about Information. 

As a seeking, questlonlng needs previous 
guldance from what It seeks (Heldeggcr, BW, 
45).* Considering thls formula, Information 
about Information, vvhlch Is sought and 
represents the Interrogated, does already exist 
to some extent and is moving In the dlrection 
of understandlng cognitlon of Information and 
In the dlrection of Informat1onal cognltive 
understandlng of Information, vvhlch is already 
comlng Into exlstence. From thls understandlng, 
que5tionlng about Information, Information 
about the essenee of Information, and the 
tendency towards inforraatlonal understandlng of 
Information are a H comlng into existence. Wlth 
the questlon of Information, the understandlng 
of Information Is comlng into existence. 
Certainly, the flnal request can never be 
expected, because the interrogated is a 
contlnuous arising of cognltive grasping of 
Information. From the informatIonal poInt of 
vlevv, every concept is Information comlng into 
existence, so that the grasping of a notlon Is 
nothing else than an arising Information or an 
Intorraing of Information. Thls Information 
arising is a fact comlng Into exlstence 
Independently from the realm of grasping or 
cognltive understandlng. 

InformatI o 
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a process 
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Information comlng into exisfence through thls 
research of Information is contrlbutlng to the 
understandlng of Information. If everything Is 

* To Heldegger's formula of questloning the so-
called continuing principle of Leibnlz (AOB, 
Rleppel, 37) can be compared: "... Alle dlese 
Formen slnd In unsrem Oelste enthalten und 
bestaendlg in Ihm vorhanden, da der Oelst 
stehts alle selne zukuenftigen Oedanken 
ausdrueckt und In verworrener Welse schon an 
alles denkt, vvas er jemals auf dlstlnkte VVeise 
denken wlrd. NIchts kann uns daher gelehrt 
vverden, dessen Idee wir nicht schon zuvor Im 
Oelste truegen, glelchsam als Materle, aus der 
der Oedanke sich gestaltet. ..." 



intormatlon, then It is understandable that 
phllosophy of informatlon and phll03ophy in 
general are only partleular, e. g. 
phi losophlcal Intormatlon. Thus, thinklng, 
language, literature, sclence, art, rauslc, 
ideology, apeaklng, behavlng etc. are only 
partleular forms or processes of Information. 
Form and process are agaln Intormatlon. Thls 
arising clrcularlty of informatlon is the baslc 
Information princlple. 
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The Interrogated in the question of intormatlon 
is Information. Informatlon determlnes being in 
Its whole, determines Its lite forms and lite 
processes, and it also determlnes the entlre 
cosmos and cosmic perturbat ions. If, in the 
context of informatlon, the question arlses 
what is belng, the answer is the following: a 
belng is determlned only to the extent in 
which arising of a being's life (blological) 
Informatlon is coming into existence, where 
thls informatlon is meritory and declslve for a 
belng's survival in a belng's envlronment, for 
a being's reacting on external Information 
processes, or for a belng's behavlor. 

The extended notion of Information wlll be 
developed throughout thls essay. In 
Intormatlon, the meanings of its llngulstlc 
derivatives as w e n as other inf ormat ional ly 
connected llnguistic derivatives (substantIval, 
verbal, adjectlval, adverbial, pronomtnal, 
composite) will clrcularly come into exlstence 
and will circularly be included, nested, and 
opened for turther eitensions of thelr 
meanings. 

1.2. Orasping the Meaning 
of the Term Information 

As developed Into a broader and more complex 
meaning, Information needs an adequate and 
povverful language, which will enable a 
different orlentatlon. From thls new 
perspective the so-called i ntormational 
traditlon vvill come into exlstence. 
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Form is the essential root in grasping 
the meaning of Informatlon. The Oreek 'eldos' 
has varlous meanings, e. g., tace, figure, 
form, shape, appearance, aspect, beauty; idea, 
concept, thought, notion, property, klnd; 

In grasping the notion of Information one has 
to conslder the Latin word 'Intormatio' (-onis, 
f.), which Is the composite ot 'in', 'forma', 
and 'tlo'. Here, the meanings of 'In' and 
'forma', wlth ali thelr dlverslttes and 
combinations, have to be taken Into account. 
Meanings of the Latin informatlo are forming, 
puttlng into form, presentation, notion, 
description of notion, explanatlon, 
interpretation, etc. In phllosophy, intormatlon 
has specific meanings. In scholastIcism thls 
meaning Is etymological and ontological: It 
represents shaping of matter by form, where 
shaping Is thought as a process Itself and as a 
result. It has the meaning of forming the mind 
as a consequence ot a co-natural object of 
cognitlon. Later, Descartes Introduced the 
meaning of forming the consclousness by the 
physical structure of braln, whlch Is becoming 
evident as perception. In thls respect, the 
meaning of Information as form and process in 
thls essay does not retlect a very new or 
unusual meaning. 

Today's meaning ot intormatlon concerns 
comniunicat ion or reception of knovvledge or 
Intel 1 igence. But informatlon Is also knoivledge 
obtained from ' tnvestigatIon, study, or 
Instructlon, aa well as data and tacts. At last 
it Is becoming clear in vvhlch directlon the 
contemporary meaning of Informatlon Is 
developlng as form and process In the entlre 
phenomenology and hovv thls meaning will stili 
arlse and stili come into existence during new 
InvestIgations. 

If Information Is an IntormatIonal form or 
an informational process, what is the meaning 
ot thls form or thls process? Thls question 
concerns the relation between form and its 
content (or meaning) or bettveen process and its 
content (or meaning). Oenerally, the meaning of 
a form or a process Is coded, hidden, and 
dependent on the observer, 1. e., from the 
informatlon, which handles form or process as 
Information. Thls is the old and well-known 
problem of form and Its content, tvhere content 
of a form is the understandlng attributed to 
thls form. Qenerally, form is a two-component 
intormatlon, the first one belonglng to the 
form and the second one to its content. 
Different forms may deltver equal content« to 
different observers. For example, different 
Information may result in the same Information 
through the different intorming performed in 
different observers. On the other hand, a 
single form can dellver different informatlon 
to different observes, 1. e., a given 
Information from an informational source can 
Intorm different Intormatlon at different 
places (or for dltferent purposes). 

Being, when considered as a form, represents 
itself as intorinat Ion. However, a livlng being 
represents Itself In an unllraited number of 
ways. Namely, in a changing envlronment, 
Informatlon in a belng Is untoreseeably arising 



wlth a being's behavlor. So, the tormwhloh Is 
called belng has Its own varlous, changlng 
contents. A very good example of form and 
meaning (content) Is a belng's language. 
Oifferent llvlng beings of a spectes understand 
language, whlch Is spoken by an Indlvidual 
belng. In dUferent vyays, gettlng dltfcrent 
semantics from each of these ways. 

Information llterally has its hlstorlcaUy 
earlier and later meaning of being-in-the-forra. 
But, as grasping of form Is belng generallzed, 
thls meaning becomes be1ng-ln-the-process too. 
In the conteraporary technologlcal era thls 
meaning Is narrowed Into It-glves, It-takes 
(message) and In phnosophy into there-ls, it-
is. 

For a llvlng belng, Information means being-ln-
the-forra and belng-ln-the-process. For 
contemporary phllosophy, the maln phl losophl cal 
object remalns Information, whlch Is Belng-ln-
the-form (or belngs-ln-the-forra) and Belng-ln-
a-tlme (or belngs-1n-a-time) and where being-
ln-the-world (the German 'das In-der-Welt-
seln') Is a part of belng-ln-the-form and 
belng-ln-the-process. 

concerns Information more precisely than the 
meaning of 'informati ve'. Hence, the meaning of 
'InformatIve' is Included In the raeanlng of 
'intormat ional'. 
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1.3. Informational 

Here, several new terms, vvhich are outside 
Engllsh lingulstl.c legalltles, are introduced. 
The meaning of the adjective 'informational' 
and . the noun 'Informational' have to be 
determined. The terms informatIonal and 
Inf ormat ional and their derivatlves vvill be 
used throughout the context of thls es8ay. 

The adjective 'Informational' does not have the 
same meaning as the adjective <informati ve'. 
Informatlonal is the new adjectival derivatlon 
of Information. Its meaning lles closer to 
'InformatIon-like', 'information-equal', 
'information-generat Ive' , 'informatIon-
clrcular', 'informatlon-peculiar', 
'Intormation-characteristle', etc. In contrast, 
'IntormatIve' has the usual and 
characteristlcally communlcative meaning, whlch 
Is similar to having, possesalng, bringing, or 
carrying Information. The meaning ot 
'intormational' is evidently broader and 
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1.4. InformatI onism (or Intormat1onal1sm) 

It one attempts to understand everythlng as 
Information (or Informational), to be an 
informational form or process, or to be a 
cosmlc or a betng's Information, then this 
realm of understandlng is called informatlonlsm 
(or InformationalIsm). In this respect, 
informatlonlsm (or Informationalism) can be 
vlewed as a belng's ontoIogy or cultural 
ontology, as a particularly, Information-1ike 
or Informationally coloured metaphysics, 
modulated metaphysics or filtered metaphysics. 
Hence, Informatlonlsm (or InformationalIsm) in 
itself is nothlng lesa than Information (or 
Intormatlonal). If informatlonlsm (or 
Informationalism) Is a chosen way ot thinking, 
it may develop and clarify a speclal and new 
understandlng in the realm of Information and 
Intormatlonal. The way of thinking In an 
Information-1ike or Intormatlonal manner Is 
leadlng to a general phllosophy of Information. 
Thls way Is satistylng the aim to develop a new 
phllo8ophy circularly concerning Information, 
Intormatlonal, and informatlonlsm (or 
informationalism) itself. 

In thls manner, informatlonlsm (or 
informatIonal1sm) Is becomlng a dedicated 
phllosophlcal process for the development of 
Information phllosophy. Informatlonlsm is 
attempting to understand arbitrary phenomena as 
intormat ion-1ike. 

1.5. Intormationness and Intormational1ty 

Informationness denotes the broadest property, 
quallty, nature, characteristic, and attrlbute 
bf Information concerning a context, phenomena, 
Information, etc. In this manner, one can 
understand the informatlonness of a molecule, 
celi, organism, brain, belng or machlne stating 
that a H these objects have propertles belng 
in some respect information-1ike. 

Slmilarly, Intormationality is the property ot 
Intormatlonal. So, informationality of a llvlng 
celi processes Is the understandlng of 
metabolic, replication, and inmune reactions as 
Information processes. At thls polnt, a living 
celi processes are understood as intormatlonal 
processes. 

1.6. Informatlonable 

In accordanee with the philosophy of 
Information, it Is possible to understand 
everything as Information or Intormatlonal. One 



Is able to perceive, recognize, and understand 
everything as Inform&tlon. On the other hand, 
every form or process Is able to Inform or to 
generate Information In other forms and 
processes. So, forms, processes, everything is 
In the realm of the Informatlonable. The 
meanlng of the adjectlve Informatlonable and 
the noun Informatlonable Is becomlng senseful 
in the domaln of Informational. 

Every phenomenon has the property 
to Intorm Itself and other phenomena 

through tts Informing. 

In thls paragraph the archetype wlll be 'to 
Inform' and the followlng sequence of 
derlvatlves will be consldered: 

to Inform: Informing, Informlsm, Informlc or 
informical, informlstlc or 
Informist1cal, Informness, 
Informlngness, lntorralty, 
Informable. 

2.1. To Intorm 

Information has the property of Informing. 
Information has the capablllty to recelve, 
modlfy, change, alter, develop, grow, vanish, 
bear, generate, transmlt, form, process or 
Inform Its ' own and strange Information. 
Information Informs In ali possible and yet 
Imposslble ways. The verb Inform represents a 
passlve and actlve phenomenon of Information. 
Also, Information Informs Itself alone and 
other Information as an arlslng phenomenon, In 
which Information wlthln Information Is coming 
Into extstence. So, 'to Inform' also has the 
meanlng of 'Information to come Into eilstenee' 
or transparent ly the meanlng of any other 
Imaglnable phenomenon. 

If the coming of Information Into ezlstence Is 
the maln prerogatlve of Informing, then one 
must explain, what the broadened meanlng of 
coming Into existence is. Stating that 
Information Is coming Into exlstence meana that 
new Information is arlslng, that the existlng 
Information la modifled, altered, or changed, 
as well as vanishlng, that other, outslde 
Information Is Influeneing the Instantaneous 
Information, that Information exlstlng In thls 
tirne sllce Is Influeneing other, outslde, 
future Information and Itself, that Information 
Is coming into exlstence from the prevlous 
Information, from itself, and from other 
information-related or non-related sources, and 
that Information is arlslng also In a free, 
unexpected, unforeseelng, unpredlctable, and 
unusual way. So, the meanlng of the verb 
'inform' has to be understood In a way, where 
Information comes Into exlstence and thls 
coming into exlstence Is actlve and passlve 
Informing In ali possible modes. 

In thls context of meanlng, the Latin verb 
'Informare' has had colloqulally narrowed 
meanings as to form, shape, Instruct, teach, 
represent, show clearly, describe, reflect, 
etc. Current meanings of these verbs can be, 
for Instance, to form complex thoughts, to 
shape functlons of the braln, to instruct a 
llvlng Information 8ystem, to teach the most 
complex phllosophy, to represent everythlng of 
the surrounding world as Images of thought In 
the cortex, to show Ideas clearly in the form 
of language, to describe everythlng by 
Information, to reflect In human mind, etc. In 
thls sense, the meanlng of the verb 'inform' is 

becomlng semantically satlsfactory for further 
InvestIgatIon of Information. 
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Informing is not necessarlly dependent on the 
prevlous Information. Informing brlngs to the 
surface also new, unexpected Information. At 
thls point, It is necessary to stress how 
Informing is not an indispensable, causal 
actlvlty, even though causallty Is squeezlng 
through In varlous forms the natural and soclal 
phenomena. Because not ali phenomena are 
causally connected, they can occur 
accldentally, e. g., as an external Information 
enterlng through sensory ways to cortlces or as 
a clrcular, cortex Internal Information (e. g. 
throtvnness and breaklng down in Winograd, UCC, 
33-37). £xamples of causal and non-causal 
Informing are also perturbing (conmunlcatIon 
among belngs) and autopoiesls (blologlc self-
productlon) (Maturana, OL). Informing of 
Information and Information qua Informing are 
generating a new regular form or process vvhich 
wlll be called counter-informatlon. 

2.3. Informlsm, Informness, and Informlngness 

Informlsm is nothlng less than the thinklng and 
understanding of the entire phenomenology 
through Informing or by means of Informing, 
through the way on which Information Informs 
everything - living and non-livlng. In the 
context of Informlsm the adjectives Informlc 
(informical) and informlstlc (Informlstical) 
can be used denoting some propertles of thls 
reasoning. Informness and Informlngness are 
consequences of thls reasoning and represent 
the propertles, how ali phenomena are 
understood to be Informing or Informing. 

2.4. Informlty and Informable 

Informity Is the property whlch a phenomenon 
has In regard to its Information, to its 
Informing, to its Informatlonal, to Its form or 
process «vhich Is inf ormat lon-1 Ike or can be 
explained or understood as such. In the 



(raniework of Informism, the lnforinlty Is the 
mopt general property whlch ts partlcular to 
each phenomenon or phenomenon occurrence. 

Every phenomenon Is able to Inform to a 
necesaary and sutficient extent, complexlty, 
clartty, detall, and depth in Itself and 
outslde Itself. So, In general, phenomena are 
inforinable and there exi8ts and arlses the 
Informable about a phenomenon. Evldently, the 
Informable Is Informatlonally two-(olded: It Is 
simultaneously percelvlng-sensl11 ve and 
behavlng-acti ve. 

o{ Information In an informativable čase is in 
propagation ot Information in an 
informationally pasaive way. Hence, the 
informativable is semantically included in 
the Informationable. 

In this section meanlngs of the following vvords 
will be presented: 

Informatlcs: Informatical, informatlsm, 
informatIcness, informat1clty, 
informat1eable. 

The Informatlve is bringlng Information 
aomewhere to somebody. Hovvever, the 
informatlve is also causlng or 
generatlng the Informlng In beings 
and populations. Hence, the Informlng 
of the Informatlve Is coming into 
exlstence. 

In this section the archetype 'informatlve' and 
Its derlvatlves wlll be determined. So, the 
chain 

Informat1 ve: InformatIvism, informativeness, 
informatIvity, informat1vable 

wlll be considered. 
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3.3. Inforraatlveness and InformatIvity 

Informativeness and informatIvity are close to 
the property of 'belng Informatlve' and 
'Informatlvism'• If the first one sounds more 
expressive, the second one is more sensltive in 
respeet to an informatlve subject or 
informatlve object. 

3.4. Intormativable 

The informa'tivable is a form or process, whlch 
expresses the ability to be Informatlve, to 
carry, give or bring Information. The emphasis 

4.1. Informatlcs 

Informatlcs Is a young, arlsing discipline 
vvhlch concerns many partlcular fields, vvhere 
Information is Important for the development of 
these fields. In this way, informatlcs has many 
speclalizatlons and fleld or1entations. The 
term 'informatlcs' developed In the European 
university connunity as the counterpart to the 
term 'computer aclence' used at universitles In 
the United States. Afterwards, the meaning of 
the term was broadened. Today, Informatlcs 
concerns Information and Information 
investIgation in several fields and dlscipllnes 
as a general means, as phi'losophy, as 
education, as sclence, as technoIogy, as 
applicatlon In economics, engineerlng, 
medicine, biology, sociology, and In other 
related dlscipllnes. Informatlcs Is becomlng 
the way of thlnklng, methodology, knowledge, 
and processlng, ali of which concern 
Information, Informatlonal forms, and 
informational processea In a general sense. 
Informatlcs unltes the different 
tntormatlonally developing dlscipllnes deallng 
wlth theory, phllosophy, technology, 
methodology, termlnology, and applicatlon df 
Information. 
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4.3. Informat1 srn 

Informatism Is the way of understanding, liow, 
why, where, and when informatics, as a 
discipline, roethodology and tool, can be used 
and has to be applied. Informatism concerns 
thlnklng, que8tloning, problem solving, and 
different implementations in different fields 
of everyday llfe by informatlcal means. 
Informatism Is becoming the main stream of 
orientation in roodern llfe, an orientatton for 
survtving in a man-to-man's, biologic, and 
cosmlc hostlle environment by informatlcal 
means. 

4.4. Informaticness and Informaticity 

Informaticnesg and informaticity are closely 
related terms and the usage of the first or of 
the second one will depend on one'8 llnguistic 

refer to informatics and 
so, thelr meaning Is 

transparent. Informaticness or 
is becoming the imperative of 

usage and of applleation of informatics In 
everyday llfe. 

taste. Both 
Informatlcal, 
Informati cally 
Informatici ty 

4.S. Informaticable 

To be Informat icable means to have the 
possibillty (of possessing the property) to be 
informatically expressed, percelved, or used. 
In general, every form or process, whlch Is 
Informaticable, can be governed or presented by 
informatlcal means, by methods, tools and 
approaches of Informatics. This fundamental 
property calls for usage of Informatlcal means 
in every field of human actlvity. In every 
technological discipline, in llfe, and in non-
life processes. 

The Chain with the archetype 'to Informatize' 
wlll be the tollowingi 

informatize: informatIzing, informatIzism, 
InformatIzenesB, 
Informat izabl11ty, 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 exlstence', 'to arise', 'to become', 
•to evolve', 'to generate through the Influence 
of Information', etc. Information is 
Informatlzed by Itself alone, I. e.. It Is 
informing actively, belng influenced, being 
changed, coming into exl8tence, arlslng, 
becoming, evolvlng, generating, etc. 
Information Informatizes through changing, 
arlslng, generating itself and other 
Information. If aometlmes 'to inform' sounds 
unclcar regarding the actlvlty of Information, 
'to informatize' always has an active and clear 
meaning. If 'to Inform' has the meaning of 
sending information wlthout an Informatlonal 
consequence, 'to informatize' alway8 means an 
active influence onto the Informatlonal 
recelver. In this respect, 'to informatize' has 
a sub-meaning regarding 'to inform'. 

S.2. Informatizing 

Informatizing is the verbal substantive of 
'Informatize' concernlng the meaning of Its 
verb. One says that information Is 
informatizing only in such cases when 
information is influenelng Itself and other 
information in a generative or modtfylng way. 
Informatlzing has the meaning of informatlonal 
actlvity or of an active change of information 
by Information. 

S.S. Informatizism 

InformatIzism represents the active posltlon of 
information through informing of Information. 
In oontrast to InformatIviam, whlch may be a 
passIve recelving of Information, InformatIzism 
understands informing in Its compulsory 
changing or InformatlonalIy generating manner. 
Informatizism Is a changing or generating 
understanding of Information and Informing by 
Itself. In this respect, informatizism is, for 
Instance, characteri s t ically non-dogmatic, non-
bllnded, alway8 on the way to its own 
breakdowns, whlch Influence and change its 
understanding. Informatizism is continuously 
and 8Ctively changing Itself. 

5.4. InformatIzeness and Informatizabl1 ity 

Inf ormat izeness and Inf ormat izabl 1 i ty are al<ln 
notions with slightly different meaning. They 
carry the meaning of the verb 'informatize' and 
the meanings of Its derivatives, and express 
the po8Siblllty of Information or of any 
phenomenon to be Informatlzed, etc. 

S.S. InformatIzable 

It is to say that not ali information Is 
uncondltlonaIly informattzable. An Information 
is informatlzably reslstant, If there doea not 
exl8t a way to change It by Information. On the 
contrary, Information which can be changed 
through Informing or Informatlzing, la 
Informatlzable. InformatIzable Information has 
the property to be changed, to come to 
exlstence, and to be generated frora other 
information or from itself. Information, whlch 
is informatlzable, has the property of 
senslblllty to other Information and to itself. 
This senslbllity is the ground, cause, or 
reason for alteration and generation of 
Informatlzable information. 

A phenpmenon is informat 
expre8sed informatlonally 
Its process can be repres 
In faet, every pere 
informatlzable, otherwt 
represented on the senso 
Hence, non-informatizabl 
percelved informatica 
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or an informational 
Informatlzable means to 
Information. 
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The last semantic 
considered Is 

sequence tvhich will be 

Infortnatlzatlon: informat Izat lonal, 
i nf ormat.l za 11 on i srn, 
InformatIzatloness , 
informat1zatIonable. 

6.1. Informatization and Informattzatlonal 

InCormat izat ion 
Informattzing o 
informlng. Thls 
Is denoted as in 
matheinat Izat ion 
mathemat ical 
informat izat ion 
from phenomenol 
Into informatlca 
of maldng things 
Informatical in 

denotes a form or a process of 
r an actlve form or process of 
l£lnd of forralng or processlng 
formatizational. Simllarly, as 

or automat1zation concerns 
or automatlc means, 

concerns some transformation 
ogical as well as informatical 
1. Informatization is a process 
informative, Informational, or 

an Informatizational way. 

6.2. Informatizationlsm 

Informatizationism Is the understandlng and 
belief that Information can be obtained or used 
In any governing of phenomena and that various 
ways of informatization are senseful, rational, 
economic, and necessary for survival. In this 
way, informatizationism can influence the 
motlvation of dlscovering new informatlonally 
adequate substances and processes, for 
Instance, tactlllzing and other molecular and 
blological processors, which may be applled In 
future Informatlonal or intelllgent machines 
(UHO. 

6.3. Informatizatloness and InformatIzationable 

InformatIzationess expresses the possiblllty 
that a form, process, or phenomenon can be 
informatized, can accept some Informational 
forms and processes, and can Informatlze in a 
complex way. In a slmilar regard, forms, 
processes, or phenomena are InformatizatIonable 
if it is possible, by InformatizatIon, to 
enable them to tunction informatically or to 
observe informationally evident events in them. 

process, etc. It seems evident, that 
informatlonal form and informatlonal process 
are informatlonally regular and therefore in 
the realm of Information. 

T.2. Information and Counter-InformatIon 

Information Is on the continuous way to 
Information as form, as process, or as both. On 
its way, Information is coming into exlstence 
and arislng through its counter-information. 
What does counter-information represent in an 
tnformational context? Information is coming 
Into existence anywhere in a substance as a 
process wtthin Information. This process itself 
can be understood as Information and in the 
continuous processlng also as counter-
information. So, the following appears: 
Information Is galning counter-information, 
whlch is becoming Information etc. Thls process 
is also Information gainlng counter-informatIon 
etc. aenerally, Information and its processlng 
is Information. 

On the conscious level in a belng's braln 
counter-information can be understood as the 
consequence of questlonlng In a problem 
phenomenon. In thls čase, the Initial question 
raises questioning which produces some Icind of 
interrogated. The interrogated is the 
appearance of counter-information. But the 
Interrogated has its return-influence on 
questlonlng, so that questloning is becoming 
counter-informational. In thls way, counter-
Information, which sprouted first in the 
interrogated, is transferred bacl<ward to 
questioning, and from questionlng even baclcward 
to the question Itself, galning, amplifylng, or 
generating counter-information. In this way, 
counter-informatIon is arlsing in a rautually 
fortvard and bacliward dependent process of 
question, questionlng, and interrogated. 

Examples of arlsing of counter 
be found anywhere In the llving 
world. But this does not mean 
counter-information exlst8 in 
technologleal machines. Even t 
Information is a regular 
phenomenon in a llving being, 
appear in artificlal mechanisms, 
algorithms, computer programa, 
made by man. Thls statement 
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7.1. Informatlonal Forms and Informatlonal 
Processes 
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aenerally, form of a form is not a trivlal 
sltuation, because Information i s investigating 
itself as a form, where investIgating and form 
are becoming counter-informatlonal. The slmilar 
holds true for process of a process, where an 
informational process is InvestIgatIng a 
process as Information, generating Information 
of advanclng, developlng, or arislng of a 

It seems that counter-informatio 
a con8equence of informational 
ivlthin Information. Thls 
princlple generates new Informat 
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lllusive, or broken-doivn an 
characteristic form of a system' 
being's metBphysics. 

n is arlsing as 
InvestigatIon 
investIgat ion 

Ion and causes 
formation into 

informatlonal 
s Information, 
lllusion, or 

s tnformational 
nformati on. In 
Ion, regardless 
onal level It 
lly blinded, 
d underlles a 
s strategy or a 

7.3. Informational Recurrence 

Informational recurrence Is a term In which the 
meanlng of recurrence is much more powerful 
than Its usual meanlng. Contrary to coimon 
sense. In additlon to the property of belng 
recurrent, informational recurrence has the 
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property to be informatlonally generatlve and 
informationally parallel. In thls context, the 
generatlve ts concerned wlth arlslng or comlng 
o( Information Into existence. Informatlonal 
arlslng can be understood as a particular form 
of recurrence, where the arlslng of Information 
Is recurrent. The Informatlonally parallel 
concerns the arlslng of parallellsm In form and 
In procesa wlthln Information. Hence, 
Informatlonal recurrence Is regular, 
generatlve, and parallel recurrence In the 
descrlbed sense. 

If Information is belng-ln-the-form or belng-
In-the-process, and If recurrence Is being-
recurrent, belng-generatI ve, or belng-parallel, 
then Informatlonal recurrence can be expressed 
In a number of ways, comblnlng ali posslble 
alternatIves. A complex example would be the 
followlng: belng-ln-the-form-and-ln-the-
process-as-regular-generalIve-and-parallel-
recurrant. 

7.4. Forms and Processes of Life 

Information Is comlng to Its full expreBSlon as 
a form or a process of life. Where does the 
life begin? If life Is based on the appearance 
of molecules of life, these roolecules already 
concern Information whlch is present in the 
form of genes. Oenes seein to store static 
Information which governs the evolutlon of a 
belng during its development In a hostlle 
envlronment as well as a belng's main lite 
forms and maln life processes. But Information 
whlch is represented in genes can auddenly 
change in some of its detalls. This occurrence 
of change is called gene mutation. So, 
generally, genes are informatIcally 
(chemically) not absolutely stable and 
represent Information, whlch can be altered 
under unforeseeable clrcumstances. The 
eonsequence of this fact Is the evolutlon of 
speeies. 

Molecules of U f e (DNA, RNA, protelns, and 
dedicated protelns called enzymes) demonstrate 
dlfferent forms and processes of Information. 
If the deoxyrIbonucleic acld (DNA) proves an 
outward form of a temporarlly stable 
Information, the ribonuclelc acld (RNA) Is 
carrylng dlfferent and particular Information. 
In thls molecular mechanlsm the enzyme 
represents a real blologlc Information machlne 
reading Information stored In an RNA and on 
thls basls synthesizlng the correspondlng 
protein from lurops of the blologlc envlronment. 

The next hlgher form of life is the llving 
celi. The celi is a blologlc machlne, an 
organism uslng molecules of life and other 
molecules for varlous Informatlonal 
manlpulatlons. On the cellular basls, the 
immine system is an extremely sophistlcated 
Information 8ystem. The alm of this Bystem is 
to reeognlze pathologlc invaders by means of 
molecular receptors and neutrallze them by 
means of a speclal blologlc mechanlsm. In 
neurons, whlch are nerve cells in the braln, 
varlous receptor and transmitter substances are 
used for Information transmisslon and 
Information arlslng. A major functlon of the 
neuron's celi body Is the 8ynthesi8 of 
macromolecules. From modern celi biology, it 
is known that Information for the synthesl8 of 
macromolecules is encoded in the DNA of the 
chromosomes wlthin the celi's nucleus. In ali 
eell types, there are two basic ways in which 
this Information is processed. The genetic 
Information Is passed from parent to daughter 
eell during celi dlvlslon (heredlty) or a 
selected portlon of the genetic Information is 
transcrlbed Into RNA and translated Into 
protelns (gene translatIon). 

Like most cells, neurons c 
apparatus for syntheslzing 
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also have mitodrondrta 
blosynthesls and for metabo 
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one or another transmitter 
ion channel, membrane trans 
type of receptor roolecules 
of an Information proce 
ultlmately depends on the 
character Izat ion of a H thes 
the neuron is a complex I 
belng Informatlcally apeclal 

ontaln the complex 
protelns and the 

o encode them. They 
and enzymes for 
llsm. Nerve cells 
d, so they contaln 
substance, speclal 
port mechanlsm, or 

The understanding 
BB in a neuron 
Identification and 
e components. Thus, 
nformation machlne 
Ized. 

7.5. Intelligence 

Intelllgence Is speclfically structured, 
organlzed, and orlented Information. 
Intelllgence concerns dlfferent forras and 
processes of man's life, of man'8 conscious 
actlvity, and of man's culture. Intelligence is 
an informatlonally complex structure, 
problematically connected wlth a partlcularly 
orlented Information, Informing thla 
Information In a partlcularly resulting way, 
and producing the so-called Instantaneous 
Solutions of the glven problem. Intelligence is 
a particular Information concernlng a 
particular problem domaln and gtving 
informatlonal results in a form of particular 
Informatlonal forms and particular 
Informatlonal processes. In thls respect, every 
Intelllgence Is concerned wlth its own 
bllndness and Its own breakdowns. 
IntellIgence's bllndness originates from Its 
partIcularlty, pecullarity, and orlentation in 
regard to the entlre, broader Information 
realm. Intelligence'a breakdowns interrupt its 
bllndness and enables Its development on the 
basls of new, intelligence-relevant Information 
which arose during the intelUgent 
InvestigatIon within intelllgence Itself. 

Intelllgence is an Informatlonal process of 
appropriatIon (or selzure) of its structure, 
organlzatIon, and orlentation. Intelligence Is 
Informing appropriately, properly, and aptly 
regarding the problem domaln. Thls domain 
oecurs in intelllgence as an object Information 
belng informed by itself and by Intelllgence. 
So, a problem Information is comlng into 
extstence and depends solely on the depth of 
the problem solving Intelllgence, which is the 
Information of the problem solving degree, 
depth, structure, organlzation, and 
orlentation. Thla approprlatlon of Intelllgence 
Is causlng tntelligent bllndness, but also 
IntelUgent breakdowns. In this regard, every 
Intelligence Is Intel Ilgently relatlve, 
possesslng its characteristle bllndness 
(IntelUgent lllusion or IntelUgent stupldity) 
and informing its breakdowns (intelligently 
essential facts comlng to the surface only in 
particular cases). 

As Information, intelllgence is always embedded 
in an broader Informatlonal conteit. 
Intelligence is comlng into exlstence in an 
Inforroatlon-related syštem, so the structure 
and organlzatlon of Information in this system 
influences Its shaping and design. Intelllgence 
ts circularly concernlng intelllgence and other 
Information whlch is IntelUgence-related and 
system-dependent. Intelllgence Is developtng 
itself alone, rlsing Itself to hlgher and 
dlfferent Informatlonal levels, At thls potnt, 
It Is obvlous how Information complexlty, 
arlslng, and developlng on the one side, and 
Intelligence comlng Into exlstence on the other 
side, are very closely related processes. Thus, 
Intelllgence cannot be quite clearly 
dlstInguished from the general and the 
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broadened Informatlonal background. It' seems 
tbat intelllgence Is only one o( the partlcular 
forms o( Intormat Ion, whlcli arlses out o( the 
Informatlonal background. Wlthin thls 
background, Intelllgence has Its own structure, 
organlzatIon, and developroental orlentatton, 
whlch make It <Intelllgent' . 

Inf orinat lonal ly, Intelllgence always concerns a 
partlcular fleld, problem, or sltuation. In 
thls respeet, it is posslble to speak about 
Intelllgence, which is more or less 
specl(lcally oriented, whlch concerns less 

It nas to oe saio tnat intelllgence is an 
Intormatlonal (orm with characteristlcally 
problera-orlented and powerful, counter-
in(ormat lonal Inveat Igat ion, wt)ere a partlcular 
Bolutlon for a specKlc problem sltuation Is 
belng sought. Intelllgence Is stmllar to a 
questlonlng aystem, where problematlc 
questionlng is Its maln Intormatlonal procesa 
and the problem-lnterrogated Is the maln 
Instantaneous result. It Is becoming clear how 
intelllgence Is a clrcular Intormatlonal 
mechanlsm concernlng the investigation clrcle 
ot questlon, questlonlng, and Interrogated. 
Thls clrcular process Is a livlng, arlslng, and 
developlng torm, whlch changes Its structure, 
organlzatIon, and orlentatlon, performing 
dynamlcally on the Intelllgence Itself. 
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Intelllgence falls into the 
Information. A belng'8 Informatl 
the abyss of a being'8 neu 
Intelllgence does not really see 
its aby8S and as It is thrown Int 
falls upward to the top. Although 
Intel 1Igence's aby88 is Informatlo 
from the top to the bottom la not 
Thls route of coherence between th 
and abyss' bottom la bllnded and 
(Intormatically) hldden. 

7.6. Cultural Forms 

In the realm ot man'8 culture many varlous 
forms exl8t, which can be investigated from the 
informatlonal polnt of vlew. For instance, some 
of these forms can be grouped In the followlng 
way: 

creativlty, language, and speech; 
phllosophy, tdeology, science, and 

technology; 
aesthetics, rhythm, harmony, art, and 

11 terature; 
crlsis, capabllity, and Incapability; and 
functions of the mlnd, Information 

8ystems, and arttticlal Intelllgence. 

These cultural forms are essentially influenced 
by the conselous way of man'8 thinking and 
behaving. In the followlng sectlons some of 
these forms will be informationally analyzed in 
a more detailed way. 

" ... man does not know hlmself as the one 
who is belng brought Into relatlon to 
Belng; that Is, he does not know hlmself 
as man. Ruled In thls way, man today, 
despite what seems true to him, never 
encounters hlmself, 1. e., hls essence." 

(W. Lovitt in Heldegger, QCT, xxxlin 

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 organlzed? From the 
Informatical polnt ot view, a belng Is Its 
total Information, whlch is highly composed and 
connected. Llmltatlons of a being's total 
Information appear on the level of a being's 
Intormatlonal autopolesls, which represents an 
autonomous, self-product1 ve Information system. 
In a blologlcally, highly developed being 
Information la arising in forms and procesaes 
from molecules of lite toward the partlcularly 
structured and organlzed cortlces. 
Intormatlonal structure and Informatlonal 
organizatlon are Impeded by an Informatlonal 
hlerarchy, whlch Is the consequence ot 
substantlal structure and aubstantial 
organizatlon. The Intormatlonal hlerarchy is 
characteristlcally structured and organlzed 
autopolesls of a glven specles on the flrst 
(genetic) level and of a concrete Indlvldual on 
the second (metaphyslcal) level. The blologlc 
substance Is autopoietIcally condltlonlng the 
nature ot the Information structure and 
Information organizatlon up to the metaphyslcal 
level, and ot intormatlonal forms and 
Informatlonal processes governlng the lite, 
behavlor, and Imaginatlon of a belng. 

For a being, only its own Information is 
relevant. As long as outward Information Is not 
perceived by the being, this outward 
Information is not comlng Into the context of a 
being'8 total Information and therefore does 
not recelve any informatlonal relevance. This 
kind ôf outward Information represents an 
irrelevant intormational nolae. A population ot 
beings is characterlzed malnly by the 
population-relevant Information. This 
population l8 informing (generatlng and 
acceptlng) its own and characterIstle system 
Information, whlch governs the Information 
system ot a glven population. Furthermore, from 
the Informatical polnt of understandlng, a 
population of beings can be comprehended as a 
more composite and more complex belng (the 
Belng ot Population) than an Indlvldual belng 
is. Slmilarly, a being or an Indlvldual Is a 
complex ot celi populatlons, a celi Is a 
complex of macromolecules, a macromolecule Is a 
complex of molecules, etc. 
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princlple, which recognizes how problems are 
solved. In thls processlng, the evoluttonary 
learning, varlatlon, selectlon, and 
reproductlon are easentlal Information 
processes. 

InformatlonalIy, a llving belng constltutes a 
clrcle, In whlch physlologlcal structures are 
preoccupled by evolutlonary learning, 
varlatlon, selectlon and reproductlon, 
dellverlng and developlng Information for a 
belng'8 lite and behavlor. Sensory Information 
enters Into a belng In the form ot varlous 
signal patterns, whlch are accepted by adequate 
physlologlcal structures. These structures are 
themselves under the structural Influence ot a 
belng's Information. A belng's Information Is 
clrcular concerning the blologlc structure and 
blologlc organizatIon. However, ali theae 
processes can be understood as Information 
processes, where Intormatlon about blologlc 
structures and organlzatlon Blways exlst. 

8.2. Belng and Time 

A belng, belngs (Belng), metaphyslcs, ontology, 
approprlat Ion, actlvlty, tirne, etc. are ali 
Information In the realm of everyday 
phenomenology and remaln In the realm of 
Information. The realm ot Information Is also 
Intormatlon by Itselt. Both, Belng and tirne, 
are regular Information, whtch are regularly 
lnterwoven by Intormatlon. 

Belng can be understood as a H posslble and 
also as non-posslble intormatlon concerning 
belngs as belngs. In phllosophlcal termlnology, 
Belng never changes. Thls may be a consequence 
ot the particular philosophlcal doctrine called 
ontology. Thls phllosophlcal vlew generalIzes 
the grasping of Belng, where Belng Is observed 
as an absolute entlty standlng comprehenslvely 
outside of belngs themselves. In Informatlonal 
terralnology, Belng as Information is always 
comlng into eiistence by the informatlonal 
arislng of Belng. Thus, Being is merely a 
particular intormatlon concerning belngs and 
regularly changtng Information. Simllarly, thls 
holds true for phllosophy, whlch is an 
Informatlonal process intorrotng Belng as an 
informatlonal object. From the phllosophlcal 
point of vlew, there is a contradiction between 
tirne and Belng, whlch was polnted out by 
Heldegger (0TB, 3-4): "Phllosophy knows a way 
out ot such situations. One allows the 
contradiction to stand, even sharpens them and 
tries to bring together in comprehensive unity 
ivhat contradicts Itselt and thus falls apart. 
Thls procedure Is called dialectic." From the 
informatlcal point of vlew, contradiction, 
dialectic, etc. is merely particular 
intormatlon, if they are arislng as Information 
or In the Informatlonal realm at ali. A 
contradiction in the informatlonal treatise of 
Belng and time does not appear Informatically. 

Evldently, Belng has to be understood as 
Information whlch Is independent from belngs 
and surpasses any belng's Information. The 
Being is Information concerning a H belngs and 
being coroposed In thls way from intormatlon 
comlng from individual belngs. Thus, the Belng 
as intormatlon ts nothing else than beings-in-
the-form and beings-in-the-process. 

clrcular concerning any 
well as time. What is 
Intormatlon as Information? 

subjeet has Its object 

Information is 
Information as 
clrcularity ot 
Intormatlon as 
Information. Time is the relatlon between 
intormatlon as subject and intormatlon as 
objeet. The consequence of thls relatlon la the 
arislng of Information where subject is comlng 
into existence trom object and from itselt 

alone, and also when object is becoming object 
from the subject. Thls tnternal Intormatlon 
meehanlsm of eircularlty or of Informatlonal 
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Informat lonally Inivard understanding of time. 
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Slnce a process of Intormatlon ts Information, 
time concerns processlng of Information and 
thus, Is a regular Informatlonal phenomenon, a 
regular Informing ot Information. 

8.3. Phenomenology 

Information Is Informing and through Intorrolng 
represents phenoroena In a general and In an 
arbltrartly detalled way. Phenomenology Is a 
particular Information regardlng varlous 
phenomena and investigatlons of phenomena. In 
Its broadest and most fundamental meaning, 
ph8nomenology (from the Oreek 'falnomenon' and 
'logos') Is the science concerning phenomena. 
Its initial preoccupatIon was to discover the 
difference betiveen illusion and truth. Hoivever, 
as phenomena appear on the conscious level of 
the mind, it is also becoming a science whlch 
descrlbes, and explalns phenomena of 
consciousness. Phenomenology can also be 
understood as a general theory ot emplrlcal 
phenomena. In contrast to a sclenco, whlch 
handles things by themselves alone. A 
metaphyslcal meaning of phenomenology was 
attrlbuted by Hegel's analy8lB of , forms and 
matter as phenomena ot mInd. "The term 
'phenomenal' (the llving Individual, his 
behavlor) Is subordinate to the term 
•generative,' whlch appears as an anonymouB 
program - produced, so It would seem, by the 
most anonymous of cosrolc actors: chance." (E. 
Morln: Self and Autos, In AP, 128.) 

Today's phenomenology Is a particular fleld of 
phllosophy, ivhpse originator, E. Husserl, 
refused subjectlvely abstract cognltlve-
theoretlcal trlals and has posted crltlcal 
foundatlons for sciehtlflc thinking by hts 
'phenomenological roethod' in hts thesls 'back 
to things'. As a universal phllosophlcal and as 
a' general scientific fundamental discipline, 
phenomenology has e8sentlally Influenced modem 
phllosophlcal thinking agalnst the naive 
reallsm, posltivism, rationalism, psychologlsro, 
constructIvlsm, and formallsm. In thls respect, 
phenomenology can tind Its approprtatIon also 
In Intormatlcs, Information theory, Information 
phllosophy, and Information technology. 

8.4. Metaphy8lc8 and Ontology 

Metaphy8lcs wlll be the label for the enttre, 
total intormatlon ot a belng. Ontology wlll be 
the label tor the entire, total Intormatlon of 
a populatlon. Slnce soclety can be understood 
as a populatlon of populatlons, the entire 
soclal Information can be labeled as soclology. 
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A being'8 Information Is 
populatton's Information 
VVhereaa iiietaphys ics as 
tndivtdual, subjective, 
ontology as Information 1 
outside, and cultural (pol 
Through culture, ontology is 
accepted by a belng, and 
acceptance Is becoming met 
Information becoming met 
is it becoming ontological? 

metaphysical. A 
is ontological. 
Information Is 

and autopoietlc, 
s intersubjecti ve, 
etic) Information. 
belng more or lesa 
in thls way, this 
aphyaical. H O N IS 
aphysical and how 

dis tinct iveness, cohesiveness, and autonomy. 
The llvlng celi Is producing itself. The llvlng 
celi is autopoietlc or aelf-producing In a 
partlcular way. 

To some extent, metaphysics, as a belng's 
Information, autopoletlcally concerns a belng. 
H. R. Maturana (Autopolesis, AP, 21) gives the 
following dlctum: "A 8y3tem is autonomous If 
the relatlons that characterize it as a unlty 
Involve only the system itself, and not other 
systems. Thus defined, autonomy can be viewed 
as a central characteris t le of livlng systems. 
Yet, stnce autonomy is not necessarily a 
feature excluslve to livlng systems, any 
attempt to explaln the organization of llvlng 
systems must show how they are autonomous and 
hov a H the phenomena proper to them ari se as a 
result of their autonomy. It Is in this context 
that I maintaln that the notlon of autopoiesls 
fully character Izes llvlng systeins as 
autonomous entlties in physlcal space." In this 
respect, metaphyslcs is autonomous, where 
autonomy Is comparable to a belng's 
subjecti vity. Although ontology can be vlewed 
as an autopoiesls of the belng'8 population, It 
can also be viewed as autonomous in some 
broader, populatlon-characteristle aspect. 
Hence, ontology Is populatlon-subjectIve. 

Philosophy Is searchlng for an absolute or 
objective grasping of ontology, whlch Is not 
dependent on metaphyslcal and culturally 
ontological phenomenology. If population is 
populatlon-autopoietI C, then the questlonlng 
for an objective ontology remalns open. Thus, 
the interrogated alway8 appears as a new form 
or a new procesa of autopoiesls. Hence, Belng 
appears to be understood only as a form of 
cultural]y autopoietlc grasping, where culture 
IB developlng Belng from one autopoietlc form 
Into another. Inf oriiiatlonally. It would be 
possible to understand how cultural metaphysics 
(or ontology) is proceedlng from the present to 
a new form, which 8imilarly holda true for a 
belng's metaphyalcs. 
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9.1. Autopoiesls 

The areel< 'autopoiesls', as orlglnaHy 
concelved by H. R. Maturana and F. J. Varelai 
means llteraHy ' sel t-product Ion'. Autopoiesls 
is a label for a partlcular meanlng of self-
productton. Self-productIon phenomena are 
obaerved Informatlcally In livlng syatems. The 
llvlng celi la an extremely complex aelf-
production system, 8ynthe8lzlng JJHA., RNA, 
proteins, llpids, enzymes, etc. and consisting 
of a hundred of thousands macromolecules. 
Throughout this changing of llfe forma and llfe 
proceaaes, the celi demonstrates tts 
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Autopplesls as a cognitive discipline bringa 
the f o H o w l n g , Informat lonally easentlal 
questlonlng to the surfacei If a llvlng belng 
ia autopoietlc, does Its Information arise in 
an autopoietlc way? Does this mean that a 
being's Information is particularly llmited by 
Its own autopoiesls (structure and 
organization) and that It cannot be developed 
or come Into exlstence outalde of its own 
autopoietlc llmlts? In the čase of a belng,' it 
also seems that the autonomy of an autopoietlc 
Byatem is influenced by a being's outward 
Information (allopoletic or heteropoletlc 
Information), whlch might not 
wlth an autopoietlc Information. 

>an informatlonal form. Is also 
arising and therefore, is not 
constant Informatlonal form. In thls regard, 
autonomy as a constituent of an autopoietlc 
system ia varylng the ay8tem'8 autonomy and 
also the system's ciosure. At this point, one 
can understand that strlctly closed 8yBtems do 
not exlst: they are only temporarlly, 
eondltlonally, or Informatlcally closed In a 
partlcular Information realm. 

9.2. Neural Science and Information 

The relatlon between neural sclence and the 
mentation occurring in neural sy8tem8 as 
Informatlonal forms and Informatlonal processea 

be consistent 
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Is the key polnt ot m o d e m 1 
Mlnd is the Integral Informa 
belng's brain. Forms and proč 
can be understood 
ln(ormatlon&lly, or In 
8tructurally and organizati 
blologlc, physlologlc, physl 
Informational reflectlon a 
Imaglnatlon unite ali t 
Informationally conslstent a 
forms and processes of the ne 

nformation theory. 
tlon process of a 
esses of the braln 

informat1vely, 
formatlcally as 
onany connected 
cal, Chemical, etc. 
nd Informational 
hese dlfferent, 
nd non-consistent 
ural syatera. 

Neural sclence concerns specific neural forms 
and neural processes In a general and detalled 
manner where these forms and processes can . be 
ordinarlly comprehend as Information, 
Informlng, Informational, etc. What In fact Is 
neural sclence and how does it deal with many 
dlfferent forms and processes, whlch seem to be 
Informatlon-concerned? Accordlng to the 
princlples of neural sclence (Kandel and 
Schwartz, PNS), this sclence incorporates the 
followlng key dlsclpllnes: 

braln, nerve cells and behavlor; 
celi and molecular blology of the neuron; 
elementary Interactlons between neurons: 

synaptlc transmlsslon; 
tunctlonal anatomy of the central nervous 

system; 
sensory systems of the brain: sensation and 

perception; 
motor systems of the brain: reflex and 

voluntary control of movementi 
the braln stem and retlcular core: 

integratlon of senBory and motor systeros; 
hypothalamus, llmblc system, and cerebral 

cortex: homeostasls and aruosal; 
locallzatlon of hlgher functlons and the 

dlsorders of language, thought, and 
affect; 

development, crltical perioda, and the 
emergence of behavlor; 

genes, envlronmental eiperience, and the 
mechanism of behaviori 

braln flulds and thelr dlsorders; 
neurophthalmology; and 
the flow of lonlc and capacltlve current In 

nerve celi. 

In ali these dlsclpllnes, neural sclence is 
'deeply and essentlally concerned ivith varlous 
Information systems. It brlngs •-*- **•-
foreground Informational concepts. 

Into the 
g-loregrouna iniormatlonai concepis, e. g., 

blological, physlologlcal, chemlcal, physlcal, 
e t c , ivhlch are subsystems of the integrated 
neural system. 
SInce life is a belng's 
Informatlonally governs 
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environmental experlence 
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genetic determinanta of behavlor; 
learnlng; and 
cellular mechanlsms of learnlng and the 

blological basis of Individuality. 

9.3. Braln and Behavlor 

But ali the tlme the braln Is stili, 
a man can think properly. 

(Hippocrates, FIfth Century, B. C.) 

Braln Is a llving substance and 
llvlng processlng. Brain is 
apparatus of a belng's behavlor 
sort of Information machine, wh 
handles Information processes of 
brain also Influences and 
8tructurally and organizatlo 
behavlor, and behavlor 
developmental and generatlve In 
braln. Behavlor Is a reflectto 
braln functlons and the 
(Informational processes) frame 
mlnd. Braln and behavlor a 
examples of Information forms a 
processes. 
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the commandlng 
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Braln conslsts of basic InformatIonal unlts 
whlch are the neurons and the glia cells. 
These basic unlts govern the most elaborate 
cognltlve functlons (behavloral processes). The 
functlonlng of .neurons In the braln is 
influenced by the behavlor, ivhlch comes as a 
con8equence of sensory Information from other 
belngs as well as from other environmental 
phenomena. However, groups of neurons are 
structured (functlonally connected) withln the 
nervous 8y8tero Into reglonal subsystems 
(reglons, areas, nuclel), so that behavloral 
processes can be locallzed In specific areas of 
the braln. Reglons of the braln are speelallzed 
for many dlfferent processes, whlch constttute 
partlcular behavloral Information - mental and 
motorlal. The central nervous system Is 
bllateral and essentlally symmetrical 
Information machlnery, whlch conslsts of the 
tollowlng maln parts: 

1. The splnal cord recelves Information from 
the sicin, Joints, and muscles of the trunk 
and llmba, and sends out motor Information 
for the reflex movement and voluntary 
movement. 

2. The medulla oblongata Is the supreme 
extension of the splnal cord and 
incorporates. In addltlon to other nuclel, 
reflex nuclel for breathlng, functlonlng of 
heart, coughing, vomlting, etc. 

3. The pons and the cerebellum are supreme 
to the medulla. The cerebellum Is modulatlng 
the force and range of movement. 

i . The mldbraln is supreme to the pons and lles 
between hindbrain <the medulla, pons, and 
cerebellum) and the forebrain (the 
dlencephalon and cerebral cortex). 

5. The dlencephalon contalns two informational 
relay structures. The thalamus processes 
most of the Information coming from the rest 
of the. central nervous syst«m to the 
cerebral cortex. The hypothalamus controls 
autonomic, endocrine, and visceral 
Integratlon. 

The cerebral 
basal ganglla 
cortex. Both 
ganglla are 
perceptual, 
Information. 

hemispherea consist of the 
and the overlaying cerebral 
the cortex and the basal 
concerned wlth hlgher 

cognltlve, and motor 

The medulla, pons, and mldbraln constitute the 
brain stem ivhlch contalns the cranlal nerve 
nuclel which In turn recelve Information from 
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the skin and muscles of the head and from the 
speclal 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 retlcular formatlon, whlch 
determtnes levels of arousal and awareness. 

Another structural and organizattonal principle 
of the brain is parallel (Information) 
processIng. Brain processes are served by more 
than one pathway. VVithln the brain,the cortex 
Is divided into two hemispheres with four 
anatomically dlstinct and functionally 
speclallzed lobes: the frontal, parlental, 
occipital, and temporal. In these lobes, 
planing and movement, somatlc sensation, 
Vision, and audition as well as learning, 
meniory and emotlon are processed respect i vely. 
Each hemtsphere of the cerebral cortex Is 
concerned with sensory and motor processes of 
the contralateral side of the body. The 
hemispheres are not syniiietrical in structure, 
nor are they equivalent in functlon 
(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 
intonatlon of speech, emotlonal gesturing, 
prosodic comprehension, and comprehension of 
emotlonal gesturing are processed in the rlght 
hemisphere, where their anatomical organizatlon 
mirrors that whlch is for cognitive language In 
the left hemisphere. 

Even though, the brain Is lniiiensely complex and 
the structure and the functlon of many of Its 
parts are stili poorly understood. It is 
becoming more and more evident that the brain 
is an informatIcally structured and 
informatically organized apparatus with 
specific processes occurring In its parts. 
These processes - the ralnd - is an 
Informatlonal functlon whlch is becoming nore 
and more understandable In modern neural 
Science and in Informatlcs. 

£very translation from one to another language 
is faced with Its own way left largely free to 
the translator. This essay was wrltten 
orlginally in English and represents author's 
insufficient habits acqulred in his irregular 
experience with English. So, let imaginatlon 
arduously search for misslng words in 
vocabularies and for language's non-dwelled 
assoclations in the author's mind. I have to 
thank John D. Freyder agaln for hIs meticulous 
revlewlng and correctlng of my "translation" 
and for hours of intense conversation In whlch 
many aecrets of the English Idiom were revealed 
to me. Anyhow, thls collaboratIon was a 
fruitful and pleasant lnterweavlng of 
phllosophlcal que8t8 and of language's adequacy 
and language's requests. 
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ABSTRACT 
The paper describes a research effort to directly interface a CAD database v;ith 

some other systeras (CAM , E;xpert systems , FEH). The research utilize a symbolic 
representation of 5eometry (combined with Topology) , vfith other data regarding a 
typica.l raachined component . The topologlcal ooncept can support an rational data
base model . 

An integrated solid modeling system for representing and manipulating polyhed-
ral ob.̂ ects bounded by bicubic parametric surfaces is presented . Its basic capa-
oilities include a representation of solids , and extended can introduce paramet
ric surfaces and offset tecnique . 

"eyvrards : 
Boundary representation , CAD , Constrjctive Solid Geometry (CSG) , 3uler operators 
Offsettlng , Solid Modeling , Surface modeling , '••/inged-edge data stnjcture 

1 IHTRODUCTION 
Relational database system for representati

on of solid ob.-Jects is vital link in the integ-
ration of design and manuflacturing . Generality 
of representation of solid ob.jects using rela-
tions between geometrical entities and autoraa-
tion in caan-machine leve! focused a research 
and develop a database . This database is link 
with Expert systems /HIL.A82 , MI L;\8it, MI L'i35, 
FHILS5/ , because a 3D CAD database is used to 
represent a 3D ob.̂ ect in nunerical form . 

To input to the type techJiology seguence , 
v;ith regard to the machine tool , is as fo-
llov;s /•ML.\Zh/: 

.(o) = (decoraposition , transformations ,cou-

(dlmension (dj) , kinematics (dĵ ) , 
operating conditions/ener2y (d ) , 
technology (d )) (1) 

The input to the type technology sequence 
from the branch of technology form is given in 
this fom : 

a_ = (eleraentary form , type of machining , 
relation between elementary form and 
type of machining sequence) (2) 

^0 define the type technology Sequence , vre 
have the follov/ing basic operations as input : 

pling , seguence ) (3) 
Some fundaiiental characteristic are discu-

sed below , (For further discussion also see 
MIL.A64 and MILA85). 

2 TECl-CIOLOGICAL ASFECTS OF DSCOKPOSITIOM 
A technological forin is partly shovm in vi-

sible elementary forms , wbile those v;hich co-
uld appear or are omitted in the transforms , 
while those which could appear or are omitted 
in transformation prooess remain latent . The 
decomposition process is perfomed on the vi-
sible entities of type forras and higher levels 
of the v/orkpieoe structure . The latent enti
ties do not show in the decomposition stage . 

Fig 1 gives exaraples referring to rnilling 
and drilling operations . It has show transfor 
mation from initial to final form , 

As it shovm in Fig 1 ali complex whioh is 
defined techjiologically . In very large scale 
cases ali real bodies in mechanical enginee-
ring vrorld 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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(.W 

srn 
FIG 1 3xamples of real solid bodles (primi 

tives are shovm in exploded model) 

Second class are sculptured (free fonc) surfa 

ces . 

3 GEOMETRIC SPECIFICATIOM OF PARTS AHD 

ASSE!>13LIES 

As it shown in V0EL77 , REQ'J83 , REQU80b , 

REOUSOa, RJiQUe2 one part is bulld of simple 

bodies , called primitives and using Boolean 

operators on them . As it is shovm in Fig 2 

elementary primitives are box , cylindar , co 

ne and sphere , T^ese are eleinentary primiti

ves in Solid modeling technique . Using Boo

lean operators (union , differenoe and inter-

section) we can combined..:bodies on few ways ,' 

Fig 3. 

Ib) 

FIG 2 H;iementary primitives 

3.1 Representatlonal schemes 

Mowadays exist few representatlonal soheraes 

like Spatial eaumeration , Celi decomposition , 

Constructive Solid ^eometry (CSG) , Boundary 

representation (B-rep) , Svreep representations 

/REQU83 , REQU80a , REQU80b , MANT85a/ . V/e 

oan introduoe three most famous : CSG , B-rep 

and 3weep . 

Constructive Solid Geometry (CSG) oonnotes 

FIG 3 a) A non-physical "assembly" of tvra 

blocks , b)regularlsed intersections 

c)regulari2ed union , d)regulari2ed 

difference and e)other regularized 

difference 

a faraily schemes for representing rigid solids 

as Boolean constructlons or comblnations of solid 

components via the regularised set of operators 

defined in the REQU80b and REQU80a , CSG and 

B-rep are the bes t understood and ourrently most 

important representaation schemes for solids . 

CSG representations are (ordered) binary 

tree . Monterminal nodes represent operators , 

which raay be either rigid motions or regulari

zed union , intersection or difference ; termi

nal nodes represent primitive leaves v/hich rep

resent subsets of H-̂  , or transformation leaves 

v/hich contain the definning arguments or. rigid 

motions . CSG trees may be defined by the follo-

wlng : 

<CSG tree) ::= <Primitive lea;^/<CSG tree> 

<Set operator node> <CSG tree> 

/<CSG tree><Motion node> 

^Motion arguments) (4) 
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The eemantica of CSG-trae representations is 

clear (Fig 4). 
face l ies , Fig 6 

V̂ 
U TromJott 

/ \ / \ 
p; P2 P2 6X 

' — I 

FIG h A CSG tree and the solid3 represented 

by its subtrees (solids are shovm in 

ortographics projections) 

Fig h and equation h shows that main compo-

nent of each solld are ; set of primiti^^es , 

set of Boolean operators and set of transfor-

matlon operators (Scaling , Translation and 

Rotation) , see NHM-iSl and F0LE82 . 

Most general vray is halfspace model . Ele-

mentary halfspace is represented using real 

funotion 

F(x,y,2) " ax + by + 02 + d = O (5) 

whuch has positive values outside halfspace , 

zero on the boundary and negative value in 

hi s inside . For example , solid cylindar has 

been represented using halfspaces which ifs 

shovm on Fig 5. 

a^-^ 
^ ^ ^ 

FIG 5 Boundar7 representation 

3-rep is develope on l.e. Euler operators 

which are explained in next section . 

The third unambiguous and popular scheme is 

called (siople) sveeping . The idea is that a 

"solid" set of points can be representad as 

the C^rtesian product of an "area set" and 

"trajectory set" . (Intuitively , one percieves 

the area set as moving along the traJectory 

and "sveeping out" the represented solid). 

Fig 7a shows an "extruded" object represented 

via translatorial sveeping ; rotationally sy-

metric objects can be represented by rotational 

sveeping . Fig 7b provided an example vhich 

combine sveeping and restricted fom of set 

union called gluing . 

^ ? m w 

i / 

T=3 

/ 

FIG 5 Representation cylindar using halfspaces. 

Object is constructed from one (unbounded) 
2 2 2 

cylindar halfspace in form x + y = R 

and tvo plane halfspaces fomi zt.0 and 

Seoond important scheraatic is 3-rep . Boun-

dary representation of solids are familiar to 

most computer scientists because of their use 

in computer graphios . 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 vhich the 

FIG 7 Pure (a) and hybrld (b) sveep represen

tations 

h BASIC ELEI'IENTS O? TOPOLOGV AND EULER-POItl-

CARE FORMULA 

As ve say , B-rep is build on topological 

concept . We can introduoe basic topological 

definitions , shovn in Fig 8 and in Appendix A. 

Mathematlcally speaking models are descri-

bed by Topological boundary . The boundary is 

represented by their bounding edges and verti

ces . It ušes convention that faces need not 

simple connected but may inolude cavities ; 

the component of a boundary of a face are re-

fered to as loops . 
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Body 

Shell 

Face 

-•Loop 

Edge 

••Vpl 

Surfaoe 

Vertex 

— Curve 

Polnt 

FIG 8 Hlerarchy of topological entitles and 

corresponding geometric equlvalents 

One of the lobps represent the "outer" boun-

Aary of the face , whlle the others describe 

it" s cavitles • 'rfe shall use the term ring to 

denote an Interior loop ; for instance , a fa

ce with one cavlty is said to have one ring , 

A boundary model might be represented sirap-

ly as a set of multiconnected polygons , Each 

loop of each polygon v/ould then be represented 

as a list of vertices . to speed up various 

opereti ons on the. model , boundairy 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 /HILA82 , 

MANT82 , EAST79 , BRAI82 ,SAER79 , VEIL85/. 

Euler operators derive their name from the 

well-knovm Euler" s Lav : In any simple polyhed-

ron , the nurabers of faces (F) , edges (E) and 

vertices (V) must satisfy the equation : 

V - E + F = 2 (6) 

The formula may be generalized to arbitrary 

solida by introduoing three other parameters , 

namely (1) the total number of rings (cavlties 

in faces , 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 is 

V T E + F = 2(S - H) + R (7) 

As noted in BRAIS2 Just five operators (wi-

th their inverses) are sufficient for desori-

bing ali objects satysfying the Euler formula . 

Let us consider the cube representad by six fa-• 

ces , tvfelve edges and eight vertices , as sho-

vm 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 whioh meet at 

the edge are united and remaining collection of 

five faces , eleven edges and eight vertices, 

is generated a simpler model . 

Perforraing the same operation on the edge 

marked in Fig 9(b) creates the object in Fig 

9(c) . It has an edge belonging tvice to the 

loop indlcated by the dashes . The "upper" ver-

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

(b) , a second edge (c) ,• and vertex and 

third edge (d) . Note that each of the 

operators restores the validlty of the 

generalized Euler form 

tex of the edge is adjaoent to no other edges , 

Another operation removes such a combination of 

an edge and a vertex and creates the DOdel in 

Fig 9(d) , These two operators can remove ali 

edges and ali vertices exoept one . Athird ope

ration can remove the remaining stripped-dovm , 

one vertex model , 

The operStLons are examples of Euler operators, 

We call the three destructive operators "kef" , 

"kev" and "kvsf" for "kili edge , face" , "kili 

edge and vertex" , "kili vertex , solid and fa

ce" .'Their inverses are "mef" , "mev" and 

"mvsf" where "m" stands for "make" . 

Collection of operators which describes ali mo-

dels satisfy equation (7) is given in Table on 

Fig 10 . 

lABLE I 

Euler operators 

Operator Explanation 

MVSF 

KVSF 

MEV 

KEV 

MEF 

KEF 

KE?.1R 

MEKR 

KFMRH 

HFFJIH 

SEMV 

JEKV 

Make vertex 

Kili vertex 

Make edge , 

Kili edge , 

Make edge , 

Kili edge , 

Kili edge , 

Make edge , 

Kili face , 

Make face , 

Split edge 

Join edges 

, solid , 

, solid , 

vertex 

vertex 

face 

face 

make ring 

kili ring 

make ring 

kili ring 

face 

face 

, hole 

, hole 

, meike vertex 

, kili vertex 
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FIG 10 Euler operators :plane modela 

An exaraple of body wlth hole , Fig H , shows 

raanipulation wlth Euler operators . 

p: Tlv f 

Mev - 3F 

[ M'' •• H 

MTV (9) A«V "(h) 

XfA« (I) M£Y (J) AVFF " (k) 

HFKRH 

FIG 11 A sample deflnltion (MANT82) 

5 SURFACE MODELLING 
Surface modeling emerged as a fleld of CAD In 

the early 1960s as result of work done by S.A. 
Coons at MIT , USA in representing mathematically 
the shape of soulptured objects such as alrcraft 

exterior skins , ship hulls and car bodies . 
The mathematical methods are polynomial fun-

ctions , which aUow through differentiation 
easy determination of geometric properties of 
the surface tangents , normals and curvature , 
Polinomial of high degrees requlre a large num-
ber of coefficlents . Bemstein - Bezier or B-
spline methods requires only 16 control points . 
The mapping from control points to actual surfa
ce- is dona through a kxh matrix which for Bezier 
representation has folloving form ; 

P(u,v) =• U3CB'^V'^ (8) 

where P(u,v) is the point in Carteslan space 
which corresponds to the parametric surface 
polnt (u,v) , and where ; 

1 0 0 0 

(9) 

is the Bezier basis matrix for a bicubic petch 
where 

=11 *=12 °13 °14 

•21 ̂ 22 ''23 24 

=31 °32 °33 °54 

=41 °42 °43 "̂ 44 

(10) 

is the set of control points , which are armn-
ged on topologlcally rectllnear grid according 
tb their subscrlpts . 

U = [ 1 u u^ u^J (11) 

V = C 1 v v^ v'J (12) 
are the parametric basis vectors . 

The modelling of a patch amounts , therefo-
re , to the raanipulation of its 16 control po
ints in thr 3D Cartesian space . 

6 THE REPRESE-ITATIOrJ OF POLYHEDRAL SOLIDS 
Most of models developed so far mathematica-

lly representing a solid object are based on 
the general formal definition of its shape as a 
set of contlgous points in 3-space . Thfe idea 
that relations betveen elements of list is to-
pologioal is shown on Fig 8 and 12 , /KALA83b , 
WIED85/. Body is build of faces . The two-axis 
(or more) curvature discontinuity points are 
known as vertices . The volume enclosed by this 
set of elements is knovm as polyhedral shape . 

It is possible to implement a polyhedral 
shape representation by means of a hierarchi-
cal data struoture , such as the one shovm in 
Fig 12 . In this scheme the nodes represent one 
shape element each , and the arcs represent the 
relations betveen them . As it shown in BAER79 
and W2IL85 it is possible to get one node for 
base . For example , a polyhedral shape bounded 
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FIG 12 A hierarchioal representation of the 
shape model (polyhedral representation 
without sculptured surface including 
is on the left side ) 

by planar surfaces can be represented by means 
of two types of nodes - faces and vertioes , 
vhen the arcs betveen them are, constructed suoh 
that each string of successive vertices represe-
nts a ring of edges boundlng face . Another rep
resentation has been devioed by Baumgart /BATO 
75/ . Other types of structures are described 
in 3RAI82 and 'rfEIL85 . This example is get from 
KALA83b and NSW181 and demonstrate representa
tion in "winged-edge" structure . This scheme 
is derived from a proof to Euler Lav 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 vhich bound 
one face each . Assuming these rihgs are ori-
ented , the edge has a predeoessor and a succe«.' 
ssor each , as well as two boundlng vertices 
(Fig 13) . 

Using the "winged-edge" structure together 
with its Impllcations on the ring and face ele
ments as the lcey for representing the shape , 
Baumgart obtained a structure vhich is extrem-
ly efflcient for manlpulation purposes a set of 
operators , for nmipulating a structure . (For 
further informations in data base for boundary 
representation see BRAI82). 
7 A REUTIONAL MODEL FOR REPRESENTING FOLYHED-

RA.L SHAPES 
The relational database model is one of the 

three most common data definition languages , 
the other two being the netvork and the hierar
chioal models . Its underlaying mathematlcal 
foundation derives from the set-theoretic concept 
of relation . The object called relations , are 
commonly represented in a 2D tabular form . Each 
relation corresponds to a single class of data , 
vhlch in the čase of the polyhedral shape can 
be' faces , rings , edges and vertices , The rows 
of relation are called tuples , Each tuple iden-
tifiable through a unique key , and its columns 
are called domains ; each domain identlfiable 
through a unique name . The number of domains in 
a relation determines Its degree . For example , 
in the edge relation (Fig 14) , each tuple co-
rrespond to a single edge , and its domains co-
rrespond to one of the edge adjacent Itens , 
such as its predeoessor edge on-each of the two 
rings in which it is a raeraber , 

cv-«« -M,05,»' 

01,Oi, •''* 

FIG 13 The "winged-edge" data structure 
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FIG 14 A relatlonal representatlon 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 objeots . To solid offset (ab-

breviated s-offset ) a solid S by a positive dis-

tance r one adds to the solid ali points exterior 

to S that lie vfithln a distance r of the boundary 

of S . For a negative s-offaet one subtracts from 

the solld ali the points of S vithln a distance 

r from its boundairv . Positive and negative s-off-

sets for a simple I^shaped "2D solid" are shovm in 

Fig 15 /R0SS86/. 

provide reasonable resAlts in many but not ali 

of the possible cases . 

It is Interestlng that offseting has many 

potenti&l Applications in : 

- Tolerance analysis . Three-dimensional tole

rance zones inay be defined by offsets , and 

used to determlne vhether mechanical parts sa-

ti3fy speclfled toleranoes . 

- Approxlmate object equality . Two solids X 

and Y are equal vithin some speclfied resolat-

ion Z . The solids X and Y may be for exanple , 

a desired part and the part generated by a 

sequence of machlning operations . 

- Physlcal process modelling . Processes such 

as coatlng and etchlng may be modelled , at 

least to a first approximation , by expanding 

and shrlnking operations , 

_ Cutter path generatlon . Computing cutter paths 

for WC maohinlng 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 REUTIOMAL DATABASE HODEL 

Aspects shovm in section 8 and posibility to 

have an infonuation abuout surface finlsh , heat 

treatment and material type of eaoh face of mo

del give us an Idea how to extend this relatlo

nal model . Looking from technological aspects it 

is possible to make a link between a faces in hi-

erarchlcal soheme and a state of machininig(sur

face finish) of each face . This link is shovm on 

Fig 16 . 

»Mt 

FIG 15 A simple L-shapped object (a) a positi

ve offaet (b) , and a negative offset (c) 

In NC and related applications one offsets 

smooth surfaces by "moving along the normal" by a 

distance r to generate other surfaces and offsets 

planar aunres similarly to generate other ourves . 

(This operation is refered as normal offseting or 

slmply n-ofsetlng to dlstlngulsh it frora solid off

seting) . The current understanding of normal off

seting is sunarized in TILL84 and FAR085 . Brief-

ly , there is no accepted mathematical definition 

of n-afiseting may led to cusps and self-lntersec-

tions . Heuristio approaches proposed in TILL84 

I fhUi m-
« 1 » ^ 

C 
D 

l e r u f i 

MmM_niM 

S 
FIG 16 Sxtenslon of representatlon of polyhed-

ral shape model 

Correspondence betvreen face list of surface 

finish is one to one . This introduce , very ea-

sy in Computer Intelllgent Process Plannlng becau 

se ve have informations about state of part sur-
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f»ce on ofie hand and on second other perlmeters 
like a neces3ary tools , machine tools and so 
on /PHILL85/. 
10 CONCUISION 

The presentation ot the characteristlca of 
an integrated modelllng sjrsteni In this paper 
is the first step in attempting to bridge the 
gap betveen some of the desir^d levelS Of de
sign capabilities in a comprehensive manner 
rather than local extensions , that will allotf 
the representation and manipulatlon of solid 
objecta . As it is shown basic part ot modul 
is database concepted on relational schemes . 
This database is very flexible and has appli-
cation in other areas . (Here is not shovm but 
solld model play a big role in Immage processing 
in robotics) , One of the interesting flelds 
is CAPP systems . Solid database on relatio
nal prinoiples is main Information about body 
"immage" . This data in such a relafion model 
of the shape can be structured in many ways 
and eipanded Into a suitable manipulative 
atructures when necessary . 

APENDIK A 
Vertex Aunlque polnt in a space . A vertex ' 

lies in one or mora faces . 
Edge A finite nonself-intersecting , dlreo 

ted space curve bounded by two not 
neces3arily distinctc vertlces . An 
edge lies in at least one and not mo
re than two faces , 

Face A flnlte connected , nonself-interseo 
ting , oriented pieoe of surfaoe boun 
ded by one and more loops . A face 11 
es in a single shell . 

Loop An oriented ordered altemating seq-' 
ence of vertlces and edges . A loops 
are nonself-intersected , and lies in 
single face , and form a bound of fece 

Shell The collectlon of consistently oriented 
faces formlng the bound of a single 
connected , clOsed volume . 
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î 37«A.64 

REQU82 Requioha A.C-. Aristides , Voelcher 
B, Herbert : "Solid Modeling : A his-
Torical summary and contemporary asse 
ssment" , IEEE Computer Graphic and 
Applications , March 1982 , pp 9+24 

REvlUB? Requicha A.G. Aristides , Voelcher B. 
Herbert :"Solid Modelling : Current 
Status and Research directions" , 
IEEE Computer Graphics and Applicati
ons , October 1983 , pp 25+37 

R0SS86 Hossignac R. Jaroslavi , Requicha A.G. 
Aristides : "Offseting operations in 
solid modelling" , Computer Aided Geo-
metric Design , Vol 3 « Ko 2 , August 
1986 , pp 129+148 

TILL84 Tiller Wayne , Hanson Eric : " Offsets 
of two-dimensional Profiles" , IEEE 
Computer Graphic and Applications , 
Septembar 1984 , pp 36+46 

V0EL77 Voelcker B, Herbert , Requicha A.G. 
Aristides : "Geometric Modelling of 
Mechanical Parts and Processes" , Com
puter , December 1977 , pp 48+57 

WEIIS5 Weiler Kevin : "Edge-Based Data Struc-
tures for Solid Ilodeling in Curved 
Surface Environments", IEEE Computer 
Graphics and Applications , January 
1985 , pp 21+40 

WIED85 Viederhold Gio : "Database Design", 
ncGraw-Hill International , 1985 



IMPLEMENTING PASCAL-LIKE CONSTRUCTS: 
AN EXERCISE IN PROLONG PROGRAMMING 

INFORMATICA 2/87 

UDK 681.3.06:519.682 PROLOG 

Bogdan Filipič 
Department of Computer Science and Informatics 

»Jožef Štefan« Institute, Ljubljana 

ABSTRACT. Due to tho declarativo meaning ,of programa. 
Prolog is a poworful programming language. Howevor, in 
practice it turna out that numerous tasks within a oertain 
kind of programs aro quite prooedural. The paper describes 
a simple implementation of some Pascal-like construots in 
Prolog as a practical solution to this problem. 

IMPLEMENTACIJA PASCALSKIH KONSTBUKTOV KOT VAJA IZ PBOGBA-
HIKAMJA V PKOL060. Prolog je zaradi deklarativnega pomena 
programov močan programski jezik, vendar se v praksi izkaSe, 
da so mnoga opravila znotraj določenih programov povsem 
proceduralnega znaOaja. V članku je kot praktična reSitev 
tega problema prikazana implementacija nekaterih pasoalskih 
konstruktov v Prologu, 

INTRODUCTION IF-THEH AND IF-THEH-ELSE PROCEDURES 

Due to the declarative meaning of programs, 
Prolog is a poverful programming language 
[1,3]. It is especially well suited for 
solving non-numerical problems. From the 
programmer's point of view, programming in 
Prolog is very effiolont. On the other hand. 
Prolog implementations suffer from the lack of 
supporting the prooedural programming 
approach. In practice it namely turns out 
that numerous tasks within a certain kind of 
programs are quite prooedural. One may, for 
example, wish to perform an aotion 
conditionally, repeat a procedure until a 
certain oondition is satisfied or execute a 
seguence of actions a given number of times. 
To do this in Prolog, we usually use outs and 
repeat-fail loops. Unfortunatelly, improving 
efficienoy through these inechanisms often 
weakens the clarity and the conciseness of a 
Prolog program. 

Some Prolog implementations support condi-
tional by default. Remember, for example, 
P -> Q t R from 0ECsystem-lO Prolog [2], 
C-Prolog [5] or Suintus Prolog [6]. Arity 
Prolog [7] even supports ifthen/2 and 
iftheneIse/3 predicates. Here are common 
definitions of these procedures: 

i-f_then(P,Q) 
if_then(P,Q). 

calKP), .', calKO). 

if_then_else(P,Q,R) t- calI(P>, 
if_then_else(P,Q,R) s-calKR). 

calKO). 

Using operators, we may simply define an 
appropriate predicate if/1 that is determined 
as a Principal funotor. Its definition 
includes both above alternativos (see 
implementation in the appendix). We may now 
code conditionals of both forms; 

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

2f P then Q. 
if P then O eise R. 

where P, Q and R denote single Prolog goals or 
sequences (i.e. conjunctions or disjunctions) 
of goals. 

V=. 
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CAS£ PROCEDURE REPEAT-umiL PROCEDURE 

Onoe the if predicate has been implemented, we 
may define čase as a seguenoe of if procedures 
trying to matoh a certain condition value and 
to sati8fy related goal(s), We introduce the 
Prolog čase construct 

čase X o-f C XlsQl, X7sQ2, . . . , XnsQn J. 

that is interpreted as 

if X = XI then Ql 
else if X = X2 then Q2 
else if 

Here we introduce the repeat/l predicate that 
will have similar effect as the built-in 
repeat/0. You must keep in mind that proposed 

repeat O until P. 

is just a Pascal-like notation for the 
procedure that will be executed in the Prolog 
sense, i.e. failure of O will result in 
backtracking. The execution may be viewed as 
Pascal-liko when backtracking is not possible, 
for exainple: 

repeat ( urite< 'Filename? '), read(F) ) 
until exists<FJ. 

else if X " Xn then On. 

and 

čase X of 
C XJsQl, X2:Q2, , Xnj<3n otheruise R J. 

that stands for 

Note that, when O stands for a sequence of 
goals, they must be put into brackets and the 
left braoket must be separatod from the 
Principal functor repeat by blank. Otherwise 
the entire expression denotes a predicate of 
an arity greater than 1 whioh will fail, of 
course. Similarly, this syntax restriction 
must be considered when using if. 

if X = XI then Ql 
else if X = X2 then 02 
else if 

FOK PROCEDURE 

e7$e if X 
else R. 

Xn then Qn 

Note that our implementation does not support 
more than one value being assigned vrith each 
alternative. This can be done by Joining 
possible values into a list and substltuting 
condition X = Xi with testing the list 
membership. The following is an example of 
using the čase construct: 

aanu_seIection s-
nrite( 'Selection? ' } , 
read_line( Ansuer ) , 
čase Ansuer of 

C a s opt ioni ( ... } , 
b I option2{ ... } , 
C s option3( ,-, } , 
h s ( help, aenu_selection), 
X s exit_menu 
otheruise 

( teepf 
Nritef 'Illegal ansuer' ) , nI, 
mBnu_selection 

) 
J. 

J 

read^line( AnsNer ) ;— 
get< ASCII >, 
name( Ansuer, CASCIIJ ) . 

In order to implement the far loop, let us 
first introduce a utility for managing global 
counters [4]. Suppose we have certain valuee 
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 global variables in 
procedural languages. Suoh variables are 
particularly suitable as counters. Each 
counter Is spooified by its name, a key, and 
the related integer value. The counter 
managing predicates below siiBply 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 CCount,IJ 
for CCoant,11 

II to 12 do a. 
II donnto 12 do Q. 

beep s- put<7>. 

Count identifies the procedure and should be 
instantiated to a Prolog constant. 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 hov to use the 
loop: 

for Ci,l3 f i to 10 do 
( nrite(l), nI ) . 
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figain, the exeoution is Pascal-like only when 
the goal(s) appearinfl in tho loop can be 
satisfied in no more than ono way. 
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APPENDIX: THE PROGRAM 

% file PROCED s 
% Implementing Pascal-like constructs 
X , 

.-- op( 900, fx, if ) . 
}- op( 850,. xfx, then ) . 
s- op< 800, xfx, else ) . 

t- op( 900, fx, čase >. 
t- op( 850, xfx, of J. 
r- op<'800, xfx, otherMJse ) , 
s- op( 750, xfx, 's' >. 

s- op( 900, fx, repeat ) . ; 
»- op( 850, xix, until ) . 

s- op( 900, fx, -for ) . 
z- op( 850, xfx', to ) . 
i— op( 850, x-fx, donnto ) . 
s- op( 800, xfx, i3o } . 
s— op( 750, x1x, 'f' } . 

CcountsJ, X Counter managemertt. 

i1 P then Q :~ 
if_then_else( 

Q - (R else S), 
if_ttien_else(P,R,S) , 
if_then(P,Q) 

) . 

% 11 'else' found 
Z then if_then_else 
Z else if then. 

if_then<P,Q) s- calKP), .', calKO). 
if_then(^,_>. 

if_then_else(P,Q,_> s- calKP), .', calKO). 
if_then_else(_,_,R) s- calKR). 

čase X of C XntO othertiise R J s-
if X=Xn then Q else R, .'. 

čase X of C XniQ ] s-
<if X=Xn then O, /. 

čase X of C XisQ ! Others J i-
if X=Xi then Q else čase X of Others. 

repeat Q until P s-
repeat, calK <Q, .') ) , call(P). 

for C_,_Js'Il to 12 do _ :-
ll>12, .'. 

for CCount,I]s=Il to 12 do Q :-
ctr _set(Count,11), 
repeat C ctr_inc<Count,1), Q > 
until 1=12, 
ctr_remove(Count), /. 

for C_,_Jt=ll doNnto 12 do _ s~ 
IK12, /. 

for CCount,IJs = Il donnto 12 do Q i-
ctr_set(Count,Il>, 
repeat ( ctr_dec(Count,1}, Q ) 
until 1=12, 
ctr_reaove(Count>, /. 

O 
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2 File COUHTS i 
Z Hanaging global countsrs 
% 

Z ctr_set/2 sets a counter to the 
X desired nuaber. 

Z ctr_dec/2 decrements a counter ond 
Z roturns its pravious value. 

ctr_dec(KeY,a} i-
retract( countor(KBy,H} ) , 
m is H - 1, 
assertC counter(Koy,HI J ) , /. 

ctr_set(Hey,h> s-
integar (M) , 
ctr_raoovo(Key)p 
assort( counter (Koy,H) ) , .'. 

Z ctr_inc/2 increaents a counter and 
Z returns its pravious valuo. 

ctr_inc(KBy,N) M-
ratractf countor(Koy,M} ) , 
Ml is » * 1, 
assartf countor(KaY^MI> )f f> 

% ctr_is/2 returns the current vaiua 
Z of a counter. 

ctr_is(Key,H) t-
counter (Key,ti) , /. 

Z ctr_remova/t resovoa a counter 
Z froE^ tho databaso, 

ctr _rBaove(Key) t — 
retract( counter(Key,_) ) , fail. 

ctr reBove( > . 
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ASTRACT - Full parallellsm ollered by the nultl-processor is not stili fully 
exploited. Huch uork that has been done In structured prograaalng to separate a 
mono-processor prograa into weI1-deflned aodules, and atteapts to systeaiatlze the 
interactlons betueen modules, have helped to achieve a more discipllned approach to 
softuare developnent wlth much benellt to nultl-aikroprocessor softuare. 

Thls paper presents various Issues relevant to language aspects ai parallel 
processing sy5tB»s, The objectlve Is to present a discussion o( Issues and soie o( 
ths current approaches rather than a well-developed «etodaIogy o( softuare, vhich 
has yet to be developed. New approaches to parallel processing architecture are 
briefly outlined too. 

O JEZIKIH SISTEMOV PARALELNEGA PROCESIRANJA. PRVI DELi KonkurenCni dilkroprocesorski 
sistemi. Popolna sočasnost, ki Jo onogofia materialna oprana vefiprocesorsklh siste
mov, £e ni dovolj izkoriSflena. Da bi se ta cilj dosegel, Je bilo (lad drugim vlojtano 
:e veliko napora tudi v strukturlrano programiranje, ki deli snoprocesorski program 
v dobro definirane module, poskuSa sistemizirati akcije med moduli, pomaga dosetfi 
bolj urejen pristop k razvoju programske opreme in ji daje'številne prednosti. 

Članek podaja zakljufike, ki Izhajajo iz jezikovnega vidika na sisteme paralelnega 
procesiranja. Obravnavani so zgolj rezultati in noveJCl poskusi reltevanja problaaov 
programske opreme. O kaki bolj dovršeni metodologiji programske oprsme pa ni' mod 
govoriti, saj je le-ta Se vedno v razvojnih fazah. 

Na kratko so opisane tudi nekatere najvidnejše radunalniJtkc 
posebej učinkovito podpirajo paralelno procesiranje. 

arhitektura, ki ite 

INTRODUCTlON 

Hlgh level languages and thelr translators have 
become eseential for uriting applicaticn pro-
grams for mono-processor systems. The same, 
houever, cannot be sald lor multi-microproces-
sor systems. The Immense varlety of appllcatl-
ons and harduare architectures, and the diver-
slty af phllosophies about hou systems shoud be 
structured, makes it extreaely difficult to 
design languages that are llkely to be wldely 
accepted. It stili remalns a difficult chal-
lenge to design a hlgh level language uhich is 
sufficiently general and modular to acconmodate 
a large number of architectural types of machl-
nes /1/. In the absence of bold and fresh 
ideas to express ooncurrency, it Is than natu-
ral that current thlnklng Is along the llnes 
for extending or generalizing the sequential 
programmlng languages /2/. At least it is 
knoun that using thls approach one has sooat-
hlng that uorks for an Isolated microprocessar 
uhich forms a constitutent part of. the uhola 
systein. Thus a sequentlal language enables 
individual softuare modules to be uritten. 
Thls is a rather prlmltlve approach, houavar, 
uhere concurrency (uhich rei^ulres a control and 
comrnunlcatlon struoture), fiynchronlzation for 
resource sharlng, efficiecy and robustness a-
spects are outside the language consideratlon. 

A further dlfflculty stems froa the fact that 
the language issues and runtime support aspects 
cannot be Isolated totally. The attributes o( 
the kernel are important in_ deolding uhether or 
not certaln issues need to be dealt ulth at the 
language level. 

Most o( the language proposals In the concu
rrent programning area aiso have an underlylng 
model of distrlbuted computlng. The aany of 
these languages are in the research phase and 
any have not been Implemented, also there is 
little hard practlcal evperiance. Most of the 
tirne the underlylng model Is not expllcltly 
stated. 

Event if one attempts to eKtract the underlylng 
model from a proposal, it is not aluays an aasy 
task. Sometlmes the model and languages issuas 
become inseparable. The choice of the model 
uould affect the prograaalng aethodology and 
the proof techniques for a language basad on 
that model. A nodel provides a conceptual 
frameuork in uhich to discuss and undarstand 
the behaviour of concurrent ooaputations, and 
is intended to capture the underlying .phllosop-
hy of a programmlng language. 
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A hlgh level language is a nedium which not 
only enables us to obtain a nachina eKeoutable 
cede but, perhaps more inportantl/ allous us to 
tormulate an application preclsely. In this 
sense, there is a greate vacuun for a vshicle 
to describe concurrent applicatios {araally. 

Anather difficulty in using languagas applica-
ble to inulti-mioroprocessor sy8tens Is the 
neceš5ity for a transiator. Translator urlting 
ifflinediataly requires the speoif ioation oi the 
target nachine. It is desirabla that the 
translator also runs on the target aaohines. 
Since there is no arohltectural uniiorBity, 
this rei]uires a translator design uhioh is 
capable of running on uidal/ varying oondgura-
tions. Ideally, a translator also should taka 
advantage of the structure and hence bo aodu-
lar. This requires significant departure iroa 
coapiler uiriting for mono-procsssor oyBtQaa. 

FEATURES OF CONCURRENT LANGUAGE 

Sone of the desired features of a concurrant 
language can be listed as follous /3/i 

- eKpressive pover or richness - provability 
ease and efficiency of implementation - Qasy of 
use - readabilit/ of resulting prograaa 
impact of changes - entant of ooncurrenoy 
possible 

EKpressive pover or riohnass This refaro to the 
abitity of the medel/1anguaga in being abls to 
express certain behaviours, l.e. the richness 
to be able to modal certain coaputations like 
recursion, non-deterninlsn, and so on. This 
praperty is also referred to as ooapleteness or 
adequancy. An increase in SKpressive pouer is 
likely to be accompanied by an increase in the 
difficulty of proving prograias. Uhile it ia 
desirable to have simplicity as ona of the 
goals, it is not advisabls to hava that as the 
overriding criterion. 

ProvabiIlty One aiay bs Intsrested in proving 
(nany propertias, like partial correotnoss, (re-
edoin frofii daadlocks, teninatlon, fairnass, 
etc. The presense of some construots uould 
make it eHtrenely difficult, if not laposalble, 
ta prove certain properties. For SKaople, at 
the current state of the art ol program pro
ving, the presence of tine-outs oould oake the 
achievement of the traotability af proofs 
alaost inpossible. Of course, an iaportant 
consideration is the pouer of the language 
used for specifyng assertions about prograa 
properties. Tha assertion language or the 
logic used should be rich enough to be able to 
specify forfflally varioue desired properties 
/i,/. 

Fornal ization of the semaritics of constructs is 
an important prerequlsite for prograa proving. 
Uhile researches have been discussing ali of 
the above properties for a long tine, there are 
very feu w e n defined techniques or foraal 
methods to illustrate the exlstenc8 of the 
necessary properties. 

good. The practicality of raechanisas uould be 
measured by the efficlenoy of thelr iapleaanta-
tions. 

Ease and •ffiolanoy o{ 
plementation of certa 
difficult to achieve 
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nakes thein uorth impleim 
posslble to deliver 
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in features Qay be quite 
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Noriiially high level oonst 
stractlons capabilittes aake 
se of use and eKpressive pow 
ry criteria. A model/langua 
ugh to exprees a certain 
does not autoii)atically aean 
done in an easy uay-csrtain 
and obscure uaye have to 
Constructs uhich reflect 
abstractions uould be appeal 

f powerful features 
d be easy ta use. 
ructs and good «b-
thing easier. Ea-

er are coapleaenta-
ge being rich eno-
type of ooaputation 
that it could be 
ingenious, aukvard 
be resorted to. 

intuitive uaya of 
ing to ths user. 

While uriting prograns, language primitives 
should allou ccherent combinations. Avoiding 
subtle interactions among primitives would aake 
then easier to use and help reduce errors. The 
fleKibillty cf the constructs is also an iapor-
tant factor in the ease of their use. 

Rea(!abillty oi rsaultlng prograaa Any propasal 
for neu language featurss should be Borutlnized 
closely to deterrnine the effeot of tha proposed 
facility on program structure. The aschaniseas 
should be such that they discourage ooapleii and 
confusing structures. The presense of high 
level and very pouerful constructs could lead 
to ea5ily comprehensible prograas. Of coursa, 
this may not always be the ease. The ability 
to compose the process structure hierarchioaHy 
should be of great benefit. In general, con
structs that are easily verified are likQly to 
be easily understood. 

lapaot oC ohanges If the constructs do not 
include or force a high degreo of isiodularity, a 
change in the deflnition of one process aay 
necessitate iDany changes throughout ths rest of 
the systeiii. This uould be highly undesirable, 
particularly if the number of the processas 
Involved is quite large. Persiitting s graat 
degree of autonoiiiy in the definition of procss-
ses would help a good deal in rcduclng and 
localizing the impact of ohanges. 

Eut^tit oS ooncHirrcno^ pocsibi* The groater the 
degree of conQurr3noy the constructs psralt to 
be eKpressed, the better. But the overhead« 
involved in supporting such concurranc/ should 
not be such as to offsst the advantage« gained 
through the Increase in parallelisa. 

HIGH PARALLEL PROCESSING ARCHITECTURE3 
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to the next element, Operations on succeBSive 
sets at data can take plače at intervals ol one 
step. Parallel processing of thls type, known 
as "regular" paraHellsm, utU undoubtedl/ find 
a plače in fifth generattion computers, but 
necbanisms to deal wlth irregular parallelism 
are the oiain topio (or research. Three appro-
aches are present today! parallel control flou, 
dataflou and graph reductlon /9,10/. 
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number of reasons, one of the. most 
ng archltectural »odels, oertainly for 
erence processing subsyste(»s of a fifth 
ion Computer, is dataflaw architecturs, 
čope with Irregular as well as regular 
oupled parallelism, it is flexible and 
hle, it has the potencial for very high 
hroughputs, and it refleots, at hardware 
the type of parallelisa Inherant in 
ce processing. The central idea of 
w archltecture is: a netviork of proces-
tements is set up, which refleots ths 
structure of the task to ba oarried 

nd items of data flou betuaen the ele-
Each elenents operates at its oun paca, 
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o techniques for the control of »uoh a 

In the totaIly data-driven approaoh, 
lement uaits passlvely for data to arri-
reas in the demand-driven reglne eaoh 

issues requests "upstreas" for data 
is ready lor it. In general a dataflou 
or Computer 5ubsystens has three requ-

to store representations of prograa graphs, 
to implement some form of data tokens to 
flou through the graphs, and 
to provide suitable instruotlon processing 
facilities.' 

Three lines of research are belng folloued in 
response to these diff Iculties. The first is 
to regard a dataflou task as fiiied at coaplle 
tirne, and to prohiblt re-entrat code /12,13/. 
This statlc approach is ilustrated in Fig.1, 
uhich ušes a netuork of binary processors each 
uith tuo alternative output channels. 

Processing 
elamenl 

Processing 
element 

processing 
element 

Processing 
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Fig.1-A static dataflow network<delta network). 

The dynamic approach gets round the proble* of 
re-entrat code by allowlng repllcation of por-
tions of the network at run tliie. This has the 
virtue of slmpl icity, and may beconte increasin-
gly feasible as hardware constralns slacken. 
Fig.2. illustrated one possible configuration 
using this technique /1A/, 

1 lnte''processor nework j 

i 1 
A M 

f 
A C 

. i 

P 

1 . 

1 

E 

_r~i 
A M 

\ 
AC 

• • 

PE 

, 
f—1 

A M 

1 
A C 

1 

' 

., 

PE 

Inief-acttvity newof1( 

Artjitration neTworV 

i . ' 
s M 

. ' 
S M 

Dl5 nbu 
L 

lon network 

' 
S M 

1 1 

• 
S M 

. , ' 
S M 

A M Activilv memory 
A C Activily contfotler 
P E Processing eiemeni 
S M Slfucture memorv module 

Fig.2-A dynamic dataflou arohitaoture. 

The line of developaent uhich holds out the 
most promise in the short ter« is the taggad 
syštem, varlatlons of uhich are under develop-
ment at MIT and Manchester Unlver»lty. Each 
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data Itens flouiog through the netuork oaprles 
ulth It an Identification tag, uhioh speolfiBB 
its type (Jor exa»plB it «ay ha a pointBC to a 
large data structure held in llxed store) and 
its position in ths program. ThB tags enabl* 
data items to be palred and matohed with 
apnropriate instructions for ppocessing. Th« 
tags also indlcata the ievel of racuraian il 
re-entrant oode is used. One node of a data-
(low systei«s using this approach /15/ is Hlu-
strated in Fig.3. 
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Flg.3-A tagged dataflow arohitecture. 

The graph reduction arohitecture /16/ is the 
ne)it variation on the dataflow approaoh dlsous-
sed above. This variation is to evaluate 
functions by working direotly on their graphi-
cal representations. As various portions of 
the graph are evaluated, they ara repleacad by 
their internediate results. Evaluation of aaoh 
of° the louest nodes (uhloh bacoaes a saarch to 
sae uhether such a node is present in the given 
relatlons), can prooeed in parallel. The in
ternediate boolean results are then fad back 
through .the graph as it is raduced, until a 
single result eaerges. ALICE /17/ is the 
conputer uhloh inoorporates graph reduction 
directly into its basic arohitecture. It is 
designed to be programned In the applloative 
language HOPE, but can also support declarativa 
languages such as PROLOS. The architeoture of 
ALICE enables the parallel operations to be 
performed uithout any explioit instructions 
from the program. Each node in a prograa graph 
is represented as a pachet uithin Alioa. A 
packet consists of an identifier fialds, a 
lunction or operator fleld, and ona or aore 
argument fields, uhich ffiay be data values or 
reterences to other packets. Thare are also 
control fields used by the oonputer in its 
operatlon. 
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Fig.^-Alioe: overall structure. 

Also llnking each processing agent is a low 
banduidth distributlon netuork, uhich contains 
addresses of processable packets and aapty 
packets, This netuork includes simple procas-
sing elements uhich transfer these addresses 
fron one processing agent to anothar, in ordar 
to even out the queue of uork uaitlng at each 
processor. ALICE ušes the INnOS transputar 
/12,13 / as its basic processing alenenti aach 
inaln processing agent cointains a nuaber of 
transputers, and additionat transputers provide 
the intelllgence in the distributlon netuork. 
The transputer is designed as a singte-chip 
processing elenent for parallel oonputer archi-
tectures. It has an one-board »a«ory, uith 
hlgh-speed DHA <for input and output channals, 
bypa5eing the processor) facilities and recep-
tion and transnission regiaters for dat* trans
fer betueen transputers. Its single sequantial 
processor has a reduced instructlon set (RISC 
processor) for inaxiinuiii speed (instructlon cyola 
tltne of 50 nanosecond). Transputer is designed 
for a very high throughput of data, even if tha 
processing rate is not so high. 

The transputer is designed to be prograaaable 
directly in Occam progranming language /18/. 
It is intended to be incorporated in a distri-
buted arohitecture, uith individual transputers 
connected by a v8ry high speed local area 
netuork. As such it is an ideal building block 
for inany oonponents of a Bulti-alcroprocesor 
flfth generatlon oomputer system. 

A. CONCLUSION 

The general layaut of an ALICE conputer is 
shoun in Fig.*.. It conslsls of a large BBgaan-
ted me«ory serving as a packet pool, and a 
numher of processing agents. The processor« 
and the (ne«ory segments are connaoted by a 
hlgh-speed sultching netuork uhloh enables any 
processor to access any «e«ory sagaant uith 
ninlmal delay due to other access path. Tha 
confIguratlon chcsen is a delta netuork, coa-
prlsing a large nuaber of simple sultching 
elenents uith four inputs and four outputs in « 
regular array. (Fig.1 shous a delta netuork of 
elenents uith tuo Inputs and tuo outputs.) Tha 
netuork operates asynohronously, so that each 
request for a packet is propagated through tha 
sultches as rapldly as possible, and the paokat 
is returned to tha processor as soon as tha 
access path Is open. 
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In multl-mlcroprooessor systems the arohltaotu-
ral structure, appllcatlons requlrsnent>, and 
varled sa{tware aspects like the operatlng 
s/stems /20/, conniunlcations Inf rastructure, 
and tools to ald appllcatlon programalng such 
as high level languages suitable for parallel 
programmlng, a H form a tlghtly knlt sltuatlon 
in which it is far more difficult to isolata 
the constltuent parts and arrive at unlversally 
accepted solutlons. 

The requlreffients of the fifth generation for 
la/ers af parallelIsm and an enphasls on infa-
rence rather than nunerlcal coaputation look 
like providlng sufficient incentive. Even i( 
the objectlve of a computer with enhanced 
intelligeoe is not attained, the new architec-
tures ulll provide englnes of unpreoendsnt 
pover for conventional conputing. The aove 
auay from general-purpose processors to aggre-
gations of special-purpose chips is likely to 
affect ali branches of infornatian .technology. 
The increase In the scale of integration, and 
the advanced CAD systens for mlcrochip produc-
tlon wiH lind appllcatlons in every branoh of 
ntlcroelectronlcs. The Industrlal, econoitlo and 
polltical conseciuences of having access to, or 
not having acoess to the new generation of 
Silicon toundries are farreachlng. 
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ABSTRACT - The paper Is devoted to outlines of Ada and Ocoaa, oo«parl«on of 
ooasunicatlon-oriented fsaturss of both languages, and a brlef description of 
the key features of various proposals of saae renaining aultl-«ioroprocesior 
orlented languages that have baen nade in recint years and that tho aajor 
research issues stili renain to be addressed. 

O JEZIKIH SISTEMOV PARALELNEGA PROCESIRANJA, DRUGI DEL; Pregled in analiza 
konkureniSnih jezikov. Članek je posveflen opisu jezikov Ada in Ooca« ter 
primerjavi koaunlkaoijsko orientiranih znaflilnosti obeh jezikov. Podan j« tudi 
kratek opis bistvenih lastnosti različnih predlogov nekaterih ostalih veflproce-
sorsko orientiranih jezikov, ki se pojavljajo v zadnjih letih, in katerih 
razvojni uspehi se bodo morali £e izkazati. 

INTRODUCTION 

Conventional progranning languages are prooedu-
ral: they describe, in exhaustive detall, the 
eteps vihich a conputer aust carry out in order 
to perforiti a partLcular data processing task. 
These progranning languages in thair present 
form have no plače in the fifth generation of 
conputers, but some recent advancee, notably 
the incorporation of parallelism, and the eaer-
gence of the language OCCAM, may mean that the 
thread of development uhich started with Algol 
In 1957 is continued into the computers of the 
future. A nteasure of "controlled" parallelism 
can be Incorporated into procedural prograaming 
languages. This approach was pioneered in 
Concurrent PASCAL /1/, Concurrent C /2/, Pa-
scal-Plus, Modula /3,A/ eto. and has been 
incorporated into the real-ti«e language ADA 
/5/. 

The mast fully developed inplenentation of 
parallelism into procedural languages is OCCAII, 
uhere each module is regarded as a conaunioa-
ting sequential prooess, uhich may run on Its 
own, possibly dedlcated, processing eleaent. 
Languages developed to support oonourrent pro
cessing, allaw cooperatlon betueen prooeBSSS 
but reflect their inheritanoe both from the 
"parent" language structure and arohitectural 
restrictions. In these languages, called pro-
cedure-orlented languages /6/, process interao-
tion is based on shared variables. Thsce 
lan^gjages contain processes (active objects) 
and modulee, nonitors (pasive objects) provi-
ding means (ar ensuring autual exluBlon of 
concurrent accesses. The priaitives of theis 
languages da not match the impleacntation fea
tures of the architecture of processor net-
uorks. Both nessage- and operation-oriented 
languages Ibl are based on message passing but 
shaw different views of process interaction. 
Nev programinlng languages like Ada or Occa« try 

to explore structuring concept in concurcant 
programming. Both languages adapt the prooass 
(called task in AdaJ as the funda«ental notiti-
on in program construction but dlffer signifl-
cantly in their meohanlsins for prooess caauni-
cation and synchronlzation. A messaga-oriented 
language as Occam provides channels and input-
/output processes as the prlmary neans for 
processes interaction while an operation-orien
ted language as Ada provides renote (eKtcndad) 
procedure oall for process interaction. Priai
tives based on these notations can be iapltaen-
ted on different basses not anly by prograaalng 
languages but by operating systeaE, spadal 
prograns, architectures (microprograns) or uter 
programs. 

In order to give soae detall« of languaga 
developaent results, the follouing sections ara 
devoted to outlines of ADA and OCCAM, oompari-
son of comnunication-oriented Ada and Occaa 
features /7/, and a brief descriptlon of tha 
key features of various proposals of aoae 
remaining multi-«lcroprooessor language« that 
have been made in recent years. 

ADA 

Ada has been developed essentially as a general 
purpose, high level language standard. To hava 
as wide an application scopa as posiibla, 
constructs have been introduced to hslp with 
ooncurrency. 

For real-time aplications, Ada provides facill-
ties for multitasking, i.e. for loglcally 
parallel threads of execution that oan oo-ope-
rate in carefully controlled ways. 
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Belou is an example o( a task to provlde an 
asynchronaus buffer between a line-orieted pro-
ducer and a character-oriented oonsuaer. This 
task declaration is assumed to be In the 
context of declarations of the types LINE and 
CHARACTER; the latter is, in fact, a predefined 
type. 

in LINE)I 
out CHARACTER)l 

. BUFFER'LAST loop 
out CHARACTER) do 

task LINE-TO-CHAR is 
entry PUT-LINE (L 
entry GET-CHAR (C 

end LINE-TO-CHARj 
task body LINE-TO-CHAR is 

BUFFER : LINE; begin 
loop 

accept PUT-L1NE(L : in LINE)do 
BUFFER : = L! 

end PUT-LINEi 
for I in BUFFER'F1RST 

accept GET-CHAR (C 
C ! = BUFFERCDi 

end GET-CHARj 
end loop; 

end loapi 
end i 

« the task specification 
•• the task body 

••• the accept statements and its bady 

In this exaraple, the task speolfIcations deola-
res the entries PUT-LINE and GET-CHAR for use 
by other tasks. The body declares a looal 
variable BUFFER uhich Is used to hold a ooAple-
te line until ali of its oharacters have baen 
transmitted. 

The code for the tas4< consists of an unbounded 
loop uith twa basic parts. The tirat part is 
an accept stateaents for entry PUT-LINE. The 
accept statements looks qulte sinilar to a 
procedure declaration; it has fornal paramaters 
and a body. The task waits at this point until 
soae other task calls the entry PUT-LINE to 
provlde data for the buffer. The seoond part 
is another loop that transmits one character at 
a tirne. 

The above exaaple illustrates the the deolara-
tion of a single task object. Task types oan 
also be declared, and any number of tasks of 
that type, i.e. ali uith the saae propertits, 
can be declared as object, Indeed, because 
tasks are objeots, they can be coniponents of 
records or arrays. They can be pointed to by 
access objects, passed at paraneters, craated 
dynantlcal ly, and so on. 
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waiting at PUT-LINE, a call on GET-CHAR is 
queued and the caller aust uait. Conversely, 
when the task is vaiting 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, coordlnation is assured betwaen tasks 
that provlde lines and those that consuae 
oharacters. 

Uhile the last exa«ple dld not require aore 
than one accept statement, there can be eny 
nuaber af accept statements for each declared 
entry. Other features allow accept stateaents 
to be executed conditionally. 

A select statement allous a task to wait until 
a call is received on any one of a sat of 
entries. If more than one call is waiting when 
the select starts, one of then will be choaen 
arbitrarily for processing. 

The set of posslbilities need not be the saae 
on every exeoutiQn of the select stateaent. An 
optlonal "when clause" evaluatei the "trua" 
condltion for the entry to be "open", i.e. 
eligible to be accepted. If none of the 
alternatives are open and the optlonal else 
alternative appears in the select stateaents, 
It uill be chosen. An exceptlon is raised if 
no altrnative is open and no "else" alternative 
is provlded. 
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In the last exaaple given, uhen the task Is 

The language . also supports a conditional entry 
call in uhlch the calllng task is not suspended 
and the entry call is not aade unlass tha 
called task is ready to aocept it lmaediately. 
There is also a timad entry call-a generallzcd 
form of the conditional entry oall-in uhioh tha 
call Is cancelled if it is not accepted uithin 
a specifled amount of tlae. These tuo foras of 
entry call oake it posslble for a calllng task 
to assure that It uill not be lndefinltely 
delayed by any task that it calls. 

Prioritias and sahailuling A task can either 
havB a prlority or not. A priorlty 1» specifl
ed by a pragma. If a priorlty it given, it 
must be a compile-tlae statlc value and cannot 
be changed during execution. Whsn no priority 
is given^ the coapiler is free to choose uhan 
schedullng decisions need to be aade, uhen the 
overhead of the schedullng decision oan be 
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avolded, and at what priorlt/ tha tash is run 
uhen It starts axeautlng. The overhead of 
tasklng In Ada is snall. Uhen laplenented on a 
slngle procesor, It Is conparable to thc over
head of procedure calls. 
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Oceani is directly based on the idea o2 ooiiiauni-
bating sequential processes (CSP) /8/ and its 
definitlan and ioplenentation uare advisod by 
C.A.R.Hoare, 1978, the designer of CSP. A unit 
of concurrency is called a procese in Oocao, 
and a task in Ada. A procesa perforas a 
5equence of actlons, and aay ooaaunicate vith 
other processes via deflned channels. Coaauni-
catlon along a channel is synchronousi vhen 
both an input and an output procese are ready 
to conmunicate on the same channel, the date 
iteo is transferred, and the proceBses is 
illustrated in Fig.S. Data types in Ocean are 
restricted to integers, characters, arrays and 
strings. 

Intorprooams ooaaunioatios As an exaaple, con-
sider tuo siaple harduare devices, one of uhloh 
nerges signala trosi three inooaing channels, 
and the second of which buffers the output froa 
the first, befors pasoing it doun an outgoing 
channel. See Fig.5. An Ocean prograa to 
control this contiguration is as tolloust 

ohan linki 
par 

while truB 
var M : 
alt 

01 ? X 
linh • K 

02 ? « 
llnk ! tt 

c3 ? « 
link ! « 

uhile true 
var «i 
seq 

link ? K 
c4 ! X 

In Occaa a channel declaration CHAN introducos 
a neu idantifier to be used as a channel. A 
channel oay be a simple channel or a eleaent oji 
a vector of channels. Channels are used to 
coaiaunicate betueen concurrent procssses. Di-
rect (and static) channel naaing is used and 
message passing is synchronouo. In the above 
exa(nple the tuo "uhile true" constructions 
operate in parallel as endless loops. Uithin 
the first ccnstructian, the "alt" keyuord choo-
ses uhichever of the three channels is ready 
for input. The input constructions (ol ? s, 
meaning input the value of K froa ohanel cl, 
etc.) guard their corresponding outputs (link ! 
X, aeaning output the valus of H on ths ohannel 
naraed link). The second process repaato indo-
flnitely the sequenoe of input froa the link 
channel and output to o4. Note that tho 
structure of tha prograra is creabsd aleoet 
entirely by indentation: the soope of the par, 
uhile, alt and seq constructors is the indentcd 
llnes belou them. 

Tha virtue of Ocean ie its eisplicityo It, haa 
feuer than thirty reservad words, and only o 
saall nuaber of constructors. Although sach 
process ušes dostruetive assigneents, the uss 
of channels for inter-process coaaunioation 
nakes it entirely consistent uith dataflou and 
graph reducticn coaputer architectures. Ocean 
uas designed uith computer architectures of 
thls nature in mind, and uith a vieu to fifth 

Channel l Channel 2 

Fig.S-Harduare configuration for 
Occam prograa exaaple. Pig.S.a - Communicating 3equential processes 

Ocoaa prooa«« dtfinition 

declaration)>=PROC ident. Cfora.paras3°pracesB 

VAR identifier CC ZJ < ,idantifier CC 11 > 
--variable(vector of varlablas) 

CHAN identifier CC 11 < ,identifier CC 11 > 
—channel(veotor of ohanels) 

VALUE identifier CC 11 i .Identifier CC 11 > 
—value(veotor o{ values) C 3 — ' 

Process i Process 2 

processii°d8claration 
procese Pig.5.b - Hardware configuration for 

Occam program example 
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generatlon applicatlan*. It Is In tune with 
the flfth generatlon phtlosophy of develaplng 
the harduare and sofware of a conputer syste« 
together. Together uith the Inaos transputer, 
it provides a modular hardware/softuare conpo-
nent <.of the type vihlch Is essentlal In the 
constructlon of highly parallel oonputer sy-
stems. The slepllclty of Occac aake« it .an 
appeating prospeot for proving the oarrectnasB 
of processes. Its lack of data struoturing 
facilities, and closenesE to the hardware of 
the conputer systeiii nean that Ocean i« likaly 
to be the low-leveI language of fifth generatl
on of systeins, wlth applications urltten in a 
more abstract language. This is the čase wlth 
the Alice conputer. 

COKPARISON OF AOA AND OCCAH FEATURES 

THE ANOTHER PROPOSALS OF 
SOR LANSUASES 

MULTI-MICRPROCES-

CSP 

Distrlbuted prcgran /S/ is defined as proces-
ses, with mutually disjoint addrass spacss, 
canniunicating directly using typed aessages. 
Arrays of procesees can be defined. 

Send and receive of messages are teroed as 
Input and output operatlons, respectively. Re-
ceiver and sender are to be synohronized for 
message transfer. 

Non-determlnism is permitted through guarded 
coanands. Input stateoents can appear in gu-
ards. A parallel connand pernits the simulta-
neous initiatlon and exeDution of several pro-
cesses. 

Features of connunication languages arei Unit 
of concurrency, specification, neans of cdasu-
nlcations, correspondenoe, naming <idBntifloa-
tlons} , service and llbrar/ prograas, identity 
checklng, synohronlzatlon, and nondetermlnisa. 

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

in 

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

Heans of comnunication are channels and input-
/output processes in Ocean solution and reaote 
procedure call (rendezvous) in Ada solution. 

A correspondenoe between the calling and the 
called prograns (processes) dateraines a statio 
one-to-one correspondenoe in Ocean solution 
uhlle in Ada solution there are nultiple calls 
and queueing. 

In Ada solution there is an asyaetrlc naalng 
(identitication) betueen calling and called 
tasks. However, a naning is sy«etrlo in Oocaa 
solution. 
The asyaetrlc solution of naaing enables the 
called module to be written as a library nodule 
(server) without knowledge of tha nanes of its 
callers. So a service and liberary prograas 
are facilitates in Ada solution and are not 
available in Occam solution. 

A identlty checklng is sioiple in Oocaa and la 
conplicat&d in Ada. 

Both Cccam and Ada can perforn synchronizatlan 
(uithout message passing). It is aoaoaplished 
in Ada by parameterless entry calls. If the 
ANY heyuord is used instead of a variable in an 
input or an output transfer in Oocam, the input 
value is discarded or an arbltrary value is tha 
output. The Solutions of Ada and Occaa are 
inostly equivalent. 
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PARLANCE 

A distrlbuted program /9/ is obtained by pro
cesses communicating using aessages 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 Qnly ona port or soae other 
process. The bindings are static. Sender and 
receiver are to be synchronlzed for message 
transfer (input-output). 
A parallel coamand which involves only input 
and/or output statenents is peraitted (i.e.AND-
UAIT on aultiple ports; ali messaga tranifers, 
in any order, nust be completed bafore the 
coasand eKecution is deeaed to be coapleted). 

Non-determinisn cannot be handled. 

TASK 

TASK /10/ is an e.xtension of BLISS and is based 
on the "object aodel" supported by the StarOS 
operating system for Co*. 

Diiferent object types that axlst arei task 
force, module, process, baslc, stack, deque, 
device, aailbox. 

A TASK specification affects only the creation 
and initializatlon of objects. 

One codes algorithms in BLISS and specities 
logical structures in TASK. 

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

Dynamlc definition and the creation of task 
forees are possible. 

NSL 

NSL /^^/ is a high level definition language 
used for specifying the detailed requlreaents 
on any particular layers in the ISO aodel of a 
distrlbuted 6ystea, i.e. a language for the 
specification of protocols. 

Processes coaaunlcate through typed aeisagaBS. 
The dynamlc creation of processes at a desired 



40 

phisical site/note of the network Is poBsibls. 
The destructlon of a process by its oreator iB 
permitted, «hich results in the destruotion of 
aH its descendent prooesses. 

Network data objeots, like files, oan 
red. 

be 8ha-

-for the resources it protects. Each guardian 
BKists entirely in a node of the underlying 
physical netwark. 

Object are passive; direct aanipulation °by 
processes is posslble only throu^h the invoca-
tlon of predefined operatlons. 

Certain protection meohanlsns are provided. 

PCL 

Dlstributed program /12/ components ara proces
ses, meinory segments, ports, and llnka. Co«po-
nents can be in flve states (unlnstantlated, 
bound, eKpanded, initialized, and eKecutlng), 
and can be shared. 

Ports are connected by links. Varlous types of 
llnks can be defined (including some parfonan-
ce attributes). The presence of a aessage at a 
port can be tested. 

Hlghly dynai«ic process conf Igurations can bs 
instantiated ducing executlng, using a static 
description of the process structure. Hierarc-
hical structuring of processes (oalled clu-
sters) is also possible. Proceis structure 
descrlptions can be given in teriiis of static or 
structural characteristles. 

Diitributad Proo»«B«s /^Z,^'f ,^$/ Processes 
contain local data, inltialization stateaenti, 
common procedures, which can be oalled by other 
processes. Thcse calls are temed aKternal 
requests. 

Unsyiitnetrlc coirmunlcatlon is Inplenented by 
procedure call semantics for nesaage transaia-
sion. 

The Inltial statements and eKternal reque*tt of 
a process are eKecuted seriall/. They teraina-
te or wait for some oondltlon to beooie true. 
The eKBCution of a process is siallar to that 
of a monitor. 

Guarded commands and guarded regions providi 
non-determinism. The latter can delay the 
BKecution of an operatlon. 

An array of processes Is possible. 

Synohronlzlng Rimotffoas /16,15/ A dlstributed 
program consists of a set of resaurcss, each of 
uhich encapsulates a set of processes and 
shared varlables. 

The dvnaaic creation of guardlans is possible, 
but they are Imitovable from the nodes where 
they are created. 

Inter-guardlan comrnunication eitlst only through 
inessages. Tlme-outs are permitted in aessage 
receptlon statements, so that some exeptlon 
conditions can be handled. 

Intra-guardian comrnunication is achieved thro
ugh shared objects. 

Buffeced messages are sent to typed ports. 
Coapile tirne type checklng can be qulte coaprc-
hensive. 

MOO 

MOD /18/ is drived from MODULA /U/. Saparate 
coapilatlon is poslble. 

Processor nodutes contain processes and mesiage 
t/pes used by those processes. Varlables can 
be shared by processes in a processor module, 
siallar to the guardlans In Extended CLU. 

The network module llnks processor modulss, and 
declares global types and constants. 

The interface module Is slmllar to aonltori 
mutual excluslon across ali the contalned pro
cedures. 

A process is Inltlated for every message. 

Processes have dynai!iical ly varlable prlorltles 
assoclated wlth them. 

EKtended POP-2 

EKtended POP-2 /19/ is, as the name iaplles, an 
BKtenslon of the artifioal intelllgece language 
POP-2. 

Parameterlzed process type8 wlth Input and/or 
output ports can be defined. Parallel proces
ses (with ccnnectlng ports, either neu and/or 
old ones) can be created dynamlcaUy, thus 
facilitatlng shrlnklng or expansion of process 
hlerarchles. 

Processes contain deolarations of extern»lly 
callable operatlons Cuhlch are siallar to the 
procedures of dlstributed processes and entires 
of Ada), uhlch can have asscclated prlorltles. 

Intra-resource process comrnunication is 
through operatlons on shared varlables. 

done 

Inter-resource process comrnunication is iople-
mented through operatlons. 

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

EKtended CLU. 

A dlstributed program /17/ Is achieved by one 
or more "guardlans". 

A guardlan Is a nuaber of procesass plus 
objects. Each guardlan is expected to provlde 
synchranlzatlan, securlty, backup, and reoovery 

Recursion Is permitted, 
cannot be handled. 

but non-determinisa 

Ports are connected by channels. Each ohannel 
can have multiple readers (ulth only one wrl-
ter) and ali of them receive ali the messages 
sent along the ohannel. 

Aotors /20/ A dlstributed program consists of 
dynamlcally credltable actors (uhlch are soaeu-
hat like processes), cofflaunicatlng through buf-
fered messages. Messages may tranemlt actor's 
names. 

Non-determlnlsm, recursion, 
be specifled. 

and tlme-outs oan 

Serlalizers are used to control access to 
protected resources. The serlalizer nechanisa 
Is a generallzed and Improved aonitor mecha-
nlsffl. 
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PLITS/ZENO ELLA 

A dlstrlbuted program /21/ Is obtalned by 
multlple nodules (whlch are sliallar to proces-
se.i) coanunicating soIely through bufferad nea-
sages. 

Kodules can be created dynainlcally, but can not 
be destroyed by other processes. 

The ELLA language /25/ is an appllcatlva langu-
age for RTL level behaviour. It can describa 
structures of parallel processes Cinperatlva 
paratlellsn) and can also dascrlba parallel 
processes Cappllcative parallellsn) 

Ali conpcnents/fIslds of a nessage iiay nct be 
vlslble to the reclpient of that oessage. 
Module names, as veli as transactlon nanas, 
could be used for controlllng message recaptl-
ons and dlspatches. Transactlons names could 
be consldered as dynaalcally created aallboiias. 

PLITS/ZENO parte are intenticnally not strongly 
typed. 

FLOKGRAPH 

A llougraph /22/ Is only a model, not a 
language. 

Processes comnunicate through typed porti af 
channels, uith unbufferd messages. 

Recurslon and non-deterainisn can be exprassed. 

Processes and channels can be created dynaBl-
cally. 

LIMP 

A dlstrlbuted program /23/ conslsts of proces
ses cofflnunicating solely through unbuffered 
messages. 

Processes can be created dynaalaally. 

Typed channels (posslbIy vith aultipls readers 
and writersl llnk processes for aessaga trans-
fers. The read capabi}lty for a chinnal Is 
called a "source" and the urite capablllty a 
"sink". 

Channels, sources and slnks can ba created 
dynaitiically and passed around In messages. 

CCS 

CCS language /2^/ is specialited for synthesis 
tools. Thls report also cutlines a synthessiB 
tools. CCS aay define several parallel proces
ses. They perform action by transporting aas-
sages between each other. Because thera ara no 
neans to descrlbe tine delays CCS cannot fully 
describe a behavlour. It aay only be used to 
descrlbe event synchronlzatlon. 

Thls language can describe structures of paral
lel processes. A process is descrlbed by a 
se^uence of statements describlng by effect tha 
actlons of a process (imperative parallelisa). 

CCS can also descrlbe parallel processes. Each 
process is describe in a lunctional approaoh 
(appllcative parallelis«). 

True harduare conslsts of (hierarchioal) struc
tures of processes, each acting depandent en 
values of other processes. Such parallalism 
can in a straight foruard manner be modelled by 
Ada and CCS (or Simula). 

On a hlgh-level in a Eystem conponents ganeral-
ly communlcate by sending aessages. On thls 
level CCS and Ada can model behavior. Both 
languages synchranlse in thls uay. 

A NON-PROCEDURAL LANSUAGES 

Flfth generatlon prograoming languages uill 
have to čope wlth hlghly parallel archltectu-
res, vith different types of processing ela-
ments for knowledge base aanageaent, inference 
processing and Intelligent Intrface support, 
and wlth appllcatlons based on intelllgant 
knouledge-based systeiiis. They will need to be 
In tune uith the phllosophy of softuare englne-
erlng, uith Its requirements for cost-effectl-
ve, and softuare developaent on integrated 
progrsmaing support environments, Furtheraora, 
flfth generatlon progranaing languages require 
a firm base in the concepts of artificial 
Intelligence, uhioh underlle ali aspectt of 
flfth generatlon computer systeffls. The general 
line of developaent In prograaaing languages 
uhich takes account of these requlre*ents is 
the range of languages whiah aay be teraed 
non-procedural. Such languages are based on a 
descrlptlon of vhat 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 haw the task is to parfor-
med. nany non-procedural languages are based 
on the principle of non-destructlve asslgn-
nents! the value of a partlcular data itaa, 
once set, is not altered durlng the runnlng of 
the progran nodule in which it occurs. Th'ls 
praperty is slgnificant If the computer archi-
tecture is not based on statlc aeaory, but on 
data flawing froa one štora to another. 

In malhi/ enists tuo types of ncn-prccedural 
languages; declarative languages and appllcati
ve languages. 
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Appllcative languages are a class prograaaing 
languages uhich pre-date flfth generatlon coa-
puters, but uhich may be draun into the aain-
stream of the neu generatlon. Thay arose in 
the evolutlon of ideas of prograa structuring, 
and the need (or (oraal procedures o( prograa 
design and verificatlon. Prograas in thls 
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language conslst entirely o{ functlons) there 
are no procedures. Aeelgnnents are non-de-
structlve. The stateaente in an appllcatlve 
language are not ta be intsrpreted In se^uenoe. 
One consequence of thls Is that there are no 
loop constructions in an applioatlvo language. 
These properties make applioative languages 
suitable for fifth generation computer dovelop-
ment <data flou, graph reduction ar other 
parallel supporting harduare archlteotures). 
An eKample of an applioative progranoing langu
age is HOPE, adapted for the ALICE ooaputor. 

CONCLUSION 

Ths increasing use of aicroslectronic cospo-
nents for dedicating applioations has reoulted 
in the need for high-Ievel design tools to 
assist in the design process. Suitabla langua-
ges must be chosen for both the behavioural and 
structural descriptions uhioh allow the oonoise 
translation of one to another) viz, compilatlon 
in the prograaming sense. This approaoK uould 
pereit an "optlmlsed" structure to be 6ynthesl-
sed for a particular applioation. 
The behavioral descriptlon high-level prograo-
mlng languages aro, for exa«ple, OCCAP) and AOA. 
In these casee there is, generally a onc-to-one 
napping of the language oonstructs Into hardva-
re prinitives or the language semantics have 
been altered to a1ow sinpler harduare transla-
tions. The behavloural dssoription language 
0CCAI1 allous a level of procesa abetraotion, a 
descriptlon of ooncurrecy and the foraulation 
of an inplenentation independsnt definition. 
Uhllst not the ideal language, OCCAH doas 
pernit behavlour to be eKpreeeed in an alegant, 
concise aanner and has the added advantage that 
behavlour can be sinulatsd at an early stage In 
the design cycle. The structural dssoription 
language ELLA provides Beohanlsas for defining 
a component at both the funotional and structu
ral levels in a hlerarchical aanner, together 
uith accofflpanylng simulation faoillties. 

The main characteristics of prograaning langua
ges outlined in this chapter Is that they are 
very dlffersnt fra« thsir innedlate pradeces-
sor. They are non-procedural, non-ee^usntial 
and non-numerlc in emphasls. They wlll re^uirs 
different progranning skills froa those praati-
sed today, a polnt with protound conso^uences 
for a uorld-class IT lndu5try in the netit 
decade. 
At present it is not clear vihether language 
wi!l becoaie the base language of fifth genera
tion. This papcr attempts to glve aurvey over 
characteristics of any nore known oonourrent 
languages and to make the polnt that there i« a 
uide cholce in the natter, and that s nuabsr of 
languages night be used for the varloue 1ayers 
of softvare controlllng the processing assee-
blies uhich nake up a aulti-aioroprooessor 
(fifth generation) computer systsa. 
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MODEL INFORMACIJSKEGA SISTEMA 
ZA PODPORO KADROVSKI DEJAVNOSTI 

INFORMATICA 2/87 

UDK 658.3:681.3 
IvoŠčavničar 

Železarna Jesenice 

Prispevek podaja opis osnutka informacijskega sistema za podporo kadrovski dejavnosti, 
oblikovanega v železarni Jesenice. Opis predstavi podatkovni model predlaganega sistema, 
drevesno razgradnjo funkcij kadrovske dejavnosti, ki jih bo podprl predlagani sistem in 
opredelitev vloge elementov organizacijske strukture. OpušSena so ostala vprašanja, ki 
sicer sodijo v osnutek informacijskega sistema: potrebna strojna in programska oprema, 
predvideni stroški, podrobnejša opredelitev postopkov, izgled in vsebina nosilcev 
podatkov. 

INFORMATION SYSTEM MODEL FOR PERSONNEL EVIDENCE ADMINISTRATION APPLICATION. The paper 
describes conceptual design of Information systera intended as support for personnel evi
dence administration, developed in Železarna Jesenice. Description presents data model of 
suggested system,tree decomposition of functions involved in personnel administration whioh 
are supported in designed systera and defines the role which eleraents 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 
Računalniško podprti informacijski sistemi s po
dročja kadrovske dejavnosti so gotovo med tisti
mi, ki jih srečamo najpogosteje. Zato v opisih 
teh sistemov srečamo marsikaj znanega. Kljub 
temu je tak opis lahko zanimiv, če gre za sistem 
oblikovan v zadnjem času, saj razvoj na področju 
informatike prinaša nove možnosti, iz dneva v 
dan pomembnejša vloga človeka na vseh področjih 
dejavnosti pa nove zahteve. 

Kadrovska dejavnost spada med pomembnejše v 
Železarni Jesenice, saj sodimo med večje kolek
tive (nekaj nad 6000 zaposlenih), izobrazbena 
struktura je raznolika, dokaj živahno menjamo 
in posodabljamo tehnologijo ob tem pa se 
večkrat otepamo s pomankanjem ustreznih kadrov. 
Obstoječe računalniške obdelave s tega področja 
oblikovane pred mnogimi leti so namenjene pred
vsem izračunavanju osebnih dohodkov, podpore 
širši kadrovski dejavnosti pa nudijo le malo. 
Zato smo se že v letu '81 odločili, da uvedemo 
nov informacijski sistem, ki bo v večji meri 
kot obstoječi ustrezal željam in potrebam 
uporabnikov. 

Sistem, ki ga pričakuje jo uporabniki naj bi 
avtomatiziral številna rutinska opravila, omo
gočal različne analize pomembne za odločanje na 
področju kadrovkse politike, poenostavil obli
kovanje poročil, ki jih zahtevajo različne 
ustanove, predvsem pa omogočal čim učinkovitej
še razporejanje delavcev na delavna mesta. Da 
bi zagotovili kar največjo ažurnost podatkov in 
trenutno dosegljivost vsaj najpomembnejših 
informacij želijo uporabniki sistem, v katerem 
se bo čim več postopkov izvajalo interaktivno. 
Od že izdelanih paketov, ki jih je mogoče kupi

ti smo si ogledali INTERPERS, izdelek podjetja 
IBM, ki pa ni v celoti ustrezal našim zahtevam. 
Zato smo se odločili za samostojno izdelavo 
ustreznih programov. Po začetnih aktivnostih je 
(zaradi nalog z višjo prednostjo in organizaci
jskih sprememb na nivoju delavne organizacije) 
delo zastalo in se nadaljevalo šele v letu '86. 
Zaključene so vse aktivnosti sistemske analize 
razen podrobnih opisov za večji del programov, 
dober del le-teh pa je že kodiran in na voljo 
uporabniku. 
Cilj članka 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 štiri poglavja. Prvo 
poglavje je namenjeno opisu podatkovnega mode
la. Jedro tega opisa predstavlja kanonska she
ma (mehurčni 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 pomembnejše 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). 
Zaključek poskuša predlagani sistem primerjati 
z obstoječim in oceniti prednosti, ki jih pri
naša. 

Snov je podana le v osnovnih obrisih, v podrob
nosti se ne spušča. Slednje so v preveliki meri 
odvisne od konkretnih pogojev in potreb v Žele-
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zarni Jesenice in zato nezanimive za ostale. 
Opis predlaganega modela in v njem nakazane 
rešitve pa bodo kljub temu marsikomu, ki se 
ukvarja z informatiko na področju kadrovske 
dejavnosti, ponudile vsaj kakšen koristen namig 
če že 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 definicij iz (1), (2), 
(3) ali (7). Jedro opisa predstavlja kanonska 
shema, v drugem delu pa so kratko opisane rela
cije. Kanonska shema je podana grafično v obli
ki mehurčnega diagrama, kot je predlagano v (1), 
le da je naša shema nekoliko poenostavljena. 
Mehurčki predstavljajo relacije ne pa, kot je 
to predvideno v (1), posameznih tipov, podatkov
nih elementov ( atributov ). črte, ki povezuje
jo mehurčke, prikazujejo povezave med posa
meznimi relacijami oziroma obstoj in "cilj" 
tujih ključev v posameznih relacijah. Podrobne
je: črta, ki povezuje relacijo A z relacijo B 
in je na strani relacije A opremljena z enojno, 
na strani relacije B pa z dvojno puščico 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, več ali sploh nobeden element iz 
relacije B. V primeru take odvisnosti med rela
cijama A in B je eden od ključev relacije A 
(navadno primarni ključi 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 grafično podaja spodnji 
mehurčni diagram: 

Slika 1: Podsheraa mehurčnega 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 
omogočal učinkovito izvajanje osrednjih funkcij 
kadrovske dejavnosti: analizo potreb, analizo 
možnosti (razpoložljivih kadrov) in razpore

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 
izvleček iz celotne sheme, ki je prikazana 
s sliko 2. V razširjenem modelu je relacija 
usposobljenost zamenjana z več manj splošnimi 
relacijami: psihološki testi, fiziološki 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 obsežnejši, 
saj kadrovska dejavnost poleg osnovnih funkcij 
(analiza m''žnosti in potreb ter razporejanje) 
izvaja tudi mnogo drugih, ne dosti manj pomemb
nih. Mehurčni diagram celotnega modela je pri
kazan na sliki 2 . 
,Za lažje razumevanje diagrama in opisov 
relacij še 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. Značilen 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 več 
takih tipov entitet oziroma njim ustrezajočih 
relacij: mentor (entiteta tipa delavec) spre
mlja delo pripravnikov (tudi entitete tipa 
delavec), delovna naloga je enostavna ali 
sestavljena iz več opravil, več testov sposo
bnosti se združuje v baterije testov ipd. 
Relacija v kateri obstajajo notranje povezave 
o katerih bi radi shranjevali infromacijo, 
zahteva v podatkovnem modelu dodatno relacijo. 
Ključ slednje dobimo tako, da sestavimo (sklo-
pimo) ključ 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 
udomačil v našem računskem centru. 

1.2 Opis relacij 
Čeprav so že sama imena relacij dovolj zgovorna 
in njihove medsebojne povezave razvidne iz she
me, za boljše razumevanje modela dodajamo krat
ke opise posameznih relacij. V opisih so v 
oklepajih, ki slede imenom relacij, našteti 
najpomembnejši podatkovni elementi. Podčrtani 
so tisti, ki sestavljajo identifikator (ključ). 
DELAVEC (delavska številka, ime in priimek, 
rojstni podatki, spol, enotna matična številka, 
naslov, narodnost,...) je relacija, ki vsebuje 
podatke o osebah tako ali drugače pomembnih za 
kadrovsko dejavnost v ŽJ. Ne vsebuje le zapo
slenih ampak tudi štipendiste, upokojence, vse, 
ki kandidirajo za sprejem v ŽJ, vse ki so opra
vili sprejemni postopek itd. 
S.DELAVEC (del.številka,del.številka,vrsta od
nosa, datum,...) je relacija, ki omogoča shra
njevanje informacij o različnih povezavah med 
delavci, kot je na primer povezava mentor - pri
pravnik (pomembno za spremljanje izvajanja 
pripravništva) ali sodniški odnos (pomembno za 
uveljavljane določenih pravic delavcev). Pred
stavlja torej strukturo za entitete vrste 
"delavec". Zapis v tej relaciji lahko predsta
vlja tudi začasno nalogo (projekt). 
DNO (šifra DNO, naziv, nadrejen org.element, 
normativ števila zaposlenih,plačilna grupa,..) 
je relacija, ki shranjuje podatke o delovnih 
nalogah in opravilih. Tudi ta relacija je 
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SLIKA 2: Mehurčnl diagram 

strukturirana:delavna naloga je bodisi enosta
vna (je opravilo) ali sestavljena iz več opra
vil. Delokrog, ki tudi spada v to vrsto enti
tet, pa je sestavljen iz več nalog. 
S.DNO (Šifra DNO, šifra DNO, delež opravila v 
nalogi,...) je relacija, ki podaja strukturo 
relacije DNO. 
ODLOČBA (delavska številka,šifra DNO,datum 
odločbe,številka odločbe predvideno Število ur 
na mesec, dejansko število ur v obračunskem 
mesecu, predviden datum zaključka odločbe, de
janski datum zaključka,...) 
Ta relacija nosi podatke o razporeditvi delav
cev na posamezne DNO. Vsak (aktivni) delavec 
ima vsaj en zapis v tej relaciji,lahko pa tudi 
več. To pomeni, 
. da bomo shranjevali tudi podatke o preteklih 
razporeditvah delavca 

. da je delavec lahko razporjen na več nalog 
hkrati, z različnim predvidenim številom ur 
za posamezno nalogo. 

ORG.ENOTA (šifra org.enote,tip,nivo,naziv 
enote,...) vsebuje podatke o elementih organi
zacijske sheme v ŽJ. 
S.ORG (šifra org.enote,Šifra (nadrejene)org. 
enote,...) podaja organizacijsko shemo ŽJ. 
Vključitev te relacije v podatkovni model med 
drugim omogoča izvajanje različnih obdelav ozi
roma pridobivanje informacij za poljuben orga
nizacijski element (obrat, delavno skupino,TO?.D, 
DS itd) in združevanje (agregiranje) podatkov 
po različnih nivojih. 

PTEST (šifra testa,naziv,sred, vrednost, mejne 
vrednosti,...) vsebuje podatke o psiholoških 
testih, ki jih ob sprejemu in premeščanjih 
izvajamo v žJ. 
S.PTEST (Šifra testa,šifra testa, vrsta pove
zave,...) podaja strukturo relacije PTEST. 
Poleg informacije o združevanju testov v ba
terije vsebuje ta relacija tudi informacijo 
o možnosti zamenjave (ekvivalence) med testi. 
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FTEST 
analogno kot PTEST za fiziološke in zdravstvene 
teste. 
S.FTEST 
podaja strukturo fizioloških testov. 
ZNANJE (šifra znanja, naziv, čas šolanja,stopnja 
izobrazbe, usmeritev, poklic,...) je relacija, 
ki združuje več vrst entitet:šolsko izobrazbo, 
znanje (npr. predmet določenega izobraževalnega 
programa ), tečaj, seminar ipd. 
S.ZNANJE (šifra znanja,šifra znanja, vrsta po
vezave,...) podaja strukturo za relacijo ZNANJE: 
za, šole, tečaje predmete iz njihovega programa, 
vertikalno povezovanje šol različnih stopenj 
(možnost nadaljnega šolanja) ipd. 
TEČAJ (šifra znanja,planiran datum izvedbe,...) 
je relacija, ki omogoča načrtovanje in sprem
ljanje izvedbe raznih, predvsem internih izo
braževalnih oblik. 
POKLIC (šifra poklica, naziv,...) pojasnjuje 
poklic pridobljen z določeno izobraževalno obli
ko in omogoča razlikovanje med obema pojmoma. 
PTEST DNO (šifra p.testa,šifra DNO, mejne vre
dnosti,...) pove katere teste morajo opraviti 
zaposleni na določenem delavnemu mestu in v 
katerih mejnih vrednostih mora biti rezultat. 
PTEST DELAVEC (šifra p.testa,delavska številka, 
rezultat,...) podaja rezultate posameznih mer
jenj s fiziološkimi testi. 
ZNANJE DNO (Šifra znanja,šifra DNO,...) je 
relacija, ki pove katera znanja so zahtevana za 
opravljanje posameznih DNO. 
ZNANJE DELAVEC (šifra znanja,delavska številka, 
datum začetka šolanja, datum zaključka,dosežen 
uspeh,...) vsebuje podatke o družinskih članih 
zaposlenih delavcev. 
SOCIALNA SKUPINA (delavska številka,šifra skupi
ne, datum vpisa, kategorija,...) vsebuje infor
macijo, ki omogočajo nekatere analize s social
nega področja, kar je pomembno za določene zu
nanje ustanove pa tudi za ustrezno obravnavanje 
in varovanje pravic delavcev znotraj organiza
cije. Združitev teh podatkov v posebni relaciji 
omogoča tudi boljšo zaščito (tajnost) podatkov 
s tega področja. i,, 
KRITERIJ STAN.TOČKOVANJA (Šifra, naziv,utež,...) 
predtsvlja seznam kriterijev, ki jih upoštevamo 
pri stanovanjskem točkovanju. Utež je podatek, 
ki pove v kolikšni meri se upošteva kriterij pri 
izračunu skupnega števila točk. 
STAN.TOČKE (delavska številka,število točk,...) 
MKB (šifra HKB,naziv, grupa, število obolelih, 
oznaka interaktivnosti, signalna vrednost,...) 
predstavlja šifrant Bolezni po mednarodni klasi
fikaciji bolezni. V to relacijo so vključeni tu
di podatki (napriiner trenutno število obolelih) , 
ki jih sicer lahko izpeljemo iz relacije OBOLELI 
To je redundanca za katero pa smo se odločili, 
da omogočimo interaktiven dostop do teh podatkov 
To omogoča delavcem v obratni ambulanti pravoča
sno reagiranje na razne pojave epidemij ali 
zdravju škodljivih sprememb v delavnem okolju. 

OBOLELI (delavska številka,MKB,dat., dat zaklju
čka bolovanja, vzrok,...) vsebuje informacijo o 
obolelih delavcih. Te informacije se po zaklju
čku bolovanja in obdelavi s področja OD brišejo, 
razen za tiste šifre MKB, ki imajo to (v relaci
ji MKB) posebej označeno. S tem je mogoče kvali
tetnejše obravnavanje bolnikov s kroničnimi bo
leznimi. 

2. FUNKCIONALNI MODEL 
Poglavje o funkcionalnem modelu je razdeljeno v 
dva razdelka. Prvi prikazuje razgradnjo kadrov
ske dejavnosti. Prikaz je enostaven - s pomočjo 
drevesne strukture, povezave, ki obstajajo med 
posameznimi funkcijami niso prikazane. To po
manjkljivost delno odpravlja drugi razdelek, ki 
v matrični 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 ŽJ predstavlja spodnja 
shema: 

A zagotavljanje kadrov 
kadrovska dejavnost- B varovanje pravic delavcev 

C oblikovanje poročil za 
zunanje organizacije 

A. Zagotavljanje kadrov zajema kadrovsko deja
vnost v ožjem pomenu: načrtovanje potreb, razpo
rejanje in razvoj oziroma usposabljanje delavcev. 
Podrobnejšo razdelitev kaže shema: 

analiza 
stanja in 
potreb 
2. 
analiza 
možnosti 
3. 
ugotavljanje 
zahtevnosti 
DNO 
4. 
načrtovanje 
kadrovskih 
potreb 

1. 
p načrtovanje 1 

A. 
zagotavljanje 
kadrov 

2. 
zagotavljanje 
delavcev za 
opravljanje 
dela 

urejanje 
delavno prav
nih razmerij 
(sprejem, 
odhod...) 
2. 
ugotavljanje 
sposobnosti 
1. 
načrtovanje 
in spremlja
nje priprav. 
2. 
organizacija 
internega 
izobraževanja 
3. 
izdelava 
predlogov za 
napredovanje 
4. 

•usmerjanje in 
spremljanje 
šolanja delav' 

. 5. 
• štipendiranje 

Slika 3: Razgradnja funkcije "zagotavljanje 
kadrov" 

L 3. razvoj 
delavcev -
(usposab.) 
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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 število 
delavcev ) bodisi glede na zahtevane sposobno
sti. V relaciji DNO so vpisane tudi delavne 
naloge in opravila, ki jih šele načrtujemo 
( glede na organizacijske spremembe ali nove 
investicije ). V tem primeru analiza daje po
trebe po novih kadrih oziroma pregled delavcev, 
ki bodo po ukinitvi določenih DNO ostali neraz
porejeni. • 
A. 1.2 Analiza možnosti ugotavlja sposobnosti 
delavcev (znanje,psihološke, fiziološke sposo
bnosti), kandidatov za sprejem in štipendistov, 
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 funkcij je 
izdelava "optimalnega" predloga razporeditve s 
pomočjo metod linearnega programiranja. 

A. 1.3 Ugotavljanje zahtevnosti DNO je, kot pove 
že ime ,namenjeno ugotavljanju sposobnosti, ki 
jih mora imeti delavec razporejen na določeno 
delavno nalogo oziroma opravilo. Vloga 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 
različnih kriterijih, iskanje sorodnih DNO in 
določanje zahtevnosti sestavljenih DNO. 

A.1.4 Načrtovanje kadrovskih potreb in analiza 
kadrovskih gibanj je funkcija namenjena obliko
vanju predvsem takih informacij, ki pomagajo 
pri odločanju na strateškem nivoju: kakšna je 
fluktuacija, kateri so vzroki zanjo, kakšno bo 
predvidoma gibanje kadrov v posameznih obdobjih 
in kakšne bodo potrebe (izdelava projekcij), 
kako se spreminja izobrazbena struktura kadrov, 
kakšna je fluktuacija po posameznih profilih. 
A.2 Zagotavljanje delavcev za opravljanje dela 
je sklop funkcij, ki podpirajo predvsem opera
tivne naloge na ožjem področju kadrovske deja
vnosti: vnos podatkov o novosprejetih delavcih, 
popravljanje podatkov o delavcih, izpis odločb 
o razporeditvi oziroma premestitvi, vnos poda
tkov o štipendistih in kandidatih za sprejem, 
oblikvoanje razpisov za prosta delavna mesta,. 
Večina teh nalog se bo izvajala interaktivno, 
k̂ r je za določena opravila na operativnem 
nivoju nujno. 

A.3 Razvoj delavcev je funkcija, ki jo informa
cijski sistem podpira predvsem z: vodenjem evi
denc o možnostih nadaljnega izpopolnjevanja in 
delavcih vključenih v razne oblike izobraževa
nja, analizo potreb po usposabljanju, s pomočjo 
pri spremljanjem izvajanja pripravništva ipd. 
Sem spada tudi spremljanje inovativne dejavno
sti delavcev in oblikovanje predlogov o možnem 
napredovanju glede na uspehe pri usposabljanju. 
B. Informacijsko podporo zagotavljanju in 
varstvu- pravic delavcev smo razdelili v 
naslednje podfunkcije (glej sliko 4): 

B.l Prvi sklop funkcij s področja varstva pra
vic je namenjen večanju varnosti in zmanjševa
nju škodljivih vplivov pri opravljanju posame
znih DNO. Tudi tu je vloga informacijskega si
stema omejena predvsem na shranjevanju podat
kov in oblikovanju poročil: vodenje evidenc o 
zaščitnih sredstvih potrebnih na posameznih 
DNO, o oskrbljenosti delavcev s temi sredstvi, 
o nezgodah in vzrokih zanje, o vrsti in teži 
poškodb pri nezgodah, o škodljivih vplivih v 
posameznih okoljih in o delavnih mestih z be
neficirano delavno dobo. Zahtevnejša naloga pa 
je analiza teh podatkov s ciljem odkrivanja 
sredin z večjo pogostostjo nezgod, njihovih 

1. 
varstvo -
pri delu 

B. 
varstvo in 
zagotavljanje 
pravic 
delavcev 

2. 
socialno 
varstvo 

zdravst. 
varstvo 

dviganje — 
nivoja 
družbenega 
standarda 

T : 

1. 
zagotovitev 
zaščitnih 
sredstev 
2. 
spremljanje 
in analiza 
poškodb in 
nezgod 
3. 
analiza 
vpliva dela 
na okolje 
(ekologija) 
1. 
zagotavljanje 
socialnega 
varstva 
2. 
vodenje 
evidenc o 
posebnih soc. 
skupinah 
1. 
preventivno 
2. 
kurativno 
1. 
stanovanjsko 
gospodarstvo 
2. 
spremljanje 
športno 
rekreativne 
dejavnosti 
3. 
spremljanje 
in pomoč pri 
načrtovanju 
oddihov 
4. 
urejanje 
prevozov na 
na delo 

obdelava osebnih 
dohodkov 

' vodenje evidenc o 
samoupravnih in družb, 
polit, aktivnostih 

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

značilnosti 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 oe ukvarja s tem področjem 
in oblikuje razne statistične analize, 
B.3 Ena pomembnejših funkcij v sklopu kadrovske 
dejavnosti je zagotavljanje zdravstvenega 
varstva, tako kurativnega kot preventivnega. 
Predvidoma naj bi obdelave s tega področja omo
gočale poleg običajnega izračuna nadomestil za 
osebni dohodek tudi: 
. različne analize o obolelosti delavcev 
. pravočasno detekcijo naraščanja obolevnosti z 
določeno diagnozo. Tovrstne informacije so se 
izkazale kot pomembne za odpravljanje vzrokov 
bolovanj. ( V DO Sava-Kranj so s spremljanjem 
informacij te vrste dosegli pomembne uspehe 
pri zmanjševanju obolevnosti (6)) 
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. učinkovito spremljanje in obravnavo delavcev 
s kroničnimi obolenji 

. izdelavo predlogov premestitev za delavce z 
zmanjšano delavno sposobnostjo in oblikovanje 
programa rehabilitacije oziroma prekvalifika
cije 

. izdelavo programov preventivnih pregledov z 
upoštevanjem zdravstvene zahtevnosti delavnih 

. mest in ogroženosti posameznih delavcev 
. analizo vpliva posameznih delavnih okolij na 
zdravje 

. interaktivni vpogled v zdravstveno zgodovino 
posameznega delavca 

B.4 Podfunkcije združene v funkciji "dviganje 
družbenega standarda" so dovolj pojasnjene s- sa
mo shemo. Posebej omenimo le naloge informacij
skega sistema na področju stanovanjskega gospo
darstva, poleg vodenja evidenc o bivalnih pogo
jih delavcev, spada v to področje tudi obliko
vanje prednostnih list za dodelitev stanovanj
skih pravic in izračun višine kreditov za sta
novanjsko gradnjo. Glede na veliko število 
prosilcev smatramo, da je računalniška podpora 
upravičena. 
B.5 Obdelava osebnih dohodkov je bolj ali manj 
taka, kot jih poznamo v drugih delavnih organi
zacijah. Vključenost v sistem za podporo kadov-
ski dejavnosti, uporaba sodobnejše podatkovne 
baze in interaktivni vnos podatkov tudi temu 
področju prinaša večjo prožnost in ažurnost, 
možnost kvalitetnejših analiz ter manj podva
janja pri vnosu podatkov. 
B.6 Samoupravno komuniciranje je področje, ki 
ga do sedaj nismo podpirali z računalnikom. 
Predlagani model predvideva vsaj najnujnejše: 
vodenje podatkov o samoupravnih organih in 
organih družbeno političnih organizacij, vode
nju podatkov o vključitvi delavcev v te organe, 
vodenju podatkov o delu delegacij in enostav
nejše obdelave teh podatkov. 
C. V skupini "izdelava poročil za zunanje orga
nizacije" smo združili, kot pove ime, oblikova
nje zakonsko določenih ali drugače dogovorjenih 
poročil oziroma statističnih analiz za potrebe 
raznih zunanjih organizacij, kot so zavod za 
statistiko, skupščina občine, sis za zaposlo
vanje itd. 

2.Z Povezava med funkcionalnim in podatkovnim 
modelom 

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

V ... spraševanje - funkcija le sprašuje 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.' 

3. VLOGA ORGANIZACIJSKIH ELEMENTOV 
Realizacija obeh predlaganih modelov bo bolj 
ali manj vplivala na delo in naloge posameznih 
organizacijskih enot. V tretjem poglavju po
skušamo vsaj grobo prikazati ta vpliv s pomo
čjo dveh matrik: prva prikazuje odgovornost 
organizacijskih enot do vpisovanja oziroma či-
tanja podatkov v bazi podatkov, druga pa odgo
vornost pri izvajanju funkcij. 
Organizacijske enote, vključene v kadrovsko 
dejavnost so prikazane s spodnjo drevesno she
mo (glej sliko 5). 
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oddelek 
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družbeni 
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7. 
center za 
preučevanje 
samoupr. in 
inform. 
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disciplinska 
komisija 
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1. 
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——poslovodni odbor 
7. 
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Slika 5; Organizacisjki elementi vključeni 

v kadrovsko dejavnost 
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relacije 

funkcije 
A.1.1 Analiza stanja in potreb 

2 Analiza možnosti 
3 Ugotavljanje zahtev. DNO 
4 Načrtovanje potreb 

A.2.1 Urejanje del. prav. razm. 
2 Ugotavljanje sposobnosti 

A.3.1 Pripravništvo 
2 Interno izobraževanje 
3 Predlogi za napredovanje 
4 šolanje delavcev 
5 Štipendiranje 

B.1.1 Zaščitna sredstva 
2 Poškodbe, nezgode 
3 Ekologija 

B.2.1 Socialno varstvo 
2 Posebne socialne skupine 

B.3.1 Preventivno zdravstvo 
2 Kurativno zdravstvo 

B.4.1 Stanovanjsko gospodarstvo 
2 Rekreacija, šport 
3 Oddihi 
4 Prevozi 

B.5 Osebni dohodki 
B.6 Samoupravne aktivnosti 
C Poročila za zunanje org. 
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tabela 1: Povezava med podatkovnim in funkcionalnim modelom ( matrika transakcij ) 

Poleg kadrovskega sektorja, ki je pri izvajanju 
kadrovkse dejavnosti vsekakor najpomembnejši, 
imajo pri izvajanju kadrovske dejavnosti nemaj
hno vlogo tudi drugi organizacijski elementi, 
česar pri načrtovanju ustreznega informacijske
ga sistema nismo smeli zanemariti. Predlagani 
sistem prinaša predvsem več neposrednosti: 
mnoge od informacij, ki jih posamezne enote 
(službe,oddelki) dobijo s pomočjo oddelkov ka
drovskega sektorja, naj bi s pomočjo informa
cijskega sistema oblikovali samostojno. Podobno 
velja tudi za zbiranje podatkov: posamezni od
delki jih bodo vnašali s pomočjo računalnika 
neposredno v informacijski sistem. 
Primer takega povečanja neposrednosti je sprem
ljanje in obdelava bolniškega staleža. V obsto
ječem sistemu obratna ambulanta za vsakega obo
lelega izpiše obrazec z osnovnimi podatki, ta 
obrazec dopolnijo na oddelku za socialno in 
zdravstveno varstvo (kadrovski sektor),na od
delku za obračun OD (finančno računovodski 
sektor) pa na podlagi podatkov na njem obliku
jejo novega, primernega za obdelavo na računa
lniku. Obratna ambulanta prejme od oddelkov 
kadrovskega sektorja različne analize obolev
nosti. V novem sistemu bodo osnovne podatke 
vnašali interaktivno, jih (tudi interaktivno) 
dopolnjevali na ostalih oddelkih, informacij

ski sistem pa bo poleg obdelav s področja OD 
zagotovil tudi oblikovanje različnih 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 križišču stolpcev in vrstic pomenijo: 
V ... organizacijski element le sprašuje 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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relacije 

organizacijske enote 
1.1 Oddelek za kadre 
1.2 Oddelek ind. psihologije 
1.3 Oddelek varstva pri delu 
1.4 Odd. 2dr. in soc. varstva 
1.6 Oddelek za družbeni stand. 
1.5 Oddelek za izobraževanje 
1.8 Disciplinska komisija 
1.7 CPSI, samoupr. org. DPO 
2.1 Oddelek za organizacijo 
2.2 Planski oddelek 
2.3 Oddelek za študij de.,in ngr. 
3 Oddelek za obraiun OD 
4.1 Referent za kadre TOZD 
4.2 Odbor za del. razmerja 
5.1 Kurativna ambulanta 
5.2 Ambulanta za med. dela 
6 Poslovodni odbor 
7 Zunanje organizacije 
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tabela 2: Matrika odgovornosti pri oblikovanju in uporabi podatkov 

3.2 Odgovornost za izvajanje funkcij 
je prikazana z matriko, podobno matriki odnosa 
do podatkov. Stolpci predstavljajo funkcije iz 
funkcionalnega modela. Posamezne oznake 
pomenijo: 
O ... organizacijska enota je odgovorna za 

izvajanje funkcije 
S ... organizacijska enota sodeluje pri 

izvajanju funkcije 
Matrika odgovornosti za izvajanje funkcij je 
prikazana s tabelo 3. 

4. ZAKLJUČEK 
Predlagani model prinaša v primerjavi z obsto
ječim nekaj bistvenih sprememb: 
1. Podatkovni model je v primerjavi z obstoječo 
bazo podatkov mnogo bogatejši. 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 področja ekologije, socialnega varstva, 
družbenega standarda itd. Poleg tega ustrezna 
podatkovna baza ne bo vsebovala le podatkov, ki 
odražajo trenutno stanje, ampak tudi podatke o 
preteklih stanjih in za nekatere entitete tudi 
predvideno bodoče stanje ( načrtovanje DNO na 
primer ). 

2. Datoteke obstoječe baze podatkov niso v 
tretji normalni obliki ( posledica mnogih dopo
lnjevanj ), kar povzroča znane težave pri 
vzdrževanju sistema. Tudi to nevšečnost odprav
lja nov model, ki smo ga oblikovali upoštevajoč 
postopke normalizacije. 
3. Posebno prožnost predlaganega modela pred
stavljajo tudi "strukturnice" za posamezne 
entitete. Te nosijo informacijo o že odkritih 
povezavah med posameznimi entitetami iste vrste _̂  
poleg tega omogočajo enostavno vpeljavo novih 
povezav, različne interpretacije entitet istega 
tipa ali pa enotno obravnavo sicer sorodnih, ne 
pa povsem istovrstnih entitet. 
4. Predvideni sistem bo interaktiven v kar naj
večji možni meri. To iz dosedanjih opisov ni 
posebej razvidno, zato dodajamo: interaktivni 
so vsi postopki vnašanja podatkov (v okolju 
kjer le-ti nastajajo.) in vpogledi, ki ne za
htevajo več kot 20-30 pristopov do različnih 
zapisov (vrstic) v bazi podatkov. Tak pristop 
zagotavlja, kot je to pač značilno za interak
tivne sisteme, večjo ažurnost, neposrednejšo 
uporabo informacijskega sistema, manj podvajanj 
določenih postopkov ( izpolnjevanja obrazcev in 
prepisovanja njihove vsebine na'pomnilne medi
je ), predvsem pa hiter dostop do informacij. 
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organizacijske enote 

funkcije 
A.1.1 Analiza stanja in potreb 

2 Analiza možnosti 
3 Ugotavljanje zahtev. DNO 
4 Načrtovanje potreb 

A. 2.1 Urejanje del. razmerij 
2 Ugotavljanje sposobnosti 

A. 3.1 Pripravništvo 
2 Interno izobraževanje 
3 Predlogi za napredovanje 
4 šolanje delavcev 
5 štipendiranje 

B.1.1 Zaščitna sredstva 
2 Poškodbe, nezgode 
3 Ekologija 

B.2.1 Socialno varstvo 
2 Posebne socialne skupine 

B.3.1 Preventivno zdravstvo 
2 Kurativno zdravstvo 

B,4.1 Stanovanjsko gospodarstvo 
2 Rekreacija, šport 
3 Oddihi 
4 Prevozi 

B.5 OD 
B.6 Samoupravne aktivnosti 
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tabela 3: Matrika odgovornosti za izvajanje funkcij 

Model kakršen koli pač je, ne more dokazati 
svojih kvalitet, dokler se ne izkaže kot slika 
nekega konkretnega, uspešno delujočega sistema. 
Kljub temu, da opisani model take potrditve še 
nima, menim, da so opisane rešitve lahko v po
moč vsem, ki se ukvarjajo z načrtovanjem raču
nalniško podprtih informacijskih sistemov za 
podporo kadrovski dejavnosti. Predvsem to velja 
za skrbno načrtovan podatkovni model, saj se 
nabor podatkov s področja kadrov od ene do dru
ge ( delavne ) organizacije ne razlikuje kaj 
dosti. 

(3) M. Krisper, F. žerdin: Informacijsko 
inženirstvo ( FE, Ljubljana, 
1985 ) 

(4) I. Svetilk in sodelavci: Naloge kadrovske 
dejavnosti v OZD ( dopisna 
delavska univerza Univerzum, 
Ljubljana, 1978 ) 

(5) B. Čeh, I. ščavničar: Informacijski sistem 
preventivnega zdravstvenega 
varstva ( interno gradivo ŽJ, 
1985 ) 

Uporabljena literatura in gradivo: 

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

(2) C. J. Date: A Guide to DB2 
( Addison - Wesley, 1983 ) 

(6) J. Vadnjal: Računalniški model spremljanja 
in analize obolevnosti in 
bolniškega staleža v tovarni 
Sava Kranj ( Sava Kranj, Kranj 
1983 ) 

(7) S. Alagič: Relacione baze podataka, 
(Svijetlost Sarajevo, 1984) 
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ABSTRACT: The paper d e s c r i b e s an app roach i n p r o c e s s i n g a l p h a n u m e r i c a l v a l u e s u s i n g FORTRAN, and a 
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s u b r o u t i n e s a re t e s t e d i n a c r o s s - a s s e m b l e r f o r Z80, a l s o w r i t t e n i n RATFOR. 

U V O D 

U ovom radu j e i z l o ž e n a j e d n a od priraena 
i d e j e da se e f i k a s n o s t p i s a n j a programa poveča 
va pridienom g o t o v i h i p r o v e r e n l h o p š t i h 1 f u n k 
c i j s k i h p.otprograma / 1 / . Ovaj p r i s t u p i m p l i c i r a 
da s e , p r i p i s a n j u potprograraa 1z nekog večeg 
skupa p rog rama , p o j e d i n i p o t p r o g r a m i p i š u tako 
da budu raedjusobno n e z a v i s n i i I t o o p š t i j e na
mene. 

P c t p r o g r a m i p i s a n i po ovom nače lu raogu se 
v r l o e f i k a s n o k o r i s t i t i p r i r a z v o j u d r u g i h p r o 
grama i p r e d s t a v l j a j u p r o g r a m s k i a l a t , k o j i v i 
še k o r i s n i k a može da p r i m e n i p r i r eSavan ju p r o 
blema o d r e d j e n o g t i p a . 

Pošto j e RATFOR ( rac i ona ln i •FORTRAN) p r e -
p r o c e s o r , k o j i j e u g r a d j e n na raCunaru E i - H 6 / 5 3 
u I n s t i t u t u za mernu t e h n i k u i u p r a v l j a n j e . I z 
veden t ako da može programe i z s i s t e m s k e b i b l i 
o t e k e da u k l j u C u j e putem INCLUDE n a r e d b i / 3 / , 
u r a z v i j a n i skup p rog rama, p r o š i r e n j e b i b l i o t e 
ke RATFOR-a po tp rogramima o p š t e namene z n a č a j -
no o l a k š a v a p i s a n j e n o v i h p rog rama . Ovim se 
vreme p o t r e b n o za r a z v o j i t e s t i r a n j e s o f t w a -
r e - a b i t n o s k r a č u j e , š t o sman ju je t r oSkove i 
povečava e f i k a s n o s t pr imene d i g i t a l n o g raCuna-
r a . 

. P o t p r o g r a m i k o j i su p r i k a z a n i u ovom radu 
su p r o i s t e k l l i z p r imene RATFOR-a {odnosno 
FORTRAN-a) na nenumer ičke o b r a d e , p r i l i k o m i z 
rade k r o s - a s e m b l e r a za m i k r o p r o c e s o r Z80, i 
odnose se p r v e n s t v e n o na rad sa a l f a n u m e r i č k i m 
n i zov ima - s t r i n g - o v i m a . 

Osnovne pos tavke o u p o t r e b i s t r i n g - o v a u 
RATFOR-u da te su u prvom p o g l a v l j u , u kojem j e 
o p i s a n i skup r a n i j e p o s t o j e č i h po tp rograma i z 
b i b l i o t e k e RATFOR-a. Ovi p o t p r o g r a m i su, p o s l u -
ž i l i kao osnova za p r o S i r e n j e op i sano u drugom 
p o g l a v l j u , gde j e s v a k i o p š t i 111 f u n k c i j s k i 
p o t p r o g r a m dodat u RATFOR b l b l i o t e k u d e t a l j n o 
o p i s a n . A l g o r i t m i po tp rograma su d a t i u o b l i k u 
pseudokoda. 

1 . PREDSTAVLJANJE ALFANUMERIČKIH VELIČINA 

1 . 1 . U o b i č a j e n i p r i s t u p o b r a d i a l f a n u m e r l č k i h 
v e l i č i na 
Kod pr imene računa ra za nenumer ičke o b r a 

de važan j e n a č i n k o m u n i c i r a n j a programa sa 
o k o l i n o m , t o j e s t n a č i n unosa 1 i s p i s a podataka 
u / i z d a t o t e k a r a č u n a r s k o g s i s t e m a . Kod u o b l č a -
j e n e u p o t r e b e FORTRAN-a u l a z i I z l a z p o d a t a k a , 
pa i a l f a n u m e r i č k i h v e l i č i n a , v r š i se u pakova-
nom o b l i k u / 2 / . Ovaj p r i s t u p n i j e n a j p o g o d n i j i 
za p i s a n j e programa k o j i m a se o b r a d j u j e n e k i 
t e k s t , j e r su r e d o v i u t e k s t u ob i čno r a z i i č i t e 
d u ž i n e i sa r a z l l č i t i m b r o j e m r e č i . 

Kod p i s a n j a k r o s - a s e m b l e r a ovakav n a č i n 
unosa i i s p i s a v r e d n o s t i u programskom j e z i k u 
FORTRAN (ne t r e b a ' z a b o r a v i t i da j e RATFOR p r e -
p r o c e s o r za FORTRAN) n i j e n a j p o g o d n i j i , poš to 
su ob rade uglavnom na n i v o u j ednog a l f a n u m e r i -
k a . 

1 .2 . P r e d s t a v l j a n j e a l f a n u m e r l č k i h v e l i č i n a u 
o b l i k u s t r i n g - o v a 

Oa b i se p r o S i r i l e raogučnosti p r imene FOR
TRAN-a i na nenumer ičke ob rade u b i b l l o t e k u 
RATFOR-a j e u g r a d j e n o n e k o l i k o po tprograma k o 
j i m a j e ' o m o g u č e n unos 1 i s p l s j e d n o g a l f a n u m e -
r i k a na d a t o t e k u ( f i l e ) sa o d r e d j e n i m l o g l č k i m 
b ro jem ( I f n ) . Osnovu ovog p r i s t u p a č i n e dva 
po tprograma / 1 / : 

GETCH - k o j i i z d a t o t e k e , o d r e d j e n e l o g l č 
kim b r o j e m , u n o s i j e d a n a l f a n u m e -
r i k u u l a z n o / i z l a z n i b u f f e r 1 

PUTCH - k o j i u u l a z n o / 1 z l a z n i b u f f e r d a t o 
t eke o d r e d j e n e l o g l č k i m b r o j e m , 
u p i s u j e j e d a n a l f a n u m e r i k 1 1 1 , ako 
j e t a j a l f a n u m e r i k NEWL1NE, i s p i -
s u j e s a d r ž a j b u f f e r - a na d a t o t e k u . 

O č i g l e d n o , ovakav p r i s t u p podrazumeva da 
se unos 1 i s p l s podataka o b a v l j a i s k l j u č i v o 
p reko a l f a n u m e r l č k i h v e l i č i n a , š t o t r e b a i m a t i 
u v i d u kod u l a z n o / i z l a z n l h o p e r a c i j a . 

V e l i č i n a p o l j a u u l a z n o / i z l a z n o m redu ovde 
n i j e o d r e d j e n a nekim f o r m a t o m , pa j e označava-
n j e k r a j a s t r i n g - a mora lo b i t i rešeno d r u g a č l -
j e . I z a b r a n o j e r e š e n j e , p repo ručeno u / 1 / , da 
se k r a j s t r I n g - a o z n a č i nekom posebnem v r e d n o š -
ču EOS {end o f s t r i n g ) k o j a ne p r i p a d a skupu 
znakova r a č u n a r a 1 na računa ru E1-H6/53 i z n o s i 
- 2 . Znakove v e l i č i n e se u RATFOR-u pamte kao 
c e l o b r o j n e v e l i č i n e (INTEGER). Tako , s t r i n g u 

* ) Radjeno u o k v i r u p o s t d i p l o m s k i h š t u d i j a , na predmetu RACUNARI. 
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RATFOR-u ima oblik 

I in.teger niz | EOS 

Da bi se niz alfanumerika, koji čini je-
dan red u datoteci, razlikovao od RATFOR 
string-a, na njegov kraj se pre znaka EOS 
stavlja znak NEULINE iz skupa znakova računara. 
Dakle, niz alfanumerika, koji čine jedan red 
ima obl i k 

integer niz NEKLINE EOS 
O 

sa oko 
vel i ku 
padata 
pretva 
u nepa 
i pret 
obl iku 
tvaran 
trebno 
progra 
na ras 

O 
je pos 
grami, 
biiote 
u si ed 

vako zamišljeno komu 
linom oraogučava onom 
slobodu u oblikovan 

ka. Medjutim, ovo ta 
ranje svih veličina, 
kovani oblik, odnosn 
varanje unetih velič 
u pakovani, ako je 

je veličina iz Jedno 
je, dakle, obezbedi 

ma, koji bi svi kori 
polaganju. 
dredjen broj potprograma sa ovom namenom 
tojao u biblioteci RATFOR-a. Ovi potpro-
koji čine osnovu proširenja RATFOR bi

ke opisanog u ovom radu, biče objašnjeni 
ečem odeljku. 

niciranje programa 
e ko piše program 
Ju unosa i ispisa 
kodje podrazumeva i 
koje treba ispisati, 

o RATFOR string, kao 
ina u nepakovanom 
to potrebno. Za pre-
g u drugi oblik po
ti odredjen skup pot-
snici RATFOR-a imali 

1.3. Osnovni skup potprograma iz RATFOR bibli
oteke za rad sa string-ovima 
Potprogrami iz RATFOR biblioteke, koji če 

ovde biti opisani, se, prema nameni, mogu pode
liti u tri grupe. Prvoj pripadaju potprogrami 
za unos i ispis podataka: getch, putch, getlin, 
putlin, outnum. Drugu grupu tine potprogrami za 
rukovanje znakovnim nizovima: equal , length, 
scopy, a treču potprogrami za pretvaranje veli
čina iz jednog oblika u drugi: itoc, cvtstr, 
strcvt. 

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

1.3.1. Potprogrami za unos i ispis podataka 
1.3.1.1. Integer functlon getch (c, Ifn) 

Ovaj funkcijski potprogram kao svoju vred
nost i vrednost argumenta c vrača sledeči alfa-
numerik iz datoteke sa logičkim brojem Ifn. 
Ime getch mora biti navedeno u opisnim naredba-
ma pozivnog programa kao INTEGER. Način poziva
nja potprograma je 

char = getch (c, 1fn). 

1.3.1.2. Subroutine putch (c, Ifn) 
Ovaj potprogram upisuje alfanumerik c u 

ulazno/izlazni buffer. Po upisivanju znaka 
NEMLINE slog upisan u buffer se upisuje u da-
toteku sa logičkim brojem Ifn. Način pozivanja 
potprograma je 

cal1 putch (c , Ifn). 

1.3.1.3. Integer function getlin (line, Ifn) 
Ovaj funkcijski potprogram celobrojnog 

tipa upisuje red iz datoteke sa logičkim bro
jem Ifn u string line. Kao svoju vrednost pot
program vrača broj elemenata string-a ili vred
nost EOS, ako je unet prazan red. Ime getlin 
mora biti navedeno u opisnim naredbama poziv
nog programa kao INTEGER. Način pozivanja pot
programa je 

len = geti in (1 i ne, Ifn). 

1.3.1.4. Subroutine putlin (line, Ifn) 
Ovaj opšti potprogram upisuje red, sadržan 

u stringu line, na datoteku sa logičkim brojem 
Ifn. Način pozivanja potprograma je 

cal 1 putlin (line, 1 f n ) . 

1.3.1.5. Subroutine outnum (n, len, Ifn) 
Ovaj opšti potprogram pretvara broj u pa-

kovanom obliku u RATFOR string sa prikazom u 
decimalnom brojnom sistemu i ispisuje ga u po
lje dužine len u ulazno/izlazni buffer datote
ke sa logičkim brojem Ifn. Ako je duiina pri-
jemnog polja pozitivan broj, broj n se pri 1s-
pisu poravnava desno, ako je len negativno po
ravnava se levo, a ako je len=0 nema poravnava
nja. Način pozivanja je 

call outnum (n, len, Ifn ) . 

1.3.2. Potprogrami za rukovanje string-ovima 
1.3.2.1. Integer function egual (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 VES, 
1nače je NO. Vrednosti VES i NO korisnik može 
odrediti u DEFINE naredbi RATFOR-a /3/. Način 
pozivanja potprograma je 

ind = equal (stri , str2) . 

1.3.2.2. Integer function length (str) 
Ovaj funkcijski potprogram vrača kao svoju 

vrednost dužinu RATFOR string-a str, bez znaka 
EOS. Način pozivanja potprograma je 

1 en = 1ength (str ). 

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

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

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

1.3.3. Potprogrami za pre tvaran je st r ingova 

1 . 3 . 3 . 1 . Integer func t i on i t oc ( i n t . s t r , s 1 z e ) 

Ovaj f u n k c i j s k i potprogram pretvara ce lo -
brojnu v e l i č i n u i n t u pakovanora pr ikazu u njen 
nepakovani pr ikaz (RATFOR s t r i n g ) s t r u dec i 
malnom brojnom sistemu. Parametar size j e n a j -
veča dimanzija s t r i ng -a s t r . Kao svoju vrednost 
ovaj potprogram vrača dui lnu s t r i n g - a . Način 
pozivanja potprograma je 

len = i toc ( i n t . s t r , s i z e ) . 

1.3.3.2. Integer function cvtstr (holl,str) 

Ovaj funkcijski potprogram pretvara tekst 
u znacima navoda h o U u RATFOR string. Kao svo
ju vrednost potprogram vrača dužinu RATFOR 
string-a. Način pozivanja potprograma je 

ind = cvtstr (hol1,str). 
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1 . 3 . 3 . 3 . S u b r o u t i n e s t r c v t ( s t r . d e l i m . h o l l ) 

Ovaj o p š t i po tp rog ram p r e t v a r a RATFOR 
s t r i n g s t r u FORTRAN p r i k a z h o l l , t i p a CHARAC-
TER. Nač in u p o t r e b e po tp rograma j e 

c a l l s t r c v t ( s t r , d e l i m , h o l l ) . 

P r o š i r e n j e RATFOR b i b l i o t e k e novim p o t p r o -
gramima, op i sano u narednom p o g l a v l j u , ima za 
osnovu i z l e ž e n e osnovne p o s t a v k e i o p i s a n e ved 
p o s t o j e č e p o t p r o g r a m e . 

2. PROŠIRENJE BIBLIOTEKE RATFOR-a 

P o t p r o g r a m i , ko j ima j e p r o j i r e n o p i s a n i 
osnovn i skup po tp rograma RATFOR b i b l i o t e k e , su 
n a p i s a n i p r i l i k o m i z r a d e k r o s - a s e m b l e r a za m i 
k r o p r o c e s o r Z80. Ovo j e nametnu lo i neke poseb
ne z a h t e v e . 

2 . 1 . Nenumer ičke obrade p r i i z r a d i k ros -asem
bl era 

Obrada t e k s t a ko ja j e po t rebna kod i z r a d e 
k r o s - a s e m b l e r a ima o d r e d j e n e s p e c i f i č n o s t i . To 
s u , pre s v e g a , p o t r e b a za p r e d s t a v l j a n j e m b r o -
j e v a u razn im b r o j n i m s i s tem ima ( b i n a r n o , ok -
t a l n o , dec ima lno i h e k s a d e c i m a l n o ) , za i z d v a j a 
njem r e č i o d r e d j e n e d u ž i n e i z reda i z v o r n o g 
asemb le rskog p rog rama , za umetan je j ednog 
s t r i n g - a p r e , u s r e d i n u i i za drugog s t r 1 n g - a 
i t d . Da b i se z a h t e v i za ovakv im obradama. za
d o v o l j i l i , b i l o j e p o t r e b n o r a z v i t i o d g o v a r a j u -
ču programska p o d r š k u . D e t a l j a n o p i s p o t p r o g r a 
ma k o j i i s p u n j a v a j u 1 ovakve zah teve da t j e u 
d a l j e m t e k s t u . 

2 . 2 . Skup po tp rograma ko j ima j e p r o š i r e n a 
RATFOR b i b l i o t e k a 

Po tp rog ram i za obradu a l f a n u m e r i č k i h v e l i 
č i n a , k o j i su d o d a t i u b i b l i o t e k u RATFOR-a s e , 
prema namen i , mogu p o d e l i t i s l i č n o r a n i j e nave-
deno j p o d e l i več p o s t o j e č i h ' p o t p r o g r a m a . D a k l e , 
d o d a t i su p o t p r o g r a m i za unos i i s p i s p o d a t a k a : 
n e x t w , o u t i , d o u t i , d f o u t i ; p o t p r o g r a m i za r u -
kovan je RATFOR s t r i n g - o v i m a : f i r s t c , a d d s t r , 
f i l l , p r e f i l , m i d s t r , s k i p b l , cmphr i p o t p r o 
grami za p r e t v a r a n j e i z j e d n o g o b l i k a u d r u g i : 
i t o s , s t o i , d i t o s , d s t o i . Navedeni p o t p r o g r a m i 
su d e t a l j n o o p i s a n i po ovim grupama. 

2 . 2 . 1 . Po tp rog ram i za unos i i s p i s 

2 . 2 . 1 . 1 . I n t e g e r f u n c t i o n nextw ( i n , i , l i m i t , 
o u t ) 

Ovaj f u n k c i j s k i p o t p r o g r a m uzima i z 
s t r i n g - a I n , k o j i Je une t pomoču po tp rograma 
g e t l i n , narednu reč o g r a n i č e n e d u ž i n e . Ovde j e 
reč d e f i n i s a n a kao n i z a l f a n u m e r i k a o g r a n i č e n 
znakovima TAB 11 i BLANK. Reč ko ja j e i z d v o j e n a 
i z In se smeSta u s t r i n g o u t , a i ndeks s t r i n g - a 
i n , p r o m e n l j i v a i , se p o s t a v l j a da p o k a z u j e na 
p r v i a l f a n u m e r i k i za unete r e č i . Nextw d o b i j a 
v r e d n o s t d u ž i n e r e č i , ako j e ona krača od v r e d 
n o s t i l i m i t , i n a č e d o b i j a v r e d n o s t ERR, k o j u 
k o r i s n i k može d e f i n i s a t i RATFOR naredbom DEFINE 
/ 3 / . Tok a l g o r i t m a j e 

i n t e g e r f u n c t i o n nextw ( i n , 1 , 1 i m i t , o u t ) 
c a l l s k i p b l ( i n , i ) ! p r e s k a k a n j e v o d e č i h 

! TAB 1 BLANK 
w h i l e ( e l emen t i n ( i ) n i j e EOS n i BLANK) 

p r e n e s i a l f a n u m e r i k u o u t ( i ) 
r e t u r n 

end . 

2 . 2 . 1 . 2 . S u b r o u t i n e o u t i ( n , l , o u t , b a s e ) 

Ovaj o p 5 t i po tp rog ram i s p i s u j e v e l i č i n u n 
u pakovanom o b l i k u , u b u f f e r d a t o t e k e sa l o g i č -

kim b ro jem ( I f n ) ou t u o b l i k u s t r i n g - a sa p r i 
kazom u bro jnom s i s temu sa osnovom base . V e l i 
č i n a 1 o d r e d j u j e podešavan je b r o j a u i z l a z n o m 

• p o l j u . Ako j e 1 manje od O, b r o j se podešava u 
l e v o a p o l j e se dopun java BLANK-ovima; ako j e 
1=0, nema pode5avan ja n i dopune BLANK-ovima; 
pr1 1 veče od O se b r o j podeSava u desno sa v o -
deč im BLANK-ovima. Tok a l g o r i t m a j e 

s u b r o u t i n e o u t i (n , 1 , o u t ,base ) 
! p r e t v a r a n j e u RATFOR s t r i n g 
l e n = i t o s ( n . s t r ,HAXSTRING ,base) 
i f ( t r e b a p o p u n i t i vodečim BLANK-ovima) 

popuna BLANK-ovima 
i s p i s nepakovanog p r i k a z a b r o j a 
I f ( t r e b a p o p u n i t i BLANK-ovima i za b r o j a ) 

popuna BLANK-ovima 
r e t u r n 

end. 

2.2.1.3. Subroutine douti (n ,1 ,out,base) 

Ovaj potprogram je isti kao i outi, osim 
toga što je celobrojna veličina, koju treba is-
pisati, u dvostrukoj tačnosti: Ovo je potrebno 
ako je, na računaru Ei-H6/53, ceo broj veči, po 
apsolutnoj vrednosti, od 32767. 

2.2.1.4. Subroutine dfouti (n,1,6ut, base) 

Ovaj potprogram ispisuje ceo broj u dvos
trukoj tačnosti u polje dužine 1 u buffer dato
teke sa logičkim brojem out. Ispis je sa osno
vom brojnog sistema base. Polje se popunjava sa 
leve strane vodečim nulama. Tok algoritma^je 

subroutine dfouti (n ,1 ,out ,base) 
! pretvaranje broja u RATFOR string 
len = ditos(n,str,HAXSTRING,base) 
if (treba ispisati vodeče nule) 

ispis vodečih 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 f u n k c i j s k i po tp rog ram n a l a z i i ndeks 
prvog e lementa s t r i n g - a s t r , k o j i j e j e d n a k c . 
F i r s t c v rača i ndeks p r o n a d j e n o g e lementa kao 
s v o j u v r e d n o s t i l i , ako c n i j e nad jeno v rača 
v r e d n o s t ERR. Tok a l g o r i t m a j e j e d n o s t a v a n , po
Što se i ndeks o d r e d j u j e p r e t r a ž i v a n j e m s t r i n g - a 
s t r , pa neče b i t i p r i k a z a n . 

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 vrača ukup-
nu dužinu izlaznog string-a. Tok algoritma je 

Integer function addstr (body,str) 
! pronalaženje indeksa elementa koji je 
! jednak EOS 
for (body(i) -=EOS) 

» 
I dodavanje str na body 
for (str(j) -=EOS) 

dodaj str na body 
return 

end. 

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

Ovaj potprogram popunjava string hexcod, 
od znaka i+1 do ukupne dužine len, alfanumeri-' 
cima singlc. Tok algoritma je 
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subrout ine f i n (1 ,hexcod, l en . s i ng l c ) 
fo r ( n l j e dost ignuto len) 

dodavanje s ing ic na hexcod 
re tu rn 

end. 

2 . 2 . 2 . 4 . Subroutine p r e f i l ( s t r . l e n , s i n g i c ) 

Ovaj potprogram popunjava s t r i n g s t r sa 
leve strane vodežira alfanumericima s i n g i c , do 
ukupne dužine l en . Tok a lgor i tma je 

subrout ine p r e f i l { s t r . l e n . s i n g l c ) 
i f ( s t r i n g je krač i od len) 

popuni sa s ing ic 
re turn 

end. 

2.2.2.5. Subroutine midstr (mi d , i,j,body) 
Ovaj opSti potprogram je namenjen za upi-

sivanje string-a mid u string body, od njego-
vog i-tog do j-tog elementa. Ako je j veče od 
ukupne dužine body, za j se uzima vrednost du
žine body. Tok algoritma je 
subroutine midstr (mid , i , j ,body) 

if (j) dužine string-a body) 
j = dužina string-a body 

for (nije dostignuto j) 
preslikaj mid u body 

return 
end. 

2.2.2.6. Subroutine skipbl (line,i) 
Ovaj potprogram je namenjen za nalaženje 

prvog elementa string-a line različitog od 
BLANK i TAB. Tok algoritma je 
subroutine skipbl (line,i) 

while (TAB 111 BLANK) 
uvečati brojač i 

return 
end. 

2.2.2.7. Integer function cmphr (txt,str,i,j) 
Ovaj funkcijski potprogram je namenjen za 

uporedjivanje niza alfanumerika u znacima navo-
da txt sa RATFOR str1ng-om str, od njegovog 
i-tog do j-tog elementa. Ako su txt .1 string 
jednaki, cmphr prima vrednost VES, inaie je NO. 
Tok algoritma je 
integer function cmphr (txt,str,i ,j) 

pretvori txt u RATFOR string 
If (jednakost) 

cmphr = YES 
el se 

cmphr •• NO 
return 

end. 
2.2.3. Potprograrai za pretvaranje iz nepakova-

nog u pakovani prikaz i obrnuto 
2.2.3.1. Integer function itos (int,str,1siz, 

base) 
Ovaj funkcijski program pretvara velijinu 

int Iz pakovanog prikaza u nepakovani prikaz 
broja str(i5lz) sa osnovom brojnog sistema ba
se. Kao svoju vrednost itos vraia dužinu stri
ng-a str, a ako je postojala greSka pri pretva-
ranju vraia vrednost ERR. Tok algoritma je 
integer function 1tos (Int,str, isiz,base) 

if (base nije u dozvoljenim granicama) 
itos = ERR 
return 

! izračunavanje string-a 
repeat 

int se deli osnovom brojnog sistema 
i popunjava se str 

until (int == O ili je dostignuto 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 za pretvaranje 
nepakovanog prikaza broja str, sa osnovom broj
nog sistema base, u pakovani oblik int, počev 
od i-tog elementa str. Kao svoju vrednost stoi 
vrača NOERR ako je pretvaranje uspelo, inače 
prima vrednost ERR. Tok algoritma je 
intecer function stoi (str, i , i nt, base ) 

if (base izvan opsega) 
stoi = ERR 
return 

call skipbl (str, i ) ! preskakanje praznih mesta 
minusO = predznak ! odredjivanje predznaka 
repeat 

izračunavanje int 
until (str nije EOS, BLANK ili NEWLINE) 
return 

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

Ovaj potprogram ima funkciju ekvivalentnu 
sa itos, samo Sto je veličina int u dvostrukoj 
tačnosti. Ovo je potrebno, na Ei-H6/53, kod 
pretvaranja veličina večih, 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 , i nt,base) 

Ovaj potprogram ima funkciju ekvivalentnu 
sa stoi, samo Sto je veličina int u dvostrukoj 
tačnosti. Ovo je potrebno, na računaru Ei-H6/53 
kod pretvaranja nepakovanog prikaza brojeva ve
čih po apsolutnoj vrednosti od 32767 u pakova
ni. Tok algoritma je opisan kod potprograma 
stoi. 
ZAKLJUCAK 

Potprogrami opisani u ovom radu predstav-
Ijaju deo podrške, koja omogučava skračivanje 
vremena razvoja programa uz smanjenje broja 
greSaka, priraenom FORTRAN preprocesora RATFOR. 

Za očekivati je da razvljeni programi, kao 
i ovaj rad, mogu da posluže korisnicima kao os
nova za dalje proSirenje RATFOR bi biioteke.Pro
grami opisani u ovom radu su sastavni deo RAT
FOR biblioteke na računaru E1-H6/53 u Institutu 
za mernu tehniku i upravljanje Fakulteta tehni-
čkih nauka u Novom Sadu 1 mogu INCLUOE naredbom 
RATFOR-a biti uključeni u razvijani skup prog
rama . 
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Ta Članek, ki Je bolj esejističen In manj strokovno usmerjevalen, je 
bil napisan kot osnovni motiv za akademsičo razpravo o raziskovalnih 
možnostih na področju računalnikov in informacije v prihajajočem deset
letju. V nJem poudarja avtor na svoj naCin posebno usmeritev, katere 
cilj Je graditev in uporaba inteligentnega paralelnega stroja. 

Research of Computers and Information for the Next Deoade^ 

Thls paper was prepared for an academic conversation on the 
possi bi 111 ies of research in the fleld of computers and Information in 
the comlng decade. The paper reflects the autor's partlcular emphasls 
in which dlrection to proceed In order to reach the goal of 
construction and application of Intelligent, parallel Information 
machlnes. 

2. Filozofija informacije 

1. Uvod 

Razumevanje računalnikov In njihove uporabe (1) 
se razvija Čedalje bolj oCitno v smeri informa' 
cljskih strojev In njihovih procesov. Na neka
terih novih izhodiščih se oblikujejo pojmi, 
zamisli In realizacija prihodnjih 

paralelnih oziroma 
vecprocesorski h računalniških sistemov In 
njihovih Inteligentnih lastnosti. 

Ta ciljna Izhodišča so osnovni motivi domala 
vseh današnjih državnih in podjetniških 
projektov novogeneraciJske računalniške 
metodologije in tehnologije. Projekti s taksno 
usmeritvijo se izvajajo na Japonskem, v ZDA, 
Veliki Britaniji, ZR Nemčiji, Franciji, SZ, 
Indiji, Kitajski itd., začenjajo pa svojo 
razvojno pot tudi pri nas (v okviru razvojnih 
projektov Iskre D e l t e ) . 

Razi skovalno, 
oblikujejo 

tehnološko In razvojno osnovo 

paralelne masivne in 
paralelne neraaslvne veCprocesorske (superra-

eunalniske) računalniške arhitekture, 
novonastaJaJoca metodologija umetne oziroma 

strojne in programske inteligence in 
zlasti nova filozofija oblikovanja razumeva

nja, l(onceptov, arhitekture, metodologije 
in tehnologije računalniških sistemov 
(1 , 3 ) , 

ki spoznava nezadostnost raclonal1 s 11 ene razi
skovalne in razvojne tradicije pri koncipiranju 
inteligentnih strojev In inteligentnih progra
mov. 

Inteligenca strojev In programov je uresničlji
va le na ustrezni temeljni Informacijski pod-
statl, ki Jo obl Ikujeta 

Informacijska nastajalnost in 
spremenljivost informacijskih stanj In 

procesov ( 3 ) . 

InformatICnost, ki je lastnost Informacijskega 
nastajanja, je podlaga oziroma tehnološki 
imperativ InteligenCnos11, tj. sposobnosti 
Inteligentnega delovanja. V razdobju do leta 
1990 in po nJem bo bržkone raogoC.e razviti novo 
filozofijo Informacije (3) do te stopnje, da bo 
iz nje 2e mogoCe postopno graditi fundamentalno 
informacijsko teorijo; Sele ta teorija bo lahko 
podlaga inteligenci in vrsti drugih višjih 
informacijskih funkcij, ki se bodo raziskovale 
tako v okviru tehnoloških kot zivlh 
informacijskih mehanizmov. 
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Filozofija' in teorija informacije in iz njiju 
izpeljlvo razumevanje informacijskih strojev 
in: programov bosta znaCIlno interdisciplinarni 
raziskovalni de javnost 1; obe se bosta skliceva
li, zdrueevali in govorili v okviru vee znan
stvenih disciplin, kot so 
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nevralne znanosti (2) (nevrodzlologl ja, 
nevrofarmakologi ja, nevropsihologlja, 
nevrollngvistlka, nevroanatomlja, 
genetika, biologija, biokemija, medicina 
itd.), 

razumevanje obnašanja in učenja (eksperimen
talna psihologija, psihiatrija, 
nevrologi ja) , 

informatika (razumevanje, spoznavanje In 
razumevanje spoznavanja Živih in tehnolo
ških strojev in programov) in 

informacijska tehnologija (nove arhitektu
re, metodologije, elementi). 

Novi računalniški sistemi bodo morali v okviru 
svojih paralelnih ali veCprocesorsklh arhitek
tur Izpolnjevati tudi zahteve po določeni stan-
darizacijl. Ti standardi se oblikujejo po dose
danjih izkušnjah kot posledice 

tržne uspešnosti (administrativni oziroma 
poslovni računalniški sistemi) In 

procesnih tehnoloških zahtev (procesni ozi
roma industrijski računalniški sistemi). 

4. Informacijsko programiranje 

Tehnološki 
21vega str 
letalo nI 
in robot 
oblIkovanj 
filozofijo 
filozofijo 
znanjem 
nevrofizlo 
funkcijah. 
znanstveni 
neverjetno 
prakt leno 
Trdne zna 
evropske 
nemočne i 
Informaclj 
naj Izrazi t 
metodologl 
raziskavah 
strojev, 
obljubljal 
obnašanje. 

3. Informacijski stroj 

stroj ni v nobenem primeru pos 
oja ali organizma. Avtomobil nt 
ptica, računalnik ne posnema moz 

nI bitje. Kljub temu po 
e strojev vedno bolj poveza 

In znanjem o Živem, npr 
biti, Izkustva in Informacij 
o možganskem ustroju, 

loških procesih In o mis 
Vecinl strokovno vkalupl 

kov In tehnologov se zdi po 
da je lahko filozofsko razmisl 

pomembno pri njihovem delu (1, 
nosti tn tehnike, ki Izhajaj 
racionalI s 11 ene tradicije, post 
n nezadostne pri reševanju sod 
skih problemov. Ta pomanjkljivo 
je pojavlja v miselnosti 

ji umetne Inteligence In 
In razvoju novogeneraci 

za katere so projektni naCrto 
I in napovedovali Intellg 
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Znanje In filozofija mišljenja o naravi biolo
škega bivanja, o jeziku In o naravi človekovega 
obnašanja postajata bistvena pri oblikovanju, 
gradnji In proizvodnji strojev In njihovih 
programov. Cilj današnjih oblikovalcev, načrto
valcev, graditeljev In tehnologov so 

Inteligentni stroji In 
Inteligentni programi. 

Pri tem postaja jasno, da inteligence kot teh
nološke lastnosti ne bo mogoce dosecl brez 
temeljnih raziskav njene informacijske narave. 

Informacijski stroj postaja tako tudi sinonim 
za Inteligentni stroj. Na poti do inteligence 
stroja morata metodologija in tehnologija zago
toviti 

informacijsko nastajalnost v tehnološki 
substanci (materialni arhitekturi novega 
računalnika) in 

v pripadajoči informaciji (spremenljivem, 
metodološko nestrukturI ranem programu). 

Nastajalnost v okviru računalniške arhitekture 
je v bistvu dinamično, signalno, sporočilno ali 
vobce informacijsko krmiljena osnovna arhitek
tura: to je t. i. 

dinamična strojna arhitektura. 

učinek takega krmiljenja je navidezna, virtual-
na arhitekturna spremenljivost z dejanskimi in 
potrebnimi dinamičnimi posledicami. Ta arhitek
turna spremenljivost, ki Je elementarna, je 
prav zaradi te elementarnosti modularna, podsl-
stemska in naposled tudi sistemska, je tedaj 
spremenljiva v podrobnostih (v drobni tehnolo
ški strukturi), elementarnih modulih (v srednji 
logični strukturi) . in podsistemih (v grobi 
strojnojezikovni strukturi). 

Informacijski stroj z dinamično arhitekturo bo 
omogočil izvajanje t. 1. informacijskih progra
mov. Informacijski program je značilno 

programirno nestrukturI ran, 
med svojim Izvajanjem spremenljiv In 
nastajajoč program. 

Teh lastnosti današnji programi nimajo ali pa 
jih Imajo le v značilno trivialni obliki. In
formacijski program, ki bi bil Inteligenten, je 
cilj današnje programlrne metodologije. Ta 
metodologija je vklenjena v programirnorazvojna 
strukturna pravila, ki programsko funkcijo 
omejujejo In onemogočajo programsko nastajal
nost 2e na ravni današnjih prograralrnih orodij, 
kot so prevajalniki In programski generatorji 
za visoke programlrne Jezike. 

Razvoj masivnih paralelnih, nemaslvnlh vecpro-
cesorsklh, novogeneracijsklh računalnikih si
stemov se sooCa tudi s t. 1. 

programirno krizo. 

Ko je nov oziroma novog 
tekturno realiziran 
njegovega operacijskega 
nih sistemskih prograno 
stroja) In njegove funk 
stroji prejšnje generac 
teh programov po krit 
združljivosti se lahko 
nezadovoljiva ali celo 
ki razvojni projekti t 
lastnosti, zmogljivosti 
postavljene v projektni 
vobce ne morejo dosegat 

eneracijskl stroj 
e pojavi najprej 
sistema (sistema 

v, ki omogočajo 
clonalne zdruzljl 
Ije. Razvoj in I 
erijIh operativno 
pokaZeta kot pr 

nemogoča. Nekater 
ako ne dosegajo 
i n napovedi, ki 

h načrtih. Cl1 jI 
I, so npr. 

arhl-
problem 
osnov-

uporabo 
vostl s 
zdelava 
stl In 
akt leno 
I v e n 
ci 1 Jev , 
so bile 
, ki se 

inteligentno obnašanje sistemov, 
govorna komunikacija Clovek-stroj, 
ekspertne lastnosti računalniških sistemov 

(primerljive z Živimi Izvedenci), 
komunikacija v pisnem naravnem Jeziku Itd. 

Programirna kriza Je hkrati kriza umetne inte
ligence oziroma njene raclonali s 11 ene metodolo
gije (matematizactJe, algoritmizacije, formalne 
jezikovnosti, znanstvene trdnosti). 

Bistven element programlrne krize je programska 
kompleksnost operacijskih in aplikativnih pro
gramov. Ta element kriznostl se praktično 
rešuje z razvojem programirnih orodij in seveda 
s projektnim vodenjem velikih programirnih 
skupin. 

Pri novih projektih se pojavlja nekaj, kar Je 
mogoCe Imenovati projektna kriza. Novi projekti 
na področju informacijskega stroja, informacij
skega programiranja pa tudi Informacijske teh
nologije potrebujejo ob svojih začetkih posebno 
obravnavo z vidika 

filozofije tehnološko in metodološko mogočega. 
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ne pa utemeljevanje projektne upravičenosti z 
napovedmi, ki Jih kasneje nI mogoCe uresničiti. 

5. Informacijska tehnologija 

Današnja informacijska tehnologija temelji na 
elektronskih integriranih vezjih, optičnih po
datkovnih prenosnikih, elektromagnetnih, optič
nih in elektromehanlcnih pomnilnih in perifer
nih napravah, telekomunikacijski opremi itd. V 
integriranih vezjih prevladujejo se vedno pol-
prevodnlskl in prevodniskl elementi pri normal
nih in nizkih temperaturah (supraprevodnost). 
Prihodnji razvoj se bo bržkone gibal tudi v 
smeri uporabe elektromagnetnih, antenskih, 
valovodnlh pa tudi drugih, npr. bloloSklh ele
mentov (npr. 2ivCnlh vezij), ki bodo Integrira
ni v funkcionalna osnovna vezja. 

Tehnološka osnova informacijskega stroja bo v 
marsičem Inovatlvna. Uporaba elementov in pro
cesov fizike trdne snovi, biokemije, genetike, 
bioloških in drugih substanc bo omogočala po
trebno funkcionalno raznovrstnost v fizični, 
logični in uporabnostnojezikovni strukturi 
stroja. Z novo substanCno In procesno strukturo 
se bo tako sestavljeni stroj približeval para
lelni procesirni raznovrstnosti, ki Je funkcio
nalno primerljiva z Živo nevronsko substanco. 

6. Živi In umetni sistemi 

Osrednji ZivCni sistem ostaja tako od molekul 
Življenja do korteksov zgleden primer smiselne
ga sistema, ki bi ga Želeli po možnosti posne
mati tudi a tehnološkimi stroji. Tu se 2e kaže 
nova interdisciplinarnost med nevralno In in
formacijsko znanostjo in nekaterimi obrobnimi 
področji (filozofija, psihologija, tehnologi
ja). Umetna inteligenca je trenutno Ze na poti 
rekonstrukcije svojih osnov oziroma spoznavanje 
novih temeljev (1). Raziskave Zlvlh In umetnih 
sistemov postajajo vedno bolj medsebojno odvi
sne In pospešujoče. Oblikovanje Interdiscipli
narnih raziskovalnih projektov in skupin na 
akademskem in Industrijskem področju Je nujno, 
ker brez tega ni mogoCe računati z raziskoval
nimi rezultati, ki bi zagotavljali napredek na 
področju inteligentnih strojev In programov. 

Računalniška industrija bo Se nadalje glavni 
nosilec tega razvoja. Akademske raziskave, ki 
so preteZno zaCasne, obrobne in predvsem začet
ne (Inlcialne), bodo take ostale tudi v prihod
nosti. Računalniška industrija mora tako prej 
ko slej računati z veCJim delom investicij v 
razvoj 

novih sistemskih konceptov, 
načrtovalnih in programirnih metodologij, 
paralelne arhitekture, 
paralelnih operacijskih sistemov, 
sistemske inteligence, 
komuni kači j, 
novih aplikacijskih področij Itd. 

DomaČa računalniška Industrija realno v tem 
novem razvojnem kontekstu ne more pričakovati 
bistvenih ugodnosti na domaČem trZISCu in 
bistvenega družbenega usmerjanja. Predvsem 
razvoj mednarodne razvojne In Izvozne trzne 
strategije Je lahko realni faktor njenega 
napredovanja.. 

8. Slovstvo 

(1) T. Wlnograd, F. Flores: Understanding Cora-
puters and Cognitlon: A New Foundation for 
Design. Ablex Publ Corp, Norwood, NJ 
(1B86). 

(2) E. R. Kandel, J. H. Šchwartz: Prlnciples of 
Neural Science (Second Edltion). Elsevier, 
New york (1985). 

(3) A. P. Zeleznlkar: Na poti k Informaciji. 
Informatica 11 (1987), St. 1, 4-18. 

7. Sklep 

Raziskave in razvoj 
na novih, informacij 
enih temeljih se bod 
v 90. letih. Danasn 
niski In vektorski 
današnjo umetno inte 
cionalnlmi znaCilnoa 
računalniško generac 
tnl. Vendar se bodo 
bo uveljavili nekate 
lelne arhl tekture, 
ski sistemi, komun 
dardi In nova podroC 
razvojem se bodo po 
akademski projekti. 

računalnikov In 
skih In s tem na 
o intenzi vneje 
J i paralelni , su 
s I s t emI, ki v 
Itgenco In s svo 
tmi napovedujejo 
IJo, Se ne bodo 
z njImi in z nji 
ri standardi, k 
sistemska vodila 
IkaclJski in gra 
ja nJIhove upora 
Javili novi podj 

informac i Je 
Intelegen-

nadalJevale 
perraCunal-
povezavl z 
j lini funk-
t. i. peto 
Inteligen-

hovo upora-
ot 80 para-
, operaclj-
flCni stan-
be. S tem 
etniski In 



JEZIK ZA SPECIFIKACIJU INFOLOSKOG MODELA INFORMATICA 2/87 

UDK 681.3.069:519.688 

Danilo Vidojkovič 
Viša šl(oia unutrašnjih poslova, Zemun 

Vladan Jovanovič 
Falcultet organizacionih nauka, Beograd 

L) radu je predložen jezik za opis infoloskog modela dobijenog Langeforsovim 

pristupom projektovanju informacionih s is tema. Infološki model opisan predlo

ženim jezikom moguče je preslikati u Yao-ov model za analizu troškova pristu-

pa u fizičkoj organizaciji podataka. 

AN INFOLOGICAL DATA MODEL SPECIFICATION LANGUAGE. In the artjcle the 

language used for a speclfication of an infological data model acguired 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. U V O D 

Projektovanje informacionih sistema predstavlja veoma 

komplekaan posao koji sadrži čitav niz razlicitih aktiv

nosti. Postoje mnoge metode za projektovanje informa

cionih sistema, ali ni jedna od njih ne pristupa sa jed-

nakom sistematičnošču svim fazama projektovanja. Ta

ko, uglavnom razlikujemo metode čije je težište na r a -

nijim fazama projektovanja, vezanim za analizu kor i s -

ničkih zahteva i izradu logičkog modela podataka, i me

tode koje više pažnje posvečuju projektovanju fizičke 

organizacije podataka na računaru. U ovom radu p r i 

kazan je jezik koji omogučava povezivanje dva takva 

pristupa : Langeforsovog pristupa projektovanju infor-
/ 1 / 

macionih sistema koji veliku paznju posvečuje p r 

vim fazama projektovanja, tako da se dobija logički 

model podataka (infološki model) koji verno odražava 

korisničke zahteve, i Yao-vog modela za analizu t ro š 

kova pristupa u fizičkoj organizaciji podataka koji 

uvodi jedinstven postupak proračuna vremena pristupa 

podacima u različitim organizacijama podataka i tirne 

omogučava optimalan izbor fizičke organizacije p o -

dataka. Infološki model opisan predloženim jezikom 

predstavlja polaznu osnovu za primenu Yao-vog modela, 

sto omogučava zadovoljenje korisničkih potreba defini-

sanih u infološkom modelu, uz optimalno iskoriščenje 

raspoloživih r e su r sa . 

U prvom delu rada prikazan je Langeforsov pristup pro

jektovanju informacionih s is tema, a u drugom delu dat 

je prikaz jezika za opis infoloskog modela. 

2 . LANGEFORSOV PRISTUP PROJEKTOVANJU 

INFORMACIONIH SISTEMA 

Osnovni cilj informacionog sistema je da ispuni infor-

macione zahteve korisnika u skladu sa uslovima koji 

vladaju u objektnom sis temu. Medjutim, mnogi infor-

macioni sistemi ne postižu taj c i l j , pre svega zbog us -

ko specijalističkog pristupa projektovanju informacio-
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nih s is tema. Cesto se u prvi plan stavljaju tehničke 

mogučnosti za izgradnju informacionog sistema šlo go

tovo redovno dovodi do realizacije informacionog s is te

ma koji ne zadovoljava u potpunosti potrebe korisnika. 

Tada je neophodno da se stvarne potrebe korisnika mo-

dificiraju da bi se uklopile u mogučnosti tako projek-

tovanog informacionog s is tema. Medjutim, kada se j a -

ve prevelike razlike izmedju mogučnosti informacio 

nog sistema i potreba korisnika neophodno je izvršiti 

reprojektovanje s t o j e , naravno, skopčano sa novim 

troškovima. Jasno i precizno definisani korisnički za

htevi u najranijim fazama projektovanja neophodan su 

preduslova za efikasan rad informacionog sis tema. 

Langeforsov pristup projektovanju informacionih s i s te 

ma, poznat i kao infološki pristup, kao polaznu tačku 

upravo uzima potrebe krajnih korisnika planiranog in -

formacionog s is tema. Krajni korisnik je lice koje t r e 

ba da reš i problem odredjene v rs te , ili da donese od -

luku u procesu upravljanja. Prema infološkoj teoriji in-

formacioni sistem služi korisniku kao izvor informa -

cija koje če mu pomoči da reši aktuelni problem. Sa 

tog aspekta sasvim je jasno da je od velikog značaja 

uključivanje korisnika u proces projektovanja informa

cionog sistema, bez obzira u kojoj meri je upoznat sa 

načinom rada računara i ostalih uredjaja koji če kasni-

je biti koriščeni. 

Informacioni sistem koji se projektuje može se posma-

trati kao model jednog dela realnog sveta (objektnog 

s i s t ema) . Projektovanje informacionog sistema pred

stavlja proces preslikavanja jednog dela objektnog s i s 

tema u informacioni s i s tem. Infološki pristup predlaže 

da se to preslikavanje izvrši s istematski , u četiri ko-

raka: 

1. Preslikavanje objektnog sistema u korisnički model, 

OS-KM(OS) ; 

2 . Preslikavanje korisničkog modela u infološki model, 

KM (OS) - IM(OS); 

3 . Preslikavanje infološkog modela u datološki model, 

IM(OS) -DM(OS)i 

4. Preslikavanje datološkog modela u fizički model, 

DM(OS) -FM(OS) . 

Izrada 
korisničkog 
modela 

Projektovanje 
infološkog 
modela 

Projektovanje 
datološkog 
modela 

Projektovanje 
fizičkog 
modela 

/ - / 
1 

1 
/KM (OS V 

1 

1 
AM(OS)/ 

I 

1 
/DM(OSy 

1 

1 
/FM(OS)/ 

Objektni sistem 

Korisnički model 

Infološki model 

Datološki model 

Fizički model 

Slika 1. Faze projektovanja informacionog sistema 

Prva dava koraka čine infološku fazu projektovanja in

formacionog sis tema. U ovoj fazi projektovanja potre

bno je definisati tzv. spoljne karakteristike planiranog 

informacionog s is tema. "Informacioni s is tem, prema 

infološkom pristupu, treba da bude izgradjen tako da je 

dovoljno da korisnik specificira informaciju koju želi , 

na način koji njemu odgovara, a sistem če pronači ili 

proizvesti podatke koji predstavljaju traženu informa

ciju, bez obzira na to kako su podaci memorisani i s t -
/ 2 / 

ruktuirani u bazi podataka. Za krajnjeg korisnika 

dovoljno je da sistem posmatra kao "rezervoar" u koji 

se smeštaju i iz koga se dobijaju odredjene vrste infor

macija. Spoljne karakteristike informacionog sistema 

odredjene su upravo mogucnostima prihvatanja i prezen-

tiranja odredjenih vrsta informacija. Zadatak korisnika 

budučeg informacionog sistema je da u infološkoj fazi 

projektovanja utvrdi spoljne karakteristike informacio -

nog sistema i na taj način jasno iskaže svoje informa -

cione potrebe. 

Tokom infološke faze projektovanja ne razmatraju se 

karakteristike resursa koji če se koristiti u fazi imple

mentacije. To može, u odredjenim slučajevima da dove-



62 

de do infološkog modela koga nije moguče realizovati 

raspoloživim sredstvima, Medjutim, i to je manji pro-

mašaj 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. Infološki pristup predlaže 

da se tokom infološke faze samo u grubim črtama sa-

gledaju karakteristike raspoloživih resursa i da se u 

tom svetlu projektuje infološki model. 

Na osnovu precizno definisanog infološkog modela p ro 

jektant je u mogučnosti da sprovede sledeču fazu p r o -

jektovanja, datolosku fazu. Tokom ove faze projektuju se 

datološke, odnosno unutrašnje karakteristike informa -

cionog s is tema. One obuhvataju datoteke i programe ko

ji če realizovati informacione skupove i informacione 

procese definisane u infološkom modelu. Kao rezultat 

dobija se datoloski model informacionog s is tema. Tokom 

faze projektovanja datološkog modela uticaj performansl 

računara je znatno veči . U Langeforsovom pristupu na

ročita pažnja se posvečuje minimiziranju količine t r a n 

sporta podataka izmedju glavno i periferne memorije . 

U tom cilju se u datološkoj fazi vrši grupisanje (konso

lidacija) datoteka i grupisanje procesa, što bitno utiče 

na konačnu strukturu datološk(xj modela. Treba, medju

tim, naglasiti da ova prilagodjavanja ne utiču na ka r ak 

teristike utvrdjene korisničkim i infološklm modelom. 

Poslednji korak u procesu projektovanja informacionog 

sistema Langeforsovim pristupom treba da obulivati po

stavljanje datološkog modela na računar, odnosno p r e -

slikavanje u fizički model. Ovaj korak nije u istoj meri 

precizan i sistematičan kao prethodni. Sistematizacija 

fizičkog projektovanja može se obezbediti samo preciz

nim zapisom željenih parametara (karakteristika) u for

malnem jeziku. U tom cilju konstruisan je JEZIK ZA 

OPIS INFOLOŠKOG MODELA koji opisuje parametre info

loškog modela relevantne za primenu Vao-vog modela 

za optimalan izbor fizičke organizacije podataka. 

3 . JEZIK ZA OPIS INFOLOŠKOG MODELA 

Reči koje čine predloženi jezik proistekle su iz t e rmi 

nologije koja se korisU u infološkom modelu. Tako 

se katalog - datoteka kompleks u infološkom modelu oz-

načava sa DlRECTORY-FlLE-COMPLEX, datoteka u kojoj 

su smešteni zapisi uredjeni po primarnem ključu sa 

MAIK-FILE, a katalozi koji služe za pristup podacima u 

datoteci, sa DIR£CTORY-FILE. Veza izmedju pojedinih 

delova infološkog modela koji se nalaze na različitim 

hijerarhijskim nivoima opisuje se terminom Wmi . 

Na pr imer , rečenica 

DIRECTORY-FILE-COMPLEX vozilo W1TH 
MAIN-FILE dat-voz 

Tokom realizacije prva tri koraka u procesu projektova

nja informacionih sistema Langeforsovim pristupom de-

finišu se koncepti prikazani u Tabeli 1, čime se utvrdju-
/ 2 / 

je struktura infološkog mo>iela. 

Elementarni koncept 

Elementarna poi .ika 

Doo za identifiVaciju 

Deo za identifikaciju 

Deo za identifiKaciju 

Elementarni r roces 

«C/3 - upit 

Elementarni zapis 

Slementarna datoteka 

Glavna datoteka 

Katalog 

(e-koncept) 

(e-poruka) 

objekta (Object term) 

svojstva (Property te rm) 

vremena (Time te rm) 

Katalog-datoteka kompleks 

Tabela 1. Koncepti infološkog modela 

govori da je datoteka "dat-voz" glavna datoteka katalog 

-datoteka kompleksa "vozilo". 

Veza izmedju elemenata na istom hijerarhijskom nivou 

opisuje se terminom AND: 

DlRECTORY-FILE-COMPLEX vozilo WITH 

(MAIN-FILE dat-voz WITH 
) 

AND(DIRECTORY-FILE k-boja VITH 
) 

AND(DIRECT0RY-F1LE k-tip VITH 
) . 

Iz prikazanog opisa može se uočiti da katalog datoteka 

kompleks "vozilo" ima glavnu datoteku "dat-voz" i veči 

broj kataloga za pretraživanje datoteke. 
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Za označavanje 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 infološkom pristupu: OBJECT-TERM opisuje 

objekat na koji se odnosi zapis u datoteci, PROPERTY-

TERM definiše odgovarajuče svojstvo objekta, a TIME-

TERM definiše vreme u kome naznačeni objekat ima od-

redjeno svojstvo. Opis jedne datoteke infoloskog modela 

može tako da ima sledeči oblik: 

MAIN-FILE dat-voz VITH 

ENTRV zap-voz VITH 

ODJECT-TERM reg-br 

AND PROPERTY-TERMS 

marka 

AND boja 

AND tip 

AND TIME-TERM dat-reg . 

Prilikom opisivanja zapisa kataloga mora se voditi r a 

čuna da je katalog organizovan kao atributna datoteka, 

odnosno da je objekat o kome zapis informiše jedno od 

svojstava iz zapisa glavne datoteke. Za sledeče faze 

projektovanja značajno je da se u opisu infoloskog mo

dela bar približno odredi koliko objekat u zapisu katalo

ga ima mogučih vrednosti. To se prikazuje na sledeči 

način: 

DIRECT0RY-F1LE k-boja VITH 

ENTRY i-boja VITH 

OBJECT-TERM boja VITH 

VALUE-SET v-boja(lOO) . 

Iz prikazanog opisa vidi se da objekat "boja" (u stva

ri atribut) ima 100 različitih vrednosti . Za svaku kon

kretna vrednost objekta o kome informiše zapis katalo

ga, kao svojstvo vezuje se niz objekata iz glavne dato

teke. Na pr imer , ako belu boju imaju vozila 

BG238-345, BG32-33 i BG31-28, tada če zapis kata

loga imati oblik: 

/boja, bela/ , 

/ reg-br ,BG238-345/ , 

/ reg-br ,BG32-33/ , 

/ reg-br ,BG31-28/ , 

/dat-reg,120382/ 

I ovde je važno odrediti prosečan broj objekata iz glav

ne datoteke koji su u vezi sa objektima kataloga. Opis 

kataloga tako dobija sledeči oblik: 

DIRECTORY-FILE k-boja VITH 

ENTRY z-boja VITH 

OBJECT-TERM boja VITH 

VALUE-SET v-boja(lOO) 

AND PROPERTY-TERM SEQ reg-br (1000) 

Izraz SEQ reg-br (1000) pokazuje da svakoj vrednosti 

OBJECT-TERM-a "boja" odgovara niz (SEQ) PROPERTY 

TERM-ova presečne dužine 1000. 

Osim opisa strukture modela podataka važno je opisati 

L transakcije koje če se nad bazom podataka realizovati. 

U infološkom pristupu transakcije su prikazane u formi 

j ; / l - upita tako da je i u jeziku za opis infoloskog mode

la opotrebljena slična terminologija. Svi upiti iste 

vrste grupisani su u istu klasu upita. Opis svake klase 

upita sastoji se iz dva dela. U prvom su definisane p r e 

meni jive, a u drugom delu su opisane aktivnosti koje su 

neophodne da bi se realizovao upit. Te aktivnosti su p r i 

kazane u obliku Bool-ovog izraza, gde definisane p ro -

menljive uzimaju odredjene konkretne vrednosti. Opis 

jedne moguče klase upita ima sledeči oblik: 

QUERY-CLASS upit-1 VITH 

dC-PROPERTIES 

boja 

AND marka 

AND /S-PROPERTIES 

ime-vl 

AND adr-vl 

AND ACTIONS 

FOR ALL zap-voz FROM dat-voz 

SUCH THAT (boja=bela OR boja=žuta ) 

AND marka=Z101 

GET ime-vl AND adr-v l . 

Kompletan opis infoloskog modela ima oblik dat u 

Tabeli 2. 
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DlRECTORY-FILE-COMPLEX ime-kompleksa WITH 

(MAIN-FILE ime-gl-dat W1TH 

ENTRV 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 

ENTRV ime-k-zap WITH 

OBJECT-TERM ime-obj-1 WITH 

VALUE-SET skup- l (b r -v red - l ) 

AND PROPERTY-TERM SEQ niz-1 (br-obj-1) 

AND TIME-TERM ime-vrem-1) 

AKD (DIRECTORY-FlLE ime-kat-k W1TH 

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 

JC-PROPERTIES ime-Z-sv-1 

AND ime-X-sv-2 

ANT) ime- i - sv -m 

AND /J-PROPERTIES ime-/V-sv-l 

AND ime-(V-sv-2 

AND ime-/S-sv-j 

AND ACTIONS 

FOR ALL ime-zap FROM Ime-gl-dat. 

SUCH THAT Bool-izraz(ime-*C-sv-i) 

GET ime-ft-sv-1 AND ime- r t - sv -2 . . . ) 

AND ( Q O E R Y - C L A S S ime-upita-f WITH 

END. 

4 . Z A K L J U Č A K 

Jezik koji se predlaže u ovom radu omogučava projek

tantu da opiše sve parametre infološkog modela, dobi -

jenog infološkim pristupom projektovanju informacionih 

sis tema, koji su relevantni za izbor optimalne fizičke 

organizacije podataka pomoču Yao-vog modela. 

Pomoču pogodnog algoritma moguče je preslikati opis 

infološkog modela u opis Yao-vog modela koji dalje 

služi kao polazna osnova za izbor optimalne fizičke or 

ganizacije podataka. Na taj način preslikani su zahtevi 

korisnika definisani u infološkom modelu u Yao-ov mo

del . Izborom parametara karakterističnih za odredjenu 

fizičku organizaciju podataka projektant može dalje v r 

šiti analizu troškova pristupa podacima i odabrati naj-

pogodniju organizaciju i sa aspekta korisnickih zahteva 

i sa aspekta resursa koji se koriste za realizaciju in-

formacionog sistema, što je predmet obradjen u / 1 5 / . 

Predloženi jezik pruža mogučnost automatizacije pos-

tupka opisivanja infološkog modela i preslikavanja tog 

opisa u opis Yao-vog modela. Sobzirom na več utvrdje-

ne mogučnosti automatizacije pojedinih faza projektova-

nja infološkog modela, kao i na mogučnost automatiza

cije analize troškova pristupa pomoču Yao-vog modela , 

predloženi jezik treba da bude još jedan korak ka potpu-

noj automatizaciji projektovanja informacionih s is tema. 
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POVZETEK - V Ljubljanski bank i-2dru2eni banki smo imeli 
priložnost spoznati programsk i paket MICRO-OPTRANS, ki združuje 
funkcije preglednicei dela s podatkovnimi tabelami ter vsebuje 
orodje za razvoj ekspertnih sistemov. Preizkusili smo njegovo 
delovanje, V ilanku podajamo opis delovanja'in naSe ugotovitve. 
Smatr amo da predstavlja zelo zmogljivo orodje za razvoj sistemov 
za pomod pri odlo&anju. 

ABSTRACT - In Ljubljanska banka-2dru5ena banka we had the 
opportunity to test MICRO-OPTRANSi which is an integrated 
software package that includes a spreadsheeti a database, as well 
as an e><pert 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. 

UVOD 

MICRO-OPTRANS je integriran programski 
proizvod, ki vsebuje preglednico, upravljanje s 
podatkovnimi tabelami, grafiko ter orodje za 
razvoj ekspertnih sistemov ("shel1">. Omogoia 
razvoj sitemov za pomod pri odlodanju, zlasti 
na finančnem podredju. 

OPIS DELOVANJA 

MICRO-OPTRANS sestoji iz nekaj segmentov oz. 
funkcionalnih celot z vodilnim segmentom na 
vrhu hierarhidne strukture. Iz vodilnega 
segmenta - monitorja lahko preide uporabnik v 
naslednje vsebinsko opredeljene segmente: 

Deluje na mikroradunalnikih tipa IBM PCi XT in 
AT ali 100'/, kompat ibi Inih, pod operacijskim 
sistemom MS/"DOS in zahteva najmanj 256kB 
spom ina ter vsaj en disketni pogon. 

- podatkovne tabele, 
- model i , 
- porodila, 
- ekspertni sistemi. 

Programski paket MICRO-OPTRANS je izdelala 
francoska institucija SIG (Systemes 
informatiques de gestion) iz Jouy-en-Josas, ki 
se od ustanovi tve leta 1970 ukvarja z razvojem 
in trženjem programskih orodij za pomod pri 
odlodanju. Na jved njihovih uporabnikov je iz 
finandnega poslovnega podrodja. SIG sodeluje 
tud i z Institutom Jožef Štefan iz L jub1jane. 
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Segment podatkovne tabele omogoea delo s 
podatki. Tabele vsebujejo izključno numeriine 
podatke* urejene po stop leih in vrsticah. 
Vel i kost tabele je orne jena na 32.766 vrst ic in 
512 stolpcev. Qbseg podatkov je v mejah od 
-1 'E+30 do 1 E+30 in je lahko podan z 
natančnostjo 11 signifikantnih znakov. 
Posamezen podatek je opredeljen je tudi s 
statusom : zaneslj iv, ocenjena vrednost« ni na 
razpolago» ni vneSen. 

Dostop do podatkovnih tabel v MICRO-OPTRANS-u 
je mo2en le preko modelov. Vec modelov lahko 
uporablja isto podatkovno tabelo. S pomočjo 
modela podatkovna tabela dobi koordinate* 
podatki v tabeli pa simbolična imena in tudi 
smisel. 

Model je osrednji del aplikativnega delovanja 
MICRD-OPTRANS-a. Uporabnik kreira modele s 
posebnim programskim jezikom, podobnim BASIC-u. 
V modelu uporabnik oprede1 i postopek dela s 
podatki in aktivira izbrano podatkovno tabelo.. 
Z modelom aktivira prej definirana poročila ali 
pa ekspertne sisteme in jih povezuje s 
podatkovnimi tabelami. 

Programski jezik pozna standarne algebarske in 
logične • operatorje ter nekaj funkcij: 
SUM,AVG,m N,MAX,VAR,STD ter LOG,E XP,ABS,SORT. 
Interaktivno delovanje modela programiramo 
lahko z ukazi GUESTION in ANSWER. Komunikacijo 
z uporabnikom modela* za večjo preglednost, 
realziramo lahko z delitvijo zaslona po oknih. 
Krmiljunje znotraj programa i zvajamo z 
IF...THEN in GOTO ukazi. 

Preiskovanje baze znanja poganja mehanizem 
sklepanja (inference machine). Sklepanje poteka 
v smeri naprej, v smeri nazaj in tudi meSano. 
Delovanje mehanizma sklepanja je določeno s 
strukturo baze znanja. Mehanizem sklepanja 
no,rmalno deluje v smeri naprej« dokler ne 
pride do produkcijskega pravila v pogoju 
katerega se sklicujemo na dejstvo z vrednostjo 
"neznano". Mehanizem začne delovati v smeri 
nazaj in poskufia opredeliti vrednost temu 
dejstvu. 6e ne uspe* se ustavi in uporabniku 
postavi zahtevo da sam poda vrednost dejstvu. 
Potem mehanizem ponovno prične sklepanje v, 
smeri naprej. Proces sklepanja se ustavi* ko je 
določena vrednost ciljnemu dejstvu. 

Bazo znanja uporabnik kreira v preprostem 
programskem jeziku* upoštevati mora nezahtevno 
sintakso. Pred izvajanjem je potrebno bazo 
znanja prevesti < kompilaci ja).VelIkost baze 
znanja je omejena z razpoložljivim spominom 
(200 produkcijskih pravi 1 - zavzame 6^Kb 
spomina). 

MICRD-OPTRANS je celovit sistem. Pod nadzorom 
monitorja- opravljamo lahko pomožne funkcije 
(kreiranje in brisanje datotek, tiskanje, 
pregledovanje).Vsebina MICRO-OPTRANS-ovih 
datotek pa je nedostopna MS-DDS-u. Vendar pa 
vse vrste datotek (podatkovne tabele, model i 
oz. programi in tudi ekspert) je možno 
konvertirati v tekstovno obliko. Prav tako 
MICRO-OPTRANS sprejme tekstovne datoteke, ki 
smo jih oblikovali z urejevalnikom besedila in 
jih pretvori v sebi primerno obliko. 

raznoliko 
na 

Segment "poročila" omogoča ___ 
oblikovanje in predstavitev podatkov tako 
tiskalnik kot tudi na zaslon. Vnaprej 
pripravi jena poroči 1 a uporabimo lahko z 
različnimi podatkovnimi tabelami. Možna je tudi 
grafična predstavitev podatkov v obliki 
krivulj, stolpcev ali nadstropnih stolpcev. 

NajboTj zanimiv in zmogljiv del MICRO-OPTRANS-a 
je vsekakor segment ekspert. Segment ekspert je' 
orodje za razvoj ekspertnih sistemov. tako 
imenovani "shell". 

Predstavitev ekspertnega znanja je v obliki 
produkči jskih pravi 1: 

CE <pogoj) POTEM (sklep,akcija) 

V pogojih se lahko sklicujemo na : 

- podatke vsebovane v podatkovnih tabelah* 
- vrednosti, ki jih je model izračunal, 
- dejstva* katera so vsebovana v bazi znanja 

in podana z začetno vrednostjo, ter, 
- dejstvaj katerim uporabnik sistema v 

interaktivnem dialogu opredeli* vrednost. 
Sklepni del produkcijskega.pravila prav tako 
dopušča več možnosti: 

- izvedemo sklepanje (opredelimo dejstvo), 
- zahtevamo aktiviranje drugege produkcijskega 

pravila z izbrano prioriteto, 
- zahtevamo izvajanje modela (povratek v 

segment model» kjer ,i zvedemo lahko dodat
ne izračune podatkov iz podatkovne tabele), 

- zaključimo delovanje ekspertnega sistema. 

Dejstva so dejansko parametri odločitvenega 
procesa. V bazi znanja jih podajamo kot 
spremeni j ivkeI ki lahko zavzamejo eno od 
vrednosti iz vnaprej določenega nabora 
vrednosti ali pa vrednost "neznano". Tudi cilj 
odločitvenega procesa podamo kot dejstvo. 
Njegova iniciaI na vrednost je "neznano". 

UGOTOVITVE 
MICRO-OPTRANS je integriran programski paket, 
ki vsebuje preglednico* upravljanje podatkovnih 
tabel* grafiko* urejevanik besedil ter orodje 
za razvoj ekspertnih sistemov. Ekspertni sistem 
tesno sodeluje s preglednico in podatkovnimi 
tabelami. 
Preglednica MICRO-OPTRANS-a je zelo zmogljiva, 
32.766 vrstic in 512 stolpcev* kar pomeni da 
omejitev postavlja razpoložljivi računalniški 
spomin. Medtem ko sta pri popularnih 
preglednicah tipa LOTUS 1-2-3 proceduralni in 
podatkovni del preglednice tesno povezana, 
tukaj sta ločena. Prav zato je spoznavanje 
MICRO-OPTRANS-a precej bo 1 j zahtevno kot pa 
LOTUS-a 1-2-3. Lahko rečemo* da MICRO-OPTRANS 
ni orodje s katerim bi končni uporabnik, brez 
pomoči računalniškega strokovnjaka* kreiral 
preglednice. 

Loči tev proceduralnega dela od podatkovnega ima 
vrsto prednost i: 

- neodvisnost procedure od podatkov* 
oz.uporaba istega programa nad različnimi 
podatkovnimi tabelami * 

- možnost strukturiranja: klic subrutine 
znotraj aktivnega modela, klic drugih 
modelov iz aktivnega modelai 

- dokumentiranje preglednice, 
- možnost dograjevanja in dopolnjevanja) 
- neobčutljivost preglednice na nežel jene 

nestrokovne posege. 

Urejevanli k besedi 1 je celozaslonski, podoben 
Wordstar-u. Primeren je za delo programer ja* ne 
zajema pa funkcij avtomatizacije pisarniškega 
poslovanja. 

Ekspertni del MICRO-OPTRANS-a je bil predmet 
naj večjega zanimanja v teku spoznavanja i n 
preizkusa programskega paketa. Glede na to, da 
je bil to prvi produkt te vrste, ki smo ga 
spoznali, ga ne moremo primerjati z drugimi. 
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Vendar pa nezahtevna sintaksa za tvorbo baze 
znanja in demonstracijski primer* ki smo ga 
imeli na voljot sta nas spodbudilai da smo 
izdelali testni primer in tako preizkušali 
delovanje sistema. Ugotovili smoi 

-Struktura baze znanja t.j. zaporedje 
produkcijskih pravil in njihovo grupiranje v 
kriterijei vpliva na način delovanja 
mehanizma sklepanja. Ne vpliva pa na kontni 
sklep. Zato je moino enostavno dopolnjevanje 
in dograjevanje baze znanja. 

- Sklepni mehanizem deluje tudi ko je baza 
znanja nepopolna. Ce produkcijska pravila ne 
pokrivajo ves prostor možnih pojavov in 
sistem ne more dolotiti vrednost ciljnemu 
dejstvui potem sistem postavi zahtevo 
uporabniku naj jo sam dolofi. 

- Razlaga sklepanjai ki je pomembna 
komponenta ekspertnega sistema je tudi 
prisotna. V bazi znanja je moSno vsakemu 
pravilu dodati sporofiilo in komentar, ki ga 
sistem prikaže na zaslonu, ko je pravilo 
aktivirano. Prav tako, po 
ekspertni sistem da lahko 
vprašanje "zakaj?" oziroma 
sklepanja. 

- Preden izvajajamo ekspertni sistem, ga je 
potrebno prevesti (kompilacija). To nam 
omogo£a varovanje baze znanja pred 
neželenimi posegi in tudi hitrejSe 
izvajanje. 

konfianem delu 
odgovor na 

razloži potek 

ZAKLJUČEK 

MICRO-OPTRANS je zasnovan kot programsko 
orodje za razvoj sistemov za pomot pri 
odlotanju. V sistemih za odlotanje, razvitih s 
pomoejo MICRD-OPTRANS-a sodelujejo 
deterministitni modeli in algoritmi, ki 
uporabljajo egzaktne, vnaprej znane podatke ter 
ekspertni sistemi, v katerih je shranjeno 
znanje strokovnjakov. 

Razvoj uporabnih sistemov za odlotanje ni prav 
lahko delo. Zahteva sodelovanje vsaj dveh vrst 
ozko usmerjenih strokovnjakov : ratunalniSkih 
in stokovnjakov podroija odločanja. Se posebej 
naporno in težavno je uvajanje že izdelanih 
programskih reSitev na področju odloeanja, ki 
je domena nenadomestljivih strokovnjakov. 
Orodje kot MICRO-OPTRANS bistveno pospeSi 
razvoj sistemov za odlotanje. Prototipni način 
razvoja, ki je z njim mogoe, pa z vecjo 
gotovostjo pripelje do uporabnih reSitev. 
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F'OVZETEK: Članek govori o produktu Ea upravljanje rel aci jsJ;;e baze 
podatkov (VAX Rdb/VMS). V poglavju ena je opisana organizacija 
podatkov. F'oglavje dva opisuje, kako se logična podatkova baza 
prevede v -fizično z Liporabo DEFINE stavkov in kako se podatkovno 
bazo rekonstruira. Poglavje tri govori o zaščiti podatkov v 
podatkovni bazi (uporabimo DEFINE PROTECTION stavek). To poglavje 
vsebuje še opis seznama za kontrolo dostopa do podatkiovne baze. 
Četrto poglavje opisuje nasfednje produkte za upravljanje baze 
podatkov: VAX CDD, VAX TDMS, VAX ACMS in VAX DATATRIEVE. 

ABSTRACTB; The article is about relational database management 
product VAX Rdb/VMS that ušes the relational model o-f data base 
organization. Chapter one describes data organization. Chapter two 
describes how to translate the logical database into a physical 
database using DEFINE statements and tel Is how to restructure an 
e;<isting database. Chapter three shows how to de-fine protection -for 
your database using the DEFINE PROTECTION statement. This chapter 
includes a discussion o-f access control 1 i sts (ACLs) . Chapter -four 
describes Information management products which includes': VAX CDD, 
VAX TDNS, VAX ACMS, VAX DATATRIEVE. 

0. UVOD 

Ustrezna organizacija podatkov v in^^ormaci jskih 
sistemih je kjučnega pomena za njihovo uspešno 
delovanje. Za tekoče vodenje, obdelovanje in 
izkazovanje različnih podatkov so se razvili 
sistemi za upravljanje z bazami podatkov-DBMS 
(Dat^ Base Management System). Ti sistemi 
danes omogočajo hiter- in enostaven dostop do 
podatkov. Ta programska oprema vkjučuje 
sodobne pripomočke za vnos, obdelavo in 
izkazovanje podatkov. Digitalav programski 
paket VAX Rdb/VMS je namenjen za upravljanje 
relacijske baze podatkov. Ta model baze 
podatkov nam omogoča, da lahko postavljamo 
vprašanja o objektih, o odnosih med objekti, 
kateri so atributi objekta itd.. 

t^v-ogramski paket VAX/RDB VMS vsebuje naslednje 
-f unkc i je: 

- osnovni RDB paket za kreiranje in logično 
) črpanje relacijskih zbirk podatkov, 

- CDD podatkovmi slovar- za poenotenje, lažjo 
kontrolo in laije koriščenje vseh vrst 
podatkov, 

- TDMS orodje za lažje in učinkovitejše delo z 
ekranom, 

- DTR produkt za kreiranje in črpanje poljubnih 
zbirk podatkov z vkjučeno osnovno gra-fiko. 

- ACMS za lažjo in hiterejšo izdelavo raznih 
enkratnih in stalnih aplikacij. 

Odlike tega paketa so naslednje: 

- hitrost dostopa do baze podatkov (Rdb/VMS 
skrbi,da se Rdb/VMS stavki izvedejo v 
optimalnem času.), 

- razumljiva podatkovna struktura (F'odatki so 
shranjeni v tabelah.), 

- interaktiven test (Interaktivni RDO pomožni 
program nam omogoča, da najdemo napako, če 
smo ukaz napačno zapisali.), 

- popolna zaščita podatkov (Ce pride do strojne 
ali programske napake, Rdb/VMS skrbi za 
BACKUP, za zapis dogodkov in za restavriran je 
baze podatkov.), 

- vse definicije so shranjene centralno (v 
podatkovnem slovarju). 

F'odatke shranjene v Rdb/VMS podatkovni bazi 
lahko obdelujemo tudi s programi, ki jih 
napišemo sami v višje programskih jezikih, 
(BASIC, COBOL, FORTRAN, PASCAL). V te programe 
lahko vključimo Rdb/VMS stavke za ravnanje s 
podatki. Te stavke moramo v programu posebej 
označiti z iRDBft. Za dostop do baze podatkov 
uporabljamo stavek INVOKE, za shranjevanje 
podatkov uporablrjamo stabek STORE, za 
spreminjanje podatkov uporabljamo stavek 
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MODIFV, za brisanje uporabljamo ERASE itd.. 
S stavkom 

»RDE* INVOKE DATABASE FILENAME PERSONNEL 

smo dobili dostop do baze podatkov z imenom 
PERSONNEL. Stavek INVOKE postavimo kjerkoli v 
programu, toda preden se začnemo sklicevati na 
druge Rdb/VMS stavke za ravnanje s podatki 
(velja za programske jezike BASIC, FORTRAN, 
PASCAL). V programu, ki Je napisan v 
programskem jeziku COBOL, se stavek INVOKE 
nahaja v WORKIN(3ST0RA6E SECTION (znotraj DATA 
OIVISION). 
Prednost možnosti uporabe programov napisanih v 
viSje programskih jezikih je predvsem vs 
- hitrosti izvajanja (Podatke lahko 

dopolnjujemo in spreminjamo v noinih urah, ko 
računalnik ni obremenjen z drugimi posli.), 

- izboljšanem vhodu in izhodu podatkov na 
zaslon terminala (Za interaktivni vnos 
podatkov itd. uporabljamo program z VAX .TDMS 
aplikaci jo.). 

ORGANIZACIJA PODATKOV 

VAX Rdb/VMS je niz programskih orodij za 
upravljanje relacijskega modela baze podatkov. 
Pod modelom razumemo predstavitev določenih 
objektov in odnosov med temi objekti. Model 
nastane v postopku abstrakcije realnega sveta. 
Iz realnega sveta izberemo objekte. Vsak 
objekt ima lahko več atributov, s katerimi 
predstavimo lastnosti objektov. 
Primer objekta delavec: 

delavec ( matična številka, ime, priimek, OD) 

Objekt delavec ima Štiri atributei matično 
Številko delavca, ime delavca, priimek delavca 
in osebni dohodek delavca. Dva različna 
delavca tvorita dve različni četvorki. hatične 
Številke morajo biti tiste, ki enolično 
določajo delavce. Ta objekt predstavimo z 
n-torkam v tabelah. Kolone tabel odgovarjajo 
atributom, vrstice pa n-torkam vrednosti 
atributov. 

2. KREIRANJE PODATKOVNE 
REKONSTRUKCIJA 

BAZE IN 

Objekt delavec prestavljen v tabeli! 

Matična 
Stevi1ka 

941 
385 

2130 
764 

ime 

Peter 
Marko 
In'es 
Draga 

priimek 

Peterle 
Kos 
Vadnal 
Drole 

osebni 
dohodek 

175040. 
155045. 
9B505. 

305045. 

Množica objektov je lahko povezana med seboj. 

Primer povezane mnoiice objektov: 

OZD (Šifra OZD, ime OZD, kraj OZD) 

delavec (matična St. delavca, ime in priimek 
delavca, izobrazba delavca, Si-fra OZD) 

projekt (Si-fra projekta, ime projekta, sredstva 

udeleženec (matična St. delavca. Šifra projekta 
naloga delavca) 

V tem primeru je vsak objekt predstavljen z eno 
tabelo. 

Elemente baze podatkov definiramo z 
Interaktivnim VAX Rdb/VMS pomožnim programom 
(utility) RDO (Relational Database' Operator). 
Definiramo naslednje elemente podatkovn baza: 

- ime podatkovne baze in enote, na kateri se bo 
nahajala, 

- relacije (z definicijo relacije Je definiran 
zapis in v tem zapisu so vse komponente 
polja), 

- polja (določimo imena, velikosti in tipe 
polj), 

- objekte in atribute (vsak objekt mora imeti 
seznam atributov), 

- vpoglede (views), 
- omejitve (constraints) 

in normaliziramo model. Proces normalizacije 
modela vsebuje eliminacijo dupliciranih 
podatkov in ponavljajočih se polj ter določitev 
kjučev. Do vsakega atributa dostopamo preko 
kjuča. Definicije atributov, objektov, relacij 
itd. se nahajajo v podatkovnem slovarJu-CDD 
(tommon Data Dictionary). 

S stavkom DEFINE DATABASE poimenujemo bazo 
podatkov, kreiramo datoteke baze podatkov, 
kreiramo datoteko, v kateri se nahajajo začasni 
zapisi podatkovne baze (snapshort file). 

Stavek 

DEFINE DATABASE 'OVERNITE' 
definira sledeče: 

IN 'CDD»TOP.BOOKKEEP 

podatkovni slovar 
CDD»TOP.BODKKEEP 
datoteko s podatkovnimi elementi 
ttBOOKKEEPttOVERNITE.RDB 
snapshort datoteko (datoteka z začasnimi 
zapisi) 
«BODKKEEP«tOVERNITE.SNB 

Polja definiramo z DEFINE FIELD stavkom. 
Definicije polj se nahajajo v podatkovni bazi 
In CDD. Vsebujejo več atributov: globalne in' 
lokalne. 

Globalni atributi so: 
- ime globalnega polja (imena polj se ne smejo 

ponavljati), 
- kriteriji, katerim mora podatek ustrezati, 

preden se vpiSe v polje, 
- manjkajoče vrednosti (vrednost podatt^a je 

MISSING, te je vrednost polja neznana ali pa, 
če se ne sme uporabljati pri določeni 
apli kači ji). 

'Lokalni atributi so definirani z DEFINE' 
RELATION stavkom. 
Lokalni atributi so naslednji: 
- ime lokalnega polja, 
- DATATRIEVE pomožni stavki (support clause), 
- COMPUTED BY stavek (s COMPUTED BY stavkom 

poimenujemo polje, ki je rezultat računske 
operaci je). 

Za vsako polje je treba določiti tip podatka. 
Preko seznama obstoječih imen polj lahko 
definiramo relacije. Relacije definiramo z 
uporabo RDO stavka DEFINE RELATION, s katerim 
imenujemo relacijo in napiSemo seznam imen 
polj, ki jih vsebuje. 

Za iskanje relacij za izbrane zapise se 
uporabljajo indeksi. Indeksi zapisov so 
shranjeni v posebni tabeli, ki je dodana 
Rdb/VMS podatkovni bazi. Rdb/VMS uporabi 
indeks, da najde zapis v bazi direktno. 
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Indeksi nam omogočajo spreminjanje, iskanje 
podatkov itd.. 

uporabimo 
stavek. 

DEFINE PROTECTION RELATIDN 

Vpogled (view) definiramo 2 RDO stavkom DEFINE 
VIEW, s katerim poimenujemo vpogled in napišemo 
seznam polj, ki jih vsebuje. Vpogled je 
virtualna relacija, ki kombinira polja iz ene 
ali ve4 relacij. 

4. PRIPOMOČKI ZA UPORABLJANJE PODATKOVNE BAZE 

4,1. F'odatkovni slovar 

Omejitve (constraints) se nanaSajo na vrednosti 
polj v Rdb/VMS podatkovni bazi. Omejitev lahko 
de-finiramo z RDO stavkom DEFINE CONSTRAINT, v 
katerem poimenujemo omejitev in napiSemo ime 
polja, na katerega se ta omejitev nanaša. 
Omejitve za polja se lahko postavi tudi v 
stavek DEFINE FIELD z uporabo klavzule VALID 
IF. 

V podatkovno bazo vstavljamo podatke na tri' 
naiine; 

interaktivni pomožni 
STORE stavkom dodajamo 

- uporabimo Rdb/VMS 
program RDO (s 
zapise), 

- uporabimo DATATRIEVE za vpis ie obstoječih 
podatkov v RMS datotekah v bazo podatkov; 

- napišemo program v višje programskem jeziku, 
ki zapisuje vnesene zapise v datoteko ali pa 
prepisuje zapise iz RMS datotek v datoteka 
RDB podatkovne baze. 

2e definirano podatkovno bazo lahko 
rekonstruiramo. Rekonstrukcija podatkovne baze 
zahteva precej dela in truda, zato je 
učinkovitejše, da začetnemu načrtovanju 
podatkovne baze posvetimo posebno pozornost. 
Za rekonstrukcijo se odločimo le, če je nujno 
potrebno. Možno je spreminjati relacije med 
podatki,' brisati relacije, dodajati, brisati 
ali spreminjati elemente podatkovne baze. 
Brisanje relacij je enostavno le, če podatki, 
ki se nanašajo na relacijo, niso shranjeni v 
podatkovni bazi. Relacijo brišemo z ukazom 
DELETE ime relacije. Relacijo se ne sme 
brisati, če so druge relacije odvisne od te, ki 
jo želimo brisati. Rdb/VMS javi napako v 
primeru, ko želimo tako relacijo brisati. Ce 
želimo polja dodajati, moramo napisati program, 
ki spremeni zapis podatkov v nov daljši zapis. 

ZAŠČITA PODATKOV V PODATKOVNI BAZI 

VAX Rdb/VMS poskrbi za zaščito podatkov v bazi 
pred uporabniki. Uporabniki, ki niso 
pooblaščeni za spreminjanje, brisanje, čitanje 
podatkov itd., tega ne morejo početi. VAX 
Rdb/VMS zaščita je odvisna od seznama za 
kontrolo dostopa-ACL (Access Control Lists), 
Ta seznam vsebuje naslednje podatke: 

- indentifi kačija uporabnika, 
- katere operacije ta uporabnik 

uporabija. 
lahko 

Z ukazom SHOW PROTECTION pogledamo vsebino ACL. 

Pri vkjučevanju uporabnika v Rdb/VMS podatkovno 
bazo, Rdb/VMS bere ACL podatkovne baze in 
pregleduje, če je dan UIC v seznamu. Ko 
Rdb/VMS najde iskan UIC se iskanje konča. 
Rdb/VMS uporablja dva seznama za kontrolo 
dostopa, enega za dostop do podatkovne baze in 
drugega za dostop do relacij. Vstop uporabnika 
v podatkovno bazo omogočimo z DEFINE PROTECTION 
FOR DATABASE stavkom. Za vsako relacijo do 
katere ima dostop uporabnik ali grupa. 

V podatkovnem slovarju se nahajajo definicije 
vseh podatkov, ki jih uporabljajo VAX ACMS 
aplikacije (definicije poslov itd.), VAX 
DATATRIEVE (opisi domen, zapisov, tabel, itd.), 
VAX Rdb/VMS (definicije polj, indeksov, 
omejitev, vpogledov itd.) in VAX TDMB (oblike, 
vprašalniki, knjlžnjlce z vprašalniki itd.). 

Zgradba podatkovnega slovarja je hierarhična. 
Glavno vozlišče se imenuje CDD*TOP. Na to 
vozlišče lahko obesimo več naslednikov, ki so 
lahko direktoriji ali podslovarji 
(subdictionary) ali pa objekti. S pomožnim 
programom DMU (Data Manipulation Utility) 
kreiramo podslovarje, novo fizično datoteko 
(uporabimo ukaz CREATE), preimenujemo vozlišča 
(ukaz RENAME), gledamo po podatkovnem slovarju 
(ukaz LIST), brišemo podatke iz podatkovnega 
slovarja (uporabimo ukaz PURGE ali DELETE), 

podatke iz določenega področja v neko 
COPV) in zaščitimo podatke 

Za določena skupino 
za določenega uporabnika 

kopi ramo 
drugo področje (ukaz 
pred uporabniki, 
uporabnikov ali pa 
določimo; 

podatke 

podatke 

- če uporabnik lahko briše 
podatkovnega slovarja, 

- če uporabnik lahko dodaja 
podatkovni slovar, 

- te uporabnik lahko prehaja k naslednikom, 
- če uporabnik lahko bere objekt iz 

podatkovnega slovarja, 
- če uporabnik lahko dopolni zapis v 

podatkovnem slovarju, 
- če uporabnik lahko kreira naslednike in 

podslovarje. 

Podatke iz podatkovnega slovarja ali' 
podslovarja lahko prepišemo v datoteko (ukaz 
BACKUP) ali pa restavriramo podatke iz te 
datoteke z ukazom RESTDRE. 

Vsak element RDB baze opišemo in ga shranimo v 
CDD. Za zapis različnih definicij v CDD 
uporabimo pomožni program CDDL (Command Data 
Dictionary Language). Definicija tvorjena s 
pomožnim programom CDDL se ne zapiše v 
podatkovi slovar v primeru, ko je napačna. Da 
hitreje najdemo napako, uporabimo pomožni 
program CDDV (Command Data Dictlonary 
Verification), ki popravi napako, če jo zna 
popraviti ali pa pove, kje obstaja. 

TDMS (Terminal Data Manipulation System) 

VAX TDMS aplikacije uporabljamo za 
povpraševanje po podatkih in za oblikovanje 
menujev za vnos podatkov. Program z VAX TDMS 
aplikacijo izvaja serije rutin in prenaša 
podake v al i pa iz podatkovne baze. Te rutine 
so neodvisne od programa. 

Vsaka TDMS 
elemente! 

aplikacija vsebuje naslednje 

- aplikacijski program, 
- eno al i' več definicij zapisa, 
- eno ali več definicij oblik (forms), 
- eno ali več definicij vprašalnikov 

(reguests), 
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eno ali vei de-finicij knjižnjic (library), 
eno ali več de-finiciJ datotek s knjiinjicami 
(•f i le 1 ibrary) . 

Aplikacijski program 
- bere ali pa izpisuje podatke iz podatkovne 
baze, 

- kliie TDMS rutine, 
- za odpiranje in zapiranje datoteke s 
knjižnjico z vprašalniki (reguest library 
•files) ter vhoda in izhoda na terminal, 

• - za izvajanje vprašalnikov (repuests), 
- za čitanje podatkov iz rezerviranih 
področij na terminalu, 

- za izpisovanje na terminal iz rezerviranih 
področi j, 

- javlja napake o procesu. 
Aplikacijski programi napisani v programskih 
jezikih, ki komunicirajo s podatkovnim 
slovarjem (COBOL, FORTRAN, PASCAL, BASIC, F'L/1) 
imajo možnost, da kličejo TDhS de-finicije, 
de-finicije zapisa itd. iz podatkovnega 
siovarja. 

De-finicija oblike določa obliko; ki se bo 
pojavila na terminal v času izvajanja programa. 
VAX TDMS obliko kreiramo direktno na zaslon 
terminala. 
Oblika je de-finirana z naslednjim: 
- s sliko na ekranu (določena so polja, v 
katera^ se vnaša ali pa izpisuje podatke in 
tekst, ki se izpisuje na ekran), 

- z lego in dolžino polja, 
- z nizom atributov za vsako polje (ti atributi 
so značilnosti polj ali pa pogoji, katerim 
mora ustrezati vnesen podatek), 

- z obliko pomoči (HELP) pri vnosu. 
VAX TDMS pomožni program za definicijo 
oblike-FDU (Form Definition Utility) pregleda 
sintakso definicije oblike in jo shrani v CDD, 
če v njej ne najde napake. 

TDMS vprašalnik (reguest) je ključni element v 
TDMS aplikaciji. TDMS vprašalnik kontrolira 
pretok podatkov med zapisom in terminalom in 
med zapisom in podatkovno bazo. Kreira se z 
VAX TDMS pomožnim programom RDU (Request 
De-finition Utility), ki shrani vprašalnik v 
CDD. 

Seznam vprašalnikov se nahaja v knjižnjici z 
definicijami vprašalnikov (Reguest Librarv 
Definition). Knjižnjica z definicijami 
vprašalnikov se tudi kreira s pomožnim 
programom RDU (Reguest Definition Utilitv) in 
se shrani v CDD. Kreira se datoteka tipa RLB, 
ki vsebuje naslednje: 
- Imena vprašalnikov v knižnjici z definicijami 
vprašal ni kov, 

- definicije oblik v vprašalniku, 
- informacije o zapisu, ki so v vprašalniku. 
Ce želimo spremeniti vprašalnik, obliko ali 
definicijo zapisa potem, ko je bila RLB 
datoteka že tvorjena, je treba RLB datoteko 
ponovno tvoriti. 
Ko se izvaja program za vnos s TDMS aplikacijo, 
TDMS prikaže obliko na zaslon. Na označena 
polja vpisujemo podatke, ki se nato prenašajo v 
zapis podatkovne baze. Program za izpis 
podatkov v obliko pa prikaže na zaslon obliko 
in podatke iz iskanega zapisa podatkovne baze 
vpiše na označena polja^ 

4.3. VAX DATATRIEVE 

VAX DATATRIEVE je programsko orodje, ki nam 
omogoča; 
- izpis podatkov, ki so shranjeni v VAX RMS 
datotekah in VAX Rdb/VMS podatkovni bazi 
(podatke lahko predstavimo tudi grafično), 

- iskanje določenih podatkov (uporabimo ukaz 
FIND), 

- sortiranje podatkov na različne načine, 
- izpis poročila o podatkih v žel jeni obliki, 
- shranjevanje podatkov (ukaz STORE), 
- spreminjanje podatkov, 
- brisanje podatkov, 
- definiranje novih relacij med zapisi in 
datotekami. 

VAX DATATRIEVE izvaja tudi aritmetične 
operacije in izpisuje rezultate na terminal ali 
v datoteko. 
.'Podatki, ki jih VAX-11 DATATRIEVE uporablja so 
shranjeni v domenah (domain). Domene 
povezujejo podatke v datotekah z definicijo 
zapisa. Domena je definirana z imenom domene, 
imenom datoteke s podatki in z definicijo 
zapisa. DATATRIEVE nam omogoča, da shranimo 
različne definicije o zapisih, objektih itd. v 
CDD in da si lahko vsak posameznik definira 
domene. Domene definiramo z ADT (Application 
Design Tool), ki vprašuje po informacijah, ki 
so potrebne za kreiranje domene, zapisa in 
datoteke s podatki. ADT kreira datoteko s 
podatki, tako kot je definirano z zapisom. 
Informacije, ki jih rabimo za shranjevanje 
podatkov z ADT so sledeče: ime domene, 
določitev datoteke s podatki, imena polj v 
zapisu, tip podatkov v vsakem polju, format 
polja, dolžina polja, organizacija podatkov, 
ime in atributi vsakega kjuča pri indeksni 
datoteki in ime komandne procedure, ki vsebuje 
def ini ci je. 
Ce imamo zapise Se shranjene v VAX RMS ali pa v 
VAX Rdb/VMS datotekah lahko iz teh datotek 
izberemo le določene zapise. Uporabimo RSE 
(Record Selection Expresion). Z RSE definiramo 
pogoje, ki jih določen zapis mora imeti, da ga 
lahko uvrstimo med izbrane zapise. 

Primer RSE: 
PRI NT 
1 FIRST 3 

PERSONNEL 
_WITH SUP_ID=00055 

SORTED BY L NAME 

1- DTR povemo, koliko izbranih zapisov hočemo 
2- pove izvor zapisov 
3- pove, katere zapise naj vkluči 
4- pove, kako naj bodo zapisi urejeni 

4.4. ACMS (Application Control 
System) and Management 

Ce je bil program napisan v višje programskem 
jeziku in če je prišlo do sprememb (vrstni red 
poslov se je spremenil, spremenil se je zapis 
itd.) je bilo treba program ponovno napisati. 
VAX ACMS pa nam omogoča, da definiramo 
individualen posel, ki je ločen od 
aplikacijskega programa in je shranjen v CDD. 
VAX ACMS posli kličejo VAX TDMS vprašalnike 
(reguBsts) in programe. 
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VAX ACMS aplikacije 
naslednjih elementov: 

sestavi jene ZAKLJUČEK 

- eno al i več grup poslov, 
- enega ali več menujev s seznami posl ov, ;̂i 

jih je mogoče izbrati, 
- de-finicije aplikacij, ki opisujejo posle v 

apl1 kači j i . 
Vsak posel C task) se del i na več korakov 
(steps). Vsak posel je de-finiran na nasleden 
nač in: 
- v editorju kreiramo datoteko z ADU ukasi, 
- izvedemo komandno proceduro, ki javi napake, 

če obstajajo. 
Ce napak ni, se de^finicija posla shrani v CDD. 
Uporabimo ADU uka:: CREATE ali REPLACE. REPLACE 
ukaz deluje enako kot CREATE, če definicija 

Ce dei1ninicija 
potem moramo 
Posli v ACns 

posla 4e ne obstaja v CDD. 
posla ni pravilna prvič, 
uporabi jati REPLACE ukaz. 
ap11kac i jah morajo biti kombi nirani v eno ali 
več grup poslov, v. Ko de-f i ni ramo gr upo poslov 
moramo poimenovati posle, ki pripadajo grupi. 
Ce uporabljamo datotel;:o, v kateri je knjiinjica 
2 vprašalniki, je treba to ime navesti. 

Tipične VAX AChS aplikacije omogočajo dostop do 
skuipne podat t:'ovne baze več i m Ltporabn i kom z ma 1 o 
ali pa brez izl^iuienj v računalništvu. 
Uporabni k vstopi v ACMS apli kaci jo preko 
menuja. V menuju obstaja seznam poslov, ki jih 
vsebuje neka aplikacija. Ko uporabnik izbere 
posel, ACMS uporabi definicije posla za 
določitev vrstnega reda, v katerem se bodo 
klicali vprašalniki in programi. 

Primer ACMS menuja: 

ACnS 
MENU ZA UPRAVLJANJE APLIKACIJE 

1 Dodajanje 
2 Spreminjanje 
3 Izpis na terminal 
4 Editor 
5 Pošta 
6 DATATRIEVE 

Članek je opisal različna programska orodja, ki 
bodo omogočala tekoče vodenje podatkov ter 
hitrejše obdelovanje in izkazovanje podat kov na 
Zavodu SR Slovenije za družbeno planiranje. 
Posamezna pr ogramsl; a orod ja' se med seboj 
dopolnjujejo. Nekatere operaci je nad 
podat kovno bazo pa je mogoče izvesti z večimi 
programskimi orodji. Npr. zapise podatkovne 
baze tei-ioče vodimo in spreminjamo z 
interaktivnim programom ROD, z DATARIEVE ali pa 
s programom napisanim v višjem programskem 
jeziku, ki komunicira s CDD (FORTRAN, COBOL, 
BASIC, PASCAL). 
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Izbira: 

Posle, grupe poslov in menuje def iniramo z VAX 
ACMS pomož ni m programom ADU < App1ication 
Definition Utility). 

'Za izpis oblif:;e menuja uporabljamo programsko 
orodje TDMS, 
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Komunikacijske povezave «ed transputerji predstavljajo zaradi ceneno
sti, enostavnosti in preproste uporabe nov standard v povezovanju 
rafiunalnikov. V prispevku so na kratko opisani oceanski konstrukti, 
ki so osnova pri natrtovanju transputerskih sistemov. Na primeru s»o 
pokazali kako pomembno vlogo igrajo komunikacijski procesi pri naKrto-
vanju transputerskih sistemov, ter kako pomembna je njihova preuredi
tev v programu, fle belimo varno in v polni meri izkoristiti soCasno 
izvrgevanje opravil v sistemu, 

Coitimunicatlng processes in transputer systems - The transputer coaau-
nication llnk is a new standard for computer system interconnection, 
since it is a cheap, slmple and easy-to-use. This paper describes the 
occam constructs that are (undamental for transputer systems design. 
Their use is given by an example uhere some program transiormations 
are performed for the sake of achieving the advantages of cancurrent 
operating transpur system. 

1. Uvod 

Transputerji oziroma transputerski sistemi 
temeljijo na krmilno vodenem raBunanju in jih 
uvrSeamo v skupino arhitektur, katerih model 
rafiunanja je bodisi zaporedni ali soBasni kr
milni tok C13, Ti sistemi dovolj pogumno in 
verjetno tudi uspeSno zadJrtujejo novo smer v 
razvoju rafiunalnikov pete generacije. Organi
zacija stroja je sicer centralizirana, toda 
izrabljajafl VLSI tehnologijo je »ikro rafiunal-
nik s pomnilnikom, procesorje« in komunikacij
skim delom narejen kot ena komponenta (flip). S 
preprostim povezovanjem takSnih komponent pa je 
molfno zgraditi visoko sposobne računalniške 
sisteme. 

Vsparedno z razvojem materialne opreme, se 
je pojavila potreba po visokei programskem 
jeziku, ki pa ne bi bil namenjen samo programi
ranju ra(:;unalni^kega sistema, temved^ bi bil 
primeren tudi za njegovo načrtovanje. TakSne 
zahteve danes izpolnjuje samo jezik OCCAM, 
Jezik je enostaven, sloni pa na dveh konceptih: 
'soflasnasti in komunikaciji. Uporablja se enako 
dobro za opisovanje tako sistema »edseboj pove
zanih mikroračunalnikov, kot za programiranje 
enega mikroračunalnika. 

Semantično gledano, inaoio na voljo anoSico 
pravil, ki nam služijo pri ti. transfordaoiji, 
oziroma optimizaciji prograaa. Pri slednji 
načrtovalec eksperimentalno izbira aed razliC 
nimi implementacijami programa, ki so enakovre
dne. S tem doselJe najboljSe lastnosti načrto
vanega sistema v pogledu soCasnosti, velikosti 
sistema in podobno. 

V OCCAM modelu je proces zaporedje akcij, ki 
jih imenujemo osnovni procesi. LoUiBO tri 
osnovne procese. Vhodni in izhodni procas 
skrbita za prenos vrednosti spremenljivk preko 

oceanskih kanalov (c ? x, c ! «), s po«o6Jo 
prireditvenega procesa pa spreminjano vrednofti 
spremenljivk (v ;= e>. Osnovne procese kombi
niramo tako, da se le-tl v konstruktih lahko 
izvajajo sekvenfino, paralelno ali pa se v 
množlici procesov izvaja tisti proces, ki je 
prvi pripravljen. 

Element 

2. SakvenOnl konstrukt 

out 

opravlja dva sekvenfina procesa - vhodni in 
izhodni. Konstrukt 

P = <\iX. inp 7 X -> out I X -> )( ) 

zagotavlja, da se bo vhodni proces koniSal prej, 
ko bo zaCel izhodni proces, V oceanu zapisan 
program ima naslednjo obliko: 

HHILE TRUE 
VAR x: 
SE« 

inp ? X 
out ! X 

Tu velja opozoriti, da laamo v oceanu na 
voljo HHILE stavek za opisovanja ponavljajočih 
procesov. To ja povsea razunljivo, 6e veno, da 
GO TO in podobni stavki ne sodijo v druiino 
stavkov s katerinl popisujemo paralelne proce
se. 
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3. Paralelni konatrukt 

Paralelni konstrukt 

na lastne« procesorju, ki je lahko enostaven 
zato pa izredno hiter (RISC). 

V sekvenCnen procesu W 

P = (^X.inp ? X -> ald ! Ca»x) -> X) 
Q « ((jY.«ld ? y -> out ! <bty> -> Y) 
R ° P II t 

/ponazorjen z naslednji« eleatntoa 

povezuje sekvenline procese. Vsak proces upora
blja svoje spreaenljivke, aed seboj pa procesa 
koeunlcirata preko koaunikaoljskaga kanala. V 
occaau zapisan progra« iaa naslednjo obliko: 

CHAH aidi 
PAR 

UHttE TRUE 
VAR X, a, r i 
SCt 

inp ? X 
r 1= atx 
nid ! r 

HHILE TRUE 
VAR y, b,_p. 
sEa 

oiid 7 y 
p 1= b«y 
out '. p 

Vabite sta procesa P in S paralelna, ni pa 
nujno, da te<!eta so(!asno. Sotiasen proces upo
rablja svoje spre«enljivke, katerih ne acre 
dodeljevati drugeau soSasnaau procesu. SoBasna 
procesa lahko koaunicirata saao preko kanalov. 
Po enea kanalu poteka saao ena enosaerna, 
sinhronizlrana koaunlkaclja nad dvoaa proceso
ma. V kanalski kaaunlkacijl ne pcznaao vmesnih 
poanilnlkov (bufferiranja). 

4. SoISaani procesi 

Bodita dana procesa P in 9, ki iaata oblikoi 

P = ((iT.inp ? X -> outp I X -> X) 
Q = ()iY.lnp 7 y -> outp ! y -> Y) . 

U = <)iX.inp?x -> out!x -> inp?y -> outly -> X) 

poKKeao tiste podprocese, ki ee lahko izvršu
jejo sobasno (dekoapozlclja). Najdeao dva para 
soCasnih procesov 

P = P1lj P2 = (inp ? X -> out ! y -> P) 

Q = aiM Q2 = (out ! y -> inp 7 X -> 8) 

in doblno 

H = Inp 7 y -> (tiX.P -> Q -> X) 

S. Prieer 

Oglejmo si iterativna polje (kvadratna areila 
transputerjev), ki je nadrtano tako, da z njia 
lahko izrafiunano a skalarnih produktov vektor
jev v in 
nekatere 
ozlrona 
slstenlh 
izrazoa: 

l^ii^B. Na priaeru boao razlofill 
posebnosti konunlkaclj aed procesi 

transputerji v takSnea in podobnih 
Nat prlaer zapiSeao z naslednjia 

'I 'Ti g, 
1=0 ' 

X v 

Prlaer torej reSiao z iterativni« polje« 
transputerJev, ki ga ponazarja slika 1. Vidi
mo, da gre v bistvu za izradfun i skalarnih 
produktov aed enim vhodni« vektorje« v in • 
vektorji w, , katerih koaponente (aatrika U) so 
zapisane v posaaeznih transputerjih. ZapKiao 
sekvenco procesov, ki Jih izvajajo posaaazni 
transputerji v iterativne« polju: 

"UUT„ 

HULT, i(W) 

(pX.Pg -> X) 

= ((lX.P, -> P2-> P3-> P4 -> Ps-> X) 

HULT. ,,„»„- (>'X.Pe-> P,-> X) 

Poglejmo Ce obstaja eotnost sofiasnega izva
janja teh dveh procesov. Ta eoZnost Je dana, 
saj lahko vhodni in izhodni koaunlkacijski 
proces teCeta soCasno: inp7 x in outp! y, ter 
outp! X in inp? y. Vendar po pravilih o soča
snih procesih obstaja aed sofiasniaa prooesoaa 
potencialna dead locK stanje, kar poaani, da bi 
tudi procesa P in 8 zatla v to stanja. Oa 
preprečimo pojav dead lock stanja, noraao vsaj 
v enem paru sofiasnlh procesov en notranji 
proces zaBeti izvrSevatl pradno se zaBne fiasov-
no prekrivanje procesnega para (preaaknitev 
procesa po levi strani Časovne osi). ZapKiao 
to Se enkrat: 

(a -> P) 1.1 (b -> 8) (dead-lock) 

(a -> P) II (o -> d -> 8) » c->((a->P) II (d->9)). C c 
Zgornji izrazi naa povedo, da lahko nek 

proces delimo (Ce je to nogoCe) na podprooese, 
ki (Ce so med seboj povezani s kanali) tebejo 
soCasno z ostaliai podprooesl (tudi s tlstial, 
ki pripadajo drugeau procesu). Teau pravlao 
tudi dekonpozicija procesa. Heliao, da Je 
dekompozlclja hierarhična (varovanje pred dtad 
lock stanji), da aaogoCa uporabo paralelnih 
konstruktov In da so pri delitvi tisti kontfni 
procesi kar se da preprosti. Tako lahko ustva-
riao programe, ki uporabljajo visoko stopnjo 
sočasnosti; vsak enostaven proces pa se izvaja 

v V 

1 
U f t 

' 
Tr. 

1-d 

MULT 
10 

m 

' 

d 

r ighl 
• - * 

1 
I J 

MULT 

i 
» i 

T 0̂  
MULT 
m(rH-l 

slika 1 
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kjer so 

mid. 

P = mld,, ? y 

P4' "^^fH) 

left, ? v 

Pr,= 2 := («„ v) + y 

P5 = rightj ! v 

P, = right|,„„) ! s 

Na sliki 2a je podan preprost grafni model 
prograna za eno transputersko celico. Posta
vlja se vprašanje, kako v najboljši aeri izko
ristiti prednosti iterativnih polj, tj. aolfno-
sti pohitrltev pri reSevanju takSnih in podob
nih problemov. Ali povedano drugafle, zagotovi
ti, da kar največ! celic lahko deluje sočasno. 

"I 

Z 
zgornj 
transp 
zakasn 
to, da 
terjEV 
tov) . 
proces 
transp 
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da je 
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transpu-
produk-

oju, da 
na enea 
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Iku aed 
zanke. 

aslednji 

8E8 i = CO FOR i>: 
SE« 

P<1) 
aci) => 

SE« 
P(Q) 
SE« i°CO FOl 1-13 

S€« 
8(i) 
P(i+1) 

Q<a) 

Occaaski prograa z zgornjo transioraacijo 
dobi naslednjo obliko: 

PROČ MULT (CHAN »id, left, right) 
VA« y, v, a, z 
SE« 

lelt 1 v 
mid ? y 
8E« i = C 1 POR (» - 1 3 

SE« 
PAR 

z 1= n t v + y 
aid ! z 
right 1 v 

PAR 
lett 7 v 
mid ? y 

PAR 
z 1= « « v + y 
mid t z 
right ! v 

slika 2a slika2b 
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V naiiem primeru najdeao dve skupini proce
sov, ki se lahko izvršujejo soCasno. V prvi 
skupini sta procesa P^ in P2, v drugi pa so 
procesi P3, PA in PS. Grafni aodel ra sliki 2b 
prikazuje taksno strukturo soiifasnih procesov. 
Procesi Px združujejo v sebi vse potrebne 
nadzorne strukture paralelnih oziroaa soCasnlh 
procesov (sinhronizacija). V occaau zapisan 
program za n x m celic iaa sedaj naslednjo 
obliko: 

PROČ nULT (CHAN mid, left, right) 
VAR y, v, a, z 
SE8 i = C1 FOR a3 

SE« 
PAR 

left ? v 
mid ? y 

PAR 
z :° U * v + y 
aid ! z 
right ! v 

PAR 
left ? v 
• id ? y 

= > 

PAR 
SE« 

left ? a 
v ;= a 

SE« 
mid ? b 
y := b 

Prireditvena procesa %eliao loCiti od koau-
nikacijskih procesov. To bomo storili z nasle
dnjo transformacijo. Oznafiiao s 01 in C2 
komunikacijska procesa, s P in 8 pa prireditve
na procesa. Glede na to, da procesa C1 in C2 
ne zafineta istotSasno lahko zapičeno: 

(C1 -> P)ll (C2 -> Q) = ((01 -> P) II 02) -> « = C c 
(C2II (C1 -> P)) C •> a = ((C2II 01) -> P) 

C 
•> e 

(C2IJ 01) -> p -> a (CIII 02) 
c 

-> p -> « 

Ce upoštevamo zgornjo transforaacijo, dobi 
naS prograa konbno obliko: 
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PROČ nULT (CMAM aid, left, right) 
VAR y, v, •, I, a, b 

SE« 
lett ? v 
mid ? y 
SE« i = C1 FOR a - 13 

set 
PAR 

2 1= « » v • y 
• Id ! z 
right ! v 

P M 
left ? a 
nid 1 b 

:<• a 
t= b 

v 
y 

PAR 
z := • • 
mid ! z 
right ! v 

v + y 

KoaunlkaciJski procesi igrajo poaeabno vlogo 
pri izbiri tistih procesov, ki Jih lahko zdruz-
lao v sistene soCasnih procesov. Pokazali sao, 
da lahko soCasnosti lorniraao na dveh nivojihi 

al kjer veb transputerjev deluje soEasno, 
ter 

b) kjer na enem transputerju sofiasno poteka 
veC procesov. 
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Procesiranje podatkov v zadnjih dveh progra-
nih Je popolnoaa enako, razlika pa Je v ten, da 
v zadnjem prograau ne aore priti do izpisov 
rezultata (aid • z>, predno se ne izvedeta 
vhodna soCasna procesa (left ? a, aid ? b ) . 

6. Z«kljue*k 
Nedvoano Je Jezik ocean . v priaerjavi s 

scrodniai Jeziki najprinernsjiii tako za opiso
vanje strukture, kot za prograairanje tranšpu-
terskega sisteaa in njegovih koaponent. Na 
prlaeru sao pokazali ponen podrobnejše analize 
programskega dela transputerskega sisteaa) po
sledica neustrezne Časovne razporeditve proce
sov Je lahko neučinkovitost celotnega sisteaa. 

C33 C.A.R. Hoare, Cosaunlcating sequential 
processes, Prentice-Hall International (1985)-. 

C43 Jane Curry, Occaa solves classical opera-
tlng Eystea probleas, Ricroprocessors and Hi-
orosyste«s 8 (6) (1984) 280-283. 

C5] David Kay, Richard Taylor, Occaa - an 
overviev, Microprocesscrs and l1icrosyBteas S 
(2) (1964) 73-79. 

tbl Richard Taylor, 'Transputer coaaunicatlon 
link, Hicroprocessor and nicrosysteas 10 (4) 
(1986) 211-215. 

C?] David nay, Roger Shepherd, The transputer 
implementation of occaa, Proč. Int'l Conf . 
Fifth Generation Coaputer Systeas 1984, OHfl 
North-Holland (1984) 533-541. 
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v eianku opisujemo programski Jezik modula-2. Opis je razdeljen na dva dala. V prvem obravnavamo 
osnovne podatkovna, ukazna (stavki) In programska (moduli, podprogrami) struktura. Tako Je 
podrobno opisan pojem mudula in z njim povezanega modularnega programiranja. Poleg tega opisujemo 
tudi osnovna na&ela sistemskega oziroma nizkonivojskega programiranja v moduli-2. Nadaljevanje 
filanka je namenjeno primerjavi nodule-2 s tremi drugimi sodobnimi Jeziki, in sicer s pascalon, ado 
in z Jezikom o. 

Prograaslng Uith Hodula-2 In this paper is a desoription of the Hodula-2 prograaming language. 
The desoription is dividad into tuoparts. In the (irst part, MS disouss the essential data, 
control, and progranmlng struotures of the language which separate nodula-2 from other modern 
languages, concluding ofise the notation of a modula and modular prograaming, and some prinoiplas 
of tysten or low-lavel programmlng. In the second part of this contribution, nodula-2 is compared 
to other three modern progranmlng languagesi Pasoal, Ada and C. 

V eianku Selimo v dveh dolih predstaviti nov, 
moderen programski Jezik. 2a celovit opis 
jezika pa je okvir tega eianka in njegovega 
nadaljevanja preozek, poleg tega pa je bralcu 
na voljo vrsta dobrih knjig C3, 7, 8, lA, 183. 
Pa& pa je namen nafiega prispevka z opisom 
bistvenih novosti In programlrnih možnosti 
vzpodbuditi bralca k poglobljenemu spoznavanju 
tega nedvomno zelo sposobnega in morda enega 
temeljnih Jezikov naslednjih let II2D. 

Programski jezik modula-2 je neposredni nasle
dnik module-1, oba pa Izvirata iz pascala. 
Osnovnim pravilom so bili dodani predvsem neka
teri elementi paralelnega pascala ("Concurrent 
Pasoal")C53 ter možnost modularnega programira
nja. Zato osnovo jezika tvorijo že dobro 
poznani stavki iz pascala tb, 93, ki pa so v 
moduli-2 te bolj poenostavljeni. S tem je 
jezik postal preglednejši, programi pa bistveno 
bolj zgoseeni. nodula-2 ni boljša od pascala 
samo v pogledu strukturlranosti, ampak omogo&a 
z dolofieniml ukaznimi strukturami tudi zelo 
u&inkovito programiranje na sistemskem nivoju. 

Izkuieni programerji, ki sicer uporabljajo ka
tero od bolj izpopolnjenih razlifiic pascala 
C15, 163, bodo dejali, da vse to, kar sicer 
prinata modula-2, eni lahko že precej Časa 
uporabljajo. To je res, vendar se moramo 
hkrati zavedati, da so to le dialekti pascala, 
medtem ko so vel deli jezika, ki Jih bomo tu 
opisali, že v osnovni delinicijl module-2. 
Opis Jezika Je osnovna tema drugega poglavja. 
V tretjem poglavju, bomo prikazali nekatera 
naCela modularnega programiranja, Četrto po
glavje pa je namenjeno prikazu zmožnosti modu
le-2 za sistemsko alt nizkonivojsko programira
nje. 

V drugem delu tega članka bomo primerjali Jezik 
s pascalom, ado In jezikom c. Pri tem se bomo 
seznanili z nekaterimi prav zanimivimi spozna
nji. Videli 'bomo na primer, da ima modula-2 
pravzaprav skoraj vse bistvene prednosti, ki 
jih programerji sicer pripisujejo adi in o-ju. 

V drugam poglavju nadaljevanja so zbrani Se 
primeri nekaterih prevajalnikov za razll&ne 
operacijske sisteme in zanimiv primer povezave 
madule-2 s prologom. 

V dodatku sta priložena kratka primera, ki naj 
predofiita možnosti modularnega in sistemskega 
programiranja v moduli-2. 

2J Opt« Jailk« •odula-2 

Pri razmišljanju o uporabi kakSnega programske
ga Jezika, moramo vzeti v pretres predvsem tri 
gradnike) podatkovne strukture, ukazne struktu
re (stavke) in programske strukture. Opis 
jezika smo zato razdelili nekako na tri dale. 

Zaradi smotrne zgradbe Jezika so programi napi
sani v modull-2 C1B3 zelo pregledni. Jezik 
dobro podpira strukturiranje programov, in si
cer tako v pogledu podatkovnih kot ukaznih 
struktur. Razen tega modula-2 lo£i med veliki
mi in malimi firkami v imenih spremenljivk. 
Preglednost programov poveSuje le zahteva, da 
so vse rezervirane besede napisane z velikimi 
erkami. 

Pri opisu Jezika predpostavljamo dolofeno sto
pnjo znanja katerega od algolskih jezikov, a 
najbolje Je poznavanje pascala. 

2.1 Podatkovna struktura 

Vsak programski Jezik pozna nekaj osnovnih 
tipov. Najbolj obiSajnl osnovni tipi so int«-
gar (cela Števila), raal (realna Števila) in 
boolaan (loglCne spremenljivke) in Jih najdemo 
v veČini Jezikov od fortrana C123 pa do ade 
C13, 173. V veeini jezikov algolskega tipa, 
kamor sodi tudi modula-2, poznamo te tipe ohar 
(firkovna spremenljivka), sat (množica) in poin-
tar (kazalec). 

V aadulo-2 so vgrajeni vsi zgoraj navedeni 
tipi, poleg njih pa pozna jezik Se nekaj tipov, 
ki BO uporabni predvsem pri programiranju na 
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nitjan nivoju. To ao tipi CARDINAL (nanagattv-
na Stavila), WORD (baaada), AODRKSt (naalov), 
BITBET (anolica bitov) in PROČ (podprograa). 
Vlogo tah tipov ai boao ogladali v Catrtan 
poglavju taga prispavka, 

Ž i l i l SiiiHi«Yli,1flnt tJBt 

Podobno kot pascal poina tudi nadula-2 laita-
vljan« podatkovna tipa. To ao zapiai (RECORD), 
zapiai I railieioaml, polja CARRAV), nattavalni 
tipi in dalni tipi. Oglajaa ai oblika dafini-
oij za omanjana podatkovne tipe na naalednjea 
primarui 

TYPE 
zapis 
lapial 

polja 
naataj 

• RECORD partl, partZt CARDINAL END« 
• RECORD 

ČASE sslakti BOOLEAN OF 
TRUEl oh I CHAR I 
FALSEi oat CARDINAL 

END 
END) 

" ARRAV C1..103, C1..103 OF INTE6ER1 
•ogooa) I (da, na, 

dalni > CO..9]| 

2.1.2 Pratvarlanla »ad tloi 

V iiioduli-2 je obravnavanje spremenljivk moAno 
vezano na njihov tip. Na' noramo na primer, 
sattavatl celega in realnega itavila kot v 
pascalu. Prepovedana ja celo settevanje oelega 
in nenagatlvnega Itevlla. Za prenostltev teh 
problemov obstaja cela vrsta funkcij, ki samo 
na 'logiCnem nivoju pretvorijo tip spremenljiv
ke, na velikost izhodne kode pa nimajo vpliva. 
Imana tah funkcij so enaka Inanom tipov. Tako 
lahko naredimo naslednjo pretvorboi 

MODULE Primeril 
VAR C) CARDINALi 

It INTE6ER1 
BEGIN 

1 :• INTE6ER (c)( o 
END Primeri. 

I- CARDINAL (i) 

Seveda je pretvarjanje omejeno le med tipi z 
enako dolZino, Kot primer pravilne pretvorbe, 
si oglejmo naslednji podprogrami 

PROCEDURE Prepisi (izi IzTlp) 
VAR VI vTip) 
VAR preplsanoi BOOLEAN)| 

BE61N 
prepisano 1- TSIZEdzTip) - TSIZE(vTip)| 
IF prepisano THEN v 1- vTlp (iz) END 

ENO Prapislj, 
Klicani podprogram TSIZE je eden redkih, ki so 
definirani v sistemu module-2 in izraOuna veli
kost tipa, ki je parameter podprograma, v 
besedah. 

2.2 Ukaina atruktura 
Modula-2 pozna naslednje stavkei 

- prirejanje 
- klic podprograma 
- vrnitev iz podprograma (RETURN) 
- pogojni stavek (IF, ELSlF, EL8E) 
- izbiralni stavek (CA5E) 
- Izhodni stavek (EXIT) 
- strukturni izbirni stavek (HITH) 
- zanke 

- nedoloSna (LOOP) 
- pogoj na zafietku (UHILE) 
- pogoj na koncu (REPEAT) 
- nattevalna zanka (FOR) 

Modula-2 torej na uvaja nobenih bistveno novih 
stavkov, pafi pa je le njihova oblika lepla 
zapisana. Na primer, modula-2 ne pozna sesta

vljenega stavka (BEGIN ... END), ampak se vsi 
njeni stavki razan prirejanja, vrnltvenega In 
izhodnega konflajo z rezervirano besedo END. V 
primerjavi s pasoalom lahko opazimo odve&nost 
besedice bagln na naslednjem prlaarui 

MODULE Primeri 
BEGIN 

IF pogoj THEN 
stavekl| 
Stavek2 

ENO 
END Primer. 

program Primeri 
bagln 

If pogoj than bagln 
stavekl1 
stavke2 

and 
and> 

Novo je tudi loSevanje posameznih mo2nosti v 
izbiralnam stavku. Ta ima sedaj obllkoi 

CA8E izraz OF 
možnosti 1 Stavkil I. 
moznost2 1 Stavki2 
ELSE Stavkl3 

END) 

2.3 Hodull In podprograal 

Osnovna programska enota v jeziku ni vefi pod
program, tamvaO modul. Ta lahko združuje veS 
podprogramov in modulov. Modul in podprogram 
se razlikujeta tudi v svoji zasnovi, saj Je 
modul le logifina, programska enota, ki obstaja 
takorekofi samo na nivoju izvorne kode in ja 
njegova vloga samo povečanje preglednosti pro
grama. Po drugI strani pa podprogram predsta
vlja osnovno Izvajalno enoto in obstaja' tako na 
nivoju Izvorne kot tudi izvajane koda. 

Modula-2 poznam tri tipe modulcvi 
- programski modul 
- definicijski modul (DEFINITION) 
- delovni modul (IMPLEMENTATION) 

Prvi sluli kot osnovni uporabnikov program ali 
kot ga poznamo v pascalu program. Druga dva 
tipa modulov sta dodana predvsem zaradi zaokro
žitve sistema jezika, s filmer se odpravijo 
različne uporabnilke knjilnlce. Madula-2 ne 
pozna vefi zunanjih podprogramov (axtarnal) ali 
vstavljanja celih kosov programa (inoluda), 
ampak samo navedemo modul, iz katerega telimo 
uporabiti dolofieno spremenljivko (ta Je lahko 
poljubnega tipa, tudi PROČ!). 
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Naslednja posebnost modulov je val javnostvspra-
menljivk. Oglejmo si, kako v modull-2 dostopa-
mo do spremenljivk. Osnovno programsko enoto -
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modul «1 lahko predstavi Jano kot zaprt prostor, 
v katcram nati Je vsa vidno, zato pa na vidimo 
nlfiasar zunaj taga prostora. Ca talino videti 
kakšno stvar, ki Je zunaj prostora, si Jo 
norano posebej dodefiniratli sprejeti Jo Koraao 
v nodul. V Koduli-2 to naredimo s stavkom 
IMPORT, Ne moreno pa sprejemati poljubnih 
spremenljivk, ampak samo tiste, ki so na voljo 
v zunanjem cvetu. Da lahko neka spremenljivka 
obstaja v zunanjem svetu. Jo maramo Iz modula 
oddati. Za to sluii stavek EXPORT. Torej si 
lahko vsa oddane spremenljivke predstavljamo 
kot nakaktno prosto blago, ki ga lahko sprejmi 
katerikoli modul. 

To nafielo modulov Je tako mofino, da tudi 
vsebina vsebovanih modulov ni poznana osnovnemu 
modulu. Da bo stvar Jasnejia il poglejmo 
naslednji priomert 

nODULE Ena; 
VAR X, y, II CARDINAL 
nODULE Dvall 

EXPORT a, bi 
VAR a, b, ci CARDINAL) 

BEGIN 
(• tu so dostopne 

spremenljivke a, b ali c •) 
ENO Dval) 

MODULE Dva2| 
IMPORT X, ai 
VAR r, s, ti CARDINAL) 

BESIN 
(• dostopne so spremenljivke 

X ali Ena.x, a ali Dval.a, 
r, s, t •) 

END Dva2| 
BEEIN 

(• tu pa spremenljivke x, y, z 
in Dval.a a U a •) 

END Ena. 

2.3.2 Podprogrami 

Poleg modulov modula-2 le vedno pozna tudi 
podprograma. Njihova deflniolja je podobna kot 
pri pascalu, adi ali drugih Jezikih. Parametri 
podprogramov so lahko klioani po vrednosti «11 
po naslovu (re(erenoi). V podprogramu nekega 
nodula so vidne tudi vse zunanje spremenljivke, 
ki pa so definirane v tem modulu. Dostop do 
ostalih spremenljivk je moten preko oddajno/v
nosnih struktur. Za laljo predstavitev naj 
sluii naslednji primeri 

MODULE Slavni) 
VAR Ol CARDINAL) 
MODULE Enal) 

EXPORT a) 
VAR ai INTEGER) 

END Enat) 
MODULE Ena2) 

IMPORT a, o| 
EXPORT Priredi) 
PROCEDURE Priredil 
BEGIN 

ai-INTESER(o) 
END Priredi) 

END Ena2) 
BEGIN 

Priredi) 
END Glavni. 

V podprogramu lahko nastopa tudi vrnitvenl 
stavek (RETURN), ki pomeni takojten zakljufiek 
izvajanja podprograma. Ce tega stavka ni, se 
vrnitev izvede, ko izvajanje podprogram pride 
do konca (END). V primeru funkoljskega podpro
gram« sledi vrnltvenemu stavku Izraz, ki doloSa 
vrednost funkcije. 

Definicija funkcijskih podprogramov je pri mo-
duli-2 in pascalu razlifina, saj jih pri pasoalu 
cznaCuje rezervirana beseda lunation. V sodu-

li-2 funkcijo loSimo od podprograma le po tem, 
da Je v glavi definicije naveden tip. Primeri 

PROCEDURE PraviPodprogram) 
BEGIN 
END PraviPodprogram) 

PROCEDURE Funkoijai tip) 
BEGIN 
END Funkcija) 

Pri definiciji tipov podprogramakih parametrov 
obstajajo nekatera motnosti tproieanja sicer 
trdnega sovpadanja tipov. In sicer lahko upo
rabimo spletne tlpet 

- UORDi osnovna raSunalnilka beseda, sicer 
posplolenje kateregakoli tipa, ki Je dolg 
eno besedo 

- ADDRESSi kazalec na poljuben tip, sicer Je 
defInlran kot 

ADDRESS - POINTER TO HORD) 
- BITSETt poljubna mnclioa, sicer mnctloa 16 

bitov 
- ARRAV OF tipi odprto polja poljubnega tipa, 

katerega velikost lahko dolo&imo s funkoljo 
HI6H 

Sistem Jezika pozna zelo malo standardnih funk
cij in podprogramov. 8 ten se Je jezik izognil 
odvisnosti od dolofienega operaoiJskeg« sistema 
ali ra&unalnika. Vsi standardni podprogrami 
izvirajo iz definicije jezika in omogo&ajo 
predvsem bolj paramatrlzirano pisanja progra
mov. Seznam standardnih podprogramov si lahko 
bralec ogleda v knjigi C1B3. 
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3.1 Dalltav n« Bduli 

Sedaj, ko trna dobili notnoat uporcb* la6anih 
nodulov, Jih aoniino <a nakako panatno uporabi
ti. Vaflina programarjav si vadno postavlja 
vpratanjai "Kaj sodi v an modul?". 
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NadzornlkSklada, kot bi ga napisal povpreflen 
programer. Ce pa boste imeli problema z veli
kostjo sklada, poveCaJte konstanto StaokLiait. 
V primeru, da vam tudi to ni dovolj, lahko 
napilsta nov modul, ki bo sklad hranil na 
datoteki. Vendar pozor! Ostali programi sa 
tudi v tem primeru na bodo prav nifi spremenili! 

inPLEMENTATlON MOOUUE NadzornlkSklada( 

CONST ValikostSklada " 1000) 
VAR skladi ARRAY Cl..VelikostSkladal 

OF CARDINAL I 
m CARDINAL) 

PROCEDURE Vstavi (el1 CARDINAL)) 
BEGIN 

IF n < VelikostSklada THEN 
ni"n+li skladCn^ i" el 

ENO 
END Vstavil 

PROCEDURE Vzeni (VAR elt CARDINAL)) 
BE6IN 

IF n > O THEN 
el •• skladCn^i ni~n-l 

END 
END Vzeni; 

PROCEDURE Prazen <)• BOOLEAN) 
BEGIN 

RETURN n - O 
END Prazen) 

PROCEDURE Poln O i BOOLEAN | 
BEGIN 

RETURN n • ValikostSklada 
END Poln) 

BEGIN (« inloializaoija modula •> 
n I" O 

END NadzornlkSklada. 

Za primer, kaj bi povezovalo nek modul z 
zunanjostjo, si oglejmo modul, ki hrani podat
kovno strukturo sklada. Smiselno Je oddati la 
podprograma Vstavivin Vzemi tar funkoijl Prazen 
in Poln. To v maduli-2 definirano na naslednji 
naCini 

DEFINITION nODULE NadzornlkSklada! 

EKPORT Vstavi, Vzemi, Prazen, Poln) 

PROCEDURE Vstavi (cll CARDINAL)) 
PROCEDURE Vzemi <VAR ali CARDINAL)) 
PROCEDURE Prazen C)i BOOLEAN) 
PROCEDURE Poln C)i BOOLEAN) 

END NadzornlkSklada, 

To Je za nekoga, ki- leli uporabljati sklad 
povsem dovolj. Kako programer deluje nad skla
dom, za nJega ni vatno. 

ij Blataaako arooramlranJa 

Holnost slstaaakaga ali nizkonlvoJskega progra
miranja (low level progranalng) Je ena bistve
nih postavk, ki Jih nora oaogofiati sodoben 
programski Jezik. Vsekakor mora biti moien 
dostop do poljubnih naslovov v pomnilniku in 
pisanje prekinitvenih podprogramov. Prav sle
dnja zahteva Je moCno povezana s pojmom prooesa 
in te bolj s pojmom paralelnih procesov. Hodu-
la-2 Ja v pogledu zao2nosti opisovanja paralel
nih procesov zalo mofian Jezik. Za v osnovi 
pozna pojem procesa. Prooasi se izvajajo kot 
sorutine Ccoroutinss), vendar lahko uporabnik 
ob ustrezni zunanji prekinitvi naplte razpore-
Jevalnik (schedular), ki onogoSa navidezno so-
fiasno izvajanje vefiih procesov. V drugem delu 
filanka bomo med primeri prikazali prav takten 
razporejevalnik. 

3.3 LoAano pravaJanja A.l Ooatop io poanllnika 
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Naj na koncu poglavja navedeno te delovni nodul 

nodula-2 omogoSa dostop do poljubnega mesta v 
pomnilniku na dlnamifinl ali statlfinl nafiln. 
Statlfini nafiln (podobno kot pri OMSI pasoalu 
CIO]) pomeni, da ob definiciji spremenljivke 
navedemo tudi mesto, kjer se nahaja. 

VAR .NaNaslovulO ClO^i CARDINAL) 

DlnamiSan dostop pa Ja moIen preko spletnega 
tipa AOORESS, ki Je definiran v modulu SVSTEH 
in ima oblikoi 

TYPE ADDRESS - POINTER TO HORD) 

Tako lahko uporabljano opisano mesto v pomnil
niku tudi na sledeG nafiini 
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MODULE Priaar2| 
FROn 8YSTEn inPORT ADORESSi 
CONST *xn ' OI 
VAR ai ADDRCSS) 

BESIN 
a <• ADDRE8S <10>| 
a* !• KKHi (* NaNaslovulO •) 

ENO Priaar2. 

Sioar pa lahko dafinlraiao tudi oalotan, raoimo 
16-biten poanilnlk kot polja na na«ladnji na-
Cini 

CONST naxNaslov - l77777Bl 
VAR Poanilnik COBli 

ARRAY CO..naxNaslov3 OF UORDi 

4.2 Prooaai in praklnltvani podprograai 

Za laija raiunavanja nofnoati pisanja prakini-
tvanih podprograaov v aodull-Z «i najpraj o-
glajao, kako Jazlk uporablja prooasa. 

Praoa« Ja daflntran kot osnovna livajalna ano-
ta, ki ta izvaja zaporadno (sakvanCno). Savada 
lahko nak procai proii in uatvarja druga prooa
sa, V iiioduli-2 Ja procas posaban tip, ki ga 
oddaja aodul SVSTEM. V dodatku k dafinioijan 
Jezika C1S3 Je ta tip sioar opulfian, vendar ga 
boao v nalih priaarlh zaradi preglednosti ia 
uporabljali. Naaosto tipa PROCESB se sedaj 
uporablja enostaven tip A0DRES8. Proces se 
izvaja zaporadno in neprekinjeno, dokler ne 
potene nekega drugega prooesa. To izvede s 
podprogranoa 

PROCEDURE TRANSFER (VAR od, koaui PROCESS)| 

ki ga oddaja zopet aodul SVSTEH. 
oddaja podprogran 

Ta aodul tudi 

PROCEDURE NEMPR0CES8 (pi PROC{ «1 ADORESSi 
ni CARDINAL) ni unnuinnuf 
VAR pri PROCESS)| 

kjer Je p podprograa, ki se bo izvajal kot 
samostojen prooes. Svoje spreaenlJivke (sklad) 
bo lael v prostoru, ki se priOne na neatu « in 
Je velik n besed. Vse potrebne podatke o novem 
prooasu shrani podprograa v paraaater pr. 

Naslednji korak Je povsea razualjiv in sicer 
definiraao podprograa, ki posluluje neko preki
nitev kot nov prooes. Problea Ja le <e, ker ga 
Ja treba v pravaa trenutku pognati s podprogra-
aoa TRANSFER. V ta nanen aodul SVSTEH oddaja 
trn en podprograa, katerega definicijo boao 
napisali sedaj za rafiunalnike, ki imajo preki
nitve vektorirane. 

PROCEDURE lOTRANSFER (VAR koau, odi PROCESSl 
vekton CARDINAL)) 

V bistvu sistaa ob kliou tega podprograaa 
povate prooes od z vektorjea vaktpr in polene 
proces koau. Ta se izvaja, dokler ta na zgodi 
prekinitev in takrat se zopet polene proces od. 
Tako dobiao skelet prekinitvenega podprograaai. 

Na tea mestu zakljufiujeao prvi del natega 
prispevka. V njea aao leleli podati osnovne 
zaolnosti prograaskega Jezika aodula-2. V sko
pih besedah sno opisali osnovne podatkovna, 
ukazna in programska struktura Jazika. 

V nadaljevanju amo opisali osnovna nafiela ao-
dernega nafiina programiranja, za katerega se Ja 
v svetu udonaCil izraz modularno prograairanje. 
Zadnja poglavje prvega dela opisuje motnosti 
nizkonlvojskega in sisteaskega programiranja v 
moduli-2. 

lMbxtlx 
Za vso poao& pri snovanju besedila in dragocene 
nasvete pri iskanju primernih slovanskih izra
zov za angleike besede se najlepte zahvaljuješ 
prof.dr.BottJanu Vilfanu. 
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PROCEDURE Skelet) 
6E6IN 

InicializaoiJa) 
LOOP 
lOTRANSFER (program, posluzi, veotor)) 
Posluži Prek in itev 

EN D 
ENO Skelat) 

Prlaar taktnega podprograaa boao navedli v 
naiih priaarih, ki bodo navedeni v drugea delu 
eianka. 



NOVICE IN ZANIMIVOSTI 

Al 1 bo rizika izrinila matematiko 
s prvega mesta med znanostmi? 

Razgovor Tony Durhamsa z dr. Davidom Deutschem 
o možnosti, da matematiko prezenemo z njenega 
platonicnega oblaka in da fizika zavzame njeno 

mesto prve med znanostmi. 

Matematika je kot prva med znanostmi Izzvana. 
Ce bo prevrat uspel, tvega izgubo statusa tudi 
računalniška znanost, ki ta staus uziva kot 
veja matematike, čeprav je pri tem tveganje 
majhno. Izid je lahko povsem drugačen, ce bi se 
pokazalo, da racunalnisk znanost (kot običajno 
Imenujemo znanost o računanju) sploh nI del 
ma t ema t i k e. 

Izzivalec Je fizika. In Ce fizika postane nova 
kraljica znanosti, bi lahko, kar je 
presenetljivo, računalniško znanost priznali za 
prvega ministra. Poseben namišljen računalnik 
namreč Igra pomembno vlogo- v miselnih poskusih, 
s katerimi poskušajo fiziki utemeljiti svoj 
naskok. 

Kdo Je komu potrebnejsl? Fizika se je zaupala 
matematiki kot jeziku, v katerem je Izrazila 
svoje najgloblje In najsplošnejše trditve. In 
vendar so matematični zakoni v nekem smislu 
zelo slbki. S splošnimi izrazi opisujejo, kako 
se obnašajo veliki fizikalni sistemi, ne 
rešujejo pa problemov podrobnega simuliranja 
poljubnega fizikalnega sistema, ki Je v bistvu 
problem računanja. 

Na drugi strani se Je matematika vedno videla 
ziveCo v platonskem svetu, na nek nacin 
presegajoče manjvredne posebnosti In Izjemnosti 
fizikalnega sveta. Toda ta pogled Je v 
nasprotju z materialistično komponento v 
znanosti, ki kot se zdi, puSCa vse manj 
prostora za koncepte Čistega, od materije 
neodvisnega umevanja. Za materlallste Je tudi 
matematika le rezultat dela možganov, 
računalnika ali kakega drugega fizičnega 
sistema. Potemtakem fizika postavlja meje 
dosežkom matematike. 

Lahko bi (In verjetno tudi bodo) napisali 
obsežne knjlge,_ ki bi razlagale argumente ene 
In druga strani'. Nobena stran pa si ne more • 
privoščiti osabnostl, saj je 20. stoletje 
pokazalo, da obstajajo stvari oziroma pojavi, 
ki jih ne more poznati niti matematika niti 
fizika. 

Teorija kvantne fizike dokazuje, da načeloma ne 
moremo ,poljubno natančno Izmeriti vrednosti 
vseh spremenljivk nekega fizičnega sistema. Ce 
izmeriš natančno vrednost ene spremenljivke, se 
ti bo vrednost druge, po Helsenbergovem 
principu nedoloCenosti, neizbežno Izmuznila. 

Goedlov Izrek ,in Številni sorodni rezultati v 
matematiki dokazujejo, da obstajajo trditve, ki 
so resnične, ne moremo pa jih dokazati. 
Nekateri domnevajo, da med obema rezultatoma 
obstaja globoka povezava, ki postavlja meje 
tako matematičnemu kot fizikalnemu znanjui 

Kje ob vsem tem stoji računalniška znanost? 

Alan Turing je prvi poskušal določiti, kaj je 
mogoče Izračunati s strojem. V ta namen Je 
moral najprej ustrezno definirati stroj. 
Njegova definicija v določenem smislu velja za 
vse poznane računalnike. Logik Alonzo Church je 
razmišljal v podobni smeri. Oba pa sta svoje 
rezultate oblikovala znotraj okvirov, ki so v 
bistvu matematični In, v nasprotju s splošnim 
prepričanjem, jima nI uspelo dokazati, da meje, 
ki sta Jih upoštevala, res veljajo za vsak 
računalnik. Domneva v obliki ti. Turlngove-
Churchove hipoteze Je 9e vedno le domneva. 

Ker je omenjena hipoteza oblikovana matematično 
(se pravi s sredstvi matematike), upravičeno 
pričakujemo, da bo tak tudi izziv oziroma 
ugovor proti njej. Čeprav je presenetljivo, se 
dozdeva, da to hlpoteto lahko ovrze fizika. 
Pri tem velja Se vedno neizrečena pa vendar 
upostevna domneva, da nas matematična 
definicija računalnika osvobaja nepotrebnih 
fizikalnih omejitev. A nekateri pomembnejši 
zagovorniki fizikalnega pogleda menijo, da je 
matematika tista, ki trpi zaradi nepotrebnih 
omejitev. Domnevajo, da Imajo fizikalni sistemi 
morda sposobnost ra-CunanJa, ki presegajo tiste, 
ki jih lahko dosežemo z golo matematično 
manipulacijo simbolov. 

Dr. David Deutsch Iz Oxfordske univerze je eden 
vodilnih med zagovorniki pogleda, v katerem ima 
fizika prvo mesto. Ukvarja se s teoretičnimi 
raziskavami računalnikov, ki se pokoravajo 
zakonom kvantne fizike. 

Med vsemi teorijami, ki razlagajo fizični svet, 
ponuja najboljšo razlago kvantna teorija skupaj 
z relativnostno teorijo Alberta Einsteina. Za 
veČino ljudi so pojavi, ki jih napoveduje, 
nenavadni in v nasprotju z Intuicijo, vendar so 
napovedi potrjene s poskusi. Kvantni učinki 
običajno ostajajo prikriti, razen kadar je 
sistem, v katerem Jih opazujemo, zelo mrzel ali 
zelo majhen. Zato se zdi, da v običajno velikih 
toplih sistemi, veljajo zakoni klasične 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, 
usmerjeni eden za drugim proti oviri z dvema 
režama, oblikujejo na zaslonu za oviro vzorec, 
ki je drugačen, kot Ce bi bila reza le ena 
(oziroma ce bi Izmenično zapirali po eno režo). 
Ce lahko gre elektron samo skozi eno režo, kako 
že sama prisotnost druge reže, vpliva na 
njegovo gibanje? 

Deutsch je svoj Cas menil, da nalaga kvantna 
mehanika nove omejitve zmogljivostim 
Turingovega stroja. K sreCl pa Je ugotovil, da 
se moti. Stroj, ki bi ustrezal Turlngovemu 
stroju, vendar bi bil zgrajen Iz abstraktnih 
kvantno-mehansklh komponent, bi Imel 
zmogljivosti, ki Jih navaden Turingov nima. 

Tak- stroj ne more izračunati funkcij, ki niso 
Izracunljlve s Turlngovim strojem, niti nI 
pokazano, da kakSno funkcijo izračuna hitreje. 
Kadar na vprašanja obstaja le en odgovor, ga 
vsaj kolikor nam Je do danes znanega, kvantni 
računalnik ne bo naSel hitreje kot kak drug. 

Vznemirljiva razlika pa nastopi kadar rešujemo 
probleme. Problem Ima namreC lahko vec 
odgovorov, od katerih vsak ustreza eni od 
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rešitev. Deutsch je dokazal, da lahko kvantni 
računalnik pospeši reševanje problemov. 
Probleme, ki imajo pri reševanju s Turingovlm 
strojem eksponentno Časovno zahtevnost (tj. 
Cas potreben za izraCun raste eksponentno z 
naraščanjem velikosti problema), je s kvantnim 
Oracunalnikom mogoče rešiti v Času, ki Je 
pollnomsko odvisen od velikosti problema. 

Na žalost je Deutsch dokazal svoje rezultate le 
za skonstruirane probleme, ki oCltno nimajo 
praktične uporabe. Kljub temu imajo njegova 
dognanja vsaj simboličen pomen; k uporabnejsim 
rezultatom nas bodo pripeljala pozneje. 

Kvantni računalnik sam seveda obstaja le 
teoretično. Deutsch trdi, da je njegov model v 
skladu s fizikalno teorijo. Čeprav Je 
abstrakten In ne doloCa, kakšni so v njem 
sodelujoči sistemi: so to molekule, 
superprevodne zanke, ali elektroni ujeti v 
"kvantne vodnjake"? Tehnologija bo morda tudi 
temu problemu nekoC kos. 

Morda najbolj nenavaden pri tem teoretičnem 
računalniku Je naCln, s katerim dosega hitrost. 
Deutsch ga Imenuje "kvantni paralelIzem". 
Povedano enostavno: stroj obstaja hkrati v veC 
vzporednih svetovih. V vsakem od njih Izvaja 
rahlo drugačno računanje. Na koncu se rezultati 
združijo in uskladijo. 

To so np-kompletl oziroma npc-probleml. Pomem
bni so zato, ker bi hiter algoritem za reševa
nje kateregakoli npc-problema avtomatično za
gotovil reSitev vrste drugih, domnevno nere
šljivih problemov. 

"To Je", kot pravi Deutsch, "zelo vznemirljiva 
možnost, ki je ne smemo Izključiti. Ne vemo. 
Toda odkritje vsaj enega qp-problema, ki bi bil 
hkrati tudi npc-problem, bi popolnoma 
spremenilo računalniško znanost in nas celoten 
pogled na svet, saj bi pomenilo, da obstaja 
naCln za reševanje doslej nerešljivih 
problemov." 

A Žalostno dodaja: "Imam zanesljiv občutek, da 
stvar ne bo delovala". 

Naj bo kakor koli. Delo Deutscha je 2e 
prispevalo svojo tezo Ideji, naj računalniška 
znanost sloni bolj na fiziki kot na matematiki. 
In danes je računalniška znanost pomemben del 
Intelektualne sfere. Matematiki bodo morali 
zbrati svoje Intelektualne sile, Ce Želijo 
ostati na vrhu drevesa znanosti. 

Computing, December II, 1986 
Prevedel Ivo SCavniCar 

Deutsch verjame "EverettovI Interpretaciji" 
kvantne mehanike, ki so. jo popularizirale 
knjige, kot je npr. Ostali svetovi (Paul 
Davies, Other VVorlds). Za običajne 
interpretacije je obstoj vzporednih svetov le 
možnost ali celo Izmlslek fizikov, ki naj 
pomaga pri določenih Izračunih. Everettova 
Interpretacija pa pravi, da so vzporedni sveto
vi resničnost. 

Sprva so menili, da Je razlika v interpretaciji 
bolj filozofske kot fizikalne narave. "Veljalo 
je mnenje, da gre le za različne Interpretacije 
Istega formalizma, saj so vse interpretacije 
predvidevale enake eksperimentalne rezultate", 
pravi Deutsch, "toda menim, da je bila 
Everettova Interpretacija celo tedaj 
neizogibna, saj so po mojem ostale 
interpretacije pomanjkljive s filozofskega 
stališča. Seveda pa to ne more biti argument za 
fizika." 

"Toda v zadnjih letih" nadaljuje Deutsch, "se 
je pokazalo, da je Ime interpretacija napačno. 
Everettova verzija kvantne teorije se rahlo 
razlikuje od običajne, njeno različnost pa 
lahko, vsaj v naCelu, pokažemo s poskusi. 
Domnevam, da sem prvi, ki Je objavil moZnost 
takega poskusa". 

Deutsch smatra, da njegov miselni poskus s 
kvantnimi računalniki zahteva odločnejši 
odgovor, kot znani poskus z dvema reZama. "Pri 
računanju nastane nekaj novega", pravi. "V 
vsaki veji nastane novo znanje, nova, koristna 
informacija. In teZJe kot v primeru poskusa z 
elektronom filozofsko rečemo, da gre za 
različne možnosti, ki so kombinirane ena z 
drugo, dale konCnl rezultat. V določenem smislu 
gre res le za različne stopnje, v drugem pa se 
teZe izmikamo, saj nastane nova informacija. Od 
kod je priSla? Kdo jo Je oblikoval?" 

Zares tezko 
sveta, ki 
računanje. 

bi 
bi 

zanikali obstoj vzporednega 
za nas opravljal koristno 

Obstaja domneva, da vsebuje množica problemov, 
ki jih obvladamo s kvantnim računalnikom 
(Deutsch jih je imenoval qp-probleml), kot 
svojo podmnozico eno od posebnih skupin 
problemov, neobvladljivih s Turingovlm strojem. 
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FACui n <v i-LE n-R -iL c^^Clt^t^^^l^{i 
UHiVkRJI n OF ^AGRcb , - ' V 

I , ' NOf/Cf •* 

caILfor papers 

Ni*iGA7:iN-rrfiNAiTS^AL' smpoSU/S* 
(W 'A' y-i/. 

MANUFACTURING 

COmUTER^AfOED, 

Zag^b' Yug^^yia 

e^him^^INTERBIflOZ INfORMATIKA«* 

CAD hai become the initlal module of Compuier Inte-
Sratad Manufacturing - ClM, wide ipreod in a greot 
number oF induitries. 

The Synnpotium CAD/CAM 1987 once agorn provide a l i 
engineen, doclors, rescarchers and tcienHits inierested 
in thfloreticol and appl i«d worlc on CAD and CAM or 
whose work involves applicalion of computers in researcK 
ond educotion, with good opportunity 4o exchange ex-
perience ond lcnowledge through tollci, d i icuis iont and 
meetingi. 

SUBJEa OF THE SYMPOSIUM 

A. CAO/CAM i /stem coraponenta 

A l . Syitem »oHwcre, compuier archilecture 

A2. Automolic, robo)i<, flaxible monufocturing syitems 

A3. Analy i i ) , tynthasis and opt imi ict ion techniqu«t 

A4. Information »trudures, businesi iy»lemj 

i . CAD/CAM application oreo i 

BI . Architectura ond civll enginearing 

B2 Shipbuiidmg ond mechanicot engineering 

B.3 Ecology, niet0orology, ocaonology 

B4. ElectriC'powcr ond electro-mftchomcol engineering 

85. Electronici 

B6, Medicine, medkal informo^ion systemi 

87. Forertr/, wood induitry 

SUBMISSION OF PAPERS AND DEADUNES 

Regutration f o rm i , duly TI I IMI tn, wi lh tumrnorlei up ^o 
500 word i , which l l lutlrate ths content ond purpose of 
lfw poper, thould be lubmitted by F«bniorY 1 i . 1917, to 
the addre i i of lechnicol orgonizer - ATLAS, -Congreii 
Department. The lelected papers, vvritten in accordonc« 
with the instruciions (which tha authon wil l receiva wilh 

nol i f icot lon 'on the provi i ionol occeptonce of the poper 
on the bosii of the iummar>), stwuld be »ent in by Apr i l 
24, 1987. Poper longer thon t ix poget wi l l not b« occep-
ted. The ipaokert wi l l hcve ol their ditposol o tl ide-pro-
jector, overheod-pro;ec(or, video recorder ond videč 
projector {VHS iy i teml . 

REGISTRATION FEE 

Ragis^rotlon fee omountt lo US dol i 100, ond coveri 
particlpotion to the Syrnpo»iwm ond o copy of the Pro-
ceedingj. Poyment should be mode by a bonk choq'je 
addreised lo ATLAS, ond lenl to the oddresi of technicol 
orgonizer. 

lOCATION 

The SynnposIym wil l be held in the Congreis hoHi of the 
Zagreb International Foir, Bori i Kidrič Avenue No 2, 
Zagreb. 

EKHIBITION 

The 5ympotium wil l be pori of o tpecialized eveni 
INTERBIRO - INFORMATIKA, to be organized by the 
Zogreb Internotionol Foir from October 12-16, 1987. AH 
porl icipanti wi l l hov« fre« enlrv lo the exhfbi<ion, where 
monufocturen fromrVugoslavKi ond obroad wil l be exhi-
biting the lotest ochievements in the fleld of computer 
techr>ology ond CAD/CAM Bqutpment. 

LANGUAGES 

The off icial lorguoges ol tha Symposium are EnglUh ond 
Vugotiov longuoges with iimultoneous interpretation. 

*•> 

HOTEL ACCOMMODATION 

Accommodotion for particlponts will be provlded in the 
hotel i of A ond B C'Otegory. Pafticipontt wi ih ing occonv 
modcftion ihould >and in their hotel reservation forms 
by Aprit 30, 19S7, fol lowing which priče l i i t i for accom
modotion wil l be received ond bookrng mode. 
Please note thot fhe ni/mber of »ingla roomi i i very llmi-
led, ther«fore your indicotion wrlh whom you woutd liktt 
to ihore a double room wi l l be opprecioted. 

PRESIDEKTTSHIP OF THE ORGANIZING AND 
PROGRAMMING COAAMITTEE 

Presfdent 

Dr Zijod Haznodor, Profeuor ot the Faculty of Electrlcal 
Engineering, UnivefTity of Zagreb 

Vice-Preiident 

Dr Vaina JiKčee, Advi ier ot th« Hydrometaorologicol . 
Institute, Zagreb 

Secrelories 

Mr Seod Berberovič, Assiitant Lecturer, Facu1ty of 
Electricol Engineering, University of Zograb 
Dubrovlco Povlovi*;, ATLAS, Trovd Agency, Congres* 
Department Zagreb 

ADDRESS OF THE TECHNICAL ORCANIZER 

' ATLAS - Congre*! Department 
Trg »enjikih v tkoko 7 
41020 Zagreb, Vugoilavio 
Phone: 41/525-333, 528-094 
Telax: 22413 o tkon yu 
Talefox: 41/525-468 



MIPRO 87 

SVMPOSIA on New Generations of Computers - NG 

Sponsor: SOZD ISKRA, DO ''ISKRA DELTA'' LJUBLJANA 

Rl jeka, 18-22 May 1987 
OPATIJA, "Adriatic" Congress Centre 

Topics: New archltecture - experiments and results of measure-
ment, characterictics evaluation, parallel work problem, paral-
lel systenns programmi ng, programmlng languages, man-machlne 
comniuni cat ion , artificial i ntel 1 1 gence , sclentiflc appl I cat ions , 
and other appllcatlons vvhere hlgh computer processlng power is 
needed. 

Co-ord i nators: 
Prof. dr. Anton Zeleznikar, mr. Petar Brajak, DO "ISKRA DELTA", 
61 000 LJUBLJANA, Parmova 43, tel. (061) 312-988 

Thursday, 21. 05. 1987 

08.00-14.00 NG-YU-MAGIC ( invited papers ) 
Prof. dr. Suad AlagiC, ETF Sarajevo: CONCEPTUAL MODELLINO-OBJECT 

ORIENTED APPROACH; 

Prof. dr. Jožo Dujmovitf, ETF Beograd: COMPARISON AND PERFOR
MANCE OF HIGH-LEVEL LANGUAGES FOR NEW GENERA-
TION OF COMPUTERS 

Prof. dr. Veljko Mlluti nov i C,Purdue Unlversity, Mest Lafaette, 
Indiana, USA: MICKOPROCESSOR DESIGN FOR GaAs TEC-
HNOLOGV; 

Prof. dr. Branko SouCek, University of Arizona, Tuscon, Arizona, 
USA: 6-tti GENERATION COMPUTERS; 

Prof. dr. Dalibor Vrsalovi C.Carnegie-Me1 Ion University, 
Pittsburgh, USA: PARALLEL ARCHITECTURES AND PERFOR
MANCE ANALVSISi 

Prof. dr. Anton P. Zeleznikar, ISKRA DELTA Ljubljana: ARTIFICIAL 
INTELLIGENCE EKPERIENCES ITS OWN BLINDNESS. 

14.00-16.00 Lunoh 

16.00-17.30 Papers - group "architecture" 

A. P. Zeleznikar: STRATEGY OF COMPUTER INFORMATION IN THE I990's 
S. PreSern: A SURVEY OF PARALLEL COMPUTER ARCHITECTURES 
P. Brajak: PERFORMANCE ANALYSIS OF THE INTELLIGENT MEMORY MODULE 

BASED PARALLEL IVIACHINE 
J. Novak: PROCESS SCHEDULING AND SINHRONI ZATION USING FETCH & 

ADD INDIVIZIBLE OPERATION 
L. Vogl: VLSI DESIGN COMPLEXITY OF THE INTELLIGENT MEMORY MODULE 
S. Jeram: COMPUTATION MAY HINGEON THE BIOLOGICAL IVIATERIAL 

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. RoblC: PARALELNO PODATKOVNO VODENJE RACL^NALN ISKE 
ARHITEKTURE 

R. JankoviC:PROCENA PERFORMANSE CROSSBAR-MATRICE SA PROGRAMSKIM 
UPRAVLJANJEM 

P. Kolbezen, B. Mi hov il ov i.C :RI SC .ARHITEKTURA I NJENA APLIKACIJA 
P. Kolbezen, S. Mavrifl: PARALELNO VEKTORSKO PROCESIRANJE 
S. Mavric,.A. Brodnik, R, Trobec, M. Spegel, P. Kolbezen: PS-11 

VECPROCESORSK! SISTEM NA VODILU Q 

10.15-10-30 Pause 

10.30-11,15 Papers - group ''software tools & performance 
anal ys i s'' 

M. M. Miletlc: PROLOG PERFOR.MANCE ON DEC ARCH 1TECTURES 
B. Mihovilovic, P. Kolbezen, 1. Sile, B. RoblC; MODELIRANJE 

VECPROCESORSKEGA SISTEMA S POMOČJO GRAFNEGA MODELA 
RAČUNANJA 

Z. Dolenc; JEDAN PRISTUP FPM METODI U ANALIZI OPCE ZATVORENE 
MREŽE REPOVA 

11.15-11.30 Pause 

11.30-12.30 Papers - group "appli ca t ions" 

S. Presern, R. Murn, D. PeCek: ARCHITECTURE FOR COMPUTER-VISION . 
Z. Del i C; POUZDANOST KOMUNIKACIJE PROGRAMER RAČUNALO 
Z. SijerClC, M. Partalo: MOGUCNOSTI IZVEDBE ALGORITMA DINAMICKE 

TRANSFORMACIJE VREMENA JEDNOG PARALELNOG SISTEMA U 
OBRABI SLIKE 

M. NovakoviC:MOGUCNOSTI PRIMENE JEDNOG PARALELNOG SISTEMA U 
OBRADI SLIKE 

For more Information; Mr. Jadranko Novak Dseit - Mipro, Trg P. 
Togliatti 4/1, 51 000 Rljeka, tel.: 051/30-491 

DONT MISS 
THE STAR ATTRACTIONS 

OF THE NG-YU-MAGIC 
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AVTORJEM ČASOPISA INFORMATICA 

Zaradi možnega plasmaja easopisa Informatlca v tujini naprošamo 
avtorje Casoplsa Intormat1 ca, da plSejo v prihodnje svoje članke, 
referate, eseje , in novice po možnosti v angleščini. Povzetek v 
domaČem jeziku ,z naslovom prispevka naj bo dodan na posebnem 
listu v formatu stolpca (47 znakov na vrstico). 

AUTOHIMA ČASOPISA INFORMATICA 

Zbog mogueeg plasmana Časopisa Informatlca u Inostanstvu, autori 
Časopisa Informatlca se umoljavaju 'da pisu u buduCe svoje Članke, 
referate, eseje 1 novosti po mogucnosti na engleskom. Abstrakt u 
domaČem jeziku sa naslovom Članka neka bude dodat na posebnom 
listu i izpisan u formatu stupca <47.znakova na redak). 

TO AUTHORS OF INFORMATICA 

To„ achleve the possible exchange of Informatlca wlth forelgn 
Journals, the authors of articles for Informatlca are kindly 
requested to submlt thelr articles, papers, essays, and news in 
Engllsh, when possible. Abstracts In a domestlc language 
containlng the tltle of an article should be submitted on a 
separate sheet and prlnted in the obvlous column format (47 
charaeters per line). 



Tiskarna Kresija 


